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Mesquite and brush had taken over once-lush grasslands. Chemicals were tried but failed. Then a group of
dairymen and a rancher got together and had some small acreages rootplowed and seeded. Here are the results.

The Windthorst Story

move in with his Cat D7 Tractor and do the work.

Thus by cooperating, each investor got back his original
outlay almost immediately—and will continue to receive the
dividends of improved grassland for years to come.

Could a small investment in range improvement yield the
same kind of returns for you? Write for “From Brush to
Grass” Box JR, Caterpillar Tractor Co., Peoria, Il

-
Can rootplowing show a fast profit on small acreages? Four
dairymen and one rancher near Windthorst, Texas, now
have the answer.

Dairyman A. L. Vietenheimer, (above, left) is typical. He
invested $557 to rootplow and reseed 75 acres. In 2% months
of the first year, he saved $750 in supplemental feed for a
net “profit” of $193.

Another example: Cattleman A. L. Zotz, (above, right)
had 50 acres rootplowed and seeded. Before plowing he
couldn’t carry 25 head on 150 acres without supplemental
feed. After rootplowing he grazed 40 head and bought no
feed. “I could have run 75,” he says, “because 40 sure
weren’t keeping the sorghum almum down.”

His total investment was $376.50. His winter feed bill
alone would have been $400 for just 25 head.

In all cases, rootplowing produced a 95-98% mesquite kill.
Chemicals had killed only the tops, as the photo, (above,
left) shows.

Key to their success was cooperation: By pooling their
acreages, the four had a total of 210 acres for rootplowing.
This, combined with the small distances between jobs, made
it economical for Conservation Contractor Carl Rumage to

Carl Rumage rootplowing with his D7. Note the density of
growth that severely limited grazing.

CATERPILLAR

ilar and Cat are Regi

ks of Caterpillar Tractor Co.
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Drylot All-Concentrate Feeding—
An Approach to Flexible Ranching

GERALD W. THOMAS AND RALPH M. DURHAM
Dean of Agriculture and Head, Department of Animal
Husbandry, Texas Technological College, Lubbock, Texas

One of the major problems
confronting the ranching indus-
try is lack of an adequate year-
round forage supply. This forage
deficiency may be caused by
drouth or a short growing season
and may, or may not, be intensi-
fied by heavy grazing. Regard-
less of the cause, the problem of
partial or full-feeding of live-
stock during these periods of for-
age deficiency is of major eco-
nomic significance to the ranch
operator. Maintenance of live-
stock in drylot during periods of
feed shortage, utilizing all-con-
centrate rations, merits careful
consideration by ranchers and
research workers. During drouth
periods, it may be desirable to
remove livestock from the range,
thus reducing needless ‘“exer-
cise” in the search for food, pro-
viding a means of salvaging that
important base breeding herd,
and at the same time, making it
possible to “rest” the vegetation.

Results from recent experi-
ments not only indicate that
ruminants can perform satisfac-
torily on all-concentrate diets in
drylots for long periods of time,
but also that under certain con-
ditions roughage may be a dis-
advantage even at low cost. It is
hoped that this article will chal-
lenge range and livestock people
to re-examine some old assump-
tions on the feeding of livestock.
An additional objective is to

stimulate more research on live-
stock maintenance in drylot and
the use of the drylot as a re-
search tool in designing grazing
experiments.

Limitations in Standard
Approach to Feeding

It is unfortunate that so much
of our research on ruminant nu-
trition has not sufficiently ex-
plored the possibility of all-con-
centrate feeding. The majority
of our feeding experiments have
been based upon the assumption
that, since ruminants are rough-
age eaters, rations should be de-
signed around a roughage base.
Furthermore, it has been gen-
erally assumed that roughage is
inexpensive. Apparently re-
searchers, for many years, have
not questioned authoritative
statements on this subject. For
example, a publication of the
National Research Council (1961)
states: “The minimum require-
ment for roughage is 0.5 to 0.8
pounds for each 100 pounds of
live weight in fattening cattle.
Cattle receiving a full feed of
grain and less than the minimum
requirement for roughage are
subject to bloat and other diges-
tive disturbances. In most cases,
it is desirable that the roughage
be coarse and not finely ground,
in order to achieve normal phys-
iological activity in the gastro-
intestinal tract.—The need for at
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least minimal amounts of rough-
age in cattle rations is recog-
nized.”!

In an attempt to help ranch-
men plan for overwintering dur-
ing the latest drouth, typical
recommendations were published
in popular ranch magazines. For
example, in one magazine (Staff,
1964), the statement is made that
“. .. one pound of roughage per
100 pounds of body weight is the
absolute minimum for proper di-
gestive processes,”—and “If you
have no grass, minimum require-
ments for wintering a 1,000 pound
cow, for example, would be 10
pounds grass hay, 14 pounds
grain, and 1% pounds high pro-
tein daily.”

This alleged need for roughage
is stressed in most of our ac-
cepted textbooks. Morrison’s
widely used “Feeds and Feeding”
text (1951) states: “As a matter
of scientific interest, numerous
experiments have been conducted
to find whether various farm
animals can live on concentrates
alone. When cattle and sheep are
fed concentrates alone, without
any roughage, rumination usu-
ally ceases or is greatly de-
creased.”t

A review of literature in scien-
tific journals will rather force-
fully indicate that most experi-
ments have been designed around
this “need” for some roughage.
For example, recent feeding
trials in Kansas (1961) showed
greatest gains and greatest effi-
ciency in favor of higher levels
of concentrates, however, treat-
ments were limited to a range

1Jtalics added.
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from 1:1 to 1:5. These experi-
ments are typical of many cur-
rently being reported in the lit-
erature. Only recently have a
few investigators taken a new
look at the all-concentrate ap-
proach to feeding in North Caro-
lina (1963),South Dakota (1963),
Texas (1963-64), and other loca-
tions.

In a preliminary report from
North Carolina (Wise and
Barrick, 1963), the statement is
made that “Early studies indi-
cate that feeding all-concentrate
rations to cattle is within the
realm of possibility,” and that
“Addition of hay in long or
ground form, or in varying
amounts, did not increase per-
formance of fattening steers fed
an all-concentrate diet based on
ground shelled corn and urea, or
on ground shelled corn and soy-
bean o0il meal.” As a result of
these new studies on feeding a
modified statement has been in-
corporated in the recent USDA
Bulletin entitled “Finishing Beef
Cattle” (March, 1964), as fol-
lows:

“Formerly it was considered
that at least 10-20 percent dry
roughage equivalent was neces-
sary for normal growth and fat-
tening. Later studies show that
all-concentrate rations properly
supplied with minerals and vita-
mins produce satisfactory re-
sults.”

Research on All-Concentrate
Rations at Texas Tech

Studies of the possible value
of all-concentrate rations for
maintenance resulted from en-
couraging results when these ra-
tions were used for fattening
steers, heifers, and lambs. In-
tensive studies at Texas Tech
were 1initiated early in 1962
(Durham, 1962). To date, various
experiments with this technique
have included several hundred
cattle and sheep. Time will not
permit an adequate review of all
of these experiments with full-
feeding all-concentrate rations.

THOMAS AND DURHAM

However, several generalizations
are pertinent to this report.

All concentrate diets are more
biologically efficient than part-
roughage diets according to Dur-
ham (1963). As a matter of fact,
in the past two major experi-
ments at Texas Tech using 474
cattle, it was concluded that
roughage may have a negative
value under West Texas condi-
tions. In addition to the rough-
age, cattle also consumed more
concentrates than on  concen-
trates alone. Conversion ratios
(feed per pound of gain) and
cost of gain are shown in Table 1.

Both grain sorghum and bar-
ley have been tested as the grain
base. Unpublished reports from
California and South Dakota
have indicated that bloat was
sometimes a problem with bar-
ley rations. The basic ration
used in most of the research at
Texas Tech is as follows:

89% cracked milo

10% cottonseed meal

0.5% calcium carbonate

0.5% salt

plus 2200 units of Vitamin A

per pound

In early studies, animals were
started on the no-roughage ra-
tions with a “shock” treatment,
that is, immediate access to self-
feeders. This technique was
rather trying for the livestock
owner. Consequently, in later

experiments, cattle were allowed
10 pounds of feed at 8:00 A.M.
and 10 pounds of feed at 5:00
PM. for two days and then
given access to self-feeders. Mix-
ing feed with about 10% -cattle
manure (from all-concentrate
fed pens) has also been tested
with success. It appears that all
of these techniques are better
than the standard practice of
“gradual warming” with varying
amounts of roughage, although
some commercial feeders still
prefer the gradual method.

The micro-organism popula-
tion of the rumen is considerably
different on all-concentrate ra-
tions. The change in kinds of
bacteria is rather abrupt, usu-
ally less than 7 days, during
which time the animal may suf-
fer from indigestion (Kuhnley,
1963). While it is true that ani-
mals on all-concentrate diets do
not “chew their cud,” prelimi-
nary data indicate that the
rumen is far from inactive.
Kuhnley (1963) reported that
the number of starch digesting
bacteria on the all-concentrate
rations is much higher than on
rations containing standard
roughage. These data indicate
the pressing need for more basic
knowledge of the process of
energy exchange in the rumen
and the contribution of each
kind of micro-organism. Is it

Table 1. Comparisons of feed conversion and cost of gain in three major
experimenis using all-concentrate rations, 1963-64 studies at Lubbock,

Texas.

Feed Conversion Cost of Gain
Feed per pound Per Hundred

Experimental Rations of gain 1bs.
(Lbs.) ¥
Experiment No. 1 (90 cattle)
All-Concentrate Ration? 8.78 18.92
Silage “ad lib” plus 10% concentrate 15.08 22.79
Experiment No. 2 (240 cattle)
All-Concentrate Ration 8.04 17.29
All-Concentrate plus 70 mg. Aureomycin  7.26 15.61
Concentrate “ad lib” plus 8 lbs. silage 9.27 18.90
Concentrate plus 10% cottonseed hulls 8.60 17.63
Experiment No. 3 (144 cattle)
All-Concentrate Ration 7.23 15.54
Concentrate plus 10% cottonseed hulls 7.99 16.58

1Base ration—89% cracked milo, 10% cottonseed meal, 0.5% calcium car-
bonate, 0.5% salt, plus 2200 units of Vitamin A per pound.
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possible that the addition of cer-
tain roughages promotes micro-
bial activity that ties up or dis-
sipates energy rather than con-
tributing to the over-all process
of converting feed to meat? Op-
portunities for research designed
to “breed a better bug” are also
apparent.

The rumen becomes extremely
acid (pH 5) on all-concentrate
diets. Rumen ulcers and hyper-
keratosis are observed in most
of the male cattle after about
100 days on feed (Harbaugh,
1963). Ulcers in females on simi-
lar diets appears to be less fre-
quent and ulcers in sheep are
uncommon. Also, from a study
of 300 steers on all-concentrate
diets, 71 percent had liver ab-
scesses. The association of
rumen ulcers and liver abscesses
has been reported earlier by
workers in Colorado. Various
treatments have been tested at
Texas Tech to reduce this prob-
lem including mycostatin, so-
dium bicarbonate, Aureomycin,
antibiotic II, aluminum hydrox-
ide and vitamin-tracemineral
mixes. A significant reduction in
percent bad livers was obtained
from the Aureomycin treatment
(from 72% to 38%). Other treat-
ments had little effect (Ellis et
al., 1963).

In spite of the ulcer and liver
problems with full feeding all-
concentrates, these rations ap-
pear to be efficient and eco-
nomical. In the Texas studies,
steers on all-concentrate rations
had significantly higher mar-
bling, conformation and carcass
grade scores. The dressing per-
centage and rib-eye area were
also significantly higher (Mc-
Ginty, 1963). Studies of fatten-
ing heifers are also very en-
couraging. A labor study indi-
cated that almost three times as
much labor was involved in
feeding a high-roughage ration
(McGinty, 1963). These results
pointed to the need for explora-
tory research on maintenance ra-
tions and to the possibility of

applying this technique to a
ranching operation.

Drylot Maintenance
of Beef Cattle

Studies of drylot maintenance
of beef cows compared with
native range have been under-
way at the Spur Experiment Sta-
tion in Texas since April, 1959.
Results of these studies are re-
ported in a recent paper by
Marion, Robinson, and Riggs
(1964). In these experiments si-
lage was used as the base feed
in drylot. Three levels of energy
were obtained with combinations
of grain and cottonseed meal. Si-
lage was fed in the drylot at the
rate of 40 to 50 pounds per head
daily during the winter and 50
to 55 pounds during the breeding
season. Range cattle received a
supplement of cottonseed meal
and grain sorghum. A summary
of the 1963 results of the Spur
tests is shown in Table 2.

Comparable costs for supple-
mentation directly on the range
and drylot production at Spur,
Texas for a l-year period were
$44 to 50 per cow on pasture and
$78 to 82 in drylot. Average per-
cent calf crop and weaning
weights were higher in the dry-

Ficure 1. Calving results from cows raised in drylot on maintenance all-concentrate ration
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lot. The levels of energy fed dur-
ing the four years of this test
have had very little effect on
calving performance either on
the range or in the drylot. These
investigators concluded that
present prices of grassland may
run the ranchers investment per
cow up to $1000 to 2000 whereas:
“A satisfactory drylot for cows
can be constructed at a cost of
$30 to 50 per head and enough
feed can be grown on one acre
of irrigated land to support a
cow and her calf for a year. . ..
This will make it possible for
small operators to use the drylot
system to expand their produc-
tion without having to purchase
more land.” (Marion, et al,
1964).

Drylot cow-calf research at

Table 2. Percent calf crop and wean-
ing weights on pasture and in dry-
lot at Spur, Texas (Data from
Marion, et al., 1964).

Pasture

Drylot
Year (Pct.) (Wt.1bs.) (Pct.) (Wt.1bs.)

1960 72 423 66 435
1961 86 428 91 496
1962 91 493 97 479
1963 95 478 91 503
4-Yr.

Av. 86 458 87 483

of 8 pounds per head per day have been encouraging. Note overall condition of cows
and healthy young calf. Milk production has also been very satisfactory. Photo

March, 1964.
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Texas Tech was approached on
a different basis than the Spur
studies. The complete elimina-
tion of roughage in some of the
treatments opens up more pos-
sibilities for reducing costs. Fe-
male cows have been held on a
total of 6 pounds of all-concen-
trate feed per head per day and
successfully bred and calved at
the 8-pound level with no sup-
plemental roughage. Early calv-
ing results look very promising
for this feeding technique (Fig-
ure 1). Three rations were tested
as follows:

(1) 8 pounds of all-concentrate
per head per day.

(2) 6 pounds of all-concentrate,
plus 2 pounds silage.

(3) Silage ‘‘ad-lib”’ plus 1
pound milo; 1 pound cotton-
seed meal plus vitamins
and minerals.

The percent pregnancy for each
of these treatments was the same
(90%). The cows were calving at
the time this report was pre-
pared in March, 1964. No calving
problems were observed and
through early July, the cows
seem to be milking satisfactorily.

In a prior experiment, calves
were removed from the cows at
5 weeks of age and placed on a
self-feeder with the standard all-
concentrate ration. They have
had excellent feed conversion (4
pounds feed per pound of gain)
to 400 pounds. This procedure al-
lows for good calf gains with less
feed expenditure than if the calf
were sucking, since the cows can
be held on a low maintenance
diet.

Grazing on manure in drylots
or “coprophagy” is common in
both sheep and cattle on limited
all-concentrate rations (Figure
2). This is an interesting phe-
nomenon and may contribute to
the over-all efficiency of the
feed. To date, no special health
problems or adverse affects of
coprophagy have been observed.
The drylots where animals are
on a maintenance ration have
not been cleaned due to lack of
accumulation of manure.

THOMAS AND DURHAM

The cattle manure on the 89-10
ration has a protein content of
approximately 19 percent. On
the self-fed all-concentrate lots,
manure has been removed, run
through a hammer mill, and
mixed back with the all-concen-
trate ration. This manure has
been successfully fed to cattle
(10% of ration), hogs (up to 40%
of ration), chickens (up to 40% of
ration), and catfish (Box and
Durham, 1963).

Although there appear to be
few, if any, reports in the lit-
erature on “coprophagy” in cat-
tle, this may be more common
than most of us realize. For ex-
ample, Mr. Otto Wolfe in per-
sonal conversation in 1964, stated
that the old cowboys of the
Northern Plains observed that
cattle survived hard winters by
grazing on the droppings of
horses.

The most recent study has
been to bring pregnant cows di-
rectly from dry grass range,
where they were receiving a
protein supplement, and placing
them on the 8-pound all-concen-
trate ration. Some adjustment
the problems have been observed
but the cattle are now doing well
and calving in a satisfactory
manner. More research is needed

to ascertain the effects of sudden
shifts to all-concentrate rations,
but no insurmountable problems
have developed to date in the
studies at Texas Tech.

The economic implications of
the all-concentrate drylot ap-
proach for cattle are very inter-
esting. In Texas, the recom-
mended ration . . . If you have
no grass . . .” (Staff, 1964), re-
ferred to earlier, would cost ap-
proximately 48 cents per cow
per day as shown below:

104 grass hay @ $30

per ton ...

14# grain (sorghum)

@ $2.00 per CWT ... 28.00

1% # cottonseed meal

@ $3.50 per CWT ... 5.25

48.25 ¢

It has been commonly under-
stood that a mature cow will
need approximately 20 pounds
of alfalfa hay per day. With hay
at $30 to 40 per ton, this cost
would be 30 to 40 cents per day.
In a recent publication of the
American Grassland Council,
Sell (1963) states: “Fifty to 80
pounds of corn or sorghum silage
fed daily and supplemented with
one pound of cottonseed or soy-
bean meal will winter cows in
good condition.” This ration

would likely cost over 30 cents

Ficure 2. Grazing on drylots or “coprophagy” is common in both cattle and sheep on

limited all-concentrate rations. These lots have never been cleaned due to lack of

manure accumulation.
can be observed.

Satisfactory performance of cattle under these conditions
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per day, although the price of
the ingredients will vary from
place to place.

The cost of the experimental
ration used in the research at
Texas Tech at the 8-pound per
day level was approximately 18
cents, including additives. Even
with a considerable change in
the price of milo and cottonseed
meal, the all-concentrate ap-
proach to maintenance Ilooks
promising from an economic
standpoint.

Drylot Maintenance of Sheep

Studies were first initiated
comparing the standard fatten-
ing rations with all-concentrate
feed for lambs. In Experiment
No. 1, ninety-six white-faced
lambs of predominantly Ram-
bouillet breeding were secured
directly from the range near the
Fort Stockton, Texas area and
placed on self-feeders. Results
were very good using a basic
ration of 90% ground milo and
10% cottonseed meal. Each ton
of this mix had 5 pounds of salt,
and % pound of Vitamin A-10
added (Hudson, F. A., et al,
1963).

In Experiment No. 2, four ra-
tions were tested with another
group of 96 crossbred lambs in-
cluding checks on aureomycin,
sodium bicarbonate, and cotton-
seed hulls. Five deaths were at-

Ficure 3. These are the first lambs that have been produced in the drylot with ewes
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Table 3. Percent lamb crop three weeks after lambing under several ex-

perimental rations.

Ration

Lamb Percentage

(1) 1 pound all-concentrate! for first 90 days
(2) 1% pounds all-concentrate! for first 90 days
(3) 2 pounds all-concentrate! continuously

(4) Self-fed all-concentratel

(5) Silage supplemented with grain sorghum

98.1
107.7
92.6
80.3
90.0

1Base ration—89% cracked milo, 109% cottonseed meal with salt and Vita-

min A.

tributable to the type of feed-
ing. General examination of
slaughtered lambs at Texas Tech
show ulcers in sheep rather in-
frequently compared to cattle.
Feed conversion of the lamb
feeding experiments was better
on all-concentrates than on part
roughage diets.

Moving from these prelimi-
nary studies with lambs to dry-
lot maintenance of ewes was the
next step. At the Texas Tech
Research Farm near Amarillo, a
group of 172 ewes in late 1963
was divided into two groups. One
group was placed in the drylot
and allowed approximately 6
pounds of sorghum silage and 1
pound of milo grain daily. The
other group was continued on
pasture. Results of this study
showed an advantage of the
pasture ewes with regard to
total fat lamb production (Hud-
son, 1964).

Subsequently, drylot studies
were designed to check the per-

receiving a total of 1.5 pounds of all-cencentrate feed per day for 90 days prior to
lambing. Rations were increased to 2 pounds during lambing and ewes were on
this ration at time of photo (March, 1964).

formance of ewes on limited all-
concentrate rations. Percent of
lambs alive three weeks after the
completion of lambing is shown
in Table 3. The first two groups
shown in Table 3 were raised to
2 pounds per day after 90 days
(just before lambs were dropped)
and maintained on this amount
throughout the lambing season.
This preliminary experiment
was conducted in very poor quar-
ters and some lambs died in all
treatments due to adverse
weather conditions. In spite of
the variability of the results, the
all-concentrate maintenance
treatments were considered
promising (Figure 3). At the 2
pound level of the 89-10 all-con-
centrate ration, the cost of feed-
ing each ewe would be approxi-
mately 5 cents per day. In com-
parison, recent comprehensive
studies in Mississippi of 14 dif-
ferent winter rations (all with
some roughage) showed costs
ranging from 6.3 to 13.3 cents per
ewe per day (Essig, et al., 1964).
Certainly these economic differ-
ences point to the need for more
follow-up research.

The Drylot as a Research Tool

One of the major objectives of
this paper has been to emphasize
the possibilities of the drylot as
a research tool. If costs can be
kept to a minimum, as appears
likely with all-concentrate ra-
tions, the drylot can provide flex-
ibility in the ranching operation.
Even though drouth is a common
occurrence in the West, ranchers
frequently are in trouble because
of forage deficiencies. Mr. A. P.
Atkins, Oklahoma rancher,stated
that “the key to successful man-
agement of our ranges is flexi-
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bility . . .” (1964). He further
pointed to the problem of
“marrying a herd of cows.” He
stated that this type of stockman
is the first to suffer from drouth
and his winter feed bill often ex-
ceeds the value of a calf crop. A
study in Texas by Bonnen and
Ward (1955) also emphasized the
disastrous effects of feed short-
ages during drouth. By 1954,
which represented the halfway
point of the Texas drouth of the
fifties, some ranchmen on the
Edwards Plateau had already
been granted short-term credit
amounting to 206 percent of the
value of their livestock. With
properly designed research, the
drylot could be examined as a
means of reducing financial
losses during drouth or expand-
ing the livestock operation where
total forage is limited.

Using the drylot technique,
grazing experiments, including
deferred ration studies, might
be designed with a minimum
number of pastures or with mul-
tiple pastures serving as replica-
tions on highly variable range
areas. The drylot can provide a
means of controlled breeding,
such as artificial insemination,
‘and controlled pregnancy testing
for culling purposes. Levels of
nutrition of the females can be
more adequately studied and ap-
parent “waste” of vegetation on
females during period of plenti-
ful moisture reduced to a mini-
mum. Early removal of calves
might be analyzed as an eco-
nomic factor in the ranching op-
eration. The question might also
be asked as to whether or not the
rumen micro-organism popula-
tions could be standardized by
all-concentrate feeding to aid in
analysis of forages for digest-
ibility or feeding value.

Summary

This paper is submitted with
preliminary data on livestock
maintenance in drylot for two
primary purposes: (1) to chal-
lenge researchers and ranchmen
to take a new look at some old
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assumptions on livestock feed-
ing, and (2) to stimulate addi-
tional research on some promis-
ing leads with significant eco-
nomic implications. It appears
that authoritative statements on
the “need” for roughage have
limited our past approach to re-
search on full feeding and on
livestock maintenance. Results
from recent experiments not
only indicate that ruminants can
perform satisfactorily on all-con-
centrate diets, but, also under
certain conditions, feeding
“cheap” roughage may not be
economical.

By combining the information
on all-concentrate feeding with
the drylot maintenance tech-
nique, there appear to be good
possibilities for providing flexi-
bility in the ranching operation.
During drouth periods, it may be
desirable to pull livestock com-
pletely off the range, thus reduc-
ing needless “exercise,” provid-
ing a means of salvaging the
breeding herd and making it
possible to “rest” the range or
pasture. Both sheep and cattle
have been studied under drylot
maintenance conditions at Texas
Technological College and lamb-
ing and calving operations have
been considered successful.

New opportunities for the use
of the drylot as a research tool
have developed as a result of the
economical use of all-concen-
trates for maintenance diets. It
is hoped that this paper will
stimulate additional use of this
technique as a research tool.
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Water Intake on a Sandy Range as Affected
By 20 Years of Differential Cattle Stocking Rates'
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In the semiarid Southern
Great Plains, forage production
on a range site usually depends
upon available soil moisture. In
turn, available soil moisture de-
pends upon (a) intensity, dur-
ation and frequency of precipi-
tation; (b) water intake charac-
teristics of the soil; (¢) water
retention and flow patterns
within the soil profile; and (d)
evaporation and transpiration
characteristics of the soil surface
and living vegetation.

Man has yet to exert signifi-
cant control over precipitation
within the Great Plains, but sev-
eral investigators, Duley and
Domingo (1949), Johnston
(1962), Rauzi (1960), and Rauzi
and Smika (1963), have shown
that range conditions caused by
grazing management will affect
available soil moisture. Effects
of grazing management and re-
sultant vegetal cover on water
intake and retention character-

1Contribution from the Soil and
Water Conservation Research Di-
vision and the Crops Research Di-
vision, Agricultural Research Ser-
vice, USDA, in cooperation with
the Oklahoma Agricultural Experi-
ment Station.

2Acknowledgment: The authors
gratefully thank Ferris P. Allgood,
Soil Scientist, and Jack E. Engle-
man, Range Conservationist, Soil
Conservation Service, for selecting
comparable Pratt soil profiles and
determining range condition, re-
spectively, on each study site.

istics have not been studied pre-
viously for Pratt and similar
sandy soils of the Southern Great
Plains. This investigation deter-
mined the effects of heavy, mod-
erate, and light stocking rates
with beef cattle during a 20-year
period upon water intake and
water retention characteristics of
Pratt loamy fine sand soil.

Location, Soil, And Vegetation

The study was conducted on
the Southern Plains Experi-
mental Range located in north-
western Oklahoma near Wood-
ward. Average annual precipita-
tion is 22.82 inches, but it has
varied from 9.97 inches in 1954
to 42.61 inches in 1957. About 70
percent of the annual precipita-
tion falls during the April
through September growing sea-
son. High-intensity thunder-
storms occur frequently. Wind
velocities and summer tempera-
tures are normally high, and an-
nual evaporation from a free-
water surface is about 72 inches.

The experimental range is lo-
cated on rolling, stabilized sand
dunes composed of a mixture of
Pratt, Tivoli, and Otero soil
series. This study was restricted
to Pratt loamy fine sand soil,
which is dominant on the study
area and is a major soil in the
Rolling Red Plains land resource
area. It has a weak, fine-granu-
lar, single-grained structure that
is very friable when wet and soft

when dry. The soil contains less
than 5 percent clay and has a
pH of about 6.6 in all horizons to
6 feet. The freely drained, deep,
sandy Pratt soils occur on un-
dulating to hummocky upland
plains of western Oklahoma,
southwestern Kansas, and the
Texas Panhandle.

Native vegetation of the area
is dominated by an overstory of
sand sagebrush (Artemisia fili-
folia Torr.) with an average can-
opy cover of 38 percent. The
basal cover of grasses and forbs
averages about 8 percent, and an
annual average of approximately
1,000 pounds of oven-dry forage
is produced per acre.

Procedure And Equipment

In 1940, the experimental
range was divided into pastures
that varied in size from 50 to 213
acres. Inside each pasture, a
small area of about 3 acres was
fenced to exclude grazing. Repli-
cated treatments of heavy, mod-
erate, and light stocking rates
were initiated by putting beef
cattle on these pastures in De-
cember 1941; therefore, non-
grazed areas and areas that had
been grazed continuously at each
of three grazing intensities for 20
years were available. The aver-
age stocking rates, or grazing in-
tensities, were: (a) nongrazed
exclosure, (b) 22 acres per ani-
mal unit (light grazing), (¢) 17
acres per animal unit (moderate
grazing), and (d) 12 acres per
animal unit (heavy grazing).
Stocking rates were adjusted on
basis of current year’s forage
production, and the rates were
heavier than average in wet
years and lighter during
droughts.

In the fall of 1961, soil profiles
were examined and sufficient
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gently-sloping (1 to 4 percent)
sites of Pratt loamy fine sand
were selected to permit fence-
line comparisons between graz-
ing treatments. Twelve locations
or three sites for each of four
treatments were selectd to mini-
mize site differences.

During the fall of 1961 and the
spring of 1962, water-intake rates
of the grassed areas between
sagebrush plants were charac-
terized by two procedures: First,
a trailer-mounted, double-tower
sprinkling infiltrometer, as de-
scribed by Rhoades (1961), was
used to obtain measurements on
six replications of 120 minutes
duration from each of the 12 lo-
cations and, second, water-in-
take rates were obtained using
the double-ring recording infil-
trometer (Lock et al., 1960), with
a 2-inch head maintained in each
ring. Four replications of 60
minutes duration were used on
sites near those used with the
sprinkling infiltrometer. In ad-
dition, the effects of individual
sagebrush plants upon the water-
intake rates in heavily grazed
pastures were measured with
both infiltrometers. In these
latter tests, six rings were placed
directly around sagebrush plants
and six were placed in adjoining
grassed areas.

Prior to each sprinkling infil-
tration test, gravimetric mois-
ture samples to a 4-foot depth
were obtained on areas outside,
but near, the intake rings, Mois-
ture samples were obtained in-
side the intake rings 24 to 30
hours after completion of each
intake test. These moisture sam-
ples were used to approximate
field capacity.

Soil bulk density was deter-
mined by using.a 2.8-inch-di-
ameter core sampler. Samples
were obtained by 2-inch incre-
ments in the first foot of soil
and by 4-inch increments near
the middle of the second and
third foot. Ten replications were
used from the 0- to 6-inch depth
and four replications from the
6- to 36-inch depth.
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Soil penetration resistance
measurements were made inside
each sprinkled test plot 24 hours
after sprinkling by using a modi-
fied Cornell recording penetro-
meter as reported by Terry and
Wilson (1953).

Soil organic matter and nitro-
gen content were determined on
samples obtained from duplicate
pits at each of the 12 study sites.
Samples were taken at 1-inch
increments to the 6-inch depth
and at 6-inch increments to the
24-inch depth. Organic matter
was determined by the wet oxi-
dation method and nitrogen con-
tent by the Kjeldahl method
(Piper, 1950).

After completion of the infil-
tration tests, quantity of vegeta-
tion by species within infiltra-
tion rings was determined by
clipping standing vegetation at
the ground level (Figure 1). Lit-
ter and duff within each sprin-
kler ring were collected also.
Samples were oven-dried and
weighed. The basal cover—de-
fined as percent of the ground
area actually occupied by root
crowns—was determined by the
line-interception method for
grass and forb species, and the
foliage was determined for sage-
brush (Parker and Savage,

1944). Each of the 12 study sites
was evaluated as to current
range condition.

Results And Discussion
Water Intake

The water-intake rates were
inversely proportional to the
grazing intensity; that is, as the
grazing intensity increased, the
intake rate decreased. Average
water-intake rates obtained with
the sprinkling infiltrometer for
the 2-hour periods were 2.27, 3.64,
4.41, and 10.58 inches per hour
for the grassed areas of the
heavily grazed, moderately
grazed, lightly grazed, and the
nongrazed pastures, respectively.
Correlation between grazing in-
tensity and water intake for this
2-hour period was significant at
the l-percent level.

After the first few minutes,
water-intake rates with the
sprinkling infiltrometer on the
grazed areas increased with time,
but the rates on the nongrazed
areas remained relatively con-
stant (Figure 2). The reason for
the increasing water-intake rate
with time is not known, but pos-
sibly it is associated with soil-
particle wettability as noted by
Jamison (1945) and Letey et al.
(1962).

Ficure 1. Typical views of sprinkling infiltrometer plots. Left—In a nongrazed exclosure
with all surface vegetation removed, note scarcity of basal cover. Right—In a heavily
grazed pasture, 12 acres per animal unit, with all surface vegetation removed, note
abundant basal cover.
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Ficure 2. Average water intake rates ob-
tained with the sprinkling infiltrometer.

The correlation of the infiltra-

tion rates with the sprinkler and

the double-ring infiltrometers
for the first hour of infiltration
was highly significant. However,
the intake rates with the double-
ring infiltrometer ranged from
2.33 to 3.16 times greater than
those of the sprinkling infil-
trometer (Figure 3). Swartzen-
druber and Olson (1961), using
the doublie-ring infiltrometer,
found that the true infiltration
rate may be overestimated.
There are at least three reasons
for the higher intake rates from
the double-ring infiltrometer:
First, a 2-inch head of water was
used with the double-ring infil-
trometer, but the head was
negligible in the sprinkler tests;
second, impact from the falling
drops of water should compact
the soil surface in the sprinkler
tests but not in the double-ring
tests; and third, the surface area
was smaller with the double-ring
than with the sprinkler, thereby
increasing the chances for lateral
flow of soil water. Results from
the sprinkling infiltrometer ap-
proximate actual intake rates;
however, results from the
double-ring infiltrometer pro-

Non-
grazed
z %
i M

Infiltrometer

I
H Sprinkling
<
3
)

o ; ; \‘2 K‘S 2‘0 24 28
Infiltration—inches
Ficure 3. Comparison of total water intake
during a one-hour period using two types
of infiltrometers.
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vide valuable comparative data.
The average water-intake rate
under sagebrush in one of the
heavily grazed pastures with the
sprinkling infiltrometer was 8.66
inches per hour or only slightly
less than in the nongrazed ex-
closures. This was about 22
times greater than the intake
rate on the grassed area between
sagebrush plants. Sagebrush can-
opies covered about 38 percent
of the land surface on both the
grazed and nongrazed sites;
therefore, the water-intake rates
were obtained from areas repre-
senting about 62 percent of the
land surface. The intake rates
for all grazing treatments shown
in Figure 2 should be increased
to be representative of the sites.
These data show that grazing
intensity is an important range
management factor in absorbing
and utilizing maximum precipi-
tation on Pratt loamy fine sand
and similar sandy soils in the
Southern Great Plains.

Other Soil Characteristics

Bulk Density.—Soil bulk den-
sities of the nongrazed sites were
significantly lower to the 3-foot
depth than those of the grazed
sites (Table 1). Conversely, the
bulk density at the heavy stock-
ing rate was higher than the
other treatments at all depths,
but only in the 4- to 6-inch and
the 12- to 24-inch depths were
there significant differences at
the 5-percent level among the
three grazing treatments. Dur-
ing sampling, a large number of
insect and rodent burrows were
found in the exclosures and
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under the sagebrush plants.
These burrows and the lack of
cattle traffic account for most
of the lower bulk density of the
nongrazed sites.

Water Holding Capacity.—
When compared on a moisture
content by weight basis, there
were no apparent differences in
field capacities associated with
grazing intensities. Field Ca-
pacity—used here as total mois-
ture held in the soil 24 to 30

hours after complete wetting of
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the soil profile—averaged from
8.3 to 9.5 percent by weight for
the various stocking rates, but
differences were insignificant.
Permanent wilting point—used
here as the lower limit of mois-
ture held in the soil profile that
is available for plant growth—
based on previous tests, averaged
about 2.0 percent moisture by
weight for each stocking rate.
Again the differences were in-
significant. When the available
soil moisture holding capacities
were compared on a volumetric
basis, the non-grazed sites re-
tained significantly less available
water in the 4-foot profile. The
total amount of water needed
to recharge the moisture reser-
voir of a 4-foot Pratt loamy fine
sand profile was calculated at
490 inches for the nongrazed
sites and 5.40 inches for the
heavily grazed sites. This lower
available water holding capacity
on a volumetric basis is related
to the lower bulk density of the
nongrazed sites.

Penetrometer Pressure.—Pen-
etration resistance of the soil

Table 1. Effect of differential stocking rates for 20 years on bulk density

of Pratt loamy fine sand soil.

Depth (inches)

Treatment 0-2 2-4 4-6 6-8 8-10 10-12 12-24 24-36 Avg.
———————— G/em? — — — — — — — —
12 APAU! 1.5522 1732 1722 1632 1.61= 1682 1.62% 1.622 1.63
17 APAU 1.522 1.68= 166> 1622 1.608 1.602> 156> 1.602 1.59
22 APAU 1522 1682 163> 1,622 1,598 159ab 1550 1592 1.58
Nongrazed  1.44b 1.47¢ 156¢ 1572 153> 157> 141c 150> 148

1Acres per animal unit

2Comparable averages for each depth increment with different superscripts
are significantly different at the 5-percent level
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at field-capacity moisture, mea-
sured in pounds per square inch,
was greatest on the heavily
grazed sites and least on the non-
grazed sites. Averages of 90
measurements per site to a depth
of 12 inches were:

Stocking Pressure, lbs.
rate per sq. in.
Heavy 58.42 3
Moderate 37.9ve
Light 53.620
Nongrazed 24.3¢

Although some of the average
penetrometer pressures were
significantly different, the rea-
son for the reversal of the data
from the lightly and moderately
stocked sites is not known.

Organic Matter. — Although
the differences in organic mat-
ter, due to stocking rate, were
small and insignificant, there
was slightly more organic mat-
ter in the top 2 feet of soil in the
nongrazed plots than in the
grazed plots. The organic mat-
ter content for all treatments
averaged 0.95, 0.44, 0.34, and 0.26
percent for the 0- to 6-, 6- to 12-,
12- to 18-, and 18- to 24-inch
depths, respectively.

Nitrogen Content. — Differ-
ences in soil nitrogen content
due to stocking rate were es-
sentially nonexistent. The nitro-
gen content for all treatments
averaged 0.044, 0.026, 0.020, and
0.016 percent for the 0- to 6-, 6-
to 12-, 12- to 18-, and 18- to
24-inch depths, respectively.
These data differ greatly from
those reported from North Da-

kota by Rogler and Smika
- (1962). They found that soil ni-
trogen in pastures heavily grazed
for 46 years was higher than in
the moderately grazed pastures.
The North Dakota study was
conducted on a silt loam soil
with a nitrogen content about
10 times greater than the Pratt
soil at Woodward.

3Comparable averages with different
superscripts are significantly dif-
ferent at the 5-percent level.
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Soil Loss.—Soil loss in the run-
off water and in the splash from
the sprinkling infiltrometer tests
on slopes ranging up to 6 percent
was essentially non-existent on
all grazed and nongrazed sites.
The runoff water was usually
clear and free of soil material
even on the heavily grazed sites.

Vegetation

Total quantity of all attached
forage and all detached litter av-
eraged 12,600 pounds per acre
for the nongrazed, 5,900 pounds
per acre for the lightly grazed,
5,000 pounds per acre for the
moderately grazed, and 4,100
pounds per acre for the heavily
grazed pastures (Table 2). This
decrease in amount of vegetative
cover associated with the in-
crease in stocking rate is a major
reason for the decrease in water-
intake rates. However, the in-
crease in soil bulk density with
increasing stocking rate also con-
tributed to the change in intake
rates.

The untrampled and uneaten
tall-grass production, 3,300
pounds, from the current and
previous year’s growth on the
nongrazed plots plus the great
quantity of litter and duff, 8,500
pounds, formed a protective
mantle on the soil that far ex-
ceeded the covering on the
lightly grazed plots. The correla-
tion of range condition class and
water-intake rate was highly
significant.

The percent of basal cover
increased as the stocking rate
increased. With the increased
grazing intensity, the taller grass
species such as sand bluestem
(Andropogon hallii Hack.), little
bluestem (A. scoparius Michx.),
switchgrass (Panicum virgatum
L.), and sand lovegrass (Era-
grostis trichodes (Nutt.) Wood)
were replaced by the shorter
sod-forming grasses including
blue grama (Bouteloua gracilis
(HB.K.) Lag. ex Steud.), sand
dropseed (Sporobolus cryptan-
drus (Torr.) A. Gray), fall
witchgrass (Leptoloma cogna-

tum (Schult.) Chase), and sand
paspalum (Paspalum stramin-
eum Nash). The greatest basal
cover of living vegetation was
found in the heaviest grazed pas-
tures, but these pastures con-
tained the smallest quantity of
litter and standing forage and
possessed the lowest water-in-
take rate.

These tests indicate that soil
bulk density and quantity of
vegetal cover, which may change
with time and are related to
climatic conditions and to the
degree of grazing use, greatly in-
fluence the ability of the land to
absorb rainwater as it falls.

Rainfall and Useable Soil Moisture

Most rainstorms in the area
produce less than 2 inches of
rainfall; however, rains of high
intensity and short duration re-
sult in excessive runoff from the
Pratt soils. Expected rainfall
intensity-frequency data, as com-
piled by Yarnell (1935), indicate
that rainfall intensities of 5.04,
4.50, and 3.60 inches per hour for
durations of 5, 10, and 15 min-
utes, respectively, are expected
to occur at least once every 2
years in this area. Thus, one
should expect substantial run-
off on all of the grazed sites, but
only rarely would runoff occur
on the nongrazed sites. Observa-
tions during the 20-year differ-
ential grazing period showed
that runoff actually did occur
numerous times on all grazed
areas. Much of this runoff ac-
cumulated in the depressional
areas of the dune topography
and aided the available moisture
supply of the depressions.

Differences in moisture reten-
tion caused by changes in bulk
density may slightly affect the
total moisture supply of the
sites. A small summertime rain
that penetrates the soil will be
more effective in producing
plant growth on soil with a lower
bulk density, because less of the
infiltered water will be held near
the soil surface where evapora-
tion is more rapid. Therefore, a
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Table 2. Vegetation, litter, and range condition class on sprinkled infiltration plots in relation o pasture stocking

rates
) Total
Standing vegetation Litter vegetation Range
and condition
Stocking Grass litter class
rate Talll Short2 Total Forbs Sage Total Grass Forbs Sage Manure Duff Total
——————————— (Pounds per acre, oven-dry) — — — — — — — — — — —
Heavy; 12 APAU3 50 1,550 1,600 T 50 1,650 650 40 260 40 1,460 2,450 4,10026 Fair
Moderate; 17 APAU 230 1,340 1,570 10 T5 1,580 830 60 390 540 2,100 3,920 5,5002 Low good
Light; 22 APAU 100 1,270 1,370 30 50 1,450 1,140 180 630 0 2,500 4,450 5,9002 Good
Nongrazed 3,300¢ 300 3,600 50 450 4,100 1,800 600 1,270 0 4,830 8,500 12,6000 Excellent
(Basal density, percent of ground area)
Heavy; 12 APAU 0.3 233 236 0.0 0.6 2422
Moderate; 17 APAU 1.3 186 199 .1 2 20.2a
Light; 22 APAU S5 109 114 1 4 119>
Nongrazed 4.4 2.4 68 .1 13 8.217

1Sand bluestem, little bluestem, switchgrass, and sand lovegrass.
2A1l grass other than tall grass; predominantly sand dropseed, blue grama, sand paspalum, and fall witchgrass.

3Acres per animal unit.

4Includes dead standing vegetation from 1 or more years of age.

5Trace.

6Comparable averages with different superscripts are significantly different at the 5-percent level.

small rain on the lightly grazed
sites may be more effective in
producing plant growth than on
the heavily grazed sites. How-
ever, limited observations show
_ that the amount of rain that is
intercepted and held for ready
evaporation is proportional to
the amount of vegetal cover. A
large amount of infiltered water
may be more effective in produc-
ing plant growth on the heavily
grazed sites, because more of the
water will be retained in the
root zone. Differences in effec-
tive rooting depth of the plants
growing on the various grazing-
intensity sites and differences in
quantity and intensity of each
rainstorm may erase or enhance
these moisture retention con-
siderations.

Summary

Water relations for a Pratt
loamy fine sand on the Southern
Plains Experimental Range in
northwestern Oklahoma were in-
vestigated after four levels of
continuous cattle grazing had
been imposed for 20 years.
Water-intake rates were de-
termined with a sprinkling in-
filtrometer and with a double-
ring infiltrometer. In addition,
the following measurements
were obtained from each level

of grazing: Soil moisture reten-
tion, bulk density, penetration
resistance, organic matter, nitro-
gen content, vegetative cover,
and basal cover.

Water-intake rates were in-
versely proportional to the graz-
ing intensity, regardless of the
type of equipment used to ap-
proximate intake rates. There
was a high correlation between
the intake rates measured with
the sprinkling infiltrometer and
the double-ring infiltrometer;
however, the intake rates with
the double-ring infiltrometer
were about 2 to 3 times greater
than those with the sprinkling
infiltrometer.

Bulk density and penetro-
meter measurements showed
that grazing compacted the soil.
Therefore, grazing intensity af-
fected the quantity of water re-
tained at field capacity and at
wilting point. The heavily grazed
sites retained about 0.5 inch
more water in a 4-foot profile
than did the nongrazed sites.

Soil organic matter and nitro-
gen content decreased as depth
of soil increased, but neither
organic matter nor nitrogen con-
tent was significantly affected
by stocking rate.

Soil loss in the runoff water
and in the splash from the sprin-

kling infiltrometer tests was
negligible, even on the heavily
grazed sites.

A soil-protecting cover of
about 6 tons of standing vegeta-
tion and litter per acre was
found on the nongrazed sites,
whereas 2 to 3 tons were found
on the grazed sites. Quantity of
vegetative cover, both living and
dead, and range condition class
were correlated with the water-
intake rates. The short, sod-
forming grasses predominated
under heavy grazing and tall
bunch grasses predominated on
the nongrazed sites.
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The invasion and increase of
plains pricklypear (Opuntia
polyacantha) has become an
acute problem in many range
areas of Wyoming. The Soil Con-
servation Service recently esti-
mated that 1,500,000 acres were
infested to such an extent that
control measures are necessary
to permit restoration of the ex-
cellent range condition class
within a reasonable period. In
many places it has increased
from less than 2.5 percent of the
total annual production, by
weight, to over 60 percent.

Wyoming ranchers have long
used such practices as burning,
railing and blading in attempts
to control the pricklypear. These
methods ordinarily gave unsatis-
factory control or were uneco-
nomical. A review of range her-
bicide literature, (Thomas,
1956) (Hoffman et al, 1955)
(Young, 1951) (Cornelius, 1951),
and correspondence with re-
searchers in this field, indicated
that several herbicides might
prove both effective and eco-
nomically feasible.

Most herbicides are not readily
absorbed by the plains prickly-

pear. The pads are covered with
a thick cutin layer and the sto-
mata, through which the her-
bicide might enter the vascular
system, are open only at night
(Daubenmire, 1956). Moreover,
the herbicide must enter largely
through stems (pads) since the
true leaves are extremely small
and present for only a short time
during favorable moisture con-
ditions in the spring. Therefore,
to increase the absorption by the
plant, the puncturing or other
mechanical damaging of the
pads, just prior to the applica-
tion of herbicides, wasconsidered
as a means of getting more of the
chemical into the vascular sys-
tem.

Experimental Area

All of these field trials were
established on the Morton ranch,
15 miles northwest of Douglas,
Wyoming. This area receives an
average of approximately 11
inches of precipitation annually.
Elevation is about 5,000 feet
above sea level. The trials were
located on normal sandy loam
soils (Sandy range site) where
response of the vegetation in the

Poor range condition class could
be checked against response in
the Good condition class. Plots
were not grazed during the 1961,
62 and 63 growing seasons.

Associated species on the plots
included needle and thread
(Stipa comata), western wheat-
grass (Agropyron smithii), sand
dropseed, (Sporobolus cryptan-
drus), blue grama (Bouteloua
gracilis), prairie junegrass
(Koeleria cristata), bottlebrush
squirreltail (Sitanion hystrix),
Sandberg bluegrass (Poa secun-
da), cheatgrass brome (Bromus
tectorum), sixweeks fescue (Fes-
tuca octoflora), big sagebrush
(Artemisia tridentata), prairie
pepperweed (Lepidium densi-
florum), tansey mustard (Sophia
pinnatae), annual sunflower (He-
lianthus annuus), curlycup gum-
weed (Grindelia squarrosa), pale
evening primrose (Oenothera
albicaulis) and threadleaf sedge
(Carex filifolia).

Methods and Procedures

On June 1, 1961, 1x2 rod plots
of pricklypear infested range-
land were treated with 2,4,5-
Trichlorophenoxy acetic acid
(2,45-T), 2,36 Trichlorobenzoic
acid (2,3,6 TBA) and 24,5 Tri-
chloropropionic acid (silvex) at
various rates and combinations
shown in Table 1. Each treat-
ment was replicated three times.
The object of this initial project
was to select those herbicides
and combinations most effective



for later use in larger scale
trials.

Half of each plot was me-
chanically treated to injure the
cactus plants prior to the chemi-
cal application. A cultipacker
was pulled over the plants in
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such a manner that most of them
were punctured, broken, or
otherwise injured. Chemicals
were applied with a hand-type
boom sprayer immediately after
mechanical treatment before the
wounds could dry. The 24,5-T

Table 1. Control of plains pricklypear in 1961 trials using 2,4,5-T: 2,.3.,6 TBA
and silvex with various carriers with and without prior mechanical

treatment.

September, 1962

Control Observed
September, 1963

Herbicides, Carriers

No No

and Rate of Application Mechanically Mechanical Mechanically Mechanical

Per Acre Treated Treatment Treated  Treatment
—————— percent — — — — — — —
12 1b. 2,4,5-T Per Acre
40 gal. water, X77 100 90 95 80
4 1b. 2,4,5-T Per Acre
80 gal. water 75 25 50 10
80 gal. water, X77 80 25 60 15
40 gal. water 70 25 50 5
40 gal. water, X77 80 15 60 10
80 gal. 1.9 oil-water
emulsion 75 35 55 10
80 gal. 1:9 oil-water
emulsion, X77 80 40 60 20
40 gal. 1:9 oil-water
emulsion 85 35 70 25
40 gal. 1.9 oil-water .
emulsion, X77 85 40 70 35
2 1bs. 2,4,5-T Per Acre
80 gal. water 55 10 40 5
80 gal. water, X77 65 15 45 5
40 gal. water 75 10 50 10
40 gal. water, X77 45 10 30 5
80 gal. 1:9 oil-water
emulsion 70 15 50 10
80 gal. 1:93 oil-water
emulsion, X77 70 15 50 15
40 gal. 1:9 oil-water
emulsion 65 15 60 15
40 gal. 1:9 oil-water
emulsion, X77 70 25 50 25
10 1b. 2,3,6 TBA Per Acre
40 gal. 1:9 oil-water
emulsion, X77 95 80 95 80
5 1b. 2,3,6 TBA Per Acre
40 gal. water 90 30 85 45
2.5 1b. 2,3,6 TBA Per Acre
40 gal. water 80 20 85 55
12 1b. silvex Per Acre
40 gal. 1:9 oil-water
emulsion, X77 100 100 100 100
4 1b. silvex Per Acre
80 gal. water 95 85 90 70
80 gal. water, X77 95 80 95 75
2 1b. silvex Per Acre
80 gal. water 80 60 80 50
80 gal. water, X77 85 60 90 40
Mechanically treated only 50 30
Check Plots? 15 15

1Percent of plains pricklypear dying from natural causes.
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was applied at 2 and 4 pounds
per acre (active) using all of the
various combinations possible
with 40 and 80 gallons of water
and with 40 and 80 gallons of a
1:9 diesel oil-water emulsion. In
addition, each of the above com-
binations was also applied with
the X77 spreading agent. 2,4,5-T
was also applied at a rate of 12
pounds per acre using 40 gallons
of 1:9 diesel oil-water emulsion
with the spreading agent.

2,3,6 TBA was applied at a rate
of 2.5 and 5 pounds in 40 gallons
of water per acre. A high rate of
10 pounds of 2,3,6 TBA per acre
using 40 gallons of 1:9 diesel oil-
water emulsion with the X77
spreading agent was also ap-
plied.

Silvex was applied at a rate of
2 and 4 pounds per acre using
80 gallons of water, with and
without the X77 spreader. It was
also applied at 12 pounds per
acre using 40 gallons of 1:9 diesel
oil-water emulsion per acre with
the spreading agent.

The soil moisture was 8 to 10
inches deep at the time of appli-
cation. Nearly all of the asso-
ciated vegetation was green and
growing. The true leaves were
present on the pricklypear
plants. The area, which had just
experienced a severe prolonged
drouth, received average precipi-
tation during the 1961 growing
season. Moisture conditions con-
tinued to be average or slightly
above during the 1962 and 1963
seasons. Thus response of the as-
sociated vegetation could be
studied in connection with the
effects of herbicides on the
pricklypear.

The second trial was initiated
on June 27,1962. Silvex (Kuron),
which had proven to be most
effective in controlling the prick-
lypear in the 1961 trials, was ap-
plied on larger plots to learn if
the results could be duplicated.
As shown in Table 2, it was
applied at two and four pounds
per acre using 40 gallons of
water with the X77 spreading
agent, on acre plots containing a
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Table 2. Conirol of plains prickly-
pear, 1962 irials with silvex in 40
gallons water and X77 spreader
with and without prior mechanical
treatments, on one-acre plots.
Evaluated September, 1963.

Percent
Rates of silvex Control
2 1bs.
no mechanical treatment 65
2 1bs.

with mechanical treatment 90
4 lbs.

no mechanical treatment 85
4 1bs.

with mechanical treatment 99
Mechanical treatment only 25

considerable amount of prickly-
pear. These same rates also were
applied on acre plots which had
been mechanically treated. An-
other acre plot was mechanically
treated only.

A cultipacker was used to me-
chanically treat the plots, as in
the first experiment. Approxi-
mately 40 percent of the cactus
pads were injured by either
puncturing or breaking. The her-
bicide was applied within an
hour after the mechanical treat-
ment with a truck-mounted
boom-type sprayer operating at
40 pounds p.s.i. Wind velocities
less than 5 mph, moderate hu-
midity and a temperature of
about 80° F made conditions
ideal for spraying. All of the
vegetation was green and grow-
ing. There was ample moisture
available for plant growth. The
pricklypear was in the bloom
stage and still held most frue
leaves.

Percent control as recorded
from these trials were the aver-
age of three individuals making
separate ocular estimates. The
individual estimates did not vary
more than 10 percent and in
most cases were less than 5 per-
cent.

Results and Discussion

Ocular estimates were made
of the percent of plains prickly-
pear on the initial (1961) trials.
The plots kill were read in Sep-
tember of 1962 and again in Sep-
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tember of 1963. Thus the plot
records show results through
three complete growing seasons.
Table 1 shows the observed con-
trol each year in this trial.

Table 2 shows the amount of
control obtained on the acre
plots established in 1962. The
ocular estimates were made in
September of 1963, after two
growing seasons.

2,4,5-T.—The best pricklypear
control was obtained using the
12 pounds per acre application;
however, all of the associated
vegetation was severely dam-
aged. The 2 and 4 pound rates
killed most of the forbs and
brush species, but did not notice-
ably effect the associated grass
species. 2,4,5-T applied at the 4
pound per acre rate gave the
next best pricklypear control.
The least control was obtained
using the 2 pound rate.

All of the rates were most
effective when used in combina-
tion with the mechanical treat-
ment, 2,4,5-T without any me-
chanical injury resulted in a
maximum of 40 percent control.
Mechanical injury tothe prickly-
pear plants approximately
doubled the percent of control.
Using a carrier of 1:9 diesel oil-
water emulsion increased the
percent control approximately
10 percent over the use of water
alone. The spreading agent XT77
also seemed to increase the effec-
tiveness of the chemical. The
amount of carrier applied per
acre made little difference in the
control obtained.

2,3,6 TBA.—A maximum of 95
percent control was obtained us-
ing a 10 pound per acre applica-
tion on mechanically treated
plots. The 2.5 and 5 pound rates
also gave good initial control,
but all of the associated vege-
tation was severely damaged, re-
gardless of the type of treatment.
The most severe damage oc-
curred using the 10 pound rate.
The plots were still nearly de-
void of any vegetation, with the
exception of some plains prickly-

pear, after three growing sea-
sons.

Silvex.—Silvex applied on the
initial trials at a rate of 12
pounds per acre, in a carrier of
1:9 oil-water emulsion with the
X77 spreading agent added, re-
sulted in complete control of the
pricklypear. However, all of the
associated vegetation, with the
exception of Carex filifolia, was
severely damaged. The 2 and 4
pound rates, applied with a
water carrier, resulted in no
damage to the associated. grass
species. Forbs and brush species
were, however, completely killed.

Mechanically treating the plots
increased the control percentage.
Four pounds of silvex applied on
the mechanically treated plot re-
sulted in 90 to 95 percent control.
The 2 pound rate resulted in 80
to 90 percent control. The appli-
cation of chemicals without me-
chanical treatment reduced the
effectiveness as much as 30 per-
cent. The addition of the XT77
spreading agent seemed to in-
crease, somewhat, the effective-
ness of the herbicide.

Two and 4 pound rates of sil-
vex were superior to the other
chemicals in the trial as they re-
sulted a desirable pricklypear
control and still did not damage
the range grasses. These rates
applied to the one-acre plots
(1962 trials) again resulted in
very good control. As shown in
Table 2, the 4 pound rate applied
with mechanical treatment re-
sulted in nearly complete control
(99 percent) of plains prickly-
pear. The 2 pound rate on the
mechanically treated plot re-
duced the control received to 90
percent. Herbicides applied in
the absence of mechanical treat-
ment were less effective from
15 to 25 percent. The expanded
1962 trials largely confirmed re-
sults from the earlier smaller
trials. Silvex did not damage
any of the grass species in the
associated vegetation; however,
nearly 90 percent of the big sage-
brush was killed, along with



most of the annual and perennial
forbs.

Prior Mechanical Treatment.—
Mechanically treating plains
pricklypear, prior to applying
herbicides, greatly increased the
kill of pricklypear, except where
high rates of chemicals were
used. It was not determined
whether the increased control
resulted from an extra amount
of herbicide entering the vascu-
lar system through the injured
tissues, or from the -physical
damage to the plant, or a com-
bination of both.

An appraisal of the initial
trials, near the close of the
second growing season, indicated
approximately 50 percent of the
plans pricklypear control could
be attributed to mechanical in-
jury. However, at the end of the
third growing season (Septem-
ber 1963), the amount of prickly-
pear had increased to where only
30 percent of the cactus had been
controlled. The 1962 trials
showed that approximately 25
percent of the pricklypear was
controlled by mechanical injury
alone by the end of the second
growing season.

Some of the pricklypear ap-
parently died from natural
causes during 1962 and 1963. Ap-
proximately 15 percent of the
plains pricklypear was destroyed
in the check plots. The area re-
ceived an above normal amount
of moisture during the 1962 and
1963 spring and early summer
months. A number of insects,
notably the pricklypear bug
(Chelinidea vittiger) and North-
ern cochineal mealy bug (Dacty-
loplus sp.) invaded the numerous
cactus patches. A number of
pricklypear pads were observed
to have been hollowed out by
some insect.
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There was evidence that the
plains pricklypear would rein-
vade the rangeland if conditions
were favorable. After three
growing seasons, the 1961 trials
showed an increase of 10 to 25
percent in the amount of prickly-
pear. The largest increases were
on those plots with poor kills. As
stated previously, these plots
were established on poor condi-
tion rangeland where competi-
tion between the plains prickly-
pear and native perennial grasses
would not be as great as on
better condition ranges. No gen-
eral increase was noticed on the
1962 acre size plots which were
established on rangeland in good
condition.

Summary

Field trials to chemically con-
trol plains pricklypair were con-
ducted near Douglas, Wyoming
during the spring seasons of 1961
and 1962. Results were recorded
through three growing seasons.
2,45-T, 2,36 TBA and silvex
were applied as sprays to plains
pricklypear in various rates and
with various kinds and amounts
of carriers during the spring of
1961. Half of each plot was me-
chanically treated with a culti-
packer so as to puncture or in-
jure the pricklypear plant just
prior to applying the herbicides.
Silvex was generally superior to
the others herbicides. In 1962, 2
and 4 pounds of silvex were ap-
plied to mechanically treated
and non-mechanically treated
acre-size plots. The results of
these two trials can be summar-
ized as follows:

1. Silvex proved to be superi-
or to 2,3,6 TBA and 2,4,5-T when
applied at 2 and 4 pounds per
acre. These rates proved effec-
tive in controlling plains prickly-
pear and did not injure any of
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the desirable range grasses.
These rates also effectively con-
trolled the big sagebrush.

2. Prior mechanical injury of
pricklypear plants greatly in-
creased the effectiveness of all
the herbicides except those ap-
plied at the 10 and 12 pound
rates.

3. Mechanical injury alone
contributed approximately 25 to
30 percent of the control.

4. 23,6 TBA damagedor killed
most of the desirable range
plants at all rates. The high rates
of silvex and 2,4,5-T also dam-
aged some of the desirable forage
plants.

5. Approximately 15 percent
of the plains picklypear control
resulted from insect damage and
other natural causes. '

6. The estimated cost of ap-
plying 2 and 4 pound rates of
silvex would be $8 to $14 per
acre respectively which includes
cost of mechanical injury and
application of chemical.
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Control of Yucca By

Aerial Application of Herbicides’
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Yucca (Yucca glauca Nutt.),
also commonly called soapweed,
beargrass, or Spanish bayonet,
is a generally undesirable peren-
nial that occurs on thousands of
acres of rangeland in Nebraska
and surrounding states. The
plant grows to a height of 1 to
3 feet and possesses many long,
thick, sharp-pointed leaves with
thready margins (Figure 1).
Robison (1961) described yucca
as a xerophytic plant with a
large deep root system that
serves as a storage organ for food
reserves and moisture which en-
ables the plant to survive
drought. The sharp-pointed
leaves form a rosette that resists
excessive transpiration loss un-
der adverse conditions.

Aerial application studies con-
ducted by Robison (1961) in
Texas revealed that 245-tri-
chlorophenoxy acetic acid
(2,4,5-T) and 2-(2,4,5-trichloro-
phenoxy propionic acid (silvex)
gave the most consistent results
of several herbicides applied.
Treated areas produced an aver-
age of 1,831 pounds (oven-dry)
of forage per acre compared to
846 pounds on untreated plots.

Preliminary yucca control
studies were established by Sha-
fer (1958) at Paxton, Nebraska.
Herbicides used were 2-(2,4-di-
chlorophenoxy) propionic acid
[2-(2,4-DP]), polychlorobenzoic

1Published with the approval of the
Director as Paper No. 1464, Journal
Series, Nebraska Agricultural Ex-
pertment Station. This research
work was partly financed by the
Nebraske Department of Aero-
nautics, Lincoln, Nebraska.
2Formerly Instructor in Agronomy,
Dept. of Agronomy, Nebraska Ag-
ricultural Expt. Sta., Lincoln, Ne-
braska.

acid (PBA), 2-(2-methyl-4-chlo-
rophenoxy) propionic acid |[2-
(MCPP) |, and silvex, applied by
a ground sprayer. Silvex was
most effective, giving 98 percent
yucca control at 2 1b/A.

This study was conducted to
determine the most effective
herbicide, herbicide carrier, and
spray volume needed for aerial
control of yucca in western Ne-
braska.

Materials and Methods

Aerial applications of herbi-
cides were made on a Dune sand
soil for yucca control at Angora,
Nebraska. The dunes are sharply
rolling and separated in many
places by steep slopes, varying
from 30 to 100 feet in height. A
small proportion is under active
wind erosion in blow-out areas.
Annual average temperature is
approximately 48° F. Mean
annual precipitation is 155
inches with the majority occur-
ring in spring and summer.

Initial applications were made
on June 5, 1958, with a Piper
Super Cub. Each plot consisted
of three flight strips, each 33
feet wide and 440 feet long (1
acre). Herbicide treatments con-
sisted of the propylene glycol
butylether (PGBE) ester of sil-
vex at 1 and 2 Ib/A in combina-
tion with nine herbicide carriers.
One 1Ib/A of the PGBE ester of
2,45-T in a 1:1 oil-water emul-
sion was included for compari-
son. Herbicide rates, carriers, and
spray volumes per acre were ap-
plied as follows:

1. One 1b/A 245-T in a 1:1
oil-water emulsion at 2 gpa

2. Two Ib/A silvex in No. 2
diesel oil at 2 gpa

3. Two lb/A silvex in water
at 2 gpa
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Ficure 1, Top—Yucea in flower at Angora,
Nebraska. June 18, 1963. Bottom—
Control of yucca by application of
single treatment of 2 lb/A silvex applied
in No. 2 diesel oil at 5 gpa., June 17,
1960; photograph June 18, 1963. Note
luxuriant native grass growth on treated
area.

4. One lb/A silvex in water
at 2 gpa

5. Two lb/A silvex in a 1:1
oil-water emulsion at 2 gpa

6. Two lb/A silvex in a 1:4
oil-water emulsion at 5 gpa

7. One lb/A silvex in water
at 5 gpa

8. Two Ib/A silvex in water
at 5 gpa

9. Two Ib/A silvex in No. 2
diesel oil at 5 gpa

10. Two Ib/A silvex in water

at 10 gpa

Yucca control observations
were made in October, 1958, and
June, 1959. Final control evalu-
ations were made in September,
1960, on 10 yucca clumps selected
at random in each plot by deter-
mining whether they were dead
or alive. Percentage kill figures
were then derived from these
counts.

In 1960, a second set of one-
acre plots was sprayed at An-
gora with a Piper Super Cub as
before. Treatments of PGBE
ester of silvex at 1, 2, and 4 1b/A.
were applied in No. 2 diesel oil
at 5 gpa total solution when
yucca was flowering. Plots were



treated initially on June 17, 1960.
Repeat treatments on June 20,
1961, were the same herbicides
and rates as original ones super-
imposed on one-half of the same
plots. Percentage kill was de-
termined by randomly selecting
15 yucca clumps in each plot and
assigning a kill rating to each
clump in a range of 0-10. No con-
trol was given a value of 0; com-
plete kill, 10. The values ob-
tained were converted to per-
centage kill.

A third experiment using dif-
ferent herbicide carriers and
spray volumes was applied on
June 20, 1961, to study their in-
fluence on yucca kill. Two lb/A
of the PGBE ester of silvex was
selected as the herbicidal treat-
ment. Number 2 diesel oil,
water, and water plus a surfac-
tant (Multifilm X-77) were the
three carriers used. Spray vol-
umes were 2 and 5 gpa. Each
plot was 2 flight strips (66 feet)
wide and 240 feet long. Each
treatment was replicated. Per-
centage kill was determined by
randomly selecting 20 yucca
plants or clumps in each plot
which were evaluated in a simi-
lar manner for the June, 1960,
study. After control evaluations
were made the plots were re-
treated on June 18, 1962, with
treatments identical to those ap-
plied in June, 1961.

Results and Discussion

Observations made in October,
1958, four months after applica-
tions of silvex at Angora, Ne-
braska, revealed silvex at 2 Ib/A
applied in No. 2 diesel oil at 5
gpa gave most effective control.
Silvex at 2 1b/A in No. 2 diesel
oil at 2 gpa was considered the
second most effective treatment.
Silvex, at 2 1b/A, applied in a 1:1
oil-water emulsion at 2 gpa and
silvex at 1 1b/A in water at 5
gpa, were ranked third. In June,
1959, 2 1b/A silvex applied in No.
2 diesel oil at 5 gpa remained the
most effective yucca control
treatment, with an estimated 35
percent Kkill. The remaining
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yucca plants were very chlorotic
and had not produced flower
stalks. The next best treatment
was silvex at 2 1b/A applied as
a 1:1 oil-water emulsion at 2
gpa. The estimated kill was 30
percent with mostly chlorotic
plants remaining. All other
treatments produced less injury
and kill. The plots receiving 1
Ib/A of 245-T showed no ap-
parent control. Evaluations of
the plots on September 16, 1960,
are presented in Table 1. Silvex
at 2 Ib/A, applied in No. 2 diesel
oil at a total spray solution of 5
gpa, remained the most effective
treatment at 80 percent control.
Silvex, at 2 Ib/A applied as a
1:1 oil-water emulsion, was also
a relatively effective treatment.

The 1960 studies aimed to de-
termine what rate of silvex was
most effective with the No. 2
diesel oil carrier at 5 gpa. Re-
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sults in Table 2 show that most
effective control was obtained
with silvex at 2 and 4 1b/A. Some
regrowth, mostly small isolated
shoots, took place the first year
following treatment. Based on
an actual plant volume or weight
basis, control was better than in-
dicated by values given in Table
2. It was difficult, one year after
treatment, to predict if yucca re-
growth would increase. In the
study established in June, 1958,
considerable regrowth occurred
2 years after a single treatment
of silvex. With this information,
retreatment was considered de-
sirable for the plots treated in
1960. By retreating one-half of
each plot with original treat-
ments, single and repeat appli-
cations could be observed. Yucca
control evaluations made in
June, 1962, 2 years after original
treatment, revealed 95 percent

Table 1. Percentage kill of yucca from single application of 2.4,5-T and
silvex in combination with herbicide carriers and volumes per acre
at Angora, Nebraska. Treaimenis June, 1958; evaluated. September,

1960.

Herbicide and carrier

2,4,5-T + 1:1 emulsion at 2 gpa
Silvex + No. 2 diesel at 2 gpa
Silvex + water at 2 gpa

Silvex + water at 2 gpa

Silvex 4+ 1:1 emulsion at 2 gpa
Silvex -+ 1:4 emulsion at 5 gpa
Silvex 4 water at 5 gpa

Silvex 4 water at 5 gpa

Silvex 4+ No. 2 diesel oil at 5 gpa
Silvex -+ water at 10 gpa

Herbicide Killt

(Lb/A) (Pct)
0
30
60

30

BN DN = DN DN DN -
(32}
(=}

1Percentage killwwas derived by evaluating at random ‘ten plants. If any
regrowth occurred following treatment, plants were considered alive.

Table 2. Percentage killl of yucca after single and repeated applications
of silvex in No. 2 diesel oil at spray volume of 5 gpa.

Time after application

Single application

Repeat application

Herbicide Lb/A 3 mo. 1yr. 2yr. 1yr. 2yr. 3yr.
———————— (Percent) — — — — — — — —
Silvex 1 67 45 76 87 75 74
Silvex 2 84 75 95 94 95 98
Silvex 4 91 70 95 98 94 86

1Percentage kill was determined by evaluating 15 yucca plants in each plot.

A kill evaluation based on total top kill was assigned each plant with no
top kill given a value of 0; and complete top kill with no regrowth as 10.
Values for each plot were averaged and converted to percentage kill.
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control was obtained when 2 and
4 1b/A silvex were used as a
single application. Plots treated
with 4 1b/A silvex showed no in-
crease in yucca kill over those
treated with 2 Ib/A silvex. The
11b/A rate of silvex gave 76 per-
cent yucca control. There were
no major changes in control
values from 2 to 3 years after a
single application of silvex from
June, 1962, to June, 1963.

Additional herbicides were ap-
plied in June, 1961, to study the
influence of carriers and spray
volumes on yucca kill in more
detail (Table 3). No significant
differences were found between
the 2 and 5 gpa spray volume
treatments. No 2 diesel oil
tended to be superior to other
carriers at 2 and 5 gpa in com-
bination with 2 lb/A silvex as
a single application. Evaluations
of repeated applications of silvex
showed improved yucca control

in all plots.

Summary and Conclusions

Preliminary studies of yucca
control by aircraft applications
revealed that silvex applied at 2
Ib/A in No. 2 diesel oil at 5 gpa
total spray solution gave the best
yucca kill from a single applica-
tion of all herbicides, carriers,
and spray volumes used. A sub-
stantial amount of yucca re-
growth was found in all plots
two years following treatment

BOVEY

Table 3. Percentage control! of yucca one year after single and repeat ap-
plications of 2 1b/A silvex in No. 2 diesel oil, water, and water plus
surfactant carriers at spray volumes of 2 and 5 gpa.

Herbicide and Carrier

Single application Repeated application

Silvex + water at 2 gpa
Silvex + water + surfactant2?
at 2 gpa
Silvex + No. 2 diesel oil at 2 gpa
Silvex 4 water at 5 gpa
Silvex 4 water + surfactant?
at 5 gpa
Silvex -4 No. 2 diesel oil at 5 gpa

— — — — (Percent) — — — —
85 98
69 97
87 98
70 99
86 98
93 99

1Percentage kill was determined by évaluating 20 yucca plants in each plo’;
*Alkylaryl polyoxyethelene glycol (Multifilm X-77 at 0.1%).

indicating retreatment was ne-
cessary for best control.

In June, 1960, studies were
conducted to determine the most
economical and effective silvex
rates to use in combination with
No. 2 diesel o0il. Results revealed
that 2 1b/A of silvex gave as
much yucca kill as 4 1b/A. Re-
peat applications one year after
initial treatment did not im-
prove control. Some yucca re-
growth occurred in all plots.
Total regrowth was considered
small and lacked regenerative
vigor as indicated in counts
taken 1, 2, and 3 years after
treatment.

In a herbicide carrier-spray
volume study established in
June, 1961, no differences were
found in yucca kill between 2
and 5 gpa spray volume treat-
ments. No. 2 diesel oil applied

as the silvex carrier tended to
produce the best yucca Kkills
from a single application. Re-
peated applications of identical
treatments did increase kill.
For most economical and satis-
factory results, yucea in western
Nebraska should be treated with
a single application of 2 1b/A sil-
vex using No. 2 diesel oil as the
carrier. Retreatment is expen-
sive, consequently repeated ap-
plications should be made only
if necessary. Sufficient regrowth
to necessitate retreatment may
not occur until several years
after initial treatment.
LITERATURE CITED
Rosison, E. D. 1961. Aerial applica-
tion of herbicides for the control
of yucca. Proc. 14th Ann. Southern
Weed Conf.
SHAFER, N. E. 1958. Use of aircraft
in agriculture. Ann. Rpt. of Proj-
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NOTICE TO ALL MEMBERS

New application cards and brochures citing new dues rate have been distributed to Sections.

Please destroy all old brochures and application cards in your possession and, if you need them, order

new from your Section Secretary.



Herbage Production Responses to
Pelleted Fenuron and Granular 2,3,6-TBA
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Introduction

In an effort to extend the
scope of control measures for un-
desirable plants, granular or
pelleted forms of certain herbi-
cides have been developed. These
formulations may be applied on
the soil surface where they will
be carried into the soil by rain-
fall and enter the plant roots.
This type of herbicide may be
used on grasses as well as on
other plants. Brush control re-
search has been directed toward
the use of these new granular or
pelleted chemicals, particularly
3-phenyl-1, 1-dimethylurea
(fenuron), and 2,3,6-trichloro-
benzoic acid (2,3,6-TBA). Little
is known of the tolerance of na-
tive range grasses to soil her-
bicides, especially to the higher
rates of application.

In an effort to supply infor-
mation on the effects of these
granular herbicides on grasses
and the duration of toxicity
under varying soil conditions,
this study was designed to meas-
ure the effects of soil surface ap-
plications of fenuron and 2,3,6-
TBA at different rates and dates
of application on native forage
production on three range sites.

Review of Literature

Most of the research in selec-
tive control by granular herbi-
cides has dealt with pre-emer-
gence weed and grass control.
Carlson (1954) stated that in
tests on pre-emergence weed
control in sugar cane (Saccha-
rum officinarum L.), rates up to
5 pounds per acre of 3-chloro-
pheny 1-1, 1-dimethylurea (mo-
nuron) did not harm the crop.
Cristoph and Fisk (1954) study-

ing the stage of growth at which
plants were affected, tested mo-
nuron on barley (Hordeum vul-
gare L.) and soybeans (Glycine
max |L.] Merr.) at rates up to
2 pounds per acre. They found
that 30 percent of the barley
plants treated before early joint-
ing were Kkilled. At 0.75 pound
per acre there was some leaf die-
back and at 0.25 pound there was
no apparent effect. Darrow and
MecCully (1958), studying the ef-
fect of applications of fenuron
pellets on post oak (Quercus
stellata Wang.) and blackjack
oak (Quercus marilandica Mu-
enchh.), found that at 4 pounds
of active material per acre de-
sirable perennial grasses appa-
rently were not damaged.
Previous studies with 2,3,6-
TBA have been conducted prin-
cipally with foliage spray appli-
cations. Work by Furtick, et al®
involved the use of 2,3,6-TBA for
post-emergence treatment of
grasses. Their results showed
that both 1- and 2-pound rates
completely controlled tall fescue
(Festuca arundinacea Schreb.),
ryegrass (Lolium spp.), orchard-
grass (Dcactylis glomerata L.),

1This work was carried out by the
senior author in 1957 while serving
as research assistant at the Texas
Agricultural Experiment Station,
College Station, Texas, under the
co-author, then Professor of Range
Management at that location. Work
was in partial fulfillment for a
master’s degree in Range Manage-
ment at Texas A. & M. College, Col-
lege Station, Texas.

2Technical Service Data Sheet, H-63.
March 3, 1956. American Chemical
Paint Co.

3Hooker Electrochemical Co. Prog-
ress Report. 1957.

197

and red fescue (Festuca rubra
L.). A progress report by Buch-
holtz presented to the North
Central Weed Control Confer-
ence in 1956° showed that the
formulation X-80, a polychloro-
benzoic acid, controlled 90 per-
cent of perennial quackgrass
(Agropyron repens [L.] Beauv.)
at a 4-pound-per-acre rate. Dar-
row (1957) reported that 2,3,6-
TBA when applied as an oil
spray, at a 2- to 4-pound rate, is
about equal to 1.5 pounds of 2, 4,
5-T or 2-(2,4,5,-TP) esters when
used for control of oak and as-
sociated woody species.

Methods and Materials

The study area was on the
Range and Forestry Area of the
Texas Agricultural Experiment
Station, approximately 2.5 miles
southwest of College Station.
The vegetation consisted of post
and blackjack oaks with various
shrubs and areas of pure grass-
land interspersed. This study
was conducted in such open
grassland areas on three range
sites: sandy upland, prairie up-
land, and bottomland, as de-
scribed by Nord (1953).

The soils are red and yellow
podzolic with friable to dense
subsoils or claypan soils. The
sandy upland soil is a Tabor fine
sandy loam and has a topsoil
depth of 6 to 10 inches with very
slowly permeable subsoil of
mottled clay. The dominant grass
is little bluestem (Andropogon
scoparius Michx.)

The prairie upland soil is
Houston-Hunt clay with an 18-
inch layer of yellowish-brown or
gray clay grading downward to
an olive or brownish-yellow cal-
careous clay subsoil which is
only slowly permeable. Upon
drying, this soil cracks deeply.
Texas needlegrass (Stipa leu-
cotricha Trin. & Rupr.) and side-
oats grama (Bouteloua curtipen-
dula [Michx.] Torr.) inhabit this
site.

Bottomland - soils are Gowen
clay loam, derived from trans-
ported materials. The type is fri-
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able to firm, very hard when dry,
sticky when wet, with the up-
per 2 feet darkened by humus.
The soil exhibits practically no
development because of its
young age. Brownseed paspalum
(Paspalum plicatulum Michx.) is
the dominant grass.
Precipitation during the study
at Easterwood Airport within a
mile of all three sites is shown by
15-day periods in Table 1.
Hand-broadcast surface appli-
cations of }s-inch extruded pel-
lets of fenuron and 2,3,6-TBA
8/15 granules were made on
three dates, December 15, 1957,
February 15, 1959, and April
15, 1958, on each of the three

Table 1. Precipitation from Decem-
ber 15, 1957, to June 1, 1958, East-
erwood Airport, College Station,
Texas.

Accumu-
15-day lated
Period total total

————— (Inches) — — — — —
Dec 15-Jan 1 2.61 2.61
Jan 1-Jan 15 1.37 3.98
Jan 15-Feb 1 1.68 5.66
Feb 1-Feb 15 .66 6.32
Feb 15-Mar 1 2.06 8.38
Mar 1-Mar 15 .40 8.78
Mar 15-Apr 1 1.18 9.96
Apr 1-Apr 15 .59 10.55
Apr 15-May 1 3.58 14.13
May 1-May 15 1.98 16.11
May 15-June 1 .01 16.12
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range sites. Treatments on each
date were fenuron at 4, 6,-
8, 10, and 12 1b/A and 2,3,6-TBA
at 6,9, 12, and 15 Ib/A on an ac-
tive ingredient basis, and none
(check).

The experiment consisted of
square rod plots in a randomized
block design with three blocks on
each site. A five-foot buffer
zone was left between adjacent
plots to minimize the marginal
effects of herbicide treatments.

In June, 1958, at the end of
the study, herbage was clipped
from 8 randomly selected square-
foot subplots in the center
155x15.5 feet of each plot.
Samples were oven-dried at 70°
C for 24 hours and weighed.

Resulis

On the sandy upland site herb-
age production was not greatly
affected by application of herbi-
cides (Table 2). No major dif-
ferences in production attribut-
able to treatment occurred. Al-
though there was some variation
in the means of subplots, analy-
sis of variance of treatment
means showed no significant dif-
ferences in the means for
months, treatments, or the inter-
action of month and treatment.

On the prairie upland site
2,3,6-TBA appeared to reduce

herbage production more than
fenuron. Treatments of 2,3,6-
TBA at the higher rates in April
and February greatly reduced
grass yields. Effects of fenuron
were not consistent but there
was a trend toward reductions
from the December to the April
applications. These decreases
were more pronounced and more
consistent than on the other sites.
Analysis of variance showed a
highly significant difference
among months, treatments, and
the month-treatment interaction.
A significant interaction be-
tween month and treatment in-
dicated that the treatments made
in one month differed in effect
from those in the next (Table 2).
All treatments show this inter-
action.

Applications of 2,3,6-TBA at 9
pounds per acre and higher in
February and April definitely
lowered herbage production on
this site.

On the bottomland site treat-
ments with 2,3,6-TBA caused a
significant reduction in herbage
production. Fenuron and 2,3,6-
TBA treatments applied in Feb-
ruary and April show a trend
toward reduced herbage produc-
tion when compared to Decem-
ber treatments. Differences were
not statistically significant.

Table 2. Herbage production from fenuron and 2,3,6-TB A treated plots clipped on June 1, 1958.

Month of Fenuron (1b/A) 2,3,6-TBA (1b/A) None Monthly
Site application 4 6 8 10 12 6 9 12 15 (Check) means
................. (100 1bs. per Acre) ...
Sandy Upland December 18 13 13 16 13 21 12 9 11 10 14
February 15 17 12 20 7 12 11 7 11 10 12
April 13 9 16 13 13 12 12 15 10 13 13
Treatment means 15 13 14 16 11 15 11 10 11 11
Prairie Upland December 14 13 14 12 12 14 12 11 9 12 12a
- February 11 11 11 11 11 10 6 7 4 9 9b
April 9 10 8 5 10 8 10 4 5 12 8c
Treatment means 11d 11d 11d 9¢ 11d 11d 9c o 6a 11d
Bottomland December 12 6 11 7 12 9 7 8 10 10 9
February 7 11 7 8 10 7 10 8 8 17 9
April ‘ 7 9 i 12 3 8 9 6 6 15 8
Treatment means 9b 9b 9b 9b 8ab 8ab 8ab Ta 8ab 14b

1Means followed by the same letter or letters are not significantly different at the 5% level.
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Discussion

Differences in reduction of
herbage production from appli-
cation of herbicides on the three
range sites are probably due to
soil differences and/or possibly
to a differential response of
species. This effect could have
been due to leaching of the
chemical below the root zone be-
fore spring growth began. The
sandy upland and bottomland
sites have lighter soils (sandy
and clay loam), while the prairie
upland site has a clay soil. Dar-
row, et al (1959) reported that
tests with fenuron on tree species
growing on calcareous and
heavy-textured soils have been
relatively ineffective, but those
on sandy and medium-textured
soils gave promising results. This
would indicate that fenuron
moves down readily in light-
textured soils but does not on
heavy soils. Persistence of the
herbicides in the clay soil could
have been a factor.

Reductions in yield at the vari-
ous sites may be related to the
time elapsing between treatment
and when the grasses make their
growth — warm or cool-season
species. Significant reductions in
yield were not noted on the
sandy upland site (characterized
by little bluestem, a warm-sea-
son species) and bottomland site
(characterized by brownseed

paspalum, also warm-season),
while highly significant reduc-
tions were noted on the prairie
upland site from February and
April applications. The prairie
upland site is characterized by
Texas needlegrass, a cool-season
grass. This grass was green and
growing at the time of the Feb-
ruary and April applications,
whereas grasses on the other
sites were just beginning to grow
in April. This could have re-
sulted in greater absorption of
herbicide by grasses on the
prairie upland and consequently
a reduction in production. Also,
possibly the Texas needlegrass
is more susceptible to these her-
bicides.

Summary and Conclusions

Two herbicides, pelleted fenu-
ron and granular 2,3,6-TBA,
were hand-broadcast on prairie
upland, shallow upland, and bot-
tomland sites to evaluate yield
responses of native grasses.

Neither herbicide affected her-
bage production on the sandy up-
land site. However, heavy rates
of 2,3,6-TBA decreased produc-
tion on both prairie upland and
bottomland sites characterized
by clay or clay-loam soils. A
greater reduction resulted on the
prairie upland site having a cool-
season grass, Texas needlegrass,
Fenuron also showed a trend to-
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ward reduced yields of the bot-
tomland site.

No date of application reduced
herbage application significantly
on the sandy upland site, but
there was a highly significant
effect on the prairie upland site.
February and April applications
produced greater reductions than
the December applications. The
later applications also tended to
give lower yields on the bottom-
land site.
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Range Management Definitions

By JacoB KATSIR

Visiting Student from Israel to Utah State University, 1960

Range Management—The art and science of being almost bankrupt, but never passing this point.

Research—The search for truth, but only the truth which you have found before starting the experiment.

SCS Cooperative Agreement—The agency will do what the farmer wants and the farmer will do as he pleases.

BLM Range Condition Formula—The quantity of the vegetation multiplied by the quality divided by the erod-
ability and compaction of the soil will give range condition.

Forest Service Multiple Use—The three main uses of forests are:

timber production.

timber production, timber production, and

Determining Carrying Capacity—The art of answering permitee’s questions without getting a nervous breakdown.



Response of Grasses, Forbs,and Halfshrubs to
Chemical Control o Chaparral in Central
Arizona
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and
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Chaparral occupies about 6
million acres in Arizona and
western New Mexico. The main
body of the type begins near Sil-
ver City, New Mexico, and ex-
tends as a relatively narrow, dis-
continuous band across Arizona
to Seligman.

Grazing by livestock and game
is an important use of chaparral.
Numerous grasses, forbs, and

halfshrubs are prncnhf in the

type. The amount and kind of
understory varies with shrub
density, climate, soil type, and
past use. Fair amounts of grass

xr 41 1. 1
are produced between the shrubs

in some areas, and many shrubs
are grazed, especially in winter.
Where interspaces are essen-
tially bare and palatable shrubs
are scarce, forage production is
low. In such areas, increases in
forage might be expected if the
unpalatable shrubs were killed.
This study, begun in 1954 on the
Sierra Ancha Experimental For-
est, reveals some effects of kill-
ing shrubs and trees in the cha-
parral on production and cover
of associated grasses, forbs, and
halfshrubs.

Chaparral commonly occurs on
the broken, rough slopes of the
mountainous masses just south
of the Mogollon Rim. The type
extends into the edge of the pine
at higher elevations (6,000+
feet) and mingles with desert-
shrub species at lower elevations
(3,500 feet). Soils, generally
poorly developed, are of several

1Forest Service, U. S. Department of
Agriculture, with headquarters at
Fort Collins, Colorado, in cooper-
ation with Colorado State Univer-
sity. Research reported was con-
ducted in cooperation with Arizona
State University at Tempe, Arizona.

parent materials — granite, dia-
base, quartzite, schist, and basalt.
Rainfall, generally varying with
elevation, ranges from 14 to 25
inches.

The type is usually dominated
by one or two shrub species, al-
though mixtures of many species
are found on some sites. Struec-
ture of the flora and dominance
are generally influenced by dif-

ferences in soils. slone, elevation

TSLTALCS 111 50LLLS, S0P T, CATValioil,

and precipitation. More than 50
shrub species have been found
in the type, but the usual domi-
nant is shrub live oak (Quercus

3 114\ Ntk "
tu')"b'ineuua; viner ¢ommon spe-

cies are skunkbush sumac (Rhus
trilobata), sugar sumac (R.
ovata) and desert ceanothus
(Ceanothus greggii). Species
that often are dominant locally
include hairy mountainmahog-
any (Cercocarpus brevifolius),
birchleaf mountainmahogany
(C. betuloides), pointleaf man-
zanita (Arctostaphylos pungens)
and Pringle manzanita (A. prin-
glei). Wright silktassel (Garrya
wrightii) and hollyleaf buck-
thorn (Rhamnus crocea), though
common, are important mainly
because of animal preference.

Literature Review

Little work has been done in
the chaparral of Arizona, on the
effect removing the shrub over-
story has on native grasses and
halfshrubs. Removing overstory
trees and shrubs, however, has
resulted in increased understory
growth in other vegetation types.
Several workers, among whom
are Mueggler and Blaisdell
(1958), Blaisdell (1953), Pechanec
and Robertson (1944), and Hyder
(1954), have found that killing
big sagebrush overstory releases
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understory vegetation and re-
sults in two- to five-fold in-
creases in usable forage. Simi-
lar results are reported from
other shrubby or weed-tree
types: mesquite (Parker, 1943);
juniper (Arnold and Schroeder,
1955) and post oak (Koshi et al,
1954). In the California chapar-
ral, a type somewhat similar to
that in Arizona, Biswell (1954),
Love and Jones (1947), and Bur-
cham (1959), are among those
who advocate conversion of cha-
parral to grassland to increase
forage production and watershed

efficien cy.

Caiaaliltile

History of the Study Areas

The study was made on four
small watersheds (9.07 to 19.52

acres in size) called the Natural

CICS 11 Sl4C) Lallll ie Axarvulial

Drainages, located on the Sierra
Ancha Experimental Forest
about 40 miles north of Globe,
Arizona. The four watersheds

are degicnated A R (' and N
aré aésignaich i, o, L, anad o

and lie side by side facing east
(Figure 1). Slopes average 15 to
25 percent, and elevations from
4525 to 4,970 feet. Annual rain-
fall averages about 20 inches; 65
percent falls October through
May, and 35 percent June
through September.

Two distinet soils are present.
Soil on the upper slopes was de-
rived from diabase rock; it is
deep and sandy. On the lower
slopes is a shallow, quartzite-de-
rived soil, heavier in texture
than the diabase soil. Vegeta-
tion on the diabase soil consists
primarily of shrubs and half-
shrubs. Though shrubs are also
dominant on the quartzite soil,
islands of grass are common
there.

The Natural Drainages were
closed to livestock grazing from
1934 to 1938. From 1939 to 1954,
the effect of grazing on water
production was studied on the
watersheds. Each fall cattle
grazed about 80 percent of the
grass on the more accessible
slopes on Drainage A and about
40 percent on Drainage D. Areas
of dense brush and steep topog-
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Ficure 1. The four Natural Drainages on the Sierra Ancha Experimental Forest 4 years
after initial chemical treatment of shrubs on Drainages A and C.

raphy were seldom grazed on
either watershed. Drainages B
and C were held as ungrazed
check areas. From 1955 until the
end of the study in 1959, live-
stock were again excluded from
all watersheds.

Methods

To determine the response of
understory vegetation to chemi-
cal control of chaparral, all
shrubs and trees on Drainages
A and C were sprayed with
herbicides while Drainages B
and D were held as check areas.

During the summer of 1954,
the basal 6 inches of each living
shrub and tree on Drainage C
was sprayed with a 6.6 percent
solution of 2,4-D and 24,5-T in
diesel oil until the outer bark
was saturated. Halfshrubs were
not sprayed. Though the first
treatment killed most of the
plants sprayed, surviving shrubs
on Drainage C were resprayed
in 1956 and 1958. Trees and
shrubs on Drainage A were
sprayed in similar manner in
1955 and resprayed in 1957.

Measurement of plant cover.—
To facilitate sampling, each
drainage was type-mapped ac-
cording to dominant vegetation,
aspect, and soil derivation. Al-
though 8 types were represented,
the present study is concerned
only with the 3 types that had a
shrub overstory:

Shrub, south-facing slope,
quartzite soil

Shrub, north-facing slope,
quartzite soil

Shrub, east-facing slope,
diabase soil

In 1950, ten 40-foot line tran-
sects were randomly located in
each vegetation type in each
drainage. Crown- and basal-in-
tercepts of plants along those
transects were recorded in
August 1954, 1957, and 1959 in
the manner described by Can-
field (1942).

Measurement of herbage pro-
duction. — Estimates of herbage
production were made in 1959.
Five mechanically spaced 9.6-
square-foot plots were located
near 5 of the 10 line transects in
each type. Current production of
grasses was determined by the
weight-estimate method (Pech-
anec and Pickford, 1937). One of
the five plots on each transect,
randomly chosen, was clipped
and the herbage weighed as part
of a double sampling procedure
(Wilm et al. 1944).

Forbs were not estimated be-
cause the work was done in
November after most forb her-
bage had dried, broken up, and
blown away. All growth of half-
shrubs was estimated because
old growth could not be dis-
tinguished readily from new
growth.
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Changes in Vegetative Cover

Grasses.— In 1954, the basal
cover of all grasses on proposed
treatment areas of quartzite soils
was almost the same as that on
check areas (Figure 2). In 1957
and 1959, grass cover on treated
areas was about three times that
on check areas. Increases on
north and south slopes were com-
parable. Side-oats grama (Boute-
loua curtipendula) alone was re-
sponsible for much of the basal
cover change following treat-
ment, although other grasses also
contributed. No significant
changes in grass cover were de-
tected on sprayed or unsprayed
areas of diabase soils during the
entire study period. Any small
changes that may have occurred
were obscured by variation in
cover.

These data suggest that grass
cover, especially that of side-
oats grama, may increase rapidly
following shrub control on quart-
zite soils, but little or no change
may be expected on diabase soils.
The fact that grassy openings are
common on the shallow, clayey
quartzite soils but are infrequent
on the deep, sandy diabase soils
tends to support this observation.

Halfshrubs. — Crown cover of
halfshrubs increased substan-
tially on both soils following
chemical control of shrubs. The
greatest actual increase, how-
ever, was on diabase soils (Fig-
ure 2). The principal species
were Wright eriogonum (Eriogo-
num wrightii), rough menodora
(Menodora scabra) and two spe-
cies of Lotus, shrubby deervetch
(L. rigidus) and Wright deer-
vetch (L. wrightii). No apprecy-
able change in cover occurred on
unsprayed areas during the
study. The significant increase of
halfshrubs following shrub kill
indicates that both soils are well
adapted for growing these plants.

Forbs.—Crown cover of forbs
was greater on the diabase than
the quartzite soils. Forbs appar-
ently increased on all treated
areas between 1954 and 1959
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served from 1954 to 1959 on the
Sierra Ancha Experimental For-
est in central Arizona. Study
areas were classified and results
were presented according to
dominant vegetation, aspect, and
soil origin.

Soils derived from quartzite
were shallow and contained con-
siderable amounts of clay. Islands
of grass were present in the
chaparral on this soil before
treatment. Following shrub con-
trol with herbicides, the cover of
all understory vegetation on
quartzite soil increased, but in-
crease in grass cover was quick-
est and most spectacular. Half-
shrubs and forbs increased less
rapidly but continuously. In-
crease in grass production was
also greater on this soil.

Soils derived from diabase
were deep and sandy. They sup-
ported no islands of grass in the
chaparral. Here, halfshrubs in-
creased greatly in cover and pro-
duction following control of
overstory shrubs. Grasses showed
little if any response, while forbs
increased in cover somewhat
more than on quartzite soils.

CONTROL OF CHAPARRAL

These findings indicate that
chaparral-control sites for in-
creased grass production should
be selected carefully. Certain
soils may not favor grass growth,
and other plants not killed by
herbicides may become dominant.
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Gaseous Nitrogen Losses and Range Fertilization

Leroy H. WuLLsTEIN aND C. M. GILMOUR
Research Fellow and Professor respectively, Department of Microbiology
Oregon State University

Various routes of soil nitrogen loss have been
proposed but it is apparent in the literature that
the mechanisms involved are incompletely under-
stood. This is particularly true with regard to
non-enzymatic losses in soils of slight or moderate
acidity. Under these conditions and where gas
analysis is lacking it becomes most difficult to
assess the real nature of the apparent losses en-
countered.

Using direct methods for analysis, Wullstein
et al. (1963) and Wullstein and Gilmour (1964)
demonstrated (in vitro) that appreciable nitrogen
loss, as nitric oxide, from moderately acidic soil
results from the reaction of potassium nitrite with
certain reduced metals. Undoubtedly, such losses
previously had been attributed to other mechan-
isms. It is fair to say that at least part of the mis-
understanding can be traced to technological prob-
lems. It is also fair to emphasize that extreme
caution should be exercised when interpreting the

nature of nitrogen losses, especially when these
losses are based only on mineral nitrogen deficits!
Proper laboratory assay (to include the determin-
ation of gaseous nitrogen products) can prevent
undue conjecture and, where the mechanism (s) of
loss can be firmly established, justify efforts to
find suitable control measures.

If range fertilization becomes a common prac-
tice, range managers may encounter gaseous ni-
trogen losses of economic significance. It is sug-
gested that the effective control of any such losses
would require both laboratory and field studies.
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A Method for Measurement of Forage
Intake of Grazing Livestock Using
Microdigestion Techniques'

G. M. VAN DYNE? AND J. H. MEYER

Research Nutritionist and Professor, Animal Husbandry
Department, University of California, Davis, California

Knowledge of quantitative for-
age intake by grazing animals is
basic to range management. For-
age intake is measured only with
difficulty, and few data are avail-
able. Two recent monographs
(Agricultural Board, 1962; Joint
Committee, 1962) discuss mea-
surement of digestibility of range
forage, fecal output, and utiliza-
tion (i.e., disappearance) of herb-
age. Measurement of range for-
age intake requires, however, a
concomitant evaluation of forage
digestibility and fecal output.
Range herbage disappearance
may be proportional to, but is
greater than forage consumption
by livestock because of herbage
losses such as those due to
weathering and trampling, and
forage consumption by insects
and rodents. A review of text-
books on range management, ani-
mal nutrition, and animal pro-
duction reveals only one which
gives estimates of quantitative
forage intake by range livestock.
Stoddart and Smith (1955) quote
figures of daily range forage in-
take by cattle, but give no data
on intake by sheep.

This article presents a new
technique of determining forage
intake based on in vitro or in

1Acknowledgment is expressed to
H. F. Heady, G. P. Lofgreen, and W.
C. Weir for their interest and sug-
gestions in this work, which was
supported in part by Regional Re-
search Project W-34—Range Live-
stock Nutrition. Computational time
was supported in part by N.LH.
Grant FR-00009.
2Present address: Radiation Ecology
Section, Health Physics Division,
Oak Ridge National Laboratory,
Oak Ridge, Tennessee.

vivo microdigestion of forages
and compares this method to
existing methods.

Review of Literature

An ideal method for determin-
ing forage intake by grazing ani-
mals would be 1) accurate and
precise, 2) applicable to individ-
ual animals, 3) applicable to all
types of forage, and 4) based on
easily determined chemical com-
ponents. It should not depend
upon dry-lot digestion trials of
harvested range herbages.

Ratio Techniques

Ratio techniques, depending
upon the presence of an indigest-
ible indicator in the forage, have
been used in combination with
total fecal collection to measure
forage intake (Agricultural
Board, 1962; Joint Committee,
1962). Lignin (Garrigus, 1934;
Harris et al., 1952), chromogens
(Cook and Harris, 1951), and
silica (Smart et al.,, 1960) have
been the most commonly used
naturally occurring indicators in
range studies.

Disadvantages of the lignin
ratio procedure, according to Mil-
ford (1957), are 1) lignin isnot a
distinct chemical entity, 2) im-
purities may become attached to
lignin during chemical analysis,
3) methods of lignin analysis are
tedious and expensive, 4) selec-
tive grazing can introduce high
errors in sampling of forage ac-
tually consumed, 5) lignin may
be partially digestible, and 6)
changes in chemical composition
of lignin may occur in the diges-
tive tract. Furthermore, moisture
in forages and high drying tem-
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perature may induce a nonenzy-
matic browning reaction in
which products of carbohydrate
degradation condense with pro-
tein (MacDougall and DeLong,
1942; Van Soest, 1962). This leads
to positively biased estimates of
lignin content. Conner et al
(1963) indicated range forage
samples collected by ruminal
fistulated cattle had a positive
bias due to a nonenzymatic
browning reaction. Although
there are many disadvantages to
the lignin ratio procedure, it has
remained the most widely used
method in range investigations
in the United States (Cook et al.
1954, 1961, and 1962).

Chromogen has been used as a
naturally occurring indicator in
range forages; however, it has
been found unsatisfactory by
Cook and Harris (1951) with
plants high in ether extract and
by Van Dyne (1960) because of
low and variable levels in win-
ter range forage. Silica is an-
other naturally occurring indi-
cator which has been used in
digestibility trials and which
could be used for estimating for-
age intake if an accurate esti-
mate can be made of dietary
silica content. Even slight soil
contamination of herbage orfecal
samples causes variable and in-
valid results with this indicator.
With the use of esophageal fis-
tulated animals (Van Dyne and
Torell, 1964), however, the silica
content of the forage plus soil
contaminants consumed can be
accurately estimated.

One shortcoming of these indi-
cator techniques is that estimates
of forage intake usually are
based on amount and composi-
tion of feces of one group of ani-
mals and the dietary composition
of another group. Thus, only one
valid estimate of intake is avail-
able, and there is no measure of
reliability. These techniques are
advantageous because they do
not require harvesting of range
herbages for dry-lot digestion
trials and they are applicable to
both cattle and sheep.



MEASUREMENT OF FORAGE INTAKE

Other Methods

Fecal nitrogen index.— The
fecal nitrogen index procedure
originated by Lancaster (1949)
has been used to determine for-
age intake in grazing studies in
New Zealand, Australia, Africa,
and Great Britain. This proce-
dure requires that herbase be
cut and fed to animals in dry-lot
digestion trials to develop equa-
tions to relate fecal nitrogen con-
tent to organic matter digesti-
bility of the forage or to the ratio
of organic matter in the forage
to that in the feces (Arnold and
Dudzinski, 1963).

The assumptions in this tech-
nigue are that 1) the pasture
herbage cut and fed to the ani-
mals is similar in composition to
that selected by the grazing ani-
mal, and 2) the pen-fed and graz-
ing animals digest the pasture
material to the same extent. The
principal advantage of the fecal
index procedure is that a quali-
tative estimate of the diet of the
grazing animal is not required.
The difficulty with this proce-
dure under most range condi-
tions is the impracticability of
obtaining enough representative
herbage with which to conduct
the dry-lot digestibility trials.
Although the technique is ap-
plicable to both sheep and cattle,
and may be used in all seasons,
separate seasonal regression
equations relating fecal nitrogen
to the feed-to-feces ratio are re-
quired for high accuracy (Green-
halgh and Corbett, 1960). Fur-
thermore, the fecal nitrogen in-
dex procedure gives estimates of
forage intake for groups of ani-
mals rather than for individual
animals.

Nitrogen balance.—Pasture in-
take by grazing sheep was calcu-
lated from nitrogen balance by
Beeston and Hogan (1960) . These
workers reasoned that a mature
wether, whose weight was not
varying appreciably, stored ni-
trogen only in the wool; there-
fore, nitrogen intake would be
equal to the amount in the urine,

feces, and wool. This method has
two requirements which limit
usage. It requires 1) long-term
studies to overcome variations in
excretion rate and 2) an assump-
tion of nitrogen content stored
in the wool.

Metabolic fecal fraction.—Dry
matter intake by grazing animals
can be calculated from a meta-
bolic fecal fraction, according to
Owen (1961). He found a high
direct correlation between dry
matter intake and a fecal frac-
tion which dissolves in 0.2N HC1
in 18 hr. This procedure, not
thoroughly tested, is subject to
the disadvantages inherent in
fecal nitrogen index techniques.

Weight balance.— Allden
(1962) used animal weight bal-
ance in a l-hour period of graz-
ing to estimate herbage intake of
sheep harnessed for collection of
feces and urine. Insensible
weight loss was estimated from
harnessed sheep not permitted to
graze. Short-term measurements
of forage intake are not applic-
able to range conditions where
the grazing activity of an animal
varies widely during the day.

In summary, the above meth-
ods do not meet all the require-
ments for determining forage in-
take of grazing animals. A new
method for estimating forage in-
take is discussed below.

Methods

Relation between digestibility
and inteake—~In order to illus-
trate how intake can be based
on microdigestion of forages, it is
necessary to show the relation-
ship between digestibility and
intake. Further details are given
by Van Dyne (1963b).

By definition, the dry matter
digestion coefficient (Dgn) is:

F-E
Do = — 100

F
where F is the amount of for-
age consumed and E is the
amount of feces produced. Be-
cause an indigestible indicator
occurring in the forage is quan-

0
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titatively recovered in the feces
then:
Ip
Dgn = 100 — 100 — (2)
Ig
where Iy and Iy are the concen-
trations of the indicator in the
forage and feces, respectively. If
dry matter digestibility is known,
forage intake can be calculated
from total excretion and digesti-
bility of dry matter:
100 - E
F=-u—— 3)
100 — Dy,

Similarly, digestibility of any
nutrient (D;) can be related to
the quantity of forage and feces
(F and E) and to the composition
of the nutrient in the forage and
feces (F; and E)):

E'Ei
D; = 100 — 100—— 4)

FF;
Because the ratio of excreta to
forage equals the ratio of indi-
cator concentrations in forage
and feces, the digestibility of any
nutrient (D;) may be obtained
without total fecal collection:

Ir E
D; = 100 — 100*— - — (5)

I F;
Application of this equation is
difficult because it requires a
naturally occurring indigestible
indicator in the forage. It will be
shown in the following section
how a knowledge of microdiges-
tion may be used in lieu of as-
sumptions about indigestibility
of naturally occurring indicators.

Microdigestion and intake. —
Assuming a correlation between
microdigestion (digestion of a
small sample in part of the di-
gestive tract) and macrodiges-
tion (digestion of a large sample
through the entire animal) of a
given nutrient, the relationship
of the nutrient in the forage to
that in the feces may be shown
by an equation analogous to (3).
The microdigestion of cellulose
(¢) will be used for purposes of
illustration.

The amount of forage grazed
(F) is easily determined if the



206

amount of cellulose grazed (F'F,)
is known. The amount of cellu-
lose grazed may be calculated
from the amount of cellulose ex-
creted (E'E.) if an estimate of
cellulose digestion (D.) is avail-
able:

100°E“E.
F=—1»— (6)
100°F. — F.D,

Prediction of macrodigestion
from microdigestion. — Digesti-
bility values determined by 48-
hour microdigestion procedures
are near, but not necessarily
equal to, the macrodigestion of
cellulose. Thus, there are two
main ways of using digestibility
estimates determined by micro-
methods to calculate forage in-
take: 1) assuming the microdi-
gestion of cellulose equals ma-
crodigestion and 2) adjusting the
microdigestion estimate for dif-
ferences between micro- and
macrodigestion before using it to
calculate forage intake.

If microdigestion and macro-
digestion are assumed equal,
then equation (6) is used direct-
ly to calculate forage intake. If
microdigestion and macrodiges-
tion are not assumed to be equal,
then an adjustment is necessary.

In order to equate micro- and
macrodigestion, one or more
standard forage samples should
be included in each microdiges-
tion trial (Van Dyne, 1963a;
Tilley and Terry, 1963) . This per-
mits adjustment of microdiges-
tion estimates of range forages
in terms of the standard:

“pg ",,.,'u igestion of range forage ()
tatie”  ~|"microdigestion of standard | when inocula were
from grazing animals

This ratio is then multiplied by
the microdigestion value for the
standard sample when it was
digested by inocula from ani-
mals fed the standard forage
on dry-lot:

"Ad’“:xd i “Adjust t 'miu di jon} [(3)
icrodigestion= A xl b
estimate” ratio’ f standard when inocula were
from animals fed
standard forage

A regression equation is needed
to interrelate macrodigestion
values of the standard forage

VAN DYNE AND MEYER

by conventional total collection
procedures (Y) and microdiges-
tion of the standard forage (X)
when inocula were from animals
fed the standard forage:

. RS |
=a+tb 9)
of standard { of standard | when inocula were from animals
fed standard forage

where a and b are the con-
stants of a linear regression
equation. The “adjusted micro-
digestion estimate” is used as
the X value to calculate a “pre-
dicted macrodigestion estimate”:

“Adjusted micro-
digestion estimate”

“Predicted macro-

digestion estimate” ~ @ +b

(10)

In practice, these steps are com-
bined into one equation to cal-
culate the predicted macrodiges-
tion estimate which is used with
equation (6) to calculate forage
intake.

Besults and Discussion

Numerical Example
and Application

To show the application of this
procedure for determining for-
age intake, data are taken from
an experiment conducted with
cattle and sheep on a mixed an-
nual grass-forb range in a scat-
tered-oak woodland on the Hop-
land Field Station in Mendocino
County in northern California
(Van Dyne, 1963b). In midsum-
mer, 1961, this dry annual range
had about 1220 Ib/acre total
herbage available. Cellulose
content was determined in sam-
ples of forage collected with five
esophageal fistulated steers and
seven esophageal fistulated
sheep over a 5-day period. Total
fecal output was collected from
nine ruminal fistulated steers
and nine ruminal fistulated
sheep during a 7-day period fol-
lowing a 7-day preliminary pe-
riod. Cellulose content was de-
termined in these fecal samples.
The ruminal fistulated animals
also provided inocula for the
microdigestion estimates of cel-
lulose by nylon bag technique
(in vivo) and by artificial rumen
procedure (in vitro). Both mic-
rodigestion fermentations were

of 48-hour duration. The same
animals were fed alfalfa in a dry-
lot digestion trial during which
both macrodigestion and micro-
digestion were determined. The
alfalfa was used as the standard
forage sample for microdigestion
in all periods. These data are
given in the upper half of Table
1. Simple linear regression equa-
tions interrelating macrodiges-
tion and microdigestion of cellu-
lose under dry-lot conditions are
footnoted in that table.

Predicted macrodigestion esti-
mates were calculated with use
of equations (7) through (10).
An example of the calculations
for sheep with artificial rumen
technique follows:

39.8%
52.5%

Predicted macrodigestion == 59.6’.‘4»0.11[ ) ® (58.8%) = 53.5%

This predicted estimate was used
in equation (6) to predict forage
intake:
Predicted

forage =
intake

A comparison is made of esti-
mates of forage intake calculated
by various procedures in Table
2. Lignin ratio estimates of for-
age intake are by the usual pro-
cedures (Agricultural Board,
1962). Forage and fecal lignin
contents are footnoted in Table 2.
Predicted macrodigestion esti-
mates of forage intake are taken
from and explained in Table 1.
Microdigestion per se was used
with equation (6) to calculate
intake. Further and more de-
tailed comparisons of estimates
of intake are given by Van Dyne
and Meyer (1964).

All estimates of forage intake
calculated from microdigestion,
adjusted or nonadjusted, were
slightly greater for both sheep
and cattle than were estimates
of forage intake calculated from
lignin ratio. In many instances
there was little difference be-
tween the predicted macrodiges-
tion estimate and the forage esti-
mate determined from micro-
digestion per se. But in other
instances, e.g., cattle by artificial
rumen technique, there was ap-

(37:35%) » (105 1b/26 h) @ (100)

T00) & (4103%) = (AL0a%) » (Ba5) = 00 1b/24 br
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Table 1. Example of calculation of forage intake from microdigestion data,
forage and fecal composition, and fecal output.

Item

Units

Sheep Cattle

Forage cellulose
Fecal cellulose

— — — Required information — — —
% organic matter
% organic matter

41.03 42.64
37.33 34.37

Fecal output 1b/24 hr, organic matter 1.05 6.66
Microdigestion of range forage,
range diet
Cellulose by nylon bag method % 56.2 52.0
Cellulose by artificial rumen % 548 614
Microdigestion of standard forage,
range diet
Cellulose by nylon bag method % 58.8 56.3
Cellulose by artificial rumen % 57.9 585
Microdigestion of standard,
standard diet
Cellulose by nylon bag method % 61.8 59.9
Cellulose by artificial rumen % 58.8 54.5
— — — Calculated results — — —
“Adjusted microdigestion” of
range forage
Cellulose by nylon bag method % 59.1 55.3
Cellulose by artificial rumen % 55.7 57.2
“Predicted macrodigestion” of
range forage!
Cellulose by nylon bag method ) 53.8 54.6
Cellulose by artificial rumen Y% 53.5 533
Predicted forage intake
from nylon bag data 1b/24 hr, organic matter 2.07 11.82
from artificial rumen 1b/24 hr, organic matter 2.05 11.50

1The regression equations used to predict macrodigestion (Y) of cellulose
from microdigestion (X) were developed under dry-lot trials with the
standard forage; they were, for nylon bag and artificial rumen technique
respectively, ¥Y=66.2—-0.21X and Y¥=59.6—0.11X.

preciable difference between the
nonadjusted and adjusted values.

These data are given primarily
to show that estimates of forage
intake calculated from micro-
digestion are within expected
limits for forage intake by live-
stock on these dry annual ranges.
The 24-hr shrunk weight of the
sheep averaged about 98 1b and
the shrunk weight of the cattle
averaged about 710 1b during
this sampling period. Thus, the
average of estimates of forage
intake, calculated from microdi-
gestion of cellulose, were about
2.18 and 1.64 1b forage daily/cwt
body weight, respectively, for
sheep and cattle.

Critique of New Procedure

This procedure holds special
promise for calculating the for-
age intake by individual animals.
Estimates of forage composition,

fecal output and composition,
and microdigestion can be ob-
tained individually from bifistu-
lated animals (as illustrated by
Van Dyne and Torell, 1964).
Thus, forage intake estimates
can be made on an individual
rather than on a group basis,
as is done usually in lignin ratio
or fecal nitrogen index pro-
cedures.

Forage intake, calculated from
microdigestion, is based on ac-
curately analyzed constituents,
such as cellulose in forage and
feces. This procedure does not
require assumptions about indi-
gestibility of naturally occurring
indicators and does not require
harvesting of range forages for
dry-lot digestion trials. The pro-
cedure is applicable to both cat-
tle and sheep. It is useable on
all types of ranges in all seasons,
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Table 2. Comparison of estimates of
daily forage intake calculated from
lignin ratio, predicted macrodiges-
tion, and microdigestion per se.

Technigque Sheep  Cattle
1b. organic matter
intake per head
Lignin ratio? 1.83 11.24
Predicted macrodig.
nylon bag 2.07 11.82
artificial rumen 2.05 11.50
Microdig. per se
nylon bag 2.18 11.18
artificial rumen 2.16 13.91

1Sheep and cattle diets contained
13.7 and 14.1% lignin, respectively,
on organic matter basis. Feces con-
tained 23.9 and 23.8%, respectively.

since microdigestion estimates
may be obtained easily by nylon
bag or artificial rumen technique
under range conditions (Van
Dyne, 1962 and 1963a).

Determining forage intake
from microdigestion requires
more effort than the chromogen
or the lignin ratio techniques,
but less effort than the fecal
nitrogen index procedure. In
comparison to the lignin ratio
technique, the procedure is es-
pecially valuable under condi-
tions wherein lignin may be par-
tially digested, e.g., in immature
forages or in browse by game
animals (Smith et al, 1956).
Similar to the lignin, chromogen,
or silica ratio procedures, the
new method requires an accurate
sample of the forage grazed.

Summary and Conclusions

Existing methods for deter-
mining forage intake are re-
viewed with regard to their ap-
plicability under range condi-
tions.

A new procedure for determin-
ing forage intake by grazing ani-
mals is described. This procedure
involves: 1) determination of the
digestion value of range forage
and standard forage samples us-
ing micromethods with inocula
from grazing animals; 2) predic-
tion, by use of a regression equa-
tion, of macrodigestion from
microdigestion of range forage,
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adjusted to microdigestion of a
standard sample; and 3) use of
the predicted macrodigestion es-
timate, composition of range for-
age, and composition and amount
of feces to calculate forage in-
take.

The new procedure, based on
microdigestion, eliminates the
necessity of assuming indigesti-
bility of naturally occurring in-
dicators, e.g., lignin or chromo-
gens. The new procedure also
obviates harvesting range herb-
ages for dry-lot digestion trials,
as is required in the fecal nitro-
gen index technique.
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SAGEBRUSH INFESTED BY
LEAF DEFOLIATING MOTH

Dirrarp H. GATES
Range Management Specialist, Ore-
gon State University, Corvallis, Ore-
gon.

A native sagebrush defoliating in-
sect (Aroga websteri, Clark) has in-
fested vast areas in the sagebrush-
grass (Artemisia-Agropyron) areas
of eastern Oregon and adjacent
states (Figure 1). Some small in-
festations of Aroga were noted in
Malheur County, Oregon, in the
summer of 1961. These infestations
were observed closely in 1962 by
county agent George Bain, the
author, and others. It was estimated
that approximately 10 to 15 thou-
sand acres of sagebrush were killed
in Malheur County in 1962, as a re-
sult of this infestation. Other small
local infestations with some brush
kill were also noted throughout east-
ern Oregon during 1962.

The infestation seemed to explode
in the spring of 1963. It is conserva-
tively estimated that over 12 mil-
lion acres of sagebrush in Oregon
alone were infested to some degree
with this insect. While the Aroga is
generally widespread, the degree of
infestation and the effects of vary
considerably. Old, staghant stands
of sagebrush seem to be most heav-
ily damaged. Sagebrush growing
along borrow pits, in swales, or in
positions of more favorable moisture
seem better able to resist infestation.
It is a common sight to see vigor-
ously growing sagebrush along the
road and just across the fence liter-
ally miles of the shrubs black as a
result of the Aroga activity.

It is difficult or impossible at this
time to properly assay the damage
to the sagebrush resulting from the
Aroga infestation. Some sagebrush
that was hit very heavily early in
the spring of 1963 later made some
regrowth. Other sagebrush did not.
It is a moot question as to whether
this fall regrowth will contribute

Ficure 1. Larvae of Aroga websteri, Clark.

Oregon).

to the death of infected plants
through a continued use of carbo-
hydrate reserves.

Although some plants will be able
to stage a comeback, final evalua-
tion of the results of this year’s in-
festation of Aroga will have to be
postponed. However, it is probably
reasonable to assume that there are
thousands or hundreds of thousands
of acres of sagebrush that will be
dead as a result of defoliation.

There is some disagreement as fo
just which species of sagebrush are
affected by Aroga. Positive identifi-
cation of Aroga on big sagebrush
(A. tridentata), low sage (A. ar-
buscula), black sage (4. nova), and
silver sage (A. cana) has been made
in Oregon. There are some reports
that Aroga also has been found on
bitterbrush (Purshia tridentata) and
other valuable browse species. How-
ever, there are other insects with
similar habits of the Aroga that have
been found and identified on these
other species and there may be a
considerable amount of confusion.
The author has not found Aroga on
any plants except the sagebrush spe-
cies.
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(Photo by R. R. Kindschy, BLM, Vale,

According to Henry,! Aroga has
the following life cycle. The adult
moth lays eggs in the late summer or
early fall on small cracks in the bark
of sagebrush or on the leaves. In
approximately 2 weeks small lar-
vae are hatched. These larvae mine
into the leaves of the sagebrush
plant and over-winter. In the spring
when conditions become favorable
for the larvae to work, they con-
tinue to mine the leaves (Figure 1).
Leaves are cut off from the plant
and pulled into little groups by
webs from the larvae. The larvae
then build cocoons within this small
group of leaves and web (Figure 2).
In the latter part of June or July
the larvae go into the pupal stage.
In approximately 2 weeks the adult
moths emerge.

Since Aroga is a native insect, it
would be expected that it has its
own host of parasites. Entomologists
at Oregon State University have re-
ported that based on 75 samples,
they find that parasitism upon the

1Henry, John, M. S. Thesis, Univer-
sity of Idaho, 1960.
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Ficure 2. Pupa of Aroga websteri, Clark at top. Eggs enclosed in webbing at lower

left.

Aroga in some samples is approxi-
mately 50 to 70 percent. There ap-
pear to be two types of parasites;
one works on the larva and the
other works on the pupa. The ef-
fects of the parasites on the Aroga
population for 1964 and subsequent
years is unknown.

This widespread infestation of
Aroga and subsequent damage to
sagebrush has important ecological
and range management implications.
In areas of heavy sagebrush where
desirable understory species are
lacking, a heavy sagebrush kill may
result in an increase of less desir-
able weeds.

Where there are sufficient under-
story grasses to take advantage of
the removal of the sagebrush, noth-
ing but good should come as a re-
sult of removal of sagebrush. Such
areas should be managed to take
maximum advantage of the sage-
brush removal. However, on areas
without sufficient desirable forage
grasses as understory, the removal
of the sagebrush may result in more
serious range deterioration. Range
seedings should be given major con-
sideration where possible. The Bu-
reau of Land Management has rec-
ognized the management and im-
provement implications of this

(Photo by R. R. Kindschy, BLM).

Aroga infestation. Private land op-
erators are being advised to do so.

LATE-SPRING HERBAGE
PRODUCTION ON SHORT-
GRASS RANGELAND!

FranNk Ravuzr
Soil Scientist, Soil and Water Con-
servation Research Division, Agri-
cultural Research Service, U.S.D.A.,
Laramie, Wyoming.

Herbage production on the short-
grass plains varies from year to
year. Thus it is difficult either to
predict herbage production or to
recommend stocking rates that are
not detrimental, especially in
drought years. The amount and time
of precipitation, other climatic con-
ditions, and grazing use have defi-
nite influences on the kinds and
amounts of herbage produced.

Dahl (1963), found on a sandhills
range in Colorado, that grass yields

1Contribution from Northern Plains

Branch, Soil and Water Conserva-
tion Research Division, Agricultural
Research Service, USDA, and the
Wyoming Agricultural Experiment
Station. Published with approval of
the Director as Journal Paper No.
223.
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LATE-SPRING HERBAGE
PRODUCTION ON SHORT-
GRASS RANGELAND!?

Frank Ravzr
Soil Scientist, Soil and Water Con-
servation Research Division, Agri-
cultural Research Service, U.S.D.A.,
Laramie, Wyoming.

Herbage production on the short-
grass plains varies from year to
year. Thus it is difficult either to
predict herbage production or to
recommend stocking rates that are
not detrimental, especially in
drought years. The amount and time
of precipitation, other climatic con-
ditions, and grazing use have defi-
nite influences on the kinds and
amounts of herbage produced.

Dahl (1963), found on a sandhills
range in Colorado, that grass yields

1Contribution from Northern Plains

Branch, Soil and Water Conserva-
tion Research Division, Agricultural
Research Service, USDA, and the
Wyoming Agricultural Experiment
Station. Published with approval of
the Director as Journal Paper No.
223.

in the spring were significantly in-
fluenced by the total precipitation
of the previous two years. Also,
the amount of grass produced by
early August could be predicted
from the depth of moist soil on April
15. At the Manyberries Range Ex-
periment Farm in southeastern Al-
berta, Smoliak found that the May-
June precipitation was highly cor-
related with annual forage produc-
tion and that pre-seasonal precipita-
tion was not significantly correlated
with range forage production. Rog-
ler and Haas (1947) found that the
amount of soil moisture from the
preceding fall and precipitation dur-
ing the current season were impor-
tant factors affecting the yield of a
native mixed prairie in North Da-
kota. Thus the amount of native
herbage produced may be influenced
not only by the current season’s
precipitation, but by the previous
year’s rainfall as well.

Native vegetation on the short-
grass plains consists principally of
perennial shortgrasses and mid-
grasses with some annual grasses as
well as annual and perennial forbs.
The midgrasses generally obtain
most of their growth in the early
spring and summer. The shortgrass
species start growth in late spring
and continue through the summer if
moisture is not limiting.

Range readiness in the spring is
usually judged by observing indica-
tor plants or the general appearance
of the range. To determine the
amounts and kinds of vegetation
present in late spring on native
shortgrass rangeland, a study was
initiated in the spring of 1959 at
the Archer Substation near Chey-
enne, Wyoming. The results for a
5-year period are reported herein.

Study Area

The major soil on the upland site
of the experimental pastures is Alt-
van fine sandy loam. The native
vegetation is characteristic of the
shortgrass plains. The principal
shortgrass species are blue grama
(Bouteloua gracilis) and buffalo-
grass (Buchloe dactyloides). West-
ern wheatgrass (Agropyron smithii)
is the principal midgrass. Six-
weeks-fescue (Festuca octoflora) is
the dominant annual grass. Other
cool-season grasses and forbs are
minor.

Approximately 75 percent of the
annual precipitation is received dur-



ing the April 1 to September 30
growing season. Precipitation during
the growing season varies from less
than 6 in. to over 17 in. The 50-year
average annual and seasonal precipi-
tation is 14.93 and 11.72 in., re-
spectively.

Procedure

The upland site on two native
shortgrass pastures was studied. One
had been moderately grazed since
1945. The other had been heavily
grazed from 1945 to 1954 and lightly
grazed thereafter. The animals used
on these pasutres were ewes and
their lambs from the Experiment
Station flock. The moderately
grazed pastures had been stocked
at the rate of 2.40 acres per ewe and
lamb; the lightly grazed units at
3.70 acres.

Caged plots 2 ft. square, harvested
the previous fall for determining
current year’s herbage production
were clipped in the spring. Thus
only the current spring growth was
harvested. The herbage was clipped
at ground level; separated into mid-
grass, shortgrass, annual grass, and
forbs; air-dried; weighed; and com-
puted on a per-acre basis. The av-
erage leaf heights of 10 randomly
selected blue grama and western
wheatgrass plants were measured.
Clipping and leaf-height measure-
ments were initiated on May 27,
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1959, and thereafter during the
month of May except in 1961, when
these measurements were made on
June 6.

Results and Discussion

The kind and amount of herbage
harvested in late spring varied. Only
traces of annual grass and forbs
were present in 1959 and 1963. Dur-
ing the other three years (1960,
1961 and 1962) annual grass and
forbs accounted for 6 to 19 per-
cent of the total vegetation produced
on the moderately grazed pasture
and from 2 to 9 percent on the
lightly grazed pastures. Six-weeks-
fescue, the principal annual grass,
appears to be correlated with the
abundance of fall moisture. Hylton
and Bement (1961) state that the
density of six-weeks-fescue may be
predicted by careful examination of
temperature and moisture conditions
during August, September, and Oc-~
tober preceding the summer grow-
ing season. They also found that the
density of six-weeks-fescue was
slightly influenced by grazing in-
tensities.

During the 5-year period the
amount of perennial grass averaged
286 and 231 pounds per acre, respec-
tively, on the moderately and lightly
grazed pastures (Tables 1 and 2).
This difference was not significant,
but the difference in the amount

Table 1. Air-dry herbage from moderately grazed pasture, Archer Sub-

station 1959-1963.

Harvest Mid Short 7Af1;ual

Year Date Grass Grasses  Grasses Forbs Total

—————— (Pounds per Acre) — — — — — —
1959 5/27 52 172 T1 T1 224
1960 5/23 72 208 11 7 298
1961 6/6 148 93 46 11 298
1962 5/25 197 190 28 5 420
1963 5/17 170 127 T1 2 299
1Trace AV. 128 158 17 5 308
Table 2. Air-dry herbage from lightly grazed pasture. Archer Substation

1959-1963.
Harvest Mid Short Annual

Year Date Grass Grasses  Grasses Forbs Total

—————— (Pounds per Acre) — — — — — —
1959 5/27 59 135 T1 T1 194
1960 5/23 24 256 8 20 308
1961 6/6 38 142 6 9 195
1962 5/25 87 264 7 1 359
1963 5/17 26 120 T 2 148
1Trace AV. 47 184 4 6 241

211

produced in different years was sig-
nificant at the 0.05 level of prob-
ability.

Difference in the amount of mid-
grass produced between the mod-
erately and lightly grazed pastures
was statistically significant at the
0.01 probability level. The 5-year
average shows nearly three t{imes
more midgrass on the moderately
grazed pasture than on the lightly
grazed. This difference may be ac-
counted for in that the lightly
grazed pasture is still recovering
from past heavy grazing use.

There was no significant differ-
ence between the amount of short-
grasses produced on the moderately
and lightly grazed pastures, but
there was a statistically significant
difference at the 0.01 level for the
amount of shortgrasses produced
among years. Averages of 158 and
184 pounds per acre of the shortgrass
were produced on the moderately
and lightly grazed pastures, respec-
tively, over the 5-year period. The
slightly greater amount of short-
grass on the lightly grazed pasture
is accounted for by the abundance of
buffalograss, which had resulted
from the 10-year period of heavy
grazing (Lang, et al., 1956).

Average leaf heights of blue
grama and western wheatgrass for
the moderately grazed pasture are
shown in Table 3. They were 1.1
in. for blue grama and 4.5 in. for the
western wheatgrass. Heights of both
grasses were greater in 1961, the
later date of measurement.

The greatest amount of herbage
produced in the spring was not al-
ways associated with the best mois-
ture conditions between April 1 and
date of harvest; this indicated that
the previous year’s fall moisture was
an important factor (Table 4). Herb-
age production among years was

Table 3. Leaf height of blue grama
and western wheatgrass on mod-
erately grazed pasture in spring,
Archer 1859-1963.

Harvest Blue Western

Year Date Grama Wheatgrass

— — (Inches) — —
1959 5/27 1.1 4.0
1960 5/23 1.2 4.8
1961 6/6 1.5 5.8
1962 5/25 1.0 4.6
1963 5/17 0.7 3.5
AV, 1.1 45
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Table 4. Effect of precipitation and
time of harvest on herbage pro-
duced (air-dry) on moderately
grazed pasture, Archer 1959-1963.

Fall
Harvest Left, Pre-
Caged end of Produced cipi-

Year Plots Season in Spring tation
— — (pounds) — — (inches)
1959 357 256 224 2.37
1960 388 192 298 2.70
1961 1786 310 298 7.38
1962 620 328 420 1.54
1963 564 411 299 0.82
AV. 543 299 308 2.96

highly variable and appeared to be
dependent upon the interaction of
several factors. From 30 to 164 per-
cent more herbage was harvested in
the fall than in the spring. In 4 of
the 5 years more than half of the
herbage was produced by late
spring.

The five year study period was
too short for obtaining reliable cor-
relations and regression equations
for predictive purposes. Seventeen
years (1947-1963) of precipitation
and clipping data were available
from the pastures moderately
grazed. From these data correlations
and regressions were determined.

The May-June precipitation when
correlated with perennial grass
yields gave a highly significant cor-
relation coefficient of 0.675. This
compares to 0.859 found by Smoliak
(1956). The April through August
precipitation when correlated with
perennial grass yield resulted in a
highly significant correlation of
0.745, which is higher than that for
May-June precipitation and grass
yields. Although statistically sig-
nificant, only 46 and 56 percent of
the variation in perennial grass
yields is accounted for by variation
in precipitation.

The regression equations derived
from the relationship of perennial
grass yield to the May-June and
April through August precipitation
are Y = 195 +4 57.77 X; and Y =
70.18 + 43.54 Xo, where X = May-
June and X = April-August pre-
cipitation (Figure 1). Also shown
for comparison is the regression line
developed by Smoliak.

A test of homogenity of the re-
gression coefficients calculated by
Smoliak and for the moderately
grazed pastures at the Archer Sub-
station showed no significant differ-
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Ficure 1. Estimated yield for various

amounts of precipitation, perennial
grasses at Archer and total herbage at
Manyberries.

ence. Thus, a given increase of May-
June or April through August pre-
cipitation results in a comparable in-
crease of herbage at both locations.

On the basis of yield from the
caged plots from the moderately
grazed pasture, 39 to 73 percent of
the annual herbage produced was
left at the end of the grazing sea-
son. This indicates that the rate of
stocking for the upland site was ap-
proximately moderate four years out
of the five, if the rule of thumb—
leave half and graze half—is ob-
served. The criterion used for the
proper degree of utilization was to
leave an average of 1.2 and 0.9 in.
of height on blue grama at the end
of the grazing season on the lightly
and moderately grazed pastures, re-
spectively.

Summary

A study to determine the kinds
and amounts of native vegetation
present in late spring on native
shortgrass rangeland was conducted
at the Archer Substation in Wyo-
ming during the years 1959 through
1963. Clipping studies were con-
ducted in late May on a pasture
moderately grazed since 1945 to
1954 and lightly grazed thereafter.

Nearly three times more midgrass
was produced on the moderately
grazed pasture than on the lightly
grazed pasture. Recovery of the
pasture grazed lightly since 1955,
previously heavily grazed, is slow
and not reflected in the clipping
data. Observations show that mid-
grasses are increasing, but the abun-
dance of buffalograss and prevail-
ing climatic conditions have not
been conducive to the rapid re-
establishment of the desirable
species. There was no significant
difference in the amount of short or
warm-season grasses produced be-

tween the moderately and the lightly
grazed pastures.

During the 5-year period there
was wide variation in the amount of
herbage produced and amount of
precipitation. Average total herbage
for the 5-year period was 308 and
241 pounds per acre, respectively,
for the moderately and lightly
grazed pastures.

May-June and April-through-
August precipitation when corre-
lated with yields gave highly sig-
nificant correlation coefficients of
0.675 and 0.754, respectively. Re-
gression equations developed from
the moderately grazed pasture data
were not statistically different from
the equation developed by Smoliak
at Manyberries in Alberta, Canada.
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SILVER SAGEBRUSH IN
EASTERN NORTH DAKOTA

HucHu E. CosBy
Soil Conservation Service, US.D.A.,
Minot, North Dakota.

The range of sagebrush (shrubs
of the genus Artemisia) is usually
shown to include only the Southwest
part of North Dakota as roughly
limited to the north and east by
the Missouri River. Only two shrub
species of this important rangeland
genus occur in the state, namely
A. tridentata Nutt. (big sagebrush)
and A. cana Pursh (silver sage-
brush). Silver sagebrush has the
wider distribution of the two species.

Outliers of silver sagebrush have
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been observed as far east as the 98th
meridian, some 140 miies east of
the Missouri River. Stevens (1950)
describes it as being “frequent from
the Missouri River west, rarely oc-
curring east of the Missouri River.”
He further reports that it occurs
locally at Valley City, Jamestown,
and in the Pembina Mountains.
Beetle (1960), shows the distribution
of this species as being in that por-
tion of North Dakota lying south and
west from the Missouri River, He
also reported occurrances of this
species in Barnes and Cass Counties
of North Dakota.

The furthest east advancement of
the Missouri River in North Dakota
is about one half way between
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meridians 100 and 101. Along the
98th meridian are three areas of
similar soil formation which contain
silver sagebrush as a conspicious
part of the vegetation.

One area containing silver sage-
brush (Figure 1, top), is within the
Pembina Mountains, in Cavalier
County, near the Canadian border
and less than 50 miles from the
Minnesota border. The area is ap-
proximately 3 miles long, but less
than % mile wide at the widest
point and probably containing less
than 100 acres. The area lies within
sections 25 and 36, T-164 R-58; sec-
tion 31, T-164 R-57 and sections 6,
7, and 8, T-163, R-517.

The soils are heavy Chernozem,

Ficure 1. Silver sagebrush. Top—On a mound of Pierre shale rising above the sur-
rounding colluvial clays, Section 36, T-164, R-58, in the Pembina Mountains.
Bottom—On clay soils derived from Pierre shale in Section 16, T-145, R-58 in
Griggs County. Till soil has eroded away but granite stones and boulders remain
on the surface.
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Ficure 2. A plant of silver sagebrush in
Section 15, T-140, R-58, near Valley City.

devoped from clayey tiil and heavy
colluvial-alluvial material derived
from Creteaceous shale. Glacial
stones and boulders occur in the
area. There are three buttes of
Pierre shale rising above the sur-
rounding clays.

Almost due south of this location,
a distance of about 115 miles, is a
similar one in section 16, T-145, R-58
in Griggs County, near the Cheyenne
River (Figure 1, bottom). This area
of about 60 acres is derived from
Pierre shale parent material. Gla-
cial soils have been eroded away
but glacier-deposited stones and
boulders are strewn over the clays
and shales. Occasional mounds of
Pierre shale rise above the sur-
rounding landscape.

Also along the Cheyenne River
breaks in Barnes County, about 30
miles further south, ocecasional silver
sagebrush plants occur on outcrops
of shale and on colluvial clays (Fig-
ure 2). Scattered plants can be
seen along the hillside in the SEV4
of section 22, T-140, R-58, across
the river east of Valley City.

Silver sagebrush is virtually ab-
sent on glacial till plains and glacial
moraines lying between these areas
and the Missouri River but the
writer has observed it on clay soils
near Krueger Lake in northern
Sheridan County.

LITERATURE CITED

BEETLE, A. A. 1960. A Study of Sage-
brush, Wyo. Agri. Expt. Sta. Bul.
368, 83 pp.

STEVENS, O. A. 1950. Handbook of
North Dakota Plants. Knight
Printing Co., Fargo, N. Dak. 224
pp.



214

SEEDLING VIGOR OF
FESTUCA ARUNDINACEA,
PANICUM VIRGATUM, AND
BOTHRICHLOA CAUCASIA
AND THEIR RESPONSE TO

ADDED NUTRIENTS!

GorpoN GULLAKSON, L. E. FooTE
AND J. A. JACKOBS
Former Undergraduate Research
Assistant, Former Graduate Re-
search Assistant, and Professor of
Crop Science, Department of Agron-
omy, University of Illinois, Urbana,

Illinois.

This experiment was undertaken
as one of a series of studies at the
University of Illinois, in an attempt
to find more desirable means of
establishing vegetation on cut and
fill areas along highways. These
areas consist of subsoils of low fer-
tility and/or poor physical charac-
teristics which present very unfav-
orable growing conditions. Great
seedling vigor and the resulting
rapid establishment which secures
the soil from erosion is extremely
important in the stabilization of
these areas.

Seedling growth and vigor of tall
fescue (Festuca arundinacea),
switchgrass (Panicum virgatum)
and Caucasian bluestem (Bothrich-
loa caucasia) were compared on
three soils of varying chemical and
physical composition, with and with-
out added fertilizer. Tall fescue is
a grass originally found in cool,
humid regions and the other two
species are warm, humid and semi-
humid grasses. Tall fescue is grown
extensively and does best in heavy
soils with a high humus content, but
is widely adapted and is grown un-
der irrigation on desert soils which
have a low humus content (Hoover,
et al., 1948; Fergus, 1952; Hallowell,
et al.,, 1960). Switchgrass is a vig-
orous, native, perennial, sod-form-
ing grass that occurs throughout the
United States under a wide variety
of climatic conditions. It grows in
all types of soil, but thrives best in
moist lowlands when the soil is of
relatively high fertility (Hoover, et
al,, 1948). Caucasian bluestem is
grown in the U.S.S.R., England, and
the United States and is reported

1The work was sponsored by the
U. S. Department of Commerce,
Bureau of Public Roads, and the
Illinois Division of Highways.
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productive, persistent under use, ag-
gressive and winter-hardy. It was
introduced into the United States in
1929 from the Botanical Gardens,
Tiflis, Georgia, U.S.S.R. (Celarier
and Harlan, 1955).

Plummer (1943) emphasized the
importance of the initial root growth
of grasses in their ability to com-
pete with other vegetation. Ability
to take up and utilize soil nutrients
is also important in plant competi-
tion. Evans (1960) found that the
principal competitive factors in the
annual grassland species he studied
was the ability to take up and use
soil nitrogen. The relative require-
ments for nitrogen and phosphorus
are also very important. The order
of increasing nitrogen and phos-
phorus requirements has been shown
to be (1) Aristida species, (2) An-
dropogon scoparius and (3) Pani-
cum virgatum. This is the relative
order in which the three species
invade abandoned fields (Rice, et
al., 1960).

Materials and Methods

The soils used in this study varied
widely in physical properties and
nutrients and were designated A, B
and C. Soil A was a black silt, clay
loam topsoil used in the Agronomy
Greenhouse at the University of Illi-
nois. Soil B was a red, sandy loam
subsoil and Soil C was a light grey
colored clay. Both were collected
from roadside banks in Illinois. Soil
B had only scattered plants growing
at the site and the Soil C site was
bare of vegetation. Table 1 presents
soil test values and the textural anal-
yses (Laverty, 1962; Bouyoucos,
1951). Tall fescue, Caucasian blue-
stem and switchgrass were grown
alone and in combination of all

Table 1. Soil test values and tex-
tural analysis of the three experi-
mental soils.

Item Soil A SoilB  Soil C
pH 5.8 6.9 7.9
Po 55 27 24
Py 25 17 4
Lbs.K

Avail-

able/A. 232 216 148
% Sand 13.0 77.0 3.0
% Silt 53.0 8.0 39.5
% Clay  34.0 15.0 57.5
Textural Silty, Sandy Clay
Classifi- clay loam

cation loam

three. The fertility treatments were
none and a complete fertilizer. All
combinations of these gave 24 treat-
ments (4 x 2 x 3), replicated three
times.

Treatments with added nutrients
received a 10-10-10 fertilizer at the
rate of 800 p.p.m. which equals 80
p.pm. of Na, P2O;, and KoO. The
soil was placed in six-inch clay pots
which were set in clay watering
saucers. The moisture moved up
through the soil by capillary action.
Soils A and B became moist to the
top in one to two days but Soil C
remained dry in the top % to 3
inches. Cellophane was then placed
over each pot containing Soil C, en-
abling the soil to become moist to
the surface. All seeds were pre-
germinated in order to eliminate
differential emergence interference
by the soils. A germinated seedling
was planted in a small hole and the
soil was gently pressed back around
the plant. Extra seedlings were
planted in each pot. Since Soil C
crusted rapidly when exposed, cello-
phane was placed over the pots con-
taining this soil during the middle
of the first two days. In combina-
tion treatments, the seedlings were
planted in a systematic arrange-
ment to facilitate identification.
After one week, the seedlings were
thinned to nine plants per pot. The
species grown in combination were
thinned to three plants of each spe-
cies per pot.

Plant heights, from the soil sur-
face to the tip of the tallest and/or
longest leaf, were taken at the end
of one week and at five-day inter-
vals thereafter until the 42nd day.
On the 42nd day after planting, the
top growth was harvested and oven-
dried. The roots were washed free
of soil and dried. Root and top dry
weights in grams were taken. In
the combination treatments, the tops
of each species were harvested se-
parately. No attempt was made to
separate the roots according to spe-
cies. Due to the presence of the
combination or competition treat-
ment, all values were placed on a
per plant basis. An analysis of vari-
ance was run and the data were sub-
jected to an orthogonal single de-
gree of freedom analysis. All re-
sults discussed are significant at the
5% level of probability. The data
from within the combination treat-
ments were analyzed both collec-
tively with the other treatments



and separately by the single degree
of freedom method.

Resulis and Discussion

Fertilizer increased the growth
rate (plant height) about equally
after 12 days, whether species were
alone or in combination. Root and
top weights were also increased by
fertilizer (Table 2). These results
were expected. Fertilizer had a
much greater effect on the top
weight and final height of Caucasian
bluestem than on switchgrass or tall
fescue. Without fertilizer, tall fescue
had the greatest seedling vigor while
Caucasian bluestem had the great-
est response to fertilizer (Figures
1 and 2). The response of tall fes-
cue and switchgrass to fertilization
was about equal (Figure 1). Tall
fescue showed greater vigor than
switchgrass under all the experi-
mental conditions. When fertilized,
Caucasian bluestem showed more
vigor as reflected in top weights at
the end of the experiment and in
height after the 22nd day.

Table 2. The effect of fertilizer on
root and top growth (weight in
grams per plani, oven dry, aver-
age of three soils).

Treatment Tops Roots
Fertilizer 210 074
No fertilizer 072

.035

The species grown in combina-
tion had a greater average height
and produced a greater weight of
root material per plant (.069 g. vs.
.048 g.). Both tall fescue and switch-
grass grew taller when grown in
combination than when grown alone
(Figure 3). Caucasian bluestem had
about the same height whether
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Ficure 1. Top weights of the three species
with and without fertilizer.
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Ficure 2. Final height as affected by addi-
tional nutrients.

grown alone or in combination.
From this there is an indication that
both tall fescue and switchgrass
were able to obtain nutrients not
available to the other species. Cau-
casian bluestem, on the other hand,
appeared to be able to obtain nutri-
ents only from the same sources as
tall fescue and/or switchgrass. The
dry top weights indicate that tall
fescue was the most vigorous species
when grown in combination; that
Caucasian bluestem was the most
vigorous when grown alone; and
switchgrass was least vigorous un-
der all conditions (Figure 3). Height
does not seem to have been a good
measure of vigor in switchgrass.
The final height of switchgrass was
greater than that of Caucasian blue-
stem and almost equal to the height
of tall fescue (Figure 3). However,
the top weight of switchgrass was
much less than that of the other spe-
cies.

In the fertile soil, Soil A, the
grasses grew relatively better alone
than in combination. However, in
Soils B and C, where the physical
and/or chemical characteristics of
the soils were more likely to be the
limiting factor, the species grew
better in combination (Table 3).
This would also point to a differen-

Table 3. Top weight per plant of
grasses grown on fertile topsoil
and on infertile subsoil, alone and
in combination (grams, oven dry).
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Ficure 3. Final height and top weight of
species grown alone and in combination.

tial ability of the species to obtain
nutrients under adverse conditions.

The addition of fertilizer increased
the shoot/root ratio (fertilized 2.87
vs. non-fertilized 2.45). Similarly,
on the fertile soil, Soil A, the ratio
was greatest (3.04 vs. 2.47). When
the species were grown in combina-
tion, the ratio was reduced (2.22 vs.
2.80). Thus, in combination, the
relative amount of root growth was
increased. Since both top weight
and height were also increased, this
would tend to show that intra-spe-
cies competition for nutrients was
greater than inter-species competi-
tion. Caucasian bluestem produced
relatively more root material (i.e.,
had a lower shoot/root ratio) than
did switchgrass. The ratios were 2.47
and 3.09, respectively. Fertilizer had
a relatively greater affect in in-
creasing the shoot/root ratio on the
poor soils than on the fertile top-
soil (Table 4).

Caucasian bluestem was least vig-
orous at the start but during the ex-
periment it grew faster under some
conditions and overtook both of the
other species when grown alone.
When grown in combination, it

Table 4. Shoot/root ratios as affected
by soil fertility and additional fer-
tilizer.

Grown in Grown Added No Added
Soil combination alone Soil Fertilizer Fertilizer
Soil A 118 143 Soil A 2.93 3.16
Soils B and C .157 111 Soil B and C 2.83 2.09
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equaled or surpassed switchgrass by
the end of the experiment.

The difference in ability of the
species to respond to “favorable”
physical and chemical characteris-
tics of different soils as well as the
differing ability of species to “over-
come” unfavorable conditions is
shown further in Figure 4. On the
sandy loam soil, where fertility was
a limiting factor, Caucasian blue-
stem grew more rapidly than switch-
grass whether in combination or not.
However, on Soil C, where either
a physical or a chemical condition
other than lack of N, P or K was
present, switchgrass grew as well or
better.

Each species exhibited differing
ecological traits which can be used
to help place the species in a “niche.”
Tall fescue had the greatest seedling
vigor during the early part of the
experiment and continued to be the
most vigorous under fertile soil con-
ditions, Soil A, whether added nutri-
ents were present or not. Tall fes-
cue thus did best on the “heavy”
fertile soil which contained the most
nitrogen. As shown in this experi-
ment, there are good reasons why
tall fescue is so widely used in bank
stabilization and in pastures, why it
invades Kentucky bluegrass (Poa
pratensis) and other sod areas, and
why stands of tall fescue tend to
remain relatively pure.

Caucasian bluestem has an ability
to respond to added nutrients and
and to make rapid growth in the
late seedling stages. These factors,
and its seemingly lower intra-
species competition, would tend to
make it adaptable to single species
seedings. Also, its low shoot/root
ratio and relatively large root de-
velopment, plus rapid growth rate
under high fertilization, suggest that
it may be a good species to use in
stabilizing areas where the soils are
excessively erosive.
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Ficure 4. The contrasting top and root
weights of Caucasian bluestem and
switchgrass on Soil B, a sandy loam,
and Soil C, a clay.

Switchgrass, with its ability to en-
dure under adverse conditions and
in association with other species,
seems ecologically well adapted in
the tall grass prairies.

Summary

Seedling vigor of three grass spe-
cies on three soils of varying fer-
tility and physical condition were
compared under two fertility treat-
ments—alone and in combination of
all three.

1. Caucasian bluestem responded
more to added nutrients than tall
fescue and switchgrass.

2. When grown in combination,
the average plant height of tall fes-
cue and switchgrass was greater
than when the two species were
grown separately. The average
weight of the fescue plants was
greater. The increases were achieved
without a reduction in the compet-
ing species, Caucasian bluestem.
Thus, during the seedling period, the
associated grass species produced
more plant material than each grass
component grown separately.

3. When nutrients were added,
Caucasian bluestem had the great-
est seedling vigor after the 22nd
day of the experiment.

4, Tall fescue had greater vigor on
unfertilized soils than did the other
two species.

5. The growth of Caucasian blue-
stem was repressed relatively more
by adverse physical and/or chemical
properties of a soil (even when N,
P and K were added) than was the
growth of the other two species.

6. Tall fescue produced more dry
matter per plant in mixtures than
in pure stands.
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AN OREGON RANGE
SHEEP STORY

E. WiLLIAM ANDERSON
Oregon Range Specialist, Soil Con~
servation Service, U. S. D. A. Port-
land, Oregon

Big, rangy cross-bred ewes. Suf-
folk bucks. Mutton-type lambs. This
month’s cover photo shows animals
typical of Oregon’s range-sheep op-
erations.

Sheep have a bad reputation gen-
erally for being the cause of range
destruction in eastern Oregon and
other portions of the West. Cer-
tainly, much devastation was caused
by the multitudes of sheep that
criss-crossed back and forth enroute
from one seasonal range to another.
Common sense however, forces
acknowledgement of the hordes of
cattle and horses that shared the
range for forage year after year.
The cumulative impact of excessive
livestock numbers of all kinds was
particularly destructive in the vicin-
ity of winter headquarters and other
areas of concentration.

Not all sheep outfits are char-
acterized by depleted range. Range
will recover under sheep use. The
Hinton & Ward sheep ranch in Wasco

country, Oregon is a prime example.

The photo depicts this ranch’s
private rangeland, most of which
rates in Good and Excellent condi-

tion class. Bluebunch wheatgrass
(Agropyron spicatum), Sandberg
bluegrass (Poa secunda) and Idaho
fescue (Festuca idahoensis) are the
major plants of the range sites. This
range has been used for spring and
fall grazing by sheep for 26 years
to the personal knowledge of the
photographer and probably has been
grazed by sheep for more than
seventy years. Note the excellent
understory of Sandberg bluegrass,
the primary forage plant for sheep

on this kind of range. The soil is
Shaniko silt loam which consists of
24 to 30 inches of loess over Colum-
bia River basalt under an annual
precipitation of about 14 inches.

The area of the photo is about five
miles west from the little town of
Shaniko. In the spring of 1901, the
Columbia Southern Railroad reached
Shaniko from the Dalles, Oregon
and as a result, Shaniko exploded
with activity and business. Thou-
sands of cattle and sheep were
trailed long distances from the John
Day and High Desert areas to this
interior shipping point. Shaniko for
a time was the largest interior ship-
ping point for wool in the United
States. Grazing pressures in the
neighborhood of such a concentra-
tion surely must have been severe.
The history of Shaniko indicates that
the Hinton-Ward range probably
was grazed heavily during those
days. Fenced, and grazed judiciously,
this range now represents an expan-
sive area of what the country prob-
ably looked like originally.

Obviously, it is the kind of man-
agement rather than the class of
grazing animal that accounts for
range deterioration or improvement
in the bunchgrass country of Oregon.



RANGE SEEDING
INTRODUCED GRASSES ON
ROOTPLOWED LAND IN THE
NORTHWEST RIO GRANDE
PLAIN

Durwoop E. BALL
Range Conservationist, Soil Conser-
vation Service, USDA, Uvalde, Texas

In the early days of rootplowing
to control brush in the Rio Grande
Plain of Texas, it was apparent that
reseeding was needed. There was
evidence of poor results from seed-
ing with native grasses immediately
following rootplowing. Also, adapted
native grass seed was generally un-
available, and its use would have
nearly doubled the cost. There usu-
ally seemed to be an adequate native

grass seed source on the ground, but
often, following severe soil distur-
bance with a rootplow, there would
be an influx of weeds, and the native
grasses were slow to establish the
desired cover.

The costs of this type of brush
control required the use of grasses
that would establish quickly to pro-
vide ground cover and competition
to resprouting or germinating brush
species, and furnish a means of ob-
taining an early return on the in-
vestment. Rootplowing costs may
be affected by size and density of
brush, texture of soil. and topog-
raphy. The average cost of root-
plowing is $10.00 an acre. Seeding
mixtures have most often been two
pounds of buffelgrass (Pennisetum
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ciliare) and one pound of blue pani-
cum (Panicum antidotale). This pro-
vides approximately 25.5 germinal
seed units per square foot at a seed
cost of $2.70 per acre based on cur-
rent seed prices.

There are about 6,500,000 acres of
rangeland in the northwest Rio
Grande Plain of Texas. This area
extends from the Rio Grande River
on the west to Atascosa County on
the east, and from the Edwards
Plateau Hill Country on the north
to La Salle County on the south
(Figure 1). The average rainfall de-
creases from 26 inches on the east to
13 inches on the west. During the
period from 1953-1960, approximate-
ly 300,000 acres were range seeded
following brush control. This has
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Ficure 1. Location of Study Area.

involved over 1,300 separate seed-
ings. Rechenthin (1956) estimated
that some form of brush control has
been carried out by ranchers on
three million acres in south Texas in
the past ten years. “The seriousness
of the brush problem is evident by
the effort and money with which
ranchers are attempting to halt and
beat back the invasion that is crip-
pling their industry” (Carter 1958).

Methods

Many different seeding methods
have been used, the earliest being
hand broadcasting. This method
proved unsatisfactory because of the
poor distribution of seed, and it re-
quired another trip over the land,
usually by horseback. Airplane seed-
ings were complicated by the seed-
ing mixture of clean and chaffy seed,
as well as the timing of the opera-
tion so seeding could be done before
rain crusted the surface of the soil.
Several “shaker-box” type of seed-
ers were used. These depended on
vibration from the tractor, or root-
plow, as a means of seed release.
This type was unsatisfactory, since
seed mixtures were difficult to use
and because many seed fell on soil
that was still turbulent from the
rootplow, causing them to be cov-
ered too deeply. A cyclone type
seeder was used to some extent. It
was usually operated by a small
electric motor, which used the trac-
tor’s battery as a source of power.
These worked reasonably well ex-
cept for the difficulty in using mix-
tures of clean and chaffy seed. The
most widely used at present are
seeders which use an air blast for
seed distribution. Some of the plant-
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ers use the exhaust from the tractor,
while others have a blower mounted
on the tractor.

Since seeding has not been suc-
cessful in all instances, the steps tak-
en following seeding failures and
techniques to reduce the chance for
failure are of prime importance. In
1956 and 1957 it became evident that
some areas would require reseeding.
A modified rootrake was then used
for the dual operation of seedbed
preparation and planting. This
equipment has proved successful as
a follow-up method on seeding fail-
ures and for seeding immediately
following rootplowing. Another im-
plement, the rolling brush chopper,
was modified for range seeding. It
chops the dead brush and regrowth,
breaks up clods, levels the land to a
degree, and generally prepares a
more desirable seedbed than is left
by the rootplow alone. The best re-
sults appear to be when it is used
immediately following the rootplow-
ing.

Results

Two introduced grasses, blue panic
and buffelgrass, reached prominence
in their ability to germinate and
grow on a loose seedbed. Although
these grasses have done well, they
do not always produce a stand of
grass. Results have varied, depend-
ing on range sites (Table 1), climatic
conditions, time of seeding and the
condition of the seedbed. Evalua-
tions of seedings were made by U.S.
Soil Conservation Service technicians
located in the area.

The overall average of successful

stands of grass is 50 percent or 66
percent of the area seeded. Often
good stands of native grasses were
obtained through natural recovery
(Figure 2, top). These are not in-
cluded in the count. Principal native
species that recovered in this in-
stance are spike bristlegrass (Setaria

Ficure 2. Top—Clay Flat Range Site.
Native grass recovery the third year fol-

lowing the brush control operation.
Seeded grasses failed to establish. Bot-
tom—Rolling Hardland Range Site. A
seeding failure, with scattered bunches
of blue panicum and heavy weed growth
in background.

Table 1. Area and number of seedings and successful stands by sites.

Area Seeded Plantings
Site Total Stands Total Stands

— (Acres) — (Pct) (Number) (Pct)
Clay Loam 96,442 70,437 73 405 259 64
Clay Flat 14,905 5,032 34 120 29 24
Shallow Ridge 11,828 10,165 86 34 30 88
Loamy Bottomland 18,102 10,460 58 94 59 63
Sandy Loam 66,205 33,840 51 386 147 38
Gravelly Ridge 49,289 45,597 93 44 32 73
Shallow 450 235 52 12 7 58
Saline Clay 24,359 14,535 60 112 40 36
Vega 264 264 100 1 1 100
Tight Sandy Loam 7,057 3,625 51 30 18 60
Deep Sand 1,190 500 42 14 8 57
Rolling Hardland 23,366 16,597 T 20 13 65
Tight Bottomland 3,835 1,150 30 18 5 28
Saline Bottomland 607 59 10 6 1 17
High Lime 1,124 336 30 10 2 20
TOTALS 320,550 212,833 66 1,312 658 50




leucopila), curly mesquitegrass (Hi-
laria belangeri), pink pappusgrass
(Pappophorum bicolor), Arizona cot-
tontop (Trichachne californica), and
Halls panicum (Panicum halli).

There has been marked difference
in successful seedings by range sites.
In the drier part of the study area
around Del Rio, Texas, in the Devil’s
River Soil Conservation District,
about 10,000 acres of Shallow Ridge
Range Site, Zapata soils, were seeded
following rootplowing. Of the 29 dif-
ferent seedings, 28 were successful.
In comparison, the average for the
Clay Flat Range Site, Montell clays,
was 24 per cent successful stands
(based on 120 seedings, of which 29
were successful). A seeding success
for this purpose is defined as one
where satisfactory stand of the
seeded grass is obtained from a graz-
ing management standpoint (Figure
2, bottom). Some of the seedings
were partially successful, but it was
not felt in these instances that there
was a sufficient stand of the seeded
grass on which management could
feasibly be based.

Successful seedings on the Bottom-
land Range Site, Frio soils, varied
from 13 percent at Tilden, Texas, to
81 percent at Del Rio, Texas. Failure
at Tilden may have been due in part
to weed infestations following winter
rains. The heavier clay soils in high-
er rainfall consistently gave poorer
results than the same soil type in
the more arid sections.

There are approximately 768,000
acres of the Sandy Loam Range Site
within this area. Some 66,000 acres
have been seeded following brush
control. The Carrizo Springs Work
Unit area has realized an 84 percent
successful stand on this site. How-
ever, the average for the site over
the entire area has been only 38 per-
cent. Significantly, most of the suc-
cessful stands were obtained during
drouth years having little winter
rainfall (Figure 3).

Observations are that the spread
of blue panic seedlings following the
initial seeding is very slight after the
first two years. Buffelgrass, how-
ever, usually spreads rapidly. Na-
tive grass species begin to re-estab-
lish and often fill the gap after 2 or
3 years. The introduced grasses then
become less in relative abundance to
the native grasses and on most sites
decline in amount.

The principal factors relating seed-
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Ficure 3. Sandy Loam Range Site. This
area successfully seeded to buffelgrass
following rootplowing.

ing success to time of seeding are
rainfall and temperature following
the seeding. Norris (1961) indicates
that the main problem in establish-
ment is the rapid drying of the sur-
face soil before the seed can germi-
nate and develop roots. The evapo-
ration rate varies from approxi-
mately 59 inches on the eastern side
of the outlined area to 75 inches on
the western side. It is relatively high
during the early stage of seedling
establishment (Bloodgood, D. W., R.
E. Patterson, and R. L. Smith, Jr.,
1954).

Late fall and winter rains, an un-
usual condition that has occurred
frequently in recent years, are favor-
able for growth of winter annuals.
These annual weeds have a sup-
pressing effect on young grass seed-
lings the following spring, account-
ing for some seeding failures. Of 55
different seedings, 18 of which were
made during the summer-fall and
early winter, only 27.7 percent were
successful (Figure 4). The remainder
were made in late winter and early
spring; of these, 75.6 percent were
successful. Late winter and early
spring rootplowing can often kill the
weed infestation, and the probability
of rain in the spring and early sum-
mer is good.

Where seeding efforts have failed
and natural succession is allowed to
take place, weed infestation has been
heavy. Two of the most severe and
most persistent weeds have been rus-
sian thistle (Salsola kali) and prairie
coneflower (Ratibida columnaris).
Under the condition of adequate
winter moisture for establishment of
these weeds, they have dominated
the site for as long as three years in
limited areas.

Summary and Conclusion
A survey was made of 1,312 range
seedings, covering 320,550 acres, to
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FIcURE 4. Late winter-spring seedings made
three times more stands than did sum-
mer-fall-winter seedings.

evaluate introduced grasses, the ef-
fects of range sites on seedling estab-
lishment, and the effects of time of
seeding. From this study the follow-
ing conclusions may be made:

(1) The shallow, gravelly and clay
loam range sites have consistently
given the best results on range seed-
ing with introduced grasses follow-
ing rootplowing. The heavier clay
soils that tend to remain cloddy have
resulted in the poorest stands of
grasses.

(2) As rainfall increases, the ef-
fects of range site differences are
more pronounced. Generally, as the
rainfall increases, the seeding fail-
ures increase and the permanence of
blue panicum and buffelgrass de-
creases. Weed infestation is most se-
vere and is more of an adverse fac-
tor in grass seedling establishment
when sufficient early winter mois-
ture is received to establish weeds.

(3) Native grass recovery and re-
establishment increases with time
and with the decline of the intro-
duced species.

(4) Late winter and early spring
seedings following rootplowing have
been more successful than mid sum-
mer-fall seedings.

(5) Unsuccessful seedings can be
reworked and seeded with a high
degree of success.

Brush control is needed on much
of the rangeland in this area, most
of which, if rootplowed by methods
presently used, will be reseeded with
introduced grasses. Careful consid-
eration should be given to the time
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of range seeding, the method of seed-
bed preparation, the kinds and
amounts of seed, and the method of
seed distribution.

By observation, it may be con-
cluded that deferment following
seeding is prerequisite to a success-
ful stand. Stands of seeded grasses
are seldom obtained and maintained
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without deferment and limitation of
use to a reasonable degree.
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BOOK REVIEWS

The Matador Land And Cattle
Company. By W. M. Pearse.
University of Oklahoma Press,
Norman, Oklahoma. 244 pages.
1964. $5.95.

This is the true story of the rise
and dispersion of one of the great
cattle empires of Texas. The ranch
was named Matador by one of the
original owners who was an en-
thusiast in Spanish literature. The
ranch lies in the northwest part of
Texas with the Matador division in
Motley County some 150 miles west
of Wichita Falls and about 135 miles
southeast of Amarillo. The Alamo-
gitas division was some 35 miles west
of Amarillo. Until the early 1870,
this area was inhabited by plains
Indians and not suited for inhabi-
tance by white men. Herds of buf-
falo roamed and grazed the nutri-
tious, abundant grasslands. The In-
dians were driven from the area in
1874 under the command of Colonel
Ronald Mackenzie.

The first headquarters of the
Matador Ranch was a buffalo hunt-
ers dugout located at Ballard
Springs. The ranch was established
by H. H. Campbell in 1879 with the
first cattle purchase made in De-
cember. By 1882 the Matador
claimed a range covering 1,500,000
acres. Campbell was financed by
Colonel A. M. Britton who retained
power of attorney for the ranch
organization.

Foreign investment companies
were looking to the American cattle
industry as a means of new invest-
ments. In 1882 Col. Britton ap-
proached the Dundee, Scotland, busi-
nessmen, who employed Thomas
Lawson to appraise the properties.
Lawson reported, “The ranches seem

to me to be quite capable of carrying
at least 83,000 cattle . . . and graze
them well. It has abundant supply
of water, convenient for grass, and
ample shelter for stock during hard
weather; is at an elevation where
nights are cool and cattle can rest;
at a latitude where winters are
comparatively safe. It is without a
doubt one of the best watered,
sheltered and healthiest ranches in
Texas.” Lawson placed evaluation
on the land, improvements and live-
stock between $1,200,000-$1,300,000.
The Scots entered an agreement with
Britton on September 28, 1882. The
holdings were purchased for $1,250,-
000.

The headquarters was moved from
Ballard Springs to Dundee, Scot-
land. Campbell was retained as su-
perintendent but he was more of g
cowman than one to make formal
reports to the Dundee office. Each
year one director and the secretary
made a trip from Scotland to the
ranch.

By 1884 it was apparent that the
size of the Matador was less than
assumed originally. This caused the
board of directors to acquire desir-
able lands adjoining the Matador
and secure grass leases in an effort
to reduce overstocking rather than
reduce the herd. In 1885 land pro-
curement began with the rights to
graze cattle on public domain lands
at 9 cents per acre per year.

Property line fencing began in
1884 with the first fence between
the Matador and the Espuela Cattle
Company. With outside boundaries
enclosed, fencing was begun on the
interior land. The first wire for sub-
division was defined as dull-barbed,
wide-ribbon wire.

Steers and spayed heifers were

marketed at four to five years old as
heavy beef. Until a railhead was
developed, the cattle were driven to
central markets. In 1885 railheads
were developed at Colorade City
and Wichita Falls. Cattle from the
southern part of the Matador were
driven to Colorado City while those
on the northern part were moved to
Wichita Falls.

The great drouth and blizzards of
1886-1887 caused Campbell to search
for water and grass. The cow herd
was reduced at a $3 per head loss.
The grass distant from water was
unused while around watering places
it was trampled out. Well digging
and dam building got underway to
restore water for better range graz-
ing. Many foreign owned cattle com-
panies went out of business in the
1880’s but not the Matador. The
directors reduced the dividends and
wrote off a loss of 8,500 head to
weather in 1886, Upgrading cattle
began as early as 1885, The Matador
had the reputation of having the
best grade and registered Hereford
cattle of any ranch.

Campbell organized Motley Coun-
ty and located the ecounty seat of
Matador one mile northeast of
Ballard Springs. In 1891 Murdo
Mackenzie, a Scotsman, was named
manager, a position he held until
1937 at which time his son, John
Mackenzie, was appointed general
manager until the sale of the Mata-
dor in 1951.

The land expansion northward
began in 1892 and continued until
the Matador Land and Cattle Com-
pany operated the following di-
visions: Matador 1882-1951; Wyo-
ming Western Ranches 1895-1904;
White Deer Pasture, Texas, 1893-
1895; 1898-1802; Alamositas, Texas,



1902-1951; South Dakota Cheyenne
River Indian Reservation 1904-1914;
Montana 1913-1928; and Canadian
1905-1921. In the Matador and
Alamositas Divisions, the company
directors determined in the 1920’s
that range conditions were good
enough that the land exploration
could be reduced and was completed
in 1928. The drastic change from
raising large calf crops in Texas
and maturing beef on northern grass
had to be made because of increas-
ing expenses and the disadvantage
of selling heavy beef. The public
had turned to lighter weight beef.

In 1883 the company owned 374,-
717 acres with herds numbering
76,600. By 1890 land increased to
444,657 acres and 97,781 head of
cattle. The lowest herd numbers
were 46,144 in 1935, another bad
drouth period, while the acreage was
878,748. In 1951 the Matador Ranch
land involved 808,000 acres with a
cow herd of 46,746.

The Company was sold in 1951 to
a group of New York businessmen.
This marked the last of the foreign
owned cattle companies in Texas.

The railroad came to the Matador
in 1910 during the great westward
expansion of railroads. The quest
for farming land before World War I
brought still another era to the
Matador Ranch. The Matador made
land available for farming around
Roaring Springs. In 1913 the ex-
ploration for oil began on the ranch.
The company hired a geologist in
1916 to make a survey of all the di-
visions for prospects of oil develop-
ment.

The author does not depict the
conditions of the vegetation vividly.
There is some mention of small
mesquite trees in reports of the di-
rectors’ visits to the ranch. When
the greatest invasion of mesquite
took place is not fully explained. A
review of the photographs showing
range landscape indicates that the
range was open grassland in 1883.
Around the headquarters at Ballard
Springs in 1884, photographs show
some small sprangling mesquite
trees about three feet tall. In 1928
a range scene indicates that the
landscape was covered with mesquite
trees taller than the high grade
Hereford cattle. In 1949 the mesquite
had so increased in density that it
was restricting grazing.

I recommend that every person in-
terested in the development of a
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cattle ranch in Texas and the men
that made it read this book. While
The Matador Land and Cattle Com-
pany is perhaps not the most excit-
ing account of the ranch and cattle
development in Texas, Dr. Pearse
relates the true picture of the ranch-
ing development of the Rolling and
High Plains of Texas. He does not
try to include all of the picturesque
things that most people consider as
going along with the cattle ranching
industry. Personal stories and color-
ful details are omitted. Primary
value of this volume is as a refer-
ence, based on the Matador Ranch
records now in the archives of Texas
Technological College. Garlyn O.
Hoffman, Texas A&M University,
College Station, Texas.

Livestock And Livestock Prod-
ducts. By Theodore C. Byerly.
Prentice Hall, Inc., Inglewood
Cliffs, N.J. 422 pages. 1964.
$10.00.

Dr. Byerly has written an authori-
tative book, broad in scope, and yet
specific in detail for all major live-
stock species. Dr. Byerly is a skillful
writer, having the art of expressing
much in few words. This book should
serve well as a college text in Ani-
mal Science and source of informa-
tion on animal breeding, nutrition,
feeding, health, marketing, and live-
stock products.

The first three chapters discuss the
history of livestock production in the
United States — from the colonial
period to the purebred livestock era.
The effect of environment on live-
stock production is well presented.

Three chapters are devoted to the
principles of heredity, livestock
breeding, and reproduction, followed
by a chapter on lactation. Dr. Byerly
states, “Heredity establishes the ca-
pacity for performance; the environ-
ment, including nutrition, climate,
management, and disease, deter-
mines the actual performance within
the capacity fixed by heredity”. The
basic concepts of heredity and
breeding for the various species of
animals are well presented and illus-
trated, from the discussion of “cy-
tological basis of heredity” to “sys-
tems of mating”. The chapter on
livestock breeding briefly covers
origins of the various species, gives
some criticism of breeds, describes
methods of breeding and perfor-
mance testing. The chapter on re-

221

production describes reproductive
organs, artificial insemination,
growth and development of the em-
bryo, pregnancy tests, and repro-
ductive efficiency. The physiology
of milk production is presented in a
chapter on lactation.

Nutrition and the feeding of live-
stock are presented inthree chapters.
Digestion and metabolism, assimila-
tion, and basic principles of nutri-
tion are given. Nutrient require-
ments of the various species are dis-
cussed, documented by daily nutrient
requirement tables from the Na-
tional Research Council. The live-
stock feed supply and its utilization,
the place of range forage in livestock
production, the value of proper use
of range, and the importance of
range improvement are emphasized.
The composition of feed, the use of
feed additives, and the services of
the commercial feed industry are
discussed. The chapter on “feeding
livestock” presents management and
feeding practices for beef and dairy
cattle, sheep, swine, poultry, labora-
tory animals, and fur bearers. Short
chapters are also devoted to feeding
horses and goats.

The quality of livestock and live-
stock products, their utilization, and
marketing are treated in three
chapters. The development of stan-
dards and measurements of quality
in meats and wool are presented.
The regional differences in food use
of livestock products are described
and illustrated. Marketing livestock,
seasonality in livestock slaughter,
market demand, transportation, stor-
age, and livestock losses from han-
dling are discussed.

In the last chapter on “Costs and
Returns from Livestock Farming”,
Dr. Byerly emphasizes efficiency of
production.

This book covers the subject mat-
ter clearly and thoroughly. Dr.
Byerly has used 129 tables and 34
figures to document this book of
lasting importance to students and
livestock producers. O. O. Thomas,
Montana State College, Bozeman,
Montana.

From Prairie to Corn Belt. By
Allan G. Bogue. University of
Chicago Press, Chicago, Illi-
nois. 310 pages. 1963. $6.95.
The author concerns himself with

a portion of the mid-continental
grassland area embodied in the
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states of Iowa and Illinois, formerly
known over all as the true prairie
region. The book is studded with
factual detail such as census statis-
tics relating to origins or nativity of
the settlers, crop production, acre-
ages, taxation, law, domestic animal
populations, etc.; and yet these
usually dry statistics are carefully
and effectively interwoven in de-
scriptive and explanatory narrative
so as to read with the absorbing ap-
peal of a novel. The Homestead Act,
organization of claim clubs by squat-
ters to prevent land grabs by specu-
lators and claim jumpers, recalls the
basis of much modern TV drama.
Stories of the effort and cost of
breaking the sod and of the develop-
ment of the steel plow are very real.

The temporary determining fac-
tors of the environment which kept
the settler tied to the forest and how
he overcame this control to move
into the grassland are told. It is of
great interest to read of the human
motivations and of the trials and
errors of crop and animal produc-
tion. Stories concerning improve-
ment of corn recalls boyhood mem-
ories of Indian corn, yellow dent,
white corn, and the colorful red va-
riety known as the bloody butcher.
The improvement of livestock, hogs,
beef, and draft animals is also told
in colorful language which is also
scientifically accurate in its detail.

Professor Bogue calls himself an
agricultural historian, but he is more
than this as is revealed in this book.
We should have more historians of
his type who can present the tem-
poral and spatial background clearly
and colorfully, and who also have
the broad gauge to add to this back-
drop the factual details and inter-
pretation that present a completely
integrated picture. The book is an
outstanding effort to explain what
the region was, what went on there,
and how it became what it is. From
Prairie to Corn Belt is a fine syn-
thesis of history, geography, eco-
nomics, agriculture, sociology, and
other studies. — John W. Voigt,
Southern Illinois University, Car-
bondale, Illinois.

From Cab to Caboose. By Joseph
A. Noble. University of Okla-
homa Press, Norman, Okla-
homa. 205 pages. 1964. $6.95.

This book, amply illustrated and
written by a man who spent fifty
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years with the Santa Fe Railway,
has little to do with the science and
art of range management. By Ilo-
cale, however, in the southern por-
tion of Colorado and southwestern
Kansas to west Texas, the descrip-
tions of events and early life in rail-
roading parallel the developmental
throes of the livestock industry.

Mr. Noble’s story begins with an
accounting of experiences on survey
crews in the early 20th century with
anecdotes on life in the great out-of-
doors and continues on through his
progression of jobs with the com-
pany. He states in his preface that
this book ‘“is neither a history nor a
treatise on railroad engineering.” Al-
though the book does cover certain
areas which would be unfamiliar to
the range man, the philosophies and
human psychologies expressed are
familiar whether they be in refer-
ence to railroading or any other vo-
cation.

Mr. Noble retired as chief engineer
of the Western Lines in 1958. Per-
haps one of the concluding para-
graphs best exemplifies his forte.
“The struggle to accomplish some-
thing, the feeling of belonging—to
be part, however small, of a power-
ful and respected organization, to
see the results of your work, and to
believe that it has been of some
value to the common human effort
—these I think, are some of the
things that give lasting satisfaction to
the average human being.”—David
G. Wilson, University of Arizona,
Tucson, Arizona.

Conservationisis And What They
Do. By C. William Harrison.
Franklin Watts, Inc., 575 Lex-
ington Avenue, New York 22,
New York. 190 pages. 1963.

$3.95.

This book fills a need for youth
interested in career opportunities in
conservation. It would be an ex-
cellent reference for junior and
senior high school students in the
career development stage. The reader
is given a basic understanding of the
need for wise use of our natural re-
sources.

The author points out that not
until the first quarter of this cen-
tury did the United States begin to
realize that it must conserve what
is left of its natural resources or face
disaster. Depletion of the country’s
arable land, its forests, its animal

life, and its water supply present the
nation with a problem that must be
solved.

Conservation, says the author, is
not a career in itself, but many jobs.
The government and private indus-
try offer the conservation-minded
young person the chance to take part
in a vital work. Government offers
careers in forestry, soil and wildlife
conservation, flood control, biologi-
cal research, and allied services.
Lumber companies, pulp and paper
corporations, agricultural associa-
tions, farmers’ cooperatives, sports-
men’s clubs, the fishing industry,
chemical firms, and other private
organizations offer the opportunity
for conservation work.

In addition to describing the work
done by government and:industry,
the author lists the necessary quali-
fications for those interested in the
field of conservation and suggests
schools and colleges where the ap-
plicant can receive training in his
chosen field. Ralph J. Kotich, Colo-
rado State University, Fort Collins,
Colorado.

California Range Brushlands
And Browse Plants, By Arthur
W. Sampson and Beryl S. Jes-
persen. California Agric. Expt.
Sta. Ext. Serv., Berkeley. Man-

ual 33, 162 pages, illustrated.
November 1963. $2.00.

This is another outstanding pub-
lication by the ‘“father of range
management” that summarizes pres-
ent knowledge of California brush-
land and its individual species with
regard to their characteristics, use,
and management.

The main objective of the manual
is to present information on the
techniques of converting wild brush-
lands to more desirable forage
plants. It is directed at an audience
of: range technicians, who desire
more detailed information of Cali-
fornia brushlands and browse; stock-
men and sportsmen, who are inter-
ested in the identification and use of
browse; and students of range man-
agement and related fields who, as
a part of their education and train-
ing, must have basic knowledge of
taxonomy, ecology, and importance
of browse plants.

The manual is divided into two
parts. Part I concerns biological and
management considerations with re-
gard to: major brushland communi-



ties and their soils, foraging animals
and their use of browse, nutritional
levels of browse plants, and tech-
niques for brushland improvement.
Part II is an appraisal of individual
browse species.

The authors recommend a soil-
vegetation survey prior to under-
taking improvement of any brush-
land area. Trends in chemical com-
position of individual browse species
are presented as a basis for planning
the satisfaction of the nutritional
requirements of foraging animals.
Coverage of food habits, require-
ments, and overlap in use of live-
stock and big game provides a back-
ground for coordinated brushland
development.

The authors’ outlook for improve-
ment of California brushlands is
hopeful. Range improvement is con-
sidered to be economically sound on
about 9 million acres of brushland
with an average increase in grazing
capacity of 15 to 20 percent. On a
select 3 million acres, grazing ca-
pacity can, however, be increased by
50 to 60 percent. The outlook for re-
establishing bitterbrush on depleted
deer winter ranges is concluded to
be practical and desirable, even
though costly. Among the different
methods recommended for brush-
land improvement are tested tech-
niques for controlled burning, use
of machinery, application of chemi-
cals, and biological approaches.

A recognition key for individual
browse species is preceded by a
glossary in layman’s language. A
brief description is given of each
family and genera of browse. For
each species there is a concise text,
a distribution map, and a black and
white line drawing. The artist is to
be complimented on the excellent
illustrations of identifying char-
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acteristics. Species appraisal is con-
cerned with distribution, economic
value, and rating as browse.

All in all, the manual is a scholar-
ly job that should prove a valuable
reference for technicians, an instruc-
tional aid for teachers, a learning
device for students, and a general
reference manual for lay people.
Anyone working in livestock or big-
game management should consider
acquisition of this manual for his
library. — H. G. Reymnolds, Rocky
Mountain Forest and Range Experi-~
ment Station, Tempe, Arizona.

Annual Rings In Big Sagebrush
(Artemisia tridentata). By
Charles Wesley Ferguson is a
95-page booklet published by
the University of Arizona
Press, Tucson, 1964.

The typography and illustrations
are excellent. The author, with train-
ing and experience in dendrochro-
nology, presents this study of sage-
brush rings with skill and clarity. He
defines and applies the concepts and
techniques of tree ring analyses to
advantage in interpreting and ex-
plaining sagebrush growth and stem
structure.

Detailed descriptions of annual
growth rings and causes of abnor-
malities serve as a refresher forone’s
fading knowledge of wood tech-
nology. Terms are clearly defined
at the beginning of the text, and the
layman will find no difficulty in
following the story of sagebrush
rings.

The study was based on sagebrush
collections from New Mexico, Ari-
zona, California, and Nevada, which
included a wide range of sagebrush
sites. Very old plants of sagebrush
were compared with master chro-
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nology charts from trees of the same
general area. Use chronology charts
of the older sagebrush plants and of
trees in a given area combined with
crossdating, enabled the estimating
of total ages of stems with eroded
centers.

The unique method of determining
the years since death of old sage-
brush stems by chronological inter-
pretations, permitted the study of
sagebrush stands to be extended
back 20 or more years beyond the
age of present live plants in the
stand. The presentation and descrip-~
tion of deterioration classes of dead
sagebrush, from 0 to 50 years, may
be useful in ecological interpreta-
tions of sagebrush ranges. An inter-
esting phase of this study was the
determination of early height growth
rates of old sagebrush plants by di-
viding the length of stem sections
by the difference in pith dates of
the two ends of the sections.

Range and wildlife habitat man-
agers will find the short sections on
climatological and ecological appli-
cations of shrub ring growth studies
interesting.

After reading “Annual Rings in
Big Sagebrush” you will no longer
wonder at the lobed and extremely
eccentric cross sections of sagebrush
or at the presence of the pith on the
outer edge of some cross sections.
You may also have more confidence
in your own attempts to determine
the age structure of sagebrush stands.

For anyone interested in browse
range and the tracing of the history
of shrub stands by age studies, this
booklet is a high priority item and
should occupy a readily accessible
place in your bookcase. Odell Ju-
lander Intermountain Forest and
Range Experiment Station, Provo,
Utah.
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Best, K. F. and J. L. Thompson. A
tractor mounted experimental plot
sprayer. Weeds 12(1):62. Jan.,
1964. (Expt. Farm, Res. Branch,
Canada Dept. of Agr., Swift Cur-
rent, Saskatchewan)
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Cliff, Edward P. Grazing to continue
says forest chief. Amer. Cattle

FIRE LINES—A new processed pub-
lication — “Notes concerning con-
trolled burning and the ecological
effects of fire.” Number 1 is dated
March, 1964. “Published at irregular
intervals by Tall Timbers Research
Station, Route 1, Box 110, Tallahas-
see, Florida.” Roy Komarek, Editor,
says “We will welcome any contri-
butions (keep them informal and as
short as possible) concerning con-
trolled burning and fire ecology in
any field of land management, re-
search, education or experimenta-
tion.”

TOMORROW’S WILDERNESS — A
beautiful but disappointing book.
The title is so promising and the 12
pages of lovely nature photos so
attractive that the reader feels:
“This is going to be a joy.” Then at
last on page 22 is the first hint of
the let-down—this book is but the
proceedings of the Eighth Wilder-
ness Conference apparently held in
San Francisco is some recent year.
Then you wade through 262 pages
of speeches and discussion, trying
to find out what the words are all
about other than to “preserve” more
and more wilderness. You turn to
the end of the book for a summary
or highlights, only to find: “The
conference was concluded with a
summary by Dr. T. Eric Reynolds,
. . . The summary is omitted here
because the book reports the full
conference . . .” So, back to the
bulk of pages, one finds the topiecs
“Our Wilderness Today, This Vul-
nerable Earth, Ways to Preserve
the Irreplaceables, and The Prac-
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of forages and pastures: Collect-
ing forage samples of ingested ma-
terial of grazing animals for nu-
tritional studies. Jour. Anim. Sci.
23(1):265-270. Mar., 1964. (Utah
Agr. Expt. Sta,, Utah State Univ.,
Logan)

GENERAL
Prod. 45(9):6. Feb., 1964. (FS,
USDA, Washington, D.C.)
Fee, Art. The longhorns. Amer.
Cattle Prod. 45(11):8-10. Apr.,

1964. (Amer.
Assoc., Denver)

Nat’l Cattlemen’s

Fisher, Joseph L. Changes in con-
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tical Politics of Wilderness Preser-
vation.”

Many can readily agree with Dr.
Fairfield Osborn when he states:
“. . . wilderness is of eternal value
to human life.” Osborn make sense
when he discusses the topic “Tomor-
row’s Wilderness—How Much for
How Many?” He concludes that the
Sierra Club and other conservation
organizations can: “Help awaken...
a general consciousness in our coun-
try that an even larger population
is undesirable . . . that this decision
is of the individual and thus of the
nation . . . Continue unendingly the
battle for the preservation of wild-
erness . Encourage individual
owners of property to donate suit-
able lands . . . Sponsor and en-
courage educational programs de-
signed to reach the widest possible
sudiences . . .” This does not an-
swer to your editor’s satisfaction
the questions: “What good is a wild-
erness to a million people if only a
few see it?” “How many hundred
people can walk across an acre of
wilderness in a year before it is no
longer wilderness (i.e., waste paper,
beer cans and vandalism)?”

One can conclude that the natural-
born lover of the wild, the range
man, must keep in touch with this
powerful group if only to participate
in the educational program to in-
clude appreciation of the beauties
of the pastoral scene and the satisfy-
ing activities connected with it. The
book is edited by Francois Leydet,
264 pages, 28 pages of photographs,
published by the Sierra Club, San
Francisco. $5.75. R.S.C.

Wilson, J. Warren. Errors resulting
from thickness of point quadrats.
Austral. Jour. Bot. 11(2):178-188.
Dec., 1963. (Div. Plant Ind,
CSIRO, Reg. Pastoral Lab., Den-
iliquim, N.S.W. Australia)

servation due and overdue. Jour.
Soil and Water Conserv. 18(6):

219-222. Now.-Dec., 1963. (Re-
sources for the Future, Inc., Wash-
ington, D.C.)

Intermountain Forest and Range Ex-
periment Station. Ann. Rpt. 1963.
58 pp. (F.S., USDA, Ogden, Utah)

THE YEAR OF THE GORILLA—A
book for enjoyable and informative
reading. George B. Schaller and his
wife, Kay, spent some two years of
travel and observation in East and
Central Africa. Most interesting
was the year in Kabara in the
Congo, literally living with moun-
tain gorillas, family creatures, shy
but curious. Altogether they studied
and tablulated data for some 10
gorilla groups at Kabara. Congolese
independence brought changes in
the people and the forest, but the
author has hopes that the gorillas
will adapt to the new order (perhaps
more readily and peacefully than
the people). 260 pages, illustrated
with pen and ink sketches and pho-
tographs, The University of Chicago
Press, 1964. $5.95.

TECNICA PECUARIA EN MEX-
ICO—is a scientific journal whose
first issue appeared in 1963 and is
published biannually. It is the of-
ficial journal of the Instituto Na-
cional de Investigaciones Pecuarias,
a dependency of the Ministry of Ag-
riculture of Mexico. The purpose
of this journal is to present the re-
sults of research being conducted
in Mexico to those persons engaged
in animal production and related
activities. It is also distributed to
Universities and libraries in most
countries of the world. Though the
reports published are generally of
a highly technical nature it is in-
tended that the information they
contain be of value in the under-
standing and resolution of problems
facing the animal industry partic-
ularly in Mexico.—Dr. John A. Pino,
Mexico, D.F.
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GRAZING ASSOCIATIONS

Assistant Secretary of Agriculture
John A. Baker dedicated 112,000~
acre grazing area in Montana on
May 2. Three new grazing associa-
tions formed by 70 ranchers in
Blaine County will add $320,000 a
year to area’s economy and strength-
en family ranches in county, said
Baker. He was principal speaker at
dedication in Chinook, Mont., of
Silver Bow, Wood Coulee & Elloam
Grazing Associations. The 3 associ-
ations, with Farmers Home Admin-
istration financial help, have bought

GRASS HYBRIDS

USDA reports hybrid grasses with
highly desirable forage qualities
have been produced experimentally
by crossing crested wheatgrass with
the common weed quackgrass. Dr.
Douglas R. Dewey, plant geneticist
of USDA’s Agricultural Research
Service, is working in cooperation
with the Utah Agricultural Experi-
ment Station at Logan to develop
a hybrid grass for practical use. He
is attempting to produce a stable
hybrid having the vigor and leafi-
ness of quackgrass, and the drought
resistance and better seed quality of
crested wheatgrass. Such a grass
could provide valuable forage and
cover growth in the intermountain
rangelands, and its area of adapta-
tion might extend into the northern
and central great plains.

RESOURCES CONFERENCES

The 1964 Western Resources Con-
ference was held at Boulder, Colo-
rado July 14 to 17. Sponsored by
the University of Colorado, Colorado
State University, and Colorado
School of Mines, the topics included
outdoor recreation, water pollution,
cooperation or conflict in use of
water, and a final session on oil
shales. Proceedings will be pub-
lished by University of Colorado
Press.

American Forestry Association
has issued a Conservation Program

for American Forestry, endorsed by
its members. The preamble points
out: “A continuing upsurge in pop-
ulation, the expansion of industry,
and the prospective growth of the
nation’s economy all presage greatly
increased demands for wood, water,
recreation, minerals, forage, wild-
life and all other goods and services
that forest, range, and all wild lands
can supply.” The program encom-
passes 20 key goals, grouped under
the headings of Protection, Resource
Management, Research and Surveys,
Assistance to Landowners and Proc-
essors, Education, Land Ownership,
Utilization, and World Forestry.

The 64th annual meeting of the
Society of American Foresters will
be held September 27-30 in Denver.
Philip A. Briegleb is president of the
Society and general chairman is
D. S. Nordwall, U.S. Forest Service
regional forester at Denver. Depict-
ing multiple use values of the Rocky
Mountain region will be Fred Ken-
nedy, regional forester at Albuquer-
que, N. Mex. Harry Woodward, di-
rector of Colorado Game, Fish, and
Parks Department, will speak about
outdoor recreation and Herbert B.
McKean, director of research at Pot-
latch Forest Industries, Inec., will
discuss forestry research. Technical
sessions include forest economics
and policy, education, fire, manage-
ment, mensuration, products, recre-
ation, wildlife management, range
management, silviculture, and wa-
tershed management.

Professional conservationists from
throughout North America will
gather in Jackson, Mississippi,
August 23-26, to participate in the
19th Annual Meeting of the Soil
Conservation Society of America.
“Time, Space and Demand for Nat-
ural Resources” is the theme. Doug-
lass Craig, of the U. S. Forest Ser-
vice, Atlanta, Georgia, and chairman
of the Annual Meeting Program
Committee, has arranged for papers
to be presented by authorities in
many fields. Among those who will
appear on the program will be Dr.
Joseph Fisher, President of Re-
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sources for the Future, Inc. and
Marion Monk, President of the Na-
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Conservation Districts.

PUBLISHER HONORED

May issue of the California Sec-
tion Newsletter reports that a high-
light of the annual University of
California Beef Cattle Day at Davis,
March 26, was presentation of a ci-
tation to Western Livestock Journal
publisher Nelson R. Crow in recog-
nition of his half-century of edi-
torial service to the livestock in-
dustry and for his support of agri-
cultural research. James H. Meyer,
Dean of the University’s College of
Agriculture, made the presentation
on behalf of the University. It
seems appropriate to add that Mr.
Crow has been a staunch supporter
of range research and good man-
agement for many years. His in-
spiring banquet speech at the an-
nual meeting of the California Sec-
tion last November will be long re-
membered.

HOUSLEY TO FLAGSTAFF

New Supervisor of the Coconino
National Forest is Ray M. Housley,
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Jr., as announced by Southwest-
ern Regional Forester Fred H. Ken-
nedy of the U.S. Forest Service.
Housley transferred from the Re-
gional Office Division of Range and
Wildlife Management to Flagstaff in
April. Housley graduated from the
Colorado State University School of
Forestry in 1952. He has held posi-
tions as Assistant District Forest
Ranger, District Forest Ranger, and
Staff Officer on National Forests in
Arizona and New Mexico, Housley
succeeds Jay H. Cravens who has
been assigned to the Washington Of-
fice of the Forest Service in the
Division of Watershed Management.
Ray is Chairman of the Division of
Range Management of the Society of
American Foresters and is a member
of ASRM.

HARRIS BACK TO RESEARCH

Appointment of Robert W. Harris
as chief of the Division of Water-
shed Management Research was an-
nounced by Philip A. Briegleb, Di-
rector of the Pacific Northwest For-
est and Range Experiment Station
in April. Harris will be responsible
for the development of watershed
studies in Oregon and Washington,
aimed at increasing water yield
without floods, preventing erosion
on forest and rangelands, and re-
storing stability to eroded water-
sheds. A graduate of University of
Idaho school of forestry, Bob began
his Forest Service career with sea-
sonal employment in Idaho in 1939,
and subsequently was at the Rocky
Mountain Forest and Range Experi-
ment Station at Fort Collins, Colo.
After completion of postgraduate
study at New York State college of
forestry in 1942, he spent four years
in the Marine Corps, returning to
the Rocky Mountain Station in 1946.
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The following year he transferred
to La Grande, Oregon, to do cattle
grazing research on the Starkey Ex-
perimental Forest and Range. He
was placed in charge of the La
Grande unit in 1955 and was pro-
moted to the Division of Range
Management in Washington, D.C,,
in 1957. He moved to Portland in
1959 to become chief of the Division
of Station Management. Harris is
the author of numerous publications
on range inventories and cattle man-
agement on western ranges, and is
a member of the Society of Ameri-
can Foresters and ASRM.

DUNFORD TO BERKELEY

Earl G. Dunford in June assumes
the post of assistant director for ad-
ministration of watershed, range,
and wildlife habitat research at the
Pacific Southwest Forest and Range
Experiment Station at Berkeley,
Calif. He has been chief of the Divi-
sion of Watershed Management Re-
search at the Forest Service experi-
ment station in Portland, Ore., since
1952. Dunford is a native of Seattle,

Wash. He received a degree in for-
estry from the University of Wash-
ington, and a Master degree in for-
estry from Yale.

TEXAS TECH

Two Texas Tech students have
been selected as the recipients of
the Hunter Scholarships in Range
Management. The awards are made
annually to a junior and a senior
student who have demonstrated high
potential in range and and shown a
need. Kenneth Ray McAdams, sen-
ior from Hale Center, received the
cash award. He will graduate in

May and join the staff of the Uni-
versity of Nevada as a research as-
sistant where he will work toward
a masters degree. The junior se-
lected was Tommy Welch, Sea-
graves. Tommy has accepted sum-
mer employment with the Oregon
State University where he will serve
as a field assistant on one of their
research projects at Vale, Oregon.

Edwin Forrest, Lubbock County,
Texas, rancher, recently donated 20
head of Hereford cattle to Texas
Tech to establish a research fellow-
ship in range management for a
Mexican student. The cattle are
being used in experimental feeding
work by Ralph Durham and Thad
Box. The cattle later will be sold
to establish the fellowship fund.
The student will be selected from
applicants from all Mexican agri-
cultural schools. The student will
be expected to select a problem that
will prepare him for range research
upon his return to Mexico.

John Malechek, senior range man-
agement student at Texas Tech, has
accepted a position as research as-
sistant at Colorado State University.
A native of San Angelo, Malechek
was named the outstanding senior
range management student at Texas
Tech by the Texas Section of the
American Society of Range Man-
agement. He is serving as secretary
to the Texas Tech Chapter. At Colo-
rado, Malechek will work on graz-
ing preferences of cattle on the U.S.
Forest Service’s Manitou Experi-
ment Station. He will use fistulated
cattle to determine animal diets un-
der different grazing intensities.

UNIVERSITY OF WYOMING

A ten-day field trip climaxed four
years of agricultural study for 24
Wyoming TUniversity students in
March. The future range and ranch
managers visited experiment sta-
tions and field research facilities at
the Jornada Experimental Range
near Las Cruces, New Mexico, and
La Campana near Chihuahua, Mex-
ico. The trip was part of University
course work in field applications of
range-management techniques. The
students were all majors in animal
and plant science divisions of the
College of Agriculture.

Traveling with the students were
Paul Stratton, Wyoming University
animal science division head, Archie
Reid, Wyoming University Plant



Ecologist, Morton May, Range Man-
agement specialist, and Alan A.
Beetle, Plant Specialist.

WILSON NOW CONSULTANT

Dr. David G. Wilson, on the staff
of the University of Arizona the
past 11 years in Range Management,
is now associated with Gordon Shil-
lingburg, Scottsdale, in the Arizona
Feed Consulting Service, established
in 1960. The company, with offices
at Scottsdale, sells no products but
solely consulting services to owners
of all types of livestock—specializ-
ing in range, feedlot and dairy cat-
tle, but also active with sheep, swine,
horses, poultry and even domestic
pets. Mr. Shillingburg, an animal
nutritionist, specializes in nutrition
of animals in confined quarters,
while Dr. Wilson’s experience and
training have given him a wide
knowledge of range cattle manage-
ment, range plants, and the manage-
ment of rangelands.

Dr. Wilson is a native of Wash-

ington state. He received his B.S.
degree from the University of Idaho,
his master’s and doctor’s degrees
from Texas A & M University. As
an active member of the Arizona
Section, ASRM and its past presi-
dent, “Dave” Wilson is well known
to all Arizona Cattlemen, going to
his new post with an acqaintance-
ship which should be most helpful.

Shillingburg’s bachelor of science
degree at the University of Arizona
was in animal science, with minors
in veterinary medicine and agron-
omy. His master’s degree from the
University of Arizona was in ani-
mal nutrition and in statistics at
Oklahoma State University. Ari-
zona Feed Consulting Service has
offices at Scottsdale, with laboratory
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and feed analysis facilities in Phoe-
nix and research facilities at Casa
Grande. Dr. Wilson will continue
his residence in Tucson.

OREGON SHORT COURSE

Range management in Oregon got
a shot in the arm as a result of a
short course at Corvallis, February
17-21, The course, organized by Dr.
Dillard H. Gates, was attended by 14
county agents from eastern Oregon
and 19 range conservationists, for-
esters, and others from the Bureau
of Land Management, Forest Ser-
vice, Soil Conservation Service,
Bureau of Indian Affairs, and Ore-
gon State Game Commission. Also,
many graduate students from the
range program at Oregon State Uni-
versity attended various sessions.
Materials presented and instructors
were: Range Plant Identification
and Review of Taxonomic Principles,
Dr. Dillard H. Gates, Range Man-
agement Specialist, Oregon State

University; Plant Physiology—
How Range Plants Grow—Grazing

Oregon county agents and Federal agency
land managers attending Oregon range
management short course.

Responses, Dr. Don Hedrick, Profes-
sor of Range Management, Oregon
State University; Plant Ecology—
Community Concepts, Habitat
Types, Management Implications,
Dr. C. E. Poulton, Professor of Range
Ecology, Oregon State University;
Range Site Guides—Their Develop-
ment and Use, E. William Anderson,
Range Conservationist, SCS, Port-
land; Range Surveys on the National
Forests, Andrew Wright, U.S.F.S.,
Portland; Range Surveys on Bureau
of Land Management Lands, Carl
McCrillis, BLM, Portland; Range Im-
provements—Selection of Sites—
Doing the Job, Joe Mohan, Range
Conservationist, Forest Service,
Prineville; Range Nutrition—Caring
for the Range Animal the Year
Around, Dr. Bob Raleigh, Squaw
Butte Experiment Station, Burns;
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Multiple Use—Its Use and Abuse,
Dr. C. E. Poulton; and Range Man-
agement—Importance of Planning,
Dr. Dillard H. Gates. Informal eve-
ning discussions were also held.

It is the intention of Oregon State
University Extension Service to con-
tinue with some kind of range short
course next year.

DYKSTERHUIS RETIRES

Dr. Edsko J. Dyksterhuis (“Dyk”)
retired from federal Civil Service
after 30 years as rangeman, forester,
and conservationist, to accept a pro-
fessorship in range ecology at Texas
A&M University. He was among the
select group of professional range-
men who traveled the western
rangelands whole summers at a time
with saddle and pack horses, dry
groceries, rifle, sour-dough jug, and
Dutch oven, sometimes making
hachure maps as he went; but, who
later conducted range field opera-
tions with benefits of jet to jeep

transportation, aerial photo-maps,
and automatic data processing.

Dyk received the B.S. degree from
Towa State University in 1932 and
the Ph.D. degree from the Univer-
sity of Nebraska in 1945. Born in
1908 on a farm near Hospers in
northwest Iowa, he farmed with his
father for two years before enrolling
at Jowa State College. There he met
and married Margarett A. Cox of
Ames. They have three grown chil-
dren.

As forester and range examiner
with the U.S. Forest Service, Dyk
worked in Utah, Arizona, and New
Mexico until 1938 and in Texas,
Arkansas, Missouri, and Kansas until
1943. He then became Range Con-
servationist in the U.S. Soil Con-
servation Service, working in Texas,
Oklahoma, Arkansas, and Louisiana.
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Since 1949 he has been Washington-
Field Range Conservationist with
the SCS for the region including
Wyoming, Montana, Nebraska, and
the Dakotas, with offices in Lincoln.
Nebraska.

Author of papers in numerous sci-
entific journals and stockman’s
magazines, he also served three
months in Washington, D.C., helping
to prepare Senate Document No. 199

“The Western Range” (Norris Re-
port) ; participated in the Ford Foun-
dation’s Mid-century conference on
“Resources For the Future’’; the
Sixth Internationai Grassiand Con-
gress; and the Ninth International
Botanical Congress. He has held
visiting professorships at Montana
State University and Kansas State
University. He is perhaps best
known for development of a quan-
titative ecological approach to in-
ventory and management of range-
lands, now widely taught and in
daily practical use by stockmen and
federal agencies.

He has served as Director of
RM: as Chairman of the Commit-
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tee on Applied Ecology and as
Councilman for the Ecological So-
ciety of America; as Member of the
Natural Resources Council of
America; as translator of Nether-
lands language botanical papers for
Biological Abstracts; and as Botani-
cal Associate Editor for Ecological
Monographs.

He is a Charter Member of the
Soil Conservation Society of Amer-
ica; is a member of Sigma XI and
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the New York Academy of Sciences;
received the Mercer Award of the
Ecological Society, is a member of
the Society of American Foresters,
and the Texas Academy of Science.
Here is the first verse of “A Trib-
ute to Dyk” written by Bob Ross for
presentation during the testimonial
dinner for Dyksterhuis at the An-
nual Meeting in Wichita.
Here’s to you, Dyk, you've made a
deep track.
It’s plain and clear as we look
back.
Your ecological thinking has caused
many a Lhausc
You've cut a big swath in the
field of range.
Your methods of determining range
sites and condition
Are used from coast to coast all
over the Nation.
Your contribution to range is inter-
national in scope—
At home and abroad you've
brought ranchers hope.

STOESZ RETIRES

Dr. A. D. Stoesz, Head Plant Ma-
terials Technician for the U.S. Soil
Conservation Service, and a member
of the American Society of Range
Management, retired April 30 after
29 years of government service, and
10 years of teaching at the Univer-
sity of Minnesota and North Dakota
State College. He began his career
with the SCS at Mandan, North Da-
kota, as Nursery Manager in 1935.
From 1937 to 1954 he was Chief of
the Regional Nursery Division for

the Northern Great Plains with
headquarters at Lincoln, Nebraska.
In 1954 he moved to Washington,
D.C., to become Head Plant Ma-
terials Technician. Dr. Stoesz is a
native of Minnesota. He has a B.A.
degree from Bluffton College in
Ohio, and Master and Doctorate de-
grees from the University of Min-
nesota. He has contributed much
toward developing techniques for
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plants, many of which are now in
use on America’s range lands.

According to the Texas Farm and
Ranch News, Henry Biederman, Ed-
itor of The Cattleman, official pub-
lication of the Texas and Southwest-
ern Cattle Raisers Association; an-
nounced that he is retiring at the
end of the Association’s fiscal year,
February 29. Biederman became ed-
itor of The Cattleman in March 1943
and has held that position for 21
years. He stated that he had been
considering retirement for some time
in order that he may have more lej-
sure for other activities such as
travel and writing. He intends to
devote some time to preparation of
articles on many phases of the live-
stock industry with which he has
been closely identified all his life.
Since he assumed editorship of The
Cattleman, it has increased substan-
tially in circulation, size, prestige
and importance until today it ranks
as one of the top publications in its
field.
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ARIZONA

The Section held its annual winter
meeting January 16 and 17 at Tuc-
son. The first day meetings were
held at the Student Union, Univer-
sity of Arizona. The second day
was a field trip to the Santa Rita
Experimental Range.

New officers were installed by
President Tom Rigden; they are:
R. G. “Pat” Gray, president; C. C.
“Bud” Cooper, vice-president; Duane
Miller, Councilman North; and Clark
Martin, Councilman South. Hank
Wall and Paul Riggs are holdover

councilmen. After a general busi-
ness meeting an interesting discus-
sion on the program theme “What
is Range Management,” was pre-
sented from the viewpoints of an
old timer, Slim Ellison whose speech
was read by Barry Freeman; a
technician, Bill Fleishman; the 1963
Arizona Range Man of the Year,
Billie Riggs; and an educator, Dr.
D. G. Wilson. A question and an-
swer period followed under the di-
rection of Dr. R. R. Humphrey. A
banquet under toastmaster W. G.
McGinnies that evening was at-

tended by over 100 members, wives
and friends. Awards chairman Jim
Finley presented 1964 awards to:
Ernest Chilson, rancher, Arizona
Range Man of the Year, and Dr.
R. R. Humphrey, Range Technician
of the Year.

The trip to Santa Rita Experi-
mental Range south of Tucson
showed ranchers, range technicians
and friends range research being
carried out by the Forest Service,
Agricultural Research Service, Uni-
versity of Arizona and the Soil Con-
servation Service. Research pro-



grams included: Reseeding in Dry
Years vs. Wet Years, Burning and
the Effects of Fire, Mesquite Con-
trol and Grazing Management,
Range Forage and Rumen Sampling,

Arizona Section field tour to Santa Rita
Experimental Range.

Top—Discussion of
mesquite control and grazing manage-
ment. Bottom—Discussion of range forage
and rumen sampling during lunch stop.

Mesquite Control and Reseeding,
and Control of Oak-Chaparral and
Desert Shrubs. The tour and pro-
gram was admirably planned and
handled by Dave Wilson, Ervin
Schmutz, Clark Martin and Dwight
Cable.

The Section plans a joint summer
meeting with the Arizona Cattle
Grower’s Association, probably in
early August.

CALIFORNIA

The annual spring field tour was
held in Mono-Inyo Counties of east-
ern California on May 21 and 22,
1964. President Cy McKell reports
a whopping total of 105 people
signed the registration book, break-
ing all past attendance records.
Guests included nineteen students
from California Polytechnical Col-
lege at Pomona and six from Fresno
State College.

The tour consisted of eight out-
standing demonstrations, two range
revegetation projects, high Sierra
packer operations, range fire break
construction, Canada thistle and wil-
low control, elk herd management
and research, irrigation conserva-
tion, and cattle ranching on city of
Los Angeles lease lands. The pro-
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gram committee was made up of
Dean Smith, farm advisor, U. of
California; John Clark, California
Division of Forestry; Jack Beer,
California Department of Fish and
Game; Herb Wall, S.C.S.; Paul Lane,
City of Los Angeles; Jim Garner,
B.LM.; Hatch Graham and Ed
Schneegas (Chairman), Inyo Na-
tional Forest. At the evening ban-
quet, Mr. Wilfred Partridge, local
cattle rancher for the past thirty
years, gave an entertaining talk on
the history of the livestock business
in the Owens Valley. Eighty-six
persons attended.

On the final day the Inyo County
Cattlemen’s Association sponsored
a delicious barbecued beef lunch,
prepared and served by the Cow-
Belles.

California Section meeting,
Top—Ray Brubaker, BLM, explains im-

May, 1964.
provement practices on new Resource
Conservation area. Bottom—Viewing range
reseeding with crested wheatgrass follow-
ing application of 24-D, Inyo National
Forest.

COLORADO

The Colorado Section scholarship
was presented to Adrian Fischer at
the Section meeting held at Colo-
rado State University on February
22, 1964.

At the Colorado Section breakfast
in Wichita, Mrs. Larry Riorden was
presented with a trophy for her in-
terest in the American Society of
Range Management. Sue has at-
tended nine of the last ten national
meetings of the Society and has
missed very few of the section
meetings and field trips.
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KANSAS-OKLAHOMA
The Section planned a spring
meeting at Oakley, Kansas, June
5-6. It was to include visits to the
Pyramid Ranch, range overseeding
on “go-back” land, and variety tests
following establishment by seeding.

NEBRASKA

The Nebraska Section and the Ne-
braska Beef Cattle Improvement As-
sociation have agreed to try a joint
program for printing and mailing
their newsletters. The NBCIA news-
letter is prepared by that organiza-
tion but is printed and mailed along
with the Section newsletter. Both
newsletters are mailed to all mem-
bers of both organizations.

John Vallentine announces that
the 1964 Nebraska Range Camp for
50 young men 14 to 18 years old will
be held at the 4-H Club Camp, Hal-
sey, August 9-15.

Warren Fairchild announces that
action has been taken to give grass
a prominent place in Nebraska’s up-
coming Centennial observance.

NEVADA
Forty members gathered for the
13th annual meeting of the Section
on January 9 and 10 at Fallon.
Ed Dimick, SCS Range Conserva-
tionist from Elko, discussed the
range site-soil correlation studies in

Nevada Section Officers, [ to r, Fred Har-
ris, outgoing president; Royal Holl, incom-

ing president; Ted Longseth, president
elect; zone councilmen, Paul Tueller and
Carroll Donner; and Mike Kilpatrick,
secretary-treasurer.

Elko, Eureka, and Lander Counties.
Only by knowing the soil resource
can the problems of rangeland man-
agement be solved. A strong posi-
tive correlation has been shown
among soil and precipitation, eleva-
tion, slope, parent material, and
vegetation.
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Roger Smith, Ruby Valley rancher,
stated a major problem facing the
range users today is the importation
of beef. John Carpenter, Elko
rancher and sheep grower, stated
that the imported meat should be
diverted by some means to the im-
poverished and poverty-stricken na-
tions of the world. John went on
to say that a greater effort should
be made to get technical informa-
tion into the hands of the ranchers
and that continued research would
give many of the answers to range
and livestock problems.

The deadly effects of halogeton to
livestock, both sheep and cattle
were discussed. Ranchers have suf-
fered small as well as large losses
due to this weed. Dr. Joe Robertson,
University of Nevada, Reno, re-
ported that much is known about
how to manage livestock to protect
them from this poisonous plant, but
with these recent losses, much more
needs to be known.

Dr. Dick Eckert, ARS, Reno, pre-
sented a slide talk on the spraying
of cheatgrass and other increaser
and invader plants. He said research
shows killing of cheatgrass can be
very effectively done with chemi-
cals. Studies on greasewood sites
revealed that tall wheatgrass and
Great Basin wildrye can be estab-
lished after eradication of the
greasewood by sprinkler irrigating
until the roots tap the water table.

Donald Heinze, University of Ne-
vada graduate student, Reno, re-
vealed that heavy-late grazing of
crested wheatgrass produced the
most AUMs per acre with the least
damage to vegetation and soil
Early-heavy grazing produced the
least AUMs and caused trampling
damage to the soil and plants.

Fred Harris, Elko, presided over
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the business meeting. The Charles
E. Fleming scholarship award was
made to Barry Davis of Smith Val-
ley, Nevada. Mike Kilpatrick, Range
Extension Specialist from the Uni-
versity of Nevada, reported that ar-
rangements for the 1965 National
Convention in Las Vegas were pro-
gressing.

Royal Holl, BLM, Las Vegas, is
the incoming president. The newly
elected officers include Ted Long-
seth, Southern Pacific Railroad,
Reno, president-elect and Dr. Paul
Tueller, University of Nevada, Rob-
ert Hadley, rancher from Carlin, and
Jack Cooper, Nevada Fish and Game
Commission, Ely, zone councilmen.

The summer range camp’s out-
standing boy, Cliven Bundy, Bunk-
erville, was the guest of the Section
for the meeting. Charles Saulsi-
berry, SCS, Cedarville, California
was given the outstanding range-
man-of-the-year award.

The Section’s spring field trip
was planned for June 18 and 19,
1964 in the vicinity of Austin, Ne-
vada. Program includes a tour of
several Forest Service seedings and
brush control projects, a night at
the summer range camp and a look
at a meadow restoration project and
cheatgrass control and seeding study
conducted by the ARS.

NEW MEXICO

Section members were invited to
participate in the Pecos Wilderness
Ride, starting at the Mountain View
Ranch at Cowles on May 16. The
Wilderness is on the Santa Fe Na-
tional Forest.

The Spring meeting of the Section
was held in the Cimarron area June
11-12, with W. C. Littrell of the
Philmont Scout Ranch as Program
Chairman.

Fred Kennedy, chairman of the
scholarship program, announced
that some 40 members contributed
$372 to the fund and that fifteen
applications were received from
graduating seniors from high schools
all over the state.

PACIFIC NORTHWEST
The Summer Range Tour was
scheduled for June 18-19 in Lake
County, Oregon, with the South
Central Oregon Chapter as hosts.
Material for the illustrated program
was assembled by George Lea, BLM

District Manager in Lakeview.

SOUTHERN

The Section is already busily plan-
ning for the 1966 Annual Meeting
of ASRM to be held in New Or-
leans at the Jung Hotel, February
1-4.

McNeese State College in Lake
Charles, Louisiana, announced that
starting in September, 1964, the
school will offer sufficient range
management and related courses for
graduating students to qualify as
range conservationists under Civil
Service.

TEXAS

The Section Tour of the Experi-
mental Ranch in Throckmorton
County was held on May 8, with
the theme “Research to Practice.”
About 150 ranchers, technicians,
students, researchers, and educators
toured the pastures, observed beef
cattle, and heard about grazing and
range improvement work on the
ranch. Dr. W. J. “Dub” Waldrip is
manager of the 11 section range,
which is a cooperative venture be-
tween Swenson Land and Cattle Co.
and Texas A&M, with field super-
vision from the Spur Station.



SOCIETY BUSINESS

MORE REPORTS
ON 1963 ACTIVITIES

Range Management
Education Council

The Fifth Annual meeting of the
Range Management Education Coun-

cil was held in Wichita, Kansas Feb-
ruary 10 and 11 prior to the Annual
meeting of ASRM. The Council was
organized in 1960 with delegates
from 14 institutions of higher learn-
ing offering a bachelor of science
degree in range management. Cur-

rently, there are 18 member institu-
tions in the United States. The Uni-
versity of Chihuahua, Mexico, is an
Associate Member. Institutions of-
fering range management training
short of the requirements for the
baccalaureate degree adopted by the



council may become Associate Mem-
bers. The objectives of the council
are:

“to promote high standards in the
teaching of range management, to
advance professional ability of range
managers, provide a medium for the
exchange of ideas and facts among
range management schools, to pro-
vide liaison between teaching de-
partments and organizations and
agencies in affairs relating to range
education and employment stan-
dards, and in other ways to foster
wider understanding of the prob-
lems of range education.”

In pursuing these objectives, the
Council has engaged in the following
activities among many others.

1. In 1961, the Council completed a
detailed analysis of the range man-
agement curricula of the fourteen
member institutions which was pub-
lished in the Journal of Range Man-
agement 14:301-314.

2. In 1962, after two years of care-
ful deliberation, the Council adopted
current minimum requirements for
professional training in range man-
agement, which were published in
the Journal 15:181. Following fa-
vorable review by the Professional
Standards Committee, the Board of
Directors of the American Society of
Range Management in September,
1962 voted to “approve, adopt, and
support” these minimum standards
for a Bachelor of Science degree in
range management.

3. In 1963, after a round table dis-
cussion of educational and profes-
sional standards in an open meeting
with members of the Professional
Standards Committee of the Ameri-
can Society of Range Management
and representatives of the Civil Ser-
vice Commission and federal agen-
cies that employ range management
graduates, the Range Management
Education Council passed a resolu-
tion recommending that “. . . federal
agencies employing range trained
men request the Civil Service Com-
mission to expedite the reevaluation
and strengthening of the require-
ments for professional employment
in range management to a level rec-
ommended by the Council and by
the Society as published in the Jour-
nal 15:181.”

4. During 1963 and at the 1964 an-
nual meeting, the Council, especially
the executive committee, spent con-
siderable time in discussion and in
correspondence with the heads of
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federal research agencies regarding
proposed standards for the new
Range Scientist roster. These dis~
cussions resulted in greater un-
animity of thought in the council
and better understanding of the aims
and objectives of the council by the
federal research agencies.

5. Since 1961, a committee of the
Council has been working on the
problem of unification of course
names and course contents in range
management. Since range manage-
ment courses are administered in
different schools by departments of
agronomy, animal science, botany,
and forestry as well as range man-
agement, the subject matter of range
management has been organized into
courses in many different ways
under many different titles. The
committee’s activities have been di-
ected toward developing and sug-
gesting titles for course outlines in
various subject matter areas. Sub-~
ject matter areas discussed at the
1964 annual meeting included rarige
ecology, range analysis, range forage
values, and range economics. The
aim of the committee is not complete
uniformity but mutual understand-
ing and self improvement.

The deliberations of the council
this year as well as in previous years
emphasize one central fact. The
most critical problem facing the
range management profession today
is the lack of recognition of range
management as a science and as a
profession. The present low Civil
Service Standards for the Range
Conservationist roster are graphic
evidence of this lack of recognition
on a national level. In our own col-
leges and universities range man-
agement is so poorly recognized that
the Department of Health, Educa-
tion and Welfare has been unable
to obtain complete information on
range management enrollment. Many
people seem to consider range man-~
agement simply as an area of work
rather than a profession in which
men apply scientific principles to
complex problems of land use. The
poor image of range management as
a profession appears to be the main
reason for failure to attract more
capable students into the range man-
agement field.

With full recognition of this prob-
lem, the Range Management Educa-
tion Council has set up 8 working
committees which are to report at
the next annual meeting.
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The Range Management Education
Council is working closely with the
Board of Directors of the American
Society of Range Management, its
Interim Committee on Educational
Requirements of Hiring Agencies,
Joe A. Wagner, Chairman, and its
Education Committee, C. H. Wasser,
Chairman.

Our immediate goal is full rec-
ognition of range management as a
science and a profession. Our long
range goal is the development of
excellence in our profession.—James
K. Lewis, Chairman.

PUBLIC RELATIONS COMMITTEE

The new public relations commit-
tee proposed the following statement
of objectives:

Objectives of ASRM public rela-
tions will be to critically view the
opportunities that exist to properly
inform the public on the Society, to
secure understanding, approval, and
cooperation, determine ways to take
advantage of these opportunities,
and then do something about it.
There is need to do a better job of
informing people on what the ASRM
is and what it is doing to emphasize
the vital importance of the range
resource and its use. Molding favor-
able public opinion by means of an
appropriate information campaign is
a primary function of the ASRM
public relations program.

The committee submitted 18 rec-
ommendations to the Board of Di-
rectors at Wichita. It is hoped that
the 1964 Committee can carry out
many of the proposed public rela-
tions contacts through the Sections
and agencies. The scope of ASRM
public relations is broad. Activities
on a national level will be carried
out by the Public Relations Com-
mittee. Other members of the So-
ciety will be asked to assist with
specific activities~—Wayne Kessler,
Chairman.

INTERNATIONAL RELATIONS
COMMITTEE

The Committee held four meet-
ings during 1963. Among other ac-
tivities, comments were made to
Chairman Hedrick on the tentative
special subcommittee report on over-
seas technical advisors in range.
Also names of possible recipients of
the Spanish Summaries of the Jour-
nal for 1962 were sent to Dr. Thad
Box.

The subcommittee on recruitment



234

of range men for overseas work pre-
sented a memorandum including
suggestion to place a contact at the
Annual Meeting. A suggestion has
been made that we endeavor to de-
termine who among our Society
members are on overseas assign-
ments and keep in touch with them.

No effort was made to develop a
list of overseas people who visited
the U.S.A. to study or observe range
management. If the Society is to
maintain contact with such men, it
will be necessary to develop a list
early in the year for submission to
the various Sections and try to keep
it current during the year. The In-
ternational Agricultural Develop-
ment Service, U.S.D.A,, is willing to
try in 1964 to obtain more range per-
sonnel for training than during 1963.
If this evolves a greater effort will
need to be made to keep in contact
with these range peopls

Developments in 1963 established
better contact witih the FAO than in
previous years. Dr. Roald Peterson,
a member, is now Chief, Pasture and
Fodder Crops Branch, FAO, in Rome.
Two of his main assistants, C. Ken-
neth Pearse and E. J. Woolfolk, will
be looking after Near East and
southern South America work re-
spectively.

Word reached the committee from

SOCIETY BUSINESS

two sources, one in Pakistan and one
in Israel, with regard to the possi-
bility of developing a Section of the
Society in the Near and Middle East.

Working closely with the National
Capital Section, plans have been
formulated for local members to en-
tertain overseas range visitors when
they come through Washington.—
W. R. Chapline, Chairman.

1964 COMMITTEE
ACTIWVITIES

The Committee on International
Relations met in Washington, D.C.
on April 6, with W. R. Chapline as
chairman. Other members attend-
ing were: Milton Norland, IADS;
O. L. Mimms, AID; L. L. Roux, So.
African Embassy; Roy C. Dawson,
FAO; and George E. Bradley, ORAD,
Secretary.

Positive action was taken on all
the seven items on the agenda:

1. Review of resolutions passed by
the Board of Directors at the
last Annual Meeting:

a. Society support of Alliance for

Progress Program.

b. Stimulate participation in the
International Grassland Con-
gress at Sao Paulo, Brazil.

2. What can this Committee do to
stimulate interest in international
affairs at the Annual Meeting?

Site of 1965 Annual Meeting, the Dunes Hotel, Las Vegas. Left and Center, Program Chairman Danny Freeman;

Consider development of recom-
mendations to the Board of Di-
rectors for the next Annual Meet-
ing.

3. Report from the Subcommittee
on “Recruitment of Qualified
Personnel for Service in Other
Countries.”

4. Reorganize and reconstitute sub-
committee investigating the dis-
tribution of publications and in-
formation material to other coun-
tries.

5. Consider the advisability of de-
veloping recommendations to the
Board of Directors for a Commit-
tee to analyze the Society dues
for members in other countries.

6. Should we maintain a list of per-
sons from other countries study-
ing range management in this
country.

7. What can this Committee do to
stimulate interest and present ad-
vantages of this Society?

The Nominations Committee, Leon
Nadeau, Chairman, is lining up a
fine list of candidates for national
ASRM offices to be elected this fall.

Arrangements for the next Annual
Meeting are going forward. It will
be held in the Dunes Hotel, Las
Vegas, Nevada, February 9-12, 1965
(see photos).

Right, President

Wayne Kessler and Royal G. Holl of Local Arrangements Committee. Comment: “These guys are planning Las Vegas Convention?”

PLAN NOW TO ATTEND THE NEXT ANNUAL MEETING
IN LAS VEGAS, NEVADA, DUNES HOTEL, FEB. 9-12, 1965
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LETTERS TO THE EDITOR

Letters may be accepted for publication which contribute to the objectives of the American Society

of Range Management.
ions by contributors.

The Society however, assumes no responsibility for statements and opin-

Dear Bob:

After it was announced in the
Journal that Society dues would in-
crease from $8 to $10 in 1965 for
regular members, I have interrogated
members as to their reactions. Most
of them have indicated that they an-
ticipated this would have to be done
at some time in the future because
of general rising operational costs
for everything. Of course, each of us
is desirous of keeping costs to a min-
imum and, generally, we regret the
upward trend of everything except
income.

Some members may develop the
attitude that the Range Society is
too expensive; that it is costing too
much to run it. Before these mem-
bers break ties with the Society,
common sense dictates a comparison
with comparable organizations in
order to establish a basis for judg-
ment. One good comparison follows:

When the Society of American
Foresters reached a membership of
4,340 in 1938, it had a budget of
$36,860 and a full-time staff of eight
(8) people, which included a full-
time Executive Secretary. (Jour. For.
61 (10): 722, 1963).

When the American Society of
Range Management attained 4,372
members in 1963, it was operating
on a budget of $23,925. We had then,
and still have, three (3) part-time
employees, which include the Ex-
ecutive Secretary, a clerk-stenog-
rapher, and the Editor of the Jour-
nal. For 1964, during which the
membership might reach 5,000, the

budget has been increased to $34,652.
The increase is divided about equally
between (1) more reasonable part-
time salaries for our employees, (2)
increased costs of publishing the
Journal, and (3) increased special
projects which help the Society
grow.

Actually, a comparison of services
currently given the Sections of the
respective Societies will show that
A.S.R.M. extends more services from
the head office than does S.A.F.

With a comparison of this type,
including full realization as to what
the years 1938 and 1963 mean, cost
wise, one can only conclude that the
Directors were none too soon in tak-
ing a realistic look at the structure
of the Society in its business ac-
tivities. We need to keep the Society
growing in stature and expanding in
scope. This cannot be done with a
weak business structure.

Discussions of increased dues
among members and with prospec-
tive members should take this situ-
ation into account, in my opinion.

Best personal regards,

Sincerely
E. William Anderson
Portland, Oregon

Dear Sir:

I'm real concerned about our na-
tional “Journal”. Our ranchers, even
some of our technicians, find it real
hard to read. I realize that it is a
scientific publication but we have
people in our organization (ranch-
ers) who are scientists in their own
right. They have learned their pro-

fession by hard knocks and it is
hard for them to read this. It is not
applicable to their own ranches or
situations. I know it is real easy to
criticize but to offer something con-
structive, I'm at a loss to do so.

Sincerely

R. G. “Pat” Gray

Globe, Arizona

Dear Bob:

There are a number of things
which could be done to improve the
Journal without particularly chang-
ing cost or altering format and at
the risk of being repetitious and a
crank I am, once again, suggesting
a couple of my pet peeves:

(1) a simple card file would pre-
vent repetition in the “Current Lit-
erature” section and allow expanded
coverage.

(2) a special editor on nomencla-
ture could prevent misspellings, use
of archaic names, and use of wrong
names. You could cross reference in
footnotes different names for iden-
tical plants which result from honest
differences in opinion.

Sincerely yours
Alan A. Beetle
Laramie, Wyoming

Longmont Seed Co.

Field Seeds and Complete Seed Service

Buy-—Clean—Treat—Sell
Legumes—Grasses—Grain

LONGMONT, COLORADO

Your Inquiries
Appreciated

We grow, harvest, process these seeds

SHARP BROS. SEED CO.

Specialists in Quality NATIVE GRASSES

Wheatgrasses ® Bluestems ® Gramas ® Switchgrasses ® Lovegrasses ® Buffalo ® and Many Others
Native Grasses Harvested in ten States

Phone 2712
HEALY, KANSAS




New complete guide to more efficient
grassland management now available

Here’s a complete reference book on grasses, leg-
umes, forbs, poisonous and miscellaneous plants..
This handsomely bound 186-page volume of
“PASTURE AND RANGE PLANTS” contains 178
full-color, lifelike water-color reproductions of
pasture and range plants . .. detailed descriptions
of plants...their uses and value as forage...and
other interesting facts. It's right off the press...

compiled by Phillips 66 in cooperation with the
country’s leading agricultural specialists on pas-
ture and grassland management. Privately issued
to encourage grassland management at the print-
ing and binding cost of only $5.95 (plus local
sales or use tax). Not available at PHILLIPS
bookstores. Mail coupon with your

check or money order.

Volume is 8%” x 11” with black-bound cover with gold
trim. Special polyethylene wrap-around dust jacket.

Phillips Petroleum Company
476 Adams Building, Bartlesville, Oklahoma

Please mail postpaid “PASTURE AND RANGE PLANTS”
books at $5.95 each (plus applicable state sales or use
tax.) | enclose my check or money order for $

Name
Address.

Town
State

For The Wild, The Tame, The Exotic
—we've got it —

Green Sprangle Top
Plains Bristle Grass

Range Society Summer
Meeting, July 30 -
August 1, 1964

Alkali Sacaton
Blue Bunch Wheat Grass

Blue Grama Switchgrass
Black Grama Sideoats Grama
Buffalo Grass Bromegrass

Intermediate Wheatgrass
Ky 31 Tall Fescue
Orchard Grass

Big Blue Stem Native
Big Blue Stem Kaw
Little Blue Stem Native
Bluestem Mixtures
Sand Bluestem

King Ranch Bluestem
Indian Grass

Green Needle Grass
Canada Wild Rye Grass
Russian Wild Rye

Sand Drop Seed

Sand Love Grass

Sand Reed Grass

Indian Rice Grass
Crested Wheatgrass
Fairway Crested Wheatgrass
Western Wheatgrass

Red Top

Reed Canary Grass
Tall Wheatgrass *
Slender Wheatgrdss
Timothy

Perennial Ryegrass
Annual Ryegrass
Ky. Bluegrass
Needle And Thread
Bermuda Grass
Blue Panic

Rescue Grass
Weeping Lovegrass
Creeping Red Fescue

CAT-TAIL SEED
Sweet Clover
Alsike Clover
Lespedeza Ladino Clover
Birdsfoot Trefoil ! White Dutch Clover
Vetch Dwarf Essex Rape

Hotel Fermont, Chihuahua, Chih., Mexico
Single Room, $7.20-8.80; double $8.80-10.40

The Mexico Section has promised a fine

meeting with surprises.

Buses depart from El Paso, Texas, or

Alfalfa

Ciudad Juarez every hour for Chihuahua. Realla ver

Daily flight 201 Aeronaves de Mexico leaves

_Juarez 3:30 PM (2:30 PM El Paso time), ar-
rives Chihuahua 4:30 PM. Or if you are driv-
ing, take paved highway from Juarez to
Chihuahua. Many fine side trips or excur-

sions available by highway, bus or air from
Chihuahua.

Hybrid Sorghum Grain
Sudan
Millets

Hybrid Sorghum Forage
Hybrid Sudan
Sorgos

AGRICULTURAL CHEMICALS

ONE CALL DOES IT ALL

MILLER SEED CO.

Phone 432-1232
Lincoln, Nebr.

Phone 364-1615
Hereford, Texas
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