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Highlight
Forage yield was influenced more
by differences in year and dafe of
cuffing than was nutritive value as
measured by mefabolizable energy
Chemical
and nitrogen
retention.
analysis showed relatively little dif ference in nutritive value between
windrowed, bunched and baled hay,
whereas standing forage had lower
nutritive value than any of the harvested forages.

Common haying practices on
upland meadows in the Nebraska
Sandhills consist of mowing and
either round baling, windrowing
with a dump rake or bunching
the forage with a dropper attached to the cutter bar. Regardless of the method of storage, the
hay is left at the site and cattle
are turned to the hay during the
winter
and/or
spring.
Most
studies relative to the effect of
storage on the nutritive value of
hay have been limited to areas of
the United States where the forage consists of tame species of
grasses and legumes, e.g. Archibald et al. (1951). It it doubtful
if results from such investigations are applicable
to native
range forage. Moxon et al. (1951)
showed a decrease in crude pro-
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tein content from about 8% to
less than 3% in standing native
grasses from July 13 to December 7. The crude protein content
of windrowed hay remained constant during this storage period.
Other workers have shown that
early cut native hay contained
more protein and had a higher
feed value than late cut hay
(Baker et al. 1951, Briggs et al.
1948, Embry, et al. 1956, and
Moxon et al. 1951).
The purpose of this investigation was to study the effect that
date of cutting, method of storage and storage time had upon
nutritive value of Sandhills upland hay.
Procedure
The experimental
plots were located on a sands range site at the
Reed Hamilton Ranch 9 miles north
of Thedford, Nebraska. The following methods of storage were imposed
upon the early (July 13) and late
(August 27) cutting dates: (1) round
baling with a rotobaler, (2) windrowing
with
a dump
rake, (3)
bunching with a basket attached to
the cutter bar of a tractor-mounted
mower, and (4) standing forage. The
four methods of storage were replicated three times within each of the
two cutting-date plots and were randomized within each replication. The
forage
was sampled
immediately
after each cutting
and monthly
thereafter until the end of the storage period in late January.
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Yield data were collected in 1962
and 1963 previous to haying the plots
by clipping areas 3.3 by 100 ft with a
hand mower which left a 1 to 2 inch
stubble. The botanical composition
and ground cover (Table 1) were obtained with a point-quadrat frame as
described by Burzlaff (1962).
Two criteria were used to.measure
the nutritive value of the forages:
(1) determination
of the digestible
and metabolizable
nutrients of the
early and late cut round baled hay
and (2) determination of the change
in chemical composition
as influenced by cutting date, method of
storage and storage time.
Eight steer calves randomly assigned to two groups of four were
used in the metabolism trials. Different calves were used in each year
of the study. A la-day preliminary
feeding period was followed by a
7-day collection period. One group
was fed early-cut, round-baled hay
and the other late-cut, round-baled
hay. The steers were placed in metabolism crates and fed 8 lb of
Table 1. Boianical composiiion and
ground cover percentages of early
cut plots-1963.
Ground Cover
Vegetation Cover
Litter Cover
Bare Ground
Botanical Composition
Grass & grass-like1
Calamovilfa Zongifolia
Stipa comata
Bouteloua gracilis
Andropogon hallii
Panicurn scribnerianum
Sporobolus cryptandrus
Carex heliophila & Cyperus
schweinitzii
Major forbs & shrubs
Aster ericoides
Rosa arkansana
Amorpha canescens
Solidago missouriensis
Other species
1 Major grass and grass-like

67.2
31.0
1.8

25.6
25.4
21.1
5.1
3.8
3.0
3.6
2.7
1.7
1.2
0.7
6.3
species.
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chopped hay per day in addition to
water and iodized salt which were
available ad lib. Dietary, fecal and
urine samples were collected during
the course of the trial. Daily samples
were combined to form one sample
for each animal. The amounts of digestible and metabolizable
energy,
digestible nitrogen and nitrogen retention were calculated from concentration
of nitrogen
and gross
energy in the hay, feces and urine.
The chemical analyses were made
on the samples of hay from the two
cutting dates and four storage methods which had been taken at monthly intervals during the storage period. These analyses included determinations
of lignin (Crampton
and Maynard, 1938) and carotene
(A.O.A.C., 1960) content of samples
collected in 1962 and nitrogen, phosphorus and calcium content of samples collected
in 1962 and 1963
(A.O.A.C., 1960).
The least-squares analysis of variance was used to statistically analyze
the data because of the unequal
numbers between the early and late
cutting
dates.
Least-squares
adjusted means were calculated for the
cutting date-storage time and method of storage-storage
time interactions. The figures presented here
were derived from graphic “best-fit”
curves through these two-way interaction means.

Metabolism Study.-Digestible
and metabolizable energy and digestible nitrogen and nitrogen
retention values for the round
baled hay cut in 1962 and 1963
are shown in Table 2. The animals fed the 1962 hay retained
more nitrogen (P < .lO) than
those fed the 1963 hay but there
was no difference in the metabolizable energy content of the hay.
The early cut hay contained
more (P < .lO) metabolizable
energy than the late cut hay, but
there was no difference in nitrogen retention. The cutting date
by year interaction was not significant for either metabolizable
energy or nitrogen retention.
It would appear that forage
yield was influenced more by
differences in precipitation than
was nutritive value. Some of the
yearly difference in nitrogen retention could have been due to
the use of different animals each
year for the metabolism study.
Chemical
Analysis.
- The
chemical composition of hay cut
at the two dates in 1962 and 1963
cannot be directly compared to
the metabolism study, as the former involved all methods of storage and all storage times while

the latter only involved
the
round baled hay which had been
stored in the field for a short period of time.
Year. Higher (P < .Ol) nitrogen, phosphorus and calcium levels but lower forage yields were
recorded in 1963 than in 1962.
The inverse relationship between
nutrient concentration and forage yield was attributed to the
greater precipitation which fell
in 1962 as compared to 1963.
Cutting Date. All hay cut in
mid-July had a significantly (P
< .Ol) higher nitrogen and phosphorus content than the hay cut
in the latter part of August, with
no difference in the calcium content (Table 3). These results
would indicate that the plants
translocated some nitrogen and
phophorus but not calcium from
the shoots to other parts of the
plant during the period from
July to August. At no time did
the calcium level fall below the
level recommended by the National Research Council (1958)
as necessary for wintering 800 lb
cattle to gain 0.7 lb/day. Similar
results were found by Moxon et
al. (1951) in South Dakota and
Baker et al. (1951) in Nebraska.

Resulfs and Discussion

Forage Production. - The significantly (P < .Ol) greater yield
(Table 2) in 1962 was probably
due to 9.0 inches more precipitation falling prior to the time of
early cutting in 1962 as compared
to 1963. Apparently, the plants
continued to grow from mid-July
until late-August, producing the
greater yield (P < .Ol) at the
later cutting date.
In 1962, 406 lb/acre more of
dry matter were harvested from
the late than from the early cutting. In 1963 the difference was
only 102 lb in favor of the late
cutting. This significant (P < .lO)
interaction between years and
cutting dates could be a result of
9.1 inches of precipitation that
fell between the early and late
cutting dates in 1962 as compared to 4.8 inches in 1963.

Table 2. Average production and nutritive
determined by digestion and metabolism

value
trials.

of round-baled

hay as

Cutting date
1962
Item
Forage production,
lb/acre
Apparent metabolizable energy,
megcal.kg.1
Apparent digestible energy,
megcal./kg.
Lignin,
% of D. M.
Apparent nitrogen retention,
g./kg.
Apparent digestible nitrogen,
g-kg.
Nitrogen,
% of D. M.
Dry matter,
%

July 13

1963

Aug. 27

July 13

Aug. 27

1176

1582

959

1061

1.54

1.12

1.32

1.20

1.81

1.38

1.71

1.72

16.2

17.8

-

-

-0.44

-1.44

-2.04

-1.58

3.67

1.61

5.12

6.02

1.08

0.79

1.30

1.32

92.0

92.3

89.6

89.7

IDigestion and metabolism values are based on the amount of dry matter
(D.M.) offered to the animal.

SANDHILLS HAY
Table 3. Least squares adjusted
Item

means for main effects.

Nitrogen Phosphorus

Calcium
Per&t

A-----

Years
1962
1963
Cutting Dates
Early
Late
Methods
Standing forage
Windrowed hay
Bunched hay
Baled hay
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0.95
1.13

0.10
0.12

1.14
0.94
0.77
1.12
1.16
1.10

-

Lignin
-

-

i

-

Carotene
mg.
_ lb.

0.34
0.68

17.3
-

6.7
-

0.13
0.09

0.52
0.50

17.0
17.3

5.2
8.2

0.09
0.11
0.12
0.12

0.46
0.51
0.53
0.54

17.2
17.1
17.5
16.8

7.4
5.2
4.9
9.2

Little difference in lignin content was found between the latecut and early-cut hay in 1962
when averaged over all methods
of storage (Table 3). The higher
lignin content of the late-cut
round-baled hay was, however,
associated with the lower metabolizable energy content of
that hay (Table 2). This relationship has been proposed by
other workers. For example,
Armstrong et al. (1964)) using
calorimetry studies, found metabolizable energy to be related
to the percentage of lignin in
artificially dried grass. Patton
and Gieseker (1942) in Montana
and Stanley and Hodgson (1938)
in Arizona found that lignin content of range forages increased
as the growing season advanced.
The overall average carotene
content of the late cut hay was
higher than that of the early cut
hay (Table 3). The greater percentages of carotene in early cut
hay found by Briggs et al. (1948)
in Oklahoma and Whitman et al.
(1951) in North Dakota are not
in disagreement with the results
presented here, as their comparisons involved the carotene content immediately after cutting
and not an average
value
throughout a long period of storage.
Method of Storage. Evaluating
the different methods of storage
was complicated by the presence
of standing forage as a method

-

of storage. The change in chemical composition in the standing
forage was considerably different from that of the hay during
storage. Many of the significant
interactions and main effects of
methods of storage are a result of
the inclusion of standing forage
in the study. There was little
difference in the chemical composition of the various hays. The
advantage of the greater nutritive value of the hay over the
standing forage might be of no
economic saving when the cost
of haying is considered.
There appeared to be no significant difference in the nitrogen and phosphorus
content
(Table 3) of the three hays,
whereas the standing forage was
considerably lower in botth constituents. Similar results were
found by Moxon et al. (1951) in
a comparison of standing forage
and windrowed hay. Such things
as palatability and availability of
the forage during snow cover
could favor the use of the baled
hay over the windrows
or
bunches.
There was no significant effect
(P > .lO) of method of storage
on the calcium content of the
forages (Table 3). There was a
significant (P < .05) effect of
method of storage on the lignin
content of the forage.
Storage Time. Storage time
had little effect on the nitrogen,
phosphorus and calcium content

of the hay. The percent lignin
increased (P < .Ol) from the
time of cutting until November,
after which time it did not
change appreciably.
Carotene
content decreased (P < .Ol) in a
pattern similar to the increase in
lignin. The influence of storage
time on nutritive value is apparent only for a few months after
harvesting and not of importance
in the winter feeding period.
Cutting Date and Method of
Storage.
The significant interaction between cutting date and
method of storage in the case of
nitrogen and phophorus content
(Fig. 1) appeared to result from
the inclusion of the standing forage as there were no important
differences in the responses of
the hays stored by the three
other methods. The standing forage should not have been included in the cutting date by
method of storage interaction as
the late cutting date was simply
a replicate of the early cutting
date with the July sampling time
missing. There was no significant (P > .lO) interaction between methods of storage and
time of cutting with respect to
lignin or calcium. Only the
round-baled hay had a significantly greater (P < .Ol) caro1.4 ,

7

.WA~

WIYIM‘O
“*‘I

.WICY.D
YA”

ULlD
“A”

FIG. 1. The effect of the interaction of
cutting date and method of storage on
nitrogen, phosphorus, lignin and carotene content.
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content of both cuttings of hay
tene content when cut late as
was near the recommended
levcompared to early.
els of the National
Research
Cutting Date by Storage Time.
Council (1958).
The cutting date by storage time
Method of Storage and Storage
interaction
was difficult
to inTime. Little change in the nitroterpret because the earlier cut
gen and phosphorus levels of the
hay was in storage a month longhay occurred
during
storage,
er at the same chronological
date
however,
the standing
forage
than the late-cut hay. If equal
showed a steady decrease in niperiods of storage were comtrogen and phosphorus from July
pared,
however,
there
would
through January (Fig. 3).
have been a confounding of storage time with the climatic conditions to which the hay was exposed. The former- method of
1.5
comparison
was chosen, thereNITROGEN
(O/o D. M.)
fore. as the better alternative.
c
1.2
Early-cut hay lost phosphorus
more rapidly (P < .Ol) than late0.9
cut hay during the period from
August to October, after which
0.6
time it stabilized (Fig. 2). There
was no significant cutting datestorage time interaction with respect to nitrogen or lignin. The
significantly
greater
(P < .Ol)
PHOSPHORUS
carotene content of the late-cut O-l5
hay as compared to the earlycut hay at any given date was a o*lo
result of the longer exposure of
early-cut
hay
to weathering.
O*O5
Little difference in carotene content between the hays cut at dif’
ferent dates occurred after Ottober. At this time, the carotene
LICNIN
(O/o D.M.)

There was no method of storage-storage time interaction with
respect to lignin. No difference
in the calcium content during
storage time was noted among
the various methods of storage.
The standing
forage
maintained a higher composition
of
carotene than did any of the hay
until about mid-September.
After this time, the baled hay retained the highest level, and the

(O/a D. M.)

CAROTENE

sept act

NW

(ms./ym-

D. M.)

DCC J.”

STORAGE
TIME
-FIG. 2.
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FIG. 3. The effect of the interaction of method of storage and storage
gen, phosphorus, lignin and carotene content.

time on the nitro-
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carotene
content
of the hay
stored in all other methods was
almost immeasurable.
The carotene content of range grasses can
be best preserved for the winter
feeding period by baling the forage. The importance of this finding is somewhat lessened by the
fact that carotene
(Vitamin A)
deficiencies have been shown to
be rare with range livestock and
occur only in cases of prolonged
drought
(Savage
and Heller,
1947). Moxon et al. (1951) also
found the carotene
content of
standing forage to decrease more
rapidly than when the forage
was cut and stored in windrows.
j

Summary

The purpose of this investigation was to study the effect of
date of cutting, method of storage and storage time on the nutritive value of native Sandhills
upland hay. The forage was cut
at two dates, mid-July and lateAugust, in 1962 and 1963. The
methods
of storage
included
windrowed,
bunched and roundbaled hay and standing forage.
A metabolism
trial was conducted each year to determine
the quantity of digestible nitrogen and energy, metabolizable
energy and nitrogen balance of
the early- and late-cut, roundbaled hay. Forage samples from
each method-cutting
date subclass were also obtained monthly
from the time of harvest until
late January. The samples were
analyzed
for lignin,
nitrogen,
calcium, phophorus and carotene
in 1962 and for nitrogen, calcium
and phosphorus in 1963.

HAY

The greater precipitation
that
fell in 1962 as compared to 1963
caused a greater production
of
forage per acre in 1962. In both
years more forage was harvested
in late-August than in mid-July.
Forage
yield
was influenced
more by differences in precipitation and date of cutting than was
nutritive value as measured by
metabolizable
energy and nitrogen retention. Chemical analysis
showed relatively
little difference in nutritive value between
the windrowed,
bunched
and
baled hay. Standing forage had
considerably
lower
nutritive
value than any of the harvested
forages. The influence of storage
time on nutritive
value
was
only important for a few months
after harvesting and of little significance in the winter hay feeding period.
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Highlight
An experiment was conducted with
4 sulphur dioxide fumigations each
year for 5 consecutive years on the
same plots of 3 species of range
grasses native to Southeastern Arizona. There were no sfafisfically
significani detrimental effects upon
the quantify or qualify of either the
forage or seed produced by these
grasses.

For many years it has been
known that certain gases discharged into the atmosphere by
industrial installations
have
caused injury to crop plants and
vegetation growing nearby. One
of the principal pollutants in industrial waste is sulphur dioxide.
The relationship between foliar
loss due to SO2 and yield reduction on various vegetative and
fructifying crops has been well
established. The Selby Smelter
Commission (1915)) reported the
effects of SO2 on barley; Hill et
al. (1933) established the correlation between foliage loss and
the reduction in yield on alfalfa,
while Brisley and Jones (1950)
and Brisley et al. (1959) reported
on effects of SO2 on. yield of
wheat and cotton. It has been
shown that the action of SO2 on
vegetation is purely local in nature, causing no systemic influence or disease and that there is
no translocation of toxic substances, the injury being confined to the areas which are
visibly affected (Thomas et al.,
1949). All investigators have reported that the resultant yield of
crop plants is not reduced unless
visible manifestations of SO2 injury are present.
No studies have been reported
on the effects, if any, of SO2
fumigations on range grasses. A
limited number of exploratory

AND

Phelps Dodge

experiments were conducted in
1936 to 1941 by Phelps Dodge
Corporation but the tests were
too few in number and the work
was not conducted in sufficient
detail to warrant publication.
Since farm crops were of greater
economic importance in the area,
intensive research with native
vegetation was postponed until
1958. At this time, an experiment
was designed whereby the quantity of forage produced, the quality (food value) of the forage,
the quantity of seed available for
reseeding the range, and seed
viability could all be measured.
The difference, if any, between
yields taken from plants which
had been fumigated with SO2
and plants growing normally,
could then be determined.
Three grass species were selected, either because of their
predominance
on the local
ranges, or because of their desirability as forage for cattle. They
were tobosa (Hilaria mutica),
blue grama (Bouteloua gracilis),
and sideoats grama (Bouteloua
curtipendula).

During the past 40 years, field
observations by numerous air
pollution and range specialists on
perennial range grasses native to
Southeastern Arizona have revealed that these grasses are extremely resistant to SO2 and do
not show leaf markings in their
native habitat.
The authors would like to express their thanks to Prof. K. A.
Valentine and Dr. J. J. Norris,
New Mexico State University,
for their helpful advice and suggestions on planning experiments
and Dr. R. 0. Kuehl, University
of Arizona, for his statistical advice.
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Experimenial
Procedure
The experiments were conducted
at the Hereford Experimental Area
of the Phelps Dodge Corporation
near Hereford, Arizona. This area is
situated 35 miles from any industrial
plant, and in 27 years of observation
no manifestations of sulphur dioxide
injury have been noted on the most
sensitive vegetation growing there,
thus assuring an atmosphere sufficiently free of SO2 pollution for the
conducting of such experiments.
In
order to establish an acceptable longrange average, the data were collected over a 6-year period (1958-63).
A block of 30 pairs of plots was
established for each of the 3 species
in which one plot of the pair was
fumigated and the other plot was left
as a control. The fumigated and control plots were alternated with respect to position from pair to pair
(Fig. 1). Fumigated plots were the
same for each year, thus providing
a split plot with respect to time. Each
plot contained 16 clumps of grass
spaced 12 inches apart. The clumps
were transplanted from their native
habitat in the surrounding area and
were set in depressed basins so that
each could be irrigated with an equal
amount of water.
The first season was devoted to
establishing
a perfect
stand and
roguing seedlings of weeds and other
grasses. Early in the second season,
when the plants had become well
established, metal frames constructed
of 3/8-inch iron rod were permanently set in each plot. These frames
encompassed 4 fts in the center of
the plot and all yields of seed and
forage were taken from the grass
which grew inside the frames, thus
eliminating any border effect. The
frames were set 4 inches above the
ground in the tobosa and sideoats,
and 3 inches in the blue grama. The
frames were placed at a height so
that all plants of each species could
be clipped at the same distance
above the ground which would cause
no permanent injury to the grass.
By the end of the third season the
plants inside the frames were becoming sqmewhat stunted due to
over;crowding
by those on the outside. Ammonium nitrate was applied
to the area inside the frames at the
rate of 100 lb/acre of available nitrogen. An equal amount was applied
on both fumigated and control plots.
Both treated and control plots were
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FIG. 1. View of grass plantings

managed in exactly the same way
respecting all cultural practices, the
only difference being the SOa applications to the fumigated plots.
The plots were dusted weekly with
BHC, DDT, and sulphur to keep insect depredations
to a minimum.
The principal
insect problems developed from an undescribed species
of the genus Harmolita which prevented the blue grama from producing inflorescences
by boring in the
stems, and an undescribed species of
midge which attacked the spikelets
of sideoats grama.
Since the perennial native range
grasses do not show sulphur dioxide
manifestations
on the leaves when
exposed to concentrations of the gas
normally found under field conditions, cocklebur (Xanthium saccharutum) plants were established
in
each plot every year. Cocklebur was
selected as an indicator plant because it is very sensitive to SO2 and
the leaf markings are easily recognized.
Early in June each year the plants
in all plots were clipped to the
height of the frames and then given
a heavy irrigation to promote growth.
All plots were watered with a g-inch
irrigation whenever
the cocklebur
plants began to show moisture stress.
Fumigation was accomplished
by
introducing
SO2 gas through calibrated flow meters into plastic-covered cabinets enclosing the plants
(Fig. 2). The cabinets were 6 ft
square and 4.5 ft high. The air

showing
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of plots.

stream containing the SO2 was introduced through a baffle in the
center of the top and exhausted into
15-foot wide aisles at the bottom.
The baffles in the top were adjustable in order to insure even distribution of the gas laden air. Soil
was banked around the bottom of
the cabinets except on one side adjacent to the 15-foot aisle where the
SO2 and air was exhausted. The adjacent plots were sufficiently remote
so that no evidences of injury could
be found
on the most sensitive
plants.
Sulphur dioxide was applied to
each fumigated plot 4 times every
year at a concentration sufficiently
high to severely defoliate the indicator plants (Fig. 3). The concentration varied according
to relative
humidity, and other factors which
affect the absorption of the gas by
plants. Exposure was approximately
one hour for each fumigation.
Substantially the same degree of defoliation was produced on the indicator
cocklebur plants in every plot. This
system of fumigation yielded 30 replications of 4 applications
to each
species of grass every season. The
first application of sulphur dioxide
was made while the plants were in
the vegetative stage before any inflorescences
appeared.
Two treatments were made during the major
bloom period and the fourth was
made after the main bloom period
and before maturity.

As nearly as possible to October
20th each year, all foliage growing
within the frames on each plot was
clipped to the prescribed height. The
forage was air-dried, weighed, and
samples were anarepresentative
lyzed for moisture, ash, protein, fat,
fiber, nitrogen-free extract, and carbohydrates. No seed heads were included in the forage analyses as the
inflorescences had been removed in
order to secure the necessary data
for seed weights and germination
tests. The weight of forage was derived by a summation of the weight
of the clippings, the rachises, and
the corrected weight of the spikes.
All mature seed heads on the tobosa grass growing within the 2 x 2
ft quadrat, or frame, in the center
of each plot were harvested and
counted three or more times each
year with the final harvest being
shortly before October 1. All inflorescences, including both mature
and immature, were harvested and
counted at this time. In order to
compensate for the spikes which had
fallen before the heads were har-

cabinets

and flow-meter.

FIG. 3. Sideoats grama plot showing extent of defoliation of cocklebur plant.

62
vested, all of the spikes were manually stripped from each rachis in
each sample. The “spike scars” on
50 randomly chosen rachises were
counted.
The number of rachises
times the average number of spikes
per rachis gave the number of spikes
produced on each plot. One thousand
randomly
selected
spikes
were
weighed from each sample and the
resultant weight per spike times the
number of spikes produced gave the
corrected weight of spikes before any
had fallen. Three g of spikes from
each sample were threshed, handcleaned and weighed. The corrected
weight of free seed produced was
then calculated.
Seed from the sideoats was collected and weighed
in the same
manner as the tobosa except that
only one harvest of inflorescences
was made each year about October
1. Compensation
for fallen spikes
was made in the same manner.
Blue grama did not mature as
rapidly as tobosa and sideoats. The
inflorescences
of this species were
not harvested until near the middle
of October when all heads produced
were harvested and counted. All of
the spikes from each plot were
counted. The spikes produced on 30
randomly selected stems were measured to the nearest .Ol inch. The
number of spikelets produced per
“spike-inch”
was calculated by
counting, under magnification,
the
spikelets produced on all the spikes
on 5 random stems. The number of
spikelets per “spike-inch” times the
“spike-inches” produced in the sample gave the number of spikelets
produced. The corrected weight of
spikelets and seed was then calculated in the same manner as for the
tobosa and sideoats.
Seed germination
tests on all 3
species of grass were conducted in
the same manner. The tests were
begun the last week in January and
completed the first week in June
each year. The 3 species were tested
in the same order each year so that
the rest period would be the same for
each species. There were 4 replications of 100 seeds each from every
plot annually. The seeds were hand
set on the germination
pads and
only those which were not mechanically injured in threshing were used.
Otherwise no selection was involved
in sampling the seed for germination
tests. The thermostatically controlled
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germinator was regulated at 90 F
and had a range of & 3”. The seeds
were placed in the germinator for
24 hours. At this time all seeds which
had germinated were counted and
removed. The same procedure was
followed for a second and third 24hour period. At the end of 72 hours
the ungerminated
seed were discarded since they were beginning to
deteriorate.
Results

Forage - Individual year and
five year combined analyses of
variance were performed on forage yield data from each species.
There were no significant differences observed between the fiveyear average yield of control and
fumigated plots (Table 1).
There were two significant dif-

Table

ferences in yield for the individual year analyses; tobosa control plots had a superior yield of
103 g/plot in 1958 and sideoats
fumigated plots yielded 51 g/plot
more than control in 1962. These
differences
were significant
at
the 5% level. Forage weights
were not taken prior to the beginning of the fumigation
experiments and it is not known
whether or not the control plots
contained
a more dense stand
than the treated plots, however,
since the magnitude of the differences in tobosa forage weights
diminished in subsequent years
after the same plants had received 16 more treatments, it is
logical to conclude
that there

1. Mean forage yields in grams per plof for fhree grasses.

Species
~~_.
Tobosa
Sideoats
grama
Blue
grama

1958
Cont. 756.29*
Fum. 653.00
Cont.
Fum.
Cont.
Fum.
-

1959

1960

1961

616.13
586.71
471.28
423.81
349.93
383.88

567.05
536.43
570.40
542.29
473.56
460.35

608.50
598.67
612.33
644.65
606.37
610.74

1962

5-year
Ave.

1963

482.60
474.19
534.85*
585.68
462.66
475.40

589.81
589.08
520.47
489.03

*Indicates significance at 5% level.
iFigures in parentheses are standard errors of treatment means.

Table 2. Chemical composition

Ash
Protein
Fat
Fiber
Nitrogen
free
extract
Carbohydrates

of fobosa forage (mean percent).
1961

1962

5-year
Ave.

1958

1959

1960

Cont.
Fum
Cont.
Fum.
Cont.
Fum.
Cont.
Fum.
Cont.
Fum.

5.35
5.35
12.52
12.80
5.27*
6.18
1.08
1.03
40.03
38.73

5.47
5.33
10.78
11.70
5.25*”
6.28
1.70*
1.93
35.73
35.22

5.82
5.85
1.1.05
10.73
4.78
4.88
1.72
1.57
37.43
36.82

5.88** 5.80**
6.13
6.27
11.95
10.80
12.00
9.95
4.17
4.82
4.23
5.05
1.53
1.47
1.42
1.32
38.93
36.55
38.65
37.18

5.66*
5.79
11.42
11.44
4.86
5.33
1.50
1.45
36.88
36.75

Cant
Fum.

40.03
38.73

41.07
39.53

39.20*
40.15

37.53
37.57

39.68
39.24 (0.266)

Constituent
Moisture

606.10
569.80 (7.28)1
555.73
557.03 (7.06)
482.60
483.88 (4.05)
____-

40.57
40.23

(0.055)1
(0.068)
(0.118)
(0.099)
(0.333)

Cont.
75.78
76.80
76.63
76.49
77.12
76.56
76.22
77.42
75.99 (0.277)
74.60
74.75
76.97
Fum.
--_~-.
*Indicates significance at 5% level.
**Indicates significance at 1% level.
iFigures in parentheses are standard errors of treatment means.

FUMIGATIONS
an
original
difference
in
stand. A few measurements were
taken, but these were insufficient
to enable proof of a difference.
No explanation
can be offered
for the difference in forage yield
for sideoats in 1962.
Analyses of variance were performed
on the results of the
chemical
analyses. For the observed means in every instance
difexcept one, the significant
ferences
were in favor of the
fumigated
plots. However,
the
significant
differences
were so
inconsistent
it was concluded
that the observed
differences
were due primarily
to environmental factors and sampling.
The moisture content of tobosa
forage for the 5-year summary
showed a significant
difference
at the 5% level in favor of the
fumigated
plots, 5.79 vs. 5.66%
(Table 2) . The individual
year
means and analyses reveal that
this difference
occurred in the
fourth and fifth years. We have
no explanation
for this occurrence. The other significant differences
all favored
the fumigated plots, protein by 0.9% in
1958 and 1.0% in 1959; fat by
0.2% in 1959; and nitrogen-free
extract by 1.0% in 1960. The differences may be related to the
application of ammonium nitrate
at the beginning of the 1960 season, but an attempt to determine
such relationships
lies outside
the realm of this paper.
The only
significant
differences in the results of the chemical value analyses of sideoats
forage were in the moisture content for the years 1959 and 1961,
and in the nitrogen-free
extract
for 1963 (Table 3). These differences all favored
the treated
plots by less than 1.7% and are
possibly due to environment
or
sampling since there was no consistent pattern.
Chemical
analyses
for blue
grama forage revealed a difference significant at the 5% level
for moisture and carbohydrates
in 1959 (Table 4). The difference
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was

Table 3. Chemical

composition

Constituent
Moisture

1959
Cont.
Fum

.

of sideoafs grama forage (mean perCeti)*
1960

1961

1962

5-year
Ave.

1963

5.00”
5.22

5.48
5.53

5.28**
6.07

5.58
5.73

4.88
4.83

5.25
5.48

7.32
7.12
4.33
4.32

8.62
8.37
4.02
4.28

8.00
8.50
3.85
4.17

8.38
7.80
3.95
3.90

8.30
8.33
4.29
4.49

1.48
1.63
41.17
41.65

1.23
1.07
40.03
38.95

1.05
1.07
41.62
40.60

1.31
1.33
40.47
40.11

(0.344)

(0.126)1

Ash

Cont.
Fum.

9.20
9.88

Protein

Cont.
Fum.

Fat

Cont.
Fum.

5.32
5.78
1.40

Fiber

Cont.
Fum.

1.53
39.42
39.67

1.38
1.37
40.10
39.67

N2fzzen

Cont.
Fum.

39.67
37.92

41.38
42.00

39.43
38.00

41.30
41.58

40.12*
41.80

40.38
40.26

(0.261)

Cont.
Fum.

79.08
77.58

81.48
81.67

80.60
79.65

81.33
80.53

81.73
82.40

80.85
80.37

(0.230)

extract
Carbohydrates

*Indicates
s i g nificance
**Indicates
significance
IFigures
in parentheses

at 5% level.
at 1% level.
are standard

Table 4. Chemical composition
Constituent

errors

of treatment

(0.161)
(0.089)
(0.095)

means.

of blue grama forage (mean percent).

1959

1960

1961

1962

1963

5-year
Ave.

Moisture

Cont.
Fum

5.42*
5.62

5.30
5.42

5.38
5.40

5.58
5.60

5.10
5.15

5.36
5.44

Ash

Cont.
Fum.

8.23
9.30

8.40

8.10

Fat

Cont.
Fum.

4.68
5.10
1.42

Fiber

Cont.
Fum

1.43
36.02

8.57
4.95
4.48
1.28
1.43
37.92

8.37
4.75
5.17
1.25
1.33
38.27

8.56
4.52
4.75
1.35
1.36
38.99

(0.158)

Cont.
Fum.

8.68
9.50
4.02
4.50
1.28
1.42
40.13

8.10

Protein

7.10
7.07
4.20
4.52
1.53
1.17
42.82

35.02

40.92

39.03

37.85

37.45

38.05

(0.652)

Cont.
Fum.

44.23
43.53

39.25
40.92

40.50
40.15

42.17
42.07

42.23
42.53

41.68
41.84

(0.959)

Cont.
Fum.

80.25*
78.55

81.87
81.83

80.63
79.18

80.08
79.92

80.50
79.98

80.67
79.89

(0.241)

NlflfeOegen
extract
Carbohydrates

*Indicates
s i g nificance
iFigures
in parentheses

at 5% level.
are standard

errors

of treatment

(0.032)1

(0.292)
(0.084)

means.

Table 5. Mean seed yields, in grams per plot, for the three species of grass.
Species
Tobosa
Sideoats

Cont.
Fum.
Cont.

grama
Blue
grama

Fum.
Cont.
Fum.

iFigures

in parentheses

1959

1960

1961

8.408
8.265
-

11.110
12.014
19.449

8.131
8.038
39.208

7.614
7.867
26.558

7.712
19.761 27.529

18.878
22.952
28.876

34.519
26.695
21.835

29.153
14.094
12.726

19.301 27.234 25.937 (0.69)
8.750 10.745 16.647
7.650
7.727 15.763 (0.80)

-

are standard

errors

1962
7.351

of treatment

1963

5-year
Ave.

1958

-

means.

8.523
8.779 (0.19)1
26.501
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favored the treated plots for
moisture by 0.2% and the control plots for carbohydrates by
1.7%. It is likely these differences are brought about by sampling or environment since there
was no consistency or trend apparent.
Seed-An analysis of variance
on the yield of free seed produced per plot revealed significant year differences. This difference is to be expected in almost any biological experimentation since seasonal fluctuations
have a strong bearing on the
productivity of plants. However,
the data on seed yield showed no
significant differences due to the
fumigation (Table 5). Average
seed yield for the experiment
was 8.65 g/plot for tobosa, 26.22
g for sideoats, and 16.21 g for
blue grama.
The germination percentages
were subjected to the arcsine
transformation and an analysis
of variance was performed on
the results of the transformed
data. There was a significant difference of 1.79% in favor of fumigated tobosa plots in 1961 and
a significant difference of 1.26%
in favor of sideoats control plots
in 1963 (Table 6)) both at the
5% level. However, statistically
significant differences between
control and fumigated plot seed
germination were not consistent
and there was no trend of a gain
or loss due to the fumigation
treatments.
Summary

and Conclusions

experiment was designed
to test the effect of sulphur
dioxide fumigations on 3 species
of range grasses native to SouthAn

Table 6. Mean germination
Species
Tobosa
Sideoats
grama
Blue
grama

Cont.
Fum.
Cont.
Fum.
Cont.
Fum.

percentage

for fhe three species of grass.

1958

1959

1960

1961

1962

1963

73.88
73.84
-

88.10
88.26
96.65
96.78
88.71
91.95

69.66
71.39
88.09
86.91
93.49
92.73

84.67*
86.46
95.28
95.18
90.34
90.43

85.78
86.77
95.86
95.78
93.15
93.74

95.75*
94.49
85.40
84.30

5-year
Ave.
80.42
81.35 (0.63)1
94.09
94.07 (0.53)
90.13
90.63 (0.71)

*Indicates significance at 5% level.
IFigures in parentheses are standard errors of treatment means.

eastern Arizona: tobosa, sideoats
grama, and blue grama. There
were 30 replications every season for 5 years with 4 SO2 fumigations on the same plots each
year, a total of 20 fumigations
on each plot for the entire experiment. While no visible markings were produced on the grass
blades, each fumigation was of
sufficient concentration to severely defoliate
cockleburs
grown as indicator plants as
proof that the concentration was
great enough to cause leaf injury
comparable to that found in the
area near the’ Phelps Dodge
Copper Smelter at Douglas, Arizona.
Differences in yield between
matching pairs of plots of the
three species were tested for 10
characteristics, namely; weight
of forage produced;
percent
moisture, ash, protein, fat, fiber,
nitrogen-free extract, and carbohydrates found in the forage;
weight of free seed produced;
and germination ability of the
seed. Analyses of variance of
data on each of the ten characteristics were conducted for
each of the five years and for the
combined five-year averages.
The statistically
significant

differences in yields for the 10
characteristics over the entire
experiment are distributed so
erratically that no trend can be
found. Therefore, it is concluded
that 4 SOS fumigations each year
for 5 consecutive years on the
same plots of 3 species of the
range grass had no detrimental
effect upon the quantity or quality of either the forage or seed
they produced.
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Highlight
The composition of fwo disclimax
bluejoint
stands
was
determined
prior fo their being committed
to
grazing use in southcentral
Alaska.
The stands were essentially
monotypic in their grass constituency with
for& and woody species comprising
over 50% of fhe shoot density and
well over 60% of the yield. Bluejoint
was fhe only plant of grazing value
found in quantify
in fhe two communifies.
Lush
stands of bluejoint (CaZamagrostis camdensix) prevail
on mesic grassland sites and open
areas of burned-over forest lands
in southern
and southcentral
Alaska. On favorable sites bluejoint panicles often attain a
height of 6 ft or more. These
stands are particularly well developed and extensive in the
coastal regions of southcentral
Alaska. They become less extensive farther inland and northward.
Wunderlich (Rieger and Wunderlich, 1960) described some of
these grasslands on Kodiak Island and estimated bluejoint volume from about 12 to 30% in
the tall-grass stands. Hanson
(1951) obtained relative density
estimates of bluejoint ranging
from about 35 to 75% in bluejoint communities throughout
southcentral and central Alaska.
Few estimates
of absolute
weights of community fractions
are available for Alaska grasslands. Klebesadel (Klebesadel
and Laughlin, 1964) estimated
dry matter yields in three bluejoint stands, which had developed as a result of mechanical

Study
supported
in part by The
Rockefeller
Foundation
Grant RF64056.

clearing of forests in the Matanuska Valley, at about 2,8004,150 lb/acre. In a study of managed bluejoint plots employing
different fertilizer and clipping
schedules, Klebesadel (1965) obtained yields of about 1.0-2.5
tons. Reports by farmers of hay
production on native grasslands
averaged 1,700 lb/acre in 1960
(Pownall and Tye, 1960).
The general area of the current study was toward the upper
limits of the mixed evergreenhardwood forest zone in the

Chugach Mountains-dominated
by Betula papyrifera (western
paper birch) and Picea glauca
(white spruce). It gives way to
a zone dominated
by Alnus
crispa (green alder). The area
was severely burned early in the
century and now consists of scattered stands of trees, alder, and
herbaceous communities. An assortment of herbaceous communities have developed in the open
parks of these burned-over forest lands. Succession within the
herbaceous communities on sufficiently deep soils appears to
culminate, prior to ascendancy
to a woody community, in a tallgrass bluejoint community (Fig.
1). These observations agree in
general with those of Lutz (1956).
Two bluejoint stands of, this
disclimax type were analyzed far
population density and one for

FICU~E1. A bluejoint community bordered by birch and alder in the Chugach Mountains of southcentral Alaska. Bluejoint and fireweed dominate the tall, herhaceous
growth. Oak fern and wood horsetail are mat
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abundant in the understory.
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yield. The stands were scheduled
altitude and Stand B on a gento be grazed by cattle but prior . erally southwest facing, 19%
to analysis had been undisturbed
slope at about 1,400 ft. The soil
by man or his livestock. Original mantle consisted of a silt loam,
compositional and yield informagenerally 18-20 inches deep over
tion have not been obtained on rock and gravel. Stand A was
grasslands currently in grazing
analyzed for yield as well as for
use in the region. These findings
density.
are intended to serve as a refDensity and yield figures are
erence for future quantitative
presented in Table 1. Bluejoint
studies to assess the effects of far exceeded any of the other
grazing on this type of grassland. species in shoot density but was
surpassed in yield by the tall
Procedures
growing fireweed. Oak fern, a
The field research was conducted
fragile sciophyte of the underfrom August 13-18, 1964, after the
story, was second to bluejoint in
bluejoint
was fully headed.
The
study area was in the Wolverine
density but very low in yield.
drainage north of the Wolverine
Fireweed and wood horsetail, anCreek about 6.5 miles east of Palmer.
other understory plant, were
The point-centered
quarter method
third and fourth in density, and
was employed to obtain estimates of
the latter was fourth in yield.
shoot density and frequency (Cottam
The
above-ground-biennial shrub
and Curtis, 1956; Dix, 1961). A
American red raspberry was
slender rod with 4 short cross pieces
very low in density but third in
attached at right angles near the
yield. All other species were low
base was placed 50 times at 5-pace
in both yield and density. The
intervals along a 250-pace transect.
four species contributing the
The distance from the center of the
rod to the nearest shoot in each
bulk of the cover in the comquarter
was measured
in centimunity are all rhizomatous.
meters and tallied by species.
A
Production of a little over 2
species was considered amply samtons/acre of dry matter was inpled if encountered about 30 times
dicated for the stand with fire(Cottam and Curtis, 1956; Dix, 1961).
weed
and bluejoint contributing
Weight estimates were obtained
about 1,600 lb and 1,400 lb reby use of the clip-plot method. Nine
spectively, i.e., almost 75% of
3.1-ft2 quadrats were placed at reguthe
total yield. Red raspberry
lar intervals along the transect samand horsetail comprised about
pled for density and the plants,
clipped at ground level, sacked ac20% of the production. Thus 4
cording to species. The oven-dry
species accounted for over 95%
weights were determined in grams
of the total- production of herbs
and the yield in lb/acre calculated
and small shrubs. The infrequent
therefrom.
overstory plants of paper birch,
An estimate of bluejoint height
alder,
and red elder (Sambucus
was obtained by taking 40 measureracemosa)
are not included in
ments of non-heading culms at reguthe production.
lar intervals along the transect. MeaThe two stands were very
surements
were taken from
the
similar in composition, as indiground level with the leaves extended #along the tape. Dwarfed and
cated by the closeness of the
very young plants in the underrelative frequencies of the four
story were not included.
major species tallied in the
Taylor
(19631, Anderson
(1959),
analyses. The stands differed
and Taylor and Little (1950) were
mainly in their representation of
employed for nomenclature.
minor species. The difference reResulfs
corded in the two stands for starThe two stands analyzed in the flower (Table 1) was not a true
study differed in altitude and difference, since starflower was
topography. Stand A occurred on so badly deteriorated in Stand A
level ground at about 1,150 ft that it was not tallied in the

analysis though it was encountered. Species noted to be present but not encountered in either
analysis were cow parsnip (Heracleum lanaturn), prickly rose
(Rosa ucicuZuris), red elder, and
green alder.
Height measurements of 40
non-flowering
culms of bluejoint averaged 108.9 cm (SE =
2.0) in Stand A and 105.9 cm
(SE = 2.3) in Stand B. A volume index was derived by multiplying density in shoots/m2 x
height and dividing by 100. The
two indices, which follow, differ
only about 1.8%.
Stand A: 129.3x 108.9 t 100 =
140.8.
Stand B: 135.4 x 105.9 +- 100 =
143.4.
Discussion

The two disclimax tall-grass
bluejoint stands analyzed in this
study are essentially monotypic
in their grass constituency. The
bluegrasses encountered in Stand
B only occurred in local disturbances (e.g., in moose bedding
ground and around old fallen
trees) and in microhabitats with
thin soils. They were excluded
from the undisturbed, well developed portions of both stands.
Bluejoint and the tall growing
fireweed dominate the aspect of
the community. Spiny woodfern
is a vigorous clump former and
dominates locally in its scattered
occurrences, as do the infrequent
red raspberry and other woody
species. Except for the relatively
few plants of tall lungwort and
cow parsnip all other plants in
the community are small plants
of the understory-negligible
in
yield and forage value. The
paucity of species in the community is due, in part at least,
to the accumulation of dry and
decomposing mulch, generally
from 4 to 8 inches thick, and to
the shading effects of the tall
herbaceous growth.
Forbs and shrubs comprise the
majority over grasses in both
density and yield. The results
are counter to that determined

BLUEJOINT
Table 1. Composiiion
quency obtained

STANDS
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and yield data on two disclimax bluejoinf stands in southcentral
by point-centered
quarter method, yield by clip-plots.

Stand A
Species

_____Yield
Rel. wt.
lb/acre

Rel.
freq.

Rel.
dens.

No./sq.
meter

35.1

44.5

129.3

35.3

21.9

21.5

62.4

15.8

11.5

12.3

Alaska. Density and freStand B
No./sq.
meter

Rel.
freq.

Rel.
dens.

1,466

33.1
4.2

42.0
4.5

135.4
14.5

2.4

102

21.2

22.0

70.9

33.4

38.9

1,615

13.6

11.0

35.4

11.5

33.4

7.8

324

11.9

8.5

27.4

2.6

2.0

5.8

2.5

106

1.7

1.5

4.8

1.8
-

1.0
-

2.9
-

12.5
0.5

519
21

0.8

0.5

1.6

6.5
1.5

20.9
4.8

Grasses
Bluejoint (Calumagrostis
canadensis)
Bluegrasses (Poa spp.)
Forbs, shrubs, and trees
Oak fern (G ymnocarpium
dryopteris)
Fireweed (Epilobium
angustifolium)
Wood horsetail (Equisetum
sy lvaticum)
Spiny woodfern (Dryopteris
austriaca)
American red raspberry
(Rubus strigosus)
Other species
Starflower (Trientalis
europaea)
Dogwood (Cornus suecica)
Chickweed (Stellaria
calycantha)
Tall lungwort (Mertensia
paniculata)
Western paper birch (Betula
papyrifera)
Highbush cranberry
(Viburnum edule)
Alaska bramble
(Rubus alaskensis)
Totals

6.1

3.5

10.2

8.5
2.5

2.6

1.5

4.4

0.8

0.5

1.6

0.8

1.5

3.2

0.8

0.5

1.6

0.9

2.0

5.8

0.9

1.0

2.9

290.5

322.1

4,153*

*SE sample plots = 3.2 (.008 X)
by Penfound
(1963) employing
the same method in a density
analysis of a tall-grass community in Oklahoma. Grasses constituted about 70% of the relative density in the southern tallgrass community as compared to
about 46% in the subarctic bluejoint community. The differences
in relative
yields
were
even
greater with grasses comprising
about 87% of the yield in the
Oklahoma community and about
35% of the yield in the Alaskan
community.
The grazing potential
of the
bluejoint-fireweed
disclimax
community is limited since blue-

joint is the only species present
in any abundance that is normally sought by cattle. Fireweed
may serve as forage when fed in
silage or in a chopped form, but
it is generally avoided by cattle
in the field. The intolerance of
bluejoint
to intensive cropping
(Piper, 1905; Rieger and Wunderlich, 1960; Klebesadel and Laughlin, 1964; Klebesadel,
1965) further limits the grazing value of
the community. Visual estimates
of native pastures that have been
grazed indicate large reductions
in the yield of bluejoint and important increases and incursions
of other species.

Summaty
Population density was determined in two disclimax tallgrass
bluejoint stands on burned-over
forest land in southcentral Alaska. Yield data were obtained on
one of the stands. Calamagrostis
(bluejoint)
consticanadensis
tuted about 42 to 45% of the
relative
density
of the two
stands. Occurrences
of Pea spp.
(bluegrasses),
the only
other
grasses present, were minor and
negligible as to yield. Twelve different forbs and woody species
encountered in the analyses comprised the majority of the relative shoot density. Three other
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species were noted to be present
but not encountered.
Total dry matter production
was estimated at 4,150 lb/acre
with bluejoint yielding about
1,500 lb. Epilobium angustifolium
(fireweed) exceeded bluejoint in
yield at about 1,600 lb/acre,
though registering only about
one-fourth the shoot density of
bluejoint. Fireweed
and the
other forbs and shrubs accounted
for about 65% of the yield. Bluejoint constituted the only plant
of grazing value occurring in any
abundance in the community.
The analyses were conducted
to obtain quantitative information on original composition of
the stands prior to their being
committed to grazing use. A volume index (absolute shoot density x height) was derived of
bluejoint in both stands to abet
future
analyses
for assessing
vegetational
changes.
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portance
on many western
ranges. Vast areas of partially
denuded range have caused serious concern among ranchers and
government agencies, and as a
result considerable research on
economic methods of control has
been implemented. King (1962)
estimated that approximately
850,000 acres in the Big Horn
Basin of Wyoming were moderately to heavily infested. An
earlier study by Hull and Killough (1951) estimated that some
90,000 acres in the Big Horn
Basin had been completely denuded by harvester ants.
Other than observing and surveying the extensiveness of the
denuded areas, little has been
published evaluating the actual
damage to range by harvester
ants. Past studies (Headlee and
Dean, 1908; Hull and Killough,
1951; Bohart and Knowlton, 1953;
Severin, 1955) indicated that harvester ants are primarily seed

gatherers. Bohart and Knowlton
(1953) also stated that ants utilize almost any protein-rich substance that they can move into
their mounds. Hull and Killough
(1951) and Knowlton (1963) report serious damage to rangeland
by seed removal. Sharp and Barr
(1960) found that stands of
annual plants were more favorable to establishment of ant
colonies than perennial cover of
saltsage or shadscale. They also
considered increased ant activity
to be a result rather than a
cause of poor range condition.
Some studies have evaluated
the actual utilization of plants by
harvester
ants. King (1962)
working in the Big Horn Basin
of Wyoming found that average
utilization of false buffalograss
(Munroa
squarrosa)
in the denuded areas around the mounds
was about 147%.Cole (1932) using a list-chart quadrat found
that approximately 3% of the
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on many western
ranges. Vast areas of partially
denuded range have caused serious concern among ranchers and
government agencies, and as a
result considerable research on
economic methods of control has
been implemented. King (1962)
estimated that approximately
850,000 acres in the Big Horn
Basin of Wyoming were moderately to heavily infested. An
earlier study by Hull and Killough (1951) estimated that some
90,000 acres in the Big Horn
Basin had been completely denuded by harvester ants.
Other than observing and surveying the extensiveness of the
denuded areas, little has been
published evaluating the actual
damage to range by harvester
ants. Past studies (Headlee and
Dean, 1908; Hull and Killough,
1951; Bohart and Knowlton, 1953;
Severin, 1955) indicated that harvester ants are primarily seed

gatherers. Bohart and Knowlton
(1953) also stated that ants utilize almost any protein-rich substance that they can move into
their mounds. Hull and Killough
(1951) and Knowlton (1963) report serious damage to rangeland
by seed removal. Sharp and Barr
(1960) found that stands of
annual plants were more favorable to establishment of ant
colonies than perennial cover of
saltsage or shadscale. They also
considered increased ant activity
to be a result rather than a
cause of poor range condition.
Some studies have evaluated
the actual utilization of plants by
harvester
ants. King (1962)
working in the Big Horn Basin
of Wyoming found that average
utilization of false buffalograss
(Munroa
squarrosa)
in the denuded areas around the mounds
was about 147%.Cole (1932) using a list-chart quadrat found
that approximately 3% of the

HARVESTER ANTS
cheatgrass brome (Bromus tectorum) and about 157% of the
Russian-thistle ( S a I so I a kali)
were removed by harvester ants
over a 3-month period. Preliminary study results by the University of Wyoming2 indicated
that percent grass cover was decreased by ant activity in a sagebrush-grass community.
Vegetation around the outside
perimeter of denuded areas encompassing ant mounds was observed to be appreciably more
vigorous and produce more forage than surrounding unaffected
areas. This condition is referred
to in this paper as “border
effect”. A similar response was
noted on several plant communities in the Big Horn Basin;
however, only the results are
reported for the saltbush (Atriplex nuttallii) community.
The purpose of this study was
to compare saltbush production
around the perimeters of denuded areas of anthills with the
production of areas not influenced by the border effect, and
by considering forage lost due to
the denuded areas, evaluate the
overall effects of harvester ants
on the total saltbush production
of the area.
Experimental

Area and Methods

The study area was located in the
University
of Wyoming’s
Experimental Sheep Pastures in the Big
Horn Basin. The pasture sampled
has been lightly grazed during the
winter months at approximately 20%
utilization for the past 8 years. This
area is representative of the Nuttall
saltbush community which is common to much of the Big Horn Basin.
Nuttall saltbush
is the dominant
plant with very few associated species of significance
to the overall
species composition and forage production. Fig. 1 represents an example of the Nuttall saltbush community within the study area, and
2This study is being conducted in the
Wind River Basin of Wyoming under the direction of R. J. Lavigne
and H. C. Fisser of the Plant Science Division of the University of
Wyoming.

FIG. 1. Nuttall
of denuded

69

saltbush community with increased
area caused by harvester ants.

illustrates the condition of increased
plant growth around the perimeter
area denuded by harveter ants.
Climate of the Big Horn Basin is
arid with a long-term average annual
precipitation of 7.76 inches. Approximately 50% of the total precipitation occurs in April, May, and June.
High evaporation rates prevail, especially during the summer when
temperatures over 100 F are common. Temperature
extremes
have
been recorded from 106 to -51 F.
(U.S. Dep. Commerce,
1962). The
growing season is limited by depletion of soil moisture rather than
by temperature, and usually extends
over only a short period during the
spring and early summer.
Vegetation
around five anthills
was sampled. The first one was randomly located; the remainder were
selected as the four closest neighbors. Sample plots were located
within three concentric 5-foot zones
extending outward from the perimeter of the denuded area of each
anthill
along four predetermined
azimuths of 90, 180, 270, and 360 degrees (Fig. 2). Estimates of production were determined
by clipping
1 x 5 ft quadrats, air drying the
forage, and converting
to lb/acre.
Only Nuttall saltbush was clipped.
Other species did not contribute appreciably
to overall production.

plant

growth

around

the perimeter

Cover of Nuttall saltbush was by
ocular estimation of percentage foliage cover.
Results and Discussion

Increased vigor and foliage
cover of Nuttall saltbush adjacent to the denuded areas around
anthills (zone 1) resulted in an
average increase of 166.5% in
production over zone III which
was beyond the primary influence of the border effect. Zone II
represented an ecotonal area
which had only a slightly greater
SAMPLING

DENUDED

FIG. 2. Illustration
sampling
bush.

AREA

of procedure used in
for production of Nuttall salt-
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production (non-significant) than
the unaffected area, but had
significantly less production than
zone I. Significant differences in
forage production were found between zone I and both II and III,
but not between zones II and III
(Table 1). Average production of
Nuttall saltbush was 2112.1, 977.8,
and 792.4 lb/acre for zone I, II,
and III, respectively. Percentage
ground cover followed the same
pattern. Average diameter of the
denuded areas was 30.0 feet and
ranged from 28.8 to 38.6 feet.
Increased production,
vigor
and cover of Nuttall saltbush
around the perimeter of the
denuded areas can be attributed
to the greater supply of soil
moisture
available
to these
plants. Increased snow catchment and lack of transpiring
plants within the denuded area
both contributed to the greater
availability of soil water.
The magnitude of the border
effect is perhaps greater than
might be expected. However,
plant growth is not always a
linear function of soil moisture.
At certain intervals on the soil
moisture-plant growth
curve
there may be a linear relationship, but there are thresholds
under which there is little plant
response to added moisture and
above which there may be a
negative response. The rate at
which moisture is added and
time of application are far more

critical for plant growth than
total amount. Thus, the small increase in available
moisture
caused by the presence of the
denuded area might well bring
about a disproportionately large
increase in plant growth by not
only providing more water per
plant unit but also by extending
the length of time soil moisture
was available.
To determine the effect of denudation by ants on the total
production of the area, average
production of a circular area
having a radius of 30 ft with an
anthill at its center was compared with an unaffected area
of equal size (Table 2). The yield
of the unaffected area was calculated from the production data
Table 2. Comparison of an average
harvester
anthill area wiih an
equivaleni size unaffected area, by
zones.
Width
ft

Zone
Denuded
Beyond
denuded
O-5’ (I)
5-10’ (II)
10-15’ (III)
Total
(including
denuded)
Unaffected
area
iEstimated
cated.

Area
sq ft

Production lb1

15

706.9

0.0

5
5
5

549.7
706.9
910.9

26.6
15.9
16.6

30

2874.4

59.1

30

2874.4

52.3

produotion

of area indi-

Table 1. Production and perceni foliage cover of Nuttall salfbush
conceniric sampling zones around denuded areas of harvester
mounds. Average of 5 samples.

from
ant-

Production lb/A
Zone
I
II
III
o-5
5-11’
10-15’

Pet. foliage cover
Zone
I
II
III
O-5’
10-15’
5-11’

3
4
5

28.4
21.2
38.6
31.0
30.6

2478
1830
2440
2103
1710

1676
653
1215
740
605

797
1129
571
788
677

58
38
49
35
31

34
14
28
17
15

14
26
16
16
14

Means*

30.0

2112.1”

977.8b

792.4b

41.8”

21.4b

16.3b

Anthill
No.
1

. 2

Ave. diam.
denuded area

*Means in each group with different letter superscripts are significantly
different at the 0.05 level of probability
as determined by Duncan’s
M
Multiply range test.

of zone III which was considered
outside the area of primary influence. Production of the area
containing the anthill was 59.1
lb of air-dry saltbush compared
to 52.3 lb in the unaffected area.
Therefore, increased production
in the zone around the denuded
area apparently compensated for
the loss of production from the
bare area. A border strip 10 ft
in width surrounding a denuded
area 30 ft in diameter has about
1.8 times more area than the denuded area. Thus it would only
require a 40% higher rate of
production to make up for the
lack of production within the
denuded area. A comparison of
production in the 10 ft border
(zones I and II) adjacent to the
denuded area was nearly 100%
greater than in the unaffected
area, and if only zone I was considered this would be even
greater.
Percent foliage cover of Nuttall saltbush in zone I (Table 1)
was nearly 2.5 times greater than
zone III, averaging 41.8 and
16.370, respectively. Zone II had
an average cover of 21.4% which
was intermediate between the
extremes. This relationship indicated that increased production
was at least in part a result of
increased foliage cover. Greater
height and vigor also contributed
to increased production, but was
not quantitatively
measured.
This condition is evident in
Fig. 1.
Changes in density or composition of other plant species were
not evident within the study area
due to the border effect. However, it was noted in heavy use
areas adjacent to watering tanks,
that borders surrounding the denuded areas were often invaded
by fireweed (Kochia scoparia),
Russianthistle
(Salsola kali),
halogeton (Halogeton
glomeratus), and clamyweed (Polanisia
trachyspemna).
Under this condition of depleted range the border
effect is not likely to be beneficial due to the ephemeral na-
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ture of these plants. In contrast
to the aforementioned
annuals,
saltbush is a perennial half-shrub
which would take advantage of
additional
soil moisture
contributed by the denuded area on
a cumulative
basis over several
years. In some instances, particularly on the sandy ridges, shrubs
such as big sagebrush (Artemisia
tridentata)
and cottonthorn
horsebrush (Tetradymia spinosa)
were often growing around the
perimeter
of the denuded area,
also suggesting
more favorable
moisture conditions.
The function of the denuded
area is not fully
understood.
Sharp boundaries
between
the
denuded
and vegetative
areas
(i.e. the lack of a transition zone
between
these areas) and the
apparent lack of damage to the
vegetative parts of the saltbush
plants, tend to suggest that the
denuded areas are not a result
of foliage removal by the ant for
food purposes. It is speculated
that denudation
serves to increase the soil moisture in the
area around the mounds by re-
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moval of the transpiring plants,
thus insuring adequate moisture
for mound activity by the ants.
Soil moisture
in the denuded
areas late in summer was noted
to be appreciably higher than in
the surrounding vegetated areas.
Conclusions

The results of this study in the
Big Horn Basin of Wyoming indicated
the border
effect can
significantly
increase production
of vegetation adjacent to the denuded area around anthills in the
Nuttall saltbush community. This
increased production
may compensate for lack of production in
the denuded area under certain
conditions. Therefore, production
losses due to harvester ants may
not be as great as would be expected by only considering
the
reduction
caused by denuded
areas, without
taking into account the compensatory
effect
of the perimeter area.
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Highlight
Alkali, sacafon
provides
fairly
abundant
forage,
is an effeciive
ground cover, withstands relatively
heavy grazing, and may offer possibiliiies for reseeding. It probably is
a more valuable grass than generally
realized and merits more attention
and research.

Alkali
sacaton
(Sporobolus
airoides (Torr.) ) may be a more
valuable
grass than generally
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Gulf Coast of Texas to eastern
Washington
and southern California. Altitudinal
range of the
species, reported by various authorities, is from near sea level
to 8,000 ft.
The species grows under a
wide range of precipitation.
The
cover varies from place to place,
depending upon annual precipitation, topography, and soil. On the
more favorable sites, when it is
not overgrazed, the species may
form a uniform cover approaching a sod.
Alkali sacaton apparently was
much more prevalent in certain
areas in the past than it is today.
On the basis of early descriptions, Humphrey
(1958)
concludes that much of the flood
plain area in the main drainages
of the desert grassland supported

HARVESTER
ture of these plants. In contrast
to the aforementioned
annuals,
saltbush is a perennial half-shrub
which would take advantage of
additional
soil moisture
contributed by the denuded area on
a cumulative
basis over several
years. In some instances, particularly on the sandy ridges, shrubs
such as big sagebrush (Artemisia
tridentata)
and cottonthorn
horsebrush (Tetradymia spinosa)
were often growing around the
perimeter
of the denuded area,
also suggesting
more favorable
moisture conditions.
The function of the denuded
area is not fully
understood.
Sharp boundaries
between
the
denuded
and vegetative
areas
(i.e. the lack of a transition zone
between
these areas) and the
apparent lack of damage to the
vegetative parts of the saltbush
plants, tend to suggest that the
denuded areas are not a result
of foliage removal by the ant for
food purposes. It is speculated
that denudation
serves to increase the soil moisture in the
area around the mounds by re-
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moval of the transpiring plants,
thus insuring adequate moisture
for mound activity by the ants.
Soil moisture
in the denuded
areas late in summer was noted
to be appreciably higher than in
the surrounding vegetated areas.
Conclusions

The results of this study in the
Big Horn Basin of Wyoming indicated
the border
effect can
significantly
increase production
of vegetation adjacent to the denuded area around anthills in the
Nuttall saltbush community. This
increased production
may compensate for lack of production in
the denuded area under certain
conditions. Therefore, production
losses due to harvester ants may
not be as great as would be expected by only considering
the
reduction
caused by denuded
areas, without
taking into account the compensatory
effect
of the perimeter area.
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dense stands of alkali sacaton
four to six feet tall. Thornber
(1919), an early botanist who
saw many of these areas before
they had deteriorated,
observed
alkali sacaton as the dominant
species in many of the moist
valleys and cienegas of southern
Arizona.
Examples
of these
valleys were the Santa Cruz, San
Pedro, and San Simon. Storm
runoff spread over the floors of
these valleys and was retarded
by the stands of alkali sacaton.
Similar conditions were observed
in the early days of the Rio
Puerto drainage in New Mexico
(Bryan, 1928; Cooperrider
and
Hendricks, 1937).
Almost no research has been
done on alkali sacaton as an individual species. The literature
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SPRINGFIELD
been so restricted in its occurrence.
Large numbers of dead rootcrowns
of alkali sacaton are found on hillsides and mesas in the Rio Puerto
drainage
(Fig. 1B). According
to
Dortignac (1960), this finding suggests that at one time the species
may have grown throughout
the
area, regardless of topography, but,
for some reason, died out everywhere except in the alluvial flood
plains.
Similar observations
were
made by Valentine and Norris (1964),
who reported
dead or unthrifty
alkali sacaton plants capping soil
pedestals on a 2 to 5% slope in a
creosotebush
area about 9 miles
north of Tularosa, New Mexico.

either gives comparisons between
it and other species or refers to
it as an item in papers considering mainly other vegetation. This
report summarizes observations
and results of utilization
and
growth studies on alkali sacaton,
largely made in the Rio Puerto
drainage
of west-central
New
Mexico.
Studies in New Mexico
In western New Mexico, living
plants of alkali sacaton are largely
restricted to the alluvial flood plains.
This observation conforms with the
prevailing opinion that alkali sacaton
grows only on plains, along stream
bottoms, or in moist, alkaline valleys.
In many parts of New Mexico, alkali
sacaton is presently found only in
such situations (Fig. 1A). A careful
reconnaissance
indicates,
however,
the species may not always have

Other studies were made on a
steep, rocky hillside before and after
six years of excluding livestock. Before exclusion, there were only widely scattered plants of alkali sacaton.
But after six years’ protection from

Y

FIGURE 1A. Good stand of alkali
plain in western New Mexico.

FIGURE 2A. Relatively
steep, rocky hillside.
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FIGURE 1B. Dead and nearly dead crowns of alkali sacaton
on slopes and hills in the same area.

FIGURE 2B. Individual
in diameter.
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FIGURE3A. Head cutting slowed by plants of alkali sacaton.
grazing, the area supported a relatively dense stand (Fig. 2A). The
species probably has been overgrazed
in many areas, for it now survives
only under the better conditions
found in alluvial flood plains. Under
excessive grazing, perhaps the only
plants able to produce sufficient seed
to perpetuate the grass stand were
those growing under ideal habitat
conditions, such as the more moist
valley floors. On the hillsides and
mesa tops, where moisture conditions
were less favorable, stands may have
died out not only because of insufficient seed, but also because new
plants failed to become established
under heavy grazing.
Alkali
sacaton generally
is regarded as a relatively non-preferred
species that is grazed only in the
spring or early summer when the
forage is young and tender. According to Judd (1962), the foliage becomes tough, coarse, and unpalatable
as the season advances and does not
mature into a nutritious winter feed.
In the studies on the Rio Puerto,
however, alkali sacaton was the preferred species regardless of the season of use. Galleta (Hilaria jamesii
(Torr.)
Benth.)
and blue
grama
(Bouteloua grucilis (H.B.K.) Lag.),
the two principal associated species,
were utilized only after alkali sacaton became scarce. Cattle in poor
condition that grazed on stands of
mature alkali sacaton during the
winter season, gained weight and ate
even the coarsest plants to within a
few inches of the rootcrown.

Withstands
Heavy
Winter
Grazing. -Alkali
sacaton
ap-

parently can withstand relatively heavy winter grazing without
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FIGURE3B. Drainage
_ with good cover of alkali sacaton;
cutting action by runoff waters is negligible.

declining in productivity. An 8year study in New Mexico
showed no decline in production
on alluvial areas where utilization during the 6-month winter
period (Nov. 1 to May 1) averaged 63%. The trend, in fact, was
toward increased production, ‘as
shown by these figures for two
4-year periods:
Annual
Yield
Period of
air-dry
inches
study precipitation lb/acre
1955-1958
9.25
94.0
1959-1962
154.2
9.43
Yield of the alkali sacaton averaged nearly two-thirds higher
during the second four-year
period, although
precipitation
was only a small fraction higher.
This substantial increase in herbage production may be attributed
largely to the cumulative effects
of several years of summer rest,
plus better control of livestock.
Grazing was yearlong prior to
1955.
Individual plants of alkali
sacaton generally are large and
produce an abundance of forage.
Though they average less, plants
commonly are 5 to 9 feet in diameter on better sites in areas
receiving only 10 inches
of
annual precipitation (Fig. 2B).
An experimental
pasture in
west-central New Mexico, with a
loop-method ground cover index
of 3.170 alkali sacaton and 12.6%
galleta, produced 206 lb/acre of
air-dry sacaton herbage but only

184 lb of galleta.
An Effective

Ground

Cover.-

The growth characteristics of
alkali sacaton appear to make it
an effective ground cover. Because of an extensive fibrous root
system, it is a good soil binder
(U.S. Forest Service, 1937). It
also withstands a great deal of
soil deposition.
Hubbell and
Gardner (1950) found in experiments in northwestern
New
Mexico that deposition of 9
inches of heavy-textured sediment in two years only moderately damaged alkali sacaton; it
survived under as much as 23
inches of sediment deposit, although its basal area was reduced by deposit to any depth.
This grass showed greater percentage survival under heavier
sediment treatments then either
blue grama or galleta.
Observations indicate
alkali
sacaton may retard the advance
of head cuts (Fig. 3A). In October
1963, a rain of approximately 1.75
inches in the Rio Puerto drainage seriously eroded many areas.
The areas with a good cover of
alkali sacaton, however, eroded
little or not at all; instead they
trapped large quantities of sediment (Fig. 3B, 4).
Because of special seed characteristics, alkali sacaton may
offer possibilities as a seeding
species. Jackson (1928) found
that the seed coats of alkali sacaton were more permeable than
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Conclusions

FIGURE
4. Sediment trapped on 8% slope
by heavily grazed plants of alkali sacaton.

the seed coats of the other four
Southwestern
species of Sporobolus tested, and that alkali sacaton was the only species which
did not require pricking or scarifying the seed coats to give satisfactory germination.
The seeds
usually do not require stratification, absorb water readily, and
germinate promptly at alternating temperatures
from 68 to 95
F. (Toole, 1941). According
to
Campbell
(1931)) the seeds remain viable for several years.
Bridges
(1942) recommended
seeding alkali sacaton on clay
flats wherever
moisture is increased by mechanical
structures.
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Alkali sacaton is a relatively
good forage grass that also has
characteristics
important
for
ground cover. It provides a fairly abundant amount of forage
throughout
the year. Although
usually found only in alluvial
flood plains, observations
show
it once grew on the hillsides. In
west-central New Mexico, cattle
preferred alkali sacaton to blue
grama or galleta. Its persistence
in areas where it is the preferred
species shows it withstands fairly heavy grazing. Alkali sacaton
appears-to-be an-effective ground
cover, because it is a good soil
binder, traps sediment, and withstands heavy deposits of sediment. It may offer possibilities
as a seeding “species. *Because of
these characteristics and its western-wide
distribution,
alkali
sacaton probably is a more valuable grass than generally
realized. It certainly is a grass species that merits more attention
and research.
LITERATURE CITED
BRIDGES,J. 0. 1942. Reseeding practices for New Mexico ranges. N.
Mex. Agr. Exp. Sta. Bull. 291. 48 p.
BRYAN, KIRK. 1928. Historic evidence
on changes in the channel of Rio
Puerto. A tributary of the Rio
Grande in New Mexico. J. Geol.
36 (2) : 265-282.
CAMPBELL,R. S. 1931. Plant succession and grazing capacity on clay

Highlight
_
_
Criteria such as density and cover
are correlated wifh sianding crop of
alpine species. Use of fhese variates,
however, in a double sampling design was less efficient fhan a single
clipped sample of equal cost.
Standing
crop, the quantity
of
vegetation present at a given time,
is of particular value for the descrip2CentraZ headquarters maintained at
Fort Collins in cooperation
with
Colorado State Universitu:_, research
reported here was conducted in cooperation with the University
of
Wyoming at Laramie.

soils in southern New Mexico. J.
Agr. Res. 43: 1027-1051.
COOPERRIDER,
CHARLESK., AND BARNARD A. HENDRICKS. 1937. Soil
erosion and streamflow on range
and forest lands of the Upper Rio
Grande Watershed in relation to
land resources and human welfare.
US. Dep. Agr. Tech. Bull. 567. 88 p.
DORTIGNAC,
E. J. 1960. The Rio Puerto
-Past,
present, and future. N.
Mex. Water Conf. Proc. 5:45-51.
HARRINGTON,H. D. 1954. Manual of
the plants of Colorado. Sage Books.
Denver, Colorado, 666 p.
HUBBELL,D. S., AND J. L. GARDNER.
1950. Effects of diverting sediment-laden
runoff from arroyos
to range and crop lands. U.S. Dep.
Agr. Tech. Bull. 1012. 83 p.
HUMPHREY, ROBERT R. 1958. The
desert grassland. Ariz. Agr. Exp.
Sta. Bull. 299. 62 p.
JACKSON,C. V. 1928. Seed germination in certain New Mexico range
grasses. Bot. Gaz. 86~270-294.
JUDD, IRA B. 1962. Principal forage
plants of southwestern ranges. U.S.
Forest Serv., Rocky Mountain Forest and Range Exp. Sta., Sta. Paper
69. 53 p.
THORNBER,J. J. 1910. The grazing
ranges of Arizona. Ariz. Agr. Exp.
Sta. Bull. 65. p. 245-360.
TOOLE,VIVIAN KEARNS. 1941. Factors
affecting the germination of various dropseed grasses (Sporobolus
spp.). J. Agr. Res. 62: 691-715.
U.S. FOREST SERVICE. 1937. Range
plant handbook. U.S. Gov. Print.
Off. Wash., D. C., 841 p.
VALENTINE,K. A. AND J. J. NORRIS.
1964. A comparative study of soils
of selected creosotebush sites in
southern New Mexico. J. Range
Manage. 17: 23-32.

tion and comparison of vegetations.
With proper timing it will often give
a good approximation
of primary
Direct
measurement,
production.
however, requires the clipping and
weighing of herbage from a series of
sample units. This requirement is
of major significance to the ecologist
because it may impose two major
limitations on the study:
1. The clipping and weighing of
herbage is time-consuming
and expensive. Consequently, the number
of sample units on which standing
crop can be directly measured may
be inadequate for an accurate estimate.
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INDIRECT
2. The complete removal of herbage profoundly
affects subsequent
plant vigor and reproduction.
Consequently,
the use of permanent
sample units is precluded in many
ecological studies involving the repeated sampling of the same population. Where the primary interest is
change in the population mean from
one occasion to the next, the loss in
efficiency may be too great.
The possibilities of eliminating the
need for clipping and, instead, evaluating the standing crop indirectly
from measurements of certain plant
attributes have been reviewed by
Reppert et al. (1963). Ground cover,
foliage cover, plant height, and products of height and cover are among
the attributes studied.
The study reported in this paper
provides further information
about
indirect estimates of standing crop.
The purpose of this study was to
identify
supplementary
variates
closely related to standing crop, to
develop
regression estimates from
these variates, and to evaluate the
efficiency
of these estimators
in
double sampling.
Field Procedures
The study was conducted on the
Medicine
Bow Range in southern
Wyoming
during the summer of
1963. The vegetation on the area was
representative
of the upper limits
of the subalpine
sedge/hairgrass
community and this transition to the
alpine
sedge/hairgrass
community
described by Johnson (1962). The
following species were selected for
study:
Alpine bluegrass (Poa alpina L.)
American bistort (Polygonurn
bistortoides Pursh)
Ebony sedge (Carez ebenea Rydb.)
Mat sedge
(Curex
elynoides
Holm.)
Parry’s clover (Trifolium
purryi
Gray)
Timberline bluegrass (Pou rupicolu
Nash)
Tufted hairgrass
(Deschumpsiu
cuespitosu (L.) Beauv.)
Various-leaved
cinquefoil (Potentilla diversifoliu Lehm.)
Sample units were purposely selected to include a wide range in
standing crop for each species. Thirty
or more sample units were selected
for each species, although in some
instances observations were made on
two or more species in a single unit.

The sample
square.
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units

were

one

foot

The variates measured for each
species were not always the same
because of differences in life form
and ease of measurement
(e.g., individual plants were readily identifiable for some species but obscure
for others). For the individual variate, the method and unit of measurement were consistent among species.
The variates
and the respective
methods of measurement
were as
follows:
Standing
crop was expressed as
grams oven-dry weight per square
foot. Herbage was clipped at ground
level by species and oven-dried
at
70 C. The oven-dry
material was
then weighed to the nearest 0.01 g.
Foliage cover, expressed in percent
of area, was measured by the point
method of Levy and Madden (1933).
The observation on each sample unit
consisted of 100 vertical pins in a
systematic grid. On each pin, a single
hit was recorded for each species encountered. The pins were constructed
of 3/16-inch welding rod ground to
a sharp point, and hits were recorded
on the apex of the point.
Basal cover was also expressed in
percent of area. The measurement
technique
differed
from that for
foliage cover in that basal cover hits
were recorded only at ground level;
that is, a maximum of one hit per
pin.
Table 1. Independent
species.

Foliage cover (X1)

variables

Density was expressed in number
of plants counted.
Average maximum leaf length in
millimeters, was estimated by measuring on all plants, to a maximum
of ten plants, the distance from the
ground to the top of the longest
basal leaf in an extended position.
Average
maximum
stem length,
in millimeters, was measured identically to average maximum
leaf
length.
Number of stems.-All
stems were
counted.
Sum of the basal diameters.-This
variable, in millimeters, was the sum
of the basal diameters of all individuals in the sample unit. The basal
diameter of an individual plant was
estimated by measuring the major
and minor diameters and taking an
average of the two as the estimate.
Dead centers were measured and
subtracted from the total.
Number of pedicels. - This variable was expressed
as the total
within
the
of pedicels
number
sample unit.
Analysis of Data
Multiple correlation
and regression techniques were used to analyze
the data. As a preliminary
step,
scatter diagrams were prepared in
which standing crop was plotted
against each of the independent variables (Table 1). Inspection of the
diagrams indicated a linear relationship, so the analysis was based on a
linear model.
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The data were analyzed on an
IBM 1620 computer by means of a
program for the stepwise regression
system written and developed
by
James N. Boles, Associate Professor
of Agricultural
Economics
at the
University of California. All included
variables had an F value with p <
0.01, and all excluded variables had
an F value with p > 0.05.
Results and Discussion
Regression equations
developed
from the significant
variables accounted for 89 to 96% of the variation in standing crop (Table 2). The
influence of any one variate changed
widely
among the eight species,
which is readily understood when
the diversity
of growth forms is
considered. Four independent variables, however, or cross-products derived from them, were more consistently correlated with weight than
any others: (1) foliage cover, (2)
number of stems, (3) stem length,
and (4) leaf length.
The predicting
equations
may
change with annual climate, site,
sampling,
and measurement
techniques. New predicting
equations
should be developed for each sampling problem.
The use of regression estimators to
increase the precision or efficiency
of a sample by making use of supplementary information is well known.
Sampling techniques that make use
of a single concomitant variable are
well developed in literature (Cochran,
1953; Yates, 1953; Hansen et al.,
1953). Beatty (1958) developed
a
multiple regression estimate of the
population mean as well as the variance of this estimate. The population
mean of the auxiliary variates will
not be known, however, and the inTable 2. Summary
portance.

Species
Alpine

bluegrass

American
Ebony

bistort

sedge

analyses.

Independent

For each species, the observed cost
ratio was far less than required for
efficient
use of double
sampling
techniques. Unless the cost of measuring the independent variables can
be reduced, without loss of correlation, double sampling for standing
crop on a single occasion would result in a loss of efficiency. Variance
of the double samples would range
from about two to four times that
of a single clipped sample of equal
cost.
The measurement of foliage and
basal cover by the point method was
by far the most costly of the independent variables. These two variables, plus those products involving them, were deleted and a second
stepwise regression
analysis was
made. The correlations obtained in
this analysis
were much lower.
Without
cover measurements
the
prediction equations were not suitable for efficient double sampling.
As indicated in Cochran (p. 284),
where the periodic change in standing crop is of major concern, the efficiency of double sampling may be
improved since it permits the use of
permanent plots. The gain in efficiency will depend upon high correlations between repeated measurements on permanent plots.
There is a further advantage of
permanent plots that has not entered
into the analysis so far. The cost of
drawing and establishing a probability sample on rangeland is relatively
large in comparison with the cost of
plot monumentation.
Where remeasurements
will be made several
times, the cost of monumentation is
quickly amortized thru savings associated with not having to draw and
establish a new probability
sample

variables

are listed in order

Equation
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0.00038X1,, +
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0.89

0.11542X1

0.91

+ 0.08444X6

0.94

Mat sedge

Y =

2.37398 +

0.00428Xir

Parry’s
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0.36450 +

0.12767X1

Y =

-0.65025

+

0.25336X2 +

0.00039X12 +
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0.04387X6
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Tufted

bluegrass

hairgrass

Various-leaved
cinquefoil

Y =

of decreasing

im-

Coefficient
of Multiple
Determination

Y = -0.03550
Y =

SMITH

vestigator must rely on double sampling techniques. Double sampling
techniques for the development, with
a single auxiliary variate, of a regression estimate and the variance
of this estimate are described in
many standard texts (e.g., Cochran,
1953; Yates, 1953; Hansen et al.,
1953). The theory of double sampling
with more than one auxiliary variate
has not been developed.
The efficiency of double sampling
is determined by two criteria: (1) a
high correlation
between standing
crop and the related variable, and
(2) a favorable ratio of the cost of
clipping a plot to the cost of measuring the related variables. High
correlations were found under the
conditions of this study, but these
high correlations must now be evaluated in terms of the cost ratios.
For a given value of P, the correlation coefficient parameter, the ratio
of the cost per unit of clipping to the
cost per unit of measuring the independent variable must exceed a critical value before an increase in precision is realized (Cochran, 1953).
Take Parry’s clover as an example,
since it involves only one variable
and Cochran’s formulae apply. Percent foliage cover was selected at the
first step in the regression analysis
as the independent variable which
gave the greatest initial reduction in
unexplained
variance
of standing
crop. All other variables were subsequently deleted. The correlation
coefficient for this relationship was
0.96. With a correlation of this magnitude, in an optimum double sampling design, the cost of clipping a
plot must be greater than 1.8 times
the cost of measuring foliage cover
in order to gain any efficiency.

of sfepwise regression

Regression

AND

+ 0.03495X6 -

0.03655X4

0.96
0.91

0.04304 + 0.27875X1 + 0.05693Xs -

0.00341Xg

0.90
0.94
0.94

INDIRECT
on each occasion; this saving would
swing the comparison more favorably towards double sampling and
the use of permanent sample units.
Summary and Conclusions
Standing crop of eight alpine species in Wyoming was measured by
clipping square foot plots. Before
harvest, characteristics such as density and foliage cover were measured.
Regression equations accounted for
89 to 96% of the variation in standing crop. The influence of any one
characteristic changed widely among
the eight species.
Four variables,
however, were more consistently correlated with standing crop than any
others-foliage
cover,
number
of
stems, stem length, and leaf length.

ESTIMATION

Cost analyses showed that use of
these correlated variables to estimate
standing crop was inefficient. Variance of the double sampling estimate
would range from two to four times
that of a single clipped sample of
equal cost.
Where periodic change in standing
crop is of primary concern, the advantages of permanent sample units
may outweigh the inefficiences
of
double sampling.
LITERATURE
CITED
BEATTY, R. L. 1958. A comparison of
multiple
way stratification
and
multiple regression methods of estimation. M. S. Thesis, University
of Wyoming, Laramie. 35 p.
COCHRAN,W. G. 1953. Sampling techniques. 1st ed. John Wiley & Sons,
Inc., New York. 330 p.

Influence of Grass Vegetation on Water Intake
of Pullman Silty Clay Loam
RICHARD
F. DEE, THADIS
ED ROBERTSON,
JR.1

W. BOX

AND

Research
Assistant, Professor
of Range Management,
and Research Assistant, respectively
Ttxas Technological College, Lubbock.

Highlight
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Most studies show that water
intake under any type of vegetation is greater than under bare
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least under bare soil, increased
under brush cover,
and were
greatest under grass sod. Thomas
and Young (1954) found significant differences
in infiltration
rates under buffalograss
(BuchZoe dactyloides (Nutt.) Engelm.) ,
curlymesquite
grass (Hilaria beZangeri (Steud.) Nash) and tobosa grass
(Hilaria
mutica
(Buckl.) Benth.).
Mazarak and
Conrad (1959) working in Nebraska, found rates of water infiltration under four grass species increased from buff alograss,
to blue grama (Bouteloua graciZis (H.B.K.) Lag. ex Steud.), to
sideoats grama (Bouteloua curtipendula
(Michx.)
Torr.), to big
bluestem
(Andropogon
gerardi
Vitnam.)
Total amount of vegetation,
litter, and soil conditions
may
also influence water intake on a
given soil. Duley and Domingo
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(1949) reported that the amount
of grass cover is a greater factor
in determining water intake than
is soil type. The amount of standing vegetation
(Johnston, 1962;
Glover,
Glover,
and Swynne,
1962) and the dead material, or
mulch,
(Dyksterhuis
and
Schmutz
1947) may influence
the rate and amount of water
intake.
During the summers of 1963
and 1964 studies were conducted
on the Texas Technological
College Research Farm at Pantex,
to determine the effect of species within a late seral stage of a
mixed prairie and the effect of
selected seral stages upon water
intake on Pullman
silty clay
loam. The Research Farm is located on the old Pantex Ordnance Plant in Carson County.
The original vegetation
was a
mixed prairie typical of the High
Plains of Texas. Numerous small
communities
representing
various stages of disturbance
and
successional recovery are located
on the farm.
Methods

and Procedures

Several distinct stages of succession were selected adjacent to each
other on Pullman silty clay loam. In
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(1949) reported that the amount
of grass cover is a greater factor
in determining water intake than
is soil type. The amount of standing vegetation
(Johnston, 1962;
Glover,
Glover,
and Swynne,
1962) and the dead material, or
mulch,
(Dyksterhuis
and
Schmutz
1947) may influence
the rate and amount of water
intake.
During the summers of 1963
and 1964 studies were conducted
on the Texas Technological
College Research Farm at Pantex,
to determine the effect of species within a late seral stage of a
mixed prairie and the effect of
selected seral stages upon water
intake on Pullman
silty clay
loam. The Research Farm is located on the old Pantex Ordnance Plant in Carson County.
The original vegetation
was a
mixed prairie typical of the High
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representing
various stages of disturbance
and
successional recovery are located
on the farm.
Methods

and Procedures

Several distinct stages of succession were selected adjacent to each
other on Pullman silty clay loam. In
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order to study the effects of individual species, small, uniform stands of
buffalograss,
blue
grama,
silver
saccharoides
bluestem (Andropogon
Swartz), and sand dropseed (Sporobolus cryptandrus (Torr.) A. Gray)
were staked out in a late development stage. Three replications of infiltration tests using the concentric
ring method described by Leithead
(1950) were established on each species stand. At each infiltration location soil samples were collected from
the upper 6 inches of the soil at the
time of the test. Percent soil moisture was determined by the gravimetric method. Surface soil texture
at each location was checked to determine
if the textural
qualities
were within the range of Pullman
silty clay loam.
The amounts of
standing herbage and of litter were
determined by clipping the vegetation and mulch from a 0.96 ft2 plot
immediately below the inner ring of
the concentric ring. After the infiltration test, the depth of moisture
penetration was determined by digging to dry soil.
The influence of combinations
of
plants was studied by establishing 12
replications of the sampling procedure outlined above on each of 4
plant communities representing successional stages in the recovery of
the local mixed prairie:
an early
stage of annual weeds dominated by
Kochiu scoparia
(L.)
Schrad, an
early perennial grass stage dominated by windmill
grass (Chloris
verticilutu Nutt.) and sand dropseed,
a late perennial stage dominated by
blue grama, and a regressed perennial stage dominated
by buffalograss. All communities were located
within 100 yards of each other on
typical Pullman silty clay loam.
Differences
between
community
attributes were shown by analysis of
variance.
Relationships
between
water intake and community attributes were shown by correlation coefficients.
Results and Discussion

The amount of standing herbage was significantly
different
between the 4 species stands in
the late developmental
stage
(Table 1). The amount of litter
on the silver bluestem stand and
the sand dropseed stand was significantly
greater than on the

Table 1. Vegetation and soil moisture
in a mixed prairie seral stage.”
Silver
bluestem
Herbage lb/acre
Litter lb/acre

Sand
dropseed

under

four grasses

Blue
grama

Buffalograss

3930
2800

1670
2200

2.56

0.84

Water intake in/hr

2.51

7930
9300
2.08

Penetration

21.0

19.3

16.0

11.5

18.90

20.73

11.43

13.10

(in)

% soil moisture

21600
10360

characferistics

a Means connected by a single line are not significantly
other at the .05 level.

different

from each

blue grama
and buffalograss
stands. There was no significant
difference between the water intake or depth of moisture infiltration between stands of silver
bluestem,
sand dropseed, and
blue grama. Both water intake
and depth of penetration of soil
moisture were significantly
less
for buffalograss
than for the
other species.
The poor infiltration rates under buffalograss
were further
observed during grass interseeding in the immediate area. When
the interseeder
encountered
a
colony of buffalograss,
the soil
was extremely hard and dry underneath the shortgrass sod. Soil
moisture precentages in the upper 6 inches of buffalograss and
blue grama were significantly
less than under sand dropseed
and silver bluestem (Table 1) .
Both total amount of water absorbed and infiltration
rate increased with an increase in stage
of succession (Fig. 1). Almost 3
times as much water infiltrated
the late perennial grass stage as
entered the soil under annual
weeds. The infiltration rate for
buffalograss
was less than for
any stage in the secondary successional pattern. Extremely low
infiltration rates for buffalograss
have been reported by Thomas
and Young
(1954) on the Edwards’ Plateau of Texas, Box
(1959) on the Texas
Coastal
Prairie, and Mazarak and Conrad (1959) in Nebraska.
In all
cases, buffalograss represented a
regressed
stage. Apparently,
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FIG. 1. Water intake curves under four
successional stages on Pullman silty clay
loam near Amarillo,

Texas.

water relationships
in the regressed stage are poorer than in
the developmental
stages.
There was no significant difference in water intake under
blue grama and windmill grass
for the first 35 minutes of the
2-hour test. After 35 minutes, the
rate of intake for windmill grass
sod declined while the rate under blue grama remained relatively constant. Total intake was
significantly
greater under blue
grama than under windmill
grass.
After the first 5 minutes, there
was no significant difference in
the rate of infiltration
between
annual weeds and buffalograss.
However,
the total amount of
water entering the soil during a

GRASS
a-hour period was slightly higher
under annual weeds than under
buffalograss.
Blue grama was superior to
the other species studied in promoting water intake into Pullman silty clay loam. Windmill
grass was equally effective during the first half hour, but was
not equal to blue grama for the
entire period. Annual weeds and
buffalograss
were
inferior
to
blue grama and windmill grass
in aiding infiltration
on rangelands.
Poor condition ranges on Pullman silty clay loam evidenced
either by a low successional stage
of annual weeds or a regressed
stand of buffalograss,
were inferior to fair or good ranges in
aiding infiltration.
Ranches with
poor condition
ranges or low
successional
stages
may
be
forced to ranch on less effective
moisture
than their neighbors
under the same rainfall condition.
The amount of water entering
the soil was positively
correlated (p < .Ol) with the amount
of standing vegetation and litter
on the soil (Table 2). With each
additional unit of standing vegetation or mulch, infiltration was
directly increased in all succes-

AND

WATER

INTAKE

sional stages. Johnston (1962) in
Alberta
and Glover,
et al. in
Africa
(1962) reported similar
results.
Infiltration
rates in the Pullman silty clay loam are determined, in part, by the species of
vegetation,
the stage of succession, the amount of current vegetation growth, and the amount of
litter from past years. In general,
infiltration
is increased
under
plants that occupy a higher level
in the successional
pattern.
Within a species stand, infiltration increases with the amount
of standing
vegetation
and
mulch. Therefore,
management
for increased
water efficiency
should include consideration
of
type of vegetation
and the
amount remaining on the soil.
Summary

During the summers of 1963
and 1964, infiltration tests were
made with concentric
rings on
Pullman
silty clay loam near
Amarillo, Texas. The soil under
blue grama absorbed 8.4 inches
of water in a 2-hour period compared with 5.6 inches for windmill grass. In general, infiltration rates increased with the increasing position of a plant in
the successional scale, the stage

Table 2. Correlation coefficients between wafer intake of Pullman silty clay
loam and vegetative affributes of four plant communities,
Attribute correlated
to water intake
Blue
grama

Windmill
grass

Annual
forbs

Buffalograss

First 5 minutes
Standing herbage
Litter
Litter 8~ herbage

.964’*
.822**
.705*

.983**
.987**
.995**

.979* *
.865**
.929**

.917**
.799**
.904* *

After 2 hours
Standing herbage

.979**

.928* *

.972* *

.943**

* r values significant at .05 level.
** r values significant at the .Ol level.
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of succession of the com,munity,
the amount of standing vegetation, and litter from previous
years. Infiltration
rates in soil
under
different
successional
stages were significantly
different from each other. Highly significant
positive
correlations
were shown between the amount
of water intake and the amount
of standing vegetation,
litter,
and litter and vegetation
combined.
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Highlight
Measurements were made of cover,
yield, and vigor of plants af five locations in fenced exclosures and on
adjacent range moderately grazed by
sheep in fall through spring. Under
the conditions of this study, four
years of either deferment or moderate grazing did not cause major
changes in vegetation
cover, bui
ihere were improvements
in the
yield composition and vigor of dimax-dominant perennial grasses.

It often is suggested that overgrazed ranges can be improved
by decreasing livestock numbers
or by deferring grazing for a few
years. This hypothesis was tested
on a central Montana foothill
range (Fig. 1) which had been
intensively grazed by sheep and
cattle prior to 1953. Two management treatments - moderate
grazing by sheep and no grazing
-were imposed upon the vegetation from 1953 to 1957. Measurements were made of cover, yield,
and vigor of individual plant
species at five locations in fenced
exclosures and on adjacent range
moderately grazed in fall, winter, and spring by herded sheep.
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of four years of deferment and
moderate grazing on vegetation
cover, yield, composition, and
vigor.
Experimental

Range and Procedures

The study was conducted on the
Shaw ranch near White Sulphur
Springs in Meagher C’ounty, Montana. Lying in gently to sharply
rolling foothills on the west slope of
the Castle Mountains, the ranch is
vegetated by plants from both the
Palouse and the mixed prairies. Of
the Palouse prairie species, bluebunch wheatgrass (Agropyron spicaturn) generally dominates the drier
sites and Idaho fescue (Festuca idahoe&s)
generally
dominates
the
more mesic sites. Important mixed
prairie species include prairie Junegrass (Koeleria
cristata),
western
(Agropyron
smithii),
wheatgrass
plains
reedgrass
(Calamogrostis
montanensis),
needle-and-thread
grass (Stipa comata),
blue grama
(Bouteloua gracilis), and needleleaf

sedge
(Carex
eleocharis) . Many
forbs are present, but Hood’s phlox
(Phlox hoodii) and prairie milkvetch
(Astragalus
striutus) are the most
and fringed
sagewort
abundant,
(Artemisia
frigida)
is the most
abundant shrubby plant. Small or
little clubmoss (SeZagineZZa densa),
a heterosporous plant, is common on
many sites.
About two-thirds of the 18.5-inch
average annual precipitation at nearby White Sulphur Springs falls from
April through September.
Precipitation from September through August in inches was as follows: 195253, 15.1; 1953-54, 15.6; 1954-55, 20.2;
1955-56, 16.1 and 1956-57, 18.0.
Soils in the area are undifferentiated gravelly to sandy loams derived from outwash igneous and
metamorphic
rocks.
Sandy loams
predominated
on the sites which
were studied. Solum depths varied
from 8 to 16 inches. Soils, vegetation, and physiographic
features of
the range are described further by
Vogel ( 1960).
Five sites representing
soil and
topographic variations typical of the
general area were selected for study.
Sites 1, 2, and 3 were on west aspects
of 2 to 5% slopes, site 4 was on a
north aspect of 2% slope, and site 5
was on a southwest aspect of 9%
slope. Additional characteristics of
these sites are reported by Van Dyne
et al. (1963).
Two adjacent areas at each site

FIGURE1. Sheep grazing on Montana foothill rangeland.
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were selected
with similar soils,
slope, exposure, and vegetation and
a 75 by 75-ft exclosure was constructed on one of the two areas in
1953. Five 50-ft line transects were
established
in each exclosure
and
five on the adjacent grazed areas.
An index to plant cover and composition was obtained by the pointquadrat method with points read at
l-inch intervals along the transects
in 1953 and 1957. A total of 30,000
points were recorded in each year.
A procedure similar to Coupland’s
(1950) was used in recording point
contacts. Basal hits were recorded
on the stems of most forbs, rhizomatous grasses and sedges, on the
crown of bunchgrasses, and on litter
(including mulch, lichens, and feces),
bare ground and rocks. First hits on
foliage were recorded on shrubs and
half-shrubs,
on mat-forming
forbs
(e.g., Hood’s phlox, pussytoes, Antennaria spp. and three-leaved milkvetch, Astragalus gilviflorus), and on
small clubmoss. These point contact
data are referred to collectively
in
this paper as “cover” and are expressed as percent of ground covered.
Cover composition referred to herein
is percent of total herbage cover contributed by individual species.
Herbage yield was measured in
9.6 fts plots in 1953 and 6 fts plots in
1957 in the grazed areas and in the
protected areas at each site by techniques described by Van Dyne et al.
(1963). A total of 20 and 40 plots
were clipped in 1953 and 1957 respectively. Temporary exclusion of sheep
from the grazed areas in 1953 and in
1957 provided estimates of herbage
production unbiased by grazing by
large animals. Litter was collected
in each plot in 1957.
Maximum
seedstalk
and leaf
lengths and individual plant basal
areas were measured for several species. These plants were selected by
taking measurements on the appropriate species occurring
at every
tenth point along the transect lines.
Usually 20 to 25 plants of a species
were measured for a grazing treatment at each site, and an additional
equal number of plants of fringed
sagewort were selected at random.
Basal area for individual
bunchgrasses was calculated
as r0a.b
where a and b are half-axes at right
angles across the plant crown.
The range was stocked with sheep
in fall, winter, and spring at about
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0.26 animal unit months/acre during
The sheep were
the experiment.
herded for uniform distribution, but
lower elevations usually were grazed
more in the spring, while many of
the ridgetops were grazed more in
the winter because they were blown
free of snow.
The changes from 1953 to 1957 in
basal cover and yield were examined
by analysis of variance. Vegetation
changes in response to the grazing
treatments are emphasized
in the
discussion because site effects and
interactions were insignificant
for
most species. Differences which are
discussed are significant (P < .05)
unless stated otherwise.
FkSUlfS

Changes in cover. -Neither
moderate grazing nor complete
protection from grazing caused a
significant change in total herbage cover (excluding small clubmoss) during the 4-year study
period. Cover on protected areas
changed only from 13.1% in 1953
to 12.5% in 1957 and on grazed
areas
from
12.1%
to 12.4%

(Table 1) . C over composition
changes were similar to cover
changes, thus they are not presented but may be calculated
from the data in Table 1.
However, cover of several species and groups
of
species
changed significantly
from 1953
to 1957. Cover of grasses and
sedges as a group was less in
1957 on both grazed and protected areas. Idaho fescue cover
did not change
on protected
areas, but decreased on grazed
Cover
of bluebunch
areas.
wheatgrass
did not change on
either area. The only bunchgrasses that increased in cover
on both grazed and protected
areas were the bluegrasses (Poa
Most
cusickii and P. secunda).
rhizomatous grasses and sedges,
of which plains reedgrass was
the most common,
decreased
about the same on grazed and
protected
areas. An exception
was needleleaf
sedge
which
showed no change.

Table 1. Average cover of herbage (in percent) on five siies determined
by point analysis on protected and grazed areas in 1953 and 1957.1
Species or Group

Protected
1953
1957

Grazed
1953
1957

Blue grama
Bluebunch wheatgrass
Bluegrasses”
Prairie Junegrass
Idaho fescue3
Needle-and-thread
All Bunchgrasses
Needleleaf sedge
Plains reedgrass
Wheatgrasses’
All Rhizomatous spp.

0.2
0.8
0.5
3.6
1.7
0.8
7.6
0.2
1.5
0.1
1.8

0.1
0.8
1.3
2.5
1.7
0.6
6.9
0.2
0.8
0.2
1.2

0.3
0.8
0.6
1.6

0.3
0.9
1.4
2.5
1.0
0.4
6.5
0.3
0.4
0.4
1.1

ALL GRASSES AND SEDGES
Hood’s phlox
Other forbs

9.4
1.2
0.5

8.1
1.6
0.5

8.5
0.7
0.9

7.6
1.6
0.7

FORBS
1.7
Fringed sagewort
1.5
Other shrubby spp.
0.5
ALL SHRUBS AND HALF-SHRUBS
2.0
TOTAL HERBAGE
13.1
Small clubmoss
21.0
Litter
34.2
TOTAL COVER
68.3

2.1
1.3
1.0
2.3
12.5
17.6
52.7
82.8

1.6
1.5
0.5
2.0
12.1
15.1
43.2
70.4

2.3
2.1
0.4
2.5
12.4
7.1
53.6
73.1

ALL

0.4
0.9
0.3
3.6
1.3
0.4
6.9

1 Although protected and grazed were equivalent in 1953 they are reported
separately because the same lines were reread in 1957.
’ Poa secunda and P. cusickii.
3 Idaho fescue for site 4 only.
4 Agropyron smithii and A. dasystachyum.
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Hood’s
phlox
increased
in
cover on both grazed and protected areas, but other forbs decreased on the grazed locations.
Most of the shrubby plants, except fringed sagewort, increased
in cover under protection and decreased slightly on moderately
grazed areas. Fringed sagewort,
however, increased significantly
on the grazed areas but decreased on the protected
areas
when averaged
over all sites.
Yet there was a significant treatment by site interaction for the
change in cover of this species.
At most sites, cover of fringed
sagewort
increased
on both
grazed and protected areas, but
the increase was much greater
on the grazed areas. But, at site
5 with shallow soils overlying
bedrock,
fringed
sagewort
decreased on the protected
area.
The roots of fringed sagewort
probably could not grow to their
normal depth (Weaver and Albertson, 1956; Schuster, 1964) at
site 5 because of the underlying
bedrock.
However,
Schuster
(1964) found the lateral spread
of fringed sagewort roots to be
,Erreater under moderate grazing
than under protection.
Before
1953, the root system of bluebunch wheatgrass (the dominant
species at this site) was weakened as a result of intensive
grazing and could not compete
with the shallow but more laterally spread
root
system
of
fringed
sagewort.
But when
grazing was excluded, bluebunch
wheatgrass
recovered
its vigor
and became
more competitive
with fringed sagewort, causing
the latter to decrease in vigor.
Because of its low stature and
limited forage value, small clubmoss was not considered as herbage in this study. Yet, it covered
more ground area than all other
vegetation
combined.
Although
small
clubmoss
decreased
in
cover
on both grazing
treatments, it decreased
more on
grazed than on protected areas.
The relations of small clubmoss
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to site, climatic, and grazing influences
on this and another
foothill range arecdiscussed elsewhere
(Van Dyne and Vogel,
1966).
Litter cover increased on both
protected and grazed areas, but
it increased significantly
more
on the protected areas when averaged over all sites. At site 4,
however,
litter cover increased
more on the grazed than the protected area. Much of the small
clubmoss had died (or appeared
dead) on the grazed location of
this site. Dead clubmoss was included in the litter category and
accounted for much of the increase in litter cover.
The increase in plant litter on
the protected areas was probably
even greater than the data show
because most of the fecal material recorded as litter in the exclosures in 1953 would have decayed by 1957; whereas, litter
cover on the moderately
grazed
areas still included accumulated
feces in 1957.

Lichens, which are included
with litter cover (Table 1) occurred at every site and made up
3.9 and 3.2% of total ground
cover on protected and grazed
areas, respectively.
Herbage
yield and composition. -Total
herbage
yield in
1957 on moderately grazed areas
was 590 lb/acre
or about the
same as the 1953 total yield of
570 lb/acre
(Table 2). Areas
protected from grazing yielded
about 16% more total herbage in
1957 than in 1953. September to
August precipitation was nearly
3 inches greater in 1956-57 than
in 1952-53; therefore, changes in
total yields cannot be attributed
only to grazing practices.
Because weather can mask effects of grazing practices on total
herbage yield, change in yield
composition is a better criterion
than total yield for evaluating
the influence of the presence or
lack of grazing on range vegetation. Grasses and sedges yielded
more pounds of herbage
and

Table 2. Average herbage yield (1bJacre) and composition (percenf) on
five sites in 1953 and on protected and grazed areas in 1957.
Yield

Yield
Species

or Group

Blue grama
Bluebunch wheatgrass
Bluegrasses
Prairie Junegrass
Idaho fescue
Needle-and-thread
All Bunchgrasses
Needleleaf sedge
Plains reedgrass
Wheatgrasses
All Rhizomatous spp.

1953
1957
Bothl,z Prot. Grazed

1953
Both

Composition
1957
Prot. Grazed

60
-

<lO
120
40
90
100
30
380
<lO
70
20
90

10
100
40
110
40
10
310
10
50
60
120

11
-

<l
18
6
14
15
5
58
<l
11
3
14

2
17
7
19
7
2
53
2
8
10
20

ALL GRASSES AND SEDGES
Hood’s phlox
Other forbs

340
-

470
60
70

430
40
30

60
-

71
9
11

73
7
5

ALL FORBS
Fringed sagewort
Other shrubby spp.
ALL SHRUBS
AND HALF-SHRUBS
TOTAL HERBAGE

120
80
30

130
20
40

70
70
20

21
14
5

20
3
6

12
12
3

110
60
90
19
9
15
570
660
590
~~
1 Both areas are averaged for 1953 because prior to that time they received
similar treatment, but 1953 plot locations differed from those in 1957.
2 Only bluebunch wheatgrass and fringed sagewort were measured individually in 1953.
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composed more of the total yield
in 1957 than in 1953. The increase
in yield of grasses and sedges
was about 40 lb/acre
more on
protected
areas than on grazed
areas, but their percent composition was similar on protected
(Table
2).
Bluebunch
areas
wheatgrass contributed
one-half
or more of the increase in yield
composition
of
grasses
and
sedges. Idaho fescue and needleand-thread
grass yielded
more
on protected than grazed areas in
1957, and contributed
to the increased composition
of bunchgrasses on protected
areas. In
1953 these two species had slightly greater cover on the protected
areas than on the grazed areas
which may account in part for
their greater yield in 1957 on the
protected
areas.
However,
as
will be discussed below, their
yield per unit cover in 1957 also
was greater on the protected
areas than on the grazed areas.
Yield and composition of prairie
Junegrass and of the rhizomatous wheatgrasses
were greater
on grazed areas in 1957.
Forbs and shrubby plants composed less of the total yield of
herbage
in 1957 than in 1953
when averaged over both locations (Table 2) . The yield and
composition
of forbs and shrubby plants, other than fringed
sagewort,
were about one-half
as much on grazed as on protected areas in 1957. Fringed
sagewort
decreased
greatly on
protected areas but only slightly
on grazed areas.
Yield of litter, other than feces,
averaged
about 420 lb/acre
on
protected areas and 270 lb/acre
on grazed areas. Litter composed
39% of the total herbage biomass, excluding small clubmoss,
on protected areas and 31% on
grazed areas.
Plant vigor.-Measurements
of
leaf length, seedstalk height, and
average basal area of individual
clumps showed that several of the
important grass species were less
vigorous
on the grazed areas
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Table 3. Measures
areas in 1957.

of vigor

of important

grasses

Longest

Tallest
Seedstalk

Leaf (cm)
Species
Bluebunch wheatgrass
Prairie Junegrass
Plains reedgrassl
Needle-and-thread2
*
Idaho fescue?

Prot.

Grazed

Prot.

24
7
15
13
19

20
5
12
10
8

50
31
24
37
42

1 Basal area was not measured

on protected

for rhizomatous

*

Grazed
4%
26
21
27
36

and grazed

Basal
Area(cm2)
Prot.

Grazed

18
2
5
18

23
1
3
10

species.

2 Site 5 only

3 Site 4 only

than on adjacent protected areas
(Table 3). One exception
was
bluebunch wheatgrass whose average basal area was greater on
grazed areas. However, this was
caused by differences
at site 5
where
average
basal area of
grazed clumps was 102 cm2 vs.
57 cm2 for protected
clumps.
Basal area at the other 4 sites
averaged
3.3 cm2 for grazed
clumps and 8.7 cm2 for protected
clumps.
Forbs
and
shrubs,
except
fringed sagewort, generally
appeared less vigorous on grazed
areas than on protected
areas.
Fringed sagewort appeared more
vigorous on grazed areas. Protected and grazed plants of this
species,
respectively,
averaged
0.27 and 0.91 seedstalks per plant.
Herbage yield per unit cover.
-Another
index for comparing
vigor of grazed plants with protected plants (Table 4) was computed by dividing herbage yield
(Table
2) by percent
cover
(Table
1). Bluebunch
wheatgrass, Idaho fescue, and needleand-thread had higher vigor indices on protected areas than on
grazed areas. Prairie Junegrass,
the rhizomatous
wheatgrasses,
plains
reedgrass,
and fringed
sagewort had higher indices on
grazed areas. With the possible
exception for needle-and-thread
data, these results are consistent
with the expected
reaction
of
these species to grazing at our
study sites. Bluebunch
wheatgrass and Idaho fescue are considered decreasers and the other

Table
4. Vigor
index
(lb/acre/ %
cover)
of important
species and
groups of species on proieded
and
grazed areas in 1957.

Vigor Index
Species
or Group

Prot.

Bluebunch w. 150
Idaho fescue
60
Needle-&-thr.
50
Prair. Junegr.
35
All Bunchgrasses
55
Wheatgrasses
100
Plains reedgr.
85
All Rhizom. spp. 75
ALL GRASSES
60
ALL FORBS
60
Fringed sagew. 15
ALL SHRUBBY
PLANTS
25
TOTAL
HERBAGE
55

Gr.

Ratio
Prot.:
Gr.

110
40
25
45
45
150
125
110
55
30
35

1.4
1.5
2.0
0.8
1.2
0.7
0.7
0.7
1.1
2.0
0.4

35

0.7

50

1.1

increasers
on most sites
in our study area (Soil Conservation Service, 1956). The calculated yield per unit cover indicates that needle-and-thread
grass reacted as a decreaser although it is considered to be an
increaser in the Soil Conservation Service guides. Because of
the deteriorated
condition
of
this range,
needle - and -thread
grass was able to increase under
protection.
Eventually
it probably will begin to decrease as
range condition continues to improve.
Sheep preference
for forbs is
reflected by the lower vigor index for these plants on grazed
areas. Shrubby plants had greater yield per unit cover on grazed
areas because of fringed sagewort.

species
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Density

and yield per plant.-

Other characteristics reflecting
species vigor and trend are number of plants per unit area and
yield per plant (Table 5) . These
values were calculated from data
on cover, yield, and individual
plant basal area.
The population structure of
bluebunch wheatgrass on grazed
areas was being shifted towards
fewer, shorter, and lower yielding plants having larger basal
area per plant. Bluebunch
wheatgrass plants in protected
areas in 1957 produced 3.1 g/
plant as compared to 2.9 g/plant
in the grazed areas (Table 5).
The other important bunchgrasses reacted differently in
that there were slightly more
plants/m2 in the grazed than in
the protected locations. However, there were twice as many
prairie Junegrass
plants on
grazed as on protected areas. Although the yield on grazed areas
was about one-fifth more than on
protected areas, the protected
plants were taller, had larger
basal areas, and yielded about
0.08 g/plant vs. 0.05 g/plant in
the grazed areas. This suggests
there were fewer
Junegrass
seedlings but more mature plants
on protected areas than on
grazed ‘areas. This conclusion is
acceptable because this species
is an increaser.
Range condition.-Neither
total cover nor total herbage yield
differed greatly on areas subjected to moderate grazing by
sheep as compared to those deferred from grazing for four
years. But, as discussed above,
there were important changes in
cover and yield composition and
vigor of individual plants. This
suggests that range condition

percentage might differ on the
two treatments.
Range condition percentages
calculated from 1957 yield data
using Soil Conservation Service
(1956) guides, respectively on
the protected and grazed areas,
were as follows: site 1,40 and 45;
site 2, 30 and 25; site 3, 50 and 40;
site 4, 40 and 60; site 5, 75 and 75;
and the average for all sites, 47
and 49.
These data show that deferment from grazing for four years
had no advantage over moderate grazing if measured by range
condition percentages. Because
there were important differences
in yield and cover composition
and in vigor suggests that this
system of range condition analysis is not a sensitive measure of
the differences between grazed
and protected areas in our study.
Discussion

It is important to be able to
detect and describe vegetation
changes that may result from
changes in grazing management.
Basal area or cover has been considered a better criterion than
total productivity for determining vegetation changes over a
short period of time because, in
contrast to production, cover
does not fluctuate greatly with
climatic changes
(Robinson,
1954). Others have found that
plant vigor may reflect trends in
range condition sooner than does
basal cover or total production
(Parker, 1954; Short and Woolfolk. 1956). Hurd (1959) found
leaf length to be a reliable index
of plant vigor when weight was
accepted as the combined vigor
expression.
Our results agree in general
with those of Hurd (1961) who
found total basal
cover of

Table 5. Density (planfs/mz) and yield (grams)
on protected and grazed areas in 1957.

per plant of four grasses

Density
Protected
Bluebunch wheatgrass
Prairie Junegrass
Idaho fescue
Needle-and-thread

4.4
125
46
34

Grazed
3.9
250
48
36

Yield/plant
Protected
3.1
.08
1.2
.29

Grazed
2.9
.05
.47
.13

grasses, sedges, forbs, litter and
bare soil essentially was the
same on grazed areas as on protected areas in the Big Horn
Mountains. However, basal cover
of individual species varied considerably between protected and
grazed areas.
Range managers
generally
strive to increase forage production, particularly of the desirable
forage plants. They may find
that yield composition of desirable species will change before
does range condition, as measured by our methods, as it did
in this study. Yield and composition of bluebunch wheatgrass
showed a greater rate of increase
on protected areas than on
grazed areas, This is expected in
our study area where bluebunch
wheatgrass decreases with increased grazing intensity (Soil
Conservation Service, 1956). The
increased yield composition of
dominant species such as bluebunch wheatgrass indicated that
the range was improving. The
greater vigor of grasses in the
protected areas would further
indicate that the rate of improvement was greater on protected
areas than on grazed areas.
Forbs increased in cover but
decreased in yield composition
on both grazed and protected
areas. Most of the increase in
forb cover was due to an increase
in Hood’s phlox. Coupland (1950)
stated Hood’s phlox is a relatively unpalatable forb, but Clark
et al. (1947) and Evanko and
Peterson (1955) found it decreased due to intensive grazing
by cattle. Other forbs decreased
in cover in our grazed areas but
did not change on protected
areas. Total forb yield decreased
in four years on the grazed areas
which would be expected due to
sheep preference for forbs.
Shrubby plants except fringed
sagewort increased both in cover
and yield composition on protected areas but decreased on
grazed areas. Sheep utilized
shrubby plants on this range,
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especially
during
the winters
(Spang, 1954). Fringed sagewort,
however, decreased in cover and
yield composition
on protected
areas, but on grazed areas it increased in cover while remaining
about the same in yield composition. Fringed sagewort seemed
to respond as a sensitive increaser species primarily
because it
decreased
significantly
un d e r
protection rather than increasing
under grazing.
Other researchers, however,
conclude that increase of fringed
sagewort
in
mixed prairie ranges may be due
to an interrelation
of climatic
conditions and grazing intensity
(Reed and Peterson, 1961; Coupland, 1961). They have shown
that in a given area the relative
abundance
of fringed sagewort
is directly related to the amount
of rainfall and is inversely
related to intensity of grazing. Because weather conditions
were
near normal during this study,
fringed sagewort appears to be
a useful indicator
species for
evaluating range trend.
Summary

Vegetation
changes on a central Montana
foothill
range
grazed moderately
by sheep
were compared
with those in
areas in which grazing was excluded from 1953 to 1957. The
range was intensively grazed by
sheep and cattle prior to 1953.
Precipitation
was about normal
during the study period.
Total cover of herbaceous vegetation did not change due to
moderate grazing or due to complete deferment.
The cover of
most grasses
and sedges
decreased slightly from 1953 to 1957
on grazed and protected areas,
but bluebunch
wheatgrass
showed no change. Bluegrasses
were the only grasses that increased in basal area. Hood’s
phlox, the most common forb, increased in cover on grazed and
protected areas, but other forbs
decreased
in cover on grazed
areas. Fringed sagewort, a common shrubby plant, decreased in
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cover under protection
and increased on grazed areas.
Total herbage production
on
moderately
grazed areas in 1957
was similar to that in 1953 indicating no major change in yield.
Yield of bluebunch
wheatgrass,
however, increased and that of
fringed sagewort decreased from
1953 to 1957. Protected
areas
yielded 12% more total herbage
than moderately grazed areas in
1957. Species yielding more in
1957 in protected
than grazed
areas included
Idaho fescue,
needle-and-thread,
bluebunch
wheatgrass, plains reedgrass, and
Species yielding
Hood’s phlox.
more in the grazed areas included fringed sagewort, prairie
Junegrass, -and western
and
thickspike wheatgrasses.
There
was more litter on the protected
areas.
Leaf and seedstalk heights ‘indicated
greater
vigor in protected areas than on-grazed areas
for most grasses
and forbs.
Fringed sagewort
plants, however, had more seedstalks
on
grazed than protected areas. As
compared
to protected
areas,
there were fewer, shorter and
lower yielding bluebunch wheatgrass plants on the grazed areas,
but they had larger basal area
per plant.
Prairie
Junegrass
plants occurred at a greater density and yielded more per unit
area of grazed range than protected range, but the protected
plants had larger basal areas and
yields per plant.
Four years was too short a
time for dramatic
changes in
cover or yield to occur under the
conditions
of this study. However, upward trend in the condition of- the range, especially on
protected areas, was indicated by
increased yield composition
and
vigor of climax dominants.
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Highlight
Frequent removal of herbage from
hardinggrass plants during fhe mosf
adive period of growth resulfed in
reduced yields and an increase in
planf death. Infensive clipping also
appeared fo reduce fhe concenfrafion of carbohydrafe reserves in sfem
bases.
Tofal
sugar
perceni
was
higher and frucfosan percenf was
lower in infensively clipped plank
fhan in planfs clipped
only af
mafuriiy.

Hardinggrass
(Phalaris tuberosa var stenoptera
(Hack.)
Hitchc.) is an important perennial grass species for seeding annual rangelands
in California
and in other mediterranean
climates. The range of adaptation
of hardinggrass
is broad, which
accounts for its inclusion in reccommendations for reseeding annual grasslands and also for the
conversion
to grassland of former chaparral areas. (Love et
al. 1956.) Growth initiation in the
fall and continuation during cool
winter months plus a high production level of palatable
nutritious forage are reasons for
the favored status of hardinggrass. Another important characteristic often ascribed to hardinggrass is its ability to withstand intense grazing use and is
the basis for the following study.
Obviously,
limits exist in the
capacity of hardinggrass to produce large amounts of herbage
without ill effects on the longevity or vigor of the plant. The
grazing
manager
should have
background information relative
to production limits and should
know of the detriment that occurs to the stand with improper
use. Where hardinggrass is pres-

ent in a pasture dominated by
resident annual species, the intensity of grazing may be determined by availability
of the
annual forage.
Weather
variability may often determine the
intensity
of use in any given
season although
hardinggrass
may receive
less grazing
use
when a mixed stand of annual
species and hardinggrass
is
grazed during peak production
and palatability
of the annual
species.
One of the problems in recommending a pattern of grazing
use for hardinggrass is the lack
of fundamental information concerning the effect of herbage removal during critical growth periods. One such period appears
to be the time of maximum leaf
production when greatest replenishment of food reserves takes
place. In areas where hardinggrass is on the margin of its
adaptation, intensive use during
this time may be most critical,
especially
during years of environmental
stress (McKell
et
al. 1965).
Experimental
evidence
to
guide grazing
management
of
hardinggrass
stands is meager.
The three-phase system proposed
by Chohlis (1954) is very logical
since it allows for early growuse of perennial
ing-season
grasses, mid-season
use of annual forage species and late-season use of perennial grasses. The
principal objective of the threephase system is to utilize separate pastures or range units to
provide green forage for a longer
period than would be available

with only annual forages. This
system incidentally
allows the
perennial
grasses to build up
food reserves during the midseason rest period.
Further information
on hardinggrass management
was provided by Miller et al. (1957). On
the basis of a 4-year clipping
study comparing yield and stand
vigor in response to continuous,
rotational, or early-late herbage
removal,
they recommended
a
system of early-late grazing.
A key factor in maintaining
productivity
and stand density
is the amount of carbohydrate
reserves carried through the dormant season
to provide
for
growth in the following
season
(McCarty and Price, 1942).
To study the effect of three
intensities
of herbage removal
upon productivity,
survival, and
storage of carbohydrate
food reserves of hardinggrass in a marginal area of adaptation, a P-year
experiment
was conducted
in
San Diego County,
California.
The results are reported here.
Mefhods
A previously established stand of
hardinggrass was chosen for study
at the Tule Springs Ranger located
approximately 18 miles north of Alpine in San Diego County at an elevation of 2500 feet. Average rainfall
for the 12-year period, 1951-62, at
the site was 17.05 inches. During
the study, however,
considerably
less rainfall was received and at the
nearby El Capitan reservoir the records indicated 6.69 inches in 1960-61,
17.49 in 1961-62, 8.66 in 1962-63, and
13.37 in the 1963-64 growing seasons.
The soil is a Fallbrook sandy loam
and at the specific study site the
depth was found to be no greater
than 36 inches.
In 1959 a preliminary study was
conducted to determine individual
1A cooperative Demonstration Range
Project
established
and operated
from 1951 to 1963 under a cooperative agreement among the University of California, U.S. Forest Service, and Mr. Curt Massey. Assistance from the California Division
of Forestry is also acknowledged.

HARDINGGRASS
plant variation and productivity
at
the study site. The yield and size
of 20 randomly-selected
hardinggrass
plants were obtained. With the sample variation in the first study as a
guide, 96 plants in a fenced 0.25 acre
area were randomly
selected
and
identified
with a numbered
stake
(Fig. 1). Each group of 24 was considered to be a replication.
Two clipping treatments
were imposed randomly within each replication; plants
were clipped 3 times at monthly intervals prior to and at anthesis, and
plants were clipped only at anthesis.
Plants were clipped to a 2-inch stubble height.
The size of each plant
was also recorded at the initiation of
the study.
Forage yields were obtained each
year for 4 years. In the fourth year
when plants were in the soft dough
stage, the lower 1.5 inch of stem
bases and the main roots of 6 plants
from each clipping treatment
and
from randomly selected non-clipped
plants within the fenced area were
dug, washed, and frozen in dry ice
for laboratory
analysis.
Since the
plants at that time were still actively growing, an additional sample
of stem bases and roots of 6 nonclipped plants was obtained 1 month
later when leaves
were turning
brown and seeds were mature.
Stem bases and roots were freeze-
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dried and ground with a Wiley mill
through a g-mesh screen. The ground
plant material was stored in tightlycapped glass jars until laboratory
analyses were made.
The alcohol soluble fraction of the
ground plant material was extracted
from a 0.1 g sample of plant material
which was placed in a Soxhlet extraction thimble with 120 ml of 80%
ethanol and refluxed
for approximately 12 hours. According to Laidlaw and Reid (1952) this procedure
removes
all sucrose, glucose, and
fructose. The liquid was evaporated
to 10 ml and 50 C under reduced
pressure and the resulting mixture
washed into a beaker and brought
to 100 ml with distilled water. To
clear the solution
5 ml of 0.3N.
Ba(oH)2 was added and stirred. After
2-3 minutes, 5 ml of 5% ZnS04 was
added; the solution was again stirred,
then filtered through Whatman No.
2 paper into a 250 ml volumetric
flask and brought up to volume with
distilled water.
Reducing sugars (principally
glucose and fructose) were determined
from a 2 ml sample of the alcohol
soluble fraction
by following
the
procedures
outlined
by Nelson
(1944).
Total soluble
sugar was determined in 2 ml samples of ethanolextracted
solutions by using 4 ml

of freshly
prepared
Anthrone
reagent according to procedures outlined by Yemm and Willis (1954)
and Nowakowski (1962).
Alcohol insoluble sugar (fructosan)
was determined by washing the residue from the alcohol extraction into
a beaker with about 75 ml of distilled water and agitating the mixture for 2 hours at 75 C water bath.
The mixture was then filtered and
the residue
washed with boiling
water. The filtrate was made up to
a liter volume and fructosans determined by treatment of a 2 ml sample
with anthrone reagent (Yemm and
Willis, 1954).
Results

during the
last 3 months of the growth period resulted in a decrease in
yield
of individual
plants of
hardinggrass (Fig. 2). In contrast,
a single harvest at the peak of
growth appeared to favor an increase in forage yield. After 4
years, the effect of the intense
clipping treatment was so great
that average forage production
from the remaining live plants
was reduced to about 16% that
of the single clipped plants.
Differences
in plant survival
were partly responsible for the
total yield reduction even though
the main impact of clipping was
on plant vigor and productivity.
Intense

clipping

Clrpped

3 hmes

8070‘Fii
E606
x 50:
,” 40z

1961

1962
Years

FIG. 1. Hardinggrass area in 1961 at the initiation of 4-year clipping study.

1963

of

1964

harvest

FIG. 2. Hardinggrass productivity per plant
as influenced by clipping intensity, San
Diego Co., California.
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From the original 48 plants in
each treatment, 44 remained in
the single-clipping
treatment and
34 were alive in the three-clipping treatment (Table 1). In addition to reduced yields and increased mortality
of plants in
the intense clipping treatment,
the size of the living grass plant
was greatly reduced.
In many
cases only a small portion of the
plant remained alive where previously a larger crown area had
been productive.
The severity of weather during the 4 experimental
years
must also be considered in relation to plant productivity
and
survival. Very low precipitation
was undoubtedly
an important
factor in the decline of the perennial grass
stand
reported
previously.
(McKell et al., 1965).
Carbohydrate
reserves in the
stem bases and roots clearly reflect the effect of clipping intensity on hardinggrass.
The percentage of reducing sugars was
higher in all plants, sampled at
the early date, than in plants
Table 1. Total yield and survival

ET AL.
In terms of total carbohydrate
reserve, the lowest value was
obtained in the analysis of the
intensively-clipped
plants. The
single-clipped
plants and nonclipped plants had about equal
reserves but nonclipped
plants
sampled one month later indicated a substantial increase in
total carbohydrate
content
of
stem bases and roots.

sampled at seed maturity (Table
2). The level of non-reducing
sugars was highest in the intensively clipped plants. In contrast,
the nonclipped plants sampled at
anthesis had the lowest level of
nonreducing
sugar. One month
after anthesis the level of nonreducing
sugar
had increased
significantly
in the nonclipped
plants.
When reducing and nonreducing sugars were considered
together as total sugars the only
observed
difference
was that
plants clipped 3 times had the
highest
concentration
of total
sugars.

Discussion

The clipping treatments used
in this study were arbitrarily
established
to simulate
the
effects of intensive grazing during the active growth period of
early spring at the peak of forage
Plants
protected
production.
from grazing and which were
not clipped for 4 years, were
used as a standard of comparison. Results indicate the deleterious effects of intensive herbage
removal during the most active
growth period which occurred
from approximately
March 15 to
May 30 at the study location. Not
only was there a 29% loss in
number
of intensively-clipped

The pattern of fructosan occurrence in the stem bases and
root crowns of hardinggrass
plants, in this study, was almost
opposite that of the reducing and
nonreducing
sugars (Table 2).
Intensively-clipped
plants were
lower in fructosan than plants
of any other treatment.
Conversely, nonclipped
plants sampled at seed maturity had the
highest fructosan level.

of hardinggrass

planis as influenced by herbage removal.

Year of Sampling
1961
Total
yield (gm)

Live
plants

Clipped 3 times*

27.4

48

6.2

Clipped once

30.9

48

25.5

Treatment

1963

1962
Total
yield (gm)

Live
plants

43

14.9

37

9.6

34

45

76.2

44

60.9

44

plants

Total
yield (gm)

1964
Live
plants

Total
yield (gm)

Live

*Differences between treatments significant at 01% level for years 1962, 1963 and 1964.
Table 2. Carbohydrate reserves of hardinggrass plants in relation fo herbage
means of 6 plants expressed on the basis of percent of dry matter.

Clipping treatment and
growth stage at sampling
Clipped 3 times
(vegetative & at anthesis)
Clipped once
(sampled at anthesis)
Not clipped
(sampled at anthesis)
Not clipped
(sampled at seed maturity)

removal.

Carbohydrate

values are

Reducing
sugars

Nonreducing
sugars

Total
sugars

Total
fructosan

Total
carbohydrate

32 a*

4.17 g

4.99 t

18.40 r

23.39

.60 ab

2.21 hi

2.80 u

27.47 q

30.27

.96 a

1.99 i

2.94 u

26.03 q

28.97

.27 b

2.59 h

2.87 u

34.01 p

36.88

*Values followed by the same letter are not significantly different from each other at the 5% level.

HARDINGGRASS
plants, as compared with 9% attrition of single-clipped
plants,
but the average productivity
per
plant was also reduced.
The effect of simulated intense
grazing, during the period when
hardinggrass
plants
produce
maximum
leaf
growth
and
photosynthate,
appears
to be
most noticeable on reducing the
levels of stored carbohydrate
in
the stem bases and roots. Nonreducing sugar predominated.
It
apears that repeated foliage removal prevents the utilization of
readily available sugars in producing new tissue, resulting in
an accumulation in storage areas.
Whether such sugar accumulation renders the storage areas
more palatable for over-use by
livestock
and small vertebrate
pests is not known.
Reduction of fructosan storage
is probably
the most critical
aspect of intense grazing since
there
is some
evidence
that
fructosan is the principal form of
carbohydrate
reserve in grasses
(Waite,
1958). In the present
study, the reduction in fructosan
concentration
appears to explain
the loss in vigor and survival of
plants subjected
to the intense
clipping
treatment
during the
early spring months. In a grazing trial in Australia, Willoughby (1959) attributed the success
of a hardinggrass
and subterranean clover (Trifolium
subterraneum) sward to the high rate
of growth in excess of defoliation. He observed
that defoliation obviously placed a demand
on carbohydrate
reserves. However, in our study, even though
the percentage of fructosan was
relatively high, the total amount
of fructosan stored was low because of the reduced size of the
plants. Further study of the minimum percentage
and total
amount of fructosan
necessary
for regrowth
in seasons to follow is desirable.
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Management
of hardinggrass
stands should take into account
the effect that prolonged and intensive grazing has on the shift
in carbohydrate
composition
in
storage areas and on the general
reduction of reserves. Timing of
use can be of great benefit to a
stand of hardinggrass. As shown
in this study, a delay in clipping
for 4 weeks beyond anthesis resulted in 7.9% more reserve carbohydrate
being translocated
from leaves and stems into storage areas. Where early-maturing
annual forage species are available in separate grazing units
they should be utilized
first,
leaving such species as hardinggrass for late, green forage. Mixtures of annual species and hardinggrass should not be stocked
at a rate that will result in overuse of the palatable hardinggrass
at a vulnerable
period in its
phenology.
Summary

Composition
of carbohydrate
reserves of hardinggrass was determined after a 4-year period
of intensive spring clipping versus a single clipping at anthesis.
Nonclipped
plants at anthesis
and at full maturity were used
as a standard of comparison. The
4 years during the clipping trials
were below average in rainfall
and constituted a severe environmental stress.
Plant mortality
and reduced
production
occurred as a result
of intense clipping, which also
appeared to upset the amount
and composition of carbohydrate
reserves. The total sugar percentage
was higher,
and the
fructosan
level was lower, in
plants clipped successively
during late spring than in plants
clipped at or after anthesis.
Grazing management plans for
pastures and ranges seeded to
hardinggrass
should avoid excessive defoliation
of this plant

during its period
growth.

of most rapid
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Highlight
Bluebunch wheafgrass is parficularly suscepfible fo defoliafion injury
during fhe booi sfage. Ai fhis &age,
grazing af ground-level for fhree or
more consecufive years may resulf in
almosf complefe disappearance
of
yi;;bunch
wheafgrass from range-

.

Bluebunch wheatgrass (Agropyron
spicatum
(Pursh)
Scribn.
and
Smith) yields are susceptible to reduction by defoliation
(Branson,
1954; Daubenmire,
1940; Stoddart,
1946). This paper reports 1964 bluebunch wheatgrass yields as influenced by clipping at three heights
and four growth stages in 1961, 1962,
and 1963.
Procedure
Our experimental site was located
8 miles southwest of Lacrosse, Washington, within the Agropyron
spicatum-Poa secunda habitat type described by Daubenmire (1942). Oc1Cooperative
Study of Crops Research Division, Agricultural
Research Service, U.S.D.A. and Washington Agriculture Research Center.
Scientific Paper 2665, Washington
Agriculture
Research Center. The
assistance
of Richard
Page and
Michael Maynard
is grate fully
acknowledged.
2 Formerly
Range
Conservationist,
Crops Research
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NOTES

tober to June precipitation, reported
at the Lacrosse station, for the years
1961 to 1964 was 13.1, 11.1, 9.1, and
9.8 inches as compared with an average of 11.8 inches during the preceding 10 years. The soil often dries in
early summer and remains dry until
fall.
The experiment was conducted as
a randomized complete block with 10
replications and 9 clipping
treatments (Table 1). Plots (10 by 50 ft)
were clipped wth a sickle bar mower
mounted
on a garden
tractor.
Ground-level clip p i n g was accomplished by holding the sickle bar on
the ground. Because of the rough
ground surface, stubble heights of
these plots varied from 0 to 1 inch.
Shoes were attached to the sickle bar
for clipping 4 and 8 inches above the
ground.
Bluebunch wheatgrass on this site
produces up to 4 inches
of fall
growth when moisture is adequate,
but produces little growth during
low temperatures of winter months.
Clipping was accomplished
in the
spring when bluebunch wheatgrass
leaves had grown an additional 1-2
inches or 5-7 inches. Later clipping
treatments were imposed when bluebunch wheatgrass was in the boot
and maturing stages. Each plot was
Table 1. Weighf of bluebunch wheafgrass h a r ve s f e d when clipping
freafmenfs were imposed in 1961.

Stage of
development
l-2 inches of
spring growth
5-7 inches of
spring growth
Boot
stage
Maturing,
heads
yellowing

Approx.
date of
clipping
April 3

Lb/A dry wt
clipped at
inches
0
4
8
150

April 24 200
May 11

-

-

86

-

290 190

94

June 27 420 240 120

90

clipped once a year in 1961, 1962, and
1963, but left unclipped in 1964. As
bluebunch
wheatgrass heads were
yellowing in 1964, plants in five 0.5
by 2.0 meter quadrats in each plot
were hand-clipped
at ground level
and oven-dried.
Resulis and Discussion
Bluebunch
wheatgrass
clippings
were weighed in 1961 to determine
the amounts of forage available for
grazing at the selected growth stages
and clipping heights (Table 1). Comparing the weight
of bluebunch
wheatgrass harvested in the 4- and
8-inch clipping treatments with the
weight harvested in the ground-level
clipping treatment gives an estimate
of the percentage of top growth removed. The 4-inch clipping of plants
that had grown 5-7 inches in the
spring removed
43% of the top
growth. The 4-inch clipping of plants
in the boot and maturing stages removed an average of 62% of the top
growth. The 8-inch clipping of plants
in the boot and maturing stages removed an average of 30% of the top
growth.
The 1964 bluebunch
wheatgrass
yields reflect the cumulative effects
of clipping in the 3 preceding years
(Table 2). The 4-inch clipping of
plants reduced yield of bluebunch
wheatgrass
considerably,
but the
ground-level clipping produced little
additional change in yield. This may
be attributed to the fact that at these
stages the 4-inch clipping removes
most of the leaves and the remaining
stubble consists largely of stems.
Bluebunch wheatgrass was most
susceptible to injury when clipped
during the boot stage. This may have
been due to differential effects of
clipping on growth of roots and carbohydrate accumulation
in roots.
New leaves produced after the twoearly-season clipping
treatments
would continue to supply photosynthetic products needed for root
growth.
Plants clipped at ground
level in the boot stage, when root
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Table 2. Cumulative
effects of clipping once per year in 1961, 1962, and
1963 on yield of bluebunch
wheafgrass
in June, 1964.

Yield

Stage of
development
l-2 inches of
spring growth
5-7 inches of
spring growth
Boot
stage
Maturing, heads
yellowing

(lb/A dry wt)l when clipped
in preceding years atinches

Approx. date
of clipping

0

4

8

April

250b

-

-

April

3
24

210bC

May 11

llOd

160cd

250b

June 27

240bC

250b

380”

iMeans having the same letter in the superscript do not differ
nificantly at the 5% level using Duncan’s Multiple Range Test.
carbohydrates
are low (McIlvanie,
1942), produced no regrowth.
Delaying defoliation until the maturing stage would allow season-long
root growth and accumulation
of
carbohydrates in roots.
From the standpoint of bluebunch
wheatgrass survival, the same principles evidently apply in southeastern Washington as in northern Utah
(Stoddart, 1946). Early- or late-season
grazing appear less damaging than
grazing in mid-season.
But the pos-
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sig-

sibility of trampling damage in early
spring or loss of nutritive value as
bluebunch
wheatgrass
matures
(Stoddart, 1946) should be considered
in developing a grazing plan.

wheatgrass was more susceptible to
injury in the boot stage than in
earlier and later stages of growth.
Measurements
in the fourth year,
during which clipping
treatments
were not imposed, indicated that
ground-level
clipping of plants in
the boot stage in the 3 preceding
years decreased yield 70%.
LITERATURE
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Range managers are always on the
lookout for promising new grasses,
especially those which show some
adaptability to adverse growing conditions. During a recent ecological
study in Barotseland in Zambia, I
became convinced
that Brachiaria
dura (a signal grass) has unusually
valuable characteristics
as a range
forage species on low quality sandy
soils where rainfall is abundant. The
purpose of this paper is to state
what is presently known about this
grass and to discuss its possibilities.
Soils.-The
loose Barotseland upland sands have a complex history.
Starting from river alluvium
and
lake deltas this sand has been reassorted by stream, wave, and wind
action. In the process it lost its clay
and silt content. It has been bleached
by organic solvents seeping out of
the peat formations formed in the
past on the floor of shallow seasonal

lakes, then blown from exposed lake
shores into lacustrine dunes. This
resulted in a loose, uniform, mainly
coarse sandy soil consisting
of
rounded and frosted silica dioxide
particles, with: a) low mineral content, b) low organic content, c) low
absorption complex, d) high leaching
potential, and, e) poor water retention capacity.
All this soil has to offer to the
plants living on it is a loose wellaerated but inert medium in which
to anchor. Only plants with special
adaptions can thrive in this kind of
solum. Some trees find this in a
very deep penetrating
and wide
spreading root system, for access
to subsoil moisture and to cover a
wide range to obtain the scarce minerals. Some grasses like Brachiaria
dura encase their roots by exuding
selective absorbent resins (polysaccharides) and covering them with

Summ,ary
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Table 2. Cumulative
effects of clipping once per year in 1961, 1962, and
1963 on yield of bluebunch
wheafgrass
in June, 1964.

Yield

Stage of
development
l-2 inches of
spring growth
5-7 inches of
spring growth
Boot
stage
Maturing, heads
yellowing

(lb/A dry wt)l when clipped
in preceding years atinches

Approx. date
of clipping

0

4

8

April

250b

-

-

April

3
24

210bC

May 11

llOd

160cd

250b

June 27

240bC

250b

380”

iMeans having the same letter in the superscript do not differ
nificantly at the 5% level using Duncan’s Multiple Range Test.
carbohydrates
are low (McIlvanie,
1942), produced no regrowth.
Delaying defoliation until the maturing stage would allow season-long
root growth and accumulation
of
carbohydrates in roots.
From the standpoint of bluebunch
wheatgrass survival, the same principles evidently apply in southeastern Washington as in northern Utah
(Stoddart, 1946). Early- or late-season
grazing appear less damaging than
grazing in mid-season.
But the pos-
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sibility of trampling damage in early
spring or loss of nutritive value as
bluebunch
wheatgrass
matures
(Stoddart, 1946) should be considered
in developing a grazing plan.

wheatgrass was more susceptible to
injury in the boot stage than in
earlier and later stages of growth.
Measurements
in the fourth year,
during which clipping
treatments
were not imposed, indicated that
ground-level
clipping of plants in
the boot stage in the 3 preceding
years decreased yield 70%.
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Range managers are always on the
lookout for promising new grasses,
especially those which show some
adaptability to adverse growing conditions. During a recent ecological
study in Barotseland in Zambia, I
became convinced
that Brachiaria
dura (a signal grass) has unusually
valuable characteristics
as a range
forage species on low quality sandy
soils where rainfall is abundant. The
purpose of this paper is to state
what is presently known about this
grass and to discuss its possibilities.
Soils.-The
loose Barotseland upland sands have a complex history.
Starting from river alluvium
and
lake deltas this sand has been reassorted by stream, wave, and wind
action. In the process it lost its clay
and silt content. It has been bleached
by organic solvents seeping out of
the peat formations formed in the
past on the floor of shallow seasonal

lakes, then blown from exposed lake
shores into lacustrine dunes. This
resulted in a loose, uniform, mainly
coarse sandy soil consisting
of
rounded and frosted silica dioxide
particles, with: a) low mineral content, b) low organic content, c) low
absorption complex, d) high leaching
potential, and, e) poor water retention capacity.
All this soil has to offer to the
plants living on it is a loose wellaerated but inert medium in which
to anchor. Only plants with special
adaptions can thrive in this kind of
solum. Some trees find this in a
very deep penetrating
and wide
spreading root system, for access
to subsoil moisture and to cover a
wide range to obtain the scarce minerals. Some grasses like Brachiaria
dura encase their roots by exuding
selective absorbent resins (polysaccharides) and covering them with
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felty masses of roothairs (Verboom,
1964). Possibly this root case assists
aborption of nutrients and retention
of moisture.
Vegetation. - The loose Barotseland sands are covered with fireclimax woodland, which is disappearing as a result of land-clearing and
fires. Not being fire-resistant,
the
Rhodesian teak Buikiaea plurijuga
is doomed
unless protected.
The
main woodland species are: Burkea
ufricunu, Guibourtiu
coleospermu,
Ricinodendron
ruuteneii,
Pterocurpus ungolensis, Diplorrhynchus
conufricudilocurpon,
Erythrophloeum
num and Bruchystegiu
spiciformis.
pseudotuxus
in the
Cryptosepulum
plurijugu.
north replaces Buikiueu
Sparse grasses occur under the trees
(Trapnell, 1957).
The normal cropping period for
the fields in this area is 2 years. The
crops are bullrush millet (Penniseteum thypoides) and cassava (Munihot utilissimu). The exhausted fields
are left fallow for many years. They
revert first to a sparse shrub-grassland followed by a fire-climax woodland. The shrub-grassland
f i e 1d s
form the main upland grazing. The
main shrubs are Buphiu obovutu and
Buuhiniu
mucrunthu.
The grasses
are mainly
Aristidu,
Erugrostis,
Loudetiu, Digitaria, and Bruchiuriu
species (Crook, 1950). The carrying
capacity of the fields reverting to
bush is low. On these old deserted
fields Bruchiuriu
duru is an abundant species.
Botanical Description. -B.
duru,
Stapf. is a perennial, about 2% ft
high, compactly caespitose on a short
oblique rhizome with intravaginal
innovations.
Culms slender, wiry,
erect and simple, up to y2 ft, more
or less geniculate
and branched,
terete or slightly compressed, glabrous or sometimes
sparingly
and
minutely
hairy below the nodes.
Leaf-sheaths tight, terete or slightly
compressed,
very firm and hard,
striate, the basal up to over 3 in
long, hairy, long-persistant and coating the innovations
and flowering
culms, the others glabrous; ligules a
narrow ciliolate rim; blades narrowly linear, convolute, very wiry,
up to over 1 ft long, 11 in wide when
flattened out, M in in diam. in the
convolute state, pale green, glabrous
except for a beard (lower leaves) or
some fine pubescence at the base;
blade of the uppermost leaves sup-
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pressed, the sheath tapering gradually to an acute point. Inflorescences reduced to a solitary terminal
upright straight or slightly arching
spiciform raceme (Fig. 1). Complete
description is given by Prain (1934).

rotseland, and stays green and sets
seed the whole year round.
Other Site Factors. - Bruchiuriu
dura occurs abundantly in Barotseland at an average altitude of 3000
ft, longitude 22“ to 25” 30’ latitude
14” to 17” 45’. Rainfall comes in
summer from November to March,
35-40 inches. Barotseland minimum
temperatures are for June the coldest month, 52F in the north and 38
in the south. Mean maximum for
October the hottest month, 87 in the
north and 95 in the south. There is
frequent frost in the south in June,
July.
Discussion

FIG. 1. Herbarium specimen of Brachiaria
dura from Zambia, Africa.

Vegetative Characteristics.-While
normally plant roots have only active hair roots near their growing
tip, B. duru has masses of root hairs
from tip to root base l-3 mm long,
intermingling
with the sand particles. Also a vegetable glue (probably polysaccharides)
is exuded by
these roots, knitting the loose sand
together. In other words, this grass
creates its own soil complex, forming an absorbent
mantle of soil
around its roots. The lack of water
retention and ion absorption in the
loose sand is thus overcome.
This
evidently
important
characteristic
promotes forage production.
The lower part of the shoots is
covered with a dense mass of felty
hairs. The tufty ligule catches dew
from the rolled-up
leaf, and this
moisture finds its way to the root
base. During the dry season the
leaves are rolled up to expose a
minimum
evaporation
surface.
In
the wet season the leaves flatten out
to have a maximum
surface for
photosynthesis.
The plant attains an
average height of 18 inches in Ba-

In reseeding trials at Mongu, capital city of Barotseland, germination
difficulties were encountered.
Like
some other tropical grasses, B. duru
may have delayed germination. Seed
planted in the early part of the rainy
season (November)
failed to germinate due to lack of sufficient
moisture in the soil. Later plantings
are expected to do better. In the
early rainy season smut attacks the
seeds. Transplanting with new shoots
was successful.
Further reseeding
and fertilizing trials are planned.
B. dura has a protein
content
above the average for the upland
grasses of Barotseland, as the chemical analysis in Table 1 reveals.
Since B. dura has the excellent
grazing quality of remaining green
and succulent long after companion
forage species have become
dry,
grazing animals seek out this grass
and graze it heavily. Nevertheless,
it appears to withstand heavy grazing well.
The characteristics of B. duru are
such that it might grow well on
sandy soils in eastern Texas.
Table 1. Chemical
analysis
of
Bruchiuria dura compared wiih associated forage species.
Species

CP

duru
Leafy
stage
7.5
Flowering 6.4
All grasses
Composite
mix
flowering
4.7

Ether
CF extr. Ash NFE

B.

41.3
43.3

2.4
2.2

2.9
2.4

45.9
45.7

43.1

2.1

3.5

46.6
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Brachiaria dura appears to be the
most promising
indigenous
forage
grass for the Barotseland
loose
sands; yet so far as I have been able
to ascertain, this species has never
been investigated for grassland improvement before. Further research
into its unique adaptions to drought
and infertile loose sands may well
It should be tried in
be rewarding.
other parts of the world where similar soil and climatic conditions prevail, such as eastern Texas.
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Highlight
Roof systems of species of Aristida,
Bouteloua
and Tricbacbne were resiricted to fhe upper 7 inches of soil,
with depth penetration of roots influenced by charaderisfics of fhe
soil. Grazing affected roof developmeti by reducing ihe amount of
branching of first-order roots and,
in 2 species of Bouteloua, by decreasing total root density. Root diameter
was not affected.
The root system of a plant represents almost one half of the total material produced by that plant, and
must be taken into account when the
effect of environmental
factors on
plant development are studied.
Several early clipping experiments
(Biswell and Weaver, 1933; Robertson, 1933; de Peralta, 1935) found
that root development was affected
by defoliation and reduction of photosynthetic
surface.
Crider (1955)
observed root growth directly and
noticed a cessation of growth for a
period of time dependent on the severity of the clipping
treatment.
Troughton (1957) reviewed the literature on underground
organs of
herbage
grasses and listed many
IThis study was supported by a fezZowship from the Charles Lathrop
Pack Forestry
Foundation
during
1957-58.
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other studies on the effects of defoliation on root development.
A
recent study by Schuster
(1964)
showed that heavy grazing reduced
total root weight, depth of penetration and branching of the roots of
several grass species growing under
natural conditions in Colorado.
The present study investigated the
effect of grazing on the root development of four
species
of native
grasses of the southwestern United
States, excavating grass plants growing in the field under natural conditions but subjected
to different
grazing pressures.
The species
studied included threeawn (Aristida
glabrata
(Vasey)
Hitch.), sideoats
grama
(Bouteloua
curtipendula
(Michx.)
Torr.) , slender
grama
(Bouteloua filiformis (Fourn.) Grif fiths) and Arizona cottontop (Trichachne californica (Benth.) Chase).
Study Area and Methods
The field work was carried out at
the Santa Rita Experimental Range,
about 25 miles south of Tucson,
Arizona, with an average annual
precipitation
of 16 inches. A soil
survey of the region (Youngs et al.,
1955) classifies the soil at the study
site as Tumacacori
coarse sandy
loam, a soil which “absorbs and holds
moisture well, releases it readily to
plants, and is sufficiently
rich in
humus and nitrogen to support vigorous plant growth.”
The study site was located at
Parker Station, 4300 ft above sea
level. An enclosure protecting vegetation from grazing by livestock had
been established there in 1935, within which a good stand of grama
grasses was found. The area outside
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the enclosure had been grazed by
cattle under varying intensities during the history of the experimental
range, but the presence of a cow
path along the edge of the enclosure
indicated fairly constant presence of
cattle in the area whenever the pasture was in use. Measurements were
made on root systems of at least 10
individual plants of 4 species, both
within and outside of the enclosure
to detect any differences which could
be attributed to differences in past
grazing pressures.
To expose the roots, a method developed by van Breda (1937) was
adopted.
Soil was removed from
around the plant roots by means of
a jet of compressed air, provided by
a portable air compressor.
In some
areas of compacted soil, an ice pick
was used to loosen the soil before
blowing. Fig. 1 shows the root system of a grass plant after excavation by this method.
The density of the exposed root
system was estimated by counting
the number of roots which passed
through a 1 x2-inch
wire frame,
held within 3 inches from the base
of the plant; a total of 4 counts were
made for each plant. An independent estimate of root density was
made by counting the number of
secondary branches along the first
6 inches of main root, making 4 or
more counts per plant, depending on
the amount of variation within each
species. Root diameter was measured
on 20 main roots of each plant, cut
within one inch from the base of the
plant and mounted on scotch tape for
easier handling.
All measurements were restricted
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FIG. 2. Cross section of a root of Aristida
glabrata showing the loose enveloping
sheath characteristic
of all species of
Aristida found on the study area.

FIG. 1. Roots of Bouteloua filiformis excavated by the compressed air method to depth
of 30 inches.
to the upper part of the root systems,
in the top 7-inch soil layer. My prior
root excavations in the same general
area had shown that most of the root
development
of the grass species
concerned took place at this shallow
depth. Deeper root penetration appeared to be closely related to soil
type and no attempt was made to
determine the influence of grazing
on extreme rooting depths.
Roof Developmenf
The general descriptions of root
systems in this section are based on
more
complete
root
excavations
along deep trenches, both within and
outside of the enclosure and at other
sites within the experimental range.
The additional
species mentioned
were closely related to the grasses
studied, but were not available both
within and outside of the enclosure
for comparison.
Besides Aristida
glabrata,
three
other species of threeawns were encountered on the study area, poverty
threeawn (A. divaricata H. & B.),
spidergrass (A. ternipes Cav.) and

A. hamuZosa Henr.; all showed similar characteristics in root development. The genus was typified by a
very shallow root system, almost
wholly restricted to the upper 4
inches of soil, with little depth penetration. The individual roots were of
large diameter, averaging 1.12 mm,
and showed little branching.
The
most characteristic
feature of the
roots of the threeawns was the presence of a light-colored
sheath enveloping the stele. A similar sheath
was described by Price (1911) for
some Saharan species of this genus.
Miscroscopic
examination of crosssections of threeawn roots showed
the sheath as an external cell layer,
in which root hairs and particles of
sand were embedded.
The intermediate cortical region below the
epidermis had disintegrated, leaving
the stele and endodermis as a loose
central column (Fig. 2).
The genus Bouteloua was characterized by a very finely divided
root system, with much branching.
In slender grama, hairy grama (B.
hirsuta Lag.) and Rothrock grama

(B. rothrockii Vasey) , the root diameter averaged 0.35 mm, but the
taller sideoats grama had coarser
roots, averaging 0.75 mm in diameter.
Superficial
root development
was
restricted to the upper 7 inches of
soil, but downward
extensions to
depths of 36 inches were observed
in coarse-textured
deep soils.
The roots of Arizona cottontop
were similar to those of the gramas
in lateral spread and depth of penetration. The roots were not as much
branched, however, and average root
diameter was 0.61 mm. Cell walls
were heavily lignified and a concentration of main xylem vessels was
found in the center of the stele,
making these roots strong and difficult to break.
Table

1.

Effects

of grazing

on rooi

developmenf.

Species1

&l

prot.
grazed
Bcu
prot.
grazed
Bfi
prot.
grazed
Tea
prot.
grazed

Branch
1st 6 in

No. roots Diam.
per sq in mm

14.0*
8.5*

9.5
9.5

0.92
1.32

100.5*
84.3*

15.5*
11.7’

0.83
0.83

86.0”
53.0*

29.0*
11.2*

0.36
0.37

80.0*
32.0*

14.0
10.5

0.66
0.57

*Significant difference at 0.05 conf idence level
lAgl=
Aristida
glabrata;
Bcu=
Bouteloua
curtipendula;
Bfi = B.
filiformis;
Tea = Trichachne
californica.

TECHNICAL
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of Grazing

and Discussion

The amount of branching was the
parameter of root development most
consistently
affected
by
grazing
(Table 1). Statistical analysis of the
variation around the mean, and a
simple t-test, showed significant differences in all cases at the 5% confidence level.
Number of roots/ins was only affected in the highly-branched
root
systems of the grama grasses; in
Aristida
glabrata
the number
of
branches relative to the number of
main roots was too low to show any
reduction in total number of roots
near the base of the plants; while in
Arizona cottontop the observed decrease in number of roots was too
variable to show up significantly.
Root diameter was highly variable
and no significant differences were
observed
between
protected
and
non-protected
plants. The lack of
observable differences in some species may also have been due to their
relative unpalatability and light use
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morning
and evening. There was
significantly more total protein and
gross energy in fhe diet in the evening than in the morning.
Van Dyne and Tore11 (1964) presented a review
of the use of
esophageal fistulated
animals for
sampling range forage. Van Dyne
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in the morning than in the evening,
but the difference was small (Van
Dyne and Heady, 1965a). The botanical composition
of diets in the
morning
and late afternoon
differed in another study, and the afternoon diets appeared to be more selected than were the morning diets
(Van Dyne and Heady, 1965b). The
present study was conducted to compare the chemical content of forage
collected from esophageal fistulated
sheep grazing in the morning compared with sheep grazing the same
area in the evening.
Methods
F our t e e n typical sagebrush-grass
areas of 2 to 5 acres each were selected in the mountains of northern
Utah. Each area was grazed for 2
consecutive 5-day periods. The first
period was considered light use and
the second period moderate use of

the herbage. The first
area was
grazed in early June and the fourteenth in early September.
Four
sheep equipped with esophageal fistula cannula were grazed on each
area. In the evening after the sheep
ceased grazing, two of them were
penned. Early the next morning they
were equipped with collection bags
and allowed to graze for one to two
hours. After the collection bags were
removed these sheep were allowed
to graze for their own maintenance
the rest of the day. About mid-morning all of the sheep would quit grazing and bed-down for several hours
because
of the heat. When they
stopped grazing, the two remaining
fistulated sheep were penned. When
the sheep began grazing in the evening around 4 or 5 PM, a collection
was made from these fistulated animals.
At the end of each 5-day period
the samples were composited
for
each sheep. They were then ground
through a Wiley mill, and chemically
analyzed for ether extract, total protein, ash, lignin, cellulose, “other carbohydrates” (by difference),
and
gross energy.
An analysis of variance was run
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and Discussion

The amount of branching was the
parameter of root development most
consistently
affected
by
grazing
(Table 1). Statistical analysis of the
variation around the mean, and a
simple t-test, showed significant differences in all cases at the 5% confidence level.
Number of roots/ins was only affected in the highly-branched
root
systems of the grama grasses; in
Aristida
glabrata
the number
of
branches relative to the number of
main roots was too low to show any
reduction in total number of roots
near the base of the plants; while in
Arizona cottontop the observed decrease in number of roots was too
variable to show up significantly.
Root diameter was highly variable
and no significant differences were
observed
between
protected
and
non-protected
plants. The lack of
observable differences in some species may also have been due to their
relative unpalatability and light use
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Highlight
Forage
samples
were
collecfed
from esophageal fisfulafed sheep in
morning
and evening. There was
significantly more total protein and
gross energy in fhe diet in the evening than in the morning.
Van Dyne and Tore11 (1964) presented a review
of the use of
esophageal fistulated
animals for
sampling range forage. Van Dyne
et al. (1964) reported no significant
differences
in the ether extract,
crude protein, cellulose, lignin, and
chromogen
content between morning and evening diets of sheep on
Montana ranges. However, on California annual ranges,
sheep diets
tended to have more crude protein
1 Present address: Research Assistant,
Department
of Range
Science,
Texas
A&M
University,
College
Station.

95

of Range

Management,

in the morning than in the evening,
but the difference was small (Van
Dyne and Heady, 1965a). The botanical composition
of diets in the
morning
and late afternoon
differed in another study, and the afternoon diets appeared to be more selected than were the morning diets
(Van Dyne and Heady, 1965b). The
present study was conducted to compare the chemical content of forage
collected from esophageal fistulated
sheep grazing in the morning compared with sheep grazing the same
area in the evening.
Methods
F our t e e n typical sagebrush-grass
areas of 2 to 5 acres each were selected in the mountains of northern
Utah. Each area was grazed for 2
consecutive 5-day periods. The first
period was considered light use and
the second period moderate use of

the herbage. The first
area was
grazed in early June and the fourteenth in early September.
Four
sheep equipped with esophageal fistula cannula were grazed on each
area. In the evening after the sheep
ceased grazing, two of them were
penned. Early the next morning they
were equipped with collection bags
and allowed to graze for one to two
hours. After the collection bags were
removed these sheep were allowed
to graze for their own maintenance
the rest of the day. About mid-morning all of the sheep would quit grazing and bed-down for several hours
because
of the heat. When they
stopped grazing, the two remaining
fistulated sheep were penned. When
the sheep began grazing in the evening around 4 or 5 PM, a collection
was made from these fistulated animals.
At the end of each 5-day period
the samples were composited
for
each sheep. They were then ground
through a Wiley mill, and chemically
analyzed for ether extract, total protein, ash, lignin, cellulose, “other carbohydrates” (by difference),
and
gross energy.
An analysis of variance was run

TECHNICAL

96
on the data. Study areas, grazing intensity, and collection
time were
considered fixed effects and animals
were considered random effects. The
same sheep were used throughout
the summer.
Results
Significant differences were found
in the nutrient content of samples

NOTES

collected in the morning compared
to those collected in the evening, but
the relative magnitude of these differences was not large (Table 1).
Total protein was significantly higher
(P < .05) in the evening than in the
morning, and gross energy was also
significantly higher (P < .Ol) in the
evening than in the morning.

Table 1. Average chemical confeni of esophageal fisfulae samples from
sheep on mountain range collected in the morning and evening af two
iniensifies of grazing.1
Degree
of
Time use

Ether Total
extract protein

Ash

Lignin
Percent -

------A--

Cellulose
-

-

Gross
Other
energy
carbohydrates Kcal/g
-

-

-

AM

Light
Moderate
Average

3.6
3.5
3.5

12.4
11.8
12.1*

12.0
12.1
12.0

14.5
15.2
14.9

19.0
20.2
19.6

38.5
37.2
37.8

4.29
4.28
4.28**

PM

Light
Moderate
Average

3.6
3.7
3.6

13.0
12.4
12.7*

11.5
12.1
11.8

14.3
15.8
15.0

19.3
19.8
19.5

38.4
36.6
37.5

4.34
4.32
4.33* *

1 Averages are from 2 fistulated sheep in the morning
evening from a total of 14 areas.
* Significantly different at the .05 level of probability.
** Significantly different at the .Ol level of probability.
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You Can’t Turn ‘Em LooseOr Can You?

Fencing has proven you can successfully manage sheep without the
herder, but can you graze them without a herder and without fences?
Probably 90% of the readers will
jump to the conclusion
that this
can’t be done, especially
in the
rugged alpine ranges of the west.
Well just don’t tell this to Ray
Paddock of Leadville, Colorado, because he’s doing it! And, he’s doing

The differences
in the chemical
content of the diet consumed in the
morning compared to that consumed
in the evening could be attributed to
several things. The sheep might select different parts of the plants or
different
species of plants. The
chemical content of the plants may
fluctuate between morning and evening. The observed differences probably are a result of a combination
of these factors.

Portion of Lake Creek sheep allotment,
San Isabel National Forest, Colorado.

it successfully to the benefit of both
livestock and range.
In 1937 when Ray’s dad took over
the Lake Creek sheep allotment, just
under Independence Pass, San Isabel
National Forest, they were herding
sheep in much the customary way
it is done in the high altitude ranges
today. Much of the allotment acreage
consists of steep slopes. Herding a
band over such slopes to the various
pockets of feed can cut the sod in
contour-like
trails. These cut trails
do not come as a surprise to anyone
who has observed herded allotments
in the west. It’s true that the herding
technique (loose or tight) employed
dictates the degree of cutting, but
few of the steep high altitude ranges
lack broken sod.
Capacities have long been based
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Fencing has proven you can successfully manage sheep without the
herder, but can you graze them without a herder and without fences?
Probably
90% of the readers will
jump to the conclusion
that this
can’t be done, especially
in the
rugged alpine ranges of the west.
Well just don’t tell this to Ray
Paddock of Leadville, Colorado, because he’s doing it! And, he’s doing

Portion of Lake Creek sheep aliotment,
San Isabel National Forest, Colorado.

it successfully to the benefit of both
livestock and range.
In 1931 when Ray’s dad took over
the Lake Creek sheep allotment, just
under Independence Pass, San Isabel
National Forest, they were herding
sheep in much the customary way
it is done in the high altitude ranges
today. Much of the allotment acreage
consists of steep slopes. Herding a
band over such slopes to the various
pockets of feed can cut the sod in
contour-like
trails. These cut trails
do not come as a surprise to anyone
who has observed herded allotments
in the west. It’s true that the herding
technique (loose or tight) employed
dictates the degree of cutting, but
few of the steep high altitude ranges
lack broken sod.
Capacities have long been based
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1,000 ewesplus lambsuse this allotment withoutbeing 530 e~e~ plus lambs ue being herded on this adjoining
herded.
on proper use of a given range.
Better distribution has been recognized as a solution to improving use.
Some range specialists,
however,
have come to the realism that perhaps improper sheep use of alpine
ranges can be recognized most rapidly in terms of soil disturbance.
Sod cutting
was the apparent
range problem on the Lake Creek
sheep allotment back in 1945. Another conflict
recognized
by the
Paddocks was that herding seemed
contrary to the natural instinct of
sheep to scatter. This caused a continuous battle between herder and
animal. Recognizing these two factors, the Paddocks
set out to do
something constructive about them.
From 1945 to 1960, the herd was
pretty much turned loose according
to an agreed management plan between the ranger and permittee.
This was a typical management plan
that called for so many days sheep
use in each of the feed areas. Instead of herding the sheep in each
one of these areas, Mr. Paddock decided to turn them loose for the permitted season of use and then move
them to a new area where again they
would be turned loose for the agreed
upon capacity. Mind you now, there
are no fences on this 13,000 acre allotment. Yet in 1960, Ray just knew
his sheep would do better and so
would the range, if its battle with
the hooves of trailing animals could
be ended,

allotment.
This rapidly met with the ranger’s
approval because both his observation and those of his predecessor
were that this range showed signs
of improvement
while adjacent allotments even with reduced numbers
of sheep continued to show active
erosion scars.
Despite the fact that “it can’t be
done,” a band of 1000 ewes plus 1100
lambs was turned loose for a twomonth grazing season. This has been
going on for six years.
How can Ray Paddock do the impossible? Well he’s been in the sheep
business since he was 16. He’s now
54. His observations of sheep over
these years convinced him of the following:
When turned loose, it is
the sheep’s will to scatter. This is
the basic premise on which this management technique rests.
The first question asked is, “But
don’t the predators raise havoc with
the unprotected ‘meekest’ of all animals?” Paddock reported the loss
of 21 lambs this past year. This is
1% of the number he runs. The Forest Service Region-2 average for the
past six years as reported by permittees has been 1.3% of the permitted sheep. As a matter of fact,
Ray Paddock
believes
that the
scattered non-herded
band is less
susceptible
to the large predator
losses than the tight herded band.
When sheep are scattered in bunches
ranging from 5 to 25 head, it is

pretty difficult
for a single raid,
even by a bear, to account for a
very large loss.
The next assumption most people
make is that sheep left alone, unfenced will surely get lost! To this
Paddock
claims that “you simply
can’t lose a sheep in the mountains,
it’s just a matter of going out and
finding them.” Sure, a few of his
animals go over the mountain and
get mixed with the adjoining band,
but fewer by far than those of the
neighboring herded band that come
over to his side of the mountain
“lost.” And the adjoining allotment
herders report it a definite problem
to try to drive Paddock sheep down
the wrong side of the mountain. To
this Ray claims again it’s instinct
for sheep to graze toward the higher
country, but they finally seek their
way back to where they entered the
allotment.
Ray has also observed that when
herded, the sheep want to use the
same bed ground; many times it’s a
chore to change location.
Not so
with the non-herded sheep. A small
bunch may use the same bed ground
once or twice, but the normal practice is for the bunch to choose a new
bed ground each night and generally
it is right where they finished feeding.
Is there any special equipment
needed to make this system work,
you might ask. Ray has reported
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that a pair of binoculars is an absolute necessity. You cannot rely on
finding the sheep by just hearing
them. A trFp through this allotment
is almost ghostly because of the lack
of sound coming from 2100 head of
sheep. The only other equipment
you might need is tranquilizers to
keep you from worrying too much
until you have proof that this system
actually works.
Another question you might ask
is: Are there any secrets to running
sheep under this system? Well, Ray
confesses to a few. First, he uses
the Columbia breed sheep. He feels
that the tighter the wool, the tighter
the sheep want to remain in a bunch.
This means it will be more difficult
to adopt this system if your breed
is Rambouillet.
But he has run Suf-

Livestock

Management

ROBERTG. BOICE
Empire Cattle Company,
Sonoita, Arizona.

Globe and

The management
of livestock
is a very large and difficult subject. A person could spend four
years in college and most of a
lifetime
studying
this segment
of ranching alone. What is livestock or cow management?
It is
simply living with your cattle.
One cannot divorce ranch or
range management
from livestock management.
Experience
gained from living with cattle
and listening to successful ranchers gives us an insight into what
a complicated business is this one
we call livestock management.
Economic
Aspects. - Take a
look at the cow and what she can
do. Let’s say she is worth $100.00.
Ten cows represent $l,OOO.OO-or
100 cows represent $lO,OOO.OO.A
cow should produce nine calves
in her lifetime. At $100.00 each
for the calves, a $100.00 cow
should gross $900.00. Multiply
this by ten cows and you get
$9,000.00. Therefore, the life expectancy of 100 cows should represent $90,000.00 income. If each

NOTES

folk, in addition to his Columbia,
without any problems at all. He
also puts out salt at the rate of 50
lb/day for the band. He has observed that the sheep use this about
9:00 or 10:00 in the morning, after
they have fed. This is different from
the common
practice
of salting
herded sheep at the bed ground location. And the final secret, if there
is one, he does run his own replacements.
What are the advantages to such
a system? The first and foremost in
any woolgrower’s mind would be the
fact that an average 5-lb heavier
lamb is produced.
This for sure
makes the sheepman happy. And the
thing that really makes the land
manager happy is that trailing damage is almost non-existent. The only

trails observed are those that resemble game trails and may even
have been started by the game animals themselves.
“Although you
can’t eliminate the herder,” says Ray
Paddock, “you certainly can eliminate the camp-tender because this
dual job can be a one man affair.”
Ray does not herd, but he does ride
every other day through the alternate bands of sheep that he runs on
two different
allotments.
He distributes salt and makes observations
with his fieldglasses, but this is all.
You are right-this
is not a cureall for all sheep allotments, but in
answer to “it can’t be done,” Ray
says, “I’d sure hate to go back to
herding on this range.” If you listen
carefully you can hear the range
echo, “Amen.”

one of these 100 cows misses just
one calf during her life it will
cost the rancher $lO,OOO.OO
of the
$90,000.00 expected return. With
these facts in mind it is easy to
see why it is necessary for a cow

else, the cattle see you occasionally
and it all helps to keep them gentle.
Breeding
Systems There Are
Two.-On
flat or rolling country,
seasonal breeding systems can be
employed. All the bulls are placed in
the cow herd and removed on certain dates. In this system calves come
and are marketed in a more uniform
package.
In rough country, year-long breeding systems have to be employed, as
bulls are hard to locate and keep
where you want them. Calving time
and calving percentages are dependent on rains and feed the previous
year. Yearlings produced as a result
of this breeding system lack uniformity and are difficult to market.
A real problem arises for the rancher
employing
this system. You can’t
talk about year-long breeding systems without marketing cattle three
ways.
In marketing, again two systems
are used. In gentle country heifers
are weaned, individually
weighed,
numbered, and are put on a supplement-usually
a 3 to 1 booster. They
are kept in a pasture to themselves.
In September these heifers are individually weighed and selection of
replacements is made. If the heifer
is average in appearance, but above
average in weight gained, she is
usually kept. If she is an average
heifer, but below average in weight,
she goes in the sale bunch. These

to produce

a calf

each year.

Range Distribution. -No
matter
where you ranch, range distribution
is a concern of the rancher. One
system is to have wild cattle. They
really use the range way back from
water. Needless to say, this is an
extremely poor system. Wild cattle
reach a maximum sale weight (if you
ever get them to the scales) of 600
to 700 lb. From gentler cattle, feeder
cows can be marketed at 800 to 900
lb. and some even up to 1,000 lb. or
more.
Range
distribution
is attained
basically from water development
and fencing.
In addition to water
salting and suppleand fencing,
mental feeding point cattle in a desired dire&ion away from water and
help in better distrilbution.
Distribution should include bulls
as well as cows. Bulls sometimes
tend to bunch up. If two bulls are
running together, one bull is wasted.
Keep the bulls scattered.
Expected return cannot be achieved
unless cows are bred. If a cow is in
heat find her a bull. This cannot be
done without riding. You musIt keep
riding!
If you accomplish nothing
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that a pair of binoculars is an absolute necessity. You cannot rely on
finding the sheep by just hearing
them. A trFp through this allotment
is almost ghostly because of the lack
of sound coming from 2100 head of
sheep. The only other equipment
you might need is tranquilizers to
keep you from worrying too much
until you have proof that this system
actually works.
Another question you might ask
is: Are there any secrets to running
sheep under this system? Well, Ray
confesses to a few. First, he uses
the Columbia breed sheep. He feels
that the tighter the wool, the tighter
the sheep want to remain in a bunch.
This means it will be more difficult
to adopt this system if your breed
is Rambouillet.
But he has run Suf-
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years in college and most of a
lifetime
studying
this segment
of ranching alone. What is livestock or cow management?
It is
simply living with your cattle.
One cannot divorce ranch or
range management
from livestock management.
Experience
gained from living with cattle
and listening to successful ranchers gives us an insight into what
a complicated business is this one
we call livestock management.
Economic
Aspects. - Take a
look at the cow and what she can
do. Let’s say she is worth $100.00.
Ten cows represent $l,OOO.OO-or
100 cows represent $lO,OOO.OO.A
cow should produce nine calves
in her lifetime. At $100.00 each
for the calves, a $100.00 cow
should gross $900.00. Multiply
this by ten cows and you get
$9,000.00. Therefore, the life expectancy of 100 cows should represent $90,000.00 income. If each
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folk, in addition to his Columbia,
without any problems at all. He
also puts out salt at the rate of 50
lb/day for the band. He has observed that the sheep use this about
9:00 or 10:00 in the morning, after
they have fed. This is different from
the common
practice
of salting
herded sheep at the bed ground location. And the final secret, if there
is one, he does run his own replacements.
What are the advantages to such
a system? The first and foremost in
any woolgrower’s mind would be the
fact that an average 5-lb heavier
lamb is produced.
This for sure
makes the sheepman happy. And the
thing that really makes the land
manager happy is that trailing damage is almost non-existent. The only

trails observed are those that resemble game trails and may even
have been started by the game animals themselves.
“Although you
can’t eliminate the herder,” says Ray
Paddock, “you certainly can eliminate the camp-tender because this
dual job can be a one man affair.”
Ray does not herd, but he does ride
every other day through the alternate bands of sheep that he runs on
two different
allotments.
He distributes salt and makes observations
with his fieldglasses, but this is all.
You are right-this
is not a cureall for all sheep allotments, but in
answer to “it can’t be done,” Ray
says, “I’d sure hate to go back to
herding on this range.” If you listen
carefully you can hear the range
echo, “Amen.”

one of these 100 cows misses just
one calf during her life it will
cost the rancher $lO,OOO.OO
of the
$90,000.00 expected return. With
these facts in mind it is easy to
see why it is necessary for a cow

else, the cattle see you occasionally
and it all helps to keep them gentle.
Breeding
Systems There Are
Two.-On
flat or rolling country,
seasonal breeding systems can be
employed. All the bulls are placed in
the cow herd and removed on certain dates. In this system calves come
and are marketed in a more uniform
package.
In rough country, year-long breeding systems have to be employed, as
bulls are hard to locate and keep
where you want them. Calving time
and calving percentages are dependent on rains and feed the previous
year. Yearlings produced as a result
of this breeding system lack uniformity and are difficult to market.
A real problem arises for the rancher
employing
this system. You can’t
talk about year-long breeding systems without marketing cattle three
ways.
In marketing, again two systems
are used. In gentle country heifers
are weaned, individually
weighed,
numbered, and are put on a supplement-usually
a 3 to 1 booster. They
are kept in a pasture to themselves.
In September these heifers are individually weighed and selection of
replacements is made. If the heifer
is average in appearance, but above
average in weight gained, she is
usually kept. If she is an average
heifer, but below average in weight,
she goes in the sale bunch. These

to produce

a calf

each year.

Range Distribution. -No
matter
where you ranch, range distribution
is a concern of the rancher. One
system is to have wild cattle. They
really use the range way back from
water. Needless to say, this is an
extremely poor system. Wild cattle
reach a maximum sale weight (if you
ever get them to the scales) of 600
to 700 lb. From gentler cattle, feeder
cows can be marketed at 800 to 900
lb. and some even up to 1,000 lb. or
more.
Range
distribution
is attained
basically from water development
and fencing.
In addition to water
salting and suppleand fencing,
mental feeding point cattle in a desired dire&ion away from water and
help in better distrilbution.
Distribution should include bulls
as well as cows. Bulls sometimes
tend to bunch up. If two bulls are
running together, one bull is wasted.
Keep the bulls scattered.
Expected return cannot be achieved
unless cows are bred. If a cow is in
heat find her a bull. This cannot be
done without riding. You musIt keep
riding!
If you accomplish nothing
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FK. I. Cows on “School Section”. Empire Ranch, southern F,c. 2. Cattle on Upper Hilton, Empire Ranch, southern
Arizona.
replacement heifers are not bred until April when they are two years
old. Just because a heifer or bull is
selected for replacement as a yearling, by no means has he or she a
permanent position. They have to
produce and grow out to be kept.
In rough country
heifers
are
selected from the area where they
are raised. This type of selection
eliminates a distribution problem.
After each day’s gathering the best
heifers are corraled, their tails are
bobbed, and they are allowed to remain as replacements. Needless to
say, there is no control over when
they breed or calve.
Supplemental
Feeding.-More
and
more, supplemental feeding is becoming an important phase of cow
management. A 50 lb. heavier calf
can he marketed if he and his mother
have been fed. Also, first-calf heifers
breed back and have a calf the following year.
Several ranchers have justified the
additional cost of supplemental feeding of from $8.00 to $15.00 per head
because they marketed 50 to 75 lb.
heavier calves and yearlings.
Physical
Management.
Another
important feature in cattle management is actual working or handling
of the cattle. Branding should be
done when the calf is young. Catch
corrals can be built over the range
and if a calf is old enough to get to
the corral, it is old enough to be
branded. It doesn’t seem to hurt a
younger calf as much to be branded,
castrated and dehorned as it does an
older calf-and
they don’t bleed as

much. Keep the rope on your saddle;
use it only when necessary. It usually takes a cow a year to reco”er a
roping and jerking down.
Another thing that falls under the
heading of working cattle is gathering and shipping. It can’t be emphasized enough that this should be
done easily and quietly. More money
is lost from the range to the scales
than at any other time. This loss can
depend on what you are selling. If
calves are sold in the fall, the cows
usually are with them right up to
the scales, therefore keeping them
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Every time a yearling circles a corral
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acquainted
with your cattle it is
easier to cut out trouble makers.
Sometimes
these spoiled cattle are
pretty to look at, but chances are
they have cost you more in lost
weight than they have ever produced.
A drought is a good time to shape
up the cow herd. This is a good
opportunity
to get rid of non-producers, and cattle that haven’t grown
out the way you expected them to.
It’s better to cut from the top down;
in other words, older cows first.
Younger ones can stand hard times
a little better.
Summary

In summary, all these items
are important in handling and
management of cows.
1. HANDLE
WITH CARE:

These cattle represent a lot
of money, both now and later.
2 KEEP
YOUR
CATTLE
*
SCATTERED: Use all of your
range.
3. SEE THAT YOUR COWS
GET BRED: Make sure that
your cow brings a calf to market.
4. SELECT YOUR BEST REPLACEMENT
HEIFERS
AND BULLS: In any herd
some cattle are better than
average, and some are below
average. Any time you keep
over one-third of your calf
crop for replacements (bulls
and heifers) you are slowing
down the progress and improvement of your herd.

BOOK

Soil Conservaiion in Perspective.

By R. Burnell Held and Marion
Clawson. Published for Resources for the Future Inc. by
the Johns Hopkins Press, Baltimore, Maryland. 330 p. 1965.
$7.50.
This book is one of Resources for
the Future’s studies in land use and
management,
directed
by Marion
Clawson. Burnell
Held is an RFF
associate. The manuscript was edited
by Virginia D. Parker. The illustrations were drawn or adapted by
Clare O’Gorman Ford.
The first paragraph of the preface
states that, “For more than thirty
years, the United States has made a
major national effort to encourage
soil conservation.
Why was the soil
conservation
program begun? What
were its original
objectives-what
was it expected to accomplish? How
much, in fact, has been accomplished
since this program was begun? What
have been the obstacles
to still

SUPPLEMENTAL FEEDING
PAYS OFF: Both increased
weights and improved calf
crop result.
6. LIVING WITH YOUR CATTLE: Taking a page out of
Morrison Standards of Feeds
and Feeding- “The eye of the
Master fattens his cattle.”
Let’s revise it slightly to “The
eye of the master gets his cattle to market.”
7. CULLING YOUR HERD: Cut
your cow herd to fit your
grass. Get rid of old cows and
bulls, non-producers
and
trouble makers. There is no
room for sentiment towards
an old pet cow in this day and
age.
5.

REVIEWS

greater accomplishment?
What remains to be done, as the job is defined by the organizations and persons most directly concerned? What
broad problems will soil conservation efforts face in the next generation? How might national programs
of soil conservation
profitably
be
redirected in the future? These are
the questions to which this study
was directed and on which the authors hope it will throw some light.”
Since conservation
has cost the
United States government
approximately nine billion dollars during
the past 30 years, the results and
conclusions of this study should be
of extreme interest to every citizen.
The authors’ concern, in this book,
is primarily
with economics,
both
individual and group, and with the
social and political relationships involved in use and misuse of soil.
However, they constantly try to remember that behind these human
reactions
to soil lies the complex
physical structure of the soil itself.
The human actions are limited to a
major degree by that physical struc-

ture, although they in turn affect
the soil.
At the outset of the study, the
authors emphasized that a lack of
information
about soil conservation
was much more striking than any of
the data which dealt with the subject. Repeatedly
in this book, they
are forced to point out that needed
information
is lacking
on critical
points. For example, available data
reveals that 38% of the cropland had
been “adequately
treated” in 1958.
However it did not specifically state
whether this was the land most in
need of treatment, that least in need,
or just average cropland. Depending
on the answer to this question, the
total soil conservation job, as it appeared 30 years ago, can be reported
to be SO%, lO%,or 38% accomplished
- a wide and nearly meaningless
range.
The significance of soil losses lies
not in their physical dimension, however, but in their present and future
consequences for men, No-one would
seriously propose to eliminate
all
erosion -the
undertaking
would
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likely be too costly for what it would
accomplish. The unanswered question is: Where does the effort stop?
The answer to this question will be
different for every part of the nation.
It will depend on the current and
projected uses of the specific land,
the erosion hazard associated with
each of the various methods of handling the soil in the different uses,
the effectiveness and cost of alternative erosion control or conservation
treatment measures, and the individual and social adjustments required
by each; as well as the consequences
of allowing erosion to continue at
various levels. Few satisfactory answers to these questions have been
found to date.
The authors have naturally used
all the information they could find.
They have tried, without bias or
prejudice, to point out its meaning.
They have recognized
the grave
danger of misinterpretation
of inadequate information. However, they
thought it better to run some risks
of this, than to refrain from analysis
and from drawing conclusions. For
those who may not agree with what
the authors have said, they have
tried to show the basis on which
their conclusions rest: To oversimplify the results of this study, the
authors conclude:
_ 1. Major
accomplishments
have
been achieved by the national soil
conservation program to date.
2. A big job remains to be done,
regardless of how the job is defined
and measured.
3. Fundamental
conflicts
exist
within programs of the U. S. Department of Agriculture, particularly between its extensive programs aimed
at increasing basic land productivity
and current output; and those aimed
at adjusting current output to market needs at desired prices.
4. The broad
soil conservation
effort
faces different
and major
problems for the next generation,
which will call for much greater
change in the program than has been
incorporated thus far.
This book is very informational,

interesting and thought provoking.
It is highly recommended
reading
for all persons who are planning,
applying, or supervising the planning and application of soil, water,
and plant conservation programs.Waldo R. Frandsen, Regional Range
Conservationist,
Soil Conservation
Service, USDA, Portland, Oregon.

NEW PUBLICATIONS
STANDARD LAND USE CODING
MANUAL-The
Urban Renewal Administration
and Bureau of Public
Roads, jointly published the manual
in early 1965. Available from GPO
for 5O$.
LAND USE INFORMATION - A
CRITICAL SURVEY OF U.S. STATISTICS
INCLUDING
POSSIBILITIES FOR GREATER UNIFORMITY prepared by Resources for the
Future was published in early 1966.
One major conclusion
was that a
permanent committee on land use
statistics, to help public agencies and
private organizations
move toward
more nearly uniform and more usable land use data, should be established. It sells for $6.00 published
by Johns Hopkins Press.
THE RANGE
PLANT
HANDBOOK-A
famous but out-of-print
guide of the U. S. Forest Service is
now back in print and available from
the U. S. Department of Commerce’s
Clearinghouse.
Repeated requests
from field officers and others for an
accurate publication, readily useable
under field conditions and in simple
language, prompted the original publication of the work in 1937. Many
requests for the work in recent years
prompted the Clearinghouse to acquire and reissue the work in cooperation with the Forest Service.
The handbook
employs a novel
method whereby the technical, diagnostic parts of a plant are portrayed in a manner readily comprehensible by a person untrained in
botany. To the right of each illustration are the key diagnostic characters. The handbook presents 339

101
generic and specific write-ups incorporated with which, however, are
notes on over 500 additional species.
The main treatment includes economic, ecological and miscellaneous
data, and covers 98 grasses, 8 grassand
(chiefly
sedges
like
plants
rushes), 137 range weeds (nongrasslike herbs), and 96 browse plants.
The reprint is on 8 x 10% inch lettersize paper, heavy-staple bound.
Those interested in acquiring the
work should order Stock No. PB-168
589 RANGE PLANT HANDBOOK
from Clearinghouse,
U. S. Department of Commerce, Springfield, Va.
22151. Price $10.95. Prepared by the
Forest Service, U. S. Department of
Agriculture,
March 1937, over 800
pages.
LOGIC IN BIOLOGICAL
INVESTIGATIO;N.-January
1966 issue
of Bio Science has a series of papers
on biological logic, including experimental design, by Arthur W. Ghent;
mathematics, by Edward Batschelet;
probability, by Richard C. Lewontin;
physiology,
by William
Van der
Kloot; systematic
research,
by
Charles B. Heiser, Jr.; and ecosystems, by Herbert G. Baker. Herbert
H. Ross is guest editor. Good reading
for researchers.
WRITING
FOR A SCIENTIFIC
OR TECHNICAL JOURNAL.J. W.
Duffield,
of North Carolina State
Univ., has done a masterpiece
of
critical and constructive writing in
Journal of Forestry, October, 1965
(63:769-771). He particularly lays it
on the line for dissertations; first of
all, if the student and his faculty
committee
have produced
a dog,
bury it! Secondly, the usual excessively long and detailed dissertation
in secret language is not suitable
for publication in an ordinary professional journal. And few graduate
students or their faculty advisors
ever take the time and trouble to do
the necessary rewriting. This article
should be required reading for graduates with theses they expect to publish in journals, and for many of
their faculty advisors.

Range Management
Education
Council-Sixteen
representatives of
18 member universities met for two
days preceding the 1966 Annual Meeting, American
Society
of Range
Management, in New Orleans. The
prime subject of discussion was Civil
Service standards for the range conservationist position. The group voted
to request that the Civil Service
Commission increase present range
management course requirements of
six unspecified hours to 16 hours with
work in each of the following subject
areas: (1) range plants, (2) range
methods and techniques,
and (3)
range management
principles
and
practices. Additional courses in plant
taxonomy,
plant physiology,
plant
ecology, zoology, chemistry, mathematics, soils, animal husbandry were
also recommended.
Members of the
Council expressed concern over the
effect the present low standards are
having on both the conservation of
the nation’s range resources and the
professional stature of range managers in general. A supporting resolution approved by the ASRM Board
of Directors will appear in the May
Journal of Range Management.
The members voted to change the
constitution
and by-laws
of the
Council. Since 1963 only those universities meeting the standards published in the Journal of Range Management 15 (3): 181, 1962, have enjoyed full voting membership, while
others not qualifying have been invited to join as non-voting associate
members. Under the amended constitution, all schools offering courses
in range management are invited to
accept full membership, and to appoint one voting delegate to the
annual meeting.
Interested schools
should write to Dr. Donald F. Burzlaff, Department of Agronomy, University of Nebraska, Lincoln, Nebraska 68503, for membership application
information.
Standardized
range management

course titles and course outlines will
be developed. These should be useful
to the Civil Service Commission in
evaluating transcripts of applicants,
and to universities wishing to. initiate
courses. As they are completed and
approved they will be offered to the
Journal for publication.
The first
course outline “An Introduction to
Range Management” by L. A. Stoddart, is scheduled for the May Journal.
Range management
enrollment
statistics for all universities,
and
master’s thesis titles also will be
compiled annually for publication in
the Journal.
Dr. Donald F. Burzlaff, University
of Nebraska, was installed as Chairman; Dr. Thadis W. Box, Texas Tech,
as Vice Chairman; and Dr. Ervin M.
Schmutz, University of Arizona, as
secretary for the year 1966.
College of Foresfry and Natural
Resources is new name of Colorado
State University’s former College of
Forestry and Range Management.
The new name reflects the growing
involvement of the College and its
several departments and units in a
broad spectrum of natural resources
education, research, and extension.
A new graduate program in Wildland Resources Administration
has
been approved. The Master of Science program affords experienced
field officers and federal or state
employees
opportunity
to acquire
training in administration
and to
up-date or extend technical knowledge in the several fields of wildland
natural resources. Also approved is
a program of study leading to Doctor of Philosophy degree in the Department of Range Management.
Twelfth Annual Conservafion Conference and First Annual Conservalion-Industry Conference-were
held
in Washington, D. C. on December
8 and 10, 1965 respectively.
Both
were sponsored by National Wildlife
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Federation-ASRM
was represented
by W. R. Chapline. Thomas L. Kimball of NWF, in summarizing
the
first meeting, pointed out that one
of the most important problems to be
solved by nation’s conservation forces
is how to continue economic and industrial progress and yet maintain
the quality and variety as well as
quantity of outdoor-recreation opportunities.
The Conservation-Industry
conference considered 11 major topics in
hopes of developing common meeting grounds between conservationists and industry.
USDA WILDLIFE
ADVISORY
BOARD APPOINTED Secretary
Freeman said board appointed in
January will advise and consult with
USDA on functions of new Cropland
Adjustment
Program dealing with
conservation
and improvement
of
wildlife. Members represent wildlife
organizations,
farm
organizations,
State game and fish agencies, and
general public. They are: Edwin A.
Jaenke, Harry L. Graham, and Clinton R. Gutermuth, Washington, D.C.;
Dr. Weldon K. Haynie, Okla.; James
A. Hodge, S.C.; Thomas L. Kimball,
Washington, D.C.; Otto C. Maerklein, Jr., N.D.; Phillip W. Schneider,
Ore.; James T. Shields, Minn. ; William E. Towell, MO.; and Lester P.
Voigt, Wis. Lloyd E. Partain, Washington, D.C., will be a consultant.
Fred H. Kennedy, who has served
as Southwestern Regional Forester
of the U. S. Forest Service since
1955, retired in January. Fred joined
the U.S. Department of Agriculture’s
Forest Service 36 years ago after
graduating from the University of
Idaho. Except for one year with the
Chief Foresters’ office in Washington, D. C., Kennedy spent his entire
career in the West. The first post for
the Colorado native was as an as-

NEWS
He earned
sistant Forest Ranger.
positions of increasing responsibility
and in the years before becoming
Regional Forester he served as Assistant Regional Forester in charge
of range and wildlife in the Pacific
Northwest Region in Portland, Oregon, and the Rocky Mountain Region in Denver.
Kennedy is a charter member of
the American Society of Range Man-

agement and was our national President in 1960.
Kennedy and his wife will continue to live in Albuquerque for the
present.

AND

Thad B. Trew of the Soil Conservation Service transferred in January from Stephenville,
Texas, to
Pulaski, Virginia, where he will assist soil conservation
district cooperators with grassland management. Trew was born near Wellington, Texas and grew up on a livestock farm. He received a B.S. in
Animal Husbandry in 1947 and M.S.
in Range Management in 1948~both

from Texas A&M. “Pat” started as
a Range Conservationist
with SCS
in 1948 at Menard, Texas, where he
later served as Work Unit Conservationist. In 1960 he transferred to

INTERNATIONAL

A Range Management
Curriculum
Begins In
East Africa
JOSEPH H. ROBERTSON and
CHANDLER V. JENSEN
Professor
of Range
Management,
and Range Management
Specialist,
Egerton College, Njoro, Kenya
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NOTES

Stephenville as Range Conservationist serving soil conservation districts
in 18 counties. He is an active member of ASRM.
James B. Newman of the U.S. Soil
Conservation Service transferred in
December
1965 from
Lewistown,
Montana, to the State Office of SCS
in Morgantown, West Virginia. He
will be working with soil conservation districts and livestock operators
on grazing management of West Virginia grasslands. Newman was born
at Billings, Montana, and was raised
on a ranch. He began his career with
SCS in 1959 at Broadus after graduating with honors from Montana
State College, Bozeman. In 1961 he
was transferred to Shelby and in
1964 to Lewistown, Montana where
he served soil conservation districts
and ranchers in an eight-county area.
Jim has been active in ASRM.
J. R. Penny, Nevada State Director
of the Bureau of Land Management,
transferred in December,
1965, to
Sacramento where he became the
California State Director. Penny was
replaced in Nevada by Nolan Keil,
California’s
acting BLM Director
since last October. Penny has been
State Director of BLM in Nevada
since 1961. He has been associated
with many innovations and advances
in public land management such as
rehabilitation of the giant Elko burn,
where 250,000 acres of range and
woodlands
were destroyed
during
the summer of 1964.

NEWS

With the opening of the October
1965 term, 17 second-year students at
Egerton
College,
Njoro,
Kenya,
heard their first formal lecture in
Range Management.
The students
are transferees from the Agriculture
and Animal
Husbandry
diploma
streams. Their goal is to be the first
to qualify for the two-year diploma
in range management by passing a
battery of examinations before the
end of July 1966. Successful students

will be employed
as junior field
officers in the newly created Range
Management Division in the Ministry of Agriculture in Kenya, or in
similar positions in Tanzania. They
will be stationed in district offices
under the supervision of experienced
range officers for six months before
being assigned to work with agriculture and veterinary officers in coordinated
district
range-livestock
programs.
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4. Marketing
facilities
are unsatisfactory (5) because they are too few,
too far from the range areas, and
stock growers feel that prices are
unreasonably low.

5. Poverty or lack of resources for
range improvements (5). Intemperance in the use of alcohol was cited
as a contributing cause of poverty.
The national government,
through
the Ministry of Agriculture, is lending financial assistance to County
Councils and Grazing Cooperative
Societies that submit sound plans
and bear a nominal share of the
charges.

First

two-year diploma class in range management,
with faculty Chandler V. Jensen
and Joseph H. Robertson, Egerton College, Njoro, Kenya, Africa. (Eric Trump photo)

The 17 students represent
two
newly independent nations, Kenya
and Tanzania, and 14 East African
tribes. They are supported by bursaries from their governments.
Selection was highly competitive
on
the basis of adequate credit passes
in the Cambridge School certificate
examinations on completion of secondary school, and to a lesser degree
on the basis of tribal acceptance.
Range officers to pastoral tribes are
in demand.
Thirty lectures during the October-December
term of 10 weeks are
scheduled by Dr. Joseph H. Robertson, on leave from the University of
Nevada.
Chandler V. Jensen, recently retired from the U.S. Soil
Conservation Service, is teaching the
60 hours of laboratory and outside
visits.
Courses in Range Plants,
Range Improvements,
and in Surveys and Planning will follow in the
February and May terms. Meanwhile, the class of 1965 has begun a
three-year diploma course.
Jensen and Robertson have been
in Kenya since June and August,
1965, respectively,
learning
the
range, planning curriculum, and preparing materials. They are part of
the six-man team at Egerton College
under a West Virginia University
A.I.D. contract. Lecturers in forestry
and agricultural
engineering
are
under this same contract.

As an ice-breaker,

each student
was asked to prepare and present an
account of grazing practices
and
problems in his home area, and a
description
of his work with the
Ministry of ‘Agriculture during the
vacation, July through September,
1965. A statistical abstract of notes
taken during the 17 talks indicated
that certain range problems are common, widespread, and therefore serious in East Africa.
In the following list, the figure in
parenthesis is the number of students recognizing the problem.
1 . Livestock diseases (12) ranked
first. East coast fever, rinderpest
and foot-and-mouth disease are corn-.
mon. Outbreaks often prevent auction sales until after prophylaxis, detention, and up to three months observation.
2. Lack of stock water (8). 1965
was the worst drought year since
1961. Thousands of impounded reservoirs failed to fill or dried early.
Evaporation is commonly 100 to 150
inches per year. The government assists proper grazing schemes to put
in pipe lines, furrows, dams, etc.
3. Lack of grass or range (7). This
too was accentuated by the drought.
Many herds were moved to forests
and sisal fields to escape mass starvation. Others trailed as much as 15
miles to the few permanent waters.

6. Trespass by livestock (4) is
usually deliberate because all herds
are accompanied.
Because of close
association with man since birth all
the beasts are docile and tractable.
Goats tend to disperse more than
cattle or sheep, and so are harder to
control. The problem is worse adjacent to cultivated areas and during
a shortage of forage.
7. Lack of education (3). Insofar
as available funds can be stretched,
the government is fostering a crash
program of education with competitive examinations and severe weeding out. The system presents the
student with one opportunity
to
climb at each step on the educational
ladder, but once by-passed, that avenue is closed. Because of government subsidies, intermediate school
fees are only Shs.23/- per term of
11 weeks and secondary boarding
school fees are Shs. 450/-, i.e. US
$64.30. Many families cannot raise
the school fees, or must select one of
several children to attend.
8. Bush control (3) was recognized
as a major problem in three districts.
Effective techniques have been demonstrated by the Research Section of
the Division of Range Management.
However, controlled burning appears
at present as the only economically
feasible tool. On some types it may
be in conjuction with goat grazing.
Brush control is basic to reduction
of tsetse fly to open up new areas
to stock and habitation.
9. Resistance to change (3) from
ancient customs to new ways of living impedes range management. As
an example, pastoralists are reluctant to till the soil even when resettled on 40 acres in a 35-inch rainfall zone where livestock alone cannot support them.

INTERNATIONAL
10. Problems cited by only one or
two students were: tribal hostilities,
need for adapted breeds, emphasis
on livestock numbers rather than
quality,
too frequent
shifting
of
trained staff, shortage of herdsmen,
too many stock for the range.
Many of the interactions among
these problems are familiar to the
and
experienced
range
manager
stockman.

Proceedings IX International
Grassland Congress
Dr. Gerald0 Leme da Rocha,
Executive Secretary of IX International Grassland Congress in
Sao Paulo
Brasil in January
1965, has informed us that difficulties of editorial
uniformity,
standardization
of international
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ARIZONA

The Section’s “Range Man of the
Year” award was presented to D. K.
“Ken” Wingfield,
Rimrock rancher
at the 1965 Annual
Meeting
in
Phoenix.
Charlie Michaels of the
SCS State Office, Chairman of the
Section
Awards
Committee,
presented the handsome plaque symbolic of the award to Ken and Nina
in ceremonies climaxing the annual
banquet.
Wingfield
ranches in both Coconino and Yavapai Counties, operating almost entirely on National
Forest lands of the Coconino National Forest. The range he uses is
approximately
forty miles long and
seven miles wide, with elevation
ranging from 3500 to 8500 feet.
Wingfield’s
stocking is conservative, and he is carrying out a system

Arizona Section Awards Chairman Chqlie
Michaels (left) presents “Range Man
of the Year” award tc, Ken Wingfield,
rancher of Rimrock. Photo by Dick
Schaus, Arizona Cattle Growers Association.

THE

units of measurements of 49 different
countries,
etc. delayed
final printing of the Proceedings.
He reports that these difficulties
have been overcome and that the
are
now
being
Proceedings
printed
in two volumes
with
some 1500 total pages. Delivery
is expected to start during late
February, 1966.
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of deferred rotation grazing. Fences,
corrals and shipping facilities are
well located and are in excellent condition. Over 200 water developments
are located so that the average distance cattle must go to water is 3/4
mile, and the maximum distance is
one mile.
Through a cooperative
program
with the Forest Service and water
users, forage production has been increased on thousands of acres where
juniper has been controlled and the
range seeded. Wingfield is conducting pilot tests of brush control and
seeding in the lower, semi-desert
areas, carrying on a family tradition
of pioneering in range improvement,
Calf crops never are less than 90%;
in 1964, the calf crop was 97%. Wingfield often tops the market with
456-460 lb. calves sold to a repeat
buyer.

Eva&o receives congratulations as
California Section’s “Range &Ian of the
Year”. L. to r.: H. II. Biswell, outgoing
Section President; D. W. Cooper, incoming Section President; Harold Miller,
Seition Awards Chairman; and Evanko.

Tony
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A,, B. “Tony” Evanko was selected
as “Range Man of the Year” by the
section at the Annual Meeting in San
Luis Obispo on November
19. He
was presented an engraved certificate in recognition of his outstanding
work in range management, especially in the field of range revegetation
and type conversion, Tony is in the
Regional Office of the U.S. Forest
Service in San Francisco, and is in
charge of the range revegetation program for the California Region. He
has been active in ASRM for many
years and served as President of the
Section during 1963.
IDAHO

The 15th annual meeting of
Section was held December
4
Twin Falls. Over 160 persons
tended the day-long
session,
largest to date.

the
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atthe

Speakers at Idaho Section Annual Meeting, 1. to r. : ASRM President Clint
Wqsser ; U. S. Senator Len B. Jordan
(R-Idaho) ; and John Breckenridge,Past
President of N at i o n a 1 Woolgrowers.
Photo by Twin Falls Times News.
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C. H. Wasser, National President
of the A.S.R.M., opened the morning
session with a talk, “Your Society.”
Clint revealed plans to reorganize
the organization’s
executive
structure to include a full-time executive
secretary with an adequate staff.
Curtis T. Eaton, Vice President of
Twin Falls Bank and Trust, presented the subject, “A Banker Looks
at Federal Lands.” He said the extension of bank credit to stockmen
whose operations depend on public
grazing lands was jeopardized
by
loss of grazing privileges. “Present
or improved capacity of the public
lands must be maintained
if the
present financial institutions are to
continue to support the livestock industry,” Eaton said.
Senator Len B. Jordan, R-Idaho
spoke on the new Land Law Review
Commission of which he is a member. The Senator scorned the “checkerboard
pattern” of public
land
ownership but expressed hope that
the Commission would provide new
solutions. He called for a moratorium
on the disposition
of Government
lands until the Commission has completed its review.
John Breckenridge, Past President
of the National Woolgrowers
Association, described his sheep ranching
business in Sawtooth Valley.
C. Wayne Cook, Utah State University, discussed the factors affecting cattle utilization on steep mountain slopes,
Noy Brackett, Rogerson rancher,
discussed his experience
with the
rest-rotation grazing system on sagegrass hills in Owyhee County.
Evening banquet speaker was Dr.
Earl H. Swanson, ‘Professor of Anthropology and Museum Director at
Idaho State University,
Pocatello.
His talk, L‘Archaeology
along the
Salmon River in Idaho,” told of recent work excavating ancient Indian
caves, Many artifacts found were
carbon-dated
to as much as 11,500
years old.
New officers of the Idaho section
were announced by Ralph Samson,
Boise, 1965 President. They are: Jack
Wilson, Burley, President; Edward
Duren, Soda Springs, Vice President;
William Little, Twin Falls, Secretary; Edward Tilzey, Boise, Treasurer.
Russell T. Moore, Wendell, Idaho,
a student in Range Management at
the University of Idaho was presented with a $150 scholarship by
Lee Sharp, Scholarship
Award
Chairman.
Plans were made for a summer
field tour to the Point Springs area
near Malta, where the University

WITH

THE SECTIONS

and B.L.M. conduct extensive research in dry land grass seedings.
Tape recordings were made of the
following
speakers: Curtis, Eaton,
Senator Jordan, John Breckenridge,
Dr. C. Wayne Cook and Noy Brackett. Tapes will be loaned without
charge as a service of the Idaho Section. Write: Bill Little, 545 Shoup
West, Twin Falls, Idaho.
NATIONAL

CAPITAL

The Section’s fall meeting was conducted by Bureau of Land Management personnel.
Brief discussions
were presented on: The Bureau’s
present organization;
a slide series
entitled “New Paths Across Public
Lands” was shown for orientation on
the complexity of Public land problems; Range Management Policy and
objectives;
methodology
and techniques to be used to measure the
effectiveness of range management;
and review of the Soil and Watershed Program and its close relationship to effective range management.
B.L.M.‘s range program will concentrate on range management allotment plans. Each allotment is to
have a written management plan to
include
the grazing system best
suited to the maintenance and improvement of the vegetative cover
consistent with efficient
livestock
operation. The three sources of data
(actual use, utilization, and trend)
will be used in conjunction with climatic data in allotment evaluation.
NEW

Friday, the group toured the 2C
Cattle Co. Ranch as guests of Ranch
Manager J. D. Pitts. John Hinrichs
and Bob Abercrombie conducted the
tour. The group saw cholla and
mesquite spraying and mechanical
mesquite control followed by grass
seeding trials. They also saw a water
spreading system that the ranch has
constructed to improve the forage
growth of tobosa grass and control
erosion on summer range.
SOUTH DAKOTA
John Glaus of Chamberlain was
named “Range Man of the Year” by
the Section at its Annual Meeting,
in recognition of his efforts in improving-range and pasture conditions
on his ranch during the past 17 years.
A graduate of South Dakota State
University, Glaus began a number
of practices in 1948 when he took
over management
of his father’s
ranch. He has worked closely with
the Brule-Buffalo
SCD and with
SDSU personnel. He uses both tame
pastures and native rangeland for
year round grazing for his cattle. He
was one of the first in the state to
production test cattle.
SOUTHERN
All tied up with arrangements for
national ASRM Annual Meeting in
New Orleans February
l-4.

MEXICO

The Section held the fall meeting
October 7 and 8 at Silver City. R. C.
(Dick) Johnson served as program
chairman and was Toastmaster at the
banquet.
Sixty-five
members
and
guests participated in the two-day
meeting.
H. G. Reynolds,
Rocky
Mountain Forest and Range Experiment Station, gave a slide lecture on
the management of pinyon-juniper
in the Southwest.
After luncheon, the group toured
the Fort Bayard Administrative Pasture of the Gila National Forest.
They observed the wildlife studies
and vegetative manipulation
being
carried out on the area, explained by
Dr. Reynolds, In addition, the group
saw the rest-rotation grazing systems
being used on these pastures grazed
by Forest Service horses. A brief history of Fort Bayard was given by
Dick Johnson and Ray Swigart explained the operation of the Region
3 (USFS) Horse Training Center.
Seventy-three members and guests
attended the banquet. Dr. D, A.
Zimmerman of Western New Mexico
University presented an illustrated
talk on his wildlife studies in Africa.

A. H. Walker, recipient of Texas Section’s
“Rancher of the Year” award in 1965.
TEXAS

A. H, Walker, state agricultural
leader for the Texas Agricultural
Extension Service, received the Section’s “Rancher of the Year” award

.
WITH
at the 15th annual meeting in Del
Rio, Dec. 3-4.
The Comstock native and holder
of B.S. and M.S. degrees from Texas
A&M was the nation’s first Extension range specialist; a charter member of both the Texas Section and
ASRM, and is using to good advantage the principles of range management in his own ranching operations.
He is a former Texas Section president and has served on many state
and national society committees.

THE SECTIONS

Walker was cited for his many
contributions to the art and science
of range management, including educational programs with both adults
and youth throughout
Texas and
beyond. These include basic ideas
and suggestions for deferred rotation
pasture research, stocking and grazing practices, brush control demonstrations, which through the years,
have developed into major range improvement programs.
Grass judging programs for youth

SOCIETY

It seems appropriate for the incoming president of this Society
to express himself on the goals
of the Society. He should indicate what are the important
matters which the Society should
consider in fostering the growth
and effectiveness
of the Society
in the year before us.

During 1965, operating mainly
as an observer, I have had the
opportunity
to watch the flow
of action within the organization.
This has been most helpful in
understanding
the problems and
needs of the Society. The deliberations and actions by the Board
of Directors at its meetings each
year are a culmination
of many
hours of effort on the part of individuals and committees within
the Society. It is with this background that I present some immediate objectives for 1966.

were refined by Walker and are now
a part of the (activities at most of the
state’s major livestock shows and
fairs. Range judging, which he initiated, has become national in scope
and now rates a national contest.
The Range Camp for 4-H and FAA
boys, organized by Walker and sponsored by the Texas Section, has the
longest continuous record of any in
the nation-11
years. Specilal training through this medium has been
given to 332 boys.

BUSINESS

President’s Message

Acknowledgement
must be
made of the excellent
work of
previous
officers
and committees. The accomplishments
of the
past are challenging.
We must
build on what others have done.
If we have the resourcefulness,
determination,
and
financial
strength, this society can fulfill
its promises and hopes as a professional society.
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Melvin S. Morris, 1966 President of ASRM.

Perhaps the most important
objective
is increased membership. The financial resources to
be gained are necessary to carry
out many of the goals of the
Society.
Enhancement
of the
Journal, greater administrative
effectiveness,
increased services
to members, will require additional funds. A large membership representing
all aspects of
range management will be desirable in itself and make for a
better balance of interest within
the organization. While there has
been considerable
effort in the
past to enlarge the membership,
some unique ways must be se-

cured to make our usual efforts
more effective.
Basic to any recruiting plan is the individual
member.
If one member out of
five could secure one new member, ‘an effective increase in resources and other strength would
be achieved. A goal of 6,000 total
memberships for January 1, 1967
is not unrealistic.
The number
of individuals
who have a real
stake in the profession or in the
resource and who are not members are considerable. They need
to be contacted
and informed
about our organization.
The second major goal for the
Society with immediate as well
as long term objectives,
is to
secure
greater
recognition
of
range as a national or international resource. While the public
recognizes
the value of meat,
lumber, fiber and other resource
products, too often it fails to appreciate what it takes to produce
these products.
Certainly, insofar as the range
resource is concerned, this recognition of importance is somewhat
less than desirable.
If public
interest and support is important
to us, we need to take the essential leadership and responsibility
for achieving this awareness on
the part of the public. Several
of our Society committees, par-
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titularly the public relations
committee, have been working
on matters which have a bearing
on this. We need to implement
the various recommendations of
these committees into an orderly
developing plan. Section projects
and programs should be oriented
in this direction. The talents and
time of individuals as well as
the efforts of particular committees need to be directed to this
goal.
The third major goal is to enlarge the service to members and
this can be achieved in a variety of ways. We need to increase
the information service by means
of the Journal or a separate
newsletter. Ranchers and administrators can make good use of
topical or review articles in the
Journal or as special reports.
Affiliation with AIBS seems desirable in order to be better identified as a scientific society as
well as to give AIBS our support.
Such an association will also permit us as individuals to participate in an insurance program of
considerable economic value. The
Society and the Journal will soon
have its twentieth anniversary.

Another ten year index or a
twenty year index should be prepared. This will be a distinct service to the research man, the
teacher and student members as
well as many others.
Considerable thought and discussion has been given to the
matter of organization and operation of the Society’s business
and general affairs. The Planning Committee, the Executive
Secretary, the Editor and the
Board of Directors have been involved. In the near future some
changes must be made. The duties and responsibilities of the
Executive Secretary need to be
enlarged. How this is to be done
will take imagination and funds.
A more effective organization
worthy of being professional
should result.
While we are an organization
of individuals, with diverse dayto-day activities and personal responsibilities, we share a common interest in the range resource. This interest may be too
narrow and immediate as well as
self limiting. I have had students
whose educational interests became centered on range courses

Announcing 20th Annual Meeting
American Society of Range Management
February 14-17, 1967
Olympic Hoiel,
Seaf*le, Washington
THEME:
“THE NEXT TWENTY
YEARS”

First Call for Papers

Voluntary papers are encouraged. Consideration will be given
to papers discussing any aspect
of research, development, and
management of range and related resources that may influence the practices to be followed
or uses made of our range, now
and in the future.
Research should lead the way
in “The Next Twenty Years”.
Equally important will be application of available information
in its incorporation into management decisions. As population

increases worldwide, more demands will be placed upon the
limited land resource. Increased
demands will include forage,
wildlife, watershed, recreation,
timber, minerals, and just space.
Of necessity, changes in land use
will reflect man’s requirements.
Sociological considerations
of
land use will become an increasingly important part of the job of
the range manager.
Progress in range management
during “The Next Twenty Years”
will depend upon the increasing
competence and imagination of

to the neglect of other areas of
educational importance. Such a
choice belongs only to a few.
Our members need to expand
this interest in range to all resources of their locality. We need
to be aware of all the forces operating on resources of all kinds.
Population
change, cultural
change, economic change, trends
in political geography and many
other unknown ones are going
to effect the useof land resources
in the future. Isolation in space,
time, or interest is no longer the
situation. If we are to achieve
our particular interest, it will be
necessary to enlarge our horizons
and be in a position to contribute
to a better understanding of how
all land resources can be used in
the interest of all the people. We
need to become more knowledgeable about the ways that society
can secure its future supplieswater, food, wood and recreational opportunity. Others will
be speaking - our voice should
also be heard. The American Society of Range Management has
an important role to fulfill.
Melvin S. Morris, President
Missoula, Montana

“budding”
range scientists.
Equally important will be the
educational skills, sound training, and judgement of young
range managers who must incorporate research
findings into
range practices. Therefore, during this twentieth anniversary
of our Society, we will emphasize
active participation by graduate
students and young scientists
alongside their more experienced
colleagues.
Selection Procedure: Papers
offered will be selected by the
Program Committee based on review of (1) title, (2) 200 or less
word preliminary abstract, (3) a
separate supporting statement.
The supporting
statement
should indicate the significance

SOCIETY
of the paper. It should tell if the
paper is new research, literature
review,
practical
experience,
philosophical,
etc. It should also
state the method of presentation
(reading, slides, charts, etc.).
Deadline:
Titles, preliminary
abstract, and supporting
statements must be in the hands of
the Program Chairman by June
1, 1966. Preliminary abstracts for
accepted papers may be revised
later by authors for publication.
Authors of accepted papers will
be notified of deadline for final
abstracts.
Selection
of papers will be
made by the Program Committee
between June 1 and July 1, 1966.
Notice
of acceptance
will be
made by September 1, 1966.

Tips for Tenderfeet
Virtues

and

for Veterans

or How to Prepare More Acceptable Manuscripts for Journal
of Range Management.
Here are
a few gems from the Style Manual for Biological
Journals, 2nd
ed., published by American Institute of Biological
Sciences
in
1964.
General Principles - You owe
the reader accurate, clear, and
concise writing.
You also owe
brevity
to the Journal,
since
printing costs are high and competition for space is keen. Lead
the reader from a clear statement of your purpose, through
the procedures
and data, on to
conclusions.
Use words with precision, clarity and
economy.
Use
the
straightforward
English sentence
with all parts showing: subject,
verb, and object. Follow a consistent pattern of tenses. Record
observations and experiments in
the past tense.
Numerals. Use numerals
whenever a number is followed
by a standard unit of measurement, such as gram, inch, hour,
or its abbreviation.
Otherwise

BUSINESS

Authors Note: File four copies
of requested material by June 1,
1966, with:
Dr. Dillard H. Gates,
Program Chairman,
1967 Annual Meeting, ASRM,
Withycombe
Hall 208,
Oregon State University,
Corvallis, Oregon 97331
Membership
Bill Anderson, Chairman of the
Membership Committee, reports that
generally, the 1965 membership program of the Sections was average or
better with a total of 749 new or reinstated members. The effectiveness
of this program and all the effort
that went into it on the part of many
individuals
was nearly nullif ied,
however, by the number of members
suspended last May for non-payment
of dues (648).

use words through nine and numerals for larger numbers.
Abbreviations.
Abbreviate
terms denoting units of measurement only when preceded by numerals;
thus,
gram,
meter,
pound, but 10 g, 100 m, and 1 lb.
The same abbreviation
is used
for both singular
and plural.
Omit periods after letters except
where confusion might result, or
after abbreviations
of certain
Latin words. Thus “no. 10” for
number ten, “Fig.” for figure, “el
al.” for et a& but “3: 30 PM” for
afternoon.
A few abbreviations
used freqeuntly in the Journal of
Range Management are:
centimeter (s)
cm
degree, Fahrenheit
(omit degree symbol)
F
foot or feet
ft
gallon (s)
gal
Page W

percent
pounds per acre
square centimeter

z
lb/acre
(s)
cm2

The Manuscript

Make the title short, specific,
and informative.
Main divisions of the article
need principal headings, such as:
Materials and Methods, Results,
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Again, this emphasizes the very
of (1) obtaining
real importance
“solid” members to begin with; (2)
maintaining a lively Section so all
mem,bers feel they get some good out
of the Society; and (3) going to work
on delinquents as soon as you learn
who they are so it will not become
necessary to suspend them.
Only about 2% of our members
responded to our challenge to obtain
one new member. Sixty-seven cards
have been returned, some of which
are reinstatements.
This
project
needs follow-up action to gain more
benefit from it.
To date, we have sent personal
letters to about 340 persons in rewith
schools,
sponsilble
positions
libraries, industry and agencies calling their attention to the Range
Journal as a valuable reference and
inviting them to subscribe.

Summary,
and Literature Cited. Subheadings
of
lower rank may be desirable in
a long article but should be used
sparingly.
Illustrations
should be functional; none should repeat material presented in tables or text.
Literature
Cited. -Use
the
name-and-year
system as shown
in Information
for Authors (p.
110). Double
check Literature
Cited against original publications and against references
in
the text. Here are a few abbreviations for periodicals
from the
AIBS Style Manual pages 82-87,
based on a list prepared by the
American Standards Association.
Single word periodicals such as
Ecology are not abbreviated. The
abbreviation
appears in boldface

Discussion,

type.
Agriculture
Agronomy
Animal
Biology
Botany
Bulletin
Bureau
College
Department
Dissertation
Ecology

Experiment
Husbandry
Journal
Management
Monograph
Review
Science
Station
Technical
University
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Information
The JOURNAL OF RANGE MANAGEMENT is
the offical bimonthly publication of the American
Society of Range Management.
The aim of the
JOURNAL is to publish in each issue something
of interest to the entire membership of the Socity and to others interestd in grazing land managment. Non-members
may publish suitable articles in the JOURNAL
upon approval of the
Editorial Board. All manuscripts and correspondence concerning
them should be addressed to
the Editor: Dr. R. S. Campbell, RR 7, Quincy,
Illinois, 62301.
High quality papers concerning technical and
practical problems or practices of range management are suitable for publication.
Review papers
on selected subjects may be suitable but are usually invited. Short articles concerned with research
results, experimental equipment or techniques may
be suitable for the Technical Notes Section. Short
papers dealing with any phase of applied range
improvement
or management may be considered
for the Management Notes Section.
Papers should be based on new and adequate

Prep0 ration
1. Manuscripts must be typewritten,
doublespaced with ample margins, on ‘good-quality white
paper, preferably 8% x 11 inches with numbered
lines. Use one side only of the paper and number
all pages. Submit in duplicate, original and one
carbon copy.
2. The title of the manuscript and name, position, and complete address of the author should
be typed as distinct, well spaced entries on a
separate page. Such a “title page” should also
show running heads, i.e.: (1) author’s surname, to
be set at the top of each left-hand printed page
and (2) key words (2 or 3) from title of the manuscript, to be set at the top of each right-hand page.
3. An introductory “Highlight”, succinctly stating the purpose, major findings or conclusions, and
their application, should accompany each manuscript. The Highlight should be only three to four
sentences, typed double-spaced on a separate page.
4. Names of plants and wild animals must be
shown in both common and scientific form the
first time mentioned in the text. Further references should be to common names only.
5. Footnotes in the text should be used very
sparingly and numbered consecutively throughout
the article. All footnotes should be typed together,
double-spaced, on a separate sheet.
6. Illustrations are desirable but should be held
to a minimum. Glossy unmounted prints of photographs are desired. Protect these against damage
in transit. Graphs should be prepared on white
or blue-lined cross-section paper with neat lettering of a size suitable for reduction in printing. All
figure titles should be typed together, doublespaced, on a separate sheet. Illustrations should
carry an identification number.

BUSINESS

for Au thors
information. The introduction should state clearly
and concisely the purpose of the report and its
relation to other work in the same field. Unsupported hypotheses and rambling discussion should
be avoided. Organization of the manuscript may
vary to fit the content but the text should point
out the application of the results to the range
management problem considered. The paper should
end with a brief summary of the outstanding
points and their practical application. For general
suggestions on writing and preparation of manuscripts, see “Style Manual for Biological Journals”
(2nd edition, 1964), published by American Institute of Biological Sciences, 2000 P St. NW, Washington, D.C. 20036.
All papers will be critically reviewed by the
Editorial Board, or other subject-matter specialists
designated by the Editor. Papers returned to the
authors for revision should be handled promptly.
Unsuitable papers will be returned to the authors
with an explanatory statement. Prior publication
of a manuscript or concurrent submission to another outlet automatically
precludes publication
in the JOURNAL OF RANGE MANAGEMENT.

of Manuscripts
7. Tables should be few and as simple as feasible. They must be typed, double-spaced, each on
a separate sheet of regular-sized paper. Each table
should carry its own separately numbered footnotes.
8. The Literature Cited section should begin
on a new page. Citations should be listed in alphabetical order and referred to in the text by author
and date, i.e., Jones (1949), or (Jones, 1949). Citations should be typed, double-spaced, in the style
of the following examples:
Pechanec, Joseph F., and George Stewart. 1949.
Grazing spring-fall sheep ranges of southern Idaho.
U.S. Dep. Agr. Circ. 808. 34 p.
Sperry, Omer E. 1949. The control of bitterweed
(Actinea odomta) on Texas ranges. J. Range Manage. 2:122-127.
Titles of journals should be abbreviated, following the Style Manual for Biological Journals
(2nd ed., pages 82-87).
9. In general, papers should not exceed 6
printed pages including illustrations. Excess pages
may be published at cost to the author of $35.00
per page. Illustrations and tabular material together are limited to 20 percent of the total number of pages. At cost to the author, this percentage may be greater.
10. When galley proof is received by the author,
it should be carefully corrected and mailed within
48 hours to the Editor. An abstract of the article
should accompany the corrected proof. An order
for reprints will be sent the author after the paper
has been paged. Costs of reprints vary with the
size of the article and the number ordered. Covers
cost an additional amount. Postage is also extra.

