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President’sAddress1
WM.D.HURST
Albuquerqur,

On an occasion such as this, one
feels that he should have a report of
zome significance
to convey to those
who have placed the trust of leadership in his hands. My year as President has, I am certain, been much
more productive
for me than it
has been for the Society.
For me,
it has been extremely rewarding in
many ways: friendships
acquired,
acquaintances
renewed,
and a reaffirmation
of my confidence in the
Society
gained
through
seeing
a
number
of the Sections in action
and meeting the dedicated
people
who make them go. In addition, a
brief insight into the multiplicity
of opportunities
and problems
associated with the protection,
maintenance,
development,
and use of
rangeland
ecosystems,
along with
an opportunity
to’work, plan, and,
yes, worry with our Executive Secretary and the Board of Directors on
Society affairs, has been a rich experience.
Despite the absence of startling
accomplishments,
it is my hope
that the Society for Range Management is better off today than it was
‘24th Annual Meeting, Society for
Range Illanagement, l&no, Nevada,
February 16, 1971.

h’ew Mexico.

a year ago. Without
hesitation,
I
can report
that many men and
women, both at the Section
and
Society level, have worked hard to
make it stronger
and more effective. One of my most gratifying
rewards has been to experience firsthand the contributions
made to
the organization
by so, many dedicated people.
But despite
these
noteworthy
efforts, all is not well
with our organization.
We are confronted with problems, and serious
ones, which we must squarely face.
If we don’t, our good work-the
dedicated effort I spoke of earlierwill have gone for naught.
With this background,
I wo’uld
like to report to you on the state of
the Society for Range Management
as I see it, and then outline some
actio’ns that we must, in my opinion,
take if we are to retain the Society
as a viable voice in the use, development,
and management
of
that
unique,
complex,
and
extremely
important
47%
of the
earth’s land area known as “rangeland.”
On the positive side, the Society
has made substantial
gains in becoming identified with the scientific
community
as an
organization
which can speak with authority on
rangeland
ecosystems,
their management and use. This recognition
has
been
achieved
through
a
planned and deliberate
association
with
the
scientific
community
through
the National
Academy of
Sciences-National
Research
Council,

the

the

Advancement

American

American
Sciences,

Institute

ships
many
Wildlife

have
sister

Society,

of

Agronomy,

tell us that we do not have a ready
reference
for such information
if

for

indeed

the

available

Science,
of

Biological

working

relation-

Society

of Ameri-

the American
American
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ology, on rangeland
hydrology,
on
rangeland
roadsides, on rangeland
recreation,
and o’n native haylands?
A moment of serious thought will

Association

been reinforced
with
societies such as The

can Foresters,

The work of the Sciential
Committees of the Society, while still
largely
in the embryonic
stage,
holds promise of being one of our
organization’s
most significant
contributions.
The 16 subcommittees
are compiling
information
in 16
unique areas, all inextricably
tied
to the range ecosystem.
I hasten
to add, also, that these important
and unique facets of biological
science are not, to my knowledge,
receiving
attention
by any o’ther
group.
Who,
for
example,
is
assembling
known information
on
rangeland
entomology,
on rangeland ecotypes, rangeland
livestock
and wildlife, rangeland
biometeor-

of

and other similar organira-

tions. In addition,

and Grassland
Council,
the Soil
Conservation
Society
of America,
and others.
This
year-1971-w
look forward to playing a positive
role in the National
Watershed
Congress and the Natural Resources
Council of America.
The Society’s
image
and
stature
have
been
strengthened
through
these assodations.
Members
who have repreaented SRM with these organizations have displayed a high degree
of professionalism
and dignity.
I
can report
with pride
that
the
counsel and the skills within the
Society for Range Management
are
eagerly sought and respected by the
scientific
community.
This
is a
tribute to our organization
and to
the people who have represented
it in contacts
with the groups I
have mentioned,
and with many
others.

we

have

the

at all.

16 subcommittees
tively

than

will,

anything

an appreciation

information

A review

of the

more
else,

effec-

give

of the unique

us
as-

pects of the rangeland
ecosystem
and bring us to the stark realization that
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this

there
day
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that
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sciin

un-
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heeded.
While we can take some
comfort
in knowing
that the job
has been recognized
and capable
people
are working
upon it, we
must realize there is much more to
accomplish.
Most importantly,
I
hope we recognize
the fact that
people who make up the membership of the Society are eminently
qualified
to do this job.
In fact,
I believe that only the talents of
the range ecologist are capable of
doing it properly.
During
the past four or five
years, a quiet but determined
evolution
has ben underway
in the
Society.
This evolution
has been
prompted by a realization
that the
range ecosystem is complex, unique,
and affects the peoples of the world
in many ways. No longer is the
forage
fro’m these lands that is
consumed
by meat and wool producing animals considered the only
product of the system, although
it
is and always will be an extremely
important
one.
The
role
that
rangelands
play
in maintaining
and controlling
the atmospheric
balance, while not yet fully understood, is recognized
as being significant.
The
range
ecosystem’s
influence
upon water quality and
quantity,
its value as a home for
wild animals and birds, its contribution to landscape
quality,
and its
potential
for providing
outdoor
recreation
folr an ever increasing
number of people have been more
fully
recognized
by the Society.
This is all to the good and as it
should be. It is evidence of maturing. Concurrently
with this evolution within the Society there has developed a concern on the part of
large

masses

quality

of

they live.

of

This,

ever,

along

and

coacern

self-styled

people

the

this

have
experts

leadership

in

and

who
alien

many
purport

to

and their competence.

dangers

and disconcerting

large

latter

movement

degree,

people

The

aspect of

is that,
are

exert

to their

training
this

How-

recognition

emerged

attempt

in fields

the

which

too, is good.

with

knowledge

over

world

to a

listening

to the alarmists and accepting their
philosophy as fact. This has proven
not only dangerous but frustrating
to many professionals
who have
not yet marshalled
their forces or
their thinking to meet the challenge
of the day.
In recognition
of this, the Society
has taken and is taking a number
of positive actions.
The objectives
of the organization
have
been
broadened-not
changed but broadened-to
form a firm foundation
for the many dimensions
of the
range ecosystem-dimensions
which,
although
they have always been
present, are termed “new” because
we are just beginning
to understand their importance.
Another most significant advancement in placing
the Society in a
position
to assume its leadership
role in the present
and future
world is the development
of a set
of “Statements of Principle.”
These
Statements,
which
have
been
worked on during the past year by
the Planning Committee
and which
cover a number of subjects, are designed to provide us-individually
and collectively-with
sound guidelines for conduct and procedure in
presenting
the cause of rangeland
and range management
to the general
public.
These
statements
have been presented
to the Board
and to the Advisory Council,
and
they will soon be made available
to every individual
member. They
will
provide
a platform
from
which the Society can “speak out”
on majolr natural
resource
activities, as many have urged us to do,
and provide each member
a position of principle
from which he
can speak on current
issues with
the full

support

and

commitment

development

cance is the change
Society.
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level
ciency

of the Society.
Another

With
these positive
and solid
accomplishments
and advancements
-and
there are many more-the
Society must, within the next year
or two, face up to several crucial
problems
if it is, to endure
and
grow. I want to tell you what these
are because you are the people who
have within
you the capabilities
and the power to correct them.
Our organization
has been steadily losing membership
over the past
few years. On May 9, 1970, after
the delinquent
members were suspended, we had a net paid membership of 3,596, compared
to a net
paid membership
of over 3,800 in
1967; currently there are over 4,000
members on the roster but quite a
few of these have not paid their
197 1 dues and, regrettably,
will be
dropped from the rolls in another
few weeks. Along with this membership decline there is, of course,
a decrease in revenue.
These twin
problems, while undoubtedly
symptoms of deeper and more profound
trouble, are terribly worrisome.
To
put it to you bluntly, our organization cannot effectively
operate on
its present revenues nor can it maintain its stature on a declining membership.
Immediate
improvement
must be made in both areas. There
is a vast reservoir of potential members. They must be ferreted out,
converted
to the values of membership, and signed up.
With an
increased
membership,
revenues
will improve, since the bulk of the
Society’s
income
is derived
from
membership
dues.
Assuming
we
can substantially
increase member-

the current

budget

bone.

trimmed
to the
worthy projects were

Many

eliminated
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As a basic assumption,
I submit that the Society
for Range
Management
has not, as an organization,
fully
sensed
its
real
mission in life and, consequently,
has not risen to the olccasion as it
can and should.
Rather than recognizing ourselves
as a group of the foremost range
ecologists
in the world today, we
have clung tenaciously to the image
of the cowboy.
This
image isn’t
selling in today’s world. We have
shied away from such terms as ecosystem, environmentalist,
energy fixation, nutrient
cycling and energy

stantial way, I believe, in the sometimes false and unwarranted
conclusions
which
are sweeping
the
world
today-sometimes
with an
aura of hysteria.
Plant manipulation in almost every form is frowned
upon; chemicals, regardless of how
applied o,r for what purpose, are a
curse; livestock
grazing is looked
upon with disdain.
Resource
development
in many forms is taboo.
The self-styled ecologist has taken
the play away from the experts
because the folrmer has accurately
sensed the attitude and the concerns
of the populace while the trained
ecologists have not.
The remarks I have made are not
intended to mask or depreciate the
serious ecological
problems
faced
by mankind
today. We all recognize their
existence.
When
one
billion
people
are added to the
earth in a 15-year period-1965
to
1980 (350 million
of these
are
already in existence)-it
is inevitable
that the environment
of the earth
will
be seriously
and
abruptly
altered. Never before has the earth
received such an impact in such a
short period
of time.
Profound
adjustments
will be required.
The
entire earth’s surface, including the
seas, will be affected-and
this 50
percent
increase
in the earth’s
population
by 1980, only 10 short
years away, will place a tremendous
burden
upon
that
vast acreage
known as “rangeland.”
No, I am
not
attempting
to hide
olr depreciate
the problems.
I am suggesting that the range scientist is

leadership
and direction
for managing and using for the lasting
benefits of man almost one-half of
the earth’s
land area.
As mentioaed earlier, many in the scientific
community
recognize
this talent,
but the public does not. Of greater
concern
is our own reluctance
to
assume this role. This reluctance
and failure to recognize our abilities is, in my opinion,
the root of
the Society’s
troubles.
The “real
ecologists”
must stand up and be
recognized.
The
opportunity
is
is
ours-indeed,
the responsibility
ours-to
assume a position of leadership as environmentalists-yes,
as
ecologists-because
we have the indisputable
qualification
to do so.
If we are to assume this role, we
must recognize
that we are today
working
primarily
with complex
systems and computers
and not
just with horses and ropes. We can
use the Western image as a “hitching post.”
We should not, however, use it as a “guide post.”
Our Society’s Articles of Incorporation and Bylaws are capable of
accommodating
this new approach
-that
some of our members
have

flow-thinking,
I am sure, that these
“four bit” words and phrases would

not adequately
fulfilling
his role
in coping
with
this
mammoth

ship

be unbecoming
to our image as the
“rugged Westerner.”
In rejecting a

world.

bership
directory
were postponed
to achieve a balanced budget.
The
staff is underpaid,
and Board members are presently footing many of
the expenses incurred in connection
with Society affairs.
Our annual
dues of $15 per year for regular
membership
are below the average
of comparable
societies.
With the
constant
increase
in the cost of
doing business, we must soon make
the hard decision
of whether
we
operate
at half efficiency
or pay
the cost of operating
a top flight
organization.
I have no doubt that
we would choose the latter course
if the choice beco,mes ours to make.
I am fearful,
however,
that it
would be shortsighted
to place our
hopes for the future on membership and dues increases alone.
As
mentioned
earlier, the membership
decline is probably symptomatic
of
deeper and more profound trouble.
I would now like to’ explore
this
possibility with you.
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Range Resources of Iceland
I. THORSTEINSSON,
Agricultural
Research
Ecology Laboratory,

G. OLAFSSON,

Institute,
Colorado

AND G. M. VAN DYNE1

Reykjavik,
Iceland;
and Natural Resource
State University, Fort Collins, Colorado.
Highlight

Animal agriculture
in Iceland is second only to fisheries.
At least half the
forage consumed by large herbivorous
animals comes from rangelands.
During
the period June to September
most of the sheep and large numbers
of unbroken
horses graze on mountain
ranges where they roam
freely in large
There is urgent need for land reclamation
and
grazing districts or commons.
range
improvement.
Only 25%
of the country
is covered
with vegetation,
much of which does not provide
adequate
protection
against
soil erosion
and has low carrying capacity.
With increasing
population
and demands upon
an aggressive program
of rangeland
improverangelands
for food production,
ment and management,
supported
by adequate
research,
is essential.

Iceland is located in the North
Atlantic ocean, barely south of the
Polar Circle.
Its area is 103,000
km2. The country was settled by
Norwegians and their Celtic slaves.
The first settlers arrived in 874
A.D. and, with the exception of a
few Irish monks, men had not previously inhabited the island. The
present population of about 200,000
inhabitants is located in the coastal
areas, while the Highlands are uninhabited. About 40% of the population lives in the capital Reykjavik.
The principal industries of the
country are fishing, agriculture, and
various manufacturing
and service
industries. At present about 14%
of the population is supported by
There
are approxiagriculture.
mately 5,300 farms in the coantry,
most of which are combined dairy
and sheep farms. Grass is the main
crop in Iceland as the short growing season limits even the growth
of grains such as barley and oats.
The present area of cultivated
pastures is about 100,000 ha.
Prior to settlement there were
probably no such herbivores in Iceland as rodents, large mammals,
nor important insects. Geese probably were the only important native
herbivores.
The livestock which the settlers
brought with them were the first
large herbivores in Iceland.
The
1 Consultant to Icelandic Agricultural
Research Institute, July-August,
July, 1970.

1967;

natural rangelands have been the
main source of grazing for livestack. For many centuries after
settlement possibilities for haymaking were limited.
The Lowland
ranges were used for grazing yearlong while the Highland rangelands (above 300 to 400 m) were
grazed only in the summer.
During recent decades feeding
and management of the livestock
has greatly improved.
Most livestock are now fed indoors for six
to seven months during the winter.
Dairy cows graze in the summer
almost entirely on cultivated pastures, and sheep and horses graze
the native rangeland.
Due to increased number of sheep, the use
of cultivated pastures has not resulted in reduced grazing pressure
on the rangelands during the summer, although it is becoming a
more common practice that the
lambs are fattened on cultivated
pastures two to four weeks prior
to slaughtering (Palsson and Sveinsson, 1952; Palsson and Gunnarsson,
196 1). In the perio,d June to September most of the sheep and a
great number of the unbroken
horses graze on mountain ranges
where they roam freely in large
grazing districts or commons.
Physical

Characteristics
Climate

The climate in Iceland is cold
temperate, moist, and oceanic and
is characterized by frequent and
86

changing winds. The summers are
cool and the winters are relatively
warm. There are, holwever, considerable
differences
regionally.
Table 1 shows the mean temperature and precipitation of the growing season (May to September)
and the winter for 1940 to 1960 at
six Lowland stations and for 1966
to 1969 at one Highland station (see
also Fig. 1). The data show that,
in particular, the winters are colder
in north than south Iceland and
that the precipitation is greatest in
south Iceland. Although the short
and cold summers are the main
limiting factors for plant gro’wth in
most parts of the co’untry, there
is evidence to suggest that in some
parts the low precipitation
is
equally limiting.
The severe conditions for plant growth are illustrated by the temperatures at a 600
m elevation Highland weather station.
Since the time of settlement there
have been occasional serious cold
spells, which have lasted over a
period of years. The coldest of
these have been caused by drift ice
which sometimes is carried from the
Arctic to the northern coastline of
Iceland by currents and winds. In
this century, however, this has
rarely happened, and the glaciers
have been continuously receding in
arctic and subarctic regions. In Iceland air temperatures have been a
little higher during the past decade
than the normals from 1901 to
1930.
Geology
Geologically, Iceland is a young
country.
It contains two major
geological formations,
the Basalt
and the Palagonite formations. The
first dates back to the Tertiary
period and consists largely of basaltic lava sheets. This formation,
which occupies the central zone of
the country, is comparatively watertight. The Palagonite formation is
younger, partly a mixture of subglacial and subaerial eruptives and
partly consisting of glacial, fluvial,
and aeolian deposits. With time
this mixture has been hardened

ICELANDIC
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Table 1. Mean temperatures in OC and mean precipitation in mm for six
selected Lowland weather stations, 1931 to 1969, and one Highland station,
1966 to 1969 (see also Fig. l).l
Temperature
Weather

stations

Stykkisholmur, W
Akureyri, N
Hallormssta ur, E
Vik i M@dal, S
Sbmsstadir, S
Reykjavik, SW
Hveravellira

Precipitation

MaySept.

Oct.Apr.

Annual

8.5
8.9
8.8
9.5
9.6
9.4
4.2

1.1
0.4
0.8
2.9
1.8
1.8
-5.8

4.2
3.9
4.1
5.7
5.0
5.0
-1.6

MaySept.

237
157
212
904
374
269
289

Oct.Apr.

521
317
452
1352
727
536
398

Annual

758
474
664
2256
1101
805
687

* From Vedrhttan, 1954.

zA Highland station at 600 m above sea level.
into water-permeable
rocks.
Acid
rocks occur in Iceland, but they are
of minor significance
as a contributor to the formation
of soil materials (Johannesson,
1970).
In the Palagonite
formation
volcanic activity has been continuous
up to the present time. Since the
settlement
of the country at least
30 volcanoes have erupted, and the
number of recorded eruptions
has
been about
150.
Altogether
the
number of postglacial
volcanoes in
Iceland
is close to ZOO. Icelandic
volcanism
is predominantly
effusive, producing more lava than ash.
In some eruptions,
however, great
masses of pumice both of alkaline
and acid composition
are ejected,
greatly affecting the formation
and
character
of Icelandic
soils over
large areas. Hot springs are common in Iceland as often is the case
in volcanic

is 2,119 m. The Highlands
(above
300 to 400 m) are a more-or-less
slightly
undulating
plateau
with
single mountains
and ridges protruding up to 1,000 m above the
surroundings.
The great majority
of farms are located below 200 m
elevation
along the coast and in
the numerous
valleys that extend
into the Highlands.
Approximately
11 y0 of the country is covered with
glaciers, most of which are in the
southern part where the precipitation is highest.

Soils

A simple yet practical classification
of Icelandic
soils, is into
dryland
soils (well-drained)
and
wetland soils (poorly-drained)
(Helgason, 1966; Johannesson,
1960).
The well-drained
soils are generally loessial material derived from
frost weathering
of the bedrock or
from
material
which
has been
blown out in explosive eruptions.
These soils are rather uniform
in
character
all over
the country.
They are rockfree and clayfree and
are mainly silty loams. Accordingly,
they are friable and erode easily,
and their water-holding
capacity
and fertility
is low. Alternately,
they are easy to cultivate.
Owing
to the origin of the soils, low precipi tation,
and short
frost
free
period, very little leaching occurs,
and profile
formation
is hardly
noticeable.
The
poorly-drained
soils (peat
bogs),

which

arctic

and

of organic
ever, their

are

characteristic

subarctic
origin.

In Iceland,

mineral

tively

high

canic

ash and

due

regions,

of
are
how-

content

is rela-

to inputs

of vol-

soil material

trans-

areas.
Topography

Iceland
not

is mountainous

extend

(Table

2).

to
The

yet does

high

elevations

highest

mountain

Table 2. Altitudinal
in Iceland.

distribution

Elevation

Area

(m)

(km2)

(o/o)

Percent of
Iceland

27,000

26

200-600

37,500

36

600-800

18,000

17

21,500

21

O-200

Above 800

FIG. 1. A map of Iceland showing weather stations referred to in Table 1. Areas
mapped under the range survey project also are shown. Large open (white) areas
within the island are glaciers; small areas are lakes.
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TVith settlement
through
combined effects of uncontrolled
graring of livestock,
cutting,
burning,
and other means of removing
the
trees, in only 300 to 400 years the
forests were reduced to their present level, now covering only about
1% of the country
(Hjarnason,
1942: Einar,son,
1962; Thorarinsson, 19Gl).

ported into the bogs from erosion.
These
soila cover about 407” of
vegetated land in Iceland.
The pH of the well-drained
soils
ranges from 5.5 to G.5 and of the
poorly-drained
soils from 4.5 to 5.5
1960).
Hummocks
(Jhhannesson,
caused by frost heaving are characteristic
for almost all soil types
in Iceland,
while they are most
prominent
on poorly-drained
soils.
The

Vegetation

Previous Vegetation
Soil Erosion

and

When
the first settlers arrived
probably
about GO% 01 Iceland’s
surface was covered with vegetation
(Einarsson,
1962; Thorsteinsson
et
al., 1969).
Some 12,000 years had
passed since the end of the last
glaciation
period and during that
time the vegetation
had developed
without
human
or herbivore
influence.
It can be expected to have
been largely in balance
with the
prevailing growth conditions (Thorsteinsson,
1963; Thorsteinsson
and
Steindbrsson,
1967).
Pollen analysis studies (Einarsson,
1962, 1963)
have revealed that the vegetation at
the time of settlement
was greatly
different from the present.
This is
also indicated
by old sagas dating
to the 10th and 11th century.
On
large areas in the lowlands the well-

drained soils were then dominated
by low growing birch (Bet~lla puhcscens)
with
luxuriant
undergrowth of forbs, grassa, and browse
(Fig. 2). The poorly-drained
were dominated
by sedges
scattered birches.

soils
with

The destruction
of the tree cover
and intensive land use rexdted
in
the start of soil erosion surpassed in
intensity only in a few countries of
the world (Fig. 3). The low-growing
vegetation
which
succeeded
the
trees in dominance
was, in many
instances, unable to bind and protect the loose soils against
the
ever-blowing winds in Iceland. This
was especially the case in the Highlands.
Erosion increased with prolonged
intensive grazing through
the renturies, and it was accelerated by ash[all from volcanic
eruptions
and
periodic
cold spells.
At present
about only 20 to 25% of the country
is covered by soil and vegetation.
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The

most

common

range

Dwarf shrubs

plant

sedges

grasses
dant

Vegetation

ing mainly

and moss, with
Palatable

which

have

forbs

formerly

gradually

low
and

were abunbeen

decreas-

due to the overgrazing,

and the forbs are now rare on open
rangelands.
The

present

botanical

tion of the well-drained
ably is, to a large
of

a

retrogressive

Festuca
sp.
Agrostis sp.
Poa sp.
Deschampsia
Juncus
sp.

sp.

Kobresia
myosuroides
Eriophorum
sp.
Equisetum
sp.

The catastrophic
effects of the
settlement
on the vegetation
described here were not only confined
to erosion.
They also resulted in
great changes in the botanical composition of many of the most extensive plant communities.
The most striking feature of the
present vegetation
is the abscence
Well-drained
soils are
of trees.
mainly dominated
by low-growing
palatability.

Grasses and
grasslike plants

Carex goodenoughii
C. Bigelowii
C. lyngbyei
C. rostrata
C. rariflora

Thus, in the course of nearly 1,100
years, an area corresponding
to 30
to 40y0 of the total area of the
country which formerly
was vegetated has become denuded through
erosion.
Wind has been the most
effective
erosive
force,
al though
considerable
water erosion has also
taken place (Lig, 1955).
Annual
loss of vegetation
and
soil still exceeds what is being regained
by natural
regeneration
and through resource management
efforts
(Fridriksson,
1960).
Only
recently
have Icelanders
come to’
realize
the destructive
effects
of
overgrazing
the
vegetation
and
have started to take measures
to
insure that vegetation
is used according to its carrying capacity.

shrubs,

in Iceland.

Sedges

Bet&a
sp.
Vaccinium
sp.
Empetrum
sp.
Salix sp.
Calluna vulgaris
Arctostaphylos
uva-ursi

Present

species

RANGES

composisoils prob-

degree,

a result

trend

mainly

caused by overgrazing and does not
reflect current
climate
conditions
(Table
3).
Unfortunately,
relict
areas for comparison
are very un
common in Iceland.
The poorly-drained
soils, covering about 40% of total area of the
vegetated
land, are mainly
dominated
by sedges.
The
botanical
composition
of these areas probably
has not changed much during recent
centuries
as the dominant
sedges are unpalatable
and have
not been grazed heavily. This vegetation therefore probably resembles
climax conditions (Campbell,
1957).
Extensive areas, especially in the
Highlands,
are covered with moss
of very low
heath (Rhacomitrium)
productivity.
This
vegetation
is
found on areas with unfavorable
growth conditions
or it occurs as
successional vegetation on formerly
eroded land.
Another characteristic
of the Icelandic flora is its paucity in species. Presently there are only about
450

species

of

fanerogams

which

can be considered
to be adapted
or “natives.”
Nearly 50% of these
are expected
to have survived the

89
last ice age, while the rest have immigrated
mainly
from
Europe
(Steindorsson,
1964). The main reason for the low number of species is
the isolation
from other countries
and the unfavorable climate.
The floristic limits between the
Lowlands
and the Highlands
are
between
300 and 400 m, varying
from one part of the country
to
another, while the height limits of
fairly continuous vegetation are 700
to 800 m. The number of species
decreases very rapidly with increasing elevation as shown by the following numbers:
between 300 and
600 m above sea level 252 species
of fanerogams
have been found,
above 600 m 186 species, above 800
m 90 species, and above 1,000 m 38
species.
The proportion
of trees
and annuals decreases with elevation while low-growing browse and
arctic species increase (Table 4).
The

Animal

Component

Settlers brought livestock into the
country mainly from Norway and
the British Isles. The breeds have
been kept almost pure since and
import of livestock is now forbidden
by law, supposedly to prevent introduction
of disease.
The numbers
of cattle, sheep, horses, and wild
reindeer in Iceland in 1968 were as
follows: 52,000, 820,000, 35,000, and
2,700.
The
type;

cattle
there

cattle

in

cows

are

are mainly

of dairy

are less than

500 beef

the

country.

small

with

live weight

of about

bulls,

the

on

other

(4
300600800-l
Above

600
800
000
1000

Number
of species
239
186
90
38

dairy
average

400 kg.

The

hand,

can

weigh over 1,000 kg.

Table
4. Number
of plant
species and the distribution
of
Raunkiaer)
at different
elevations in the Icelandic
Highlands
1964).

Elevation

The
an

life-forms
(by
(Steindorsson,

Percentage by life-form+
Ph

Ch

H

G

H.H

Th

A

E

1
1

19
21
32
49

51
58
58
46

13
12
8
5

9
5

7
3
2

54
63
81
97

46
37
19
3

1 Ph = phanerophytes,
Ch = chamaephytes,
H = hemicryptophytes,
H.H = hydrophytes and halophytes, Th = theronhvtes. A = arctic.

G = geophytes,
E = sub-boreal.
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The

average

annual

yield (kg) per recorded
land (4% butterfat).1

cow

Year

Yield

1900
1910
1920
1930
1940
1950
1960
1965
1968

2000
2200
2400
2500
2600
2800
3200
3400
3600

l From Arb6k Landbbnadarins,

milk
in Ice-

Yield

Moss heath
Dwarf shrub heath
Grassland
Bogs
Snowpatch communities

Average

annual

meat pro-

per ewe and lamb
(kg), 1949 to 1969.1

Year

Meat prod.
per ewe

Carcass
weight

1949
1954
1959
1964
1969

13.7
16.7
15.7
17.4
17.0

13.5
14.1
14.1
14.4
14.0

1Personal
P&ursson.

communication

Woody sp.

Total

140
1020
230
70
390

260
1210
1110
1120
850

120
190
880
1050
460

Carrying capacity1

1.9
0.7
0.3
1.2
0.5

l A 50 kg ewe with a lambing percentage of 130.

Dairy production
is mainly
in
south, southwest, and north Iceland.
Sheep raising, which is co,mmon
throughout the country, is mainly
for mutton production while the
wool is of minor importance.
The
ewes weigh about 50 to 60 kg and
the rams about 100 kg. Improved
winter feeding, management,
and
breeding work has not resulted in
the expected increase in lamb carcass weight. This is in part due to
prolonged overgrazing of the summer rangelands.
The production
per ewe has, however, increased,
especially the last 20 years (Table
6). This is due to higher fertility
which is now 1.3 lamb per ewe.
6.

Herbs

1950-1965.

recent decades the use of concentrates has increased
greatly,
and
due to this and work in animal
breeding
the average
milk yield
has increased
steadily
(Table
5).

duction
(kg)
carcass weight

AL.

Table 7. Average annual yield (kg/ha,
dry matter)
(i.e., peak community
biomass; 1961 to 1966) and the carrying capacity
(ha/ewe/month)
(May to September) of some common
plant communities
in Iceland
(Thorsteinsson
and
Olafsson, unpubl. data).

Plant community

The ability of the cows to consume hay is great, and it is not
uncommon that a cow eats 10 to
15 kg good quality hay per day. In

Table

ET

with

A.

G.

The Icelandic horses are of the
pony type. The height at the
withers is about 140 cm and the
average weight 370 to 390 kg. For
centuries the horse was the only
means of transport in Iceland as
few roads were built until this century. Due to decrease in the number of farms and mechanization of
agriculture, the number of horses
has greatly decreased.
Carrying
Capacity
and Present
Use of the Rangelands

The most extensive plant communities on well-drained soils are
moss heath and different dwarf
shrub heaths. The latter may give
fairly high total annual yields, but
in general they lack species preferred by the livestock under summer grazing, i.e., grasses and certain
forbs. Grass-do’minated plant communities have declined the last few
decades due to overgrazing, and
they are now uncommon on open
rangelands.
The
poorly-drained
soils (bogs and marshes) also give
high yields, but unless drained
they are seldom grazed except in
winter and early spring.
Table 7 shows the annual herbage production of some common
plant colmmunities in Iceland, giving averages of samples from 1961
to 1966. The table also shows the
carrying capacity of these communities in the period May to September. In calculating
this it is considered “proper use” when 40y0 of
the weight of the most palatable
species has been removed at the end
of the grazing season.

The carrying capacity of the
Highland rangelands, which provide summer grazing for most of the
sheep, varies from 0.5 to 1.6 ha/ewe/
month. There is less information
available on the Lowland rangelands, but their carrying capacity is
somewhat higher.
The Highlands of Iceland are
divided into grazing commons by
drift fences and natural barriers
to livestolck movement
such as
rivers, glaciers, and steep mountains. Each common is utilized by
animals from a particular group of
farms in the Lowland. In the past
the number of animals in a given
common has only rarely been regulated, and the sheep and horses are
not herded in the commons.
Through range research it has
become established that extensive
overgrazing of the rangelands is
taking place in Iceland (Fig. 4). At
the same time as the area of vegetated land has been decreasing,
the number
of livestock, other
than horses, has increased, and now
available herbage in the summer
is the limiting factor in the animal
production.
Overgrazing is most
severe in the heavier populated districts in the south and southwestern
parts of the country, while there
are considerable unused range resources in remote areas (Fig. 4). The
overgrazing is not only caused by
too many animals compared with
available herbage but also by uneven distribution of the sheep. The
palatable
species on the welldrained soils, which are most sensitive to overgrazing, will be grazed

ICELANDIC
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based on range survey informat<on.

to ground level before the vegetation of the poorly-drained soils are
grazed to any extent.
Combined
grazing of cattle and sheep could
secure more even grazing, as the
coarse herbage
of the poorlydrained soils would probably be
well suited for cattle grazing. But
there are less than 500 beef cattle
in Iceland.
Range

Management

and Research
Range Improvement

It is evident that there is urgent
need for land reclamation
and
range improvement
in Iceland.
Only 25y0 of the country is covered
with vegetation,
much of which
does noIt provide adequate protection against soil erosion and has
low carrying capacity.
Grazing restrictions
have not,
until recently, been common in
Iceland, as the problem of overgrazing was noIt recognized. However, in areas which have been protected for reclamation purposes or
as parks, the vegetation has gradually changed in botanical composition and density. Palatable grasses

and forbs as well as the native
birch and willows have increased,
clearly indicating the nature of the
climax or potential natural vegetation.
These changes are slow,
however, compared to those in
countries
with
more
favorable
growth conditions.
Poorly-drained
soils cover approximately 8 to 10% of the total
area of the country. The vegetation
on these soils is of little value for
grazing due to unpalatable species
and wet surface. When drained,
however, the botanical compolsition
changes from sedge dominance to
grassland in the course of 2 toI 4
years and results in rangelands
with high carrying capacity and excellent land for cultivation.
The
annual land drainage in Iceland
has amounted
to approximately
5,000 hectares each of the last five
years. This might prove to be the
most economic way to reduce the
grazing pressure on the more erodible land.
Prolonged overgrazing has left
the soil impoverished, and fertilization of the rangelands results in
rapid, extensive changes of the
vegetation in much the same direc-
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tion as does protection. Grasses become dominant and plant density
increases. Generally, an annual application of 70 kg nitrogen and 70
kg phosphate per hectare for two
successive years has proved sufficient for a satisfactory change in
the botanical composition (Thorsteinsson and Sigurbjornsson, 1961).
As yet it is somewhat uncertain
how stable these changes are, and
if it is possible to maintain without
further fertilization the new composition
and increased
herbage
yield under proped grazing. Aerial
application of fertilizers on rangelands was initiated some years ago
by the Icelandic Soil Conservation
Service. This method is especially
suitable for the hummocky surface
in Iceland and much of the Highlands due to their inaccessibility to
machinery.
In plant
communities
where
woody species dominate, fertilization alone has not been sufficient
to markedly change the botanical
composition. In such cases application of mixture of 2,4-D and 2,4,5-T
has been very efficient in killing the
woody species (Thorsteinsson
and
Gudnasoa, 1964).
Legislation on soil conservation
in Iceland dates back to 1907.
There are now two public institutions concerned with this work, the
Soil Conservation Service and the
Forestry Service. The former has
been concerned primarily with pro+
tection and reclamation of denuded
areas and sand dunes, while the
of the Forestry
main objectives
Service are protection of the remaining forested areas and reforestation with native and imported
tree species. Considerable areas of
sand dunes have been reseeded,
mainly
with Elymus
arenarius.
Other denuded areas have been reseeded with grasses, such as different strains of Festuca, Agrostis
and Poa for haymaking and grazing. The reseeding has been restricted to the Lowlands as no seed
of native, adapted species is available, and imported species of grass
have proven inadequate under the
severe Highlands conditions.
In
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spite of fertilization,
most introduced
species
disappear
in the
course of 3 to 5 years and are replaced by lower yielding Icelandic
native plants.
Different
means for improving
distribution
of the livestock,
such
as increased
fencing,
distribution
of salt on the range, herding, etc.,
are being used in limited areas.
Range

Research

in Iceland

The deterioration
of vegetation
and subsequent
soil erosion in Iceland was to a great part a result of
lack of knowledge
regarding
the
carrying capacity of the rangelands
and harmful effects of overgrazing.
Lack of research and information
on land reclamation
and range renovation has also resulted in many
costly failures.
In
1957 the Agricultural
Research Institute
in Reykjavik
initiated a small-scale study of the range
resources in Iceland. The main purpose was to try to determine
the
carrying
capacity
of the native
rangelands
and to test methods for
range improvement
and renovation
(Jbhannesson
and Thorsteinsson,
i957).
In 1961 these studies were expanded,
to about
a 5 man year
effort in the past decade, and the
program
now has the following
catego,ries:
Vegetation
classification
and
mapping
with
aerial
photographs-about
6,000
km2 per
year (see Fig. 1).
Standardized
measurements
of
cover composition
and woody
vs. nonwoody plant yield-about
100 locations per year.
Plant preference of esophageally
fistulated
grazing sheep (Thorsteinsson,
1964;
Thorsteinsson
and Olafsson,
1965a)-average
about 50 diet samples per year.
Chemical
composition
and digestibility
of individual
range
plants and sheep diets (Thorsteinsson
and Olafsson,
1965b,
1969)-average
about
60 clip
samples and 50 diet samples per
year.
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5. Range

improvement
studiesabout 20 fertilizer study sites per
year
and
4 herbicide
trials
(Tho,rsteinsson
and Gudnason,
1964).

The mapping
study is the first
attempt
to measure
the area of
vegetated
land in Iceland
and to
study its character by quantitative
methods
(Fig. 1). In the period
since the program
started
about
60,000 km2 of the Highland
range,
or more than half of the country,
have been mapped.
Since 1966 ten
sheets of the vegetation
map, at
the scale 1:40,000, have been published annually (Icelandic
Agricultural
Research
Institute,
19661970). Results of these surveys are
presented,
even before publication
of the map sheets, to farmers and
agricultural
advisors. The stocking
rates throughout
the country
are
being
adjusted
to the results of
the surveys. It is hoped that within
a few years controlled
grazing will
replace
the present
uncontrolled
use of the rangelands
(see Fig. 4).
Additional
research
includes:
studies on population
dynamics and
diets o,f reindeer; effect of elevation
on yield, phenology,
chemical composition,
and in vitro digestibility
of several range plants;
and determination
of chemical
composition and digestibility
of native hays.
Knowledge
gained in range survey and dietary studies had an unexpected benefit following the volcanic eruption
of Mt. Hekla
in
1970. Volcanic ash covered parts of
several grazing commons.
This ash
is high in fluorine
which is injurious to sheep tooth and bone development.
Samples of the known
preferred
plants were collected for
fluorine determinations.
Knowing
the allowable limit of fluorine
centrations,
the concentration
fluorine
plants,
and

in

samples

the extent

the relative

of the different
it was possible
stocking

plant

capacity

colmmunities,

to calculate,

of the range,
by this

preferred

of the ash fall,
carrying

in grazing capacity
caused

of

conof

prior to

the reduction

by common

catastrophic

area
event.

Conclusions
Recent calculations
show an unexpected importance
of rangelands
in Iceland.
At least one half of
the forage consumed by large herbivorous animals comes from rangelands.
Animal
agriculture
is of
known importance
in Iceland, second only to fisheries.
Yet levels of
support for research and improvement of rangeland
are not commensurate
with the value of the
resource
to the nation.
This
is
particularly
distressing when it has
been considered
that about half of
the rangelands
are overused,
one
fourth
properly
used,
and one
fourth perhaps underused.
Even more critical is the fact that
more land and soil is being lost
than is being replaced.
With increasing population
size and with
increasing demands upon the rangeland for food production,
imbalance
between
accumulation
of
research

information,

rangeland

im-

provement
and conservation,
and
importance
of rangeland
use must
be considered.
Literature
AR&K

Cited

LANDB~~NADARINS. 1950 to 1965.

Yearbook Agr. Reykjavik.
ARSRIT

SK~GR~KTARF~~LAGS

f SLANDS.

Yearbook Forest. Sot. Iceland.
S-40.

1942:

CAMPBELL, F. B.
1957.
Report
No.
592 to the government
of Iceland
on soil conservation
and pasture
management.
Food
Agr.
Organ.,
Rome.
44 p.
EINARSSON, TH.
frjbgreiningar

1962.
Vitnisburdur
urn grbdur,
vedurfar

og landnhm B Islandi (Pollen analysis studies on vegetation,
climate, and
settlement
in Iceland).
Saga
442-469.
(English summary).

1962:

EINARSSON, TH.
1963.
Pollen
analysis on the vegetation
and climate
history of Iceland in late postglacial
times. In A. L&e and D. L&e [ed.]
North

Atlantic

tory.

Pergamon

biota

and

Press,

their

his-

Oxford.

p.

355-367.
FRIDRIKSSON, S.
raektun
tion

in

1960.

afr&tarlanda

Uppgraedsla
(Land

alpine

rangelands).

Landbtinadarins.

Yearbook

201-208.

summary).

(English

og

reclamaArb6k
Agr.

11:

ICELANDIC
B.
SIGURB J~~RNSSON,
FRIDRIKSSON, S.,
1963,
ArssAND I. THORSTEINSSON.
k+-sla urn rannsoknir
a grodri arid
1961. (Annu.
Rep. Plant Sci. Dep.
of Agr. Res. Inst.)
Freyr
3:42-51.
(English summary).
GR~DURKORT AF ISLANDI 1966-l 970.
Vegetation
map of Iceland.
Menningarsjodur.
(Culture
fund).
45
bliid (45 sheets).
Nogle track af
1960.
HELGASON, B.
jordbundens
egenskaper
i Island.
(Some properties
of Icelandic
soils).
Nordisk
Jordbrugsforskning
4:287290.
J~HANNESSON, B.
1960.
The Soils of
Iceland.
Rit Atvinnudeildar.
Univ.
Res. Inst. Agr. Rep. 13: 140 p.
J~HANNESSON, B., AND I. THORSTEINSSON.
1957.
Grodurkort
og lfsing
pverjaafrettar
(An ecological
rangeland
in
of an alpine
Rit
Iceland
with
maps).

Gnusurvey
South
Atvin-

nudeildar.
Univ.
Res.
Inst.
ecol.
maps 1. (English summary).
Litt om innvirkning
LAG, J.
1955.
av vinderosion
og eoliske sedimenter
p$ jordsmonnet
i Island (The effects
of wind erosion and eolian sediments
on soil formation
in Iceland).
Norsk
geografisk
tidssdrift.
Oslo 15: 20-28.
1952.
PALSSON, H. AND R. SVEINSSON.
Fitun
slaturlamba
a raektudu
landi
(Fattening
of lambs for slaughter
on
cultivated
pastures).
Univ. Res. Inst.
Agr. Rep.
5: 32 p. (English
summary).
PALSSON, H. AND P. GUNNARSSON. 1961.
Botun
slaturlamba
a raektudu landi
(Fattening
of lambs for slaughter
on
forage and kale). Rit Atvinnudeildar.

RANGES

93

Univ. Res. Inst. Agr. Rep.
15: 114
p. (English summary).
STEIND~~RSSON, S.
1961.
Grodur
a
Islandi (The Vegetation
of Iceland).
Almenna
bokafelagid,
Reykjavik.
1:
186 p.
THORARINSSON, S. 1944.
Tefrokronologiske studier
p5 Island.
(Tephrochronological
studies
in
Iceland).
Geogr.
Ann.
Stockh.
26: l-27.
(English summary).
THORARINSSON, S.
1961.
Uppblastur
a fslandi
i ljosi bskulagarannsokna
(Wind erosion in Iceland;
a tephrochronological
study).
Arsrit
Skogr.
f&l. Islands.
Yearbook
Forest.
Sot.
Iceland
1961: 17-54.
(English
summary).
THORSTEINSSON, I.
1963.
Rannsoknir
a Bhrifum beitar
a grodurfar
Landmannaafrettar
(Studies on the effects
of grazing on the vegetation
of an
alpine range).
Natttirufraedingurinn
33: 187-203.
(English summary).
THORSTEINSSON, I. AND A. GUDNASON.
1964.
Kvistlendi
breytt
i graslendi
(The
effects
of
herbicides
and
fertilization
on rangeland
vegetation
in
Iceland).
Freyr
5-6: 78-89.
(English
summary).
Pliintuval
THORSTEINSSON, I.
1964.
saudfjar
(Studies on the plant preference of sheep).
Freyr 11:194-201.
(English summary).
THORSTEINSSON,
I.,
SIGURDSSON, AND

J.
JONSSON, S.
TH.
EINARSSON.

1969.
Grodureyding
og landgraedsla
(Soil erosion and land reclamation).
Hid Isl. Natttirufraedifel.
og Bskulfdssamband
Islands.
Sot.
Natur.
Hist. Icelandic
Youth Counsel.
8 p.

FIRST
25th Annual

THORSTEINSSON, I., AND G. OLAFSSON.
1965a.
Plontuval
saudfjar
og meltanleiki
beitarplantna
(Plant
preference of sheep and digestibility
of
the
diet).
Freyr
10-I 1: 157-163.
(English summary).
THORSTEINSSON, I., AND G. OLAFSSON.
1965b.
Efnamagn
og meltanleiki
nokkurra
Jthagaplantna
(The chemical content
and in vitro
digestibility of some common range plants:
I). Sk+-sla Ranns.
st. Landb.
Agr.
Res. Inst. Rep. 17: 26 p.
THORSTEINSSON, I., AND G. OLAFSSON.
1967.
Fjarbeit
i skoglendi og tithaga
(Plant preference
of sheep in open
rangeland
and
reforested
area).
Arsrit Skogr~ktarfelags
Islands. Yearbook Forest. Sot. Iceland.
1967: 614.
THORSTEINSSON, I., AND G. OLAFSSON.
1969.
Efnamagn
og meltanleiki
nokkurra
tithaga
plantna
II (The
chemical
content
and in vitro
digestibility
of some common
range
plants:
II).
J. Agr. Res. Inst. Iceland 1:26-43.
(English
summary).
THORSTEINSSON, I., AND B. SIGURBJ~~RNSSON
1961.
Aburdarathuganir
a
Biskupstungnaafretti
(Studies
on
effects
of fertilizer
treatments
on
Highland
ranges in Iceland).
Arbok
Landbbnadarins.
Yearbook
Agr. 1:
28-46.
(English summary).
THORSTEINSSON, I., AND S. STEIND~RSSON.
1967.
Islenzk
beitliind
(Icelandic
rangelands).
Rit
Landbunadardeildar. Agr. Res. Inst. Rep. 19: 40 p.
(English summary).
VED~~TTAN. 196 1. (Icelandic
Weather
Bureau) Reykjavik.

CALL FOR PAPERS

Meeting,

(SILVER

SRM, Washington,

D. C.

ANNIVERSARY)

The Silver Anniversary
meeting
of the Society will be a
notable
event.
It is designed
to provide
for appropriate
reports
and papers addressed
to the occasion,
but also to
give scientists,
technicians,
ranchers,
teachers,
and administrators an opportunity
to report new work and, if possible,
the relationship
of such data to the meeting theme, “Rangeland Resources
and Society’s
Needs-a
look ahead to the
21st
Century.”
of approximately
15
Volunteer
papers
minutes
duration
in the following
topical
areas of rangelands-economics,
ecosystems,
education,
improvement,
nutrition,
physiology,
planning,
recreation,
wildlife (birds),
wildlife
(mammals),
forest range, and new uses of range
plants-from
all contributors,
Society
members
and nonmembers,
will be considered.
Accepted
papers by students
-graduate,
undergraduate,
or high school-will
be scheduled in similar
topical
areas of the planned
concurrent
sessions.

Procedure-Those
wishing to present papers at the meeting in our Nation’s
capital
should submit
the following:
(1) title of paper,
(2) a preliminary
abstract
of not more
than 200 words, and (3) a supporting
statement
indicating
the significance
of the offered paper.
The statement
also
should specify the method of presentation-reading,
charts,
slides, special requirements,
etc.
Deadline
No. I-One
(1) copy of the above documents
must be sent to the Program
Committee
by June 4, 1971.
Send them to David G. Wilson,
Program
Chairman,
SRM,
Bureau
of Land Management
(390), Department
of the
Interior,
Washington,
D. C. 20240.
Deadline
No. 2-The
Program
Committee’s
final selection of papers will be based on a review of the submitted
abstracts
and
supporting
statements.
The
authors
of
accepted
papers will be notified
by September
3, 1971.

tree stands which can be optimally controlled with
a given arsenal of control methods.
This arsenal
includes cabling (a long cable drawn between two
bulldozing,
and individual
tree
large tractors),
burning.
Methods for controlling
these weed-tree
species have been developed (Arnold et al., 1964;
Cotner, 1963; Jameson,
1966; Johnsen,
1966), but
no quantitative
procedure is generally used to select optimal areas for treatment.
A general procedure using discount theory for
calculating
the optimum time to practice pinyonjuniper control was developed by Cotner (1963).
This procedure requires knowledge of (1) the rate
of forage decline due to increases of tree growth,
(2) the rate of forage increases following control,
and (3) the rate of change of treatment costs.

Optimum Stand Selection for
Juniper Control on Southwestern
Woodland Ranges1
DONALD

A. JAMESON

Associate Professor of Range Science,
College of Forestry and Natural Resources,
Colorado State University, Fort Collins.

Highlight
The optimum
time for a land improvement
investment
when both cost and benefits are changing is when the rate
of change of benefits equals the rate of change of costs.
This principle
can be applied to selecting optimum
weedtree stands for control operations
where stands are present
in a variety of age classes. If the cost of the control method
is fixed, older stands with zero rate of tree cover change
represent
optimal
treatment
areas, but if the cost of the
control
method
increases
with stand age, young
stands
represent
optimal
treatment
situations.

Computational

Rate of Forage Decline

Tree

A common land management
decision involves
(1) a situation which will continue
to worsen (as
evidenced by decreasing productivity
or usefulness
as time progresses),
(2) a corresponding
return to
some higher level of productivity
or usefulness following application
of appropriate
management
practices, and (3) a cost schedule of management
practices which often shows that costs will increase
as application
of the management
practice is delayed. The decision to institute new management
practices
may be made for economic
or noneconomic reasons; the optimum time of application
of the management
practice is, in any case, that
which results in the greatest benefit:cost
ratio. If
several stages of developing
situations are present
at the same time on different
management
units,
the same concepts apply in selection of the optimal
management
units for treatment.
seen in certain
These
principles
are readily
rangelands
of southwestern
United
States.
Increases of juniper trees (Junifmxs
spp.) and pinyon
(Pinus edulis Engelm. and P. monophylla
Torr.
and Frem.) have led to declining
forage production and increased ranch operating
costs (Arnold
et al., 1964; Cotner and Kelso, 1963).
Although
tree increases are general on pinyon-juniper
ranges,
a given management
unit usually has severa .l stages
of stand development
represented.
The decision
for the land manager, therefore,
is to select those
lReceived
25, 1970.
2Data for
employed
periment

August 23, 1969; accepted for publication

Methods

April

this study were collected while the author was
by the Rocky Mountain Forest and Range ExStation, Flagstaff, Arizona.
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cover changes

of stands.

Direct evaluation
of forage decline due to increases in growth of pinyon and juniper
would
require repeated sampling for forage production
over many years. No such data were available, so
existing tree growth data and tree-forage relationships were used in a computer
simulation
procedure which minimized the needed data. In 1940
a series of plots in the southwestern
pinyonjuniper type was established.
Two plots of about
one-fourth acre each were established at each of 14
locations.
Each plot was sampled with 20 randomly located 50-ft transects, using the line intercept method of Canfield
(1941).
With this technique the intercept of tree canopy along a line is
the measure of tree cover. In 1953 these plots were
remeasured
and an additional
12 plots were measured at seven other locations.
The plots ranged
from Reserve, New Mexico, on the east, to Peach
Spring, Arizona, on the west.
All the plots were remeasured in 1966. Some of
the original plots were destroyed by juniper control
operations
and in these cases the 1953 and 1966
data were unusable.
The plots that were first measured in 1953, of course, had data only for 1953
and 1966. Eighteen of the plots had data from only
one time period; the other plots had data from
both time periods. Stands with few trees had low
growth rates as did overmature
stands; cover increases were greatest for stands with 10 to 35%
canopy intercept.
There was no apparent relation
between cover changes and any site characteristics.
More detailed description
of the plots were given
in Arnold et al. (1964).
The relationship
that is needed for planning
juniper control operations is tree cover and time.
Change in tree cover was divided by the number of

OPTIMUM

STAND

FIG. 1. Average canopy-time and herbage production-time
relationships for three sites of the southwestern pinyon-juniper
type*

years between
measurements
change in tree cover per year:
AC =

to

calculate

the

C i+t - Ci
(1)

t

where AC is the annual cover change; Ci is cover at
the first measurement
time, Ci+t is the cover at the
second measurement
time, and t is the number
of years between measurements.
The data on cover changes fell into three populations as follows:
Percent

tree cover

Annual cover change (AC)
Mean
Standard deviation

(Cl)
<1

0.1227
.2493
.4197

1-3
>3

0.0879
.1173
.3767

Pseudo-random
numbers were converted to normally distributed
populations
with means and
standard deviations
the same as the appropriate
population
of annual cover change.
The annual
cover change for each year was then added to existing cover to build up cover-time
data for a 250year period.
For any year n, the tree cover was,
therefore

c, = i

id

ACi

(2)

Many synthetic cover-time tables were developed to
examine the effects of different
random samples.
An average of 10 of the synthetic
stands is presented in Figure 1; many other runs were used
to determine
the effects of changing various input
parameters such as mean annual tree cover change.
Growth patterns
tree treatments.

of individual

trees and individual

Although
costs of some broadcast
treatment
can be adequately
related

methods of
to a whole-
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sale expression of the stand growth such as percent
cover, individual tree treatments such as bulldozing
and individual tree burning require an accounting
Such individual
tree data
of individual
trees.
were available for this study (Jameson,
1965). The
data consisted of over 500 individual
tree heights
and crown diameters
taken in 1938, 1948, and
1958 at a study plot located 25 miles north of Flagstaff, Arizona.
The data represent only one location rather than being spread across the pinyonjuniper type as was the case of the tree cover data,
but important aspects of stand changes could nonetheless be evaluated.
One-foot size classes of trees were considered to
be states in a Markov chain problem, and transition probabilities
from states of year “i” to states
of year “i + 1” were computed.
For any year i
the distribution
of tree size classes is
Xi = Xi-1

P

(3)

where x is a vector of tree sizes and P is the transition probability
matrix.
Synthetic stands for 250year periods were generated;
stands of 20 to 180
trees per acre were included to examine the effect
of tree density.
Relationship

of forage

production

and trees.

As tree canopy increases forage production
decreases (Arnold et al., 1964).
If mid‘grasses are
originally
present they will be replaced by blue
grama (Bouteloua gracilis (H.B.K.) Lag. ex Steud),
probably because of competition
for moisture between the midgrasses and trees.
If the original
grass stand is primarily
blue grama, the rate of
loss of grass production is less because the effect of
trees on blue grama is primarily
due to the tree
litter and much less to competition
for moisture
(Jameson,
1966, 1970). Some soils of the pinyonjuniper type, specifically
the Springerville
series,
will not support a stand of blue grama when an
appreciable
tree stand is present.
The loss rate
for forage production
is greater on these soils
than for other soils (Jameson and Dodd, 1969).
Herbage production
and tree cover data from
186 plots collected
earlier (Arnold et al., 1964)
were stratified into three groups according to the
grass and soil combinations
as follows:
(1) Mixed
midgrass and shortgrass (blue grama) on Springerville series soils, (2) mixed midgrass and shortgrass
on other than Springerville
series soils, and (3)
Overstory-underareas of primarily
shortgrass.
story relationships
were computed using the model:
Y = H + A(1 - e-bx)M

(4)

where Y is herbage; x is tree cover, H is the upper
asymptote
of the curve and represents
herbage
production
with no trees, H + A is the lower
asymptote,
b is a computed
constant that deter-
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mines curvature
of the line, and M determines
the location of the inflection
point, if any (Jameson, 1967).
For the three groups of data the equations were:
Mixed grasses, Springerville
soils,
Y = 614 - 532 (1 _ eO.Og8s)l
Mixed grasses, other soils,
Y = 599 - 686 (1 _ eO.014a)l
Shortgrass,
Decline

(4a)
(4b)

Y = 433 - 322 (1 - em”.o:iss)+ (4~)

of forage

production

with

time.

The decline of herbage production
with time
was computed
from
the
overstory-understory
equations
of the preceding
section and synthetic
tree-time
relationships
for both the tree cover
method and the individual
tree method (Fig. 1).
Loss of forage for any year i, which will be prevented by treatment,
is therefore
Li = Yi_m - Yi

(5)

where Li is the forage loss prevented, Yi the forage
at year i, Yi_m the forage at the time of treatment,
and m the years since treatment.
Recovery

of Forage

Following

Juniper

for each of the 250
presented by Cotner

log v = 1.955

to formulas

+ 0.01629c

(8)

where v is cabling time per acre in seconds and c
is percent tree cover.
The difference
in the time required
to treat a
stand in two successive years can thus be computed from equation
(8) by inserting
the appropriate tree cover. Percent of time changes for each
year is identical to percent of treatment cost change
and an expression of treatment
costs in dollars is
not required
for this study.
Time required
to treat these stands by individual tree burning and bulldozing was calculated
for each of 250 years by formulas presented
by
Cotner and Jameson (1959).
The time required
for burning is:
v, = 0.0303

+ 0.015x

+ 0.001x”

(9)

where v is time in minutes and x is tree height in
feet. The total time per acre for burning
is determined
by using the vector x (equation
3) in
the time formula (equation
9). The travel tirne
between trees is:

Increases

Vf = 0.4204f

Control

Typical forage production with no trees is about
400 lb. per acre on shortgrass sites (equation
4c)
and 600 lb. per acre on sites with mixed midgrasses
and shortgrasses (equations
4a and 4b). Locations
studied by Arnold et al. (1964) had an average recovery rate of 91.6 lb. per acre per year from time
of tree control until the level of forage production
without trees was reached.
That is, for any year i,
the gain in forage is
Gi = 91.6 m

years according
(1963):

(6)

(10)

where v is time in seconds and f is distance between trees in feet. Distance
between
trees was
changed by changing the number of trees per acre.
Time required
to bulldoze each tree is:
VX = 0.041

- 0.00053x

+ 0.00058x”

(lOa)

where v is time in minutes and x is tree height
feet; and travel time between trees is:
vf = 0.5268f

in

(1Ob)

where v is time in seconds and f is distance between trees in feet.
Yi_m + Gi 4 H
(7)
Total treatment
time v for both burning
and
bulldozing
cases
is
v,
+
vf.
As
in
the
case
of
cabling,
where Gi is the gain following juniper control, Yi.111
percentage
treatment
time changes of bulldozing
is the forage production at treatment time, m is the
are equivalent
to percentage cost changes without
years since treatment,
and H is the maximum
modification
(Table 2). In the case of individual
production
of equation
(4). Additional
studies
tree burning,
however, the cost during burning
have indicated
that, although loss rates and total
is
greater
than
the cost of travel between trees belosses are different, similar recovery rates can exist
cause
of
the
expenditure
of torch fuel.
In the
on Springerville
sites, other mixed grass sites, and
study by Cotner and Jameson
(1959) the cost of
on the
shortgrass sites. In some cases, particularly
burning in an individual
tree burning operation
Springerville
sites, recovery of forage is retarded
was 1.779 times the cost of travel in this type of
to study this condition
some
by weed growth;
treatment;
therefore,
burning
times were multicalculations
were made assuming no recovery of
plied
by
this
figure
to
make
the
two time figures
forage.
Since the computations
require
only
equivalent.
Rate of Change of Treatment
Costs
percent
of change, rather than actual costs, all
other figures in this report are computed without
Times required for cabling stands developed by
assigning dollar values.
equation
(2) were calculated
from the stand data

subject

to the constraint

that for blue grama

sites

OPTIMUM
Computation
for

of Optimum
Juniper

STAND

combined by adding Gi and Li. The equation
a 50 year planning period then becomes:

Timing

Control

For computation
of the best time to do a juniper
control operation the reader is referred to Cotner
(1963).
His formula
for discounting
the future
benefits of juniper control is as foll;ws:
I
P&c

=

1
$
( i=C=l(1 + r)i (a1i ,>
II
1

kl
(
+
(1 + r)R+l Y >
III
1
8 (1 +
( i=C=l
D

+

r)i

( a2i

)>

IV
1
k2
+ ( (1 + r)D+l Y >

where:

PV = present value of flow of “gross” benefits.
2-r
time (years).
c=
initial year of control.
D=

years required for site to reach
if not controlled.

R=

years required
after treatment.

aI =

average

rate of recovery
rate

for

site

maximum

to recover
from T,

depletion

full

potential

to T,.

T, to T,.

a2 =

average

k,

=

potential
annual gain after full recovery (production at full recovery less production
at T,).

k,

=

potential
tion

of depletion

annual

at T,

loss after

less production

i=

1, 2, 3,

. . . 00 (years).

r=

interest

rate.

from

full

depletion

at full
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(produc-

depletion).

Since the rate of depletion
is nonlinear
and “full
depletion”
takes many years, this formula can be
made more usable by considering
that change is
always occurring
and portions II and IV of equation (1 l), which deal with steady state conditions,
can thus be omitted.
Only portions I and III of
equation
(11) are used to accumulate
values of
discounted forage production
for some given planning period.
The average rate of recovery times
the numbers of years of recovery (ali) is replaced
by Gi, which is the difference
between production
at the time of control and production
at i years
following control.
The average rate of depletion
times the number of years of depletion
(a2i) is replaced by Li, which is the difference
between production
at the time of control
and production
that would have occurred at year i had the control not been undertaken.
Terms I and III can be

50

PVTc = JX,

(1

1

for

(Gi + Li)

Values of Li can readily be computed by using the
synthetic stand tables together with the equations
for overstory-understory
relationships
(4a, 4b, 4~).
The value of Gi can be taken to be 91.6 (with the
restriction
that total production
does not exceed
H of equation 4).
With the above information
available, selection
of the optimum time for a given control operation
is that time when rate of change in benefits (discounted at an appropriate
rate for an appropriate
planning
period) is equal to the rate of change
of costs. The optimum
cover condition
is that
cover which occurs at the optimum time.
Several parameters,
including
tree growth rate,
the tree-forage relationship,
rate of forage increase
following recovery, discount rate, number of trees
per acre (for individual
tree treatments),
and
length of planning period, obviously could change
the predicted optimum time of treatment.
To investigate the magnitude
of errors that might be
introduced
by misjudging
these parameters,
a
range of values of each parameter was evaluated in
the simulation
runs.
Results

and Discussion

The simplest case for evaluation
is a fixed cost
treatment:
the rate of cost change of such a treatment is zero and the optimum time for treatment
is that when the rate of benefit change is also zero.
This occurs when a stand is mature and the tree
cover is no longer increasing.
Because future results are also included as well as the present situation, the “no change” condition
is approximated
when the stands have greater than 25% cover. “No
change” stands would be the optimum for treatment with an aerial chemical spray that has a fixed
cost regardless of tree cover; but low cost aerial
sprays do not presently exist for pinyon-juniper
control.
Some newer mechanical
methods using
very large machines
appear to be “fixed cost”
methods,
but cabling,
burning,
and bulldozing
methods reported here are “variable cost” methods.
Results for other methods are influenced
by the
fact that treatment
costs increase,
often at an
increasing
rate, as the tree cover increases with
time.
Because of the rapid decrease of forage production with only a sparse stand of trees, the rate of
change of discounted
value of the forage starts
declining
with the sparsest stand of trees. The
rapid rise of treatment costs and the rapid decline
of forage combine to produce optimum timing of
variable cost treatment
at an early stage of stand
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Table
1. Optimum
cabling for various

tree cover
(o/o)
synthetic stands.

Synthetic
stand number

Shortgrass
site

1

4

6

3

2

6

6

6

3

8

8

4

Optimum

for

pinyon-juniper

Table
2. Optimum
tree cover (%)
methods of pinyon-juniper
control
of trees per acre.

for individual
tree
for various numbers

cover for control
Mixed grass
site

Optimum cover for
pinyon-juniper control

Springerville
site

4

6

6

6

5

4

4

4

6

4

4

4

7

4

5

3

8

5

5

5

9

11

11

5

10

5

6

4

The number
of years required
to
development.
reach optimum timing was quite variable for the
different
stand situations
studied, and significant
changes in optimum
time of treatment
is introduced when mean annual
tree cover change is
given different
values. The canopy cover at the
optimum time, however, was restricted to the range
of 3-l 1% (Table
1). In addition
to being more
consistent than time, cover is more readily identifiable than stand age under field conditions and is
more germane
to the management
question
of
selection of optimal stands to treat.
The
average
optimum
stand for control
by
cabling was about a 6.5% cover for the shortgrass
and mixed grass sites.
The
forage decline
on
Springerville
soils is more rapid, however, and
eventually
more severe than on the other sites.
This gives a faster decline in the rate of change of
benefits and accelerated
the optimum
tree cover
for treatment by cabling from an average of 6.5%
back to 4.5%. If the “no recovery” situation due
to weed growth is assumed, prevention
of losses
remained
as an important
factor, but potential
increases above that predicted
at treatment
time
were not realized.
Protection
against future losses
thus becomes predominant
and the optimum cover
for cabling on all sites dropped to 3%. In any
case, the optimum situation for cabling is reached
only where there are scattered
stands of rather
large trees; a stand of 4 to 6y0 cover normally contains many trees that are too small and flexible
for adequate cabling.
In practice, these optimum
stands for cabling have been recognized intuitively
by land managers
and many have already been
cabled.
Optimum
cover for individual
tree burning
was in the range of 1 to 3% for all tree stands of
20 to 180 trees per acre and for all sites (Table 2).
Optimum cover for bulldozing, on the other hand,
increased with increase in number of trees. For

Trees/acre
20
40
60
80
100
120
140
160
180

Individual
tree burning

Bulldozing

2
1
1

2
5
6

2
3
3
3
4
5

7
7
7
9
11
11

example, on the shortgrass site optimum cover for
bulldozing ranged from 2% with 20 trees per acre
to 12% with 200 trees per acre. The other sites
showed similar relationships.
Proper stand selection was the most critical for
the burning treatment. Treatment
of stands denser
than the optimum increase benefits but increase
costs even more.
Treatment
of stands with 8%
cover rather than the optimum
3% reduced the
benefit/cost
ratio by 24%.
A similar
error in
stand selection
with mechanical
methods caused
less than a 10% reduction of the benefit/cost
ratio.
Different discount rates from 1 to 10% resulted
in differences
in indicated
profitability
of treatment from fourfold
to sixfold,
but had little
influence
on selection of optimum time (or optimum stands) for treatment.
For some synthetic
stands, there was actually no difference
in optimum cover regardless of discount rate; the average
spread of optimum tree cover due to discount rate
was about I %.
Length of planning
period was likewise unimportant in determining
the optimum cover at the
time of control provided that the planning period
was 20 years or greater.
Planning
periods of 5,
10, 20, 30, 40, and 50 years were investigated;
the 5- and lo-year periods resulted in about a 1%
greater tree stand for the “optimum”
condition,
but there was no difference
in any of the longer
periods. The major effect of the shorter planning
periods is to emphasize the uncertainty
of future
benefits; longer planning periods had more stable
rates of benefit change.
The results obtained in this study apply to the
variable cost treatments
that are commonly
used
for juniper control.
If a treatment were available
at a fixed cost per acre the treatment would have a
zero rate of change of cost for all tree cover. The
optimum
timing for such a treatment
would be
when the rate of change of benefits is also zero; in

OPTIMUM

STAND

other words, when the tree cover reaches a maximum and forage production is minimum.
Because
future benefits are considered as well as the present
condition
of the stand, a fully depleted state is
approximated
at about 25% tree cover. At present
there is no control method available
that can be
optimally used for tree stand of 12 to 25% cover;
all conceivable
methods will optimize with cover
either less than 12% or greater than 25%.
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disregarded
and general
guidelines
to optimal
practices could thus be established.
For individual
tree burning the optimum cover for treatment was
1 to 3% and for bulldozing
the optimum
cover
ranged from 2% with 20 trees per acre to 12%
with 200 trees per acre. For methods which do not
have increasing
costs with increasing
tree cover,
the optimum cover for treatment
would be 25%
or more.
Literature

Summary
A representative
land management
problem
is
the increase of weed-tree stands on western rangelands which result in losses of forage, and these
losses increase with time. The expected benefits
from control of these weed-tree species, and the
cost of treatment,
also increase with time. Tree
stand, forage increase, and treatment
cost tabulations were simulated
by various techniques,
and
parameters
used in these simulations
were taken
from the literature.
For evaluation
of broadcast treatment
methods
such as cabling,
pinyon-juniper
cover measurements from 36 plots during the period 1940 to 1966
were used to construct a time-tree cover relationship. This was in turn combined
with equations
for overstory-understory
relationships
on these
pinyon-juniper
sites to give a forage productiontime relationship.
Similar computations
were made
for individual
tree treatment
methods
such as
individual
tree burning
and bulldozing
from
growth records of over 500 trees measured from
1938 to 1958. Annual treatment cost changes also
were computed from the same tree data.
Rate of change of future forage production
discounted at an appropriate rate can be used to indicate optimum
timing and tree cover for juniper
control operations. Optimum tree cover for cabling
operations was about 4% on Springerville
soils and
6% on other sites. In practice, many of the stands
in the Southwest
most suited for cabling
have
Many remaining
stands in
already been cabled.
the 4-6%
cover class contain
many small trees
which are not killed by cabling.
Sensitivity
analyses pointed
out that most of
the decision variables
to be considered
could be

Specialists in Qucdify

Cited

ARNOLD, J. F., D. A. JAMESON, AND E. H. REID. 1964.
The pinyon-juniper type of Arizona: effects of grazing,
fire and tree control. U. S. Dep. Agr., Forest Serv. Prod.
Res. Rep. 84. 28 p.
CANFIELD, R. H. 1941. Application of the line interception method in sampling range vegetation.
J. Forest.
39:388-394.
COTNER, M. L.
1963.
Controlling
pinyon-juniper
on
southwestern rangelands.
Univ. of Arizona Exp. Sta.
Rep. 210. 28 p.
COTNER, M. L. 1963. Optimum timing of long-term resource improvements. J. Farm Econ. 45:732-748.
COTNER, M. L., AND D. A. JAMESON. 1959. Bulldozing
vs. burning individual trees. U. S. Dep. Agr., Forest
Serv., Rocky Mountain Forest and Range Exp. Sta. Pap.
43. 14 p.
COTNER, M. L., AND M. M. KELSO. 1963. Northern Arizona beef production is affected by pinyon-juniper.
Progr. Agr. in Arizona 15(2).
JAMESON,D. A. 1965. Arrangement and growth of pinyon
and one-seed juniper trees. Plateau 37: 121-127.
JAMESON, D. A. 1966. Juniper
control by individual
tree burning. U. S. Dep. Ag-r., Forest Serv. Res. Note
RM-71. 4 p.
JAMESON, D. A. 1966. Pinyon-juniper
litter
reduces
growth of blue grama. J. Range Manage. 19:214-217.
JAMESON, D. A. 1967. The relationship of tree overstory
and herbaceous understory vegetation. J. Range Manage.
20: 247-249.
JAMESON, D. A. 1970. Juniper root competition reduces
basal area of blue grama. J. Range Manage. 23:217-218.
JAMESON, D. A. ANDJ. D. DODD. 1969. Herbage production differs with soil in the pinyon-juniper type of Arizona. U. S. Dep. Agr., Forest Serv. Res. Note RM-13 1.

4 P.
JOHNSEN, THOMAS N., JR.
1966.
Junipers
(Juniperus
spp.), In Chemical Control of Range Weeds. U. S. Dep.*
’
Air.1 U. S. Dep. Interior. p. 22-23. ”

N AT I V E G R A S S ES

Wheatgrasses
l Bluestems
l Gramas
l -Switchgrasses
We grow, hamest, process these seeds
Your Inquiries
Appreciated

l

Lovegrasses l Buffalo l and Many Others
Native Grasses Harvested in ten States
Phone 398-223 1
HEALY, KANSAS

SHARP BROS. SEED CO.

Cow-Calf Response to
Stocking Rates and Grazing Systems
on Native Rangel?”
MERWYN
Assistant
Scientist,

M. KOTHMANN,s
GARY
AND WM. J. WALDRIP4

Professor,
Research
Texas Agricultural

W.

MATHIS,

Associate and Associate Range
Experiment
Station, Seymour.

Highlight
Studies of g-razing management
for cow-calf operations
on native range have been conducted
on the Texas Experimental Ranch
since 1960. Three stocking rates and three
Calf
production
was
grazing
systems
were
evaluated.
greater
from the deferred-rotation
grazing
systems than
from
continuous
grazing
at the
same
stocking
rate.
Heavier stocking rates reduced calf production
per animal
unit slightly,
but production
per acre increased
significantly.
The net returns
per animal
unit were greatest
from the Merrill system, stocked at a moderate
rate, and
the net returns
per acre were greatest
from heavy continuous
stocking.
The
optimum
stocking
rate
for this
range appeared
to be between 40 and 50 animal units per
section and it was profitable
to use the Merrill
grazing
system.

La Production de Vacas y Becerros a Differentes
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studies have investigated
the influence of
Many
stocking rates and grazing systems upon livestock
production.
Increasing
the stocking rate results
in reduced gains per animal and increased gains
per acre until the potential
production
of the
range is reached (Stoddart,
1960). At this point,
further increases in stocking rate result in reduction of both gains per animal and gains per acre.
Correct range use lies somewhere
between maximum production per animal and maximum immediate return per acre (Stoddart and Smith, 1955).
Grazing systems are quite varied and seldom has
the same system been tested in two different locations. Heady (1961) has reviewed studies comparing continuous grazing with various special grazing
that for California
sys terns, and he concluded
annual type vegetation, continuous grazing was the
In the California
annual
type,
most desirable.
vegetational
changes are so rapid that any improvement
to one pasture is lost before the cycle
of a deferred-rotation
system can be repeated.
Grazing studies on the U. S. Southern
Great
Plains Field Station compared continuous
grazing
with a 3-division rotation where cattle were moved
at one month or shorter intervals (Mcllvain
et al.,
1955).
Rotation
grazing appeared to be slightly
more beneficial
to vegetation
than continuous
grazing,
however,
these two systems were not
greatly different with respect to steer gains or economic returns.
On the same station a comparison
of a Z-division rotation
with continuous
grazing
indicated that there was little difference
between
the systems. Pastures on the Southern Plains Experimental
Range were in good condition
when
these studies began.
A systematic, 4-pasture deferred-rotation
tested
on the Ranch Experiment
Station near Sonora,
Texas, produced greater cattle gains per head and
per acre than did continuous
grazing at light,
moderate,
or heavy stocking
(Merrill,
1952 and
1965).
Vegetational
improvement
under the 4pasture
deferred-rotation
system, stocked
at a
moderate
rate, was as rapid as under light continuous stocking.
The experimental
pastures on
the Sonora station were in poor condition
when
the study was initiated.
The objectives
of this study were to determine
the stocking rate for optimum
livestock production from native range in the Rolling Plains region
of Texas and to evaluate two different systematic
deferred-rotation
grazing systems.
Study Area and Methods
The
cludes

climax vegetation
of the Rolling
mid and tall grasses.
Continuous,

Plains
close

region inutilization

by livestock
for almost 100 years had reduced
the vegetation on the study area to primarily
short and mid grasses.
Most of the decreaser species that were once a major part of
the plant community
were still present at the start of this
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COW-CALF
Table
1. Combinations
of stocking
rates
and grazing
systems studied and the acreages used for each treatment.

Stocking
rate

Grazing
system

Heavy
Moderate
Light
Moderate
Moderate

continuous
continuous
continuous
switchback
Merrill

RESPONSE
Table 2. Herd
back grazing

Acres per
treatment
585

598
602

640
1099

study, but they made up only a very small part of the
total composition.
Texas wintergrass (Stipa Zeucotricha)
and buffalograss (Buchloe dactyloides) each accounted for
approximately 35% of the vegetation at initiation of the
study. Sideoats grama (Bouteloua curtipendulu), the third
most important species, contributed 6 to 12% to the vegetative composition in 1960. During 1965 and 1968, fall
and winter precipitation resulted in large populations of
texunum), an unTexas broomweed (Xunthocephulum
desirable annual forb. In most years, perennial grasses
accounted for over 80% of the vegetation with less than
10% annual grasses and about 10% forbs. This vegetation
is relatively stable and changes in composition
occur
slowly; however, plant vigor responds rather rapidly to
gi,azing treatments.
Although the frostfree period averages about 220 days,
forage production continues throughout the year except
when limited by drought. Peak forage production normally
occurs in April, May, June, and September while July
and August are usually hot and dry. However, if adequate
rainfall is received in July and August, forage production
will continue at a high level throughout the summer.
The 40-year average annual precipitation for Throckmorton County was 24.96 inches; however, the eight-year
average at the Experimental
Ranch headquarters
was
27.51 inches. Annual rainfall was below the county average
for only two of the eight years. The average monthly
distribution of rainfall during the study was fairly normal,
although there was considerable variation from the normal
in several years.
The Texas Agricultural Experiment Station in cooperation with the Texas Experimental Ranch Committee and
Swenson Land and Cattle Company established the Texas
Experimental Ranch in 1959 for the purpose of conducting
grazing management research. Prior to the initiation of this
research, the experimental area was in one pasture. Soil
and range surveys were conducted on the area and fences
were planned so that all pastures would be as comparable
as possible.
The treatments consisted of three different stocking rates
and three grazing systems (Table 1). The three stocking
rates compared under a continuous grazing system were
heavy (12.8 acres per animal unit), moderate (20.8 acres
per animal unit), and light (28.4 acres per animal unit).
The three grazing systems, all stocked at moderate rate,
were continuous
(yearlong) grazing, switchback system
(Joubert, 1958), and Merrill system (Merrill, 1952).
The switchback system consisted of two pastures and
one herd of cattle (Table 2). The stocking rate (acres per
animal unit) was divided into the total acreage of both
pastures to determine the number of animal units to be
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rotation
and deferment
system using 2 pastures

periods for switchand 1 herd.

Pastures
Date
March 16 to June 15
June 16 to December 15
December 16 to March 15
March 16 to June 15
June 16 to December 15
December 16 to March 15

G

H

Graze
Rest
Graze
Rest
Graze
Rest

Rest
Graze
Rest
Graze
Rest
Graze

carried. All of the cows were then placed in one of the
pastures and rotated on the schedule shown. The Merrill
system of deferred-rotation consisted of four pastures and
three herds of cattle (Table 3). The combined carrying
capacity of all four pastures was calculated and divided
equally into three herds of cattle which were rotated
according to a fixed schedule. The switchback system required two years and the Merrill system required four
years to complete a cycle of deferment.
A group of three-year-old Hereford heifers were obtained
during the fall of 1959 and were randomly allocated to the
pastures. These heifers weaned their first calves in October
1960 but records were not obtained from this calf crop.
Records were obtained for these same cows and their calves
for the period 1961 through 1968. All of the cows remained
on the same treatments for the duration of the study, or
until they had to be permanently replaced. Multiple bulls
were used in all pastures with never more than 20 cows per
bull. The bulls were fertility tested prior to breeding and
different bulls were used each year. The breeding season
was from March 15 to June 15 and the calves were weaned
in early October. All cows and- calves were weighed individually in late March, mid-June, and September of each
year. All calf weights shown are the averages of the mean
heifer and mean steer weights. Cottonseed cake (41%
crude protein) was fed to all cows during December, January, and February at the rate of 1.5 pounds per cow per
day.
Table
3.
Merrill

Herd rotation
and deferment
grazing system using 4 pastures

periods
for
and 3 herds.

the

Pastures
Date
Feb.
June
Oct.
Feb.
June
Oct.
Feb.
June
Oct.
Feb.
June
Oct.

16 to June
16 to Oct.
16 to Feb.
16 to June
16 to Oct.
16 to Feb.
16 to June
16 to Oct.
16 to Feb.
16 to June
16 to Oct.
16 to Feb.

K

15
15
15
15
15
15
15
15
15
15
15
15

Graze
Rest
Graze
Graze
Graze
Rest
Graze
Graze
Graze
Rest
Graze
Graze

L

Graze
Graze
Rest
Graze
Graze
Graze
Rest
Graze
Graze
Graze
Rest
Graze

M

Graze
Graze
Graze
Rest
Graze
Graze
Graze
Rest
Graze
Graze
Graze
Rest

N

Rest
Graze
Graze
Graze
Rest
Graze
Graze
Graze
Rest
Graze
Graze
Graze
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FIG. 1. Cow weights from heavy, moderate,
and light continuously stocked pastures, and switchback and Merrill deferred-rotation grazing systems averaged across eight years and
three weighing periods per year. (abed Means having different
superscripts differ significantly at the .05 level of probability.)

Results

and Discussion

Cow Weights

Seasonal and annual fluctuations
in the weight
of a cow are direct indicators
of her nutritional
status.
Since the average weights and age were
the same for all cow herds when they were allocated to the treatments,
any resulting differences
in the average weights of cows on various treatments were the result of differences
in their nutrient intake.
Both stocking rates and grazing systems significantly influenced
the average weights of cows on
the treatments during the eight-year period (Fig. 1).
Cow weights from light continuous
stocking and
from the Merrill system did not differ significantly,
but all other treatments were significantly
(P < .05)
different.
Heavy stocking resulted in lower cow
weights while cows from both moderately
stocked
deferred-rotation
systems were heavier than those
from moderate
continuous
use.
There were significant
seasonal fluctuations
in
the average weights of cows on all treatments.
Cows
on the heavily stocked pasture lost the most weight
during the winter, gained the most during the
spring and lost the least during the summer (Fig.
2). The
greatest
differences
among treatments
were evident in the early spring and the smallest
differences
were in the fall.
Seasonal
weight
changes under the Merrill system and light stockAverage
cow weights
ing were very similar.
fluctuated more under the switchback system than
under moderate continuous
grazing or the Merrill

J

F

M

A

M

J

CONTINUOUS

-.--HEAVY

J

A

CONTINUOUS

S

0

N

D

FIG. 2. Spring, summer, and fall cow weights for five grazing
treatments averaged for the period 1961 through 1968.

system.
T,he greater
concentration
of livestock
under the switchback system resulted in intensive
grazing on one pasture followed by rotation to a
rested pasture with abundant
forage.
The rotation dates in March and June corresponded
fairly
closely with the weighing
dates.
Weight
gains
during the spring under the switchback
system
paralleled those under heavy continuous
stocking.
Cows gained more during the spring on pastures
that were closely grazed the previous year than
they did on pastures grazed moderately.
However,
the cows did not winter as well under intensive
grazing pressures.
Calf Production

Calves from the Merrill system were significantly
heavier at weaning, averaged over the eight-year
period, than were those from the other four grazing
treatments,
and calves from heavy continuous
stocking were significantly
lighter (Table 4). The
average weaning weights of calves from both light
stocking
and the switchback
system were 506
pounds. The average weaning weight from moderate continuous
stocking was 501 pounds.
The
Merrill system of deferred-rotation
increased weaning weights 20 lbs. above moderate
continuous
stocking, whereas, weaning weights from light continuous stocking were only 5 lbs. greater than from
moderate
continuous
stocking.
Average weaning
weights from the switchback
system were comparable to those from moderate
and light continuous stocking.
In examining
the average weaning weights from
heavy, moderate, and light stocking on an annual
basis it was found that they tended to decrease

COW-CALF
Table

4.

Calf

production,

stocking

Treatment
Stocking
rate

rates

and longevity

Average
birthdate
of calves

Grazing
system

RESPONSE
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of cows for five grazing

Weaning
weight,1
(lb.)

Calf crop
weaned,
(%)

treatments

averaged

Calf
production
per AU,
(lb.)

Stocking
rate,
(Acre/AU)

across

eight

Calf
production
per acre,
(lb-)

years.

Ave. No.
calf crops
produced

Heavy

continuous

Jan.

17

490a

89.9

440

12.8

34.4

8.3

Moderate

continuous

Jan.

13

501”

88.2

441

20.8

21.2

8.8

Light

continuous

Jan.

19

506”

92.1

465

28.4

16.4

8.2

Moderate

switchback

Jan.

12

506”

90.5

458

20.7

22.1

8.3

Moderate

Merrill

Jan.

12

521~

93.7

487

19.8

24.6

8.2

1 Weights not having the same superscript

differ significantly

(P < .05).

under
heavy stocking
as the study progressed
while they increased under light stocking (Fig. 3).
Weaning
weights from light stocking varied less
from year to year than those from moderate and
heavy stocking.
Apparently
the annual
fluctuations of climate had very little influence upon calf
production from the lightly stocked pasture. However, heavy continuous stocking and the switchback
grazing system were both greatly influenced
by
annual fluctuations
of climate.
For five of the eight years, the Merrill system
weaned the heaviest calves (Fig. 3). The switchback
system had the heaviest calves in 1965 and light
continuous
stocking had the heaviest in 1964 and
1968.
In 1965, the lightest calves were weaned
from light continuous
stocking.
The initial
response of the vegetation
to deferment,
when the
rotation systems were started, may be responsible
for their having heavier weaning weights than continuous grazing during the first 3 years of the study.

The greater
concentration
of livestock
on one
pasture under the switchback
system would be
expected
to result in a slightly lower weaning
weight than from the Merrill
system.
Drought
conditions during the spring and summer of 1966
greatly reduced weaning weights from heavy continuous grazing and the switchback system during
that year.
Grazing systems and stocking rates had little
effect
upon
average
calf weights
from
April
through September
(Fig. 4). In late March the
average calf weights from the Merrill system were
28 lbs. heavier than from heavy continuous
stocking.
This
difference
was maintained
with the
calves from the Merrill
system weighing
28 lbs.
heavier in June and 31 lbs. heavier in September.
Light continuous
stocking,
moderate
continuous
stocking, and the switchback
system all produced
550

1
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-
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-
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-
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I
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CONTINUOUS

I
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FIG. 3. Average weaning weights of calves from
treatments from 1961 through 1968.
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FIG. 4. Spring, summer, and fall calf weights from five grazing
treatments averaged for the period 1961 through 1968.
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at about the same level. This clearly indicates that
the effect of grazing treatment
upon calf weights
occurred during fall or winter.
It was during fall
and winter that the greatest differences
existed in
quantity
and quality
of forage available
under
different
treatments.
The eight-year
average of percent
calf crops
weaned from the five treatments followed the same
pattern as the weaning weights (Table
4). One
discrepancy noted was that heavy continuous stocking resulted in a higher percent calf crop weaned
than did moderate continuous
stocking.
Prior to
1968, the averages were 90% on moderate
and
S9% on heavy.
However,
in 1968 the cows on
heavy stocking weaned a 95% calf crop and those
on moderate stocking weaned a 75% calf crop. A
possible explanation
for this is that on the moderately stocked pasture more calves were born
and died during the ice storms which occurred
Cows on all of the treatfrequently
that winter.
ments apparently bred back at about the same rate
as evidenced by the similarity of the average calving dates (Table
4). The longevity of the cows
was not influenced
by grazing treatment
either as
the number of calf crops produced per cow was
about the same for all treatments.
Calf
production
per animal
unit
(weaning
weight x percent calf crop) varied from 440 lbs.
under heavy continuous
stocking to 487 lbs. under
the Merrill
system (Table
4). Production
from
moderate
continuous
stocking
was only
1 lb.
greater
than from heavy stocking,
whereas the
switchback
system produced 18 lbs. more calf per
animal unit than heavy stocking.
Calf production
from light continuous
stocking was only slightly
higher than from the switchback
system and was
22 lbs. below the Merrill system.
Calf production
per acre differed
markedly
among stocking rates (Table
4). Production
per
acre increased in direct proportion
to the stocking
rate with heavy stocking resulting in highest production
per acre and light stocking
the lowest.
The Merrill
system produced
3.4 lbs. more calf
per acre than moderate continuous grazing and the
switchback
system produced .9 lb. more calf than
moderate
continuous
grazing.
Grazing
systems
affected
production
per animal unit more than
stocking rates did, but the differences
were not
great enough to have a marked influence upon the
production
per acre.
In order to evaluate the effects of stocking rates
and grazing systems, the data were plotted
to
show the relationship
between stocking rates and
production
per acre and production
per animal
unit (Fig. 5) as suggested by Stoddart (1960). Stoddart suggested that the correct stocking rate would
lie between maximum production
per animal unit
and maximum
production
per acre.
From this
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FIG. 5. Relationships between stocking rates and production
animal unit and per acre.

Per

data it is not possible to determine
the maximum
production
per
production
per acre. Maximum
animal unit was obtained at stocking rates above
30 animal units per section. Production of 487 lbs.
of calf per animal unit from the Merrill
system
corresponded
to the theoretical
maximum production at zero stocking rate. Stocking at 50 animal
units per section reduced production
per animal
unit only slightly
compared
to moderate
continuous stocking at 30 animal units per section.
It would be desirable
to have additional
data so
that the curves could be extended to heavier stocking rates.
Livestock
production
from deferredrotation grazing systems should be determined
for
heavier stocking rates as well as at the moderate
rate. The Merrill
grazing system stocked at 32
animal units per section was the only treatment
to deviate significantly
from the production
lines
drawn in Figure 5.
For this type of land with a cow-calf type of
operation,
the optimum
stocking rate would appear to be between 40 and 50 animal units per
Vegetation
studies indicated
that consection.
tinuous grazing at the rate of 50 animal units per
section caused undesirable
changes in the vegetative composition
(Mathis and Kothmann,
1968).
Both deferred-rotation
grazing systems produced
as well or better than continuous
grazing.
Since
deferred-rotation
grazing was beneficial to the vegetation, it would be desirable
to use a suitable
deferred-rotation
grazing system.
An economic analysis of these five grazing treatments revealed net returns of $73.64 per animal
unit for the Merrill system (Kothmann
and Mathis,
1969). Net returns per animal unit for the other
treatments
were heavy continuous
$67.16,
moderate continuous
$62.06, light continuous
$62.75,

SHEEP

and switchback
system $66.11.
Net returns
per
acre for the treatments
were heavy continuous
$5.28, moderate
continuous
$3.03,
light continuous
$2.24, switchback
system $3.22, Merrill
systern $3.81. Although returns per acre were highest
from heavy continuous stocking it is doubtful that
they could be sustained at this level. It appears that
maximum sustained returns could be obtained by
using the Merrill system of deferred-rotation
and
stocking at a rate between 40 and 50 animal units
per section with adjustments
based upon annual
fluctuations
of forage production.
Literature

of

stocking
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Experiment
Logan.

Purebred
Rambouillet,
Targhee
and Columbia
sheep were observed
on
mountain
summer ranges in southwestern
Utah.
Under unherded
conditions
Rambouillet
sheep travelled
greater
distances
and spent more time resting,
while Columbias
travelled
the least distances,
rested least and grazed longer
than the other breeds. All breeds travelled
farther in the morning than in the
afternoon
but grazed longer in the afternoon.
There was a tendency for the
sheep to water and take salt in the mornings
rather than in the afternoons.
Overgrazing
on established
bedgrounds
was caused by animals
grazing
these
areas in the evening prior to bedding down.
Fencing
along the crests of the
ridges and more strategic salt placement
appear
to be the most useful means
of improving
distribution.
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allow them to drift over the entire
range at their own discretion.
This study was conducted to determine the general behavioral patterns of unherded sheep and to
ascertain whether behavioral differences existed between breeds. Such
information should be valuable in
improving sheep and range management.
Study Area
The study area was located in
the Coal Creek Drainage of Iron
County, Utah, locally kno,wn as the
College Ranch.
The elevation is
approximately
8,500 feet. A com-

bination of spruce and fir grow
on the north-facing slopes, and oakbrush (Quercus gambelii)
is prevalent on the south-facing
slopes.
Within these major types are aspen
and open areas characterized primarily by Kentucky bluegrass (Poa
pratensis)
and letterman
needlegrass (Stipa lettermanii).
The topography consists of major
ridges and small canyons. Water
for stock is usually sufficient both
in quantity and distribution, being
supplied by permanent streams or
developed
springs
piped
into
troughs.
This study area was purchased in
1943 by Utah State University from
Prior to pura local sheepman.
chase, approximately
3,000 sheep
were supported on the 2,789 acres
during the summer grazing season.
Ogden and Andrews (1957) conducted a range survey of this area
and classified it as being in fair
to poor condition. They attributed
poor distribution of the sheep to
non-herding and inadequate fencing and suggested that additional
fences and a deferred-rotation grazing system be put into operation.
Bennett et al. (1963) made a compara tive study of Rambouillet,
Targhee and Columbia sheep on
this study area and found that the
Targhee breed gave the greatest
total return per ewe. They also
found that the Columbia, a larger

SHEEP

and switchback
system $66.11.
Net returns
per
acre for the treatments
were heavy continuous
$5.28, moderate
continuous
$3.03,
light continuous
$2.24, switchback
system $3.22, Merrill
systern $3.81. Although returns per acre were highest
from heavy continuous stocking it is doubtful that
they could be sustained at this level. It appears that
maximum sustained returns could be obtained by
using the Merrill system of deferred-rotation
and
stocking at a rate between 40 and 50 animal units
per section with adjustments
based upon annual
fluctuations
of forage production.
Literature

of

stocking

rates

Cited

MATHIS.

1969.

Economics

the Utah AgriculStation as Journal
Received
February
for publication
July

2Special thanks are extended
Neil E.
West and Cyrus M. McKell for their
helpful reviews of this manuscript.

Western

MERRILL, LEO B., AND VERNON A. YOUNG. 1952.
Range
management
studies on the Ranch Experiment
Station.
Tex.

Agr.

Exp. Sta. PK. 1449.
1960.
Determining
correct stocking
J. Range Manage. 13: 251-255.

rate

STODDART, LAURENCE A., AND ARTHUR D. SMITH. 1955.
Range Management
(2nd Ed.). McGraw-Hill
Book Co.,
New York.

Experiment
Logan.

Purebred
Rambouillet,
Targhee
and Columbia
sheep were observed
on
mountain
summer ranges in southwestern
Utah.
Under unherded
conditions
Rambouillet
sheep travelled
greater
distances
and spent more time resting,
while Columbias
travelled
the least distances,
rested least and grazed longer
than the other breeds. All breeds travelled
farther in the morning than in the
afternoon
but grazed longer in the afternoon.
There was a tendency for the
sheep to water and take salt in the mornings
rather than in the afternoons.
Overgrazing
on established
bedgrounds
was caused by animals
grazing
these
areas in the evening prior to bedding down.
Fencing
along the crests of the
ridges and more strategic salt placement
appear
to be the most useful means
of improving
distribution.

1 Contribution
of
tural Experiment
Paper No. 1007.
27, 1970; accepted
3, 1970.

Proc.,

of grazing
managment
systems on vegetation
composition
and livestock
reaction.
Report
prepared
for CSRS
Review.
Tex. Agr. Exp. Sta.

Highlight

One of the most important problems facing the range manager and
livestock man is that of achieving
optimum distribution of livestock.
Because of high labor costs many
stockmen cannot afford competent
sheep herders. In some areas, such
as southwestern Utah, the trend is
to fence sheep into an area and

systems.

M~~R~~~g~~~~yPR-2626’ **Yz3*
. 1965. Project 621. Influence
9

E. BOWNS2

Range Ecolo@st, Utah Agricultural
Station,-Utah
State University,

grazing

ReMATHIS, GARY W., AND M. M. KOTHMANN. 1968.
sponse of native range grasses to systems of grazing and
grazing
intensity.
Agronomic
Research
in the Texas

Sheep Behavior Under Unherded Conditions
on Mountain Summer Ranges1
JAMES

and

Sec. Amer. Sot. Animal Sci. 20: 361-366.

STODDART, L. A.
on range land.

JOUBERT, J. G. V.
1958.
Two-camp
system for Southwest
Africa. Farming in South Africa 34(3): 33-34.
KOTHMANN, M. M., AND G. W.

105

BEHAVIOR

allow them to drift over the entire
range at their own discretion.
This study was conducted to determine the general behavioral patterns of unherded sheep and to
ascertain whether behavioral differences existed between breeds. Such
information should be valuable in
improving sheep and range management.
Study Area
The study area was located in
the Coal Creek Drainage of Iron
County, Utah, locally kno,wn as the
College Ranch.
The elevation is
approximately
8,500 feet. A com-

bination of spruce and fir grow
on the north-facing slopes, and oakbrush (Quercus gambelii)
is prevalent on the south-facing
slopes.
Within these major types are aspen
and open areas characterized primarily by Kentucky bluegrass (Poa
pratensis)
and letterman
needlegrass (Stipa lettermanii).
The topography consists of major
ridges and small canyons. Water
for stock is usually sufficient both
in quantity and distribution, being
supplied by permanent streams or
developed
springs
piped
into
troughs.
This study area was purchased in
1943 by Utah State University from
Prior to pura local sheepman.
chase, approximately
3,000 sheep
were supported on the 2,789 acres
during the summer grazing season.
Ogden and Andrews (1957) conducted a range survey of this area
and classified it as being in fair
to poor condition. They attributed
poor distribution of the sheep to
non-herding and inadequate fencing and suggested that additional
fences and a deferred-rotation grazing system be put into operation.
Bennett et al. (1963) made a compara tive study of Rambouillet,
Targhee and Columbia sheep on
this study area and found that the
Targhee breed gave the greatest
total return per ewe. They also
found that the Columbia, a larger

106

BOWNS

breed than either the Targhee
or
Rambouillet,
required
more feed
and may have been unable to meet
their feed requirements
under the
existing range conditions.
Matthews
et al. (1967), wo,rking on this same
range,
noted
that
the Targhees
were apparently
better adapted to
the available feed and other factors
of the environment
or possibly were
genetically
superior
to the other
breeds for level of productioa.
The
Columbias
exhibited
a lower reproductive
performance
than the
other
two breeds
but produced
heavier lambs at weaning.
Methods

and Procedures

A direct and continuous
method
of observation
similar to that used
by Tribe
(1949), Southcott
et al.
(1962), Herbel
and Nelson
(1966)
and Herbel
et al. (1967) was employed in this study. Three breeds
of sheep
were
used.
Different
colors of paint were used to distinguish
the Columbia,
Targhee,
and Rambouillet
breeds.
Individual animals were marked on the
top of the head,
on one hind
quarter and on the opposite front
shoulder
in a manner
similar
to
that described
by Tribe
(1949).
Standard sheep brands and marking
paints were used for this purpose.
The markings remained visible for
the entire
grazing
season except
markings on the head which eventually rubbed off. The marking pattern made it possible
to identify
particular
sheep from nearly any
angle.
Five animals of each breed were
selected at randolm each summer,
appropriately
marked and returned
to the main herd.
During the period of observation,
one ewe was randomly
selected at
approximately
noon and o)bserved
until she bedded down at night.
The same animal was located on
the bedground prior to daylight the
following
day and observed
until
noon of that day, a procedure which
resulted
in one sheep being observed for one continuous
daylight
perio’d. This time schedule was employed
to ascertain
whether
the

Table 1. Distances
periods.

travelled

(miles)

Early period
No. of
observations

Comparisons
Rambouillet
Targhee

vs.

Rambouillet
Columbia

vs.

Mean
dist.

between

breeds

Late period
No. of
observations

3.2

Mean
dist.

between

grazing

Both periods
No. of
observations

Mean
dist.

16

2.9
2.4

1.9

12

2.3

3

2.5

11

3.2*
1.8

3

2.2

15

1.9

3

2.5
2.2

14

2.4
1.9

10

1.8

2.9”

1.9

2.3

Targhee
vs.
Columbia

and

+ Differences significant at the 0.05 level.

sheep had preferred areas or “home
ranges” and to determine
whether
any movement
off of the bedgrounds occurred during the night.
A single sheep was followed, since
Southcott
et al. (1962) reported
that one marked sheep was a reliable indicator
of group activity.
Herbel and Nelson (1966) and Herbe1 et al. (1967) used this same procedure with cattle in New Mexico.
The sheep were follolwed on foot
rather
than horseback,
since this
procedure
allowed the investigator
to remain
quiet and unobserved.
The distance between the observer
and the sheep was kept to’ a minimum, but a sufficient distance was
necessarily
maintained
toI avoid
frightening
the animals.
The grazing season was divided
into an early grazing period (June,
July, and August) and a late grazing period (September
and Otto
ber).
Because of the differences in sample sizes between
breeds and between grazing periods, the statistical
analysis of activities was made with
a “t” test. Group comparisons were
made for all possible combinations
between breeds and between grazing periods.
Travel distances were co’mputed
by tracing sheep movements
on an
aerial
photographic
mosaic,
and
distances
were calculated
with a
map tracer.
This
study was conducted
in
1965,

1966 and

1967.

At first,

the

study was conducted
only during
the summer months, but in 1967 the
sheep were allowed to remain on

the range
until
October;
forage
was so abundant
that data were
also
collected
during
this
late
period.
Although
this resulted in
a small sample size during the late
period, these data were thought to
be sufficiently
valuable
for inclusion.
Activities
of the sheep were divided into five major
categories:
(a) grazing,
(b) resting,
(c) travelling, but not feeding, (d) watering, and (e) taking salt. These five
activities accounted
for nearly the
entire
time period
between
the
time the sheep left the bedground
and the time they bedded down at
night.
Minor
activities
such as
ruminating,
lying resting, standing
resting,
etc. could not always be
observed because a particular sheep
could not be kept in constant view.
Attempts to keep a single sheep in
necessitated
exconstant
view
tremely close proximity
to the individual
which
invariably
disturbed
the
entire
group
and
changed their activity.
Results and Discussion
Distance Travelled
Throughout
the entire
grazing
season the Rambouillets
travelled
the greatest distance in a daylight
period
(Table
1).
This
breed
travelled
an average of 2.9 miles
as compared
to 2.4 miles for the
Targhees
and 1.9 miles for the
A significant
differColumbias.
ence, at the selected 5% level of
probability,
was found between the
distance travelled by the Rambouillets and by the Columbias.

Table 2. Distances travelled (miles) between grazing periods and between
morning and afternoon.

All breeds
vs. late

Targhee
vs. late

Targhees

8

3.2
1.8

Rambouillet
Columbia

2.3

Targhee
vs.
Columbia

7

2.5

6

2.2

1.8

All breeds morning
vs. afternoon
significant

47

1.5”
0.9

at the 0.05 level.

During the early grazing period,
the three breeds showed similar
but more pronounced differences.
The Rambouillets
again travelled
the greatest distance (3.2 miles)
followed in order by the Targhees
(2.3 miles) and the Columbias (1.8
miles).
A significant
difference
was again found between the Rambouillets and the Columbias.
No significant travel differences
were found between breeds during
the late grazing period or within
breeds when the early period was
compared to the late period.
An increase in the distance travelled for all breeds occurred between the early and late periods,
but these differences were not significant (Table 2).
The greatest distance travelled
was 4.6 miles by a Rambouillet
in
July. The shortest distance was 1.2
miles by a Columbia, also in July.
An interesting contrast is the distance travelled by all breeds in the
morning as compared with the distance travelled during the afternoon.
During the morning
the
sheep travelled an average of 1.5
miles but only 0.9 miles during the
afternoon (Table 2). These were
significant differences.
Spent

Grazing

Throughout
the entire grazing
season the Columbias spent 75.7%
of the time grazing, followed in
order by the Targhees with 68.7%
and the Rambouillets
with 67.6%

107

spent grazing

between

Early period

2.5
2.2

early

Time

(%)

Time

23

early

*Differences

3.

Mean
disk

early

Columbia
vs. late

BEHAVIOR

No. of
observations
early

Rambouillet
vs. late

Table

SHEEP

No. of
observations

Comparisons
Rambouillets

and between

Late period

Mean
time

vs.

breeds

periods.

Both periods

No. of
observations

Mean
time

62.0

grazing

No. of
observations

Mean
time

87.0

11

66.3

3

74.6

15

67.6
68.7

11

62.0””
74.9

3

87.0
77.6

15

67.6
75.7

9

66.3”
74.9

3

74.6
77.6

13

75.7

vs.

68.7

+ Differences significant at the 0.05 level.
** Differences significant at the 0.01 level.

(Table 3). These differences were
not, however, statistically
significant.
During the early grazing period
the Columbias spent 74.9% of their
time grazing as compared to 66.3%
for the Targhees. and 62.0y0 for the
Rambouillets.
Significant
differences were found between the Columbias and Rambouillets and between the Columbias and Targhees.
As the grazing season progressed,
the percentage of time spent grazing increased for each breed, but
the only significant increase was
found
with
the
Rambouillets
(Table 4).
When the percentage of time
spent grazing during
the early
period was compared to the late
period for all b,reeds, a significant
increase of from 67.1% to 79.7%
was found.
These data indicate
that as the grazing season progressed or as forage became less
available, the time spent grazing inTable 4. Time (%) spent
tween grazing periods.

grazing

No. of
observations
All breeds
vs. late

early

Targhee
vs. late
Columbia
vs. late

Mean
time
67.1””

22

Rambouillet
vs. late

be-

early

79.7

8

62.0”*
87.0

6

66.3
74.6

6

74.9
77.6

early
early

+ Differences significant at the 0.05 level.
** Differences significant at the 0.01 level.

creased. Other authors have noted
the same tendency in grazing animals (Tribe, 1949, and Southcott
et al., 1962).
Time

Spent

Resting

Throughout
the entire grazing
season all breeds spent about the
same amount of time resting. The
Rambouillets spent 28.2% of their
time resting as compared to 26.5%
by the Targhees and 22.2% by the
Columbias (Table 5). These slight
differences
were not statistically
significant.
During the early grazing period
the Rambouillets
again spent the
greatest percentage of time resting
(33.8%); the Targhees were intermediate (30.0y0), and the Columbias spent the least time resting
Significant
differences
(23.9%).
were found between the Rambouillets and Columbias and between
the Targhees and Columbias.
As the grazing season progressed
the time spent resting decreased for
each breed (Table 6). Significant
differences between periods were
found for the Rambouillets
and
Targhees.
During the late period
a significant difference was found
between
the Rambouillets
and
Targhees (Table 5).
The average percentage of time
spent resting during
the early
period was greater (29.8%) than
that spent during the late period
(14.8%) for all breeds (Table 6).
These differences were significant
at the 1% level of probability.
The Rambouillets spent a greater
percentage of time resting. during
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Table 5. Time (%) spent resting between breeds and between grazing periods.

Rambouillet
Targhees

vs.

Rambouillet
Columbia

vs.

Targhee vs.
Columbia

No. of
observations

Mean
time

Mean
time

No. of
observations

Mean
time

11

33.8
30.0

3

8.7”
17.6

15

28.2
26.5

11

33.8*
23.9

3

8.7
18.1

15

28.2
22.2

9

30.0”
23.9

3

17.6
18.1

13

26.5
22.2

No. of
observations

Comparisons

Both periods

Late period

Early period

+ Differences significant at the 0.05 level.

the early period and for the entire
season because of their tendency to
shade up earlier and leave the shade
later than the other two breeds.
Time Spent Travelling
but Not Feeding
Throughout
the entire
grazing
season
the
Targhees
spent
the
greatest
percentage
of time travelling but not feeding (4.7%) followed in order by the Rambouillets
(4.1 “/o)and the Columbias
(2.0%).
As the grazing season progressed,
the percentage
of time travelling
but not feeding
appeared
to increase for each breed and for all
breeds combined.
However, no significant differences
were found for
this activity.
Most of the time spent travelling
but not feeding
occurred
in the
mornings when the sheep trailed to
their preferred shading areas.
Watering

and Salting

The sheep generally watered early
in the morning, either during or following the morning grazing period.
Table 6. Time (%) spent resting between grazing periods.
No. of
observations

All breeds early
vs. late
Rambouillet
vs. late

22

29.8**
14.8

8

33.8””
8.7

6

30.0”
17.6

6

23.9
18.1

early

Targhee early
vs. late
Columbia early
vs. late

Mean
time

* Differences significant at the 0.05 level.
** Differences significant at the 0.01 level.

The water on the study area was
usually
located
in
the
canyon
bottoms
and the sheep fed down
from the ridges into the bottoms
to drink.
This tendency
was not
incidental
to feeding because the
sheep often went considerable
distances to water.
After the sheep
had obtained water they either continued to graze or shaded up. There
was little tendency
for sheep to
water in the afternoons. All verified
observations
of watering activity indicated
that 87% of this activity
occurred prior to 11:OO A.M. and
73% prior to 8:30 A.M.
When
the forage was wet, as
after a rain, the sheep did not seem
to want or require
water.
Do,ran
(1943) found that sheep spent very
little time drinking,
and he speculated that dew supplied much of
their water requirement.
Salting
activity
also was most
pronounced
during
the morning
Although
sheep preferred
hours.
to take salt in the morning,
they
generally drank first and took salt
later.
Eighty percent of the verified salting activity took place in
the morning, 30y0 of the time prior
to 8:30 A.M.
Determination
of
the effect of salt on distribution
was difficult
because the salt was
placed
ferred

on some bedgrounds,
in preshading
areas, near water,

near roads and on established

sheep

trails.

to be

more

The

sheep

salt hungry

appeared
after

feeding

on

wet forage.
Shading
Sheep
groups

generally

shaded

in the bottoms

up

in

of canyons

and seemed to favor certain areas
Abanand
even
specific
trees.
doned buildings
also appeared
to
be preferred shading areas.
One aspect of this study involved
determining
whether
temperature
was the primary
factor initiating
the daily shading activity.
During
the entire grazing season the mean
at the time of
air temperature
shading was 58 F, while that of
leaving the shade was 64 F. These
differences
were significant
at the
5% level of probability.
During
the early grazing period the mean
air temperature
at the time of shading was 62 F and 67 F at the time
the shade was left. These differences
approached
significance
at the selected 5y0 level of probability.
No
significant
differences
were noted
during the late grazing period. One
observation
during the late grazing
period showed that sheep shaded
up when the temperature
was only
38 F.
These
data indicate
that temperature
alone did not cause the
animals to shade up; rather this behavior seemed to be initiated after
the animals
had satisfied
their
hunger.
This
conclusion
is supported by the observation
of higher
temperatures
when the animals left
the shade than when they began to
shade up, as well as by the fact
that the sheep continued
to shade
up in the fall when temperatures
were quite cool.
Over the entire

grazing

season,

the mean

time

of shading

up, for

all breeds,

was 10: 12 A.M.,

and the

mean time of leaving

the shade was

2:05 P.M.
Morning vs. Afternoon
During
played
in

this study
morning

the afternoon
of rest
day.

of grazing

a period

the

during

For

entire

all

and

separated
the

grazing

season,
was
period

shorter

(268

The

minutes)

activity

another

in

by a period

middle

breeds

grazing

afternoon

Grazing

the sheep dis-

and

of the
for

the

the morning
significantly
than

the

(326 minutes).
afternoon

grazing

period

SHEEP
appeared
to be a more intensive
feeding time than was the morning.
The evidence
for this conclusion
is that the sheep graze for a longer
period of time in the afternoon, yet
travel a shorter distance. The sheep
were observed to be more contented
during the afternoon
and did not
search out water or salt as they did
in the morning.
Bedding

Habits

The usual tendency for sheep in
mountainous
country is to seek out
the highest areas for bedding down.
In this study the sheep had a few
preferred
bedding
areas, generally
located on high ridge tops free of
trees or large shrubs. The same bedgrounds were used throughout
the
entire grazing season. Weather conditions
apparently
had no effect
on the selection
of bedgrounds.
The same bedgrounds
were used
on warm July nights and on cold
windy nights in September.
There
was, however,
a tendency
for the
Columbias
to use areas other than
the more
preferred
bedgrounds.
This breed apparently
preferred to
bed down in the lower areas rather
than trail to the tops of the ridges
as did most of the other sheep.
Apparently
this tendency is related
to their shorter travelling distances
and longer grazing periods.
During the early part of the grazing season the sheep left the bedgrounds before or just after daylight.
At daybreak the ewes stood
up, collected their lambs, and then
moved off the bedgrounds.
The
animals

left

group,

separating

together

in

groups

as they

grazing

season

mained

on the bedgrounds

fed.

occurred

on

in the mornings;
ated only
bedding

They

re-

as long
No grazwas initi-

the sheep

In the evening

some

the

bedgrounds

grazing

after

in
often

left

the

areas.

reached
they

the

large

smaller

Later

the sheep

as an hour after daylight.
ing

a

into

the

were

ready

instances

the sheep usually

bedgrounds
to bed
2%

before
down,

in
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at estab-

an overgrazed
condition
lished bedgrounds results.
General

Observations

Certain areas of the range were
highly
preferred
by the
sheep.
These were specific bedgrounds and
valley bottoms.
If the sheep were
not herded or otherwise kept away
from these areas, overuse always
resulted. Sheep also had a tendency
to
remain
in
certain
feeding
groups, particularly
in the morning,
but there did not appear to be any
particular
family grouping
or establishment
of home ranges as was
observed by Cresswell
(1960) and
Hunter and Milner (1963). Observations were made of one group
of sheep moving through
another
group without
any apparent
mixing.
No quantitative
data were obtained on forage preferences,
but
the following
observations
were
made:
(1) The single most important forage species was Kentucky
bluegrass.
It was the preferred species from early in the season until
the middle of October.
The production of the grass was rather low,
but it continued to grow as long as
soil moisture
was available.
(2)
When the forage was wet, the sheep
spent their entire grazing time feeding on oakbrush
and snowberry
(Symphoricarpos
spp.). As the forage began to dry the animals again
preferred herbaceous species.
Management

Proposals

The results of this study suggest,
two main methods of improving the
management
of both
range
and
sheep.
These
are the strategic
location of fences and salt.
Division fences should be placed
on the crest of the ridges and
should
follow the length
of the
ridges.
The
reason
for fencing
along the ridges is to reduce the
amount of time spent on any one
bedground
and to provide protection for part of the bedground
at
all times.
prevent

These
the

one

fences

sheep

also would

from

crossing

to

another,

hours

early.

from

drainage

spent this time feeding.

Thus,

which would maximize

distribution

and also reduce the distance travWith
a rotation
grazing
elled.
system, more uniform utilization of
the forage would be obtained,
and
pastures could be grazed when optimum conditions
for forage and
water existed.
More favorable placement of salt
also should have a considerable
impact on distribution.
Salt should
be moved away from water, bedgrounds, main roads, and trails and
placed in less preferred and lightly
used areas.
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Control of Larkspur
with Herbicides Plus Nitrogen
Fertilizer1
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Highlight
Past attempts
using herbicides
to control larkspur
(Delphinium burbeyi), one of the most serious poisonous plant
problems
to cattle
in the Western
United
States, have
been less than satisfactory.
Preliminary
research
reported
herein suggests that 2,4,5trichlorophenoxyacetic
acid (‘2,4,5T) plus ammonium
sulfate placed around the base of the
plant or urea and 2,4,5-T
sprayed on the plant may give
good control
of larkspur
with a single treatment
during
any stage of growth.
Some results also indicate
that nitrogen
fertilizer
alone may be an effective
control
for
larkspur.

Tall larkspur (Delphinium
spp.) is the most important poisonous
plant in the Western
United
States in terms of cattle poisoned
(Kingsbury,
1964).
Mortality
among cattle, grazed on ranges
where larkspur grows may vary (1 to 20%). The
plant is a problem not only because of economic
losses from cattle deaths, but also because it interferes with range improvement
programs.
Cattle
must be fenced or herded off many large range
areas to prevent poisoning.
Attempts to eradicate larkspur by grubbing have
proved
inadequate
and expensive
(Welsh
and
Morris, 1956; Durrell, Jensen, and Klinger, 1952).
Larkspur
ranges can be successfully
grazed by
sheep and horses, and it has been reported
that
grazing with sheep may help control it (Durrell,
Jensen, and Klinger,
1950; Aldous, 19 17).
Single treatments
of tall larkspur with 2,4-dichlorophenoxyacetic
acid (2,4-D) or 2,4,5-trichlorophenoxyacetic
acid (2,4,5-T) have been reported to
be ineffective
(U.S. Department
of Agriculture,
1968) although
good control
has been obtained
with 2,4,5-T
and 2-(2,4,5-trichlorophenoxy)
propionic acid (silvex) on tall larkspur in the prebud
stage (Tore11 and Haas, 1963). Two or three annual
spray treatments with 2,4,5-T have greatly reduced
the vigor of tall larkspur (Baker,
1964) and relReceived

April

4, 1970;

accepted

for publication

July

27,

1970.
2The
authors
wish to acknowledge
the help of the U.S.
Forest Service personnel
of the Fishlake
National
Forest,
the
Manti-La
Sal
National
Forest,
Richfield,
Utah;
Ephriam,
Utah;
and the Manti,
Utah Cattle Association.

peated yearly applications
of silvex and propylene
glycol butyl esters of 2,4,5-T greatly reduced but
failed to totally control
the plant (Cronin
and
4-amino-3,5,6-trichloropicolinic
Roberts,
1965).
acid (picloram)
plus 2,4,5-T
has given complete
control of larkspur when applied for two years
(Alley and Lee, 1969). 3-amino-s-triazole
(amitrole)
and several triazines have been ineffective
against
tall larkspur or have injured the associated grasses
excessively (Baker, 1964).
This paper reports a portion of a preliminary
study that was designed to devise a method for controlling larkspur on small inaccessible
areas without using expensive equipment.
The research was initiated
in 1956 and terminated in 1960 due to uncontrollable
circumstances
before some results could be completely
determined.
Because complete,
long-time control was
apparent on some test areas, the U.S. Forest Service
requested
the plots again be inspected
in 1969.
This report presents data from that inspection,
along with previously unreported
data.
Methods
Three
areas where tall larkspur
(Delphinium
barbeyz)
poisoning
had been a serious problem were selected for control experiments
using herbicides,
2,4-D and 2,4,5-T
and
soil sterilants,
l,l,dimethyl-3-phenyl
urea
(fenuron)
and
sodium tetra borate (DB granular).
Two of the areas were
in the Fishlake
National
Forest;
one was in the Manti-La
Sal National
Forest.
Both national
forests are in Utah,
with elevations
near 10,000 feet and annual precipitations
in excess of 30 inches.
The herbicides
were used in conjunction
with ammonium
sulfate, (NH&SO,,
(19y0 N) and urea (44% N). Sand was
used as a control for the nitrogen
fertilizer.
A total of 80, 16 x 16 foot plots were established,
but
only 34 of these can be included
in this report.
The herbicides
used and methods and rates of application
are shown in Table
1. Three methods of application
were
used:
broadcast,
spray, and individual
treatment
at the
base of each plant.
Rates
of application
on a per acre
basis are given only for sprayed treatments.
Where
applications
of

to individual

active

mixture

plants

herbicide
is given.

Figure
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Table

OF

LARKSPUR

1. Estimated kill of larkspur with combinations of 2,4-D, 2,4,5-T,

Treatment
Herbicide

Carrier

and nitrogen fertilizers.

Method of
application

Rate of application

111

Stage of
growth

Estimated % kill
years post treatment
One

Two

lo-12

(% by weight active herbicides)
2,4,5-T”
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T

+
+
+
+
+

2,4-D*”
2,4-D
2,4-D
2,4-D
2,4-D

2,4,5-T
2,4-D
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4-D

P%J2S%
(NH*)2S%
PH,)2so,
w-u2so,
(NH4)2SO*
w-u2S%
PH‘J2SQl
w%)2SO,
P%)2SO,
wu2SQi
PW2SQ4
P3,)2SO,

Sand
Sand
Sand
Sand

3.0
3.0
1.5
1.5
1.5
1.5
1.5 +

1.0
1.0
1.0
1.0
1.0
1.0

1.5

+ 1.0
+ 1.0
+ 1.0
+ 1.0

0.5
5.0
1.0
0.5
1.0
0.12

v3,)2S%
w%),SQ4
P%)2SO,

0.25
0.25
1.0

PHd2SQs
P%)2SO*
wu2S%

Base of plant
Base of plant
Base of plant
Base of plant
Base of plant
Base of plant
Base of plant
Broadcast
Base of plant
Base of plant
Base of plant
Broadcast
Base of plant
Base of plant
Base of plant
Base of plant
Base of plant
Base of plant
Base of plant
Base of plant
Broadcast
Sprayed

prebloom
prebloom
prebloom
prebloom
prebloom
prebloom
prebloom
prebloom
prebloom
prebloom
prebloom
prebloom
seed
seed
seed
seed
seed
seed
seed
flower
flower
flower

Sprayed
Sprayed
Sprayed
Base of plant
Sprayed
Sprayed
Sprayed
Sprayed
Base of plant
Base of plant

flower
flower
flower
flower
flower
flower
flower
flower
flower
flower

98
-

90

95
90

95
95

98
98
-

90

98

60
90
95
95
70
11
11
31
11
100
100

95

90

98
95

100
100
100
35
100
100
100
95
100
0

100

0
75
100
92
100
100

(Herbicide and nitrogen per acre)
2,4,5-T
2,4,5-T
2,4,5-T
2,4,5-T
2,4-D
2,4-D
2,4-D
2,4-D

Urea
Urea
Urea
Urea
Urea
Urea
Urea
Urea
Urea

.625
.375
.625
.375
.375
.75
.375
.375

lbs.,
lbs.,
lbs.,
lbs.,
lbs.,
lbs.,
lbs.,
lbs.,

88
44
22
88
88
88
44
22

lbs.
lbs.
lbs.
lbs.
lbs.
Ibs.
lbs.
lbs.

N
N
N
N
N
N
N
N

w%)2SO,

* 2,4,5-T-55%
++ 2,4-D -59%

0
0
0
32
0
0
0
0
31
6

100
100
100
100
100
100
100
75
100
100

actual acid by weight.
actual acid by weight.

Results

The
results
of the various
treatments
and
methods of application
are shown in Table 1.
Application
of 2,4,5-T
and (NH&SO4
to the
base of the plant during its prebloom or seed stage
gave good control.
Some control
was noted in
all plots one year after treatment
and almost
complete
control
after 10 years. Only one plot
could be identified of those treated with 2,4-D and
It showed no control at the end of
(N H&S04.
one year, but complete control after the 10 years.
The area pictured in Figure 1 is shown in Figures
3 and 4 as it appeared 10 years later.
Spraying larkspur in the flower stage with either
2,4-D plus urea or 2,4,5-T plus urea generally produced complete control of the plant after 10 years
though no effect was apparent
one year after

treatment.
Application
of 2,4,5-T and urea at the
base of plants in the flower stage in one plot, also
gave complete control at the end of 10 years and
partial control after one year.
The 2,4,5-T in sand applied at the base of the
larkspur plants in three plots gave control after
two years. Only one of the three could be observed
at the end of the IO-year period, but it showed
complete
control.
2,4-D in sand applied at the
base of the plants in one plot in the seed stage was
noneffective
after 10 years.
Only one plot each was salvaged from those on
which (NH&SO4
or urea had been used alone.
Both of these evidenced complete
control of the
larkspur by the end of the IO-year period.
Excellent
stands of grass came into the plots
treated
with nitrogen
fertilizers
and herbicide
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(Figures 2 and 3). Cattle grazing these areas had
a distinct preference
for the forage growing there.
Fenuron and DB granular are both soil sterilants
and gave good control for the first year. The soil
was without vegetative cover for a period of time,
however, and larkspur soon grew back.
Two plots that were treated wit11 DB granular
had been treated the year before wit11 2,4,5-T
in
sand sprinkled around the base of the plant. Larkspur bad returned to these areas at the end of the
IO-year period.
Discussion
The resnlts suggest that control of larkspur can
be obtained by treating it with 2,4,5-T and a nitroThis,
gen fertilizer
during any stage of growth.
plus the observation
that control could be effected
with nitrogen fertilizer alone, suggests that nitro-

ET

AL

gen may be a very useful aid in controlling
tall
larkspur.
The response of the plants to 2,4,5-T
and (NH&O4
may have been due to a combination of factors; the decreased vitality of the larkspur due to the herbicide,
the stimulation
of the
grass by the nitrogen
which provided
increased
competition
for the weakened larkspur, and the
increased preference
for cattle to graze the nitrogen-treated
plots.
Spraying tall larkspur in the flower stage with
urea and 2,4-D or 2,4,5-T
gave excellent
results.
The fact that others have not been able to obtain
good results by sprayin.g with these herbicides
alone suggests that the nxrogen is a factor in control. The delayed effect sugEests tint control was
not obtained by merely klllmg the existing larksp,,r.

COMBINING

IMPROVEMENT

In most plots where plants were treated individually,
both nitrogen
and herbicide
were applied at higher than normal rates. Within
plots,
application
rates varied as the number
and size
of the plant clusters varied.
Thus,
in this preliminary study, no attempt is made to give rates
of application.
It can only be stated that the herbicide-fertilizer
mixture
was sprinkled
evenly over
and around the crown of the plant. An attempt to
more closely define rates will be given in subsequent reports.
The effectiveness
of 2,4,5-T in sand around the
base of the plant cannot be explained on the basis
of the effect noted with herbicides
and fertilizer.
Short-term control was effected in three plots, but
only one plot was available for long-time observation.
When larkspur was treated with 2,4,5-T in sand
one year and DB granular the following year, no
long-range control resulted.
This could have been
because all competition
to the larkspur was removed, allowing the larkspur to grow when the
effect of the soil sterilant was gone.
The nitrogen
alone may well have had a deleterious effect on the larkspur at the rate it was
applied to some plots. Although
just two plots
using only nitrogen
were retrieved,
the results
suggest that control may be obtained from fertilizer
alone.
It is unfortunate
that circumstances
did not
permit observation
of the plots between
the Zand lo-year post-treatment
period.
This would
have prevented
the loss of many plots, the most
important
of which were controls and replicates.

Efficiency of
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that Increase Steer Gains1
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PRACTICES

Corroborative
experiments
evaluate the preliminary
periment.

are underway to further
observations
of this ex-
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steer as much as the sum of the practices used alone.
The
improvement
practices studied were moderate grazing, additional winter cake, late-summer
cake, and stilbestrol.
The
basic practice was heavy grazing.
The 100% efficiency of
gain obtained
with the combined
practices
indicates
that
an improvement
practice
should produce
about the same
increase in gain regardless of the number of other improvement practices used on a ranch or in an experiment.
La

Eficiencia

Practicas

en

que
de

la

Combination

Aumenten

Novillo

en

las

de

las

Ganancias

Pastoreo.

Resumen2

Contrary
to general
expectations,
four
improvement
practices used in combination
increased yearlong gain per

Cuatro diferentes
estudios anteriores
en la estacion experimental de Planicias
de Sur, Woodward,
Oklahoma,
E.U.A.,
mostraron
cuatro
diferentes
practicas
que aumentan
las
ganancias
de novillos en pastoreo.
Estas son:

’Cooperative

1) Pastoreo
con carga
por novilla.
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2)

3)
4)

AND

el invierno
con
harinolina
Suplementacidn
durante
(42y0 proteina)
dando 3 libras
por novillo
diario
en
comparaci6n
con 1.5 libras por novillo diario.
Suplementaci6n
de harinolina
durante el verano cuando
10s zacates esthn secos, cantidad 1 libra por novillo diario.
Implantacihn
de 12 mgs. de estilbestrol
durante
10s
meses de Noviembre
y Mayo.

Se encontr6
en este estudio que las prPcticas son aditivas.
La aplicaci6n
de las cuatro
prPcticas
combinadas
aumentaron las ganancis
de peso de 92 libras por res que fuP:
igual a la suma de 10s aumentos
por las pricticas
aplicadas
por separado.

None of the cattlemen or scientists we contacted
knew how several improvement
practices used in
combination
would affect cattle gains as compared
with the sum of the effects when each practice was
used alone.
Furthermore,
we could not find an
adequate answer in the literature.
Obviously, ranch profits would be seriously hurt
if the benefits
of improvement
practices
were
appreciably
less than additive.
Also, the outcome
of single-practice
grazing experiments
could be
biased or erroneous
due to the level of cattle
management
applied.
In addition, research findings obtained
at one level of cattle management
could be invalid when extended to ranches using
other levels.
Simply stated, our research
objective
was to
study the efficiency
of applying
improvement
practices in combination
as compared with applying them alone.
Background

Four practices were available that increased steer
gains and w ere feasible for us to use in a large-scale
grazing trial. These four, hereafter referred to as
improvement
practices,
were moderate
g-razing,
additional
winter protein, late-summer
cake, and
diethylstilbestrol
(stilbestrol).
Moderate
grazing
was considered
an improvement
practice as compared with heavy grazing, which was the basic
practice for the study.
Our ZO-year grazing studies on native range
showed that increasing
stocking rate from 6 to 9
acres/steer (i.e., from heavy to moderate grazing)
raised yearlong gain an average of 25 lb./steer in
nondrouth
years, and 80 lb. in drouth years (McIlvain and Shoop, 1965).
Similarly,
our winter
protein-rate
studies showed that increasing
the
daily ration
of 41% protein
cottonseed
pellets
(cake) from 1.5 to 3.0 lb./steer
increased
gains
about 25 lb./steer yearlong, but the 3-pound rate
is usually not profitable
unless steers are sold in
spring.
McIlvain
(1956) found that feeding
1 lb. of
cake/steer/day
in late summer increased yearlong
gain 30 lb./steer when forages were dormant, and
did not increase gains when grass was green. Also,
Shoop and McIlvain
(1962) reported that implant-

McILVAIN
1. Treatments (per steer) given weaner Hereford
steers on native range grazed yearlong, 196446.

Table

Winter
cake
Acres
(lb*/
day)
(no.)

Improvement
level and
treatment
Basic

practice,

Heavy
One

Latesummer
cake
(lb./
day)

Stilbestroll
@g)

no improvement
6

grazing

improvement

1.5

0

0

practice

Moderate

grazing2

9

1.5

0

0

Additional

cakes

9

3.0

0

0

9

1.5

1.0

0

9

1.5

0

12

Late-summer

cake3

Stilbestrols
Combined

improvement

practices

3-practice

combination2

6

3.0

1.0

12

4-practice

combination2

9

3.0

1.0

12

l One 12-mg pellet injected Nov. 1 and another on May 1.
a Improvement over heavy grazing.
3 Improvement over moderate grazing.

ing steers with 12 mg of stilbestrol
in November
and again in May increased yearlong gain an average of 45 lb./steer.
Area, Procedure,

and

Materials

The study was conducted
on the Southern
Plains Experimental
Range
located
in northwestern
Oklahoma
near
Woodward.
The 85-year annual precipitation
is 23 inches,
but it varies from 10 to 43 inches.
Mean temperature
is
44F during winter and 73F during summer.
The Range is
located
on rolling,
stabilized,
sand dunes composed
primarily of loamy sand soils that have a single-grain
structure.
The native vegetation
consists of a thin stand of sand
sagebrush
(Artemisia
filifolia
Torr.)
and a mixed understory of short, mid, and tall grasses and a few forbs (Shoop
and McIlvain,
1963).
Annual
forage production
averages
1,050 lb./acre.
A uniform
herd of Hereford
steer calves was obtained
The
calves
were
each October
from
the same ranch.
branded
with individual
numbers
and weaned
together
When
they regained
their weaning
on sorghum
pasture.
weight,
about
November
10, they were allotted
to treatments at random within weight classes. Their initial weight
averaged about 470 lb. each year.
To study the four improvement
practices
alone and in
combination,
we used seven treatments,
as shown in Table
1. The study was conducted
for 3 years, 1964-66,
with a
randomized
complete
block of three replications.
Each of
the seven lots of steers within a replication
contained
eight
head. The analyses of variance were made on the average
data for each lot of steers. To minimize
forage differences
the steer lots within a block were rotated
among pastures,
at 2-week intervals
among pastures
with similar
stocking
rates.
Stocking
rates varied seasonally
with the availability
of
forage.
We stocked
the moderately
grazed
pastures
to
leave about 350 lb. of ungrazed
forage at the end of the
grazing

year

on about

May

1, and

the heavily

grazed

pas-
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Table
2. Seasonal
gain (lb./steer)
of
steers treated with four improvement
alone and in combination,
196446.
Winter

Treatment

Summer

IMPROVEMENT

weaner

Hereford

practices

applied

Total

Increase

45al

301a

346a

-

Moderate

grazing

56b

304a

360ab

142

Additional

cake

86d

292a

378~

183

Heavy

grazing

Late-summer

cake

Stilbestrol
Total

increase

50ab

321b

371bc

11s

67c

339c

406d

46s

-

89

-

-

S-practice

combination

98f

324bc

422de

762

4-practice

combination

109e

329bc

438e

922

1 Means in a column followed by the same letter are not significantly different at the 5% level by Duncan’s test.
a Increase over heavy grazing.
3 Increase over moderate grazing.

tures with 50% more steers.
This resulted
in stocking
the
moderately
grazed pastures at a 3-year average of 9 acres/
steer and the heavily grazed pastures at 6 acres. Forage production
was 1,200,
1,230, and 740 lb./acre
during
1964,
1965, and 1966, respectively.
All steers received cake throughout
winter, November
10
through April 20 (Table
1). Salt was fed free choice.
Late-summer
caking
started
when
the grass became
essentially
summer
dormant
on about July 20, and continued until the end of the grazing year on about October
1. During
1964 and 1965 the forage was mostly dormant
during late summer.
However,
during 1966 the forage was
green in late summer.
Stilbestrol
was implanted
under
the skin on an ear.
One 12-mg pellet was used about November
1, and another
on May 1.
The steers were weighed
individually
on 2 consecutive
days at the start and end of each grazing season, and on a
single
day at bimonthly
intervals.
The
steers were off
water,
but on pasture,
for 12 hours
prior
to start
of
weighing.
Also, shedding
of winter
hair was scored as a measure
of treatment
response.
Each steer was scored on July
1,
1965, and on May 18 and July 7, 1966. A score of “1”
indicated
no apparent
shedding,
and a score of “5” indicated complete shedding.

Results

and Discussion
Steer

Gains

The
four practices
used in combination
increased yearlong gain per steer as much as the sum
of the practices applied alone. The 4-practice combination increased gain 92 lb./steer above that of
heavy grazing (Table 2). In comparison,
the sum
of the increased gains from each of the four practices applied alone was 89 lb.-essentially
the same
as the 4-practice combination.
Similarly,
the 3-practice combination
increased
yearlong gain 76 lb., and the sum of the increases
of the three practices was 75 lb. Also, the differ-
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Table 3. Hair shedding scores1 of steers treated with improvement
practices
applied alone and in combination.

Treatment

name

7/l/65

5/18/66

7/7/66

Heavy grazing
Moderate
grazing
Additional
cake
Stilbestrol

3.0
3.4
3.5
4.0

2.2
2.8
3.5
2.8

3.6
4.3
4.5
4.4

Total
increase
3-practice
combination
4-practice
combination

-

-

-

3.9

3.9

4.2

3.8

Avg.
Avg.
3 dates increase
2.9aa
3.5bc
3.8cde
3.7cd

-

-

1.1

4.9

4.2de

1.33

4.9

4.3e

1.43

.63
.34
.24

1 Degree of shedding by each steer was rated 1-5, with 5 indicating complete shedding.
2 Means followed by the same letter are not significantly different
at the 5% level by Duncan’s test.
3 Increase over heavy grazing.
4Increase over moderate grazing.

ence in gain between the 3-practice combination
and the 4-practice combination
was essentially the
same as the difference
in gain between heavy and
moderate grazing. This is further evidence that the
gains of the combined practices were wholly additive.
The 3-practice combination
produced excellent
steer gains even though the range was severely
damaged by overgrazing.
Stocking at 6 acres/steer
caused severe loss of plant vigor, death of plants
on less favorable sites, and severe soil disturbance.
When a range supports only weak, scattered, lowquality forage, both the cattle and the cattleman
it supports are close to disaster. A cattleman should
not conclude
that he can afford to overgraze by
using a combination
of other improvement
practices.
Hair

Shedding

Cattlemen
associate rapid shedding of winter
hair with good winter nutrition
and health. Both
the 4-practice
and the 3-practice combination
increased rate of hair shedding more than the sum
of the increases of the practices
applied alone.
Specifically,
the 4-practice
combination
increased
shedding 1.4 points, and the practices applied alone
increased shedding only 1.1 points (Table 3). The
3-practice
combination
increased
shedding
1.3
points, whereas the practices used alone increased
shedding only .5 point. Thus, both gain and hair
shedding showed that the practices used in combination were wholly additive.
Conclusions

and Recommendations

The additive effects of the combined
practices
show that the steers did not reach their genetic
potential
to gain. Combining
the improvement
practices did not cause diminishing
returns.
For
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example, the 4-practice combination
increased gain
nearly 100 lb./steer over heavy grazing (Table 2).
Since
the cattle,
rangeland,
and improvement
practices used in the experiment
were ,highly similar to those used on ranches, cattlemen
can generally expect similar results from combining
these
and other improvement
practices.
However, the effect of combined
practices cannot be additive if a limiting
factor exists.
For
example, a rancher who has bred the best genetic
potential into his cattle could not expect the gain
response
to be additive
from combining
shade,
parasite control,
needed minerals,
and stilbestrol
when insufficient
pasture is the factor limiting
gains.
This study of four practices does not establish
a principle
that gains from other combined
practices will be additive.
However, it does indicate
that ranch operators, in general, need not fear they
are approaching
the point of diminishing
returns
for increasing steer gains. Instead, cattlemen
and
managers of public lands should endeavor to com-

AND

WARD

bine all improvement
practices that are profitable
when used alone.
Also, scientists and extension
personnel should consider that combined practices
are generally
additive,
but they should also be
aware that some combinations
may be more than
additive and that some may be influenced
by compensatory gains.
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Mesquite Twig Girdler: A Possible Means

mesquite
twig girdler
(0 ncideres
rhodosticta Bates) inflicted an aver-

of Mesquite Controll

age damage of about 10 percent to
mesquite trees during the autumn
of 1968 on the Spinning Ranch in
Garza County, Texas. The purpose
of this study was to determine the
life history and habits of the mesquite twig girdler and the extent
of its damage in Texas.
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Highlight
The
mesquite
twig girdler
(Oncideres rhodosticta Bates) was found to
inflict
considerable
damage
to mesquite in Texas
and may prove to be
a valuable
biological
control
agent
Prelimifor
this noxious
species.
nary observations
in infested areas indicated that about 90 percent
of the
mesquite
trees had been attacked
by
the girdler
and that about
40 percent of all branches from 0.5 to 2.0 cm
in diameter
had been girdled.

Mesquite
(Prosopis
glandulosa)
infests millions of acres of southwestern rangeland and is increasing in distribution
and density.
Since the use of traditional
mechanical and chemical methods has
l Received March 12, 1970; accepted
for publication September 10, 1970.
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been unsuccessful in abating the
spread oif mesquite, other methods
of control should be examined.
Furthermore, public concern about
environmental
pollution has curtailed the use of some herbicides.
The use of insects has possibilities
in the control of mesquite and
other noxious species. Biological
control has proven highly successful on other noxious species of
perennial plants, including Klamath weed (Hype&urn
perforatum)
and pricklypear
(Opun t ia spp.)
(Holloway, 1964). Biological controt1 may be the most promising
method of maintaining
mesquite
populations at low levels.
Many insects have been reported
to damage mesquite (Huddleston
and Ward, 1968; Swenson, 1969).
Swenson (1969) reported that the

Life

History

and Habits

The mesquite twig girdler (Fig.
1) is a loag-horned beetle in the
family Cerambycidae.
The larvae
are called round-headed
borers.
Most round-headed borers that attack mesquite bore into dead or
dying wood; however, the mesquite
twig girdler attacks living stems in
order to provide a suitable habitat
folr the development
of its immature stages. The female chews
a ring through the bark and into
the wood of stems of about 0.5
to 2.0 cm in diameter (Fig. 1).
About 10 to 20 eggs are deposited
beneath
the bark in the stem
beyond the girdle. The eggs are
white, 3 to 4 mm long, and about
1 mm in diameter.
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twig girdler attacks living stems in
order to provide a suitable habitat
folr the development
of its immature stages. The female chews
a ring through the bark and into
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the branch above the girdle.
Mesquite girdler outbreaks are localized
and infested areas vary from a few
hundred
to many
thousands
of
acres. Preliminary
rearing studies
indicate
that a high incidence
of
parasitic wasps (Hymenoptera)
may
hold mesquite
girdler populations
in check.
Estimates of damage by the mesquite twi? girdler were made north
of Pyote, m Ward County, which is
in the Trans.Pecos
region of Texas.
Vegetation
in the area is typical of
arid mesquite-creosote
associations.
Soils
in this area are Springer
loamy fine sand or sandy loam and
the topography is nearly level. The
average
annual
precipitation
is
about 30 cm. Mesquite trees in this
area are shrub-type and have a high
percentage
of small limbs that are
preferred
oviposition
sites of the
mesquite girdler.

The eggs hatch in about one to
four weeks and produce pale yellow
larvae which grow to about 2 cm
in length.
The larvae feed upon
the dying wc-od up the stem from
the girdle.
The larvae pupate in
late summer within the stems that
have been fed upon by the larvae.
Adults emerge in early autumn and
feed on tender bark of young twigs.
The adults mate and lay eggs before killing
frosts occur, and the
insect
overwinters
in the larval
stage. Adults are about 1.5 to 2.0
cm in length.
They are charcoal
black in color with a transverse

gray band across the elytra.
Each
elytron
is dotted
with about
35
small patches of orange pubescence.
Observations
of a Mesquite
Twig Girdler Attack
During the autumn of 1969, mesquite in several localities in Texas
was found to be damaged by the
mesquite twig girdler.
Damage by
this insect was localized in several
areas including
Ward, Garza, and
Hardeman
counties.
Girdling
is
usually restricted
to branches
0.5
to 2.0 cm in diameter
and always
results in death to the portion of

About 90 percent of the mesquite
trees had been attacked by the mesquite girdler, and about 40 percent
of all limbs from 0.5 to 2.0 cm in
diameter
had been girdled.
To
show the degree of damage to mesquite, photographs
were taken of
trees with girdled branches intact,
and later with all girdled branches
removed (Fig. 2).
Discussion
An attack
girdler
food
thetic

will
reserves

by the mesquite
significantly
and

total

area of mesquite

twig
reduce

photosyntrees.

Per-
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haps this native insect may be augmented by mass rearing, by transporting adults to new areas free of
natural enemies, or by controlling
parasites and predators,
so that its
potential
to destroy mesquite
may
be more fully expressed.
Future
studies will be made of the insect’s
ecology to determine the possibility
of its use as a biological
control
agent.
Infolrmation
will be obtained concerning
alternate
hosts,
parasite
and predator
complexes,

ET AL.

diseases, and more specific details
on the life cycle of the mesquite
twig girdler.
Perhaps the mesquite
twig girdler, along with a complex
of other native and introduced
insects and diseases, may prove to
be useful in a biological
control
program for mesquite in the southwestern United States.
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Methods

Heteromyid
rodents
play an active
role in the dispersal of caryopses and
seeds of herbaceous
species
in degraded
big
sagebrush
communities.
Collections
of caryopses
of downy
brome, deposited
in caches, influence
the dynamics
of the grass population
and the diet of animals on range sites
in winter.
Seeds and caryopses
of
alien weeds and exotic
wheatgrasses
were recovered
more frequently
from
the pouches of rodents than seeds of
native species.

Our

purpose

the food habits
(Dipodomys
Basin

pocket

was to investigate
of the kangaroo

spp.)

and

mouse

the

rat

Great

(Perognathus

@zrvus) in relation

to seed dispersal

in

sagebrush

degraded

big

com-

munities.

Materials

We conducted
the investigation
at Medell Flat and Hallelujah
Junction, located 47 and 37 km north of
Reno, Nevada, respectively.
Both
locations support seral plant communities on big sagebrush sites.
The Medell Flat site is situated
on a broad alluvial fan at 1370 m
elevation.
The
soils are Mollic
Haplargids derived from decomposing granite (Evans et al., 1967). A
domestic
livestock
and jackrabbit
(Lepus
californicus) exclosure
of
12.5 ha in area was constructed
on
the area in 1963 after the site was
burned in a wildfire.
Within
the
exclosure,
the vegetation
is dominated by the alien annuals, downy
brome (Bromus tectorum L.), and
tumble mustard (Sisybrium altissi-
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and

L.).

grasses,

trix (Nutt.)
dian

The
J.

ricegrass

oides

native

squirreltail

(R.

&

G. Smith),
S.)

closure

and, in portions
are

hymen-

Ricker)

reestablished
suppressing

hys-

and In-

(Oryxopsis

became
they

perennial

(Situnion

in

have
the

ex-

of the area,
the

alien

The
exotic
perennial
annuals.
wheatgrasses,
intermediate
wheat(Agropyron
intermedium
grass
(Host.) Beauv., cultivar Amur), and
crested wheatgrass
(A. desertorum
(Fisch.) Schult., cultivar standard),
have been introduced
to portions
of the exclosure.
The vegetation
surrounding
the
exclosure
is dominated
by low
rabbitbrush
(Chrysothumnus viscid(Hook.)
Nutt.)
with
a
iflorus
downy brome understory.
The Hallelujah
Junction
site is
located at 1400 m elevation on an
alluvial terrace. The soil is a Typic
Arguistoll of higher potential
than
the Medell
Flat location
(Eckert
and Evans, 1967). Approximately
10 ha were mechanically
cleared of
big sagebrush in 1958. The present
plant community
within
the exclosure is similar
in composition
and dominance
to that found at
Medell Flat.
An additional
alien
wheatgrass,
pubescent
wheatgrass
(A. trichophorum
(Link)
Richt.,
cultivar
Topar),
has been established at Hallelujah
Junction.
The
vegetation
surrounding
the
exclosure is a dense stand of mature
big sagebrush with an annual dominated understory.
Estimated
annual
precipitation
(June to July) is 200 to 250 mm.
Trapping
of rodents was keyed
to the reproductive
phenology
of
the vegetation.
We began trapping
in August when downy brome caryopses matured and continued
until
November
when low rabbitbrush

LA TOURRET’TE

118
haps this native insect may be augmented by mass rearing, by transporting adults to new areas free of
natural enemies, or by controlling
parasites and predators,
so that its
potential
to destroy mesquite
may
be more fully expressed.
Future
studies will be made of the insect’s
ecology to determine the possibility
of its use as a biological
control
agent.
Infolrmation
will be obtained concerning
alternate
hosts,
parasite
and predator
complexes,

ET AL.

diseases, and more specific details
on the life cycle of the mesquite
twig girdler.
Perhaps the mesquite
twig girdler, along with a complex
of other native and introduced
insects and diseases, may prove to
be useful in a biological
control
program for mesquite in the southwestern United States.
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Methods

Heteromyid
rodents
play an active
role in the dispersal of caryopses and
seeds of herbaceous
species
in degraded
big
sagebrush
communities.
Collections
of caryopses
of downy
brome, deposited
in caches, influence
the dynamics
of the grass population
and the diet of animals on range sites
in winter.
Seeds and caryopses
of
alien weeds and exotic
wheatgrasses
were recovered
more frequently
from
the pouches of rodents than seeds of
native species.

Our

purpose

the food habits
(Dipodomys
Basin

pocket

was to investigate
of the kangaroo

spp.)

and

mouse

the

rat

Great

(Perognathus

@zrvus) in relation

to seed dispersal

in

sagebrush

degraded

big

com-

munities.

Materials

We conducted
the investigation
at Medell Flat and Hallelujah
Junction, located 47 and 37 km north of
Reno, Nevada, respectively.
Both
locations support seral plant communities on big sagebrush sites.
The Medell Flat site is situated
on a broad alluvial fan at 1370 m
elevation.
The
soils are Mollic
Haplargids derived from decomposing granite (Evans et al., 1967). A
domestic
livestock
and jackrabbit
(Lepus
californicus) exclosure
of
12.5 ha in area was constructed
on
the area in 1963 after the site was
burned in a wildfire.
Within
the
exclosure,
the vegetation
is dominated by the alien annuals, downy
brome (Bromus tectorum L.), and
tumble mustard (Sisybrium altissi-
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and

L.).

grasses,

trix (Nutt.)
dian

The
J.

ricegrass

oides

native

squirreltail

(R.

&

G. Smith),
S.)

closure

and, in portions
are

hymen-

Ricker)

reestablished
suppressing

hys-

and In-

(Oryxopsis

became
they

perennial

(Situnion

in

have
the

ex-

of the area,
the

alien

The
exotic
perennial
annuals.
wheatgrasses,
intermediate
wheat(Agropyron
intermedium
grass
(Host.) Beauv., cultivar Amur), and
crested wheatgrass
(A. desertorum
(Fisch.) Schult., cultivar standard),
have been introduced
to portions
of the exclosure.
The vegetation
surrounding
the
exclosure
is dominated
by low
rabbitbrush
(Chrysothumnus viscid(Hook.)
Nutt.)
with
a
iflorus
downy brome understory.
The Hallelujah
Junction
site is
located at 1400 m elevation on an
alluvial terrace. The soil is a Typic
Arguistoll of higher potential
than
the Medell
Flat location
(Eckert
and Evans, 1967). Approximately
10 ha were mechanically
cleared of
big sagebrush in 1958. The present
plant community
within
the exclosure is similar
in composition
and dominance
to that found at
Medell Flat.
An additional
alien
wheatgrass,
pubescent
wheatgrass
(A. trichophorum
(Link)
Richt.,
cultivar
Topar),
has been established at Hallelujah
Junction.
The
vegetation
surrounding
the
exclosure is a dense stand of mature
big sagebrush with an annual dominated understory.
Estimated
annual
precipitation
(June to July) is 200 to 250 mm.
Trapping
of rodents was keyed
to the reproductive
phenology
of
the vegetation.
We began trapping
in August when downy brome caryopses matured and continued
until
November
when low rabbitbrush

SEED DISPERSAL
material
recovered
Table
1. Plant
from rodent
pouches
expressed
as
a percentage
of the total number
of animals trapped in each genera.*

Table

2.

Number

Crested

Low rabbitbrush
achenes
Gilia sp. seeds
Squirreltail
caryopses
Asclepias sp. seeds
Hieracium sp. seeds

1.6
2.8
2.8
1.4
1.4

3.5
7.2

10.0

10.7

Downy brome caryopses
Tumble mustard seeds

87.3
2.8

46.4
7.1

Total

90.1

53.5

5.6
7.0
2.8

50.0
42.8

15.4

92.8

Total
Alien

Alien

annuals

perennials

Crested wheatgrass
Intermediate
wheatgrass
Pubescent wheatgrass
Total

8 Rodents often possessed more than one
plant species at a time in their pouches
resulting in a total percent possession
greater than 100.

achenes matured.
We employed 50
large snap trap traps set in 5 lines.
Both genera of rodents are members of the family Heteromyidae
which possess cheek pouches.
The
pouch contents of each rodent was
separated and identified
to species.
The density of rodent food caches
was obtained
by locating
25 plots
of 1 m2 along three lines in the
exclosure. Carotene levels of downy
brome seedlings growing in rodent
caches was determined.

Results
Rodents

Trapped

Three
species of kangaroo
rat
were caught at Medell Flat; Dipodomys merriami merrami Mearns, D.
panamin tinus Eeucognys Grinnell,
and D. ordii columbianus
Merriam.
The latter two species were also
caught
total of
kangaroo

at Hallelujah

Junction.

same species of pocket
agnathus

A

40 male and 31 female
rats were examined.
The
pawus)

was

mouse
caught

(Perat

weight

both

from

Weight

1537

3.5

205

0.5

755

4.0

119

0.6

79

0.2

312

0.8

with the subspecies

Recovered

than

intermediate

After
had

the downy
dehisced

florescence,
to seek
en tly,

greater

weight

sulted

in a larger

per

caryopsis

weight

wheatgrass

re-

of inter-

being

re-

gonomyrmex

continued

caryopses

in

in

“groated”
evidence

The

the
grass

ant

appearance

with

in ant

of ant

(dodecachlorooctahydro-1,3,4
(Mirex))

(cd)

in pouches

The pocket mouse pouches

rodents

more

ant nests.

of
the

of ant work,
digging

the finding

eno-ZH-cyclobuta

(Po-

Cresson)
finding

pouches

of rodents

and

rob

harvester

occidentalis

accumulations.

covered.

of crested

the

from

yielded

caryopses

caryopses
inthe

rodents

the

caryopses

the

brome
from

the rodents

out

caryopses

nests

However,

In-

litter and on the soil surface. Appar-

The
pouches
of the kangaroo
rats contained twice as many downy
brome as intermediate
wheatgrass
2).

wheatgrass.

termediate wheatgrass culms are cut
at ground level by the pocket mice
and the mature caryopses removed
from the inflorescence.
Pocket mice
are capable
of destroying
up to
50’7, of a wheat crop by systematically cutting the culms do,wn and
removing the seeds (Scheffer, 1938).
Crested wheatgrass
culms are not
cut. The crested wheatgrass caryopses recovered from the rodents were
either gathered off the ground or
removed
from
the inflorescence
without cutting the culm.
Undoubtedly,
the rodents were
handling a larger volume of caryopses than the data indicates.
It is
characteristic
of heteromyid
rodents to empty their pouches before
taking
an
attractive
bait
(Mauer,
1967). We found bait in
36% of the pouches of the pocket
mice and 11% of the kangaroo rats.
Both
genera
of rodents
were
active in the collection
and transport of downy brome
caryopses
from maturity
until germination
occurred
with the first fall rain.

caryopses

(Table

Pocket mice
Number

wheatgrass

Material

rodents.

Weight

In terms of animal
possession,
seeds of the alien weeds and forage
grasses provided the major portion
of the cheek pouch content of the
rodents (Table 1).
Some green plant material
was
recovered from the pouches of both
kangaroo rats and pocket mice, but
it was present in cheek pouches of
only 3% of the rodents
trapped.
Downy brome caryopses were the
most frequent
material
recovered
from pouches of the kangaroo rats.
The pouches elf the pocket mice also
often contained downy brome caryopses, but caryopses of the exotic
forage species were much more frequently recovered. Seed and caryopses of native species were recovered
less frequently
in both types of rodents.
Squirreltail
was at least as
abundant
in the colmmunities
as
the exotic perennial
wheatgrasses
and low rabbitbrush
was the dominant species in portions of the trapping areas of both Medell Flat and
Hallelujah
Junctio#n. Both of these
native species were recovered from
a relatively
small number
of rodents.

mediate

recovered

Kangaroo rats

oliuaceous
Merriam
P.
parvus
trapped
at Medell
Flat
and P.
Cones caught
pawus
mollipilosus
at Hallelujah
Junction.
A total of
16 males
and
12 females
were
trapped.
Plant

caryopses

Number

wheatgrass

locations,
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(g) of grass

brome

Intermediate
species

and

Major
grass species
Downy

Native

BY RODENTS

pentalene

indicates

at least occasionally

bait
meththe

rob the
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The rodents began digging food
caches as soon as the downy brome
caryopses matured.
The caches
were small pits approximately 5 cm
deep and 3 cm in diam, and concentrated in sandy soil areas, within
a short radius of the burrow. The
habit elf preparing
this type of
food cache is characteristic of both
the
kangaroo
rat
(Hawbecker,
1940; Reynolds,
1958) and the
pocket mouse (Coldman,
1911;
Scheffer, 1938). In late fall, the
mean density of the caches was
3
5.76 per m2. Approximately
caches/m2 contained downy brome
plants. The caches with plants contained an average of 65 downy
brome plants and 155 ungerminated
Many of the caches
caryopses.
without
plants appeared
to be
empty of downy brome caryopses.
Either the contents of the caches
had already been consumed or the
rodents failed to fill them after
they were dug. Caryopses of crested
and intermediate wheatgrasses were
not found in the caches.
The downy brome caryopses in
the caches were the first to germinate. The depressed topography of
the caches provides an excellent
“safe site” for germination (Harper
et al., 1965). As soon as germination occurred, the rodents began
eating the green coleoptiles of the
downy brome plants. Downy brome
caryopses contain less than 0.004
mg/g of carotene (Savage et al.,
1969). We determined the caro,tene
of downy brome plants growing in
rodent caches to be 0.04 mg/g.
Discussion

The
heteromyids,
presumably
along with deer mice (Peromyscus
spp.) and other associated rodents,
play a very active role in the dispersal o’f propogules of herbaceous

ET AL.

species in degraded big sagebrush
communities. In the plant communities investigated, the caryopses of
downy brome and intermediate and
crested wheatgrasses undoubtedly
play an important role in the diet
of these rodents. The activities of
the rodents in collecting, transporting, and caching do’wny brome caryopses tend to place the caryopses in
optimum situatioas for germination
i.e. covered with soil or litter in
depressed microrelief
(Evans and
Young, 1970). Feeding trials with
chukar partridges whose diet is
largely dependent on downy brome
caryopses have shown that the conversion od dry caryopses to mo,re digestible seedlings may be a critical
point in the diet of overwintering
populations (Savage et al., 1969). In
southern Nevada the reproduction
of kangaroo rats is dependent on
fall germination of annual species
Downy brome
(Beatley,
1969).
plants that establish in the fall
tend to produce more caryopses and
mature earlier than plants establishing in the spring (Finnerty and
Klingman, 1962). Normally there
are so many more downy brome
caryopses produced than are necessary to establish the population
(Young et al., 1969), it is doubtful
if the caryopses consumed by the
rodents reduce the weed population.
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Bifistulated
wethers (esophageal
and rumen)
were used
to collect
samples
of the diet while grazing
shortgrass
native
range.
Rumen
samples
were obtained
by grab
The rumens were not evacuated
sampling rumen contents.
prior to sampling.
The esophageal
and rumen grab samples were different
botanically.
There
were fewer forbs
and more grasses found in rumen samples.
The nitrogen
content of rumen samples was higher than that of esophRumen
samples
were lower in in vitro
ageal samples.
dry matter digestibility
than esophageal
samples.
Rumen
grab samples
cannot
be expected
to yield quantitative
botanical
information
on grazing
animals diet or on nitrogen content
and dry matter digestibility.

The accurate
determination
of the chemical
and botanical
composition
of the diet of grazing
animals is essential for proper evaluation and management
of grazing lands.
Many workers have
examined the stomach contents of foraging animals
to determine
what the animals
are eating (for
review see Martin and Korschgen,
1963). In recent
years the esophageal fistula has been used to obtain
diet samples of grazing domestic livestock (for review see Van Dyne and Torell,
1964). Esophageal
fistulated animals must be managed carefully and
must be easily caught and handled for successful
sample collection.
This technique
does not lend
itself to wild herbivores
where close management
is not usually possible.
The purpose of this study was to compare the
botanical and chemical composition
of the diet of
sheep as determined
from rumen or esophageal
samples obtained from grazing sheep.
Procedure
The study area was a native range located approximately
4 km west of Laramie,
Wyoming.
The vegetation
was composed
mainly
of blue
grama
(Bouteloua
gracilis)
with
native midgrasses
such as western
wheatgrass
(Agropyron
smithii),
Sandberg
bluegrass
(Poa secunda),
prairie
junecristata)
and sedges
(Carex
spp.).
The
grass (Koeleria
crested
wheatgrass
(Agropyron
crisintroduced
grasses,
tatum)

and

smooth
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The forbs were vetches (Astragalus
missouriensis
Foothill
bladderpod
(Lesquerella
Zudoand A. striatus),
viciana),
Lewis
flax
(Linum
Zewisii) and scarlet
globemallow
(Sphaeralcea
coccinea).
The
shrub
species
were
a minor component
and were fringed
sagewort (Artemisia
and
nauseosus
frigida),
rabbitbrushes
(Chrysothamnus
viscidiflorus)
and winter fat (Eurotia Zanata) (Table
1).
Two bifistulated
wethers
(esophageal
and rumen)
were
placed on a two hectare
pasture
in May and allowed
to
adjust to the area for two weeks.
Rumen
and esophageal
samples were collected weekly from June 7 through August
22, 1968.
For collections
the animals
were caught
and
the esophageal
plugs removed.
A bag was placed around
the neck and the animals
allowed
to graze for approximately one hour. The animals were recaptured
and esophageal samples
collected.
At the same time the rumen
fistula
plugs were removed
and rumen
contents
sampled
by obtaining
ingesta
from the top layer of rumen
contents.
A total of 18 esophageal
and rumen samples were
obtained.
The samples were transported
to the laboratory
where they were rinsed with cold water and frozen.
Botanical
analyses
were accomplished
by thawing
the
samples
and spreading
them evenly over a 28 x 28 cm
tray. The tray was placed on a peg board and a systematic
point method followed
for locating
plant fragments
to be
identified.
The method
was similar
to that described
by
Van Dyne and Heady (1965).
The esophageal
and rumen samples were dried at 60 C,
ground
through
a 40 mesh screen
and the digestibility
estimated
by an in vitro artificial
rumen procedure
(Tilley
and Terry,
1963).
The nitrogen
in the samples was determined
by the AOAC Kjeldahl
procedure
(1960).
Statistical
analyses were by a paired t-test.
Probabilities
of P < .05 were accepted as significant.

Results and Discussion
Number

of Points

per

Sample

The number
of points necessary
to estimate
the botanical
composition
of the diet has been
examined by several investigators.
Lesperance et al.
(1960) read 100 points Harker et al. (1964) read
400 microscopic
points per sample, and Van Dyne
and Heady (1965) read 200 points.
Galt et al.
(1968) indicated that 400 points were inadequate
for estimating the composition
of the diet samples
at the 5% confidence
level. They illustrated
that
the accuracy of the estimation of the sample mean
increased with increased sample intensity, but that
the improvement
was gradual.
In this study 200 points were identified
in the
The first 100 points were
esophageal
samples.
recorded and then the tray was rotated 90” and a
second 100 points recorded.
The agreement
between the first and second 100 points was very
good (Table
1). There were no significant
(P >
.05) differences
in the proportion
of plants identified when the two groups were compared.
Consequently, the botanical
composition
of the rumen
samples was estimated with the identification
of
100 points.
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Table

1. Composition

(%)

of duplicate

wheatgrass

(Agropyron

dasys

smithii

(Stipa

10

12

14
10
3

12
11
2

2

2
10
9
3

hymenoides)
15

4
14

2

2

82

81

3

3
3

4

comata)

Sedge spp.2
Grass Total
Missouri vetch
Striated vetch
Foothill bladderpod
Lewis flax
Scarlet globemallow

0
4

<1

Forb Total

15

15

Fringed sagewort
Nuttall saltbush
Rubber rabbitbrush
Douglas rabbitbrush
Winterfat
Squarestem phlox

2
0
<1
<1
<1
<1

2
<l
<1
<1
<1
<1

3

4

(Phlox

5

bryoides)

Shrub Total
Parmelia

mollinscula

<1

<l

Lichen Total

<l

<l

Total

100

100

l Based on 18 samples.
2 Not grass species but considered with this group for convenience.
Esophageal

Botanical

vs. Rumen

WEYERTS

Table
2. Composition
esophageal
samples.

Samples

Data.

The botanical analyses of rumen and esophageal
samples are shown in Table 2. Rumen samples had
a significantly
higher proportion
of grass species
than esophageal samples. Six of the 11 individual
grass species were present in higher proportions
in
the rumen samples.
Conversely,
there was a significantly
lower proportion
of forbs and shrubs
present in rumen samples. The botanical composition of rumen grab samples was different
from
esophageal samples. This could be due to a differential rate of rumen digestion of different species
of plants.
It is also possible that a layering of
rumen
contents
occurred
whereby
grass species
were more likely to float to the top in the rumen

of

(%o) comparison

rumen

Means’
Forage species

Thickspike

11
9
2

Sandberg bluegrass
Needleandthread

AND

Second
100 pts.

mdlle)

Blue grama
Smooth brome
Prairie junegrass
Indian ricegrass
(Oryzopsis

samples.

tachyurn)

Crested wheatgrass
Western wheatgrass
Pubescent western wheatgrass
(Agropyron

esophageal

First
100 pts.

Forage species

Thickspike

CUNDY,

wheatgrass

(Agropyron

smithii

10

18
11
3

14
10
3

5”
11
7”
3”

2
11
9
2

6”’
14

4
15

2

2

95*

82

hymenoides)

Sandberg bluegrass
Needleandthread
(Stipa

15”

mdlle)

Blue grama
Smooth brome
Prairie junegrass
Indian ricegrass
(Oryzopsis

Esophageal
samplea

dasystachyum)

Crested wheatgrass
Western wheatgrass
Pubescent western wheatgrass
(Agropyron

Rumen
sample

comata)

Sedge spp.3
Grass Total
Missouri vetch
Striated ve tch
Foothill bladderpod
Lewis flax
Scarlet globemallow
Forb Total
Fringed sagewort
Nuttall saltbush
Rubber rabbitbrush
Douglas rabbitbrush
Winterfat
Squarestem phlox
(Phlox

mollinscula

Lichen Total
Total

<l”
0
2

4
3
4
0
3

4:s

14

<I:‘:

1
0
<1
1
<l
<1

0
0
<1
0
0

bryoides)

Shrub Total
Parmelia

<l”
<l”

1”
0

4
<1

0

0

100

100

l Based on 17 samples.
2 Values of first reading.
3 Not grass species but considered with this group for convenience.
+ Rumen samples significantly different (P < .OS) from esophageal
samples.

than shrubs or forbs. If the esophageal sample can
be considered
as the standard of comparison,
it
must be concluded
that sampling
via a rumen
fistula grab sample will lead to erroneous results
in the proportion of botanical species found in the
diet.
A seasonal trend was exhibited when the proportion of grass species was graphed relative to time
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FIG. 1. Total percent of grass species in rumen and esophageal
samples versus date of collection.

of sampling
(Fig. 1). There
was a wide difference in the proportion
of grass species found in
rumen versus esophageal samples for the first three
sampling dates. Subsequent
to this time there was
relatively
little difference
in the proportion
of
grasses found by the two sampling methods.
The opposite trend was found relative to the
proportion
of forb species in rumen and esophageal samples.
For the first three sampling dates,
forbs made up a much greater proportion
of the
esophageal sample than of the rumen sample (Fig.
2). Shrubs made up a minor proportion
of the
diet by both sampling methods but tended to be
higher in esophageal than in rumen samples especially early in the grazing period (Fig. 3).
During the early part of the grazing season forbs
were in a green growing stage. At this time they
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FIG. 3. Total percent of shrub species in rumen and esophageal
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would be expected to have the highest digestibility
and supposedly the most rapid rate of digestibility.
The preferential
rumen digestion of forbs relative
to grass would make rumen samples higher in proportion of grasses than esophageal samples which
had not been subjected to rumen digestion.
The rumen sampling technique
does note the
presence or absence of plant species in ruminant
diets, but cannot be used to express quantitative
relationships
among plant species grazed where
considerable
variety is possible in the diet. Differential digestion
leads to low estimates of highly
digestible plants in rumen samples.
Chemical

Data.

The nitrogen content of esophageal samples was
less than rumen samples for all but the earliest
sampling date (Fig. 4). This would be expected
since the contribution
of rumen microflora
and
microbial
activity would tend to compensate
for
declining nitrogen in the diet as the grazing season
progressed. There was a steady decline in the nitrogen content of esophageal samples, reflecting
the
changing botanical composition
of the diet as well
as a decline in the nitrogen content of the plants
with advancing maturity.
The shift towards more
grass species in the diet (Fig. 1) and more mature
plants eaten would result in lower nitrogen value.
The decline in nitrogen
was not so pronounced
with the rumen sample.
This was probably due
to the contribution
of rumen microflora
to the
total nitrogen found in rumen samples.
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FIG. 5. In vitro dry matter digestibility
values of rumen
esophageal samples versus date of collection.

Digestibility.
The esophageal samples were higher in in vitro
digestibility
than rumen samples (Fig. 5). There
was a tendency for esophageal samples to have a
constant digestibility
throughout
the grazing season. This illustrates
the ability of sheep grazing
mixed vegetation to select plant species which were
digestible.
The animal apparently
selected plant
portions which were highly digestible
thus maintaining a rather constant dry matter digestibility.
If the grazing season had extended into fall where
all plants had reached
a mature
stage the digestibility of the diet would be expected to decline.
The lower digestibility
of rumen samples is undoubtedly due to the action of rumen microflora
on ingested plants.
They probably
made use of
the readily digestible
portions of plants rapidly.
The material remaining
in the rumen at sampling
represented
partially
digested
plant
material.
There was a more pronounced
seasonal decline in
the digestibility
of rumen
samples than esophageal samples.
The decline was probably related
to more mature plants and the accumulation
of
slowly digested residues as the maturity of the diet
increased.
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Highlight
During spring-summer
over a three-year period, selectivity by both sheep and
cattle grazing on subclover-perennial
ryegrass and subclover-tall
fescue resulted
in higher nutritive
value of diets than of ungrazed
forage.
Sheep diets consistently contained
more crude protein
and had higher in vitro dry matter
digestibility
than did cattle diets.
Both sheep and cattle
diets were more
digestible under light than under heavy grazing but diet protein
levels were
inconsistent.
In one year stocking rate had no effect on level of protein
in
the diet and the next year high protein levels were associated with heavy use.
Summer
vegetative
regrowth
of tall fescue caused by heavy cattle
grazing
resulted in levels of dietary protein for cattle similar to those for sheep. The
level of dietary
protein
for sheep exceeded
recommended
requirements.
In
the summer,
protein
levels of cattle diets were near or below requirements
except when cattle heavily grazed subclover-tall
fescue pastures.

Part of any range and pasture improvement
program
involves evaluating the contribution
of forage
species
to animal
nutrition.
In
recent years the introduced
annual
legume, subclover
(Trifolium
subterruneum), has been and continues
to be widely planted
in western
Oregon on depleted cropland
and
areas cleared of brush.
Subclover
grows rapidly
during
spring and
produces superior yields of highly
nutritious forage. It often is seeded
with perennial grass species.
Two common forage mixtures are
subclover
and perennial
ryegrass
(Lo&urn perenne)
and subclolver
and tall fescue (Festuca
arundinacea). The clover-ryegrass mixture
is more often used as sheep forage
and the clover-tall
fescue as cattle
forage although both kinds of stock
often graze both mixtures.
Until
recently,
nutritive
value
estimates were derived by analyzing
forage
clipped
or hand-plucked

stituents.
Nutritional
supplementation programs olften are based on
these data but freely grazing animals characteristically
practice
selective grazing.
In so doing they
often select diets containing
nutrient amounts differing from that
in ungrazed forage. Since development of the esophageal fistula technique by Tore11 (1954), virtually all
research
workers
find it far superior to hand clipping or plucking of forage as a means of assessing
dietary characteristics
(Bohman and
Lesperance,
1967; Bredon
et al.,
1967; Campbell et al., 1968; Jeffries
and Rice,
1969;
Kiesling
et al.,
1969).
This
study was undertaken
in
1964 to assess forage preferences
and
nutritive
characteristics
of
cattle and sheep diets when separately grazing Nangeela
subcloverOregon
perennial
ryegrass
(C-R)
and subclover-Alta
tall fescue (C-F)
from

early April
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mer.
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Grazing

by

cattle
and sheep extended
from
April into August of 1964, 1965,
and 1966. Light grazing in 1964
allowed
animals
to express complete selectivity of available species.
In 1965 and 1966, pastures were
subdivided
in order that an intensity of grazing variable could be
introduced.
Heavy grazing was 3-4
times that of light grazing in 1965
and
approximately
50
percent
greater than light use in 1966.
Dietary samples were collected
into screen-bottomed
canvas bags
from esophageal-fistulated,
yearling
beef cattle (Hereford and Hereford
x Angus) and mature, dry, Suffolk
and Williamette
ewes employing
procedures suggested by Van Dyne
and Tore11 (1964).
Samples were
collected during three consecutive
late afternoons
with two to four
animals per pasture.
Sampling was
initiated
in mid-April
and
occurred at intervals
of two weeks
until late June and monthly thereafter. Arnold et al. (1964) suggest
a sampling period of at least three
days. Langlands
(1967) studied the
diurnal variation
of dietary nitrogen of sheep on clover-grass
pastures in Australia
and found late
afternoon
to be an acceptable time
of sampling.
Van Dyne and Heady
(1965) and Kothmann
(1966) indicated
that
grazing
animals
are
somewhat
more selective
in late
afternoon
than morning
on dry
annual
range and on sagebrushgrass range, respectively.
Preliminary sampling
obn these pastures
indicated
no real differences
in
dietary botanical
or chemical content between morning and evening
samples.
Hand-clipped
forage
samples
were obtained
from each pasture
concurrently
with each dietary sampling period.
Dry matter content
was determined.
Animals
were penned
approximately 2-4 hours prior to sampling
to minimize the occurrence of contamination
of the sample
with
regurgitated
rumen contents. Langlands
(1967)
found
that
fasting
sheep up to 22 hours prior to sampling did not alter dietary nitro-
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gen content on clover-ryegrass
forage.
Diet
samples
were transferred
from collection bags to plastic bags
in the field
and taken
to the
laboratory.
In 1964, samples were
frozen, thawed, and washed lightly
for botanical
analysis prior to nutritive analyses.
In 1965 and 1966,
dietary sub-samples
were immediately placed in a forced draft oven
at < 90 C until adequately
dried
(approximately
24 hours).
The
1964 samples were treated similarly
after botanical
analysis as were all
hand-clipped
forage samples. After
drying,
both clipped
forage
and
dietary
samples
were ground
to
pass a 40 mesh screen and stored in
paper bags under dry conditions
until analyses could be made.
Ash and crude protein were determined
on dietary
and forage
samples
by standard
procedures
(A.O.A.C.,
1960).
Crude
protein
(referred
to as protein)
values of
1965 and
1966 samples
are expressed on an organic matter (ashfree) basis to overcome
effects of
salivary
contamination
of fistula
samples and to validly compare forage and diets.
For 1964 dietary
samples, protein is expressed on a
dry matter basis as freezing, thawing, and washing apparently altered
the true ash content.
Cundy and
Rice
(1968) also have found decreased
ash
values
of
dietary
samples follolwing washing.
In vitro fermentation
of the dry
matter of forage and dietary samples (DMD)
in an all-glass
apparatus was carried out each year
with the procedure
described
by
Smith et al. (1965).
Rumen
fluid
was obtained
from an alfalfa-fed,
rumen-fistulated
steer following an
overnight
stand without
feed and
water.
Samples were fermented
in duplicate
and/or
triplicate
in 1964
but singly in 1965 and 1966 for a
24-hour period.
Samples with unusual values were rerun.
Centrifuge tubes (250 ml)
fermentation
vessels

were used as
in 1964 and

1965; 100 ml test tubes were used
in 1966.
A standard
sample
of

100
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C-R.
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FIG. 1. Seasonal dry matter content of C-F and C-R forage as affected by heavy and
light grazing in 1965 and 1966.

alfalfa with known in vivo DMD
was fermented in each trial. Amongtrial in vitro values were corrected
by the relationship
to the DMD of
the standard
sample in 1964 and
1965. Among-trial
variability
was
low in 1966 and in vitro DMD
values were not corrected.
Differences
between
forage and
dietary ash, protein, or DMD values
were assessed using the paired “t”
test (Steel and Torrie,
1960). Dietary samples were assumed to be
paired at random with the appropriate available
forage.
The significance
of differences
for a constituent
within a year among all
forage or all dietary samples was
determined
by analysis of variance
in a factorial design. The variables
used were grazing
intensity
(not
1964), kind of livestock,
pasture
mixture (C-R o’r C-F), and sampling
period or time of season.
Results

and Discussion

Growing season conditions in the
three years were somewhat
different resulting in varying forage botanical
composition
among years.
In 1964, forage growth conditions
were favorable
for both subclover
and the perennial
grasses. Clover
made up as much as 80% of the
available forage in the C-R pasture
grazed

by cattle and as little as
in C-F
pastures
by mid40%
season (Bedell, 1968).

Most germinating
subclover was
killed in late fall of 1964 by unseasonable cold. A dry spring in 1965
resulted in forage of perennial ryegrass and a high percentage
of
resident
annual
grasses (Bromus
rigidus and Festuca myuros) in C-R
forage and about 80% tall fescue
and 20% annual
grasses in C-F
forage.
Clover for the 1966 crop year
resulted from hard seed from 1964
and previous years. Favorable
germina tion conditions
prevailed but
a relatively dry spring occurred to
dominance
during
permit
grass
mid-late season. Subclover did constitute some 40-50%
of available
forage in early season but declined
to low levels later on in some pastures (Bedell, 1968).
Stocking rates from April through
August
were 40-55
and 155-190
animal unit days (AUD) per acre in
1965 for light and heavy use, respectively. In 1966, light and heavy
stocking was at 130-145
and 215
AUD per acre.
Forage

The

Dry

amount

Matter

of

tained in the forage
able to the grazing

Content

moisture

con-

that is availanimal
may

affect its dietary preferences
and,
affect
dietary
nutritive
in turn,
The
seasonal
pattern
of
value.
available forage dry matter levels in
Figure
1 shows similarity
among

SHEEP
forages during April and May but
certain differences
occur during
June, July, and August. Whether
the forage was grazed by cattle or
by sheep made little difference; intensity of grazing and pasture mixture effects were different. In both
1965 and 1966, but more clearly
seen in 1965, dry matter levels of
C-F forage remained below those of
C-R during the summer period.
Under heavy grazing, especially by
cattle, tall fescue is stimulated to
grow vegetatively.
This does not
occur with light grazing and fescue
plants continue to mature, thereby
containing less moisture.
Because
perennial ryegrass as well as subclover normally matures and dries
during June, the pattern of drying
of C-R forage under both light and
heavy grazing was not greatly different although heavily grazed C-R
forage contained S-10% more moisture than lightly grazed C-R in late
June and July of 1966. In 1964,
forage
dry matter
percentages
closely approximated those of 1966
lightly grazed forage for both forage mixtures.
The normal drying sequence for
C-R forage would be annual grasses
first, then subclover, then perennial
ryegrass; the total forage will reach
or exceed 90% dry matter by August. For C-F, annual grasses precede subclover in drying by one to
two weeks. Fescue leaves may remain green all summer although
the plants does follow a normal
maturity pattern with mature seed
by mid-July. The dry matter content of fescue may not exceed 60%
in August, but the total forage (all
species) in lightly grazed pastures
will approach or exceed 70% (Fig.
1).

Table
1.
1966.

AND
Mean

CATTLE

DIETS

ash content

(%)
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of available

forage

and

animal

diets,

Forage
Treatment

1964-

Diet

1964

1965

1966

1965

1966

C-F, sheep, heavy
light

8.5bl
7.7b

7.2~

8.3

8.3b

14.4a
13.2b

11.3b
11.9b

C-F, cattle, heavy
light

8.8

9.7a
6.4~

10.5a
7.6~

14.0a
10.4d

13.6a
11.3b

C-R, sheep, heavy
light

7.7

6.2~
5.3d

7.2~
7.7bc

13.lb
11.2c

11.5b
12.lb

C-R, cattle, heavy
light

8.1

6.4~
5.0d

8.9b
7.6~

11.2c
lO.Od

12.2b
11.4b

l Means not followed by the same letter differ significantly within years P < .05.
Forage in the C-F pasture grazed
heavily by cattle remained green
and immature relatively late into
the summer in 1965 and 1966. Ash
values of forage from this pasture
were higher than those from other
pastures (Table 1). In 1965, significant differences (P < .Ol) occurred between heavily and lightly
grazed forage (7.7 and 6.1%, respectively) and between C-F and
C-R forage (8.1 and 5.7%, respectively). In 1966, there was a significant (P < .05) difference between
ash values of forage from cattlegrazed (8.6%) and sheep-grazed pastures (7.6%). Most of this effect
was due to higher values in forage
from pastures heavily grazed by
cattle. Forage in the C-F pasture
was green and vegetative whereas
that in the C-R pasture was high
in subclover because cattle had
preferentially
removed grasses.
Dietary samples contain more ash
than forage samples from the same
pastures at the same time. Much
Table 2. Crude
vidual species,

protein
1964.

content

of this is due to salivary contamination (Bath et al., 1956) although
relative differences
among grazing
treatments may still be assessed. Because dietary samples were frozen,
thawed, and washed before analysis in 1964, ash values were not
accurate and are not reported.
Dietary
ash data for 1965 and
1966 are also summarized in Table
1. All dietary values are higher
than forage values by 4 to 6%, a
reflection of salivary contamination
to some extent but also selection by
the grazing animal of more desirable plant parts. Larger differences
occurred among grazing treatments
in 1965 than in 1966, possibly because no subclover was available in
1965.
Diets under heavy grazing
contained
more ash than under
light grazing in 1965 but were only
slightly higher in 1966. This was
the result, for the most part, of
more ash in diets of cattle heavily
grazing C-F. In 1965, sheep diets
contained
1.6%
more
ash than

(o/o) (D. M. basis)

of ungrazed

forage

of indi-

Ash

Ash content of forage normally
declines with advancing maturity.
Subclover contains more mineral
matter than either perennial ryegrass or tall fescue. Because subclover made up a high proportion
of the total forage in 1964, forage
ash values did not decline with the
advance of the season nor did they
differ among pastures (Table 1).

Species
Sampling period

Tall
fescue

Perennial
ryegrass

Subclover

Late April
Early May
Mid-May
Early June
Mid-late June
Late July
Early Sept.

11.1
7.8
7.1
7.2
4.3
4.5
4.8

10.9
9.9
8.6
9.0
5.2
5.2
5.5

21.5
20.8
17.7
15.9
12.0
10.0
10.7
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3.

Crude

protein

(%)

(D. M. basis)

in diets and available

forage,

the C-R
protein
levels consistently
exceeded forage
protein
levels (Table
3). Cattle
grazing both C-R and C-F pastures
preferred grasses to subclover
(Bedell, 1968). Dry perennial
ryegrass
contains less protein than dry subclover (Table
2).
Because
cattle
diets in summer
contained
practically no subclover
on C-R, the
protein
content
was significantly
less (P < .Ol) than that in the available forage.
In comparing
dietary
protein
levels among all treatments,
sheep
diets averaged
4y0 more protein
than cattle diets regardless of pas-

1964.

With

cattle

Dates
Treatment
C-F,

C-F,

C-R,

C-R,

4/24

5/5

5/19

6/23

6/3

7/g

7/29

Mean’

B/26

Sheep
Diet
Forage

22**
13

24””
12

21**
10

20**
12

14**
9

11**
7

Cattle
Diet
Forage

18**
14

16**
12

15””
13

15**

12**

11

8

Sheep
Diet
Forage

23**
18

21**
16

17**
15

16**
12

14**
10

Cattle
Diet
Forage

20**
17

19**
17

16NS
16

16**
12

IlNs
11

**, *, NS

11**
6

10**

ll*

9”

8”

9

6

6

15**

15**

14**

12

10

10
11**

8
11””

17a
9b

6

13b
lob

9

17a
13a

6
11**

13b
14a

p < .Ol, p < .05,non-significant, respectively, between diet and forage protein

values.
1 Means in each category different letters differ significantly P < .05.

but no difference
occattle
diets
curred in 1966. Also, diets on C-F
pastures contained
more ash than
on C-R pastures in 1965 with no
differences observed in 1966.
Knowledge of the amounts of the
several
inorganic
constituents
is
desirable to further assess nutritive
values.
However,
the differential
contribution
of some constituents
to fistula samples by saliva may
contribute
serious errors (Van Dyne
and Torell,
1964). Thus, no separate mineral
determinations
were
made.
Crude

Protein

Crude protein values of all forage
species
declined
throughout
the
grazing periods in all three years.
Protein
levels of grasses are relatively low, even in early season, as
contrasted
to those of subclover
(Table 2). If the subclover content
of the total available forage can be
maintained
at a high level, the protein level also will be high.
Averaged across the 1964 grazing
season, protein content of C-R forage significantly
(P < .Ol) exceeded
that of C-F forage (Table
3). The
relative seasonal decline in protein
of clipped forage was quite similar between C-F and C-R. However,
high proportions
of subclover
in
C-R forage contributed
to protein
levels some 3 to 6% higher than
C-F except in June.

Table

4.

forage,

Percentage

ture
of

crude

protein

(0.

the

exception

treatment,

mixture.

M.

of

dietary

Dietary

basis)

in diets

6/16

7/7

protein

and

de-

available

1965.
Dates

Treatment

7/3G-

Mean1

10

11

3

3

13.6a
6.5b

12
4

14
4

3

14.la
6.6b

13
9

13
7

12
7

9
4

13.3a
8.4a

14
8

12
7

10
5

10
3

7
3

11.8b
6.6b

16

14

9

7

12
5

12
6

10
5

10
4

13.3a
6.7b

14
10

15
8

14
6

12
5

10
4

10

12

3

13.5a
6.7b

15
11

14
10

12
9

11

9
6

7
4

6

10.7b

4

7.lb

14
11

13
8

11
8

10

9
5

11
3

7
4

10.8b
6.7b

4/21

5/6

5/20

15
9

15
7

14
6

12
5

12

18
9

17
8

15
6

16
11

14
10

16
10

14
10

16
10

19
11

Light grazing
Diet

18

Forage

C-F, Sheep
Heavy grazing
Diet2
Forage
Light grazing
Diet
Forage
C-F, Cattle
Heavy grazing
Diet
Forage
Light grazing
Diet
Forage

183

12
18

6/3

6

C-R, Sheep
Heavy grazing
Diet
Forage

C-R, Cattle
Heavy grazing
Diet
Forage
Light

6

grazing

Diet
Forage

7

1 Means having different letters differ significantly P < .05.
2 All dietary crude protein levels significantly (P < .Ol) exceed forage crude protein
levels.
3 LSD 05= 2 percent between any two dietary protein values and 3 percent between any
two forage protein values on a single date.

SHEEP
clined
similar
to forage protein;
less decline
occurred
with sheep
grazing C-R than other treatments.
On C-F pastures in summer both
sheep and cattle prefer fescue to
subclover,
cattle
more
so than
sheep (Bedell,
1968).
Sheep diets
generally
contained
more protein.
They may have selected younger
leaves of tall fescue which would
have contained more protein. Sheep
selected diets containing
about 10%
dry subclover
which
also would
have
contributed
to
a higher
dietary protein level than cattle.
In 1965, forage
protein
levels
were quite
similar
among
treatments with one exception
(Table
4). Forage from C-F pastures grazed
heavily
by cattle
maintained
a
higher protein
content
later into
the summer
than other
forages.
Cattle grazed stems as well as leaves
of tall fescue and the resulting regrowth was more leafy than in other
C-F pastures.
Kind of grazing did
not affect protein
values of C-R
forage differentially.
Both forage and dietary protein
levels declined
during the season.
But, all dietary protein levels were
significantly
higher (P < .Ol) than
forage protein levels (Table 4), indicating a relatively high degree of
animal
selectivity
even in all or
mostly grass pastures.
An example
of this occurred in the C-R pasture
lightly grazed by cattle.
In early
July, cattle selected approximately
60% of their diets as wild cucumber (Enchinocystis
oregana) which
contained in excess of 15% protein.
Diets
contained
11 y0
protein
whereas three weeks later only 7%
occurred in diets in the same pasture. A second example of animal
selectivity
and its effect
on nutritive value occurred in early July.
Sheep on C-F under light grazing
selected many tall fescue seed heads
resulting in a dietary protein level
of 14y0 compared to 12% or less for
all other treatments.
Analysis
of variance
indicated
significant
‘differences
in dietary
protein values between sheep and
cattle,
among

C-R

and

seasons.

C-F
There

pastures
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nificant (P < .05) kind of stock x
pasture mixture interaction.
Sheep
diets contained
more protein than
cattle diets and both sheep and
cattle diets on C-F contained more
protein
than when on C-R pastures.
Cattle grazing C-F selected
diets containing
more protein than
did cattle grazing C-R (Table
4).
Dietary protein levels of sheep were
similar on both pasture mixtures.
Also,
cattle
dietary
protein
on
heavily grazed C-F exceeded protein
levels of cattle diets on other treatments.
Forage
conditions
during
the
1966 grazing season were considered
normal with subclover found in all
pastures.
Dietary
species preferTable

5.
forage,

Percentage

of

crude

ences were more or less similar to
1964 with the exception
that cattle
selected up to 40% of their diet as
clover in early June (Bedell, 1968).
Lowest forage protein values occurred in C-F pastures grazed by
sheep and lightly grazed by cattle
(Table
5). As in 1965, forage in
C-F heavily
grazed by cattle remained green much later into the
summer than other treatments
resulting in a protein level of nearly
10% in early August.
Analysis
of variance
of forage
protein
values indicated
that all
main effects were significant
(P <
.Ol). Forage from pastures grazed
by cattle contained
more protein
than

protein

from

those

M. basis)

(0.

grazed

in diets

by sheep,

and

available

1966.
Dates

* 4/13

4/25

5/10

5/24

6/7

S/21

7/10

8/Z

Mean1

243
18

24
13

23
8

18
8

12
6

12

11

4

3

7
3

16a
SC

light
Diet
Forage

23
14

22
13

22
9

18
9

14
7

13
5

9
6

9
4

16a
8c

C-F, Cattle
heavy
Diet
Forage

19
14

18
16

18
13

17
12

18
14

15
11

12
10

light
Diet
Forage

20
14

17
12

17
10

13
10

11
8

8
5

7
5

7
4

12b
8c

C-R, Sheep
heavy
Diet
Forage

23
19

22
14

22
12

18
9

14
8

14

14

6

5

11
4

17a
10b

light
Diet
Forage

22
18

22
14

23
12

18
10

13
9

11
6

10
5

12
6

16a
lob

C-R, Cattle
heavy
Diet
Forage

20
16

22
16

17
14

17
12

12

10

1()X3

12NS

11
1ONs

16a
13a

light
Diet
Forage

20
16

18
16

14
9

12
8

Treatment

C-F, Sheep
heavy
Diet2
Forage

and

was a sig-
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values

on a sirwle date.

,

8
8NS

7
6NS

10
9NS

8
6”s

16a
12a

13b
lob
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C-R forage contained more protein
than C-F forage, and forage from
heavily grazed pastures had more
from
those lightly
protein
than
grazed.
Grazing intensity
was important
only on cattle-grazed
pastures where heavy cattle use promoted vegetative
regrowth
of tall
fescue in C-F pastures and a higher
dry subclover
content in C-R forage in summer.
All dietary
protein
values exceeded (P < .Ol) forage protein
values
excepting
summer
cattle
diets on C-R which were similar to
those of the available forage (Table
5). Protein
values elf sheep diets
exceeded
those of cattle over the
entire season (P < .Ol).
Protein
of
diets
from
heavily
content
grazed pastures
exceeded
that of
diets from lightly grazed pastures
(P < .05). No significant
difference
in dietary protein occurred due to
mixture.
The interaction
between
class of stock and intensity of grazing was significant
(P < .Ol) in
that dietary protein values of sheep
under both heavy and light grazing and cattle under heavy grazing
were
similar
and
higher
than
values of cattle under light grazing.
Average protein declined from 11%
to 3%% fo,r available
forage from
late April to late July but for diets
the comparable
decrease was from
16% to 8%.
These dietary protein data agree
with those from other cattle and
sheep studies. On mountain summer
range, sheep also selected higher
protein diets than cattle (Cook et
al., 1967).
Mature
annual
range
forage in Califo’rnia
contains
low
amounts of protein but sheep dietary pro’tein exceeded cattle dietary
protein
(Van
Dyne
and Heady,
1965). Van Dyne et al. (1964) also
found that sheep would select a
nearly adequate protein level (7.OQ/,)
on a Montana
winter range while
cattle diets under the same conditions contained only 4.3% protein.
With
the exception
of cattle
grazing C-R in 1964 and 1966, all
dietary protein levels exceeded fo’rage protein levels. Work of Cundy
and Rice (19681 on fistula samnle

Crude
protein
data in Tables
3, 4, and 5 indicate
that the dietary protein
level of sheep was
below estimated
requirements
in
This
was in
only one instance.
August of 1965 on C-F pastures.
However,
protein
in cattle diets
on C-R in summer and occasionally
on C-F lightly grazed tended to be
either
borderline
or below
the
recommended
levels. If only forage
crude protein values were assessed,
this would result in serious errors
in accurate determination
of die-

preparation
indicates
that proltein
levels will not be affected by normal drying
procedures,
although
rinsing will lower the values.
If
this is true, the 1964 dietary protein data are conservative.
Hoehne
et al. (1967)
found
slightly
decreased protein
values in fistula
samples vs. hand-fed samples due,
apparently,
to salivary contamination or loss of soluble prolteins in
sample
preparation.
This,
too,
would tend to indicate
that any
diet-forage
differences
were conservative.
Most studies have shown
that the crude protein
content of
the diet is not greatly affected by
saliva (Bath et al., 1956; Langlands,
1966; Marshall
et al., 1967; McManus,

tary protein

Estimated

Digestibility

In vitro DMD was determined
on 1964 forage
samples
and all
dietary and forage samples in 1965

1961).

Table 6. Percentage
in vitro
and available
forage, 1965.

levels.

fermentation

of the dry matter

(DMD)

of diets

7/30

Mean1

Dates
Treatment

5/20

6/16

4/21

5/6

C-F, Sheep
Heavy
Diet
Forage

49c2
48b3

52cd
48d

52de
54a

50de

49bc

48a

47a

47a

32c

46ab
25~.

49a
43.0d

Light
Diet
Forage

52bc
52a

51d
57bc

55cd
56a

56bc
52abc

52b
50a

50a
36bc

50a
32bc

52a
47.8~

48c
55a

53cd
51cd

49e

49e

55a

50bc

5Obc
54a

47a
46a

44bc
40a

49a
50.lbc

53ab
54a

54bcd
57bc

61a
55a

53cd
48c

48c
50a

48a
43ab

41c
40a

51a
49.6bc

55ab

57ab
68a

59ab
59a

57b
59a

56a

56a

52a

51a
48a

46ab
38ab

54a
54.3a

56ab
59a

59a
58bc

60a
60a

61a
54abc

52b
48a

48a
45a

48ab
34ab

55a
51.lb

Heavy
Diet
Forage

58a
54a

55bc
55cd

56bc
60a

53cd
58ab

49bc

47a
46a

46ab
40a

52a
52.3ab

Light
Diet
Forage

58a
59a

57ab
65ab

56bc
60a

51de

50bc

53abc

49a

48a
40ab

49a
38ab

53a
52.0ab

C-F, Cattle
Heavy
Diet
Forage
Light
Diet
Forage
C-R, Sheep
Heavy
Diet
Forage
Light
Diet
Forage
C-R,

6/3

7/7

Cattle

53a

1 Treatment means in each category having different letters differ significantly P < .05.
2 Dietary means on a single date having different letters differ significantly P < .05.
3 Forape means on a shwle date havinp different letters differ significantlv P < .05.

SHEEP
and 1966.
Values
for 1964 and
1965 samples were adjusted
in relationship
to a standard
sample
of alfalfa fermented
in every trial.
Adjustment
of the 1966 values was
not considered
to be necessary.
Forage DMD in 1964 was similar
among the four pastures; the only
significant
difference
was due to
season (P < .Ol).
C-F and C-R
forages were similar. DMD declined
from 66 to 61 y0 from late April
to early June,
decreased
sharply
to 50% by the third week in June,
and declined to a low of 45% by
late August.
Because dietary samples were
frozen,
thawed,
and
washed,
it was concluded
that
accurate in vitro DMD determinations could not be made. This conclusion was substantiated
by data
of Cundy
and Rice
(1968) who
found that rinsing fistula samples
significantly
(P < .Ol) reduced
DMD. They felt that loss of watersoluble
carbohydrates
by rinsing
would account for most of the reduction.
In 1965 forage DMD values remained
much
the same through
mid-May and then declined steadily
until the last sampling date (Table
6). Fo,rage DMD from C-R pastures significantly
(P < .Ol) exceeded
that
from
C-F pastures.
Also,
forage
DMD
from
cattlegrazed pastures was greater (P <
.Ol) than that from sheep-grazed
pastures. Folrage DMD values varied
significantly
among grazing treatments.
Forage
from C-F heavily
grazed by sheep had lower DMD
than any other pasture followed by
the three other C-F pastures.
Forage in sheep C-F pastures after midJune was quite coarse. Forage fro’m
C-F pastures grazed by cattle during this period had higher DMD
values than C-F forage from pastures grazed by sheep.
Dietary DMD values did not consistently exceed fozage DMD values
until after mid-June.
The greatest
exception
to this occurred
with
sheep diets on C-F.
Of 14 comparisons between dietary and forage DMD
over the season, only
four did not significantly

(P < .05)
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favor diets over forage and these
occurred in late April and in midMay.
Averaged over the 1965 season,
all of the dietary main effects were
significant.
DMD
of diets from
lightly grazed pastures significantly
(P < .05) exceeded DMD of diets
from those heavily grazed.
Sheep
dietary
DMD
significantly
(P <
.05) exceeded cattle dietary DMD.
Also, dietary
DMD
on C-R exceeded that on C-F and both declined significantly
(P < .Ol) after
early June.
Within
most sampling
periods,
dietary DMD differences
occurred
among grazing treatments
(Table
6). DMD of cattle and sheep diets
was similar over the season when

grazing C-F pastures.
Sheep diets,
when grazing C-R were some 21/%
greater than diets of cattle on C-R
pastures
and almost
5% greater
than diets of boeth sheep and cattle
grazing C-F pastures.
The magnitude
of DMD values
for
1966 samples
was generally
lower than for 1965 samples. This
could have been due to differences
in the digestive power of rumen
fluid between years or to the use of
different fermentation
vessels. However, the among-trial
variability
in
DMD values was low and the primary o,bjective of assessing amongtreatment differences was met.
DMD values of both diets and
forage declined
at a similar rate
until

Table 7. Percentage in vitro fermentation
available forage, 1966.

mid-June

(Table

7).

There-

of dry matter (DMD) of diets and

Dates
Treatment

4/13

4/25

5/10

5/24

472
463

48”
40

43*:
34

44”
31

41”
36

33
34*

35*
29

37”
16

41b

46
44

48
49

47”
39

45*
35

42”
34

40*
31

37*
23

38*
24

43a
35a

46*

47”
41

39*
33

40”
31

37
38

36
37

29”
22

31*

43

26

38c
35a

47”
44

47
46

40
40

42
41

37
41”

31
31

31*
27

33*
18

38c
36a

46
46

49*
45

47*
39

44”
41

45*
34

35
35

37*
22

34”
21

42ab
35a

45
44

52
52

49”
47

44”
40

43”
37

39*
31

34*
23

35*
24

43a
37a

Heavy
Diet
Forage

50”
44

45
48

42*
36

39*
36

37
36

34
34

34”
27

32*
27

39c
36a

Light
Diet
Forage

53”
44

50
50

46
52”

46*
42

40*
38

34
35

31*
21

32”
22

42ab
36a

6/7

6/21

7/10

g/2

Mean1

C-F, Sheep
Heavy
Diet
Forage

33a

Light
Diet
Forage

C-F, Cattle
Heavy
Diet
Forage
Light
Diet
Forage

C-R, Sheep
Heavy
Diet
Forage
Light
Diet
Forage

C-R, Cattle

* P < .05 Dietary DMD vs. Forage DMD.
1 Means in each category having different letters differ significantly P < .05.
BLSD,, = 4 percent between any two dietary DMD values on a single date.
3 LSD,, = 10 percent between any two forage DMD values on a single date.
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after,
dietary
values were maintained whereas forage values continued to decline.
Both cattle and
sheep selected diets having higher
DMD values than available forage
approximately
two-thirds
of the
time.
In 32 comparisons
between
cattle
dietary
and forage
DMD
values, diets exceeded forage in 20
instances,
were the same in 10
instances, and forage exceeded diets
in 2 instances.
For sheep, dietary
DMD was greater than forage DMD
in 24 comparisons,
the same in 7,
and forage DMD greater than dietary DMD in only one instance.
Forage DMD levels by treatment
and averaged across the season did
not differ significantly.
However,
when all forage DMD data were
pooled for effects of stocking rate,
kind of livestock and pasture mixture, DMD of forage from lightly
grazed pastures and from C-R pastures significantly
(P < .05) exceeded that from heavily grazed and
C-F pastures,
respectively.
Effects
of cattle and sheep on forage DMD
were similar.
DMD of diets varied significantly
among grazing treatments.
All of
the main effects were significant
(P < .Ol) as were several interactions.
Overall,
both cattle and
sheep
selected
diets under
light
grazing which were more digestible
than under heavy grazing. Diets on
C-R pastures were more digestible
than on C-F pastures.
Both
of
these dietary effects paralleled
forage effects.
Also,
sheep
dietary
DMD exceeded cattle dietary DMD
by three percent.
A significant
(P < .O1) kind of
x pasture mixture
interlivestock
action occurred
for dietary DMD.
Sheep dietary DMD levels on both
C-R
and C-F were similar
and
higher
than DMD of cattle diets
on C-R which, in turn, exceeded
DMD of cattle diets on C-F. Several
treatment
means
differed
significantly (P < .05) as indicated
in
Table 7.
Several
similarities
in dietary
DMD
effects
occurred
between

rate years and the species composition of the available
forage was
Diets under light
greatly different.
grazing, on C-R, and of sheep had
significantly
(P < .05) higher DMD
values
than
those
under
heavy
grazing, on C-F, and of cattle, respectively, in both years. And, although variability
among individual dietary values was great enough
significant
to
eliminate
effects
among treatment
means in 1965,
the only difference
in ranking occurred with sheep diets on C-F.
DMD values of both forage and
diets did not favor the C-F heavily
grazed cattle treatment
in either
1965 or 1966. Apparently,
C-F forage does not contain
as much
readily
soluble
carbohydrates
as
C-R forage or possibly the tissue
is mo,re lignified.
Data of Terry
and Tilley (1964) and Minson et al.
(1964) show that organic matter digestibility of perennial
ryegrass exceeds that of tall fescue by some
5-S%.
Subclover in 1966 which has
higher DMD than tall fescue and
perennial
ryegrass in late season
may have contributed
to the greater
dietary C-R and the small forage
C-R advantage.
Van Dyne and Lofgreen
(1964)
reported higher dietary dry matter
digestibility
for sheep
than
for
cattle when both kinds of stock
were grazing dry California
annual
On sagebrush-grass
ranges
range.
in northern
Utah, however, Cook
et al. (1967) sho’wed cattle diets to
contain more digestible energy and
than
nutrients
total
digestible
Dietary species comsheep diets.
position differences
between cattle
and sheep may be quite large (Becrude protein
levels
dell,
1968);
appear to reflect differences
more
clearly than DMD in this experiment.

1965 and 1966 although
in vitro
determinations
were made in sepa-

quirements
with the exception
of
cattle grazing C-R in late luly and

Concluding
When

both

Discussion

cattle and sheep had
regarding
avail-

restrictions
no
ability of desired

forage

as in 1964,

protein in the diet of both kinds of
stock was in excess of dietary re-

August.
Sheep were able to select
a higher protein diet than cattle on
both pasture mixtures.
The pressubclover
ence
of
in
greater
amounts
in C-R forage likely accounted for significantly
more protein in C-R forage.
As cattle selected grass over clover, they were
not able to maintain
as rich protein diet as sheep were.
In a radically
different
forage
year where subclover was virtually
absent,
sheep were still able to
select more nutritious
diets than
cattle although
the protein
levels
were substantially
below those of
1964. A consistent
grazing effect
evidenced
both in 1965 and 1966
involved the vegetative regrowth of
tall fescue with continuous
heavy
cattle use. Forage ash contents were
significantly
greater as were dietary
ash contents.
In the non-clover
year, 1965, forage from this pasture contained
more protein until
late summer
than did other pastures. Cattle were able to maintain
dietary protein levels on this pasture similar
to those
of sheep
whereas
other
cattle
treatments
had lower dietary protein.
When
forage contained
up to
one-third subclover, a situation considered “normal” on many western
Oregon ranches,
protein
levels in
cattle diets under
heavy grazing
tended to exceed those under light
grazing.
Sheep evidenced no such
effect but were capable of selecting consistently
more protein-rich
diets
than
any cattle
treatment
with
the
exception
of heavily
grazed cattle C-F pasture.
Heavy
grazing tended to hold most forage
in a less mature state. A striking
exception
was C-F heavily grazed
by sheep where forage protein was
less than other
treatments
after
mid-June
because
sheep had removed all subclover narrowing this
choice of preferred forage.
From this study, it was concluded
that:
(1) Sheep
should
not be
grazed as a single kind of animal
C-F is more suiton C-F forage.
able to be grazed
or by sheep and

by cattle alone
cattle together.

(2) Sheep diets could be considered
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The Summer Meeting headquarters will be at the Bob Marshall Camp in Custer State Park, South
Dakota. Located just a short distance southwest of Rapid City, the Black Hills setting holds attractions
for everyone in the family. Your choice of outdoor camping or indoor lodging. See April issue of
Rangeman’s News for specifics.
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Highlight
Method
of storage
had a greater
effect on the in vitro dry matter
digestibility
(DMD) of native grass hay
than either storage
time or date of
cutting.
The nutritive value of native
hay was maintained
better by storing
it in round bales than by storing it
in windrows, bunches or letting it remain standing.
The first 60 days in
storage was the period when native hay
had the greatest loss of nutritive value
regardless
of storage
method.
There
was an interaction
of cutting
date
and year on DMD.
The early cut hay
in 1962 had a higher DMD (42.7%)
than the late cut hay (40.3%).
There
was no difference
in 1963 (40.6 vs.
40.1%).

Native hay is stored in a variety
of ways, usually for several months
before it is fed. Relatively
large
quantities
of readily
soluble
nutrients may be lost due to weathering during this storage period.
It
is possible that the method of storage might have a profound
effect
on the magnitude
of these losses.
Guilbert
et al. (1931) obtained
losses of 6 to 357, nitrogen-free
extract in hay samples following artificial
leaching.
Archibald
et al.
(195 1) also, found decreases in nitrogen-free extract, carotene and total
sugars and an increase in fiber in
grass hay as storage time increased.
Moxon et al. (195 1) found that the
crude protein content of standing
forage decreased
from about 8 to
less than 3% from July 13 to December 7 while the protein content
of windrowed
hay remained
relatively constant during this period.
The botanical and chemical composition of the forage used in the
lPublished
with the approval
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study discussed here were reported
by Streeter et al. (1966). The purpose of this investigation
was to
study the effect that date of cutting,
method of storage and storage time
had upon the in vitro dry matter
digestibility
(DMD) of native grass
hay.
Methods
The experimental
plots were located on a sands range site in the
Sandhills of Central Nebraska. The
following methods of storage were
imposed upon early (July 13) and
late (August 27) cutting dates during 1962 and 1963:
(1) standing
forage; (2) windrowed with a dump
rake; (3) bunched with a basket attached to the cutter bar of a tractormounted
mower;
and (4) round
baled with a rotobaler.
The four
methods of storage were replicated
three times within each of the two
cutting
date plots and were randomized
within
each replication.
The forage was sampled immediately after each cutting and at the
end of each month thereafter
until
the end of the storage period in
January.
The study was conducted
using the same plots two different
years. The two stage in vitro fermentation
procedure of Tilley and
Terry (1963) was used to obtain the
DMD data.
Duplicate
determinations were made on each sample
with replications
on two different
days. The data were corrected for
dry matter additions to the fermentations via the inoculum. The leastsquares
analysis
of variance
was
used to statistically analyze the data
because
of unequal
numbers
between the early and late cutting
dates.
Results

and Discussion

The relationship
of cutting date
and storage time on in vitro DMD
are presented
in Figure
1. All
methods
of storage
are pooled
134

within cutting dates. There was a
sharp decline
in DMD
between
July and September
for the two
cuttings bo,th years. However, there
was essentially no change in DMD
in either year between September
and January.
The data for 1963
indicates
that there was a much
greater decrease in DMD between
July and September
than in 1962.
Although
the hays harvested
in
1963 had higher initial DMD, by
September
they
had
decreased
below the DMD for the 1962 hays.
This sharp decrease
in DMD in
1963 was probably
due in part to
rainfall
pattern.
In
1963 there
were 12.7 cm of rainfall prior to the
August sampling date and another
12.7 between the August and September
sampling
dates.
In 1962
there were 22.86 cm of rainfall
prior to the August sampling date,
but only 3.56 cm between the August and September sampling dates.
A summary of the artificial
leaching experiments
of Guilbert
and
Mead as discussed by Watson and
Nash (1960) showed that a series of
showers with drying conditions
between will cause more
leaching
than one rain regardless of amount
and intensity.
In 1962 there was a much greater
difference between the DMD of the
early and late cut hays than in 1963
(Fig. 1). A significant
(P < .Ol)
year by cutting
date interaction
showed a greater decline in DMD
between early and late cut hay in
1962 (42.7 vs. 40.3%) than in 1963
(40.6 vs. 40.1%).
One of the reasons
for the wide difference
in DMD
between the early and late cutting
in 1962 was probably
related
to
forage yields. The 22.86 cm of rain
which fell between
the early and
late cutting dates in 1962 resulted
in a yield of 74.5 kg/ha more forage
for the late cut hay than for the
early cut hay. As a result, the late
cut hay was coarse and more highly
lignified
than the early cut hay
which no doubt contributed
to its
lower DMD.
Kamstra et al. (1958)
reported
that
lignin
content
vitro cellulose

as plants
mature
increases
and in
digestion
decreases.
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Prichard
et al. (1963) found that
the most rapid decline in in vitro
digestibility
begins
with
head
emergence.
They
also observed
that the rate of decline in in vitro
digestibility
was greater
for the
heads and stems than for the leaves.
In 1963 there were only 18.7 kg/ha
greater yield from the late cut than
from the early cut hay. There was
much less forage growth between
cuttings in 1963 than in 1962, and,
hence, less physical change in the
forage which would be reflected in
its digestibility.
In vivo apparent
energy digestibility values reported
by Streeter
et al. (1966) on the forages that
were baled
would
tend to substantiate the in vitro DMD differences as related to year and cutting
date (Fig. 1). These
values8 were
1.81 and 1.38 megcal/kg
in 1962
and 1.71 and 1.72 megcal/kg
in
1963 for the early and late cut hays,
respectively.
The DMD of the baled hay remained higher (P < .Ol) throughout the storage period
than the
DMD
of hay
stored
by other
methods (Fig. 2). However, analysis of these forages for nitrogen,
phosphorus
and lignin
failed
to

AUG
30

show a coasistent
nutritional
advantage for baled hay as a method
of storage
(Streeter
et al., 1966).
There was much less difference between the DMD of baled hay and
the DMD of forage stored by the
other methods in 1962 than in 1963.
In 1962 the DMD for the bunched
and windrowed hays declined much
less than the standing forage. However, in 1963 there was little differthe
windrowed,
ence
between
bunched
and standing
forage.
It
is possible that the greater yield of
forage in 1962 might have afforded
more protection
against
weathering for the bunched and windrowed
hays and hence, less decline in their
DMD was noted. It should also be
pointed
out that while the DMD
of the baled, bunched
and windrowed hays for both years declined
only until October,
the standing
forage continued
to decline until
November or December.
The in vivo DMD values of the
1963 early and late cut baled hays
obtained by C. L. Streeter (unpublished data) were 47.6 and 46.6%,
respectively,
while
the in vitro
DMD
were 44.2 and 47.6a/,, respectively.
Although
the in vivo
and in vitro DMD were of the same

magnitude
there was not a difference (P > .lO) between the in vivo
DMD of the early and late cut hays
while the in vitro DMD for the
late cut hay was higher (P < .05)
than the in vitro DMD for the early
cut hay.
The 1962 in vivo DMD (Streeter,
1964) were lower (P < .Ol) than in
vitro DMD. The in vivo DMD for
these hays were 39.5 and 33.4y0, respectively,
for the early and late
cut hay as compared
to 48.3 and
44.4%for
the in vitro DMD.
It is
probable
that the animals
from
which the 1962 in vivo data were
obtained were not receiving enough
protein
without
a supplement
to
meet their requirements,
thus, were
not fully utilizing the available energy in the forage. This would explain the low in vivo DMD and
hence explain
the discrepancy
between the in vivo and in vitro data.
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Highlight
Twenty-four
IO-acre plots were burned in the Southern
Mixed Prairie
of Texas
under a variety of weather
and
fuel conditions
to determine
their effect on 3gnition, burndown, and mortality
of mesquite that had been top-killed
by spraying.
The number
of trees that ignited on each
plot varied from 33.6 to 94.9%
of the total, whereas the
number
of trees that burned
down varied from 14.4 to
89.1%.
Mortality
varied
from
0 to 24%.
Large
trees
were easier to burn down and kill than small trees. Equations that incorporate
wind speed, relative humidity,
and
total fuel were developed
to predict
ignition
and burndown.

Previous research conducted in west Texas indicates that fire has the potential
to burn downthat is to burn standing dead stems off at the base
and have them fall to the ground-and
kill mesvar. glandulosa)
in a
quite (Prosopis glandulosa
tobosa (Hilaria mutica) community
(Stinson and
Wright, 1969), but prescribed techniques are lacking. This study was designed to measure the range
of weather and fuel conditions
under which topkilled mesquite
with resprouts
can be ignited,
burned, and killed.
concern
for the role
Taylor
(1964) expressed
of weather in fire behavior.
He stated that prescribed burning
has been attempted
throughout
a range of fire weather conditions from too wet to
too dry. When conditions are too wet, only spotty
removal of part of the litter material
is accomplished.
When conditions
are too dry, fire runs
l Received Ja nuary
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uncontrolled
through the burn area and is stopped
at the control line only by a change in weather.
Relative
humidity
plays an important
role in
fire behavior, especially in fine fuels. Countryman
(1964) stated, “the moisture content of hygroscopic
fuels is very closely associated with relative humidity.
In finely divided fuels, the moisture content follows the relative humidity
very closely.”
Fine fuels are usually defined as any material less
than %-inch in diameter.2
McArthur
(1963),
in reporting
the results of
fire behavior studies conducted during the spring
months in the grasslands of Central Queensland,
noted the following relationships
between fine fuel
moisture contents for different relative humidities
at 80 F:
Relative

humidity

(%)

Fuel moisture

5

4

50

11

(o/o)

A similar range is reported
for higher temperatures, which results in lower fuel moisture
at
higher relative humidity readings.
Mobley (1967) g ave a range of fine fuel moisture
which is conducive
to efficient
controlled
burns.
He stated that for most prescribed
burning,
the
preferred
range of actual fine fuel moisture
is
from 5 to 10%. When fuel moisture is less than
5%, the fire will be more intense and may cause
damage to overstory and soil. When fuel moisture
is higher than lo%, fires tend to move irregularly
and more slowly. Such burns are often incomplete.
Stinson and Wright (1969) reported that the most
intensive fire in their study occurred when the air
temperature
was 80 F, the relative humidity was
25x, and th e f ine fuel moisture was 19.8%.
Vareschi (1962) reported that the ignition temperatures of the wood and bark of the Chaparro
and Chaparro Manteca in a dry state ranged from
290 C to 330 C. On the other hand the ignition
2Personal
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Appraisal Systems, 4507
ton.

with George R. Fahnestock,
Fuel
Univ. Way NE, Seattle, Washing-

BRITTON

136
stage of maturity
and lignification
on the digestion of cellulose in forage
plants by rumen microorganisms
in
vitro.
J. Anim. Sci. 17:199-208.
MOXON, A. L., G. GASTLER, G. E.
STAPLES, AND R. M. JORDAN.
1951.
Grass Hay at its Best: As shown by
Chemical analysis and feeding value.
S. Dak. Agr. Exp. Stat. Bull. 405.
PRICHARD, G. I., L. P. FOLKINS, AND W.
J. PIGDEN.
The in vitro di1963.
gestibility

of whole grasses

and their

AND

parts at progressive
stages of maturity.
Can. J. Plant Sci. 43:79-87.
1964.
The effect of
STREETER, C. L.
stage of maturity, method of storage
and storage
time on the nutritive
value of Sandhills upland hay. M.
S. Thesis, Univ. of Nebraska,
Lincoln, p. 26.
STREETER, C. L., D. F. BURZLAFF, D. C.
CLANTON, AND L. R. RITTENHOUSE.
1966.
Effect of stage of maturity,
method of storage, and storage time

Correlation of Weather and
Fuel Variables to Mesquite Damage
bY F ire1
CARLTON

M. BRITTON

AND

HENRY

A. WRIGHT

Research Associate and Associate Professor,
Range and Wildlife Management
Department,
Texas Tech University, Lubbock.

Highlight
Twenty-four
IO-acre plots were burned in the Southern
Mixed Prairie
of Texas
under a variety of weather
and
fuel conditions
to determine
their effect on 3gnition, burndown, and mortality
of mesquite that had been top-killed
by spraying.
The number
of trees that ignited on each
plot varied from 33.6 to 94.9%
of the total, whereas the
number
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Large
trees
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and
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to predict
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in a
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uncontrolled
through the burn area and is stopped
at the control line only by a change in weather.
Relative
humidity
plays an important
role in
fire behavior, especially in fine fuels. Countryman
(1964) stated, “the moisture content of hygroscopic
fuels is very closely associated with relative humidity.
In finely divided fuels, the moisture content follows the relative humidity
very closely.”
Fine fuels are usually defined as any material less
than %-inch in diameter.2
McArthur
(1963),
in reporting
the results of
fire behavior studies conducted during the spring
months in the grasslands of Central Queensland,
noted the following relationships
between fine fuel
moisture contents for different relative humidities
at 80 F:
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Fuel moisture
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A similar range is reported
for higher temperatures, which results in lower fuel moisture
at
higher relative humidity readings.
Mobley (1967) g ave a range of fine fuel moisture
which is conducive
to efficient
controlled
burns.
He stated that for most prescribed
burning,
the
preferred
range of actual fine fuel moisture
is
from 5 to 10%. When fuel moisture is less than
5%, the fire will be more intense and may cause
damage to overstory and soil. When fuel moisture
is higher than lo%, fires tend to move irregularly
and more slowly. Such burns are often incomplete.
Stinson and Wright (1969) reported that the most
intensive fire in their study occurred when the air
temperature
was 80 F, the relative humidity was
25x, and th e f ine fuel moisture was 19.8%.
Vareschi (1962) reported that the ignition temperatures of the wood and bark of the Chaparro
and Chaparro Manteca in a dry state ranged from
290 C to 330 C. On the other hand the ignition
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temperature
of the same species climbed to 500 C
or more, if the bark contained sap.
Krueger
and Pachence
(1961) concluded
that
wind is the most important
weather variable
to
be considered when using fire in the woods. Wind
exerts a substantial influence on temperatures
that
(1961) found that
occur during burns. Whittaker
an increase from a slight wind to a moderate one
and subsequent
fanning
of the flames caused a
temperature rise of 172 C to 3 12 C at ground level.
When the wind was strong, the equivalent
temperature
was reduced
because the flames swept
quickly over the vegetation
and did not reach
fast-moving
headfires
ground level. Nevertheless,
consistently
do more damage to brush and trees
than slow-moving backfires (Fahnestock
and Hare,
1964).
McArthur
(1963) studied the forward progress
of headfires as related to fuel moisture content and
wind velocity.
At a fuel moisture content of 6%,
McArthur
reported:
Wind

Speed

(mph)

Rate

of Spread

5

29.7

30

561.0

(ft/min)

This trend in ranges is present at all observed
levels of relative humidity, with the rate of spread
decreasing as the relative humidity increases.
McArthur (1963) also reported experiments
indicating
that flame height and fire intensity
are directly
proportional
to fuel quantity as modified by the
various weather factors stated above. All the above
conditions
may be combined
to produce
maximum temperatures
with low fuel moisture content,
high wind speed, and fixed fuel quantity.
Byram
(1958) also commented
that an increase in wind
velocity results in a subsequent
increase in rate
of spread, whether fires burn with the wind or
against the wind.
the fire may influence
the ocAfter ignition,
currence,
amount,
and behavior
of winds.
The
most favorable
condition
for fire-caused
wind
changes in unstable air. Countryman
(1964) indicated that fire whirlwinds tend to develop in areas
where opposing air currents or eddies occur. Such
air flow may result from natural causes or from air
currents induced by the fire. Fire-induced
whirlwinds appear more likely to develop under unstable rather than stable air mass conditions.
Heilman (1967) defined fire whirlwinds as a convection
phenomenon
and stated that they may occur
within the fire itself or high in the convection
column.
The occurrence
of fire whirlwinds
in
relation to unstable air mass conditions
was also
reported in Elbert’s
(1963) analysis of the Hamburg firestorm weather.
The consistency of wind direction previous to a
burn is also a factor which influences ensuing fire
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behavior.
Krueger and Pachence (1961) stated that
investigators
generally agree that burning cannot
be safely undertaken
unless the wind persists from
approximately
the same direction
for the entire
period of the burn. Any material change in wind
direction is undesirable,
and a change of 90 degrees
or more can be disastrous.
Methods

and Procedures

Twenty-four
IO-acre plots were burned
on the Spade
Ranch,
which is located 20 miles south of Colorado
City,
Texas.
Vegetation
consists of almost pure stands of tobosa
(Hiluria
mutica), which is common to the Southern
Mixed
Prairie.
Broomweed
(Gutierrezia
drucunculoides)
is also a
major species during
some years.
The plots are on level
topography
at an elevation
of approximately
1600 ft. Mesquite on the plots was sprayed with 2,4,5-T in 1965 and had
resprouts
3 to 5 ft tall. The specific mesquite
plant here
is Prosopis glandulosa
var. glandulosu.
Twenty
2.4 square-foot
quadrats
were clipped
on each
plot to determine
the quantity
of available
fine fuel. This
is an adequate
number of samples to determine
the weight
of fuel within
10% of the actual mean at the 0.95% confidence level.
Four samples

The weight of fuel was collected
by species.
for fine fuel moisture
and soil moisture
were

taken on each plot at the time of each burn.
The soil
samples were taken within
the upper
two inches of the
mineral
soil surface.
Maximum
temperatures
and durations
were recorded
with a Speedomax
W multipoint
recorder.
The recorder
was powered
by a 12-volt car battery
with an ATR
12URHG
Inverter.
Six iron-constantan
thermocouples
were
placed randomly
in each plot at the mineral
soil surface
in openings
between clumps of grass to measure maximum
temperatures.
In preparation
for the burn,
fire lines were plowed
around
each area.
Large strips of grass were burned
on
the leeward sides of the plots to allow more flexibility
in
burning
the plots and to reduce the possibility
of a fire
escape.
All areas were burned as natural head fires. The ignition
pattern
was a combination
of perimeter
and strip head
firing
(Mobley,
1967).
On each plot the two windward
sides were ignited
simultaneously;
but, where there was
unburned
fuel on the leeward side of the plot, the leeward
sides were back
fired
before
the windward
sides were
ignited.
Relative
humidity
and dry bulb temperature
were recorded
with a Weather
Measure
H311 recording
hygrothermograph.
The collection
of these data was initiated
5
hours before
ignition
and was continued
until
burning
ceased. Wind speed and direction
were recorded
manually
from a Weather
Measure
W-121
Remote
Wind
System.
Collection
of these data was initiated
5 minutes
before
ignition
and was continued
at minute
intervals
until
7
minutes
after ignition.
All weather
sensing and recording
devices were located on the windward
side, at least 150 ft
from the area to be burned.
Wind speed and direction
were
taken 7 ft above the soil surface.
Before
burning
each plot, 50 live trees were randomly
chosen and permanently
marked with a metal stake.
The
number
of stems and their basal diameters
6 inches above
the soil surface were recorded
for each marked tree. Fol-
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Table
1. Correlation
(coefficients)
variables with ignition, burndown,
mum soil surface temperature.
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of fuel and weather
mortality,
and maxi-

Dependent variables
Independent
variables
speed

Wind
Air

temperature

Relative
Total
Tobosa
Soil
Fuel

humidity
fuel
fuel

moisture
moisture

lgnition

Burndown

Mortali ty

0.32

0.56””

0.17

0.50”

0.50”

0.16

-0.75””

-0.68**

0.30

0.17

0.38

0.26

0.25

0.42”

-0.23

-0.35

-0.52**

-0.34

-0.19

-0.32
0.01

Temperature
0.30
-0.02
-0.17
0.11
-0.06
0.09

25
I
0

0.08

* Significant at the .05 level of probability.
+* Significant at the .Ol level of probability.

lowing each burn, observations
were made to determine
the actual percentage
of marked stems which had ignited
(stems with charred
wood), and burned
down (standing
stems that burned off at the base and fell to the ground).
After
one growing
season
had elapsed,
each plot
was
checked to determine
the percent
mortality
(trees with no
resprouts).
The plots were burned
between
March 7 and April 6,
1969 just before
tobosa and mesquite
begins
growing
in
the spring.
The
range of weather
variables
tested were
wind 3 to 21 mph, air temperature
56 to 85 F, and relative
Total
fine fuel varied
from 4,070
humidity
13 to 75%.
to 6,969 lbs./acre.
Fine fuel moisture
varied from 6.4 to
33-l%,
and soil moisture
varied from 4.6 to 18.1%.
Multiple
regression
techniques
were used to account
for variability
in the data. The independent
variables were:
wind speed, air temperature,
relative
humidity,
total fuel
(primarily
tobosa and broomweed),
tobosa fuel, fine fuel
moisture,
and soil moisture.
The dependent
variables were:
percent ignition,
percent burndown,
percent mortality,
and
average maximum
soil surface temperature
of the burn.
A
step-wise multiple
regression
program was used to determine
the relative
importance
of the independent
variables
in
accounting
for variation
of the dependent
variables.

Results and Discussion
Ignition

Ignition on individual tree stems within each
plot varied from 33.6 to 94.9%.
The most important variable for predicting
ignition
was relative
humidity.
It accounted
for 55.8% of the total
variation.
Fine fuel moisture
was also a highly
significant
variable
(Table
l), but it is closely
related to relative humidity
and was not an important variable
in the presence of relative humidity.
These
findings
support conclusions
by
Davis (1959) in which he states “ignition
probability increases rapidly with decreasing fuel moisture, hence with decreasing relative humidity.”
Wind speed and total fine fuel were the next
two most important
variables.
Wind
tilts the
flames of a fire and as wind increases more hot
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FIG. 1. Percent
creases.

burndown

RELATIVE

decreases

HUMIDITY

as relative

humidity

in-

gases are carried into direct contact with unburned
fuel (Davis, 1959). Also, radiative heat transfer is
increased
by wind. As total fine fuel increases,
the quantity of heat generated by a fire increases
and thus mesquite stems are more easily ignited.
The prediction
equation developed for ignition
is as follows:
Y =

25.467

+

1.705

X,

- 0.764

X,

+

0.0101

X,

where,
Y=
x, =
x, =
x, =

Percent ignition,
Wind speed in mph,
Percent relative humidity,
Total fuel in lb./acre.

This equation accounts for 80% of the total variation with s,., = 8.9.
Size of mesquite
stems also affects ignition
as
shown in the following tabulation:
Size Class

Ignition

2 inches or less
2-5 inches
5 inches or larger

(o/O)

57.7
71.7
81.7

The larger stems may be easier to ignite because
of the rougher surfaces, increased borer activity,
and possible magnification
of “chimney
effect”
or increased heat on lee side of trees as shown by
Fahnestock and Hare (1964).
Burndown

Burndown on the plots varied from 14.4 to 89.1%.
The most important variable for predicting burndown was relative
humidity.
It accounted
for
46.7% of the variation in burndown.
The second
most important
variable was wind speed. Wind
speed plus relative humidity accounted for 77.2%
of the variation.
An increase in relative humidity
decreased burndown
while an increase in wind
speed increased burndown
(Fig. 1 and 2). High

MESQUITE

DAMAGE

humidity increases moisture of bark and exposed
wood of mesquite which reduced the ease of combustion
(Fahnestock,
1953).
Wind increases
the
supply of oxygen to the fire and, as a result, the
rate of combustion.
Wind also increases heat on
the lee side of trees (Fahnestock
and Hare, 1964),
which increases the rate of combustion.
Another significant variable for predicting_ burndown was total amount of fine fuel. Addmg this
variable to wind and relative humidity accounted
for 86% of the variation
in burndown.
These
three variables were the most important
(Fig. 3)
and were incorporated
into the following
prediction equation:
Y = -3.947 + 3.129X, - 0.830X, + “.0096X,
where,
Y
X,
X,
X,

=
=
=
=

Percent horndown,
Wind speed in mph,
Percenl relative humidity,
Total fine fuel in Ib./acre.

Basically,
this equation
indicates
that 1) an increase of one mph of wind will increase burndown
3%, 2) an increase of 1% relative humidity
will
decrease burndown
0.8%, and 3) an increase of
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104 Ibs. of fuel will increase burndown 1%. These
variables account for 86% of the total variation in
burndorvn
with an syx = 7.6. Air temperature
as a single component was also important (Table 1)
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related to relative humidity and
most of its effect
is probably
masked
in this
equation by relative humidity.
Fine fuel moisture
was not a significant variable Cor burndown,
probably because all but one of the Cue1 moisture
percentages
were below 25%. This indicates that
if fine fuel moisture is below 25% it is not a major
factor in determining
the success of burning down
dead mesquite stems. We should point wt, however, that we are talking about fuel moisture of
the grass, not of the mesquite stems.
Prevailing
burning conditions
can he evaluated
by using the equation above.
For example, with
large amounts of fuel (6,000 to 7,000 lb./acre) a
land manager can burn under relatively safe conditions to achieve a 50% burndown.
As the amount
of fuel decreases,
the land manager
must burn
under more hazardous conditions
to accomplish
a
50% burndown.
Recommended
conditions
for burning
herhitide treated mesquite
trees are:
1) wind = G-10
mph, 2) air temperature
= 70-75
F, 3) relative
humidity = 25-35x.
These conditions are reasonably safe and effective where fuel is 4,000 lb./acre
or greater.
When fine fuel is less than 3,000 lb.,’
acre, burning
is probably
impractical
unless the
land owner burns under hazardous weather conditions.
In addition
to weather and fuel, tree size influences
hurndown
as shown in the following
tabulation:

WRIGHT

but it is inversely

Burndown (%)
38.5
47.2
67.4

Size Class
2 inches or less
Z-5 inches
5 inches or larger

This variation
appears to he due mainly to three
factors:
1) surface characteristics
of different stem
sizes-the
small stems have smooth hark and the
large stems have rough or broken hark, 2) size of
stems--we
suspect that the large stems caux
a
greater concentration
of heat on the lee side than
the small stems, and 3) higher incidence
of borer
activity in large stems (Fig. 4)-thus,
there is a
more efficient
transfer of heat into the stem and
gas transfer out; and this results in a decreased
ignition
time.
Mortality
Mortality
on the 24 plots varied from 0 to
24% with an average of 12%. Only the amount
of tobosa fuel accounted for a significant
amount
of variation
in percent mortality
(Table
1). It
accounted
for 17.7% of the variation.
As tobosa
fuel increased,
mortality
increased.
None of the
other variables were significantly
correlated
with
mortality
which means that death of mesquite
trees by burning is extremely
difficult
to predict.

Size of mesquite stems, however, as in burndown
and ignition, significantly
influenced
the mortality
of trees (Fig. 4). This is shown in the following
tabulation:
Size Class
2 inches or less
Z-5 inches
5 inches or larger

Marmlity
4.3
9.8
26.6

(%)

As trees burn and burning continues into the root
crown, the larger trees have a greater amount of
fuel; they burn for a longer time and release more
heat per unit of bud zone. Thus,
the buds of
large trees are eventually
exposed to more heat
than small trees. The small trees usually burn for
less than half an hour, while the large trees burn
Cor several hours, some burning for several days.
Temperature
Average
maximum
soil surface
temperatures
varied from 474 F to 730 F. These temperatures,
plotted in relation
to pounds of fuel per acre,
fitted very well on the regression line for Stinson
and Wright’s (1969) “high plains” data.
The effects of weather, soil moisture, and fine
fuel moisture
on average maximum
soil surface
temperatures
were evaluated.
However, none of
these variables
were significantly
correlated
with
average maximum soil surface temperatures
(Table
1). Wind had the highest correlation,
but it only
accounted for 9% of the variation.
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Three
sets of buffel grass seed with germination
percentages of 0.8, 35 and 94 were sown in a spinifex
grassland near Alice Springs, N.T., at a depth of 2.5 cm. Replicated batches were recoverd
from each set at increasing
intervals
and their germinability
compared
to seed kept
in laboratory
storage.
All seed lost dormancy
progressively,
more rapidly
in soil than storage.
In the soil natural
death of non-dormant
seeds was probably
concurrent
with
loss of dormancy,
the balance leading eventually
to small
germination
percentages.
Values of about 10% were obtained
2-4
years
after
sowing,
the seed with highest
germinability
at sowing
having
the shortest
span.
In
storage
germination
percentages
remained
above
60.
Range seeding of adapted varieties of buffel grass in arid
regions with infrequent
establishment
periods can be attempted with confidence
in seed longevity.

In arid areas seedlings
of perennial
grasses
mostly occur after “good rains” by which is implied
relatively high precipitation
over periods of several
rainy days or in a favourable
sequence.
Establishment begins with the occurrence
of conditions
suitable for germination,
especially the availability
of soil water for periods sufficient to complete the
lReceived
February
tember 22, 1970.

27,

1970;

accepted

for publication

Sep-

2The author
is grateful
to Messrs. J. R. Donellan,
R. M.
Hodder, and R. W. Millington
for their valuable assistance
at different
times.
Mr. Millington
continued
the experiment unaided from 1964 with skill and care.

141

States.
U. S. Forest Serv., Southeastern
Forest Exp. Sta.
Paper 131. 29 p.
MCARTHUR, A. G.
Revised forest fire danger tables.
1963.
Forestry
and Timber
Bureau,
Annual
Report
for the
Year 1962. p. 7-8.
MOBLEY, HUGH.
1967.
Fire
behavior
relationships.
In
Nat. Fire
Behavior
Course
Notes.
U. S. Forest
Serv.,
Marana, Ariz. (mimeographed.)
1969.
Temperatures
of
STINSON, K. J., AND H. A. WRIGHT.
head fires in the southern
mixed prairie
of Texas.
J.
Range Manage. 22: 169-174.
TAYLOR, D. F.
1964.
Weather’s
role in prescribed
burning. Virginia Forest, Summer.
5 p.
VARESCHI, V.
1962.
La quema come factor ecologico
en
10s llanos.
Boletin
de la Sociedad Vanezolana
de Ciencias
Naturales.
23:9-31.
WHITTAKER, E.
1961.
Ecol. 49:709-715.

Temperatures

in

heath

fires.

J.

processes of germination
(MacGinnies,
1959; Winkworth, 1963a). The presence of osmotic and physiological inhibitors
in the dispersal organs of desert
plants (Beadle,
1952;
Koller,
1955a and 1957;
Koller and Negbi, 1959; Koller et al., 1958) may
impose particular
rainfall
requirements
as suggested by Went (1949).
The
infrequent
occurrence
of germination
periods in arid regions means that seed of successful species remains alive for long periods after
shedding or range seeding.
In much of central
Australia,
for example, germination
periods suitable for perennial grasses occur about once a year
on the average. Seeding into wet soil is precluded
by the briefness of the periods when moisture is
available in the top soil. Hence seeding must be
done into dry soil to await the onset of rain, even
in water spreading systems.
The situation immediately
poses the question of
the longevity of seed in the sowing zone of the soil.
The sparseness of plants and litter affords little
cover to the seed and most of the potentially
germinable
seed will be buried under bare soil.
In a previous experiment
the percentage germination of batches of buffel grass (Cenchrus
ciliaris
L.) seed sown 2.5 cm deep among the tussocks of a
spinifex
grassland
and recovered
after various
periods showed that the seed maintained
original
levels near 35% germination
for 8 months, declined to 12% after one year and then remained
near 10% for another
two years (Winkworth,
196313). Since it was thought that the proportions
of dormant and non-dormant
seed at the time of
sowing affected
the levels of germination
maintained, the study was continued
with two more
sets of seed of the same origin with different proportions at sowing. As previously, the work was at
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periods in arid regions means that seed of successful species remains alive for long periods after
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In much of central
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periods suitable for perennial grasses occur about once a year
on the average. Seeding into wet soil is precluded
by the briefness of the periods when moisture is
available in the top soil. Hence seeding must be
done into dry soil to await the onset of rain, even
in water spreading systems.
The situation immediately
poses the question of
the longevity of seed in the sowing zone of the soil.
The sparseness of plants and litter affords little
cover to the seed and most of the potentially
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seed will be buried under bare soil.
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spinifex
grassland
and recovered
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periods showed that the seed maintained
original
levels near 35% germination
for 8 months, declined to 12% after one year and then remained
near 10% for another
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of dormant and non-dormant
seed at the time of
sowing affected
the levels of germination
maintained, the study was continued
with two more
sets of seed of the same origin with different proportions at sowing. As previously, the work was at
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a site (lat. 22’55’S,
alt. 640 m) located 100 km
northwest of Alice Springs, N.T., which has a long
term average annual rainfall of 267 mm, 191 mm
falling in summer (October
to March inclusive).
Average maxima and minima screen temperatures
range from 35 C and 21 C respectively
in the
hottest month, January,
to 19 C and 4 C in the
coldest month, July.
The soil was a red clayey
sand typical of the central area of the extensive arid
spinifex grasslands described by Winkworth
(1967).
Literature Review
Characteristically
the genus
Cenchrus
has a spike-like
inforescence
composed
of fascicles which are clusters
of a
few spikelets
surrounded
by an involucre
of bristles
and
which
fall entire.
The
fertile
dispersal
unit,
commonly
called the seed, thus is made up of 1 or 2, rarely more,
caryopses enclosed by paleas, lemmas and glumes all within
the involucre.
Lahiri
and Kharabanda
(1961)
found
in
their material
of C. ci2iaris that caryopses were of two sizes,
large ones being about
3 times heavier
than small ones,
and having higher germinability.
At the time of shedding, or more strictly at harvest time,
buffel grass “seed” has small germination
percentages
which
gradually
increase
during
dry storage
(see, for example,
Winchester,
1954).
Numerous
scattered
reports
indicate
a
large variation
in rates of dormancy
loss and levels of
germination
reached but there are no critical data to relate
this to varietal,
developmental,
environmental,
or storage
factors.
Akamine
(1944) showed that the complete
removal
of all floral parts from around
the caryopses
greatly
enhanced
the germination
percentages
which were further
increased
by cutting
the coat of remaining
seeds. Water
extracts
of any or all of the fascicle parts inhibited
germination.
He concluded
that dormancy
was caused by a
combination
of an inhibitor,
which appeared to be absorbed
to some extent
by wet powdered
charcoal
and soil, and a
block
to gaseous
exchange
through
the seed coat.
The
results obtained
by Andersen
(1953) were in keeping
with
this theory, as were those of Lahiri and Kharabanda
(1963)
who suggested
that
the inhibitor
might
be coumarin,
though their data were insufficient
for positive
identification.
Various
workers (see Andersen,
1953) showed that short
exposures
of buffel seed to sulphuric
acid or low or high
temperatures
sometimes
increased
germination
to levels
equivalent
to some months of dry storage at room temperatures; germination
of both naked and enclosed
seed was
stimulated
by 0.2% KNO,
solution.
The reasons for these
treatment
effects,
common
to many species, were not investigated.
Isolation
of the inhibitor
and definition
of
the critical structures
of the seed coat would enable a study
of their reactions
to treatments
and changes during natural
ageing.
Andersen
(1953) f ound that seed germinated
over a temperature
range of at least 10 C to 40 C with near optimal
percentages
obtained
at 30 C constant
or with alternations
to 20 C at night.
Light
requirements
have not been
examined
critically
though
the seeds are apparently
insensitive.
Optimum
germination
has been
obtained
in
continuous
dark, continuous
light and light/dark
alterna1953; Al-Ani and Ouda, 1969).
tions (Andersen,

Method

and Materials

Galvanized
iron rings, 17.8 cm in diameter
and 5 cm in
depth, were pushed into the soil until the upper rim was
below
the surface.
Soil was excavated
from within
the
rings to a depth of 2.5 cm. Batches of 200 or 400 fascicles
were sprinkled
into each hole after which
the soil was
replaced (see Fig. 1, Winkworth,
1963b).
At each sampling time ten batches of seed were excavated,
all soil being removed
to the bottom
of the iron rings,
the whole sample spread in trays, watered
and incubated
at 30 C. Each time five batches of stored seed were counted
out, mixed with a similar volume of the same soil and incubated.
Emergence
of the coleoptiles
above soil surface
was counted for periods up to six weeks.
Three
sets of seed with different
initial
germinability
were obtained
from one collection
by natural
ageing and
production
of progeny, compelling
burial on different
dates.
(1) Set A, the original seed, <as a commercial lot harvested from naturalized
stands in arid areas of Western Australia.
The
seeds were received
and 80
batches
sown in September
1958, when 35% were
germinable
by incubation
in soil at 30 C.
Set
B
was
that
portion
of
Set A which was kept in
(2)
glass jars for 21 months when in June 1960, at nearpeak germination
of 94%, 80 batches were sown.
(3) Set C was the seed harvested from a small irrigated
plot sown with seed of Set A. Sufficient
seed was
obtained
in a harvest
to sow 120 batches
in May
1962. At the time of sowing germination
was 0.8%.
The eight sampling
times for Set A are indicated
by Al
to A8 in Table
1, which also shows the times Bl to B7 and
Cl to Cl2 for Sets B and C.
Rainfall
at the site was gauged by a 20.32 cm chartrecording
pluviometer.
Temperatures
and relative
humidities were recorded
by a thermohygrograph
in a standard
me terological
screen.

Results and Discussion

The
mean
percentage
germination
of each
sample of fascicles, of which a proportion
contain
more than one caryopsis, was plotted sequentially
(Fig. 1). Analyses of variance on transformed data
showed that effects of duration of burial or storage
were significant
(P < 0.01) in each set of seed.
Individual
comparisons
(t) of successive
mean
germination
percentages
indicated significant
differences between the samples joined by solid lines
in Fig. 1.
Climate

Results for the three sets of seeds were plotted
together on one time scale although buried during
different
calendar
periods.
A study of the site
climatic records did not reveal any events such as
excessively high or low temperatures
distinctive
to
the different periods.
Rainfall
was below average except in 1962 and
1966 and was less than half the Alice Springs
average in 1959, 1961, 1963, 1964 and 1965 (Table
1). Soil moisture requirements
for the germination
of buffel grass seed known from other field experi-
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On several occasions during the burial period
of each seed set rainy periods wet the soil briefly.
Germination
without emergence
was considered
unlikely
on most of these occasions.
Alternate
wetting and drying of seed was detrimental
to subsequent levels of germination
in some species observed by Griswold (1936) but stimulation
has been
reported in many others, sometimes being possibly
related to the leaching of inhibitors.
In this study
samples were not taken especially before and after
rainy periods. An examination
of the occurrences
of effective rain in relation to the observed changes
in germinability
was inconclusive
about the effect
of wetting and drying on ungerminated
buffel seed
other than that stimulation
did not occur.
Declines
in germination
percentages
of buried
seed took place during periods when rain was
insufficient
to wet the seed, amounting
to 78%
of the total decline in Set A, 35% in Set B, and
27% in Set C, suggesting that natural death of
embryos in dry soil was an important cause of loss.
Initial

1. Germination of 3 individual sets of buffel grass seed
after (a) storage and (b) burial in the soil for different periods.
Solid lines denote significant differences (P < 0.01).

FIG.

ments at Alice Springs (Winkworth,
unpublished)
were satisfied possibly during 6 rainy periods, 2
occurring during the term of each set of seed, and
at no other time. Emergence occurred in the field
on 3 occasions, once from each seed set, amounting to < O.l’& l%, and 0.6% of the seed remaining in the soil at the particular
times in A, B and
C respectively.
Table

1. Rainfall

(mm)
1958

January

and sampling
1959

1960

0

February

17A3

March

15
0

April

54-44

May
June
July
August
September

0

months

20

91

19

3

13

OAs

on5

0

15

1

48c4

0

26

On2

0

1Wl

O-45

()B3

0

190

85C10
2

OnI

120

OCS

10

0

23n4

0

0cs

0

3

13

27

1c3

0

17

10

26

1966

3

54

2

1965

0

0

25A7

1964

0

0

8

1963

19

4

10

site, 1958 to 1967.

0

59

A8
2 B6

at the experimental

159

0

62A2

-

Cl-C12)

58

28A1

Year

Bl-B7,

1962

November

4

Seeds that were non-dormant
at the time of sowing rapidly died in the soil as seen in Set B which
had 94% of the sample germinable
at commencement. Initial mortality rates were nearly 1% per
day for a month, then became less, germination
falling to 26% after 26 weeks. In the other two sets
of seed it seems possible that death of nondormant
seed would be concurrent
with a progressive loss of
dormancy and that the observed levels of germination represent
a balance between
the prevailing
rates of the two processes. For example in Set C,
which had less than 1% germinable
seed at sowing,
loss of dormancy proceeded at a rapid rate for at
least the first nine months in the soil after which
mortality rate was the greater. In Set A it is likely
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that the balance resulted in the observed insiginificant changes in germination
percentages
for the
first eight months after which there was the major
decline in dry soil.
Stored seed behaved similarly from both 35% and
0.8% initial germination.
Note that Set B is the
continuation
of Set A from the 94% level.
Longevity

A small proportion
of seed remained viable for
3, 2 and 4 years in the soil in A, B and C respectively,
showing an approximate
relationship
to initial germinability.
The behaviour
of Sets B
and C suggest that the early and relatively
large
changes in germinability
were distinct from the
later survival
period, where a rise and fall in
germination
percentage
occurred
in buried seed
after the major declines. Seed in dry storage showed
an apparent “secondary dormancy” when germination percentages
fell and rose again after reaching
peak values.
It seems likely that dormancy
was
lost more rapidly
in soil than in storage and
appreciable
increases in germination
percentages of
stored seed occurred later than the major declines
It is difficult
to assess
shown by buried seed.
whether the long term survival in soil was due to a
fraction
of seed with a different
dormancy
condition rather than to resistant non-dormant
seed.
The natural death of seed in the soil contrasted
sharply with the high germination
percentages
maintained
in storage and emphasize the need to
examine
the germination
behaviour
of seed surviving under natural conditions.
It has been assumed here with buffel grass that
all germinable
seed responded
when incubated
at 30 C with adequate moisture for several weeks.
In other species cases are known when the conditions required
for successful
germination
distinctly changed with time in storage or in response
to external stimuli (see, for example,
Mayer and
Poljakoff-Mayber,
1963; Koller,
1955b) and this
possibility cannot be ruled out for buffel grass.
Conclusions
The survival of 10% of seed for 2 years should
ensure a reasonable
amount of germinable
seed
sown into dry soil and range seeding with buffel
grass can be attempted in arid regions with infrequent and unpredictable
establishment
periods.
The changes in germination
percentages according
to the proportions
of dormant and non-dormant
seed at sowing time will determine
the desirable
condition
of seed lots for seeding only in those
areas in which rainfall is predictable
in the short
term of one year or less. Both conclusions
are
based on the survival spans of the single collection
of seed and their progeny used here. The survival
of manv naturalized
stands of several varieties in

arid Australia
for more than 50 years and many
indigenous varieties in arid India and Africa suggests that seed longevity is common in the species.
The rate of changes which might occur in other
climatic areas and soils, and with other varieties
or collections
of a single variety cannot be predicted from this single exploratory
study; prediction
may come from the elucidation
of the
ageing processes in the embryo,
seed coat and
enveloping floral organs whilst in the soil and the
effects of the micro-environment
on the rates of
change.
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Highlight
A high elevation,
tarweed-infested
range which had been newly seeded to
grass was sprayed with 3 rates of 2,4-D
at 2 growth stages of the seeded grass.
2,4-D at 0.5 lb./acre
killed over 97%
of the tarweed
and 1 and 2 pounds
killed 99 and almost 100, respectively.
Rate of spraying when grasses had 1
to 2 leaves did not affect
numbers
of grass plants but killed more tar-weed
than did spraying
when grasses had
2 to 4 leaves.

Herbicides
are
often
recommended for control of undesirable
plants in range seeding (Plummer
et al., 1955; Eckert
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1968).
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of 2,4-dichlorophenoxy
acetic acid
(2,4-D).
Phillips
(1949) reported
damage
to
three
warm-season
grasses and three cool-season grasses
when they were sprayed with an
amine form of 2,4-D at 0.5 and 1
lb./acre at emergence.
No injury
occurred when they were sprayed 2,
4 and 8 weeks after emergence.
McGinnies
(1968) found that 3
lb./acre of 2,4-D did not damage
grass seedlings sprayed when weeds
growing with the grasses were 6 to
12, 18, or 24 inches tall.
Klomp
and Hull (1968) sprayed grass seedlings in the greenhouse
with 2,4-D
at 1, 2, and 4 lb./acre.
The higher
the rate of 2,4-D the greater the
reduction
in
number
of
grass
plants.
The present study was to
determine
how different
rates of
2,4-D affected grass seedlings when
different
stages
of
sprayed
at
gro’wth in the field.
Procedures

l Cooperative investigations of Crops
Research Division, Agricultural Research Service, U. S. Department
of
Agriculture;
U. S. Forest Service, U. S.
Department
of Agriculture;
and Utah
Agricultural
Experiment
Station.
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2The author thanks those who assisted
with this study or made helpful
comments
on the manuscript.
Special
thanks
are due G. J. Klomp
who
helped plan the field work and Arvel
Bitters
and Bernard
Thurston
who
did much of the field work.

Studies
were conducted
in a
natural
opening
dominated
by
annual plants in the spruce-fir type
at Franklin
Basin in southeastern
Idaho.
The area is at 8,400 feet
elevation and the annual precipitation averages

46 inches.

The

domi-

nant species on the area is tarweed
(Ma&
siderable
gonum
collomia
A

thick

glomerata
bushy

Hook.),

ramosissimum
(Collomia
growth

with con-

knotweed
Michx.)

(Polyand

Zinearis Nutt.).
of

fleshy-rooted

plants such as bicolor
biscuitroot
(Lomatium leptocarpum
(Torr. and
Gray) C. and R.) and lanceleaf
spring
beauty
(Claytonia
ZanccoZata Pursh) occurs in the spring.
We tested the eight spraying and
seeding treatments
listed in Table
1 for 3 years (fall
1965-spring
1968)
with
4 replications.
An
isooctyl ester of 2,4-D (low volatile)
was applied to the 8 treatments
at
3 rates: 0.5, 1, and 2 lb./acre, acid
equivalent.
Three
grasses:
intermediate
wheatgrass
(Agropyron
intermedium (Host) Beauv.), slender wheattrachycaulum
(Agropyron
grass
(Link) Malte), and smooth brome
inermis
(Bromus
Leyss.),
were
drilled % inch deep with a cone
seeder at 25 seeds per foot in rows
spaced
12 inches
apart.
Spring
seedings were in early June, as soon
after snow melt as possible.
Fall
seedings were in late September.
The three species had similar seedling growth stages and were averaged to evaluate treatments.
A hand sprayer was used to apply
2,4-D at the required rate. Stands
were sprayed and spring seedings
were made in early June.
At this
time the fall-seeded grass had 1 to
2 leaves and tarweed plants were
0.2 toI 0.4 inch high with 2 to’ 4
leaves
and
an average
of
157
plants/f t2. Sprayings
when grass
had 2 to 4 leaves were about 4
weeks later. At this time tarweed
was 1 to 1.5 inch tall and had 6
Sprayings
for the
to 12 leaves.
spring-drilled
grass were delayed
to late June or early July.
When
spring-drilled
grass had 1 and 2
leaves, tarweed was 1 or 1.2 inches
with 6 to 12 leaves. Spraying when
grass had 2 to 4 leaves was about
3 weeks later.
For this spraying,
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spring
beauty
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ZanccoZata Pursh) occurs in the spring.
We tested the eight spraying and
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listed in Table
1 for 3 years (fall
1965-spring
1968)
with
4 replications.
An
isooctyl ester of 2,4-D (low volatile)
was applied to the 8 treatments
at
3 rates: 0.5, 1, and 2 lb./acre, acid
equivalent.
Three
grasses:
intermediate
wheatgrass
(Agropyron
intermedium (Host) Beauv.), slender wheattrachycaulum
(Agropyron
grass
(Link) Malte), and smooth brome
inermis
(Bromus
Leyss.),
were
drilled % inch deep with a cone
seeder at 25 seeds per foot in rows
spaced
12 inches
apart.
Spring
seedings were in early June, as soon
after snow melt as possible.
Fall
seedings were in late September.
The three species had similar seedling growth stages and were averaged to evaluate treatments.
A hand sprayer was used to apply
2,4-D at the required rate. Stands
were sprayed and spring seedings
were made in early June.
At this
time the fall-seeded grass had 1 to
2 leaves and tarweed plants were
0.2 toI 0.4 inch high with 2 to’ 4
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and
an average
of
157
plants/f t2. Sprayings
when grass
had 2 to 4 leaves were about 4
weeks later. At this time tarweed
was 1 to 1.5 inch tall and had 6
Sprayings
for the
to 12 leaves.
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grass were delayed
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When
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grass had 1 and 2
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grass had 2 to 4 leaves was about
3 weeks later.
For this spraying,
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Table
1. Grass seedlings
(per ft2) in second year and tarweed
plants
(per
ft2) the first year from different
seeding treatments
and from spraying
2,4-D at 3 rates (lb./acre).
Average of three years (1965-S).
Spray rate
Treatment and stage
of growth of grass
seedlings
Spray spring, drill
fall, spray spring
l-2 leaves
2-4 leaves

0.5

1.0

2.0

Grass Tarweed

Grass Tarweed

Grass Tarweed

0.7

0.3

1.1

0.1

0.9

0.0

0.7

0.2

0.8

0.0

0.7

0.0

0.7
0.9

1.1
6.9

1.0
0.8

1.7
2.6

0.8
0.7

0.4
0.6

0.8

0.9

8.3
8.5

1.0
0.8

2.1
5.4

1.2
0.6

0.4
0.5

Spray immediately
before drilling

1.1

7.8

1.5

3.8

1.6

0.4

Spray immediately
after drilling

1.5

2.1

1.4

2.1

1.2

0.4

Average of above

0.9

4.4

1.1

2.2

1.0

0.3

Drill fall without
seedbed treatment*

-

-

0.5

157.0

-

-

Drill fall, spray
spring
1-2 leaves

2-4 leaves
Drill

and spray
l-2 leaves

Stage

Spraying

* Not sprayed.

tarweed was 3 to 5 inches tall with
16 to 30 leaves and 90% in bud.
Grass seedlings and tarweed on
each treatment
and on the check
were counted in the spring, in late
summer, and near the end of the
second growing season.
In addition
to the 3-year study,
several methods of seeding tarweed
infested
areas are being tested in
an 11-year study at this area. The
spraying treatments and a check are
presented
here
for
comparison.

Table
2.
Average

Spraying in the long-time study has
been with 1.5 lb./A 24-D
when
grasses had 1 to 2 leaves.
Results and Discussion
Rate

of Spraying

All rates of 24-D controlled
tarweed plants. A rate of 0.5 lb./acre
24-D
and

killed

97.2%

and 99.8%,
pared

Treatment

Spray spring, drill fall
spray spring*

11

with

the

check

seeding

1st yr

98.6%

when com(Table

1).

treatments.

Tarweed

Grass

1.6

killed

respectively

Grass and tar-weed plants/ft 2 from different
of the years treated during the 1958-68
period.

Years
treated

of the tarweed

1 and 2 lb./acre

2nd yr
.5

1st yr
.3

of Spraying

Tarweed sprayed when grass had
1 to 2 leaves averaged 1.6 plants/ft2
surviving
compared
to 2.7 when
grass had 2 to 4 leaves, and 157
where not sprayed.
An average of
0.9 grass plants/fP
survived when
sprayed at the 1-2 leaf stage, 0.8
at the 2-4 leaf stage and 0.5 on the
check
where
tarweed
was not
sprayed.

spring

2-4 leaves

Most surviving tarweed plants were
small and low in vigor.
The
number
of grass plants
varied with years and treatments,
with noi significant
differences
between rates of 24-D.

Treatments

Grass plants surviving the various
sprayings
varied with years, with
no significant
differences
among
Spraying
immediately
treatments.
before or after drilling in the spring
killed most of the tarweed and more
grass plants
survived.
Ho’wever,
spring seedlings
were made early
with hand drills, and heavy machinery
for
large-scale
seeding
could not have been used this early.
Grass seedlings emerging the first
year fo’r all treatments were double
those surviving to the second year,
except for the no treatment
plot
where emergence
was over four
times the survival.
The spraying and seeding treat1 l-year
ments
on the
adjacent
methods study averaged fewer grass
seedlings.
However, they have the
same trend (Table 2).
Conclusions
Tarweed can be successfully coatrolled by spraying with as little
as 0.5 lb./acre 2,4-D in early spring,
and tarweed control almost doubles
the survival of grass seedlings when
compared to no control.
Literature Cited

Drill fall,
spray spring

8

1.5

.6

1.1

Drill and spray spring

9

1.2
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2.0

Drill fall, without
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1.3
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* Sprayed the second time only when necessary.
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Highlight
Pellet inoculated subclover (Trifolium
subterruneum)
seed planted at
various autumn dates on a site where effective nodulation was known to be a
problem, produced healthy plants when mean ambient air temperature in the
6 weeks following germination was between 49 and 62 F. When mean
temperature for the 6-week period was about 45 F, very poor clover stands
developed. Seed planted September 10, about one month before a rain,
produced a good stand of vigorous clover. This indicated that sufficient viable
inoculum had survived in dry soil on the pelleted seed until the rains came.
It is recommended that where subclover is adapted, plantings be made in
October rather than waiting until after the soil is wet. More vigorous clover
grew from seed which was in the ground at the time of the first rain than
From seed drilled soon after the rain.
California annual ranges are completely dry during the late spring,
summer,
and into the fall until
the first rain of about
an inch
During
this long dry seaoccurs.
levels are generally
son, protein
too low for even dry adult sheep
maintenance
levels. After the fall
rains when pastures begin to grolw
they
are almost
universally
deficient in nitrogen.
The establishment
of subclover
(Trifolium
sub terraneum)
on California ranges is a highly beneficial
methold of increasing
winter and
spring production
and summer protein levels (Love,
1952; Williams
et al., 1957; Jones, 1967; Jones and
Winans,
1967). However, establishment of subclover
stands has not
lReceived March 14, 1970; accepted
for publication July 27, 1970.

been colmpletely successful in many
instances.
Williams
et al. (1957)
recommended
seeding during October just prior to the first fall rain.
But in solme years the rain is late in
coming, and many bacteria applied
in the inoculant
die in the warm,
soil.
Holland
(personal
dry
communication)
therefore,
recommended
that planting
be delayed
until after the soil is moist.
Hely et al. (1957) attributed
the
failure of subclover to establish in
certain

Australian

soils

to

antag-

onism
from
native
soil
microorganisms.
With an abundance
of
native clovers and their N-fixing
bacteria,
this antagonism
is also a
problem

in California

(Holland
(1964)

et

pointed

numbers

al.,

range

1969).

soils

Burton

olut that far greater

of rhizobia

are needed

to

Seeding rangeROBERTSON. 1955.
lands in Utah, Nevada, southern
Idaho and western Wyoming. U.S.
Dep. Agr. Agr. Handbk. No. 71.73 p.
TEEL, M. R.
2,4-dichloro1952.
phenoxy-acetic acid as a herbicide
for controlling broad-leaved weeds
in grass seedings. M. S. thesis. Univ.
Nebr. 73 p.

bring
about
effective
nodulation
than was formerly suspected. Thousands, rather than the often quoted
50 to 100 viable rhizobia per seed
are needed.
Brockwell
( 1962) reported that the inoculant remained
viable on subclover seed stored up
to 4 weeks when the inoculant was
applied in a solution of gum arabic,
and the seed was coated with calHowever,
such
cium
carbonate.
pelleted
seed, sown in November
into wet soil, has still failed to establish satisfactory subclover stands
in some instances.
These failures
may have resulted from the onset
of low temperatures
soon after germination.
The purpose of this experiment
was to determine the effect of planting date and variations
in rainfall
and temperature
on the establishment of healthy subclover plants.
Procedure
The
experimental
site was located on a Sutherlin
loam soil
(Gowans,
1958) on the University
of California’s
Hopland
Field Station. The site was characterized
by
soil with poor internal
drainage,
a pH 6.1-6.5,
a slope 10% to the
southeast, and was at an elevation
of 600 feet. Plants on the site were
annual
grasses,
such
as fox-tail
fescue (Festuca megalura) and soft
chess (Bromus mollis), filaree (Erodium
botrys) and a number
of
native clovers (Trifolium
sp.). The
site was mowed, raked, disked, and
ring-rolled
prior to planting
each
year.
The

plantings

fall of three
lows:

October

November

were made in the

different
3,

7, 1966;

years as fol-
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and
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Highlight
Pellet inoculated subclover (Trifolium
subterruneum)
seed planted at
various autumn dates on a site where effective nodulation was known to be a
problem, produced healthy plants when mean ambient air temperature in the
6 weeks following germination was between 49 and 62 F. When mean
temperature for the 6-week period was about 45 F, very poor clover stands
developed. Seed planted September 10, about one month before a rain,
produced a good stand of vigorous clover. This indicated that sufficient viable
inoculum had survived in dry soil on the pelleted seed until the rains came.
It is recommended that where subclover is adapted, plantings be made in
October rather than waiting until after the soil is wet. More vigorous clover
grew from seed which was in the ground at the time of the first rain than
from seed drilled soon after the rain.
California annual ranges are completely dry during the late spring,
summer,
and into the fall until
the first rain of about
an inch
During
this long dry seaoccurs.
levels are generally
son, protein
too low for even dry adult sheep
maintenance
levels. After the fall
rains when pastures begin to grolw
they
are almost
universally
deficient in nitrogen.
The establishment
of subclover
(Trifolium
sub terraneum)
on California ranges is a highly beneficial
methold of increasing
winter and
spring production
and summer protein levels (Love,
1952; Williams
et al., 1957; Jones, 1967; Jones and
Winans,
1967). However, establishment of subclover
stands has not
lReceived March 14, 1970; accepted
for publication July 27, 1970.

been colmpletely successful in many
instances.
Williams
et al. (1957)
recommended
seeding during October just prior to the first fall rain.
But in solme years the rain is late in
coming, and many bacteria applied
in the inoculant
die in the warm,
soil.
Holland
(personal
dry
communication)
therefore,
recommended
that planting
be delayed
until after the soil is moist.
Hely et al. (1957) attributed
the
failure of subclover to establish in
certain

Australian

soils

to

antag-

onism
from
native
soil
microorganisms.
With an abundance
of
native clovers and their N-fixing
bacteria,
this antagonism
is also a
problem

in California

(Holland
(1964)

et

pointed

numbers

al.,

range

1969).
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applied in a solution of gum arabic,
and the seed was coated with calHowever,
such
cium
carbonate.
pelleted
seed, sown in November
into wet soil, has still failed to establish satisfactory subclover stands
in some instances.
These failures
may have resulted from the onset
of low temperatures
soon after germination.
The purpose of this experiment
was to determine the effect of planting date and variations
in rainfall
and temperature
on the establishment of healthy subclover plants.
Procedure
The
experimental
site was located on a Sutherlin
loam soil
(Gowans,
1958) on the University
of California’s
Hopland
Field Station. The site was characterized
by
soil with poor internal
drainage,
a pH 6.1-6.5,
a slope 10% to the
southeast, and was at an elevation
of 600 feet. Plants on the site were
annual
grasses,
such
as fox-tail
fescue (Festuca megalura) and soft
chess (Bromus mollis), filaree (Erodium
botrys) and a number
of
native clovers (Trifolium
sp.). The
site was mowed, raked, disked, and
ring-rolled
prior to planting
each
year.
The

plantings
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October
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were made in the

different
3,

7, 1966;

years as fol-

10,

17, 24

and

September

15,
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13, 27 and November
29, October
10, 1967; and September
10, October 1, 22 and November
12, 1968.
For
each planting
date there
were paired plots, seeds inoculated
and uninoculated,
replicated
four
times. The seed pelleting
method
(Holland
et al., 1969) was used to
apply four times (“4~“) the amount
of inoculant
recommended
by the
manufacturer.
The inoculant
was
fresh “R” culture
peat with 15
billion live bacteria per ounce guaranteed by the Nitragin
Company.
The
recommended
rate
was 4
ounces peat inoculant
per bushel
(60 lb.) of subclover
seed.
The
“4X ” rate was equivalent
to 4
billion bacteria per pound of seed,
or about 72,000 bacteria
per seed
[54,000 subclover seeds per pound
(Anonymous
1965)]. The uninoculated seed was also pelleted,
and
was planted
first at each date to
prevent contamination.
An individual
plot consisted of
five rows, 1 foot apart and 10 feet
long, in a 5 by 10 foot area. Seeding was done by hand in simulated
drill furrows at the rate of 10 lb.
per acre. The seeds were covered
with about % inch of soil. All plots
received single superphosphate
just
prior to seeding at a rate of 500
lb./acre in 1966 and 1000 lb./acre
in 1967 and 1968.
Start of germination
was considered as the date sufficient
rain
fell to start germination,
or the
date seed was placed into soil wet
enough to start germination.
Germination
did not actually
occur
the day of rain or seeding, but the
germination
process began then and
continued
over a period of several
days.
Since the number
of seedlings
emerging from the ground was not
affected
by date of planting
or
inoculation,
the important
question was whether
the plants were
N deficient.
Healthy
plants had
dark green leaves, while N deficient
plants
were small with reddishyellow leaves. Percent heal thy subclover

plants

visual

estimation

by plant

counts

were

determined

in February

by
and

near the end of the

ET

AL.

Table
1. Effect of seeding date, germination
date, and mean air temperature
(OF) during 6-week period immediately
following
germination
on the percentage of healthy subclover plants in spring.
Mean air temp.
6-week period
following
germination

Start of
germination
date

Planting
date

1966-67

Percent
healthy
subclover

season

Oct. 3
Oct. 10

Nov.

7

49.9

94al

Nov.

17
24
Nov. 7

Nov.
Nov.
Nov.

7
7

49.9
49.9

82a
1OOa

7
7

49.9
49.9

98a

68a
1OOa
15b

Oct.
Oct.

1967-68

85a

season

Oct. 13

Nov.

10

60.5
60.5
45.3

Oct. 27

Nov.
Nov.

10
10

45.3
45.3

30b
9b

54.6
54.6

98a
1OOa

49.0
44.5

10b

Sept.
Sept.

Nov.

Oct. 3

15
29

Oct.

10

Sept. 10
Oct. 1
Oct. 22

Nov.

Oct.
Oct.

3

1968-69
13
13

season

Oct. 29
Nov. 12

12

l Percentage values followed by the same letter
5% level-using Duncan’s test.

growing
season in April or May
while plants were still green.
Because the two procedures gave similar results,
only the result from
the plant counts are reported. Temperature
and rainfall
data were
from
a weather
station
located
about oae mile north and 200 feet
higher in elevation than the experimental site. Climate
at the study
area was similar
to that at the
weather station.
Results
There was goold germination
and
emergence of the subclover irrespective of treatment
or planting date.
By January
1 each year nearly all
subclover
plants in the uninoculated
treatments
were
reddishof
yellow in color, an indication
These
plants were
N deficiency.
also very small, and the few nodules present were small and light
in color.
As the season advanced,
the plants became so deficient
in
N that they did not grow beyond
the second trifoliate leaf stage.
The percentages of healthy plants
from inoculated
seed planted
in
the fall of 1966 varied from 82 to

are not significantly

90a
different

at the

100 with time of seeding (Table 1).
The differences
were not statistically significant
at the 5 percent
level. All the plantings were made
in dry soil except the one on November 7. Regardless
of the date
of planting, germination
was about
on the same date, since the first
effective
rain (0.70 inch) fell on
November 5 and 6. Apparently sufficient numbers
of rhizobia
lived
from October 3 to November
7 in
the lime pellet, under warm dry
conditions
(Table Z), to effectively
inoculate
the subclover
when the
rains finally came. Also, it was apparent
that following
the rains,
temperatures
were sufficiently
high
for nodual formation
and N fixation.
High percentages of healthy inoculated plants resulted from the two
earliest planting
dates in the fall
of 1967, when the seeds germinated after a rainfall of 1.18 inches
on October 3. Temperatures
were
obviously warm enough for nodual
formation
and N fixation.
After
the rainfall
warm
temperatures
caused surface soils to become too
dry by mid-October
to germinate

SEEDING
Table 2. Weather data for September-December
Hopland Field Station, California.
Monthly temperature

(OF)

Mean

1966,

1967, and

Monthly
rainfall
inches

1968 at

No. of days
with temperature
below 32 F

Month

Year

Mean
Max.

Sept.

1966
1967
1968

86.8
91.1
87.4

48.7
52.0
51.4

67.8
71.6
69.4

0.01

Oct.

1966
1967
1968

80.6
77.6
75.1

42.0
44.2
43.5

61.3
60.9
59.3

0.00
1.97
1.80

Nov.

1966
1967
1968

62.3
66.2
59.7

40.9
41.3
40.1

51.6
53.8
49.9

9.43
2.91
3.74

1
5

1966
1967
1968

54.0
52.5
49.4

37.4
30.6
33.3

45.7
41.6
41.4

7.55
5.60
13.81

7
22
14

Dec.

Mean
Min.

seeds planted
at that time.
The
clover seedings made October
13,
27, and November
10 resulted in
a large number
of relatively
unhealthy plants.
The seed planted
at these three later dates germinated at about the same time starting with rains on November
10.
Temperatures’ had become cool following the later date.
In 1968, seed planted September
10 and October 1 germinated
about
October 13, after several light rains.
The seed planted
October
22 germinated
about October
29. The
first three plantings
of inoculated
seeds, which had relatively
mild
temperatures
foIllowing
germinatioa produced
relatively
healthy
clover
stands.
Inoculated
seed
planted November
12 followed by
cooler temperatures
produced very
unhealthy
plants and resulted in a
poor stand even though soil moisture was adequate.
Discussion

and

Conclusions

Gibson
(1967a)
observed
that
maximum
constant
root temperature at which nodules would form
was 91 F, and the minimum
was
about 45 F. The most rapid initial
nodulation
(2-3 days after inoculation) was observed
at 86 F, and
plants at this temperature
had the
highest
Below
increase

rate of nodule appearance.
72 F there was a marked
in the time

to first visible
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0.12
0.06

nodule and a general decline in the
rate at which they appeared.
At
45 F many plants took as long as
20 days toI nodulate
or failed to
nodulate at all.
In another study Gibson (1967b)
noted that nodules formed at a root
temperature
elf 46 F, but fixed little
or no N at a root temperature
of
55 F, the nodules did not fix N
until 21 days after inoculation.
The
longer the plants were kept at 72 F
before transfer to1 a lower o,r higher
temperature,
the
greater
the
amount of N in the plants at the
start of any gro’wth period,
and
the greater the amount of N fixed
during that period.
Air
temperature
and
rainfall
during the fall months each year of
the experiment
are given in Table
2. Data by Jones et al. (1963) indicated that monthly mean soil temperatures
at the 6” depth at Hopland were from 0.1 to 5.4 F warmer
than
air temperatures,
with the
smallest differences
occurring
during the coolest period.
It is apparent
that temperatures
at Hopland
were favorable for the
growth
of subclover
during
the
month of October in all three years;
but that during the months of November and December,
mean temperatures
were near
the critical
level for rhizobial
infection
and
effective nodulatioa.
mean temperatures

The monthly
do not tell the

whole
story,
especially
for
the
month od November.
In each of
the 3 years of the experiment,
the
first week or 10 days oif November
were considerably
warmer than the
latter part elf the month.
Therefore, the relation between mean air
temperature
after start of germinatioa
and percentage
of healthy
clover plants was studied.
When
mean
temperatures
for
periods
shorter than 6 weeks following germination
were used there was no
clear
critical
temperature
value.
When
mean
temperatures
for
periods lolnger than 6 weeks were
used the temperature-clover
vigor
relationship
was not
improved.
Mean temperature
during the first
6 weeks follo’wing germination
as
related
to clover vigor (Table
1)
gave values that approached
controlled
temperatures
reported
by
Gibson (1967a, 1967b) as he related
them to nodulation
and N fixation.
When
mean
temperatures
were
near 45 F, the percentage of healthy
plants was lo’w, indicating
poor N
fixation.
The unhealthy plants had
small white nodules,
which presumably
were ineffective.
When
mean temperatures
were from 49
to 62 F in the 6 weeks fo’llowing
start of germination,
good stands of
healthy plants developed.
It appears that two weeks of relatively warm weather following germination
made the difference
between a high and low percentage
of healthy plants.
For example,
a
planting
made into dry soil October 22, 1968 began
germinating
about October 29, and 90% of the
plants were vigorous and healthy.
A planting made November 12, had
only 10% healthy plants. The two
mean temperatures
for the six weeks
following germination
were 49 and
45 F, respectively.
The earlier seeding not o~nly had the benefit of the
higher mean temperature
six weeks
follolwing
germination,
but
the
plants
when

were
frosty

larger
nights

and hardier
arrived,
and

thus better able to withstand frost
heaving.
In both 1967 and 1968
small seedlings were lifted out of
the ground

by the frost.

The

num-
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ber of nights with frost is given
in Table 2. In November and December of 1966, 1967 and 1968 the
coldest nights were 25, 23 and 20 F,
respectively.
The hot, dry weather that often
occurs in September and October
before the first fall rains, was expected to contribute to poolr stands.
However, the planting made September 10, 1968, 33 days befo,re a
germinating rain, produced an excellent stand. The planting made
September 29, 1967, was not significantly better than a planting made
September 15 with a germinating
rain coming October 3. Apparently sufficient rhizobia survived
to produce the effective nodules
required for a healthy stand.
When using subclover seed pellet
inoculated with effective N-fixing
bacteria at the “4~” rate, apparently the best time toI plant at the
Hopland Field Station is early October, rather than after the first
rain. When seed is placed in the
gro#und early, sufficient
bacteria
presumably survive, and full advantage is obtained from the rain

as soon as, it falls. Plantings made a

few days after early October rains
may not germinate until more rain
falls, as the top soil layer usually
becomes soIdry in a day or two that
seeds cannot germinate.
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Mixtures
have been recommended
for seeding
high elevation lands but not for seeding lowland
ranges in southern Idaho (Plummer
et al., 1955;
Hull and Holmgren,
1964). Because mixtures are
often seeded, however, this study was initiated
to
determine
long-time
relationships
of the major
wheatgrass species used for seeding in this area
in 1945.
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Four wheatgrasses
were seeded alone and in mixtures
m
1945 near Dubois, Idaho.
By 1955, fairway wheatgrass
had
spread by seed to all plots and has remained
the most
abundant
species. Intermediate
and pubescent wheatgrasses
spread slower, mainly by rhizomes, and by 1967, they were
At the end of 25 years these
present on all treatments.
three species are growing well together.
Bluebunch
wheatgrass has practically
disappeared
from the study area.

This study was conducted at the U. S. Sheep Experiment Station2 headquarters near Dubois, Idaho. The elevation is 5,500 feet and annual precipitation is 11 inches.
The soil is a silt loam underlain by basalt at about 36
inches. This site was sagebrush-grass with threetip sagebrush (Artemisia tripartita Rydb.) and thickspike wheatgrass
(Agropyron dasystachyum (Hook.) Scribn.) the major species. There was some big sagebrush (A. tridentata Nutt.),
bluebunch wheatgrass (A. spicatum (Pursh) Scribn. and

l Cooperative investigations of Crops Research and Animal
Husbandry
Research
Divisions, Agricultural
Research
Service, and Forest Service, U. S. Department of Agriculture; and Utah Agricultural Experiment Station. Utah
Agricultural Experiment Station Journal Paper 970. Received January 29, 1970; accepted for publication August
1, 1970.

2The U. S. Sheep Experiment Station is maintained by
Animal Husbandry Research Division of Agricultural
search Service, U. S. Department of Agriculture, in
operation with the Intermountain Forest and Range
periment Station, Forest Service, U. S. Department
Agriculture, and with the Agricultural Experiment
tion of the University of Idaho.

Highlight
.

the
RecoExof
Sta-

HULL

150
ber of nights with frost is given
in Table 2. In November and December of 1966, 1967 and 1968 the
coldest nights were 25, 23 and 20 F,
respectively.
The hot, dry weather that often
occurs in September and October
before the first fall rains, was expected to contribute to poolr stands.
However, the planting made September 10, 1968, 33 days befo,re a
germinating rain, produced an excellent stand. The planting made
September 29, 1967, was not significantly better than a planting made
September 15 with a germinating
rain coming October 3. Apparently sufficient rhizobia survived
to produce the effective nodules
required for a healthy stand.
When using subclover seed pellet
inoculated with effective N-fixing
bacteria at the “4~” rate, apparently the best time toI plant at the
Hopland Field Station is early October, rather than after the first
rain. When seed is placed in the
gro#und early, sufficient
bacteria
presumably survive, and full advantage is obtained from the rain

as soon as, it falls. Plantings made a

few days after early October rains
may not germinate until more rain
falls, as the top soil layer usually
becomes soIdry in a day or two that
seeds cannot germinate.
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Agricultural Experiment Station Journal Paper 970. Received January 29, 1970; accepted for publication August
1, 1970.

2The U. S. Sheep Experiment Station is maintained by
Animal Husbandry Research Division of Agricultural
search Service, U. S. Department of Agriculture, in
operation with the Intermountain Forest and Range
periment Station, Forest Service, U. S. Department
Agriculture, and with the Agricultural Experiment
tion of the University of Idaho.
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Table 1. Species seeded
at Dubois in 1945.

in the 11 combinations

Species seeded

Mixture
number

Acr

1

6

2

(lbs./acre)

Ain

ASP

10

3

9
4.5

6

5

7

4.5

8

2.3

9

2.3

2.5

10
11

Atr

9

4
5

GRASS

1.5

Total

Acr
Ain
Atr
Asp
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Table
2. Estimated
composition
(o/o) of 4 species
combinations
in 1955 and 1970 at Dubois.

Mixture
number

1955
Acr

Ain

Asp

6

1

1OOa

2

2

10

3

25

9

4

2

7.5

5

758

25a

8

6

98a

1

0”

7.5

7

82a

7.8

8

85a

15”

Oa

76a

14a

2.3

7.6

9

2.5

2.3

7.8

10

948

1.7

1.5

7.7

11

70a

Species
Fairway
wheatgrass
(Agropyron
cristatum
(L.)
Gaertn.)
Intermediate
wheatgrass
(A. intermedium
(Host)
Beauv.)
Pubescent
wheatgrass
(A. trichophorum
(Link)
Richt.)
Bluebunch
wheatgrass

Seed was drilled in g-inch rows to a depth of .5 inch on
a freshly plowed but firm seedbed
on October
20, 1945.
Plots were 8 x 33 feet and each treatment
was duplicated.
There
was no regular
grazing,
and plants
were grazed
lightly as sheep were being moved through
the area in the
spring and fall.
This study was also initiated
at two locations
near Idaho
Falls. Unfortunately,
both areas were plowed in 1948. The
early life of these stands was similar to those at Dubois.
The success of an established
stand or the potential
of a
seedling stand of grass was made on a rating basis:
9-10,
excellent;
7-8, good; 5-6, fair; 3-4, poor;
1-2, very poor;
0, failure.
Ratings
were made in 1946, 1947, 1948, 1955,
1967, 1968, 1969, and 1970. Species composition
was estimated in 1955, 1967, 1968, 1969 and 1970.

Results

Seedlings
emerged in the spring of 1946.
By
late May all species had excellent
stands, except
for one plot of fairway wheatgrass
which was
rated good. Seedlings
were vigorous and height
ranged from 4 inches for fairway wheatgrass
to
7 inches for intermediate
wheatgrass.
Many seedlings perished from summer drought in 1946, but
in 1947 stands were still fair to excellent.
In 1947 and 1948, a moderate to thick stand of
cheatgrass
(Bronzus
tectorum
L.) mostly hid the
small, seeded grass plants.
However,
as seeded

Atr

988
758
98a
1
18a

18a

in

11

1970

9

Smith) and a variety of grasses and forbs in lesser amounts.
The following
4 species were drilled alone and in mixtures
for 11 combinations
(Table
1):
Symbol

MIXTURES

108

Acr

Ain

Asp

Atr

98a

1

1

46

50a

4

88

5

37

3

84a

148

96a

2

85a

1

788

19

74a

17a

Tab

68

89a

3

08

12a

82”

1Oa

Ta

7
608
2

Oa

2
14a

Oa

3
9a

Ta
Oa

8a
8a

a Indicates the species was seeded here. Figures with no “a” show
spread into plots where not seeded.
b T denotes a trace.

plants matured and thickened,
they crowded out
the cheatgrass.
By 1955 stands of individual
grasses and mixtures were rated excellent
except for one bluebunch wheatgrass plot which was rated good. Bluebunch wheatgrass almost disappeared from most of
the mixture plots. Fairway wheatgrass had spread
to all plots. The other two species were mainly
within their seeded plots and in plots immediately
adjacent (Table 2).
In 1967 all plots had excellent
stands although
not always of the species seeded.
Bluebunch
wheatgrass had almost disappeared
and had been
replaced,
mainly
by fairway wheatgrass.
Intermediate and pubescent wheatgrass spread into all
plots. There was little change from 1967 to 1970.
In 1968 samples were clipped as near ground
level as possible.
Yields varied from 1,009 to
1,410 with an average of 1,226 lb./acre, air dry.
Species or mixtures
did not significantly
affect
yields.
Discussion

This study shows that fairway wheatgrass spreads
rapidly by seed. It is the dominant
plant on all
plots where it was originally
seeded, either alone
or in mixture.
It also comprises 37% to 88% of
the stand where it was not seeded. Intermediate
and pubescent
wheatgrasses
spread more slowly
than fairway wheatgrass.
Most of their spread is
by rhizomes.
Though
bluebunch
wheatgrass
is
native to this area it was replaced with introduced
wheatg-rasses.
Where fairway wheatgrass was seeded with one
or both of the two rhizomatous
grasses, it increased an average of 2% from 1955 to 1970.
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Pubescent and intermediate
wheatgrasses averaged
a 1% decrease.
These three wheatgrasses have also spread well
on other seedings in this area. In 1946, 12 species
were seeded for grazing studies.
By 1963 fairway
wheatgrass
had spread to 438% of its original
seeded area. Pubescent wheatgrass had spread 2 10%
and intermediate
wheatgrass
115%
(Hull
and
Klomp, 1966).
Studies
show that these 3 wheatgrasses
are
adapted to this area and for 25 years they have
grown well together in this study. If used only
could profor early spring grazin, Q this mixture
vide a variety of feed and excellent ground cover.
However, if late spring or summer grazing is de-

Light Delays Germination

sired, seeded areas now grazed indicate that differential palatability
makes it desirable to plant these
species singly.
Literature
HULL,
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In previous studies on factors
affecting the germination of alkali
sacaton (Sporobolus airoides Torr.),
chamber
was prothe growth
grammed for 8 hr in light and 16
hr in darkness (Knipe, 1967; 1969).
These tests were started at 8:00 AM
of the light period.
at the
start
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U.S.
Department
of
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with central headquarters
maintained
at Fort
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with Colorado
State University;
author
is located
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from a dissertation
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May 5, 1970; accepted
for publication
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of Alkali Sacaton

Seeds exposed to light during the
first 8 hr of each test showed no
appreciable
until
germination
about the 48th hr. On one occasion
when a test was started at 4:00 PM,
the time corresponding
to the start
of the
16-hr
dark period, a considerable number of seeds germinated by the 24th hr.
This
indicated
that alkali sacaton is
negatively
photoblastic,
at least
during the early or pregermination
stage.
The purpose of this study, therefore, was to determine the effect of
light on germination
of alkali
sacaton.
Literature

southern

Review

Prior to the turn of the century,
photoblastism was thought to be an
isolated phenomenon restricted to
very few species (Evenari, 1965).
The first cases of negative photoblastism were described in 1903.
We now know that both phenomena are widespread. Research
has shown that light is required for
optimum germination
in a large
majority of species, and that it increases the rate of germinatioa in
many others. This relatioa is par-
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Exposure
of alkali sacaton seeds to
light for a few seconds after imbibition
delayed
germination
24 hr, exposure
for 9 to 13 hr delayed
germination
28 hr, exposure
for more than 13 hr
delayed germination
72 hr, and continuous exposure reduced germination
40%.
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titularly true in grasses. In Rules
for Testing Seeds (Association of
Official Seed Analysts, 1960) light
is specified as a requirement
for
more than 60 grass species. The
germination
requirements
for alkali sacaton, or any other species of
the genus, were not specified.
Comprehensive reviews of experimental work on light effects and
germination
have been made by
Evenari (1956), Toole et al. (1957),
and Hendricks
and Borthwick
(1963). Unfortunately, most of the
research has been restricted to a
very few species; there are innumerable papers dealing with light requirements
of lettuce
(Lactuca
sat&a) and Phacelia tanacetifolia.
Sauer and Struik (1964) found that
most kinds of crop seeds are indifferent to light, and that germination of many weed seeds is promoted by light. Germination
of
only a few species is known to be
inhibited by light.
Apparently, very little research
has been done on the effect of
light on the germination of grasses.
Cumming and Hay (1958) found
that wild oats (Avena fatua) germinated only 10% when surface
planted, but 65% when planted at
Koller and
a depth of 1 inch.
Roth (1963) found that Panicum
turgidum germinated best in darkness olr when held for 24 hr in
darkness and in light. thereafter.
The presence of light at any time
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SACATON

Table 1. Germination (%) of alkali sacaton seeds exposed to light for the time
specified after 30 min imbibition.
Germination at various
hours after start of imbibition

Duration of
exposure to light

24

48

72

None

89a

93ab

96a

Flash

80bcd

93a

94ab

30 seconds

8lbcd

94a

94ab

1 minute

74cd

93ab

93ab

5 minutes

80bcd

88abc

Slbcd

10 minutes

83ab

85c

89bcde

20 minutes

76bcd

84cd

90bcd

30 minutes

80bcd

82cde

87abc

1 hour

79bcd

88abc

92abc

76bcd

87abc

92abc

3 hours

Results

5 hours

82bcd

87bc

87cde

7 hours

72de

88abc

89bcd

9 hours

64ef

82cde

92abc

11 hours

58f

8lcde

93ab

13 hours

60f

77de

94ab

15 hours

23g

84cd

85de

17 hours

20g
18gh

8lcde

82ef

19 hours

75e

77f

21 hours

19gh

74e

74f

Continuous

12h

54

59

All values in columns not followed by the same letter are significantly different:
all
values in rows not underscored by the same line are significantly different (.05 level,
Tukey procedure).

during the first 24 to 72 hr of incubation
did not inhibit
germination if the seeds were held in
darkness
thereafter;
in fact, this
procedure
actually
hastened
the
start of germination.
Koller and Negbi (1959) found
that germination
of Oryzo~sis miliacea was restricted
by either constant light or darkness.
The darkimposed restriction
was broken by
a single illumination
period
between 1 and 28 days after the start
of imbibition.
Although
not so
stated by the authors,
it appears
that 0. miliacea requires
light at
some time during
the incubation
period for optimum germination.
Wright and Bal tensperger (1964)
found that germination
of black
grama grass (Bouteloua
eriopoda)
was as high in light as in darkness,
but that germination
rapid in darkness.

was

more

all treatments,
except the constant
exposure, so that seeds received the
specified exposure but once during
the 72 hr period.
The study was
terminated
after 72 hr because previous research has shown that, for
all practical purposes, germination
of alkali sacaton seeds is completed
by this time.

Procedures
To determine
if alkali sacaton
is negatively
photoblastic,
seeds
were placed in black petri dishes on
moist blotters
and allowed to imbibe modsture for 30 min at 90 F.
After imbibition
the seeds were subjected to light treatment
of 1,000
ft-c intensity
for periods ranging
from flash exposure
to constant
exposure (exposure for the duration
of the study; Table
1). Flash ex-

and

The results show that germination of alkali sacaton is inhibited
by light (Table 1). Short exposures
primarily
delayed
germination,
while the more lengthy exposures
not only delayed but also reduced
total germination.
After 24 hr, germination
of seeds
kept in darkness was significantly
better than that of seeds which received light for all periods ranging from flash to continuous
exposure with the exception
of those
exposed
for 10 min.
The
insignificant
difference
between
darkness and 10 min exposure appeared
to be due to shading of the petri
dishes exposed
10 min by other
dishes
above
and around
them.
Similarly,
seeds exposed 1 min did
not germinate
significantly
better
during the first 24 hr than those exposed 10 min. With the exception
of seeds kept in darkness,
seeds
exposed 10 min were the only ones
whose germination
did not increase
significantly
from 24 to 48 hr after
the start of the study; in other
words, this was the only treatment
in which exposure to light did not
significantly
delay germination
during the first 24 hr after imbibition.
The

same phenomenon

from

the 48th

them after the desired exposure.
Extended
exposures were obtained

crease

by replacing

the

assume

covers

clear

with

specified
were

the dishes
Triplicate

for

hr.

for

from

then

24 hr for

72 hr.

dishes were prepared

for

germination

darkness

through

and

10 min

significantly

This

also

longer
minatioa

did not

in-

48 to 72

is understandable

more

of

exposed

from

these short

not sufficient

seeds

and

every

the

in

flash

removed

Germinated

time.

counted

covers

dish

seeds

extent,

to the 72nd hr after

start of imbibition:

petri

was evi-

dent, and to a much greater

posure and exposures of 30 set and
1 min were obtained
by removing
the petri dish lids and replacing

black

Discussion

if we

exposures

were

to delay germination

than
have

exposures
longer,

48 hr.

We

to

assume

would
with

would

delay

that
ger-

the amount
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of delay proportional
to the length
of exposure.
This
was not the
case, however; germination
of seeds
exposed 20 and 30 min increased
significantly
from
24 to 48 hr,
whereas germination
of seeds exposed 10 min did not.
Table
1
shows other such irregularities.
These apparent reversals of light
effect may not have been real, but
may have been due to shading of
certain
netri dishes bv dishes on
the shel;es above and around them,
or the result of other unmeasured
so’urces od variation.

Light

affects

germination

3.

Exposure

of imbibed

a few seconds
lav

”

of

ways:
,

seeds for
some

of

the sieds fo’r more than 24 hr
but less than 48 hr.
Exposure
will

for 9 through

delay

13 hr

germination

Generally,
exposure for more
than 13 hr not oInly delays
but significantly
reduces final
germination.
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to 9 hr will de-
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Highlight
The pattern
and relative growth rates of the individual
phytomers
of blue
A mature
blue grama
shoot from the site had an
grama were determined.
The first six phytomers
appeared
to be
average
of 13 complete
phytomers.
initiated
in the growing
season prior to the one in which the plant reached
Internodal
elongation
of over 100 mm in a period of two weeks
maturity.
In most instances the internodes
did not elongate before
was not uncommon.
the sheath and blade reached maximum
length.
The leaf of the last phytomer
was initiated
just prior to the middle of June.
Mature
sheath length varied
from 15 mm in phytomer
13 to nearly 80 mm in phytomers
11 and 12. Blade
length varied from 4 mm in phytomer 2 to 134 mm in phytomer
10.
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Growth is quantitative
while development is qualitative.
The total
grolwth of a plant, when plotted on
a graph, will generally
be represented by a sigmoid
curve.
The
sigmoid curve can be separated into
three parts: (1) early period of slow
gro(wth, (2) central period of rapid
growth
and (3) final
period
of

9
slow gro’wth (Curtis
and Clark,
1950; Bonner and Galston, 1952).
A phytomer
has been described
as a segment of the shoot, or phyton
unit.
It is an internode
together
with the leaf at its upper end and
a bud at its lower end. The bud
may be represented only by a meristematic region.
The leaf and bud
are on opposite sides of the axis. A
phytomer
is a unit of structure of
the shoot (Evans and Grover, 1940).
Each new grass leaf begins expansion inside the folded sheaths of
the older leaves. When the leaf tip
emerges

fro’m the enclosing

the blade

unrolls,

ferentiated
activity

and

ligule

Blades

is dif-

meristematic
ceases.

The

ceases to grow when the

is exposed

Sharman,
cessive

the

in the blades

leaf sheath

sheath,

the ligule

(Bonnett,

1936;

1942).
and sheaths
grass

leaves,

to flower initiation,
progressively

longer,

of most sucformed

prior

tend to become
but

continue
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Highlight
The pattern
and relative growth rates of the individual
phytomers
of blue
A mature
blue grama
shoot from the site had an
grama were determined.
The first six phytomers
appeared
to be
average
of 13 complete
phytomers.
initiated
in the growing
season prior to the one in which the plant reached
Internodal
elongation
of over 100 mm in a period of two weeks
maturity.
In most instances the internodes
did not elongate before
was not uncommon.
the sheath and blade reached maximum
length.
The leaf of the last phytomer
was initiated
just prior to the middle of June.
Mature
sheath length varied
from 15 mm in phytomer
13 to nearly 80 mm in phytomers
11 and 12. Blade
length varied from 4 mm in phytomer 2 to 134 mm in phytomer
10.

lPublished with the approval of the
Director as paper No. 2782 Journal
Series, Nebraska Agriculture Experiment station. This paper was presented at Session C: Morphology, Development and Physiology of Range
Plants. 23rd Annual Meeting, ASRM,
Denver, Colorado, February 11, 1970.
Received February 26, 1970; accepted
for publication August 28, 1970.

Growth is quantitative
while development is qualitative.
The total
grolwth of a plant, when plotted on
a graph, will generally
be represented by a sigmoid
curve.
The
sigmoid curve can be separated into
three parts: (1) early period of slow
gro(wth, (2) central period of rapid
growth
and (3) final
period
of

9
slow gro’wth (Curtis
and Clark,
1950; Bonner and Galston, 1952).
A phytomer
has been described
as a segment of the shoot, or phyton
unit.
It is an internode
together
with the leaf at its upper end and
a bud at its lower end. The bud
may be represented only by a meristematic region.
The leaf and bud
are on opposite sides of the axis. A
phytomer
is a unit of structure of
the shoot (Evans and Grover, 1940).
Each new grass leaf begins expansion inside the folded sheaths of
the older leaves. When the leaf tip
emerges

fro’m the enclosing

the blade

unrolls,

ferentiated
activity

and

ligule

Blades

is dif-

meristematic
ceases.

The

ceases to grow when the

is exposed

Sharman,
cessive

the

in the blades

leaf sheath

sheath,

the ligule

(Bonnett,

1936;

1942).
and sheaths
grass

leaves,

to flower initiation,
progressively

longer,

of most sucformed

prior

tend to become
but

continue

PHYTOMER
to appear at a constant rate that is
characteristic of the enviroamental
conditions. The difference in leaf
size is due to differences in cell
size rather than in the number of
cells (Stucky, 1942; Cooper, 1951).
In ternode elongation
of wheat
has been thoroiughly studied. An
internode does not begin to elongate until the leaf, attached to the
node immediately above, has co’mpleted elongation, and the internode directly below, has stopped
growth (Sande-Bakhuyzen,
1928).
Internode elongation starts slowly,
accelerates to a maximum and then
gradually diminishes. This follows
the sigmoid pattern of growth (Percival,
Major
internodal
1921).
elongation begins soon after floral
differentiation
becomes
evident
(McKinney and Sando, 1935).
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Methods
A 5 x 7-ft plot was established
on a complete, undisturbed stand
of blue grama (Bouteloua
gracilis
(H.B.K.)
Lag. ex Steud.) at the
Scottsbluff
Experimental
Range.
Starting on March 17, 1967, blue
grama shoots were collected from
this stand at weekly intervals until
were
July 28, 1967. Collections
made at four locations within the
plot at each collection date. The
collected shoots were stored in a
preserving solution until they were
dissected.
Before a shoot could be dissected
and measured, a decision had to
be made as to what constituted a
single shoot. In tillering grasses
this is difficult to determine. The
process of tiller formation and the
development of nodal roots occur
throughout the growing seasoln. A
clump of vegetative material appears to be one continuous plant.
In this study, an individual blue
grama shoot was defined as plant
material that was separated from
other material by the presence of a
prophyllum and had at least one
nodal root. The prophyllum is the
first leaf of the shoot. It is a twokeeled organ which en&ses
the
axillary bud (Hitchcock, 1951).

loo

60

----- -

-

:WEATH
BLADE
INTERNODE

,/ - I

PHYTDMER

12

AVERAGE

ACCUMULATED

HEIGHT.

FIG. 1. The average accumulated length and rate of growth of the components of
selected phytomers and the average accumulated height of the blue grama plantApril thrbugh July, 1967.

Individual shoots were dissected
in reverse order of their collection
dates. This allowed their development to be more easily traced.
Measurements
were made to the
nearest millimeter
on each of 4
shoots for each collection period.
Results and Discussion
The mature shoots that were dissected had an average of 15 internodes. The first five internodes
were basal and are termed the proaxis. The next eight internodes
were elongated and made up the
reproductive culm. The last two
internodes
were located directly
below and between the nodes to
which the rachises of the spikes
were attached.

The leaves of the first six phytomers were initiated during the
growing season previous to the one
in which the plant reached maturity. The first phytomer grew
little, if any, in the growing season
that the plant reached maturity.
The leaves associated with the first
phytomer were scales. A scale is
a reduced leaf composed mainly of
sheath tissue.
The internodes of phytomer 1
through 5 were less than 2 mm in
length.
No structures measuring
less than 2 mm were shown in
Figure 1. The internode of the
first 5 phytomers remained at, or
belo’w the soils surface all season.
The sheath and blade of phytomer
2 grew little from the first of April

STUBBENDIECK
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the end of July. The leaf blade
for the phytomer was shorter than
the leaf sheath.
The leaf blade of
phytomer
3 surpass,ed the sheath
length
during
the last week in
April.
The extension
in length of
these two phytomer
elements
was
parallel for the rest of the growing
season.
The
last basal
internode
was
associated with phytomer
5. The
internode
of phytomer 6 elongated
to more than 2 mm in the middle
of July.
Additional
growth of the
sheath and blade occurred
at the
time of internode
elongation.
Internode
elongation
of blue
grama differs from that which has
been reported
for wheat
(SandeBakhuyzen,
1928). The internodes
of both wheat and blue grama do
not elongate until the leaf attached
to the node immediately
above has
completed
elongation,
but the internodes of blue grama do start to
elongate
before the internode
directly below stopped growth.
Phytomer 7 and phytolmer 8 were
the first to be initiated after spring
growth
started
during
the first
week in April. The majority of the
internode
elongation
of phytomer
8 occurred
with a period of one
week (Fig. 1).
The first measurable
growth of
phytomer 9 occurred in the middle
of April. This is approximately
one
week later than that of phytomers
7 and 8. The first major internodal
elongation
occurred in phytomer 9.
to

It
grew
approximately
75 mm
within a period of two weeks.
The
and

growth

of phytomers

12 was quite

cases,
any

similar.

the internode
major

sheath
nodal

elongation

occurred
period

blade

length.
over

In

did not

elongation

and

maximum

10, 11

until

reached
The major

all

show
the
their
inter-

for all phytomers
a one

in late June

or two week

and early July.

AND
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The first measurable
growth of
phytomer
13 (Fig. 1) was recorded
for the second week in June.
This
is almost a month later than that of
phytomer
12. The lengths of the
blade and sheath of this phytomer
were smaller than those elf phytoAn average
internode
mer
12.
length oE 126 mm was recorded.
This length represents a major contrast with the average internodal
length of less than 2 mm in the first
five phyto’mers.
In an earlier paper Stubbendieck
and Burzlaff
(1970) indicated
the
tiller development
in blue grama
was dependent upon the elongation
of the reproductive
culm.
A supporting
repost
is available
from
Green
(1969) who showed tillers
with maximum
length occurred on
the reproductive
culm. The nature
of the morphological
development
of blue grama would indicate that
a 2-3 week deferment from grazing
is desirable while the repro’ductive
culm is undergoing
rapid elongation. This will assure active tiller
initiation
and development
for the
subsequent
years production.
The mature blue grama shoots
that were dissected had an average
of two spikes
per reproductive
culm. Length of the mature interno’de separating the two spikes was
60 mm. Elongation
of the internode
occurred over a S-week period. The
average accumulated
height of the
mature shoot of blue grama measured in this study was 375 mm.
The rate of growth of the whole
plant fo’llowed a sigmoid pattern
similar
to that of the individual
phytomer.
This data represents
a response
to a particular set of environmental
circumstances.
The length of blades,
sheath, internodes
and number of
phytomers
per shoot and accumulated shoot height could be quite
different
under another set of environmental
conditions.
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Highlight
Ambient
temperature
regulated
the
rate and extent of water imbibition
by
germinating
honey mesquite (Proso@
glandulosa
Torr.,
var.
glundulosa)
seeds. Honey mesquite seeds required
less water and less time for germination at 85 than at 100 or 70 F. Seeds
at 70 F contained
almost 3 times as
much water as seeds at 85 F when germination
first occurred
although
the
rate of water uptake (mg/seed/hr)
was
reduced considerably.
Decreasing
moisture availability
to 8 atm influenced
the rate of water absorption
by seeds
more at 85 and 100 F than at 70 F.

Honey mesquite (Prosopis glandulosu
Torr., var. glundulosa)
occurs on some
80 of the 107 million acres of Texas
rangelands. It is established in regions
ranging from semiarid to sub-humid
on a wide array of soils varying in
origin, texture, nutrient level and moisture availability. Much research effort
has been devoted toward development
of control measures.
However, less
effort has been concentrated on factors determining the ecological range
of honey mesquite. An understanding
of germination, seedling establishment
and plant
growth
may elucidate
methods of controlling and preventing
the reinvasion
of honey mesquite.
Since available moisture and temperature influence development of individual plants and vegetation communities, investigation of these climatic
variables may facilitate understanding
the ecological behavior of a plant species. This report emphasizes the role
lPublished with the approval of the
Director of the Texas Agricultural
Experiment Station as TA-8730. Received September 30, 1970; accepted
for publication November 7, 1970.

NOTES

of temperature in rehydration of honey
mesquite seeds from inactive embryonic
tissues to emergence of the radicle from
the testa.

Materials

and Methods

Honey mesquite seeds for these
studies were collected near Spur, Texas
in 1967 and 1968. The seeds germinated in excess of 95% following
scarification.
The technique and apparatus used in these studies have been
previously described by Scifres and
Brock (1969). Honey mesquite seeds
were germinated on cheesecloth saturated with distilled water in 90-ml
glass vials. A glass tube, held in place
with a plastic cap, was placed in the
center of each vial to allow gas exchange. All openings, except the end
of the glass tube, were sealed with lanolin paste. The vials were submersed in
water baths at temperatures of 70, 85
or 100 F. One hour was allowed for
equilibration of the vials.
The air-dry weight of 10 honey mesquite seeds was determined before the
seeds were placed in each germination
vial. Three vials were placed in each
of the temperature regimes. For determination
of weight change, the
honey mesquite seeds were carefully
removed from the vials and quickly
and gently blotted dry with tissue
paper.
Weights
were
determined
hourly for the initial 6 hr. Weights
were also recorded at 8, 10, 12 and 24
hr after initiation of the study. Time
lapse from removal to replacement in
the water baths rarely exceeded 5 minutes. The seeds were also weighed at
the first sign of germination (when the
radicle extended Z-mm from the testa).
The study was repeated four times and
data averaged.
A similar study was conducted utilizing cheesecloth saturated with a mannitol solution in the vials. The mannit01 solution
was formulated
to
achieve a moisture tension of 8 atm
as described by Powell and Pfeifer
(1956). The experiment was conducted
twice and the data averaged.
The increase in fresh weight over
any time period t from the dry weight
was assumed due to imbibition of water.
Phillips (196S), in studies of water
diffusivity of crop seeds, assumed the
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available moisture at the seed-water
source interface to be constant throughout the germination period. In the
present studies a similar assumption,
that the volume of free space between
the testa and embryo did not interact with temperature and influence
water movement into the embryo, was
made. Phillips (1968) discussed in detail the theory underlying manipulation of this type of data. The amount
(mg) of water imbibed after a given
time interval t is denoted A(t). The
amount of water imbibed by the time
of “first germination” is denoted A(tg).
Imbibition curves were developed by
considering the ratio A(t)/A(tg)
as a
function of time.

Rem1 ts and Discussion
Only 11 hr were required for germination of honey mesquite seeds at
85 F in distilled water (Figs. 1 and 2).
The average dry seed weight was about
42 mg and 44 mg of water had been
imbibed at germination. The average
rate of imbibition was about 4.0 mg/
seed/ hr.
There was no difference in imbibition rate of honey mesquite seeds at
85 and 100 F for the first 8 hr (Fig.
1). Germination occurred after 18 hr

4

,‘*

,

c/

0

4

8

TIME

12

16

100F

20

24

(hr)

FIG. 1. Increase in weight of honey mesquite seeds in distilled water at 100, 85
and 70 F at various time intervals for
the initial 24 hr following wetting.
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Table 1. Ratio of water uptake at 2, 4 and 6 hr (At) to the amount of uptake
at first germination
(Atg) of honey mesquite seeds under 0 and 8 atm osmotic
pressure

at 70, 85 and 100 F.

Germination
temperature

Water uptake ratios at various
times (hr) after wetting1

Osmotic
pressure

4

2

6

(P)

(At m)

70

0
8

0.03
0.02

0.08
0.05

0.11
0.09

85

0

0.47
0.13

0.72
0.26

0.82
0.33

0.28
0.08

0.45
0.13

0.54
0.23

8
0

100

8

l Differences in mean ratios must exceed 0.13 for significance (P < 0.05).

TIME (hr)
FIG. 2. Thermal regulation of imbibition
by honey mesquite seeds per unit time
(At) based on the total water uptake
for first germination (Atg) as a function of time.
at

100 F and

each

seed had

imbibed

an average of 69 mg of water. Therefore, imbibition
of water for germination of honey mesquite seeds was less
efficient at 100 than at 85 F (Fig. 2).
Germination
did not occur until 42
hr at 70 F when each seed had imbibed
an average of 121 mg water. The slow
rate of water
imbibition
(about
2.8
mg/seed/hr)
and the extended
time required for germination
indicated
that
70 F was the least efficient
temperature for the imbibition
of water by
honey mesquite seeds.
Honey mesquite
seed germination
in
a solution
with
an adjusted
8 atm
moisture
stress
resulted
in ,reduced

Measurement
of Seasonal Air
Temperatures
Near the
Soil Surf aces1
WILLIAM

B.

FOWLER

Meteorologist,
Pacific Northwest
Forest
and Range Experiment
Station,2 Forest
Service,
U.S. Department
of Agriculture, Wenatchee,
Washington.
1 Received
for
J ul y 3, 1970; accepted
publication
September
8, 1970.
2 Central headquarters
located in Portland, Oregon.

rate
of water
imbibition
and total
amount
of water imbibed
at 85 and
100 F.
However,
reduced
moisture
availability
had little affect on imbibition at 70 F (Table
1). This probably
indicates
the effect of the lower temperature
on the physiological
processes
Theoresponsible
for
imbibition.
retically,
the kinetic
energy
of the
water and activity
of the embryonic
tissues was reduced at 70 F. Water adsorbed
by the
testa
was probably
responsible
for the weight change.
The reduction
in rate of imbibition
at 8 atm osmotic pressure was greater
at 100 as compared
to 85 F (Table
1).
The drying effect of the higher
temperature
probably
limited
the amount
of water adsorbed
on the testa and
lowered
the uptake
ratio.
Secondly,
reduced
physiological
activity
of the
embryo at the high temperature
may
account for reduced imbibition.
These
data indicate
that
the influence of temperature
on honey mesquite
seed germination
(Scifres
and
Brock,
1969), may be explained
by
reduction
in rate and extent
of im-

bibition of water during the initial few
hours of the germination
process.
Although
reductions
in available
water
are important,
temperature
is most
influential
in regulating
efficient
use
of water by germinating
honey mesquite
seeds.
Physiological
activity
of
honey mesquite
seed tissues is apparently favored
more at a temperature
of 85 F than of 70 or 100 F, and, assuming available
regulate

is not critical,
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Highlight
A study of the maximum
air temperature
near the soil surface
at 11
grassland
locations
was made during
the summer
of 1968 using a simple
maximum
temperature
indicator. Maximum
temperatures
within
the first
centimeter
above the soil were found
to exceed 144 F on a number of these
locations.
Although
the range of indicators
was not large enough
to include the extremes
at all locations,
a seasonal
pattern
was identifiable.
Large local differences
in near-surf ace
temperatures
were frequently observed.
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Table 1. Ratio of water uptake at 2, 4 and 6 hr (At) to the amount of uptake
at first germination
(Atg) of honey mesquite seeds under 0 and 8 atm osmotic
pressure

at 70, 85 and 100 F.

Germination
temperature

Water uptake ratios at various
times (hr) after wetting1
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FIG. 2. Thermal regulation of imbibition
by honey mesquite seeds per unit time
(At) based on the total water uptake
for first germination (Atg) as a function of time.
at

100 F and

each

seed had

imbibed

an average of 69 mg of water. Therefore, imbibition
of water for germination of honey mesquite seeds was less
efficient at 100 than at 85 F (Fig. 2).
Germination
did not occur until 42
hr at 70 F when each seed had imbibed
an average of 121 mg water. The slow
rate of water
imbibition
(about
2.8
mg/seed/hr)
and the extended
time required for germination
indicated
that
70 F was the least efficient
temperature for the imbibition
of water by
honey mesquite seeds.
Honey mesquite
seed germination
in
a solution
with
an adjusted
8 atm
moisture
stress
resulted
in ,reduced
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rate
of water
imbibition
and total
amount
of water imbibed
at 85 and
100 F.
However,
reduced
moisture
availability
had little affect on imbibition at 70 F (Table
1). This probably
indicates
the effect of the lower temperature
on the physiological
processes
Theoresponsible
for
imbibition.
retically,
the kinetic
energy
of the
water and activity
of the embryonic
tissues was reduced at 70 F. Water adsorbed
by the
testa
was probably
responsible
for the weight change.
The reduction
in rate of imbibition
at 8 atm osmotic pressure was greater
at 100 as compared
to 85 F (Table
1).
The drying effect of the higher
temperature
probably
limited
the amount
of water adsorbed
on the testa and
lowered
the uptake
ratio.
Secondly,
reduced
physiological
activity
of the
embryo at the high temperature
may
account for reduced imbibition.
These
data indicate
that
the influence of temperature
on honey mesquite
seed germination
(Scifres
and
Brock,
1969), may be explained
by
reduction
in rate and extent
of im-

bibition of water during the initial few
hours of the germination
process.
Although
reductions
in available
water
are important,
temperature
is most
influential
in regulating
efficient
use
of water by germinating
honey mesquite
seeds.
Physiological
activity
of
honey mesquite
seed tissues is apparently favored
more at a temperature
of 85 F than of 70 or 100 F, and, assuming available
regulate

is not critical,
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Highlight
A study of the maximum
air temperature
near the soil surface
at 11
grassland
locations
was made during
the summer
of 1968 using a simple
maximum
temperature
indicator. Maximum
temperatures
within
the first
centimeter
above the soil were found
to exceed 144 F on a number of these
locations.
Although
the range of indicators
was not large enough
to include the extremes
at all locations,
a seasonal
pattern
was identifiable.
Large local differences
in near-surf ace
temperatures
were frequently observed.
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20 ft for a total line length of about
100 ft. Locations
were visited at approximately
weekly
intervals,
marimum temperatures
noted,
and spent
indicators
replaced.
Results

and Discussion

Although
it was expected
that the
early summer
samples
would register
moderate
maximum
temperatures
(not
greater
than
119 F), this was soon
Temperatures
found to be unrealistic.
early in the season exceeded
119 F,
forcing the selection
of the three indicators at each site to increasingly
higher
values.
Unfortunately,
with only three
indicators
at each site and the large
observed
variations,
more
measurements fell outside
the available
range
than was desirable.
Figure
2 presents
the data from all
G6 measurement
sites at the 11 locations.
Locations
are grouped
according to basic soil material.
Limits
of the indicators
are shown

the semiarid
climate
of the West exceed the values
recognized
as lethal
ior plants.
Mutual
shading
or an
insulating
epidermis
may serve to protect
internal
tissue
on
established
plants during
these times, but cmerging seedlings
or isolated
individuals
frequently
succumb.
Although
tem~
perature
extreme5
are inluitively
suspected as responsible
for observed plant
failures,
effective
remedial
treatment
to rcvegetate
these harsh
areas may
require more knowledge
of the present
temperature
regime.
iVeasurements
are

the wan pellets
frequently
used
to
indicate surface temperature
in the size
of bead, uniformity
of radiation
absorption,
and ease of reading.
Indicators
used in this study released
at 100, 109, 119, 131, and 144 F. Three
indicators
were installed
at each site,
mounted
on a wire rack with the wax
bead as close to the soil surface
as
desired.
Suspension
in the 0. to l-cm
layer above the surface was chosen as
adequate to show the temperature
vari-

for each location
during
each time
period.
An adjustment
to higher limits
was made during
July.
No attempt
was made in Figure
2 to identify
the
six measurement
sites at each of the
The figure
indicates
only
locations.
wirether the measurement
sites at each
location
were within the limits of the
indicators
or the number of sites where
measurements
were
either
below
or
above the limits shown.
Number
of
measurement
sites outside of the limits
are shown numerically
either above or
below the limit lines.
The total number of measurement
sites for each location is equal to six in any case.

ation in the sires at each location.
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temperature

in O-l-cm air layers on two soil types.

temperatures
of at least 20 F over this
short distance (about 10 ft) are seen.
At this location,
on the basis of the
seasonal
march of temperature,
some
preferred
locations
for plant establishment
can be identified.
A similar
assessment can be made for the typical
sites at the other
locations.
Among
the locations
in the basalt grouping,
the first plotted
location
in Figure
2
can be identified
throughout
the season as more moderate
in maximum
This
location
was the
temperatures.
highest in elevation
and had the most
dense cover (sagebrush).
In addition
to the maximum
at any
site, onset and duration
of excessively
high temperatures
are often
equally
important
to plant
survival.
Short

basalt, large early-season
variation
appeared between
the sites at any location and between
sites on different
locations.
These
differences
became
increasingly
smaller
with time.
Sandstone sites at all locations,
however,
appeared
to show more of this early
variability
and to reach higher
absoearlier
than
comlute
maximums
parable
basalt sites.
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Improvements
in the indicator
to
increase range and resolution
required
for these future studies have been successful.
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Effect of Astragalus
tenellus
on Sheep1
LYNN
Poisonous
Veterinary
Agriculture
partment

Table

1. The

NOTES

schedule

for the feeding

Number of
sheep fed

F. JAMES

Plant Research
Laboratory,
Science
Research
Division,
Research
Service, U. S. Deof Agriculture, Logan, Utah.

Highlight
trials involving
Astrugalus
demonstrated
that this plant
is not toxic to sheep.
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Stage of
plant growth

of Astrugdus

tenellus

Amount of plant
fed/day (g)

to sheep.
Length of time
fed (days)

3

Flower

(dried)

680

32

3

Flower

(dried)

454

32

3

Seed

112-454

38

3

Control

2

Flower

2

Pre-flower

(dried)

32
(green)
(green)

1816

3

1816

3

Feeding

tenellus

It is estimated
that
there
are as
many as 300 species of Astragalus
in
North America (Kingsbury,
1964). Approximately
13 of these produce
locoweed poisoning
in livestock
(Kingsbury, 1964 and Oehme
et al., 1968).
Some, such as A. miser, produce
acute
poisoning
(Williams
and Binns,
1967),
and others
accumulate
selenium
and
may be involved
in the etiology
of
selenium
intoxication
(Rosenfeld
and
Beath,
1964).
Many are known to be
nontoxic
while
others
remain
to be
tested for toxicity
to animals.
Astragalus tenellus
has been
suspected
of
being toxic in some areas and there is
one report of it being cytotoxic
in in
vitro experiments
(Muni et al., 1967).
This
experiment
was conducted
to
to sheep.
test the toxicity of A. tenelks

Materials

and

Methods

Astragalus
tenellus was collected
for
sheep feeding experiments
near Price,
Utah.
It was air-dried,
ground
in a
hammer
mill and stored at 5 C until
used. Some plant to be fed green was
collected
in the same area.
It was
brought
to the laboratory,
refrigerated,
and
fed
as quickly
thereafter
as
possible.
The stage of growth when the plant
was collected
and feeding
schedule
is
shown in Table
1. All plant matter
was fed via stomach tube.
All sheep were treated
for internal
parasites
before beginning
the experiment.
The sheep fed the green plant
were fasted for 12 hours before the first
feeding.
The
daily dosage
of 1,816
grams was divided into two equal parts
and half was fed in the morning
and
half in the evening.
This amount (908
lReceived
cepted
1970.

September
30,
1970;
for publication
October

ac8,

grams) is near the maximum
that can
be fed by this method in one feeding.
Blood was collected
before the first
feeding
and weekly
thereafter
from
the sheep given the dried plant.
The
blood was analyzed for: red blood cell
count,
white blood cell count,
hemoglobin, packed cell volume, differential
white cell count, blood urea nitrogen,
lactic dehydrogenase
(LDH), serum glutamic oxaloacetic
transaminase
(SGOT),
blood
glucose,
and
red
blood
cell
cholinesterase.
Blood
was collected
from the sheep fed the green plant for
serum glutamic
oxaloacetic
transaminase determination
before the first and
after the last feeding.
Feed and water
consumption
was measured
daily on
those receiving
the dried plant.
Tissue
samples were taken for histological
examination.

Results

and

Discussion

All sheep
fed the A. tenellus
remained normal in appearance
throughout the experiment.
When
dried locoweed,
A. pubentissimus, A. lentiginosus
or 0. sericeus
is fed, signs of poisoning
appear before
the end of a 30-day feeding
period.
The signs of intoxication
include
depression,
staggering
gait, rough
coat,
emaciation,
lack of muscular
coordination, and nervousness
(Marsh,
1909).
Animals given A. miser at levels similar to those in this experiment
would
have been expected
to die of acute intoxication.
There were no deviations
from normal

in any

measured
in

LDH2

of

the

blood

and

SGOT

1970) are very pronounced
poisoning

constituents

in any of the sheep.

and acute

(James
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in locoweed

Astragalus

ing (Williams
and Binns, 1967). There
was no change in feed or water intake.
Histological
examination
failed
to
reveal any deviation
from normal.
Field observations
on two ranges revealed
that cattle readily
grazed this
plant even in the presence of an abundance of grass.
There
was some evidence that deer also graze this plant.

poison-
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Highlight
A 3-pasture rest-rotation grazing system based on plant
growth and development during 2 annual precipitation
periods resulted in more equitable utilization of cool- and
warm-season grasses (Arizona fescue and mountain muhly)
on ponderosa pine range. Plant and cattle productivity
were maintained and utilization of forage species was more
uniform.
Las

Epocas

de Pastoreo Deben Ser Adecuadas
Epocas de Crecimiento
Vegetal.

a las

Resumen”
El presente
estudio
se llev6 a cabo en un tipo de
vegetaci6n
de pino ponderosa
(Pinus ponderosa)
cerca de
Flagstaff,
Arizona,
E.U.A.
Los pastas de esta zona se
caracterizan
por una mezcla de zacates de verano e invierno.
Esto dificulta el pastoreo uniforme de las especies debido a
la mezcla.
Este estudio signific6
que con un sistema de
rotaci6n
con tres potreros
se obtuvo mas uniformidad
de
pastoreo de 10s diferentes
zacates.
Las Cpocas de pastoreo
y descanso
fueron conforme
a las &pocas de crecimiento
relacionadas
a las Gpocas de precipitaci6n.

Beef is a major product of ponderosa pine (Pinus
ponderosa)
ranges in the Southwest.
Maximum
beef production
from these lands, while maintaining desirable forage stands, requires a grazing system based on vegetative growth patterns.
In the Southwest, part of the precipitation
falls
during the winter and spring due to storms originating on the Pacific Coast, while part falls during
the summer from monsoon storms originating
in
lReceived
6, 1970.
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27,
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for publication

August

2Central
headquarters
maintained
at Fort Collins, in cooperation
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the Gulf of Mexico.
Across Arizona
and New
Mexico, the proportion of winter precipitation
decreases from west to east, and summer rainfall decreases from east to west. The two-season precipitation pattern is most pronounced in central Arizona.
Annual precipitation
in the Flagstaff area averages
23 inches.
About half falls as snow during the
winter and spring; the remainder falls as rain during the summer and fall. A drought period during
May and June separates the two periods.
Arizona fescue (Festucu arizonica) and mountain
montana) are the dominant
muhly (Muhlenbergia
cool- and warm-seasons
growers, respectively,
on
the ponderosa pine ranges near Flagstaff.
Growth
and development
on these important grasses coincides with the two distinct precipitation
periods.
Arizona fescue makes 74% of its height growth from
April 15 to June 30 due to the winter and spring
moisture, while only 26% comes after the summer
rains (Pearson,
1967).
In comparison,
mountain
muhly makes 61% of its height growth after the
summer rains begin in July.
A major problem on ponderosa pine ranges is to
maintain a desirable proportion of cool- and warmseason forage grasses.
Traditionally,
ponderosa
pine ranges have been grazed from June through
October
each year.
Under this system, Arizona
fescue, the cool-season species, is grazed lightly because it is approaching
maturity at the time the
cattle are brought onto the range. Cattle, therefore,
pass up the fescue which has started to seed, and
concentrate
grazing on the immature
mountain
muhly.
After several years of grazing, fescue becomes the dominant
forage grass. The obvious
solution
is to make heavier use of the Arizona
fescue, and lighter use on mountain muhly. This
could be accomplished
by starting to graze earlier
in the spring while the Arizona
fescue is still
succulent and highly palatable.
In designing a grazing system, we sought to (1)
establish the earliest time when animals could enter
the range without undue damage to Arizona fescue,
(2) provide periods of nonuse for growth and development
of both Arizona fescue and mountain
muhly, (3) obtain more balanced
utilization
between the two forage species, and (4) maintain
beef production.
Determining

Range

Readiness

Entrance
dates for putting cattle on the range
were determined
from plant growth and development information.
Arizona fescue provided ade-
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Table
1. Three-pasture
on ponderosa
pine
Arizona.

rest-rotation
grazing system used
range
allotments
near
Flagstaff,

Grazing
period1

A

Early

Rest

Graze

Rest

Late

Rest

Rest

Graze

C

1

Results

3

2

Early

Graze

Rest

Rest

Late

Rest

Graze

Rest

Early

Rest

Rest

Graze

Late

Graze

Rest

Rest

lEarly refers to the IO-week early grazing period (generally from
early May to mid-July); Late refers to the lo-week late grazing
period (generally from mid-July to October).

quate forage for grazing when it attained 4 inches
of height, since it grew about an inch per week
during the following 4 to 5 weeks. The soil was
firm enough
to hold the animals
when grass
reached this height.
Since growth varies among
years, plant measurements
were used to predict 2
weeks in advance when the range would be ready.
This permitted adequate time for delivery of livestock to the range. The entrance date was generally
in early May.
Rest-Rotation
A three-pasture
rest-rotation
system was initiated
on the Maxwell Spring and A-l allotments
of the
Coconino National Forest near Flagstaff (Table 1).
The three-pasture
system provides one complete
season of rest every 3 years, and only early- or lateperiod grazing in intervening
years. The number
of yearling cattle in each grazed pasture was increased up to 15% more than the previous total of
all three pastures.
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Printers
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Illinois.
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and covers
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Arizona fescue was utilized most during the early
period due to its early growth, while mountain
muhly wqs utilized most during the later period.
During
the early grazing period,
all forage
species were uniformly
utilized
to about 50%.
Arizona fescue made up the bulk of the animal
diet due to its sudculence and high productivity
during this season. By October, all forage species
in the early-grazed pasture appeared relatively unused. However, close observation
showed a reduction of Arizona fescue seed stalks and a predominance of mountain
muhly seed stalks.
The warm-season
plants in the pasture grazed
during the late season averaged 29% utilization
by
October.
Arizona fescue predominated
the range
aspect in late-grazed pastures.
Because it is rank
and unpalatable
during the late growing season,
stock virtually
ignored it. Mountain
muhly appeared to completely
recover from the late-season
grazing during the following year.
Cattle weight gains after three years of grazing
under the three-pasture system have been favorable.
Under the previous system of continuous
seasonlong grazing, yearling
cattle gains were slightly
greater than 1 lb. per animal per day. Cattle on
the three-pasture
system gained 1.2 lb. per day (not
significantly
more).
These results indicate an improvement
in the
balance of warm- and cool-season growers without
reducing
beef production.
When proper forage
balance is obtained
on the present ranges, more
intensive management
systems such as two-pasture
rest-rotation
may be tried to increase beef production per acre.
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Table
1. Three-pasture
on ponderosa
pine
Arizona.

rest-rotation
grazing system used
range
allotments
near
Flagstaff,

Grazing
period1

A

Early

Rest

Graze

Rest

Late

Rest

Rest

Graze

C

1

Results

3

2

Early

Graze

Rest

Rest

Late

Rest

Graze

Rest

Early

Rest

Rest

Graze

Late

Graze

Rest

Rest

lEarly refers to the IO-week early grazing period (generally from
early May to mid-July); Late refers to the lo-week late grazing
period (generally from mid-July to October).

quate forage for grazing when it attained 4 inches
of height, since it grew about an inch per week
during the following 4 to 5 weeks. The soil was
firm enough
to hold the animals
when grass
reached this height.
Since growth varies among
years, plant measurements
were used to predict 2
weeks in advance when the range would be ready.
This permitted adequate time for delivery of livestock to the range. The entrance date was generally
in early May.
Rest-Rotation
A three-pasture
rest-rotation
system was initiated
on the Maxwell Spring and A-l allotments
of the
Coconino National Forest near Flagstaff (Table 1).
The three-pasture
system provides one complete
season of rest every 3 years, and only early- or lateperiod grazing in intervening
years. The number
of yearling cattle in each grazed pasture was increased up to 15% more than the previous total of
all three pastures.

BOOK
Turf Management
Howard
Printers

B.
and

North

Jackson

Illinois.

253

Interstate

Publishers.

Street,
p.,

By

Handbook.

Sprague.

1970,

19-27

Danville,
$9.25.

This book is well organized,
clearly
written,
and covers
the information
needs of turf managers
on a national
basis.
The
presentation
of basic information
on the several
major
turf
grass zones in the United Stat& is particularly
helpful.
This serves as a key
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Arizona fescue was utilized most during the early
period due to its early growth, while mountain
muhly wqs utilized most during the later period.
During
the early grazing period,
all forage
species were uniformly
utilized
to about 50%.
Arizona fescue made up the bulk of the animal
diet due to its sudculence and high productivity
during this season. By October, all forage species
in the early-grazed pasture appeared relatively unused. However, close observation
showed a reduction of Arizona fescue seed stalks and a predominance of mountain
muhly seed stalks.
The warm-season
plants in the pasture grazed
during the late season averaged 29% utilization
by
October.
Arizona fescue predominated
the range
aspect in late-grazed pastures.
Because it is rank
and unpalatable
during the late growing season,
stock virtually
ignored it. Mountain
muhly appeared to completely
recover from the late-season
grazing during the following year.
Cattle weight gains after three years of grazing
under the three-pasture system have been favorable.
Under the previous system of continuous
seasonlong grazing, yearling
cattle gains were slightly
greater than 1 lb. per animal per day. Cattle on
the three-pasture
system gained 1.2 lb. per day (not
significantly
more).
These results indicate an improvement
in the
balance of warm- and cool-season growers without
reducing
beef production.
When proper forage
balance is obtained
on the present ranges, more
intensive management
systems such as two-pasture
rest-rotation
may be tried to increase beef production per acre.
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is not comparable
to the
Jess F&s,
Colorado
State
Fort Collins.

originalsUniversity,

these disciplines
realize the efforts of
others and correlate
and communicate
their
efforts
toward
the problem
of
herbage evaluation.--R.
W. Rice, University of Wyoming,
Laramie.

Experimental Methods for Evaluating Herbage. Compiled by J.

Baden Campbell, Research Station, Canada Dept. of Agriculture, Swift Current, Saskatchewan, Canada. Publication
13 15,
Canada Dept. of Agriculture, 223
p., 1969, $7.25.
This is a small book which attempts
to cover
the complex
and involved
It is
topic
of herbage
evaluation.
organized
into 24 chapters,
each authored by a different
scientist.
The
book
is useful
because
each
chapter
contains
adequate
references
for readers who are interested
in exploring a topic in further
detail.
It is
important
in that it has attempted
to
demonstrate
the necessity
of considering both plant and animal
in forage
Unless both the producer
evaluation.
are
considered,
and
the
consumer
errors in evaluation
are likely to occur.
The organization
is awkward because
there is often overlap
of information
and the discussions
tend to be unduly
fragmented.
Some of the chapters
are
very brief and give the reader only a
superficial
look into complex
topics.
Some of this information
could be combined
with other
chapters,
expanded
in a more comprehensive
way or eliminated.
Persons not familiar
with the problems and techniques
associated
with
forage
evaluation
will
benefit
most
from reading
this book.
Upperclassmen
and
graduate
students
can
familiarize
themselves
with the scope
of herbage
evaluation
and use this
information
with its references
to become at least acquainted
with a complex area of research.
The
book is
recommended
especially
for these persons. It will be good reading
for investigators
who are concerned
with a
part of the whole
and who should
attempt
to correlate
their work with
other disciplines
concerned
with different phases of the problem.
None of the topics are considered
in enough depth for real appreciation
of specific areas. This book, however,
serves a useful
purpose
by defining
the scope of a broad
problem
area,
which involves a variety of disciplines.
It is important
that experimenters
in
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FAO
has
completed
a PROVISIONAL
INDICATIVE
WORLD
PLAN
FOR
ARICULTURAL
DEVELOPMENT.
Among other things,
animal
production
must
increase
at
over double
that of the recent
past
(estimated
at 1.6% per year) to meet
demand over the next 15 years. About
a quarter
of the extra demand should
be supplied
by increasing
production
The
prosin developing
countries.
pects are for a hard battle
in every
country.
If you want details on world
food
problems
and prospects,
order
the following
publications:
Volume
1,
327 p., 1970, $8.50; Volume
2, 345 p.,
1970, $8.50; Summary
and Main ConUnipub,
clusions,
72 p., 1970, $1.50.
Inc., P.O. Box 433, New York, N. Y.
10016.

The Wildlife
Society
has published
an important
dissertation
on RANGE
ECOLOGY
AND
RELATIONS
OF
MULE
DEER,
ELK, AND CATTLE
RIVER
THE
MISSOURI
IN
BREAKS,
MONTANA
by Richard
J.
Mackie.
(Wildlife
Monographs,
No.
20, March 1970.) The author describes
eight habitat
types and their use by
deer, elk, and cattle.
Competitive
and
uses
among
species
non-competitive
and habitat
types are described
and
discussed
in good detail.
All of us
should take a look at this publication.

Reports
of work
conferences
on
INSECT-PLANT
INTERACTIONS
BIOCHEMICAL
INTERACand
TIONS
AMONG
PLANTS
can be obtained from the National
Academy of
Sciences, Washington,
D. C. The work
conferences
were held at the University
of California,
Santa Barbara,
in March
1968. Individual
scientific
reports
are
summarized
briefly,
but complete
bibliographies
are included
with
each.
These
summaries
and bibliographies
provide a great amount of information
If you are interested
on a few pages.
in chemical
interactions
between organisms,
library.

these

reports

belong

in

your

A new monthly
magazine
called
ECOLOGIST
began
publication
in
July 1970. Its subject matter topics are
Man and the Environment,
The Quality of Life, Pollution,
and ConservaEditorial
copy
and enquiries
tion.
should be addressed
to: The Editor,
The
Ecologist,
73 Kew Green,
RichThe
mond,
Currey,
Great
Britain.
subscription

price is $8.00.

The Third
Edition
of OUR SOILS
AND
THEIR
MANAGEMENT,
by
Roy L. Donahue,
(683 p., 1970, $10.75)
is devoted
largely
to cultivated
soils,
but includes
a chapter
on Managing
Soils and Water for Rangelands.
The
book was written for use in vocational
agriculture
(otherwise,
it doesn’t warrant your attention),
where previous
editions were well accepted.
According
to the preface, the major change in the
Third
Edition
is a new chapter
on
in
Agricultural
Job
Opportunities
The
Technologies
and Professions.
Interstate
Printers and Publishers,
Inc.,
19-27 North Jackson
Street,
Danville,
Illinois 6 1832.

SHEEP
AND WOOL
SCIENCE,
by
E. Ensminger,
is now in Fourth
1970, $14.35).
AlEdition
(948 p.,
M.

though it is partly verbatim
copy from
the author’s
Sixth
Edition
of ANIMAL SCIENCE
(1969), it is a remarkably good and scholarly
text and reference book.
The Interstate
Printers
and Publishers,
19-27 North
Jackson
Street,
Danville,
Illinois
6 1832.

TREE
PATHOLOGY,
by William
H. Smith, has been submitted
for review, but will interest
very few of
The
book
includes
our
members.
four parts: Abiotic Stress Agents, Biotic
Special
Topics,
and
Stress
Agents,
Disease Control.
Its organization,
content,
and literature
citations
appear
very useful
and scholarly.
Academic
111 Fifth
Avenue,
New
Press,
Inc.,
York,

N. Y. 10003.

