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Cattle grazing wiregrass forage
in longleaf-slash pine forests of the
Georgia coastal plain have long
contributed to the economy of the
region. It is estimated that these
13.5 million acres of forest lands
supply from 20-25 percent of the
total feed for the half million or
more beef cattle in the area. However, most landowners
consider
grazing a secondary use of forestland because the major investments
are for timber production. Hence,
the major aim in grazing longleafslash pine forests is to bring in additional income by producing maximum beef per animal.
Maximum beef production may
be attained only by a proper balance between livestock numbers
and available forage. In the past,
cattlemen have depended on observation and experience for determining stocking rates in wiregrasspine ranges. But many problems
have beset attempts to regulate cattle numbers in relation to forage
production.
Pine tree overstory
continually changes through a relatively short timber rotation. These
changes cause the production of the
range to vary from year to year. In
addition, the use of fire has a
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pronounced effect on timber reproduction and on the availability,
palatability and production of certain native forage species. Thus,
best management of the forage, so
as not to conflict with timber, is
extremely complicated and basic
standards are necesary to provide
guides for optimum stocking rates
conducive to greatest economic returns.
Previous grazing studies in the
longleaf and slash pine forests of
the South (Kirk, et al., 1945 ; Halls,
et aZ., 1952; Shepherd, et al., 1953 ;
Campbell and Cassady, 1951; and
Bond and Campbell, 1951) have
provided information
helpful to
better grazing management but
none were specifically designed to
measure grazing capacity.
Other
surveys and studies (Biswell, et al.,
1942; and Brasington, 1949) have
shown that stocking rates vary considerably and according to local
customs. Halls, et al., (19’52) reported that winter burning to
remove forest “rough” appears essential for maximum cattle production.
Shepherd, et al., (1953)
showed that grazing capacity during the spring and summer should
be based primarily on the acreage
of freshly burned range. Controversy still exists as to’ the use of
fire in forest management, but with
thorough analysis, planning and
preparation, a system of periodic
controlled burning can be used
with beneficial results. (Bickford
1

and Curry, 1946; Bond and Campbell, i951; McCulley, 1950; and
Wahlenberg, et al., 1939).
Topography of the coastal plain
varies from gently rolling to nearly
flat. The higher elevations, or uplands, are seldom under water and
support an overstory of longleaf
(Pinus palustris) and slash pine
(Pinus elliottii) and a shrub understory of gallberry (1Zex glabra)
and sawpalmetto (Serenoa repens).
Just a few feet in elevation separates these areas from the lowlands or swamps which are often
under water. The latter are characterized by cypresses (~axodiz~nz
hardwoods,
and
sPP*) various
shrubs.
The longleaf-slash pine forests
coincide with the wiregrass grazing type, which is a mixture of
wiry, fire-tolerant grasses. Dominant among these is pineland threeOther
( Arist ida stricta).
awn
prominent grasses which may occur
to varying degrees are Curtiss
dropseed
(Xporobolus
curtissii),
several
bluestems
(kndropoyon
spp. ) , panicums (I-‘aniczLulzspp. ) ,
paspalums (Paspalum spp.), cutover muhly (Muhlenbergia expansa) , lopside Indiangrass (Sorghastrum secundum)
and toothachegrass (Ctenium aromaticurn). This
type contributes the greater portion of forage for cattle grazing in
the forest.
The study reported herein was
conducted on lands fairly typical
of the coastal plain. Its purpose
was to determine the grazing capacity and optimum stocking rate
for burned wiregrass-pine range as
measured by weight performance of
steers ; also, to evaluate factors
such as kinds and amounts of herbage, shrubs, and tree canopy on
grazing capacity. Results have direct application to wiregrass-pine
ranges which are burned during the
winter months previous to grazing
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the following spring and summer.
Using grazing capacity of these
burned ranges as a standard of
comparison,
subsequent adjustments for cattle of different age
and sex and to unburned range
could be made.
Three hundred acres at the Alapaha Experiment Range were divided into six 50-acre grazing units
and classified according to topography and vegetation. The ranges
were burned during the winter to
remove “rough” and promote green
growth
of grass the following
spring. Acreage allowance per steer
was based on acreage of burned
upland and border. From 2 to 6
steers per unit provided stocking
rates of 18, 14, 9, 7, 6, and 4 acres
per steer. The same number of
steers grazed the same unit each
year from March 15 to January 17,
except in 1954 when numbers on
half the units were reduced by one
and all steers were removed in October. Even though the total acreage remained the same each year,
the acreage of burned range varied
slightly because of the inability to
get a complete burn over the entire
area.
The effects of burning and grazing upon herbaceous and shrubby
vegetation were evaluated through
changes in amount of ground cover
on twelve grazed plots, each one
milacre in size, and the same number of ungrazed plots per range
Table 1. Body weight
Burned
Range
unit

Actual

unit.
Yield and utilization
of
grasses were estimated by harvesting herbage at the end of the grazing season from eight grazed and
ungrazed plots per unit. Grass
yields were related to pine tree
overstory and shrub cover by estimating the percent of ground covered by shadow on a series of 0.02acre plots and harvestihg the grass
from 3.1-foot-square plots in the
center of the tree plot.

Factors Affecting Steer Weight
Changes
Rate

of Stocking

Performance of steers, and presumably other cattle, is dependent
upon an ample source of burned

changes of steers and forage utilization under various
ing intensities
of wiregra,ss-pine) ranges.1

wiregrass

range

Adjusted to
open
conditions?
-4 cres

stock-

&rage
removed
bY
grazing

Initial
Weight
Mar. 15

Percent
Stocked Ranges
14.5
29
465
8.5
32
457
Moderately
Stocked R,anges
6.9
38
481
5.3
48
479
4.4
46
495
Heavily St&eked Range
3.0
65
480

Weight

changes

per steer

Mar. 17act. 25

Oct. 26Jan. 17

Pounds

Lightly

1
8

18.1
14.2

3
4
5

8.5
6.8
6.4

6

4.4

155
167

-49
-47

118
117
108

-55
-42
-48

76

-60

*

1 Average for 1950, 1951, 1953, and 1954. Steers were removed from range in
October 26, 1954.
2 Calculated to represent the number of acres of wiregrass range without trees or
shrubs.

wiregrass herbage. Results from
this study showed that increases in
body weight of steers from March
to October were consistently greatest on lightly stocked ranges (Table
1). Steers gained approximately
160 pounds when supplied with 14
or more acres of timbered range, an
equivalent of 8.5 acres of open
range (Fig. 1). This rate of stocking permitted steers to attain maximum performance as shown by the
fact that additional range of 18.1
acres did not increase weight gains.
When ranges were stocked at a
moderate rate, 6.4 to 8.5 acres of
timbered range (4.4 to 6.9 acres of
open range), average steer gains
from March to October were 114
pounds. This was approximately
46 pounds per steer less than on
lightly stocked ranges. Individual
animal performance was very similar within the group on moderately
stocked ranges. However, acreage
of burned range varied each year
and animal weight changes tended
to be greatest on the unit that had
the greatest acreage of burned
range per steer.
Performance
was poorest on
the heavily stocked range. Steers
gained only 76 pounds. This was
38 pounds less than the average of
moderately stocked ranges. Each
year a certain amount of herbage
accumulated
before steers were
turned on range, and creditable
gains were made during the spring
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lightly to moderately
stocked
ranges, even though in better flesh
at the beginning of the fall, lost
significantly
less weight
than
those on heavily stocked range.
Adequate forage was not the complete solution to the prevention of
weight losses during the critical
fall period, but it did help to reduce them.

Effect of Rate of Stocking on
Degree of Forage Utilization

\

Forage utilization varied considerably among units but was
closely related to the acreage of
burned range per steer. Average
utilization on upland varied approximately 30 percent on lightly
stocked units to a high of 65 percent under the heaviest rate of
stocking (Table 1). Utilization was
rather consistent from year to
year for any particular unit.
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FIGURE 2. Increases in body weight were most rapid during the spring; maximum
body weight was reached in October and on lightly stocked ranges (data from 1950,
1951 and 1953).

in all ranges. However, herbage
production during late spring and
summer was not adequate on the
heavily stocked ranges.
Season
Rate of gain was greatest during the spring, regardless of stocking rate (Fig. 2). Approximately
80 percent of total weight changes
occurred by July 1. Light gains
continued through the summer in
proportion to acreage of burned
range per steer. The seasonal trend
in gains was also influenced to
some extent by the relative abundance of main forage species. Pine-land threeawn and Curtiss dropseed made rapid growth and were
particularly palatable during the
spring. Gains tended to be higher
in the spring on units where these
species predominated.
Bluestems
and carpetgrass
made greatest

growth and were more palatable
during
the summer ; therefore,
steer gains were better through the
summer where these species were
most prevalent, provided grazing
was not too close.
The advantage of a light to moderate rate of stocking was further
emphasized by performance
of
steers during fall and early winter
(Oct. 26-Jan. 17). Although the
steers were fed two pounds of cottonseed meal per head daily, all
lost weight.
But the steers on
Table

2. Ca~ntinue~dgrazing
Ground

Grazed
Ungrazed

Forage utilization
on burned
lowland areas was generally equal
to or greater than on the uplands.
Upland species were grazed primarily in the spring, but use of
species other than bluestems and
carpetgrass slackened off during
the summer. On the other hand,
forage species on the burned lowlands were grazed consistently
from early summer info the fall
and winter.
The degree of forage utilization
was tied in very closely to animal
performance.
Maximum
weight
gains per animal were dependent
largely on forage availability to
the extent that the steers could
obtain sufficient feed when approximately 30 percent of the total season’s growth of grass was removed
by grazing. When stocking rate
was most intense and steers were
forced to remove a high percentage of the herbage, the gains per
steer were least (Table 1).

of burned ranges caused
and yield of grass.
covered

by grasses

a decrease

in ground

Grass yield per acre

19421

1949

1954

1953-1954

30.5
30.2

Percent
28.9
33.2

21.7
32.6

Pounds
775
1075

1 Data taken from same plots in previously

reported study, Halls,

et al., 1952.
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Effect of Burning and Grazing
. on Ground Cover and Yield
of Grasses
Grazing of these annually burned
ranges decreased the ground cover
and yield of grasses.
With grazing,
average
grass
cover decreased from 30.5 percent
in 1942 to 28.9 percent in 1949 and
to 21.7 percent by the end of 1954
(Table 2). D ecreases were least
under light stocking and greatest
under a heavy rate of stocking and
forage utilization.
On ungrazed plots, the ground
cover of grass changed very little
and a fairly stable community of
wiregrass species was maintained.
Since the native vegetation is a
selection of species that has developed through frequent burning
over many years, only minor
changes would be expected so long
as timber stands remained the same
and litter was periodically
removed.
The decrease in ground cover of
grass on grazed portions of range
units was accompanied by a decrease in yields. As measured by
clippings
from caged plots, the
average oven-dry grass yield on
grazed areas was 300 pounds per
acre less than the 1,075 pounds of
grass produced on similar plots
which had been ungrazed since
1942. Thus, with continued burning and grazing, grazing capacity
was reduced 28 percent.

Effect of Tree Overstory and
Shrub Cover on Grass Yields
and Grazing ’Capacity
To maintain proper numbers of
animals on wiregrass-pine ranges,
the relationship
between .grass,
trees and shrubs should be appraised and adjustments made accordingly.
The total acreage of
timbered range is not always a
good criterion for allotting the
number of animals to be grazed.
Grass yields are greatest where
there are no trees or shrubs. But
as timber stands and shrubs become more dense they compete
critically
with the grasses for
light, moisture and plant nutrients, and grass yields are decreased.

Table
Shrub
density
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3. Effect

elf overgroti

of trees and shrubs on grass production.
Tree overstory

None

5%

Peroen t
0
5
10
15

1060
995
930
865

985
918
852
786

Basic relationships
established
in this study can be used to estimate the productiveness of other
wiregrass ranges which vary as to
timber stand density and shrub
cover. This relationship between
grass, trees, and shrubs was best
expressed by the calculated regression formula :
Y

=

Y =
X1 =
X2 =

1060-15X1-13X2
where
estimated grass yield
tree overstory in percent
shrub cover in percent

For example, where there were
no trees or shrubs, grass yields
were 1,060 pounds per acre (Table
3). Assuming that with light stocking 35 percent of the forage would
be removed by grazing, that grasses
contribute 85 percent towards total
cattle diet, and that daily dry matter intake for a 50-pound steer is
13 pounds, it would take about 9
acres of wiregrass range to permit
a 500-pound steer to make maximum weight gains (Fig. 3).
This acreage would need to be
increased as the timber stand and
shrub cover became more dense

20%
Pounds of grass
757
691
625
557

35%
530
464
398
332

50%
292
226
160
94

(Fig. 4). For example, calculated
per-acre grass yield on Range Unit
8 was 636 pounds. The required
amount of timbered range for best
animal performance would be 15
acres. This compares very closely
to the average of 14.2 acres, which
was the actual stocking rate of
Unit 8 and from which maximum
weight gains were obtained. By the
same manner,
calculated
grass
yields on Unit 6 indicated the need
for 13 acres of range for best animal performance, but only 4.4 acres
were supplied. Therefore, forage
utilization was extremely heavy
and steer gains were very low.
Light Rate of Stocking is
Desirable
Several factors tend to favor a
light rate of stocking and forage
utilization.
Maximum gains generally indicate a higher market
grade for cattle. Also, the ability
of cattle to make greater gains
under light stocking should enable
mature cows to calve more consistently. This factor is of special
importance in this region of low
quality forage where calving per-
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greatest returns per animal and
presumably greatest return per
dollar invested in cattle. Approximately 9 acres of good wiregrass
range which yields nearly 1,100
pounds of grass provides ample
feed for a 500-pound steer from
March to January. Depending on
the amount of the tree overstory
and shrub cover, the acreage would
have to be increased to compensate
for decreased yields of grass.
LITERATURX

centage is restricted because of the
cows’ inability to meet the requirements for lactation and breeding
simultaneously. Also, less supplemental feeding would be required
to keep cattle at an adequate level
of nutrition during fall and,winter.
Light stocking permits the same
number of cattle to graze the range
from year to year without causing
excessive utilization of forage during the years when a minimum of
burned range is available.
Moderate stocking and degree of
forage utilization permit more cattle to be run on the forest but at
the expense of individual animal
performance. During years of limited burned range, adjustments and
additional feed may be required to
keep cattle in good condition.
There appears to be one justification for heavy utilization of forage.
Since wildfire is a critical problem
in timber management, removal of
maximum herbage may be justified
at times to reduce the amount of
flammable material. However, this
advantage does not compensate for

the poor cattle performance
these conditions.

under

Resume
Where timber is generally regarded as the most valuable product of these forest lands, grazing
should be planned not to conflict
with timber-growing requirements.
The rapidly changing conditions
from seedbed preparation to harvest in a timber rotation dictate
the exclusion of fire for several
years. During this time cattle grazing should be markedly reduced
but continued, in order to reduce
fire hazard. Later, this same area
may be very productive for cattle
grazing when and if prescribed
burning is used as a tool in timber
management. Prescribed burning
should be planned primarily for
timber rather than grazing needs.
The acreage of burned range will,
therefore, vary each year but cattle
will concentrate on forest range
lands which have been burned. Cattle management based on an average of 35percent
utilization of
burned wiregrass forage provides
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The 9th Annual California Weed Conference will be held in Fresno, California,
January 22 to 24, 1957. Convention headquarters will be at the Hotel Californian, and the meetings will be held in the Civic Auditorium beginning at 1:00
P. M. on Tuesday, January 22.
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Range productivity is a subject
of importance to all concerned
with the range resource.
As a
most basic attribute of range its
evaluation should have priority
over evaluation of most other range
factors. Productivity
research is
considered a prerequisite to study
of range improvement (Upchurch
1952).
Logically,
the need for
and results of a range improvement practice are best expressed in
terms of production of the range.
If assessment of range land for tax
purposes is to be comparable to
that on cropland, a measure of
productivity is needed. Economists
must have production
data for
analysis of the ranching industry
and for proper evalution of the
range resource in the economy of
the nation as a whole. Public land
administrators need data on forage production as a basis for allotment of grazing privileges and for
harmonizing
grazing with other
land uses. Range conservationists
must have the information for correlation of stocking rates with
range sites and condition data.
Much research work in the field of
animal husbandry
is dependent
upon range production data. Last,
and by no means least, the rancher
needs data on production from his
ranges as well as the other parts
of his operating unit if he is to
make sound management decisions
and conduct an efficient profitable
business.
Problems

Soil

Conservation

Service,

Montalna

and Techniques

Measurement of grassland production poses many unique problems for the researcher. Watson
(1950) considers accurate evaluations of pasture yields one of the
most difficult techniques in agricultural experiments. Unlike other
crops, grass yields are rarely meas-

ured at any one pre-determined
time; the total yield may be the
sum of two or more harvests or
harvest may be a continuous process over a considerable period of
time during which the crop continues to grow. Furthermore, the
harvesting mechanism is biological
rather than mechanical and the
attendant variations of the grazing animal further complicate the
problem.
Grassland production
has received attention from many workers. Castle (1955) grouped the
experimental methods for evaluating grassland production on the
basis of the unit of measurement as
follows :
1. Botanical composition
2. Quantity of herbage
3. Grazing days
4. Animal produce
5. Standard food units
6. Feed replacement
7. Monetary return
8. Biochemical
analysis
Upchurch (1952) in a research
committee report gave an outline
for methods used in measuring
productivity
on range with the
techniques grouped under six headings :
1. Domestic animals
2. Game animals
3. Plants
4. Hydrological characteristics
5. Cultural characteristics
6. Economic factors
The very number of techniques
devised is an indication of the importance and complexity of the
problem of productivity measurement. The diversity of technique
is matched by diversity of units
used in measurement. For example, measurements using domestic
aimals have been determined in
terms of body-weight gain of var.

c,

ious age groups of either sex per
unit of area, per animal, per animal unit, or per unit of time,
Some data consider calf weights
including cow gain or loss; others
measure only the calf. Measurement of milk or wool production
may or may not consider body
weight changes and may be measured per unit of time, area or animal. Some measurements have been
made only in terms of numbers of
animals per unit of land.
The Joint Committee on Pasture
and Range Research Techniques
(1952) considered the variations in
technique as obstacles to maximum
progress and agreed that some sort
of standardization of grazing research procedure was desirable.
Present methods of measuring
range productivity
were sharply
criticized in the report of a research methods committee on the
“Economics
of Range Resources
Development,” organized by Upchurch (1952), for the Western
Agricultural
Economics Research
Council. The basic defect of all
methods was considered as the lack
of an acceptable standard unit of
measurement.
For example, the
often-used
term “animal unit
month” is variously defined as:
( 1) a given amount of feed or forage, (2) an animal or animals
grazed for one month or for an
average month, or (3) a certain
weight of live animals grazed for
Dissatisfaction
was
one month.
also expressed with the knowledge
of relationships b et w e en range
condition and trend, range forage,
grazing animals, hydrological characteristics, cultural characteristics
and economic factors, a lack that
might be ascribed in part to diverse techniques with untranslatable terms of measurement.
Castle (1955) pointed out defects of techniques using measurement of herbage quantity, animal
produce, animal grazing day, feed
replacement, economic returns and
biochemical indicators for dependable and acceptable figures on
grassland production.
In spite of the lack of precise
knowledge of ecological climax and

SYSTEM
its relationships with economical
factors, Stoddart (1952) believed
that the most reliable method of
determining stocking intensity for
range was translation of range
condition into stocking rate on the
basis of comparison with ranges of
known capabilities.
It should be
noted here that grazing intensity
or grazing capacity is based on
range condition, range productivity and economic factors with utilization generally at a very conservative level to allow for wide
annual variations in production
without comparable
changes in
stocking or damage to range flora.
Comparison with ranges of known
capabilities
thus provides
basic
data for determining grazing capabilities where actual use data
are not available.
Lack of a unified system of measurement has been felt in allied
fields for some of these techniques
have been used as a basis for other
projects.
Aandahl, Murray and
Scholtes (1954) proposed a, method
for using soil maps to estimate economic productivity of land for tax
assessment in which the rating for
permanent pasture was based on
“estimation of the relative grass
production of each soil mapping
unit in such terms as cow-days per
acre.” The “cow-days per acre”
were determined in this case by
estimate based on a season of use
by animals, a method which makes
no allowance for range condition,
animal production or for supplemental feed the animals may have
received. Fortunately, the authors
state that their basic approach
could be used with other (presumably more accurate) methods of
determining grassland productivity.

Current Status

The current situation can be
summarized thus :
1. Range productivity data are a
basic expression of quality of
the range resource prerequisite
to determination of proper range
management or improvement.
2. Present techniques for measuring range productivity are numerous and diverse, and gener-

FOR MEASURING

RANGE

PRODUCTIVITY

ally overlook
or improperly
emphasize one or more factors.
There is no generally accepted
standard unit of measurement
of range productivity; the data
gathered on any one research
project are usually applicable
to all portions of that project
but can rarely be applied or
translated to apply to other research data.
Research work in allied fields
such as range improvement,
range economics, and animal
husbandry
lacks acceptable
range production data to use as
a base for further study.
To state the basic considerations
in developing a unified system of
measuring range productivity as :
(1) accuracy, (2) economy, (3)
simplicity,
versatility,
and (4)
would be over-simplification,
although any system devised must
pass the test of these criteria.
Of primary importance is recognition of the differences between
range and tame pasture and proper
consideration
of the significant
factors. Range, as land that produces primarily native forage suitby livestock
able for
grazing
(SCSA 1952), differs from tame
pasture in that the vegetation is
usually a wide variety of native
species, and maintenance of a permanent cover is generally imperative. Soils in range are’ as important as in tame pasture but this
factor is generally recognized in
conjunction with climate and topography to delineate range sites
(SCSA 1952). In tame pastures,
the soils should be evaluated in
terms of their ability to produce
various cultivated
forage crops.
Climax vegetation is generally considered the potential type of cover
for a range site and range condition is measured by departure
from that potential. A general’but
direct relationship is known to exist between range condition and
productivity
(Dyksterhuis 1949).
Consideration of range condition,
based on plant succession and climax, appears to be essential in
measurement of relative as well as
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absolute range productivity. Fully
sustained production of the composite resource of soil, climate and
native vegetation cannot be predicted unless site and range condition are taken into account. It
must be re-emphasized that overgrazing of range will give high
initial yields with degeneration of
the vegetation and subsequent decreased production.
While such
overutilization gives an overstatement of productivity, underutilization may give an understatement
of productivity (Anon. 1952). Utilization standards thus also become
a vital part of productivity meas- ’
urements on range.
It is generally accepted that
measurement of range production
must be related to grazing animals
despite the difficulties of accounting for differences in animals such
as grazing preference, daily intake
and conversion of forage to gain.
Grazing trials, however, are not
economically
feasible on each
ranch. In addition, any results
from measurement must be translated into terms usable for management predictions and decisions.
Grazing capabilities are generally
determined today by inventory of
cover conditions, and in some agencies also soil conditions, correlated
with use histories on comparable
ranges. All systems are seriously
limited by the lack of grazing history for many ranges (Sampson
1955). Quantitative measurements
of forage yields correlated with
grazing trials would be valuable in
checking and augmenting field estimates and grazing history records and may some day serve as a
basis for establishing standard coefficients. This assumption, however, is predicated on use of a dependable unified system of quantitative measurements of range flora
and herbage samples.
The selection of standard technics and a unit of measurements
is evidently the basic consideration
in developing a unified system. The
number of variations in use today
is sufficient evidence for this assertion. Any unit of measurement
adopted must be translatable into
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a form that can be used by each
group concerned ; animal husbandmen and economists, for example,
need this data as much as the
ranchers and range men. The unit
should be capable of expression in
terms of effect upon animals from
the grazing and digestion of the
forage. Castle (1955) and others
(Anon. 1952) believe that the unit
of pounds of total digestible nutrients, commonly referred to as
T.D.N., offers the best available
means of meeting these criteria.
Some difficulty may be experienced
in using this term due to inadequate coefficients of digestibility
Bioand nutrient requirements.
chemical measurement techniques
digestible or indigestible
using
tracer elements or combinations of
the two give promise of providing
this information on plant values
for grazing
animals.
Raymond
(1954) and his associates (Raymond, et al. 1954) considered these
techniques critically and proposed
the faecal index measurement as
the most suitable.
summary
this brief review of biophysical
and economic
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problems involved in developing a
unified system, we may perhaps
conclude that a unified system of
measuring range productivity must
contain provisions for appraisal of
these factors:
Range
site and condition
class.
Degree of utilization of the
herbage in relation to range
condition and trend.
A standard unit of forage
measurement clearly defined
and readily translated.
Supplemental data required
to approximate equivalents in
related sciences.
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The problem of renovating or increasing the yield of sodbound or
low-producing
older
stands of
Standard crested wheatgrass (Agropyron desertorum)
has recently
received increasing attention in the
Northern Great Plains Region. This
grass has become widely recognized
as being well adapted for range reseeding in this area and over much
of the western United States.
Crested wheatgrass has several
attributes which have led to its
wide acceptance and use. It greens
up in the spring from two to four
weeks earlier than native range, is
drought resistant, produces well for
hay and pasture, and is palatable
to livestock.
Other characteristics
limit its
productiveness and use. It is unpalatable after maturity, summer
dormant, and tends to become sodbound and low-producing in older
stands.
Observations in eastern Montana
have indicated a tendency for pure
stands to increase in both density
and production
with favorable
weather. Then in periods of less
favorable weather,
production
drops rapidly-more
rapidly than’
density-often
to a point below
that of newer plantings of a like
density. From this it seems that
possibly the drop in production
with age of stand is not due to fewer
plants, but to reduced vigor and
size of individual plants. This phenomenon seems to be related to a
1 Study conducted by the former Northern Rocky &fountain Forest and Range
Experiment
Station, 77. S. Forest Service,
Missoula, Montana.

large degree to depletion of nutrients available to the plants as well
as to soil compaction, aeration, etc.
Because of the high value and
wide use of crested wheatgrass for
pasture and hay in the Northern
Great Plains Region, studies have
been conducted over the past decade at the U. S. Range Livestock
Experiment
Station, Miles City,
Montana, on methods and practices
that might help to overcome the
decreased production in old stands.
Review of Literature
Renovation studies in Wyoming
have indicated that certain mechanical treatments of native grasslands
succeeded in increasing forage production from 10 to 36 percent
(Barnes, et al., 1945).
A preliminary report on later
renovation
studies
of reseeded
grasslands in Wyoming
(Barnes,
et al., 1952) indicated that land
treatments which severely disturb
cover show promise of increasing
forage production, but may be uneconomical for the small increase
in yield obtained. Application of
nitrogen fertilizer to stands of
crested wheatgrass, western wheatgrass (Agropyron
sm~ithii) , and
Russian wildrye (Elyuntiusjunceus)
increased production markedly, the
greatest increase coming in those
years of more favorable precipitation. In this study application of
manure gave similar increases in
production but had greater carryover effect into the second year.
Spring applications of nitrogen or
manure greatly stimulated seed production of Russian wildrye the
year following application.
9

A twenty-year study by Heady
(1952) in Montana of the effects of
manuring, light renovation (disking), and heavy renovation (disking plus spring tooth harrowing)
on native range indicated that all
practices increased the yield of
grasses, but manuring more than
renovation. These treatment differences were generally apparent 12
years after the treatments had
ceased. A residual effect of manuring upon plant height 12 years
after treatment was evident.
Recent studies in Canada (Lodge,
1954) have indicated that mechanical disturbance of old stands of
crested wheatgrass can double yield
even in dry years. Here the greatest increase in yield accompanied
the greatest disturbance or thinning of the stand. Burning old
stands in spring or fall or fall mowing may increase yields from onethird to one half over untreated
seedings.
Experimental

Procedure

Preliminary renovation studies
were conducted in 1944 at the U. S.
Range Livestock Station on crested
wheatgrass pastures that had been
seeded in 1937 and grazed since
1939.
Between 1950 and 1952, a second, more comprehensive
study
was carried out in the same crested
wheatgrass stand to determine the
effect on production of various renovation methods and nitrogen fertilization.
This study was initiated in April,
1950 on an area of uniform soil,
slope and stand density. Six treatments were involved, consisting of
two nitrogen levels on each of
three cultural or tillage treatments. Nitrogen levels were : (1)
50 pounds of N per acre applied
in the spring of 1950 and (2) no
nitrogen. Cultural treatments included : (1) harrowing with springtooth harrow, (2) plowing and reseeding with crested wheatgrass at
a rate of five pounds per acre, and
(3) an untreated control. A randomized split-plot design wlth two
replications were used. Cultural
treatments were in whole plots
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protected, may be seen as well as
the noticeable greater quantity of
sweet clover.

FIGURE 1.

View of

disked

(right)

and untreated

(left)

crested

wheatgrass,

The 1950 production data from
the second study disclose some
significant differences between renovation
treatments
during the
season of treatment (Table 1).
Both the harrowed and control
plots produced about 90 percent
more crested wheatgrass forage
than the plowed and reseeded treatment. The average amounts of
crested wheatgrass produced were
564, 1076 and 1096 pounds per
acre, respectively, for the plowed
and reseeded, harrowed and control
treatments.

both

grazed (foreground)
and protected (background)
on August 11, 1944. Note close
utilization on disked area and abundance of sweet clover on disked protected area.

and nitrogen fertilizer levels in
sub-plots. The study included a
total of 12 plots each 35 x 50 feet
in size.
Data on stand density were taken
in early April,
1950, prior to
treatment of the plots, and again
in early April of 1’952. Production determinations were made in
early August of 1950 and 1952 following completion of the current
season’s growth. Production was
determined by clipping to a l/2inch stubble height, ten 4.356square-foot (l/& mil-acre) circular
plots located at random in each
treatment. Density was determined
by the point plot method, using
three transects per plot with 100
points per transect.
Weather
Spring and early summer precipitation-April
through Julywas 5 to 10 percent below the normal of 7.21 inches in all . three
years of the second study. Only
during the months of April and
June of 1950 did monthly precipitation reach the long-term average.
Total annual precipitation
for
the three years was 5 to 15 percent below the long-time average of
13.00 inches. The first and third
years (1950 and 1952) may be considered as dry years with 1951 as
Especially
dry
almost normal.
weather prevailed in 1949, the year
before this study started, when

precipitation was 40 to 60 percent
below normal.
Experimental

Results

Results of the 1944 studies indicated that, in the first year, both
harrowing and double-disking the
stand resulted in a decrease in forage production, number of plants
per unit of area, and proportion of
plants bearing seed. Further, these
renovation measures lowered total
forage production and encouraged
invasion by low-value weeds and
other plants. Figure 1 shows the
disked areas, both grazed and protected, in contrast to adjacent untreated areas. The thinner stands
of crested wheatgrass
on the
treated portion, both grazed and

Nitrogen applied at the rate of
50 pounds per acre increased production on all land treatments in
the first year. The increases in
yield were not large, but they
amounted to 22 percent on the
harrowed treatment, 48 percent on
the plowed and reseeded treatment,
and 13 percent on the control.
The only weeds found in 1950
were on the plowed and reseeded
treatment. Here the fertilized plots
produced l,lC76 pounds of weeds
per acre in addition to the 673
pounds
of crested wheatgrass,
while the unfertilized plots produced 950 pounds of weeds with
454 pounds of crested wheatgrass
forage.
By Il.952production had declined
on all plots except the unfertilized
plot

of

the

plowed

and

reseeded

Table 1. Production of crested wheatgrass and weeds in pounds per acre, air dry,
from three renovation trelatments with and without nitrogen fertilization, 1950
and 1952.
LAND
Harrowed
Crested
Wheatgrass

Weeds

l&./acre
August

& Reseeded

Crested
Wheatgrass

Weeds

lbs./acre

No Treatment
Crested
Wheatgrass

Weeds

b&/acre

1950

Fertilized
(N)
Not fertilized
August

TREATMENT

Plowed

1181
972

-

673
454

1196
950

1163
1028

-

18
-

548
509

-

470
488

-

1952

Fertilized
(N)
Not fertilized
L. S. D. (.05)
Cultivatioll
Fertilizer

464
402
1950

1952

236
270

166
220

RENOVATION
treatment. The decline in production averaged approximately
60
percent on both fertility levels of
the harrowed and control treatments, and 19 percent on the fertilized plot of the plowed and reseeded treatment. Production
in
this period increased 13 percent on
the unfertilized plot of the latter
treatment.
In 1952 production
on the
plowed and reseeded treatment was
above that on the other two treatments, although the differences
were not significant. Also in this
year there was no significant difference in production between the
harrowed and no treatment, or between the two levels of fertilization
on these treatments. For both harrowed and plowed and reseeded
treatments there was about 10 percent higher production on the fertilized plot, but the yield was about
the same on both fertility levels of
the plots which received no tillage.
Crested wheatgrass density was
remarkably similar in 1950 and
1952 in all treatments and between all treatments in both years.
Density averaged between 20.5 and
26.0 percent on all treatments in
both years, with no significant diff erences present.

Discussion

Under the conditions of these
studies, conducted during a comparatively
dry period, nitrogen
fertilizer tended to increase production of old stands of crested
wheatgrass at least during the year
of application.
Yields were not
taken the second year after application, but by the third growing
season such response had largely
disappeared. This could have been

OF CRESTED

WHEATGRASS

due to failure of the nitrogen effect
to carry over into the second year
after application or to the dry
weather, or both factors could have
been operating. These results indicate posibilities for range f ertilization in this area, but the practicability and economics of such a
practice will need to be determined
by future studies of a more comprehensive nature.
These studies also indicate that
considerable disturbance of the old
stand by double-disking or plowing
and reseeding not only decreases
production, height of growth, and
seed production in the first year,
but also allows considerable invasion by low value annual weeds.
However, two years ,after plowing
and reseeding the stand regains optimum density, weeds largely disappear, and there is a slight tendency for increased
production.
Moderate disturbance of, the stand
by harrowing may or may not decrease production,
probably
depending in part on amount of rainfall during the growing season.
In this study differences in
crested wheatgrass density resulting from renovation or fertilization
(at 50 pounds per acre of nitrogen) also were non-existent.
It is possible that the fertilization
and renovation treatments would be
more effective in periods of more
nearly normal precipitation.
Summary
The effects of renovating or fertilizing
old crested wheatgrass
stands were studied at the U. S.
Range Livestock Experiment Station, near Miles City, Montana, in
1944 and in 1950-1952.
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Treatments consisted of springtooth harrowing, double disking,
plowing and reseeding, and nitrogen fertilization.
Dry weather
prevailed over much of the period
during which these studies were
conducted. The following results
were obtained :
1. Nitrogen fertilization at the
rate of 50 pounds of N per
acre increased forage production to some extent in the year
of application, but two years
after application this response
had largely disappeared.
2. Considerable disturbance of
the stand by double disking or
plowing and reseeding caused
decreased forage and seed production and increased weed
growth in the first year.
3. After two years the efforts of
plowing and reseeding upon
production and weed density
largely disappeared.
4. Moderate disturbance of the
stand by harrowing had little
effect upon production
or
plant density, although it did
result in decreased seed production in the first year.
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LATE BULLETIN
W. T. (Terry) White, Executive Secretary of the American Society of Range Management since
January, 1952, died at Providence Hospital, Portland, Oregon, on, the morning of December 10, 1956.
Terry had been seriously ill for over a month before his death. Terry’s devotion to the objectives of
the ISociety, his friendly, active personality, and his spirit of cooperation in the conduct of Society business won him the friendship of all with whom he came in coIntact. The Society and his many personal
friends will miss him.
John G. Clouston, Box 4137, Portland 8, Oregon, has been named by the Directors to succeed Terry
as Exscutive Secretary.
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Many of the problems that confront the range manager are ccmcerned with conservation.
These
problems have economic aspects
that require an economic approach.
Range conservation is considered
here from this point of view.
From the point of view of economics the essential issue in conservation is the distribution of resource use over time. The ecbnomits of conservation is concerned
with the when of production from
natural resources (Ciriacy-Wantrup, 1952).
Range managers are familiar
with the multiple-use problem, that
is, with the decision about what
combination of different productsbeef, mutton, wool, wildlife, timber,
water or recreation-should
be proUXannini Foundation
of Agricultural
onomics Paper No. 155.

Ec-

duced from a given area or a given
unit of management. The type of
decision that a range manager must
make with respect to this problem
is conceptually not different from
the decision that he must make with
respect to the time distribution of
resource use. In the former case,
the joint products are differentiated by physical characteristicshow much beef and how much timber; in the latter case they are differentiated by their occurrence in
different intervals
of time-how
much beef this year and next, and
how much timber now and in ten
years.
The term “interval” has a special
meaning in time economics. It is defined as that period of time within
which changes of rates of production and of other economic variables can be neglected in an analysis. An interval may have any
extent in terms of clock time. For
many problems of range economics,
twelve ccmsecutive months or a
“grazing season” constitute a suitable clock-time extent of the interval. For some problems, however,
a longer or shorter period is more
suitable-for
example, a full breeding cycle comprising several years
or the period of finishing expressed
in weeks rather than months.
Management decisions with respect to the physical and time-distribution
characteristics
of the
products are interrelated. For example, decisions that result in
changes in the relative coverage of
grass, brush and trees, and thereby the physical characteristics of
the final product between grazing
and browsing animals and between
animals and timber, also change
the time distribution of the final

products. For analytical purposes,
it is well to focus on the latter
change separately.
This change
has technological, economic and political aspects of its own, and it is
of particular
concern in range
management even in those cases in
which production is undifferentiated in terms of its physical characteristics, for example, if only
beef is being produced.
Decisions about the time distribution of production are not confined to planning the use of natural
resources, that is, “conservation decisions,” but are part and parcel
of all business planning. However,
in non-agricultural industries the
deferred effects of current inputs
and outputs are generally smaller
relative to the immediate effects
than in agricultural enterprises. In
range and forest management this
rat.io of deferred to immediate effects of management practices is
large, compared with that of cultivated crop farming.
In range management it often
takes many intervals-decades
or
even generations (in terms of clock
time) -until
stability is reached.
Sometimes the effects are economically irreversible. Examples of this
are : tillage and overgrazing practices directly responsible for deep
gully erosion and loss of A-horizon
of soils; destruction of certain natural habitats of wildlife resulting
in extermination of species.
Decisions involving conservation
are not only a special challenge to
range technicians but also a promising field for research in time economics.

The Economic Objective of
Conservation Decisions
Management decisions usually
are based upon an attempt to
realize the utmost value. This is
the maximization principle.
The
revenues that accrue at the different intervals are reduced to present
values by discounting with appropriate interest rates. The various
possibilities of time distributions
of resource use rates are compared
to find the one that gives the maximum present value of the expected

CONSERVATION

IN RANGE

ECONOMICS

revenue flow. It can be considered
as the optimum state in terms of
time economics.
.
The maximization principle is a
useful fiction-like
Adam Smith’s
“economic man.” It helps the range
operator, the researcher and the
policy maker to understand certain
aspects of decision making. In time
economics, some of these are: (1)
the significance of making choices
between alternative time distributions of production;
(2) the reasons why and in what directiontoward the future or toward the
present-a
given planned time
distribution of production should
be changed under assumed changes
of the economic environment; (3)
why, when viewed historically,
range operators, taken individually
or as groups, have realized certain
time distributions ; and (4) what
public policy measures might induce range operators to adopt
practices which will result in a
time distribution that appears desirable “in the public interest.”

zation principle as a concept if
diligence in searching for alternatives is assumed for an individual
range operator or if a statistical
population of operators is considered over a sufficient period of time.
To use an analogy familiar to
range technicians, a particular “climax type” in ecology or an “adaptive peak” in genetics is difficult if
not impossible to define in actuality ; nor do these “maxima”“optimum” stages of succession or
evolution-explain
an actual plant
association or the developmental
state of a species at a particular
time and place; nor do they indicate that static states exist or that
the system being considered is
closed. Still, these concepts are
helpful in understanding the direction, the rate and the conditions
of change in plant associations and
species. The maximization principal has a similar usefulness in
economics.

Use of the maximization principle in production economics does
not mean that a range operator actually does, should, or could maximize the present
(discounted)
value of the expected total flow of
revenues over time. The actual objective of conservation decisions is
far more modest: to increase rather
than to maximize present value
through comparing total additional
revenues with the corresponding
total additional costs resulting from
alternative practices. Usually such
comparison will be hypothetical,
that is, with’paper and pencil. Admittedly, a maximum cannot be
realized in this way, save by acci-’
dent. But a course toward it can be
st,eered effectively in an economic
environment characterized by uncertainty and ceaseless change.
This proximate objective of increasing the net revenue flow discontinuously and by trial and error
has certain implications
for research in range economics that will
be discussed presently. But such
practical approximation of the theoretical objective does not invalidate the usefulness of the maximi-

In exploring the implications of
what has been said for research in
range economics, one may first
stress the need for more suitable
but not necessarily more voluminous data. Conservation decisions
require comparison of time distributions of interrelated costs and
returns of range management practices. To ascertain the cost of inputs
is comparatively
easy. To ascertain their effects in physical and
monetary terms upon output over
a number of intervals is a much
more difficult task. This is evinced
by the literature on brush clearing and conversion, replete with
costs per acre for bulldozing,
grubbing, disking, burning, spraying or seeding, but destitute of
data on returns. The effectiveness
of the original
and follow-up
clearing operation, the possibility
of erosion during the early intervals, the permanence of the converted cover in terms of normal
brush succession, and the wide
from
variability
of production
year to year on lands where water
and fertility are not easily controlled must be considered.

fmplications for Data and Tools
of Research

RESEARCH

13

Continuity Over Time in Observation

The most obvious requirement
for data is “follow through” in
scientific observation to make sure
that all significant deferred effects
of an experiment are included.
It may be submitted that a considerable portion of present contradictory evidence and controversy
in interpreting effects of the same
practices, controlled burning, for
example, under .similar physical
conditions is explained by differences in focus with respect to time.
In range economics, some indication, however crude, of the qualitative and quantitative
relation
between deferred and immediate
effects of an experiment is no less
important than statistical refinement in the measurement of immediate effects. This, of course,
does not mean that refinement of
statistical information
about the
immediate effects is necessutily
competitive with obtaining information on the deferred effects.
The investigators themselves may
be perfectly aware of the requirement to follow through and be sufficiently patient and cautious. But
the ever-present pressure from reto shift
search administrators
funds and personnel to “new”
projects and to announce and publicize the “solution” of problems
is especially detrimental to problems involving conservation.
Type of OutputData
The economist would like to have
data of physical range output that
relate to the final product-for
eirample, pounds of beef, wool, venison or animal unit month of pasture for “maintenance.” Data relating to the intermediate products,
such as forage in. its many forms,
stages and quantitative
expressions, are not enough. First, the
final product is needed for monetary evaluation. Second, the effects
of the forage on quantity and quality of the final product are economically significant.
In problems involving conservation, however, the requirement that
output data be in terms of final
product is frequently responsible
for an insufficient time period for
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observation and favors misinterpretation of observation. Long-run
grazing trials are expensive compared to clipping experiments. Experiments involving animals introduce additional variables in the
form of genetic diEerences, changing ages of animals, or management
practices.
It is well known that range output in terms of final products can
be maintained and even increased
for several years at the expense of
weakening
individual
perennials
and changing species composition
in the vegetation. Eventually, such
changes will find expression in the
output of final products. In practical range management, focusing
on t.he final product favors complacency in matters of conservation.
Detection and diagnosis of range
deterioration may be delayed until
remedial action has become far
more expensive than it would have
been if started earlier.
In problems involving conservation, therefore, the economist would
do well to familiarize himself with
the standard methods of forage
measurement and to help in improving them for his own purposes.
Range condition score cards as used
by the Soil Conservation Service,
Forest Service and Bureau of Land
Management might be modified to
include
quantitative
expressions
that correlate more closely in magnitude with the final product than
per cent basal area, per cent of “climax”, or total forage yields.
The effects of forage upon animals may be taken into account
through
appropriate
conversion
factors varying for kind and class
of grazing animal and for type of
forage, such as grass, browse or
weeds. Where enough research has
been done on forage types, auxiliary measurements such as crude
protein, total digestible nutrients
or energy values should be used to
weight the units of mass available
for consumption, not necessarily
those produced.
Measurement of
range output in this way is admittedly crude. There is also the danger that such measurement may
reflect the effects of other variables,
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such as seasonal and annual weather fluctuations, for which correction must be made. Still, for an
economic evaluation of the direction and rate of change in output
over time under the influence of
given practices, such information
would be useful and could be obtained without excessive costs.
Marginal Analysis and Linear
ProgramnGng
One of the tools used by the
economist in defining and realizing
the objectives of conservation is
marginal analysis. Marginal analysis means thinking in changes.
The changes may be finite or infinitesimal, continuous or discontinuous. In making conservation decisions, finite differences rather than
derivatives are used. This was indicated in the section on objectives
when the need for comparing discontinuous additions to total revenues and costs resulting from
alternative practice was discussed.
Marginal analysis is independent
of the maximization principle. As a
tool in economic planning, marginal analysis may be applied to the
maximization of some value quantity, such as present value of assets,
or to other objectives. It is also independent of various mathematical techniques of implementation.
These were discussed elsewhere with
particular reference to joint production and time economics (Ciriacy-Wantrup
1941, 1942, and
1944).
Recently, a new tool, commonly
known as “linear programming” or
“activity analysis,” has becommepopular in economic analysis of management decisions. It is claimed
that linear programming is superior to the proximate type of marginal analysis (“budgeting”)
referred to above because a maximum
can be accurately determined in
joint-production problems and under assumptions concerning discontinuity that are said to be especially realistic in managerial practice. At first glance, therefore, such
a tool would seem especially welcome for research in problems of
time economics, which are essentially joint-production
problems,

and for the reality of range management, which always deals with
discontinuity of inputs. It is appropriate, therefore, to ask: what
are the potentialities of the new
tool in the economics of conservation ?
The main usefulness of the maximization principle in economic research is as an aid in understanding
and orientation, not as a realizable
objective for actual management
decisions. To this usefulness, linear programming does not make a
contribution. By assuming the type
of discontinuity under which linear
progra.mming becomes superior to
alternative tools of economic planning, one also “assumes away” some
of the most vital theoretical and
practical problems of decision making in time economics. These assumptions and this superiority are
dependent on the mathematical
technique employed. This technique
is a form of matrix algebra that can
be handled by a statistical clerk
once the problem has been set up.
An easily understandable explanation of the technique is available
(Boles 1955).
These assumptions may be expressed in non-mathematical form
as follows : (1) that some factors of
production, for example, acres of
land, grazing allotments on the national forest, machines, buildings,
acre-feet of water, are limited to
particular quantities in terms of
the “control” of the individual operator ; such factors are assumed to
be divisible among “processes” and
among units of each process; (2)
that the operator can employ a
finite number of productive “processes” (frequently defined as “enterprises” in the farm management
sense, such as cattle, sheep, alfalfa
and deer) which use the limited
factors in given proportions and
which are independent
of each
other in the use of nonlimited factors-for
example, purchased feed,
fertilizer and labor ; and (3) that
the decision of the quantity of nonlimited factors to be used per unit
of each process is independent of
the decision of how many units of
each process should be used-that

CONSERVATION
is, of how the limited factors should
be distributed (“allocated”)
among
the various processes competing for
them. In the terminology of linear
programming, this latter decision
is referred to as “resource allocation.”
These assumptions are employed
in both linear and nonlinear programming. Additional assumptions
are made in connection with linearity-such
as constant proportion
of factors per unit of each process
and constant returns to scale. These
assumptions simplify the decision
problem still further-and
add
further restrictions to the usefulness of the maximization principle.
But these addition1 assumptions
are not inherent in the mathema,tical technique and need not be discussed here.
The question may be raised
whether any one of the above three
assumptions is tenable in time economics. This is especially pertinent
for farm and range management,
which are frequently cited as promising fields for the use of linear programming.
In time economics, the differentiation between limited factors and
nonlimited factors, as the terms are
used in linear programming, disappears. There remains the general
limitation on the operator’s control
over capital funds.
Nonlimited
factors are sunk over various periods of economic “gestation.” Limited factors can be conserved or depleted, bought or sold, and obtained
or disposed of through a great
many types of leasing arrangements.
In farm and range management,
the “processes” that have thus far
been defined in the literature are
interrelated through costs of nonlimited
factors
and sometimes
through revenues. Most of these
relations depend on time. To be
sure, processes C~?ZIbe defined in
such a way that they are independent. But if such definition focuses
on the product-as
in the existing
literature-such
independence
is
more likely to be found in nonagricultural industries than in farm
and range management.

IN RANGE

ECONOMICS

RESEARCH

The decision about the combination of processes and the decision
about the combination of factors
in ea,ch unit of* process in terms of
“intensity” (inputs) of nonlimited
factors are not independent of each
other. This means, as applied to
time economics, that the decision
about the optimum distribution of
rates of production over time contains a decision about the optimum
number of intervals included in the
production plan. However, decisions about the quantities and the
kinds of products to be produced
jointly are no less interdependent
in instantaneous economics.
Turning now to the contribution
of linear programming
(granting
for argument’s sake its assumptions) in applying the maximization principle to range management
in actuality, one can readily agree
that the new tool is superior to
budgeting in accurately determining maxima or minima; one can
also agree that its mathematical
technique is less demanding in
training of personnel and time than
some other mathematical techniques
that are no less accurate. These superiorities are relevant (1) for research, if the researcher is interested in the numerical accuracy of
computing maxima or minima under the restrictive assumptions that
must be made or (2) for practical
range management, if the mathematical technique is sufficiently
simple to make the new tool more
acceptable than budgeting-which
requires only elementary arithmetic. One may wonder whether
these two conditions are fulfilled in
farm and range management.
This note of caution, of course,
does not intend to condemn quantitatively precise research as such.
It is only when significant elements of the problem are eliminated in order to make a precision
tool applicable that one may have
doubts.
CaJculatioa of Brea.k-Even Prices
Another tool that has been introduced recently to ra,nge management is the calculation. of that
price of a product or factor at
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which substitution for an alternative product or factor leaves the
quantitative criterion of management decisions, such as total net
revenues, unchanged. Although the
mathematical technique of this tool
is crude as compared with that of
linear programming (only one unknown needs to be determined and
the equation required is very simple) the two tools have certain
characteristics in common : Here
also, the simplifying assumptions
of linear programming
must be
made ; in addition, one must assume
a given scale of output (number of
units of the two alternative “processes”). The advantage is also similar to that of linear programming :
The price at which substitution is
indicated can be determined with
any desired degree of accuracy.
Again, therefore, the researcher
must ask himself whether he is interested in numerical accuracy under restrictive assumptions. For
purposes of illustrating the problem of choice between alternatives
in instantaneous economics without
joint costs and revenues, the tool
is adequate. For purposes of solving real decision problems in time
economics where products in different intervals are always related
through costs and revenues, the
potentialities of the tool appear less
promising.

Research in Problems of (
Conservation Policy
Problems involved in conservation decisions by individual operators are not essentially different
from other managerial problems.
Research in the former makes special demand on the type of data
needed and cannot so easily employ
some of the new tools. But these
are differences of degree. In private
economics, conservation involves a
particular emphasis but constitutes
an integral part of the established
field of range management both in
research and in practice.
To help individual range operators in their conservation decisions
is only one objective of research
in problems of conservation. Even
more important is an understanding of how conservation decisions
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and some general idea about its
magnitude and the conditioning
factors can be gained in this way.
Much research remains to be done
in the quantitative aspects of these
relations. Modern production economics abounds with studies of
farmers’ responses to changes of
product prices. However, the timedistributional aspects of such production responses are neglected.
Responses to changes of other variables, such as income after fixed
charges, prices of productive services, allowanoes for uncertainty,
tenure, taxation and others are less
frequently
studied in systematic
fashion. From the standpoint of
conservation, these variables are
more significant
than product
prices.
Measures of conservation policy
cannot always I operate through
changing the economic and institutional enviroment for private enterprise. There are several reasons
why this approach may not be practicable:
First, changing the economic and institutional environment may have undesirable effects
not related to the conservation of
natural resources.
Second, such
changes to be sufficiently effective
may have to be supplemented by
excessive subsidies to enable private
enterprise to survive. Third, the
effects upon conservation decisions
may not be sufficiently selective
with respect to different groups of
operators. Fourth, the degree of
effectiveness may be ascertainable
through appropriate research for
groups of operators, but for each individual operator this degree may
remain too uncertain. Finally, but

by range operators, taken as a
group, are affected by changes of
income and income distribution,
prices, interest rates, allowance for
uncertainty, and especially of social
institutions, such as the laws and
the administration of laws concerning property,
tenure, taxation,
credit and market. form. With an
understanding of these economic
forces, one can then study the
means and the criteria of employing
such forces to modify conservation
decisions by private operators “in
the public interest.” This constitutes a major field of conservation
policy.
In range economics research, this field has been neglected.
Often, range depletion is blamed
on the ignorance of individual operators concerning
actual range
conditions and available conservation practices. More effective dissemination of existing knowledge
in these two areas is certainly
needed, but education is not a
cure-all. Slowness in adopting conservation practices is caused more
often by the economic and institutional environment in which range
managers have to operate than by
ignorance. Under such conditions,
the best extension work in range
conservation can have only meager
results.
Some significant aspects of the
relations between changes of economic forces, and the response by
range operators through conservation decisions, can be established
by deductive reasoning constantly
checked by historical observation.
For example, in terms of conservation or depletion, the direction of
the response can be ascertained
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most importantly,
the required
changes in the economic and institutional environment may run into
constitutional, political, or administrative obstacles. For one or several of these reasons, public ownership and control of natural
resources have been advocated as
constituting the most economical
and equitable solutions of some
conservation problems even in a
country which in its basic ideology
and institutions relies on private
initiative.
The foregoing has implications
for research in problems of range
conservatioa : by studying whether
and how far these reasons exist,
such research can help in identifying, in terms of areas and problems, where the “margin” between
private and public control lies. This
margin
is not static but has
changed, and will change, over
time. Research in this field, therefore, does not lead to a once-andfor-all solution but is a continuing
need in an economy based on
private enterprise.
LITERATURE

BOLES, JAMES N. 1955. Linear programming and farm management analysis.
Jour. Farm Econ. 37: l-24.
CIRIACY-WANT~UP, S. V. 1941. Economics
Jour.
of joint costs in agriculture.
Farm Econ. 23: 771-818.
-1942.
Private enterprise and conservation. Jour. Farm Econ. 24: 75-96.
Farm Econ. 23 : 771-818.
-1944.
Taxation and the conservation of resources. Quart. Jour. Econ.
58 : 57-195.
-1952.
Resource conservation, economies and policies.
Univ. of Calif.
Press: Berkeley.
397 pp.

1957

Society of Range Management elected for the year 1957 are:
College of Forestry, University

ROBERT S. CAMPBELL,

of Idaho, Moscow, Idaho.

U. S. Forest Service, New Orleans, Louisiana.

Board of Directors : 1957-59 :
KENNETH

CONRAD,

E. W. ANDERSON,

Rancher, Wray,
Soil Conservation

CITED

Colorado.
Service, Pendleton, Oregon.

Blue Grama Seed Production Studies1
WILLIAM R. KNEEBONE
Research
cultural

Agronomist,
Research

emI Great

Field

Service,

Pbinns Field

Blue grama, Bouteloua gracilis,
is an excellent warm season grass
over its entire range. It is found
from Mexico
to the Canadian
prairie provinces and from the
ninety-sixth meridian as far west as
Utah and eastern Californa.
It
cures out well and makes good winter grazing over much of its area.
Studies in the grass breeding program at Woodward,
Oklahoma,
have indicated that varieties of blue
grama can be developed that would
be markedly superior to material
grown from seed harvested from
native stands. Increase and testing
of breeding material has been limited and nearly inhibited by extremely low seed sets at Woodward.
Attempts at controlled seed production elsewhere have not been
successful.
Commercial seed is harvested
from native stands or from seeded
pastures. It is seldom harvested
from the same area two years in
succession.
Harvests
are made
where seed is found. Seed origins
and seed quality vary from year to
year. In spite of the wide area over
which seed harvests are often made,
years of relative scarcity of blue
grama seed occur.
If coasistent seed production on
a commercial and profitable scale
could be achieved either under cultivation or by proper management
of pasture areas, improved strains
could be used in seedings and qual1 Contribution from the Field Crops Research
Branch,
Agricultural
Research
Service,
U. S. Dept. of Agriculture,
in
cooperation with the Oklahoma Agricultural Experiment
Station.
Careful world
by H. W. Brown a;nd C. R. Pearson, Agricultural Aids, in harvesting, cleaning, and
weighing seed was an essential part of
this study.
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ity of seed on the market would be
greatly improved.
Both factors
would add much to the agricultural
economy of the Great Plains and
surrounding areas. The work to be
reported here is part of continuing
studies of blue grama seed production at Woodward.

Review of Literature
Seed production methods with
cool-season introduced grasses such
as smooth bromegrass (Broww inermis Leyss. ) and orchardgrass
(Dactylis glomerata Ii.) have been
studied by many workers in this
country and abroad. Their results
have shown that adequate moisture
and relatively high fertility levels
(particularly of nitrogen) are required for maximum seed production (Buller et al. 1955).
Stitt
(1954) obtained marked response
in seed production of Russian wildrye (Elymus junceus Fisch.) with
applications of nitrogen as high as
400 pounds per acre under irrigation and 100 pounds per acre dryland (16 inch rainfall, wide row
spacings).
Investigations
of native grass
seed production have been largely
limited to field observations. Cornelius (1950) wo#rking with several
native species, obtained best results
with 60 pounds of nitrogen applied
in the spring to row plantings. Harlan and Kneebone (1953) obtained
marked increases in seed production of switchgrass (Pan;icum. virgatum IJ. ) from applications of nitrogen up to 100 pounds per acre.
Studies of seed production of
several native grasses in relation to
climatic conditions and soil moisture were made by Branson (1941)
and Brown (1943) at Hays, Kansas. Both concluded that seed production was directly
correlated
with soil moisture.
In another
17

study at Hays, Riegel (1940) grew
blue grama from several sources in
the Great Plains. Over a three year
period, northern sources bloomed
around July 1, southern sources
around July 25 and central sources
around August 5. He found that
central sources had the greatest
number of caryopses per 100 florets.
Wolff (1951) pointed out that
good yields from native blue grama
stands are associated with heavy
rainfall at least a month prior to
the harvest season and with cool
temperatures ; best quality seed
usually being produced in September and October. Hoover, et al.
(1947) stated that blue grama seed
production depends on plentiful
moisture and cool temperatures at
time of blossoming and seed formation.
The effect of insect parasites on
grass seed production in this country is largely unknown. Various
species of thrips (Thr@&e)
and
and gall midges (Cetiidomyti,e)
have been shown to reduce seed production of many grass species in
Europe (Barnes 1937, 1946). Cornelius (1950) found gall midge
larvae in big bluestem (Ati&+opogon gerardi Vitman).
The writer
has observed gall midge larvae in
blue grama, sideoats grama (B.
curtipelndula (Michx.) Torr.) and
switchgrass. Bailey (1948) found
that a thrip (Chirothrips aculeatus
Bagn. ) “completely destroyed the
seed of fescue increase plots” at
Davis, California
in 1947. He
stated, “There is doubtless much
more injury done by thrips to
grains and especially to grass seed
crops than is realized.”
Roney (1949)) in Arizona, controlled thrips (ChirothrGps mexicanus and C. falm Preisner) with
2% parathion dust and increased
bermudagrass (Cynoldolz dactylon
(IA. ) Pers. ) seed production from
50 to 450 pounds per acre. Riherd
(1954) controlled thrips (C. m(exicalncus,) in Rhodes grass (Chloris
gayuna Kunth.) in Texas with dieldrin and reduced the percentage of
blasted seeds per head from 91.7 to
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12.3. He observed thrips in florets
of other grasses as well.

Mater&k and Methods
An #excellent drilled stand of blue
grama was established on Pratt
loamy fine sand at Woodward,
Oklahoma in 1950 with seed harvested near Marfa, Texas. In 1953,
half the area was sprinkler irrigated during the first part of the
season, the other half was not. The
entire area was mowed at the end of
July and no more irrigations were
made after that date. The fall crop
of heads was sprayed at early bloom
with the following treatments : parathion at 1 pound otf 15% wettable
powder per acre, dieldrex emulsion
at 0.25 pound dieldrin per acre,
systox at 8 ounces per acre, and
check. The experiment was laid out
in four randomized complete blocks.
A 31/ x 30 foot area of each plot
was harvested and sacked when
seed was ripe. After drying, the
sacks were beaten with rubber
hoses to detach heads and florets
from stems. Cleaned floret material
was weighed and run through a
modified hammermill
(Kneebone
and Brown, 1953) to reduce it to
clean caryopses. Final cleaning was
done by hand rubbing and screening. Ratios of caryopsis yields to
rough seed yields, or caryopsis percentages, were used to compare
spray
treatments.
Rough
seed
weights were taken to the nearest
gram and weights of clean grain
to the nearest hundredth of a gram.
Due to extreme drouth the grass
was dormant throughout June and
July, 1954. A split-split plot randomized block design with four replicates was laid out on the ‘field,
using two dates of starting irrigation, August 6 and August 20, as
main plots and 50 pounds of nitrogen per acre applied at first watering versus no nitrogen as sub-plots.
Sub-plots were further divided by
spray treatments. Treatments were
dieldrin, parathion and check, using the same rates as in 1953 per applicatioa.
Two applications were
made, at flowering and ten days
later. After cutting borders, an
area 10 x 161/z feet was harvested

from each spray plot. Heads were
sickled off, sacked and dried. Sacks
were beaten as before, but after
weighing the floret material, two
10 gram samples of rough seed
from each plot were rubbaed to clean
grain by hand. Caryopsis percentages were determined from these
samples. In addition to seed yields,
forage yields under each irrigation
and f,ertilizer treatment were determined.
In 1955, drought was again severe, but sufficient growth occurred
that the field was clipped back
twice. The grass was dormant from
mid-June
until watering
was
started on August 16. A split plot
randomized block design in 4 replicates was used. Main plots were
fertilizer treatments applied at first
watering; 50, 100, 200, 400 pounds
of nitrogen per acre.
Sub-plots
were sprays; dieldrin at 0.25 pound
per acre, DDT at 2 pounds 50%
wettable powder per acre, and
check. Plots were sprayed twice at
these rates, at first flowering and
two weeks later. In both 1954 and
1955 the source of nitrogen was
ammonium nitrate. Fertilizer applications were made with a hand
spreader. The 1955 fertilizer plots
were superimposed on the plots
used in 1954 so that half of the
plots at each rate in 1955 were on
areas fertilized in 1954 and half
were on areas previously used as
checks.
Seed and folrage samples were
taken and processed in 1955 as in
1954 except that caryopsis percentage was determined from one 5 and
one 2 gram sample per plot and
cleaning was done with a modified
Waring blendor by Mr. Myron

Grennell of the USDA Seed Research Laboratory, Oklahoma A. &
M. College. Seed from border areas
was harvested by heading with a
binder and subsequent threshing
of cut material through a combine.
Forage yield samples were taken in
late December 1955 of the stubble
left from this harvest.

Results
The part of the field watered
through the first half of the season
in 1953 failed to head out in the
fall, while the area which had no
irrigation and had been virtually
dormant headed out profusely with
late July and August rains. Seed
yields and caryopsis percentages
were very low. Plots which had
been sprayed with dieldrin had a
significantly higher caryopsis percentage than did the check plots or
those sprayed with systox or parathion. Results of spray treatments
are given in Table 1. In 1954 dieldrin again gave a significant increase in seed set. Caryopsis percentages from all treatments were
considerably better in that year,
and were even higher in 1955. The
slightly increased set from dieldrin
was not significant in 1955. Fifty
pounds of nitrogen per acre gave
significantly higher seed sets in
1954 under all treatments than did
the checks. Average caryopsis percentage was 30.9 on the fertilized
plots and 20.9 on the unfertilized
plots.
Rough seed yields were not
measured in 1953 and were not significantly affected by spray treatments in either 1954 or 1955. Average rough seed yield in 1954 from
the check plots was 81 pounds per

Table 1. Caryopsis percemtages
in rough seed harvested from blue grama sprayed
with various insecticides.
Treatment*
Year

Dieldrin

1953

3.4

2.2

1.9

1954

30.7

27.3

1955

36.7

-

Parathion

Check

systox

DDT

1.9

-

24.0

-

-

34.7

-

34.7

* In any row of figures those meags which do not have a common line underscoring them differ significantly
at the 5% level. Figures for 1953 are averages
of four entries, 1954 and 1955 data of 16 entries with two samples each.
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acre while on the fertilized plots it
was 326, a fourfold increase from
the application of nitrogen. In 1955
there were no significant differences
in either rough seed or clean grain
yield among the various fertilizer
treatments nor were there any
measurable residual effects from
applications made in 1954. Average
rough seed yield per acre was 405
pounds. Figure 1 shows the difference betmen a fertilized plot and
its unfertilized border in 1955.
Clean grain “i- caryopsis yields
per acre calculated from 1954 data
were 101 pounds from fertilized
plots and 20 pounds from the
checks. On fertilized plots, dieldrin
spraying increased earyopsis yield
18 pounds per acre. On unfertilized checks the incrmsed earyopsis
yield from spraying with dieldrin
was 7 pounds per acre. These figures are based on average rough
seed yields and caryopsis percentages from the treatments in question. In 1955 the calculated cary“psis yield per acre xm,s 143 pounds,
with no significant
differences
among treatments.
Forage yields in 1954 and 195.5
are shown in Table 2. Fifty pounds
of nitrogen per acre more than
doubled total yield in 1954, and an

GRAMA

SEED

PRODUCTION

evident similar effect in 1955 is
shown by figure 1.
Discussion
On a soil low in nitrogen and organic matter, 50 pounds of nitrogen
per acre plus an adequate moisture
level during a six week period was
sufficient to produce a good seed
crop in 1954 and again in 1955.
A very rough _estimation of the
amount of irrigation water used in
1955 would be 14 inches. No record
was kept in 1954, but the soil was
kept moist. Natural rainfall vas
0.90 inches in 1954 and 2.18 inches
in 1955 during the period August
15 to September 30. In 1953 “ver
8 inches of rain fell in July and
August but only .32 in September,
probably
explaining
the large
amount of bloom but low seed set.

Annual rainfall was 86.4 percent in
1953, 55.0 percent in 1954, and 71.4
percent in 1955 of respective “normals” calculated from data reaching back to 1885.
Timing of bloom so that flowering occurs in September srems as
essential at Womlmard as adequate
moisture and fertility levels. This
is in agreement with pnblished observations (HOOTW, et al., 1947,
Wolff 1951. and Riegel 1940). The
author, in another study, noted that
blue grama flowering during a period of high temperatures (maximums around 105” for several
days) had a very high percentage
of aborted pollen. This occurred
while soil moisture ras being held
at high lerels by irrigation. Blue
grama flowers early in the morning.
Jones and Newell (1946) found
that the peak pollen sbed was brtwwn 4 :50 and 5!50 a.m. nt Lincoln, Nebraska. This is usually tbr
coolest part of the day at Woodward. Table 3 gives the average
temperatures at \Voodnxrd by tenday periods at 6 :00 pm., midnight,
and fi :00 a.m. for the period 1945.
54. It may be seen that at about the
date anthesis began in the 1954 and
1955 expnrimmts (1st half Sept.)
a sudden drop in average night
tempemtures
ordinarily
oecnrs.
Blooming continued through the
month of September. Jones and
New11 (1946) stated that temperatures below 60’ inhibited blooming
and pollen shed at. Lincoln. Night
temperatures this lom are not common at Woodward until October.
The most common insects assoeiated vith the blooming blue grama
appeared to be thrips and leaf hoppers. Thrips mre obserm-d within
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Table

3. Temperaturee
at 6: 00 P.M., Midnight,
and 6:00 A.M. a,veraged
for the ten years 1945-54 at Woodward,
Oklahoma.
day periods
6:00
P.M.

Period
June

14-23

June 24-July
July

4-13

July

14-23

July 24-Aug.
Aug. 3-12

3

2

12:oo
P.M.

6:00
A.M.

6:00
P.M.

Period

12:oo
P.M.

b’y ten6:00
A.M.
70.8”

87.5”

73.9”

69.9”

Aug.

89.4”

76.1”

86.8“

74.4”

71.5”

Aug. 23-Sept. 1 85.4”

74.2”

70.3 o

86.6”

74.4”

71.5”

Sept.

2-11

84.1”

70.4”

65.7”

90.5”

77.1”

72.1”

Sept.

12-21

79.1”

66.9”

62.1”

90.8“

77.2”

72.5”

Sept. 22-Oct. 1

74.3”

62.6”

57.8”

89.1”

76.3”

71.9”

act.

70.7”

59.9”

55.1”

the florets at all stages of development. Larvae of the gall midge
family were also found. Control of
the above insects was by no means
complete on sprayed plots since
many were observed throughout the
experiments, but the higher caryopobtained on dieldrin
sis percentages
sprayed plots indicate the possibilities from insect control. Infestation by insects was apparently less
in 1955 than in 1954, probably explaining, along with slightly cooler
temperatures and higher humidity,
the higher seed sets.
The relatively high total production of seed and forage over the
from
mid-August
short period
means an appreciable potential income from the forage produced.
Combine residues and stubble remaining after seed harvest would
have fairly high feeding value and
provide considerable forage. In addition, there would be grazing
through the fore part of the summer. In 1955 there was sufficient
growth to clip the area twice with
a hay mower. Although not enough
for a worthwhile hay crop, this
would have furnished considerable
grazing.
The implications of these results
apply to other native grasses as
well as blue grama. They are fourfold. First is the need for adequate
moisture and fertility levels. Second is the need for those levels at
the right time-manipulation
of
blooming period to fit climate ; harmonizing management with growth
cycles. Third is the often overlooked fact that seed production
fields can also produce usable forage and an appreciable extra income from that forage over and
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above the seed. Fourth is the possibility that much of the low seed set
found in native grasses may be due
to insect pests. Appreciable
increases in seed quality and seed
production
might be attainable
with chemical controls.
Highest
incomes from seed production and
most consistent results will probably not be attained unless these
implications
are taken into account.
8-Y
Seed production
studies were
made in 1953,1954, and 1955 on an
established stand of blue grama
drilled in 12-inch rows at, the
United States Southern
Great
Plains Field Station, Woodward,
Oklahoma.
Excellent heading and seed set
were obtained in 1954 and 1955 by
applying water and ammonium nitrate fertilizer to summer dormant
grass in mid-August, with continued irrigation until seed was in the
soft dough stage.
In 1954, plots to which 50 pounds
of nitrogen per acre were applied,
produced 326 pounds of rough seed
per acre while checks yielded 81
pounds. Fertilized plots had more
heads and higher caryopsis percentages.
In 1955, rates of 50, 100,200, and
400 pounds of nitrogen per acre
were used with no check other than
observation of adjacent untreated
areas. There were no significant
differences in seed yield, caryopsis
percentage, or forage yield among
the four rates and no residual effects on these characters from the
50 pound application
in 1954.
Average rough seed yield was 405
pounds per acre.

Significant increases in caryopsis
percentage were obtained in 1953
and 1954 from dieldrin applied at
0.25 pound per acre, with total applications .25 pound in 1953 and
50 pound in 1954. Insect infestation in 1955 was apparently low
and the increase in seed set from
two dieldrin sprayings at .25 pound
per acre each was not statistically
signif icant.
In these studies,
spraying with systox, parathion,
and DDT had little effect upon
caryopsis percentage. Increases in
caryopsis percentages were probably primarily due to control of
thrips.
A considerable amount of valuable forage was produced each year
in addition to the seed. Total airdry yields of seed and forage on
fertilized
plots averaged
3,648
pounds per acre in 1954 and 4,127
pounds in 1955. Air-dry forage
available for grazing after seed
harvest in 1955 averaged 2,432
pounds per acre.
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The abandoned field under investigation consists of a five-acre
plot in the Grassland Investigation
Project near Norman, Oklahoma.
It was farmed for a period of 20
to 25 years prior to 1941. In 1941
it was retired from cultivation
and planted to Korean lespedeza.
The plot was grazed until 1949 at
which time it was fenced, and a
half-acre portion was plowed to a
depth of seven inches. The period
of field study extended from 1950
through 1954.
The plant populations of both
plots were determined by means of
twenty-five quadrats of 0.1 square
meter each in the spring of 1950
and in the early autumn of 1950,
1951, 1952 and 1954. In each quadrat the living area1 (foliage) cover
was estimated to the nearest whole
percent of the total quadrat area.
From these data the relative frequency, and the relative cover
were calculated. The relative values were obtained by dividing the
frequency or cover of a given species by the sum of the frequencies
or cover data of all species encountered in the samples. Since
1 One in a series

of papers from the
Grasslands Investigations
Project on land
provided by Messrs. Neil R. and M. T.
Johnson.
Financial
aid was provided
from the University of Okla.homa Fund.

the relative frequency
and the
relative cover were similar for
each species only the relative cover
per species (percent of total cover)
is reported.

Revegetating,

Abandoned Field

The vegetation of the unplowed,
abandoned field (control) was analyzed in 1949 by Kelting (1951).
He reported that two annual species, three-awn grass and Korean
lespedeza (planted) and one perennial species,
Scribner’s
panic
grass, were the major dominants
and furnished most of the cover
during the main part of the growing season. This was true also in
1950 (Table 1). During the course
of the current investigation, however, three-awn grass and Korean
lespedeza declined in importance
and the latter disappeared completely (Table 1). By 1954, western ragweed, many-flowered aster,
and fall witchgrass along with
Scribner’s panic grass, had become
the dominant species (Table 1).

Replowed, Ablandoned Field
In the spring of 1950 the plant
population of the replowed, abandoned land was composed largely
of western ragweed, Korean lespedeza, false dandelion and buffalobur. The last two species composed
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nearly half of the total foliage
cover in the spring of 1950 (Table
1). However, false dandelion was
not encountered
in subsequent
sampling and buffalo-bur, much reduced in quantity, was sampled
again only in the autumn of 1950.
In the autumn of 1950 the plant
population was composed primarily of western ragweed, three-awn
grasses, Korean lespedeza, and fall
witchgrass (Table 1). As in the
case of the unplowed plot, the
three-awn grasses decreased in importance and Korean lespedeza disappeared completely during the
period from 1950 to 1954 (Table
1). Although western ragweed was
dominant during much of the sampling period it was reduced to a
minor species during the very severe drought year of 1954.
By the time of the 1954 sampling
period the only important species,
on the basis of relative cover, were
many-flowered aster and fall witch
grass (Table 1). The increase in
many-flowered
aster was unexpected although its rise during the
drouth period of 1954 might have
been anticipated on the basis of
Weaver’s reports (1954). In view
of the fact that fall witchgrass decreased in relative cover from 1952
to 1954, it seems probable that this
species is aided by protection from
grazing.
On the basis of behavior the species in the replowed, abandoned
field have been divided into five
groups. In group I the species exhibited a high relative cover only
in the spring of the first growing
season and disappeared before the
second growin g season (Table 1).
In group II the species had a relatively high cover during the first
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He reported that two annual species, three-awn grass and Korean
lespedeza (planted) and one perennial species,
Scribner’s
panic
grass, were the major dominants
and furnished most of the cover
during the main part of the growing season. This was true also in
1950 (Table 1). During the course
of the current investigation, however, three-awn grass and Korean
lespedeza declined in importance
and the latter disappeared completely (Table 1). By 1954, western ragweed, many-flowered aster,
and fall witchgrass along with
Scribner’s panic grass, had become
the dominant species (Table 1).
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population of the replowed, abandoned land was composed largely
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nearly half of the total foliage
cover in the spring of 1950 (Table
1). However, false dandelion was
not encountered
in subsequent
sampling and buffalo-bur, much reduced in quantity, was sampled
again only in the autumn of 1950.
In the autumn of 1950 the plant
population was composed primarily of western ragweed, three-awn
grasses, Korean lespedeza, and fall
witchgrass (Table 1). As in the
case of the unplowed plot, the
three-awn grasses decreased in importance and Korean lespedeza disappeared completely during the
period from 1950 to 1954 (Table
1). Although western ragweed was
dominant during much of the sampling period it was reduced to a
minor species during the very severe drought year of 1954.
By the time of the 1954 sampling
period the only important species,
on the basis of relative cover, were
many-flowered aster and fall witch
grass (Table 1). The increase in
many-flowered
aster was unexpected although its rise during the
drouth period of 1954 might have
been anticipated on the basis of
Weaver’s reports (1954). In view
of the fact that fall witchgrass decreased in relative cover from 1952
to 1954, it seems probable that this
species is aided by protection from
grazing.
On the basis of behavior the species in the replowed, abandoned
field have been divided into five
groups. In group I the species exhibited a high relative cover only
in the spring of the first growing
season and disappeared before the
second growin g season (Table 1).
In group II the species had a relatively high cover during the first
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Table 1. Relative’ area1 (foliage)
coverage of important species
abandoned field (Control, C) and a portion of the abandoned
Decembe’r, 1949 (Replowed, R) .

in a revegetating,
field replowed in

1950
Group
Pyrrhopappus
I

Spring

Species
grandiflorus

(False dandelion)
Solanum
rostratum

R

$10.6

R

36.2

1951

1952

1954

Fall

Fall

Fall

Fall

-

-

-

-

6.0

-

-

-

(Buff alo-bur )
Ambrosia

psilostbchya

C

4.9

0.8

0.9

12.6

R

21.3

12.1

9.3

17.2

1.1

grasses)

C
R

7.8
6.4

50.1
23.2

19.0
44.5

18.1
9.1

5.3
2.5

Lespedeza
stipulacea
(Korean
lespedeza)

C
R

7.2
8.5

16.4
25.5

17.3
3.3

6.5
0.5

Panicum scribnerianum
(Scribner’s
panic

C
R

22.2
4.2

13.4
t

17.1
t

25.1
4.7

27.9
4.7

Chloris verticillata
(Windmill
grass)

C
R

11.1
t

4.6
1.0

1.6
7.0

4.7
7.3

2.0
4.9

Aster

C
R

1.3
4.2

0.5
5.7

1.1
1.2

1.4
13.3

14.6
49.7

c
R

t
t

7.7
10.8

22.0
22.9

9.1
37.6

22.7
23.4

(Western
II

III

IV

V

ragweed)

*Aristida
spp.
(Three-awn

ericoides
(Many-flowered

Leptoloma
(Fall

grass)

aster)

cognatum
witchgrass)
sacoharoides
beardgrass)

c
R

t

-

-

-

0.4
2.6

1.2
1.8

0.4
1.9

Andropogon
(Little

scoparius
bluestem)

C
R

-

0.1
-

1.6
-

-

2.4
0.5

year but decreased in importance
throughout the period of observation. In group III the species exhibited moderate cover the first
year after replowing but increased
only moderately during the fiveyear period (Table 1). In group
IV the species exhibited a low relative cover during the first year but
attained dominant status by the
end of the fifth year (Table 1).
In group V the species possessed
a very low relative cover during
the first year and increased only
slightly throughout the sam.pling
period (silver beardgrass and little

since the

bluestem). Of the last group, little bluestem is destined to become
a dominant species in the next ten
to twenty years.
Comparison

of Ploti

The number of species in the unplowed abandoned field (control)
was higher in 1950 and 1951 than
that of the plowed plot although
the numbers in both plots were
similar in 1952 and 1954 (Table
2). The decrease in number of species in the control was due undoubtedly to the lack of grazing
and the increased competition re-

2. Number of species and area1 cover in a revegetating
field (control)
a portion of the revegetating
field replowed in December,
1949.
1950
Spring

Control
Replowed

.

-

Andropogon
(Silver

* A. basiramea and A oligantha, chiefly the latter.
$ Sum of relative cover ‘data for all species does not equal 100 percent
above list is only partial.

Table

15.0

Control
Replowed

1951
Fall

Fall

Number
47
17

of species per sample (25 quadrats)
28
34
23
18

Percent

area1 (foliage)

30.6
4.7

74.4
61.2

cover

and

1952
Fall

1954
Fall

28
22

22
21

43.0
38.3

24.7
24.7

per quadrat
80.8
68.9

sulting therefrom. It will be observed that there was little difference between the plots in the
percent area1 cover except in the
spring of 1950 (Table 2). This
contrasts markedly with the results when the native prairie was
In the plowed prairie
plowed.
“The amount of living area1 cover
produced during the second season
after plowing was approximately
two and one-half times as great in
each of the plowed plots as in the
control”
(R ice and Penfound,
1954).
Snmmary
This paper presents a comparison of the plant populations in a
revegetating, abandoned field (control) and a replowed portion of the
abandoned field over a five-year
period (1950 through 1954).
At the beginning of the period
(1950) the abandoned field (control)
was dominated by threeawn grass, Korean lespedeza, and
Scribner’s
panic grass, but by
1954, the dominants were Scribner’s panic grass, western ragweed,
many-flowered aster, and fall witchgrass.
In the first spring after plowing
(1950)) the replowed abandoned
field was dominated by western ragweed, Korean lespedeza, false dandelion, and buffalo-bur, but by the
end of the observation period
(1954) the only important plants
in the replowed plot were manyflowered aster and fall witchgrass.
The number of species was greater in the revegetating field (control), but the percent area1 (foliage) cover was similar in both plots
throughout the observation period
(1950 through 1954).
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Range Management Education
III. Animal Husbandry Training for the
Range Livestock Producer
T. B. KEITH
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The educational preparation for
any phase of life’s endeavors is
rather complex. Few students at
the college level are absolutely sure
of the vocation they may wish to
follow, and many do not end up in
the specific area for which they
were trained.
The decisions are
made more complicated by wars
and economic situations. Few students realize that they should be
training, not for the position of
today, but for a position as it will
exist, for problems which will confront them ten, twenty, and thirty
years hence-at
which time, experience has shown, their greatest
contribution is apt to be made.
College training should be measured in terms of what it contributes to the individual for a better
way of life and what he, in turn,
is able to do for the society in
which he lives. It does not matter
what they may be doing, the animal husbandry and range management graduates will always have
ample opportunity
for the improvement of the environment in
which they live.
The economic return of a degree
is not the most important contribution of college training. Mitchell
(1935) defined an educated man “as
one who can do well what he has
never done before.” The training
of the student should be sufficiently basic to enable a ma.n to
enjoy continuous improvement in
his life’s endeavors until he is no
longer physically able to perform.
Any philosophy on student training in any field of work that would
not favor a continuous development
of the individual throughout life

Hea<& Anima’l

Husbaindry,

University

Idaho

fa.ils to meet the needs of education.
Therefore, the purpose of higher
educational training is to enable a
person to enjoy the finer things of
life, more especially those relating
to his life’s work, and to develop
with his profession.
Let us assume that a student entering high school has planned to
follow range livestock work as a vo-
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by Prof.
from

Management

was dediscussion arc this

T. B. Keith

a panel

topic at th.s 1954 meetinS

of the Nosth-

or pieces of the animal husbandry
curriculum and reflect concern over
certain aspects of specialization or
details of specific course offerings.
Hughes (1951) was, however, concerned specifically with the animal
husbandry curriculum and its objectives. He presents some excellent philosophy on the subject of
teaching, a field which “challenges
the intellect .” He defines the teaching profession as one that “deals
with science, art, and man’s position in the field od human relations.” In developing the history
of animal husbandry
curricula,
Hughes points out that animal husbandry was originally taught, by
men trained in the sciences and
humanities, men “basically trained”
but lacking “the proper tools to
apply their knowledge”;
but by
men who realized that advancement
in basic science would set the pace
in the developing field of animal
husbandry.
He attributes
this
shift of emphasis to the pressure to
train men with minimum background in a social framework which
demanded that the trained man
know how but not understand why.

Hughes analyzed the curricula of
Michigan
State for 1900-01, of Misof Range
Management
irk Enterprise,
souri,
1927-28,
and of California,
Oregon.
Other pampers in this series
1950-51,
and
proposed
a minimum
will be presented
in subsequerd
issuers.
curriculum. Examination of these
reveals that a thread of the sciences
runs throughout all. A balance is
struck between production
and
cation. What should be his plans
other agricultural
courses. He
and how should his efforts be distates that present curricula should
rected? If I had the opportunity
require four to five semester hours
to advise him, I would suggest that
of botany, four credits of genetics
he plan to take at least three years
and about six credits, more or less,
of mathematics, two years of Latin
of. .agronomy. In order to be good
plus at least a year of some other
. citizens, students need training in
language. lr possible, the student
economics and in the humanities.
should elect high school courses in
He observes that basic training is
chemistry, physics and biology.
essentially the same in all parts of
the nation but that application is
Viewpointi on Animal Husbandry
different. This assertion is attested
Training
to by the fact that students can
easily transfer from one accredited
In the field of animal husbandry
college to another throughout the
quite a few articles have been writnation. Hughes emphasizes the imten on special instructional or trainportance of giving the student “the
ing problems. (Rice, 1945 ; Hughes,
proper tools with which to work,
Howell a.nd Mead, 1946 ; Craft,
when he is granted his degree.”
1953 ; and Crampton, 1953). These
Except for the following quotation
articles concern narrow segments
west Section

of th,e America%
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from the report of a special committee of Oregon State College staff,
Hughes does not place much emphasis, except in the area of biochemistry and nutrition, on an
of the
adequate understanding
plant resource and its management.
This committee said animal husbandmen should “maintain the fertility of the soil through judicious
use of livesto’ck,” and further, “a
balance should be found between
livestock and feed production with
proper evaluation of a better forage supply and more efficient livestock.”
In 1945 Rice discussed the development and evaluation of the animal husbandry student, a broad
and important aspect of a successful training program.
He listed
advantages a.nd disadvantages of
various types of examinations and
stated a case for presenting a realistic situation instead of artificial
ones in examination. He suggested
that the best evaluation of the mind
is a three to six hour comprehensive examination near the close of
the senior year, plus a student
paper presented in ten minutes and
defended for a ten minute question
period. He emphasized the importance of advising to aid the student in his personality development, and he outlined a successful
program at Ma.ssachusetts State
College which helps the student
chart his progress in this regard.
Rice also emphasized that the
evolution of the student’s mind depends on our philosophy. He suggested that we need not only to
present a store of facts and their
meaning, but to test the reasoning
power of the student and his.ability to think reflectively and logically in the use of his own knowledge in solving “new and unique
problems.”
In my opinion the
most valuable tool of an agriculturist is the ability to think from
a background of understanding in
both the animal and the plant
sciences. This latter cornerstone
n e ed s expansion, placing plant
science in a -new perspective and
receiving more emphasis in the
training
of voung neonle for the

important profession of livestock
farming and ranching. The future
of our forage resources rests primarily with the livestock men as husbandmen of these vital resources,
yet their training has given them
minimum familiarity with the plant
sciences which make the understanding of forage resources and
their management possible.
The
proper emphasis may not be livestock management but forage managem,ent.

In commenting on the requirements for the Ph.D. in animal
breeding, Craft (1953) stated that
undergraduate
training was not
adequate as regards livestock management and that curricula should
be strengthened in this respect but
he did not elaborate on what he
meant by livestock management.
Does he mean livestock management to effect better feed resource
use or does he mean solely livestock
management to minimize diseases,
maximize immediate income, and
effect modern and rapid advances
without particular
in breeding
concern for the feed resource as
such. He mentioned that the students trained at this level in animal breeding should also be familiar with plant breeding, but,
except for nutrition courses, his
requirements recognized only the
animal sciences and statistics. No
specific mention is made of such
areas as philosophy, psychology,
logic or sociology, although he does
emphasize that trained students
must be good citizens as well. Craft
says our objectives should be to
“increase . . . perspective, sharpen
. . . ability to recognize problems,
improve his skill in evaluating
problems.” He wrote also of a
“broad, comprehensive basic training” and it can be assumed that
such would include plant science
as well as work in the humanities.
In 1953 Dr. Crampton presented
his views for the purpose of stimulating discussion. He shows a relationship-wheel with animal husbandry the hub and states “the
common center is nourishment of
the animal.” Plant science, however_ is obvious in its absence as

one of the fellies. Dr. Crampton
stated that most curricula at bachelor of science level are long on
animal management and short on
science, especially chemistry and
math, although he recognizes that
solution of this may not lie in
drastic curricular alterations. The
objective should be to give the student advanced understanding of
things he is already more or less
familiar with and to increase his
fund of information.
Dr. Crampton quotes a reviewer
of his manuscript as follows : “Cultural uniformity marks the first
phase of the -death of the culture,
even though the uniformity may
in itself be a culmination.”
He
suggests that we heed this warning
in the discussion of any training
program or professional discipline.
This thought certainly sets the
stage for our objective consideration of the needs, desirability, and
for integration of
opportunities
range management and animal husbandry training to effect greater
application of sound range management on the land.

Subject Matter at the College
Level
Basic Courses
The value of chemistry, physics
and mathematics for a student interested in an exhaustive study of
any phase of animal science has
been underestimated. Six to eight
semester credits in mathematics at
the college level are the minimum
a student should take in order that
he be proficient in chemistry and
The boundary line bephysics.
tween chemistry and physics has
Both
completely
disappeared.
fields are concerned with the study
of energy in its various manifestations and the interrelationships between different forms of matter.
Both subjects are necessary for the
basic training of an animal science
student. For most training objectives, the value of chemistry is
paramount, while for others the
value of physics, but in any training plan it is a matter of emphasis,
The fact
not of discrimination.
that the needs of the student can

RANGE
ne acquired with a definite number
of credits, each in physics and
chemistry, may be merely a difference of personal opinion. The student should be sufficiently familiar
with advanced organic and biochemistry to understand the basic
problems of the physiological functions of the plant and animal.
Closely associated with the needs
for a thorough foundation in mathematics, physics and chemistry is
the importance of basic training in
zoology, anatomy, physiology and
botany.
It is important that thorough
consideration be given to courses
in the humanities and English.
courses dealing with
Therefore,
history, social science, English, political science, economics, philosophy and psychology should be included in his curriculum.
Since
there is danger of requiring more
courses than could be included in
the curriculum, judgment should
be used in selecting courses from
this category in meeting the major
requirements and in providing the
student an education as well as
technical training.
SpeciaQized

Courses

The courses required for specialization should be those that will
prepare the student to understand
thoroughly the applied science subject matter. These courses should
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lead to studies in heredity and nutrition of animals and to plant nutrition, physiology, and ecology.
The courses required for specialization should include : Organic
chemistry, biochemistry, the chemistry of soils, and plant ecology. A
course in plant ecology is becoming
more important to the student in
animal science, since many of our
nutritional and hereditary problems are closely associated with the
combined environment of the plant
and animal.
These are suggestions as to what
the student should attempt to do to
qualify himself to be proficient in
the field of animal science, regardless of what he may desire to do.
The suggested training should be
as valuable to a producer of livestock as it would to one intending
to do research in this field. However, the student should have sufficient leeway to select courses of
his wishes. This is important in
that the interest and success of a
person in any field of endeavor depends upon the opportunity to do
those things that appeal to the
curiosity of the individual.
The way to specialize is to build
on this curiosity, ability, and interest. This can best be done in
complete freedom from the stereotyped curriculum heavy in “specialized” departmental
requirements. If production and manage-

ment courses come after the science
background, they can be more effectively
taught and adequately
learned.
In concluding, it is important, in
order to be of the greatest service
to oneself and to the nation or mankind, that a Bachelor of Science
graduate be prepared not only for
today, but have a foundation on
which to build his tomorrow and
every period of his life thereafter.
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Knowledge
of communities as
they occur on the range is essential
to good management ; their composition, structure, site relations, successional status, forage values, and
classification. The classification of
range vegetation is challenging,
and at the same time baffling. In
the classification of any kind of
objects it is necessary, first of all,
to possess considerable information
about their properties. Our knowledge of range vegetation is, however, fragmentary. At the present
time it is inadequate for a sound,
comprehensive classification.
The
evaluation of principles can serve
as a guide to aid in the collection
of data which will be most useful
in classification. To be of greatest
validity a classification must be
based upon principles pertaining
to properties that are inherent in
the vegetation itself. When other
substances are classified, such as
soils, species of plants and animals,
or chemical compounds, it is taken
for granted that the inherent properties of these substances are used.

Criteria Emplo’yed in Varioss
Classifications
As mentioned by Braun-Blanquet
(1951: 553), many roads lead to
Rome, so various criteria have’been
used to classify communities. The
following five have been the most
commonly employed. (1) The physiognomy, or general appearance, of
the vegetation,
such as forest,
chaparral, and bunchgrass.
(2)
Habitat relations, with emphasis
on the causal influence of the environment such as sand-dune, saltflat, and gravel-slide.
(3) Geographic distribution, such as altitudinal and latitudinal zonation.
(4) Successional status, or the re-

lation to the climax. (5) Floristics,
or the kinds of species that make
LIP the community.
In some classifications two or
more of these bases have been used
jointly, often with the emphasis
varying from one to others. In the
classification of major grasslands
of North America the chief basis is
physiognomy, but geographic distribution and florist&
are also
important. The eight kinds are (1)
tallgrass prairie, (2) coastal prairie, (3) mixed prairie, (4) shortgrass plains, (5) desert grassland
or desert-plains, (6) Pacific prairie, (7) Palouse prairie, and (8)
fescue grassland ( Coupland and
Brayshaw 1953, Moss 1955). Difficulties exist, as in the classification
of most biological objects, in assigning some grassland areas to one
or another of these groups. Transitions and interdigitation occur. The
validity of giving equal status to
each of these eight kinds may be
questioned. The classification, however, is valuable in that it recognizes important differences in species composition, in life-forms, in
regional distribution, and in dominance of species. The classification
also reflects important differences
in climatic conditions of the various regions in which they occur.
The vegetation in each of these
major grasslands shows a great
variety of types, caused by local
differences in environmental conditions, by various kinds of treatment, and by differences in the
inherent capacities of numerous
species. Much difficulty is encountered in the classification of these
minor communities, largely because
of insufficient knowledge.
I n this discussion the term “community” applies to one or more
26

stands in which the vegetation
shows considerable similarity in
species composition
throughout,
particularly in the dominants and
constants,
in physiognomy,
in
cover, and in frequency or constancy. A single stand may be
called a “concrete community,” a
number of similar stands an “abstract community” or type. Analysis of stands is essential
in
studying communities for, as Dansereau (1952 :351) stated, “the only
truly precise definition of a community is that which can be obtained by abstracting the observed
quantitative notations of rather
extensive quadratting.”
The environment plays a large
role in causing the occurrence of
similarities and dissimilarities in
vegetation. Dissimilarities
are
caused in part because environmental conditions vary from place
to place. Each place with its own
environmental conditions is a habitat or site with its own specific
effects upon the plants. Similarities in vegetation are caused in
part because many disconnected
habitats are essentially similar
(Dyksterhuis
1949).
The sites
may be sharply differentiated from
one another when moisture or
other environmental gradients fire
steep, or transitional zones may
occur when the gradients are gradual. It appears that gradients are
steeper and therefore communities
are more sharply differentiated
under the drier conditions and
greater physiographic
variations
in western grassland formations
than in the tall-grass prairie (cf.
Hanson and Whitman 1938, Hanson 1955, Weaver 1954). This deduction is supported by the intensification of types and additional
fragmentation into types that oecurred in the tall-grass prairie
during the dry period of 1934 to
1940 in eastern Nebraska and Kansas (Weaver & Darland 1944).
Basic Principles
Principles which are important
to consider in the classification of
communities may be grouped into
three classes: A, those dealing with
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relations of species of the community to the environment;
B,
those dealing with relations between species within the community; and C, those dealing with the
ecological success of a species within a community.
Class
A.
This class, the relations of the species of a community
to the environment, includes three
principles.
1. Every species has certain requirements
for
water, radiant
energy, nutrient salts, and others.
The site must provide these requirements in minimum quantity,
which varies with the species, or
the species will not be able to
grow.
2. Each species has a certain
range of environmental conditions,
or an ecological
amplitude,
in
which it can grow. Western wheatgrass ( Agropyrolz
smith& ) , for
example, grows under a wider
range of soil salinity than blue
grama (Bouteloua
gracilis).
Related to this principle of ecological
amplitude is that of tolerance to
extreme conditions.
Each species
has an ecological amplitude under
which it grows best. This applies
also to the community, “each type
of community
has an inherent
spectrum of toleration to normal
extremes of adverse conditions to
which it is subjected” (Allee, et al.
1949 539).
3. Each species has a certain
capacity or efficiency to utilize the
available resources of the community in which it occurs. Two species
may be fairly similar in ecological
amplitude, such as prairie Junecristata)
and
grass (Koeleria
needle-and-thread (Xtipa corn&a) ,’
but under a given set of conditions
one may flourish more than the
other. In early stages of secondary
succession, forbs such as Russian
thistle (Salsola kali), are often
more efficient than grasses in utilizing the environmental resources
such as wind for dissemination of
seeds and soil moisture and nutrients for germination and growth.
1Nomenclature
(1953).

is

according

to

Weber
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The greater efficiency of one species as compared to another under
similar conditions may be brought
about in a number of ways such
as by a more extensive root system
or by a higher rate of photosynthesis (Figs. 1 and 2).
Class B. This class, the relations
between species in the communit,y,
includes two principles.
1. Species differ in competitive
capacity, which depends upon the
biological equipment of the species.
The biological equipment includes
all the properties of a plant which
are involved in its growth and reproduction. For example, some species propagate by means of runners
or rhizomes while others have no
vegetative means of propagation.
Some are highly
resistant
to
drought, others succumb quickly.
It appears that a species has its
maximum competitive power when
it is growing within its optimum
ecological amplitude.
2. Species differ in the capacity
of adjustment to one another, often
called the association of species.
Plants differing in life-form such
and blue
as needle-and-thread
grama, or bunch grasses and singlestalked forbs, are more often associated than those that are similar.
Association of species may be related to grazing intensity, as for
example, plants of high palatability
growing in clusters of prickly pear
cactus or in dense sagebrush.
Class C. This class deals with the
ecological success of each species
in the community in which it occurs. This depends upon its capacity to cope with its environment
and associated species in relationships outlined in the five preceding
principles. The degree of success
of a species in a given community
can be evaluated by such characteristics as vitality, sociability, cover,
numerical abundance, frequency,
constancy, fidelity, and dominance
(Hanson 1950).
Vitality is the vigor of a plant.
Knowledge of the appearance of
normal plants at various stages of
growth is necessary in order to appraise the degree of vigor. A number of criteria may be used in de-
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terming the vitality such as rate
of growth, height attained, yield
of herbage, color, extent of damage by parasites or drought, area of
crowns or herbage, number of new
shoots, extent of dead portions, and
number and condition of flower
stalks.
Sociability refers to the ability
of plants to grow close together, to
form dense aggregations. Many species that spread only by seed often
show a high degree of sociability,
especially in early. stages of succession. Western wheatgrass, by
means of its rhizomes, has been
especially effective in forming dense
aggregations in areas damaged by
drought or deposition of windblown soil. The degree of sociability that a species will develop is
often determined by the environmental conditions and the ecological amplitude of the species.
Cover.-Cover
applies to the
herbage area, i.e., the area of
ground covered by the leaves, stems,
and inflorescences when viewed
from above; or to the basal area,
i.e., th,e area of ground actually
occupied by the crown, or the area
penetrated by the stems (corresponds to “density” as used in
range management).
Basal area
may also refer to the area occupied
by the plant in a horizontal plane
half an inch or more above the
ground.
Numerical abundance.-This
refers to the number of stalks or individual plants per unit area.
Frequency.-Frequency
is concerned with the degree of uniformity of distribution olf a species within a stand. It is measured by determining the presence or absence
of a species in sample areas that are
distributed as widely as possible
within a stand. Usually species with
low frequency are ill suited to the
environment, are poor competitors,
or are unable to make adjustments
to other species in the community.
Constancy.-Constancy
refers to
the degree to which a species occurs
in different stands of the same kind
of community. A high degree of
constancy indicates that the species
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possessing it finds the environmental conditions suitable. Species with
constancy ratings of, 80 percent or
more in a type are important in
characterization
and are called
“constants.” Constants with high
cover value are good competitors,
those with low cover values are
usually poor competitors.
Fidelity.-This
refers to the degree to which a species is restricted
to a particular kind of community.
Constancy deals with the occurrence of the same species in different stands within the same kind
of community ; fidelity deals with
the occurrence of species in different kinds of communities. Fidelity
is a useful indicator of the ecological amplitude of a species. The species having a high degree of fidelity
are valuable in characterizing
a
community and such species have
been widely used in grassland classification in central Europe.
Dominance.-This
characteristic
of vegetation expresses the differential development of plants in a community, showing clearly the high
degree of ecological success attained
by some species. Usually the dominants are those species which are
able to utilize the resources of the
habitat most advantageously, and
which by their influence on the
habitat and on other species determine to a considerable extent the
conditions under which the species
associated with them must grow.
Many qualities. are needed by a
species to become a dominant.
Cheatgrass has become dominant on
large areas in western United
States since 1900 because of its
large production
of seed, rapid
germination and growth of roots
and shoots even when conditions
are only fairly favorable, early
maturity, and the large number of
plants per unit area.

Use of Criteria in the Analysis
of Communities
The most successful species in a
given site are the dominants and
other species having the highest
ratings in cover, numerical abundance, frequency or constancy, and
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vitality. To facilitate comparison
and the selection of the most successful species a figure combining
at least abundance or cover and
frequency or constancy is desirable.
This has been done in Table 1 in
the columns with the heading “C x
Co”, C for constancy in percentage,
Co for herbage cover ratings. The
possible range of this combined
rating is from 1.0 to 600. The lowest rating or index number would
occur when a species is found in
only one stand and has 10 percent
or less herbage cover. A rating of
600 would indicate that a species
occurs in all of the stands with 75
to 100 percent herbage cover.
Limitations
of time for field
work often restrict the gathering
of data to 3 or 4 characteristics,
such as cover, frequency, vitality,
and dominance. It should be mentioned, however, that a complete
characterization requires use of all
the characteristics (Hanson 1950).
One method of securing the field
data is to locate systematically 20
one-meter-square
quadrats
per
stand and to use 10 stands for each
kind of community when possible.
A larger number of smaller sample
units may be used in place of the

meter-square quadrat.
The data
are tabulated by species for each
stand, summarized, and then assembled in an “association table”
(Hanson 1955).
A more rapid
method of securing the field data
is to locate one sample area, about
3 x 4 meters in size, in each stand.
This procedure enables one to study
a greater number of stands within
a given time. The data in Table 1
are based upon this latter method.
The association table gives a comprehensive analytic summary of
the stands and the community. The
table is indispensable in comparing
stands, in classifying stands into
abstract communities or types, and
in comparing communities.
Stands and communities which
have the same kind of dominants
and constants and have similarities in other species are more similar to one another than the stands
and communities which have different kinds of dominants and
constants. When site conditions or
treatments are somewhat different,
and the dominants and constants
are the same or very similar, subordinate species such as those rating high in fidelity, may reveal the
influence of the differences in con-
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table that Type 4, the Agropyro?z
smith%Bouteloua
grwilis-Bromus
tectorum type, differs more from
the other three types than these
three differ among themselves. In
the field there was a marked discontinuity between this type and
the others. Type 3, the Bouteloua
gracilis-Artemisiu glauca type, was
to some extent in an intermediate
position, usually occurring in a
zone between Types 2 and 4. It resembled Type 2 more closely, however. The types may therefore, be
arranged in two classes, the first
three in one class, the last one in a
class by itself. The four types may
be arranged in a series, from the
most mesic to the most xeric, in the
order shown in the table. On the
basis of the complete association
tables, which show all the species
present in all of the areas sampled,

ditions or influences. The subordinate species, because of their
frequently narrower range of ecological amplitude, may sometimes
be the most valuable in classification. It seems reasonable and desirable, therefore, to classify in the
same group, or abstract community
or type, those stands which have
much similarity in the kind, cover,
density, and frequency of dominants and constants, and, at times,
species high in fidelity. And, in
turn, abstract communities may be
grouped into larger classes if they
possess similarities, particularly in
composition and abundance of species. When site conditions are similar within a restricted geographic
area, and the species composition
varies considerably, one may expect
to find destructive influences such
as fire or overgrazing in operation
now or in the past.

using the
cators.

Important features of site conditions, especially rainfall, topography, and soil, are described for
each stand. Data on present usage
and history of each stand are essential for understanding the vegetation at the time the analysis is
made. Whenever possible the successional status, and productivity
under present conditions and the
maximum that the site would perThe
mit, should be described.
more thoroughly a stand or community is characterized in relation
to its site, the more precise can be
the range condition classification,
and the better it will serve in the
determination of vegetation trend.

Table 1. Portion of association
table showing dominants
(D), constants
(C), and
C x Co index numbor for four foothill vegetation
types in northern Colorado.*

This kind of classification of
range vegetation is scientific because it is based upon inherent
characteristics of the vegetation
itself, and these characteristics are
related to the physical conditions
in which the vegetation occurs.
When descriptions of the inherent
characteristics of the communities
and sites are available, various
uses can be made of them, in addition to classification. They can be
the basis for the survey of extensive areas or regions. They can be
used in the determination of range
condition and trend. They can be
used in the evaluation of sites by

communities
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Example Illustrating the Use
of These Principles
Results secured by the application of these principles, and by
the method briefly outlined above,
are given in the following example.
The field work was done in the
lower foothills, west of Berthoud,
in northern Colorado. This study
is described more fully by Hanson
(1955) and Hanson & Dahl (in
press). Four of the most common
types were analyzed to yield data
on most of the characteristics
which denote ecological success of
the species in each type. The data
were assembled
in association
tables, of which portions are given
in Table 1.
It may be seen at a glance in the
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Species
Agropyron
smithii
Andropogon
gerardi
Andropogon
scoparius
Aristida longiseta
Bouteloua curtipendula
Bouteloua gracilis
Bromus japonicus
Bromus tectorum
Koeleria cristata
Sitanion hystrix
Stipa comata
Artemisia frigida
Artemisia glauca
Artemisia ludoviciana
Eriogonum
alatum
Evolvulus nuttallianus
Gaura coccinea
Helianthus
pumilus
Paraonychia jamesii
Petalostemum
purpureum
Psoralea ten&flora
Sphaeralcea
coccinea
Total number of species
Av. number of species per stand
Number of stands analyzed

Andropogon
scoparius
c x co
C
D
C
c
C

c
c
C
c
C

C
C
C

3.4
99.6
380.0
66.4
130.0
83.0
33.5
120.0
25.0
120.0
58.1
25.0
100.0
66.4
25.0
46.9
46.9
66.4
66.4
66.4
6.6
84
35
6

StipaBoutelouu
c x co

c
D
D
c

C
D
C

C
C

C

12.0
25.0
16.0
100.0
110.0
170.0
100.0
16.0
4.0
64.0
250.0
81.0
16.0
16.0
36.0
81.0
25.0
72.0
36.0
1.0
64.0
16.0
88
28.7
10

Types
3
BoutelouaArtemisia

4
AgropyronBoutelouaRromus

c x co

c x co
4.0

D

c
c
D
c
C

120.0
100.0
460.0
100.0
64.0

200.0
-

D

230.0

C
D

C
c
D

4.0
36.0
96.0
100.0
180.0

83.0
510.0
-

-

C
c

-

6.6
3.4

4.0
4.0
64.0
100.0
16.0
-

3.4
6.6
-

-

c
c

100.0
100.0
51
21.6
5

9.9
9.9

c

46.9
100.0
28
11.2
6

*The constants
(C) are species present in 80 percent or more of the stands.
The C x Co index number represents the average constancy
of each species in 5
to 10 stands, multiplied by average herbage cover.

30

H. C. HANSON

and on the basis of data on site conditions, the types may be characterized as follows.
The stipa-Boutelo,ua Type)
Dominants : Stipa coma& Bouteloua gracilis, B. curtipendula.

i

Constants : Aristida
Zon~iset~~
Bromus japonicus, Sitanion hystrix, Artemisia frigida, Evolvulus
nwttallianus, Helianthus pumilus,
and Psoralea tenuiflora.
Site conditions.-This
type (Fig.
1) occurs mostly on moderate to
steep upper slopes (2-25” ). Much
gravel and many rocks are on the
surface and below. The soil is the
most shallow and has the smallest
amount of clay, compared to the
other three type sites. The upper
six inches is sandy loam ; 6-E
inches is sandy clay loam; 12-18
inches is sandy loam to loam. All
horizons are fairly loose, with a
high lime content, and pH usually
is 8.0 to 8.2. The color is dark reddish brown to dark brown at O-12
inches, and light brown gray to
brown at 12-18 inches. The water
penetrates fairly readily and it is
adequate for a moderately long
growing season and for the continued existence, year after year, of
the dominants and a rich variety
of other species. Runoff during
heavy showers may be large. The
vegetation was green in August,
1953, when nearby stands of Agropyron smi,thii-Boutelozca gracilisBromus tectorum were dry and
brown. Erosion by water is usually slight to none.
The degree of SUCCeSSof the
dominants is shown by the C x Co
ratings, with 250.0 for Stipa comata., 170.0 for Bouteloua gracilis,
and 110.0 for B. curtipendula.
While the constants are present in
80 percent or more of the stands,
signifying wide distribution in this
type, they differ considerably in
success, as shown by the C x Co
ratings. The most successful are
Aristida long&eta, Bromus japonicus, and Evolvulus
nuttallianus.
The species with highest ratings,
the dominants, possess efficient relations
with
the
environment
(Class A principles),
as well as
strong competitive capacity, and

often a high degree of adjustment
to one another or to other species
(Class B principles).
The species
with medium
ratings
probably
have less efficient relations with the
environment, and they possess less
capacity for competition or adjustment, especially with the dominants under the prevailing site
conditions. Bromus japonicus possesses a high degree of adjustment
to the dominants, but low competitive capacity. The species with low
ratings are deficient in capacity for
competition or adjustment, and a
number, such as Petalostemum, and
others not shown in the table, part-cularly

buffalograss

and

sand

d ropseed, are probably so near the
1’
imits of their ecological amplitudes that they cannot utilize effiGently the resources of the environment (Class A, principles 1
and 2). If our knowledge of the
ecology and physiology of the speties were adequate the ratings of
each of the 88 species in this type
could probably be explained according

to

the

principles.

The cover in the various stands
varies from low to high, 25 to 85
percent, averaging 28.7. The total
number of species, 88, which was
found in all of the stands, is high.
Andropogon scoparius Type
Dominant :
Andropogon
sco.
parzus*
Constants : Andropogon gerardi,
Aristida long&eta, Bouteloua curtipendula, B. gracilis, Koeleria cristatCb, &%$a COmUtU,
Artem&.&
frigid%
A.
ludoviciana,
Emogonum alatum, Pwonychia jamesii,
Petalostemum
purpureum,
and
Psoralea ten&flora.
Site conditions.-This
type is
found usually on moderate to steep
(5-20” ) lower slopes, facing mostly
north or east. The soil profile shows
brown to very dark gray brown
sandy loam at O-6 inches, light
yellowish brown to dark brown
clay loam at 6-12 inches, and light
yellowish brown to reddish brown
or brown sandy clay loam at 12-18
inches. This profile is paler in
color and contains the largest
amount of clay of the four type

sites. The soil is deep and fairly
loose, with numerous rocks and
gravel throughout. The pH is 6.8
to 8.0 and the lime content is mediurn high, containing fewer lime
flecks than in the Stipa-Bouteloua
type. This type probably receives
runoff at times from the upper
part of the slope and possibly subWater
penesurface drainage.
well but during
trates fairly
heavy showers the runoff is probably high because of the steepness
of the slope. Soil moisture supply
is adequate for a long growing season, as indicated by the presence
scoand vigor of Andropogon
parks, A. gerardi, and other speties. Erosion by water varies from
none to moderate in most places,
but is rapid where the cover is
poor.
This is the most luxuriant of the
four types. It is characterized by
the high dominance of A. scopa&us, with a C x Co rating of
380. It is far more successful than
the other species in this kind of
Noteworthy
constants are
site.
Andropogon gerardi, Koeleria cristata, Bouteloua
curtipendula,
Stipa comata, and Artemisiu ludoviciana. It is essentially a prairie
type. The herbage cover is medium
to high, 50-80 percent, averaging
67 percent. The number of species
per stand is high, ranging from 31
to 40, averaging 35. The total
number of species, 84, found in all
of the stands is high. Many species
in this type make greater demands
UpOn the environment, especially
soil moisture, than those ‘in the
other types. Several species, especially Andropogon spp., require a
long season of available soil moisture to complete their growth and
development of seed. These illustrate nicely principles in Class A,
especially the high requirements
for water and the narrower range
of ecological amplitude for water,
as compared to dominants in the
.
Other types- In th1s type many
species are able to grow in competition or in adjustment to one
another (Class B principles). The
annuals, Bromus tectorum and B.
japonicus, appear to be unable to
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withstand the competition of the
many vigorous perennials in this
stand. Even low perennials, such
as Sphaeralcea coccinea, are handicapped.
Bouteloua gracillis-Artemisia glauca
Type1

Dominants : Bouteloua
Artemisia glauca.

gracilis,

Constants : Aristida
long&eta,
Bouteloua
curtipendula,
Bromus
japonicus, B. tectorum, Artemisia
frigida, Stipa comata, Gaura coccinea, Evolvulus
nuttallianus,
Psoralea ten&flora,
and Sphaeralcea coccinea.
Site conditions.-Stands
of this
type are situated on slight to moderate lower slopes (l-15” ) or in
valleys. The medium hard soil is
intermediate in depth to the Stipatype and the AgroBouteloua
pyron-Bouteloua-Bromus
type.
The profile consists of dark reddish
brown to red sandy clay loam from
0 to 6 inches and 6 to 12 inches,
and reddish brown to weak red
sandy clay loam to clay loam at 1218 inches. A moderate number of
gravel particles and rocks are scattered throughout. The lime content
is usually high and the pH is 8.0
to 8.2. The absorption and penetration of water are fairly good.
The length of the growing season
is moderately long. Loss of surface
soil occurs from some of the small
openings between the plants. Compactness of the soil favors runoff
during hard showers.

principles).
Bouteloua gracilis is
the outstanding species, with the
very high C x Co rating of 460.
The most successful competitors,
besides Artemisia glauca, are the
constants Aristida long&eta, Bouteloua curtipendula, Bromus japonicus, Stipa
comata,
Artemisia
frigida, Psoralea tenuifiora, and
Sphaeralcea coccinea. These dominants and constants make it difficult for other species to grow
(Class B principles), thus reducing the average number of species
per stand to 21.6. The more mesic
This type is intermediate be- prairie species such as Andropogon
tween the Stipa-Bouteloua and the gerardi and A. scoparius do not
occur, and Koeleria is apparently
Agropyron-Bouteloua-Bromus
types, but, as indicated by the kind’ near the limits of its ecological
and number of constants, it is amplitude.
more similar to the former. The
Agropyron smithii-Bouteloua
cover is about medium, 60 to 70
gracil.kBromus tectorum Type
percent, averaging 68 percent. The
Dominants : Agropyron smithii,
number of species is fairly low,
Bouteloua
gracilis, Bromus
tecranging from 18 to 27, and averaging 21.6. The total number of spe- torum.
Bromus japonicus,
cies occurring in all the sands is
Constants:
51. The greatly reduced number
Sphaeralcea coccinea.
Site conditions.-This
type (Fig.
of species in this type and in the
following one, as compared with
2) is found in valleys or on lower
the two preceding, indicate less slopes (O-5” ) . The soil profile shows
favorable site conditions (Class A
dark gray brown sandy loam at O-6

inches, dark gray brown sandy clay
loam at 6-12 inches, gray brown to
reddish sandy clay loam at 12-18
inches. The soil is deep, hard, and
compact; the upper three inches
often looser and lighter in color
than below. Often much Bromus
straw lies on the surface.
The
gravel content throughout the profile is much less than in the other
three type sites. The lime content
varies from low to high, and the
pH is 7.0 to 8.2. The penetration
of water below three inches is
slow. Runoff is slowed down because of the slight slope and the
large amount of debris. The short
growing season is probably caused
by the soil moisture becoming nonavailable early in the summer.
Erosion is usually none, but deposition occurs instead. This is indicated by the crowns and rhizomes
of Agropyron
being deeper than
normal and by the fine material,
often stratified, in the soil.
This is the only one of the four
types in which Agropyron smithii
appears as either a dominant or a
Its greater abundance
constant.
here appears to be related more to
the soil characteristics of the site
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than to interrelations with other
species. The paucity of constants,
as well as in the number of species,
appears to be caused partly by the
compactness of the soil which favors runoff and hinders penetration of moisture into the soil.
Many species, such as dominants
and constants of the other types,
do not occur in this type because
adequate relations with the environmental conditions apparently
cannot be established. The three
dominants have the capacity to
utilize efficiently the resources of
the site, which are more limited
than those of the sites of the other
three types (Class A principles).
When the spring and early summer are dry, Bromus tectorum is
less successful than the other two
dominants. In the moist early season of 1953 Bromus had the unusually high rating of 510. This
dense growth
provided
severe
competition for all other species,
even the dominants (Class B principles) . In the following year conditions were much less favorable
for Bromus; Agropyron and Bouteloua gracilis made much better
growth in the decreased abundance
of Bromus, in spite of the drier
conditions. This indicates the close
interrelations of principles in the
various classes. In years of favorable precipitation the cover in this
type is high, 80 to 95 percent. The
average number of species per
stand is low, averaging 11.2, and
ranging from 8 to 13. The total
number of species in all the stands
was only 28.

Discussion
The greater similarity. in the
vegetation of the first three types
is found also in the sites. The site
of the fourth type, AgropyronBouteloua - Bromus,
showed evidence of deposition, while the other
three sites often showed evidence
of slight to moderate erosion. The
percentage of gravel in the uppermost 6 inches is also considerably
less in the fourth type, with a
mean of 2.2 percent, range O-5.0
percent, than in the other three
sites. The Bouteloua-Artemisia site

has a mean gravel content of 15.6
percent,
range 4.5-27.6 ; StipaBouteloua,
mean 33.0 percent,
range 7.5-54.2 ; and Andropogon,
mean 21.2 percent, range 14.0-38.4.
The effects of erosion apparently
have been to increase the percentage of gravel in the eroded
areas, while the sands, silt, and
clays have been removed to a considerable extent downslope. Hubbard (1950)
stated that many
kinds of grasses, especially bunchgrass such as Stipa, corn&a, are
unable to grow in heavy clay soils
because the cracking of the soil
caused by swelling and shrinking
disrupts crowns and roots. But in
Agropyron smith6 the tearing action tends to separate young plants
from older ones by breaking the
rhizomes,
without
other
pronounced injury.
The gravel content of the Bouteloua-ArtimGa site is intermediate
to the Agropyron-Bowteloua-Bromus and the Stipa-Bouteloua sites.
This was indicated by its location
in the field, usually between the
other two. The principal difference in site condition between the
Stipa-Bouteloua
and the Andropogon types is probably in the
longer period of available soil
moisture in the latter.
Stands of the first three types
had been subjected to light to moderate gra,zing intensity by cattle;
the fourth type, Agropyron-BoutelouarBromus, to fairly heavy intensity.
The Andrepogon’
and
St&z-Boutelou,a types are in nearclimax condition for the kind of
sites on which they occur. This is
indicated by the large number and
kinds of species in each, their vitality, and their apparent adjustment to the sites. They appear to
have existed as such for a long
time. The Agropyron-BoutelouaBromus type is not in climax condition, as indicated by the kinds
and abundance of species that are
present.
Apparently
because of
the intensity of grazing, the abundance and vigor of Bromus tectorum are too great in comparison
to those of Agropyron smithii for
ihe site conditions.
Overuse has

reduced the vegetation on this site
to fair to poor condition, and it
would probably take a number of
years of light to moderate grazing
to restore it to near-climax condition.
The Bouteloua - Artem&%
type, as stated, is intermediate. Its
successional status is not clear. It
could conceivably develop into the
Stipa-Bouteloua type as the gravel
content increases; or if deposition
takes place, into the AgropyronBouteloua-Bromus type.
In the foothills on which these
types occur the Boutelowz-Artemisia type occupies the smallest
area ;
Agropyron-Bouteloua-Brothe largmus and Stipa-Boutelow
est areas. Other types, such as
Stipa viriduk, and shrub types,
especially Cercocarpw
montalnus,
also occur in distinctive sites. Some
mixtures of types are also found.
On the whole, the vegetation forms
a pattern of types according to
sites, and can be evaluated and
mapped, similar to the mapping
and characterizing of soils.
This example indicates how the
vegetation can be analyzed into
types; related to site, grazing use,
and successional status; and the
types therefore used as the basis
for management of the range.
Classification of the types on the
basis of similarities and differences in vegetation and site characteristics simplify the determination of the successional status of
each type and the consequent management. The first three types described above were more similar to
one another than to the fourth in
vegetation, site, and successional
status. The last type requires a
different kind of management than
the other three. The first steps in
judging the range (apart from
mere observation, are to delineate
the types, analyze the vegetation
of each, prepare association tables,
and then to classify the types on
the basis of similarities and differences. In conjunction with this,
data on site conditions and grazing
use are secured for each stand that
is analyzed.
The community or
type is the basic unit of vegetation
and therefore must be given due

BASIC

PRINCIPLES

consideration in all sorts of range
studies.
Often in making range surveys
the time is insufficient, or funds
are inadequate, for making detailed analysis of communities, ’
that would
include
association
tables. It would be most desirable,
however, that each type in a. range
survey be supported by as complete a description as possible, including the association table. This
would be analogous to descriptions
of soil types in soil survey work.
Each description should, of course,
be accomplished by a full description of the site of each type.

Summary
1. The description and classification of range types should be
based upon principles pertaining to properties that are inherent in the vegetation.
2. Principles to consider may be
arranged in three classes.
A. Principles
dealing with the
relations of the species to the
environment
are (1)
each
species has certain minimum
requirements
that the site
must satisfy,
(2) each species has a certain ecological
amplitude,
and
(3)
each
species has a certain efficien-

IN CLASSIFICATION

OF RANGE

cy in utilizing the resources
of the environment.
B. Principles
dealing with relations
between
species
are
( 1) species differ in competitive capacity,
and (2) species differ in capacity of adjustment to one another.
C. The ecological
success of a
species in a community
can
be evaluated
by such characteristics
as vitality,
sociability,
cover,
numerical
abundance,
frequency,
constancy,
fidelity,
and dominance.
3. An example is given to illustrate the use of the principles
arid characteristics
in analyzing
and classifying
four grassland
types. Relations of the types to
site, succession,
and range use
are described.
4. Application
of the principles
and the classification
to range
management are indicated.
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1. Black and white
a.. Individual range plants
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or arroyos has caused a rolling or
“rough-stony”
topography
and
fragments of limestone are found
abundantly on the soil surface and
throughout the profile. Elevation
of the experimental pastures is approximately 2,000 feet above sea
level.

Livestock and Deer Activities on the
Edwards Plateau of Texas
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Experimential Area
The present study was made in
nine of the ten 96-acre deer-proof
pastures located in the northern
half of the Kerr Wildlife Management Area (Fig. 1). Pastures 1
through 6 contained cattle, sheep,
goats and deer while pastures 7
and 8 contained only deer and
pasture 9 was ungrazed. Stocking
rates for livestock were adjusted so
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FIGURE,1. A portion of the Kerr Wildlife Management Area, showing location
of the ten experimental pastures.

that light grazing was obtained in
pastures 3 and 6, moderate grazing
in pastures 2 and 5, and heavy
grazing in pastures 1 and 4. Ten
deer were placed in each of the
grazed pastures to simulate the
deer population common to the
“hill country” of the Edwards Plateau. The nature of the deer-proof
fencing and the general appearance
of the experimental area are shown
in Figure 2. The 6,493 acres of the
Kerr Wildlife Management Area
are typical of thousands of surrounding acres comprising one of
the most valuable ranching, wildlife and recreational regions of the
state.
Soils of the experimental pastures are mainly of a stony clay
type, ranging in depth from a thin
cover over limestone bedrock to
more than 20 inches. In some areas
the bedrock lies bare, exposed by
past erosion. Dissection by draws
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During the summer of 1955 observations and records were made
of the grazing habits and daily
activities of cattle, sheep, goats and
white-tailed deer (Odoco&us
virginiawus temnus) on experimental
pastures of the Kerr Wildlife Management, Area in west-central Kerr
County, Texas. This study was a
part of a long-time project dealing
with livestock-deer interactions initiated by the Texas Game and Fish
Commission in cooperation with the
Texas Agricultural
Experiment
Station.
Previous studies on livestock or
deer activities in Texas were made
by Cory (1927), Buechner (1944)
and Davis (1952).
Bange cattle
activities have been studied in Arizona by Culley (1938)) in Kansas
by Moorfleld and Hopkins (1951))
in New Mexico
by Kilpatrick
(1955) and in Montana by Peterson and Woolfolk
(1955).
The
latter study included a review of
the literature dealing with the activities of range animals.

1 Present addresses, respectively, Range
Conservationist,
Southern Forest Experiment Sta., U. S. Forest
Service, Marianna, Florida;
Researoh
Coordimztor,
Texas Agr. Expt. Sta., Lubbock,
Texas.
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Long-time weather data from
Kerrville, Texas, about 30 miles
east of the study area, show an
average annual rainfall of 30.08
inches and a frost-free period of
221 days. Highest temperature
recorded during the summer of
1955 in the experimental pastures
was 103 degrees F on August 9.
Average daily maximum temperature for the entire summer was
approximately 93 degrees F.
Ashe juniper or cedar (JuYv&erus asheii) was the most common
woody species on the Kerr Wildlife Management Area although
most of it had been cleared from
experimental pastures 1 through 9.
Other woody dominants are post
oak (Quercus stellata), live oak
(Q- virgzlnia,na) , blackjack oak
(Q. ma~ylan~dica~), shin oak (Q.
sinuata var. breviloba) and Spanish oak (Q. texana). Prickly pear
(Opuntia engelmanni)
and yucca
(Yucca! sp. ) were fairly abundant
within the pastures. Curlymesquite

FIGURE2. Deer-proof
fence and
between Pasture
5 (foreground)
Pasture 6. Fence is approximately
feet in height.

gate
and
nine

LIVESTOCK
grass ( HilaNriaS belamgeri) , Texas
wintergrass (Stipa leucotricha)
and threeawns
(Aristida~
SPPJ
were the most obvious and abundant grasses, although scattered
plants of sideoats grama (Bouteloua curtipendula)
, little bluestem
( AndropogoN scopatius)
and other
more vjesirable grasses could be
found.
Only the least desirable
forbs were found in the pastures
containing livestock. A survey of
the ungrazed pasture and those
pastures containing only deer revealed a wide variety of forbs not
found in the livestock pastures.
Since all three classes of livestock
grazed the pastures, the utilization
of these apparently desirable forbs
could not be definitely attributed
to one particular group of animals.
A clipping study made during the
summer in the experimental pastures indicated the following percentages of total grass utilization
based on the potential as represented by ungrazed pasture 9 :
Percent
Treatment
U ti’li.mtiom
None
(Pasture 9) ____________________
0
Light grazing
Pastures 3 and 6
(24 acres/AU) ________________
22
Moderate grazing
Pastures 2 and 5
(16 acres/AU) ________________
35
Heavy grazing
Pastures 1 and d
(12 acres/AU) ________________
56
Data on animal activities were
obtained by direct observation and
by indirect methods, such as tracking and trap photography.
Cattle
and sheep were observed without
difficulty, but goats and deer did.
not lend themselves well to observation.
Habits and Activities

of C’attle

Cattle in the experimental pastures were mother cows of Hereford breeding, typical of the range
cattle of the surrounding ranches.
While these were the most easily
observed of all animals, considerable care had to be taken to prevent
frightening them. The most successful observations
were made
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FIGURE3. Observed activities of a single co’w (with calf)
6, Kerr Wildlife Management Area.

from a parked truck. Not more
than three cows were together in
any pasture and a high degree of
gregariousness was exhibited by
these small groups. Sometimes the
movements of the cows in one
pasture were influenced by the
movements of those in an adjoining pasture. Time spent in various
activities during a representative
active day is shown in Figure 3. An
active day may be defined as the
length of tim*e from an animal’s
arising in the morning until the
cessation of grazing in the evening.
The active day for cattle during
the summer was approximately 15
hours. Cows spent the night alternately standing and lying, but were
usually lying prior to the beginning of a day’s activities.
Cows watered
daily, usually
around midday. Salt, located in the
opposite end of the pasture from
water, was not, visited as regularly.
The three cows in heavily grazed
Pasture 4 salted an average of once
every two and one-half days, while
the average for the single cow in
lightly stocked Pasture 6 was approximately once every four and
one-half days. Salting was usually
done in the early morning and the
cows showed no more haste in obtaining water after salting than
on the days when no salt was taken.
As seen in Figure 3, cows exhibited
early morning and evening periods
of sustained grazing. Most of the
day, however, was spent in irregular periods of standing, lying and
grazing. Most of th#ewarmer hours
of the day were spent in the shade.

on July 8, 1955, in Pasture

Approximately ten hours per active day were spent grazing by the
cows in heavily-grazed Pasture 4,
and only four hours of the day
In lightly-grazed
spent resting.
Pasture 6, the cow grazed approximately seven and one-half hours
and rested an equal length of time.
In comparison, some of the results
of other workers are shown below:

Cory (1927)
Moorfield &
Hopkins
(1951)
Kilpatrick
(1955)

Grazing
Resting
Hrs. Min. Hrs. Min.
l-42
7 -40
10
7

- 25
- 18

5 - 58
4- 51

Curlymesquite
grass, covering
most of the open areas, was grazed
most often by cattle. Texas wintergrass was taken when curlymesquite became dry between rains.
Bone-gnawing was evident among
the experimental cattle early in the
summer and bone meal was supplied free choice. Although some
bone meal was taken at each salting, the bone-gnawing continued
throughout the summer. Cattle consumed less than a pound of bone
meal per head per month. Salt
consumption averaged less than a
pound and one-half per animal unit
per month, cattle, sheep, goats and
deer included.
Habits and Activities

of Sheep

Sheep were Rambouillet ewes of
various ages and conditions with
their lambs. The daily activities of
the sheep in Pasture 6 are shown
in Figure 4. In all pastures they
spent approximately seven hours
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FIGURE 4. Observed activities of the 8 sheep
Pasture 6, Kerr Wildlife Management Area.

grazing and eight hours resting
during an active day. Sheep were
the most regular in their daily activities of all animals observed.
They usually bedded down in the
opposite end of the pasture from
water. Upon arising, they would
walk as a group through the vicinity of the salt trough, with some
individuals salting each morning.
From there they would go directly
to water and all animals watered
each day. Grazing was begun immediately after watering and continued until mid-morning, at which
time all sheep went to shade and
remained there until late afternoon.
Grazing began again as the sheep
left the shade and moved toward
the end of the pasture where they
had bedded the previous night. Salt
was again taken by some members
of the group. Grazing usually continued until after nightfall and
the animals bedded down wherever they ceased grazing. In late
August, sheep were seen bedding
down near water and some afternoon or evening watering was
noticed. Moonlight seemed to increase the length of the evening
grazing period, but did not appreciably affect regular bedding habits.
Sheep travelled at least two miles
a day in the mile-long pastures.
Although actual measurements
were not taken, the sheep obviously
travelled farther than did the cattle. Sheep spent most of their grazing time on the open areas where
curlymesquite was the dominant
grass. Cedar was browsed occa-

(with

lambs)

on June 24, 1955,

in

sionally, and the lack of forbs in
the grazed pasture suggested utilization of these by sheep.
Habits and Activities

of Goats

The goats used in the experiment,
Angora nannies and their kids,
were extremely shy. Observations
were possible only from a distance
or from treetops. The most regular
activity of the goats was that of
watering in the morning. Apparently very little water was required
by the goats as only a matter of
seconds was spent at the trough by
individual animals. Salt was not
consumed regularly.
In late August no salt was taken by the goats
in Pasture 6 for a, period of four
consecutive days. Shading also was
irregular.
Goats were often seen
shading during the warm hours
but were just as often seen moving
about in the heat of the day searching the trees for low-hanging
browse. The experimental area had
been heavily grazed before the land
was purcha.sed by the state, and
very little browse was available to
the goats. Sprouting species such
as live oak and shin oak supplied
most of the woody browse, although
goats evidently ate the leaves of all
woody species. Probably due to the
shortage of oak browse, the goats
spent considerable time grazing the
open areas.
Habits and Activitiw

of Dwr

Eight does and two bucks were
held in each of the six livestock

.

pastures. At the time of this study,
only two deer, both bucks, were in
Pasture 7. Watering and salting
intervals for these two deer were
obtained by maintaining a “track
trap” at the approaches to salt and
water. These deer salted an average
of once every four and one-half
days and watered once every two
days. On one occasion, they went
without water for four days. Daytime shading or resting was apparent but irregular. Grazing by
deer was observed at all hours of
the day, but the greatest deer activity was evident in the late evening and early morning. Salting
apparently was clone at night. Watering usually occurred late in the
evening, but some deer came to the
trough at night. At least one instance of early morning watering
was recorded.
During the latter part of July,
the deer in Pasture 5 banded together and were still together on
September 1. Deer in adjoining
pastures were often seen grazing
together along their common fence.
Very little oak foliage was within
easy reach of deer and no effort
was made to obtain leaves above
the browse line. Cedar was eaten
by deer, but most of their feeding
time was spent grazing the same
areas preferred
by cattle and
sheep.

summary
Grazing habits and daily activities of cattle, sheep, goats and
deer were observed during the summer of 1955 on the Kerr Wildlife
Management
Area
near Hunt,
Texas. This study was made in
conjunction with a long-time grazing project being carried on by the
Texas Game and Fish Commission
and the Texas Agricultural
Experiment Station.
Observations were made in deerproof pastures of 96 acres each
which held ten deer and various
combinations of cattle, sheep and
goats. The pastures had been partially cleared of cedar, but an overstory of oak trees dominated the
experimental area. Curlymesquite

LIVESTOCK
grass was the most important
source of forage.
Cattle were the most easily observed of all experimental animals.
They watered each day, but salted
less frequently
and apparently
were the only animals desiring bone
meal. Grazing occupied from seven
and one-half to ten hours of the
cows’ active day, and from four to
seven and *one-half hours were
spent, resting.
Sheep exhibited the most regular
habits of all animals observed. Approximately eight hours were spent
in the shade during the warm part
of the day. They watered regularly
each morning and usually salted,
as a group, twice a day. Sheep
travelled farther daily than did
cattle.
Goats usually
watered
each
morning, but werae irregular in all
other activities. Very little woody
browse was available to the goats
and they spent considerable time
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grazing grass. They did not spend
as much time shading or resting
as did the sheep.
Deer activities appeared irregular in the experimental pastures.
Greatest activity was noted in the
evening when most deer watered.
Grazing began very early in the
morning and most of the day was
spent resting, although some midday grazing was observed. More
time was spent grazing, usually in
the open areas, than was spent
searching for woody browse.
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NOTES

of the treatment on the individual
plant. This is particularly
true
in studies involving herbage removal by grazing or clipping.
The growth characteristics
of
grasses were reviewed recently by
Rechenthin (1956) in relation to
the utilization of the vegetation.
Branson (1953) emphasized the
importance in several perennial
grasses of the position of the growing point in relation to ground
level.
Those species possessing
elevated growing
points which
could be removed by grazing were
less able to persist under increased
grazing intensity.
The response
of crested wheatgrass to herbage

removal was observed by Cook and
Stoddart (1953).
These investigators reported that a stem ceases
elongation if it is cut below the
uppermost node, and that a leaf,
once unfolded, will not resume
growth if grazed. Similar leaf behavior was reported for timothy by
Evans (1927) who stated, “. . .
the blade of a timothy leaf has
completed its growth in length by
the time that it has emerged from
within the sheath of the leaf below
it.”
This paper reports responses to
herbage removal of soft chess
(Bromus mollis), a desirable annual grass. Planting was in 6-inch

LIVESTOCK
grass was the most important
source of forage.
Cattle were the most easily observed of all experimental animals.
They watered each day, but salted
less frequently
and apparently
were the only animals desiring bone
meal. Grazing occupied from seven
and one-half to ten hours of the
cows’ active day, and from four to
seven and *one-half hours were
spent, resting.
Sheep exhibited the most regular
habits of all animals observed. Approximately eight hours were spent
in the shade during the warm part
of the day. They watered regularly
each morning and usually salted,
as a group, twice a day. Sheep
travelled farther daily than did
cattle.
Goats usually
watered
each
morning, but werae irregular in all
other activities. Very little woody
browse was available to the goats
and they spent considerable time

AND DEER

GRASS

OF THE ANNUAL

PLANT

IN RESPONSE

TO HERBAGE
HORTON

REMOVAL

M. LAUDE

Associate Professor, Department
of Agronomy, University of Calif ornia, Davis, Calif or&a.
Study of the grass plant as an
individual can lead to a better understanding of its behavior on the
range. Too frequently results following treatment are evaluated
without due regard to the effect

IN TEXAS

grazing grass. They did not spend
as much time shading or resting
as did the sheep.
Deer activities appeared irregular in the experimental pastures.
Greatest activity was noted in the
evening when most deer watered.
Grazing began very early in the
morning and most of the day was
spent resting, although some midday grazing was observed. More
time was spent grazing, usually in
the open areas, than was spent
searching for woody browse.
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of the treatment on the individual
plant. This is particularly
true
in studies involving herbage removal by grazing or clipping.
The growth characteristics
of
grasses were reviewed recently by
Rechenthin (1956) in relation to
the utilization of the vegetation.
Branson (1953) emphasized the
importance in several perennial
grasses of the position of the growing point in relation to ground
level.
Those species possessing
elevated growing
points which
could be removed by grazing were
less able to persist under increased
grazing intensity.
The response
of crested wheatgrass to herbage

removal was observed by Cook and
Stoddart (1953).
These investigators reported that a stem ceases
elongation if it is cut below the
uppermost node, and that a leaf,
once unfolded, will not resume
growth if grazed. Similar leaf behavior was reported for timothy by
Evans (1927) who stated, “. . .
the blade of a timothy leaf has
completed its growth in length by
the time that it has emerged from
within the sheath of the leaf below
it.”
This paper reports responses to
herbage removal of soft chess
(Bromus mollis), a desirable annual grass. Planting was in 6-inch
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a visual comparison of production
is possible. Growth is faster from
a cut shoot when the terminal bud
is retained and the culm continues
elongation, than when the bud is
removed and growth is by tillerIn addition the tiller is
ing.
smaller and lighter than the main
shoot. It would appear that the
stage of development of the plant
as well as favorable temperature
and moisture should be considered
as contributing to the lush growth
of annuals usually observed in the
early spring.

FIGURE 1. Soft chess planus 10 weeks old and 12 days after clipping.
Terminal buds
were removed by the clipping in the left-hand pot, but not in the other, the differ
ence in terminal bud elevation being induced by photoperiod.

pots in the greenhouse. All clipheight.
ping
was at 11J-inch
Whether or not the growing point
of a stem was removed by clipping
was determined by dissection of
the cut tissue. Leaf lengths were
measured directly from the base
of the blade.

Figure 1 the stage of reproductive
was controlled
development
Those plants having
photoperiod.
elevated terminal buds which were
removed by the clipping received
three weeks of longer day-length
than did the others. As the same
number of plants are in both pots,

Results and Discussion
Leaf elongation was found to be
complete by the time the blade was
emerged
from the subtending
sheath. Following removal of tissue only the youngest leaf or
leaves (those not fully emerged)
continued elongation.
The often
stated view that grass leaves are
regenerated from basal meristematic tissue must be qualified with
reference to leaf age.
Removal of the entire terminal
bud (immature inflorescence)
of
a culm results in the growth cessation of that shoot. If, however,
a portion of the inflorescence is retained the shoot continues growth.
After terminal bud removal from
the main stem, continued development depends upon the initiation
of tillers.
The plants in Figures 1 and 2
were photographed at 10 weeks of
age and 12 days after clipping. In

In Figure 2 only the larger plant
retained the terminal bud. Leaf response to herbage removal is illustrated by this plant. The youngest
leaf lost no tissue and is as yet incompletely
emerged.
The next
older leaf lost the tip but continued
elongation,
being only partly
emerged when cut. The third leaf
was fully expanded when cut and
the stub has not elongated. The
stubs of culms from which the
terminal bud was removed likewise have not elongated since being
clipped.
These responses of the winter
annual range grass are not unlike
those of winter cereals. The latter
are likewise winter annuals and
are frequently pastured during the
fall, winter, or early spring. To
avoid a reduction in grain yields
in cereals, grazing is discontinued
in the spring when the terminal
bud is elevated to a height that
the animals may remove it. If the
immature head is removed, new
heads may be produced only on
new tillers (Hubbard and Harper,
1949 ; Sprague, 1954). While reduction in grain yield is generally
undesirable with cereals, seed reduction induced by late grazing of
certain range annuals can be useful in the regulation of the species.
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FIGURE 1.

Unburned

plots

in 1950.

Predominant

(Sheep
Well Fire, Goosenest
Ranger District, Klamath National
Forest).
Study of these plots is
continuing, but the results to date
provide some useful information on
the changes in range vegetation.
The plots were established in
August 1950 in an area that had
burned with moderate intensity.
Five plots, each 5 feet by 50 feet,
were established near the fire line
inside the burn. Five similar plots

shrub is bitterbrush.

were established across the fire line
in an unburned area. They served
as check plots, and it is reasonable
to assume that they had vegetation
of about the same composition and
density as that on the burned plots
before the fire. The unburned plots
also provided a means of determining any long-term trends in general range condition not attributable
to the fire.
The study area is typical north-

Loss of forage in wild-land fires
is often an important part of the
total fire damage. Evaluating this
damage where perennial
plants
predominate requires estimates not
only of the loss in grazing capacity but also of the time required for
the area to regain its pre-burn capacity. To provide some guides to
the effect of fire on one northern
California perennial range type,
study plots have been established
in and adjacent to an area burned
by a wildfire in August
1949

1 The California
Forest and Range Experiment Station is maintained at BerJceley in co-operation with the University of
California.

FIGURE 2.

Close-up of burned

plot in 1951. Light
cheatgrass.

colored

grass in background

is
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Table 1. Number of plants and basal or crown area of plants, range resource damage plots.
National Forest*
Unburned
plots
1950

Number of
plants

Burned
plots
1950

Basal
or
crown

Number of

Basal
or
crown

area

plants

area

sq. in.
Perennial grasses
Festuca idahoensis
(Idaho fescue)
Stipa occidentalis

*

Burned
plots
1951

‘

Basal
or
crown
area

Number of
plants

sq. in.

sq. in.

sq. in.

Burned
plots
1955

Burned
plots
1953

Burned
plots
1952

Basal
Numor Number of crown ber of
plants area
plants

Sheep Well Fire, Klamath

Basal
or
crown
area

Basal
Numor
ber of crown
plants area

sq. in.

sq. in.

225

1,444

43

262

47

216

38

181

27

131

15

345

149

683

90

236

249

346

530

809

505

1,216

323

1,007

(western needlegrass)
Sitanion hystrix
(squirrel tail)

468

1,756

583

1,910

476

1,483

514

1,586

250

1,335

53

142

Carex

185

1,618

27

136

13

65

18

107

28

190

9

171

22

21

8

21

15

10

9

8

3

3

1

1,052

5,523

douglasi

(sedge)
Poa secun4ik
(Sandberg

Koeleria
cristata
(June grass)
Subtotal

4-

-

bluegrass)

:

Browse species
Purshia tridentata

-

--

751

2,565

80””

-

800
-

2,120

-1,109

-

-

-F--2!691

73

88,811

-

Achilles
millefolium
( yarrow)

99

183

3

29

9

101

88

531”“”

Chrysothamnus
bloomeri
(rabbit brush)

32

2,745

2

2

2

481

28

531

116

1,062

1,225

3,753

813

2,876

400
-

1,665

-

-

-

269

252

48

1,391***

69

931

55

4,955

338

1,183

103

6,346

1,151

4,059

503

8,011

(bitterbrush)
Weed species

Subtotal
TOTAL

:
:

131

2,928

5

1,256

97,262

756

Bromus tectorum
(cheatgrass)
*Total

area 180,000 sq. in.

**All

dead.

eastern California
plateau ; the
ground is nearly level. Predominate cover is bitterbrush (Purshia
tridentata) with various perennial
bunchgrasses around and between
the bitterbrush clumps (Fig: 1).
Scattered living trees and stumps
and snags indicate that the area
once supported an open stand of
ponderosa pine. The area is used
as a cattle range.
When the plots were established,
all perennial plants within each set
of plots were counted. The basal
areas of the grasses and crown
areas of the brush species at their
greatest spread were measured.
The burned plots were remeasured
in July 1951, in August 1953,

***Measured

31
2,596

in clumps

-

11
811
955

instead

582
2,702
-

1,668

of by individual

August 1953, and again in August
1955. Table 1 is a summary of
these 5 years’ measurements.
In 1951 and 1952, the unburned
plots did not appear to have
changed sufficiently to justify remeasurement.
A check measurement of two of the unburned plots
in 1953 showed a small increase in
the number of perennial grasses
but no material change in the total
basal area. In 1955, the markers
for the unburned plots had been
destroyed.
However,
two plots
were laid out in as near the same
area as possible, and these, too,
showed no material change since
1950 in the total basal area of
perennial grasses.

plants

618

-

-

-

as in other years.

When the plots were established,
cheatgrass (Bromus tectorum) was
not present on the burned plots
and only a few plants were found
on the unburned plots. There was
a heavy invasion of cheatgrass on
the burned plots in 1951 (Fig 2).
Cheatgrass plants increased
in
number in 1952, but they were
smaller and covered less area. The
number decreased greatly in 1953,
and in 1955 only a few plants remained at the time of measurement.
It is too early in the study to
draw definite conclusions regarding the full effects of fire on this
range. It is obvious from Table 1
and from comparing Figure 3 with

Y
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FIGURE3. Burlled plots in 1955. Dark-bolored bushy plants are ra.bbit brush.

Figure 1, however, that the cover
density of the burned area is still
far less than that of the unburned.
A notable feature of the burned
plots is the complete loss of bitterbrush. This species occupies 91 percent of the vegetated area on the
unburned plots and supplies a very
large part of the available forage.
The palatable
grasses on the
burned plots 6 years after the fire
had only about 30 percent of the
basal area of those on the unburned
plots. Between 1953 and 1955 the
number and basal area of the perennial grasses decreased about 40
percent on the burned plots. Because of this reduction and the
complete loss of bitterbrush, after
6 years the grazing capacity of the
burned range is far below that of,
the unburned area. The reduction
in perennial grasses appeared to be
largely the result of changes in
the microclimate
and the closer
grazing resulted from the removal
of the brush cover by fire. It seems
probable that much of the area
formerly in bitterbrush will be
taken over, temporarily at least,
by low value species such as yarrow
(Achilles
mill e f o lium),
rabbit
brush (Ckrysothamnus
bloomeri),
cheatgrass, and annual weeds.

BITTERBRUSH
SEED
DORMANCY BROKEN WITH
THIOUREAl
BENNETT 0. PEARSON

Range Conservationist, Calif ornia Forest and Range Experkent
Station, Forest
Service,
U. S.
Berkeley,
Dept. of Agriculture,
Calif or&a.
Bitterbrush

(Purshia tridentata)
western browse species on winter
ranges used by deer. On some
ranges severe reduction of bitterbrush stands has resulted from
fire, overbrowsing, and insect defoliation. Restoration through natural seeding is slow and uncertain,
especially if the seed-producing
plants are few, are low in vigor,
or if browsing continues. Artificial
is one of the most important

1Contribution from cooperative investigation between the California Forest and
Range Experiment
Station and the California Department
of Fish and Game.
Work was done under Federal
Aid in
Wildlife Restoration
Act, Pittman-Robertson Research WdlR,
entitled “Game
The Experiment
StaRange Restoration.”
tion is maintained at Berkeley
by the
Forest Sem5ce, LT. S. Department of Agriculture, in cooperation with the lJniversity of California.
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seeding under these conditions
offers more promise for restoration
of bitterbrush.
Planting is made difficult, however, by the dormancy of bitterbrush seed. Fall planting usually
ensures the proper temperature
and moisture conditions during
the winter to break dormancy.
However,
rodents may destroy
much of the over-wintering seed,
and frost damage is often great.
These hazards can be overcome by
spring planting of seed that has
been stratified 4 to 6 weeks (Hormay, 1943) to break dormancy.
In several trials, spring planting
of stratified seed has resulted in
higher emergence and survival
than fall planting.
These trials
were hand planted. When mechanical seed equipment was tried, the
soft, moist stratified seed proved
difficult to handle. Furthermore,
stratified seed had to be planted
soon after stratification ended. For
practical purposes, then, spring
planting requires a method of
breaking dormancy that yields dry
seed fit for use in mechanical
equipment.
Treatment with thiourea seemed
to offer such a method. Deuber
(1932)
reported
that thiourea
shortened the rest period of black
oak and red oak acorns. Thompson
and Kosar (1939) found that thiourea-treated lettuce seed germinated at temperatures above 68 degrees F., which normally inhibit
germination. Johnson (1946) found
thiourea a promising substitute for
cold treatment on some forest tree
seeds. Tukey and Carlson (1945)
found that thiourea broke the dormancy of Love11 peach seed and reduced mold and common seed-borne
fungi.
Methods
To determine the applicability
of thiourea treatment for bitterbrush seed, a series of studies was
conducted in 1954 and 1955. For
germination tests, replicated lots of
100 bitterbrush seed were soaked
for different lengths of time in
thiourea solutions of different conAfter
soaking, the
centrations.
seed was allowed to become air dry
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of bitterbrwh seed treated with various thiourea solutions
for different periods.

1. Germination

Germination when soaking
time in minutes wasConcentration

NOTES

1

3

4

65

87

89

-

-

29
33

78
52

80
-

88

-

-

54

5

10

not germinate in sufficient amounts
to produce a satisfactory seedling
stand. Thiourea-treated seed, on the
other hand, germinated promptly
under suitable moisture and temperature conditions. Furthermore,
thiourea-treated seed, unlike stratified seed, could be planted any time
Seed was
after the treatment.
treated for field tests well in advance of planting time, air dried,
then handled and planted like any
other dry seed. This method of
pre-treating and drying eliminated
the difficulty of handling wet seed
while planting, removed the danger
of injuring tender stratified seed
when drilling, and provided greater flexibility in planting to suit
local weather conditions. Yet this
treatment, at best, resulted in survival equivalent to only 10 percent
of the viable seed planted. Before
recommending spring-planted thiourea treated seed for large scale
plantings, we need to determine
the causes of the relatively low survival and develop methods that will
result in a higher survival rate.

Germination
when soaking
time in hours was-

15

20

30

2

Percent
-

-

_

_

_

-

_

-

-

-

-

-

-

-

-

-

-

87
7
-

_
8187
8
6
-

_
-

_
38
22

_
67
37

_
57
59

_
44

_
22

-

30
3

48
0-

72

10
2

1

3

4

5

(percent)
3.0
2.5
2.0
1.5
1.0
0.5
0.4
0.3
0.0

2
2
2---

-

2

-

86

2
-

3
1

82

-

0

11
6

l---

and then placed on moist filter
paper in petri dishes.
Germination tests were limited
to a 15-day period, and seed was
considered germinated when a onehalf inch radical had developed.
During the testing period room
temperatures ranged from 65 degrees F. to 75 degrees F. After the
germination tests in 1954, spring
field plantings were made with
treated seed in 1954 and 1955.
Some seed was hand planted, some
drilled.
Effect of Thiourea
High germination, 85 percent or
more, resulted from soaking bitterbrush seed in a 3.0 percent solution
of thiourea for 3 to 5 minutes
(Table 1). Weaker solutions and
longer soaking, down to 1 percent
and up to 30 minutes, gave similar
results. Germination was generally less than 60 percent with solutions below 0.5 percent even though
the seed was soaked until saturated
(4 to 5 hours).
Germination of
seed soaked only in water was 5
percent or less. Throughout the
tests the seed with high germination had little or no mold, whereas
fungal growth was heavy on seed
that had relatively low germination.
Thiourea-treated seed compared
favorably with excised embryos in
both speed and amount of germination. In two typical treatments
giving high germination, 81 and 83
percent of the treated seed and 85
percent of the excised embryos
germinated during the first 5 days.

2

_

Total germination for the treated
seed was 87 and 89 percent; for
excised embryos, 92 percent (Table
2).
Seedling emergence and survival
in field trials were erratic. The
thiourea treatment for these tests
was 5 minutes soaking in a 3 percent solution. In these field trials
some spring plantings failed because seed was sown when soil moisture was at the wilting point.
Other plantings had poor survival
for unknown reasons. Nevertheless, pilot plantings made on deer
winter ranges resulted in stands of
8,000 and 9,000 seedlings per acre
at the end of the first growing season. These stands represent 10 percent of the viable seed planted and
are considered satisfactory under
present knowledge of seedbed preparation and planting techniques.
.
Summary and Conclusion
Spring planting of bitterbrush
seed is desirable because it avoids
the hazards of frost and long exposure to seed-eating rodents. Unless treated to break its dormancy,
however, spring-planted seed will
Ta’ble 2.
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Germination of thiourea-tre’atcdbitterbrush seed and excised embryos
by &day periods
Seed in 3 percent
thiourea for 4 minutes

Period
First 5 days
Second 5 days
Third 5 days
Total

Seed in 1 percent
thiourea for 30 minutes

Excised
embryos

83
4
2

Percent
81
4
2

‘85
5
2

89

87

92
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Edited by Donald W. Hedrick,

Dept. of Animal Husbandry,

By Gilbert H. AhlCrops.
gren. McGraw-Hill Book Company,
Inc., New York. Second Edition. 536
pages. 1956. $7.00’.

Forage

This book by Dr. Ahlgren in its second edition is a comprehensive coverage of the fundamentals of forage
production and utilization. In this revised edition, chapters have been added
on pasture and raage management and
the sections devoted to hay, sila’ge, pasture, and seed production have been
extensively revised. The new edition
includes many excellent illustrative materiaJs, including well organized and
pertinent tabular ma.terial.
The emoverageof the second edition is
as f ollo~ws: Introduction with four
chapters on history and development,
production and use, climate and soil,
and characteristics of grasses and legumes; The Malin Legum,es including
two chapters on alfalfa, red clover, and
alsike clover, white clover, birdsfoot,
trefoil and sweetclover, Lespedeza a,nd
Kudzu, soybeans, cowpeas and peanut
vines, crimson clover, the vetches, and
field peas; The Pri+~ipak Grasses, a
section of nine chapters, including the
tame grasses important throughout the
United States, the dryland grasses,
small grains and millets, and silage
corn; Requirements for Seed&g including chapters on seed technology, forage mixtures, soil and seedbed preparation, companion grain crops, seed
/placement and seeding patterns, mineral nutrition of the fora,ges, grassland
mechanization, hay quality, mating
hay, grass silage, pasture management,
range management,, ‘and seed production ; ProbZems a%ndProspects including
chapters on conservation cropping, forage insects, some important diseases,
weed control, and grassland farming.
This reviewer is impressed particularly with the chapters dealing with

REVIEWS
Oregon

the important legumes and grasses in
the United States. The wealth of historical information assembled on the
origin an’d spread of these forages and
the concise yet complete discussion of
their particular adaptations together
with the data on new varieties and new
techniquels are an extremely important
and useful compilation for those concerned with teaching in the field of
Forage Crops. The chapter on mineral
nutrition covers this, subject in an admirable manner without becoming involved in the complexities of soil chemistry and soil fertility. The principles
of general forage crop fertilization are
enumera,ted and documented in a, very
clear manner.
Also outstanding are the chapters on
hay quality, hay making, and grass
silage. Recent developments in the understanding of factors cansing losses
in ‘dry matter and feeding value in hay
and silage are discmussed. The relative
costs of various methods of hay making
are discussed and tabalar material presented. The sections on mow drying and
forage dehydration are perhaps too
brief since they do not include much
if any infornmtion on relative costs of
these methods of preservation. Silage
quality and modern concepts of forage
silage preservation are discusse’d very
adequately.

State College,

Corvallis,

Oregon

Moreover, the
reseeding practices.
grazing pressures from various forms
of native wildlife, the range depletion
and its relation to watershed-runoff
problems, poisonous and other undesirable plant invasion of the range
would have added to the value of this
cha,pter.
In general the book is well written
and well referenced. It’ does not pretend to include all of the detail in that
vast field of forage production and forage preservation, bat it does organize
into a8very useful manner the important developments in the general area
of forage crops, and it should b,e in the
reference library of everyone concerned
directly with forage crop production
and forage crop preservation.-&&
G. La,w, State College of Washington,
Pullman, Washington.

Lucerne Investigations
1944-1953.
Memoir No. 1. The Grassland Research Institute,
Hurley,
Be&s.,
England. 81 palges. 1955.10 shillings.

The chapter on seed production represents. a great improvement in the
second edition. Dr. Ahlgren has separated the aseas of specialized seed
production from those where seed production is more or less incidental. There
is a good coverage of the agronotmic
and entomological as,pects of seed production.

William Davies, Director, points out
in the preface that BritaJn is outside
the zone of natural growth of Medkgo
sativa (lucerne or alfalfa).
Nevertheless, alfalfa. has been grown there for
300 years, primarily in the region of
the Thames estuary. Acreage has expanded recently from 30,000 to about
112,000. The memoir presents data on
classification of strains and their reaction to different, managerial treatments.
The data are presented in a series of
eight articles by various’ English grassland workers.

The chapter on range management
suffers in comparison with other portions of this book. Additional discussion would be helpful on range conditions, range management and range

The highlights of the memoir are the
classification of alfalfa, varieties into
type ba,sed on growth habit, the comparison of types under different cutting regimes, the importanoe of root
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reserves and response, and a comparison of grass species as “companions”
in alfalfa-grass mixtures. Under optimum conditions early types, represented by du Puitg gave the highest
production.
To those not interested primarily in
alfalfa, the memoir contains ideas for
experiments tha.t might be conducte’d
on other perennial forage species.
In the first article the anthor shows
that alfalfa plays the part of a8pioneer
He discusses
and restorative crop.
strains, mixture and seed rates, establishment, time of sowing, early management, manuring, summer use, winter
management, yield, and feeding value.
Du Puits has been repla,cing Grimm,
primarily because Grimm seed has been
purchased in Canada and dollars are
scarce. Orchardgrass, timo,thy, meadow
fescue, or perennial ryegrass is often
seeded with the alfalfa (one to three
pounds of grass see’d and 12 to 25
pounds of alfalfa seed per acre).
Wolrk done at t.he National Institute
of Agricultural Bota,ny was reported
which has resulted in the classification
of strains into four main types of lucerne according to their relative spring
growth, time of flowering, and recovery after cutting. These types are
shown in the t.able.
A comparison of six strains typical
of the major agronomic groups in alfalfa revealed that the early, longseason type (du Puits) ga.ve the highest yield of crude protein “under all
&butthe most lenient treatments.” However, the authors point out that since
the Argentine strain used gave a higher
proportion of its total production between August, and November than any

other strain it might’ be useful to the
plant blreeder.
In an experiment to determine the
best management of a lucernel-cocksfoot ley for green-crop drying, a mixture of Provence alfalfa (15 lb. per
acre), S. 37 orchatr’dgrass (3)) and S.
100 white clover (l/2) was subjected to
various combina.tions of cutting treatments. The primary object of the experiment was to discover the reaction
of alfalfa to early cutting and to study
means of avoiding adverse effects. Orchardgrass complicated the picture
somewhat. Alfalfa did not thrive after
cutting in ea’;rly Mary. An &week interval before the thir’d cut markedly increased the vigor of alfalfa.. Cutting
four times during the season did not
result, in increased yield and materially
depressed the alfalfa,. The alfalfa-orchardgrass ley goes through criticad
changes in la.te May and early June. If
alfalfa is allowed to reach early flowering before the last cut of the season it
is Ibetter absle to compete with orchardgrass.
Irish-Italian ryegrass (1 lb. per acre)
was sown with du Puits a,lfa,lfa (15 lb.
per acre) for studying management of
an alfalfa-Italian ryegrass ley for green
crop drying. Date of first cut and interval b’etween cuts had a. profound effect on the pro8portion of grass in the
hay. Perhaps the most significant
conclusion is tha,t “the length of the
last interval wa8 quite as important as
the actual date of the last cut.”
Using spaced plants of du Puits, one
experiment compared the effec.t of cutting lucerne a,t different dates in late
summer and antumn of the seeding
year, and another compare’d the same

Early type

Mid-season type

Late type

**Extra la.te type

*du Puits
“Ormelong
“Chartrainvilliers
*W. 268
“Socheville
“Flandria
Eynsford

Marlborough
Strain B
Provence
Ile de France
Hungarian
White Seal
And many others

Grimm
Rhizona
Ladak
Old Franconian

Saladina
-Pampeana
La Pampa
Chubut
Hilario Ascasubi
Choele Choel

*Described by French authorities as Flamande type.
**All Argentine strains.

*

treatments a.pplied to older plants. It
was found that root reserves were the
key to vigorous response. The author
suggests (1) a long interval before the
September cut, and (2) repetition of
the treatment in successive years be
avoided.
Two experiments were conducted in
an attempt to study means of managing established lucerne-cocksfoot leys
to preserve a balance between the ilfalfa, aad the orchardgrass. Two general trea,tments were studied: (1) the
effectiveness of cutt.ing the mixture at
various dates in fall and winter, and
(2) the effects of winter and early
spring grazing.
(1) Gross yield was hardly affected
by late cutting, ‘but quality was improved and crude protein increased by
about 20 per cent. In February 1952,
10.8 plants per square foot survived in
the control (not cut) compared with
12.4 to 23.4 in the cut plots.
(2) The mean numbers of alfalfa
shoots per square foot in the afterma,th
illustrate the vigor of the alfalfa in the
four treatments.
It. is concluded that winter grazing
is beneficial but early spring grazing
weakens the root reserves of alfalfa,
although it does help keep orchardgrass
under control.
In studies on the seasonal use of lucene-grass, mixtures for grazing, the
authors found that meadow fescue s.
53 was slow to establish but proved
useful as a companion grass, being
very compatible with Grimm alfalfa.
The timothy, orchapdgrass, and la&
ryegrass S. 23 were competitive. The
early ryegrass S. 24 suppressed weeds
and offered less competition in summer.
The authors conclude that meadow
fescue is the “most amenable of companion grasses” when sown in intimate
mixture with alfalfa. However, they
call attention tu other work by Hughes
who repo’rted success in maintaining
alfalfa and grass together for several
years if the two species are drilled in
separate rows.--R. Me&on Love, University of California, Davis, California.
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Adams, Kramer A. Multiple

use on private lands. Amer. Forests 62 (8) : 1415, 58-59. Aug. 1956.
(Weyerhaeuser
Timber Co.)

Cockerill, P. W. Recent

trends in New
Mexico agriculture.
New Mexico Agr.
Expt. Sta. Bull. 406. 22 pp. Apr. 1956.
(N. Mex. A. & M. Coll., Las Cruces)

Crow, Nelson R. The outlook
stock.

West. Livestock

Jour.

for live34 (40) :

23, 25-26, 28.
geles, Calif .)

Infesta,tions of leafy spurge, toad
flax, goa,tweed, and Cana,da thistle
were observed an’d discussed on the
morning of the second day. Conservation and range1 management prac-.
tices a.t the ED BANDY ranch were observed. The afternoon was spent at
the Game Ranch of the State Game
and Fish Dept. The ranch set up here
is meant to provide a means of allevia,ting some of the elk pressure on private
lands. Extensive elk diet studies have
been carried out at the game ranch for
the last three years.
The newly-elected 1957 officers of
Chairmaw,
HURRY
the section are:
HARQRAVE,Lethbridgel, Alta ; Ist Vice
Chai9*mani HOMER TURNER, Dillon,
Mont,.; and 2nd vice C&&rrnlai~,EION
CHISHOLM, Calgary, Alta.

1956.

(Los An-

Gray, J. R. Southwestern
cattle ranchcosts, returns. New
es; organization,
Mexico
Agr.
Expt.
Sta. Bull. 403.
88 pp. Feb. 2956.
(N. Mex. A. & M.
Coll., Las Cruces)

Jebe, Emil H. and Elliott S. Clifton.
Estimating
yields
and
gra,des
of
Jour.
slaughter
steers and heifers.

WITH

ZNTERNATZONAL
MOUNTAZN
Eighty members attended .the two
day range tour held in the Helmville
Valley September 6 and 7. Stops on
the first day of the t,wo day tour included studies of ranges in excellent,
good, fair and poor condition, including comparison of grazed vegetation
with the vegetation inside the Helmville Cemetery. Seed produc.tion of
intermedia,te wheatgrass a.s aided bsy
wide row spacing, cultivation, and
fertilization was considered in some
detail and other intermediate wheatgrass seedings in the area were examined.

July

THE

ralzch organization
Farm Econ. 38 (,2):
584-596.
May
1956. (Iowa State Coll., Ames)
Rowe, James W. Economic
influences
on livestock numbers in New Zealand,
1920-1950. Jour. Farm Econ. 38 (3):
860-863.
Aug. 1956.
(Victoria
Univ.
Coll., N. Z.)
U. S. Dept. of Agriculture. Beef marketing margins and costs. Z7. S. Dept.
Agr.
Misc. Publ.
710, 35 pp. Feb.
1956. (Agr. Marketing Services, Washington, D. C.)

SECTIONS

NATZONAL CAPITAL
The newly elected officers for the National Capital Section for the year
1957 are as follows : Chairma,uz-ROYAL
K. PIERSON,BLM, automa,tically shifts
from First Vice President, to Chairman of the Section : First Vice President-WELDoN
0.
SHEPHE~RD,FS;
L.
Second Vice President-MELVIN
UPCHURCH,ARS ; Secretwy
arnd Treaszlrer-Miur
W. BRIDGEI,
BLM; Council
A. HEIN,
Member (1957-1959)-MASON
ARS.
Council members now serving
are HERBERTC. HANSON, Ca,tholic University of America,, and EVAN L.
FLORY, BIA.--F. J. Pratt.
NEBRASKA
The annual meeting of the Section
was held at Valentine, September 28
and 29, with a moderatesized crowd
in attendance.
The group toured a typical sandhills
cattle operation a,t the BUDDY BEEL
ranch 30 miles south of Valentine on
the afternoon of September 28. A great
deal of favorable comment was heard
on MR. BEEL’S excellent job of managing both upland range a.nd meadows.
The group sa,w summer ranges in top
condition with plenty of forage left to
maintain pa,sture condition at top level.
Salt and water locations had aided in
distributing use evenly over the pastures. The high grade cows and calves
showed lots of blolom and condition.
Knee-high aftergrowth on the blue-

stem meadows assured a good crop of
hay for next year. Water retention
structures were helping to slow down
wafer runoff in spring for better subirrigation,

A stop was also made at the National
Grassland Monument on Valentine National Wildlife Refuge. This area of
nearly 1000 acres has remained in an
unused natural state for over 20 yeass.
The vegetation is reaching a climax
stage. The group was impressed by
the high forage potential of the sand
soils in this 20-inch rainfall locality.
Sand bluestem and prairie sandreed
were waist high or better. Vigorous
sand lovegrass clumps were dominant,
on north slopes. Grama, sand dropseed, and annual weeds were virtually
absent.
The highlight of the Saturday, September 29, program was the Raacher
Panel conducted hey L~RENZ BRED~MEIER,, SCS Range Specialist. Ranchers
GLEN BUCK of the Rolling Stone
Ranch, Woodlake, Nebraska; E. H.
HOWARTH of Mullen, Nebfraska; DALE
ST~JDLEY
of North Plat,te; and HAROLD
JACQUOTof Long Pine, Nebraska, gave
interesting and factual accounts of
their operations.
Officers of the Nebraska, Section for
1957 are: DON SYLVESTER,Valentine,
Chairman;
PELTY HOWARTH, Mullen,
Vice-Chairman;
and ROBERT KOCH,
Fort Robinson, newly elected CouszciZ-
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on livestock numbers in New Zealand,
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U. S. Dept. of Agriculture. Beef marketing margins and costs. Z7. S. Dept.
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710, 35 pp. Feb.
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SECTIONS

NATZONAL CAPITAL
The newly elected officers for the National Capital Section for the year
1957 are as follows : Chairma,uz-ROYAL
K. PIERSON,BLM, automa,tically shifts
from First Vice President, to Chairman of the Section : First Vice President-WELDoN
0.
SHEPHE~RD,FS;
L.
Second Vice President-MELVIN
UPCHURCH,ARS ; Secretwy
arnd Treaszlrer-Miur
W. BRIDGEI,
BLM; Council
A. HEIN,
Member (1957-1959)-MASON
ARS.
Council members now serving
are HERBERTC. HANSON, Ca,tholic University of America,, and EVAN L.
FLORY, BIA.--F. J. Pratt.
NEBRASKA
The annual meeting of the Section
was held at Valentine, September 28
and 29, with a moderatesized crowd
in attendance.
The group toured a typical sandhills
cattle operation a,t the BUDDY BEEL
ranch 30 miles south of Valentine on
the afternoon of September 28. A great
deal of favorable comment was heard
on MR. BEEL’S excellent job of managing both upland range a.nd meadows.
The group sa,w summer ranges in top
condition with plenty of forage left to
maintain pa,sture condition at top level.
Salt and water locations had aided in
distributing use evenly over the pastures. The high grade cows and calves
showed lots of blolom and condition.
Knee-high aftergrowth on the blue-

stem meadows assured a good crop of
hay for next year. Water retention
structures were helping to slow down
wafer runoff in spring for better subirrigation,

A stop was also made at the National
Grassland Monument on Valentine National Wildlife Refuge. This area of
nearly 1000 acres has remained in an
unused natural state for over 20 yeass.
The vegetation is reaching a climax
stage. The group was impressed by
the high forage potential of the sand
soils in this 20-inch rainfall locality.
Sand bluestem and prairie sandreed
were waist high or better. Vigorous
sand lovegrass clumps were dominant,
on north slopes. Grama, sand dropseed, and annual weeds were virtually
absent.
The highlight of the Saturday, September 29, program was the Raacher
Panel conducted hey L~RENZ BRED~MEIER,, SCS Range Specialist. Ranchers
GLEN BUCK of the Rolling Stone
Ranch, Woodlake, Nebraska; E. H.
HOWARTH of Mullen, Nebfraska; DALE
ST~JDLEY
of North Plat,te; and HAROLD
JACQUOTof Long Pine, Nebraska, gave
interesting and factual accounts of
their operations.
Officers of the Nebraska, Section for
1957 are: DON SYLVESTER,Valentine,
Chairman;
PELTY HOWARTH, Mullen,
Vice-Chairman;
and ROBERT KOCH,
Fort Robinson, newly elected CouszciZ-
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THE SECTIONS
are : Chairman,
TOM BRIERLEY, LaROYAL HOLL,
moille ; Vice-Chairmaut,
Ely ; and Secretary-Treasurer,
GEORGE
S~AINSTON; Elko.
Councilmen include : NORMAN RITTER, Zone I;
LESTER FLUCKINGER,Zone II; MIKE
KILPATRICK, Zone
III ;
WILLIAM
COCKRELL,Zone IV.
NORTHERN

GREAT

PLAINS

The annual meeting of the Northern
Great Plains Section was held at
Lewistown, Montana, June 27-28, 1956.
Twenty-six membsers registered for the
business meeting on the morning of
June 27 and several additional members and guests joined the group for
the tours of the afternoon and the following day.
After the brief business meeting,
held at the Bank-Electric Building in
Lewistown, ART DUBBS, Agronomist
at the Central Montana Branch Experiment Station at Moccasin, spoke
on protein levels in native and introduced grasses. An extensive study
George Weisman, Superintendent of the Valentine National Wildlife Refuge,
of forage production and protein condiscusses the vegetation of the National Grassland Monument for the members
tent, of grasses in relation to stage
of the Nebraska. Section. This area of nearly 1,000 acres has remained in an
of growth is underwa,y at the Mocunused natural state for over 20 years.
ca,sin Station. The study also includes
winter yields and protein levels.
A tour of the grass work at the
main for two years. RALPH BAKER,
ROYAL HOLL, BLM, discussed proMoccasin Station was the feature of
Valentine, continues as Coundmain
for
cedures use’d in selecting reseedable
the afternoon. This tour was in charge
another year.-Don
Sylvester.
sites. GARLANDWOOD, Prof. of Agriof JAMES L. KRALL, Superintendent
cultural Economics, University of Neof the Sta,tion, and ART DUBBS,
NEVADA
vada., presented a paper on “Economic
Agronomist. A trial of renovation and
considerations of range seeding in
fertilizer treatments on native grass
The fifth annual meeting of the
Nevada.” H. M. KILPATRICK, Extenseemed to<have been largely ineffective
Nevada Section was held at Elko on
sion Range Conservationist, discussed
this year. A trial with fertilizer apJune 7 and 8, 1956. Fifty-two memthe University range conserva,tion replications made at the time of seeding
bers and guests of the Section met in
sponsibilities, and DR. VERLE BOHMAN, tame grasses looked interesting, but
the Corral Room of the Ranch Inn,
presented information on livestock nuresults were as yet inconclusive.
where they were welcomed by Elko’s
trition secured from the branch StaOn Thursday, June 28, through the
mayor, F~ar;sK WILLIAMS. Society
of CURTIS and GERALD
President JOHN D. (DANNY) FREEMAN tion at Knoll Creek. BEN HAZELTINE, courtesy
Fish and Wildlife Service, showed a
HUGHES,the group made a tour of the
drove up from Arizona and attended
film and described antelope manageHUGHESLand and Livestock Company
the full two-day session.
ment in relation to livestock use on the
Ranch, near Stanford, about 45 miles
The program opened and closed with
Sheldon Game Refuge. The first day
west of Lewistown. After the tour of
ranchers pasticipa,ting. H. V. HANSEL,
close’d with a# panel of ranchers and
the HUGHE’SRanch a short visit was
rancher from Lee, Nevada, described
t e c h n i oi a n s discussing ways they
made to the DON WILSON ranch, also
his experience in planning and managthought range management in Nevada
near Stanford.
ing an individual allotment. WILLIAM
could be improved.
The tour of the HUGHESRanch proHOLMES, retired rancher from Winvided an excellent opportunity to obnemucca, related his experiences in
A tour on the second day took the
serve range conditions in the foothill
yearling feeder pro’duction and emgroup south of Elko to observe experiarea,. Especially interesting were the
phasized that, while size is inherited,
ments on crested whea,tgrass stocking
fence line contrasts between ranges
feed is needed to bring out the capabilirates and chemical brush control being
grazed at’ different times during the
ties in young ca,ttle.
conduc.ted b’y the University of Nevada.
season. The excellent livestock on the
W. C. ROBOOKER,,
ARS, and KEITH The afternoon was spent at the PETER- ranch, including the Line 1 (Miles
SONBROTHERS’
Hereford Ranch, where
MILLER, graduate student from UniCity) bulls and the Targhee rams,
the Soil Conserva,tion
Districts’
versity of Nevada, related findings on
added greatly to the interest of the
Farmer of the Year”,
halogeton research. GERALDSTRICKLER, “Grassland
tonr. The! spread of bushy cinquefoil
FRANK
PETE,RSON,
led
the
tour
of
imgraduate student, University of Neon foothill ranges, as observed on the
proved meadows and pastures.
vada, explained results of research on
tour, was the cause of considerable
lanata) .
whitesage (Eurotia
Neva,da, Section officers for 1956-57
discussion.

WITH THE SECTIONS
SOUTHERN

The fifth annual meeting of the
Southern Section was held at Griffin,
Georgia, September 24, 25, and 26.
The meeting was attended by 37 members from Arkansas, Louisiana, Alabama, Georgia, Florida, and North
Carolina. This was the first formal
meeting sponsored by the Section.
A number of outstanding technical
papers were1 presented. Included in
the program of papers were : “Rumen
function as related to roughage utilization”, W. E. THOMAS, North Caro#lina, ; “Supplemental feeding of range
cattle in wiregrass-pine
ranges of
Georgia”, L. K. HALLS and co-workers,
Georgia. ; “Supplemental
feeding of
beef cat,tle on pine ranges of Louisiana”, J. T. CASSADY;Florida, “Winter
feeds and pastures for beef cattle”, D.
M. BAIRD, Georgia,; “Beef and milk
production wit.h Coastal Bermuda as
affected bly N ra,te and irrigation”,
JAMES JACKSON and co-workers,
Geo,rgia,; “A discussion of Coastal
Bermuda as ha)y, silage and pasture”,
B. L. SOUTHWE’LL,Georgia; “The1 use
of hormone herbicides in the South”,
HURL~N RAY, Arkansas ; “Palatability
of pasture forages”, W. H. MARCHANT,
Georgia ; “Digestibility
and nutritive
content’ of wiregrass forage”, 0. M.
HALE, Georgia. ; “Chemical and physical properties of grasses that affect
their nutritive value and animal intake”, W. B. ANTHONY, Alabama;
“Potentialities and limitations in the
use of roughages in livestock production”, M. E. MCCULLOUGH,Georgia.
Chairman MC’CULLOUGH
presided at
the annual banquet, and business session. This session was highlighted by
a report of a blue ribbon award that
the Section’s publication, “Range Resources of the South”, had receive’&
The Section voted to meet in Arkansas
in 1957.
Newly elec,ted officers for 1957 are :
Chairman,
LOWE;LLHALLS; Vice-Ch,airmaIn, HURLONRAY ; Secretary-Treasurer, D. M. BAIRD.-Hurlor& Ray.
WYOMING

The second field trip of the 1956
season was held on September 28.
Some 60 members and friends of the
Wyoming
Section t,ravelled a route
across the northwestern section of the
Lasamiel Plains, on a path not far
different from thaf taken by the Overland Trail in 1862-1868. After lunch,
the personnel of the United States

Forest Service led by BEN RICE gave
the following
report on the Rock
Creek Burn :
The Rock Creek fire burned 2,685
acres of private and pub’lic land, destroying some $161,000 in wild land
resources value’d for the production
of grass, wildlife, timber, water, etc.
The cost of stopping this, fire to prevent’ the destruc.tion of additional
natural resource values was nearly
$130,000. A single match probiably lit
by a fisherman in Deep Creek Canyon
just, north of Rock Creek was responsible for this $291,000 loss.
Suppression action on the fire required the use of twelve tractors, scores
of pickups, jeeps, and 4-wheel drive
vehicles, and from five to six hundred
fire-fighters, including many local people who volunteered to help, the Wyoming National Guard, and a, large
contingent’ from Warren Air Force
Base. The fire-fighting activities were
carried out under the most trying
c.ircumstances with high winds, heavy
fuels under almost continuous stands
of dense lodgepole pine poles, steep,
roadless terrain and intensive1 spotting
activity. The fire, starting on July 3,
1955, burned for 26 days, at which
time the mop-up job was completed.
Heavy rains, which came shortly after,
completely extinguished the last spark.
Within a felw days after the fire
was out, a heavy cloudburst occurred
over the burned a.rea with devastating
results. Prior to the fire and subsequent heavy rainfall, the main Threemile Creek was a small, stable, tree and
b’rush-lined stream with numerous fish
and bea,ver ponds; tributary drainages
were very small and stable with no
erosion evident. During these storms,
2 to 3 inches of topsoil wa.s eroded off
the steeper slopes of the burn, and it,
has been estimated that 200-300 ac,re
feet of soil over the entire burn moved
down the creek. All the bseaver dams
and ponds were destroyed, fish were
killed downstream, and reservoirs and
hay producing lands were silted in.
Large alluvial fans of rocks, were built
up, diverting the original water course
in many places and utterly destroying
the only road in the drainageI. The
town of Rock River was unable tot use
its silt-laden municipal water supply
for three da,ys and for many days,
particularly following rains, water was
almost unusable.
In late September of 1955, the Forest
contracted the Bighorn Flying Service
of Cody, Wyoming, to seed the burn

Members of the Wyoming Section
inspecting an area of burned lo’dgepole pine which had been reseeded
by airplane.
at a cost of 63t per acre. The seed,
distributed at the rate of 2 lbs. Mountain Brome, 3 lbs. Timothy, 2 lbs. Yellow Sweet Clover, 1 lb, Orchardgrass,
and 1 lb. Crested Wheatgrass, cost,
$1.34 per acre.
Simultaneously, ‘drainage of fire lines
and emergency fire roads, gully plugging, and scattering of debIris dams
was begun with a TD-14 tractor.
Early in the summer of 1956, two
survival and composition study transects were established on the burn to
study the results of the grass seeding
and natural regeneration of lodgepole
pine.
An evening program held on the
University of Wyoming campus included moving pictures by FRANK
RAUZI of the Agricultural Research
Service, talks by OSCAR KNUDTSEN
frosm Argentina, who gave a dollar to
the Wyoming Section Range Management Scholarship fund, CHARLES
SCOTT, a visitor from the Neblraska
Section, ROBERTLANG of the University of Wyoming, and WALLY JOHNSON of the U. S. Forest Service. The
program ended with a demonstration
of a new vegetation meter developed
by FRANK RAUCHFUSSof the University of Wyoming Range Management
staff. -A.
A. Beetle.

NEWS

AND

NOTES

lands in northern California.
From
1932 to 1937, he was engaged in
teaching and range research with the
Animal Husbandry Department of
New Mexico A. and M. College. KEN
entered the Forest Service in 1937
as a staff member of the Southwestern
Forest, and Range Experiment Station
at Tucson. He has served as Assistant. Chief of the Division of Range
Mana.gement, assigned to field inspection and special studies, since 1952.
As head of the Division of Range
Management Research, KEN will make
his headquarters in Washington, D. C.
Adams Joins California Forest
and Range Station Staff
DR. LOWELL ADAMS, wildlife research biologist, formerly with the
U. S. Fish and Wildlife Service, has
joined the staff of the California Forrest and Range Experiment Station of
KENNETH W. PARKER
the U. S. Forest Service. His appointment, was announced by DR. GEORGEM.
JEMISON, station director, on Oct. 23,
KENNETH W. PARKER has been amp- 1956.
pointed Chief of the Forest Service’s
ADAMS will b,e stationeld at the SusDivision of Range Management, Rea.nville Res.ea.rch,Center of the Experisearch. He succeeds, J. F. PECHANEC, ment Sta.tion. He will work on probwho was recently named Director of
lems of deer ha.bitat improvement and
the Southeastern Forest and Range
management
in northeastern
CaliExperiment Station at Asheville, No,rth fornia.
Carolina.
A graduate of the University of California, ADAMS has his doc.tor of sciKEN is well known to members of
ence degree from Johns Hopkins Unithe Society; he was one of the foundversity. For the past 10 years, he has
ers of the Society, is a charter. memconducted research on the effects of
ber, and served as a Council member
wild animals on forest regeneration,
in 1949, and as a, Director in 1950. In
with headquarters at Missoula, Mon1955 he was program chairman for the
tana. Before that, he studie’d wildnational meeting. KEN has written
life problems in the Central Valley of
numerous articles on the results of his
California, and in northeastern Washrange management, research and coorington.
dinated the develofpment of the 3-step
method for appraising trend in range
condition on national forest ranges.
Animal Disease Laboratory
Dedicated
KEN is a gradua,te of the University
of California and worked as an asThe new $lO-million research buildsistant to, Dr. A. W. Sampson on the
ing of USDA’s Plum Island Animal
problem of St. Johnswort on range
Disease Laboratory wa,s dedicated on
50

Sept. 26, 1956. This laboratory is devoted to research oa foreign diseases
of livestock, past”icularly foot-andmouth disease.
Seventh

International
Congress

Grassland

The Seventh International Grassland
Congress was held November 6-16,
1956, at Palmerston North, New Zealand. The Massey Agricultural College provided headquarters for the
conference.
The Sixth International Grassland
Congress was held in August of 1952
a,t the Pennsylvania State College,
State College, Pennsylvania. The first
five Congresses were held in other
countries. The first was in Germany in
1927, the Second in Sweden and Denmark in 1930, the third in Switzerland
in 1934, the fourth in Great Britain in
1937, and the fifth in the Netherlands
in 1949.
The International Grassland Congress provides the opportunity for
scientists and technicians from vaxious parts of the world to exchange
information
concerning the production, improvement, ma.nagement, and
use of grasslands. English, French,
and Spanish ha,ve b’een designated official languages of the Congress.
Those attending from the United
States include: DR. WILLIAM M. MYERS, University of Minnesota, Chairman; DR. ROBERTE. WAGNER,University of Maryland; DRS. MASON HEIN
and DAVID F. BEARD, A.R.S.; ROYAL
K. PIERSON am! JOHN B. BENNET,
Bureau of Land Management; LINC~OLNELLISON and KE~NNETH W.
PARKER, Forest Service; and A. L.
HAFENRICHTERand F. G. RENNE~E,
S.C.S.
RANGE

MEN

ABROAD

0. S. AAM~DT, ARS-Foreign Relations, Beltsville, Maryland, has returned recently from an extensive trip
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he has an ICA ass6gnment toI set up
a, soil conservation service for that
country.

to the Far East for ICA-Washington.
The primary objective was to participa,te in a Seed Improvement Conference in Formosa. There were 43 delegates and obaervers present from nine
different countries.
The conference
was one of the most interesting and
successful that, he has attended while
Six recommendain foreign work.
tions for a, continuing organization,
regional coopera,tion and crop improvement were approved by the delegates
and submitted to their respective governments and ICA. One of the recommendations dealt with the need for
management practices and seed production of forage plants for the improvement of an estimated 21 million
hectares of land in their countries that
are nolw completely idle or practically
unused for food production. AAMODT
returned via Australia where he spent
ten days visiting research stations.

In Memoriam
WILLIAM N. ANDERSEX, p o p u 1a r
Utah State Supervisor for the Bureau
of Land Management, died in his sleep
from a heart attack on October 1. His
passing was a shocking blereavement,
not only to his family but to his many
friends, as he was only 51. Quietspoken but, articulate and sound in
his thinking, he was widely respected
both as an administrator and a technician, having gra’duated from Utah
State Agriculture College in 1939 with
a, degree in both forestry and range
conserva,tion. Born in Huntington,
Utah, September 17, 1905, BILL spent
21 vears
in government service, join.,
ing the Bureau in 1946 as an Assistant Regional Grazier. In 1948 he was
appointed Chief of the Division of
Lands for Colorado and Utah and in
1954 was na.med Utah State Supervisosr. He filled an L.D.S. Mission to
Denmark from 1928 to 1931. In addition to his wife and son, WILLIAM
KENT ANDERSEN,of Logan, Utah, he
is survived by his, mother, three brothers and seven sisters. He has been
active in Society affairs ever since its
founding, and will be greatly missed by
all of his, associates.

TOM DUDLEY, formerly
District
Range Manager at Miles City, Montana., is enroute to Teheran where he
will be the Range Management Advisor to the lran U. S. Opera,tions Mission. He recently completed a foreign assignment as Head of the Range
and Water Resources Department in
Jordan.
WALT
DUTTON,who with MRS. DUTTON returned this spring from a twoyear assignment in the British Colonies in Africa, left in September for
a, four-month
assignment with an
F.A.O. Mission in South America.
The Mission is making an economic
expects
survey of Argentina. TV&T
to return home about the first of January.

IN THE FIELD

EDWARD W. SCHULTZ, Supervisor
of San Isablel National Forest with
AL HEDGE, Head of the Farm and
hea,dquarters at; Puebclo, Colorado, has
Ranch Planning Division, SCS, will
leave in a month or so for India where’ been promoted to the opera,tion divi-

RANCH

*

Management

*

Reseeding Contractors

Service

Throughout the Western
R. B.
Home

Office:

(Dick)

313 Denrock

Peck,
Ave.

States and Canada,

WESTERN

”

sion of the Chief Forester’s office,
Washington, D. C. His successor will
be JOHN F. DOUGLAS,promoted from
forest staff assistant on Routt National
Forest at Steamboat Springs.
KARL S. QUISENBERRYhas been
named to succeed A. H. MOSEMANas
Director of Crops Research (under
which the Forage and Range Section
falls), in the Agricultural Resea.rch
Service, and MARION W. PARKER succeeds DR. QUISENBE~RYas assistant
director. DR. PARKERformerly headed
the weed investigations section, including range weeds.
KENNETH 0. WILSON, Supervisor
of the Shoshone National Forest with
headquarters at Cody, Wyoming, is
being promoted to a fire control position in the regional office of the Forest Service at Denver. His successor
at Cody will be IVAN “PAT” MURRAY,
now in the Forest Service Division of
Range and Wildlife Management at
Ogden, Utah.
TV. JAMES ANDERSONhas assumed
the position of Ra.nge and Forestry
Officer for BLM in the Sta,te of New
Mexico with headquarters at Santa
Fe. He was replaced in the Montana
State Office at Billings by ED PIERSON
who has returned with BLM as State
Ra.ngel and Forestry Offic,er. DON
BAILEY, formerly New Mexico Range
and Forestry Officer, is taking over the
administration of New Mexico Grazing District, No. 1 at Albuquerque.
JOHN A. KEITH has recently been
transferred to the Washington, D. C.
office of the Bureau of Land Management as a member of the Director’s
Range Management staff. He was
formerly District Range Manager at
Shoshone, Idaho.
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