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Journal of 
RANGE MANAGE'MENT 

A Report from the President 
F. G. RENNER 

5.232 South Agr. Bldg., Washington, D. C. 

S INCE we met in January, I have vis- 
ited range men in Utah, New Mexico, 

Colorado, Oklahoma, California, Kansas, 
Nebraska, and Texas. Everywhere, I 
found a keen interest in Society affairs. 
Many members have appointed them- 
selves one-man committees to help in- 
crease the size of our organization, Oth- 
ers are at work helping to organize local 
sections to knit us closer together and 
everywhere, I found members determined 
to do everything possible to expand the 
influence of our Society. With this kind 
of interest and support, working to ad- 
vance the interests of the Society has in- 
deed been a pleasure. 

Immediately following our Denver 
meeting the newly-elected officers and 
Council members present met to consider 
policy matters and actions needed to carry 
on the affairs of the Society. The first 
order of business was to approve the ap- 
pointment of W. James Anderson, Bureau 
of Land Management, Washington, D. C., 
as Secretary of the Society. Jim took 
over these duties immediately and has 
been a tremendous help in handling the 
increasing correspondence, in working 
with Treasurer M. S. Morris in develop- 
ing the yearly budget, and in many other 
ways. 

By early March, twelve committees 
had been appointed and were hard at 
work on Society business. Forty-seven 
individuals were asked to serve on these 
committees and it gives me real pleasure 

to report that every member accepted 
this responsibility, despite the fact that 
most of them are exceedingly busy per- 
sons. 

An Advertising Committee is investigat- 
ing the possibility of securing a business 
firm to solicit advertising for the Journal 
on a contract basis. It is expected that 
such an arrangement under terms satis- 
factory to the Society can be made and 
that some advertising will be obtained 
before the end of the year. This will 
strengthen our financial position and 
speed the time when we can shift from a 
quarterly, to a monthly Journal. 

The Arrangements Committee is hard at 
work on the preliminary arrangements 
for our next annual meeting at San An- 
tonio, January 10-12, 1950. As our of- 
ficial headquarters for the meeting, the 
famous Gunter Hotel has agreed to fur- 
nish meeting and committee rooms with- 
out charge and our Texas members may 
be depended upon to show us an inter- 
esting time. 

A Curricula Committee has undertaken 
to study college and university courses 
of instruction now being offered for train- 
ing men in the field of management and 
conservation of range resources. Follow- 
ing their study, they will develop a basic 
curriculum for presentation in the pages 
of the Journal and consideration by the 
Society as a suggested minimum standard 
for undergraduate training in this field. 

The Editorial Roard, in addition to its 
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duties in connection with the current is- 
sues of the Journal, is developing a set of 
far-reaching recommendations and stand- 
ards for future guidance of the Society’s 
publication. It is expected that these 
will not only facilitate their own efforts to 
improve the quality of the Journal, but 
will be helpful to prospective authors. 

An Elections Committee has been ap- 
pointed to receive and count the ballots 
and report the results of the election of 
our next set of officers to be held this 
fall. 

A Finance Committee is preparing a 
brochure about the Society for use in 
interesting foundations, corporations, and 
others in “contributing” and “sustaining 
memberships”. They are also working 
on plans to stimulate “life memberships” 
and report that one member has already 
disposed of his annual dues problem for 
all time by a contribution of $100.00. 

The Incorporation Committee has en- 
listed the services of a public-spirited at- 
torney and is proceeding with action to 
get the Society incorporated in one of the 
western states. 

A committee on Local Sections is study- 
ing the question of jurisdictional bound- 
aries and is preparing recommendations 
to the Society in this matter. They are 
also taking action to stimulate the forma- 
tion of additional sections. Thus far, local 
sections have been formed in Wyoming, 
Colorado, Utah, and Texas. 

The Membership Committee has set up 
small sub-committees in each of the west- 
ern states, the eastern regions, and in 
Canada, and is’ coordinating their efforts 
in a strenuous attempt to meet the 
Council-approved goal of doubling our 
membership during the current year. In 
addition to this increase in general mem: 
bership, they expect to add at least twenty 
new stockmen-members from each of the 
seventeen western states. As of April 
20, Treasurer Morris reports 104 new 

members since *January 1, making our 
present total 857. Although this is a siz- 
able increase, we still have some dis- 
tance to go. 

The Nominations Committee is giving 
careful consideration to a prospective 
slate of officers for 1950. All members 
are urged to take advantage of the pro- 
vision in our constitution which provides 
for nomination of candidates by petition. 
Such petitions should be submitted di- 
rectly to the committee chairman not 
later than August 1. 

The Program Committee under the di- 
rection of our hard-working Vice Presi- 
dent is well along with its plans for the 
program of our next annual meeting. 
Advance information is that considerable 
emphasis will be given to actual accom- 
plishments in improvement and conserva- 
tion of the range and that a number of 
leading stockmen-members will appear on 
the program. 

A one-man Publicity Committee located 
at Washington, D. C. where he has daily 
contact with wire services, radio editors 
and many other news outlets has done 
yeoman service in publicising the Society. 
Present members aren’t the only ones 
who are interested in the American So- 
ciety of Range Management. There are 
others, professional people and ranchers, 
who would join if they knew of the work 
and objectives of the Society. In addi- 
tion, there is a great body of people whose 
ideas form what is called public opinion, 
who would like to know about the exist- 
ence of the Society and what its collec- 
tive judgement is. It is for these people, 
outside of the organization, that a pub- 
licity program is being started. A con- 
siderable number of short news items writ- 
ten in the language of main street, not 
that of the rancher or ecologist, have been 
sent out to farm paper editors, radio farm 
directors, and extension editors. We hope 
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these will be found newsworthy and used 
in their papers and prgrams. 

Committees appointed for this year are 
as follows : 
ADVERTISING-A. L. m7hite, Chairman, 

B. W. Allred, David F. Costello, Fred 
H . Kennedy. 

ARRANGEMENTS-David Foster, Chair- 
man, R. D. Burr, James Parks, Vernon 
A. Young. 

CunmcuLA-Wm. G. McGinnies, Chuir- 
man, H. R. Guilbert, L. E. Spence, L. 
A. Stoddart. 

EDITORIAL BOARD-H. H. Biswell, Editor, 
F. W. Albertson, B. W. Allred, David 
F. Costello, Walter P. Cottam, Fred 
H. Kennedy, William C. Weir. 

ELEcTIoNs-Richard B. Millan, Chuir- 
man, Thomas L. Kimball, Cal Taylor. 

FINANCE-W. R. Chapline’, Chairman, 0. 
S. Aamodt, Henry Biederman, Grover 
F. Brown, Harold J. Burback, Bruce 
Orcutt . 

INCORPORATION-Albin D. Molohon, 
Chairman, Floyd D. Larson. 

LOCAL SECTIONS-Lynn H. Douglas, 
Chairman, Walter D. Armer, Wesley 
Keller, C. C. Waneka. 

MEMBERSHIP-A. L. Hafenrichter, Chuir- 
man, C. Kenneth Pearse. 

NOMINATIONS-E. R. Greenslet, Chuir- 
man, Robert V. Boyle, Enoch W. Nel- 
son, Paul H. Roberts. 

PROGRAM-D. A. Savage, Chairman, H. 
M. Bell, T. Lommasson, Kenneth B. 
Platt, Jos. H. Robertson, Chester A. 
Williams. 

PUBLICITY-Q Briggs. 
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Condition and Management of Range Land 
Based on Quantitative Ecology 

E. J. DYKSTERHUIS 

Range Division, Soil Conservation Service, Lincoln Nebraska 

T ODAY there are many different bases 
for range condition classifications. 

Stockmen commonly associate the term 
“range condition” with favorableness of 
the season. In this sense, good range 
condition may mean simply that an area 
recently received good rains. However, 
professional range conservationists have 
long associated good range condition with 
something less fleeting than good seasonal 
growth. 

In the glossary of technical terms pub- 
lished by the Society of American Fores- 
ters (11)) range condition is defined as 
“The state of health or productivity of 
both soil and forage of a given range, in 
terms of what it could or should be under 
normal climate and best practicable man- 
agement”. This article describes a sys- 
tem for determining range condition 
which considers climate, soil, and vegeta- 
tion both present and potential. It in- 
cludes a review of researches that pro- 
vide a scientific foundation for the system, 
and shows how earlier qualitative appli- 
cations have been replaced by quantita- 
tive ones. An actual example is used to 
demonstrate practical application of the 
system to range management. 

REVIEW OF LITERATURE 

Most of the literature on range condi- 
tion classes was published within the past 
decade. In 1936 Talbot and Crafts (29) 
called attention to the need for simple, 
usable measures of range condition. 
Since then, Farmers’ Bulletins of the , 

ous mimeographed and processed publica- 
tions have popularized the idea of range 
condition classes. They have resulted in 
a new and better understanding of range 
condition by many ranchers and profes- 
sional conservationists. However, pop- 
ularized descriptions must eschew elab- 
oration of underlying principles and 
technical procedures. The descriptions 
themselves testify that many different 
bases for classification were used. Since 
the descriptions usually show a differ- 
ent floristic, or species, composition for 
each condition class and also associate 
range improvement with secondary plant 
succession, it is concluded that the con- 
cept of range condition classes dates back 
to research by Sampson (23, 24). 

Sampson’s research published in 1919 
after about 13 years of study in western 
United States, contains the conclusion 
that “The most rational and reliable way 
to detect overgrazing is to recognize the 
replacement of one type of plant cover 
by another.” Equally important was his 
conclusion, “The grazing value of the 
vegetative covers is essentially deter- 
mined by the stage of succession. Lo- 
cally, and indeed generally, the carrying 
capacity and forage value are the highest 
where the cover represents a stage in 
close proximity to the herbaceous climax 
and lowest in the type most remote from 
the climax.” This was application of the 
Clementsian concept of plant succession 
and climax to practical range problems. 
Later researches (5, 6, 14, 20, 21) cov- 

U. S. Department of Agriculture (13,22), ering both plant production and succes- 
and livestock journals as well as numer- sion showed differences in methods, as 
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well as in locale, but served to confirm 
Sampson’s (24) conclusions. While re- 
search was in progress, the idea of an 
ecologic classification of range conditions 
was generally accepted and put to exten- 
sive use (27). The “stage” concept of 
range degeneration of Sampson (24) mean- 
while had been transformed into range 
condition classes. Humphrey (19) traced 
early development of the use of range 
condition classes in forage surveys. He 
also presented one method of determin- 
ing range condition. There are now 
many ways of determining, as well as 
applying, range condition classes. Some 
no longer have the original ecologic ba- 
sis. This is true of classifications that 
do not depend upon position of the vege- 
tation in the scale of secondary succes- 
sion. For’example, one viewpoint is that 
range condition may be measured directly 
in terms of forage production. How- 
ever, ecologic research shows that forage 
production is generally only a reflection 
of range condition. Also, that “Range 
recovery is accomplished through second- 
ary succession” (12). 

Attempts to apply the information on 
range condition classes reported in re- 
search and popular literature showed: 1) 
That different classes in the series for a 
site were either described qualitatively, 
or only selected examples were described 
quantitatively; 2) That quantitative data 
on classes were inadequate to cover var- 
iations in the vegetation encountered on 
a site, and; 3) That one description for 
each class of a series for a site was inade- 
quate because a site with one kind of veg- 
etation when in climax condition often 
had many kinds of vegetation when in 
poor condition. A quantitative system 
for determining range condition with res- 
pect to a climax evidently has not been 
published. However, some features of 
a quantitative system were presented 
at a joint session of the American Society 

of Range Management and the American 
Society of Agronomy (16). The system 
has been in daily use since 1945 in field 
operations of the Soil Conservation Service 
throughout Oklahoma and Texas. 

ECOLOGIC PRINCIPLES IN A 
&UANTITATIVE SYSTEM 

Range condition might be defined at 
this point as “The percentage of the pres- 
ent vegetation which is original vegeta- 
tion for the site.” However, the defini- 
tion could have little meaning without a 
background of principles applied and al- 
ternatives discarded in practical field 
tests. 

In the first attempts to develop a quan- 
titative system, factors relating to trend 
were considered in defining range condi- 
tion classes. For example, relatively 
good plant growth or vigor was considered 
important in determining range condi- 
tion. But this variable could not be ex- 
pressed quantitatively. As Fosberg, (17) 
aptly said, “The problem of detecting, 
classifying and evaluating all the factors 
which affect plant growth in an environ- 
ment has so far defied the ingenuity of 
even the best plant ecologists and physi- 
ologists. It is so complex that even the 
complexity is hard to grasp.” Further- 
more, when depleted range has widely 
spaced perennials of the climax growing 
among invading annuals these perennials 
may exhibit more vigor after a short de- 
ferment than do the same species in the 
climax. For these reasons plant vigor 
was discarded as a measure of range con- 
dition. However, it may be an indictor 
of trend in range condition. Despite the 
importance of being able to recognize up- 
ward and downward trends, these trends 
must still be from a certain point which 
is here regarded as range condition. Un- 
til all factors relating to trend were 
sharply distinguished from those relating 
to present condition, our maps had little 
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value because trends changed within pe- 
riods of less than a year. On the other 
hand, maps of range conditions based on 
position in the subsere, or “stage” in 
secondary succession, provided useful in- 
ventory data. 

Many problems were encountered in 
developing a uniform conception of areas 
that should be differentiated on maps. 
In any climate there are many soils and 
vegetation types, both climax and de- 
velopmental. The combination of cli- 
matic and soil conditions of an area may 
be referred to as site (8). Many kinds 
of vegetation may occur on the same 
site; depending upon the history of use 
of the vegetation. Range condition rat- 
ings were first applied to current forage 
types, even though these sometimes 
crossed important site or soil differences, 
Such differences became apparent when 
the range reached a higher condition. 
Since range condition expresses departure 
from potential for a site, it followed that 
delineation of sites had to precede delin- 
eation of range condition classes. It has 
been stated (18) that sites should be clas- 
sified on the basis of potential forage 
production. This would be the case if 
range condition classes were simply pro- 
duction classes. Attempts to base a 
quantitative system of range condition 
classification on potential production 
showed: 1) That there was often as much 
difference in forage production on one 
site from year to year as there was dif- 
ference between sites in the same year; 2) 
That relative coverage (species composi- 
tion) fluctuated less from year to year 
than forage production; 3) That cIi- 
maxes which are different floristically may 
produce essentially the same amount of 
forage per unit of surface area; and 4) 
That in field operations, men could not 
classify a range with respect to potential 
production except as judged from relative 
coverage. Though there is a direct rela- 

tion between range condition and produc- 
tion, the relation is general. Quantita- 
tive data are needed to show the specific 
relation for each site under different kinds 
and seasons of grazing. Accordingly, 
sites are now delineated on the basis of 
differences in relative coverage in the cli- 
max. In rare instances sites have been 
sub-divided because of differences in pro- 
duction within a map unit of climax vege- 
tation. In those rare cases where two or 
more sites have about the same species 
composition in the climax but differ in 
productivity (14), composition must still 
be considered to determine departures 
from potential. Differences in produc- 
tivity are recognized by recommending 
different stocking rates. Differences in 
range condition are recognized by com- 
paring present vegetation with Climax veg- 
etation. 

There was a problem of obtaining a 
common basis for recognizing climax veg- 
etation and necessary subdivisions. Cli- 
max may be defined as the highest point, 
or culmination, of plant succession. The 
dependent relation between plant succes- 
sion and soil development, to climax for 
both, are shown in their mutual depend- 
ence on climate in a simple yet ever so 
comprehensive diagram by Tansley (30). 
Enlarged copies were used with groups 
of field men to clarify relations of these per- 
tinent variables. The monoclimax and 
polyclimax concepts were distinguished. 
Field men readily agree that range con- 
dition cannot well be based on the mono- 
climax theory. This is true because 
where range occurs on greatly deterio- 
rated or immature soils the slow process 
of soil genesis might require that the 
range be classed as in poor, fair, or good, 
rather than in excellent condition for more 
than the lifetime of a range operator; 
even if he practiced perfect management. 
We, therefore, accept products of man- 
caused erosion along with intrazonal and 
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azonal soils as potentially stable soils or 
sites, and consider the relatively stable 
plant community in equilibrium with such 
soils as climax. Summarily, the term cli- 
max as used here refers to climatic, eda- 
phic, or physiographic climaxes and is 
usually synomyous with original vegeta- 
tion. In early 194,5 our guides to range 
condition divided sites of each climatic 
belt between preclimax, climax, and post- 
climax sites, according to the climatic 
climax theory of Clements (IO). Our site 
classifications may still be grouped under 
these headings but the terms do not ap- 
pear on the guides. For any area a site 
separation is considered justified if: 1) 
There is a measurable difference in spe- 
cies composition of the climax or; 2) There 
is sufficient difference in productivity to 
justify recommending a different rate of 
stocking. Differences considered measur- 
able are indicated by field data in a later 
section. The climax vegetation of a re-, 
gion, as verified by scattered relicts on- 
comparable sites, shows far less variation 
than present range vegetation (15). The 
former is a product of soil and climate. 
The latter is a product of soil and cli- 
mate plus the particular kind and amount 
of grazing disturbance it has received. As 
would be expected, the site classification 
based on climax units has resulted in 
mapping fewer sites than range condi- 
tion classes. 

It will be appreciated that if the cli- 
max for a certain site is forest, secondary 
succession would finally result in loss of 
grazing values. Accordingly, the concept 
being presented is limited to soils and 
climates where the climax vegetation is 
suitable for grazing; for example, grass- 
lands or savannahs. Perhaps the term 
“range land” should also be limited. to 
such sites. Natural pastures in poorly 
developed forest are commonly called 
forest range. If a classification of native 
pasture conditions is made in poorly de- 

veloped forest, it would seem appropriate 
to determine whether secondary succes- 
sion would lead to Savannah or to forest. 
Areas where the climax is Savannah may 
show a great increase in woody plants 
after decades of overgrazing and may ap- 
pear like poor forest. Range degenera- 
tion and condition classes under such 
circumstances ha#ve been described for the 
Western Cross Timbers of Texas (15). 

There are annual-plant ranges such as 
those of the granite basin of Texas, and 
the California foothills (4), where range 
management may logically be aimed at 
efficient use of annual-plant forage in its 
most productive condition. The best 
annual-plant range in these areas is evi- 
dently far from the climax. Accordingly, 
it would not be classified as range in ex- 
cellent condition under this system of 
classification though it might be excel- 
lent annual-plant range. Our goal in 
range management is not invariably ex- 
cellent range condition. Our goal may be 
a lower range condition, but it is under- 
stood that the concept of excellent range 
condition remains unchanged. 

Pioneering efforts to describe local 
range condition classes assumed that de- 
generation of original vegetation under 
grazing resulted in a single series of lower 
and poorer types of vegetation. When 
we attempted to describe a floristic com- 
position for each condition class in the 
series for a site, we ignored the different 
kinds of degeneration. One pasture may 
have deteriorated under grazing by sheep, 
another under year-round grazing by 
cattle, and another under seasonal graz- 
ing by cattle. We also ignored the 
important ecologic principle of conver- 
gence. Clements (10) pointed out that 
all seres converge to the final community. 
One description is adequate for the top 
condition, but it would usually take many 
descriptions for the kinds of poor con- 
dition which will return to a single excel- 
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lent condition. Range improvement on 
the poor pastures mentioned could be vis- 
ualized as movement upward from the 
ends of the spokes of the lower portion 
of a wheel, toward the hub, or climax. 
Consequently, the present system de- 
scribes only the climax or 100 per cent 
level of development of vegetation for a 
site. The 100 per cent level may not be 
reached under practical rates of stocking 
with domestic animals. Range condi- 
tion is measured by percentages of de- 
parture in any downward direction from 
the 100 per cent level. 

NED GROUPING OF RANGE PLANTS 

A discussion of the ecologic basis for 
range condition classes in 1944 (3) pre- 
sented a diagram showing range deter- 
ioration as a curve downward from cli- 
max vegetation, to bare soil. This showed 
a departure from the stage, or stair-step, 
idea of range improvement. It was felt 
that segments of the curve from top to 
bottom should represent range condition 
classes. The counterparts of the stages 
of primary succession had not been read- 
ily discernible in secondary succession on 
range lands (14). All of the range con- 
ditions that could be found on a site at 
one time could seldom be related to a 
series of stages or steps because the more 
orderly processes of priseres are variously 
modified by grazing in range subseres. 
There remained a need for some means 
of quantitatively measuring position of 
a range on this curve rather than finding 
a series of stages or steps. This led to a 
new grouping of range plants. Among 
range men, the time-honored groups of 
plants were “Weeds, ” “Grasses and Grass- 
like Plants,” and “Shrubs.” In 1940, 
Smith (26) reported a classification of 
prairie species on the basis of behavior 
under range deterioration from climax. 
He listed species that had decreased in 
abundance, species that had increased, 

invading species, and species more or less 
unaffected. In 1941, Weaver and Han- 
sen (31) reported a classification of plants 
based upon their response to grazing. 
They provided data on distribution and 
relative importance of six kinds of plants, 
namely, prairie grasses and prairie forbs 
that decrease under grazing, prairie gras- 
ses and prairie forbs that increase under 
grazing, and grasses and weedy forbs that 
invade pastures. Many ecologists pre- 
viously had observed that certain climax 
species might increase in abundance for 
a time under grazing. 

These ecological classifications of spe- 
cies, based upon response to grazing were 
grouped and incorporated in a quantita- 
tive system of range classification by 
applying percentages of coverage to them 
and terming them ‘LDecreasers,” “In- 
creasers,” and “Invaders” (15). The 
“Decreasers” and “Increasers” being spe- 
cies of undisturbed and relatively stable 
‘or climax plant communities, whereas the 
the “Invaders” are not. Though many 
invaders were present in the original veg- 
etation, they occupied disturbed areas 
such as mounds of burrowing animals. 
Overstocking with domestic livestock has 
since permitted them to occupy entire 
landscapes, where they are now often as- 
sociated with species not native to North 
America. The usefulness of the concept 
that all range plants belong to one of 
these groups is apparent. 

A quantitative study of the regenera- 
tion of native ranges reported in 1946 (14) 
resolved field data into graphs indicating 
trends in the importance of the principal 
grass species under progressively less dis- 
turbance by grazing. The graphs clearly 
revealed the counterparts of decreasers, 
increasers, and invaders. It was con- 
cluded that “The species of the disclimax 
may be grouped in three categories, de- 
pending upon behavior in the subsere. 
These are: species that simply increase 



CONDITION AND MANAGEMENT OF RANGE LAND 109 

in relative coverage, species that decrease 
some in relative coverage after a period 
of increase, and species that are ultimately 
eliminated.” These and other data (12) 
showed that upward and downward 
movements along the curve of range im- 
provement and deterioration were con- 
tinuous series of changes in the relative 
proportions of decreasers, increasers, and 
invaders. Range condition classes may 
then be shown diagrammatically, as in- 
dicated in Figure 1. 

In Figure 1, the course of degeneration 
is arbitrarily, but objectively, divided into 
four parts called excellent, good, fair, and 

RANGE CONDITION 
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Percentages of climax vegetation in response 
to years of overgrazing. 

FIG. 1. DIAGRAM ILLUSTRATING A QUANTITA- 
TIVE BASIS FOR DETERMINING 

RANGE CONDITION 

poor, range condition. Since each is ac- 
tually a class of conditions, the term range 
condition class is appropriate. The ad- 
jective ratings and segments of curves 
intercepted may be varied without chang- 
ing the basis for the concept. As shown 
in Figure 1 the total of decreasers, in- 
creasers and invaders is always 100 per 
cent. The horizontal scale shows per- 
centage of decreasers plus the percentage 
of increasers prior to increase. It has 
been found practical to use relative cov- 
erage of decreasers, increasers, and in- 
vaders when estimated to the nearest five 
per cent (1). This relative coverage is 
based on the total of all foliage produced 

in average years. Relative foliage pro- 
duction in pounds of air-dry weight might 
prove to be more satisfactory. These are 
but two of five distinctly different con- 
cepts in quantitative relations of vegeta- 
tion (2). It should be emphasized that 
annuals, as well as tree canopies beyond 
the reach of livestock, must be included 
in estimates of relative amounts of de- 
creasers, increasers, and invaders. There 
are good theoretical grounds for including 
all of the vegetation on a site rather than 
only perennials or forage within reach of 
livestock. Increase or invasion by an- 
nuals and woody plants are among the 
most common results of range depletion. 
The range concept of density is not used 
as a criterion of range condition in this 
system (1). Where range condition is 
based upon position in the subsere relative 
amount of various species is always more 
certain evidence of condition than density 
of total vegetation. Instances have been 
reviewed where a decrease in absolute 
density was associated with range im- 
provement and vice versa (28). Further- 
more, estimates of absolute coverage or 
total density and forage density have been 
found unreliable (25). 

LOCAL GUIDES FOR TECHNICIANS 
The foregoing review of research, eco- 

logical principles, and trial and error field 
experience could be greatly extended. It 
should provide necessary background for 
application and improvement of a quan- 
titative system that applies ecology to 
range classification and management. A 
similar review is given technicians before 
they undertake development of local 
guides. Their guides assemble all per- 
tinent local data on one page that they 
carry in the field. The present type of 
guide was first used near Dublin, Texas, 
in 1945. Such guides, with modifications, 
are in daily use by range technicians in 
Soil Conservation Districts from claypan 
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soils under 42 inches of average annual haps 100 acres of very shallow upland, or 
precipitation in northeastern Oklahoma, Site 1. Your estimate of relative cov- 
to desert soils under 10 inches of average erage is indicated in the first column of 
annual precipitation near El Paso, Texas. figures in Table 2. 
The technicians’ guide used here as rep- Reference to Table 1 shows sideoats 
resentative, was prepared for the general grama to be a decreaser in this climate 
vicinity of San Angelo, Texas. Mr. Ben and on these soils. Therefore, any 
0. Osborn, Work Unit Conservationist, amount remaining represents a part of 
Soil Conservation Service, San Angelo, the original vegetation and counts toward 

TABLE 1 
Part I of “Technicians’ guide to condition and management of ranges in District Group 39, Soil 

Conservation Service, San Angelo, Texas, September 1947.” 
(Key species, are grouped according to response to overstocking. Increasers in this climate 

are shown with their percentages of coverage in climax vegetation of various sites) 

DECREASERS (ALL SITES) 

Indiangrass 
Big bluestem 
Little bluestem 
Pinhole bluestem 
Sideoats grama 
Neally grama 
Green sprangletop 
Vine-mesquite 
Wildryes 
Tall dropseed 
White triodia 
Texas cupgrass 

INCREASERS 
(MAX. IN CLIMAX) 

Texas wintergrass 
Perennial threeawns 
Fall witchgrass 
Silver bluestem 
Tobosa 
Sand dropseed 
Texas grama 
IBuffalo grass and 

curlymesquite 
Hairy grama 
Forb increahers 
Wood increasers 

RANGE SITES* 

(%I (%I (%I 

td d d 
5 5 0 
5 5 5 
d 5 5 
0 0 10 
d 5 5 
5 5 5 

d 20 30 
d d 10 

10 5 5 
5 30 10 

2 _ 4 

(%I 

10 
0 
0 
5 

20 
5 
5 

40 
5 
5 
0 

5 

(%I 

15 
0 
0 

10 
5 
5 
0 

10 
0 
5 

20 

INVADERS (ALL SITES) 

-- 

All annuals 
Red grama 
Hairy triodia 
Tumblegrass 
Windmillgrass 
Ear muhly 
Nightshade 
Coneflower 
Broom snakeweed 
Mealycup sage 
Western ragweed 
Woody invaders 

* Site 1 = ‘Very shallow upland (Soil group 24~); Site 2 = Scrub-oak upland (Soils on which 
shin oaks are part of climax) ; Site 3 = Ordinary upland (Soil groups 24d, 17) ; Site 4 = Deep upland 
(Soil groups 1 and 2; heavy clays) ; Site 5 = Draws and bottomlands (Soil group 4; overflow land). 

t “d” indicates that on this site the species is a decreaser rather than an increaser. 
$ Consider the two species together in estimating coverage. For sites 3,4, and 5 near 19-inch 

isohyet use 35, 50, and 15%, respectively, and near 29-inch isohyet use 25, 30, and 5% respec- 
tively. 

Texas, provided most of the percentage 
values and described the sites. These 
were corroborated by examination of rel- 
icts. The portion of the guide used to 
determine site and range condition class 
is given in Table 1. 

The data and the use of Table 1 may be 
best explained by applying it to a typic&l 
problem. Assume that you have exam- 
ined a native range, and on an aerial photo 
you have delineated the boundary of per- 

the possible 100 per cent coverage by cli- 
max vegetation. The 10 per cent, there- 
fore, is tallied in the second column of 
figures of Table 2. Perennial three-awn 
is an increaser. In fact, the estimate of 
10 per cent shows an increase of five per 
cent over the maximum of five per cent 
found in the original vegetation of such 
sites. Therefore, only five per cent is tal- 
lied. Texas grama, though ordinarily an 
increaser, shows no increase under the 
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circumstances surrounding deterioration 
of t,his pasture. The five per cent is not 
abnormal for the site and is tallied. Cer- 
tain of the less palatable forbs associated 
with the original vegetation ordinarily 
increase for a time under deterioration. 
Such species now compose only five per 
cent of the total vegetation. However, 
they may have increased beyond 10 per 
cent of the total at some point in the 
course of range deterioration. Since the 
remaining five per cent represents five per 
cent of the climax vegetation it is tallied. 
Certain woody species were always pres- 
ent on this generally shallow site, though 
they were rooted in the relatively deep 

TABLE 2 

Example of calculation of range condition from 
coverage data 

SPECIES OR GROUP 

Sideoats grama. ........ 
Perennial threeawns. ... 
Texas grama. .......... 
Forb increasers. ........ 
Woody increasers. ...... 
Hairy triodia. .......... 
Annuals. ............... 
- , 

RELATIVE CLIMAX 
COVERAGE PORTION 

% 

10 
10 
5 
5 

20 
15 
35 

% 

10 
5 
5 
5 
5 

- 
- 

-- 

30 Total . . . . . . . . . . . . . . . . 100 

- 

_- 

- 

soils formed in joints of horizontal lime- 
stones. Under grazing, woody plants in- 
creased to 20 per cent of the total coverage. 
Originally, they composed not over five 
per cent and that amount is tallied. 
Hairy triodia and annuals were not found 
in recognizable amounts on areas of relict 
vegetation of this site. They are, there- 
fore, classed as invaders. Any percent- 
age of invaders represents an equal per- 
centage departure from climax vegetation. 
Hence, they are not tallied in the second 
column of figures. The total of this col- 
umn is 30 per cent. Reference to Figure 1 
would place this range in the fair con- 
dition class. 

In field practice, technicians, though 
following a guide such as this, mentally 
calculate departures from climax or add 
what remains of the climax, whichever is 
the smaller number. These calculations 
are made with sufficient accuracy to name 
the correct condition class almost in- 
stantaneously. Moreover, in describing 
higher and lower range conditions to the 
rancher it can be stated in terms of kinds 
and amounts of key plants which may be 
pointed out. Table 1 shows that on site 
3 as much as 10 per cent of the vegetation 
may be tobosa when a range reaches top 
condition, even though some other species 
might be preferred by the rancher in what 
is agreed upon as the top condition. 
Likewise, the herbaceous species listed in 
Table 1 as invaders will be virtually elim- 
inated from the plant cover as a range 
improves even though the rancher is 
“sold” on certain annuals. This makes 
it necessary to explain how management 
of native ranges differs from management 
of tame pastures. On range, plants come 
in certain combinations indicated in Table 
1. Figure 1 illustrates the principle. 
The guide utilizes indicator plants in the 
concept of Clements (9) who stated, 
“There can be no doubt that the commu- 
nity is a more reliable indicator than any 
single species of it. . . . The significant spe- 
cies are the dominants and subdominants 
which give character to definite commu- 
nities.” In Table 1, the term “key spe- 
cies” is used with this connotation. We 
endeavor to select the 30 to 40 key species, 
or groups of species, in each area. Any 
one rancher may have five to fifteen key 
species. We ‘believe he should be able to 
identify them readily at all times of year 
and should understand the manner in 
which each responds to heavy and light 
stocking rates and to deferments from 
grazing in different seasons. Thus ap- 
plied ecology becomes a simple medium 
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for classifying ranges and for interpreting 
common range phenomena. 

The technicians’ guide, from which 
Table 1 was taken, shows recommended 
stocking rates for each site and condition 
on the lower half of the same page. This 
portion of the San Angelo, Texas, guide 
is here presented as Table 3. 

Table 3 indicates grazing capacity for 
the top condition only. All other values 
are simply guides to appropriate stocking 
rates for rapid and obvious improvement 
in range condition. A presentation of the 
complete basis for the stocking rates is 
outside the scope of this article. Briefly, 
the recommended rates were based on 

TABLE 3 
Part II of technicians’ guide 

For sites 2 and 3, consider values in the line 
corresponding with rainfall of the area, 
For site 1, consider those for a lesser rainfall 
belt and for sites 4 and 5, those for a greater 
rainfall belt 

- 
AVERAGE RANGE CONDITION PERCENTAGE 

ANNUAL PRE- 
CIPITATION 100 75 50 I 25 

inches animal-unit mos. p6r ac. 

14-18 .15 
19-24 :fi ’ :“,” :i .2 
25-29 i 1.0 .75 .5 .25 
30-34 1.2 , .9 .6 .3 

stocking experience locally and at experi- 
ment stations, supplemented where nec- 
essary with determination of differences 
in plant production associated with sites 
and condition classes within a belt of 
similar average annual rainfall. It n-ill 
be understood that great droughts, ab- 
normally short or winter seasons of use, 
and other factors result in different rec- 
ommended rates. The only purpose of 
presenting Table 3 is to show how data 
on range condition are applied in making 
recommendations on stocking rates. 

Assume that you were asked to rec- 

ommend a rate of stocking for the 100 
acres of very shallow upland which was 
found to be in fair (30 per cent) condition. 
Assume further that the range was in the 
vicinity of the 22-inch isohyet. The 22 
inches of precipitation could not be as 
effective on very shallow upland (preeli- 
max site) as on ordinary upland (site upon 
which the climatic climax would return). 
In fact, such a site might have much in 
common with an ordinary upland site in 
an area of 14-18 inches of rainfall. This 
being true, the recommendations for the 
14-18 inch precipitation belt would be 
used. The recommendation for this belt 
when in fair condition is between .15 and 
.3 animal unit months of grazing per acre. 
The technician is intentionally permitted 
this leeway because, though the range 
condition is between 25 and 50 per cent, 
in this case 30 per cent, the site may be 
better or worse than the airerage of very 
shallow uplands. Other considerations 
may also influence the decision. Assume 
.2 is selected. If the 100 acres are each to 
provide .2 of an animal unit month of 
grazing the total is 20 animal unit months. 
Assume that other delineations within the 
same pasture brought the total animal 
unit months to 1000. If the pasture was 
going to be stocked for 10 months of the 
year, 100 mature cattle would be recom- 
mended, or for five months, 200 cattle. 
It is also possible that the operator would 
have a certain sized herd which he wished 
to run on this range. Assume this was 
150 cattle. The 1000 animal unit months 
would then be divided by 150 indicating 
the length of the season should be about 
six and one-half months. These calcula- 
tions are made in the field when the tech- 
nician is on the ranch with the operator. 

Finally, as part of the quantitative sys- 
tem, and particularly for checks on effec- 
tiveness of the recommended manage- 
ment, line interception transects, as 
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described by Canfield (Y), have been used. 
One or more lines are used in a key area 
of a pasture. Their locations a.re de- 
scribed and the ends of the line are 
permanently marked with iron stakes. A 
string or wire may then be tied to the 
same stakes in later years. These perma- 
nent transects are commonly reread at 
intervals of two years. The first of such 
lines was established in 1943. Since then, 
hundreds have been established in Texas 
and Oklahoma. It will be underst)ood 
that these lines do not provide an ade- 
quate sample of the vegetation in the 
pasture. Rather, when reread they pro- 
vide quantitative data on range improve- 
ment and range deterioration between 
these two stakes. The transects are a 
rich source of basic ecological information. 
Their establishment and rereading has 
been one of our best devices for giving 
new personnel an intimate knowledge of 
the vegetation of their area. 

SUMMARY 

The development and use of systems 
for classifying range conditions was traced 
back to the researches of Sampson re- 
ported in 1919. “Common denomina- 
tors” of current systems appeared to be; 
a) recognition of secondary succession to- 
ward a climax type, and b) the use of 
floristic composition to indicate condition 
or position of a range in this succession. 
A review of basic research showed a direct 
though general relation between forage 
production and secondary succession. 

The evolution of a quantitative system 
of range condit,ion classification was re- 
viewed, particularly the practical prob- 
lems encountered by field technicians and 
how these were resolved under widespread 
field trials. Such problems included; 1) 
distinction between tactors relating’ to 
trend in condition and factors determining 
condition at, any one time; 2) develop- 

ment of a site classification not dependent 
on current vegetation so that both current 
and potential range conditions under the 
climax theory could be recognized; 3) dis- 
tinguishing between forage production as 
a purpose and forage production as a 
basis, for range condition classification; 
4) recognizing that different principles 
apply when determining condition of 
range land and lands with forest climax; 
5) recognizing that economic considera- 
tions may not justify restoration of excel- 
lent range condition in certain cases but 
not permitting this to influence the con- 
cept of excellent range condition; 6) 
making proper distinction between stages 
in plant succession and range condition 
classes; 7) replacing an empirical group- 
ing of range plants with an ecologic classi- 
fication namely, decreasers, increasers, and 
invaders, based on response to grazing; 
8) quantitatively determining range con- 
ditions rather than quantitatively describ- 
ing selected conditions, and 9) displacing 
the widely used concept of “forage den- 
sity” with an expression of the quantita- 
tive relations of vegetation based on total 
annual foliage production. 

After five years of field testing and 
development, the system includes: 1) de- 
lineation of sites based on differences in 
floristic composition or foliage production 
of the climax; 2) delineation of range 
conditions classes based on percentages of 
decreasers, increasers, and invaders, as 
measured from relative amounts in the 
climax for the site; 3) a recommended 
stocking rate based on stocking experience 
locally and at experiment stations, sup- 
plemented where necessary with deter- 
mination of differences in plant production 
associated with sites and condition classes 
within a belt of similar average rainfall; 
and 4) permanent line-interception tran- 
sects in key areas to provide quantitative 
checks on effectiveness of management. 
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Quantitaitve guides are prepared by field terms used in forestry. Sot. Amer. For- 
esters, Mills Bldg., Washington, D. C. technicians for their local areas. The 12 CosTELLo 

technicians are applying our accumulated ’ 
D F 

. . 1939. Range ecology. 

knowledge of ecology and the guides are 
U. S. Forest Service, Rocky Mt. Forest 
and Range Exp. Sta., Ft. Collins, Colo. 

easily revised to incorporate new findings Mimeo. 
by research in vegetation science at ex- 13. COSTELLO, D. F., AND TURNER, G. T. 1944. 

periments stations, colleges, and univer- Judging condition and utilization of 

sities. One such guide, in use by range short-grass ranges on the central great 
plains. U. S. D. A. Farmers’ Bul. 1949. 

technicians in WeSiT Central Texas, k 14. DYKSTERHUIS, E. J. 1946. The vegeta_ 
presented, and its application is demon- tion of the Fort Worth Prairie. Ecol. 

strated by an example. Monog., 16: l-29. 
15. DYKSTERHUIS, E. J. 1948. The vegeta- 
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Reaction of a California Annual-plant Community 
to Fire 

DONALD F. HERVEY 

Colorado A & M College, Fort Collins, Colorado 

T HE occurrence of fires on annual- 
plant ranges of California poses a 

question to the range manager: How will 
the plant community react to burning 
and what will be the effects of fire on its 
grazing value? 

Hart, Guilbert, and Goss (4) investi- 
gated variations in chemical composition 
of forage from adjoining burned and un- 
burned areas in an attempt to explain the 
preference shown by cattle, sheep, and 
deer for the herbage of burned-over areas. 
They did not find either consistent or ap- 
preciable changes in the calcium, phos- 
phorus, or protein content of individual 
forage species and consequently concluded 
that other factors were involved in the 
matter of preference shown by the grazing 
animals. They did note that more filaree 
grew on the burned than unburned areas. 
They also noted that plants on unburned 
areas attained nearly twice the height of 
those on burned sites. 

Studies were made during the growing 
season of 1947-1948 on coastal foothill 
range lands near Berkeley, California, to 
determine the reaction of annual-plant 
communities to fire, particularly with 
respect to height growth, forage yield, and 
species composition. Four areas, each of 
which had been burned in July, 1947, were 
selected for study. They may be com- 
pared as follows : 

AREA DESIGNATION 

Pasture 
Pasture 
Pasture 
Pasture 

I ........ 
II. ...... 
III ...... 
IV ...... 

1 

INTENSITY OF GRAZING 
USE DURING THE SEASON 

PRIOR TO BURNING 

Moderate to mod- 
erately light 

Ungrazed 
Moderate 
Heavy 

NTENSITY 
OF TEE 

FIRE 

Light 
Light 
Heavy 
Light 

The intensity of grazing use was deter- 
mined from unburned portions of the pas- 
tures; intensity of burns was determined 
from general knowledge of atmospheric 
and fuel conditions at the time of the fire. 

Vegetation on the pastures consisted of 
an annual-plant mixture of grasses and 
forbs. It corresponded closely to typical 
central coastal foothill ranges described 
by Bentley and Talbot (1). The major 
grasses were wild oat (Avene futua), slen- 
der wild oat (Avene barbata), soft chess 
(Bromus mollis) , ripgut (Bromus rigidus), 
foxtail fescue (Festuca megaluru), Mediter- 
ranean barley (Hordeum gussoneanum), 
Italian rye grass (Lolium multiflorum), 
and mouse barley (Hordeum meguluru). 
The main forbs were red stem filaree (Ero- 
dium cicuturium), broad-leaf filaree (Ero- 
dium botrys), and bur clover (Medicago 
hispidu) . 

The soils have been classified by the 
Bureau of Chemistry and Soils (2) at Los 
Osos adobe clay and clay loam. At 
depths of one to two feet the soil was 
underlaid with disintegrated sandstone. 
The upper few inches of soil showed pH 
of 6.0. Steepness of topography made 
these areas unsuited to cultivation. 

The climate is characterized by long 
dry summers and cool moist winters. 
Rains sufficient in amount to germinate 
annual-plant seed usually occur in Octo- 
ber. The rainy season usually terminates 
in April, and soon thereafter soil moisture 
becomes a limiting factor for herbaceous 
plant growth. As a consequence, peren- 
nial herbs become dormant and annual 
plants die in May or early June. The 
season of 1947-1948 was a notably dry 
one throughout much of the foothill 
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region, yet a severe drought condition did 
not exist on the areas studied. The sea- 
sonal precipitation here for the period 
October 1, 1947 to May 1, 1948 was 20.39 
inches. For a similar period during the 
past five years, precipitation averaged 
22.60 inches and during the past ten years 
it averaged 27.96 inches. 

Air temperatures dropped below 32°F. 
occasionally during December, January, 
and February, with the daily minimum 
generally reading between 30” and 40°F. 
during the months of November to April. 

In Pasture I, duplicate exclosures, each 
30 by 90 feet, were erected with their long 
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winter growth; and (3) at the time of 
forage maturity. On the other three pas- 
tures, estimates of species composition 
were made only at the time of forage ma- 
turity. Composition was based upon 
the percent of total foliage density made 
up by each species. 

The burning resulted in an increase of 
forbs during the first season; this was 
least on the heavily utilized pasture 
(Table 1). H owever, the unburned por- 
tion of this pasture also contained a rela- 
tively large percentage of forbs. The 
greatest increase in forbs as a result of 
fire occurred on the ungrazed pasture. 
V 1 TABLn I 

Comparison of percentage of grasses and forbs present on adjoining burned and unburned portions 
of four pastures near Berkeley, California. Percentages are based upon foliage density at 

time of plant maturity 

LOCATION 

Pasture I 
Exclosure I ........... 
Exclosure II .......... 

Pasture II .............. 
Pasture III ............. 
Pasture IV. ............ 
c__- 

GRAZING TREATMENT 
BURN 

PRIOR TO 

Lightly grazed 
Moderately grazed 
Ungrazed 
Moderately grazed 
Closely grazed 

SEVERITY 
OF BURN 

Light 
Light 
Light 
Heavy 
Light 

PERCENT COYPOSITION 

Forbs Grasses 

Burn Unburn 
- 

Burn Unburn 

55.6 11.4 44.4 88.6 
53.3 10.7 46.7 89.3 
58.5 6.9 41.5 93.1 
45.2 13.1 54.8 86.9 
60.0 44.7 40.0 55.3 

axes paralleling the fire-line and with 
equal areas of burned and unburned vege- 
tation included. By protecting the vege- 
tation of these two exclosures from graz- 
ing, comparison could be made of height 
growth and forage yield on adjoining 
burned and unburned areas. Compari- 
son was made of species.composition on 
burned and unburned areas in these two 
exclosures and also in the other three 
pastures. 

EFFECT OF FIRE ON SPECIES COMPOSITION 

Estimates were made of the species 
composition at three stages of growth in 
exclosures I and II: (1) at the end of 
rapid fall growth; (2) at the end of slow 

On the unburned area a significant re- 
duction in forbs was noticed as the season 
progressed (Table 2). This change was 
brought about as a result of suppression 
of bur clover and filagrees by the grasses. 
On the burned area a similar reduction of 
forbs is indicated, yet in this case there 
was little or no actual suppression of bur 
clover and filarees. The change resulted 
from a more rapid increase in the foliage 
density of grass than that of forbs with 
neither class of plants seriously affecting 
the development of the other. 

Changes in species composition of 
annual-plant communities similar to these 
resulting from burning were produced by 
Talbot, Biswell, and Hormay (6) by 
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merely removing the surface litter by The reason why there was 26a/o less for- 
hand from strips within an ungrazed ex- age on the burned portion than on the un- 
closure. burned portion of Enclosure II, and prac- 

EFFECT OF FIRE ON FORAGE YIELD 
tically no difference in yield between 
burned and unburned portions of Enclo- 

Forage yield was sampled during the sure I was not apparent. However, ob- 
first week in May when most of the vege- servations in the other three pastures 
tation was mature and just beginning to indicated that commonly a decrease in 
dry. On random square-foot plots all forage yield accompanies burning. 
herbaceous growth was cut at a height of Clipped samples were also taken in Pas- 
one-half inch above the ground. Each ture II, which was ungrazed. Here the 

TABLE 2 
Comparison of percentage of grasses and forbs present on adjoining burned and unburned portions 

of Exclosure I at three stages of plant development as the season progressed 

DATE 

December 1 
(End of fall growth period). . . . . . . . . . 

February 20 
(Beginning of rapid growth in spring). . . 

May 1 
(Plants mature)................................. 

FORBS GRASSES 

Burn Unburn Burn Unburn 

70.6 36.9 29.4 63.1 

61.2 11.3 38.8 88.7 

55.6 11.4 44.4 88.6 

TABLE 3 
E$ect of jire on forage yield. Average weight of forage from square foot plots 

YIELD IN GRAMS 

Exclosure I Exclosure II 

Unburned Burned Unburned Burned 
-__ 

All grasses................................. 44.2 33.8 45.6 32.8 
All forbs.................................. 2.4 11.5 1.6 12.1 
- -- -- 

Plot total............................... 46.6 45.3 47.2 34.9 

sample was separated according to spe- 
cies, then dried at 60” Centigrade for 24 
hours, and weighed. 

The difference in total forage yield 
between burned and unburned portions of 
Exclosure I, as shown in table 3, was not 
statistically significant; the difference in 
total forage yield between burned and un- 
burned portions of Exclosure II was sta- 
tistically significant, as are the differences 
between amount of grasses and forbs pro- 
duced on burned and unburned areas. 

forage yield on the burned portion was 
37y0 less than that on the unburned. 
Since Pastures III and IV were grazed, it 
was not possible to determine forage yield 
by clipping. However, after comparing 
forage densities and height, it was evident 
that burning decreased forage yield sub- 
stantially on Pasture III, which had been 
moderately grazed prior to burning, and 
only very slightly decreased forage yield 
on Pasture IV, which had been heavily 
grazed prior to burning. 
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TABLE 4 
E$ect of fire on the yield of some important forage species. Comparison of mean air dry weight of 

clippings from square-foot plots 

YIELD IN GRAMS 
SPECIES LOCATION 

Burn I^ Unburn 

Exclosure I 17.5 22.3” 
Exclosure II 2.9 9.9 
Exclosure I 0.8 3.1 
Exclosure II 4.6 13.9 
Exclosure I 7.1 11.8 
Exclosure II 10.4 19.9 
Exclosure I 5.0 0.5 
Exclosure I 4.8 1.2 
Exclosure II 1.0 0.5* 
Exclosure II 9.1 0.8 

Wild Oat 
Slender Wild Oat 
Soft chess 

Italian Rye Grass 

Bur Clover 
Red Stem Filaree 

Broad Leaf Filaree I - 
* Differences between burned and unburned sites not statistically significant for this sample. 

All others are significant. 

TABLE 5 
Average heights of important forage species on adjoining burned and unburned portions of Exclo- 

sures I and II 

AVERAGE HEIGHT IN INCHES 
_ 

Dec. 1, 1947 Feb. 20, 1948 May 1, 1948 FORAGE SPECIES 

- 
Excl. 1 Excl. 2 Excl. 1 Excl. 2 Excl. 1 Excl. 2 

Wild Oat 
Burn............................. 
Unburn. . . . . . . . . . . . . . . . . . . . . . . .‘. . 

Italian Rye Grass 
Burn............................. 
Unburn........................... 

Foxtail Fescue 
Burn............................. 
Unburn . . . . . . . . . . . . . . . . . . . . . . . . 

Soft Chess 
Burn............................. 
Unburn........................... 

Bur Clover 
Burn............................ 
Unburn.......................... 

Red Stem Filaree 
Burn............................ 
Unburn . . . . . . . . . . . . . . . . . . . . . . . 

2.9 3.1 5.2 3.5 21.7 20.2 
4.8 5.5 8.8 7.9 24.5 25.2 

2.4 2.8 3.5 3.2 13.7 13.0 
3.7 4.6 6.9 6.7 16.1 16.0 

1.5 2.0 3.1 2.4 14.7 12.0 
3.0 2.5 5.1 3.6 13.8 - 

- 1.9 - 2.2 11.8 11.8 
3.6 3.0 5.3 4.8 13.8 15.4 

1.1 1.2 1.7 
1.8 1.7 2.4 

0.9 1.2 1.5 
1.8 2.4 2.5 

1.4 
3.0 

1.5 
3.0 

7.7 4.4 
7.0 4.6 

4.8 2.7 
5.9 4.6 

EFFECT OF FIRE UPON PLANT HEIGHTS 

The average height of forage plants was 
determined on 24 plots, each one foot 
square. These figures cover the growth 
made during three periods of the growing 

season. Data in table 5 indicate that 
burning causes slower height development 
of both grasses and forbs and less total 
height growth. All differences in the 
table are significant. 
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EFFECT OF BURNING ON CERTAIN 
HABITAT FACTORS 

Measurements were made of the effects 
of burning upon soil moisture, soil tem- 
perature, and organic matter in the top 
inch of soil. Summarized briefly, the re- 
sults are: (1) burning did not significantly 
affect soil moisture during the growing 
season; (2) burning did significantly raise 
the temperature at the soil surface and 
also at a depth of 29 inches; and (3) a 
single burning of annual-plant communi- 
ties did not significantly affect the amount 
of organic matter in the top inch of the 
soil. In the latter case, methods were 
used as reported by Hedrick (5). 

DISCUSSION 
Results indicate that burning of an- 

nual-plant ranges may affect grazing man- 
agement. Where yields are substantially 
reduced by burning, it may be expected 
that,t,he carrying capacit)y will be reduced 
accordingly. However, where yields are 
not substantially reduced by burning, the 
increase of bur clover may actually bring 
about an increase in carrying. capacity. 
This would result because of the fact that 
bur clover is a palatable legume which is 
higher in protein content than most 
grasses during the latter part of the grow- 
ing season. It also stays green later than 
many other annual forage plants. Even 
after the herbage becomes dry, the burs 
furnish high value protein feed (3). 

To compensate for slower height devel- 
opment, either the grazing season should 
be delayed on burned areas, or fewer ani- 
mals placed on such areas until spring 
growth assures ample forage for the live- 
stock. The replacement of grasses by red 
stem filaree on burned areas where bur 
clover does not occur tends to shorten the 
length of the grazing season, since filaree 
matures about a month ahead of the 
grasses. Upon maturing, filaree disinte- 

grates, while grasses remain standing 
upon maturing and continue to be avail- 
able as forage. 

SUMMARY AND CONCLUSIONS 

1. Studies were made during the grow- 
ing season of 1947-l 948 on adjoining 
burned and unburned annual-plant ranges 
near Berkeley, California. 

2. Composition of the plant cover was 
significantly changed by burning. Red 
stem filaree, broad-leaf filaree, and bur 
clover increased in response to burning, 
whereas wild oat, soft chess, ripgut, 
meadow barley, and Italian ryegrass de- 
creased. 

3. The forage cover on four unburned 
areas consisted of approximately 90 per- 
cent grasses, while that on adjoining 
burned areas contained only 45 percent 
grasses. On a pasture which had been 
grazed heavily prior to burning, the change 
in percentage of grasses and forbs was 
not so great. Here, grasses composed 55 
percent of the forage on unburned sites 
and 40 percent on burned. 

4. On unburned sites, filarees and bur 
clover decreased significantly in abun- 
dance as the season progressed, while on 
burned sites they decreased only slightly. 

5. Forage yield was less on burned por- 
tions of an exclosure than on those un- 
burned, but in another exclosure the yield. 
was similar for burned and unburned 
areas. Observations indicate that forage 
yield was significantly greater on un- 
burned portions of a moderately grazed 
pasture but only very slightly greater on 
unburned portions of a heavily grazed 
pasture. 

6. Forage yields of important grass 
species were decreased by burning, 
whereas yields of important forbs were 
increased. 

7. Burning caused 
a reduction in height 
To compensate for 

slower growth and 
of all forage species. 
this slower forage 
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growth, either the grazing season should Soil survey of Contra Costa County, 

be delayed, or fewer animals placed on California. USDA. Bureau of Chemis- 

burned areas until spring. try and Soils. Series 1933, No. 26. 
(3) GUILBERT, H. R. AND G. H. HART. 1946. 

8. An increase of red stem filaree in the California beef production. California 
forage cover of burned areas would reduce 
forage availability early in the season and 
during summer. On the other hand, an 
increase in bur clover would raise the graz- 
ing value by providing higher protein feed 
than grasses. 

Agricultural Experiment Station Circu- 
lar 131. 

(4) HART, G. H., H. R. GUILBERT, AND H. 
Goss. 1932. Seasonal changes in the 
chemical composition of range forage 
and their relation to nutrition of animals. 
California Agricultural Experiment Sta- 
tion Bulletin 543. 
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The Control of Bitterweed (Actinea o&rata) 
on Texas Ranges 

OMER E. SPERRY 

Department of Range and Forestry, Texas A & M College, College Station, Texas 

M ORE than sixty species of plants 
on Texas range lands have been 

proven poisonous to livestock. About 
twenty species are of major importance 
in specific areas and localities depending 
upon their abundance and development 
of growth. Poisoning usually occurs dur- 
ing seasons when range forage is scarce. 
Texas poisonous plants are chiefly native 
species which have increased in abun- 
dance and area with overgrazing of the 
ranges. 

Bitterweed (Actinea odor&a (DC) 
Kuntze) heads the list in importance and 
has been of concern in parts of Texas 
since the early nineteen twenties. Bit- 
terweed poisoning of sheep was first rec- 
ognized on the Edwards Plateau in 1922 
and deductive evidence was directed to 
this weed in 1924 (1). Many sheep are 
still lost every year where bitterweed is 
abundant with a corresponding loss of 
wool clip and reduction in lamb crops. 

The recognition of bitterweed and its 
increase in abundance and area paralleled 
the increased stocking rates on the range 
areas of West Texas. Bitterweed is an 
annual of the sunflower family which may 
in moist areas attain a height of about 
2 feet. It has numerous ascending 
branches which terminate in small heads 
(Fig.1). A single plant may produce more 
than a hundred flower heads and each 
head consists of more than fifty flowers, 
each of which is a potential seed pro- 
ducer. A single vigorous plant may thus 
produce more than 5000 seeds during its 
growing season. The leaves are alter- 
nate, once to thrice parted into thread- 

like segments which are not ridged and 
are glandular dotted throughout. A 
characteristic of the plant is its aromatic 
odor and its bitter taste. 

AREA OF INFESTATION 
Bitterweed has been located in almost 

every county of Texas west of the 99th 
meridian. Its range extends into western 
Oklahoma, eastern and southern New 
Mexico, southern Arizona, southeastern 
California, and northern Mexico (4, 6). 
The area of heaviest infestation covers 
about 15 counties of the western portion 
of the Edwards Plateau (Fig. 2). 

Within the area of greatest infestation, 
floods have been responsible for much 
of the spread of bitterweed. Drainage 
areas, lake beds, draws, and flooded sites 
are the usual places of infestation. Per- 
ennial vegetation is often killed out in 
these sites by standing water or by over- 
grazing and trampling and the bitter- 
weed takes over. It is also common along 
roadways, trails, bed grounds, headquar- 
ters, and watering places. Bitterweed 
has been rather recently introduced into 
new localities, especially in Southwest 
Texas by moving sheep from infested 
areas. 

SHEEP LOSSES 
Although bitterweed has been a prob- 

lem since 1922, only a few actual loss 
figures have been recorded. Jones, Hill 
and Bond (7) reported up to 28 per cent 
losses for 1930 but most ranchmen like 
to mention past losses as “bad” and do 
not reveal exact loss records. In surveys 
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made in fifteen countiw in 1948 losses 
from one or a few animals were common, 
losses from 10 to 25 per cent were frequent, 
and a fox incidences of losst~s a~ great as 
50 per cent, mostly from bitterwed, were 
recorded. Figure 3 show several dead 
animals around water in a severely over- 
grazed hitt~erweed pasture. Over 400 
&rcp were lost on this ranch during the 
late spring and early summer of 1948. 

SPERRY 

ally a dark green discharge from the 
mouth and nose. A laggard gait and an 
arched hack indicating abdominal pain 
are the early symptomsof chronic fieldpoi- 
soning. Ranchmen find the first symp- 
toms usually hecomc obvious 7 to 12 days 
after sheep are placed in bitterweed in- 
fested pastures. Some animals may be- 
come sick earlier while ot,hers m&y not 
shorn signs of poisoning for 30 or 60 days. 

In early feeding tests (4, 6) young bit- 
terwrrd plants amounting to 1.3 pzr cent 
of 111~ animal’s body n-right, fed in 
large dose, produced acute symptoms in 
a sin& day. Wbcn bittenwrd equaling 
0.1 per rent of the body weight vas fed 
daily, chronic symptoms wcrc produced 
in 44 days.. Howvrr, uhw 0.25 pc, 
cent wns fed, the animals bcrame ex- 
tremrly sick in 17 days. 

Thr usual symptoms of illness are loss 
of appetite, nnakness, depression, indi- 
cations of abdominal pain, and occasion- 

Lambs appear to hc the first, and cl\-es 
t,hr last to show the poisoning symptoms. 

Great,& losses in sheep from eating 
bitterwed usually occur in late winter 
snd rarly spring before more palatahlc 
green veget,ation hrromes available. On 
areas receiving little or no rainfall during 
thr late fall and winter, there arc few 
winter Iweds and consequently little bit- 
tcrwrd trouble. A big crop may follow 
late spring or summer rains resulting in 
sickness and heavy losses on ranges which 
are in a depleted condition. Such was 
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the case in 1948 when the heaviest losses 
occurred in April and May. 

CONTROL MEASURES 

Numerous methods have been used in 
the attempt to control bitterweed or to 
overcome the sickness which results from 
eating the plant. Some methods have 
proven to be of little value, others show 
some merit, but those incorporating good 
range management practices have given 
definite results. 

Short range due to overgrazing and 
drought combined with bitterweed have 
forced many operators to sell their sheep 
in much of the bitterweed country. In 
one county for example, 60 per cent of 
the bitterweed infested ranches have been 
cleared of sheep in recent years and have 
been restocked with cattle, goats or both. 

A precautionary measure that has been 
taken on several ranches is to fence off 
the worst bitterweed infestations and 
hand pull the remainder. On ranches 
where sites have been fenced 4 to 10 
years, even in dry situations, perennial 
vegetation has completely crowded out 
the bitterweed. 

An example of the ability of perennial 
vegetation to crowd out bitterweed was 
observed in two pastures, one of 400 acres 
and one of 10 sections, which had been 
rested for a period of 4 years. The re- 
duction of bitterweed the first and second 
years Was not noticeable but there was a 
marked improvement in the vigor of the 
grasses. During the third growing season 
the bitterweed showed a sharp decrease 
and, except for a few flooded and 
disturbed spots, all bitterweed had been 
crowded out by the perennial growth the 
fourth year. 

All successful range management pians 
have envolved reduction in the stocking 
rate or the introduction of deferred or 
rotational grazing practices. In order 
that deferment and rotation could be car- 

ried out, most ranchmen have had to 
provide fencing to establish smaller pas- 
tures. In practice it has been found that 
small pastures, in which animals can be 
worked easily, are more adapted to a man- 
agement program than large pastures in 
which animals can not be closely ob- 
served. Units of one to four sections are 
found to be the most Workable. 

On a 24-section ranch of 8 pastures and 
traps, a reduction in stocking and rota- 
tional-deferment grazing cleared the 
ranch of bitterweed in less than ten years. 
The better pastures were rested alternate 
growing seasons and the drier-upland 
units were given additional deferment. 
Some bitterweed seed washes on this 
ranch every year along a drainage area 
but plants that appear are hand pulled 
before they produce seed. The stock on 
this ranch are not only rotated in rela- 
tion to available forage but the animals 
are segregated according to their relative 
nutritional needs. To begin the program, 
the operator reduced stocking from 200 
sheep and 20 cattle per section to 100 
sheep and 8 or 10 cattle per section. This 
rate was maintained or slightly reduced 
during low rainfall years. The dividends 
of this lo-year program were clearly 
shown in 1948 by a 108 per cent lamb 
crop in which it was estimated that the 
lambs Would run 70 to 80 pounds. Ad- 
jacent ranches produced from 10 to 65 
per cent lamb crops With most lambs run- 
ning from 60 to 65 pounds. 

Some operators feel that if they have 
sufficient pasture free of bitterweed to 
carry sheep through the poisoning period, 
they can continue their present methods 
of operation. One method of obtaining 
a weed-free pasture is to concentrate 
sheep in a unit for a week or 10 days 
during the winter when bitter-weed plants 
are small. The animals are observed 
closely and removed when early symptoms 
of poisoning appear. After this brief but 
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intensive grazing period, all sheep are 
removed and placed on dry feed. With 
this procedure, bitterweed is reduced so 
that the unit can be used as a holding 
pasture while the weed is luxuriant in 
other pastures. 

The quantity of bitterweed that sheep 
consume varies with the individual. 
Many operators in bitterweed territory 
watch their sheep closely and remove an- 
imals showing early signs of poisoning. 
These are confined and are given dry 
feed. If they eat they will usually re- 
cover. When general poisoning appears, 
all the animals should be removed from 
a pasture. Often times the movement of 
sheep from one pasture to another, even 
though both are infested, will give some 
relief. Supplemental feed of high protein 
content is thought to reduce poisoning. 
One manufacturer has prepared a special 
formula feed to be fed while animals are 
in bitterweed pastures to counteract the 
poisoning effects of the plant. Although 
the product is marketed without label, 
the manufacturer claimed it to be 43 per 
cent protein feed plus certain ingredients 
which are supposed to counteract the poi- 
sonous effects of bitterweed when it is 
eaten along with the feed. It is sold for 
fifty dollars a ton above market price of 
40 per cent protein feed. Some operators 
give credit to the feed, others say it is of 
no value, but most ranchmen are too 
skeptical of it to give it any consideration. 

Hand pulling is a common method of 
bitterweed control. The weed is pulled, 
sacked and burned. This method is us- 
ually applied around watering places, 

. along draws and flooded areas, and on 
the margins of pastures adjacent to in- 
fested areas. Some ranchmen feel they 
have made progress where they have 
pulled consistently for several years in 
localized areas. One ranch of over 13,000 
acres on which bitterweed had been pulled 
for 13 years was examined and found to 

be free of bitterweed. The operator 
stated that he had spent $25,000 pulling 
and felt that he was money ahead by so 
doing. 

Much trial work and some widespread 
application has been made on the spray- 
ing of bitterweed with herbicides. 2,4-D 
has been used, both experimentally and 
with general field application. Experi- 
mental data obtained in 1948 on low rain- 
fall, marginal areas of infestation with 
2,4-D do not indicate satisfactory results. 
Growth was late and experimental spray- 
ing was delayed until May. The dry-hot 
weather which followed the spray treat- 
ments killed almost as many plants in 
the check areas as were dead in the trea- 
ted plots. These results indicate that 
when the plants are in a somewhat dor- 
mant-wilted condition they do not ab- 
sorb and translocate enough 2,4-D to 
bring about killing action. In another 
pasture in the 20-inch rainfall area, 10 
sections were spot treated in 1947 at the 
rate of one pound of 2,4-D to the acre 
for two successive treatments two weeks 
apart. The few remaining plants were 
hand pulled the third time over a few 
weeks later. The total cost was $35 per 
section but the bitterweed was cleared 
from the pasture for the balance of the 
year. 

The largest overall bitterweed treat- 
ment known in the area was the power 
spraying of all infestation on a 28-section 
ranch. Approximately 1000 acres were 
treated at a cost of $5,000 which included 
a power spray with a 30-foot boom; ma- 
terials, and labor. The spray was applied 
at the rate of 14 pounds of 2,4-D in 42 
gallons of water per acre. The operators 
concluded that, even though some hand 
pulling was included in their program, 
they obtained excellent results. 

In one experiment 2,4-D was applied 
by airplane to vigorous growth of bitter- 
weed in a wide draw at rates from 8 to 
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13 pounds of 2,4-D in one gallon of die- 
sel oil per acre. 1.14 inches of rain fell 
on this area 24 hours after spraying. On 
one part of the treated area, water stood 
for several days and all plants covered by 
water were dead after the surface water 
disappeared 6 days later. On the well 
drained sites about a 50 percent kill re- 
sulted from the plane spray treatment. 

Numerous additional treatments using 
2,4-D on sites ranging from small hazard 
areas to entire pastures have been carried 
out. The overall kill of bitterweed with 
2,4-D has been erratic. Poor results have 
been obtained on test plots with hand 
sprayers but results from recent plane 
spraying and jeep mounted turbine 
sprayer-duster work is encouraging. 

The only permanent method of con- 
trolling bitterweed is to maintain a good 
cover of perennial vegetation. While 
eradication for a season gives some im- 
mediate relief, seeds remain on the ground 
or soon migrate into the area. If the 
soil is open and disturbed, the weed reap- 
pears with favorable moisture conditions. 
Eradicants such as herbicides may be 
used successfully to reduce the bitter- 
weed competition with grass in the early 
stages of a management program. 

The management program must include 
rest periods for the bitterweed infested 
areas to allow the grasses and other de- 
sirable herbs to regain vigor. The initial 
renewal of root growth is retarded if the 
grass tops are continually removed. 
When above ground growth is allowed to 
remain throughout the growing season, 
the roots are able to expand resulting in 
increased top growth and improved vigor. 
Range grasses which are continuously and 
closely cropped can not produce sustained 
amounts of forage year after year. ’ If 
grass is to control the habitat, controlled 

grazing must be followed so as to maintain 
a good top-root balance. When grasses 
and the more desirable forage are in con- 
trol of the habitat, there is no apparent 
bitterweed problem. 

Progress in controlling bitterweed is 
being made in the area of most severe 
infestation and ranchmen are talking 
more in terms of grass and pounds of 
production and less in terms of the num- 
ber of head of sheep the ranges can carry. 
Through the efforts of Soil Conservation 
Districts, County Agricultural Agents, 
and Experiment Station workers, more 
ranchmen are adopting good range man- 
agement practices but until all operators 
combine action, bitterweed will not be 
controlled on Texas ranges. 
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Control of Noxious Range Plants in a 
Range Management =Program 

KENNETH W. PARKER 

U. 8. Forest Service, Tucson, Arizona 

P LANTS which are undesirable in the 
light of best land use are called “nox- 

ious.” On range lands a noxious plant 
may be one which competes with the 
growth of desirable species and reduces 
grazing capacity or it may be actually 
poisonous to livestock, or its presence 
may increase handling costs. It is the 
purpose of this paper to point out the 
place of noxious plant control in a man- 
agement program. 

Noxious plants are an ever-increasing 
threat to the welfare and permanence of 
the western livestock industry. Some 
people contend that since settlement of 
the West there has been no significant 
change in the vegetation. This view- 
point is contrary to the facts. It is true 
that large areas of grassland, .brush, and 
timberlands in their grosser aspects are 
still much the same as they have always 
been. But closer examination even of 
these types will often reveal changes that 
have been brought about largely by nox- 
ious plant invasions. These changes are 
reflected over extensive areas mainly in 
poor productivity and accelerated erosion 
rates. 

To avoid controversy, let us look at 
the lands where the evidence provided 
by historical accounts, eyewitness de- 
scriptions of early pioneers, and retrace- 
able early day photographs is hard to 
refute (1,6,7). In the Southwest, mes- 
quite alone now covers some 60 millipn 
acres representing a twofold increase over 
its original distribution 100 years ago. 
The 30-million-acre increase has been 
largely at the expense of open grasslands. 

Juniper in this region has likewise en- 
croached over additional millions of acres. 
In the Intermountain States and the 
Northwest big sagebrush is found on some 
95 million acres-much of this has al- 
ways been sagebrush-but in the original 
stands it has greatly thickened and in 
addition has spread into some 7 to 10 
million acres of higher mountain country 
where it was formerly a rarity. In the 
same region, low-value cheatgrass has re- 
placed the more useful bunchgrass spe- 
cies on several million acresrand still 
is on the march. In California, the 11 
million acres of chaparral represent a siz- 
able expansion in brush and this largely 
at the expense of grassland and conifer 
forest types. In this State, too, there are 
nearly 8 million acres of woodland-grass, 
over much of which brush is also spread- 
ing or increasing in density. Poisonous 
St. Johnswort or Klamath weed, a native 
of Europe, has infested several hundred 
thousand acres of choice range in Cali- 
fornia and is still on the increase. Here 
and there, throughout the West, are lit- 
erally dozens of other undesirable plants 
whose presence on the range constitute 
local but still important problems in range 
improvement-for example, bitterweed in 
Texas, snakeweed in the Southwest, 
sneezeweed in Colorado, tarweed and Wy- 
ethia in the Mountain States, and prick- 
lypear on the Great Plains. 

That there has been a marked change 
in plant cover in the West is apparent. 
Reduced economic returns as a result of 
these changes must be great. For exam- 
ple, the total loss from mesquite and 
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juniper in Texas has beee estimated by 
Bell and Dyksterhuis (2) at 20 million 
dollars per year. 

A large part of the changes in vegeta- 
tion has been from open grassland to 
shrubs or low-value trees. Throughout 
most of the West the usually limited rain- 
fall will permit only a restricted amount 
of plant growth-whether it be grass, 
weeds, shrubs, or trees. An increase of 
woody vegetation in grassland means that 
the soil is robbed of moisture that would 
otherwise produce range forage. -‘is the 
invading shrubs become larger a- *d more 
numerous their demand for mc_ ,ure in- 
creases, with the result that each succeed- 
ing year less range forage is produced. 

CAUSES OF NOXIOUS PLANT INVASIONS 
Most of the widespread invasion of 

grassland by woody species has taken 
place during the past 100 years. The 
question naturally arises as to what held 
these woody plants in check before that 
and what forces have been released within 
recent years to encourage these invasions. 
Throughout most of the West it is appar- 
ent that the balance between open grass- 
land and brush cover is delicate and 
therefore easily upset. Any intelligent 
attack on the problem of control requires 
an understanding of the forces which hin- 
der or favor the increase of undesirable 
plants. 

The causes for these changes in vege- 
tation have been variously attributed to 
fire (either protection from it or uncon- 
trolled burning), drought, cultivation and 
subsequent abandonment, distribution of 
the seed by livestock and rodents, and 
to continuous heavy grazing. Of all these 
causes, greatest weight must be given to 
grazing. Where grazing use is too heavy 
over a period of years the grass cover is 
worn thin, plant vigor is reduced, seed 
crops are poor, litter is scarce, and much 
mineral soil is exposed. Thus competi- 

tion from desirable forage plants is re- 
duced, their reproduction is hindered, and 
conditions are made favorable for their 
replacement by noxious range plants. 

MANAGEMENT AS A TOOL IN PREVENTION 
OF INVASION 0~ NOXIOUS PLANTS 

It has long been an accepted fact by 
range managers that most undesirable 
weeds can be kept in check through strict 
adherence to moderate grazing practices. 
Moderate grazing use may not prevent 
ultimate encroachment of such woody 
species as mesquite and juniper, but at 
least it will greatly retard it. But no 
degree of moderation in grazing use will 
drive out these deep-rooted shrubs within 
a reasonable length of time once they 
have become firmly established. For ex- 
ample, in Montana on the basis of a 3l- 
year-old study, Lommasson (4) reported 
that big sagebrush which had invaded 
high-mountain grassland would appar- 
entlymaintainitself indefinitelyevenunder 
good range management. In the South- 
west much the same tenacity has been 
observed in the case of mesquite and ju- 
niper (6, 7). 

It is small comfort to the stockman 
with heavily infested ranges to know that 
the invasion would have been less rapid 
if his range had been managed differ- 
ently. The paramount problem for him is 
not alone one of controlling further spread 
but how to eliminate present stands of 
noxious plants and how to improve the 
productivity of his range. This is a prob- 
lem of major importance. An entirely 
satisfactory answer has not yet been de- 
termined for all species and sites. But 
it is a source of satisfaction that range 
research and experience have made rapid 
strides in solving the problem for some 
species during the past decade. This in- 
formation is being put to good use. For 
example, with big sagebrush, extensive 
areas have been converted to good grass- 
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land by elimination of this plant followed 
by reseeding. 

BENEFITS OF CONTROL 

Before starting a program of noxious 
plant control one should fully consider 
why control is needed on a particular 
range and what benefits may reasonably 
be expected. Depending on the kind of 
noxious plant present, there are several 
reasons for undertaking control work. 

Control may be needed to increase the 
quantity of forage. Elimination of woody 
plants has often increased the graz- 
ing capacity two and threefold. For ex- 
ample, in Arizona such forage increases 
have been realized following mesquite con- 
trol. In Oklahoma, sand sage control, 
as reported by Savage (9), doubled the 
grass and boosted meat production as 
much as 57 pounds per acre. 

Better quality forage has usually ac- 
companied these increases in production, 
resulting in a longer “green feed” period 
when nutrients are above maintenance 
requirements of livestock. 

Shrub control is a “must” whenever 
artificial reseeding is to be attempted. It 
is also a “must” in many instances for 
natural revegetation under proper man- 
agement. Noxious plant control may be 
needed also to facilitate the handling of 
livestock, as in special holding traps or 
hospital pastures. 

Control is needed in some areas to re- 
duce the fire hazard, as with cheatgrass 
and big sagebrush. 

Control of many poisonous species is 
needed to reduce or prevent livestock 
losses. 

Control of some woody species is often 
needed on watersheds to increase water 
yields. 

In many instances, particularly with 
taprooted species, eradication is a pre- 
requisite in the control of accelerated ero- 
sion. 

METHODS AVAILABLE FOR CONTROL 
What are the tools and methods avail- 

able for control? In brief, these are: sim- 
ple manual methods, power machinery, 
fire, biological, and chemical herbicides. 

There is no magic wand method and 
there probably never will be for eliminat- 
ing noxious plants. Control methods 
entail labor, materials, equipment, and 
knowledge. Noxious plants, when once 
established, increase by geometric propor- 
tions and the most practical time to ap- 
ply control is at the beginning of the in- 
vasion when costs may be only a few 
cents an acre. Such work can be done 
with simple manual methods. The ben- 
efits may not be measurable in more for- 
age but the work will be warranted as 
insurance against further increase and 
subsequent loss in forage production. 

Biological control of noxious plants has 
been frequently suggested. The classic 
example of success is the control of cacti 
in Australia with beetles. Just recently, 
as reported by Holloway (3), there have 
been promising attempts to control St. 
Johnswort on the Pacific Coast with in- 
sects (Chrysolina hyperici and C. gemel- 
Zata). This method may be feasible with 
introduced plants, but where native spe- 
cies are concerned entomologists state 
that there is not much hope because the 
native insects are in turn kept in check 
by natural predators and other forces of 
nature. 

In Texas and California, goats have 
been used successfully to clear brush, but 
grazing must be correlated with proper 
management to avoid loss of grass. 

The use of power machinery and the 
application of chemicals by aerosol ma- 
chines and airplanes are also often men- 
tioned as having great possibilities for 
control. Properly equipped airplanes can 
be used to treat 1000 acres in a day’s 
time at a volume .application rate of 4 or 
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5 gallons per acre. Only a few years ago 
this was not possible. The prompt ac- 
ceptance of Savage, Brown, and McIl- 
vain’s work (10) with 2, 4-D on sand 
sagebrush resulted in the treatment by 
airplane of over 100,000 acres of range in 
Texas in 1948 at a cost of about $2.00 
per acre. But this apparently successful 
effort prompts a word of caution-the 
same method when tried in eastern Ore- 
gon on 10,000 acres of big sagebrush, a 
different plant, resulted in total failure. 
It is possible that future research may 
reveal that 2,4-D or allied herbicides may 
kill big sagebrush and other plants, but 
until then it would seem the wiser course 
to follow proven methods. The wide- 
scale use of chemicals on range lands is 
new and there is much need for intensi- 
fied research. 

PLACE OF NOXIOUS PLANT CONTROL 
IN MANAGEMENT 

There is a distinct place for noxious 
plant control in the overall management 
program. But one may well ask-how 
far is one justified in going in the effort 
to improve the range through destruction 
of noxious plants? The answer depends 
largely on the kinds of plants involved. 
If the plant is poisonous and is causing 
losses, a rancher is justified in going to 
considerable expense to correct the trou- 
ble. Most poisonous plants are eaten be- 
cause of hunger or depraved appetite. In 
the case of plants which are reducing the 
grazing capacity, the rancher can pro- 
ceed with confidence only when he is sure 
that the work will result either in enough 
increased forage to pay its way or serve 
as insurance against further invasion. 
Range reseeding must accompany elim- 
ination of noxious plants where the rem- 
nant grasses are too sparse to insure 
rapid coveringof the soil following control. 
It is well known that with the use of 
proper methods, control is practical and 

will pay its way on selected sites as in 
the case of big sagebrush, sand sagebrush, 
and mesquite (5, 6, 8, 9). For example, 
in southern Arizona benefits from mes- 
quite control liquidated (with beef figured 
at 16 cents a pound) the original costs in 
5 years and the treatment effects were 
estimated to last for 20 years. 

In many parts of the West noxious 
plant control may well be a continuing 
operation, with re-treatment necessary 
every 20 to 30 years. Control work 
should be regarded as an investment in 
improvement and it may be desirable to 
treat methodically from 5 to 10 per cent 
of the land each year. Accordingly, the 
ranch operator should provide specifically 
for control costs much as he has in the 
past for taxes, insurance, fences, water 
development, and herd improvement. 
Consequently, the work should be well 
planned in advance. 

When one is familiar with some of our 
major noxious plant problems and appre- 
ciates how control may be used as a 
means of range improvement-it becomes 
clear that further research is going to be 
required before control work is entirely 
practical everywhere in the West. More 
educational work will be needed also. In 
conclusion, it may be said that the future 
productivity and permanence of the range 
livestock industry depends largely on how 
well the range resources are managed and 
how much time and effort is spent on 
proven range practices. With rising liv- 
ing standards and increases in population, 
the demands for meat are ever increas- 
ing. More meat can be produced by 
growing more range forage. Noxious 
plant control is one of the important meas- 
ures for accomplishing this end. 
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Conservation of the Western Range 
R.R. RENNE 

Montana State College, Bozeman, Montana 

0 NLY five per cent of the more than 
three-fourths billion acres in the 

eleven western states is used for crops. 
About 90 per cent of this extensive land 
area is usable mainly for grazing purposes, 
and livestock production is the basic in- 
dustry in the 200 counties of these range 
states. The eleven western states con- 
tain more than half of the United States’ 
total sheep, and more than a sixth of all 
the cattle and calves, including dairy 
cattle and calves, of the country. 

Ranch units in western regions are nec- 
essarily relatively large, with a resulting 
sparse population and high per capita 
costs of schools, roads, communications, 
and related services. Ranching is char- 
acterized by relatively slow turnover, and 
the ranch directly supplies very little of 
the total living of the ranch family, with 
the result that this high degfee of com- 
mercialization means ranchers are partic- 
ularly affected by price fluctuations. 

OWR’ERSHIP _41\~ USE OF THE WESTERN 
RANGE 

Less than half of the range land in the 
western states is privately owned. The 
Federal Government owns 54 per cent of 
the total land area of the eleven western 
states, or 406,000,OOO acres. The Forest 
Service and the Bureau of Land Manage- 
ment administer more than three-fourths 
of this acreage, and the Indian Service 
an additional tenth. Federal lands in 
general are poorer than average, so that 
their physical contributions to livestock 
production are not proportional to their 
acreage. Nevertheless, they constitute 
the major acreage of the western states, 
and they furnish some very strategic and 

fundamental resources such as wat,ershed 
areas, recreation, and summer grazing and 
hence they are of great importance to the 
West. 

Only two-fifths of the land area of the 
western states is in farms and ranches. 
There are only 3 17,000 operating farm 
and ranch units in the eleven western 
states, or less than a tenth of the total of 
the nation. These units average more 
than 640 acres each, compared with the 
national average size of farm unit of 190 
acres. Much of the publicly-owned range 
land is leased by ranch operators for graz- 
ing purposes, so that the livestock carried 
by the average operating unit is consider- 
ably larger than the farm or ranch alone 
could support. The landlord-tenant re- 
lationships growing out of this arrange- 
ment have given rise to serious contro- 
versies in recent years, and during the 
past two years particularly heated con- 
troversy has arisen over the relative 
merits of public versus private ownership 
of the western range lands. 

The combined sheep and cattle using 
public grazing lands have declined ap- 
proximately a tenth in animal unit months 
in the last three years (from 25,169,OOO 
animal unit months in 1944 to 22,915,OOO 
in 1947), due in part to reductions in 
permitted grazing on national forests. 
The number of sheep grazing on federal 
grazing lands in the western states has 
declined 27.5 per cent in the past 5 years- 
the decline on national forests being 28.5 
per cent and on grazing districts, adminis- 
tered by the Bureau of Land Manage- 
ment, 27.2 per cent. At the same time 
sheep numbers in the western states have 
declined 34.1 per cent. Thus, there is 
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very little difference between national for- 
ests and grazing districts in percentage 
decrease in sheep numbers, and in both 
cases the amount of drop is less than the 
decrease in total sheep in the eleven west- 
ern states. Sheep animal unit months on 
national forests declined 33.5 per cent dur- 
ing these years, indicating a decrease in 
length of grazing season as well as in 
numbers. Cattle grazing on public range 
lands increased 7.6 per cent from 1942 to 
1947, while cattle numbers in the eleven 
western states increased 4.3 per cent. 
The numbers on grazing district lands 
increased 14.8 per cent while those on na- 
tional forests declined 4.1 per cent. 
Therefore, the reduction in total animal 
units of grazing on western public range 
lands in the last few years is due largely 
to reductions in numbers of cattle per- 
mitted to graze on national forests. In- 
cidentally, approximately twice as many 
cattle and about two and a third times 
as many sheep graze on grazing district 
lands as on national forest lands. 

During recent years the wildlife popu- 
lation (antelope, deer, and elk) on the 
western public grazing lands, particularly 
the national forest areas, has increased 
from 161,000 animal units in 1921 to 
310,000 animal units in 1931, 514,000 in 
1941, and 540,000 in 1946, or an increase 
in the &year period of almost 5 per cent, 
more than 70 per cent for the 15-year pe- 
riod and some 225 per cent for the 25-year 
period (1). Total livestock animal units 
grazed on national forests in the eleven 
western states decreased 53.2 per cent dur- 
ing the 30-year period 1918 to 1947. 

These developments have created 
heated controversy over management of 
the western range lands, and extensive 
hearings have been held during the past 
year and a half by the Committee on 
Public Lands regarding further proposed 
cuts in numbers of livestock which would 
be permitted to graze the national forests. 

RENNE 

The two major federal agencies acting 
as landlords for western range lands are 
the National Forest Service in the U. S. 
Department of Agriculture and the Bu- 
reau of Land Management in the Depart- 
ment of the Interior. Some 136,000,OOO 
acres are included in the national forest 
areas of the western states, of which some 
80,000,OOO are usable for grazing. This 
compares with 169,000,OOO acres of public 
domain land administered by the Bureau 
of Land Management, which includes 
132,000,OOO acres of grazing lands within 
grazing districts and 36,000,OOO acres out- 
side of grazing districts. Since the num- 
ber of livest,ock permitted on Taylor 
Grazing lands has been substantially 
maintained in recent years, the contro- 
versies concerning our public lands in the 
last two or three years have centered on 
the Forest Service and its policies. 

The chief of the Forest Service, in his 
annual report for 1947, states that on 
many western ranges, one can see bun- 
ches of grass whose root crowns stand 
several inches above the ground surface, 
indicating that several inches of soil have 
washed or blown away within the life- 
time of these individual grass plants. Or- 
dinarily, lands at higher levels are the 
key watersheds. These are the lands at 
the headwaters of our major rivers. The 
higher lands ordinarily receive the most 
precipitation in the West, as much as 40 
or 50 inches yearly, compared with as 
low as 15 to 20 inches of rainfall in the 
valley and foothill areas. Two-thirds of 
all the land of the southwestern, inter- 
mountain, and western plains receive ac- 
tually less than 15 inches of rain annually, 
which is not enough for crop production 
without supplemental water. The high 
country -the mountain watersheds- 
must, therefore, furnish the lifeblood or 
water for the West. 

It is extremely important, therefore, 
that the forest and range lands in this 
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area be handled with full acknowledg- 
ment of their watershed values. Water- 
shed values in the aggregate exceed those 
of all the cash products the lands may 
yield, because water is such a limiting 
factor in many areas, and in addition 
produces hydroelectric energy, furnishes 
transportation, etc. 

Taylor Grazing District lands, admin- 
istered by the Bureau of Land Manage- 
ment, include extensive areas of the pub- 
lic domain which were never taken up by 
private settlers. Obviously, these lands 
are considerably below average in qual- 
ity. In general, they are the poorest 
of the western grazing lands. For years 
and years, they were grazed excessively 
by all who could get their cattle or their 
livestock on them. At the time the Tay- 
lor Grazing Act was passed in 1934, these 
lands were in a serious state of deterior- 
ation. Much has been done through con- 
trolled grazing to improve grass cover on 
these lands, but much still needs to be 
done in the way of improvement, includ- 
ing more adequate stock water supplies, 
reseeding, control or reduction of the 
spread of aggressive and poisonous range 
weeds, and rodent control. 

MULTIPLE AND CONFLICTING USES 
OF THE WESTERN RANGE 

Western range lands have a wide va- 
riety of uses. In addition to providing 
grass for domestic livestock, they are used 
for recreation (winter and summer camp- 
sites, hunting, primitive areas, scenic ar- 
eas), for municipal water and power 
sources, for water production for irrigation 
purposes, for watershed protection to pre- 
vent floods and silting of reservoirs, for 
lumber and wood products, for mining and 
prospecting for mineral wealth, for Indian 
welfare, and for other purposes. The 
multiplicity of uses and functions which 
range lands serve in our national economy 
is the chief source of conflict between 

users of public range lands and the man- 
aging agencies. 

The Forest Service administers the na- 
tional forests under a system of “multiple 
use” which is management for coordinated 
maintenance and use of the forest re- 
sources and values. It aims to develop, 
protect, and sustain the use of natural 
units of land under correlated long term 
management plans, rather than use of a 
single resource in possible conflict with 
or at the expense of other resources on 
the same area. Within a management 
unit, one use may be dominant in one 
portion and another in another portion 
(4). In areas adjacent to streams or lakes, 
recreation may be the highest use, for 
example, while on the slopes timber crop- 
ping may be the highest use, and in the 
intermingled valleys and ranches, live- 
stock grazing may be the highest use, but 
the area taken as a whole may be an im- 
portant watershed. Under multiple use 
management, all these uses must be co- 
ordinated, and conflicts adjusted in the 
entire over-all management of the area, 
so that the area as a whole will be de- 
voted to those most productive uses for 
the permanent good of the whole people, 
and not for the temporary benefit of in- 
dividuals or companies. This is the guid- 
ing principle laid down when the national 
forests were placed under the Forest Serv- 
ice Administration in 1905. Where con- 
flicting interests must be reconciled, the 
principle to keep in mind in multiple use 
management is to make decisions “from 
the standpoint of the greatest number in 
the long run.” 

Grazing is merely one recognized use of 
many western range lands. Grazing is 
encouraged in the National forests where 
land is suited for it and where it does not 
jeopardize other important values, but 
much of the grazing is on areas that are 
extremely important watershed areas, and 
also important grazing occurs on land sup- 
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porting commercial timber. _4ny effort 
to restrict or hamper effective adminis- 
tration and management of national for- 
est lands used as range for livestock ig- 
nores the interests of irrigation farmers, 
residents in valley communities, recrea- 
tionists, sportsmen, and others. The ul- 
timate result would be to subject the 
lands to the possibility of the same kind 
of misuse that in the beginning caused the 
lands to be included in thenational forests. 

The Forest Service indicates that it has 
moved slowly in reducing permitted num- 
bers of livestock on the western range 
because of the grazing permittees’ depend- 
ence on the use of national forest range, 
and the effects drastic reductions would 
have upon the ranchers’ incomes. Con- 
sequently reductions in livestock numbers 
have not offset the cumulative effects 
of over-grazing on many ranges. The 
chief of the Forest Service, in his 1947 
report, indicates that about half the 
ranges on the national forests need further 
corrective action of one’kind or another to 
check erosion, protect watersheds, and 
bring ranges back to fully productive con- 
dition. Efforts to relieve over-grazing of 
ranges are not confined to reductions in 
livestock numbers alone. Better distri- 
bution and management of stock on the 
range, improvements in the form of 
fences, water developments, etc., to facil- 
itate management, reseeding of depleted 
ranges, reduction of rodents and poison- 
ous plants all have a part to play in the 
overall objective of bringing grazing use 
into balance wit’h sustained range capac- 
ity. 

THE PUBLIC VERSUS PRIVATE 
OWNERSHIP CONTROVERSY 

Two of the most heatedly debated top- 
ics in the western states today are (1) 
federal ownership of privately used lands 
and (2) the policies followed by federal 
agencies in the management of these lands. 

The argument has been advanced that 
the federal range lands in the western 
states should be returned to private own- 
ership as soon as feasible, and that un- 
der private ownership, utilization would 
be more efficient. The United States has 
followed a policy of private ownership of 
agricultural lands through the years, and 
where there is good evidence to show that 
private ownership would make most ef- 
ficient use of land resources, such owner- 
ship should be permitted and encouraged. 

Poor grades of western grazing lands 
are more over-assessed relative to cap- 
italized net earning value than the better 
grades. For example, in a study by the 
author of the assessment of Montana 
range lands, it was found that on the 
first and second grades of grazing land, the 
ratio of assessed value to productive value 
was less than two and a half times, while 
for third grade grazing land the ratio of 
assessed value to productive value was 
more than four times, fourth grade five 
times, and fifth grade nearly eight times 
(3). The grazing lands were graded on 
the basis of the number of acres required 
per lOOO-pound steer or one animal unit 
for a ten-month grazing period. Eight- 
een acres of first grade grazing land are 
required to graze one animal unit for a 
ten-month period, 19 to 27 of second grade 
land, 28 to 37 of third grade land, 38 to 
55 of fourth grade land, and 56 acres and 
over of fifth grade. 

The net capital value of grazing lands 
in the western areas falls to about zero 
when the physical productivity is 24 an- 
imal units of grazing per section. This 
would be the equivalent of two cows or 
ten sheep per year per section. In some 
areas in the west, average carrying ca- 
pacity approximates this and it is hard 
to believe local assessors would assess such 
lands at practically no value. Under ex- 
isting tax assessment procedures and in- 
stitutional arrangements, many stockmen 
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prefer public ownership and leasing from 
federal agencies to paying excessive taxes 
on such lands. Until there is decided im- 
provement in our local land assessment 
procedures so that lands are assessed in 
keeping with their carrying capacity, and 
until there is assurance that assessments 
will consistently be related closely to car- 
rying capacity, most st)ockmen will find 
it more satsfactory to lease t)han to own 
the lands. 

The multiplicity of uses of western 
range lands has been given as a reason for 
federal ownership as against private own- 
ership. However, many lands in the 
Midwest and East with multiple purpose 
functions are privately owned. There- 
fore, the characteristic of multiple uses 
alone does not fit the western range lands 
as a special type of land resource pecu- 
liarly adapted to federal ownership. 

The opposition to permitting western 
federally owned range lands t,o go into 
private ownership is based upon the feel- 
ing that much of our agricultural lands, 
through private ownership, have been ex- 
ploited, and western range lands would 
be similarly exploited if privately owned 
and controlled. The dust storms of the 
thirties, extensive and serious soil ero- 
sion in many sections of our land, and re- 
lated problems have led many to believe 
that a move to put much of the existing 
federally owned western range lands into 
private ownership would be a st,ep back- 
ward and should encounter serious resist- 
ance. 

Another factor against private owner- 
ship of most of the western public range 
lands is that much of the acreage is not 
suitable for division into units for single 
operator control. For this reason, com- 
petitive allocation of leasing rights is prac- 
tically impossible. In the first place, the 
acreage is not blocked out into economic 
operating range units or if such acreages 
do occur, there are other limitations such 

as inadequate water supplies, or no hay 
lands, or grazing adapted to only one 
season of the year, which make them in- 
adequate as operating range units in them- 
selves. 

Thus, these lands can be used only in 
conjunction with other lands already pri- 
vately owned, or with other lands con- 
trolled by other federal agencies for other 
purposes such as watershed protection, 
or with other lands owned by another 
public agency such as the state or county 
government. The only competition that 
can occur for these federal grazing lands 
is that between the owners or lessees or 
controllers on other adjacent lands. It 
cannot be between these adjacent oper- 
ators and the public at large. In many 
cases, there is no competition even with 
other adjacent property holders, because 
frequently these federal grazing lands are 
so located relative to other lands that 
only one operator can make effective use 
of them. A syqtem of competitive allo- 
cation of leases through competitive bid- 
ding would keep the pattern of operations 
in an impossible state of instability and 
insecurity . 

Another situation which complicates 
the matter of private ownership of exist- 
ing federally owned range lands is the 
fact that privately owned grazing lands 
now carry investment and assessed values 
that include to a large degree the forage 
value supplied free or at nominal cost by 
associated federal lands. In other words, 
after lands were opened to private owner- 
ship, the individual private user who owns 
some land but leases federally owned range 
lands would be faced with the need for 
buying these formerly free or nominal 
cost forage resources, the value of which 
he has already incorporated into his over- 
head, and is already paying part or most of 
the costs for these resources. Obviously, 
the lands would go on the tax rolls, and 
since the lands already owned by the pri- 
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vate user would not be reduced in tax- 
able value, anything that the owner had 
to pay for the lands beyond a nominal 
price would result in investment and tax 
costs that were already being carried on 
the present private lands. This is a man 
made situation and can be corrected by 
human action, but institutional reforms 
come slowly and in the meantime those 
who purchase the lands would be pena- 
lized to the economic competitive advan- 
tage of those who do not. Thus, while 
some of the federal range lands might jus- 
tifiably be offered for private ownership, 
many of them would not be accepted even 
if offered without price. 

One more characteristic of western fed- 
eral range lands should be mentioned here 
which helps to create difficulties of mov- 
ing these lands into private ownership. 
Many of the western federally owned range 
lands, even though they are usable for 
grazing and for nothing else, are not ame- 
nable to ownership and use by one rancher 
alone. Much of the winter sheep range, 
for example, is of such a type that! sheep 
bands must herd over it in wide circles 
or must be free to move considerable dis- 
tances as droughts or winter storms may 
dictate. Single range allotments arc not 
practicable nor customary, and open range 
herding over common area with other 
bands is a long established pattern (5’). 
Of course, private ownership might be 
worked out for such areas on a collec- 
tivist basis, grouping together several pri- 
vate enterprisers, but this is rather a new 
departure in terms of ownership proce- 
dures. 

For all of the above reasons, the con- 
clusion must be reached that private own- 
ership of all or most 01 the western lands 
is not feasible or desirable. As a matter 
of fact, if the lands were opened up for 
private appropriation, a great deal of them 
would remain publicly owned. At the 
same time, it is just as unrealistic to in- 

sist that all of the federal range lands of 
the West must remain in federal or public 
ownership. There are some parcels that 
need not be retained in federal or even 
public ownership, but these parcels would 
not be numerous, and the total acreage 
involved would not approach a major 
portion of the total present federally owned 
holdings. 

The answer to the problem of securing 
best, use and conservation of our western 
range lands is not, private ownership, 
except in a few and limited instances. 
Public ownership, of course, does not nec- 
essarily mean federal ownership. Owner- 
ship might be shifted to the state or to 
the counties. Bills have already been 
introduced in Congress in recent sessions, 
proposing to transfer title of the federally 
owned western range lands to the states. 
The record of public land management 
by states and counties in the West does 
not provide encouragement for propo- 
nents of state ownership. As a matter of 
fact, the record of state and county pub- 
lic land ma.nagemcnt is not of a qualit,y 
comparable with that of management by 
the Federal Government. There are 
other reasons which would indicate that of 
all public agencies involved, the Federal 
Government is in the best possible posi- 
tion to do the most effective job of pub- 
lic range land management. Some of the 
pressure that has been exerted to transfer 
federal grazing lands to state control is 
based on the principle t,hat certain groups 
of users might more fully dominate man- 
agement policy if the lands were in state 
or county hands. We should certainly 
study the matter very carefully before 
recommending transfer of federal grazing 
lands to state or county control. 

IMPROVEMENT OF LANDLORD-TENANT 
RELATIONSHIPS 

The heart of the problem of western 
public range land management is Iand- 
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lord-tenant relationships. The problem 
is seriously complicated by the fact that 
in this case t,he landlord is the government. 
M_oreover, livestock operators (tenants) 
are a part of the government. In the 
case of our midwestern and eastern farm 
lands that are privately owned, land- 
lord-tenant relationships concern two or 
more private individuals, the government 
acting as an umpire. This relationship 
does not occur in the case of western range 
lands, because the government is the land- 
lord for a major portion of the acreage. 

Much of the recent controversy over 
Forest Service policy in managing west- 
ern range lands has arisen from the fact 
that the Forest Service limits the number 
of livestock that can be grazed on range 
lands in the national forests. Forest Serv- 
ice advisory boards at the present time 
deal only with the conduct of grazing, 
but many ranchers want these boards 
also t,o regulate stock numbers. Such 
action would almost certainly conflict with 
interests of other users of the forest and 
with the public interest in sound water- 
shed management. In the case of lands 
managed by the state land offices or by 
the Bureau of Land Management, there 
is a tendency to identify the interests 
of the administering agency with those 
being served and regulated. Advisory 
boards recommend carrying capaciby of 
the range, issuance of permits or licenses, 
rules for land use allotments, seasonal 
use, and improvements in the case of the 
Taylor Grazing leases. Rentals charged 
have been extremely low in view of re- 
cent high livestock prices, but for the 
most part the conflict of multiple uses in 
the case of Taylor Grazing lands has not 
been as definite or as involved as in the 
case of national forest lands. This should 
be readily apparent by the very nature of 
the two types of land. The Bureau of 
Land Management has made a sincere 
attempt to balance equitably the interests 

of the several users of western lands, but 
their problem has been a much less diffi- 
cult one than that of the Forest Service, 
which has to reconcile the interests of 
livestock men, lumbermen, irrigationists, 
recreationists, sportsmen, and others. 

What is wanted in good landlord-ten- 
ant relationships? In the first place, the 
tenant or user of western public range 
lands wants security of expectations or 
what might be called stability of tenure 
so he can operate efficiently over a period 
of years. If any change in allotment is 
to be made, he wants to be informed well 
in advance so he can make his plans ac- 
cordingly. If t,here are difficulties be- 
tween him and the government (the land- 
lord) he wants an impartial arbitration 
of such differences. He also wants rea- 
sonable payment of damages, by either 
party, and compensation for unexhausted 
improvements to be included in the leas- 
ing arrangements. For his part, the land- 
lord wants protection against damage to 
his resources. Both the tenant and the 
landlord want a level of charges commen- 
surate with productivity and a policy 
which is satisfactory to both regarding 
whom among several possible beneficiaries 
shall be granted the privileges to use the 
lands. 

Some students recommend creation of 
a new kind of public body for adminis- 
tering the western public range lands as 
a solution to this very difficult and com- 
plicated problem. They suggest that on 
this new administering board should be 
represented both the user and the admin- 
istering federal agency. For example, an 
administrative board of five members could 
be set up for a given area, comprising one 
sheepman, elected by sheepmen in the 
area; one cattleman, elected by the cat- 
tlemen in the area; two designated by 
the Secretary of the Interior or by the 
Forest Service, depending upon the agency 
which had jurisdiction of the grazing lands 
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in question; and one selected by a vote 
of at least three of the four members. If 
such a board were to meet regularly, say 
at least quarterly, and render prompt de- 
cisions that would be binding on both 
parties, a means would be provided for 
more effective and fair administration of 
western public range lands (9). 

Probably state boards should be set up 
on the same basis. A national forest ad- 
visory board was recommended by the 
Committee on Public Lands to the Sec- 
retary of Agriculture, in its preliminary 
report on forest service policy. _4 Na- 
tional Forest Board of Review ‘consisting 
of three individuals has been appointed 
by the Secretary ok Agriculture to serve 
in an advisory capacity with him for t(he 
administration of Forest Service lands. 

Unless both users and the administer- 
ing federal agency are represented ef- 
fectively on the administrative body or 
board, misunderstandings, confusion, and 
dissatisfaction are likely to be continuous. 
Obviously, there are problems associated 
with making such administrative bodies 
work effectively, but moving in this di- 
rection gives promise of more satisfactory 
use in handling of our western public 
range lands. 

An important means of improving re- 
lations between administering federal 
agencies and the public in western states 
is an adequate program of payments to the 
states by the federal government in lieu of 
taxes for the federal lands. Some $200,- 
000,000 yearlywould probably be required 
for this program for the nation as a whole, 
but more than four-fifths of total federal 
land holdings are in the western states. 

OTHER IMPROVEMENTS NEEDED 

The condition of most of our public 
range lands is better today than it was 
a decade or two ago. However, continued 
droughts in some areas and earlier serious 
deterioration of others has resulted in a 

considerable portion of our western range 
being in unsatisfactory condition. Im- 
provements needed include: aditional 
stock water reservoirs in many areas, fenc- 
ing, and related improvements, reseeding, 
and rodent and poisonous weed control. 
In some cases purchase and management 
of additional lands by federal, state, or 
community agencies is becoming increas- 
ingly desirable for critical flood source 
areas and for upstream lands most impor- 
tant as water supply sources where individ- 
ual owners cannot afford to undertake nec- 
essary measures for watershed protection. 
On the more important national forest 
watershed lands, there is need for more 
intensive management on many national 
forest timberlands and ranges, but good 
management must also be applied on wa- 
tershed lands in private ownership, and 
this will require an extensive educational 
program and additional research. 

On depleted range lands in private own- 
nership, reseeding programs should be 
stepped up through conservation payments 
by federal action agencies such as the 
Agricultural Adjustment Administration, 
to improve watershed condition and re- 
store wasted lands to maximum produc- 
tivity. Continued and additional research 
by agricultural experiment stations, the 
Forest Service, and other federal agencies 
on watershed management problems and 
range control and use should have a prom- 
inent place in the over-all program to 
conserve the western range. There is still 
much to learn about the effects of various 
types and densities of vegetation on water 
run-offs; there is still much to learn about 
the relative nutritive value and carrying 
capacity of various types of grasses and 
how grass and native vegetation can best 
be utilized without adverse effects on wa- 
tersheds. It is entirely possible that ways 
may be discovered to graze livestock which 
will increase water yields over those of 
virgin or non-grazed areas. 
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Much needs to be done on a more in- 
tensive educational program to acquaint 
ranchmen with the means by which they 
can determine the condition of their own 
range lands and the potentialities for im- 
provement. Ability to recognize a few 
of the more important forage plants of 
the locality, some skill in judging relative 
abundance, an approximate idea of the 
kind of vegetation the area once supported 
and a knowledge of which plants increase 
and which ones decrease under heavy and 
light grazing, and related information are 
essential if there is to be widespread adop- 
tion of conservation measures on range 
lands. Placing a range management spe- 
cialist on the agricultural extension serv- 
ice staffs in states with large acreages 
of range lands would undoubtedly help to 
get this educational job done. Federal 
and state action and development agen- 
cies concerned with range lands can do 
much to assist this educational program 
by close cooperation with the agricultural 
extension service and in joint discussion 
and development of programs and plans. 

Only by a combined program of fur- 
ther research, intensive educational and 
development programs, and the estab- 
lishment of improved landlord-tenant re- 
lationships can we expect marked im- 
provement in the condition of our western 
range lands and have assurance that best 
use and sound conservation of t,his im- 
portant resource will be followed in the 
years ahead. 
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INTRODUCTION 

I T IS well known that the degree 
of forage removal affects individual 

plants, plant succession, forage produc- 
tion, and modifies microclimate and soil. 
Some investigators have pointed to the 
necessity of leaving a portion of the plant 
ungrazed to preclude undue interference 
with physiological processes. Others 
have felt that the dead plant “litter” or 
mulch remaining at the end of the grazing 
season is of even greater importance than 
conservative grazing in its effect on soil 
structure, organic content, soil tempera- 
ture, moisture, and erosion, and thus upon 
the growing plants (2, 5, 10, 11). While 
mulch has long been recognized as an im- 
portant element in range health, specific 
studies regarding its role have been under- 
taken rather recently (7, 8). Beutner 
and Anderson have shown that striking 
increases in forage production result from 
rather heavy mulches on semi-desert soils 
(1). Larson and Whitman have indi- 
cated a close relationship between litter 
accumulation and degree of forage re- 
moval (9). 

To investigate some of these relation- 
ships and, particularly, the effects of pro- 
tection and organic mulch on forage 
production, plot studies were begun in 
1941. The study area is located on the 
North Fork of Little Thompson River, 
nine miles east of the Town of Estes Park, 

Colorado, on the Roosevelt National For- 
est. At the outset, the study was in- 
tended to measure the relative rates of 
recovery of an overgrazed range under 
protection and under moderate grazing. 
As the study progressed, certain aspects 
of spring and summer forage growth be- 
came evident, and the apparent effect of 
mulch accumulation led to the addition 
of a mulch study. 

DESIGN OF STUDY 

In the fall of 1941 a one-acre exclosure 
was fenced in a typical, very closely 
grazed, small Kentucky bluegrass (Pea 
pratensis) park in the ponderosa pine type 
at an elevation of 8300 feet. As a result 
of many years of severe gra.zing Kentucky 
bluegrass is the dominant plant in the 
park. Fringed sagebrush (Artemisiu frig- 
idu) is fairly abundant but other grasses 
and forbs occur in very ‘small amounts. 
The original type was, undoubtedly, dom- 
inated by mountain muhly (Muhlenbergiu 
montana), fescue (Festucu sp), and timber 
danthonia (Dunthoniu intermedia). The 
exclosure is located in a fairly wide bottom 
where cattle normally congregate, and has 
not been grazed since its construction. 

In the spring of 1944 an additional plot 
of three acres was fenced adjacent to the 
exclosure and was grazed by a cow and 
calf for three weeks each year in 1944 and 
1945. Subsequently, the use has been 
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one cow and calf for about one month 
annually. The attempt has been to se- 
cure about 50% utilization, byweight. In 
1948 there was an undetermined amount 
of grazing trespass for a short time. 

On November 5, 1947, another small 
plot was fenced on the heavily grazed 
range, adjoining the ungrazed exclosure. 
Six areas each containing four square feet 
were established in this plot. Two of 
these were treated by applying as mulch 
all of the vegetation clipped from an eight- 
square-foot area in the totally protected 
plot. Two others were treated by apply- 
ing as mulch the vegetation clipped from 
four square feet in the ungrazed plot. 
And the other two plots served as checks. 
Thus, one set of two plots was full- 
mulched and another set of two was half- 
mulched. Additional mulch was applied 
some distance around the edges to elim- 
inate border effect . The objective was to 
apply as mulch the vegetation which 
would accumulate annually on an un- 
grazed range and on a range utilized about 
505& and to isolate the influence of mulch 
alone on forage production without in- 
troducing the complex effects incident to 
prolonged protection. 

Because of the uniform density and 
highly homogeneous composition of 
closely grazed Kentucky bluegrass ranges 
such as this, it is considered that the 
rather small sample plots were reasonably 
adequate. On most bunchgrass ranges it 
is probable that a greater number of much 
larger sample plots would be needed. 

METHOD OF STUDY 

Beginning in the spring of 1945 forage 
was clipped from sample plots on the open 
range and in the protected and moder- 
ately grazed areas. Clippings were made 
annually about June 1. This corresponds 
with the beginning of the grazing season. 
These clippings were repeated on other 

plots in the three areas toward the end of 
October or first of November each year, 
or following the close of the grazing sea- 
son. Also, additional clippings were 
made at this time in temporary hurdle 
plots on the open range and in the mod- 
erately grazed area. The hurdle plots 
were moved each spring. It was assumed 
that the difference in weight between for- 
age clipped in the hurdle plots and on the 
grazed range represented the amount of 
forage utilized by cattle during the sum- 
mer. There is strong support for this 
approach, as determined by other studies 
(5). Density estimates were made in 
1948 by use of the step-point method (4). 
Seed stalk heights were measured each 
spring and in October 1948. 

One half of each of two mulch plots- 
one full-mulch and one half-mulch-was 
clipped on June 6, 1948. A similar un- 
treated check plot in this exclosure was 
also clipped. The other halves of these 
two mulch plots and another check plot 
were clipped on October 22, 1948. One 
mulch plot for each treatment was left 
unclipped for future studies of cumulative 
effects. 

,411 clippings were airdried, weighed, 
and weights converted topounds per acre. 

RESULTS OF STUDY 

The perennial grass production for June 
1 and November 1 of each year, and for- 
age residue on November 1 on the two 
grazed areas, are shown in table 1. 

By substracting the amount of forage 
left on the open and moderately grazed 
ranges from the amount clipped from the 
respective check plots, annual utilization 
may be computed. Figured this way, 
utilization on the open range varied from 
61% to 79% with a 4-year average of 
71%. Presumably, this represents the 
limit to which cattle will graze a concen- 
tration area of Kentucky bluegrass where 
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they have access to other forage on steep, organic mulch very greatly increases the 
rough slopes. Utilization on the moder- ability of soil to absorb and retain water 
ately grazed range varied from 47% to (1,s). The impressive response of closely 
65% with a &year average of 57% (fig. l).’ grazed Kentucky bluegrass following the 
Each year more forage was grazed in the application of mulch suggests that im- 
moderately used plot than was produced proved soil moisture conditions may have 
on the open range. Also, the amount left had a strong influence on forage produc- 
at the end of the season was nearly as tion, especially during the summer. 
much as that produced on the open range. However, contrary to expectation, the 

It will be noted that the half-mulch full-mulch plot made somewhat less sum- 
plot by the end of the season had pro- mer growth than the half-mulch plot. 
duced 42% more forage, and the full- Similarly, in 1948 the protected plot made 
mulch plot 50% more than the untreated proportionately less summer growth than 
check plot (table 2). Forage produc- did the moderately grazed plot, although 

TABLE 1 
Production of perennial grass forage 

Pounds per acre,.airdry weight 

I 1945 
I 

1946 

Open range 
check plot 

June 1 Nov. June 
____ .- 

346 144 192 
- 529 - 

Moderately grazed 634 384 625 
check plot - 1009t - 

Protected plot 673 ,I442 1033 

* Undetermined amount of trespass grazing. 
t Second full season of protection. 

tion on the moderately grazed and pro- 
tected plots in 1948 was 113% and 147y0 
greater, respectively, than that on the 
open range (table 1). 

Summer growth is considered especially 
important on ranges since it determines 
the amount of available green, nutritious, 
palatable forage throughout the actual 
grazing season (2). Since records were 
secured at the beginning and end of the 
summer grazing season, it was possible to 
measure the amount of growth made dur- 
ing summer. Figures obtained on sum- 
mer production are shown in tables 1 and 
3. 

Other investigators have shown that 

Nov. 

128 
512 

June Nov. 

408 264 
- 673 

480 793 769 
1057 - 1442 

1730 865 
- 

1947 1948 

June 

515 
- 

Nov. 

120 
564 

420* 
1201 

4-YR. AVERAGE 

June Nov. 
______ 

365 164 
- 569 

723 513 
- 1177 

895 1622 

this was not true during the preceding 
three years (table 3). 

An explanation of the reduced summer 
growth under full-mulch in 1948 may be 
suggested by the Estes Park precipitation 
records. In 1947 precipitation occurred 
on 61 days for a total of 16.58 inches, and 
in 1948 on 35 days for a total of 5.28 
inches during the period May 1 to Octo- 
ber 31. During 1947 there were 26 days 
when precipitation exceeded .2 inch and 
11 days when it exceeded .5 inch. In 
1948 precipitation exceeded .2 inch on 9 
days and on no day did it exceed .5 inch. 
Thus, 1947 was characterized by well dis- 
tributed storms yielding high precipita- 
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tion and frequently ext,ending over 3 to 7 by the step-point method (4), wm 24% 
days. In 1948 precipitation XLS also on the open range, 4057, in the moderately 
very well dist,rihutcd, but it consisted of grascd plot, and 6295 in the protected 
repeated very light showers seldom ex- plot. Thr: protected plot contains an al- 

Kation;tl Forest, Xovcmbm 16, UM. 

E&t of mulch on forage produclion 

Pounds per acre, sirdry forage 

‘mTE86, 02gmn$ 
I I 

Cheek plot. 481 577 
Half-muloh.. 5% 817 
Full-mulch. .! 625 865 

tending beyond two-day periods. It is, 
therefore, suggested that during dry 
weather with light scattered showers, 
heavy mulches intercept more precipita- 
tion and result in greater evaporation 
than lighter mulches. This tends to re- 
tard the growth of forage. 

Perennial grass density, as estimated 

% 
Open range. 36 
Moderately grazed plot. 39 
Protected plot.. ; 45 

Untreated mulch check.. .I - 
IIalf-mulch plot 1 - 
Full-mulch plot. - 

% -9% 
30 0 
45 j 30 
55 28 

_ 17 
_ 36 
_ 28 

most pure stand of Kentucky bluegrass, 
although Canada bluegrass (Pea com- 
pressa) is increasing noticeably. Only 
isolated plants of fringed sagebrush I%- 
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n the three areas. 

main. The vegetation in t,he moderately 
grazed plot is predominantly Kentucky 
bluegrass but fringed sagebrush is present 
in fair amount as large, vigorous plants. 
Kentucky bluegrass seed stalk heights on 
June 1 averaged 2.2, 4.4, and 6.3 inches 
on the open range, moderately grazed plot 
and protected plot, respectively, for the 
four years. Comparable heights on Octo- 
ber 22, 1948, were 10, 13, and 16 inches 

Ia forage 

Pounds 
per acre 
oirdry Y 

Foruge 
fofuge 

and mulch aid in providing more summer 
growth. 

and half-mulch plots, it is concluded that 

In the artificial mulch phase of the 
study the only factor which was con- 
sciously altered was the application of 
grass mulch to a closely grazed range. 
Since there was close correlation between 
spring and summer seasonal growth pat- 
terns on the ungrazed and moderately 
grazed plots compared with the full-mulch 

produced June I - Nov. I 
produced prior to June/ 
removed by C&t/e June/-Nor!/ 

Protected Plot Moderately Grazed Open Range Mulch Plots 
FIG. 2. GRAPHIC PRESENTATION OF DATA IN TABLES 1, 2, AND 3 

DISCUSSION 
Except under total protection and in 

very favorable years, less than 507& of 
total growth takes place during the sum- 
mer growing season (table 1). Thus, if 
the objective is 507& utilization, consid- 
erable use must be made of the backlog 
of early spring growth. It appears that 
good management should provide for a 
large volume of forage on the range before 
grazing begins. If growth prior to June 1 
is harvested as it develops, summer 
growth will be less and plans must provide 
for fewer cattle to harvest the forage crop. 
The study shows that both lighter use 

mulch has a major effect on the volume 
of forage produced, and especially on the 
important summer forage production. 
The relatively higher percentage increases 
in total production on the ungrazed and 
conservatively grazed ranges as con- 
trasted with the two rates of mulch ap- 
plication is thought to be due to the cumu- 
lative effects of several years non-grazing 
and light grazing, on the plants, on soil 
and on microclimate, as well as on the 
continued accumulation of mulch. A 
comparison of spring growth and summer 
growth for the three treatments suggests 
that the effect of prolonged protection or 
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light use is reflected, principally, in in- 
creased spring growth, while mulch may 
be the principal factor accounting for in- 
creased summer growth (fig. 2). 

Costello and Turner found that mod- 
erate grazing, especially during drought, 
may result in higher densities than no 
grazing (3). They assign the probable 
cause to reduction in leaf surface area, 
lower transpiration rates, and a decreased 
demand on soil moisture on the grazed 
range. The present study suggests that 
the effect of medium and heavy organic 
mulches in intercepting and dissipating 
light scattered precipitation may also be 
an important factor. 

This study does not indicate that a 
light mulch resulting from moderate graz- 
ing is more beneficial than a heavy mulch, 
nor does it indicate that moderate grazing 
will result in faster range recovery than 
complete protection. The full-mulch ap- 
plication resulted in considerably more 
spring growth and also in greater total an- 
nual growth than the lighter mulch. Sim- 
ilar results are reflected in forage produc- 
tion in the protected and moderately 
grazed plots. These results point very 
sharply to the importance of organic mulch 
as a major influence in range forage pro- 
duction and indicate that this factor may 
be fully as important as the physical effects 
of various rates of grazing on individual 
plants. 

STJMMARP 

This study compares total annual as 
well as spring and summer forage produc- 
tion on heavily grazed, moderately grazed, 
and ungrazed Kentucky bluegrass range. 
Also, forage production on heavily grazed 
range is compared to that on similar areas 
on which moderate and heavy artificial 
grass mulches were applied. 

A range utilized 57% over a four-year 
period produced an average of twice as 
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which was ungrazed for seven years pro- 
duced nearly three times as much forage 
as an adjacent heavily grazed range. On 
grazed ranges 55% to 91% of the annual 
forage growth was produced prior to June 
1. As the intensity of grazing decreased, 
relative summer forage production in- 
creased. It is concluded that heavy 
spring grazing would have been especially 
detrimental tb this range. On the mod- 
erately used range more forage was grazed 
each year than was produced on the heav- 
ily grazed range. In addition, nearly as 
much forage was left on the moderately 
used range as the heavily grazed range 
produced each year. 

The application of light and heavy mul- 
ches to heavily grazed range increased 
annual forage production 42yo and SO%, 
respectively, the first year. Summer for- 
age growth, however, was somewhat less 
under full-mulch than under half-mulch. 
It is concluded that organic mulch such 
as accumulates naturally on a moderately 
grazed or ungrazed range may be the most 
important factor influencing the impor- 
tant summer forage production. It is 
suggested that during an exceptionally 
dry summer a heavy mulch may dissipate 
light precipitation and may result in 
slightly less summer forage growth. Be- 
cause of greater total annual growth, a 
heavy mulch is considered most effective 
in hastening range recovery, even during 
very severe drought years. 
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Some Probable Future Developments in Control 
of Noxious Range Plants 

GEORGE E. GLENDENING 

Southwestern Forest and Range Experiment Station, Tucson, Arizona 

B Y CONSIBERING changes that 
have occurred in the field of noxious 

range plant control during the past few 
years, it is possible to make some predic- 
tions as to probable future developments. 
It was recently stated (5) that more rev- 
olutionary changes and improvements in 
the chemical control of weeds have taken 
place since 1940 than during all agricul- 
tural history prior to that date. This 
comment referred specifically to weeds in 
cultivated crops, but is probably equally 
true with respect to control of noxious 
plants on range lands. The development 
of herbicides and the equipment for ap- 
plying them has advanced so rapidly that 
the entire philosophy regarding noxious 
plant control on range lands has changed. 
Thus, in 1939 it was stated that even if 
the spraying of water alone would kill 
Klamath weed, the cost of trucking it 
over the rough terrain would exceed the 
value of the land. Less than 9 years 
later, more than 100,000 acres of range 
land were effectively and economically 
treated by airplane spraying for control of 
a single noxious plant, sand sagebrush (8). 

NEW AND BETTER CHEMICALS NEEDED 
The practical use of chemicals for nox- 

ious plant control on range lands is ham- 
pered by lack of a selective herbicide 
which will kill when applied in low vol- 
ume. A selective herbicide, of course, is 
one which kills the noxious plant but does 
no serious damage to the associated de- 
sirable species. The now commonplace 
2,4-D is an example of a selective herbi- 
cide which, because it may be applied by 

mass application methods, has made 
chemical control of some noxious plants 
practical on range lands. Throughout 
the field of noxious plant control 2,4-D 
has been so generally tested and so widely 
discussed that many of us tend to forget 
the vast number of other similar or related 
organic compounds which are also known 
to have growth regulating effects. Very 
little is known about most of these new 
chemicals, of which many exist only in 
relatively minute quantities in laborato- 
ries. More than a thousand have been 
subjected to laboratory screening tests 
(9) ; but the overwhelming majority have 
not been tried under field conditions. It 
seems reasonable to believe that effective 
herbicides for many of our noxious plants 
may be found among this great number 
of organic compounds. 

It is known that the selective toxicity 
of these organic herbicides depends not 
upon morphological differences between 
plants, but upon inherent specific differ- 
ences in physiological response. For ex- 
ample, while cotton may be seriously 
damaged by minute traces of 2,4-D, a 
pound to the acre is required to kill sand 
sagebrush and even larger dosages have 
so far been ineffective on mesquite, juni- 
per, and cactus. The closely related 
2,4,5-T, although not, effective on some 
important noxious range plants, appears 
to be more toxic than 2,4-D to most 
woody plants. 

Perhaps some of our problems will be 
solved through use of the new dinitro and 
pentachlorophenol compounds. To date, 
these substances have been used mainly to 

149 



150 GEORGE E. GLENDENING 

fortify the various light oils applied for 
pre-emergence control of weeds in culti- 
vated crops. These two chemicals have 
not been widely tested on noxious range 
plants, but in recent tests in southern 
Arizona the immediate toxic effects were 
outstanding among many chemicals 
tested on cholla cactus. 

The discovery that the ammonium and 
sodium salts of trichloroacetic acid will 
kill grass but apparently will not perma- 
nently injure broadleaved plants has so 
far had little impact on the control of 
noxious range plants. This is due, no 
doubt, to the fact that we are not usually 
interested in killing grasses on range lands. 
Recent tests in Kansas (6) indicate that 
the ammonium salt known as “ATA” is 
effective in preventing the emergence of 
annual grasses. The large dosage rates 
required with this chemical makes its use 
on range lands questionable, but if costs 
can be brought down, either “ATA” or 
the sodium salt of trichloroacetic acid may 
well have a place on range lands as, for 
example, in the elimination of cheat grass 
prior to reseeding. 

Developments in herbicidal oils, though 
less spectacular than those with the or- 
ganic herbicides, have kept pace both in 
number and uses made of them. Toxicity 
in oils lies mainly in the aromatic fraction. 
Noxious plant control workers know that 
modern highly refined diesel oil is not as 
toxic as that formerly available. How- 
ever, a variety of new and better herbi- 
tidal oils, some of which are almost spe- 
cific for the weeds in many economic 
crops, are now on the market. In the 
case of some plants, oils fortified with 
chemicals such as 2,4-D or pentachloro- 
phenol have resulted in more effective kills 
t,han are obtained by the use of the oil 
alone (1). An increasing amount of these 
new oils, with and without fortifying sub- 
stances, will no doubt be used in the con- 
trol of noxious range plants, both as con- 

tact herbicides for individual plants or 
groups of plants, and as carriers for 
other selective plant killers which are ap- 
plied by mass application methods. 

For a long time range men have ob- 
served that there is often little or no grass 
under the crowns of various woody plants. 
This relationship has usually been ex- 
plained entirely on the basis of light sup- 
pression or competition for moisture. 
Recently, a chemical substance having 
marked toxic effect on tomatoes and other 
test plants was isolated and identified 
from the leaves of brittlebush (Encelia 
furinosa), and similar substances have 
been reported to be exuded by the roots 
of brome grass and guayule (3). The 
realization that some plants may produce 
substances which are differentially antag- 
onistic to other associated plants may 
have opened up an entirely new concept 
as regards the composition of plant com- 
munities. The investigation of addi- 
tional plants will no doubt lead to the 
discovery of other natural plant growth 
inhibitors and may ultimately lead to the 
isolation of new herbicides. 

BETTER METHODS FOR APPLYING 

CHEMICALS 

As a result of the general improvement 

in equipment for applying herbicides of 
all forms, including both dusts and liquids, 
chemical control of noxious plants will no 
doubt become cheaper and will be used 
more extensively on range lands. 

Outstanding in this field has been the 
development in the use of the airplane. 
Beginning with one plane in 1921, the 
number of airplanes doing spraying and 
dusting work in the United States in- 
creased to 200 by 1939. Today, there are 
75 aerial spraying companies in California 
alone (7). Helicopters cost more init)ially 
than airplanes and are also limited in load 
carrying ability. However, they can 
hover and turn at right angles and, under 
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some conditions, may be more economical 
than airplanes in actual use. 

There has been very little research in 
the use of planes for noxious plant con- 
trol purposes. However, planes possess 
certain unique traits which make them 
especially well adapted for applying chem- 
icals on range lands. Although these are 
fairly obvious, they should be mentioned. 

First is t,he factor of speed. A single 
plane operating under ideal conditions can 
spray up to 1000 acres per day. 

Secondly, a plane is largely independent 
of the vegetation and type of soil surface 
over which it flies. On the basis of tests 
now being conducted in Arizona, there is 
reason to believe that control of Tamarix 
in river bottoms may be accomplished in 
the future by spraying of 2,4-D from the 
air. Mechanical control of this plant 
along streams poses a major engineering 
problem, is expensive, and usually not 
very effective. 

A third feature which favors use of the 
airplane is the complete lack of mechan- 
ical disturbance to vegetation and soil. 
Anyone who has seen the havoc wrought 
by the mechanical removal of large trees 
such as juniper and mesquite will know 
what this means. 

Lastly, and this is important, airplane 
spraying costs are already comparatively 
low, $2.00-$4.00 per acre, and with the 
increasing use of airplanes, greater com- 
petition between operators, and more ef- 
fective herbicides, spraying costs may be 
further reduced. On crop lands the ef- 
ficiency of planes for spraying is consid- 
ered to increase in proportion to the size 
of the area treated, and it would seem that 
the use of planes for noxious plant cqn- 
trol on range lands awaits only the 
development of effective herbicides for 
use on the specific problem plants that 
are involved. 

BETTER SPRAYERS FOR GROUND USE 

Ground spraying rigs capable of apply- 
ing as little as 2+ gallons of liquid per 
acre are now available in sizes ranging 
from those that can be carried by hand 
to large trailer-mounted units. The de- 
velopment of chemical resistant neoprene 
hoses has been of great practical signifi- 
cance, and improvements in nozzles to- 
gether with the use of higher pressures 
makes possible the dispersing of herbici- 
da1 liquids as true aerosols or in particles 
of raindrop size. This equipment, al- 
though developed for use mainly in or- 
chards, can be used in some rather inac- 
cessable areas and will no doubt find 
increasing use for spraying small isolated 
groups of noxious range plants. 

NEW TRENDS IN MECHANICAL 
EQUIPMENT 

The trend in mechanical eradication 
equipment for use on range lands is pre- 
ponderantly toward ever larger machin- 
ery. As the first step in eradicating mes- 
quite on his range, a Texas operator pulls 
400 feet of 2+-inch steel cable between 
two of the largest crawler-type tractors 
currently manufactured in the United 
States. With two of these rigs he treats 
up to 27,000 acres of mesquite per month. 
Cabling does not result in complete re- 
moval of all mesquites, and follow-up 
treatment is required. Tractor-mounted 
“dozers” and large sub-surface plows 
called “root-cutters” are also being used 
in Texas. Employment of this large 
equipment has many limitations and dis- 
advantages. Obviously, the use of equip- 
ment weighing thousands of pounds 
causes serious disturbance to the soil and 
to any desirable vegetation which is pres- 
ent. Further, the purchase of extremely 
heavy tractors by most individual ranch- 
ers is prohibited by economic consider- 
ations ; although this latter problem 
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might be solved by cooperative purchase 
and use by a pool of ranchers. 

Many ranchers consider mechanical 
eradication to be a stop-gap procedure. 
The wholesale acceptance of airplane 
spraying for control of sand sagebrush by 
men previously accustomed to burning, 
mowing, and grubbing of this plant would 
seem to be an indication of the rapidity 
with which chemical control will be ac- 
cepted for other undesirable range plants 
whenever it is feasible. 

BIOLOGICAL CONTROL 
Future developments in the field of 

biological plant control are difficult to 
foresee at this time. The classical exam- 
ple of cactus eradication by insects in 
Australia is well known (2). More re- 
cently, some favorable results are being ob- 
tained in the control of Klamath weed 
in California through the use of two 
species of beetles, Chrysolina hyperici and 
C. gemdata (4). It seems likely that 
biological control will not be of any great 
importance so long as we are dealing with 
native range plants rather than intro- 
duced species. However, we should cer- 
tainly continue to be on the lookout for 
any promising leads which may develop 
in this field. 

PRORABLE TRENDS IN RESE~~RCH 

Despite many advances which have 
been made from the “cut and try” type 
of studies in noxious plant control, there 
remains a serious need for basic research. 
This is especially true with respect to 
most of the noxious range plants. The 
most effective control measures can be 
developed only when we understand cer- 
tain basic relationships of individual prob- 
lem species. For example, control by 
spraying requires a knowledge of absorp- 
tion and movement of chemicals, while 
effectiveness of burning and grubbing de- 
pends on sprouting characteristics. Pre- 
vention of reinvasion of treated areas 

demands an understanding of factors in- 
volved in reproduction of the individual 
noxious plant. 

Consequently, the trend in noxious 
plant control research probably will be 
toward the study of individual plant spe- 
cies on specific problem areas. The em- 
phasis will be shifted so that research on 
individual plant responses may catch up 
with research on methods and materials. 
Many of the necessary investigations will 
require a degree of control which can 
be obtained only in the laboratory. 
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ERADICATION OF BIG SAGEBRUSH (Artemisia Tridentata) 

A. C. HULL, JR. 

Rocky Mountain Forest and Range Experiment Station 

Big sagebrush is the dominant plant 
on the 96,000,OOO acres of the sagebrush- 
grass type. It has increased in density 
and has spread to areas which were not 
originally sagebrush. 

Where sagebrush prevents erosion and 
is valuable for browsing, it should not be 
removed. However, there are many 
areas where sagebrush hinders livestock 
movement and uses moisture which might 
be used by grass. Areas supporting thick 
stands of sagebrush will produce 1500 
pounds of herbage each year when the 
brush ‘is removed. Where the brush is 
eradicated and replaced with grass, it 
means better ranges. 

Methods of eradication vary with such 
things as the type of brush, understory 
plants, topography, rocks, soil type, size 
and location of the area. Of the many 
methods of sagebrush eradication, burn- 

ing is the cheapest and most widely 
adapted, but is also the most dangerous 
to use. Grass seeds can be drilled on 
burned areas without further seedbed 
preparation. Wheatland and brushland 
plowing are successful methods of eradi- 
cation but are expensive. Railing is also 
adapted to big, brittle plants. Pipe har- 
rows will kill small brittle plants and 
cover seed on rocky areas. Spraying with 
2,4-D and related compounds is new but 
offers promise. 

Eradication should not be carried out 
in the fall when the ripe sagebrush seed 
might be planted as the old plants are 
eradicated. 

Either natural or artificial revegetation 
should follow eradication. The treated 
areas should be managed to give the grass 
a chance to grow, and to help prevent the 
return of sagebrush. 

COMPAR~~TIVE YIELDS AND COVER OF NATIVE GRASS ON PASTTTRE 
AND REVEGETATED AREAS AT HAYS, KANSAS 

ANDREW RIEGEL 

Fort Hays Kansas State College, Fort Hays, Kansas 

A question that, is commonly asked On the college farm at Hays, Kansas, 
when the matter of grass reseeding is 600 acres of cultivated land have been 
being discussed is ‘how do these reseedings retired and seeded back to native grasses. 
compare with native pasture, that is, how This has provided ample opportunity to 
do they compare in yields of forage and make observations between native pas- 
in basal ground cover?’ ture and reseeded areas. The college 
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land is I part of the mixed grass prairie 
occurring on the Fort Hays limestone 
outcropping. Short grass predominates 
on more level uplands and gentle slopes, 
while on the steep, rocky hillsides grasses 
such as big bluestem, little bluestem, and 
side oats grama are abundant. Western 
wheat grass, big bluestem, and other tall 
grasses accompanied by an understory of 
short grass make up the vegetation in 
the ravine bottoms and lowlands. On 
the rolling land adjacent to the pasture 
a reseeding program was initiated in the 
spring of 1941, and with the exception 
of 1943 and 1944, additional seedings have 
been made each year. 

Permanent plots have been staked in 
these areas for use in determining ground 
cover and species composition. Since 
1944, forage yields have been obtained 
by clipping representative areas each 
month from June to September. Both 
yield and ground cover data were ob- 
tained from the native pasture and an 
area of “go back” land which was turned 
back into the pasture in 1920. 

The reseeding done on the college farm 
at Hays has not entailed any unusual 
methods of seed bed preparation or plant- 
ing; however, no seedings have been total 
failures. The 1941 seeding was planted 
in a thin sorghum residue with a IO-inch 
semi deep furrow drill with flute feed. 
About 30 acres were seeded to blue grama 
and 6 acres to a bluestem mixture. The 
st,and was well established by the end of 
the second season. In the fall of 1946, 
this 36-acre planting was mowed and 
baled, yielding about 800 bales of good 
quality hay. In 1947, 16 tons of baled 
hay were harvested from the same area. 
This seeding has been used in obtaining 
yields and cover for comparison with the 
native pasture. 

The blue grama seeded in 1941 yielded 
an average of slightly over one ton of 
forage per acre, 1944-1948 inclusive. 

The average yield of the natural revege- 
tation was about the same as the blue 
grama seeding, but included only 3 years 
data. The short grass in the pasture pro- 
duced an average of 1700 pounds for the 
5-year period. The yields of the natural 
revegetation and short grass represents 
production from areas previously grazed 
while no grazing occurred on the blue 
grama seeding. 

A much wider margin exists between 
the native bluestem and that on the re- 
vegetated area. The reseeded mixture 
averaged over a ton per acre for a 4-year 
period while the grass on the hillsides in 
the pasture yielded only 1100 pounds for 
a 5-year average. 

Again the pasture yield was from for- 
merly grazed areas and on somewhat 
thiner soil than the revegetated grass 
which had received no grazing. 

The monthly yields as a whole were 
greatest on June 1, this clipping repre- 
senting all spring growth to that date. 
Production was progressively less each 
month from June to September. 

Average seasonal precipitation (1944- 
1948) followed the same trend as yields 
when rainfall in April and May were com- 
bined. About 70% of the seasonal rain- 
fall (April to September) was received 
before July 1. 

The short grasses produced about 70y0 
of their total yield before July 1, while 
the bluestem made less than 65y0 of their 
weighted growth during the same period. 

The basal cover of the grass in the 
revegetated area gradually increased until 
they were about equal to the vegetative 
cover in the pasture. As usual, the short 
grass cover exceeds that of the bluestem. 
In eight years, the artifically revegetated 
area had attained a higher basal cover 
than the natural revegetation possessed 
after 28 years. 

Kansas has 7 million acres which should 
be turned back to grass. If well estab- 
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lished, this grass should furnish about an tional million cattle would help materially 
animal month of grazing per acre on the in stablizing the agricultural economy of 
average. Seasonal grazing for an addi- Kansas farmers. 

RELATIONSHIPS BETWEEN LAND TAXATION AND RANGE LAND USE 

MONT H.SAUNDERSON 
U. S. Forest Service, Denver 2, Colorado 

Because rental values per acre of range 
lands are low, it is especially important 
that taxes bear a good relationship to the 
rental values. A range land tax that ab- 
sorbs all or nearly all of the “economic 
rent” leaves scant incentive for private 
ownership and management of the land. 

It is possible to develop good standards 
and guides for range land taxation based 
upon grazing capacity and economic rent. 
There are wide differences in the economic 
rent, per unit of grazing capacity, for 
range lands of high and of low produc- 
tivity. Probably this varies for cattle 
from a high of about fifty cents an animal 
month of capacity to a low of twenty 
cents an animal month. The figures are 
based upon long-run price experience. 

These differences in the rental value per 
unit of capacity result in extreme differ- 
ences in rentals per acre. Probably these 
extremes are from a high of about fift)y 
cents an acre to a low of two or three cents 
an acre for the lowest grade of range lands 
attractive to private ownership. 

Range land taxes should not absorb 
more than a third of the economic rent 
of the land. Such a taxation procedure 
would equalize the tax between grades of 
land and would strengthen the incentive 
for ownership of low-grade lands. This 
taxation procedure would also facilitate 
the restoration to range use the areas that 
have been mistakenly used and taxed as 
dryland agricultural lands. 

CLIPPING METHODS FOR MEASURING FORAGE YIELD 

S.CLARKMARTIN 
U. S. Forest Service, Columbia, Missouri. 

Clipping methods for measuring forage 
yield are reliable, simple; adaptable, and 
relatively cheap. Also, results are in 
terms of weight and can be easily con- 
verted to pounds per acre. 

Clipping methods are best adapted to 
localities or range management systems 
in which the growing season ends before 
grazing begins. Under this condition 
clippings can be made at the end of the 
growing period. 

Only readily grazed species in accessible 
areas should be considered in sampling 
for forage yield. What should be clipped 
depends on which forage species are pres- 
ent and the kinds of animals grazing an 

area. Work can be reduced materially 
by employing principles of “Key Species” 
or “Key Areas” and by lumping similar 
species together for weighing. 

Plots should be of an efficient, easily 
computable size and shape and large 
enough to yield a weighable sample on 
spring scales graduated to one gram. 
Grasses may be clipped at ground level 
or proper use height. Dead material 
should be discarded and weights taken 
when the herbage is air dry. However, 
hcrbage yields must be calibrated against 
actual stocking rates and utilization rec- 
ords before they can be safely used for 
adjusting stocking. 
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PUBLIC LAND AND TAXES 

H. E. SCHWAN 
U. S. Forest Service, Denver, Colorado 

Large blocks of tax-free public lands 
are often cited as a major handicap to 
local governments. It has been pointed 
out also that where some stockmen op- 
erate in part on public lands and others 
on private lands, inequalities in operating 
costs develop. Several authorities agree 
that the most practical solution is to raise 
grazing fees on public lands to the full 
commercial value of the forage. 

In exploring the effects of public lands 
on the local tax structure, several facts 
have become evident. These are as fol- 
lows: (1) Studies have shown payments 
in lieu of taxes plus Federal Government 

expenditures for developing the lands, fre- 
quently are much greater than potential 
taxes. (2) The public lands are a means 
for effective rural zoning with attendant 
savings to local governments. (3)’ Flood 
and fire damages, and resultant heavy 
local costs, should be less from govern- 
ment protected lands. (4) Good land 
use, often impractical under private own- 
ership of range, timber, and watershed 
lands, may increase benefits and tax re- 
turns over wide down-stream areas. (5) 
Multiple use, usually neglected under pri- 
vate ownership, often increases local 
benefits. 

MANAGEMENT OF RESEEDED RANGES 

WALDO R. FRANDSEN 
Soil Conservation Service, Swan Island, Portland, Oregon 

Fifteen years’ progress has made the 
range reseeding phase of the range con- 
servation program very popular. 

Unfortunately, grazing before the seed- 
ings are established, as well as the tend- 
ency to graze them too early, too close 
and for too long, are causing the early 
loss of some good to excellent seedings. 
This is causing some ranchers to wonder 
if seeded grasses can be grazed and kept 
in good production. 

Experience in the management of 
seeded and native perennial bunchgrasses 
has taught us to: 

1. Protect all range seedings from graz- 
ing until the grasses are well anchored in 
the soil. 

2. Limit the degree of utilization to 
provide the needed residues to give sur- 
face protection to the soil to control runoff 
and erosion. 

3. Apply the same grazing practices to 
reseeded and native perennial bunchgrass 
range for optimum forage production. 

Three-, four-, five-, and six-pasture sys- 
tems of rotation-deferred grazing are 
proving effective in keeping range seed- 
ings and native perennial bunchgrass 
ranges in high production. These are 
more effective than season-long grazing 
because they break up the seasons of use 
into grazing periods that: 

1. Induce the livestock to harvest each 
years’ forage crop with the least inter- 
ference with normal plant growth. 

2. Make it possible for the plants to 
frequently store up needed food reserves 
in their roots for survival and vigorous 
growth. 

3. Allow the important forage grasses 
in each pasture to produce an occasional 
crop of seed to naturally reseed them- 
selves. 



BOOK REVIEWS 

MARCHING T\-ITH THE GRASSES, 1948 

BY RAYMOND ,J. POOL 

ILD and cultivated grasses have 
contributed more than is commonly 

realized to man’s evolution and struggle 
toward a perfect life. Today, many of 
our social and economic problems cannot 
be fully understood without basic under- 
standing of agriculture the world over- 
an agriculture which is fundamentally 
grain and livestock. Practical knowledge 
concerning the culture of both began ac- 
cumulating when man undertook his sim- 
ple husbandry many centuries ago. The 
years since the turn of the century have 
seen an increasing tempo in the study and 
presentationof scientific informationabout 
all phases of agriculture one of which is 
the study of grasses. 

Dr. Pool, a taxonomist with varied in- 
terests in the science and application of 
botany, has been called upon many times 
in his 42 years at the University of Ne- 
braska to answer questions concerning 
more the economic than the purely 
scientific aspect of grass culture. Conse- 
quently, this book, in the author’s words, 
was written to develop an “appreciation 
of the world-wide’ nature of these plants 
and their many distinctive products.” 

The narrative in the book presents only 
the highlights of the long story of the so- 
cial and economic significance of grasses 
together with their global distribution, 
history, classification, and evolution. The 
botanical characteristics of the grass plant, 
tribes, and family are described in com- 
mon language in a few pages. Next the 
reader comes to very brief descriptions of 

the principal grasslands of the world; very 
brief for the student of grasslands, and 
yet for the reader whose interest is non- 
technical they are suflicient. Separate 
chapters tell in a most interesting manner 
the stories of wheat, rice, Indian corn, 
barley, oats, rye, sorghums and millets, 
and sugar cane. The last four chapters 
give a bird’s eye-view of the grasses used 
in our ranges, pastures, lawns, playing 
fields, ornamental plantings and for such 
products as straw hats, citronella oil, tex- 
tiles, and many others. The philosophy 
of conservation and the use of grasses in 
the control of erosion are woven into the 
story with many examples from the world 
to show their importance in the continued 
feeding of the population. 

The reading is easy because the sen- 
tences are short and the descriptions are 
alive with well chosen words. However, 
in a few instances there seemed to be an 
oversupply of adjectives, but certainly not 
to the extent of those in the writings of 
Donald Culross Peattie. Scientific names 
throughout the book make one wonder 
whether it was written for the technically 
trained botanist or other readers. Eighty- 
four figures and eleven short tables break 
the monotony of straight reading and add 
much to the effectiveness of the presen- 
tation. The reference list of 243 titles 
is more a list of selected papers of recent 
non-technical literature where the reader 
maypersue suggested thoughts rather than 
a list of literature cited. 

The reader looking for detailed and 
157 
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complete knowledge about the lesser cata- terns of world affairs. To this end he 
gories in the outline of knowledge about will be well rewarded. 
grasses will be disappointed. Nor was it 
the purpose of the author to present an 

The book may be obtained from the 

exhaustive review to please him. Ra- University of Nebraska Press, Lincoln, 

ther the reader should expect to learn Nebraska for $3.50.--Harold F. Heady, 

about the role the grasses have played and Agricultural and Mechanical College of 
are now playing in the fundamental pat- Texas, College Station, Texas. 

THE STUDY OF PLANT COMMUNITIES 

T HE Study of Plant communities, by 
Henry J. Oosting, is a textbook 

written for beginning students in plant 
ecology. To those who have been out of 
school for a few years it may furnish 
a freshened and sharpened ecological 
viewpoint. 

The ecological point of view is fully 
developed through an interpretation of 
plant communities in terms of their en- 
vironments. Ecology of individual species 
is fundamental to understanding the 
community. Methods of habitat meas- 
urement and community analysis are in- 
cluded. The distribution of climax com- 
munities, both present and past, is 
described. In concluding the text, Oosting 
explains many present day applications 
of ecological principals and practices. 
Among these may be counted the sections 
on range management, pasture .problems, 
plant indicators, land use, controlled 
burning, and secondary succession. 

By severe curtailment, the essence of 
the subject has been compressed into 381 
pages. If we accept at full value of 1000 
words each the 190 excellent figures, which 
occupy nearly 100 pages, we may consider 
the total equivalent to 760 pages. Still, 
the reader is aware of extreme brevity. 
The ecology of root relationships, for ex- 
ample, is covered in one paragraph. A 
more complete index would make for much 

readier reference use. For example the 
word “weeds” is not readily found in the 
index although weed ecology comes in for 
brief mention several times in the text. 

Range ecologists will doubtless notice 
that forests are given far more space than 
grasslands. Thirty of the figures are il- 
lustrative of grazing types, conditions, or 
practices while over twice that number 
are of forest ecology. 

As in all first editions, it is possible to 
find minor mistakes. To mention a few: 
p. 284, under “Sagebrush Formation”.--- 
Great Basin Desert” we read, “The mea- 
ger rainfall, 4 to 8 inches, is heaviest in 
spring but may come in any season.” 
These figures appear about 4 inches too 
low with too much allowance for summer 
precipitation. P. 329 “Usually they 
(stream margins) are grazed, and as a 
result, they erode”. If this refers to bank- 
cutting, the cause is more often tobe found 
upstream. Fig. 159, use of the expression 
“average grazing” may occasion a few 
lifted eyebrows. 

The format in general leaves little to 
be desired. The student will enjoy Dr. 
Oosting’s easy, thoughtful style of writing. 

W. H. Freeman and Company, 549 
Market Street, San Francisco 5, Cali- 
fornia, is the publisher. Price $4.50.- 
Jos. H. Robertson, University of Nevada, 
Reno, Nevada. 

DYNAMICS OF VEGETATION 

This book is a compilation of selected Dr. Frederic E. Clements. It was com- 
writings on Dynamic Ecology by the late piled and edited by B. W. Allred of the 
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U. S. Soil Conservation Service, and Edith 
S. Clements, wife of Dr. Clements. 

In the preface Mr. Allred states that 
the book was undertaken with a twofold 
purpose: to serve as a memorial to Dr. 
Clements’ creative thinking in the field 
of ecology; and to make available a num- 
ber of his most important and out-of- 
print contributions, as serviceable refer- 
ences and guides to agronomists, range 
men, biologists, foresters, conservationists, 
teachers and students. Acknowledgments 
are made for helpful suggestions and en- 
couragement in undertaking the project 
to Dr. D. T. MacDougal, formerly of the 
Carnegie Institution ; Dr. W. S. Cooper 
of the University of Minnesota; Dr. J. E. 
Weaver of the University of Nebraska; 
Dr. C. H. Muller of the Santa Barbara 
branch of the University of California; 
and especially Mr. Bernhard Hoff man of 
Santa Barbara, California, who suggested 
the desirability of such a publication in 
the first place. 

There are eight chapters : Plant Suc- 
cession and Human Problems; Competi- 
tion in Plant Societies; Plant Indicators; 
Nature and Structure of the Climax; The 
Relict Method in Dynamic Ecology; Cli- 
maxes, Succession and Conservation ; Cli- 
matic Cycles and Human Populations in 
the Great Plains; Ecology in the Public 
Service. Several of the titles are familiar, 
of course, to a majority of technically 
trained range men. Certainly many mem- 
bers of the Range Society will be eager 
to obtain a copy of the book. Every 
chapter contains either basic material or 
deals with conservation and the applica- 
tion of ecological concepts and methods 
that are useful in range management work. 
The book covers 296 pages and contains 
both an index and a glossary. There 

are 146 photographs on 69 full page 
plates. 

The editors, B. W. Allred and Edith 
S. Clements, did a good job in the com- 
pilation. All the chapters are outstand- 
ing works of Dr. Clements. However, they 
did certain things in editing that might 
bring adverse criticism from those who 
read the book. For example, they omit- 
ted references. Just why this was done, 
they did not explain. In some cases ref- 
erence dates were cited through the text 
in a halfway fashion. To illustrate, “. . _ 
by several investigators during the next 
decade or so (cf Clements, 1916; Philips, 
1935)” was changed to ” . . . by several in- 
vestigators during the next decade or so 
(1916; 1935).” In this case Philips’ name 
was omitted; no reference was cited at 
the end of the chapter. 

Numerous minor editorial changes were 
made, such as rewording sentences and 
substituting words. Some readers will 
wonder if this kind of editing should have 
been done. A sentence taken from “The 
Relict Method in Dynamic Ecology” will 
serve to illustrate the point. “The region 
in which sagebrush constitutes a climax 
today is little more than a fourth of the 
area over which this species appears to be 
dominant .” This was changed to read 
as follows : “The region in which sage- 
brush might be mistaken for a climax 
today is little more than a fourth of the 
area over which this species appears to 
be dominant.” This revision did not 
smooth the sentence; furthermore, it 
seems to have introduced an inaccuracy. 

Dynamics of Vegetation was published 
by the H. W. Wilson Company, 950 Uni- 
versity Avenue, New York 52, New York. 
The price is $3.75.--H. H. B&well, 243 
Forestry Building, University of Califor- 
nia, Berkeley, California. 
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The TJnited Nations through its Eco- 
nomic and Social Council has called a 
world conference on the conservation and 
utilization of natural resources to be held 
at Lake Success, New York, August 17 
through September 6. Leading scien- 
tists, engineers, resource technicians, eco- 
nomists and other experts have been in- 
vit,ed from all of the member governments 
of the U. N. The conference will have 
no policy-making responsibilities but will 
be devoted to an exchange of ideas and 
experiences on the techniques of resource 
conservation and utilization, their eco- 
nomic costs and benefits, and their inter- 
relations. In addition to the plenary ses- 
sions, continuous section meetings will be 
devoted to “mineral resources, ” “fuels 
and energy,” “water,” “forests,” “land 
resources, ” and “wildlife, fish and marine 
resources.” The business of the confer- 
ence will be conducted by means of simul- 
taneous translation in English, French, 
Spanish, Russian and Chinese. 

Two members of the American Society 
of Range Management have been invited 
by the Secretary-General of the United 
Nations to present papers at the confer- 
ence. President F. G. Renner will dis- 
cuss “Recent Advances in Methods of 
Restoring Deteriorated Grazing Land” 
and Council Member Dr. A. W. Sampson 
will present a paper on “Application of 
Ecological Principles in Determining the 
Condition of Grazing Land”. All papers 
presented at the conference, together with 
summaries of the discussions at the ses- 
sions will be published and made widely 
available to the governments and peo- 
ples of the United Nations. 

Grover F. Brown, Society member and 

Chief of the Agronomy Division, Soil Con- 
servation Service, Washington, D.C. has 
accepted an invitation to attend the sum- 
mer meeting of the British Grassland So- 
ciety to be held at Aberystwyth, Wales, 
July 12-14. In addition to in-door ses- 
sions three field days are planned to study 
revegetation problems of strip-mined 
areas, the production of certified seed, and 
improved pastures. 

George H. Hart, Dean, School of Vet- 
erinary Science, University of California, 
Davis, California, was in New Zealand 
during February to attend the Seventh 
Pacific Science Congress. 

Wallace R. Hanson, formerly at Utah 
State Agricultural College at Logan, 
Utah, is now Assistant Chief Forester in 
charge of range ynagement work on the 
watershed of the Saskatchewan River for 
the Eastern Rockies Forest Conserva- 
tion Board with headquarters in Calgary, 
Alberta. 

Ned A. Smith has joined the staff of 
the Rocky Mountain Forest and Range 
Experiment Station, Fort Collins, Colo- 
rado. Smith recently obtained a Master . 
of Science degree in the Range and For- 
estry Department at Texas A & M Col- 
lege. 

Horace S. Haskell has resigned his po- 
sition as research assistant in range ecol- 
ogy at the University of Arizona and is 
doing graduate work in plant ecology at 
the TJniversity of Minnesota. 

Grant Harris has been transferred from 
the Vigilante Experimental Range in 
southwestern Montana to the Northwest 
Washington Research Center of the 
Northern Rocky Mountain Forest and 
Range Experiment Station at Spokane, 
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Washington. In the new location, he will 
have charge of rang6 reseeding and man- 
agement studies. 

Melvin S. Morris, Montana State Un- 
iversity, Missoula, Montana, was in Sy- 
racuse, New York, during the month of 
March to give a series of lectures on range 
management. The lectures were given 
to a class of 35 senior forest management 
students in the’ School of Forestry. 

By order of the Director of the Bureau 
of Land Management, the name of the 
Division of Grazing in that Bureau was 
changed to Division of Range Manage- 
ment. This change in the name of the 
Division indicates a recognition of the 
broader concept of Grazing Land Man- 
agement in keeping with the ideals of the 
Range Society. The order also changed 
personnel titles as follows: Regional Gra- 
ziers are now Regional Chiefs of Range 
Management, and District Graziers are 
now Range Managers. 

Mr. Chester P. Seeley has been trans- 
ferred from Regional Chief of Range Man- 
agement, BLM, Salt Lake City, Utah, to 
the same position at Portland, Oregon. 
Mr. Seeley did some outstanding work 
in connection with relief operations dur- 
ing last winter’s big snow. 

The next range improvement field day 
at the Southern Great Plains Field Sta- 
tion has been scheduled for Saturday, 
October 8. 

The Wyoming section of the Range 
Management Society had its election of 
officers recently. Louis Couglhin, Lara- 
mie, U. S. Forest Service, was elected 
President of the group; John Stevenson, 
Laramie, vice-president; and Dr. John 
Reed, assistant professor of bot,any, Uni- 
versity of Wyoming, secretary. Compos- 
ing a Council for the year will be Dr. 
Alan Beetle, representing the University; 
Harry Olsen, Laramie, representing the 
ranchers; H. W. Cooper, Soil Conserva- 
tion Service, Worland, the agencies; and 

D. Barnard, graduate student, Evanston, 
representing the student members. 

Regarding new members, it has been 
determined, as an operating policy, that 
applications for membership received 
prior to September 1, without indications 
of starting date, be for membership for 
the current year, and back issues of the 
years journal will be sent to the new mem- 
ber. For applications received on and 
after September 1, without indication of 
desired starting date, the Treasurer will 
request the applicant to indicate the de- 
sired starting date, whether the preceding 
or the following January 1, and if any 
previous copies of the journal are desired 
at the quoted price per issue. 

CONSERVATION LEGISLATION 

Agriculture 

H.R. 849, Mr. Clifford R. Hope: To 
provide for a national agricultural land 
and water-conservation program to estab- 
lish conservation and orderly develop- 
ment of the nation’s agricultural land 
and water resources as a basic U. S. 
policy. The Bill provides that the Sec- 
retary of Agriculture shall set up within 
the Department of Agriculture an “Ag- 
ricultural Resources Administration’* 
with an administrator appointed by the 
Secretary. To this administration the 
following existing bureaus and agencies 
are transferred together with all their 
functions: (1) Forest Service; (2) Soil 
Conservation Service ; (3) Production and 
Marketing Administration; (4) Farmers’ 
Home Administration ; (5) the functions 
of the Bureau of Plant Industry, Soils 
and Agricultural Engineering relating to 
soil surveys and research in water con- 
servation and soil physics; (6) All other 
functions within the Department relating 
to physical and chemical characteristics 
of s’oils, classification of soils and lands 
and technical aspects of soil and water 
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conservation, improvement and develop- 
ment; (7) Related functions of the Bu- 
reau of Land Management in the Depart- 
ment of the Interior; (8) Investigative 
functions of the Bureau of Reclamation 
(Department of the Interior) with respect 
to the feasibility of reclamation projects; 
(9) The Fish and Wildlife Service. Re- 
ferred to the House Committee on Agri- 
culture l/5/49. 

H.R. 2312, Mr. Wilbur D. Mills: To 
authorize the Secretary of Agriculture to 
sell submarginal lands, owned by the 
United States and administered by the Soil 
Conservation Service, which are suitable 
for agricultural or grazing uses. Referred 
to the House Committee on Agriculture. 
2/3/49. 

Forestry and Range Revegetation 

S.J. RES. 53, Senator Clinton P. Ander- 
son: Declares it to be the policy of the 
Congress to accelerate and provide a con- 
tinuing basis for the needed reforestation 
and revegetation of national forest lands 
and other lands under administration or 
control of the Forest Service of the De- 
partment of Agriculture in order to obtain 
appreciable benefits. To authorize for re- 
forestation $3,000,000 for fiscal year 1951; 
$5,000,000 for fiscal year 1952; $7,000,000 
for fiscal year 1953; $8,000,000 for fiscal 
year 1954; $lO,OOO,OOO for fiscal year 
1955; a like amount for each subsequent 
year through the fiscal year 1965, and 
thereafter such amounts asmay be needed; 
also to authorize for range vegetation 
$1,500,000 for fiscal year 1951; $1,750,000 
for fiscal year 1952; $2,000,000 for fiscal 
year 1953; $2,500,000 for fiscal year 1954; 
$3,000,000 for fiscal year 1955; a like 
amount for each subsequent year through 
the fiscal year 1965; and thereafter such 
amounts as may be needed. Reported 
favorably, in the Senate from the Senate 
Committee on Agriculture and Forestry 
3/g/49. 

S. 979, Senator Edward J. Thye: To 
provide authority for the U. S. Forest 
Service to complete and keep current a 
national survey of forest resources. To 
authorize an appropriation not to exceed 
$l,OOO,OOO annually to complete the ini- 
tial survey and provides a total appropria- 
tion of Federal funds for the purpose not 
to exceed $11 ,OOO,OOO. Authorization of 
annual expenditures of $1,500,000 to keep 
the survey current provided in the meas- 
ure. Reported favorably in the Senate 
by the Senate Committee on Agriculture 
and Forestry 3/4/49. Senate Report No. 
94. Passed the Senate 3/18/49. Re- 
ferred to the House Committee on Agri- 
culture 3/22/49. 

Grazing 

S. 2, Senator Pat McCarran: To pro- 
vide for the use of 25 per cent of grazing 
receipts from national forests for the mak- 
ing and maintenance of range improve- 
ments within forests in the states from 
which such proceeds are derived. Re- 
ferred to the Senate Committee on Agri- 
culture and Forestry. l/5/49. 

S. 31, Senator Pat McCarran: To 
amend the Taylor Grazing Act for the 
purpose of providing greater participation 
by district advisory boards in the adminis- 
tration of the Act by providing that the 
Secretary of the Interior shall not make 
any change in the grazing fees in any 
district unless the Advisory Board con- 
sents thereto. Referred to the Senate 
Committee on Interior and Insular 
Affairs. l/5/49. 

S. 34, Senator Pat McCarran: To 
amend the Act entitled “An Act to stop 
injury to the public grazing lands by 
preventing overgrazing and soil dete- 
rioration, to provide for thier orderly use, 
improvement, and development, to stabi- 
lize the livestock industry dependent upon 
the public range, and for other purposes,” 
approved June 28,1934, as amended. To 
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insert new section (19) relating to dis- 
solving any grazing district, or modifying 
boundaries of a district. Referred to the 
Senate Committee on Interior and Insular 
Affairs. l/5/49. 
Note: The bill provides that when 60 
per cent of the qualified users in any graz- 
ing district petition the Secretary of the 
Interior, he shall dissolve the said district. 

IN MEMORIAM 

Dr. Charles T. Vorhies, a charter mem- 
ber of the Society of Range Management, 
has long been known in the Southwest for 
his active interest in the conservation and 

management of natural resources. For 
many years he was Professor of Zoology at 
the University of Arizona, and had been 
wildlife representative on advisory boards 
for grazing districts in southern Arizona 
continuously since November 10, 1938. 
He was Vice President of the National 
Wildlife Federation. 

Dr. Vorhies was in Washington, D.C., 
to attend the North American Wildlife 
Conference when he was stricken with a 
heart attack March 5. He died March 10 
in Doctor’s Hospital. He is survived by 
his widow and an only son.--W. J. 
Anderson 



CURRENT LITERATURE 

RANGFJ PLANTS: Forage value 
physiology: 

BURTON, G. W. (Div. Forage Crops and 
Diseases,, U. S. Dept. Agr., Georgia 
Coastal Plain Exp. Sta., Tifton, Ga.). 
Coastal Bermuda grass. Georgia 
Coastal Plain Exp. Sta. Circ. 10 (rev.) 
21 pp. July 1948. 

Grazing trials at Tifton show 
Coastal Bermuda grass to be adapted 
for upland pastures. 

DAMERON, W. H. (Ranch Experiment 
St’a., Sonora, Texas). Some planning 
necessary but sotol is good drouth 
feed. Sheep and Goat Raiser 29(5): 
26-27. Feb. 1949. 

Report on feeding tests with lambs 
and on the chemical composition of 
sotol (Dasylirion texanum). 

HODGES, E. M., D. W. JONES, AND W. G. 
KIRK. (Range Cattle Exp; Sta., Ona, 
Fla.). Winter clovers for South Flor- 
ida flatwoods. Fla. Agr. Exp. Sta. 
Press Bull. (354. 8 pp. Sept. 1948. 

HUBBARD, V. C. AND H. J. HARPER. 
(Bur. Pl. Ind., Soils, and Agr. Eng., 
So. Gr. Plains Field Sta., Woodward, 
Okla.; Agron. Dept., Okla. A. and M. 
Coll., Stillwater, Okla.). Effect of 
clipping small grains on composition 
and yield of forage and grain. Agron- 
omy Jour. 41: 85-92. Feb. 1949. 

Results of experiments conducted 
at the Southern Gr. Plains Field Sta. 
on 24 varieties of wheat, rye, and bar- 
ley to determine how late in the spring 
cereals can be grazed economicall.y, 
relative forage production, chemical 
composition of forage, and subsequent 
yields of small grains as affected by 

chemical composition, ecology, 
systematics 

severe and moderate clipping treat- 
ments. 

MATRONE, G. AND OTHERS. (U. S. Plant 
Soil and Nutrition Lab., Cornell 
Univ., Ithaca, N. Y.; North Carolina 
State College, Raleigh, N. Car.). 
Studies on the effect of phosphate fer- 
tilization on the composition and nu- 
tritive value of certain forages for 
sheep. Jour. Animal Science 8: 41-51. 
Feb. 1949. 

Phosphate fertilization on a phos- 
phorus-deficient silt loam soil near 
Plymouth, N. Car. produced no sig- 
nificant change in the composition of 
soybean hays or bullgrass contami- 
nant. There was no evidence ob- 
tained in 2 years’ digestion trials with 
lambs that fertilization affected digest- 
ibility of forages. 

RECHENTHIN, C. A. (Soil Conservation 
Service, Ft. Worth, Tex.). Bitter- 
weed no problem when grass is given 
a chance. Sheep and Goat Raiser 29 
(5): 12-15. Feb. 1949. 

Methods used to control bitterweed 
(Actinea odorata) near Sonora, Texas. 

SELL, 0. E. AND L. V. CROWDER. 
(Agron. Dept., Georgia Agr. Exp. Sta., 
Experiment, Ga.). Tall fescue grass 
production in Georgia. Georgia Agr. 
Exp. Sta. Press Bull. 601. 2 pp. 
Sept. 1948. 

Tall fescue grass is adapted as a 
permanent winter grazing crop in Geor- 
gia. Seeding, fertilization, palatabil- 
ity, utilization, grazing management, 
and seed production are discussed. 



CURRENT LITERATURE 165 

SHIPLEY, M. A. AND F. B. HEADLEY. 
(Nev. Agr. Exp. Sta., Reno, Nev.) . 
Nutritive value of wild meadow hay 
as affected by time of cutting. Nev. 
Agr. Exp. Sta. Bull. 181. 23 pp. 
14ug. 1948. 

Results of a 4-year study conducted 
in northeastern Nevada of the yield 
and chemical composition of wire grass 
and sedge meadow hay clipped at bi- 
weekly intervals and of loo-day feed- 
ing tests with steers on early-cut and 
late-cut meadow hay. Early-cut 
meadow hay was found to be superior 
to late-cut hay in feed value. 

STEWART, G. AND A. C. HULL, JR. (In- 
termtn. For. and Range Exp. Sta., 
Ogden, Utah). Cheatgrass (Bromus 
tectorum L.)-an ecologic intruder in 
Southern Idaho. Ecology 30: 58-74. 
Jan. 1949. 

Its prolific seed production, rapidity 
of germination, and adaptability to 
varying climatic conditions have en- 
abled cheatgrass to invade abandoned 
cultivated land, deteriorated sage- 
brush-grass, and even natural plant 
cover which has not deteriorated 
greatly in Southern Idaho. On poor 
range, forage production of cheatgrass 
is 75-85 per cent of that of crested 
wheatgrass; however, variations in for- 
age production of cheatgrass caused by 
weather are greater than those of per- 
ennial grasses. The high inflamma- 
bility of cheatgrass creates a distinct 
fire hazard and the species has spread 
rapidly where fires have burned sage- 
brush. Burning in early summer does 
provide a means of reducing the stands 
of cheatgrass to such a level as to 

allow the reseeding of perennial grasses 
without other treatment. Grazing 
management of cheatgrass ranges to 
obtain restoration of perennial grass 
cover remains a major problem but 
it is believed that minimum require- 
ments should allow for the protection 
of cheatgrass ranges against acceler- 
ated erosion and loss of forage by fire. 

WOLFF, S. E. (Soil Conservation Serv- 
ice, Ft. Worth, Texas). An evalua- 
tion of some weedy Texas junipers, 
with special reference to distribution, 
spread, growth conditions, control, 
and substitute vegetation. U. S. Soil 
Conservation Service, Western Gulf 
Reg. Nov. 1948. 89 pp. proc. 

Ecology and management of four 
weedy junipers of Texas rangelands 
with especial emphasis on redberry 
juniper and Ashe juniper. New evi- 
dence is cited which indicates that 
rabbits are a major factor responsible 
for the rapid spread of these cedars 
into grassland and abandoned fields. 
Eradication and control methods are 
reviewed and recommendations made 
as to the use of fire and reseeding in 
the management of treated areas. 

WYND, F. A., G. P. STEINBAUER, ANP 
N. R. DIAZ. (Dept. of Bot. and Pl. 
Path., Mich. State Coll., E. Lansing, 
Mich.). Arundo donax as a forage 
grass in sandy soils. Lloydia 11: 181- 
184. Sept. 1948. 

Arundo donax has been extensively 
planted in the sand dunes on the King 
Ranch in Texas, because it is not very 
palatable to cattle. Chemical anal- 
yses are given for various plant frac- 
tions. 

RANGE AND PASTURE MANAGEMENT: Management plans, surveys, 
utilixatioh, maintenance 

BRASINGTON, J. J. (Southern For. and West Florida forests. Southern Lum- 
Range Exp. Sta., New Orleans, La.) berman 177(2225): 183-186. Dec. 15, 
Cattle grazing in South Carolina and 1948. 
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A survey of 13 counties and charac- 
terization of 6 major types and prac- 
tises to improve forest range manage- 
ment and provide integration with 
timber management. 

CANADA DEPT. OF AGRICULTURE (Exper- 
imental Farms Service, Dept. of Agr., 
Ottawa, Canada). Better pastures in 
Eastern Canada. Canada Dept. of 
Agr. Farmer’s Bull. 150. 59 pp. Oct. 
1948. 

A discussion of types of pasture, 
feeding values, characteristics and 
adaptation of important hay and pas- 
ture species, pasture improvement 
practises, utilization, and management 
of livestock on pastures in eastern 
Canada. 

CHAPLINE, W. R. (Div. Range Re- 
search, U. S. For. Service, Washing- 
ton, D.C.). Range research, the 
foundation for range management 
and improvement. Agronomy Jour. 
41: 72-75. Feb. 1949. 

A general discussion of the fields of 
study in range research and the needs 
for future work. 

CHAPMAN, H. H. (School of Forestry, 
Yale Univ., New Haven, Conn.). 

. Modern overgrazing by livestock as 
the direct cause of ruin of South- 
western agriculture. Jour. For. 46: 
929-931. Dec. 1948. 

Reprint of a portion of a manu- 
script by Earl H. Morris “Archae- 
ological studies of the La Plata dis- 
trict, southwestern Colorado and 
northwestern New Mexico”, Carn. 
Inst. Wash. 1939, dealing with condi- 
tions in the Pueblo area before the 
advent of white man and the grazing 
of sheep and cattle. 

CHOHLIS, G. J. AND L. J. TINSMAN. 
(Soil Conservation Service, Yakima, 
Wash.). Range condition; a classi- 
fication of the sand-bunchgrass and 
sagebrush-bunchgrass forage types in 

the East Benton (Washington) Soil 
Conservation District. U. S. Soil 
Conservation Serv. Pac. Coast Reg., 
Kennewick, Wash. 20 pp. proc. 
1948. 

CHOHLIS, G. J. AND L. J. TINSMAN (Soil 
Conservation Service, Yakima, 
Wash.). Range condition; a classi- 
fication of the sand-bunchgrass and 
sagebrush-bunchgrass forage types 
in the West Benton (Washington) 
Soil Conservation District. U. S. 
Soil Cons. Serv. Pac. Coast Reg., 
Prosser, Wash. 20 pp. 1948. 

FRISCHKNECHT, N. C. AND A. I’. 
PLUMMER (Tntermtn. For. and Range 
Exp. Sta., Ogden, Utah). A simpli- 
fied technique for determining herb- 
age production on range and pasture 
land. Agronomy Jour. 41: 63-65. 
Feb. 1949. 

Procedure used in the measure- 
ment of herbage production on arti- 
ficial revegetation projects at the 
Great Basin Research Center for the 
past 10 years. An adaptation of the 
weight-estimate method in which the 
weight of herbage in lbs/acre is com- 
puted directly from estimates of 
grams of herbage on 96 sq. ft. plots. 
The technique may be used in con- 
nection with utilization surveys or 
for comparing production on seeded 
plots. 

GILBERT, C. L. (Soil Cons. Serv., Union- 
town, Washington). Range condi- 
tion; a classification of the bunch- 
grass forage type in the South 
Palouse Soil Conservation District. 
U. S. Soil Cons. Serv. Pac. Coast> 
Reg., Uniontown, Wash. 17 pp. 
July 1948. 

OLIVER, H. (John Day, Oregon). Fac- 
tors in range cattle development. 
Oregon State College Ext. Serv. Bull. 
690. 15 pp. July 1948. 

An address for the annual meeting 
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of the Oregon Cattle and Horse 
Raisers Assoc., May 18, 1948, on 
practises and methods used in ranch 
operation in Eastern Oregon. 

PICKFORD, G. D. AND E. H. REID (Pa- 
cific Northwest For. and Range Exp. 
Sta., Portland, Ore.). Forage utili- 
zation on summer cattle ranges in 
Eastern Oregon. U. S. Dept. Agr. 
Circ. 796. 27 pp. Sept. 1948. 

Summer cattle ranges provide an 
important part of the yearlong main- 
tenance of cattle in Eastern Oregon. 
The untimbered summer ranges sup- 
port bluebunch wheatgrass, prairie 
Junegrass, and Idaho fescue on 
bunchgrass ranges and thin bent 
grass and red fescue on dry meadows. 
These species are productive and 
palatable throughout the growing 
season. In timbered areas the major 
types are: (1) pine-bunchgrass with 
elk sedge, Idaho fescue, prairie June- 
grass and bluebunch wheatgrass; and 
(2) pinegrass-elk sedge with pine- 
grass and elk sedge. Untimbered 
grasslands are grazed throughout the 
summer; timbered ranges are grazed 
principally during the first half of 
the season. Under free choice more 
forage is obtained from the untim- 
bered grasslands Indicators of good 
and poor condition are given for the 

bunchgrass and dry meadow range 
types. 

WALKER, A. H. (Range and Forestry 
Dept., A and M College, College 
Sta., Tex.). A new concept-range 
management. Sheep and Goat 
Raiser 29(6): 32-33. Mar. 1949. 

The development of the concept of 
range management in Texas and the 
role played by the Extension Service 
in the promotion of grass conserva- 
tion. 

WYOMING AGR. EXP. STA. (Laramie, 
Wyo.). The range lands of Wyo- 
ming. A summary of the record of 50 
years’ study by the scientists of the 
Wyoming Agricultural Experiment 
Station. Wyo. Agr. Exp. Sta. Bull. 
289. 35 pp. Feb. 1949. 

Excerpts from the publications of 
the Wyo. Agr. Exp. Sta. from 1891 
to the present dealing with the con- 
dition of Wyoming’s forest and arid 
range lands, the arguments for and 
against public ownership of range 
lands, the nature of range depletion, 
and the possibilities of improving 
existing range by management. The 
quoted statements generally reflect 
the opinion that little or no permanent 
damage by the grazing of livestock 
has been or is being done to Wyoming 
ranges. 

RANGE IMPROVEMENT: Natural and art<ficial revegetation, 
noxious plant contf ol, mechanical improvements 

BROWN, A. L. (Arizona Agr. Exp. Sta., 
Tucson, Ariz.). An improved spray 
machine for experimental plot and 
field work. Agronomy Jour. 41: 47- 
48. Jan. 1948. 

Modifications of a 150-gallon trailer- 
mounted sprayer for noxious brush 
control include a reinforced boom, 4- 
wheel spring trailer, fluid meter and 
pressure gauges, and a 7-gallon paint- 

spraying tank attachment for the 
treatment of small plots. 

BROWN, A. L. AND E. H. MCILVAIN 
(Arizona Agr. Exp. Sta., Tucson, 
Ariz.; U. S. Southern Gr. Plains Field 
Sta., Woodward, Okla.). Suggested 
techniques for testing airplane appli- 
cation of herbicides. Agronomy Jour. 
41: 96-97. Feb. 1949. 

Information is given on the type of 
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spray equipment for planes, character 
of experimental plots, calibration of 
nozzle delivery, and preparation of 
chemicals for noxious brush control. 

MCCALL, G. L. AND J. W. ZAHNLEY (Kan- 
sas Agr. Exp. Sta., Manhattan, 
Kans.). Control of noxious perennial 
grasses with the trichloroacetates. 
Kansas Agr. Exp. Sta. Circ. 255.8 pp. 
Jan. 1949. 

D and di-nitro chemicals made when 
weeds were small and before buffalo- 
grass had reached the flowering or 
fruiting stage. 

MCILVAIN, E. H. AND D. A. SAVAGE 
(U. S. Southern Cr. Plains Field Sta., 
Woodward, Okla.). Control of range 
brush and weeds. U. S. Southern 
Great Plains Field Sta. 9 pp. mimeo. 
Mar. 23, 1949. 

Sodium and ammonium trichloroac- 
etates are effective in the control of 
noxious perennial and annual grasses 
at rates of 80-150 lbs. per acre. 
Prickly pear was killed with applica- 
tion of *lb./gal. of water in July. 

MEENEN, F. E. AND F. L. TIMMONS (Fort 
Hays Exp. Sta., Hays, Kans.). Use 
of herbicides in production of buffalo 
grass seed. Agronomy Jour. 41: 9% 
99. Feb. 1949. 

A summary of recommendations for 
the use of 2, 4-D by airplane applica- 
tion for the control of sand sagebrush. 
Lists of airplane spraying companies 
and vendors of spraying equipment 
and chemicals are included. 

Seed yields were increased consid- 
erably and certain broadleaved weeds 
were controlled with application of 2,4- 

PECK, R. B. (Soil Conservation Serv., 
Dalhart, Tex.) . Restoring wind-dev- 
astated lands. The Cattleman 35 
(9): 30-31, 98. Feb. 1949. 

A report on the restoration of vege- 
tational cover on the Land Utilization 
Projects in the Rolling and High 
Plains of Texas and Oklahoma. 

RANGE INFLUENCES : Forests, watershed protection, wildlife, recreation 

CLAWSON, M. (Bur. of Land Management, 
U. S. Dept. of Interior, Washing- 
ton, D. C.). Range forage conditions 
in relation to annual precipitation. 
Land Economics 24: 264-280. Aug. 
1948. 

Attempts to deal quantitatively 
with the effect of annual precipitation 
upon range forage production are hand- 
icapped by the lack of a suitable 
measure of forage production on range 
land. In this article the range condi- 
tion data collected monthly by the 
Bureau of Agricultural Economics 
were evaluated and found to be fairly 
reliable index to the volume of range 
forage produced. The monthly range 
condition index data for the 17 west- 
ern states collected over a 2&year 
period were analyzed to determine: 
seasonal movements of the index by 
states and regions, statistical distri- 

bution of the monthly indexes, regu- 
larity of change from month to month, 
the relation of range condition to an- 
nual precipitation of the current and 
preceding year, and the relation of 
the index of range condition to the 
associated index of livestock condition 
determined concurrently from esti- 
mates by ranchers and farmers. The 
high correlation ratios obtained be- 
tween total annual precipitation of 
both the current and preceding years 
and the range condition index for the 
Northern and Central Great Plains 
states are considered to provide an 
accurate method of forecasting forage 
production, within certain limits, for 
a period several months ahead. It is 
believed that the relationship should 
facilitate adjustment of livestock 
numbers to the cycles of annual pre- 
cipitation in that area. 
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GARDNER, R. A. AND J. L. RETZER (Div. 
of Soil Survey, U. S. Dept. of Agr., 
Beltsville, Md. ; Rocky Mtns. For. and 
Range Exp. Sta., Ft. Collins, Colo.). 
Interpretive soil clasification: Timber, 
range, and watersheds. Soil Science 
67: 151-157. Feb. 1949. 

spring. Little bluestem lost 35 per 
cent of its previous cover. 

LULL, H. W. (Intermtn. For. and Range 
Exp. Sta., Ogden, Utah). Watershed 
condition and flood potential. Jour. 
For. 47: 45-48. Jan. 1949. 

The need is indicated for interpre- 
tive soil classifications in range man- 
agement studies. Such classifications 
may indicate: (1) suitability of a soil 
for producing different types of forage ; 
(2) yield potentials or the increase in 
carrying capacity to be expected by 
improvement of management; (3) 
areas for reseeding ; (4) areas where 
fencing and water development may 
result in increased livestock produc- 
tion. Lack of specific information of 
soil-plant relations for the western 
range area is stressed. Modifications 
of the soil series as mapped at present 
appear to be the most desirable unit 
for classification of wildland soils. 

HOPKINS, H., F. W. ALBERTSON, AND A. 
RIEGEL (Fort Hays State College, 
Hays, Kansas). Some effects of burn- 
ing upon a prairie in West Central 
Kansas. Trans. Kans. Acad. Sci. 51: 
131-141. 1948. 

A method of computing the ex- 
pected runoff from flood-producing 
storms is described from studies on the 
Ephraim Creek watershed in central 
Utah. The system involved: (1) rec- 
ognition of classes of site deterioration 
or watershed condition based on plant 
density and the extent of visible ero- 
sion ; (2) assignment of runoff values to 
each condition class on the basis of in- 
filtrometer studies. Flood potential of 
a drainage basin may be approximated 
by this approach as well as the extent 
of improvements or watershed pro- 
tection requirements needed. 

WYND, F. L. AND G. P. STEINBAUER 
(Dept. Bot. and Pl. Path., Michigan 
State Coll., E. Lansing, Mich.). Cor- 
relations between soil properties and 
pasture productivity. Lloydia 11: 
171-180. Sept. 1948. 

A 2-year comparison of the effects 
of spring and fall burning in short- 
grass, little bluestem, and western 
wheatgrass habitats in a mixed prairie 
and in an area of sand dropseed on 
land abandoned from cultivation ,for 
25 years. Spring burning proved to 
be more harmful than fall burning in 
all types. In the shortgrass habitat 
the basal cover was reduced to 62 
per cent on the fall-burned area and to 
20 per cent on the area burned in the 

Six pastures with a long history of 
continuous cattle grazing near West 
Chester, Penn. were rated as to beef 
productivity. Four pastures had re- 
ceived no fertilizer; two had had lime 
and phosphate. The highly-produc- 
tive improved soils and the best un- 
fertilized native-pasture soils have a 
higher degree of base saturation, in- 
creased replaceable bases (Ca, Mg), 
and increased P content. “Chem- 
osorbed” phosphorus is m6re closely 
related to productivity than any of 
the other fractions studied. 

RANGE AND LIVESTOCK ECONOMICS : Lund utilization, 
public land admir$stration, cost of production, 

coordination of range and ranch 

CHESHIRE, A. R. AND F. D. BARLOW 
(Dept. Agr. Econ., Louisiana Agr. 

Exp. Sta., Baton Rouge, La.). Ec- 
onomic aspects of farm pastures in the 
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Mississippi River Delta Cotton Area 
of Louisiana. La. Agr. Exp. Sta. 
Circ. 85. 44 pp. Sept. 1948. 

Results of a survey of 48 farms in 
n.e. Louisiana on grazing practises, 
methods of establishment and main- 
tenance of improved pastures, and ec- 
onomics of gains from woodland pas- 
tures. 

REUSS, L. A., H. H. W~OTEN, AND F. J. 
MARSCHNER (Bur. Agr. Econ., Wash- 
ington, D. C.). Inventory of major 
land uses in the United States. U. S. 
Dept. Agr. Misc. Publ. 663. 89 pp. 
1948. 

The extent and distribution of the 
major agricultural land uses and a 
general analysis of the land use situa- 
tion in the U. S. Data are presented 
on the acreages of pasture and range 
land by geographic regions. Trends 

in land use, present conditions, and 
expected trends in utilization are dis- 
cussed. 

U. S. DEPT. AGR. OFFICE OF THE SECRE- 
TARY (Washington, D. C.) Irrigation 
agriculture in the West. U. S. Dept. 
Agr. Misc. Publ. 670. 39 pp. Nov. 
1948. 

The present status and future de- 
velopment of irrigation agriculture in 
the 17 western states. Physical and 
climatic characteristics of the area pre- 
sented as colored maps include : mois- 
ture regions, frequency of dry years, 
average length of frost-free season, 
and great soil groups. Of particular 
interest to range managers is the sec- 
tion on land utilization which includes 
a detailed colored map of the major 
land use areas. 

RANGE LIVESTOCK MANAGEMENT: Production, feeding, 
marketing, history 

DINNING, J. S., H. M. BRIGGS, AND W. D. 
GALLUP (Okla. Agr. Exp. Sta., Still- 
water, Okla.). The value of urea in 
protein supplements for cattle and 
sheep. Jour. Animal Science 8: 24- 
34. Feb. 1949. 

Protein supplements containing 25 
per cent and 50 per cent of N as urea 
in pellet form were compared in main- 
tenance, wintering, and fattening ra- 
tions fed to steers and lambs in ni- 
trogen-balance trials; identical rations 
lacking urea were used as checks. 
Lambs appeared to be more efficient 
than steers in utilizing urea. Nitro- 
gen retention by steers and lambs on 
each type of ration was increased by 
the additional nitrogen supplied by 
urea; the apparent digestibility of ra- 
tion nutrients other than protein was 
unaffected by urea content. 

FURMAN, D. P. AND J. R. DOUGLASS (Div. 

of Entom. and Parasitology, Univ. of 
Calif ., Berkeley and Davis, Calif .). 
Comparative evaluations of insecti- 
cides for cattle grub control. Jour. 
Econ. Entom. 41:783-787. Oct. 1948. 

A comparison of the effectiveness of 
currently-recommended rotenone and 
rotenone-sulfur cattle-grub sprays with 
new chemicals such as benzene hexa- 
chloride and chlordan demonstrated 
the superiority of the former group. 

MASSEY, 2. A. AND S. W. FISHER (Geor- 
gia Agr. Exp. Sta., Experiment, Ga.). 
Supplementary protein and mineral 
feeding to beef cattle on summer pas- 
ture. Georgia Agr. Exp. Sta., Circ. 
157. 7 pp. Sept. 1948. 

Results of yearly mineral feeding 
tests of steers on summer pastures in 
.1942-1947 indicate that tricalcium 
phosphate is equal to steamed bone 
meal as a mineral supplement for cat- 
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tle on improved pasture and that bone A &year study of sheep weights in- 
meal is better on unimproved pasture. dicated that ewes that gain from 8 to 
Beneficial results were obtained from 10 lbs. from October to May are the 
the mineral supplements used. best producers. 

NEALE, P. E. (Animal Husbandry Dept., STEVENSON, J. W. AND B. L. SOUTHWELL 
New Mex. State College, State Col- . 
lege, N. Mex.). Selection of high pro- 
ducing rams. New Mex. Agr. Exp. 
Sta. PressBull. 1023. 4 pp. Aug. 1948. 

Wool producing ability of individual 
sheep varies too widely for estimates 
of fleece weights or wool length to be 
used as the basis for selection of rams. 
Data are given for these methods in 
comparison with laboratory shrinkage 
measurements and it is indicated that 
accurate shrinkage data provide the 
only true value of wool production. 

NEALE, P. E. (Animal Husbandry Dept ., 
New Mex. State College, State Col- 
lege, N. Mex.). Body weights of range 
sheep. New Mex. Agr. Exp. Sta. 
Press Bull. 1024. 2 pp. Sept. 1948. A 

(Bur. An. Ind., U. S. Dept. Agr., Tif- 
ton, Ga.; Georgia Coastal Pl. Exp. 
Sta., Tifton, Ga.). Sugarcane an ec- 
onomical winter roughage for the 
Lower Coastal Plain of Georgia. 
Georgia Coastal Plain Exp. Sta. Circ. 
13. 11 pp. Aug. 1948. 

Feeding trials conducted for a 5- 
year period at the Alapaha Branch 
Station indicate that sugarcane is a 
promising roughage for winter feeding 
of cattle. Under proper management 
it yields a heavy tonnage per acre, has 
good storage qualities, and may be 
produced at relatively low cost per 
feed unit. 

Abstracts by: Itobert A. Darrow; Texas 
& M, College Station, Texas. 
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