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RANGE MANAGEMENT 

How the Livestock Industry Can Best Be 
Served by Livestock Publications1 

JOHN CHOHLIS 
Editor, Western Livestock Journal, Anaheim, California. 

How can the livestock industry 
best be served by the livestock 
publications ? Magazines and 
newspapers alike. 

At the outset, it might be best 
to establish specific criter,ia and 
to erect an “ideal” publication 
image similar to the “ideals” 
used in judging range land con- 
ditions or purebred livestock. 
The reason being that, like range 
and livestock, the more nearly a 
livestock publication resembles 
the “ideal” the more useful it be- 
comes to the livestock industry. 

Beginning with Nelson R. 
Crow, the publisher, all of us at 
Western Livestock Journal agree 
that an “ideal” livestock industry 
publication must have a full 
measure of the following ‘ingre- 
dients: (1) believability (2) a 
sense of responsibility (3) cour- 
age (4) integrity (5) a goal and 
(6) a purpose. 

You would be just as hard- 
pressed however, to find a per- 
fect livestock publication as you 
would be to find a perfect bull 
or a perfect ranching operation. 
Being realists, livestock journa- 
lists know that in the face of one 
deadline after another, perf ec- 
tion is unattainable. In place of 

1 Excerpts from a paper delivered at 
the 18th Annual Meeting, American 
Society of Range Management, Las 
Vegas, Nevada, February 9 to 12, 
1965. 

perfection, therefore, a livestock 
publication that seeks to ap- 
proach the “ideal” finds it more 
practical to constantly strive for 
excellence. 

Of the character traits impor- 
tant to an “ideal” publication, I 
would list believability near the 
top. A publication has achieved 
maximum believability when 
the people engaged in the indus- 
try it serves refer to it as their 
“bible”. 

To attain an image like this, 
the personnel of a general live- 
stock publication must be alert. 
They must be alert to detect new 
trends. And they must be alert 
to report news events which af- 
fect the future and well-being of 
the industry. For example, Nel- 
son R. Crow was one of the first 
to predict the advent of huge- 
scale commercial cattle feeding 
and to contribute to it. 

Inquisitiveness is another fa- 
cet that helps build believability. 
Curiosity is one of journalism’s 
most important digging tools. 
Curiosity inspires the kind of in- 
quisitiveness necessary to un- 
earth important information 
which will determine whether 
the things or people or events 
being reported should be given 
editorial space and if they are, 
that editorial will answer as 
many of the readers’ questions 
as the man who’s doing the writ- 
ing can possibly think of. 
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Accuracy is also important to 
believability. I don’t mean the 
kind of accuracy which frequent- 
ly eludes proofreaders and re- 
sults in news items like my own 
recent bungle called to my atten- 
tion by an official of the North 
Dakota Farm Bureau who is a 
good friend of Brooks J. Keogh. 
In reporting Brooks’ presidential 
address at the American Na- 
tional Cattlemen’s Association 
convention in Portland, Oregon, 
I moved Brooks’ home town of 
Keene, North Dakota, to South 
Dakota. I promptly got a note 
from a sharp reader who wrote 
to say, “We would just as soon 
keep the town and the people 
(in North Dakota) if it is all 
right with you.” 

Even though they are not seri- 
ous, “goofs” like these, a journal- 
ist’s and proofreader’s anathema, 
do not help a publication’s 
believability image. The accuracy 
I have in mind has to do with 
getting and reporting the facts, 
especially when the facts are on 
the incredible side. For example, 
gains of 4.5 to 5.0 pounds per 
head per day by steers fed a 
Brand X product in the ration. 
Common sense plus editorial in- 
tegrity command you to be alert, 
to inquire about weighing con- 
ditions, how long the cattle have 
been on feed. Once you have un- 
earthed the conditions under 
which the gains were made, you 
must have the courage to present 
them to your readers, particular- 
ly if it deglamorizes “Brand X”. 

Any livestock publication that 
values its image of believability 
will devote its editorial space to 
people who do things, people 



172 

who say things, and people with 
ideas which benefit the livestock 
industry it serves. Writing which 
ignores these important journal- 
istic precepts of human interest 
is aseptic writing and aseptic 
writing puts a tired rancher to 
sleep faster than an overdose of 
sleeping pills. 

Readability, the manner and 
style in which a publication pre- 
sents its editorial content has 
much to do with this matter of 
believability. There are a num- 
ber of books devoted to the art 
of readable writing and the art 
of plain talk. Editorial material, 
whether it’s in a newspaper or 
magazine, must be attractively 
packaged so that it stops the 
reader, commands him to read it, 
and, once he starts to read it, it 
must be written in a style which 
retains his interest from begin- 
ning to end. The same principles 
hold true in the case of advertis- 
ing and the advertising industry 
spends millions employing crea- 
tive artists and copy writers to 
create ads that sell. 

We have always strived for 
excellence in the quality of our 
editorial content in Western 
Livestock Journal and we also 
strive to present it in a style that 
is easy to read and easy to under- 
stand. Manuscripts that are ac- 
cepted for publication are edited 
and often re-written. Sometimes 
the editing or re-write job 
doesn’t quite meet with the ap- 
proval of the author. But to pre- 
serve our image and retain our 
readers and our readability, .we 
believe it must be done. Especial- 
ly if the author has something 
to say and no talent for plain 
talk. I recall one case of a uni- 
versity professor who requested 
the privilege of checking and 
approving the edited version of 
his manuscript. When he re- 
turned it, he wrote that although 
the edited version contained all 
the essential information and the 
facts, it sounded like one of his 
teenage kids had written it. Even 
though I was stung by the criti- 
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cism, in retrospect I now con- 
sider this one of the greatest 
editorial compliments I have 
ever received. 

In this audience are many in- 
dividuals who have authored 
material published in Western 
Livestock Journal, material 
which has certainly added ex- 
cellence in the quality of our 
editorial content. We appreciate 
and welcome all such contribu- 
tions and hope that you will con- 
tinue to look upon our publica- 
tion as a partner in furthering 
the aims for which this Society 
was founded and established. 

A sense of responsibility is 
doubly important to a trade 
journal because so many of the 
personnel who solicit advertising 
also gather and prepare much 
of the material which fills its 
editorial columns. Livestock pub- 
lication editors, in my opinion, 
ply a difficult trade because they 
can, if they choose, prostitute 
their own and the publication’s 
integrity by inserting “commer- 
cial plugs” in the editorial col- 
umns for advertisers who either 
request it or who imply they 
might increase their advertising 
budget if it’s done or decrease it 
if it is not. The majority of com- 
mercial advertisers however, use 
professional evaluation tech- 
niques to measure the worth of a 
publication. These firms prefer 
to use the advertising space they 
buy to tell their product message 
and to sell their products. 

An ideal livestock publication 
must also have a goal, an edito- 
rial policy if you please; one 
which should be pursued with 
the zeal of a crusader - the 
betterment of the industry it 
serves. More specifically stated, 
a publication must have the zeal, 
the courage, and the determina- 
tion to embrace and promote 
sound ideas and programs that 
will improve the lot of its readers 
engaged in the production and 
marketing of livestock for profit. 

Often, a general publication 
such as ours will be accused by 

militant and enthusiastic seg- 
ments of the livestock industry 
as being pro-this or anti-that; or 
anti-them and pro-their-rivals. 
What they’re saying, in reality, 
is that in their opinion, we exer- 
cise bad editorial judgment. But 
when the essence of their objec- 
tions to our editorial judgment is 
distilled away from their emo- 
tional outbursts and examined 
in an atmosphere of calmness, 
what they really want is the 
same thing a politician wants for 
his constituency-a fair advan- 
tage. Our only answer to such 
accusations is the simple truth. 
We cannot afford to be biased. 

In the 13 years I have been 
with Western Livestock Journal, 
I have never overcome my 
amazement at the power of the 
printed word. This realization 
alone is enough to generate a 
sense of responsibility in any 
self-respecting livestock journal- 
ist. In addition, I am constantly 
astounded by the number of 
readers who offer us editorial 
advice. Truthfully, there are as 
many would-be editors as there 
are would-be managers of base- 
ball teams. Regardless of where 
it comes from or how it’s given, 
however, we listen. And quite 
often we heed our reader-editors’ 
advice. 

Coupled with its goal of better- 
ing the industry it serves, a live- 
stock publication must also have 
a purpose. A goal gives it a sense 
of direction; a purpose provides 
it with a reason for existence. 

The purpose of an “ideal” live- 
stock publication should be to 
educate, to inform, and to en- 
lighten in a manner and style 
that develops and keeps habitual 
“cover-to-cover” readers. When 
it does, it provides a maximum 
exposure for the sales messages 
carried by its advertisers. If a 
publication accomplishes this, it 
fulfills its responsibility to its 
readers, to its advertisers, and to 
the industry it serves. 

The most primary of all pur- 
poses for a livestock publication 



such as ours, a consideration that 
is paramount with all publica- 
tions that rely on believability 
and readability to gain paid sub- 
scribers and paid subscribers to 
gain paid advertising - is the 
necessity to operate at a profit. 
For no matter how high the pur- 
pose or how noble the goal, you 
can’t pursue it if you don’t show 
a profit. 

As editor of Western Livestock 
Journal it has been my privilege 
to visit and talk with livestock 
producers in several parts of the 
world. I have been impressed 
first by their eagerness to know 
more about our livestock produc- 
tion methods and also by their 
admiration and envy of our in- 
dustrial and agricultural effi- 
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ciency. I am convinced, after 
these experiences, that the prin- 
ciple reason America’s industrial 
and agricultural efficiency is the 
envy of the world is because both 
have flowered and flourished in 
an atmosphere of freedom; an 
atmosphere that permits and en- 
courages free enterprise and the 
free flow of information and 
ideas. 

Students of government will 
tell you that our democratic sys- 
tem is by no means the most 
efficient form of government. 
But, when you stop and think, 
isn’t it prophetic that the coun- 
tries which supposedly have the 
most- efficient form of govern- 
ment - the totalitarian form in 
which freedom suffocates and 
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dies - are the countries which 
envy our industrial and agricul- 
tural efficiency the most. 

Let me again emphasize that 
here in America an “ideal” live- 
stock publication can best serve 
the livestock industry by an un- 
swerving determination to help 
the industry improve its effi- 
ciency and that a publication’s 
usefulness to the industry it 
serves approaches the maximum 
when it possesses a full measure 
of (1) believability (2) a sense 
of responsibility (3) courage (4) 
integrity (5) a goal and (6) a 
purpose. 

And to remind you again, 
“Nobody’s perfect,” and that it is 
more realistic to strive for ex- 
cellence instead of perfection. 

Effects Of Seeding And Grazing 
On Infiltration Capacity And Soil Stability 
Of A Subalpine Range In Central Utah’ 

RICHARD 0. MEEUWIG 

Soil Scientist, Intermountain Forest and Range Experi- 
ment Station, Forest Service, U.S.D.A., Forestry Sciences 
Laboratory, Logan, Utah 

Highlight 
Seven years after disking and 

seeding to grass, main effects were: 
decreased organic maffer and capil- 
lary porosity in the surface soil, 
greater soil bulk density, and de- 
creased plant and litter cover. Seed- 
ing did not significantly affect in- 
filtration or soil stability. Grazing 
during the previous four years de- 
creased plant and lifter cover and 
noncapillary soil porosity, but in- 
creased capillary porosity in the sur- 
face soil and decreased infiltration 
and soil stability. 

IRevised portion of a thesis pre- 
sented in partial fuZfiZZment of the 
M.S. degree at the University of 
California, Berkeley. 

Some mountain rangeland in 
Utah has been artificially seeded 
to control overland flow and ero- 
sion, or to improve the forage 
resource, or both. Many other 
areas will be similarly treated in 
the future. Because these lands 
are highly susceptible to erosion 
where vegetation has been de- 
pleted or destroyed, it is impor- 
tant to learn the effects of site 
preparation-including d i s k in g 
or plowing and seeding-on in- 
filtration capacity and soil sta- 
bility. For the same reason, the 
effects of various methods and 
intensities of grazing should also 
be evaluated. 

This paper reports results of a 

study of the effects of seeding 
and of grazing on a cattle grazing 
unit in the subalpine zone of the 
Wasatch Plateau in central Utah. 
The main objectives of this study 
were to determine: (1) the per- 
sisting effects of seeding on in- 
filtration capacity and soil sta- 
bility, (2) the effects, on infiltra- 
tion capacity and soil stability, of 
cattle grazing on the seeded 
range and on comparable un- 
seeded range, and (3) the role of 
soil and cover characteristics in 
these effects. 

Description of Study Area 

The study area is in the head 
of Lowry and Logger Forks of 
Manti Canyon where 435 acres 
of the most level and accessible 
portions of a l,OOO-acre fenced 
cattle grazing unit were disked 
and seeded to adapted grasses in 
the fall of 1952. 

The elevation of the area 
varies from 9,500 to 10,000 feet. 
Average annual precipitation is 
about 32 inches of which 24 
inches or more is in the form of 
snow. Precipitation during the 
3-month growing season is 
highly variable but averages 
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only about 5 inches. Precipita- 
tion of individual summer storms 
is usually light, rarely exceeding 
1 inch, but a storm having a total 
of 1.36 inches of rain and a maxi- 
mum lo-minute rainfall intensity 
of 2.58 inches per hour has been 
recorded on a nearby area. 

Soils of this area are pre- 
dominantly silty clay loams de- 
rived from limestone and shales. 
The soil mantle contains varying 
amounts of rock and varies in 
depth from a few inches to more 
than 5 feet. 

Prior to 1952, the vegetation 
was predominantly low-value 
forbs characteristic of subalpine 
rangeland depleted of its climax 
vegetation by many years of 
livestock grazing. For the past 
50 years or more, the study area 
had been grazed by cattle, a 
class of livestock that tends to 
select grasses and certain forbs. 
As a result, most of the grasses 
and desirable forbs were grazed 
out on the more accessible areas. 
Dominant species on the area at 
the time it was seeded in 1952 
were: western yarrow (Achilles 
lanulosa), sweetsage (Artemisia 
discolor), sticky geranium (Ger- 
anium viscosissimum), Rydberg 
penstemon (Penstemon ryd- 
bergi), Douglas knotweed (Poly- 
gonum doug Zasi), and dandelion 
(Taraxacum of ficinale) . 

As a result of the 1952 seeding, 
vegetation in the treated area is 
now composed mostly of palat- 
able grasses. Meadow foxtail 
(Alopecurus pratensis). and 
smooth brome (Bromus inermis), 
both introduced species, are the 
most prevalent. The other two 
introduced grasses, timothy 
(Phleum pratense) and orchard- 
grass (Dactylis glomerata) and a 
seeded native grass, mountain 
brome (Bromus carinatus), are 
also relatively abundant. Dande- 
lion and geranium have persisted 
as the most abundant forbs but 
no longer dominate the area. 

In 1955, 3 years after seeding, 
Orr (1957) made a preliminary 
study of the effects of seeding 

on this unit. At that time, aver- pacity, soil bulk density, and 
age forage production was much ground cover were generally 
greater on seeded plots than on found to be insignificant. 
unseeded plots but differences in The treated area was not 
soil stability, infiltration ca- grazed in 1953, but was lightly 

FIGURE 1. Site 5. This gently sloping site is typical of most of the lower portions of 
the study area. Plot slope gradients range from 1 to 9 percent. 

FIGURE 2. Site 6 in foreground. This area has been heavily used by cattle before and 
after seeding. Its sparse vegetation and compacted soil are representative of the 
poorest conditions to be found on the study area. Plot slope gradients range from 

1 to 6 percent. 
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grazed by cattle in 1954. During some parts of the range were 
the period from 1955 through more heavily grazed than others, 
1958, grazing use averaged about thus several degrees of grazing 
0.5 a.u.m. per acre, a level of use intensity prevailed. This area is 
considered to be moderate for usually not grazed until early 
this range. During this period September when the vegetation 

FIGURE 3. Site 8. This is the steepest (9- to 23-percent slope) but most productive site 
studied. It typifies much of the west-facing slope of the range. The four tentlike 
objects shown are windbreaks set around infiltrometer plots to reduce the effects 
of wind on the application of simulated rain, 

FIGURE 4. Site 9 in foreground. The soil on this gently sloping terrace is shallow and 
stony. Slope gradients of plots range from 4 to 8 percent. Site 8 is in the center 
to the right of the cloud shadow. 
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is fully developed and the major 
summer storm season is past. 
Field measurements reported 
here were made during August 
1959, prior to current season 
grazing. 
study Sites. -When the graz- 

ing unit was seeded in 1952, 10 
study sites were selected and a 
?&acre area at each site was left 
unseeded. Forty infiltrometer 
plots were established on four 
of these sites: 12 on Site 5, eight 
on Site 6, 12 on Site 8, and eight 
on Site 9. Photographs of these 
four sites are presented in Fig- 
ures l-4. At each site, half of the 
plots were located on the un- 
seeded area and the other half on 
adjacent seeded range. In each 
instance, one-half of the plots 
were caged to prevent grazing, 
thus providing four separate 
treatment conditions (unseeded- 
ungrazed, unseeded-grazed, 
seeded-ungrazed, and seeded- 
grazed), with 10 infiltrometer 
plots on each. 

Measurements 
Measurements of infiltration 

and soil stability were obtained 
with a Rocky Mountain infil- 
trometer (Dortignac, 1951). The 
infiltrometer plot frames are 30.5 
inches long and 12 inches wide. 
They are equipped with trough 
gages to measure the rainfall ap- 
plication rate and collector 
troughs to catch runoff and sedi- 
ment (Fig. 5). Approximately 3 
inches of artificial rain was ap- 
plied to each of the 40 plots in 
50 minutes at a rate of 3.6 inches 
per hour. To minimize variation 
in surface soil moisture, each 
plot was prewet the day before 
the test run with 0.6 inch of 
water and covered with a tar- 
paulin until the infiltration test 
was made. The amount of simu- 
lated rain applied and the 
amount of runoff from each plot 
were measured at 5-minute in- 
tervals during the 50-minute test. 
All runoff from each plot was 
collected and the suspended sedi- 
ment was filtered out and its 
ovendry weight determined. 
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FIGURE 5. Study plot with plot frame and 
trough gages installed. The pipe on the 
left delivers plot runoff and the pipe 
on the right delivers trough gage catch. 
Plot size is 30% by 12 inches. 

Density of cover protecting the 
soil surface was measured by the 
point method (Levy and Mad- 
den, 1933) immediately prior to 
the infiltration test. Density is 
the proportion of the ground sur- 
face protected by cover, ex- 
pressed as a percentage. The per- 
centage of first strikes by the 
point analyzer on live vegetation 
is termed “live plant cover.” The 
percentage of first strikes on live 
vegetation and litter (unincor- 
porated organic material) is 
termed “organic cover.” “Pro- 
tective cover” is the percentage 
of first strikes on live vegetation, 
litter, and stone. Thus, organic 
cover includes live nlant cover 
plus litter, and protective cover 
includes organic cover plus stone. 

Two or three days after the in- 
filtration test, all live vegetation 
was clipped from the plot flush 
with the soil surface and placed 
in cloth bags. Litter was also 
collected in a cloth bag. Vege- 
tation and litter were weighed _ 
after air-drying in a warm room 
for 2 weeks. 
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After vegetation and litter 
were removed from each plot, 
duplicate soil samples were 
taken at 0- to 2-, 2- to 4-, and 4- 
to 6-inch depths with a 240-cc 
core sampler. The moisture con- 
tent of the soil was near field 
capacity when these samples 
were taken. Noncapillary and 
capillary porosities of these cores 
were measured by the method 
of Learner and Shaw (1941). The 
cores were ovendried to deter- 
mine bulk density. Organic mat- 
ter contents of these cores and 
of an additional sample from the 
surface inch of each plot were 
measured by the dichromate 
method (Peech, et al., 1947). 

Analysis and Results 
The data were subjected to 

variance analyses to determine 
how seeding and grazing af- 
fected: infiltration capacity, the 
amount of sediment eroded, and 
measured cover and soil charac- 
teristics. Differences in these 
effects were considered signifi- 
cant when their probability of 
being real was at least 95 per- 
cent, and were considered highly 
significant at a probability of 99 
percent. 

Retention-The difference be- 
tween total applied rainfall and 
total plot runoff measured dur- 
ing the 50-minute application pe- 
riod of simulated rainfall is a 
measure of the ability of the site 
to retain storm precipitation 
temporarily rather than yielding 
it immediately as overland flow. 
This difference is termed “re- 
tention” in this report and con- 
sists of infiltration, interception 
by vegetation, depression stor- 
age, and evaporation. Average 
retention by treatments was: 

Unseeded- 
ungrazed ____._..__..2.31 inches 

Unseeded-grazed 1.84 inches 
Seeded-ungrazed 2.25 inches 
Seeded-grazed ______1.58 inches 
The differences in retention 

between grazed and ungrazed 
plots were highly significant. In- 
asmuch as the plots had not yet 

been grazed during the year 
these measurements were made, 
the reduction in retention on the 
grazed plots is attributed to the 
cumulative effects of grazing 
during previous years. Differ- 
ences in retention between 
seeded and unseeded plots were 
not significant. 

Sediment Production. - Sedi- 
ment eroded during the 50-min- 
ute application of simulated rain 
averaged as follows: 

Unseeded-ungrazed 173 lb/a 
Unseeded-grazed __.__.840 lb/a 
Seeded-ungrazed _.____453 lb/a 
Seeded-grazed . . . . . . . .._987 lb/a 
The grazed plots produced an 

average of 600 pounds per acre 
more sediment than did the un- 
grazed plots, a highly significant 
difference. Differences in sedi- 
ment production between seeded 
and unseeded plots were not 
statistically significant. 

Cover Charactertitics.-Cover 
characteristics are known to in- 
fluence runoff and erosion. Con- 
sequently, they were measured 
on the study plots to determine 
in what manner and to what de- 
gree they had been affected by 
seeding and grazing. Average 
cover and air-dry weights of 
plants and litter are presented 
by treatments in Table 1. 

Live plant cover was greater 
on unseeded plots than on seeded 
plots, whether grazed or un- 
grazed, the differences being 
highly significant. The differ- 
ences in organic cover and in 
total cover were not so great as 
the difference in live plant cover 
but, nevertheless, were signifi- 
cant. It may be concluded that 
after 7 years, the seeding treat- 
ment on this area has not pro- 
vided cover equaling that of 
native vegetation on unseeded 
plots. 

The difference in live plant 
cover between grazed and un- 
grazed plots was significant and 
the difference in protective 
cover was highly significant. 
Grazing appears to have caused 
less reduction in live plant cover 



EFFECTS OF SEEDING 

Table 1. Cover characferisfics of ManIi Canyon study plofs 7 years afier 
seeding. 

Unseeded Seeded 

Units Ungrazed Grazed 1 Ungrazed Grazed’ 

Live plant cover Percent 58.4 49.0 42.7 35.7 
Organic cover do. 84.6 70.3 72.6 63.0 
Protective cover do. 85.0 70.6 73.9 63.1 
Grass weight lbs./acre 217 159 1,118 861 
Forb weight do. 1,496 1,124 334 325 
Vegetation weight do. 1,713 1,283 1,452 1,186 
Litter weight do. 2,206 1,745 2,106 1,628 

1 Moderately grazed (about 0.5 a.u.m. per acre per year) during previous 
4 years. 

Table 2. Percentage of ground covered by live plants on fesf plofs in 
Manii Canyon 7 years after seeding. 

Unseeded Disked and seeded 

Un- Un- 
Species grazed Grazed1 All grazed Grazed All 

Grasses and sedge 
Agropyron trachycaulum 1.7 0.3 1.0 0.7 0.6 0.6 
Alopecurus pratensis 0 0 0 7.0 5.4 6.2 
Bromus carinatus .l 0 .l 4.8 1.9 3.3 
Bromus inermis 0 0 0 4.7 4.3 4.5 
Carex jestivella 1.1 .5 .8 0 0 0 
Dactylis glomerata 0 0 0 3.3 2.8 3.1 
Phleum pratense 0 0 0 3.3 4.4 3.9 
Stipa lettermanni 3.6 2.8 3.2 .6 .4 .5 
Minor grasses .l .8 .4 0 .4 .2 

Total grasses and sedge 6.6 4.4 5.5 24.4 20.2 22.3 

Forbs 
Achilles Zanulosa 2.0 2.7 2.3 0.3 0 0.2 
Aplopappus unijlorus 6.5 5.9 6.2 .2 .4 .3 
Artemisia discolor 2.2 1.2 1.7 2.7 .7 1.7 
Geranium viscosissimum 17.5 13.0 15.2 1.3 5.1 3.2 
Penstemon rydbergi 9.0 4.2 6.6 .4 .4 .4 
Potentilla jilipes 2.0 4.0 3.0 .l 0 .l 
Taraxacum o jjicinale 6.3 2.0 4.2 9.4 5.4 7.4 
Minor forbs 6.3 11.6 9.0 3.9 3.5 3.6 

Total forbs 51.8 44.6 48.2 18.3 15.5 16.9 

Total live plant cover 58.4 49.0 53.7 42.7 35.7 39.2 

1 Moderately grazed (0.5 a.u.m. per acre per year) during previous 4 years. 

but a greater reduction in pro- 
tective cover than did seeding. 

Table 2 shows the relative 
abundance of the major grasses 
and forbs by treatments. Plants 
of low forage value, such as ger- 
anium, plantain goldenweed 
(Aplopappus uniflorus), pen- 
stemon, and needlegrass (Stipa 
Zettermanni) are much more 
abundant on the unseeded sites. 
These species have largely been 
replaced on the seeded sites with 

introduced and native grasses of 
high forage value. 

Seeding and grazing both ap- 
pear to have caused reductions 
in total vegetation weight, but 
none of the reductions were sig- 
nificant. The seeded plots have 
much more grass and fewer forbs 
than the unseeded ones and, al- 
though total production may be 
less on the seeded plots, the 
proportion of desirable forage 
is greater. 
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Average litter weights were 
slightly lower on seeded than on 
unseeded plots. They were also 
slightly lower on grazed than on 
ungrazed plots. 

Soil Characteristics. - Values 
of noncapillary porosity, capil- 
lary porosity, bulk density, and 
organic matter content were av- 
eraged by seeding and grazing 
treatments. These average values 
are shown in Table 3. All sig- 
nificant differences occur in the 
surface 2 inches of soil. Below 
2 inches, most of the differences 
among treatments are small and 
none is statistically significant. 

In the surface 2 inches of soil, 
seeding tended to increase non- 
capillary porosity and decrease 
capillary porosity, especially on 
the more compacted sites. How- 
ever, the differences in noncapil- 
lary porosity between seeded 
and unseeded plots are not sig- 
nificant, whereas the differences 
in capillary porosity are highly 
significant. As a consequence of 
less total pore space and less 
organic matter, bulk density of 
the surface 2 inches of soil on 

Table 3. Average porosify, bulk 
density, and organic maffer con- 
fenf of soil cores from fhe Manii 
Canyon plots 7 years affer seeding. 

Unseeded Seeded 

Depth Un- Un- 
(in.) grazed Grazed grazed Grazed 

Noncapillary porosity (percent) 

o-2 18.8 15.1 19.6 17.7 
2-4 16.2 15.9 16.5 15.4 
4-6 15.8 15.3 15.8 14.9 

Capillary porosity (percent) 

o-2 42.7 43.9 40.8 42.3 
2-4 43.4 41.5 41.5 41.7 
4-6 41.1 41.7 41.2 40.7 

Bulk density (grams per cc.) 
o-2 0.96 0.99 1.02 1.04 
2-4 1.06 1.05 1.05 1.04 
4-6 1.10 1.09 1.08 1.10 

Organic matter (percent) 
o-1 14.4 15.8 11.0 11.4 
o-2 10.2 11.7 8.6 8.4 
2-4 9.4 9.7 8.4 8.1 
4-6 9.2 9.5 8.2 7.6 
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seeded plots is significantly 
greater than on unseeded plots. 

Grazing also tended to reduce 
total pore space of the surface 
soil but its effect on pore size 
distribution was opposite to that 
of seeding: it significantly re- 
duced noncapillary porosity and 
significantly increased capillary 
porosity. 

Organic matter content of the 
surface 2 inches of soil was sig- 
nificantly greater on unseeded 
than on seeded plots, the differ- 
ences in the surface inch being 
highly significant, Although dif- 
ferences in the 2- to 4-inch and 
4- to 6-inch depths were not 
statistically significant, they 
were great enough to suggest 
that disking may have reduced 
organic matter below the 2-inch 
depth as well as in the surface 
soil. There were no significant 
differences in soil organic mat- 
ter content between grazed and 
ungrazed plots. 

The reasons for less soil or- 
ganic matter on seeded plots are 
not obvious. It is hypothesized 
that, by temporarily increasing 
aeration and by thoroughly mix- 
ing accumulated litter into the 
soil, disking induced more rapid 
and complete oxidation of litter 
and humus than normally occurs 
on undisturbed sites. In the 
years following seeding, less sur- 
face litter was present to con- 
tribute organic matter to the soil 
and organic matter content of 
the surface soil gradually de- 
clined. This aspect of the effects 
of cultivation of mountain soils 
should receive further study. 

Influence of Soil and Cove? 
Characteristics on Water Reten- 
tion and Soil Erosion.-Multiple 
regression analyses of the data 
revealed that bulk density of the 
surface 4 inches of soil, non- 
capillary porosity of the surface 
4 inches of soil, and total cover, 
in combination, accounted for 
79 percent of the variance in 
water retention. Although most 
of the other measured variables 
are also significantly correlated 
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with water retention, none ex- 
plained significant additional 
variance. 

The relation of amount of 
water retained to soil bulk den- 
sity and noncapillary porosity is 
shown in Figure 6. The effect 
of protective cover is shown 
separately in Figure 7. Reten- 
tion is influenced primarily by 
bulk density, which by itself ac- 
counts for 67 percent of the 
variance, and secondarily by pro- 
tective cover, which accounts for 
an additional 9 percent of the 
variance. Bulk density is an 
index of porosity, which directly 
affects infiltration capacity. Non- 
capillary porosity is important 
because large pores transmit 
water more rapidly than small 
pores. Cover can influence re- 
tention in a number of ways, 
notably by interception of pre- 
cipitation and protection of the 
soil surface from puddling by 
raindrop impact. 

The relation of soil eroded to 
protective cover and soil bulk 
density is shown in Figure 8. 
These two variables account for 
81 percent of the variance in 
eroded soil; no significant addi- 
tional variance is explained by 
any of the other measured vari- 
ables. The use of protective cover 
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FIGI.RX 6. Relation of water retained hy 
plots during 50-minute simulated rain 
to bulk density and noncapillary porosity 
of surface 4 inches of soil when 70 per- 
cent of the soil surface is protected from 
direct raindrop impact. The numbers 
on the curves are percentages by volume 
of noncapillary pore space. 

rather than organic cover yields 
better relations in both retention 
and erosion, indicating that stone 
on the surface of otherwise un- 
protected soil has a beneficial 
effect on infiltration and soil 
stability. 
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FIGURE 7. Effect of protective cover on 
amount of water retained by plots during 
50-minute simulated rain. The values in 
Figure 6 can he corrected for variations 
in protective cover by means of this 

graph. 
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FICUHE 8. Relation of amount of soil eroded 
from plots during 50-minute simulated 
rain to bulk density (RD.) of the sur- 
face 4 inches of soil and percent of soil 
surface protected by plants, litter, and 

Protective cover is more 
closely correlated with soil 
eroded than any other measured 
variable, but there is a strong 
interaction between bulk density 
and cover and their influence on 
soil erosion. If protective cover 
exceeds 85 percent, the amount 
of soil eroded is small, irrespec- 
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tive of bulk density, because the 
soil is protected from detach- 
ment by flowing water and rain- 
drop impact. Conversely, the in- 
fluence of protective cover at 
bulk densities of less than 1.0 
is not as great as at higher bulk 
densities because there is little 
overland flow to detach and 
transport soil particles. In short, 
the influence of bulk density is 
most pronounced at low cover 
and the influence of cover is 
greatest at high bulk densities. 

Of course, these relations are 
valid only for conditions similar 
to those of the study area. For 
example, studies on the porous, 
coarse-textured granitic soils of 
southern Idaho (Packer, 1951) 
revealed that runoff and soil 
eroded were dependent almost 
entirely on density of ground 
cover and its distribution, and 
that soil bulk density exerted 
little influence. However, it is 
reasonable to expect bulk den- 
sity to be a greater limiting fac- 
tor on fine-textured soils such as 
those in this study. 

Requirements for Watershed 
Protection.-Control of overland 
flow is requisite to good water- 
shed condition. When apprecia- 
ble overland flow occurs, soil is 
eroded and loss of soil can only 
result in depreciation of range 
and watershed values. The major 
goal in managing range-water- 
sheds should be maintenance of 
the capacity of each site to detain 
high-intensity precipitation 
where it falls rather than to yield 
it immediately as overland flow. 
Because of the complexity and 
variability of site conditions, 
criteria for judging the capacity 
of a site to do this are yet im- 
perfectly developed. 

Reasonable approximations of 
site conditions required for satis- 
factory watershed protection on 
the area studied can be derived 
from the data obtained in this 
study. In Ephraim Canyon, 6 
miles north of Manti Canyon, 
records of summer storms have 
been kept for the past 40 years. 

EFFECTS OF SEEDING 

During this time, the maximum 
rainfall intensity recorded for 
any lo-minute period is 2.58 
inches per hour. Study plots 
that retained at least 2.15 inches 
of water during 50-minute ap- 
plications of simulated rain have 
the capacity to retain an average 
of at least 2.58 inches per hour 
and may be expected to retain 
most, if not all, precipitation fall- 
ing at this intensity during any 
lo-minute period. Therefore, it 
is assumed that plots retaining 
2.15 inches or more under study 
conditions would rarely produce 
appreciable overland flow under 
natural rainfall conditions. 

On the area studied, bulk 
density and noncapillary poros- 
ity of the top 4 inches of soil, 
together with total cover, are 
the most important measured 
factors affecting the retention 
of simulated rainfall. Examina- 
tions of the data for individual 
plots revealed that 50-minute re- 
tention equaled or exceeded 2.15 
inches if any one of the follow- 
ing three conditions existed: (1) 
bulk density of the surface 4 
inches of soil less than 0.97, (2) 
protective cover at least 85 per- 
cent, or (3) noncapillary poros- 
ity of the surface 4 inches at 
least 22 percent. Any one of these 
conditions would be considered 
a single protection requirement. 
However, it is better to consider 
all three factors in combination 
when judging watershed con- 
dition. The graphs in Figures 6 
and 7 may be used to estimate 
various combinations of bulk 
density, noncapillary porosity, 
and protective cover required for 
a given amount of retention. For 
example, if bulk density is 1.00 
and noncapillary pore space is 
15 percent, Figure 6 shows that 
50-minute retention is only 2.0 
inches at 70-percent cover. Going 
to Figure 7, we see that retention 
is 0.15 inch greater if we have 
80-percent cover, thus retention 
is increased to the required 2.15 
inches. This illustrates that, in 
general, protection requirements 
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are less stringent if more than 
one factor is considered. 

If bulk density is too great for 
satisfactory control of overland 
flow, it is still possible to mini- 
mize soil loss by maintaining a 
dense cover. As shown in Figure 
8, soil loss decreases as the per- 
centage of the soil surface pro- 
tected by plants, litter, and stone 
increases. A dense plant and 
litter cover is desirable for its 
beneficial effects on bulk den- 
sity and other soil properties. A 
dense cover also reduces the like- 
lihood of soil compaction. 

On range-watersheds like the 
one studied, grazing tends to re- 
duce protective cover and non- 
capillary porosity. Grazing on 
these lands should be limited to 
a time of year and to a degree 
of use that will insure that the 
soil is not compacted nor the 
cover reduced beyond allowable 
limits. Where the soil is com- 
pacted and the cover reduced to 
the point that overland flow 
will occur during high-intensity 
storms, modification of grazing 
methods is indicated. On sites 
where soil is badly compacted or 
the vegetation depleted, grazing 
exclusion and cultural treat- 
ments to increase cover and non- 
capillary porosity are necessary 
to restore these lands for future 
use. 

The watershed protection re- 
quirements defined here are 
only approximate because they 
are based on rather limited data. 
Research on a more extensive 
and comprehensive scale is un- 
derway to provide more precise 
information on vegetal and soil 
requirements that would be ap- 
plicable to all subalpine range 
of central Utah. 

Summary and Conclusions 
The effects of seeding and 

grazing on infiltration, soil sta- 
bility, and a number of vegetal 
characteristics and soil proper- 
ties were evaluated on a subal- 
pine cattle range. The study was 
made on an area that was seeded 
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to grass 7 years previously. 
Twenty infiltration test plots 
were located on areas that had 
been left unseeded for study pur- 
poses and 20 plots were located 
on adjacent seeded range. Half 
the plots on each area had been 
moderately grazed during the 
previous 4 years; wire cages 
protected the other half from 
grazing. Prior to current season 
grazing, each of the 40 plots was 
subjected to simulated rain for 
50 minutes at an intensity of 3.6 
inches per hour and the result- 
ant runoff and eroded soil were 
measured. Cover characteristics 
and several soil properties were 
also measured. Variance analysis 
revealed the significant effects 
of seeding and grazing. 

The surface soil of the seeded 
plots had significantly less capil- 
lary pore space, and had sig- 
nificantly greater average bulk 
density than the unseeded plots, 

Noncapillary porosity tended 
to be greater on the seeded 
plots, but not significantly so. 
Average protective cover on the 
seeded plots was significantly 
less than on native plots but 
vegetation weight and litter 
weight did not vary significantly. 
Although average runoff and 
soil eroded were greater on 
seeded plots than on native plots, 
the differences were not signifi- 
cant. Results show that disking 
and seeding are effective in im- 
proving usable forage on subal- 
pine range. Disking can also im- 
prove infiltration on compacted 
sites by increasing noncapillary 
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pore space in the soil, but on 
sites initially in good condition 
disking should be used with cau- 
tion: it can detrimentally affect 
infiltration and soil stability by 
reducing protective cover, soil 
organic matter content, and soil 
porosity. 

On the plots that had been 
grazed during the 4 years previ- 
ous to the study, average pro- 
tective cover was significantly 
lower than on ungrazed plots. 
There was less average weight 
of vegetation and litter on the 
grazed plots, but the differences 
were not significant. Bulk den- 
sity and organic matter content 
of the surface soil did not vary 
significantly, but there was sig- 
nificantly less noncapillary pore 
space and significantly more 
capillary pore space on grazed 
than on ungrazed plots. Average 
runoff and soil eroded from the 
grazed plots were significantly 
greater than from the protected 
plots. 

Results of this study indicate 
that infiltration capacity is in- 
fluenced primarily by soil bulk 
density and noncapillary po- 
rosity and secondarily by the 
amount of protective cover af- 
forded by plants, litter, and 
stone. Soil stability is influenced 
primarily by the density of pro- 
tective cover and secondarily by 
soil bulk density. 

It is concluded that disking 
and seeding on the study area 
tended to reduce infiltration ca- 
pacity and soil stability but these 
reductions are minor and proba- 

bly temporary. The reductions 
of infiltration capacity and soil 
stability induced by grazing are 
of greater concern. The differ- 
ences in infiltration capacity and 
soil stability between grazed and 
ungrazed plots demonstrate that 
even moderate grazing can have 
pronounced residual effects on 
these factors. Grazing must be 
carefully managed so that pro- 
tective cover is not reduced nor 
soil compacted to the extent that 
severe summer storms will cause 
excessive overland flow and soil 
loss. 

LITERATURE CITED 

DORTIGNAC, E. J. 1951. Design and 
operation of Rocky Mountain in- 
filtrometer. U.S. Forest Serv., 
Rocky Mountain Forest and 
Range Exp. Station Sta. Paper 5, 
68 p. 

LEAMER, R. W. AND B. SHAW. 1941. 
A simple apparatus for measuring 
noncapillary porosity on an ex- 
tensive scale. Amer. Sot. Agron. 
J. 33:1003-1008. 

LEVY, E. B. AND E. A. MADDEN. 1933. 
The point method of pasture anal- 
ysis. New Zealand J. Agr. 46: 
267-279. 

ORR, H. K. 1957. Effects of plow- 
ing and seeding on some forage 
production and hydrologic char- 
acteristics of a subalpine range in 
central Utah. U.S. Forest Serv., 
Intermountain Forest and Range 
Exp. Station Res. Paper 47, 23 p, 

PACKER, P. E. 1951. An approach to 
watershed protection criteria. J. 
Forest. 49: 639-644. 

PEECH, M., L. T. ALEXANDER, L. A. 
DEAN AND J. F. REED. 1947. 
Methods of soil analysis for soil- 
fertility investigations. U.S. Dep. 
Agr. Cir. 757, 25 p. 



Effects Of Periodic Clipping On Yield 
Of Some Common Browse Species’ 

DANIEL W. LAY 

Wildlife Biologist, Texas Parks and Wildlife Depart- 
ment, Buna, Texas 

Highlight 

Of six browse species clipped 
annually for 10 years, some main- 
tained production under 50 percent 
clipping better than others with 25 
percent clipping. Opfimum appeared 
fo be closer to 25 perceni. Under 
destructive 100 percent monthly clip- 
ping of 16 species, the smilaxes, gall- 
berry, and American cyrilla were 
most tenacious. All plants were in 
pine forest undersfory. 

Deer management is a matter 
of keeping the herd in balance 
with the food supply. To ap- 
praise range condition and deter- 
mine if the food supply is over- 
used, the palatability of the 
available browse species and 
their optimum levels of utiliza- 
tion must be considered. 

The palatability of southern 
browse species has received con- 
siderable attention (Goodrum 
and Reid, 1958, 1962; Lay, 1956). 
Careful observations on any 
range will disclose much about 
which species are providing the 
bulk of the browse in the diet. 
But the subject of optimum 
levels of utilization is more ob- 
scure. 

There have been few studies 
of how much pressure a browse 
plant can withstand and main- 
tain production. Yet this is an 
essential aspect of deer range 
management. Aldous (1952) re- 
ported a study of clipping cer- 
tain northern species, The study 
here reported was an effort to 
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roughly simulate browsing with 
clipping and to observe results 
on common southern species. 

The principal study concerned 
annual clipping with 6 species 
for 9 years at three rates of for- 
age removal. In addition, 16 spe- 
cies were subjected to destruc- 
tive monthly removal of all new 
growth. This second study lasted 
less than three years.” 

Methods 

A g-year study of clippings 
was made at the Siecke State 
Forest near Kirbyville in south- 
east Texas, with the cooperation 
of the Texas Forest Service. The 
clipping was done once a year in 
early October. The work was 
started in 1953 with eight plants 
selected for each study species. 
In 1954 all but the burned groups 
were increased to 24 plants, and 
a new series of 24 sassafras was 
started. Species were selected as 
common ones thought to have 
some palatability for deer. 

There were four treatments 
for each species: 25 percent of 
current annual growth removed, 
50 percent removed, 100 percent 
removed, and check plants on 
which the annual twig growth 
was measured in inches. For 
yaupon this measurement could 
not be taken with accuracy be- 
cause of the lack of annual 
growth markings. 

For the six unburned species 
there were six plants in each 
treatment. For the three burned 
species, there were two plants in 
each treatment class. 

Analysis was made on the 
basis of successive years of clip- 
ping rather than calendar years. 
This was necessary because the 
classes of six plants, except for 
sassafras, included two which 
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were first clipped in 1953 and 
four which were first clipped in 
1954. 

The burned series of yaupon, 
sweetleaf, and holly were lo- 
cated on a plot being prescribe- 
burned in the spring on a 3-year 
schedule of 1950, 1953, and 1956. 

A logging operation occurred 
in 1958 and this affected some 
plants of all species except sassa- 
fras. An accidental fire on No- 
vember 30, 1956 seriously af- 
fected some plants of yaupon, 
holly, and sweetleaf-both 
burned and unburned series. 
This accidental burn did not af- 
fect the magnolia, ash or sassa- 
fras. 

The procedure for clipping 
was to remove all of the annual 
growth in the 100 percent treat- 
ment. For 50 percent treatment, 
about one-half of the weight of 
terminals was removed if they 
were long enough to divide. On 
smaller twigs, every second one 
was removed. For 25 percent 
clipping, the terminals were re- 
duced 25 percent, if practicable, 
and one-fourth of all others was 
removed. 

Selection of study plants was 
guided by two requirements: 
that they be less than 6 feet high 
and that they be under a full 
stand of pine. 

Clippings were sacked by in- 
dividual plants, dried in the for- 
age oven of the Texas Agricul- 
tural Experiment Station, and 
weights converted to the 15 per- 
cent moisture level which was 
termed “air-dry.” 

As a supplement to the annual 
clipping, the entire growth of 10 
plants of 16 species was clipped 
monthly from March 1954 to Oc- 
tober 1956-30 months. The ob- 
jective was to develop some in- 
formation on relative resistance 
to extreme pressure. All plants 
were in a fully stocked pine for- 
est. At the outset, all plants were 
less than 6 feet high, except 
laurel and lanceleaf greenbriers. 
These were cut to ground level 
in February 1954 before the test 
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started. The gallberry was a 
clump of about ten stems about 
5 feet square. This was trenched 
to cut off adjacent plants. 

Results 
The weights of clippings from 

groups of plants of the same spe- 
cies and same treatment were 
combined for the analysis shown 
in Table 1. Thus, mortality 
within the group of two to six 
plants is reflected in the group 
yield. The yields are expressed 
as percentages of the yield for 
the first year. A separate table 
is given for the results of mea- 
surements of twig lengths on 
check plants (Table 2). 

Multiple regression analysis of 
the data was inconclusive. Some 
significant relationships were 
found but the interaction among 
the variables measured and 
probably of some unmeasured 
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Table 2. Relative annual twig growth on check plants. 

Species 
Annual twig growth in inches 

(Percent of first year) 

1 2 3 4 5 6 7 8 9 

Unburned 
Holly 
Sweetleaf 
Magnolia 
Ash 
Sassafras 

Burned 
Holly 
Sweetleaf 

100 113 130 151 23 39 38 38 49 
100 134 142 414 723 607 485 360 350 
100 167 101 166 195 224 300 311 291 
100 178 89 233 244 78 167 144 178 
100 89 119 55 69 76 39 31 34 

100 82 140 84 159 188 244 261 318 
100 98 115 119 66 102 14 48 51 

ones made use of the results in- 
advisable. Changing overstory 
conditions was one major factor 
not measured. As is normal with 
wild plants under forest condi- 
tions, the original study plants 
were not uniform as to age, size, 
and location. 

Yaupon (IZex vomitoria) .- 
This is one of the species which 
was burned accidentally and 

Table 1. Relative yields of browse plants clipped in October for nine con- 
secutive years, 1953-61 or 1954-62. 

Species Clipping Annual yield (Percent of first year) 
Treat- 

ment 1 2 3 4 5 6 7 8 9 - 
Yaupon 

Unburned 

Burned 

American holly 
Unburned 

Burned 

Common sweetleaf 
Unburned 

Burned 

Southern magnolia 

White ash 

Common sassafras 

25 100 163 126 102 117 149 219 250 231 
50 100 99 88 61 56 85 66 90 94 

100 100 38 23 17 23 9 11 4 2 
25 100 240 300 147 187 277 537 552 792 
50 100 300 200 90 65 48 130 175 240 

100 100 51 39 16 13 6 2 6 4 

25 100 125 50 38 6 9 15 18 15 
50 100 107 119 61 21 35 49 67 68 

100 100 21 9 6 3 2 2 1 1 
25 100 154 154 54 52 77 127 209 321 
50 100 124 136 42 52 85 136 159 176 

100 100. 84 39 15 12 9 3 1 tr 

25 100 60 48 141 142 140 156 124 151 
50 100 98 92 91 105 119 114 98 126 

100 100 50 30 100 90 35 24 15 15 
25 100 94 70 38 13 24 12 28 40 

-50 100 132 114 64 43 30 22 32 43 
100 100 53 23 56 36 6 1 4 2 

25 100 68 79 46 52 99 142 128 164 
50 100 70 41 50 33 53 60 67 57 

100 100 12 4 1 
25 100 57 29 29 44 26 48 44 70 
50 100 120 50 40 26 22 27 23 34 

100 100 49 51 28 17 4 6 6 4 
25 100 37 69 33 30 37 40 31 28 
50 100 46 55 32 32 32 9 7 3 

100 100 44 29 28 15 8 1 

data for the fourth and fifth 
years show the effects of the 
fire, For the burned series, the 
fourth year was the first clip- 
ping after the fire. The 25 per- 
cent rate of clipping permitted 
an increase in production dur- 
ing the period. The 50 percent 
clipping held production at an 
approximate level rate. The 100 
percent rate eliminated most of 
the plants and production. The 
burned series was more produc- 
tive than the unburned because 
the plants selected for this study 
had been subjected to two top- 
killing fires in the previous four 
years. The survivors of the burn, 
doubtless, were stronger plants 
than those in the unburned yau- 
pon series. 

American holly (Ilex opaca). 
-The accidental burn probably 
distorted the results with holly, 
yet there is some indication that 
the 50 percent rate of clipping 
resulted in approximately level 
production. The 100 percent rate 
was excessive, regardless of the 
fire. The stronger plants on the 
burning study plot increased 
production at the 50 percent 
level, but this was for a class of 
only two plants. 

Common sweetleaf (Symplo- 
cos ti?zctoria).-Few of these 
plants were in the accidental 
fire. Results for the 9 years of 
clipping show a 51 percent gain 
at the 25 percent rate and ap- 
proximately level production for 
the 50 percent rate. The plants 
on the burning study plot all 
showed declines. 

Southern magnolia (Magnolia 



grandiflora) .-The results with 
magnolia were not distorted 
with any burning and seem to 
reflect the effects of the clip- 
ping. After 5 years, production 
of the 25 percent series was 
down to 52 percent and that of 
the 50 percent series was down 
to 33 percent. After the fifth 
year there was some improve- 
ment. For the 9 year period, 
production at the 25 percent rate 
showed some net gain, whereas, 
production for the 50 percent 
rate was about one-half. 

White ash (Fraxinus ameri- 
cana).-White ash declined in 
production at all degrees of clip- 
ping. After 9 years, plants 
clipped 25 percent were yielding 
70 percent of the first-year pro- 
duction, those clipped 50 percent 
were yielding 34 percent and 
those clipped 100 percent were 
yielding 4 percent. Dur’ing the 
same period the unclipped check 
plants increased their annual 
twig length by 78 percent 
(Table 2). 

Common sassafras (Sassafras 
albidum) .-The clipping results 
with common sassafras must be 
considered with the fact that the 
species is an invader on dis- 
turbed sites and it declines as 
woody-plant succession pro- 
ceeds. The study trees were 
under a canopy of young slash 
pines. The twig growth on check 
plants (Table 2) declined to 34 
percent of the first year level 
during the study. So the 25 per- 
cent clipping class reflected little 
pressure from the clipping when 
it declined to 28 percent. The 50 
percent clipping rate was exces- 
sive, as it accelerated the de- 
cline. 

Monthly Clipping 

The removal of all new growth 
monthly disclosed large differ- 
ences in survival and productive 
ability among 16 species (Table 
3). These are ranked by their 
percentage yield of forage for 
the nine quarters (second to 
tenth) as against that of the first 
quarter. Mortality of the study 
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Table 3. Yields and mortality of plants clipped monthly from March 1954 
fo October 1956, in grams air dry weight. 

Percent of 
Quarterly yield of 10 plants 9 quarters 

Year Spring Summer Fall Winter to first Species 

Common greenbrier 

Large gallberry 

Laurel greenbrier 

American beautyberry 

Yaupon 

American cyrilla 

Lanceleaf greenbrier 

Sweetbay magnolia 

Common sassafras 

White ash 

Farkleberry 

Flowering dogwood 

Alabama supplejack 

Water oak 

Kentucky viburnum 

1954 7.2 
1955 21.5 
1956 8.4 
1954 42.9 
1955 51.0 
1956 0 
1954 114.4 
1955 43.2 
1956 17.7 
1954 146.3 
1955 79.0 
1956 2.4 
1954 53.9 
1955 9.6 
1956 0.3 
1954 107.8 
1955 23.4 
1956 4.5 
1954 565.4 
1955 135.7 
1956 56.2 
1954 90.2 
1955 2.8 
1954 83.6 
1955 13.7 
1956 3.6 
1954 180.4 
1955 10.3 
1956 5.4 
1954 154.0 
1955 8.0 
1956 1.2 
1954 233.2 
1955 0 
1954 55.0 
1955 0 
1954 105.6 
1955 5.7 
1954 188.1 
1955 0.9 

10.9 
5.3 
0 

59.7 
5.6 
0 

154.0 
13.2 
10.6 
77.0 
3.0 
1.7 

29.7 
1.4 
tr 

42.9 
4.4 
0.7 

95.7 
41.0 
19.8 
43.2 
0.4 
9.9 
0.5 
0.3 

23.8 
2.3 
0 

17.5 
0.2 
0.3 

48.4 
0 
8.0 
0 
8.8 
0 

17.6 
tr 

tr 
0 

4.4 
0.8 

tr 
0.7 

4.4 
0.2 

1.4 
0.3 

tr 
0.6 

0.8 
1.2 

2.2 
0 
0 
0 

tr 
tr 

tr 
tr 

0 
0 
0 
0 
0.3 
0 
0 
tr 

1.1 
0.3 

tr 
tr 

tr 
0 

0.6 
0 

0.4 
tr 

6.6 
3.7 

tr 
0 
0 
0 

tr 
0 

5.5 
tr 

0 
0 
0 
0 
tr 

0 
0 
0 

784 

286 

209 

115 

80 

71 

64 

54 

33 

23 

21 

21 

16 

14 

10 

plants occurred in approximately 
the same order. Considering the 
number of plants alive at the 
end of the test, the most tenace- 
ous species were greenbriers- 
common greenbrier (Smilax ro- 
tundifolia), laurel greenbrier (S. 
Zaurifolia), and lanceleaf green- 
brier (S. ZanceoZata)-and Amer- 
ican cyrilla (CyriZZa racemiflora) 
and large gallberry (IZex coria- 
tea). 

All of the flowering dogwood 
(Cornus florida) and Alabama 

supplejack (Berchemia scan- 
dens) died the first summer. 
Others in the weakest third of 
the 16 species were Kentucky 
viburnum (Viburnum molle), 
water oak (Quercus nigra), far- 
kleberry (Vaccinium arboreum) 
and white ash. 

Those with intermediate sur- 
vival and productivity were 
American beautyberry ( Ca Z 1 i - 
carpa americana), yaupon, 
sweetbay magnolia (Magnolia 
virginiana), and sassafras. 
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Discussion 
Clear-cut results as to what is 

the best level of utilization were 
not expected. October clipping 
once a year is far different from 
natural browsing. Deer use 
throughout the year could hard- 
ly be simulated by a clipping 
study, but it probably would 
have more adverse effect on 
plant vigor and future produc- 
tion than the October clipping. 

The plant species and its usual 
place in succession has an im- 
portant bearing, as shown by the 
results with sassafras. The fact 
that all study plants were under 
a forest canopy is essential. A 
given degree of utilization on a 
plant in heavy shade may elim- 
inate all lower limbs or cause 
mortality; and the same degree 
of utilization on a similar plant 
in an open situation might keep 

LAY 

it from growing too high and 
thereby increase the future 
yields. 

The great difference between 
species as to their reaction to 
the monthly clipping points to 
the necessity of judging a range 
situation from a broad under- 
standing of species. No general 
rules are likely to be correct. It 
may be worth noting that the 
clipping rate at which produc- 
tion for 9 years was approxi- 
mately level varied from some- 
thing less than 25 percent to 
something over 50 percent 
among the 6 species studied. 

Conclusions 

The clipping results show high 
variability among species in 
their resistance to utilization. For 
forest conditions, the level of 
utilization at which some species 

can maintain production may be 
less than 25 percent. For others, 
something over 50 percent may 
be acceptable. The optimum 
level for most species probably 
is closer to 25 percent. 
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Kenfucky bluegrass and some as- Hills of South Dakota and Wyo- 

sociafed species confained more ming produce large amounts of 
nifrogen-free exfracf and less crude notentiallv valuable livestock 
fiber; calcium, and phosphorus when 
growing on open meadow sifes fhan and gamedforage. Although herb- 
when growing on pine-shaded sifes. age in adjacent meadows is 
During early developmenf, plants heavily utilized, grasses and 
growing on soils derived from-lime- 

” I - 

sfone had a higher crude profein 
other plant species growing un- 

confenf ihan planfs growing on soils der forest shade are often under- 
developed from mefamorphic parent utilized. To determine if the 
materials. reason for this difference in pref- 

erence was related to chemical 
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composition, studies were initi- 
ated to investigate the effect of 
shade on the chemical composi- 
tion of herbage grown on two 
major parent soil materials dur- 
ing seasonal progression. 

Study Area 
The Black Hills of South Da- 

kota and Wyoming are charac- 
terized by stands of ponderosa 
pine (Pinus ponderosa) inter- 

spersed with meadows, parks, 
and other openings. These open- 
ings cover one-fourth to one- 
third of the total area. Average 
annual precipitation varies from 
about 16 inches in the foothills 
and the southern part of the 
Black Hills to about 26 inches in 
the northern part; the greatest 
amounts fall in spring and early 
summer (Orr, 1959). Average 
January temperatures are in the 
low 20’s and average July tem- 
peratures are in the low 70’s, with 
maximums and minimums more 
moderate than those of the sur- 
rounding plains. Average grow- 
ing seasons at official weather 
stations vary from 97 and 154 
days, depending largely on eleva- 
tion. Elevations range from 
about 3,500 feet in the foothills 
to 7,200 feet at the highest point 
in the Black Hills. Two of the 
major geological formations are 
(1) a high limestone plateau 
completely encircling (2) a cen- 
tral area of igneous and meta- 
morphic mountains. 

Four primary site types were 
sampled in the study. These con- 
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composition, studies were initi- 
ated to investigate the effect of 
shade on the chemical composi- 
tion of herbage grown on two 
major parent soil materials dur- 
ing seasonal progression. 

Study Area 
The Black Hills of South Da- 

kota and Wyoming are charac- 
terized by stands of ponderosa 
pine (Pinus ponderosa) inter- 

spersed with meadows, parks, 
and other openings. These open- 
ings cover one-fourth to one- 
third of the total area. Average 
annual precipitation varies from 
about 16 inches in the foothills 
and the southern part of the 
Black Hills to about 26 inches in 
the northern part; the greatest 
amounts fall in spring and early 
summer (Orr, 1959). Average 
January temperatures are in the 
low 20’s and average July tem- 
peratures are in the low 70’s, with 
maximums and minimums more 
moderate than those of the sur- 
rounding plains. Average grow- 
ing seasons at official weather 
stations vary from 97 and 154 
days, depending largely on eleva- 
tion. Elevations range from 
about 3,500 feet in the foothills 
to 7,200 feet at the highest point 
in the Black Hills. Two of the 
major geological formations are 
(1) a high limestone plateau 
completely encircling (2) a cen- 
tral area of igneous and meta- 
morphic mountains. 

Four primary site types were 
sampled in the study. These con- 



sisted of meadow and forested 
sites on both the limestone pla- 
teau and the metamorphic area. 

Kentucky bluegrass (Pea pra- 
tensis) provided about 60 percent 
of the total weight of herbage on 
the meadows sampled. Timothy 
(Phleum pratense) and other 
grasses and sedges produced 
about 14 percent, forbs 25 per- 
cent, and shrubs less than 1 per- 
cent of the total herbage weight. 
Common forbs were yarrow 
(Achilles Zunulosu), fleabanes 
(Erigeron spp.), cinquefoils 
(Potentillu spp.), and white clo- 
ver (Trifolium repens). On the 
forested sites, Kentucky blue- 
grass produced about 10 percent 
of the total herbage weight, 
while associated grasses and 
sedges made up about 50 percent. 
Silvertop sedge (Curex foeneu), 
fuzzyspike wildrye (Elymus in- 
novutus), and roughleaf rice- 
grass (Oryzopsis usperifoliu) 
were the most common forage 
plants. A wide variety of forbs 
produced about 20 percent of 
the herbage weight. Shrubs, 
mainly bearberry (Arctostuphy- 
Zos uvu-ursi), produced the re- 
.mainder, or about 20 percent of 
the total herbage weight. 

Methods and Procedures 
Herbage samples were collected 

at six paired meadow and forested 
range locations. Three pairs were 
located on the limestone plateau 
and three in the metamorphic re- 
gion. The meadow areas are typi- 
fied by narrow Kentucky bluegrass 
bottoms referred to as “stringer 
bottoms.” Forested collecting areas 
were located near the edges of mod- 
erately open ponderosa pine stands. 

Herbage samples were collected 
at Z- to 3-week intervals from early 
June to mid-August, and at 4-week 
intervals thereafter through mid- 
October in 1957, 1958, and 1959. The 
phenological stage of plant develop- 
ment was recorded at time of col- 
lection. Plants were clipped about 
0.25 inch above ground level. Only 
the current year’s growth of un- 
grazed plants was taken. About 75 
grams fresh weight per species were 
collected each sampling date at each 
site. All herbage samples were air- 

CHEMICAL COMPOSITION 

dried in the laboratory. The samples 
were analyzed for percent moisture, 
crude protein, ether extract (crude 
fat >, nitrogen-free extract, ash, cal- 
cium, and phosphorus. The bio- 
chemistry department of the South 
Dakota State College, Brookings, 
performed the analyses in accord- 
ance with the Official Methods of 
Analysis of the Association of Offi- 
cial Agricultural Chemists (A.O.A.C., 
1950) * 

A standard rain gage was main- 
tained at each pair of sites during 
the collecting periods in 1958 and 
1959. Soil samples were collected 
for gravimetric soil moisture de- 
terminations (Olson and Hoover, 
1954) in conjunction with herbage 
samples in 1958 and 1959. 

Results 
Crude Protein.-Mean crude 

protein content of Kentucky 
bluegrass for the periods col- 
lected was significantly higher 
in plants growing on forested 
limestone sites than on the other 
three site types (Table 1). 
Roughleaf ricegrass and silver- 
top sedge from the forested lime- 
stone sites also were higher in 
crude protein than when grow- 
ing on forested metamorphic 
sites, the only other type on 
which those species occurred. 
Although crude protein levels 
varied within site from year to 
year, plants from the forested 
limestone sites were highest in 
protein each year. 

Table 2 indicates that protein 
content of bluegrass was related 
to the stage of plant development 
at the time of collection. Follow- 
ing the usual pattern of crude 
protein content in grasses, it was 
highest in the early vegetative 
stage and decreased as the plants 
matured. This may account for 
the apparent difference in pro- 
tein content of forage on the for- 
ested limestone site. The plants 
from forested sites on the lime- 
stone soils were at an earlier 
stage of development than plants 
of the same species collected on 
the other sites during the same 
chronological period. Kentucky 
bluegrass samples collected from 
meadow limestone sites were 
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almost as high in protein as sam- 
ples from forested limestone 
sites during the vegetative 
growth stage (first collection 
period), but declined more ra- 
pidly in later growth stages 
(Table 2). There was a differ- 
ence in protein content of blue- 
grass forage between years of 
collection. This was especially 
noticeable while plants were in 
the vegetative stage (Table 2). 

Timothy, fuzzyspike wildrye, 
silvertop sedge, and other sedge 
species declined to a lower aver- 
age crude protein content than 
Kentucky bluegrass in Septem- 
ber and October (Fig. 1). Rough- 
leaf ricegrass had a lower range 
in crude protein content in early 
June, 11 to 14 percent, and a 
higher range in October, 7 to 10 
percent, than any of the other 
species sampled. 

Crude protein content was re- 
lated to herbage moisture levels 
in all species. In Kentucky blue- 
grass, crude protein declined 
rapidly as herbage moisture de- 
clined from 75 to 80 percent to 
55 to 60 percent, but the protein 
decrease was small at the lower 
moisture percentages (Fig. 2). 
In the other four species sampled 
a similar curve was obtained, 
except that crude protein de- 
creases were greater as moisture 
declined below 55 to 60 percent. 
The index of correlation was 

20 

16 

6 

4 4 
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FIGURE 1. Crude protein as a function of 
maturity in Kentucky bluegrass and some 
associated species t timothy, ML; Carex 

spp., ML; fuzzyspike wildrye, FL; and 
Carex joenea FM, FL). Lines represent 
S-year averages. 
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Table 1. Proximate analyses of Kentucky bluegrass collected from four site types in fhe Black Hills (dry weighi 
basis), 1957-59. 

Collcctlon dattb 

_-___--___ - - (Pcrccnt chcmic;ll composition) - - - - - - - - - - - - (Pc rccnt) 

Meadow, limestone: 1957 16.4 
1958 16.2 
1959 18.3 

Forested, limestone: 1957 15.6 
1958 17.0 

1959 22.1 
Meadow, metamorphic: 1957 14.0 

1958 13.6 

1959 14.0 
Forested, metamorphic: 1957 14.9 

1958 12.2 

1959 17.9 

Meadow, limestone: 1957 42.8 

1958 45.2 

1959 44.9 
Forested, limestone: 1957 40.6 

1958 39. a 
1959 38.0 

Meadow, metamorphic: 1957 44.9 

1958 52.4 

1959 49.4 
Forested, metamorphic: 1957 40.0 

1958 40.6 

1959 41.5 

Meadow, limestone: 1957 25.5 

i 958 26.0 

1959 21.0 

Forested, limestone: 1957 27.6 

1958 28.9 

1959 23.0 

Meadow, metamorphic: 1957 25.2 

1958 19.5 

1959 21.8 

Forested, metamorphic: 1957 27. 5 

1958 32. 3 

1959 24.4 

Meadow, limestone: 1957 2.7 

1958 2.5 

1959 2.6 

Forested, limestone: 1957 2.2 

1958 2.6 

1959 2.4 

Meadow, metamorphic: 1957 2.3 

1958 2.3 

1959 2.6 
Forested, metamorphic: 1957 2.4 

1958 2.1 

1959 2.2 

Meadow, limestone: 1957 10.0 

195s 6.4 

1959 8.5 
Forested, limestone: 1957 9.6 

1958 7.5 

1959 10.6 

Meadow, metamorphic: 1957 9.4 

1956 8.3 

1959 7.6 

Forested, metamorphic: 1957 10.7 

1958 9.1 

1959 9.7 

CRUDE PROTEIN _-__-____--_-___ 

13.3 a.6 a.2 a. 3 a. 4 

9.4 a. I a. 0 6.9 6.7 

14.7 IO. 5 9.3 7.7 6.a 

15.6 ll.a IO. 7 10.0 H.2 

12.6 10.3 a. 7 a.6 7.9 
16.2 12.8 10.7 8.7 7.7 

11.7 a. 7 a. 4 9. 5 9.9 
9.2 7.5 6.6 7.9 6.7 

12.8 11.9 10.1 9.6 a.2 

11.9 9.1 a. 4 9. 7 a. 3 

9.4 a. 9 7.6 a.2 6.3 

13.3 11.1 9.6 9.2 a. I 
NITROGEN-FREE EXTRACT -_____-________---_-_---_ 

48.9 

51.7 

44. 5 

43.1 

42.4 

37.7 

48. I 

47.0 

45. 1 

44.4 

43. a 

40.3 

24. 7 

27.0 

26.2 

25.9 

31.3 

29.6 

24.4 

28.9 

26. a 

27.2 

33. 5 

30.2 

2.8 

2.1 

2.6 

2.3 

2.1 

2.5 

2.4 

2.1 

2.7 

2.1 

2.2 

2.1 

7.6 

6.5 

7.2 

8.8 

7. 5 

9. 7 

9. 1 

8.9 
8.1 

10.5 

8. 1 

9.4 

49.1 50.8 46.7 

52.3 50.9 51.7 

47. I 47.6 48. a 

45.7 44.6 42.2 

40.4 42.6 42.9 

42.2 43. 7 46.6 

51.9 50.4 47.6 

51. I 49.0 46.2 

47.6 49.0 50.4 

46.6 45.4 41.6 

45.2 44. 1 42.4 

41.6 43.7 45.2 

CRUDE FIBER -_--__--_---- 

29. 3 27. 3 29. a 

26.9 27.6 27.6 

28. i 28. l 29.6 

28.9 29. 7 31.4 

34. 5 33. 3 32.4 

30.2 29. a 30.0 

25. 1 27.6 27. a 

27. 5 30.2 30.3 

24.6 25. 3 24. 9 

28.0 29. a 30.2 

28.7 31.8 32. 1 

30.1 30.1 29. 9 

ETHER EXTRACT -_-_---_-__~~-~~ 

1.9 2.2 

2.1 2.2 

2.4 3.0 

2.1 2.2 

2.4 2.1 

2.0 2.3 

2.3 2.2 

1.9 1.9 

2.6 2.7 

2.3 2.4 

2.2 2.4 

2.8 2.4 

ASH --- 

7.4 7.7 

6.9 7.7 

6.6 6.7 

7.5 8.8 

8.6 9.7 

8.4 8. 7 

7.5 7.6 

8.1 8.3 

8.6 8.4 

10.0 9.5 

11.0 10.1 

9.7 9.2 

2.7 

2.2 

2.3 

2.3 

2.4 

2.3 

2.5 

2.4 

2.5 

2.5 

2.3 

2.7 

8.3 

7.9 

6.5 

9.6 

9.2 

8.0 

8.7 

9.2 
8.1 

10.8 

11.0 

8.4 

49.4 

50.0 

51.3 

45.2 

44. 3 

49.6 

47. a 

46.7 

48.5 

40.7 

46.7 

46, 1 

27.9 

30.1 

28. i 
31.3 

33. 5 

28.9 

24.9 

32. 4 

28. 3 

31.9 

32. 5 

29. 9 

2.5 

2.6 

2.7 

2.5 

2.4 

2.6 

2.9 

2.1 

2.2 

2.3 

2.1 

2.5 

7.7 

7. 5 

5.5 

8.1 

69:: 

9.8 

8.3 

8.2 

11.6 

8.3 

8.7 

9.2 

5. 5 

6.0 

9.4 

5.9 
7.2 

9. 1 

7. 5 

a. 7 

7.6 

7.0 

9. 7 

47.9 

50.4 

50. a 

42.7 
48. 5 
50. I 

47.4 
47. a 

47.9 
44.2 

46.6 

46.2 

28.0 

29. a 

29. 5 

31.2 

32.0 

28.9 

26.4 

30.2 

29.0 

30.6 

31.6 

28. 1 

3.4 

2.5 

2.3 

2.3 

2.5 

2.1 

2.8 

2.2 

2.6 

2.5 

2.2 

2.6 

7. 5 

8.8 

6.0 

9.5 
7.7 

7.2 

9.2 
8.8 

7.0 

9.8 

8.9 

8. 5 

10.3 

8.7 

10.5 

11.6 

10.1 

12.2 

10.2 

8.4 

10.8 

10.0 

a. 5 

Il. 3 

47.9 

50.3 

47.9 

43.4 

43.0 

44.0 

48.3 

48.6 

48.3 

43.3 

44.2 

43.5 

27. 5 

27. 9 

27.2 

29.4 

32.3 

28.6 

25. 9 

28.4 

25.8 

29.3 

31.8 

29.0 

2.6 

2.3 

2.6 

2.3 

2.4 

2.3 

2.5 

2.1 

2.6 

2.4 

2.2 

2.5 

8.0 

7.4 

6.7 

8.8 

8. 5 

8.4 

8.8 

8.6 

8.0 

10.4 

9.5 

9. l 

1.4 

1.4 

1.4 

1.4 

1‘. 4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

4.5 

4.4 

3.9 

4. 5 

4.4 

3.9 

4. 5 

4.4 

3.9 
4. 5 

4.4 

3.9 

1.8 

3.8 

1.4 

1.8 

3. a 
1.4 

1.8 

3.8 

1.4 

1.8 

3.8 

1.4 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0. 3 

0.3 

0. 3 

0.3 

1.6 

1.0 

0.7 

1.6 

1.0 

0.7 

1.6 

1.0 

0.7 

1.6 

1.0 

0.7 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

1 

5 

1 

1 

5 

1 

1 

5 

1 

1 

5 

1 

1 

I 

5 

1 

1 

5 

I 

1 
5 

1 

1 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

1 

5 

5 

1 

5 

5 

1 

5 

5 

1 

5 

5 
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Table 2. Crude protein percentage (ovendry basis) and phenological stage of Kentucky bluegrass collected in fhe 
Black Hills in relation fo site, chronological period, and year of collection. 

Site 
Collection date 

Year 
June June June 30- July August September October 
2-6 16-19 July 9 15-30 11-20 9-23 14-17 I 

_ _ - _ - - _ - _ - (Percent protein and phenological stage’) - - - - - - - - - - 

Forested, limestone: 1957 15.6 V 
1958 17.0 v 
1959 22.1 v 

Mean 18.2 V 

Meadow, limestone: 1957 16.4 V 
1958 16.2 VH 
1959 18.3 V 

Mean 17.0 v 

Furestcd, metamorphic: 1957 14.9 v 
1958 12.2 VH 
1959 17.9 VH 

Mean 15.0 VH 

Meadow, metamorphic: 1957 14.0 VH 
1958 13.6 H 
1959 14.0 H 

Mean 13.9 H 

15.6 V 11.8 H 
12.6 H 10.3 H 
16.2 v 12.8 HF 

14.8 VH 11.6 H 

13.3 VH 8.6 H 
9.4H 8,lHF 

14.7 H 10.5 F 

12.5 H 9.1 HF 

11.9 VH 9.1 HF 
9.4 H 8.9 HF 

13.3 HF 11.1 F 

11.5 H 9.7 HF 

11.7 H 8.7 HF 
9.2 HF 7.5 F 

12.8 F 11.9 F 

11.2 HF 9.4 F 

10.7 F 10.0 F 8.2 
8.7 F 8.6 F 7.9 

10.7 F 8.7 FD 7.7 

10.0 F 9.1 F 7.9 

8.2 F 8.3 F 8.4 
8.0 F 6.9 F 6.7 
9.3 F 7.7 FD 6.8 

8.5 F 7.6 F 7.3 

8.4 F 9.7 F 8.3 
7.6 F 8.2 F 6.3 
9.6 F 9.2 FD 8.1 

8.5 F 9.0 F 7.6 

8.4 FS 9.5 S 9.9 
6.6 F 7.9 F 6. 7 

10.1 FD 9.6 FD 8.2 

8.4 FS 9.0 FS 8.3 

S 9.4 
FS 5.9 
FD 7.2 

FS 7.5 

S 
D 
FD 

SD 

D 
FS 
FD 

FD 

9.2 D 
5.5 D 
6.0 FD 

6.9 D 

SD 
FS 
FD 

FD 

7.6 SD 
7.0 D 

9.7 FD 

8. 1 SD 

SD 9.1 
FS 7. 5 
FD 8. 7 

FD 8.4 

D 
D 
D 

D 

Iv= vegctativc; H = seed heads showing; F = flowering to seed maturity; S = seeds disseminated; D = plants drying. 

0.78 for the Kentucky bluegrass 
curve and 0.87 for the curve for 
the mean of the other species, 
which were combined for analy- 
sis. The relationships were cur- 
vilinear and indices of correla- 
tion were obtained by the 
method of Ezekiel (1956) pre- 
sented on pages 152-156. Crude 
protein percentages were lin- 
early related (r = 0.76) to herb- 
age moisture percentages in 
roughleaf ricegrass. 

Crude Fiber and Nitrogen- 
Free Extract.-There were sig- 

80 70 60 
7. tiER,“.tGE 

40 30 20 IO 
MOISTURE 

FIGL I<E 2. Percentage crude protein in re- 
lation to percentage herhage moisture 
(percent of dry weight) in Kentucky 
bluegrass collected periodically from four 
site types in the Black Hill? (r = 0.78). 

nificant differences in the crude 
fiber and nitrogen-free extract 
content between forages grown 
in open meadows and those from 
shaded areas (Table 1). Crude 
fiber is the relatively nondigest- 
ible portion of the plant carbo- 
hydrates, while nitrogen-free 
extract is the more digestible 
portion containing sugars, 
starches, and other soluble car- 
bohydrates. Kentucky bluegrass 
growing on forested sites on both 
parent soil materials averaged 
30.1 percent crude fiber over 
three grazing seasons, while 
Kentucky bluegrass growing in 
open meadows in full sunlight 
averaged 27.1 percent crude fi- 
ber. Nitrogen-free extract con- 
tent of the shaded Kentucky 
bluegrass averaged 43.6 percent, 
while open-grown plants aver- 
aged 48.6 percent. The differ- 
ences in nitrogen-free extract 
and crude fiber content between 
shaded and open-grown Ken- 
tucky bluegrass were consistent 
through the grazing season (Fig. 
3) and were highly significant. 
The three other plants collected 
showed similar differences. 
Those from shaded sites aver- 

aged 29.7 percent crude fiber 
compared with 26.8 percent in 
the plants collected from the 
meadows. Nitrogen-free extract 
in the plants other than Ken- 
tucky bluegrass averaged 44.9 
percent in the shaded plants and 
51.4 percent in the open-grown. 

/’ 
1 I 

JUNE JULY AUG. SEPT. OCT. 

I’ 
___----. -___ 

--_ 
.’ --., 

_.-- - ---____,, 

>’ &KI BL’JESQPSS, F39ESTE3 SITES 

z 
24 

22 1 I , 
JUNE JULY AUG SEPT OCT 

FIGI.Iw 3. A, Nitrogen-frw extract, and R, 
(:rutl(~ filter ai a function of maturity in 
Kentucky I,luc~gra~s on different site 
types in the Black Hills. Lines represent 
S-year averages. 
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Calcium, Phosphorus, and Ash. 
-Calcium in Kentucky blue- 
grass averaged significantly 
higher in plants growing on 
shaded metamorphic sites (Fig. 
4). The plants decreased in cal- 
cium after the vegetative stage, 
but then increased again through 
the later phenological stages. 
Not all the plants other than 
Kentucky bluegrass were ana- 
lyzed for calcium. In the samples 
analyzed, calcium increased as 
the season progressed. 

JUNE JULY AUG SEPT OCT 

FIGURE 4. Calcium and phosphorus in Ken- 
tucky bluegrass on different site types in 
the Black Hills. Lines represent 3-year 
averages. 

Phosphorus content declined 
throughout the season in Ken- 
tucky bluegrass (Fig. 4). The 
highest values were obtained 
from plants in the vegetative 
stage, and the lowest while the 
plants were drying. Kentucky 
bluegrass plants growing on open 
limestone so il s contained sig- 
nificantly less phosphorus than 
bluegrass from the other three 
site types. Phosphorus was ‘not 
determined for all samples of 
the other plants collected. Sea- 
sonal trends were similar to 
trends in Kentucky bluegrass in 
those samples that were ana- 
lyzed. 

Total ash content was gen- 
erally higher in plants growing 
on soil derived from metamor- 
phic rock compared with those 
on soil derived from limestone 
(Table 1). Within the two soils, 
shaded plants averaged higher 
in ash than comparable open- 
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grown plants. Kentucky blue- 
grass growing in the shade on 
metamorphic soils averaged the 
highest in ash, 9.7 percent; open- 
grown plants on limestone soils 
averaged the lowest, Kentucky 
bluegrass, 7.4 percent, and timo- 
thy and sedges, 6.4 percent. No 
regular seasonal trends in total 
ash content of the plants were 
apparent. 

Ether Extract .-Ether extract 
(crude fat) in Kentucky blue- 
grass showed no regular seasonal 
trends or consistent differences 
between sites from year to year 
(Table 1). Apparently, stage of 
plant development or amount of 
shading had little effect on crude 
fat content. Differences did exist 
between species of plants col- 
lected. Fuzzyspike wildrye aver- 
aged the highest, 3.4 percent, and 
silvertop sedge averaged the 
lowest, 1.8 percent. 

Discussion 

Livestock utilize forested sites 
in the Black Hills markedly less 
than adjacent meadow sites, both 
on limestone and metamorphic- 
ally derived soils. Livestock on 
the forested sites utilized an 
average of only 7.8 percent of 
the forage, compared to 42.3 per- 
cent (herbage weight removal 
basis) on nearby meadows. The 
low use of forage on the forested 
range may be due to lower 
palatability. Shading of grasses 
decreases sugars and the easily 
hydrolyzable carbohydrates 
(Welton and Morris, 1928; Wat- 

kins, 1940). High sugar content 
is usually associated with high 
palatability of for age to live- 
stock. Sugars were not separated 
within the nitrogen-free extract 
analyzed in this study, hence it 
can only be inferred from the 
significantly lower nitrogen-free 
extractcontent of the shaded 
grasses that their sugar content, 
and consequently their palata- 
bility, was also lower. The sig- 
nificantly higher crude fiber con- 
tent of the shaded grasses could 
also have contributed to reduced 

palatability, since crude fiber im- 
parts mechancial toughness and 
contains the less digestible carbo- 
hydrate fractions and indigestible 
lignin. Certain animal behavior 
traits may have caused the ani- 
mals to partially avoid the con- 
finements of forested sites. 
Although the herbage on the 
forested sites contained less ni- 
trogen-free extract and more 
crude fiber, its protein and min- 
eral content indicated a poten- 
tially valuable feed source. 

Decline of crude protein with 
advancing maturity of grasses 
and sedges has been reported by 
Cook and Harris (1950). In the 
present study, roughleaf rice- 
grass was the only species that 
did not follow this pattern. 
Roughleaf ricegrass differed 
from the other plants studied by 
having earlier seed maturity and 
dispersal, and by retaining green 
leaves through the winter period. 
Crude protein in both the final 
fall and first spring samples of 
the old leaves of this species 
averaged 8.4 percent, which was 
higher than the crude protein 
content of the herbage of the 
other species tested at those 
periods. 

Herbage moisture was corre- 
lated with crude protein in the 
forage plants tested. Herbage 
moisture was highest in plants 
from forested sites on both soils, 
although both forested sites were 
lower in soil moisture than the 
meadow sites. Herbage moisture 
content on forested sites may 
have been influenced by stage of 
plant maturity. Plants on the 
forested sites were generally 1 
to 2 weeks later in their phe- 
nological development than 
plants growing in the meadows. 
At both forested and meadow 
sites, plants on limestone soils 
had a higher herbage moisture 
content than plants on metamor- 
phic soils. This cannot be at- 
tributed solely to soil differences, 
because most of the limestone 
sites were located at higher ele- 
vations and had a higher annual 



precipitation than the metamor- 
phic sites. Differences in stage of 
plant maturity also influenced 
herbage moisture values. 

All classes of cattle on range 
forage require a minimum of 8 
percent crude protein in their 
diet (National Research Council, 
1949). Growing and lactating ani- 
mals need correspondingly high- 
er amounts of protein to satisfy 
physiological demands. Crude 
protein content of the herb- 
age analyzed generally dropped 
below the recommended level in 
September and October. Even 
though average protein falls be- 
low recommended levels, it is 
questionable if animals on ranges 
in good condition actually ex- 
perience a protein deficiency. 
Selective utilization of plant 
parts and of late-developing spe- 
cies containing sufficient protein 
would allow livestock to main- 
tain an adequate protein intake 
(Robertson and Torell, 1958). On 

ranges in poor condition, how- 
ever, late-developing species and 
high-protein plant parts of other 
species may be depleted to the 
point where protein supplements 
might be required for proper ani- 
mal nutrition. 

Calcium levels were probably 
adequate to meet nutritional re- 
quirements for cattle and sheep 
throughout the year, since cal- 
cium content never fell below 
0.20 percent and was usually 
higher in the samples tested. The 
recommended daily allowances 
of calcium for winter mainte- 
nance of beef cows and ewes are 
0.24 and 0.30 percent, respective- 
ly (National Research Council, 
1949). 

Phosphorus content of the 
herbage tested fell below recom- 
mended levels in September and 
October. Recommended daily 
allowances of phosphorus for 
winter maintenance of beef cows 
and ewes are 0.18 and 0.22 per- 
cent, respectively. As with pro- 
tein intake, however, if the ani- 
mals are on good range with the 
opportunity for forage selection, 
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they probably can maintain an 
adequate phosphorus intake. On 
poor or heavily utilized range, a 
phosphorus supplement might be 
needed near the end of the graz- 
ing season. 

Summary 

Livestock in the Black Hills of 
South Dakota have shown a de- 
cided preference for forage spe- 
cies grown on open meadows 
over those grown beneath pon- 
derosa pine stands. 

To determine whether shading 
influenced chemical composition 
of forage species, plant samples 
were collected at 2- to 3-week 
intervals throughout the grazing 
season-June through October- 
during 1957,1958, and 1959. Herb- 
age samples were clipped from 
Kentucky bluegrass, roughleaf 
ricegrass, fuzzyspike wildrye, 
timothy, silvertop sedge, and 
other sedge species on limestone 
and metamorphic sites both on 
open meadows and under pine 
stands. The plant samples were 
analyzed for moisture, crude pro- 
tein, crude fat, crude fiber, nitro- 
gen-free extract, ash, calcium, 
and phosphorus. 

The plants on the forested sites 
were 1 to 2 weeks behind those 
on open meadows in stage of 
plant development, which may 
account for some of the differ- 
ences in nutritive content. 

Kentucky bluegrass and other 
grass and sedge species growing 
on the forested areas were gen- 
erally higher in protein, crude 
fiber, calcium, and phosphorus, 
and lower in nitrogen-free ex- 
tract than similar plants from 
open meadows on the same soils. 

Only during the vegetative 
growth stage were Kentucky 
bluegrass and other plants grow- 
ing on soils derived from lime- 
stone generally higher in protein 
than similar plants growing on 
metamorphic soils. Soils appear 
to have little effect on nitrogen- 
free extract, crude fiber, crude 
fat, calcium, and phosphorus con- 
tent of the plants, but plants 
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growing on soil derived from 
metamorphic rock were general- 
ly higher in ash content. 

Calcium content was highest 
in plants growing on forested, 
metamorphic sites. Phosphorus 
was lowest in plants growing on 
meadow, limestone sites. The 
two other site combinations pro- 
duced plants nearly equal in cal- 
cium and phosphorus content. 

Herbage moisture content of 
Kentucky bluegrass and other 
forage plants was closely corre- 
lated with crude protein content. 

In general, the important 
Black Hills forage plants tested 
contained sufficient amounts of 
all major nutrients with the ex- 
ception of crude protein and 
phosphorus. These were deficient 
during the late fall when the 
plants had completed seed dis- 
semination and were drying. 

The heavier grazing use of the 
meadow vegetation in preference 
to the available forage on the 
forested sites was attributed in 
part to lower palatability of the 
shaded forage. This lower palat- 
ability was indicated by lower 
nitrogen-free extract percent- 
ages, a measure of sugar content, 
and by higher crude fiber per- 
centages. The quality of the 
shaded plants in terms of pro- 
tein, fat, and mineral content ap- 
peared nutritionally adequate 
for livestock production. Im- 
proved range management prac- 
tices are needed to increase use 
of these forested ranges. 
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Range conditions on saline soils 
are poor as a result of overgrazing. 
Reseeding plans need fo consider 
species and droughi-inducing effects 
of excess salts. Soil properties sug- 
gest fhaf proper vegetative cover 
would enhance salt removal. 

Vast acreages of rangeland 
within the Rio Grande Plain re- 
gion of south Texas are seriously 
affected by soil salinity. The area 
with the greatest percentage of 
salt-affected soils occurs pri- 
marily on the Nueces, Frio and 
Rio Grande River watersheds 
(Figure 1). The region’s climate 
is characterized by mild winters, 
long hot summers and erratic 
rainfall. Vegetation shown in 
Figure 2 is typical of the affected 
soils. Spined woody species dom- 
inate the ecological system. 

In the early development of 
the region the only permanent 
sources of water were the Rio 
Grande and the Nueces Rivers 
on the south and north, respec- 
tively. Ranges near these water 
sources were heavily ~ grazed and 

in South Texas. 

deteriorated to bare ground and 
brush. Since the 1860’s fence 
building, ponds, and windmills 

have distributed grazing over the 
entire region. With the exception 
of isolated areas, the range has 
been overgrazed and reduced to 
low productivity. 

Historical data (Inglis, 1961) 
and well managed areas indicate 
that the climax vegetation was 
an open grassland with traces of 
low-growing woody vegetation. 
Large woody species were con- 
fined to overflow areas of the 
major streams. The effect of 
grazing pressure has been to re- 
duce grasses and allow woody 
plants to increase. This effect is 
most pronounced on saline soils 
where the original grasses have 
almost disappeared and a woody 

‘j 

FIGURE 2. Maverick clay, saline phase. 
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plant aspect dominates the vege- 
tative complex. 

Ecological recovery on these 
soils is slow. Pastures deferred 
for 2 to 3 years often show little 
improvement. Recovery to the 
climax vegetation is delayed, 
particularly on the saline soils, 
because most of the more desir- 
able salt-tolerant climax species 
have disappeared. Reduced range 
production has forced ranchers 
into brush control programs that 
include reseeding with intro- 
duced grasses as well as allowing 
for natural grass recovery. Con- 
sistent seeding failures on saline 
affected areas have pointed out 
the need for technical informa- 
tion about the properties of these 
soils. 

Information about the chemi- 
cal and physical properties of 
saline rangeland soils that occur 
in the region is meager and, for 
many of the properties, nonex- 
istent. The saline soils are con- 
fined to three series: The Mav- 
erick, Montell, and Monteola. 
This study is an evaluation of 
properties common to these three 
soils and provides basic chemical 
and physical data for considera- 
tion in obtaining solutions to 
problems related to their ecology 
and management. 

Procedures 
Three locations representative of 

the morphological and ecological 
character of the saline phases of 
these soils were selected, and the soil 
profile sampled by horizons for lab- 
oratory analysis. The bulk density, 
necessary for determining the 
amount of water soil will hold, was 
measured using a volumetric sam- 
pler and the water intake rate at 
each sampling site was determined 
using double-ringed infiltrometers. 

Analyses of the soil samples were 
made using procedures established 
by the U. S. Salinity Laboratory 
staff (1954). Extracts were obtained 
from a saturated paste and the sam- 
ples analyzed for EC,. (electrical 
conductivity of the saturated soil 
extract) and water soluble ion com- 
position. Other determinations were 
particle size distribution, plant avail- 
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able moisture retention, and percent 
sodium saturation of the soil ion ex- 
change system. 

Allthorn castela 
(Castela texana) 

Blackbrush acacia 
5 

In addition to analytical data, 
evaluations of current range grazing 
practices and their effects on vege- 
tation have been made at numerous 
locations on both saline and non- 
saline soils for a period of years. 

(Acacia rigidula) trace 

Total 
Grasses 

35 

Curly mesquite 
(Hilaria belangeri) 

Whorled dropseed 
40 

Results and Discussion 
The three soil series studied occur 

in nearly level to gently undulating 
landscapes comprised of low ridges 
and broad valleys. All three series 
are clay-textured calcareous soils. 
The Maverick soils (Figure 2) are 
shallow to moderately deep Regosols 
that occur on side slopes and convex 
ridges. The Monteola soils are dark 
gray Grumusols occurring on gently 
sloping areas, The Monte11 soils are 
similar to the Monteola but occur 
on nearly level areas or valley floors. 
Affected areas are variable in size 
from a few feet across to areas of 
several hundred acres. 

(Sporobolus pyramidatus) 10 
Red grama 

(Bouteloua trifidi) 
Threeawn 

5 

(Aristida sp.) 5 
- 

Total 65 
The forage value and total pro- 

Pertinent morphological charac- 
teristics of these soils are shown in 
Figure 3. The depth of the A horizon 
is a relative measure of the degree 
of maturity and reflects the effect 
of topography and parent materials 
on profile development. Each of the 
soils has visible salt accumulations as 
threadlike deposits or soft concre- 
tions at a relatively shallow depth 
and secondary gypsum accumula- 
tions deeper in the profile. Surface 
cracking with drying is a distinctive 
feature of all three soils. Cracks 2 
to 3 inches wide that taper with 
depth but extend 2 to 3 feet into the 
profile are common. 

Present vegetative cover on the 
soils is similar. In the example (Fig- 
ure 2), woody plants are dominant. 
Species and composition vary con- 
siderably because of management 
and to a lesser extent because of 
topography. The following vegeta- 
tive composition is typical and is 
based on observations made at the 
soil sampling sites. 

Woody Plants Composition 
% 

Texas varilla 
(Varilla texana) 10 

Pricklypear 

duction from these species is low. 
It is apparent in examining better 
managed sites that a potential for 
greater production exists. Recon- 
structions from narrative descrip- 
tions of the vegetation by members 
of expeditions in the country from 
1820 to 1850 (Inglis, 1961) and ob- 
servations at numerous affected sites 
indicate that the climax vegetation 
consisted primarily of grasses, all 
more palatable and higher forage 
producers than the present dominant 
species. The list of climax species 
includes alkali sacaton (SporoboZus 
airoides), twoflower trichloris (Tri- 
chloris crinita), Arizona cottontop 
(Trichachne californica), lovegrass 
tridens (Tridens eragrostoides), and 
white tridens (Tridens albescens). 
All these species have been found as 
isolated plants on salt affected soils 
and better managed sites may con- 
tain one or more species in sub- 
stantial quantities. Unfortunately no 
true relic area exists where quanti- 
tative data of their composition in a 
climax system can be obtained. In- 
creaser grasses in the ecosystem have 
been curlymesquite, pink pappus- 
grass (Pappophorum bicolor), tobosa 
(Hilaria mutica), Texas bristlegrass 
(Setaria texana), forbs, and woody 
plants. 

(Opuntia lindheimeri) 10 
Mesquite 

(Prosopis juliflora) 5 
Lote 

(Condalia obtusifolia) 5 

A common management practice 
in the area to increase range pro- 
duction is to upgrade the present 
vegetative species through deferred 
grazing. Although the practice is 
effective on nonsaline rangeland, it 
hasn’t been successful on salt af- 
fected soils because of the absence 
of desirable grass species. A pro- 
cedure which has rapidly gained 
favor in the Rio Grande Plain is 
complete revegetation through brush 
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Maverick 

A Horizon 
Grayish broy.;n clay 
strongly calccreous, 
blocky structure, few 
waterworn gravels. 

AC Horizon 
Li&t yello;lish S;roTqn 
clay, strongly calcare- 
OUE, blocky structure. 

C Horizon 
Li&t yellowish brown 
grcding to broj.lnish 
yellw clay, strongly 
calcareous, blocky 
ctructure, ~rnaw silt 

I  -  

threads. 

The lorrer portion of 
the horizon contains 
r.:arine shell fraaT,ents 
and many gypsum 
crystals. 

C 
Olive yello:l sholey 
clay, massive. 

Monte11 

A Horizon - 
Dark gray, grading to 
gray clay, strongly 
cal careous , blo cl-9 
structure. 

ACsa Horizon 
Grayish brown grading 
to pale brown clay 
strongly calcareous, 
bloclry structure, 
many slickensides, 
few salt threads. 

Csa Horizon 
Pale brown clay, 
strongly calcareous, 
blocky structure, 
many slickensides, 
about 10s by volume 
is composed of salt 
pockets and threads 

C Horizon 
Light yellowish brown 
clay, strongly calcare- 
ous, blocky structure, 
upsum crystals. 

IIC 
Light gray soft weakly 
calcareous sa’ndstone. 

Monteola 

A Her%- 
Dark gray clay, 
strongly calcareous, 
blocky structures, 
few waterworn 
gravels. 

AC Horizon 
Light bror!nish gray 
clay, strongly cal- 
careous, blocky 
structures, few slick- 
ensides, few salt 
threads 

Csa Horizon 
Very pale brown clay, 
strongly calcareous, 
blocky structure, 
distinct slickensides 
about 10s by volume 
is composed of salt 
pocket? and gypsum 
crystals. 

C 
Pale yellow shaley 
clay, many pockets 
of gypsum crystals. 

FIGURE 3. Selected profile descriptions of typical saline Maverick, Montell, and Monteola 
soils. 

control by rootplowing and reseed- 
ing to high producing forage grasses. 
On nonsaline soils where grass es- 
tablishment is successful, results are 
phenomenal. However, on sites 
where reseeding fails, or is not 
properly managed after establish- 
ment, pricklypear spreads rapidly, 
resulting in a range condition as 
undesirable as the original brush 
cover. 

On saline soils reseeding attempts 
have been discouraging. The grass 
species and seeding techniques used 
have failed to establish stands. Sev- 
eral factors, however, give encourage- 
ment for revegetation success and 
increased forage production on these 
soils. The surface horizon is rela- 
tively salt free and has in the past 
supported more palatable species 
and greater plant density than the 
present sparse cover. However, be- 
cause salts confine rooting depths, 
the amount of soil depth available 
for moisture storage is limited and 
the soils tend to be droughty. The 
problems of grass establishment on 

shallow droughty soils are universal. 
Successful establishment is primarily 
dependent on timely rainfall. In 
these respects, the soils studied dif- 
fer little from other droughty soils. 
The net effect of salinity in these 
soils is to increase droughtiness in 
an area where it is already a serious 
management problem. 

Analysis of soil extracts indicate 
the excess salts present in these 
soils to be primarily the chloride 
salts of sodium, calcium and mag- 
nesium. Soluble sulfates are present 
but are relatively minor contributors 
to the total salt concentrations. The 
EC,, values in Table 1 relate salt 
concentrations in the soil to the 
effects on plant growth. Commonly 
used guides proposed by the United 
States Salinity Laboratory staff 
(1954) are: salt concentrations 
greater than 4.0 mmhos/cm limits 
production of most forage crops; 
above 8.0 mmhos/cm, only moder- 
ately salt-tolerant species grow well; 
and above 12.0 mmhos/cm, only the 
most salt-tolerant sDecies survive. 

The climax species which formerly 
occupied these soils include almost 
a complete spectrum of plants which 
range from species with low salt 
tolerance to alkali sacaton which is 
one of the more tolerant native for- 
age plants. 

The sodium saturation value in- 
dicates a possible complication when 
reseeding is considered. Soils which 
are intensively cultivated and have 
a saturation value above 15% have 
been found to be difficult to man- 
age. They tend to puddle easily 
when wet and form severe crusts 
with drying. In soils such as these 
where the only disturbance is the 
reseeding operation, the problem 
may not develop. Crust formation, 
however, would be detrimental to 
grass seedling establishment. 

The soluble salts in these soils 
could be removed if a supply of 
water for leachin were available. 
However, the only water available 
is rainfall that usually comes in 
high-intensity short-duration thun- 
derstorms, a portion of which be- 
comes runoff. Rain water moving 
through the soils, however, does 
carry soluble salts to the depth of 
penetration. Conversely, as the 

Table 1. Analysis of a typical pro- 
file of saline Maverick, Monfell, 
and Monfeola soils. 

Sodium 
Depth EC, Saturation 
Inches mmhos/cm Percent 

O-10 
10-21 
21-38 
37-53 
53-68 
68-76 

o-9 
9-17 

17-26 
26-35 
35-47 
47-63 
63-74 
74-80 

O-10 
lo-24 
24-32 
32-47 
47-66 
66-85 
85-90 

Maverick clay 
4.8 

13.2 
15.2 
14.9 
13.7 
13.2 

Montell clay 
7.0 

16.2 
20.2 
20.2 
20.5 
19.2 
18.5 
17.8 

Monteola clay 
.8 

4.5 
18.2 
24.2 
24.0 
22.0 
20.2 

29.9 
47.1 
63.0 
61.0 
47.6 
51.7 

25.8 
30.5 
32.4 
40.6 
35.0 
35.9 
28.8 
43.7 

8.5 
25.8 
30.5 
54.4 
51.6 
38.0 
39.7 



water returns to the surface in the 
drying cycle the salts are moved up- 
ward. With barren soils the salts 
are left in the soil surface as the 
water evaporates. Under a plant 
cover where roots are actively ex- 
tracting water the salts are deposited 
in the soil at the point of the root 
contact. With a static salt supply 
and variable rainfall an equilibrium 
is reached between the upward and 
downward movement of salt. The 
depth of salt-free horizons in Figure 
3 is an indication of this equilibrium 
system as it is modified by topog- 
raphy and runoff differences among 
the three soils. A heavy plant cover 
to reduce surface runoff and evapo- 
ration to a minimum should, in time, 
shift the equilibrium to a deeper 
depth. Conversely, the reduction in 
plant cover that has occurred with 
improper range management may 
have brought the equilibrium depth 
nearer the surface. 

The equilibrium depth, or the 
depth of the salt-free surface soil, 
would be expected to be greater in 
those soils with low water-storage 
capacities. However, the depth to 
which a limited rainfall increment 
will penetrate and carry salts is not 
great because of the high storage 
capacities. The depth of wetting 
values (Table 2) calculated for a 
condition when %J of the storage 
capacity is depleted indicates what 
can be expected under optimum con- 
ditions when no rain water is lost 
through runoff. 

Rainfall runoff rates were not 
measured, but based on observations 
of surface drainage patterns and 
limited surface protection at the lo- 
cations sampled, it is concluded that 
extensive runoff occurs. Runoff is 
modified by a number of variables, 
including surface protection, but it 
is primarily dependent on soil intake’ 
rates and rainfall intensities. The 
intake rate of a dry soil while cracks 
are being filled may be several times 
greater than the residual rate at 
saturated conditions. With the thun- 
derstorms that are typical of the 
region, initial intake rates have more 
interpretative value than residual 
rates at saturated conditions. Intake 
rates did not vary appreciably 
among the three soils. At the sites 
sampled initial rates of 3.5 to 6.0 
inches per hour were measured, but 
after 20 minutes the rates dropped 
rapidly to about 1 inch per hour and 
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Table 2. Bulk density, available moisture storage capacity, and depih of 
soil wetted by a a-inch rain for iypical saline Maverick, Monfell, and 
Monfeola soils. 

Available 
Moisture Retention Moisture Soil Depth 

Bulk l/3 Atm. 15 Atm. Storage Wetted by a 
Depth Density Pressure Pressure Capacity 2-inch rain1 

(Inches) (g/cm) - - - (Percent) - - - (Inches) (Inches) 
Maverick clay 

O-10 1.22 33.9 19.0 1.6 
10-21 1.35 43.1 20.8 1.8 22.0 
21-38 1.54 39.3 21.6 4.6 
38-53 1.40 43.3 24.5 2.6 

Montell clay 
o-9 1.22 31.5 19.7 1.3 
9-17 1.49 34.2 17.5 2.0 19.5 

17-26 1.53 38.0 21.6 2.4 
26-35 1.36 36.6 21.3 1.9 
35-47 1.38 34.2 20.4 2.3 

Monteola clay 
O-10 1.38 41.4 24.2 2.4 

lo-24 1.34 41.4 29.6 2.2 20.0 
24-32 1.44 44.1 27.9 1.9 
32-47 1.48 42.7 26.5 3.8 

1 Depth to which the soil would be wetted by a 2-inch rain if the soil con- 
tained l/z of the available moisture capacity. 

then gradually receded to a residual 
rate of about 0.5 inch per hour. 
With ample surface protection to 
control runoff, the initial intake 
rates measured are adequate to ac- 
commodate all of the rainfall from 
most of the thunderstorms which 
occur. 

The plant-available moisture-stor- 
age capacity values by depth incre- 
ments (Table 2) are misleading and 
should be interpreted with consider- 
ation given to the EC,, values shown 
in Table 1. The water storage ca- 
pacity is high, a desirable condition 
for plant growth, but root activity 
in the saline horizons is reduced be- 
cause of high salt concentrations. 
Although roots may extend into the 
more saline subhorizons, osmotic ef- 
fects and specific ion toxicities limit 
their growth and consequently the 
amount of water they can extract. 
Therefore, the plants growing on the 
sites must rely on moisture stored 
in the horizons above soluble salts. 
Plant species that subsist on these 
soils today are relatively salt tol- 
erant and have an extensive shallow 
root system. Also, the combined ef- 
fects of drought and improper range 
management have reduced the 
species present to those that are of 
relative low forage value. The water 
stored in these soils would be better 
utilized if the grass species covering 

them were high forage-value salt- 
tolerant species. 

Summary 
Range conditions on the saline 

soils of the Rio Grande Plain are 
poor as a result of over-grazing. 
The present sparse vegetative 
cover of short grasses and woody 
plants are of low forage value. 
The climax species remnants are 
sparse or have disappeared com- 
pletely. Reseeding efforts will 
need to take into consideration 
proper species selections and 
drought-inducing effects of the 
excess salts. 

The dominant salt in these 
soils is sodium chloride. The soil 
physical properties common to 
the three salt-affected areas sug- 
gests that proper vegetative 
cover would enhance salt re- 
moval and subsequently in- 
creased rooting depth and forage 
production. 
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Highlight 
Russian olive frees in Nebraska 

were confrolled wifh aerial applica- 
fion of 1:l mixfure of PGBE esfers 
of 2,4-D and 2,4,5-T. Repeat applica- 
fion affer one or fwo years was 
needed for besf confrol of large frees. 

Russian olive trees (Elaeagnus an- 
gustifolia L.) have become a pasture 
weed problem in the North Platte 
River Valley of Nebraska. Russian 
olive grows rapidly and spreads by 
seeds and underground rootstalks, 
crowding out desirable forage spe- 
cies (Figure 1). The tree was re- 
ported by Pool (1951) to grow well 
in practically all parts of Nebraska. 
Herbicidal control with ground 
equipment was not practical because 
of the tall vegetation, large infested 
areas, and wet soil conditions near 
the Platte River. Therefore, airplane 
applications of herbicides were in- 
vestigated to develop effective and 
economical control methods for RUS- 
sian olive trees. 

No previous studies have been re- 
ported on Russian olive control since 
this species is usually a desirable 
ornamental. Numerous studies have 
been conducted utilizing aircraft for 
the control of other woody plant 
species. Arend (1959) stated that the 
use of aircraft to control brush in 
pastures was established prior to 
1950. Darrow (1960) listed recom- 
mendations for the control of mes- 
quite and other brush species in 
Texas using aerial application tech- 
niques. Leonard and Carlson (1960) 
reported studies on the control of 

1PubZished with approval of the Di- 
rector as paper No. 1605, Journal 
Series, Nebraska Agricultural Ex- 
periment Station. This research 
was partly financed by the Ne- 
braska Department of Aeronautics, 
Lincoln. 

aPresent address: Crops Research 
Division, ARS, USDA, Department 
of Range and Forestry, Texas A&M 
University, College Station. 

FIGURE 1. Top-Aerial view of silvery-green 
Russian olive trees encroaching on pas- 
ture lands along the North Platte River 
near Bridgeport, Nebraska. Bottom- 
Tree kill from application of a 1 :l mix- 
ture of 2,4-D and 2,4,5-T at 2 lb/A, 
treated June, 1961; retreated June, 1962 ; 
photographed June, 1963. 

blue oak and poison oak in Cali- 
fornia by aerial application of 
phenoxy herbicides. Considerable re- 
search has been conducted using air- 
craft for the control of hardwoods 
in conifers using phenoxy herbicides 
(Arend 1959, Kirch 1961, and Peevy 
and Burns 1959). 

These references emphasize the 
advantages of using aircraft on 
rough terrain, wet soil, and tall 
vegetation for timely treatment of 
large areas, particularly where 
effective aerial application methods 
have been developed. 

Maferials and Methods 
Russian olive control studies were 

located at Brid geport, Nebraska on 
a Laurel very fine sandy loam soil 
adjacent to the North Platte River. 
The average annual temperature is 
49.4” F; average annual precipitation 
is 14.8 inches. The predominate pas- 
ture species was Kentucky bluegrass 
(Poa pratensis L.) with scattered 
plants of strawberry clover (Trifoli- 

urn fragiferum L.) under the Russian 
olive overstory. 

Herbicides applied were the pro- 
pylene glycol butyl ether esters 
(PGBE) of 2,4-D; 2,4,5-T; silvex; 
and a 1: 1 mixture of 2,4-D plUS 

2,4,5-T. 
Three experiments were con- 

ducted, the first established on June 
13, 1958. All herbicides were-applied 
by a Piper Super Cub on plots 99 
feet wide and 440 feet long. Silvex 
was applied at 1 and 2 lb/A; 2,4-D 
at 2 lb/A; a 1: 1 mixture of 2,4-D 
and silvex at 2 lb/A; and a 1: 1 mix- 
ture of 2,4-D and 2,4,5-T at 2 and 
4 lb/A. All herbicides were applied 
in a 2: 3 oil: water emulsion at 5 gpa. 
Retreatments were made on June 
18, 1960, on the original plots using 
the same herbicides and rates as 
applied in June, 1958, except the 
1: 1 mixture of 2,4-D and silvex was 
retreated with 2 lb/A 2,4,5-T. Num- 
ber 2 diesel oil was used as the 
herbicide carrier at 5 gpa. 

In a second experiment on June 
18, 1960, silvex; 2,4-D; and a 1: 1 
mixture of 2,4-D and 2,4,5-T each at 
2 lb/A were used, since they showed 
promise in the first experiment. 
Number 2 diesel oil was used as the 
herbicide carrier at 5 gpa. Retreat- 
ments were made in June, 1961 on 
the 1960 plots, using the same her- 
bicides and rates as original treat- 
ments. 

In the third experiment, aerial 
treatments were sprayed June 18, 
1961. The plots were retreated June 
19, 1962, using the same treatments 
as in 1961. A 1: 1 mixture of the 
PGBE esters of 2,4-D and 2,4,5-T at 
2 lb/A was used with number 2 
diesel oil, water, and water plus a 
surfactant (Multifilm X-77) carriers 
at 5 and 10 gpa. Plot size was 66 feet 
wide and 330 feet long. A random- 
ized block design was used with two 
replications per treatment. 

In the first experiment top kill 
evaluations of Russian olive trees 
were made 3 months, 1, 2, and 3 
years after one treatment and 1 and 
2 years after two (repeat) treat- 
ments. In the second experiment, top 
kill evaluations were made 1 year 
after a single application and 1 and 
2 years after two treatments. In the 
third experiment top kill readings 
were taken 1 year after both single 
and repeat applications. Ten trees 
were randomly selected and evalu- 
ated in each plot at each evaluation 
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date. Top kill was based on visual 
estimates of leaf and stem kill. If 
any regrowth was present the tree 
was considered alive. 

Results and Discussion 
In the first experiment, all treat- 

ments gave extensive top kill, how- 
ever, considerable resprouting oc- 
curred from the crowns of the plants 
during the first year after treatment. 
Evaluations in June, 1960, (two 
years after treatment) revealed that 
the 2,4-D and 2,4,5-T mixture at 2 
and 4 lb/A and silvex at 2 lb/A were 
most effective in controlling Russian 
olive. 

The 2,4-D and 2,4,5-T mixture at 
2 and 4 lb/A also gave most effective 
control 1, 2, and 3 years after two 
treatments. Retreatments of silvex at 
1 lb/A appeared more effective in 
killing regrowth than silvex at 2 
lb/A. Retreatment with 2,4-D gave 
good initial top kill but failed to con- 
trol regrowth. Retreatment with 
2,4,5-T at 2 lb/A was comparable to 
silvex at 2 lb/A (Table 1). 

Table 1. Percentage fop kill oi Rus- 
sian olive (15 fo 30 feet high) after 
two applications of herbicides at 
Bridgeport, N e b r ask a. Original 
treatments June, 1958; refreat- 
ments June 1960. 

Top kill after 
Herbi- Rate1 two applications 

tide lb/A 3 mo. 1 yr. 2 yr. 3 yr. 

2,4-D 2 81 46 20 20 
2,4-D + 

2,4,5-T l+l 95 98 100 100 
2,4-D + 

2,4,5-T 2+2 95 100 100 100 
Silvex 1 69 74 90 100 
Silvex 2 97 100 70 70 
2,4-D + 
silvex l-l-12 84 91 60 70 
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similar top kill during the first year 
after application. After retreatment, 
the 2,4-D plus 2,4,5-T mixture gave 
excellent control, whereas 2,4-D and 
silvex declined in effectiveness. 

In the third experiment the 2,4-D 
plus 2,4,5-T mixture was used in 
combination with three herbicide 
carriers and two spray volumes 
(Table 3). S mall trees were sprayed 
(8 to 12 feet high) and appeared 
easier to kill than larger trees of 
previous experiments. All treatments 
showed better than 90 percent con- 
trol from a single application one 
year after treatment. Retreatment 
gave 100 percent control when the 
herbicide was applied in the 5 gpa 
water, water plus surfactant, and 10 
gpa number 2 diesel oil carriers. The 
remaining three treatments showed 
some regrowth but top kill was gen- 
erally complete. There were no dif- 
ferences between the 5 and 10 gpa 
spray volume applications or be- 
tween herbicide carriers in increas- 
ing herbicide effectiveness. 

Table 3. Percentage iop kill of Rus- 
sian olive (8 fo 12 feet high) from 
a 1:l mixture of 2,4-D and 2,4,5-T 
af 2 lb/A applied in three carriers 
af 5 and 10 gpa af Bridgeport, Ne- 
braska. Original treatments June, 
1961: retreafments June, 1962. 

Top kill after 
Herbicide One Applic. Two Applic. 

carrier 1 year 1 year 

5 gpa water 99 100 
5 gpa water + 

surfactantl 97 100 
5 gpa no. 2 

diesel oil 93 95 
10 gpa water 96 85 
10 gpa water + 

surfactantl 95 95 
10 gpa no. 2 

diesel oil 99 100 

1 Alkylaryl polyoxyethelene glycols 
(Multifilm X-77 at 0.1%). 

Summary and Conclusions 
Control of Russian olive trees, 

rapidly encroaching on pasture land 
in the North Platte River valley, was 
studied by aerial application of her- 
bicides. A 1: 1 mixture of the PGBE 
esters of 2,4-D plus 2,4,5-T gave ex- 
cellent control at 2 and 4 lb/A. Re- 
peat application one or two years 
after initial treatment was necessary 
for the best results on large trees. 

The 1: 1 mixture of 2,4-D and 
2,4,5-T at 2 lb/A was applied at 5 
and 10 gpa in carriers of number 2 
diesel oil, water, and water plus a 

surfactant. The treatments were ap- 
plied on small Russian olive trees 
(8 to 12 feet high). All treatments 
gave better than 90 percent control 
from one or two applications except 
one treatment. There were no dif- 
ferences in Russian olive control be- 
tween spray volumes and herbicides 
carriers used in this study. 
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Highlight 
Correct substitution rates of one 

grazing animal for another under 
common use fake place af uniform 
rates, being governed af any point 
by the utilization standard of some 
single species. The capacity under 
common use may be greater than 
fhai realized with fhe less suited ani- 
mal alone, or greater than eiiher 
animal alone, depending upon the 
particular combination of animal 
numbers and fhe particular range. 

Western ranges produce for- 
age for more than one kind of 
animal-usually cat t 1 e , sheep 
and big game animals. Common- 
use grazing-the concurrent use 
of the range by more than one 
kind of animal-has been advo- 
cated as a means of maximizing 
range production. It is widely 
believed that such use promotes: 
(1) better distribution of ani- 

mals and more efficient use of 
a range, and (2) harvesting of 
more of the available plant 
species. 

Little research has been con- 
ducted on the common-use prob- 
lem despite its importance. This 
report considers how grazing 
capacity is influenced by com- 
mon use disregarding distribu- 
tional advantages. It is partly 
theoretical and partly based on 
data collected over several years 
on the foraging habits and plant 
preferences of mule deer and 
livestock. 

Standing (1938) first pre- 
sented the key species concept 
and outlined the characteristics 
of key species and their use in 
range administration. Stoddart 
and Smith (1943) presented 

IThe original data were collected 
under Pittman-Robertson Project 
W-105-R. 

hypothetical figures to demon- 
strate an increase in grazing ca- 
pacity under common use. Data 
by Julander and Robinette 
(1950) showed that deer and 

cattle together occupied all parts 
of a range better than did either 
animal alone. Data on the utili- 
zation of plants by sheep and 
cattle (Cook, 1954) purported to 
show a gain in carrying capacity 
under common use. Hopkin 
(1954) analyzed Cook’s data and 

drew a substitution curve for 
common use between sheep and 
cattle as a means of determining 
the combinations of animal num- 
bers that could give maximum 
returns. 

The basic ideas elaborated 
here were first presented by the 
author at the Western Associa- 
tion of Game and Fish Commis- 
sioners in 1962, but the material 
was not published. This paper 
is an extension of the views pre- 
sented there. 

Methods for Arriving at 
Common Use Grazing Capacities 

The usual procedure has been 
to determine proper use figures 
for each plant species for each 
of the two kinds of animals 
under consideration. The larger 
of each pair of forage factors ob- 
tained by multiplying the proper 
use figure by the species compo- 
sition are then added to arrive 
at the forage factor applicable 
under common use. The data 
presented by Cook (1954) were 
treated in this way (Table 1). 
The major species only are 
shown. They illustrate the cus- 
tomary procedure and the one 
being proposed. Omitting the 
minor species changes the values 
but not the principles involved. 
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In this plant association (Table 
1)) bearded wheatgrass (Agro- 
pyon subsecundum) is the logi- 
cal indicator species for common 
use by sheep and cattle by rea- 
son of degree of use and volume. 
It cannot be fully used by both 
animals to the extent indicated 
since this would give a combined 
use of 79 percent, a level far ex- 
ceeding proper use. The num- 
bers of one or all of the animals 
must be reduced to bring the 
combined use of this species 
within acceptable limits. 

Several combinations of ani- 
mal numbers are possible, but, 
for simplicity, assume sheep are 
stocked at a level to result in the 
utilization figure shown (24 per- 
cent) and further assume that 55 
percent is the maximum permis- 
sible use on bearded wheatgrass. 
Then, under common use, only 
31 percent of the production of 
this species is available for cat- 
tle. This amounts to 56 percent 
of the amount eaten when cattle 
are grazed alone (31/55 = 56 per- 
cent). If the forage factors for 
the other species are likewise 
adjusted to 56 percent of the 
values when cattle are grazed 
alone, thus assuring that wheat- 
grass is properly used, the re- 
sultant cattle factors are as listed 
in the last column. These repre- 
sent the amounts of forage avail- 
able for cattle under common 
use without overuse of wheat- 
grass. The combined forage fac- 
tor for common use is 0.1842 
(total for sheep) plus 0.1899 (new 
total for cattle) or 0.3741. Adding 
the footnoted values to arrive 
at the combined value results in 
a factor of 0.4002, a figure that 
is 11 percent too large. 

This discrepancy is the result 
of the assumption that reducing 
the numbers of one of the graz- 
ing animals changes the utiliza- 
tion only of the preferred species 
for which the animals compete. 
For example, the forage factor 
of 0.0094 for snowberry (Sym- 
phoricarpos vaccinioides) for 
sheep is larger than the cattle 
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Table 1. Forage factors reported 
indicator species concept. 

by Cook (1954) reanalyzed f0 illustrate 

Species 

Com- Utilization 
position Sheep Cattle Forage factor Cattle 

(%) (‘/I Sheep Cattle factors’ 

Agropyron 
subsecundum 

Bromus 
carina tus 

Elymus 
glaucus 

Lathyrus 
leucanthus 

Thalictrum 
fend leri:’ 

S ymphoricarpos 
vaccinioides 

Totals 

11.2 24 55 0.0269 0.0616” 0.0345 

22.5 15 35 0.0337 0.0787” 0.0441 

39.4 9 46 0.0355 0.1812’ 0.1015 

5.9 45 20 0.0265” 0.0118 0.0066 

11.6 45 5 0.0522’ 0.0058 0.0032 

3.9 24 0 0.0094’ 0 0 
0.1842 0.3391 0.1899 

1 Based on use of unused Agropyron (56’/ 1. 
ZValues proposed by Cook to apply under common use. 
:‘Forage factors adjusted to correct error in original data. 

factor (Table 1). The sheep fac- 
tor therefore retains the value 
of 0.0094 irrespective of the com- 
bination of animal numbers as- 
sumed and despite the fact it 
was not used by cattle. 

Key Species 
Concept in Practice 

Despite the long standing ac- 
ceptance of the key species con- 
cept, the manner in which it may 
be applied has not been analyzed 
in detail. Standing (1938) lists 
the following characteristics of 
a key species: high palatability, 
reasonable withstandibility to 
grazing and to competition, rea- 
sonably abundant, nutritious, 
and producing a reasonable vol- 
ume of growth. The one or few 
species on a range that meet 
these criteria provide the basis 
for decisions regarding the level 
of utilization and proper stock- 
ing for the range as a whole. 

The existence of a unique re- 
lationship between the percent- 
age utilization of the key species 
and the use of the other impor- 
tant forage species is implicit in 
the key species concept. The key 
species must be gradually and 
continually used throughout the 
grazing season with no sudden 
or marked changes in utilization. 

Figure 1 illustrates acceptable 
and unacceptable characteristics 
for a key species. Species A is 
not suitable since it is removed 
by grazing well before the forage 
in general is being appreciably 
used. Species C is not used until 
late in the season after other 
species have been heavily 
grazed. Species B is used con- 
tinually throughout the entire 
grazing period and provides the 
unique index demanded, thus 
qualifying as the key species. 

Livestock Grazing Habits in 
Relation to Key Species.-Not- 
withstanding the theoretical re- 
lationship shown in Figure 1, 
animals apparently consume the 
major forage species from a 
given mixture in somewhat con- 
stant proportions throughout the 

FIGURE 1. Theoretical c u m ul a t i ve utiliza- 
tion of three plant species during the 
grazing season. 

permissible range of utilization. 
Thus, if twice as much plant D 
is taken as plant E, and both are 
important forage species, this re- 
lationship will differ little ir- 
respective of the level of use. 
Utilization data for bitterbrush 
(Purshia tridentata) and cliff- 
rose (Cowania stansburiana) 
(Smith and Urness, 1962) seem 
to confirm this. Further, Hurd 
and Pearse (1944) give utiliza- 
tion figures for eight reseeded 
grasses which show proportional 
use of the eight species up to 
about 60 percent, a reasonable 
limit of use for key species. 

Whether or not this propor- 
tionately is maintained through- 
out the grazing season, however, 
at any time during the grazing 
season on a given range, the de- 
gree of use of individual species 
by a particular kind of animal is 
proportional to the number of 
animals present. This is the basis 
for the approach proposed below. 
In the analyses, three assump- 
tions are made: 

Sufficient forage of the major 
species is available within the 
limits of permissible use so 
that animals are not compelled 
to adjust their normal forage 
preference to offset lack of 
forage. 
The common use of a range 
by two kinds of animals does 
not alter the preference of 
either animal for the major 
forage species. 
The use factors for an animal 
are proportional to its popula- 
tion on the range. 
These conditions may not be 

precisely met under all condi- 
tions, but the small deviations 
which might occasionally occur 
would only slightly influence 
the computed grazing capacities. 

A Hypothetical Illustration 
In its simplest form the con- 

cept proposed can be illustrated 
by hypothetical figures wherein 
three plant species make up the 
forage crop. One of the three is 
eaten by both animals. The other 
two are specific, one to each kind 
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of animal. Animal 1, when alone, 
is assumed to eat two units of 
plant A and two units of plant B 
for a total of four. Animal 2, 
when alone, eats two units of 
plant B and two of plant C, like- 
wise a total of four. Now if equal 
numbers of both animals are 
placed on the area and utiliza- 
tion of plant B is allowed to con- 
tinue until two units have been 
removed, each animal will have 
consumed one unit of plant B 
plus an additional unit of the 
species it alone uses. The total 
forage crop now is made up of 
one unit of plant A, two units 
of plant B, and one unit of plant 
C, or again a total of four units. 
These relationships are: 

Plant species 
A B C Total 

Grazing capacity 
Animal 1 2 2 4 
Animal 2 2 2 4 
Common use 1 2 1 4 

Under the conditions of this 
illustration, no additional graz- 
ing capacity results from com- 
mon use; since, for each unit of 
species B consumed, each animal 
consumes equal amounts of sec- 
ondary species. Under actual 
conditions this situation is not 
likely to exist. It is more prob- 
able that plants other than the 
key species would provide dif- 
ferent amounts of the respective 
diets of the two animals. The 
greatest grazing capacity would 
be obtained wherein the key 
species made up the smallest 
percentage of the animal diet. 
Thus, if the key species consti- 
tutes 10 percent of the diet, the 
total grazing capacity of the 
range is 10 x the capacity pro- 
vided by the key species. If the 
key species constitutes 50 per- 
cent of the diet, the total grazing 
capacity is only 2 x the capacity 
provided by the key species. 

Applicafion Using Actual Dafa 
Data collected near Logan, 

Utah, on the use of plants by 
deer and sheep can be used to 
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test the proposed procedure 
(Table 2). The five species 

shown were eaten readily and, 
except for rose (Rosa sp.) , made 
up appreciable parts of the for- 
age crop. The other species in- 
volved were present in insignifi- 
cant amounts, were lightly eaten, 
or were unimportant to one kind 
of animal. 

On the basis of utilization 
alone, rose might appear to be 
the key species. But, since it is 
present in but small amounts, in- 
efficient use of the range would 
result if it were selected as a use 
indicator. 

The data in the deer-only col- 
umn of Table 3 were calculated 
from Table 2 by adjusting the 
utilization of serviceberry (Ame- 
Zanchier ulnifoliu) to 60 percent, 
an increase of 20 percent, and 
then adjusting the deer-use fig- 
ures of the other species upward 
by the same percentage. The 60 
percent figure was selected as 
proper use because of conve- 
nience and in order to provide 
more points to plot. At this level 
of use by deer, no forage is avail- 
able for sheep. If the amount of 
forage allotted to deer is reduced 
in successive 5 percent decre- 
ments and the forage thus re- 
leased is assigned to sheep, we 
may determine the grazing ca- 
pacity with any combination of 
animal numbers while remaining 
within the limits of permissible 

use. The sheep factors in each 
combination were calculated as 
in the last column of Table 1. The 
same procedure was then fol- 
lowed beginning with complete 
use by sheep and allotting suc- 
cessively greater amounts of 
forage to deer but using aster 
(Aster chilensis) as the key 
plant, since it was the one most 
palatable to sheep. 

Interesting relationships are 
revealed when these data are 
plotted (Figure 2) . When the use 
of serviceberry is 40 percent by 
deer and 20 percent by sheep, the 
combined use of aster reaches 64 
percent, more than the arbitrary 
limit of 60 percent judged to be 
full use. Similarly, when deer are 
exchanged for sheep and the use 
of aster is 50 and 10 percent for 
sheep and deer respectively, the 
combined use of serviceberry is 
58 percent, a point just short of 
maximum use. The point of in- 
tersection of the two substitution 
curves marks the combinations 
of deer and sheep that will give 
maximum grazing capacity. 

Under certain circumstances 
common use results in no in- 
creased grazing capacity, unless 
the least suited animal is using 
the area at the outset. Maximum 
capacity can be attained only 
under single use with the animal 
best adapted to the forage. An 
example of this situation involv- 
ing deer and cattle is shown in 

Table 2. Uiilizafion and percent of diets of major forage species for deer 
(D) and sheep (S) on sfudy area in Logan Canyon, Utah. 

Com- Combined Importance 
position of Utilization use without in diet 
vegetation (92) adjustment (5%) 

Species (%) D. S. ($6) D. S. 

Amelanchier 
alnifolia 4 50 18 68 16 6 

Purshia 
tridentata 5 35 14 49 14 6 

Prunus 
melanocarpa 4 33 28 61 9 10 

Rosa sp. 1’ 48 44 92 2 1 
Aster 

chilensis 3 12 49 61 3 13 

1 Less than 1. 



COMMON USE 199 

Table 3. Calculated grazing capacities of a range for selected combinations of deer and sheep with two key 
species. 

Stock 

Amelanchier 
alnifolia 

Util. F.F.l 

Purshia Prunus Aster Total 
tridentata melanocarpa Rosa sp. chilensis Combined 

Util. F.F. Util. F.F. Util. F.F. Util. F.F. Forage Factor 

Amelanchier key species 

Deer 

Deer 
Sheep 

Deer 
Sheep 

Deer 
Sheep 

Deer 
Sheep 

Sheep 

Sheep 
Deer 

Sheep 
Deer 

60 0.0240 42 0.0210 40 0.0160 58 0.0058 14 0.0042 0.0710 

0.0775 

0.0838 

0.0901 

0.1021 

55 
5 

0.0220 
0.0020 

39 
4 

0.0195 
0.0019 

36 0.0144 53 
8 0.0031 12 

0.0053 
0.0012 

13 0.0039 
14 0.0042 

50 
10 

0.0200 
0.0040 

35 
8 

0.0175 
0.0039 

33 0.0132 48 
15 0.0062 24 

0.0048 
0.0024 

12 0.0036 
27 0.0082 

45 
15 

0.0180 
0.0060 

32 
12 

0.0158 
0.0058 

30 0.0119 43 
23 0.0092 37 

0.0043 
0.0036 

11 0.0032 
41 0.0123 

40 
20 

0.0160 
0.0080 

28 
16 

0.0140 
0.0080 

26 0.0104 38 
31 0.0124 49 

0.0038 
0.0049 

10 0.0029 
54 0.0162 

Aster key species 

34 0.0136 54 22 0.0088 17 0.0085 0.0054 60 0.0180 0.0543 

0.0748 

0.0931 

0.0080 
0.0084 

0.0080 
0.0075 

20 
21 

16 
15 

31 0.0124 49 
14 0.0056 20 

0.0049 
0.0020 

55 0.0165 
5 0.0015 

18 
40 

0.0072 
0.0160 

14 
28 

29 0.0116 45 
27 0.0108 40 

1 Util. = utilization; F.F. = forage factor 

of range management or eco- 
nomics that supports the hypoth- 
esis that the marginal rate of 
substitution” is represented by 
straight lines which change ab- 
ruptly. The data here presented 
demonstrate that this abrupt 
change from one uniform substi- 
tution ratio to another is in ac- 
cord with the facts and the one 
to be expected. 

Other Situations Possible. - The 
other theoretically possible situa- 
tions, besides the two presented in 
Figure 2, are shown in Figure 3. 
Grazing capacity for animal A is 
indicated along the Y axis, and that 
for animal B along the X axis. Line 
Al B indicates the line of equal sub- 
stitution between animal B and A. 
The range represented by this line 
is of equal productivity for either 
animal, and any combination of ani- 
mals selected on this line provides 
the same grazing capacity within 
the limits of proper stocking, This 
situation could exist only when the 
forage preferences of animals A and 
B were identical, or when a key 
species common to both animals 
formed the same percent of the diet 
of each animal, i.e. when the associ- 

08 IO I2 14 16 .I6 20 22 

Foroga Factor- Deer 

FIGURE 2. Substitution curves between mule deer and cattle near Fillmorca, Utah, and 
mule deer and sheep near Logan, litah. 

Table 4 and the data are plotted 
in the upper line of Figure 2. 

In this case, bitterbrush is the 
key species for both deer and 
cattle and remains so at all com- 
binations of animal numbers. Al- 
though cliffrose is eaten more 
readily than is bitterbrush, it is 
present in such small amounts 
that it cannot be used as a key 
species. Since bitterbrush makes 
up a smaller percent of the diet 
of deer on this range than it does 

that of cattle, maximum grazing 
capacity is attained by allocating 
all the forage to deer. Adding 
cattle in place of deer reduces 
the amount of forage that can be 
harvested. 

Hopkin’s (1954: 174) diagram 
is similar to the sheep-deer data 
plotted in Figure 2 but includes 
a rounded curve. Although his 
data showed straight line substi- 
tution curves, he concluded that 
there was “nothing in the logic 
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4 

k?/ Line of Equol Substitution 

Corrying Capacity- Animal 6 

FIGURE 3. Theoretical suhstitution curves under five different situations. 

ated species provided equal fractions 
of the diet to each kind of animal. 
It serves here as a point of reference. 

Most ranges, however, will have 
greater capacity for one animal than 
for another. Point A shows the graz- 
ing capacity under single use for one 
animal and point B the capacity for 
another. These capacities are un- 
equal, the most probable situation. 

Each animal under situation 1 has 
a different key species and Ml de- 
fines the point of maximum use of 
both animals since the individual 
carrying capacities are additive and 
non-competitive. The theoretical 
grazing capacity would be 10 for 
animal A, 14 for animal B, and 24 
for common use. This situation is 
possible, but it is unlikely that no 
plant species will become the focus 
of competition at some level of 
stocking or combination of animals 
so long as we deal with common do- 
mestic and big game animals. 

Situation 2 is illustrated by the 
lines A Pz MZ B. Each animal has 
its own key species when it grazes 
alone. Up to a certain point, either 
animal may be added to a range 
fully stocked by the other without 

competition, and the situation is 
initially like that of situation 1. At 
points Pp and Mz, *however, the com- 
bined use of a third key plant spe- 
cies becomes critical. The substitu- 
tion line PS and Mz then applies and 
maximum capacity is obtained at 
the combination shown by point Mz. 

Situation 3 is one in which the 
key species, when animal A is 
grazed separately, is also grazed by 
animal B; hence, this key species is 
also the common-use key species. 
Conversely, the key species when 
animal B is grazed separately is not 
used by animal A. A certain number 
of animal A may be added to a range 
fully stocked by animal B without 
reducing the numbers of animal B 
(B Ma). On the other hand, adding 
numbers of animal B to a range 
fully stocked by animal A neces- 
sitates a reduction in the numbers 
of animal A since they must share a 
common key species. 

With respect to situation 3, three 
possibilities exist. The one dia- 
grammed shows animal A being 
added to B (B MS) without competi- 
tion. It may very well be the con- 
verse, i.e. that animal B could be 

added to a range fully stocked with 
A to a certain point without com- 
petition. Should the point (MS) lie 
to the left of the line A1 B, no com- 
bination of animals would result in 
greater capacity than is provided 
animal B alone. Should it lie on the 
line A Ml to the right of A1 B, the 
capacity under common use would 
in all cases exceed that of A alone 
but only at certain combinations 
would it exceed that of B alone. 

Situation 4 is shown by the line 
A B, and grazing capacity can be 
maximized only by single use with 
animal B. The validity of this situa- 
tion has already been demonstrated 
by the data of Table 4. 

Situation 5 has also been previous- 
ly discussed and is shown by the 
data in Table 2. Each animal has a 
distinct key species but each of these 
is also used by both animals. Under 
common use one key species exists 
from A to M:, another from M.-, to B. 
Maximum capacity is attained at MJ, 
but again any combination of ani- 
mals expressed by line A P> provides 
less grazing capacity than is realized 
by animal B alone. 

The following generalizations can 
be made with respect to grazing 
capacities under common use. In any 
situation where a single unbroken 
substitution line is appropriate, 
single use is as efficient as, or more 
efficient than common use. In the 
relationship A1 B any combination of 
animals which achieves full but 
proper use of the forage provides 
equal grazing capacity whether one 
or two animals be present. When, as 
in the straight line A B, there is 
greater capacity for one animal than 
for another, single-use grazing with 
animal B only will maximize forage 
production. 

When two substitution ratios ap- 
ply, as in situations 1, 2, 3, and 5, 
greater capacity may under certain 
circumstances be obtained by com- 
mon use. If the angle, as at M.-,, lies 
above (to the right) of line A1 B, 
greater capacity can be achieved by 
common use than with either animal 
alone. However, this is only true for 
those combinations of animals above 
line A1 B. For any combination of 
animal numbers indicated by the 
portion of the substitution lines be- 
low line A1 B (AP5) there is less 
capacity under common use than can 
be obtained by animal B alone. Any 
combination indicated by line AP; 
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Table 4. UfilizaGon by deer and cattle on a deer winier range near Fillmore, Utah, used by caitle spring and 
fall and calculafed forage factors under common use. 

Common Use 
Deer only Deer cows 

Util. F.F.1 Util. F.F. Util. F.F. 

Artemisia trident&a 32 0.1472 27 0.1242 1 0.0046 
Purshia tridentata 60 0.0540 50 0.0450 10 0.0090 
Cowania stansburiana 85 0.0085 71 0.0071 20 0.0020 
Total Forage Factor 0.2097 0.1763 0.0156 
Combined Total 0.2097 0.1919 

Deer 
Util. F.F. 

cows 
Util. F.F. 

Deer 
Util. F.F. 

cows Cows only 
Util. F.F. Util. F.F. 

Artemisia tridentata 16 0.0736 3 0.0138 11 0.0492 4 0.0184 6 0.0276 
Purshia tridentata 30 0.0270 30 0.0270 20 0.0180 40 0.0360 60 0.0540 
Cowania stansburiana 42 0.0042 50 0.0058 50 0.0050 50 0.0050 100 0.0276 
Total Forage Factor 0.1048 0.0466 0.0722 0.0594 0.0916 
Combined Total 0.1514 0.1316 0.0916 
1 Util. = utilization; F.F. = forage factor. 

or APi<, although inferior to grazing 
with animal B alone, gives greater 
capacity than can be realized with 
animal A. One must, therefore, 
identify the situation he is confront- 
ing before evaluating the efficiency 
of common use as compared to single 
use. Moreover, after the situation 
has been identified, consideration 
must be given to allocating the re- 
source to the two animals in the 
proportions which will maximize 
grazing capacity. 

Summary 
Correct substitution rates of 

one grazing animal for another 
under common use are uniform, 
being governed at any point by 
the utilization standard of some 
single species. This key species 
may vary at different levels of 
animal combinations, thus chang- 
ing the rate of substitution to 
another but still constant rate. 

Under certain conditions, com- 
mon use can add capacity in one 
direction only, e.g. when the ani- 

mal to which the range is less 
suited is substituted for the 
other. In this case the best suited 
animal alone provides maximum 
grazing capacity. 

The capacity under common 
use may be greater than that 
realized with the less suited ani- 
mal alone, or greater than either 
animal alone, depending upon 
the particular combination of 
animal numbers that are present 
and the particular range. 

No blanket statement may be 
made that common use increases 
grazing capacity. Each situation 
must be determined indepen- 
dently upon the basis of animal 
preferences and the forage pres- 
ent. 

Administrative problems and 
social objectives, which were not 
considered here, may justify al- 
locations of range resources on 
other bases than grazing capac- 
ity. 
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Highlight 
Herbage production fhe first sea- 

son after burning was 2,110 lbs. per 
acre, as compared fo 772 Ibs. on un- 
burned areas. Burned areas main- 
tained high productivity of grasses 
and forbs the second year. Dead ma- 
terial comprised about 90% of the 
fofal herbage for stands unburned 
for 25 years, buf only 19% on burned 
stands. 

This study was initiated in 
August, 1959, on Crex Meadows 
Wildlife Area in the northwest- 
ern Wisconsin sand country. The 
vegetation consists of tall grass, 
brush prairie savanna-a grass- 
land of big bluestem (Andropo- 
gon gerardi), Kentucky blue- 
grass (Poa pratensis), Carex sp., 
little bluestem (Andropogon sco- 
parius), Junegrass (Koeleria 
cristata), and bluejoint (Calama- 
grostis canadensis), with an 
overstory of scattered Hill’s oak 
(Quercus ellipsoidalis), jack pine 
(Pinus banksiana), hazel (Cory- 
Zus americana), pussy willow 
(SaZix discolor), lowbush blue- 
berry (Vaccinium angustifo- 
Zium), and inland ceanothus (Ce- 
anothus ovatus). Common forbs 
include azure aster (Aster uxu- 
reus), stiff sunflower (Helianthus 
rigidus), veiny peavine (Lath y- 
rus venosus), and sagewort (Ar- 
temisia Zudoviciana). 

The establishment of a fire 
protection system in the late 
1920’s led to a general cessation 
of fires. As a result, tree encroach- 
ment has produced a dense even- 
aged forest of jack pine and oak 
(Vogl, 1964). In the late 1940’s 

the Game Management Division 
of the Wisconsin Conservation 
Department introduced con- 
trolled burning to revert the for- 
est growth to brush prairie 
savanna. The purpose of this 
study was to determine changes 

in productivity resulting from 
the conversion by fire. 

I am indebted to the late Dr. 
J. T. Curtis, University of Wis- 
consin, for helpful guidance, and 
Dr. R. L. Dix, University of Sas- 
katchewan, for advice on sam- 
pling methods. The study was fi- 
nanced in part with Federal Aid 
to Wildlife Restoration funds 
under Pittman-Robertson Num- 
ber W-79-R. 

Methods 

Controlled burning com- 
menced after winter snows dis- 
sipated in March and April. Sam- 
ples of herbage yield were taken 
the last two weeks of August 
when plant growth was com- 
plete. Only above-ground por- 
tions of plants were sampled. 

Six sample stands of uniform 
topography and vegetational 
composition were selected on un- 
disturbed upland sites at least 25 
acres in extent. 

Two controls, unburned for 25 
years, were located adjacent to 
four burned stands and were 
similar to the burns except for 
treatment by prescribed fire. 
The burned stands had from one 
to five controlled fires in the last 
ten years. Two of the burned 
stands were sampled at the end 
of the first growing season and 
two were sampled two growing 
seasons following burning. 

Each stand was observed for 
homogeneity of dominant species 
before selecting an area of uni- 
form vegetation 33 meters square 
for sampling. Within this square 
the sample was taken by laying 
out at random 20 quadrats, each 
0.25 meter in size (50 cm on a 
side). The standing vegetation 
in each quadrat was hand clipped 
at ground level and the living 
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vegetation was divided into 
grasses, forbs, and shrubs. The 
dead component was separated 
into the standing portion and the 
litter or duff. 

After clipping, the green 
grasses, forbs, and shrubs were 
separately bagged, labeled, and 
weighed to the nearest 0.01 gram 
to obtain fresh weights and then 
thoroughly air-dried for one 
month. The entire sample was 
too large to oven-dry. As a check 
on the air-dried weights, 17% of 
the bags were selected randomly 
and dried in a hot-air oven for 
48 hours at 85 “C. This revealed 
that air-drying removed 89.2% 
of the moisture. Consequently, a 
correction factor was applied to 
the entire sample so that all 
weights were corrected to oven- 
dried weights and have been 
converted to pounds per acre. 

Results and Discussion 

Green Herbage Yields.-The 
average productivity expressed 
in pounds per acre dry weight is 
summarized in Table 1. The 
yields of burns sampled after 
one and two growing seasons 
were averaged separately. The 
average total green herbage was 
772 lbs. per acre in the controls 
and 2,110 lbs. per acre one grow- 
ing season after burning. Burn- 
ing produced a 1,338 lb. per acre 
gain with a more than three-fold 
increase in grass and forb yield 
over that found in the controls. 

The average green productiv- 
ity at the end of two growing 
seasons (1958 and 1959) still 
showed a marked increase fol- 
lowing the 1958 burning (Table 
1). This gain was about 23% 
less than the increase resulting 
from the ‘initial first year stimu- 
lus. This subsidence was particu- 
larly reflected in the shrub yield, 
implying that woody perennials 
were the first species to lose the 
stimulus of burning. The yield 
of grasses and forbs decreased 
only slightly when compared to 
the first year yield, indicating 
that high annual productivity for 
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Table 1. Average yield for burns and controls in pounds per acre dry 
weight. 

Green 
Green Herbage Dead Herbage and Dead 

Stand- Grand 
Grasses Forbs Shrubs Total ing Litter Total Total 

Burns 
1 growing 

season 1,341 

2 growing 
seasons 1,198 

Controls 312 

192 577 2,110 80 411 491 2,601 

188 237 1,623 617 1,261 1,878 3,501 
45 415 772 367 4,613 4,980 5,752 

these species was maintained 
through the second year. Hadley 
and Kieckhefer (1963) noted a 
similar decrease in productivity 
and Ehrenreich and Aikman 
(1963) found a 15’/: subsidence 
in yield the second year after 
burning. 

Dead Herbage Yields.-A com- 
parison of controls to one-year 
burns disclosed that burning re- 
duced dead herbage yields from 
4,980 to 491 lbs. per acre. Fire 
removed 91% of the litter and 
78% of the dead standing vege- 
tation. All of the dead standing 
material was not removed be- 
cause some dead vegetation ac- 
cumulated during the first grow- 
ing season. Most of the pre- 
scribed fires were rapidly mov- 
ing headfires. This type of fire 
does not always burn clean to 
the ground or get hot near the 
soil surface (Davis and Martin, 
1960). Consequently, not all of 
the litter was consumed, particu- 
larly some of the heavier fuels 
which retain more moisture. 

There was a pronounced ac-’ 
cumulation of dead vegetation at 
the end of the second growing 
season following burning, with 
three times more litter accumu- 
lated after two seasons (1958 and 
1959) than after one growing 
season (1959). The build-up of 
litter in the burns in 1959 was 
due pr,imarily to the increase in 
green herbage in the 1958 grow- 
ing season which had died but 
not decomposed. 

During the second growing 
season (1959)) the burned stands 

had almost twice as much dead 
standing vegetation as the con- 
trols. Ordinarily, most of this 
standing material would have 
been knocked down and added 
to the litter by snow cover, but 
the 1958-59 winter lacked heavy 
snow. 

In the controls or stands un- 
burned for 25 years, the dead 
herbage comprised about 90% of 
the total yield. This indicated 
that in unburned brush prairie 
savanna most of the nutrients 
were held in the dead herbage 
and were only released gradu- 
ally as the litter decomposed and 
was incorporated into the light 
sandy soils. 

The mantle of dead and de- 
caying vegetation not only cap- 
tured most of the nutrients, but 
also tended to stifle and physic- 
ally impair vigorous growth 
(Dyksterhuis and Schmutz, 1947; 
Curtis and Partch, 1950). The in- 
troduction of fire released 
growth with the removal of this 
choking cover of litter. When 
fire consumed the dead herbage, 
there was an accelerated release 
of nutrients and in this sense, 
fire was a form of rapid decom- 
position which quickly converted 
the slowly decaying plant ma- 
terial into readily available nu- 
trients 

The dead herbage was con- 
verted to ash by the spring burn- 
ing and was immediately used to 
produce healthy, abundant 
growth. In addition, the conver- 
sion of the litter layer to a black- 
ened surface of ash stimulated 
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earlier growth due to warmer 
surface temperatures in spring . 
(Ehrenreich and Aikman, 1963). 
Unburned litter, contrarily, 
served as an insulation that kept 
the ground cooler until later in 
the growing season (Weaver and 
Rowland, 1952). Thus, burning 
rapidly released the nutrients 
trapped in the litter layer, trans- 
ferring them to the standing crop 
of green plants where they were 
more readily available to brows- 
ing and grazing animals. 

Water Content .-The average 
water content expressed as a 
percent of the total plant weight 
in the controls was 28.3% for 
grasses, 11.6% for forbs, and 
20.2% for shrubs; in the burns, 
40.8% for grasses, 23.9% for 
forbs, and 25.2% for shrubs. 
Thus, burning increased the 
plant water content. Forbs dou- 
bled in water content and 
grasses increased by almost one- 
half with burning. Woody shrubs 
had the smallest response with a 
25% rise. 

Many plant species become 
more desirable and palatable to 
herbivores with an increase in 
percent water content. The 
greater succulence of grasses, 
forbs, and shrubs produced by 
burning often increases utiliza- 
tion. The succulent resprouts of 
woody perennials, for example, 
are preferred to older unburned 
growth by browsers such as deer. 

Burned prairie savanna forage 
was more productive because of 
increased water content, larger 
plant size, and greater nutrition- 
al value. The removal of litter by 
spring burning also produced 
earlier and more readily avail- 
able herbage for grazing animals. 

Repeated Burning.-Annual 
yields of the four burns and two 
controls are shown in Figure 1. 
The average pounds per acre are 
expressed as percentages of the 
highest value. Each stand is di- 
vided into relative percentages 
of forbs, shrubs, and grasses. 

Figure 1 graphically illustrates 
the increase in annual produc- 
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Dead Herbage 1959 

Green Hsrbago 1959 

Unburned 
Stands 

Stands Burned in 
1959 1959 

1958 1958 
1957 1957 1957 

1956 I956 
1954 
1952 

FIGC-RE 1. Annual yields of dead and green 
herbage for the two controls and four 
burns. Dry weights are expressed as per- 
centages of the highest value. Spring 
burnings occurred in the years listed. 

tivity produced by burning, par- 
ticularly the increase in grass 
yield. Although more species of 
forbs were present than of grass- 
es, the latter account for the 
higher yield because of their 
larger size and the greater num- 
bers per species. 

The percentages of dead herb- 
age (standing and litter), show- 
ing the reduction in plant accu- 
mulations after burning, are also 
included in Figure 1. Three of 
the burned stands had a history 
of repeated fires. One stand had 
a total of five spring burns at 
two year intervals or less. Burn- 
ing every other year did not ap- 
pear to have harmful effects on 
the standing crop. In fact, a sus- 
tained high yield of grasses oc- 
curred. However, the reduction 
in shrubs indicated that biennial 
burning reduced woody plant 
yields and was harmful despite 
the fact that some woody peren- 
nials were fire adapted by their 
ability to resprout. This repeated 
burning also kept the accumu- 
lated litter at low levels (Figure 
1). The results indicated that 
burning biennally was not detri- 
mental to the standing crop of 
prairie plants in this prairie-for- 
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est border region. In fact, when 
the quantity of litter exceeded 
the annual yield, burning was 
beneficial as it stimulated in- 
creased seedstalk production of 
native grasses (Curtis and 
Partch, 1950; Ehrenreich and 
Aikman, 1963). This study indi- 
cated that burning can be bene- 
ficial and important in the main- 
tenance of tall grass, brush prai- 
rie savanna. Fire is effective in 
keeping the grassland from be- 
coming decadent, in keeping 
trees suppressed as brush, and in 
retarding the encroachment of 
woody plants that might other- 
wise cause the savanna to suc- 
ceed to forest. 

Spring burning of prairie does 
not always produce increased 
yields or have beneficial effects. 
Reactions to fire vary with the 
type of prairie, fuel amounts, 
soils, and m o is t u r e conditions. 
Hop k in s et al. (1948) and 
Launchbaugh (1964)) for exam- 
ple, found that short grass prai- 
rie yields were reduced by burn- 
ing. Fire was considered detri- 
mental because it reduced soil 
moisture and heavy litter accu- 
mulations produced hot fires 
which killed some plants. 

Recovery Time.-Estimations 
of time required for brush prai- 
rie savanna to revert to a condi- 
tion similar to that in unburned 
stands can be made by compar- 
ing the rates of decrease in an- 
nual productivity and the rates 
of accumulation of litter follow- 
ing burning. At the end of the 
second growing season, the an- 
nual productivity decreased to 
one-fourth of the previous year’s 
growth, and the litter accumu- 
lated to one-third of the amounts 
found in the unburned controls. 
Based on these rates, the ground 
layer vegetation would probably 
return to a preburn condition 
within four years, assuming that 
the rates continued at the same 
magnitude. However, rates 
would presumably decline in 
succeeding years, and it might 
take up to six years to revert to 

preburn conditions. On Minne- 
sota prairie savanna, an accumu- 
lation of litter of preburn depths 
resulted two to three years after 
burning (Tester and Marshall, 
1961). In Illinois, the restoration 
of litter levels to those of un- 
burned controls required at least 
two to three years of non-burn- 
ing (Hadley and Kieckhefer, 
1963). The burned prairie mulch 
structure in North Dakota com- 
pletely recovered by the end of 
the fourth growing season (Dix, 
1960). Ehrenreich and Aikman 
(1963) found that a rapid build- 

up of tall grass prairie litter oc- 
curred for three years with a 
leveling off by the eighth year 
after burning. 

Certain management sugges- 
tions can be made from the pre- 
ceding results. Burning once 
every four to six years will help 
maintain maximum productiv- 
ity. Fires occurring at less fre- 
quent intervals, perhaps once 
every ten years, are effective in 
maintaining brush prairie savan- 
na. Generally, there should be 
enough fuel to carry a fire as 
hot and as consuming as the ini- 
tial fire on an area unburned for 
25 years after six non-burn 
years. 

Summary 

Spring burning of brush prai- 
rie savanna in northwestern Wis- 
consin produced more than 1,000 
lb. per acre increase in the 
above-ground portions of green 
herbage, with a three-fold in- 
crease in grass and forb yield. 
High annual productivity was 
maintained for grasses and forbs 
the second season after burning, 
but shrubs returned to preburn 
levels. Green herbage was more 
productive, palatable, and desir- 
able to herbivores when burning 
increased the water content. 

Dead herbage comprised about 
9O:i of the total yield of stands 
unburned for 25 years and was 
reduced to 191;: by burning. The 
removal of dead herbage stimu- 
lated earlier and more vigorous 



growth and made forage more 
accessible to herbivores. 

Repeated burning, up to once 
every other year, kept litter at 
low levels, resulted in high an- 
nual yields, and produced a rapid 
cycling of nutrients. 

The ground layer vegetation 
appears to revert to a preburn 
condition between four to six 
years. 

mum productivitv. and is im- 

Periodic burning prevents 
prairie savanna from becoming 
decadent, helps maintain maxi- 
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Adaptation of Distance Measurements 
For Range Sampling 
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Highlight 
Modification of a distance mea- 

surement technique (the angle-order 
method) for estimating density, herb- 
age production, and ground cover 
was fesfed in 1960 and 1961 af the 
U. S. Sheep Experiment Station in 
Idaho. Estimates of plani density and 
herbage production obtained by the 
angle-order method were compared 
with esiimates on 9.6- and 96-square- 
foot plots, and estimates of cover 
were compared with estimates from 
line intercepts on IO-meter lines, 
Several limitations inherent in use 
of the angle-order method render if 
unsuitable for sampling complete 
plant communities of sagebrush- 
grass rangeland, but if may be used 
efficiently for estimating density, 
production, and ground cover for one 
or fwo key species. 

___--_ ---- -- 
lln this paper, the term “density” 

denotes number of plants per unit 
area. 

The author acknowledges in- 
debtedness to Selar S. Hutchings, 
who assisted in the interpretation of 
the angle-order data, and to Charles 
M. Cain and Douglas R. Calvert, who 
collected field data in 1961. 

A distance measurement 
method for estimating density,] 
herbage production, and ground 
cover, was tested in 1960 and 
1961 at the U.S. Sheep Experi- 
ment Station, Dubois, Idaho. In 
most grazing studies at the Sheep 
Station in the past, the sage- 
brush-grass range has been sam- 
pled by the weight estimate 
method (Pechanec and Pickford, 
1937) on plots either 96 or 100 
square feet in area. Reliable esti- 
mates of production can be ob- 
tained by this method if reason- 
ably accurate estimates of herb- 
age weight are made on all plots. 
However, this accuracy is not 
always attained because: (1) 
weights are difficult to estimate 
accurately on such large plots, 
especially in thick vegetation in 
swales and similar areas, and 
(2) temporary field assistants 
often lack the training and ex- 
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Adaptation of Distance Measurements 
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Highlight 
Modification of a distance mea- 

surement technique (the angle-order 
method) for estimating density, herb- 
age production, and ground cover 
was fesfed in 1960 and 1961 af the 
U. S. Sheep Experiment Station in 
Idaho. Estimates of plani density and 
herbage production obtained by the 
angle-order method were compared 
with esiimates on 9.6- and 96-square- 
foot plots, and estimates of cover 
were compared with estimates from 
line intercepts on IO-meter lines, 
Several limitations inherent in use 
of the angle-order method render if 
unsuitable for sampling complete 
plant communities of sagebrush- 
grass rangeland, but if may be used 
efficiently for estimating density, 
production, and ground cover for one 
or fwo key species. 

___--_ ---- -- 
lln this paper, the term “density” 

denotes number of plants per unit 
area. 

The author acknowledges in- 
debtedness to Selar S. Hutchings, 
who assisted in the interpretation of 
the angle-order data, and to Charles 
M. Cain and Douglas R. Calvert, who 
collected field data in 1961. 

A distance measurement 
method for estimating density,] 
herbage production, and ground 
cover, was tested in 1960 and 
1961 at the U.S. Sheep Experi- 
ment Station, Dubois, Idaho. In 
most grazing studies at the Sheep 
Station in the past, the sage- 
brush-grass range has been sam- 
pled by the weight estimate 
method (Pechanec and Pickford, 
1937) on plots either 96 or 100 
square feet in area. Reliable esti- 
mates of production can be ob- 
tained by this method if reason- 
ably accurate estimates of herb- 
age weight are made on all plots. 
However, this accuracy is not 
always attained because: (1) 
weights are difficult to estimate 
accurately on such large plots, 
especially in thick vegetation in 
swales and similar areas, and 
(2) temporary field assistants 
often lack the training and ex- 
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rather large fluctuations in pro- 
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nounced for two of the highest 
producing species in the area, 
threetip sagebrush (Artemisia 
tripartita Rydb.) and arrowleaf 
balsamroot (Ba2santorhiza sagit- 
tata (Pursh) Nutt.) . In addition 
to estimates of production, esti- 
mates of density and ground 
cover of these and other species 
would be helpful for evaluating 
ecological change. Information 
on amount of ground covered by 
plants and litter is also quite ‘im- 
portant from a soil protection 
and watershed standpoint. 

Numerous techniques have 
been devised in recent years for 
estimating plant density by mea- 
suring distance from a point to 
a plant or from one plant to an- 
other. These methods have been 
summarized by Cottam and 
Curtis (1956)) Pielou (1959)) Dix 
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(1961)) and Strickler and Stearns 
(1963). The distance measure- 

ment technique used in the pres- 
ent study is essentially the same 
as the angle-order method de- 
scribed by Morisita (1957) and 
will be referred to by that name. 
This method is unique among 
distance measurement tech- 
niques because it gives unbiased 
estimates of density for all pop- 
ulations. With the exception of 
the wandering quarter method 
(Catana, 1963)) all other distance 
measurement methods give ac- 
curate estimates for randomly 
distr,ibuted populations only. 

The angle-order method, with 
supplementary measurements of 
individual plant weights and 
areas, was compared with weight 
estimate plots and line intercept 
sampling at the Sheep Station in 
1960. A modification of the 
method was tested in 1961. The 
purpose of the study was: (1) 
to compare the angle-order 
method with other sampling 
methods to determine if it is a 
practical method for estimating 
plant density, herbage produc- 
tion, and ground cover, and (2) 
to compare estimates of herbage 
production from 9.6-square-foot 
plots with those from 96-square- 
foot plots to determine if the 
smaller plot is practical to use 
in the vegetation found at the 
Sheep Station. Plots 9.6 square 
feet in area have been success- 
fully used in other areas on veg- 
etation similar to that at the 
Sheep Station (Frischknecht and 
Plummer, 1949; Goebel, 1955) . . 

Methods 
Sampling methods compared in 

1960 were: (1) distance measure- 
ments plus individual plant weight 
and area measurements in four 
quadrants a r o u n d saniple points 
(angle-order method), (2) weight 
estimates and plant counts on 96- 
square-foot plots, (3) weight esti- 
mates and plant counts on 9.6- 
square-foot plots, and (4) line in- 
tercepts on lo-meter lines. Two 
4-acre areas were sampled by each 
of the four methods. The two areas 
represented different sites and con- 
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ditions within an 80-acre range pas- 
ture; area 1, on a flat hilltop area, 
contained more sagebrush and much 
less arrowleaf balsamroot than area 
2, which was in a broad swale. 

The number of sampling units for 
each method is shown below: 

Angle- 96- 9.6- Inter- 
order sq. ft. sq. ft. cept 

Area points plots plots lines 
1 30 10 20 10 
2 30 10 30 20 
All points, plots, and lines were 

located at random. Training for the 
different methods was conducted in 
conjunction with sampling area 1. 
For area 2, approximately 1 man- 
day of field time was required for 
each of the four methods at the 
above intensity of sampling. In ad- 
dition to these two areas, a 4-acre 
area in each of three adjoining pas- 
tures was sampled by 25 angle- 
order points, but no comparison with 
other methods was made. Using a 
modification of the angle-order 
method to be described later, range 
researchers resampled all five of 

* these areas in 1961. 
Weight Estimate Plots.-On the 

9.6- and 96-square-foot plots, green 
herbage weight of each species was 
estimated in grams and later con- 
verted to air-dry pounds of herbage 
per acre. On these plots, counts were 
also made of individual plants of the 
three major species: bluebunch 
wheatgrass (Agropyron spicatum 
(Pursh) Scribn. and Smith), arrow- 
leaf balsamroot, and threetip sage- 
brush. These counts were converted 
to number of plants per acre. 

Line Intercept.-The line intercept 
method used was similar to the one 
described by Parker and Savage 
(1944). A lo-meter line was 
stretched above the shrub canopy, 
and the intercept of the canopy of 
each shrub was measured to the 
nearest centimeter. Shrub canopies 
having spaces no greater than 10 cm 
between the branches were con- 
sidered to represent solid foliage 
cover. When spaces between 
branches were greater than 10 cm, 
shrub canopy size was determined 
by adding the measurement for the 
individual branches. Because the 
shrubs in the study area were only 
12 to 18 inches tall, stretching the 
line above the canopy was relatively 
simple. 

After the shrub intercept was re- 
corded, the line was lowered as close 

to the ground as possible and inter- 
cepts of the basal portions of grasses 
and forbs were measured. Portions 
of plants 1 cm or less in width were 
measured to the nearest millimeter; 
larger intercepts were measured to 
the nearest centimeter. Often the 
presence of shrubs made it impos- 
sible to lower the line to ground 
level. When this occurred, a plumb 
bob was used to facilitate the read- 
ing of the basal intercepts. Inter- 
cepts were expressed as a percent- 
age of the total length of the inter- 
cept lines. 

Angle-Order.-In the angle-order 
method, a wire frame divided into 
four quadrants was centered at each 
sample point and used as a guide for 
sampling (Figure 1). In each quad- 
rant, distances were measured from 
the sample point to the third nearest 
plant of each species or group of 
species as follows: ( 1) bluebunch 
wheatgrass, (2) other grasses, (3) 
arrowleaf balsamroot, (4) other 
forbs, (5) threetip sagebrush, and 
(6) other shrubs. Measurements 
were made to the center of indi- 
vidual grass and forb plants at 
ground level. For shrubs, measure- 
ments were made to the point where 
the main stem emerged from the 
ground, regardless of the position of 
the canopy. Distances 10 feet or less 
were measured to the nearest one- 
tenth foot and those greater than 10 
feet were measured to the nearest 
foot. If the third nearest plant of 
any species was not found within 100 
feet of the point, the distance was 
arbitrarily recorded as 100 feet. This 

FIGURE 1. Diagram of wire frame used in 
the angle-order method, showing the 
distance measurements to the third near- 
est plant of one species in each quadrant. 
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procedure introduces a bias that will 
be discussed later. 

The distance measurements were 
converted to plant density in each 
category using formulas given by 
Morisita (1957) : 

N k 
n-l z: Z 1 

ml=-- 
N i=l j=l r-‘ij 

N 
k(nk-1) z: 1 

my =- ~-- 
N i=l k 

2 r:! ij 

j=l 
ml -1 mz 

m. = -~- when ml <rn:! 
2 

m0 = n-ii when ml >rn:! 
where: 

n = order of plant measured 
k = number of equiangular 

sectors at each point 
N = number of sample points 
r = individual distance mea- 

surements in each quad- 
rant 

k 
V - rzJ = sum of squared measure- 

j=l ments at each point 
rno = estimate of the number of 

plants per area 
(3.1416 sq. ft.) 

In the present study, n = 3 (third 
nearest plant) and k = 4 (four quad- 
rants at each point). These formulas 
give unbiased estimates of density 
for random, aggregated, or uniform 
populations if n 2 3 and k k 4 
(Morisita, 1957). 

In the first quadrant sampled at 
each point (Figure 1) , the following 
data were recorded for each plant 
to which distance measurements 
were made: green weight of herb- 
age in grams (later converted to air- 
dry weight), average basal diameter 
of grasses and forbs, and average 
crown diameter of shrubs. Average 
dry weight per plant multiplied by 
number of plants per acre gave an 
estimate of production per acre for 
each species or group. Average 
crown or basal area times number of 
plants per acre gave an estimate of 
total plant area per acre, which was 
converted to percentage of ground 
covered. These procedures for ob- 
taining production and ground cover 
are a modification of Morisita’s 
angle-order method for estimating 
density. 

Determination of Individual 
Plants.-Consistent recognition of 
individual plants is essential for ac- 
curate measurements in the angle- 
order method and accurate plant 
counts in the plots. In these tests, 
recognition of individual shrubs, 
single-stemmed grasses and forbs, 
and distinct bunch grasses was found 
to be easy, but individual plants of 
matforming forbs and loose or in- 
distinct bunch grasses sometimes 
were difficult to distinguish. The 
general criterion used to distinguish 
individuals was separation between 
live plants at ground level. Records 
of charted quadrats at the Sheep 
Station have shown that bunch 
grasses- in this vegetation type de- 
teriorate and break into numerous 
smaller individual segments. Even- 
tually these segments are replaced 
by other plants of the same or dif- 
ferent species (Blaisdell, 1958). 
Bunches of grass in the process of 
subdividing were very difficult to 
count accurately. One such disinte- 
grating bunch might be recorded as 
one or as many as 10 individual 
plants-depending to some extent 
on how much probing was done to 
determine separations. 

Resulfs 

Plant Density.-Estimates of 
number of plants per acre by the 
three methods indicate that area 
1 had fewer grass, forb, and 

Table 1. Number of plants per acre 
measurement in fhe angle-order 
96-square-foot plots. 

“other shrub” plants, and more 
sagebrush plants than area 2 
(Table 1). Densities from counts 
on the 9.6- and 96-square-foot 
plots and from the angle-order 
measurements were similar for 
sagebrush in both areas and bal- 
samroot in area 2. The number 
of balsamroot plants in area 1 
as determined by the angle-order 
method may be too high because 
plants were so widely dispersed 
that the third plant was beyond 
100 feet in 28 quadrants at 19 
of the 30 points. When this oc- 
curred, distance was arbitrarily 
recorded as 100 feet because 
analysis of the angle-order data 
cannot be made unless there is 
a measurement in every quad- 
rant at every point. Thus, re- 
cording 100 feet may have led to 
overestimation of population 
density. However, a quadrant 
with a radius of 100 feet contains 
over 7,800 square feet; it is 
highly probable that some small 
plants may have been overlooked 
in this relatively large area. 

Density est’imates for blue- 
bunch wheatgrass from counts 
on the 96-square-foot plots were 
considerably lower than those 
from the other methods in both 
areas. Because of the relatively 

in areas 1 and 2 as determined by 
method and by count in 9.6- and 

Area 1 Area 2 

Species 

Angle- 9.6- 96- Angle- 9.6- 96- 
order sq. -ft. sq. -ft. order sq. -ft. sq. -ft. 

method plots plots method plots plots 
Bluebunch 

wheatgrass 

Arrowleaf 
balsamroot 

Threetip 
sagebrush 

Other grasses 

Other forbs 

Other shrubs 

20,610 28,590 16,790 38,390 32,520 17,740 

‘480 230 320 7,540 7,410 6,080 

9,400 10,660 9,120 8,020 7,410 5,720 

35,590 2_ - 41,600 - - 

46,320 - - 54,470 - - 

19,220 - - 20,230 - - 
1 Figure probably too high because distances were restricted to 100 feet 
from the sampling point. 

“Estimates of density not available for other grasses, forbs, and shrubs in 
the 9.6- and 96-square-foot plots. 
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large plot area to be covered, in- 
vestigators may not have probed 
thoroughly enough to determine 
whether there were separations 
between individual wheatgrass 
plants on the 96-square-foot 
plots, and consequently recorded 
lower densities than those ob- 
tained by the other methods. Be- 
cause the three methods were 
used on different days, compari- 
son of counts in the 96- and 9.6- 
square-foot plots was not made 
in the field. The apparent bias 
on the large plots was not dis- 
covered until the data were sum- 
marized. 

Herbage Production.-Herb- 
age production estimates from 
the modified angle-order method 
generally were higher than those 
from the weight estimate plots 
(Table 2). The angle-order esti- 
mates for bluebunch wheatgrass, 
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“other grasses,” and “other 
forbs” were two to five times 
higher than the estimates from 
the plots. The angle-order den- 
sity estimates for these plants 
may be inaccurate because dis- 
tinguishing individual plants 
was difficult. However, many 
plants in this category were 
quite small and their weights 
could have been overestimated. 
For example, a lower density es- 
timate for bluebunch wheatgrass 
was obtained by the angle-order 
method than by the 9.6-square- 
foot plots in area 1. However, 
production from the modified 
angle-order method was almost 
twice as high as that from the 
9.6-square-foot plots. This indi- 
cates that: (1) the weight esti- 
mates for this species were faulty 
in one of the methods, either too 
low on the 9.6-square-foot plots 

Area 1 

Bluebunch 
wheatgrass 

Other grasses 
Arrowleaf 

balsamroot 
Other forbs 
Threetip 

285 
267 

7 
321 

145 108 3.5 2.8 
71 73 2.2 2.9 

2 4 P> (‘1 
65 56 2.4 2.0 

sagebrush 170 130 105 15.0 11.9 

Other shrubs 171 126 a4 5.4 8.6 

Total 1,221 539 430 28.5 28.2 

Area 2 
Bluebunch 

wheatgrass 380 163 122 3.6 2.2 

Other grasses 232 92 50 1.7 1.9 

Arrowleaf 
balsamroot 147 132 106 1.1 0.5 

Other forbs 201 71 59 2.1 2.5 

Threetip 
sagebrush 149 120 110 12.2 9.7 

Other shrubs 188 225 140 11.5 6.6 

Total 1,297 803 587 32.2 23.4 

1 Less than 0.05 percent. 

Table 2. Comparison of herbage produciion and ground cover estimates 
obtained from the angle-order method, 9.6- and 96-square-foot plots, 
and the line intercept method, areas 1 and 2. 

Pounds per acre Percentage 
(dry weight) ground cover 

Angle 9.6- 96- Angle- 
order sq. -ft. sq. -ft. order Line 

Species method plots plots method intercept 

or too high for the individual 
plants in the modified angle- 
order method; or (2) the num- 
ber of individual plant weights 
obtained in the modified angle- 
order method was too small to 
accurately determine mean plant 
weight. It is believed that most 
of the errors were in the applica- 
tion of the modified angle-order 
method. 

Ground Cover. -The estimates 
of total ground cover from the 
two methods were similar in 
area 1 (Table 2). In area 2, the 
modified angle-order method in- 
dicated considerably higher 
ground cover than the line inter- 
cept method. The percentage of 
ground cover of the different 
classes of plants generally was 
similar for the two methods. The 
greatest discrepancy was for 
“other shrubs” in area 2 where 
the estimate from the modified 
angle-order method was almost 
double that from the intercept 
method. 

Sampling Efficiency 

Density.-To compute coeffi- 
cients of variation, each point, 
plot, or line was considered a 
sampling unit. The coefficients 
of variation for density from the 
96-square-foot plots were lower 
than those from the 9.6-square- 
foot plots for all species and 
lower than those from the angle- 
order method for wheatgrass and 
sagebrush in both areas (Table 
3). The coefficients of var,iation 
from the angle-order method 
were equal to or less than those 
from the 9.6-square-foot plots ex- 
cept for bluebunch wheatgrass 
in area 1. 

The columns showing “number 
of plants sampled” indicate the 
actual number counted in plots 
and the number considered in 
the angle-order measurements. 
In the angle-order method, dis- 
tance measurements were made 
to the third nearest plant of each 
species in each quadrant. There- 
fore, three plants of each species 
were sampled in each quadrant 
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Table 3. Comparison of sampling precision of density estimates for the angle-order method and for 9.6- and 96- 
square-foot plots, areas 1 and 2. 

Plants sampled’ Coefficient of variation Points or plots needed2 

Angle- 9.6-sq.- 96-sq.- Angle- 9.6-sq.- 96-sq.- Angle- 9.6-sq.- 96-sq.- 
Species order ft. plots ft. plots order ft. plots ft. plots order ft. plots ft. plots 

._................ (Number) ______________. ._ __..__.._..__ (Percent) ______________ __._ _._.._.._.. (Number) _....._..._.._ 
Area 1 

Bluebunch wheatgrass 360 126 370 103 63 30 106 40 9 
Arrowleaf balsamroot 360 1 7 145 440 179 210 1,936 320 
Threetip sagebrush 360 47 201 71 72 18 50 52 3 

Points or plots sampled 

Area 2 
Bluebunch wheatgrass 
Arrowleaf balsamroot 
Threetip sagebrush 

Points or plots sampled - - - - - - 30 30 10 

1 Number of plants included in the angle-order distance measurements and counted in the 9.6- and 96-square-foot 
plots. 

“Number of points or plots needed to sample within 2 0 percent of the population mean at the 95 percent level 
of confidence: 

tx.v.2 t = 2.000 
n=- where C.V. = the coefficient of variation 

P2 p = 20 (desired accuracy in percent) 
When these values are substituted, n = C.V.2 

and 12 plants were sampled at 
each point. 

The number of balsamroot 
plants sampled by the angle- 
order method in area 1 may be 
somewhat misleading. Theoreti- 
cally, 360 plants were sampled, 
but the exact number cannot 
actually be determined because 
the third plant was beyond 100 
feet in almost one-fourth of the 
quadrants. Thus the density esti- 
mate and the coefficient of vari- 
ation from the angle-order 
method may be incorrect. How- 
ever, because balsamroot was so 
widely dispersed, the density es- 
timates from the other methods 
may not be very accurate either. 
Only one balsamroot plant oc- 
curred on the twenty 9.6-square- 
foot plots, and a total of seven 
plants occurred in the ten 96- 
square-foot plots in area 1. The 
coefficients of variation for 
these methods were higher than 
for the angle-order method 
(Table 3). 

The number of plants sampled 
has considerable influence on 
statistical variation. Note that 
the method which recorded the 
fewest plants has the highest 
coefficient of variation for all 
species except wheatgrass in 
area 1 (Table 3). 

Weight and Ground Cover.- 
In the angle-order method, the 
density of each species at each 
point was multiplied by weight 
or area of the appropriate plant 
to obtain herbage production or 
ground cover per unit area at 
that point. The area totals ob- 
tained in this manner differ 
slightly from those presented in 
Table 2. The point totals were 
used to compute coefficients of 
variation for each area. The 
number of points required to 
sample weight and cover within 
20 percent of the population 
mean at the 95 percent confi- 
dence level was computed using 
the formula given in Table 3. 

The modified angle-order 

method required more samples 
(points) to obtain this precision 

than did the 9.6- or 96-square- 
foot plots for all plants and 
groups except balsamroot and 
“other shrubs” in both areas 
and sagebrush in area 2 (Table 
4). The modified angle-order 
method also required more sam- 
ples than the line intercept 
method for all species except 
balsamroot. 

Resampling in 1961 

Areas 1 and 2 and the three 
adjoining pastures were re- 
sampled in June 1961, using a 
combination of methods based 
on the results of the 1960 sam- 
pling. Density of balsamroot, 
sagebrush, “other large shrubs,” 
and “other small shrubs” was 
measured by 10 angle-order 
points in each area. To reduce 
the variance, “other shrubs” 
were split into two groups. Di- 
ameter and weight were re- 
corded for every plant to which 
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Table 4. Number of points, plots, or lines needed fo sample weight and ground cover within 20 percent of the 
population mean at the 95 percent confidence level, areas 1 and 2. 

Weight Ground cover 

Area 1 Area 2 Area 1 Area 2 

Species 
Angle- 9.6~sq.- 96-sq.- Angle- 9.6~sq.- 96-sq.- Angle- Line Angle- Line 
order ft. plots ft. plots order ft. plots ft. plots order inter. order inter. 

Bluebunch wheatgrass 67 50 16 161 38 26 272 49 292 37 
Other grasses 104 74 26 72 66 38 177 44 174 34 
Arrowleaf balsamroot 292 949 324 35 172 81 357 497 102 182 
Other forbs 992 15 123 88 50 40 324 125 686 96 
Threetip sagebrush 77 55 40 48 117 49 119 56 83 61 
Other shrubs 154 159 26 292 645 81 159 27 408 27 
All vegetation - 16 10 - 49 5 - 7 - 14 
-_------------------------.... 
Actual samples taken 30 20 10 30 30 10 30 10 30 20 

distance measurements were 
made. Weight of each plant sam- 
ple was estimated. Many plants 
were clipped and weighed to 
check the estimates. Production 
and percentage of ground cover 
were computed as described 
previously. Estimates of produc- 
tion of grasses and forbs other 
than balsamroot were obtained 
by clipping ten 9.6-square-foot 
plots in each area. Since climatic 
conditions and herbage produc- 
tion were quite different in the 
2 years, only density figures will 
be compared. 

The density estimates obtained 
in 1961 generally were similar 
to those obtained in 1960 for 
both balsamroot and sagebrush 
in all areas (Table 5). However, 
the data for “other shrubs” gen- 
erally were more variable and 
will not be presented here. Sam- 
pling groups of species with the 
angle-order method does not ap- 
pear to give satisfactory results, 
even if similar species are 
grouped together. 

Discussion 

Weight Estimates. - Weight 
estimates on 9.6-square-foot plots 
were considerably easier to make 
than those on the 96-square-foot 
plots. Moreover, estimates on the 
smaller plots were considered to 
be more accurate than those on 
the large plots because all of the 

Table 5. Comparison of number of 
plants per acre as measured by the 
angle-order method in 1960 and 
1961, areas 1 and 2, plus three 
adjoining pastures. 

Arrowleaf Threetip 
balsamroot sagebrush 

Area 1960 1961 1960 1961 

Area 1’ 480 610 9,400 10,770 
Area 21 7,540 8,910 8,020 8,160 
Past. 11 0 0 5,250 5,360 
Past. 12 3,120 3,910 9,620 12,760 
Past. 14 6,320 5,500 11,750 13,460 

1 Areas 1 and 2 were in different lo- 
cations within the same pasture. 

foliage on a small plot can be 
seen at one time and esti- 
mated weights can be confirmed 
readily by clipping and weigh- 
ing (Frischknecht and Plummer, 
1949). However, more 9.6-square- 
foot plots are required to sample 
the vegetation at a given preci- 
sion. 

Line Intercept.-In the line in- 
tercept method, intercept read- 
ings of the shrub canopy were 
easy to make and had a relatively 
low coefficient of variation, This 
would be a quick and easy 
method for estimating shrub 
cover in sagebrush-grass or any 
vegetation type containing rela- 
tively small shrubs. However, 
measuring intercept of the her- 
baceous vegetation was rather 
tedious and time consuming be- 
cause the line could not always 

be lowered close enough to the 
ground to permit accurate obser- 
vations. 

Angle-Order Method-From 
the results of the present study 
it appears that the angle-order 
method may permit accurate es- 
timation of density, production, 
and ground cover if the condi- 
tions and procedures listed below 
are met: 

1. Individual plants of the spe- 
cies sampled must be consist- 
ently distinguished by all ob- 
servers. 

2. Areas and particularly 
weights of individual plants must 
be measured or estimated very 
precisely. Clipping and weighing 
individual plants or composite 
samples from an area would re- 
duce weight errors. 

3. Weight and area of more 
than one plant of each species 
or group should be estimated or 
measured at each point if pos- 
sible. Enough plants must be 
sampled to give reasonable pre- 
cision in estimating plant weight. 

4. Where possible, individual 
species should be sampled separ- 
ately. Researchers studying 
cheatgrass range in Idaho have 
also encountered difficulties ,in 
interpreting angle-order data 
where several perennial grasses 
were grouped together.’ 

ZJames 0. K Zemmedson, personal 
communication. 
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Because of these limitations, 
the angle-order method is not a 
suitable method for sampling 
plant communities in toto. The 
angle-order method is t e d i o u s 
and slow if each species is to be 
sampled separately. Such an un- 
dertaking is not practical unless 
the community contains only a 
very few species. 

In a study in Arizona (U.S. 
Forest Service, 1963) the angle- 
order method gave accurate den- 
sity estimates of desert shrubs, 
but was found to be too time con- 
suming to be practical. However, 
the angle-order method may be 
efficient for sampling density, 
production, and ground cover of 
one or two key species in an 
area. For example, at the Sheep 
Station, measures of threetip 
sagebrush and arrowleaf balsam- 
root taken periodically would 
provide valuable data for deter- 
mining ecological trend. Other 
species probably can be best 
measured by other methods. 

Summary 

Weight estimates on lOO- 
square-foot plots have been used 
to s a m p 1 e the sagebrush-grass 
range at the U.S. Sheep Experi- 
ment Station in most grazing 
studies in the past. However, be- 
cause production fluctuates from 
year to year, evaluation of 
changes in vegetation is often 
difficult when herbage weight is 
the only data available. A dis- 
tance measurement technique 
(angle-order method) for esti- 

mating density and ground cover 
as well as production was tested 
in 1960 and 1961. Density and 
production estimates obtained by 
the angle-order method and by 
plant counts on 9.6- and 96- 
square-foot plots were compared. 
Also, cover estimated by a modi- 
fied angle-order method was 
compared with estimates from 
line intercepts on lo-meter lines. 

Estimates of density, produc- 
tion, and ground cover of the 

three major species (bluebunch 
wheatgrass, arrowleaf balsam- 
root, and threetip sagebrush) 
were similar for all methods. Es- 
timates of production from the 
angle-order method for all other 
species and groups were from 
two to five times higher than the 
estimates from the plots. Much 
of this difference probably can 
be accounted for by errors in 
recognizing individual plants, 
possible o v e r e s t i m a t i o n of 
weights of these plants, and 
grouping of species having dis- 
similar weights or areas. Esti- 
mates of ground cover generally 
were similar for the angle-order 
and the line ,intercept methods. 

Line intercept readings of the 
shrub canopy were easy to make 
and had a relatively low coeffi- 
cient of variation. Measuring in- 
tercept of the herbaceous spec’ies 
was time consuming because the 
line could not always be lowered 
close enough to the ground for 
accurate observations to be 
made. 

Weight estimates on 9.6- 
square-foot plots were easier to 
make and were considered more 
accurate than those on the 96- 
square-foot plots. 

The angle-order method may 
give accurate estimates of den- 
sity, production, and ground cov- 
er if: 

1. Sampling is confined to spe- 
cies in which individual plants 
can be consistently distinguished 
by all observers. 

2. Areas and weights of indi- 
vidual plants can be measured or 
estimated very precisely. 

3. Enough plants are measured 
to give reasonable precision. 

4. Individual species are sam- 
pled separately. It is very diffi- 
cult to obtain useful information 
if species are grouped together. 

Because of these limitations of 
the angle-order method, it is not 
suitable for sampling entire plant 
communities. However, it may 

be an efficient method for 
taining density, production, 
ground cover data on one or 
key species. 
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Highlight 
Herbage producfion and regrowth 

following grazing were greater in 
openings than under oaks. Soil mois- 
ture was greater under the oaks 
throughout fhe season. 

Gambel oak (Quercus gambelii), 
an important component of the 
mountain-brush type in Colorado, 
was estimated by Brown (1958) to 
occupy over one million acres in 
nearly pure stands. It also occurs 
on several million acres as a major 
species associated with pinyon pine, 
juniper, ponderosa pine, aspen, and 
spruce. Yet relatively few studies 
have been aimed at understanding 
the effects of Gambel oak on range 
forage production and additional in- 
formation is needed for proper man- 
agement of these ranges. 

Moinat (1956) compared herbage 
yields under oaks and in the inter- 
spersed openings in southwestern 
Colorado. He found on a grazed 
range, that the openings produced 
564 pounds more herbage (grasses 
and forbs) than the areas under 
oaks. On the other hand, Brown 
(1958) found production of grasses 
and sedges to be similar under the 
oaks and in openings in west-cen- 
tral Colorado. 

Procedure 
In 1962, a study was made of oak 

and associated vegetation on two 
locations at the San Juan Basin Ex- 
periment Station in southwestern 
Colorado. The station, located in .the 
foothills (7600 feet elevation), has 
moderately deep silt-loam soils and 
annual precipitation averaging 18.5 
inches. 

One study site was on an area with 
a history of heavy use by cattle. 

1 A contribution of the Colorado Ag- 
ricultural Experiment Station, CoZo- 
rado State University, Fort CoZZins. 
Scientific Series No. 977, Colorado 
Agricultural Experiment Station. 

Cover estimates of the understory 
vegetation were made on 9.6-square- 
foot plots using the point-observa- 
tion-plot method (Stewart and 
Hutchings, 1936). The 648 samples 
were so located that 324 were under 
the oak canopy and the remainder 
were in openings. Herbage weights 
of forbs and grasses were estimated 
separately using a double-sampling 
technique (Wilm, et al., 1944). Esti- 
mates were corrected using regres- 
sion analysis and then converted to 
oven-dry weight based on samples 
dried 24 hours at 105” C. 

A similar area which had been 
protected from grazing for 15 years, 
was sampled using similar tech- 
niques. Twenty-five samples were 
located under the oaks and 25 in the 
openings. Herbage weights were ob- 
tained by clipping and the under- 
story cover was estimated by the 
point-observation-plot method. Pro- 
duction of Gambel oak was not de- 
termined since cattle make little use 
of the oak as long as herbaceous 
vegetation is available (Forsling and 
Storm, 1929). 

Soil samples were collected peri- 
odically during the summers of 1962 
and 1963 for gravimetric determina- 
tion of soil moisture. Regrowth data 
were collected on two moderately 
grazed Gambel oak pastures in 1963 
using the caged plot method (Kling- 
man, et al., 1943). 

Results 

Herbage production was lower on 
the heavily grazed site than on the 
protected area and grasses made up 
a higher percentage of the total 
herbage production on the protected 

site (Table 1). This indicates that 
heavy grazing caused a reduction in 
the higher yielding grass species and 
that they were replaced with less 
desirable plants. Production of both 
grasses and forbs was significantly 
higher in the openings than under 
the oak, although the differences in 
pounds per acre were small. 

Effect of oak overstory on produc- 
tion of grasses.-Moinat (1956) noted 
that the shallow soil moisture (l-3 
feet) was depleted earlier in the 
openings. The 1962 and 1963 study 
also showed that soil moisture was 
initially lower in the openings and 
was depleted earlier (Figure 1). 
Competition with oak plants for 
early moisture does not appear to 
be the factor limiting herbage pro- 
duction under the oak canopy since 
most of the herbaceous understory 
is composed of cool season species 
which develop when soil moisture 
levels under the oaks are high. Pre- 
vious studies indicating that the oak 
roots in this upper soil layer are 
mostly reproductive structures with 
few feeding rootlets would support 
the concept of limited competition 
with grasses (Baker and Korstian, 
1931). 

FIGURE 1. Average soil moisture (O-24”) 
in openings and under oak. 

Table 1. Oven-dry herbage production of grasses and forbs in openings 
and under oak. 

Open Parks Under Oaks Difference 
Pounds Percent Pounds Percent Pounds 

Per Acre of Total Per Acre of Total Per Acre 
Grazed 

Grass 143.8 56.7 109.9 58.0 33.9* * 
Forbs 110.0 43.3 79.5 42.0 30.5* * 
Total 253.8 189.4 64.4” * 

Protected 
Grass 294.3 74.6 272.2 86.7 17.1 
Forbs 99.9 25.4 42.2 13.3 57.7” * 
Total 394.2 319.4 74.8” 

‘so Difference significant at .Ol level. 
* Difference significant at .05 level. 
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Shading may be the factor re- 
stricting forage production under 
the oaks, since maximum growth of 
forage plants is related to a high 
interception of light (Sprague and 
McCloud, 1962). Moinat (1956) found 
the maximum noon light readings 
under the oaks to be 40-200 foot 
candles compared to 9,000-10,000 foot 
candles in the openings. Light mea- 
surements were not made in this 
study but this factor should be in- 
vestigated further. 

Herbage regrowth or late summer 
growth of grasses under the oak 
canopy was less than that of grasses 
growing in the open (Table 2). This 
may be due to the summer dormancy 
of Kentucky bluegrass (Poa praten- 
sis), a major component of the oak 
understory. Kentucky bluegrass con- 
tributes a much larger portion of the 
cover under the oaks than in the 
opening(s (Table 3) and it makes 
much of its vegetative growth be- 
fore the oaks leaf out in the spring. 
Plants under the oaks mature more 
slowly than those in the openings 
and retain a higher moisture content 
throughout the season. 

Grazing influence on vegetation.- 
Grasses made up a greater part of 
the cover on the protected area than 
on the grazed area (Table 3). Blue 
grama (Bouteloua gracilis) was more 
abundant on the area receiving 
heavy livestock use. Needleandthread 
(Stipa comutu) was most abundant 
on the protected area since it is 
heavily selected by the grazing 
cattle. Mountain muhly (Muhlen- 
bergiu montunu) is now absent on 
these pastures, although old range 
surveys indicate that it formerly 
made up an appreciable part of the 
understory. Halfshrubs and shrubs 
such as snakeweed (Gutierreziu 
surothrue) and rabbitbrush (Chryso- 
thumnus spp.) are nearly absent on 
the protected areas, however, on the 
heavily grazed areas they make up 
an appreciable part of the cover. 

Summary 

In 1962, a study was made of the 
vegetation on a Gambel oak range 
in southwestern Colorado. Observa- 
tions of ground cover and herbage 
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Table 2. Herbage regrowth of 
grasses (in pounds, oven dry) on 
grazed pastures between mid- July 
and mid-September, 1963. 

centage of the production on the 
protected area than on the grazed 
area. 

Openings 
Oak 

Overstory 

Competition between oakbrush 
and understory grasses for early 
moisture does not appear to be the 
factor limiting herbage production 
under oak stands. Soil moisture be- 
comes limiting to plant growth in 
the openings earlier than under the 
oak canopy, however, late summer 
regrowth is less under the oaks. 
Greater forage production in open- 
ings would indicate that oakbrush 
control could be expected to increase 
carrying capacities of oak dominated 
ranges. However, further studies are 
needed to determine cost and bene- 
fit ratios and to develop an under- 
standing of the relationship between 
oak and forage production. 

Pasture A 
Pasture B 
Average 

232 118 
272 130 
252** 124 

‘$* Difference significant at the .Ol 
level. 

Table 3. Perceni cover of the under- 
story on a heavily grazed area and 
an area protected from grazing 
for 15 years. 

Grazed 
Open Oak 

Protected 
Open Oak 

Kentucky 
bluegrass 1.4 3.3 3.7 5.2 

Needleand- 
thread 1.6 .l 3.2 .6 

Western 
wheatgrass .3 .l .2 - 

Blue grama 2.5 .l 1.1 - 
Other 

grasses .8 .7 .6 - 
Total 

grasses 6.6 4.3 8.8 5.8 
Total forbs 6.0 3.1 3.3 2.0 
Low brush 

species’ 2.7 - - - 
Total 

understory 15.3 7.4 12.1 7.8 

1 Snakeweed and rabbitbrush spp. 

weight were made at two locations: 
one protected for 15 years and the 
other subjected to heavy grazing by 
cattle. Soil moisture measurements 
were taken throughout the summers 
of 1962 and 1963. 

Total herbage production in both 
the protected and the grazed areas 
was significantly greater in the 
openings than under the oak. The 
protected area produced 55.3 per- 
cent more herbage in the open parks 
and 68.6 percent more herbage under 
the oak canopy than did the grazed 
area. Grasses made up a higher per- 
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In South 
Highlight 
Africa lovegrass yields 

liveweighf cattle gains around 375 
lb./acre, and it is easily managed by 
very heavy and continuous grazing 
during fhe growing period. Fertilizer 
boosts production, buf is not essen- 
fial on grazed pasture. For reclama- 
tion of rangeland the chloromelas 
type appears more aggressive than 
the coarser curvula and robusfa 
types. Feeding value of lovegrass 
hay is af leasi equal fo fhaf of feff 
hay. 

Much of the South African 
Highveld is being or has been 
cultivated, and suitable grasses 
are needed for rotations and to 
regrass abandoned fallows. On 
the sandy soils these fallows re- 
vert in two or three years to a 
seral grassland in which Era- 
grostis curvula (lovegrass) and 
Cynodon. dactylon. (Bermuda 
grass) are dominant (Davidson, 
1962), but the woody subshrub 
Stoebe vulgaris (bankrupt bush) 
is frequently abundant (Hatt- 
ingh, 1953)) and coarse grasses 
such as Eragrostis plana, E. gum- 
miflua and Sporobolus pyrami- 
dalis may be locally abundant. 
Eventually Hyparrhenia hirta 
becomes dominant as succession 
advances, and together with 
bankrupt bush it forms waste- 
lands. 

The experimental site was one 
on which these species, including 
bankrupt bush, were abundant; 
the fertilized and unfertilized 
controls were composed of such 
range land. The reclamation of 
this land is an urgent necessity 
in South Africa. 

Some twenty years ago L.C.C. 
Liebenberg suggested that love- 
grass be sown to provide a ley 
in crop rotations. The Ermelo 
strain which he selected is now 

*Now with Division of Plant In- 
dustry, C.S.I.R.O., Armidale, N.S.W., 
Australia. 

widely used for hay production 
and to a lesser extent for graz- 
ing. Selection of strains of Era- 
grostis curvula has been in prog- 
ress at Frankenwald since 1950, 
based on small-plot trials with 
row-planting of about 100 strains 
by Poultney (1952)) and small- 
plot trials with broadcast plant- 
ing of twenty strains by Leigh 
(1960). On taxonomic grounds 

all these strains are included in 
the species E. curvula (Schrad.) 
Nees (De Winter, 1955)) but it 
is suggested that for agricultural 
purposes five types be recog- 
nized, viz. curvula, chloromelas, 
robusta blue, robusta intermedi- 
ate, and robusta green. The anat- 
omy, morphology, chemical 
composition and herbage yield 
of these types are described by 
Leigh (1960). In a small scale 
palatability trial the curvula 
type was found to be less palat- 
able than the others, and all the 
lovegrasses were markedly less 
palatable than Digitaria smutsii 
and Chloris gayana (Leigh 
1961b). 

Experimental Layout 

Between 1952 and 1954 a series 
of units forming Block G was set 
out near Johannesburg on sandy 
soil derived from pre-witwaters- 
rand old granite, situated on a 
westerly slope of 8% with season- 
ally impeded drainage in patches. 
The area had been cultivated in the 
past, and was last ploughed about 
20 years previously. The natural 
seral grassland was retained in G 5, 
6 and 7, but the sown units G 1, 
2, 3 and 8 were ploughed, planted 
to teff, reploughed and seeded to 
selected strains of lovegrass. The 
mean annual rainfall is 30 inches, 
falling mainly in summer, and the 
altitude is 4950 feet. 

For convenience all areas are 
given in acres, although measured 
in morgen (1 morgen = 2.116 
acres). Each unit (except the Con- 
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trol G 5) consisted of four acres, 
of which two acres were grazed in 
summer by four Hereford grade 
cows and the calves born during 
the season. In all the units except 
G 5 the two-acre grazing paddock 
was grazed continuously without 
rotation for seven summers from 
1955/56 onwards. In only two years 
was it necessary to mow some of 
the grazing camps to remove un- 
eaten herbage. In G 5 the same 
number of animals was carried on 
six acres of unfertilized seral grass- 
land divided into two paddocks and 
a rotation of about one month in 
each was employed. 

The strains used in the experi- 
mental units are listed below, with 
the accession numbers of the 
Frankenwald Field Research Sta- 
tion: 

G 1 Basutoland strain of weep- 
ing lovegrass, No. 91, curvula 
type. 

G 2 Witbank strain No. 7, giant 
chloromelas type, with some 
No. 88, chloromelas type. 

G 3 Grootfontein strain of ro- 
busta intermediate No. 104, 
and some robusta blue No. 4. 

G 8 Frankenwald strain No. 134, 
chloromelas type, identical 
with the common strain in 
G 5, 6 and 7, planted 1958. 

G 5, 6 and 7 natural seral grass- 
land, lovegrass (mainly chlo- 
romelas type) and Bermuda 
grass co-dominant. 

Digitaria smutsii, Chloris gayana 
(Katambora strain), Panicum col- 
oratum, Sorghum alm?lm and Euch- 
Zaena perennis were included in the 
original layout, but these species 
were discarded because of their in- 
ability to persist in the face of weed 
enroachment. 

All units except G 5 received an- 
nually 40 lb. PzOz/acre, reduced to 
20 lb. from 1960. Nitrogenous fer- 
tilizer was applied in the form of 
ammonium nitrate, two-thirds in 
spring and the remainder in sum- 
mer. The grazing paddocks of G 1 
to 3 and G 6 received 60 lb. N/acre, 
reduced to 30 lb. N from 1960 on- 
wards in G 1 to 3 to study the resid- 
ual response to fertilizer and ex- 
cretal N. The grazed paddock of G 7 
received 120 lb. N/acre in 1955/56, 
then for two seasons 20 lb. N, in- 
creased in all subsequent seasons 
to 30 lb. N/acre. The hypothesis 



here is that once a high level of cir- 
culating N has been achieved, it 
should be possible to maintain cir- 
culation near the level giving maxi- 
mum recovery of N with small an- 
nual additions of fertilizer N (Da- 
vidson, 1964). 

The hay paddocks of units G 1 
to 3, 6 and 8 received annually 40 
lb. P20~ and 60 lb. N/acre, in- 
creased from 1958 onwards to 100 
lb. N/acre. In G 7 the initial appli- 
cation of 120 N in 1955/56 was fol- 
lowed by 30 lb. N for two years, in- 
creased in 1958 to 50 lb. N/acre. Un- 
like the other units, hay was fed 
back on the hay paddock in G 7, 
using a movable hay rack, to ob- 
tain the benefit of excreta during 
the winter feeding period. 

Liveweight gains were recorded 
from triplicate weighings at the be- 
ginning and end of each season, and 
duplicate weighings at monthly in- 
tervals throughout the season. 
Bonemeal and salt were provided 
as a lick, and the animals were 
watered outside the paddocks for 
the first few years and later they 
were given free access to water in 
the grazing paddocks. During dry 
weather in summer it was occasion- 
ally necessary to remove animals 
for a few days in some seasons; on 
these occasions all animals were re- 
moved simultaneously to the re- 
spective hay camps. All animals 
were dosed for internal parasites in 
spring and autumn, and sprayed for 
ticks when necessary. 

LOVEGRASS MANAGEMENT 215 

Results of Grazing Trials 

Grazing began as early as pos- 
sible in spring, varying between the 
last week of September and the 
first week in November, except in 
the drought year 1961/62, when 
grazing began in December. The 
animals usually continued to gain 
weight until the end of March, but 
in two seasons grazing continued 
until May when some of the groups 
were still gaining weight. The sea- 
sonal liveweight gains in each group 
are given in Table 1. 

number, In the grazed units Hypar- 
rhenia did not encroach at all, al- 
though it was abundant outside 
along the fences. 

The liveweight gains on the cur- 
vula, chloromelas and robusta pas- 
tures were almost identical. All 
three types were evenly grazed, and 
these pastures had a short, dense 
sward in contrast to the tussocky 
appearance of ungrazed lovegrass 
pasture. During spells of dry weath- 
er there was a marked tendency for 
the curvula type to be pulled out 
by the roots (Figure 1). This never 
occurred in the chloromelas or ro- 
busta types. The percentage basal 
cover in all units in 1964 is shown 
in Figure 2. There was a general 
invasion of Bermuda grass into all 
the sown units. Bankrupt bush did 
not appear in any of the sown units, 
although it soon became abundant 
in the discarded units planted to 
species other than lovegrass. The 
small perennial Wnlafrida densi- 
flora invaded G 2 and in 1960 it 
was fairly common, but a year later 
the plants had decreased in size and 

The natural seral grassland in G 
5 provided a measure of the produc- 
tivity of these areas without reseed- 
ing or fertilizing. With one-third 
the stocking rate employed in the 
fertilized units, this control group 
gave a mean seasonal liveweight 
gain slightly more than one-third 
the gain in the fertilized units. 
From the lowest gain per head in 
the first two seasons, G 5 yielded 
the highest gain in four of the last 
five seasons. The response of the 
sward to dung and urine was no- 
ticeable over the years, and it is 
probable that the stocking rate 
could be increased. The botanical 

FIGURE 1. Curvula type lovegrass in G 1 
pulled out by the roots; this does not 
occur with chloromelas and robusta. 

Table 1. Seasonal liveweight gains (summer grazing only) in lb. per acre and mean gain per cow-calf unit 19% 
fo 1962. 

Treatment 1955/56 1956/57 1957/58 1958/59 1959/60 1960/611 1961/622 Mean Gain per 
cow-calf 

Gl 518 226 405 297 624 392 182 378 189 

G2 468 195 371 317 578 436 229 371 186 

G3 463 258 412 316 441 401 338 376 188 

Mean G l-3 483 226 396 309 548 410 250 375 188 

G5 145 65 145 149 158 170 123 136 204 

G6 526 165 296 239 619 448 248 363 182 

G7 671 598 276 257 533 290 145 * 396 198 

G8 - _ - - 580 448 294 - - 

IFertilizer reduced to 30 lb. N/acre on G l-3 in 1960/6 1. Animals in G 6 and 8 inadvertently grazed in hay 
paddocks during part of this season. 

230 lb. N/acre on all treatments except control in 1961/62 (driest season in 40 years). 
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FIGURE 2. Basal cover of sown lovegrass and seral grassland after eight years continuous 
summer grazing. 

composition has not swung as mar- 
kedly towards lovegrass and Ber- 
muda grass as in the fertilized units 
(Figure 2), and bankrupt bush is 
still present. 

The rapid improvement of seral 
grassland when fertilized at the 
same rate as the sown pasture is 
demonstrated in G 6. Without re- 
seeding this grassland provided 
liveweight gains equal to the sown 
pastures at the same stocking rate. 
Originally the pasture was infested 
with bankrupt bush which de- 
creased until it was virtually ab- 
sent, confirming earlier conclusions 
about the weed (Krupko and Da- 
vidson, 1961). Clearly such grass- 
land can be converted to useful 
pasture simply by an improvement 
in soil fertility. The botanical com- 
position is similar in the sown pas- 
tures and the fertilized seral grass- 
land. 

In the G 7 unit 120 lb. N/acre was 
applied in the first season, followed 
by annual dressings of 20 or 30 lb. 
N/acre. The sward was evenly 
grazed at all times, and there were 
no weeds in the pasture. Eragroslis 
plana (a tough tussock species) was 
pulled out by the roots by the graz- 
ing animals, and the percentage 
basal cover of this species decreased 
from 12% in 1956 to 7% in 1961 to 
1.5% in 1964. Other coarse species 
such as Sporobolus, Heteropogon 

and Hyparrheniu also decreased. 
The mean liveweight gain, with the 
same stocking rate as the other fer- 
tilized units, but only two-thirds 
the nitrogenous fertilizer over the 
seven years, was equal to the gains 
on the heavily fertilized units. Eco- 
nomically G 7 provided a better re- 
turn on fertilizer investment than 
the other fertilized units. The 
marked residual effect of fertilizer 
was also evident in the units G 1 to 
3 in the 1960/61 season? when only 
30 lb. N/acre were applied and the 
gains were about the same as the 
mean gain in previous seasons. 

Over the seven years the applica- 
tion of adequate fertilizer to seral 
grassland gave a 167% increase in 
productivity. Reseeding plus the 
same fertilizer gave only an addi- 
tional 3% increase. The similarity 
of the gains per animal suggests 
that stocking rates have not differ- 
entially influenced the liveweight 
gains per acre, except possibly in 
the control G 5, in which gains per 
head were higher in the later years, 
suggesting that it might be under- 
stocked. 

Winter Feeding Trials 

For the feeding trials hay was 
mown twice each season, and the 
animals used were Hereford cows 
and calves of medium grade. Other 
experiments at Frankenwald (Da- 

vidson and Purchase, 1961) have in- 
dicated that lovegrass hay supple- 
mented with silage is sufficient to 
maintain the weight of beef steers 
and dry cows, but not cows which 
are suckling calves. The addition of 
urea and molasses provides a ration 
which gives gains of up to half a 
pound per day in steers and dry 
stock. In the trials under discussion 
urea and molasses (at the rate of 
approximately 3 ounces of urea and 
1 pint molasses per animal per day) 
were sprayed on the hay daily. 

During the winter of 1955 the hay 
from G 1 to 3 was used for a feed- 
ing trial lasting 63 days to compare 
the gains of two groups of Hereford 
heifers, one of which received a 
Vitamin A-D preparation. No silage 
was fed, but the hay was sprayed 
with urea and molasses. There was 
no significant difference between 
the groups, the control animals hav- 
ing gained 0.72 lb. per day and the 
others 0.76 lb. 

The hay used in the feeding trials 
in the winter of 1956 was of poor 
quality, having been mown after 
seed was harvested in January, 
with a second cut a month later. No 
silage was fed, but urea and mo- 
lasses were sprayed on the hay. The 
liveweight gains are given in Table 
2. Half the cows were suckling 
calves, and in most cases these cows 
lost weight, while the dry cows 
gained slightly. In spite of the poor 
quality of the lovegrass hay from 
mixed stands used for seed produc- 
tion, the hay which was fortified 
only with urea and molasses pro- 
vided a maintenance ratim. 

The hay camps G 2 and 3 were 
reseeded in March 1956 to chlo- 
romelas No. 7 and robusta No. 4 
respectively. A more comprehensive 
trial was conducted in the winter 
of 1959, using hay from two seasons 
in G 1 to 3, and hay from four acres 
of newly established chloromelas (a 
fine strain which is abundant at 
Frankenwald) in G 8. Only one 
season’s hay was available in G 6 
and 7. During this winter, when a 
little silage was fed in addition to 
spraying the hay with urea and 
molasses, the cows suckling calves 
maintained their weight while dry 
cows gained. The mean gains per 
day over comparable periods indi- 
cated that on the whole, lovegrass 
hay was as good as teff hay which 
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Table 2. Mean liveweighf gains in lb. of four cows and their calves per 
group over two winters. 

Winter 1956-urea Winter 1959-silage, 
and molasses on hay urea and molasses 

Group Type of hay Duration Duration Mean 
days Gain1 days Gain1 

Gl curvula 100 0.01 + 0.04 100 0.54 + 0.14 0.28 

2 chloromelas 100 0.08 ‘- 0.07 100 0.18 + 0.09 0.13 

3 robusta 100 0.01 + 0.08 100 0.75 + 0.06 0.38 

5 teff 100 0.62 & 0.06 100 0.35 & 0.03 0.34 

6 seral grassland 100 0.05 & 0.09 59 0.85 + 0.09 - 

7 seral grassland 100 0.27 -e 0.13 31 0.69 + 0.15 - 

8 chloromelas - - 73 0.40 * 0.10 - 

1 Mean cow-calf gain per/day. 

was also fertilized with N and P, 
only the robusta type being signifi- 
cantly better. The fine strain of 
chloromelas which is dominant in 
the seral grassland in G 6 and 7, 
and which was planted in G 8, gave 
good liveweight gains over a 
shorter period. It is known to be a 
lower-yielding strain, but it is of 
importance because of its abun- 
dance on fallows in South Africa. 

Summary and Conclusions 

There appears to be no justifi- 
cation for the view held by some 
farmers that lovegrass is so un- 
palatable that it is unsatisfactory 
as a hay and pasture grass. While 
it is no doubt less palatable than 
most exotic species, the latter de- 
teriorate rapidly in this region. 
For complete utilization love- 
grass should be very heavily 
grazed. Continuous grazing dur- 
ing the growing period, with a 
stocking rate slightly in excess 
of two beef cows per acre, proved 
a workable system of manage- 
ment on fertilized sown and na- 
tural lovegrass. After seven 
years weed encroachment was 
negligible, except for Bermuda 
grass and volunteer lovegrass. 
The persistence of these two spe- 
cies is clearly dependent upon 
heavy grazing, witness the de- 
terioration of mown plots else- 
where (Leigh 1961a) and the dis- 
carded units in the experimental 
block. The gradual improvement 

of the unfertilized control con- 
forms to this ecological hypoth- 
esis. The botanical changes con- 
firm earlier conclusions that love- 
grass and Bermuda grass form 
a biotic subclimax maintained 
by heavy grazing (van Rens- 
burg, 1939)) partly through the 
mobilization of nutrients by 
rapid cycling of nitrogen and 
phosphorus (Davidson, 1964; Gil- 
lard, 1963). According to this in- 
terpretation the encroachment of 
Bermuda grass is inevitable. Its 
value as a pasture and in the 
control of erosion makes it a de- 
sirable constituent of permanent 
pastures on soils not suitable for 
cultivation. In this region, home 
of so many strains in the apomic- 
tic species E. curvula, reseeding 
is less important than fertiliza- 
tion and heavy grazing, and fer- 
tilization is more important in 

‘the early years than later. 
At the heavy stocking rates 

advocated for easy management 
of lovegrass pastures, the cur- 
vula type appears to be less 
stable than the chloromelas and 
robusta types. For reclamation 
of rangeland, the chloromelas 
type appears to be more aggres- 
sive than the others, and its finer 
habit makes it more easily man- 
aged than the coarser curvula 
and robusta types, especially on 
soils of low fertility. For inten- 
sive grazing robusta appears to 
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be the most promising type, 
being more palatable and more 
persistent than the others. 

The feeding value of lovegrass 
hay equals or exceeds teff hay. 
It has the advantage of being a 
vigorous perennial, which is 
easily ploughed out, and it is 
suitable as a grass ley. The ni- 
trogen and phosphorus require- 
ments, however, are high in 
grassland used exclusively for 
hay production. 

Further work on the response 
of these distinctive types to dif- 
ferential grazing intensity and 
fertilization is necessary for a 
final assessment of the value of 
lovegrass in extensive range re- 
clamation and intensive agricul- 
ture. Without this it is likely to 
be condemned as a pasture for 
want of appropriate manage- 
ment, taking into account its 
ability to withstand heavy graz- 
ing continuously throughout the 
growing season, and the rapid 
decline in palatability as it ma- 
tures. The performance of love- 
grass in the absence of Bermuda 
grass has not been assessed. 
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In northwestern Wyoming, large 
elk populations in addition to do- 
mestic livestock have created a seri- 
ous range situation. It therefore 
seemed reasonable to conduct a 
study to determine which plant spe- 
cies respond significantly to grazing 
by elk and cattle. This study was 
accomplished during the summer of 
1963 with the use of protected range 
exclosures. Undisturbed areas of 
natural vegetation provide an ideal 
check or norm for studies on the 
effects of various grazing treatments. 
Without them it becomes impossible 
to evaluate the significance of 

1 This paper was developed from a 
thesis (Jones, 1964. A study of some 
livestock and big game exclosures 
in northwestern Wyoming) sub- 
mitted to the Graduate School of 
the University of Wyoming in par- 
tial fulfillment of the requirements 
for the degree of Master of Science. 
Special acknowledgment is made to 
Dr. Alan A. Beetle, head of the 
Range Management Section of the 
University of Wyoming. 

change (Hanson, 1952). Exclosures 
are included in the broad classifica- 
tion of relict areas which derive pro- 
tection from some physical feature 
such as fences, cliffs, and other simi- 
lar objects (Clements, 1934). Ac- 
cording to Daubenmire (1940)) the 
implied purpose of the exclosure is 
to control the animal influence in the 
plant environment, therefore it has 
been used to obtain important infor- 
mation concerning the activities of 
livestock, wildlife, rodents and birds. 

Area Studied 
This study involved an inventory 

through sampling of 24 big game 
and nine livestock exclosures located 
on four National Forests of north- 
western Wyoming. The study area is 
located east and south of Yellow- 
stone National Park on four major 
river drainages (South Fork of the 
Snake River, Shoshoni River, Grey- 
bull River and the Wind River) and 
four mountain ranges (Hoback 
Range, Teton Range, Wind River 
Range and the Absaroka Range). 
Elevations in this area range from 
4,600 to 13,785 feet, however the ex- 
closures studied ranged between 
6,000 to 8,000 feet. The precipitation 
ranges between 15 and 20 inches per 
year, most of which falls in the form 
of snow during the winter. Sandy 
soils, grey alkaline soils and volcanic 
soils are common in the area and are 
generally derived in place from the 
local parent material. The vegetation 
consists of rather clear-cut grass, 
shrub, coniferous forest, and decidu- 
ous forest types; however only the 
grass and shrub communities were 
sampled. Cattle, sheep, and horses 
graze portions of this area during the 

summer months while elk and other 
species of big game use various parts 
of the range during the entire year. 

Methods and Procedures 
Two general types of exclosures 

were used, the paired unit (figure 
1, bottom) and the single unit (fig- 
ure 1, top). The paired type was 
located on range used by both cattle 
and elk. It was composed of a com- 
plete exclosure, which excluded both 
cattle and elk; and a partial exclo- 
sure, which excluded cattle but 
allowed elk to enter. The single unit 
was located on elk range and con- 
sisted of one complete exclosure. At 
the paired units, samples were taken 
inside of both exclosures. Differ- 
ences here were attributed to elk 
use. Samples were also taken on the 
inside of the partial exclosure and 
on comparable areas grazed by cattle 
and elk on the outside. This differ- 
ence was attributed to use by cattle. 
Because the single units were located 
on elk range a sample was taken on 
the inside and the outside and the 
change, if any, attributed to elk use. 

The sample consisted of vegetative 
cover and composition estimates 
which were measured by means of 
the “Percentage Area Estimation” 
method as first described by Arm- 
strong (1907). This method involves 
the random throwing of a square 
foot metal frame. At the point of im- 
pact, each species was recorded and 
percentage estimate was given to 
each. This value indicated the por- 
tion of the square foot occupied by 
that species. After ten samples were 
thrown in a line through the sample 
area, the average composition per- 
centage for each species was com- 
puted. 
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change (Hanson, 1952). Exclosures 
are included in the broad classifica- 
tion of relict areas which derive pro- 
tection from some physical feature 
such as fences, cliffs, and other simi- 
lar objects (Clements, 1934). Ac- 
cording to Daubenmire (1940)) the 
implied purpose of the exclosure is 
to control the animal influence in the 
plant environment, therefore it has 
been used to obtain important infor- 
mation concerning the activities of 
livestock, wildlife, rodents and birds. 

Area Studied 
This study involved an inventory 

through sampling of 24 big game 
and nine livestock exclosures located 
on four National Forests of north- 
western Wyoming. The study area is 
located east and south of Yellow- 
stone National Park on four major 
river drainages (South Fork of the 
Snake River, Shoshoni River, Grey- 
bull River and the Wind River) and 
four mountain ranges (Hoback 
Range, Teton Range, Wind River 
Range and the Absaroka Range). 
Elevations in this area range from 
4,600 to 13,785 feet, however the ex- 
closures studied ranged between 
6,000 to 8,000 feet. The precipitation 
ranges between 15 and 20 inches per 
year, most of which falls in the form 
of snow during the winter. Sandy 
soils, grey alkaline soils and volcanic 
soils are common in the area and are 
generally derived in place from the 
local parent material. The vegetation 
consists of rather clear-cut grass, 
shrub, coniferous forest, and decidu- 
ous forest types; however only the 
grass and shrub communities were 
sampled. Cattle, sheep, and horses 
graze portions of this area during the 

summer months while elk and other 
species of big game use various parts 
of the range during the entire year. 

Methods and Procedures 
Two general types of exclosures 

were used, the paired unit (figure 
1, bottom) and the single unit (fig- 
ure 1, top). The paired type was 
located on range used by both cattle 
and elk. It was composed of a com- 
plete exclosure, which excluded both 
cattle and elk; and a partial exclo- 
sure, which excluded cattle but 
allowed elk to enter. The single unit 
was located on elk range and con- 
sisted of one complete exclosure. At 
the paired units, samples were taken 
inside of both exclosures. Differ- 
ences here were attributed to elk 
use. Samples were also taken on the 
inside of the partial exclosure and 
on comparable areas grazed by cattle 
and elk on the outside. This differ- 
ence was attributed to use by cattle. 
Because the single units were located 
on elk range a sample was taken on 
the inside and the outside and the 
change, if any, attributed to elk use. 

The sample consisted of vegetative 
cover and composition estimates 
which were measured by means of 
the “Percentage Area Estimation” 
method as first described by Arm- 
strong (1907). This method involves 
the random throwing of a square 
foot metal frame. At the point of im- 
pact, each species was recorded and 
percentage estimate was given to 
each. This value indicated the por- 
tion of the square foot occupied by 
that species. After ten samples were 
thrown in a line through the sample 
area, the average composition per- 
centage for each species was com- 
puted. 
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FIGURE 1. The Camp Creek elk exclosure (top) and the Button Draw livestock and elk 
exclosure (bottom) represent both types of exclosures studied (July, 1963). 

Shrub cover was measured by the 
“Variable Plot” method described by 
Fisser (1961). The method involves 
the use of a sighting (wooden angle 
gauge) thrqugh which the observer 
counts those plants which appear 
greater than the template on the 
sighting gauge. The sample was 
made by standing at one point and 
making a count in the area sur- 
rounding that point. By dividing the 
number observed by a constant 
value, the percentage of cover was 
determined for each shrub species 
in the sample area. 

After all exclosures and grazed 
areas were sampled, each major spe- 
cies was evaluated as to its response 
to each grazing treatment. These re- 
sults were statistically analyzed with 

a t-test for significance and sum- 
marized in figures 2 and 3 and table 
1 
1. 

Results and Discussion 

Approximately 18 of the major 
herbaceous and shrub species showed 
some response to one or both of the 
grazing treatments. Table 1 shows 
the response of the most significant 
species. 

The response could be divided into 
the following categories: 

1. Prairie June grass (Koeleria 
cristata) and Hood’s phlox (Phlox: 
hoodii) decreased on both cattle and 
elk range. More significant reduction 
of Hood’s phlox was noted on the elk 
range. This was believed to be due 
to trampling by the elk during the 

FIGURE 2. Composition changes of major 
species on protected and unprotected 
elk range of northwestern Wyoming. 

I I I 

FIGURE 3. Composition changes of major 
species on protected and unprotected 
cattle range of northwestern Wyoming. 

season when the soil was moist. 
Cattle did not use these areas during 
this season. 

2. Idaho fescue (Festuca idaho- 
ensis) and Ri c h a r d s o n geranium 
(Geranium richurdsonii) decreased 
on cattle range but remained rela- 
tively unchanged on areas used by 
the elk. The most significant re- 
sponse of the two species was mea- 
sured in the Idaho fescue. 

3. Tapertip hawksbeard (Crepis 
ucuminutu) decreased significantly 
on elk range but remained constant 
on areas grazed by cattle. 

4. Rubber rabbitbrush (Chryso- 
thumnus nuuseosus) and American 
vetch (Viciu americana) decreased 
on the elk range. It was impossible 
to compare this response with cattle 
range data because this plant was 
absent in transects on comparable 
cattle grazed areas. 

5. Rose pussytoes (Antennuriu 
roseu), needleandthread grass (Stipu 
comutu), baldhead sandwort (Aren- 
aria congesta) and the fleabanes 
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Table 1. Sfafisiical summary of significani grazing response by major 
species within 33 livestock and big game exclosures and on comparable 
grazed areas of northwestern Wyoming. 

Species Elk Grazing Cattle Grazing 

Idaho fescue 
Needleandthread grass 
Prairie junegrass 
Needleleaf sedge 
American vetch 
Baldhead sandwort 
Fleabane spp. 
Fringed sagebrush 
Hood’s phlox 
Richardson geranium 
Rose pussytoes 
Rubber rabbitbrush 
Tapertip hawksbeard 

No Significant Change 
Increaser * 
Decreaser * 
No Significant Change 
Decreaser * * 
Increaser + 
Increaser + 
Decreaser * 
Decreaser * * 
No Significant Change 
Increaser * * * 
Decreaser * * * 
Decreaser * * * 

Decreaser * 
No Significant Change 
Decreaser * 
Increaser * 
No Data 
No Significant Change 
No Significant Change 
Increaser + 
Decreaser + 
Decreaser + 
No Significant Change 
No Data 
No Significant Change 

*** Indicates very significant response at the 0.05 level. 
** Indicates very significant response at the 0.10 level. 
* Indicates very significant response at the 0.20 level. 
f Indicates results which would occur more than 50% of the time under 

the same conditions. 

(Erigeron spp.) increased on the elk It is believed that more significant 
range with no significant change data could have been obtained if a 
measured on comparable cattle larger number of samples were 
range. The most significant change taken; however, this study does show 
was observed in rose pussytoes and a significant response by these spe- 
needleandthread grass. ties. 

6. Needleleaf sedge (CareJ: eleo- 
charis) was the only species which Summary and Conclusions 
significantly increased on cattle Thirty-three livestock and big 
range without significant change on game exclosures were studied in 
comparable elk range. northwestern Wyoming. They were 

7. Fringed sagebrush (Artemisia selected because of their location and 
frigida) decreased significantly on the similarity of grazing use on 
areas grazed by elk but showed in- adjacent ranges. The herbaceous and 
creases on cattle range. shrub layers were measured on pro- 

tected and unprotected ranges to dis- 
cover cover and composition changes 
related to elk and cattle grazing. The 
major species of each exclosure 
which were common to more than 
one protected area have been an- 
alyzed statistically to detect signifi- 
cant grazing response among these 
species. These tests revealed that 
Hood’s phlox, fringed sagebrush, 
rubber rabbitbrush, American vetch, 
tapertip hawksbeard and prairie 
June grass were significant decreas- 
ers on elk range. Rose pussytoes, 
needleandthread grass, baldhead 
sandwort, and the fleabanes in- 
creased under the same treatment. 
Grazing by cattle caused an increase 
in needleleaf sedge and fringed sage- 
brush while Hood’s phlox, Idaho 
fescue, prairie June grass and Rich- 
ardson geranium decreased on the 
same areas. 
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Highlight 
In upland forests of easf Texas, 

fofal fwig length was closely corre- 
lated wifh yield of deer browse 
plants, but fhe besf predictor of 
yields was a combination of fwig 
numbers and length. 

In the study reported here, wild- 
life browse species were examined 
to find how closely main-stem di- 
ameter, number of twigs per plant, 
and total twig length were asso- 
ciated with forage weight and to 
learn which combination of factors 
was best for predicting weight. The 

. 
factors selected appear to be closely 
associated with weight, their dimen- 
sions are fairly constant from mid- 
summer until growth resumes the 
following spring, and they can be 
precisely measured without bias. 

Previously, studies by Schultz 
(1956)) Kinsinger and Strickler 
(1961>, and Shafer (1963) showed 
that twig weights are correlated with 
various plant factors. 

Procedure 
The eight species studied were 

American beautyberry (Callicarpa 
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americana L.) , flowering dogwood 
(Cornus florida L.) ) fringetree 
(Chionunthus virginicus L.) , sassa- 
fras (Sassafras ulbidum (Nutt.) 
Nees), rusty blackhaw (Viburnum 
rufidulum Raf. ) , yellow j essamine 
(Gelsemium sempervirens (L.) Ait.), 
and two greenbriers (Smilux rotun- 
difoliu L. and S. bona-nox L.). Fifty 
plants of each species were measured 
in October 1962 for main-stem di- 
ameter at groundline, number of live 
twigs per plant, total length of twigs, 
and total weight of twigs with and 
without leaves. 

Shoot weights (twigs with leaves) 
represented browse forage available 
to deer in summer, and twigs (with- 
out leaves) the forage available in 
winter. Length and diameter mea- 
surements were in centimeters; 
weight was in grams of oven-dry 
browse. All measurements were re- 
stricted to growth of the current 
year. 

The plants were collected from a 
sandy upland shortleaf-loblolly 
pine-hardwood site on the Kurth 
Experimental Forest, 7 miles south 
of Nacogdoches, Texas. Sampling was 
limited to well-established plants 
less than 7 feet tall. 

Regression analysis included the 
dependent variables of total shoot 
weight (YI) and total twig weight 
(Yg), and five independent vari- 
ables: main-stem diameter squared 
(XI > , number of twigs per plant 
(X2), number of twigs squared 
(X3), total t wig length (X4), and 
total twig length squared (X5). Vari- 
ables X:3 and Xs were included as 
tests of curvilinearity. Equations for 
all possible combinations of the five 
independent variables were solved 
for each Y variable (Grosenbaugh, 
1958). 

Resulfs and Discussion 
Usually, though not always, com- 

binations of factors were superior 
(0.05 level of significance) to single 
factors for predicting browse yields. 
Of the combinations, that of total 
twig length with twig numbers was 
generally best. 

Transformation of twig number 
and twig length by squaring did not 
significantly improve estimates, an 
indication that the relations were 
linear. Covariance analyses showed 
that the slopes of the regression lines 
were different for each species, thus 
precluding the use of a common 
equation for all species. Table 1 lists 

Table 1. Equations for estimating current-season shoot weight (Y,) and current-season 
twig weight (Y,) of some common southern browse plants. 

Proportion Standard 
Species Equation of total Mean 

variation error 

explained sy*x 
Y 

Percent 

American heautyherry Y, = -23.9 + 8.OL -42.7N 0.87 311.3 1,254.0 
Y, = -54.5 + 4.4L -35.7N -89 132.1 501.4 

Rusty blackhaw Y, = +63.7 + 4.OL +.3D2 

Y, = -26.0 + 2.3L 
.87 

.80 

278.3 

154.3 

968.4 

319.2 

Flowering dogwood Y, = 

Y, = 

-251.3 + .9D2 +22.ON 

-85.5 + 1.8L +.2ti-5.8N 
.81 

.92 

595.6 

108.0 
1,657.8 

478.5 

Fringetree Y, = t166.7 + 15.7L 

Y, = -103.1 f 5.2L 
.74 

.80 

975.2 

276.3 

2,235.0 

585.1 

-195.4 + 2.4L +.2D2 +23.5N . a3 225.8 494.2 

-41.3 + 2.8L -6.ON .96 43.0 208.2 

-80. 

-39. 

3 + 1.3L +11.6N .93 

.94 

Sassafras 

Yellow jessamine 

Y, = 

Y, = 

Y, = 

Y, = 

95.3 

39.5 

305.3 

6 + .7L +.3N 108.0 

L = Total current-season twig length; N = Total number of twigs: D2 = Main-stem diameter 
squared. 

the regressions that gave the best 
estimates for individual species. The 
two- and three-variable regressions 
are significantly better than formulas 
having fewer variables. 

Yellow jessamine, a vine, showed 
the highest correlations (r = 0.968) 
between total shoot weight (twigs 
plus leaves) and the measured inde- 
pendent factors. The combination of 
total twig length and twig numbers 
accounted for 93.7 percent (r2) of 

the variation in shoot weights. This 
is rather surprising since the green- 
briers, also vines, showed very poor 
correlations (and hence are omitted 
from table 2). 

The highest correlation between 
total twig weight and other plant 
measurements (r = 0.978) was ex- 
hibited by sassafras. Total twig 
length and twig numbers accounted 
for 95.6 percent of the variation in 
total twig weight. 

Table 2. Simple correlation coefficients 
diame,fer, number of twigs, and twig 

between 
length.1 

browse weights and stem 

Species 
and 

plant parts 

Stem 
diameter 
squared 

Number 
of 

twigs 

Total 
twig 

length 

American beautyberry 
Shoot 
Twig 

Rusty blackhaw 
Shoot 
Twig 

Flowering dogwood 
Shoot 
Twig 

Fringetree 
Shoot 
Twig 

Sassafras 
Shoot 
Twig 

Yellow jessamine 
Shoot 
Twig 

0.694 
.672 

0.556* 
NS 

0.908 
.875 

.858 
,788 

.826 
NS 

.920 

.895 

.838 .824 .849 

.857 NS .908 

.829 .688* .860 

.788 NS .893 

.776 .878 ,877 
,720 .829 .972 

2 .792 .934 
2 .637* .967 

1 All coefficients are significant at the 0.01 level unless marked; * is signifi- 
cant at 0.05 level; and NS is not significant at 0.05 level. 

2Main-stem diameter not measured on vines. 
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Although multiple variables gave 
significantly better predictions for 
most species, single variables may 
be of some value in practical sam- 
pling. 

For most species, total twig length 
was the single variable most closely 
correlated with both shoot and twig 
weight (table 2). If measurements 
are taken from twigs within reach 
of deer and after the current season’s 
growth is completed, it may be a 
useful estimator of forage avail- 
ability. 

Although not generally so good as 
total twig length, stem diameter 
squared also was closely related to 
weight. Unless sampling is confined 
to plants less than about 7 feet tall, 
however, much of the growth it 
represents may be out of reach of the 
browsing animals. 

Twig counts showed the poorest 
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correlation with weight. Usually 
they were more closely related to 
shoot weights than to twig weights. 
They thus are of some value for es- 
timating browse when leaves are 
present, but have only limited use- 
fulness for predicting winter forage. 
Shafer (1963)) in Pennsylvania, in- 
creased their utility by combining 
them with average twig weights. 

The equations in this article can be 
considered applicable only to the 
present data, as they may vary with 
site and year. The study shows, 
nevertheless, that relationships exist. 
Additional experience may permit 
development of standard equations, 
but even if the regressions must be 
computed anew each year this meth- 
od of estimating forage offers sub- 
stantial advantages. It is more objec- 
tive than visual estimating, is less 
time-consuming and expensive than 
clipping and weighing samples, and 

permits repeated measurements on 
the same plant. 
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Erratum. In table 1, the second 

equation for flowering dogwood 
should read: Y2 = - 85.5 + 1.8L + 
.2D’ + 5.8N. 

A Four-Row Plot Grass 
With V-Belts and 

Flexi-Planters’ 

J. L. LAUNCHBAUGH 

Drill 

Pasture Management Specialist, Fort 
Hays Branch, Kansas Agricultural 
Experiment Station, Hays 

Numerous plot and field scale 
planters have been developed during 
the past two decades. Most have been 
constructed for specific planting sit- 
uations, consequently they are gen- 
erally restricted to a limiting set of 
conditions and require further modi- 
fication or complete alteration to be 
useful under other circumstances. 

Because of the wide research in- 
terest and diversity of crops, soils, 
seedbed conditions, and planting 
specifications, by far the largest 
number of plot drills are for planting 

1 Contribution No. 196, Fort Hays 
Branch, Kansas Agricultural Ex- 
periment Station, Hays, Kansas. 
Appreciation is expressed to John J. 
Burkhart, Jr., Mechanic, and to 
Marvin J. Leiker, Pasture Manage- 
ment Project Assistant, Fort Hays 
Branch Experiment Station, for 
their assistance and many helpful 
suggestions in assembling the plot 
drill. 

cultivated crop varieties. While de- 
scriptions have appeared regularly 
in agronomic research periodicals, 
the more recent references include 
those by Poehlman (1962)) Rivers 
and Beachell (1963)) Smith and Ber- 
gen (1962)) and Vogel, Peterson, and 
Allan (1963). None appears to be 
completely satisfactory for seeding 
native grasses. 

Although several grass planters 
have been developed for field scale 
plantings or at least for large plots 
(Barmington, 1957; Davis and Bar- 
mington, 1957; Hunt, Hulburt, and 
Wagner, 1963; Hyder, et al., 1961; and 
Schumacher, 1964)) apparently none 
yet contains all the features es- 
sential for a plot-scale grass drill. 

For grass plot seeding in a pre- 
pared mulch seedbed, the planting 
mechanisms should be the double- 
disc furrow opener type with depth 
bands to insure shallow seed place- 
ment and with spring-loaded press 
wheels to close the furrow and firm 
the soil near the seed. The diameter 
of the seed spouts must be large 
enough to prevent bridging and 
clogging by grass seed with feathery 
floral appendages or by other pieces 
of plant material. For expediency in 
plot seeding and controlled seeding 
rate, the seed distribution mechan- 
ism should be practically self-clean- 

ing and not require recalibration 
with each change in species or seed- 
ing rate. Furthermore, there should 
be a wide range of gear ratios for 
varying plot lengths. Finally, to be 
useful in more than one locality, the 
unit should be easy to transport and 
convenient for power attachment. 

The planter described here meets 
all those requirements and has the 
added feature of being made almost 
entirely of commercially available 
parts. Construction of the planter, 
therefore, is largely a matter of 
assembling stock items, rather than 
manufacturing unavailable compo- 
nents. Parts lists, sources of ma- 
terials, approximate costs, and con- 
struction details are available upon 
request from the Fort Hays Branch, 
Kansas Agricultural Experiment 
Station, Hays, Kansas. 

The basic framework of the drill 
is a John Deere’ double tool bar 
with spacers acting as a rigid chassis 
for attachment of drill parts (Fig. 
1). Four John Deere flexi-planters 
with double-disc furrow openers, 
shallow depth bands, and spring- 
loaded press wheels, but without 

ZThe use of trade names implies no 
endorsement nor criticism of the 
products or of similar products not 
named. 
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Although multiple variables gave 
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ZThe use of trade names implies no 
endorsement nor criticism of the 
products or of similar products not 
named. 
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FIGURE 1. Four-row plot grass drill, (A) right, (B) back, CC) left, and (D) front. 

seed hoppers, are attached to the 
rear bar at one-foot spacings. Two 
16-inch gauge wheels, one with a 
hub and drive gear added, are 
fastened to the front bar. Mounted 
directly above both bars and sup- 
ported at four points by angle iron 
legs and clamps is a frame assembly 
containing a seed distributing V-belt 
for each flexi-planter. Fertilizer- 
type tubes extend from the rear of 
the V-belt frame to the correspond- 
ing seed spout openings in the flexi- 
planters. 

The V-belt power train consists of 
a chain leading from the drive-wheel 
sprocket to a transverse shaft and 
drive reversing assembly. The trans- 
verse shaft transmits power through 
an International Harvester cone- 
gear selector, with 10 gear settings, 
via chain to a drive shaft running 
through the V-belt rear pulleys. The 
cone-gear settings adjust V-belt 
travel to plots varying from 15 to 65 
feet long by virtue of combination of 
4-inch diameter sprockets on the 
drive wheel and transverse shaft, 
and 3-inch diameter sprockets on 
the output side of the cone-gear 
selector and V-belt drive shaft. 
Planting shorter plots is accom- 

1 plished by distributing the seed on 
shorter belt segment or by using 

a 
a 

larger drive-wheel sprocket. Using 
a smaller drive-wheel sprocket per- 
mits one to plant plot lengths greater 
than 65 feet without stopping to re- 
fill the V-belts. Maximum plot 
length may be limited in some in- 
stances by the amount of seed that 
can be placed on the V-belts for a 
single row. 

A seat is supported at a comfort- 
able height for one or two seed dis- 
tributors. Passenger weight is car- 
ried by the tractor and gauge wheels 
and not by the planters or packers. 
The assembled planter, weighing 
1,150 pounds, is easily attached to 
most small series tractors by 3-point 
hook-up. Turn space is limited to the 
turning radius of the power unit. 
The unmounted drill, with gauge 
wheels removed, fits conveniently 
into the bed of a %-ton pickup for 
transport. 

Wind becomes a major hazard 
when planting light, chaffy seed 
structures. This problem has been 
reduced satisfactorily by protective 
shielding beneath and a hood over 
the V-belt frame. Top, front, and 
side panels offer adequate wind pro- 
tection in velocities up to 20 MPH. 
At higher velocities it is necessary 
to extend the top and side panels 
and anchor a drop curtain back of 
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the seed distributing crew. A trans- 
parent front panel permits light to 
enter and allows the tractor operator 
to observe the progress of seed dis- 
tribution on the V-belts and thus 
anticipate the signal to move 
through the plot. 

Many light grass seeds have a 
varying tendency to adhere to the 
rubber V-belts. This is aggravated 
by an electrostatic charge on the 
belts and may be overcome by peri- 
odically sprinkling dry soil on the 
surf aces. Unprocessed, awned or 
bristled seeds that tend to cling to- 
gether will drop more uniformily if 
a thin covering of fine soil is spread 
over the seed after it has been placed 
on the V-belts. The most tenaciously 
cohering seed structures can be 
forced through the planter seed 
spouts by reciprocating agitation 
with 3/16-inch diameter push rods 
extending the full length of the seed 
spouts and operated by the seed dis- 
tributing crew. 
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Reseeding “Go-Back” Land in 
The Flint Hills of Kansas’ 

CLENTON E. OWENSBY AND 
KLING L. ANDERSON 

Research Assistant and Professor of 
Pasture and Range Management, De- 
partment of Agronomy, Kansas State 
University, Manhattan. 

Highlight 
Three sorghum fypes were com- 

pared as mulches for seeding 12 na- 
five species and variefies in “go- 
back” land in fhe Kansas Flini Hills. 
Significani differences in seedling 
esfablishmenf were found among fhe 
species and variefies, bui fype of 
sorghum mulch had no effecf. 

Much land in the Kansas Flint 
Hills, once cultivated, is now being 
allowed to “go-back” to grassland. 
Such areas have shown relatively 
slow secondary succession and after 
many years still contain a high per- 
centage of weedy, unpalatable, and 
unproductive plants. Forage produc- 
tion for livestock is, therefore, far 
below potential. Lack of seed source 
has often been mentioned as a deter- 
rent in secondary succession in these 
areas. 

The possibility of introducing key 
species by reseeding was studied on 
the John Simpson Ranch in Geary 
County near Junction City, Kansas, 
This study was to determine the 
effect of different stubble mulches 
on seedling establishment of certain 
reseeded native prairie species and 
to determine the relative ease of es- 
tablishing native species and vari- 
eties. 

Liferafure Review 

Savage and Runyon (1937) found 
the time required for the more de- 
sirable grasses to reclaim abandoned 
fields fully in the central and south- 
ern Great Plains region varied from 
25 to 40 years. In the Colorado mixed 
prairie region, abandoned cropland 
returns to climax by natural succes- 
sion in 10 to 20 years (Costello, 
1944). 

The rate of natural revegetation 
following cultivation is affected by 
many factors. Savage and Runyon 
(1937) listed previous cultivation, 

1 Contribution No. 911 z 
of Agronomy, Kansas 
Experiment Station. 

Department 
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management of adjacent fields, graz- 
ing intensity, proximity of tilled 
fields and pasture lands, topography, 
slope, and the type of soil among 
the chief factors that affect rate of 
secondary succession. 

Use of stubble mulch has long 
been recognized as necessary in re- 
seeding abandoned cropland in the 
central Great Plains (Franzke and 
Hume, 1942; Staten, 1943). A seed- 
bed protected by stubble mulch has 
distinct advantages over a weed- 
free, cultivated one. Stubble cover 
aids in controlling wind and water 
erosion, reducing surface evapora- 
tion, and preventing soil crusting 
(Pearse et al., 1948). A heavy mulch 
crop in seedings at Hays and Man- 
hattan, Kansas, helped in keeping 
soil temperatures down during the 
warmest period of the day and in re- 
taining moisture in the seed zone 
for significantly longer periods 
(Launchbaugh and Anderson, 1963). 

Dudley and Holt (1963)) in their 
work on the Grand Prairie of Texas, 
showed also that some species were 
more easily established than others. 
Among those relatively easy to es- 
tablish were sideoats grama (Boute- 
Zoua curtipendula (Michx.) Torr.) 
and blue panicum (Panicum anti- 
dotale Retz.) . 

Differences in type of sorghum 
used as stubble mulches at Hays and 
Manhattan, Kansas, had no signifi- 
cant effect on seedling establishment 
(Launchbaugh and Anderson, 1963). 

Methods 

The site selected for reseeding was 
a clay upland range that previsouly 
had been cultivated until it was 
abandoned in the 1930’s. Vegetation 
in the area consisted largely of 
short-lived perennial and annual 
grasses and a variety of forbs. The 
vegetation was not at or near climax. 

The reseeding was done in three 
different prepared stubble mulches: 

1. Forage sorghum (Sorghum 
vulgare Pers.) , 

2. Grain sorghum (S. vulgare 
Pers.) . 

3. Sudangrass (5‘. vulgare var. su- 
danense Hitchc.) . 

The stubble-mulch species were 
sown with a grain drill at heavy 
rates in mid-summer 1962, late 
enough to prevent heading and thus 
keep down competition with a re- 
seeded species by a volunteer crop 
the following year-a problem 

pointed out by Launchbaugh and 
Anderson (1963). 

Eleven native grasses and one na- 
tive legume were planted March 28, 
1963, with one species per 20-foot 
row. Rows were 1 foot apart, and 12 
rows comprised a replication. Five 
replications, with the 12 species ran- 
domized within each replication, 
were planted in each of the three 
established stubble mulch residues. 
Seeding was done with a 6-row grass 
drill modified for experimental use. 
The drilling mechanism consisted of 
flat, double-coulter furrow openers 
with depth bands 1 inch from the 
cutting edge followed by spring- 
loaded, rubber-tired press wheels. 
The seeds were distributed by a 
rubber V-belt dropping mechanism. 
Seeding rates were adjusted- to give 
approximately 25 pure, live seeds 
per foot of row. 

The species and varieties planted 
were: 

8. 

9. 

10. 

11. 

12. 

Little bluestem; KG-1580 (An- 
dropogon scoparius Michx.) . 
Kaw big bluestem; KG-1579 (A. 
gerardi Vitman) . 
Indiangrass; 44-clone K an s as 
Agr. Expt. Sta. synthetic (Sor- 
ghastrum nutans (L.) Nash). 
Indiangrass; 8-clone Kansas 
Agr. Expt. Sta. synthetic. 
Indiangrass; 20-clone K an s as 
Agr. Expt. Sta. synthetic. 
El Reno sideoats grama; KG- 
482. 
Block E sideoats grama; U. S. 
Southern Great Plains Field 
selection. 
Blue grama; PM-K-206 (Bou- 
teloua gracilis (H.B.K.) Lag. x 
Steud.). 
Illinois bundleflower; KL-20 
(Desmanthus illinoensis 
(Michx.) MacM.). 

Barton western wheatgrass; 
KG-402 (Agropyron smithii 
Rydb.) . 
Blackwell switchgrass; KG-208 
(Panicum virgatum L.). 
Kanlow switchgrass; PM-K-160. 

To determine seedling establish- 
ment, two randomly placed l-foot 
samples were taken in each row 
September 5, 1963, at the close of 
the first growing season. Number of 
seedlings was counted, and each 
sample coded as follows in the field 
on the basis of one plant per inch 
comprising a 100% stand: (1) 80- 
100%, (2) 60-79%, (3) 40-59%, (4) 
20-39%, (5) l-19%, (6) 0%. 



The amount of residue present 
from the stubble mulch crops was 
determined by clipping 10 randomly 
placed 4.3 sq. ft. plots in each of the 
mulches December 29, 1962, and 
April 4, 1963. 

The experiment was analyzed as a 
split plot with the different stubble 
mulches as main plots and the dif- 
ferent species and varieties, subplots. 
LSD comparisons and Duncan’s New 
Multiple Range Tests were applied 
to the various means. 

Results and Discussion 

Effects of the different stubble 
mulches on seedling establishment 
were not significantly different, al- 
though amount of mulch residue 
present at both sampling dates dif- 
fered significantly. Significantly 
more residue was present both De- 
cember 29, 1962, and April 4, 1963, 
in grain sorghum than in either for- 
age sorghum or sudangrass plots. 
Forage sorghum and sudangrass 
residue present April 4, 1963, was 
significantly less than on December 
29, 1962, but differences in grain 
sorghum residue between the two 
dates were not significant. Much of 
the forage sorghum and sudangrass 
residue was blown off by wind, but 
grain sorghum was not affected ap- 
preciably by the wind. 

Seedling establishment of the vari- 
ous species and varieties differed 
significantly at the close of the first 
growing season (Table 1). Sideoats 
grama and indiangrass had the best 
stands in all three mulches. Blue 
grama, western wheatgrass, little 
bluestem, and lowland switchgrass 
had poorest stands. The species and 
varieties performed the same gen- 
erally in all three mulches. 

Seedling establishment on this up- 
land site for Kanlow switchgrass, a 
lowland variety, was poorer than for 
Blackwell switchgrass, an upland 
variety (Table 1). 

Seeding was in a dry year with 
precipitation about half the average, 
but the approximately 3.0 live seed- 
lings per square foot at the end of 
the first growing season constitute 
what is considered an excellent 
stand. 
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Table 1. A comparison of seedling stands of indicated pIants. 

Coded Statistical 
Entries mean1 significance’ 

8-clone indiangrass 3.50 

Block E sideoats grama 3,60 
20-clone indiangrass 3.90 

El Reno sideoats grama 4,oo 

Kaw big bluestem 4.50 
44-clone indiangrass 4,60 
Blackwell switchgrass 4,90 
Illinois bundleflower 5.00 
Blue grama 5.56 
Kanlow switchgrass 5.60 
Little bluestem 5.70 
Barton western wheatgrass 5.70 

1 I I 
I I 

4.67 
4073 
4.76 

L Means coded as follows: 1 = SO-loo% stand; 2 = 60-79%; 3 = 4059%; 
4 = 20-39%; 5 = l-19%; 6 = O%, where 1 plant per inch = 100% stand. 

* .05 level. 

Mulches 

Forage sorghum 

Grain sorghum 

Sudangrass 

During the first growing season, 
buffalobur nightshade (Solanum 
rostratum Dunal) became very 
abundant in the reseeded area, but 
almost completely disappeared the 
following year. The same phenome- 
non was observed in a nearby plot 
similarly reseeded. It was observed 
that other forbs also decreased the 
second growing season after seeding. 

Summary 

Type of stubble mulch residue in 
reseeding “go-back” land had no 
significant effect on seedling estab- 
lishment. Seedling establishment 
differed significantly by species and 
varieties; was highest in Block E 
sideoats grama and 8-clone indian- 
grass and lowest in little bluestem, 
Kanlow switchgrass, Barton western 
wheatgrass, and blue grama. Even 
though the seeding tests were in a 
dry year, excellent stands were ob- 
tained. 
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Range Management Pays 
at the Scales 

ROBERT L. Ross 
Range Conservationist, Soil Conser- 
vation Service, U.S.D.A., Bozeman, 
Montana 

The cover photo on this issue 
is one of a series-a picture story 
of how Bert Mannix, Helmville, 
Montana, has increased the effi- 
ciency of his 375 cow ranch. The 
author’s entry was awarded First 
Prize in the Picture Story Con- 
test, held for the first time this 
year at the ASRM Annual Meet- 
ing in Las Vegas, Nevada. 

In 1956, Mannix’s range was in 
poor condition. The average calf 
crop was 82 percent and yearling 

steer weights were only 605 
pounds. The ranch had an excess 
of hay, a shortage of pasture, and 
too many cattle. 

Using the help of a Soil Con- 
servation Service technician, 
Mannix worked out a long-range 
management plan. The photos 
tell the story. 

Mannix says, “Balancing land 
use to provide for proper 
amounts of native range, tame 
pasture and hay and then gear- 
ing the basic size of the herd to 
these resources takes planning, 
but it sure pays off. I’m produc- 
ing as much beef as before at a 
greater net return.” At the same 
time the condition of the native 
range has improved from poor 
to good. 

Proper stocking and a system of de- 
ferred grazing has improved nearly all of 
Mannix’s range to good and excellent con- 
dition. Yearling steer weights are over 700 
pounds and the calf crop averages about 94 
percent. 

Mannix converted 200 acres of excess hayland to irrigated 
pasture. He says “Those old cows can harvest it cheaper than I 
can. And besides it gives me a chance to rest my native range 
during the growing season while the cows are on the irrigated 
pasture.” 

After adjusting the stocking rate and three years of deferred 
grazing during the growing season, Mannix (above) proudly 
shows off vigor of bluebunch wheatgrass (Agropyron spicatum) 
and rough fescue (Festuca scabrella). The short grasses and weedy 
plants were being crowded out by the taller, high-producing 
grasses. 
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Mannix states, “This low-cost spring development has made it 
possible for cattle to graze about 80 acres that were grazed very 
little before.” 

Spraying big sagebrush (Artemisia tridentata) followed by two 
years of rest has improved the range condition and greatly in- 
creased the amount of forage. 

BOOK REVIEWS 

Native Vegetation of Nebraska. 
By J. E. Weaver. University of 
Nebraska Press, Lincoln, Ne- 
braska. 185 p. 1965. $4.75. 

This new book gives adroit treat- 
ment to an important subject and 
the quality is similar to that of nu- 
merous other writings by Weaver. 
His classic publications on American 
vegetation include a standard ecol- 
ogy text on North American plant 
communities, books on roots of na-. 
tive and domesticated plants, and 
many others. 

Native Vegetation of Nebraska is 
an intimate scientific evaluation of 
important Nebraska plants and plant 
communities in the variable physio- 
graphic regions and micro-climates 
in the State. Weaver has presented 
the material in his clear, easy style, 
bringing it within reach of high 
school as well as college and other 
interested students. His remarkable 
photographs illustrate and animate 
the text. 

Lying in the heart of North Amer- 
ica, Nebraska is known largely as a 
grassland, with the true prairie com- 

munity in the more humid east and 
the mixed prairie in the Great Plains 
section of the state. But growing 
conditions are not uniform in either 
of these great grasslands. Weaver’s 
information on the effects of soil, 
exposure, elevation, drainage and 
grazing on the growth and develop- 
ment of plant communities became 
the foundation works for modern 
procedures used in determining 
range site and condition. His identi- 
fication of numerous plants found 
in wet lowlands, high dry uplands, 
deep mature soils and sandy lands 
have provided the range manager 
and range producer with a wealth 
of practicable information. The de- 
scriptions and illustrations of nu- 
merous forbs that add beauty to the 
landscape and richness to the animal 
diet provide usable facts about this 
great body of plants whose economic 
value is often overlooked and little 
appreciated. 

The unique Sandhills come in for 
a special chapter. Bonanza of the 
ranching country, the cutting winds 
blasted out the Kinkaiders who long 
ago plowed the dunes and were 

starved out. In time grasses healed 
the plow scars and again the land 
was safe for moderate grazing. 

The reader will learn about Ne- 
braska forests, which few people 
know about. The hardwoods are 
found in eastern Nebraska and along 
river courses, north slopes and 
draws. Eighty-three different species 
are found in the southeastern part 
of the state and the number dimin- 
ishes westward. Yellow pine wood- 
lands occur in the northwest along 
the breaks of Cheyenne River at 
elevations of over 5,000 feet. 

This book has much to offer the 
reader and a few quotations from 
Dr. Weaver’s summary provide some 
clues to the text. 

“The prairie crop is a mixed stand. 
Various forbs are blooming or ripen- 
ing fruit from April until October. 
The same is true of various species of 
grasses. There is a time for flax, 
another for mints, and still another 
for roses. Not all of the crops are 
beautiful each year. How unlike the 
more delicate, annual crops of man. 
Neither is there a critical time for 
drought as in wheat or corn or 
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clover. Nature’s crops are adjusted 
to fit into periods of dry cycles as 
well as wetter ones. Reserves of food 
of native plants are extensive and 
their resources for obtaining water 
excellent.“--B. W. Allred, Soil Con- 
servation Service, U.S.D.A., Wash- 
ington, D.C. 

Arizona Climate. Edited by 
Christine R. Green and 
William D. Sellers. University 
of Arizona Press, Tucson, Ari- 
zona. 503 p., 1964. $10.00. 

Ranchers and range conservation- 
ists, together with climatologists, 
hydrologists, agriculturists, foresters, 
and highway engineers will have use 
for Arizona Climate as a working 
reference. Beyond Arizona-centered 
interest, people of the adjoining 
southwestern States and people in- 
terested in development of arid lands 
around the world will also find this 
publication useful. Desert conditions, 
once considered by many people to 
be too hot and dry for comfort, have 
been made more livable by artificial 
controls over climate made possible 
by air conditioning. 

Arizona Climate is the product of 
many people. The major job of com- 
piling and assembling records into a 
published volume was accomplished 
by the Institute of Atmospheric 
Physics, University of Arizona, in 
cooperation with the U. S. Weather 
Bureau. The day to day records that 
went into this publication were 
faithfully kept through the years by 
more than a thousand people. Of the 
many dedicated observers, special 
recognition is given those who kept 
weather records for 20 years or 
longer. 

In transcribing records to IBM 
cards for mechanical handling, the 
daily records were carefully edited 
to eliminate obvious errors of ob- 
servation and of faulty equpiment. 
Since summaries are confined to 
those stations with 35 years or more 
of records, only about one-third of 
the State’s three hundred coopera- 
tive weather stations were used. 

To obtain climatic homogeneity by 
areas, the State was divided into six 
sections, each having similar condi- 
tions of topography and vegetation. 
Brief summaries are given for each 
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of these sections including physical 
characteristics, precipitation, tem- 
perature, relative humidity, wind, 
cloudiness and evaporation. 

Idealized sea level pressures and 
500 millibar contour patterns are 
shown on continental maps for asso- 
ciated widespread summer thunder- 
storm activity, for heaviest summer 
precipitation and heaviest winter 
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summarizations from October 1 
through September 30. The authors 
and their many associates are well 
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one of the weather stations. These 
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tion, Texas. 186 p. 1965. $3.25. 

One of the American Society of 
Range Management’s most knowl- 
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many future publications on grasses. 
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local color, e.g. Kleberg bluestem is 
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the student from enjoying the use of 
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amie. 

NEW PUBLICATIONS 

A CRITICAL INDEX OF FILMS 
AND FILMSTRIPS IN CONSERVA- 
TION.-The 1965 edition was issued 
in March, has 78 pages, and is free 
of charge to teachers, school ad- 
ministrators, and other individuals 
interested in using films in a conser- 
vation education program. Single 
copies are available upon request 
from the Audio-Visual Center, The 
Conservation Foundation, 30 East 
40th St., New York 16, N. Y. 

THE ECONOMICS OF SOIL CON- 
SERVATION-This is a 1965 version 
of an earlier (1950) printing of the 
same publication by Arthur C. 
Bunce, 227 pages, University of Ne- 
braska Press. The present paperback 
edition is identical with the original 
1942 publication by Iowa State Col- 
lege Press. Reviewer Lynn Ruder 
reports that the book is not new and 
does not reflect developments in re- 
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source conservation economics since 
the early 1940’s or current literature 
on the subject. Readers might want 
a copy at $1.30. 

FRESH-WATER FISHING-This 
refreshing 159-page paperback by 
Ed Moore should interest a lot of 
outdoor men and women. Subtitle 
tells the story: “Basic skills, equip- 
ment, and experienced advice in an 

illustrated guide to the fish of North 
America’s lakes and streams.” It is 
published by The Macmillian Com- 
pany and sells for only $0.95. 

NATURE CENTERS and OUT- 
DOOR CONSERVATION EDUCA- 
TION.-This is a set or three man- 
uals issued by the National Audubon 
Society, Nature Centers Div., 1130 
Fifth Ave., New York, N. Y. 10028. 

The first is “A Nature Center for 
Your Community”, by Joseph J. 
Shomon, 40 pages, $1.00. The second 
is “Planning a Nature Center”, by 
Byron L. Ashbaugh, 88 pages, $2.00. 
The third is “Manual of Outdoor 
Conservation Education”, by Sho- 
mon, 96 pages, $2.00. You can pur- 
chase all three for $4.50 for the set; 
20% discount on 5 or more sets. 

NEWS AND NOTES 
Material from many sources: nof necessarily the opinion 

or posifion of the EDITOR or OFFICERS of 
THE AMERICAN SOCIETY OF RANGE MANAGEMENT 

National Advisory Board Council. 
-MiZo H. Deming, BLM retiree, 
represented ASRM at the meeting of 
the National Advisory Board Council 
in Washington, D. C. March 22 to 24, 
1965. The meeting was called by 
BLM Director Charles H. Stoddard 
to secure advice on implementation 
of legislation passed by the 88th 
Congress in 1964: The Classification 
and Multiple Use Act which directs 
the Secretary of the Interior to clas- 
sify public lands for retention or 
disposal; and the Public Land Sale 
Act. Both laws are temporary, pend- 
ing a report and recommendations of 
the Congressional Public Land Law 
Review Commission. Further action 
by Congress may be expected. Mike’s 
reactions are that major competition 
for public land and varied resource 
uses will probably continue to be 
between those interested in produc- 
ing a saleable commodity and those 
who do not have a tangible product 
to market, i. e., recreation, esthetic 
values, etc. He feels that grazing 
use for both livestock and wildlife 
will continue to shrink in areas open 
for their use. Increase in forage 
quality and more production on as- 
sociated private properties will have 
to bear their share of any future 
maintenance or improvement in 
public land grazing. 

Cerfified Livestock Markets-is a 
comprehensive directory of 241 live- 
stock trade associations and related 
industry organizations compiled and 
distributed by the Certified Live- 
stock Markets Association, 320 VFW 
Bldg, Broadway at 34th, Kansas City, 
MO. Available at $4.00 per copy. 

Animal Nufrifion Research Coun- 
cil held its 1964 annual meeting last 

October in Washington, D. C. The 
Technical Project Committee on col- 
laborative pro j e c t s reported that 
ANRC Reference Standards have 
been established for Vitamins A, E, 
and K, specifically for use in feeding 
tests. Information for obtaining 
these standards may be had from 
Dr. Francis H. Bird, University of 
Maine, Orono, Maine. Dr. J. P. Fon- 
tenot reported that magnesium sup- 
plements may be used to control 
grass tetany in cattle. 

Strong Spanish economy is provid- 
ing increasing dollar market for U. S. 
exports, according to USDA. De- 
partment stepped up promotional 
efforts, including beef, with a major 
exhibit at the sixth International 
Feria de1 Campo in Madrid, May 21 
to June 21, 1965. 

A. T. Semple is assembling ma- 
terial for a book in Spanish on tropi- 
cal pastures. A prominent part of 
the publication will consist of de- 
scriptions of the principal tropical 
forage species. The work is spon- 
sored by Inter-American Institute of 

‘Agricultural Sciences under the Kel- 
log Fund. Art has asked for sugges- 
tions of species to be included, new 
information, publications, drawings, 
and photos. He is concerned prin- 
cipally with lowland tropics and 
subtropical areas of Latin America 
between 30 N and 30 S. His address 
is Instituto Interamericano de Cien- 
cias Agricolas, Apdo. 4359, San Jose, 
Costa Rica, C. A. 

Vinyl Pond Liners-Maybe your 
Editor is out of touch, but has any- 
one done any work with vinyl liners 
for stock water ponds in areas where 
there is trouble with seepage? They 

are in common use now for garden 
ponds and fish ponds on suburban 
properties. The pond is dug, raked 
and smoothed to clear it of sharp 
stones and trash. Then a shallow 
trench 6 to 12 inches deep is dug in 
which to anchor the liner, which 
comes in accordion-folded sections. 
For large jobs, sheets may be joined 
together with a solution of vinyl 
resin. The liner is spread out and 
covered with a thin layer of sand 
and dressed with coarser gravel. The 
edges are fitted into the trench and 
anchored with earth. Further infor- 
mation is available from Staff In- 
dustries, Inc., 78 Dryden Road, Upper 
Montclair, New Jersey. 

Sixty-Ninth Annual Convention, 
American National Cafflemen’s As- 
sociation will be held in Kansas 
City, MO., January 23 to 26, 1966. 

American Society of Agronomy 
and associated societies will hold 
next annual meeting in Columbus, 
Ohio, October 31 to November 5, 
1965. 

David 0. Appleton, Editor of the 
American Cattle Producer, and as- 
sociated with the American Na- 
tional’s magazine for more than 40 
years, retired July 1. He is succeeded 
by LyZe L. Mariner, editor and pub- 
lisher of newspapers and magazines 
in several states. Appleton will con- 
tinue as consulting editor and co- 
ordinator of “Cattle Books”, an ad- 
vertising affiliation of 17 state live- 
stock magazines. 

Wilford L. “Slim” Hansen, Forest 
Supervisor of the Humboldt Na- 
tional Forest since 1961, retired 
April 10, according to Regional For- 
ester Floyd Iverson. Succeeding 
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Hansen will be Robert A. Rowen 
of the Regional Office staff in Ogden. 
Supervisor Hansen completes a For- 
est Service career spanning 32 years. 
Starting as a junior forester on the 
Cache National Forest in Utah, Han- 
sen progressed through assignments 
as supervising technician, District 
Ranger and Forest Supervisor on 
the Cache, Boise, Caribou, Teton, 
and Uinta National Forests. He 
transferred in 1950 to the Southwest 
Region with headquarters at Al- 
buquerque, where he served as As- 
sistant Regional Forester. In 1960 
he returned to the Intermountain 
Region and completed a special as- 
signment with the Utah State Park 
and Recreation Commission, before 
becoming Supervisor of the Hum- 
boldt National Forest in 1961. Robert 

NEWS AND NOTES 

A. Rowen was born in Blackfoot 
and raised on a livestock ranch south 
of Kimberly, Idaho. He is a grad- 
uate of the University of Idaho. 

Burion W. Silcock is new state 
director in Alaska for the Bureau of 
Land Management. He replaces 
Roger R. “Bob” Robinson, who has 
been appointed director of the newly 
formed BLM Great Basin Fire Cen- 
ter in Boise, Idaho. Silcock, assistant 
state director for BLM in Wyoming 
since August 1962, has also served 
in Idaho, Montana, and Texas, and 
the U. S. Army during his 22 years 
of Federal service. He is a graduate 
of Utah State University, with major 
work in range management. 

Robert L. Caudill, Jr., 41, District 
Manager of Richfield District, Bu- 
reau Of Land Management in Utah, 

died of cancer April 17, 1965 at his 
home in Richfield. He was born in 
Greybull, Wyoming, graduated from 
Colorado State University in 1950 
and was an employee of BLM for 14 
years. Caudill was outstanding in 
administration of Section 15 lands 
and had made many valuable sug- 
gestions to BLM changing regula- 
tions concerning the administration 
of these lands. 

Weston D. Whifwer, former sec- 
retary-treasurer of Nebraska Section, 
ASRM, passed away on February 4, 
1965, at Veterans Hospital in Omaha. 
A graduate of the University of Ne- 
braska, he was Range Conservation- 
ist with the USDA Soil Conserva- 
tion Service in Knox County, Ne- 
braska. He had been with SCS since 
1939. 

Student Enrollment In 
Range Management At 

Range Education Council 
Member Schools 

At its 1965 meeting, the Range 
Management Education Council 
voted to publish enrollment statistics 
from its member schools as a service 
to potential employers in the profes- 
sion. Numbers of students enrolled 
for the spring term at the 18 member 
schools are shown in Table 1. Fig- 
ures are not presented by school for 
freshman and sophomore students. 
Most schools do not require a student 
to declare his major until he reaches 
his junior year. In addition, many 
of the students start in junior col- 
leges. 

Junior enrollment is down 13.7ch 
from 1964. This marks the first drop 
in junior enrollment since 1960 and 
represents the lowest population of 
junior students since 1961. Senior 
enrollment shows no change from a 
year ago. Graduate student enr,oll- 
ment is up 31’; from 1964. Although 
freshman and sophomore student en- 
rollments are not considered totally 
accurate, both show a decline from 
a year ago. Freshman enrollment is 
down 14.754 and sophomore enroll- 
ment 10.1:; in schools reporting 
lower division enrollment for both 
1964 and 1965. 

Nine schools reported an increase 
in enrollment over 1964 and 9 re- 
ported a decline in the number of 
upper division students. Graduate 
student enrollment increased in all 
but 2 of the 18 reporting schools. 

A total of 116 students in curricula 

Table 1. Enrollment af 18 Range Management Education Council Schools, 
1964-65. 

Quali- 
SCHOOL Jr. Sr. MS PhD f yingl 

Univ. of Arizona 11 12 9 8 10 
Brigham Young Univ. 10 7 2 - 5 
Univ. of California 3 4 4 2 2 
Colorado State Univ. 18 24 8 - 2 
Ft. Hays State College 4 12 2 - 0 
Univ. of Idaho 7 14 4 2 6 
Montana State College 12 6 4 - 5 
Montana State Univ. 6 9 3 - 2 
Univ. of Nebraska 4 4 1 - 2 
New Mexico State Univ. 9 13 3 - 6 
Univ. of Nevada 0 2 7 - 0 
Oregon State Univ. 7 10 5 8 4 
So. Dak. State Univ. 6 3 1 - 0 
Texas A & M Univ. 12 15 5 9 20 
Texas Tech College 22 20 12 - 2 
Utah State Univ. 38 41 14 7 40 
Washington State Univ. 4 10 - - 10 
Univ. of Wyoming 15 11 5 6 0 

Total 170 217 89 42 116 
% Change from 1964 13.7 0 312 
1 Number of students in curricula other than range management meeting 
Civil Service Standards. 

“Data for 1964 combined MS and PhD candidates; current increase is for 
both levels combined. 

other than range management at the ported. 
member schools met civil service re- Preliminary indications are that 
quirements for the range conserva- the number of range management 
tionist examination. Most of these students available for employment 
were in wildlife management, for- will be slightly lower in 1966. Num- 
estry, or some curriculum closely as- bers of students in the classes of 
sociated with the range program in 1967 and 1968 appear to be lower 
the respective schools. Figures for than normal, however transfers from 
those qualifying in 1964 were not other major and junior colleges 
collected. Numbers of students could change the supply quickly.- 
meeting civil service standards from Thadis W. BOX, Texas Technological 
non-RMEC schools were not re- College, Lubbock, Texas. 



230 

Hansen will be Robert A. Rowen 
of the Regional Office staff in Ogden. 
Supervisor Hansen completes a For- 
est Service career spanning 32 years. 
Starting as a junior forester on the 
Cache National Forest in Utah, Han- 
sen progressed through assignments 
as supervising technician, District 
Ranger and Forest Supervisor on 
the Cache, Boise, Caribou, Teton, 
and Uinta National Forests. He 
transferred in 1950 to the Southwest 
Region with headquarters at Al- 
buquerque, where he served as As- 
sistant Regional Forester. In 1960 
he returned to the Intermountain 
Region and completed a special as- 
signment with the Utah State Park 
and Recreation Commission, before 
becoming Supervisor of the Hum- 
boldt National Forest in 1961. Robert 

NEWS AND NOTES 

A. Rowen was born in Blackfoot 
and raised on a livestock ranch south 
of Kimberly, Idaho. He is a grad- 
uate of the University of Idaho. 

Burion W. Silcock is new state 
director in Alaska for the Bureau of 
Land Management. He replaces 
Roger R. “Bob” Robinson, who has 
been appointed director of the newly 
formed BLM Great Basin Fire Cen- 
ter in Boise, Idaho. Silcock, assistant 
state director for BLM in Wyoming 
since August 1962, has also served 
in Idaho, Montana, and Texas, and 
the U. S. Army during his 22 years 
of Federal service. He is a graduate 
of Utah State University, with major 
work in range management. 

Robert L. Caudill, Jr., 41, District 
Manager of Richfield District, Bu- 
reau Of Land Management in Utah, 

died of cancer April 17, 1965 at his 
home in Richfield. He was born in 
Greybull, Wyoming, graduated from 
Colorado State University in 1950 
and was an employee of BLM for 14 
years. Caudill was outstanding in 
administration of Section 15 lands 
and had made many valuable sug- 
gestions to BLM changing regula- 
tions concerning the administration 
of these lands. 

Weston D. Whifwer, former sec- 
retary-treasurer of Nebraska Section, 
ASRM, passed away on February 4, 
1965, at Veterans Hospital in Omaha. 
A graduate of the University of Ne- 
braska, he was Range Conservation- 
ist with the USDA Soil Conserva- 
tion Service in Knox County, Ne- 
braska. He had been with SCS since 
1939. 

Student Enrollment In 
Range Management At 

Range Education Council 
Member Schools 

At its 1965 meeting, the Range 
Management Education Council 
voted to publish enrollment statistics 
from its member schools as a service 
to potential employers in the profes- 
sion. Numbers of students enrolled 
for the spring term at the 18 member 
schools are shown in Table 1. Fig- 
ures are not presented by school for 
freshman and sophomore students. 
Most schools do not require a student 
to declare his major until he reaches 
his junior year. In addition, many 
of the students start in junior col- 
leges. 

Junior enrollment is down 13.7ch 
from 1964. This marks the first drop 
in junior enrollment since 1960 and 
represents the lowest population of 
junior students since 1961. Senior 
enrollment shows no change from a 
year ago. Graduate student enr,oll- 
ment is up 31’; from 1964. Although 
freshman and sophomore student en- 
rollments are not considered totally 
accurate, both show a decline from 
a year ago. Freshman enrollment is 
down 14.754 and sophomore enroll- 
ment 10.1:; in schools reporting 
lower division enrollment for both 
1964 and 1965. 

Nine schools reported an increase 
in enrollment over 1964 and 9 re- 
ported a decline in the number of 
upper division students. Graduate 
student enrollment increased in all 
but 2 of the 18 reporting schools. 

A total of 116 students in curricula 

Table 1. Enrollment af 18 Range Management Education Council Schools, 
1964-65. 

Quali- 
SCHOOL Jr. Sr. MS PhD f yingl 

Univ. of Arizona 11 12 9 8 10 
Brigham Young Univ. 10 7 2 - 5 
Univ. of California 3 4 4 2 2 
Colorado State Univ. 18 24 8 - 2 
Ft. Hays State College 4 12 2 - 0 
Univ. of Idaho 7 14 4 2 6 
Montana State College 12 6 4 - 5 
Montana State Univ. 6 9 3 - 2 
Univ. of Nebraska 4 4 1 - 2 
New Mexico State Univ. 9 13 3 - 6 
Univ. of Nevada 0 2 7 - 0 
Oregon State Univ. 7 10 5 8 4 
So. Dak. State Univ. 6 3 1 - 0 
Texas A & M Univ. 12 15 5 9 20 
Texas Tech College 22 20 12 - 2 
Utah State Univ. 38 41 14 7 40 
Washington State Univ. 4 10 - - 10 
Univ. of Wyoming 15 11 5 6 0 

Total 170 217 89 42 116 
% Change from 1964 13.7 0 312 
1 Number of students in curricula other than range management meeting 
Civil Service Standards. 

“Data for 1964 combined MS and PhD candidates; current increase is for 
both levels combined. 

other than range management at the ported. 
member schools met civil service re- Preliminary indications are that 
quirements for the range conserva- the number of range management 
tionist examination. Most of these students available for employment 
were in wildlife management, for- will be slightly lower in 1966. Num- 
estry, or some curriculum closely as- bers of students in the classes of 
sociated with the range program in 1967 and 1968 appear to be lower 
the respective schools. Figures for than normal, however transfers from 
those qualifying in 1964 were not other major and junior colleges 
collected. Numbers of students could change the supply quickly.- 
meeting civil service standards from Thadis W. BOX, Texas Technological 
non-RMEC schools were not re- College, Lubbock, Texas. 



LETTERS TO THE EDITOR 
Letters may be accepted for publication which contribute to the objectives of the American Society 
of Range Management. The Society however, assumes no responsibility for statements and opin- 
ions by contributors. 

Dear Mr. Campbell: 
Messrs. Conard and Youngman’s 
conclusion (SOIL-MOISTURE CON- 
DITIONS UNDER PASTURES OF 
COOL-SEASON AND WARM SEA- 
SON GRASSES,” pages 74 to 78 of 
the Journal for March, 1965) that 
cool and warm season grasses should 
be planted in separate pastures may 
be correct, but it seems to me to be 
based on two rather dubious as- 
sumptions. 

The study compares moisture con- 
ditions under full stands of each type 
of grass, and concludes that there 
isn’t moisture enough to support 
both types planted together. It as- 
sumes that two full stands will be 
occupying the same space in such a 
planting and that the cool-season 
grass will go on using moisture after 
it has been forced into dormancy by 
the warm-season grasses. There is no 
evidence in the article to support 
these assumptions. I’m not a scien- 
tist, but it seems to me that the 
authors have made quite a leap 
across unknown territory to reach 
their conclusion. 

There is, I know, a strong opinion 
among college professionals that cool 
and warm season grasses should not 
be planted together, and they may 
be right. 

However, the only research that I 
know of to support this opinion is a 
South Dakota study, in which, I be- 
lieve, about 6 lbs. of brome was 
planted with a much smaller amount 
of warm-season grass. Naturally, 
the warm-season grass failed to es- 
tablish itself. All this proves is that 
there was too much aggressive, sod- 
forming cool-season grass in the 
mixture. 

Here at the Wilson Seed Farm, we 
have about a thousand clients who 
cooperate with us in exploring all 
kinds of new ideas. During the last 
five years, over 350 of our coopera- 
tors have planted cool-and-warm- 
season mixtures in almost every 
conceivable combination, under dif- 
ferent soil and rainfall conditions. I 

sent questionnaires last July to 226 
cooperators who had made such 
plantings before July, 1963, and fol- 
lowed up on September 30th with an 
inspection tour, accompanied by 
Ervin 0. Peterson, Nebraska SCS 
agronomist. 

The pastures in which the cool- 
season component constituted no 
more than 20% of the original mix- 
ture (by number of seeds) were 
uniformly satisfactory, and even 
most of the earlier plantings, con- 
taining up to 40% cool-season grass, 
had developed good balanced stands. 
There was no indication that any of 
the pastures had suffered from mois- 
ture deficiency, despite last year’s 
severe drought. 

We don’t know how these stands 
will look 20 years from now, and 
we’re not yet ready to say that this 
is the best way to plant grass, but 
we’re very happy with it so far, and 
we’re going to continue encouraging 
our clients to experiment with the 
idea until the grasses themselves 
prove that it’s wrong. Nature has 
been planting cool and warm season 
species together for a long time! 

We don’t have the facilities, man- 
power, or training to do formal re- 
search. The College is greatly handi- 
capped by lack of funds. For this 
reason, we have done what we could 
to learn what we have needed to 
know, by enlisting the cooperation 
of our clients in this “rough-and- 
ready” experimental program. 

If any Journal readers would care 
to explore this heresy, I would be 
glad to send them reprints of my 
Nebraska Farmer article on how to 
establish and manage an experi- 
mental “all-season” pasture. 

Sincerely yours, 
Jim Wilson 
WILSON SEED FARMS 
Polk, Nebraska 

To the Editor: 
What school taught the first 

courses in Range Management? This 
question occurred to me when I read 
in the California Section newsletter 
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that Dr. A. W. Samson “joined the 
University of California in 1922 to 
teach the first course ever given in 
range management.” It seemed to 
me that there were range manage- 
ment courses taught at Washington 
State before that time, so I inquired. 
The following is the reply I re- 
ceived: 

“The first range management 
course entitled, Forestry 49, Forest 
Grazing, was listed in the 1913 
W.S.C. catalog. It was a two hour 
course covering the history, princi- 
pal ranges, forage plants, poisonous 
plants, range problems, water de- 
velopment, etc. In 1911 a Forestry 
42 class was offered, covering forest 
and range plants. From 1920 on, 
Steff (Prof. E. H. Steffen) gave two 
range courses, both entitled “Forest 
Grazing, Forestry 49 and 50.” The 
writer took the last two courses in 
1922 and 23. 

What other schools were teaching 
range courses in their Forestry, 
Botany, Animal Husbandry or other 
departments at earlier dates and 
how have they developed since? 

Such information would be an in- 
teresting and valuable addition to 
the Society history. It is suggested 
as a project for one or several of our 
student chapters. 

John G. Clouston 
Executive Secretary 

Dear Bob: 
I want you to know that I feel L. A. 
Stoddart’s lead article in the May 
issue of the Journal, “What hope for 
grazing on the public lands,” is ex- 
cellent. There has been too much 
“taking sides” on the grazing prob- 
lems of public lands in the past, and 
Stoddart’s emphasis on modernized 
thinking and the adoption of a co- 
operative attitude is really refresh- 
ing. It is the only approach that can 
result in stability and continued 
grazing use of the public lands. 

Sincerely, 
Clark E. Holscher 
Washington, D. C. 



SOCIETY BUSINESS 

Message from the President 
Does Your Seciion’s Program 

Serve All Members? 
C. H. Wasser 

Fort Collins, Colorado 
Summer is that time of year 

when Section field meetings and 
tours move into real range coun- 
try and scrutinize real range 
management in practice. These 
intimate Section programs meet 
a local need which the parent 
Society could never fill - they 
serve range people who may 
never be able to attend an ASRM 
Annual Meeting and very few 
winter meetings of the Section. 
This observation suggests a re- 
view of the Section’s role and 
programs and their effectiveness 
in reaching and serving range 
people. 

Sections perform a real service 
to range managers because they 
reach out into their respective 
territories and communicate with 
most of their actual and prospec- 
tive members at a local level. 
Two-way communication is vital 
to achieving the Society’s objec- 
tives. This close association is in- 
sured by involving a maximum 
of members and friends in plan- 
ning and participating in local 
programs, meetings, tours, field 
days, newsletters, contests, and 
youth activities. We also listen 
best at the Section level ab,out 
how well we serve members’ 
needs; the merits and deficien- 
cies of Society policy, program, 
and Journal; and what it is not 
doing or should be doing. How 
well is your Section communi- 
cating the Society’s objectives 
and program ? Is your Section 
listening and communicating 
through the Council of Section 
Presidents and liaison from local 
members to parent ASRM com- 
mittees and officers? 

It would be helpful to other 
Sections if each outgoing Section 
president would summarize in 
the Newsletter, the goals, suc- 
cesses, failures and recommenda- 
tions of his year in office and ex- 
change this information with 
other Sections to mutual benefit. 
Certainly if Sections and their 
programs are the life blood of 
the Society we should seek all 
the experiences possible in better 
serving the membership, their 
needs and interests. 

I think that a Section’s annual 
program should strive to serve 
most of its membership and also 
most of its geographical terri- 
tory. Each Section should try to 
meet at least quarterly, a reason- 
able and attainable goal. But 
most Sections are forced by the 
weather to hold one and often 
two or more indoor meetings at 
central or accessible areas. Such 
indoor sessions are excellent for 
dealing at length and depth with 
technical, policy, and controver- 
sial matters. Panel presentations 
or discussion papers augment 
formal papers in providing red 
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meat to the diet while letting 
members have their say too. 
Summer meetings, and often 
spring and fall as well, may best 
be devoted to a variety of out- 
door sessions, including field 
tours of successful, unique, or 
problem ranches and ranch prac- 
tices; research stations or tests; 
demonstration or cooperative 
agency-rancher allotments and 
practices; range, pasture, or live- 
stock improvement programs, 
etc. Sometimes these can be ex- 
clusively field tours and on-site 
discussions; often they are better 
understood if preceded by an 
orientation session and followed 
by a discussion that summarizes 
findings and points to follow-up 
action needed or recommended. 

The Colorado Section, to cite 
an example, devoted most of its 
meetings during one year to try- 
ing to assist people and agencies 
desiring advice on range man- 
agement matters. Programs were 
designed to review a problem in 
preliminary discussion sessions. 
Then the problem was inspected 
on the ground. Terminal discus- 
sions summarized the recom- 
mended course of action or alter- 
natives. Such di.scussions dealt 
with State grazing land leasing 
and management, agency-per- 
mittee demonstration allotment 
programs, Naval oil-shale lands 
and their management, and pri- 
vate ranches. Membership should 
be retained and strengthened by 
such meetings designed to help 
members and range management 
programs. 

The field meetings, in particu- 
lar, should be rotated throughout 
the geographic territory of a Sec- 
tion to serve all or a maximum 
of members in time. Often no 
more than one-third to one-half 
of the membership is able to 



attend any one meeting. For a 
significant proportion of our 
members and friends, especially 
those in the hinterlands, these 
periodic field meetings in their 
local area or in similar country 
close enough to attend, may be 
about the only live contact with 
the Society. A few to several new 
members join after each of these 
local tours, if the officers or 
members point out the advan- 
tages of membership there most 
evident, but we must not lose 
sight of the fact that until an- 
other meeting comes again to 
some of these remote areas there 
is little except the Journal or 
Section newsletter to serve these 
members. 

Since quarterly meetings, fre- 
quent newsletters, and our bi- 
monthly Journal lack as much 
continuity as might be desired 
for the most effective program to 
serve all the membership, I 
would like to encourage the for- 
mation of local chapters. Where 
20 or more members exist in a 
city or localized area of a Sec- 
tion, they may form a chapter. 
With chapter programs planned 
by and for local members at ap- 
proximately monthly intervals 
real advantages should be evi- 
dent both in continuity and local 
appeal and service. In the inter- 
est of extending the Society’s 
program to all our members and 
helping them to realize real 
benefits at the local level, I urge 
formation of more chapters and 
will be glad to assist anyone de- 
siring help to organize one. We 
have several in operation. The 
Portland and Berkeley Chapters 
might serve as examples. 

The student chapters also are 
significant local units of mem- 
bership having specific needs 
and problems. It would seem 
that each school that holds mem- 
bership in the Range Manage- 
ment Education Council should 
have a student chapter. Monthly 
meetings planned by students 
under the direction of a faculty 
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or professional member should 
augment to advantage the tech- 
nical education of a range man- 
ager or scientist. It’s conceivable 
that a chapter composed of non- 
student Society members and a 
separate student chapter could 
work together in the same area 
by sharing programs. 

mend that each section have either a 
Public Relations officer or commit- 
tee or both. A press room at New 
Orleans is being planned. Has your 
Section appointed a Public Relations 
officer or committee? 

This brief review of the Soci- 
ety’s program at Section and 
chapter levels leaves much room 
for discussion. The Council of 
Section Presidents considers 
such matters annually and is en- 
couraged to solicit your sugges- 
tions for further improvement. 
We at the parent Society level 
realize that those working on 
such Section programs are on the 
firing line. If there is anything 
we can do to help you, please let 
Secretary Clouston or me know, 
for the Society fares very much 
as does the Section and its pro- 
grams in serving each member 
and the range management pro- 
fession. 

In attempting to meet certain 
qualifications necessary for the Soci- 
ety to accept grants of funds for 
scientific or scholarship purposes we 
have run in to some provisions in our 
Articles of Incorporation, which 
need to be revised, These revisions 
are being studied now and will be 
published in the Journal. By-laws 
revisions concerning the establish- 
ment of policy were sent to all mem- 
bers in June. .+ 

Director Mart May and President 
Wasser prepared a synchronized 
automatic projector and continuous- 
tape record Careers exhibit for the 
National Association of Science 
Teachers annual meeting in Denver 
March 27-28 and distributed several 
hundred Careers brochures. Educa- 
tional exhibits were reviewed to 
provide recommendations for a port- 
able society exhibit for general use 
at regional and national meeting. 

From fhe Executive Secretary 

Walter 0. Hanson represented the 
Society at the North American Wild- 
life conference in March at Wash- 
ington, D.C. 

Executive Secretary John Clouston 
in his May Newsletter to ASRM 
officers, committee chairmen and 
Section presidents included the fol- 
lowing items. 

Membership 

On March 12 we sent out 1,338 
final notices to delinquent members. 
Some Sections followed this up with 
letters and other pleas for prompt 
payment. Since then, 600 payments 
have been made. Sixty-two of these 
are new members or subscriptions, 
leaving 800 old members still de- 
linquent. This compares with 500 
dropped for non payment of dues 
last year. 

The following statement 
Membership Chairman Bill 
son’s letter of April 22 to 
Presidents. 

is from 
Ander- 
Section 

Sections are the heart of the Soci- 
ety. This has been said and resaid 
so many times it seems trite. It also 
is an indisputable fact. 

Last fall a supply of the New 
Rancher brochure was sent to sec- 
tions. We have had few orders for it. 
We still have some on hand if you 
want them. The new Careers bro- 
chure is also available for distribu- 
tion through sections to schools or 
teachers. 

Over the years many, many seri- 
ous discussions have been held on 
the topic of “what can the Society 
do to better service its wide variety 
of members?” Much attention has 
been focused on this topic. This was 
so very evident in the three-year 
collection of Membership Committee 
correspondence I reviewed last 
weekend. 

Don Huss and his Public Relations 
Committee will recommend that a 
Society Public Relations officer be 
appointed, either a part time or full 
time position. They further recom- 

I wonder if we have made a mis- 
take, generally. Have we diagnosed 
a defect in the body when actually 
the symptom points to heart-trouble? 

Think about this a bit. I am sug- 
gesting that the Society’s member- 
ship problems primarily hinge on 
Section liveliness. Possibly, instead 
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of focusing most of our attention on 
the Journal or some other Society- 
wide feature as it might lack ability 
to get and hold members, we should 
be looking critically at each Sec- 
tion’s performance-at the heart. 

Are you satisfied that your Sec- 
tion is conducting a program that 
fulfills the needs of its members and 
potential members? Do your Sec- 
tion’s activities turn out to be worth- 
while, and frequent enough, to make 
ranchers and others know that there 
is an A.S.R.M. and that it is doing 
something for them? As your Sec- 
tion’s elected leader, are you willing 
to devote a little extra effort analyz- 
ing its activities and to do something 
toward making it more responsive 
to the needs of potential members? 

Please consider, if you will, some 
ways by which our Sections have 

strengthened their activities to at- 
tract and hold members: 

1. Form a number of Chapters 
within the Section. Use them to get 
small, local groups together fre- 
quently throughout the Section. 
THIS WORKS. 

2. Include names, occupation and 
address of new members in your 
newsletter. 

3. Write new members a personal 
letter of welcome. 

4. Tack on an extra four bits to 
your registration fee at Section 
meetings to build your operating 
fund and do something constructive 
with it. 

If you agree that the diagnosis 
actually is HEART-TROUBLE, en- 
liven your Section’s program, Let’s 
get the old pump back up to opti- 
mum production, if it isn’t already. 

Notice 

Because second class mail 
must soon be sorted according to 
zip codes it is necessary that we 
have your proper zip code num- 
ber for mailing your Journal. We 
shall obtain this number from 
the Post Office if you do not 
move. If you do change your 
address, please notify us as soon 
as you know your new address, 
a month in advance if possible, 
including the new zip code. Post 
office form number 3573 obtain- 
able at any post office may be 
used. Please notify: 

JOURNAL, OF RANGE 
MANAGEMENT 
P.O. Box 5041 
Portland, Oregon 97213 

Spanish Summaries Available 
The 1964 issue of the Spanish 

Summaries is now available. Ab- 
stracts of all the major papers 
were translated by Dr. Martin H. 
Gonzalez. The new volume will 
be sent to all Spanish-speaking 
members. Requests for compli- 
mentary copies to be sent to po- 
tential members should be di- 
rected to: Dr. Thadis W. Box, 
Texas Technological College, 
P.O. Box 4169, Lubbock, Texas 
79409. 

Longmont Seed Co. 
Field Seeds and Complete Seed Service 

Buy-Clean-Treat-Sell 
Legumes-Grasses-Cra i II 
LONGMONT, COLOI{ADO 

For The Wild, The Tame, The Exotic 
-we’ve got it - 

Alkali Sacaton Green Sprangle Top 
Blue Bunch Wheat Grass Plains Bristle Grass 
Blue Grama Switchgrass 
Black Grama Sideoats Grama 
Buffalo Grass Bromegrass 
Big Blue Stem Native Intermediate Wheatgrass 
Big Blue Stem Kaw KY 31 Talf Fescue 
Little Blue Stem Native Orchard Grass 
Bluestem Mixtures Red Top 
Sand Bluestem Reed Canary Grass 
King Ranch Bluestem Tall Wheatgrass 
Indian Grass 
Green Needle Grass 

;yzttery Wheatgrass 

Canada Wild Rye Grass Perennial Ryegrass 
Russian Wild Rye Annual Ryegrass 
Sand Drop Seed Ky. Bluegrass 
Sand Love Grass Needle And Thread 
Sand Reed Grass Bermuda Grass 
Indian Rice Grass Blue Panic 
Crested Wheatgrass Rescue Grass 
Fairway Crested Wheatgrass Weeping Lovegrass 
Western Wheatgrass Creeping Red Fescue 

CAT-TAIL SEED 
Alfalfa Sweet Clover 
Red Clover Alsike Clover 
Lespedeza Ladino Clover 
Birdsfoot Trefoil White Dutch Clover 
Vetch Dwarf Essex Rape 
H&rind Sorghum Grain Hybrid Sorghum Forage 

Hybrid Sudan 
Millets Sorgos 

AGRICULTURAL CHEMICALS 

ONE CALL DOES IT ALL 

MILLER HEED co. 
Phone 432-l 232 
Lincoln, Nebr. 

Phone 364-1615 
Hereford, Texas 

Speciahsts in Quality N AT I V E G R A S S E S 
Wheatgrasses l Bluestems l Gramas l Switchgrasses l Lovegrasses l Buffalo l and Many Others 

We grow, harvest, process these seeds Native Grasses Harvested in ten States 
Your Inquiries 

Appreciated SHARP BROS. SEED CO. ~~~,3~%is 
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