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Ecosystem Approach in Teaching1 
C. WAYNE COOK2 

Professor and Head, Department of Range Science, 
Colorado State University, Ft. Collins. 

Highlight 

Criticisms of current teaching in many biological disci- 
plines are that instruction is fragmented, textbook oriented 
and lacks interdisciplinary presentation. It is, therefore, 
suggested that college curricula in Range Science be re- 
oriented to present material in a coherent manner that will 
give a holistic concept of biological systems. Course ma- 
terial should be updated and scheduled in context for a 
logical sequence of study for student matriculation. Teach- 
ing, research, and the application of academic learning 
must, by necessity, become more meaningful and more pre- 
cise if range management is to maintain professional stature 
and retain identification with a discipline or area of ex- 
pertise. 

The Range Ecosystem 

A suggested method of teaching Range Science 
is through the ecosystem approach whereby the 
structure and function of biological systems are 
presented to the student as an integrated whole of 
an interdisciplinary subject matter. The ecosystem 
is a matrix of fundamental knowledge and under- 
standing that yields the many unifying concepts 
that are necessary for coordinated land resource 
management. 

It has been suggested that the ecosystem ap- 
proach to teaching biology start in the elementary 
schools (Reed, 1969). Such an approach presents 
biology as a functional system of plants and animals 
in relation to their environment. The new meth- 
odolo<gy of teachin g mathematics in elementary 
schools provides a model of teaching the biological 
sciences to students in a sequential manner during 
their first introduction to plant and animal life. 
There can then be an integrated program for teach- 
ing mathematics and biological science which will 
prepare students in college to study biological 
systems at an advanced level. 

A single method of presenting both structure 
and function of the ecosystem is through a flow 
chart showing six compartments (Fig. 1). The com- 
partmental enclosures contain the components that 
characterize the structure of the ecosystem. This 
could be referred to as descriptive ecolo<gy involving 
natural biotic communities which represent an as- 
semblage of organisms and their environment. The 
connecting lines within the hexagon represent the 
interdependence between compartments or the 
function of the ecosystems. These show the inter- 

1 Received February 2, 1970; accepted for publication July 
7, 1970. 

2 The author is indebted to the range staff at CSU for their 
helpful reviews of the manuscript. 

actions among structural compartments of the sys- 
tem; the darker the line the greater the interde- 
pendency or interaction among compartments. 

An ecosystem can be viewed as a living entity or 
as a plant-animal-place unit that operates under 
the control of many regulatory mechanisms. “Life” 
of the ecosystem depends upon the amount of solar 
energy converted to biochemical energy by the pri- 
mary producers and the amount of energy trans- 
ferred from one trophic level to another. Thus, 
nutrients are cycling within the system in a some- 
what balanced state. This process could represent 
the circulatory or transference function of the eco- 
system. The ecosystem likewise responds or reacts 
to stimuli. If weather brings about a metabolic 
interruption, the functions of the ecosystem are 
subsequently disturbed. If a limiting factor or a 
regulatory control is changed by natural factors or 
is manipulated by man, the chain of events may 
affect many components of the ecosystem. Like a 
living organism, the ecosystem may adjust physio- 
logically or physically to minimize the influence 
of a disturbance. This would involve a change in 
population structure and dynamics. 

The ecosystem can be any area of any size, large 
or small, any plant and animal assemblage, or any 
site, including all of the biotic expressions and all 
of the abiotic or physical factors that affect these 
expressions. 

The ecosystem approach to education involves 
acquiring and synthesizing information and sub- 
sequently presenting it in a total systems context. 
Such an approach brings to light the voids in our 
knowledge of the system. Thus, inquisitive minds 
are stimulated to carry on intensive research in 
areas where information is meager or completely 
lacking. 

Undergraduate Training 

Course schedules in the ecosystem approach 
would first consider the basic material to be cov- 
ered. These should include the newly organized 
method of teaching biology through animal and 
plant relationships including a general understand- 
ing of biological systems and their development. 
This replaces the conventional introductory courses 
in botany and zoology. Courses in physics, chemis- 
try and molecular biology can logically be included 
as an integrated sequence. 

The current trend is to allow the students in 
Range Science more freedom to use elective courses. 
Therefore, an abundance of suggested electives 
gives the student and his advisor an opportunity 
to select from any number of a half dozen or more 
options. These might be ranching, land appraisal, 
wildlife range management, range recreation man- 
agement, range conservation, range entomology, 
range watershed management, forest range manage- 
ment, range plant pathology, range economics, 
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THE RANGE ECOSYSTEM 
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FIG. 1. A flow chart showing structural characteristics of the 
ecosystem in six compartmental areas and connecting inter- 
action linkage among compartments as a function process. 

range nutrition or range ecology. These electives 
should be selected as a course sequence in a related 
or complementary discipline and not in a hap- 
hazard fashion. 

Curriculum 

The basic core of courses outlined by the panel 
for education in natural resources (Natural Acad- 
emy of Sciences, 1967) suggested a curriculum of 
foundation training through the freshman and 
sophomore years. The course outline presented in 
Table 1 is a minor deviation from the curriculum 
recommended by the NAS panel. Suggested basic 
courses include statistics and mathematics through 
at least one course in calculus and preferably three 
courses in calculus if the student plans graduate 
work. At least two courses in physics, four courses 
in chemistry including inorganic, organic and bio- 
chemistry, and a course in each of plant physiology, 
taxonomy and agrostology should be considered. 

Training beyond the two-year program would 
consist of specialized professional courses dealing 
with the range ecosystem. The course outline in 
Table 1 allows for 25 quarter credits of free elec- 
tives. These free electives could be concentrated 
in a second discipline to gain another area of com- 
petence. Another alternative might be a selection 

Table 1. A suggested course outline for a B.S. degree in 
Range Science. 

Courses 
No. Quarter 

courses credits 

Basic core 

Biology attributes of living systems 3 
Chemistry-inorganic, 

organic, biochemistry 4 
Mathematics-algebra, trig., calculus 4 
Physics 2 
Plant classification 2 
Soil microbiology 1 
Weather and climate 1 
Geology 1 
Genetics 1 
Soils 2 
Plant physiology 1 
Animal physiology 1 
Animal nutrition 1 
Economics 2 
Communications 3 
Statistical probability 1 
Sociology 2 
Political science 1 

- 
Total 33 

Professional 

Principles of ecosystem structure 
and function 1 

Range ecosystem structure (descriptive) 2 
Range ecosystem function 3 
Range ecosystem measurements 1 
Range economics 1 
Range ecosystem planning 1 

- 
Total 9 
Total suggested courses 42 
Free electives (optional specialties) - 

Total - 

13 

20 
16 

8 
8 
5 
5 
5 
5 

10 
5 
5 
5 
8 
9 
3 
6 
5 

141 

34 

175 

25 

200 

of courses to broaden the student’s training in other 
resource areas by distributing the 25 credits among 
several related disciplines. A third choice by the 
student might be courses to broaden his knowledge 
in social science related disciplines such as philoso- 
phy, psycho1 ogy, sociology, and political science 
and/or humanities. 

The ecosystem approach to training a range 
management specialist assumes first of all that the 
range scientist must have a thorough understanding 
of the structure of the ecosystem and all of the physi- 
cal and biological principles by which an ecosystem 
functions. Therefore, professional courses must 
cover ecosystem structure and function and their 
measurements. 

Structure of the Ecosystem 

The courses in structure of the ecosystem should 
be concerned with biotic composition of the com- 
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munity, population densities, constancy, age classes, 
heterogeneity, and life forms. Abiotic factors such 
as soil texture, soil parent material and soil profile 
features, along with weather, and micro- and macro- 
climates; latitude, altitude and exposure are all 
important in describing the range ecosystem. The 
structure involves the descriptive trophic structure 
and the physical features of the ecosystem. Courses 
in measurements of the structure of the ecosystem 
can be used to introduce analysis methods which 
will aid in eventual management decisions. 

Function of the Ecosystem 
Courses dealing with the function of the eco- 

system should focus on the ecological and physio- 
logical processes within the biological system. The 
order of events is influenced by the activity of 
organisms and their responses to interactions from 
other organism or environmental conditions. Both 
physical and biological factors in the ecosystem 
enter into the dynamic forces that regulate the 
processes of the system. 

Functions and interactions of the ecosystem are 
indeed complex. In many respects the driving 
forces and responses of the internal functions of the 
system are not well understood. In theory all ex- 
ported materials leave a deficit in the biological 
system. However this deficit is at least partially 
replaced through the import of minerals and nutri- 
ents that enter the system through parent material, 
dust, silt, rain and ingress of native fauna. The 
requirements of the detritus feeders compared to 
the macroconsumers are not known. Such a holistic 
evaluation that brings to light the many voids in 
knowledge is a major reason for accepting the eco- 
system approach in research and teaching in range 
science. Research should complement teaching by 
furnishing information where voids appear. Other- 
wise continued fragmented research and teaching 
in special interest areas will leave many weaknesses 
in our knowledge of the complicated interplay of 
the physical and biological processes of the range 
ecosys tern. 

Ecological efficiency of the ecosystem is fre- 
quently evaluated on the basis of energy flow among 
the trophic levels. Parameters of energy flow into 
and away from the ecosystem include incident sun- 
light transformed into photochemical energy by 
the primary producers, energy converted to animal 
tissue and for physiological functions by the sec- 
ondary producers, losses by radiation, and that re- 
maining matter that is fixed in residues. The net 
efficiency of energy conversion can be calculated 
for each trophic level as the quantity of energy is 
passed along the food chain until it reaches the 
decomposers. 

Plants convert solar energy into organic material 
that can be transferred in the system from one food 
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level to another and finally respired into the atmo- 
sphere, exported from the system, or returned to 
the soil. Bioenergetics of the ecosystem concerns 
the total energy fixed through photosynthesis and 
the use and transfer of energy by the complete bio- 
mass of organisms. 

The flow of energy and the cycling of elements 
through the organic and inorganic compartments 
of the ecosystem present a challenge to scientists in 
synthesizing and presenting information revealed 
by the matrix of the ecosystem. Elements and com- 
pounds originate from parent materials, through 
the atmosphere, as sediment from adjacent areas, 
or as soil amendments. These move through the 
various compartments of the ecosystem in a compli- 
cated manner. The conversion of energy within the 
ecosystem is of paramount importance because of 
the transfer of solar energy for sustenance of all life 
in the system. The existence of the ecosystem itself 
depends upon this phenomenon. The function of 
the ecosystem is more than the flow of energy or the 
cycling of nutrients. Organism competition, inter- 
action, and development of biota expressions are 
also functions of the ecosystem. 

Development and Maturity of the Ecosystem 
Most conventional ecological concepts still apply 

to ecosystem development and management. There 
are a great number of basic ecological principles 
that have evolved from our study of community 
ecology that apply to both the structure and func- 
tion of the ecosystem. The ecosystem may be in a 
state of development, or can be fully developed. 
This does not preclude the older concepts of plant 
succession and the dynamic climax or a balance of 
life in the ecosystem. The ecological system changes 
over time by means of its biological activity and the 
influence of the physical environment. Ecological 
succession may be defined as an orderly progression 
of community development that terminates in a 
reasonable state of stabilization or balance until 
perturbed by man or some natural catastrophe. Ac- 
cording to Odum (1969) this process of develop- 
ment is both directional and predictable. The 
structure at a particular time may be an interim 
expression of the biota in any stage of development. 
The process is reversible and, as stated above, may 
be brought about by drastic and unusual climatic 
conditions or through manipulation by man. 

Trophic dynamics of the ecosystem may be a 
known range of activities or events and therefore 
may be limited or influenced by any of the many 
components of structure of the ecosystem, but the 
actual changes are a function of the ecosystem. 
Both structural and functional changes occur dur- 
ing development of the ecosystem. The degree and 
rate will depend upon the climatic, edaphic, biotic 
and physiographic conditions. 
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FIG. 2. Decisions to increase biological efficiency through modifi- 
cation of the ecosystem considers all adverse or beneficial effects 
upon other components or users of the ecosystem. 

Biological Efficiency of the Ecosystem 
Applied learning or conventional range manage- 

ment courses should be identified with instruc- 
tion concerning ecosystem functions. Such material 
could be taught under the broad heading of bio- 
logical efficiency of the ecosystem. In addition to 
the natural perturbances in the ecosystem, man 
may alter certain processes by deletions or additions 
of heretofore controlling factors. This is the area 
where conventional range courses have contributed 
knowledge to the student. The material studied in 
these courses has been applied subject matter and 
oriented toward special use of the ecosystem by 
domestic livestock and game animals. 

Multiple uses such as forestry, range, wildlife, 
recreation and watershed all contribute to the 
management practices and amount of export ma- 
terial to be taken from the ecosystem. Decision- 
making in manipulation and management of the 
biological system must consider all the ecological 
and ecosociological impacts (Fig. 2). 

Manipulated or modified ecosystems may actually 
produce more useful export material than natural 
ecosystems even though the natural ecosystem is in 
a climax state. Management which requires alter- 
ing the ecosystem must be done in a prescribed 
manner that is cognizant of the benefits to be ac- 
crued and perturbances to be wrought. Sometimes 
modification of the ecosystem to increase export 
productivity conflicts with ecological principles in- 
volving the theory of balance in the climax com- 
muni ty. 

Course material must recognize that biological 
systems are regulated by many complicated proc- 
esses and factors involving complex interactions 
among both the biotic and abiotic components of 
the system. For instance the biological efficiency 
of the ecosystem may be limited by transformation 
of energy by the primary producers or by physical 
limitations of the ecosystem such as water, soil, fer- 
tility and climate. 

Graduate Work 
Terminal courses at the graduate level should 

include systems ecology courses designed to analyze 
ecological principles, to study techniques in high- 
speed digital and analog computers, and to synthe- 
size ecological information and formulate mathe- 
matical models that will optimize the predictability 
of complex functions in the range ecosystem. A 
system analysis procedure which evaluates all of the 
major ecological activity of the ecosystem and the 
ecosociological impacts of prescribed manipulation 
would bring to light voids in scientific information 
about the ecosystem. 

In the ecosystem approach to graduate education 
in Range Science the programs leading to the 
Master of Science and Doctor of Philosophy degrees 
are based upon foundation courses which have de- 
veloped a thorough knowledge of the structure, 
function and usefulness of the ecosystem. 

Graduate programs, like undergraduate studies, 
should provide a select area for specialization. This 
might be centered in any compartment of the eco- 
system (Fig. 1) or in any of the many complicated 
functions or interactions within the biological sys- 
tem. Complementary areas of specialization in- 
clude soil chemistry, animal nutrition, plant or 
animal physiology, hydrology and others. Inter- 
disciplinary course work and research should be 
emphasized. 

Graduate training to the Ph.D. level would in- 
clude intense academic and theoretical approaches 
in identifying and measuring structure and func- 
tion of the ecosystem. Advanced courses that in- 
struct the student in measuring functions of the 
ecosystem are important in a graduate program. 
Measuring interactions among organisms, and orga- 
nism response to physical factors of the system are 
paramount features of the ecosystem approach in 
higher education. A Ph.D. program would be re- 
miss if it did not include some quantitive systems 
analysis courses. These would include modeling 
and simulation of biological systems, synthesis of 
data and use of high speed computers. These are 
important to our understanding of and prediction 
of biological phenomena within the range eco- 
system. 

Research programs to complement the teaching 
program are necessary for complete fulfillment of 
a student’s graduate education. 

Summary and Conclusions 

Range management is an integral part of land 
resource management. The range scientist will 
have an area of competence only after he demon- 
strates to other related disciplines that he has a 
sound understanding of the ecosystem, its structure 
and its functions. He must know how manipula- 
tion or modification of the ecosystem affects the 



THE FIRST 

various components of the system. In decision- 
making the range scientist must defend his action 
logically and scientifically so that his views are 
clearly understood. 

Three courses dealing with the structure of the 
ecosystem during the sophomore year, three courses 
concerning the function of the ecosystem during 
the junior year and three ecosystem analysis courses 
along with planning and decision-making courses 
during the senior year would be needed to earn a 
B.S. degree in range ecology. 

Supporting courses would be similar to most de- 
grees in biological sciences, i.e., three courses in 
biology which form a foundation for advanced 
ecology, six courses in chemistry and physics, four 
courses in mathematics and statistics, two or three 
courses in calculus, and at least one course each in 
weather and climate, microbiology, geology, and 
soils. 

Initial courses dealing with the range ecosystem 
would involve the description of the biotic compo- 
nents of the ecosystem such as the trophic levels; 
(1) primary producers-species composition, life 
forms, constancy, age classes, and heterogeneity ; 
and (2) consumers-the species composition of her- 
bivores, carnivores, population densities and distri- 
bution. Ecosystem structure courses would also 
include the abiotic factors such as soil profile de- 
scriptions, micro- and macroclimates along with 
geographic, topographic, and other land form fea- 
tures that identify a particular ecosystem. 

Courses in ecosystem function must follow a 
sequence that presents all the biotic and abiotic 
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interactions. A simple method is to initiate the 
sequence of events by starting with energy flow 
which introduces the interdependence of plants, 
animals and soils and the relation of climate to 
these biological phenomena. The complementary 
and antagonistic relations among organisms are 
omnipresent interactions in the ecosystem. These 
processes are further complicated by the influences 
of physical factors of the system. Soil bacteria, 
fungi and the detritus feeders all serve as decom- 
posers which carry on a very important function in 
enhancing soil fertility, organic breakdown and 
mineral cycling. Increased biological efficiency as 
a directed function of the ecosystem may be accom- 
plished through conversion of the vegetation type, 
range improvement practices, use of grazing systems 
and other desirable management methods. 

Graduate programs should include more intense 
academic training in identifying and measuring 
structure and function of the ecosystem. A doctoral 
program should include systems analysis involving 
modeling and simulation of ecological systems. 

The educational program in Range Science 
should be relevant to social changes and sustenance 
of the land resources under wise use. 
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The Sioux, on the other hand, have had to undergo significant cultural and 
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10, 1970. peace treaties were signed at Bosque 

Redando with the Navajos and at 
Fort Laramie with the Sioux, thus 
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conflict areas. In negotiations prior 
to signing peace treaties the Indians 
agreed to relinquish claims to vast 
areas of what is now the western 
United States. With the exception 
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written volumes on the social sys- 
tems and values of Indian people 
which I recommend as not only 
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marking an end to two of the major 
conflict areas. In negotiations prior 
to signing peace treaties the Indians 
agreed to relinquish claims to vast 
areas of what is now the western 
United States. With the exception 
of specific reserves or reservations 
which were to remain exclusively 
theirs, a proud people submitted to 
a new philosophy and a colorful 
period in the history of the United 
States drew to an end. Great stories 
have been written and told of this 
particular era dealing with the con- 
flicts of war, the settling of the 
West, and growth of the livestock 
industry. Numerous authors have 
written volumes on the social sys- 
tems and values of Indian people 
which I recommend as not only 
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enlightening to read, but educa- 
tional and thought-provoking in re- 
constructing this period of history. 

It is fitting and proper that the 
American Society of Range Manage- 
ment should apprise itself of the 
history, the present impact and the 
objectives of Indian people in the 
use and management of their valu- 
able range resource. The American 
Indian, unlike all others in this 
great Nation, have had a vital in- 
terest in the range resource since 
long before Columbus decided to 
make his historic trip. In the west- 
ern United States, the development 
of the livestock industry is closely 
associated with the history of the 
American Indian (Fig. 1). 

Approximately 55 million acres 
of Indian land belonging to indi- 
viduals and tribal groups, represent 
the “home land” to 450,000 tribal 
members. Indian land, by compari- 
son, is equal to 2.5 percent of the 
total area of the United States, 
while the Indian population repre- 
sents approximately one-fourth of 
one percent of the total population. 
Predominantly, the land in Indian 
ownership is best suited for and 
most used as grazing land. There 

is a tremendous contrast, however, 
from the Everglades of Florida, to 
the deserts of Arizona, and from the 
timbered mountains of the North- 
west, to the frozen tundra of Alaska, 
with probably the best range land 
located in the Great Plains Regions. 

The intention of this presenta- 
tion is to give some insight into the 
range and livestock programs of the 
Indian people and its impact on 
their social and economic progress. 
The subject is as divergent as there 
are numbers of tribes (approxi- 
mately 300) and therefore, general- 
iations are not only difficult to 
make, but often misleading. A study 
of the contrast between the Navajo 
in Arizona, New Mexico, and Utah 
and the Sioux of the Dakotas, is a 
revealing story in the problems, and 
progress, of the various tribes in 
their dependency on the land re- 
source and their ability to prosper 
from its use. 

The Navajos own a rather con- 
tiguous, onsurveyed, 16 million acre 
block of land with title held in trust 
by the United States Government 
for the entire tribe. The Sioux 
Reservations, on the other hand, 
are predominantly 160 acre tracts of 

interspersed land held in trust for 
individuals and the tribe. The indi- 
vidual ownership exceeds the hold- 
ings of the tribe and both are mixed 
in most areas with fee patent non- 
Indian land. 

The Congress of the United States 
declared its jurisdiction over Indian 
affairs in 1775 when the United 
States Constitution was adopted. 
The States ceded to the federal go”- 
ernment the power of regulation 01 
commerce with Indian tribes which 
by statute and judicial decision was 
broadened to the management of 
Indian affairs in general. The Fed- 
eral Government’s administrative 
agency to deal with Indian affairs 
was originally the War Department, 
and in 1849, transferred from the 
War Department to the Department 
of the Interior. 

History indicates in the struggle 
for development of our Nation nu- 
merous approaches were conceived 
and instigated to integrate the 
American Indian into the frontier 
society and make him a full-fledged 
citizen. Typically, the General Al- 
lotment Act of 1887 was the result 
of much deliberation and the gen- 
eral conclusion by Congress that 
the Indian-owned land should be 
allotted to tribal members individ- 
ually instead of held by the tribe 
collectively if the Indian was to 
assimilate and prosper. Although 
the early frontier was settled by 
strong-willed, fiercely independent 
people, their philosophy was gen- 
erally contrary to Indian culture 
and the Act fell far short of the in- 
tended objectives. 

Another significant era in the 
history of Indian affairs came about 
during the period of the early 1930’s 
when most of the Nation was in the 
grips of a severe drought and con- 
gressional attention focused on the 
Indian range country. 

Professional people in forest and 
range management were given the 
task of conducting an “Economic 
Survey of the Range Resources and 
Grazing Activities on Indian Reser- 
vations,” throughout the United 
States. The results of this survey 
are basic to many of the present day 
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concepts of range management and 
economic advancement in Indian 
country. 

The conclusions of the study were 
that a grazing permit system was 
needed to correct the over-grazed 
conditions of the range, get a fair 
return for the Indian landowner, 
and promote the Indian livestock 
industry. 

On June 18, 1934, the Congress 
of the United States passed the 
Indian Reorganization Act (Public 
Law 383, 73d Congress, 48 Stat. 984) 
which states in part (Section 6): 
“The Secretary of the Interior is 
directed to make rules and regula- 
tions for the operation and manage- 
ment of Indian forestry units on the 
principle of sustained-yield manage- 
ment, to restrict the number of live- 
stock grazed on Indian range units 
to the estimated carrying capacity 
of such ranges, and to promulgate 
such other rules and regulations as 
may be necessary to protect the 
range from deterioration, to prevent 
soil erosion, to assure full utiliza- 
tion of the range, and like pur- 
poses.” 

The methods of implementing 
and enforcing the provisions of the 
Indian Reorganization Act were ap- 
plied universally, but acceptance 
and response varied tremendously. 
To the Navajo, this meant “stock 
reduction,” a term which today 
creates a wave of apprehension 
among the Navajos. To the Sioux, 
the opportunity was provided for 
them to get into the livestock busi- 
ness and make use of the excellent 
Indian-owned grazing lands. 

The Navajos prior to their sur- 
render and the signing of the peace 
treaty had already become profi- 
cient in the raising of livestock and 
had gathered together vast herds of 
sheep, goats, cattle, and horses. In 
fact, the military efforts against the 
Navajo were aimed primarily at 
stopping their depredation of the 
livestock of other Indians, Spanish 
and Anglos and not the hostile acts 
of war. Their natural love for 
tending of animals had resulted in 
the development of the livestock 
industry to the point that they 

rapidly depleted their range. It is 
significant that by the time Gen- 
eral Kearney arrived in Santa Fe in 
1846, stock raising had been the 
established way of life of the Navajo 
people for so long that its origin 
was lost in the midst of Navajo 
tradition and mythological accounts 
were evolved to explain the origin 
of sheep, goats, cattle, and horses. 

The Navajos, upon returning 
from captivity at Bosque Redando 
to their 3.5 million acre reservation 
in 1868, numbered approximately 
12,000. They were encouraged by 
the United States Government to 
rebuild their livestock herds as a 
means of subsistence. Records indi- 
cate Government grants of 30,000 
sheep, 3,000 goats, and 500 cattle in 
those early days following the sign- 
ing of the treaty. Additional assist- 
ance was given through the years 
with additional grants and loans 
and their herds multiplied rapidly. 

The population multiplied rap- 
idly also, and by the early 1930’s 
the reservation had grown to 15 
million acres, but would not sup- 
port the one million three hundred 
thousand sheep units (4 S.U. = 1 
A.U.) of livestock belonging to an 
increased population of 45,000 
tribal members. 

The safe carrying capacity of the 
grazing land had fallen to about 
600,000 sheep units by the mid 
1930’s and drastic control measures 
were necessary. The Commissioner 
of Indian Affairs evolved three alter- 
natives to meet the situation. 

1. Exercise his legal authority 
and compel the individual members 
to reduce livestock numbers to the 
carrying capacity. 

2. Assign the responsibility to 
the tribal council for complying 
with the Government regulations. 

3. Go to the hundreds of local 
communities of Navajo people and 
sell the general population on the 
need for conservation. 

The second altern ative was 
chosen and the burden was handed 
to the tribal council. The council 
affirmed the conservation program 
and faced their constituents who 
bitterly rejected the program and 

consistently re-elected new leaders 
over a 10 year stock reduction 
period. The program was accom- 
plished through hard work and 
dedication on the part of the tribal 
officials and Government employees 
and tremendously benefited the 
range resource. In fact, the 600 
thousand sheep units of livestock, 
remaining after controlled reduc- 
tions, produced more meat and 
wool than had the previous one 
million sheep units due to better 
animals and improved range condi- 
tions. However, the bitterness 
evoked by this program of buying 
livestock from individuals under 
duress and disposing of them was 
never accepted by the majority of 
Navajo people and the social impli- 
cations still linger. 

The methods of bringing about 
the reduction involved many rami- 
fications and was misunderstood by 
nearly all of the Navajo stockmen. 
The first attempts in soliciting com- 
munity action to reduce livestock 
numbers resulted in the poorer class 
people becoming even more impov- 
erished while the more influential 
held their herds intact. The Bureau 
of Indian Affairs became concerned 
for those who would become desti- 
tute from the loss of their small 
flocks of sheep and goats with little 
prospect for other means of making 
a living. It was then determined 
that every family head should have 
some livestock for subsistence and 
that the reduction should be made 
primarily among the large opera- 
tors. 

This approach was contrary to 
Navajo social culture and when the 
largelivestock operators were forced 
to sell down to a maximum num- 
ber, he was not only financially 
destroyed but his status in the com- 
munity was also destroyed. In addi- 
tion, range management was made 
more difficult since it created more 
than 7,000 small individual family 
operations and permits among a 
group of people proudly indepen- 
dent in livestock operations and un- 
willing to organize for management 
purposes. At that time and for 
many years, the small herds of live- 
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stock were the Navajos primary 
source of supporting an ever in- 
creasing population (Fig. 2). 

The Navajo stockman, predomi- 
nantly uneducated, but with ex- 
treme dedication to his sheep, cattle, 
goats, and horses, is able to main- 
tain or increase his small holdings 
to the limit that the land will sup- 
port. We may wonder if a concen- 
trated effort had been made, not 
only to educate the Navajo to the 
3R’s, but to educate him in animal 
science and range resource use 
would have expedited the adjust- 
ment program and produced the 
most dedicated stockmen in the 
United States. 

If you were to ask most any 
Navajo today, young or old, what 
the most desirable and acceptable 
means of providing a living is, 
he would unhesitatingly respond, 
“ranching.” 

The 16 million acres of Navajo 
range lands are grazing 600,000 
sheep units equivalent in horses, 
cattle, goats, and sheep with a total 
value of 15 million dollars and an 
annual income of 3 million dollars. 
Related to the total economic needs 
of the Navajo population; presently 
numbering 120,000, this is obviously 
grossly inadequate: bowever, related 

to the culture and the love of the 
people it remains number one. It 
then behooves the professional peo- 
ple in range management and the 
officials of the tribal government to 
provide to the Navajo people their 
best scientific knowledge of how to 
perpetuate and improve their range 
resource to maximum support ca- 
pacity. 

Now let us direct our attention to 
the Sio’ux Nation of the Dakotas. 
The Sioux, in contrast to the 
Navajo, did not take to ranching 
and herding the “spotted buffalo,” 
but preferred to live from an abun- 
dant supply of wild game, buffalo, 
fruits, and berries. The Sioux 
Indians of the Great Plains number- 
ing approximately 25,000 in 1868 
were given a reservation of several 
million acres in the highly produc- 
tive grazing lands of Nebraska, 
South Dakota, Montana, Wyoming, 
and North Dakota upon signing 
the peace treaty at Fort Laramie. 
Within a few years, however, they 
were confined to the diminished 
reservations that we know today; 
the Pine Ridge, Rosebud, Yankton 
Santee, Lower Brule, Devils Lake, 
Crow Creek, Cheyenne River, 
Standing Rock, Sisseton, and Fort 
Totten. Thee reservations are pri- 

marily west of the Missouri in 
North and South Dakota and typi- 
cal of the Great Plains Region. 

The Sioux country was first en- 
croached upon by trappers, traders, 
and frontier hunters primarily of 
French ancestry without too much 
conflict. However, when gold was 
discovered in the B!ack Hills, and 
when immigrant farmers began to 
cultivate the land, serious conflict 
arose. The Sioux contested the 
immigrants movement West by bit- 
ter fighting immortalized in the 
battles at the Little Big Horn and 
Wounded Knee. 

The Bureau of Indian Affairs in 
the few years following the signing 
of the treaty embarked on several 
programs that have had an impor- 
tant impact on the progress of the 
Sioux. Initially, an assimilation pro- 
gram was instigated to bring the 
Indian population into full citizen- 
ship status and after a few years of 
frustration that policy was ahan- 
doned and followed by an isolation 
or segregation policy. The expressed 
desire of Congress and the Bureau 
in both instances was that the 
Indians must be made full-fledged 
citizens of the United States with 
all its privileges and responsibilities. 

The theory was long advocated 
that Indians in general would be- 
come assimilated much swner if 
they owned their land in severality 
rather than communally as a tribe. 
This theory was put into law in 
1887 when the “Dawes Act or Gen- 
eral Allotment Act” (as mentioned 
previously), was passed by Congren. 
The Act “provided for the allot- 
ment of lands in severality to 
Indians on the various reservations, 
and to extend the protection of the 
laws of the United States and the 
territories over the Indians, and for 
other purposes.” The Act also pro- 
vided, under certain conditions, for 
the allotting of public domain landa 
to Indians. Prior to this time, the 
Bureau of Indian Affairs had been 
generally unable to interest the 
Sioux in farming or ranching. At- 
tempts had been made through the 
use of grants of equipment and live- 
stock, agriculture loans, and many 
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other methods of stimulating inter- 
est. However, with the exception of 
some “mixed bloods,” success was 
very limited. 

An early report states, “The live- 
stock industry with its wild, free 
life on the open range, is especially 
well-suited to the temperment, dis- 
position, philosophy, and physical 
characteristics of the Indian and the 
plane of development which has 
been reached by him in his evolu- 
tion.” This assumption was not 
necessarily true of the Sioux and he 
did not rapidly grow into the live- 
stock business. 

The effect of the Dawes Act was 
to break up the Sioux reservations 
through allotment of lands to indi- 
viduals and in many cases the allot- 
ments were then acquired by non- 
Indians. The complicated land 
status pattern and non-Indian com- 
petition for leases soon made it ex- 
tremely difficult for a Sioux to get 
started in ranching. Non-Indians 
characteristically leased strategic 
tracts of land and grazed over large 
areas of tribal and individual lands. 

After several years of allotting 
land to tribal members, there still 
remained large areas of un-allotted 
lands within the reservation bound- 
aries. In several instances, the res- 
ervations were then open to the 
Homestead Acts for non-Indians 
which further alienated the Indian 
lands and complicated the land 
status. 

The Navajos were not faced with 
this set of circumstances, because 
all of their land was being used, 
or over-used, and there was little 
pressure from the non-Indian for 
homesteads in Navajo country. The 
Navajos did take advantage of the 
opportunity to, acquire allotments 
from the public domain and gained 
control of approximately another 
million acres through this process. 

The Indian Reorganization Act 
of 1934, (previously mentioned), was 
major legislation aimed at preserv- 
ing the Indian land base and pro- 
moting the Indian use of the range 
resource. 

To this end the Bureau developed 
regulations governing the grazing of 

FIG. 3. Indian range lands in the Sioux Country are in good condition and 
significantly to the economy of the Dakotas. 

contribute 

Indian trust lands that were dedi- 
cated to: (1) improving the range 
resource and its environment, (2) af- 
fording Indian livestock operators 
a preference in the use of Indian 
land, and (3) obtaining the highest 
possible income to the Indian land- 
owners consistent with these objec- 
tives. 

Generally speaking, these regula- 
tions have been very effective and 
the range lands of the Sioux have 
improved rapidly. In fact, in many 
parts of the Dakotas, Indian grass- 
land is in much better condition 
than their neighbors’ and grazing 
privileges are very much in demand 
(Fig. 3). 

The Sioux have increased the use 
being made of their grazing land 
from 2 percent in 1930 to 66 per- 
cent in 1969 and show an increased 
annual income to the Indian stock- 
men and landowners from $269,925 
to $9,568,000. The range resource 
is an extremely important resource 
to the 34,000 Sioux of the Dakotas 
and is a major contribution to the 
area’s economy. 

The economics of ranching has 
changed to the point that to be 
competitive a rancher must be well- 
informed and well-trained. His in- 
vestment in livestock, land, and 
machinery has made the ranching 

industry a business proposition 
ranking high in the Nation as 
a complex individual enterprise. 
Probably most significant, ranching 
as practiced in Indian country to- 
day has become the envy of the 
crowded urban American public. 
for here the wide open spaces, fresh 
air, and “room to roam” are real. 
The dollars and cents received for 
the livestock sold are only a part of 
the value of ranching and particu- 
larly the Indian rancher who cher- 
ishes the “wild, free life of the open 
range.” 

The livestock industry is one of 
the more important natural re- 
sources that can be expanded, 
while developing recreation and 
providing manufacturing employ- 
ment simultaneously for over-all 
economic improvement of the Sioux 
people. 

The need today, to capitalize on 
this multi-million dollar industry, 
is for Indian people educated in 
business, trained in management, 
and involved in the activities of 
their community, state, and Nation. 

The Bureau of Indian Affairs 
through these periods of transition 
has now assumed a new role as ad- 
visors to Indian people. Assisting 
them in a manner so that they 
choose the direction of the program 
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and we encourage them to take ad- will see a younger and better edu- 
vantage of all the services and bene- cated generation of Indian people 
fits any citizen of this great land capitalize on the use of this valu- 
would be entitled to. The 1970’s able resource. We are sure that 
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Highlight 

Spraying with herbicides to control 
sagebrush was detrimental to nesting 
grouse and to sage grouse broods. Nest- 
ing ceased when one area was sprayed 
and another contained a nest five years 
after spraying. Broods were less af- 
fected. One area contained broods 
three years after it had been sprayed, 
but variation existed from one area to 
the next, for another that was sprayed 
in 1962 was not being used in 1966. 

Spraying sagebrush with herbi- 
cides is generally considered to be 
detrimental to sage grouse (Centro- 
cercus urophasianus) and evidence 
from studies where large areas were 
treated show sage grouse decreased 
in number (Rogers, 1964; June and 
Higby, 1965). Studies in Colorado 
(Carr, 1967) and Montana (Martin, 
1965) where portions of the habitat 
were sprayed, either in strips or 
blocks, did not result in grouse de- 
clines; however, the birds indicated 
a preference for the unsprayed 

l Paper presented at the 22nd Annual 
Meeting, American Society of Range 
Management, Calgary, Alberta, Febru- 
ary 12, 1969. It is a joint contribution 
from the Idaho Cooperative Wildlife 
Research Unit: University of Idaho, 
Idaho Fish and Game Department, 
U.S. Fish and Wildlife Service and 
the Wildlife Management Institute 
cooperating; and the Inter-mountain 
Forest and Range Experiment Station, 
Forest Service, U.S. Dep. Agr. Re- 
ceived September 27, 1969; accepted 
for publication January 12, 1970. 

2 Presently Assistant Professor, Depart- 
ment of Range and Wildlife Manage- 
ment, Texas Tech University, Lub- 
bock, Texas 79409. 

areas. Martin (1965) concluded that 
the lower abundance of favored 
food plants for grouse on the 
sprayed strips was an undesirable 
factor. 

Other evidence indicates the re- 
action may be dependent upon the 
degree of control and the condition 
of the habitat before brush control. 
Studies in Utah (Trueblood, 1952) 
and Colorado (Rogers, 1964) have 
been conducted on areas reseeded to 
grass. Altering the sagebrush en- 
vironment in this manner can defi- 
nitely affect sage grouse, but Rogers 
believed that reseeding could be 
beneficial to grouse depending on 
the success of reseeding, the per- 
centage of sagebrush destroyed, the 
number and size of sagebrush areas 
not destroyed because of topography 
or soils, and the vegetative succes- 
sion following reseeding. 

Almost no information exists on 
grouse numbers following fires, yet 
the literature suggests that fires are 
detrimental to grouse (Patterson, 
1952; Rogers, 1964). 

This study was conducted in 
southeastern Idaho during the sum- 
mers of 1964, 1965 and 1966 to 
evaluate how sagebrush control by 
spraying with herbicides and by 
burning affected sage grouse. 

Study Area and Procedures 

The area studied was on the U.S. 
Sheep Experiment Station, between 
5,400 and 6,000 ft elevation on the 
Upper Snake River Plains (Fig. 1). 
It is a native sagebrush-grass range 
and it is principally a nesting 

their objectives will be consistent 
with good management, conserva- 
tion and overall improvement of 
the environment in which we live. 

and brooding habitat for sage 
grouse (Klebenow, 1969). The vege- 
tation was of two general shrub 
types: one dominated by threetip 
sagebrush (Artemisia tripartita) and 
the other dominated by big sage- 
brush (A. tridentata). Scattered 
over the station was considerable 
antelope bitterbrush (Purshia tri- 
dentata). Other associated shrubs 
were gray horsebrush (Tetradymia 
canescens), lanceleaf rabbitbrush 
(Chrysothamrzus uiscidiflorus var. 
Zanceolatus), and broom snakeweed 
(Gutierrezia sarothrae). The major 
herbaceous species were bluebunch 
wheatgrass (Agropyron spicatum), 
thickspike wheatgrass (A. dasystach- 
yum), prairie Junegrass (Koelaria 
cristata), Nevada bluegrass (Poa 
nevadensis), Sandberg bluegrass (P. 
secunda), arrowleaf balsamroot 
(Balsamorhiza sagit tata), rose pussy- 
toes (Antennaria rosea), purpledaisy 
fleabane (Erigeron corymbosus), 
and tailcup lupine (Lupinus cau- 
datus). 

The station contained 3,240 acres 
that had been sprayed for brush con- 
trol. One area was treated during 
the study and others were treated 
up to five years before the study. 
The burns were all old. The oldest 
recorded was 1936 and the most re- 
cent 1957. All were wild-fires except 
one. The exception was a planned 
burn done for research on fire as a 
brush control technique (Blaisdell, 
1953). 

Forty-acre plots were searched for 
grouse nests and for signs of use by 
broods. Ten of these had been 
burned, 3 sprayed, 2% had been 
both burned and sprayed and 18% 
had received neither treatment. 
Only six plots were searched in 
1964, but all 34 plots were searched 
in 1965. In 1966, 16 plots that 
had nests the previous years were 
searched again plus an additional 
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areas. Martin (1965) concluded that 
the lower abundance of favored 
food plants for grouse on the 
sprayed strips was an undesirable 
factor. 

Other evidence indicates the re- 
action may be dependent upon the 
degree of control and the condition 
of the habitat before brush control. 
Studies in Utah (Trueblood, 1952) 
and Colorado (Rogers, 1964) have 
been conducted on areas reseeded to 
grass. Altering the sagebrush en- 
vironment in this manner can defi- 
nitely affect sage grouse, but Rogers 
believed that reseeding could be 
beneficial to grouse depending on 
the success of reseeding, the per- 
centage of sagebrush destroyed, the 
number and size of sagebrush areas 
not destroyed because of topography 
or soils, and the vegetative succes- 
sion following reseeding. 

Almost no information exists on 
grouse numbers following fires, yet 
the literature suggests that fires are 
detrimental to grouse (Patterson, 
1952; Rogers, 1964). 

This study was conducted in 
southeastern Idaho during the sum- 
mers of 1964, 1965 and 1966 to 
evaluate how sagebrush control by 
spraying with herbicides and by 
burning affected sage grouse. 

Study Area and Procedures 

The area studied was on the U.S. 
Sheep Experiment Station, between 
5,400 and 6,000 ft elevation on the 
Upper Snake River Plains (Fig. 1). 
It is a native sagebrush-grass range 
and it is principally a nesting 

their objectives will be consistent 
with good management, conserva- 
tion and overall improvement of 
the environment in which we live. 

and brooding habitat for sage 
grouse (Klebenow, 1969). The vege- 
tation was of two general shrub 
types: one dominated by threetip 
sagebrush (Artemisia tripartita) and 
the other dominated by big sage- 
brush (A. tridentata). Scattered 
over the station was considerable 
antelope bitterbrush (Purshia tri- 
dentata). Other associated shrubs 
were gray horsebrush (Tetradymia 
canescens), lanceleaf rabbitbrush 
(Chrysothamrzus uiscidiflorus var. 
Zanceolatus), and broom snakeweed 
(Gutierrezia sarothrae). The major 
herbaceous species were bluebunch 
wheatgrass (Agropyron spicatum), 
thickspike wheatgrass (A. dasystach- 
yum), prairie Junegrass (Koelaria 
cristata), Nevada bluegrass (Poa 
nevadensis), Sandberg bluegrass (P. 
secunda), arrowleaf balsamroot 
(Balsamorhiza sagit tata), rose pussy- 
toes (Antennaria rosea), purpledaisy 
fleabane (Erigeron corymbosus), 
and tailcup lupine (Lupinus cau- 
datus). 

The station contained 3,240 acres 
that had been sprayed for brush con- 
trol. One area was treated during 
the study and others were treated 
up to five years before the study. 
The burns were all old. The oldest 
recorded was 1936 and the most re- 
cent 1957. All were wild-fires except 
one. The exception was a planned 
burn done for research on fire as a 
brush control technique (Blaisdell, 
1953). 

Forty-acre plots were searched for 
grouse nests and for signs of use by 
broods. Ten of these had been 
burned, 3 sprayed, 2% had been 
both burned and sprayed and 18% 
had received neither treatment. 
Only six plots were searched in 
1964, but all 34 plots were searched 
in 1965. In 1966, 16 plots that 
had nests the previous years were 
searched again plus an additional 
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WIN 

0 Sample plot with no nests Rem1 ts 

- Sample with one or more nests All the plots that contained sage 
grouse nests are shown on Fig. 1. 
A total of 32 nests were found that 
were new nests the year of the search 
and 55 were old nest remains. The 
searches included 220 acres where 
sagebrush had been controlled by 
herbicides. There was only one new 
nest on the entire 220 acres where 
spraying had occurred and it had 
been destroyed by a predator be- 
fore we found it. The area contain- 
ing this nest had been sprayed five 
years before and no birds nested on 
the area during the sixth or seventh 
year. Nesting stopped on another 
area that was sprayed in 1964. It 
contained a nest that year and the 
remains of a nest from the previous 
year. Three more nest remains were 

R.36E. 

a,,,,, q  Burned 8 year of fire 

q  Sprayed 8r year applied 

q  Sprayed Br burned 

FIG. 1. A map of the sage grouse study area, U.S. Sheep Experiment Station, Idaho. 
The hatched portions have been sprayed, burned or both; the unhatched portions 
have no record of spraying or burning treatment. 

460 acres of suspected nesting habi- 
tat. 

After finding a nest, it was de- 
scribed in detail in regard to the 
condition of the egg shells and shell 
membranes, and the amount of lit- 
ter covering the shells. The old 
nests were rechecked each year and 
from the descriptions, aging criteria 
were developed. At the end of the 
study, five nests were marked and 
these were re-examined in 1969. It 
was necessary to develop this means 
of estimating nest ages because some 
sprayed areas contained remains of 
old nests. 

Broods were located by searching 
the 40-acre plots and additional 
areas, both on foot using bird dogs 
and with vehicles using binoculars 
and a spotting scope to determine 
their location. 

To describe the vegetation, ten 
random samples were taken on each 
40-acre plot plus a sample at each 
nest and brood location. Each sam- 
ple consisted of the following infor- 
mation by species: the number of 
shrubs in a 400 ft2 circle; the line 

.?%%?%?$%~ Threetip 

U.S. Sheep Experiment 
Station 

Dubois, Idaho 
Cl_~ 1 2 3mi. 

intercept of the shrub crowns of 
two 50 ft lines crossing at the plot 
center; the height in inches of ten 
shrubs of each species occurring in 
the sample; and an estimate of the 
percentage basal area of each plant 
species, and the percentage ground 
surface covered by litter. The latter 
information was obtained from ten 
1 X 2 ft plots systematically located 
along the two 50 ft lines. 

The least squares analysis of vari- 

ance (Harvey, 1960) was used to test 
the effect of year, past treatment, 
elevation and aspect on the percent- 
age cover of shrubs, both by species 
and total; total basal area of forbs; 
height of shrubs; and the type of 
ground surface. Three analyses 
were made, one with each class of 
data-the random samples, the sam- 
ples at nest locations and at brood 
locations. Duncan’s new multiple 
range test was used to compare the 
means of the significant variables 
(Steel and Torrie, 1960). 

The data from the brood sites 
listed in Table 2 were compared 
with data from the non-brood areas 
using the t test for unpaired obser- 
vations and equal variances, P < 
0.05 (Steel and Torrie, 1960). 

Table 1. The effect of past treatments on the amount (o/o) of shrub cover 
and basal area of forbs. (Averages taken from all nest sites are included for 
comparison but were not tested in the statistical analysis.) 

Shrub crown cover Total 
basal 

Big & threetip Bitter- Horse- Total area 
Treatment sagebrush brush brush shrubs forbs 

Untreated 13.5b l 0.1” 0.4” 15” 3.2” 
Burned 17.8” 0.3” 0.8b 20d 4.2d 
Sprayed-burned 2.7” 1.5b 2.0’ 4” 1.8” 
Sprayed 5.8” 1 .gb 0.6”b 7b 2.4b 
Grouse nest sites 16.4 0.9 0.7 18 3.0 
l *I b* c, d Values with similar letters within each column are not significantly different 

(P > 0.05). 
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found on the sprayed areas. These 
were old, judged to be pre-spray 
nests. In comparison to the 1 nest 
per 220 acres on the sprayed areas, 
adjoining land where no herbicide 
had been used had an average of I 
nest per 65 acres. 

1 m Sprayed a year of treatmant 

The treatment effects are sum- 
marized in Table 1. Means taken 
from all nest sites are included for 
comparison. The effects of the 
spraying treatments are particularly 
noticeable, and as far as the sage- 
brush and total shrubs are con- 
cerned, it is apparent that sage 
grouse select habitats for nesting 
that are more nearly like the un- 
treated or burned than the sprayed 
areas. A similar relationship existed 
among forbs. 

Tota’ Total Covar Shrubs 

The one grouse nest on a sprayed 
area was under a bitterbrush clump 
on an area containing an average of 
5% sagebrush and an average total 
shrub cover of 14%. At the nest site, 
the shrub cover was 17%. These 
amounts of cover are comparable to 
an untreated plot that had an aver- 
age shrub cover of 13%. There, the 
birds nested where the shrub cover 
was 17%. The minimum shrub 
cover at any nest site was 12%. 

Fro. 2. The total basal area of forbs and 
the total cover of shrubs on areas sprayed 
with herbicides and on similar unsprayed 
areas (Sampled in 1965 and 19,66). As the 
hatched column approaches the height 
of the gray, the two areas are more nearly 
alike. 

Broods used the untreated and 
burned areas more than those 
sprayed, but did not react to herbi- 
cide treatments as strongly as did 
nesting birds. Of the good or po- 
tentially good brood habitat on the 
study area, 34% had been sprayed 
and 29% of the broods were found 
in these sprayed areas. Ninety-eight 
brood habitat sites were sampled. 

With the exception of the areas 

that had been burned, broods 
selected habitats with greater than 
average total shrub cover (Table 
2). Only in the sprayed-burned 
treatment, however, was the differ- 
ence significant (P < 0.05). In the 
sprayed treatment, there was little 
sagebrush cover on the brood sites, 
but greater than normal amounts of 
bitterbrush and horsebrush. This 
resulted in there being similar 
amounts of total shrub cover in 
brood and non-brood habitat. On 
brood sites, the basal area of forbs 
on the untreated, sprayed-burned 
and sprayed treatments was greater 
(P < 0.05) than on non-brood sites. 
The range of differences in forbs 
was not as great on the areas grouse 
selected. 

An idea of the effectiveness and 
life expectancy of the sprayed areas 
may be interpreted from Fig. 2. 
Forty-acre plots in sprayed areas 
were compared with controls, these 
being the nearest unsprayed plot. 
The area sprayed in 1959 appeared 
to have nearly the same amount of 
forb and shrub cover as the un- 
sprayed control. This area con- 
tained one nest in 1964. Broods 
used that area each year of the study 
plus the area sprayed in 1961. The 
1962 and 1964 areas were devoid of 
broods. The forbs had not recov- 
ered in either area, particularly in 
the 1962 spray. One factor modify- 
ing the interpretation of Fig. 2 is 
that the area sprayed in 1959 con- 
tained 5% cover of bitterbrush and 
the control did not. The sagebrush 
had not recovered as much as Fig. 2 
indicates for there was only 5% 
sagebrush on this area compared to 
13% on the control. The sprayed 
area appeared to have originally 
contained both vigorous, dense sage- 
brush and bitterbrush. Much of the 
sagebrush was killed, but the bitter- 
brush still remained. 

The results from the burned areas 
were inconclusive. The most recent 
burn on the study area occurred in 
1957 and it was a small wildfire. 
Two hundred acres that had been 
burned and not sprayed contained 
three nests for a nest density of 1 
per 67 acres. This density is nearly 
identical to the average nest density 
-1 per 65 acres. The data in Tables 
1 and 2 also indicate the burns had 
recovered. They actually contained 

Table 2. A comparison of the percent shrub crown cover and basal area of forbs on variously treated areas based on 
samples taken from locations where no sage grouse broods were found and from locations containing broods. 

-- 
Sites where no broods were found Brood sites 

Shrub crown cover Shrub crown cover 
Total 

Big & basal Big & 
threetip Bitter- Horse- area threetip Bitter- Horse- 

Treatment sagebrush brush brush Total forbs sagebrush brush brush Total 

Untreated 13.5b1 0.1” 0.4” 15” 3.2” 14.6” 1.6*b 1.0” 18’ 

Burned 17.8’ 0.3” 0.8b 20d 4.2d 14.7” 2.1b 1.3” 19” 

Sprayed-burned 2.7” 1.5b 2.0” 4” 1.8” 9.7b 1.0” 2.7b 14b 

Sprayed 5.8” l.gb 0.6sb 7b 2.4b 1.7” 6.8” 0.9” 9” 

1 8, b* C, d Values with similar letters within each column are not significantly different (P > 0.05). 

Total 
basal 
area 
forbs 

4.7” 
3.gb 

3.8sb 

3.5” 

Size of 
brood 

sample 

39 

29 

12 

18 



GROUSE VS. SAGEBRUSH CONTROL 399 

a greater cover of shrubs than the 
untreated areas. 

The annual re-examination of 
old nests showed that some nests re- 
main evident as long as five years. 
During the three years of the study, 
the successful nests remained as the 
birds left them if they did not con- 
tain one or more unhatched eggs. 
Eggs left in nests were removed by 
scavengers within a year or two. 
The shells of eggs that had hatched 
decomposed slightly and slowly be- 
came covered with litter from the 
sagebrush. Nests destroyed before 
hatching seldom remained evident 
more than two years. On these, 
shells are often broken into small 
fragments and are scattered around 
the nesting area. They become in- 
conspicuous in the litter or disap- 
pear. In 1969, a nest destroyed five 
years before contained only one 
small shell fragment. No other evi- 
dence of this nest remained. Suc- 
cessful nests have many large pieces 
of shell left that persist much longer. 
Some shells and shell membranes 
were still evident in one nest five 
years after the eggs hatched. An- 
other marked nest contained shell 
fragments after five years although 
it had been damaged by sheep con- 
gregating in the corner of a pasture 
that had been fenced since 1966. In 
both cases, the nest itself was dis- 
cernible. Another nest site was de- 
stroyed by the fencing operation 
and I was unable to find the re- 
maining nest marked in 1966. 

Discussion and Management 
Implications 

The cessation of nesting on an 
area that was sprayed in 1964 and 
the near lack of nesting on other 
sprayed areas suggests that the her- 
bicide treatment to control shrubs 
is detrimental. Finding a nest on 
the area sprayed five years before 
gives an indication of recovery, but 
this is nullified somewhat since no 
birds nested on that same plot dur- 
ing the sixth or seventh year. I 
would expect a sprayed area to be 
out of use for at least five years and 
perhaps more. I believe it would 
take at least ten years to regain the 

original carrying capacity. Judging 
from areas not sprayed, the shrub 
cover would have to be 10% or more 
before grouse would find sprayed 
areas suitable for nesting. The 
length of time for recovery would 
be dependent on: (1) the degree of 
kill originally, (2) the amount of 
other shrubs remaining on the area, 
and (3) the speed of recovery of 
sagebrush. 

Sprayed areas recovered more 
rapidly for brooding than for nest- 
ing. Two areas, those sprayed in 
1959 and 1961, had recovered 
enough to be used from 1964 
through 1966, but not the area 
sprayed in 1962. Again, the effec- 
tiveness of shrub control is involved 
and the 1962 spray was quite effec- 
tive. While the more successful con- 
trol treatments may be quite detri- 
mental, more generally, herbicide 
treatment appeared to have the 
effect of decreasing carrying capac- 
ity for broods rather than totally 
eliminating grouse. I would expect 
decreased numbers for about five 
years. The lack of shrub cover and 
the lack of food probably are the 
factors bringing about the decrease. 
The total basal area of forbs was 
less on the areas that had been 
sprayed and sprayed-burned, but the 
sample was inadequate to determine 
differences in individual species. 
Broods selected areas where food 
was available (Klebenow, 1969). 

Al though spraying with herbi- 
cides can result in decreased abun- 
dance of forbs (Keith et al., 1959), 
leading to a decrease in some food 
plants, sprayed areas may still be 
suitable for broods because other 
species of plants may become more 
abundant. Common dandelion (Ta- 
raxacum officinale) and common 
salsify (Tragopogon dubius) were 
important food plants (Klebenow 
and Gray, 1968). They were more 
abundant on brood sites than where 
no broods were found (Klebenow, 
1969) and although not significantly 
different, there were higher fre- 
quencies of these two species in 
sprayed areas than in areas that had 
not had a spray treatment: common 
dandelion had a frequency of 5.6% 

on sprayed areas vs. 1.1% on areas 
not sprayed; common salsify, 0.6% 
and 0.2%, respectively. 

Another factor that has manage- 
ment implications is that the grouse 
did not distribute themselves evenly 
throughout the sagebrush grassland. 
The grouse nested between 5,400 ft 
and 5,800 ft elevation and within 
these elevations, distributions were 
even if vegetation cover was ade- 
quate. In the areas with little shrub 
canopy cover, grouse nested in the 
more dense portions. Grouse did 
not nest in the most dense stands 
of sagebrush (Klebenow, 1969). 
During May and early June, broods 
were evenly distributed, but by 
mid-June, they had begun concen- 
trating on the more mesic sites that 
contained green food plants after 
the vegetation on adjoining sites 
had dried. The swales that con- 
tained bitterbrush were such sites 
(Klebenow, 1969). Others (Gill, 
1965; Carr, 1967) have reported 
birds concentrating in the stream 
drainages that run through the sage- 
brush areas. The effect of control- 
ling sagebrush in these concentra- 
tion areas should be carefully 
considered; we need studies to show 
conclusively how grouse react when 
such controls are made. I believe 
that carrying capacity would de- 
crease considerably. Variation exists 
in the effectiveness in shrub control 
from one area to another, therefore, 
some areas recover faster and some 
take longer. Johnson (1969) re- 
ported that in 14 to 17 years, sage- 
brush regained its original abun- 
dance in central Wyoming. It 
would probably not take that long 
to recover for grouse. 

Although the evidence from the 
burning treatments was inconclu- 
sive, I speculate that this shrub 
treatment technique has a place in 
sage grouse habitat management. 
The time that had elapsed since the 
last fire masked its effect in the 
habitat on the study area. Also, 
using wild-fires to determine the ef- 
fect of this treatment is not a satis- 
factory means of judging this con- 
trol method. Blaisdell (1953) and 
Pechanec et al. (1954) all stress the 
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necessity of careful planning of the 
burns, followed by proper range 
management. Planning does not 
occur with wild-fires. If planning 
included consideration of the time 
of year when fire could be used 
effectively, comparable to the 
stage-of-growth guidelines used in 
spraying and consideration of the 
conditions under which desirable 
vegetation receives the least dam- 
age, fire could possibly be useful in 
sage grouse habitat management. 
?‘he increased forb production that 
follows burning and the mosaic of 
vegetation that results from burn- 
ing (Blaisdell, 1953) are factors that 
favors further experimentation with 
this treatment in sage grouse habi- 
tat. 
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Timber milkvetcb, Astrugdus miser ranges from Colorado and Utah to 

var. oblongifolius, was treated with British Columbia. Both cattle and 
esters of 2,4,5-T and silvex at 2 lb./acre. 
The concentration of miserotoxin, the 

sheep are affected by the plant, but 

poison contained in the plant, de- 
losses among cattle are considerably 

creased rapidly after treatment. After higher. In British Columbia, cattle 
4 weeks, treated plants contained only losses of 3 to 5% are common from 
one-third as much miserotoxin as the timber milkvetch (MacDonald, 
controls. 1952). In some areas 20 to 30% of 

the animals may be affected 

Poisonous taxonomic varieties of 
timber milkvetch, Astragalus miser 
Dougl. ex Hook., cause moderate to 
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(Nicholson, 1963). 
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vetch (Barneby, 1964), three are 
poisonous: o b longifolius (Rydb.) 
Cronq.; serotinus (Gray) Barneby; 
and hylophilus (Rydb.) Barneby 
(Williams and Norris, 1969). Vari- 
ety oblongifolius occurs on high 
mountain ranges from Colorado 
and Utah to southern Wyoming 
and southeastern Idaho while vari- 
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ety hylophilus grows in Yellowstone 
and Grand Teton National Parks 
and adjacent Wyoming, Montana, 
and Idaho. Variety serotinus is 
found in British Columbia, the up- 
per Columbia Basin of Washington, 
and the mountains of western Al- 
berta. 

Poisonous varieties of timber 
milkvetch contain miserotoxin, the 
p glucoside of 3-nitro- 1 -propanol 
(CgH1,NOs) (St ermitz et al., 1969). 
Miserotoxin is metabolized in the 
rumen of cattle and sheep to 3- 
nitro-l-propanol (S-NPOH) which 
is rapidly absorbed and transported 
to the brain where it affects sites 
con trolling respiratory and muscu- 
lar responses (Williams et al., 1969); 
(Williams et al., 1970). Metabo- 
lism of miserotoxin also yields 
inorganic nitrite which combines 
with hemoglobin to form methemo- 
globin. Blood methemoglobin con- 
centrations of 25 to 30% of total 
hemoglobin are common in affected 
animals. Methemoglobin analysis, 
therefore, can be used as a test for 
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necessity of careful planning of the 
burns, followed by proper range 
management. Planning does not 
occur with wild-fires. If planning 
included consideration of the time 
of year when fire could be used 
effectively, comparable to the 
stage-of-growth guidelines used in 
spraying and consideration of the 
conditions under which desirable 
vegetation receives the least dam- 
age, fire could possibly be useful in 
sage grouse habitat management. 
?‘he increased forb production that 
follows burning and the mosaic of 
vegetation that results from burn- 
ing (Blaisdell, 1953) are factors that 
favors further experimentation with 
this treatment in sage grouse habi- 
tat. 
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ety hylophilus grows in Yellowstone 
and Grand Teton National Parks 
and adjacent Wyoming, Montana, 
and Idaho. Variety serotinus is 
found in British Columbia, the up- 
per Columbia Basin of Washington, 
and the mountains of western Al- 
berta. 

Poisonous varieties of timber 
milkvetch contain miserotoxin, the 
p glucoside of 3-nitro- 1 -propanol 
(CgH1,NOs) (St ermitz et al., 1969). 
Miserotoxin is metabolized in the 
rumen of cattle and sheep to 3- 
nitro-l-propanol (S-NPOH) which 
is rapidly absorbed and transported 
to the brain where it affects sites 
con trolling respiratory and muscu- 
lar responses (Williams et al., 1969); 
(Williams et al., 1970). Metabo- 
lism of miserotoxin also yields 
inorganic nitrite which combines 
with hemoglobin to form methemo- 
globin. Blood methemoglobin con- 
centrations of 25 to 30% of total 
hemoglobin are common in affected 
animals. Methemoglobin analysis, 
therefore, can be used as a test for 
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Table 1. Miserotoxin content (%) of timber milkvetch after treatment on June 12, 1969, with esters of silvex and 
2,4,5-T at 2 lb./acre. 

Collec- 
tion 
date 

Control Treated with Silvex Treated with 2,4,5-T 

Condition Misero- Condition Misero- Condition Misero- 
of plant toxin of plant toxin of plant toxin 

June 12 Bloom 2.1 
June 19 Past bloom 2.4 
July 2 Early pod 2.5 
July 9 Pod 2.3 
July 17 Late pod 2.0 
July 24 Past seed 1.9 
July 31 25% bleached 1.6 
Aug. 7 40% bleached 1.3 
Aug. 14 80% bleached 0.9 
Aug. 21 100% bleached 0.4 

Bloom 
Past bloom 

10% bleached 
50% bleached 
90% bleached 
95% bleached 

100% bleached 

2.1 
1.9 
0.9 
0.6 
0.5 
0.5 
0.3 
- 
- 
- 

Bloom 
Past bloom 

5% bleached 
40% bleached 
80% bleached 
90% bleached 

100% bleached 

timber milkvetch poisoning. Pri- 
mary cause of death, however, is 
from absorption of lethal amounts 
of 3-NP0H. 

Miserotoxin is found primarily 
in green leaves, with smaller 
amounts in flowers, seeds, crowns, 
and roots. Plants are most poison- 
ous from emergence to early pod 
(Williams and Binns, 1967). When 
leaves bleach after seed dispersal, 
miserotoxin content drops rapidly. 
Plants may contain 3.5% misero- 
toxin by dry weight during active 
growth, whereas bleached plants 
collected in August or September 
usually contain 0.4% or less. 
Bleached plants are those in which 
the top growth has died and no 
green color is present. Bleaching of 
leaves is of primary importance in 
detoxication. Miserotoxin concen- 
tration is unaffected when green 
leaves are dried in a forced air oven 
at 60 C. The potency of dried green 
plant remains high for 5 years or 
more (Williams and Binns, 1967). 

Cronin and Williams (1964) re- 
ported that 2 lb./acre (ae) of the pro- 
pylene glycol butyl ether esters of 
(2,4,5-trichlorophenoxy)acetic acid 
(2,4,5-T) and Z-(2,4,5-trichlorophe- 
noxy)propionic acid (silvex) con- 
trolled timber milkvetch (var. ob- 
Zongifolius) on mountain meadows 
in Utah. Feeding trials with cattle 
established that plants treated with 
silvex and 2,4,5-T were less toxic 
than untreated ones (Williams and 
Binns, 1967). The superiority of sil- 
vex as a detoxicant appeared to be 
related to the rapidity with which 

it caused the leaves to bleach. Field 
observations indicated that high 
concentrations of miserotoxin were 
associated with green leaves and 
that any process that bleached the 
leaves, whether by herbicidal action 
or natural senescence, greatly re- 
duced the concentration of the poi- 
son in the plant. 

The purpose of the present ex- 
periment was to treat timber milk- 
vetch with silvex and 2,4,5-T, to 
determine the rapidity of detoxica- 
tion in treated against untreated 
plants, and to compare the two her- 
bicides for effectiveness as detoxi- 
cants. 

Materials and Methods 

Plots were established in a ran- 
domized block on an open meadow 
at 6,500 ft elevation in the Wasatch 
Mountains east of Logan, Utah. 
Plots, replicated 4 times, measured 
8 by 40 ft. Timber milkvetch (var. 
oblongifolius) occurred at a density 
of 1 to 2 plants per square foot. 
Plots were treated with the propyl- 
ene glycol butyl ether esters of sil- 
vex and 2,4,5-T at 2 lb./acre (ae) on 
June 12, 1969, when plants were in 
full bloom. Whole plant samples 
(aerial portion) were collected 
weekly from each plot until treated 
and control plants were completely 
bleached. Samples were not col- 
lected during the week of June 26 
because rain prevented travel to 
the area. 

Foreign material was removed 
from samples and plant material 
was pooled by date and treatment. 

2.1 
1.7 
1.2 
0.8 
0.7 
0.6 
0.4 
- 

- 

The plants were dried at 60 C in a 
forced air dryer, then ground to 40 
mesh and stored in sealed contain- 
ers. Percent miserotoxin was deter- 
mined from the average of four 
samples from each date by the 
method previously described (Wil- 
liams and Norris, 1969). 

Results and Discussion 

The concentration of miserotoxin 
in untreated plants increased for 
three weeks after treatment or until 
plants were in the early pod stage 
of growth (Table 1). Miserotoxin 
reached 2.5% on July 2, then de- 
creased slowly through July 24. 
After July 31 the control plants 
bleached rapidly accompanied by a 
marked decrease in miserotoxin 
level at each date thereafter. 

In the experiment, herbicidal 
action was retarded for nearly 2 
weeks by rain which began 3 days 
after treatment. Treated plants 
bleached rapidly when normal 
weather returned in late June. The 
miserotoxin level in treated plants 
dropped below 2.0% within 1 week 
after treatment (June 19). This 
level was not reached in control 
plants until July 24. Miserotoxin 
content in treated plants was ap- 
proximately one-third that of the 
controls four weeks after treatment. 
Silvex-treated plants contained the 
same level of miserotoxin July 2, 
three weeks after treatment, as did 
the controls on August 14, six weeks 
later. Both treated and untreated 
plants contained equivalent levels 
of miserotoxin when completely 
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bleached; however, treated plants 
reached this stage 3 to 4 weeks 
earlier than the controls. 

Although silvex-treated plants 
were generally lower in miserotoxin 
than 2,4,5-T-treated plants, the dif- 
ferences were too small for practical 
consideration. Silvex-treated plants 
usually bleach more quickly; there- 
fore, silvex may provide more im- 
mediate detoxication than 2,4,5-T. 

Once 50% or more of the leaves 
were no longer green, either from 
herbicide treatment or through 
natural senescence, miserotoxin con- 
tent was usually less than 1%. 
While livestock losses are unlikely 
after 50% of the leaves have 
bleached, no safe miserotoxin level 
should be assumed. Consideration 
must be given to the quality and 
density of other available forage 
and the class of livestock utilizing 
the infested area. Cattle are more 
susceptible to the poison than sheep. 

% 

GIFFORD ET AL. 

Under range conditions, more lac- 
tating animals seem to die from in- 
gestion of timber milkvetch than 
dry animals. Timber milkvetch 
treated with 2,4,5-T and silvex 
should not be grazed until the 
plants are thoroughly bleached. 
The low miserotoxin content and 
the unpalatability associated with 
dried and bleached plants would 
then greatly reduce further danger 
of poisoning. 
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a demand for increased knowledge 
concerning range and watershed 
values as influenced by vegetation 
manipulations in this type. 

The authors, in a recently com- 
pleted infiltrometer study of 14 
chained pinyon-juniper sites in cen- 
tral Utah, have shown that conver- 
sion of pinyon-juniper to grassland 
(regardless of length of time since 
treatment) does not necessarily in- 
crease or decrease infiltration rates 
or always reduce sediment yields 
from a given point on treated areas 
(Williams, Gifford, and Coltharp, 
1969). 

In another study, Gifford and 
Tew (1969) have found increased 
permeabilities of surface soils from 
a chained and windrowed site in 
southwestern Utah 6 months fol- 
lowing treatment. Soils from an- 
other site in southeastern Utah 
(same study) showed a similar trend, 
although it was not statistically sig- 
nificant. Mechanical disturbance 
associated with double chaining 
with debris in place did not signifi- 
cantly increase surface soil perme- 
abilities at either site. 
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nificant. Mechanical disturbance 
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Table 1. Brief description of study sites1 near Blanding, Utah. 

Project2 

Percent coveti Annua15 
precipi- 

Date Un- tation Grazing 
seeded3 treated Treated (inches) history 

1. Peters Point 
Location # 1 1964 
Double chained 
and debris in place 

O-6 3-18 14 

Location # 2 1960 
Double chained 
and debris in place 

2. Brush Basin 1962 
Double chained 
and debris in place 

3. Alkali Ridge 1961 
Double chained 
and debris in place 

4. Job #149 1965 
Double chained 
and debris in place 

5. Utah State University 
study sites 
Location # 1 1967 
Double chained 
and debris in place 
Location # 2 1967 
Double chained 
and windrowed 

O-6 O-38 14 

O-6 Z-30 16 

O-8 o-23 11-12 

04 O-25 11-12 No grazing until 1969. 

0 0 11-12 

0 0 II-12 

Negligible summer use 
before treatment. After 
treatment light summer 
use except heavy use 
around water. 
Same as # 1 

Before treatment negli- 
gible use, after treat- 
ment stocked at 5 acre/ 
AUM. 
Negligible use before 
treatment, after treat- 
ment stocked at 5 acre,/ 
AUM. 

No grazing 
treatment 

No grazing 
treatment 

since 

since 

l Elevations of all sites were between 6,000 and 7,000 feet above sea level. 
2 Windrowed sites were drill seeded and non windrowed sites were broadcast seeded. 
3 Seeded primarily to crested wheatgrass at 6-8 lbs./acre in fall unless otherwise indi- 

cated. 
’ Percent plant cover on infiltrometer plots (excludes canopy coverage of pinyon-juniper 

on untreated plots). 
‘Annual precipitation values taken from the annual normal precipitation map for the 

Stale of -Utah (1931-1960). 

Little change in surface runoff 
and soil moisture patterns has been 
found following clearing of pinyon- 
juniper in Arizona (Skau, 1964; 
Brown, 1965; Callings and Myrick, 
1966). 

The objective of this project was 
to study infiltration rates and sedi- 
ment production at given points on 
converted and nearby untreated 
pinyon-juniper sites in southern 
Utah. 

Methods 

A Rocky Mountain infiltrometer 
(Dortignac, 1951) was utilized to 
simulate high intensity (3 inches/ 
hr or greater) rainfall on plots ap- 

proximately 2.5-ft2 in area. Four- 
teen treated and nearby untreated 
pinyon-juniper sites near Blanding 
and Milford, Utah were sampled 
with 325 infiltrometer plots during 
the summer of 1968. Tables 1 and 
2 give a brief description of each 
site. 

All plots were pre-wet a mini- 
mum of 2 to 3 hours before infil- 
trometer runs began. Runoff was 
measured at selected time intervals 
during each infiltrometer run. 
Simulated rainfall was applied to 
each plot until a constant runoff 
rate was reached (generally 25 min- 
utes were sufficient). 

Sediment was measured by col- 

lecting total runoff plus sediment 
from each plot, mixing thoroughly, 
and finally obtaining a l-quart sam- 
ple. The water was then evaporated 
off, sediment oven-dried, and sam- 
ple weights converted to tons per 
acre. 

Soils in the study sites were de- 
rived from colluvium, alluvium, 
residium, and eolian of mainly sedi- 
mentary and volcanic rocks (Mil- 
ford area) and sandstones and shales 
(Blanding area). 

Results and Discussion 

Pinyon- Juniper Sites Near 
Blanding, Utah 

Table 3 shows mean infiltration 
rates (inches/hr) during specified 
time intervals and Figure 1 denotes 
relative differences in sediment pro- 
duction from treated and nearby 
untreated conditions on six pinyon- 
juniper sites studied near Blanding, 
Utah. As noted from Table 1, age 
of treatment varied from 1 to 8 
years. 

U.S.U. (Utah State University) 
Study Site.-No significant differ- 
ences in infiltration rates are indi- 
cated between treated and untreated 
conditio,ns during any time interval 
on the area which had been double 
chained with debris left in place 
(item 1, Table 3). However, on the 
area with debris windrowed, the 
untreated area showed significantly 
higher infiltration rates during the 
time interval 8 to 18 minutes fol- 
lowing start of simulated rainfall. 
There were no significant differ- 
ences between treated and un- 
treated areas with regard to sedi- 
ment production. 

Area 149, Brush Basin, Peters 
Point #l, and Peters Point #2.- 
No significant differences between 
treated and untreated conditions 
are indicated for either infiltration 
rates (Table 3) or sediment yields 
(Fig. 1). 

Alkali Ridge.-At the Alkali 
Ridge site, the following four ex- 
closures were located within the 
treated area: (1) everything ex- 
cluded, (2) rabbits only, (3) deer 
only, and (4) deer and rabbits only. 
As noted in Table 3, infiltration 
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Table 2. Brief description of study sites1 near Milford, Utah. 

Project2 

Percent covel-4 Annua16 
precipi- 

Date Un- tation 
seeded3 treated Treated (inches) 

Grazing 
history 

1. Indian Peaks 
Location # 1 
Chained and 
windrowed 

1 96438 O-10 O-20 10 

Location # 2 
Chained and 
windrowed 

1 9603b O-10 o-35 11 

Location #3 
Double chained 
and debris in 
place 

Location #4 
Chained and 
windrowed 

1961”” o-1 O-66 11 Same as #l 

2. New Arrowhead 1962- 
mine. Chained 643b 
and windrowed 

3. Jockeys 
Chained and 
windrowed 

1958”” 

4. Indian Creek 1959”” 
Conservation Area 
Chained and 
windrowed 

5. Utah State 1 9673c 
University study 
sites. Chained 
and one-half 
windrowed and 
one-half debris 
in place 

0 O-30 12 

0 2-76 15 

o-2 O-40 12+ 

o-3 O-20 12 

o-4 o-4 12 

Grazed in spring, summer 
and fall before treatment 
grazed in mid and late 
summer in rotation system 
after treatment. 

Grazed in spring, summer 
and fall before treatment 
grazed in late spring and 
early summer in a rotation 
system after treatment. 

Before treatment very little 
use because of the heavy 
trees and lack of feed. The 
seeding is now used from 
June 15 to August 31. 
In 1968 it was used until 
August 10. 

Grazed year around before 
treatment-grazed only in 
spring and early summer 
after treatment. 

Grazing spring and summer 
before treatment-after 
treatment it has been 
grazed in rotation system 
with few numbers. 

l Elevations of all sites except New Arrowhead Mine were between 6,000 and 7,000 feet 
above sea level. New Arrowhead Mine elevation was 7,000 to 8,000 feet. 

’ Windrowed sites were drill seeded and non windrowed sites were broadcast seeded. 
s Seeded to a.) pubescent wheatgrass, b.) intermediate wheatgrass, c.) crested wheatgrass; 

at 6-8 lbs/acre in fall unless otherwise indicated. 
c Percent plant cover on infiltrometer plots (excludes canopy coverage of pinyon-juniper 

on untreated plots). 
5 Annual precipitation values taken from the annual normal precipitation map for the 

State of Utah (1931-1960). 

rates were significantly greater after 
approximately 6 minutes of simu- 
lated rainfall in the deer-only ex- 
closure and on the treated area 
(outside exclosures) after 8 minutes. 
Similarly, in the exclosure exclud- 
ing everything, a significantly 
higher infiltration rate was observed 
during the 8 to 23-minute time in- 
terval. A significantly higher infil- 
tration rate was indicated for the 
deer-and-rabbit-only exclosures dur- 
ing the time interval 18 to 23 
minutes. NoI significant infiltration 
rate differences were noted between 
treated and untreated conditions as 
related to the rabbits-only exclo- 
sure, though the trend was the same 
as noted above. 

As noted in Figure I, sediment 
yields are significantly greater from 
untreated conditions than from the 
deer-and-rabbits-only exclosure and 
the everything-excluded exclosure. 
Differences were not significant be- 
tween the other treated vs. un- 
treated conditions, though the un- 
treated condition appeared to yield 
more sediment in each case. 

Pinyon- Juniper Sites Near 
Milford, Utah 

Table 4 shows mean infiltration 
rates during specified time intervals 
and Figure 2 denotes relative differ- 
ences in sediment production from 
treated and untreated conditions on 
eight sites near Milford, Utah. As 
noted from Table 2, age of treat- 
ment varied from 1 to 8 years. 

Arrowhead Mine and Indian 
Peaks #I, 2,3, and 4.-As noted in 
Table 4 the infiltration rate during 
the 3 to 4 minute time interval on 
Indian Peaks #l site was signifi- 
cantly greater on the untreated area. 
No significant differences in infil- 
tration rates between treated and 
untreated conditions were demon- 
strated for any other time intervals 
on Indian Peaks numbers 1, 2, 3 
and 4, or Arrowhead Mine. Also, 
as noted in Figure 2, there were no 
significant differences in sediment 
production between treated and un- 
treated conditions on any of the 
above areas. 

U.S.U. Study Site.-No significant 
differences in infiltration rates are 
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Table 3. Mean infiltration rates (inches/hr.) during specified time intervals 
(minutes) on various pinyon-juniper sites near Blanding, Utah. 

Treated 
(T) and Time intervals 

Site1 (U) 3-4 4-5 5-6 6-7 7-8 8-13 13-18 18-23 23-28 

USU study site 

(Debris in place) 

USU study site 

(Debris windrowed) 
Area 149 

Brush Basin 

Peters Point 

#1 
Peters Point 

#2 
Alkali Ridge 
(everything except 
deer excluded) 

Alkali Ridge 
(everything excluded) 
Alkali Ridge 
(Including cattle) 
Alkali Ridge 
(excluding every- 
thing except deer 
and rabbits) 

Alkali Ridge 

T 
U 
T 
U 
T 
U 
T 
U 
T 
U 
T 
U 
T 
U 

T 
U 
T 
U 
T 
U 

T 

4.2 4.0 3.6 3.3 3.4 3.4 2.6 2.4 2.4 
3.9 3.7 3.9 3.9 3.8 3.4 3.2 2.7 2.6 
4.2 4.2 4.0 3.7 4.0 3.0 2.6 2.6 2.5 
3.9 3.7 3.9 3.9 3.8 3.4” 3.2” 2.7 2.6 
3.2 3.8 3.6 3.1 3.4 2.1 2.1 2.0 1.8 
3.8 3.9 3.8 3.5 3.4 2.7 2.3 2.2 2.2 
3.0 2.8 2.6 2.4 2.2 1.8 1.4 1.4 1.4 
2.7 2.3 2.6 2.3 2.1 1.8 1.5 1.6 1.5 
4.0 3.6 2.6 2.7 2.4 1.5 1.4 1.4 1.4 
4.6 3.4 3.0 3.0 2.7 1.8 1.6 1.6 1.5 
4.0 3.6 3.4 2.8 2.7 1.9 1.8 1.7 1.6 
4.6 3.4 3.0 3.0 2.7 1.8 1.5 1.6 1.5 
3.9 3.8 3.7 3.7” 3.3 29**24**23**22** . 
3.0 2.9 2.9 2.7 3.0 1.7 1.5 1.4 1.4 

3.6 3.6 3.4 3.4 3.5 2.7* 2.1* 1.9* 1.7 
3.0 2.9 2.9 2.7 3.0 1.7 1.5 1.4 1.4 
3.3 3.1 3.0 3.0 2.9 2.3” 2.0” 1.9” 1.9:‘: 
3.0 2.9 2.9 2.7 3.0 1.7 1.5 1.4 1.4 
3.4 3.4 3.4 3.1 3.0 2.4 2.1 2.1” 2.0 
3.0 2.9 2.9 2.7 3.0 1.7 1.5 1.4 1.4 

3.7 3.8 3.6 3.1 2.8 2.0 1.6 1.5 1.5 
3.0 2.9 2.9 2.7 3.0 1.7 1.5 1.4 1.4 (excluding everything U 

except rabbits) 

1 See Table 1 for a brief description of sites. 
* Significantly larger at 5% level of probability than other value in pair. 

** Si g nificantly larger at 1% level of probability than other value in pair. 

’ II.,. indicates no eignificant diffen~ce between treated and untreated. 

FIG. 1. Relative sediment yields from six P-J sites near Blanding, Utah. 

shown (Table 4) between the area 
which had been double chained 
with debris left in place and the un- 
treated area. The area with wind- 
rowed debris had a significantly 
lower infiltration rate than the un- 
treated area during the time inter- 
val 13 to 28 minutes following start 
of simulated rainfall. This probably 
resulted because vegetative cover 
was lacking on the newly wind- 
rowed area. 

Significantly more sediment was 
moved from the windrowed area 
than from untreated areas. Sedi- 
ment yields from the chained with 
debris in place area were similar to 
those from untreated areas. 

Jockey’s.-The treated area 
showed significantly higher infiltra- 
tion rates for all time intervals dur- 
ing simulated rainfall. In addition, 
and somewhat unexpectedly, signifi- 
cantly higher sediment was yielded 
from the treated area. 

Indian Creek Conseruation Area. 
-In contrast to the Jockey’s area, 
the untreated area shows signifi- 
cantly higher infiltration rates dur- 
ing the 5 to 6-minute time interval 
and all time intervals after 8 min- 
utes of simulated rainfall. No sig- 
nificant differences in sediment 
yields were apparent between 
treated and untreated conditions. 

Conclusions 

Infiltration and sediment data 
collected with a Rocky Mountain 
infiltrometer on 14 sites in southern 
Utah indicate that areas cleared of 
pinyon-juniper trees and seeded to 
grass show no consistent decrease or 
increase in sediment yields or infil- 
tration rates at a given point. Of 14 
sites studied, four (all with debris 
windrowed) indicated decreased in- 
filtration rates during one or more 
time intervals at points on the 
treated portion. Two sites indicated 
increased infiltration rates during 
one or more time intervals at points 
on the treated area. Eight sites 
showed no significant differences in 
infiltration rates between points for 
the treated and untreated condi- 
tions. As for sediment yields, one 
site had significantly less yield from 
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Utah (involving approximately 550 
infiltrometer plots), it may be con- 
cluded that generally infiltration 
and erosion rates at a given point 
have not been particularly affected 
as a result of treatment practices. 
If there are treatment effects, they 
may be either positive or negative. 

It is well known that many biotic, 
edaphic, and climatic variables in- 

I l.O- teract toI determine infiltration and 
e” 
4 Treated 

:: 
erosion rates at a point on given 

n.s. 
I Untreated landscapes. All of the above infil- 

P < .Ol .57 trometer data are being further ana- 
005~ n.8. lyzed to determine those factors 

important in determining or pre- 
.12 .lO dieting point infiltration rates and 

0.0 sediment yields on pinyon- juniper 
sites. Such analyses should aid in 

1 n.8. Indicates no significant difference between treated and untreated. 
future predictions of the effect at a 
given point that certain vegetation 

FIG. 2. Relative sediment yields from eight P-J sites near Milford, Utah. conversion practices have on water- 
shed parameters. 

points on the treated area and two results recently reported from study Literature Cited 
sites had significantly higher sedi- of 14 sites in central Utah (Williams 
ment yields from points on the et al., 19S9). After study of *S BROWN, H. E. 1965. Pre!iminary re- 

treated areas. treated pinyon-juniper sites (of vari- 
sults of cabling Utah jumper, Beaver 

These findings are similar to the ous age since treatment) throughout 
Creek Watershed Evaluation Project. 
In Proceedings, 9th Annual Arizona 

Table 4. Mean infiltration rates (inches/hr.) during specified time intervals 
(minutes) on various pinyon-juniper sites near Milford, Utah. 

Treated 
(T) and Time intervals 

Sit$ 
Untreated 

(U) 34 4-5 5-6 6-7 7-8 8-13 13-l 8 18-23 23-28 

Arrowhead Mine 

Indian Peaks 

#I 
Indian Peaks 

#2 
Indian Peaks 

#3 
Indian Peaks 

#4 
Jockeys 

USU study site 

T 4.0 4.0 3.2 3.0 2.7 2.8 2.6 2.5 2.5 
U 3.6 3.6 3.5 3.1 3.7 2.7 2.6 2.3 2.4 
T 3.1 2.5 2.3 2.2 2.0 1.7 1.6 1.5 1.5 
U 3.9”’ 3.2 2.7 2.2 2.2 1.8 1.7 1.6 1.6 
T 3.6 2.6 2.2 1.9 2.0 1.8 1.7 1.6 1.6 
U 4.0 3.3 2.8 2.3 1.2 1.8 1.8 1.7 1.7 
T 4.2 3.9 4.8 4.4 4.3 3.9 3.8 3.7 3.9 
U 5.4 4.9 5.1 4.9 4.7 4.2 4.0 3.9 4.0 
T 3.2 2.4 3.2 2.6 2.5 1.8 1.4 1.3 1.3 
U 4.0 3.4 3.1 2.6 2.7 2.5 2.3 2.1 2.1 
T 4.1”* 4.1”” 3.0”” 3.2”” 3.0”” 2.9”” 2.8”” 2.7”” 2.8”” 
U 2.0 1.8 1.7 1.5 1.6 1.3 1.0 1.0 1.0 
T 3.1 2.6 2.4 2.2 2.2 1.6 1.6 1.5 1.5 

Watershed $mposium, Tempe, Ari- 
zona, Sept. 22, p. 16-21. 

COLLINGS, M. R., AND R. M. MYRICK. 
1966. Effects of juniper and pinyon 
eradications on stream flow from 
Corduroy Creek Basin, Arizona. U.S. 
Geol. Surv. Prof. Paper 491-B. 12 p. 

GIFFORD, G. F., AND R. K. TEW. 1969. 
Influence of pinyon-juniper eradica- 
tion and water quality on permeabil- 
ity of surface soils. Water Resources 
Res. 5: 895-899. 

SKAU, C. M. 1964. Soil moisture stor- 
age under natural and cleared stands 
of alligator and Utah juniper in 
northern Arizona. U.S. Forest Serv., 
Rocky Mt. Forest & Range Exp. Sta. 
Res. Note RM-24. 3 p. 

WILLIAMS, G., G. F. GIFFORD, AND G. B. 
COLTHARP. 1969. Infiltrometer 
studies on treated vs. untreated pi- 
nyon-juniper sites in central Utah. 
J. Range Manage. 22:110-114. 

(Debris in place) U 3.5 3.0 2.9 2.7 2.7 2.2 2.1 2.1 2.0 

USU study site T 2.6 2.4 2.4 2.3 2.2 1.8 1.4 1.5 1.5 

(Windrowed) U 3.5 3.0 2.9 2.7 2.7 2.2 2.1” 2.0” 2.0” Longmont Seed Co. 
Indian Creek Res. T 3.8 3.1 2.6 2.2 2.1 1.6 1.3 1.2 1.3 We & Sell Western Gras Buy Range 
Conserv. Area U 3.8 3.7 3.7* 3.0 3.0 2.6* 2.2” 2.0” 2.0* & Legume Seeds 

1 See Table 2 for a brief description of sites. 
CONFRONT US with your RANGE 

PROBLEMS: Dhone: 303 + 776-1320 
LONGMON’T, COLORADo 80501 * Significantly larger at 5% level than other value in pair. 

** Significantly larger at 1% level than other value in pair. > 
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Highlight 
Paraquat applied at early anthesis of soft chess and wimmera ryegrass in- 

creased protein retention significantly in the following dry season. The rates 
of paraquat required varied with growth stage, from l/s to l/ lb./acre to cure 
grasses and 1/ to 1/2 lb./acre to cure rose clover and subclover. Curing grasses 
increased the protein retention of dry grasses only to the maintenance level of 
livestock. Seeding a legume is necessary to increase the summer protein above 
maintenance. Spraying with paraquat increased the protein retention of legumes 
to twice that needed for maintenance. 

Resumen2 
Un estudio anterior demostro que la aplicacion de “paraquat” en zacates 

anuales durante la antesis, aument6 el contenido de proteina de 57 a 77%, el 
f6sforo a 9.125% y se redujo la fibra cruda a un rango de 2 a 4’%. El presente 
estudio se llevo a cabo en 10s pastizales de California, incluyendo el secado de 
dos zacates y dos leguminosas, anuales ambas, a 10s que se les aplic6 “paraquat” 
durante la antesis, dando coma resultado un aumento significativo de1 contenido 
de proteina para la siguiente epoca seca. El contenido nutritional de 10s zacates 
fue a nivel de mantenimiento mientras que en las leguminosas aument6 al doble, 
recomend&ndose la siembra combinada de zacates y leguminosas para obtener 
mas proteina. La cantidad de “paraquat” por acre, varia de acuerdo a la &poca 
de crecimiento de l/ a Y4 lb. para zacates y de 1/ a 1/ lb. para las leguminosas. 

The use of paraquat (l,l”-di- 
methyl-4,4’-bipyridinium ion) to 
cure standing annual range forage 
has been described by Kay and 
Tore11 (1970). Paraquat applied to 
grasses at anthesis resulted in forage 
57 to 77% higher in protein, higher 
in phosphorus, and lower in crude 
fiber than unsprayed forage. The 
use of paraquat to cure subclover 
(Trifolium sub terraneum L.) pas- 
tures improved forage quality not 
only in the year of application but 
in the year following, as a result of 
a shift in species composition to 
more clover and less grass. 

Total forage production can be 
doubled (Kay, 1969) or tripled 
(Williams et al., 1956) by seeding to 
better forage species. Paraquat cur- 

l Thanks are due Mr. Joe Ruckman, 
Department of Agronomy and Range 
Science, University of California, for 
making the many laboratory analyses: 
and Chevron Chemical Co., for the 
paraquat and X-77 as well as financial 
support. Received October 20, 1969; 
accepted for publication March 21, 
1970. 

2 Por Donald L. Huss y E. Hernandez, 
Dep. de Zootecnia, ITESM, Monter- 
rey, N. L., Mexico. 

ing may be more economical on 
these higher-yielding pastures be- 
cause the cost of application is the 
same, and the herbicide rate is likely 
to be similar to that required on 
unseeded pastures. 

The following study compares 
forage values and paraquat rates re- 
quired to cure seeded annual grasses 
vs. seeded annual legumes. 

Materials and Methods 
The experiments were done at 

the University of California at 
Davis (50 ft elevation) over a 3-year 
period (1965-l 967). Two annual 
grasses, soft chess (Bromus mollis 
L.) and Wimmera ryegrass (Lolium 
rigidum Gaud.), and two annual 
legumes, Wilton rose clover (T. 
hirtum All.) and Mt. Barker sub- 
clover, were planted separately in 
rows 36 inches apart before the first 
fall rains. All were grown without 
supplemental irrigation. Because of 
differences in height, the grasses 
and clover were grown in sepa- 
rate randomized blocks to, facilitate 
spraying. The grasses were 3 to 4 ft 
tall at spraying, and the clovers were 
1 to 2 ft. 

407 

In the first experiment, paraquat 
was applied logarithmically to in- 
vestigate rates from 0.25 to 4.0 lb./ 
acre in a total volume of 84 gpa 
with X-773 added at 0.1%. The 
material was applied either on May 
7 or on May 22. On the first date 
the grasses were in early anthesis, 
the rose clover at 50% bloom, and 
the subclover in full bloom. On 
May 22 the ryegrass was still green 
but in the dough stage. Soft chess 
plants varied from green to 50% 
dry. Rose clover was in full bloom, 
and subclover was all green and 
still blooming. Plants were clipped 
to ground level on July 26 and ana- 
lyzed for protein (Kjeldahl nitro- 
gen x 6.25). Selected samples were 
analyzed also for crude fiber. 

In the second and third experi- 
ments the paraquat was applied at 
constant rates to plots 20 ft long. 
Rates in the second trial were l/l6 to 
3 lb./acre and in the third trial l/s 
to 2 lb./acre, all with X-77 at 0.1% 
v/v in a total volume of 84 gpa. 

In the second experiment para- 
quat was applied on April 28 or 
May 10. On April 28 ryegrass was 
in the dough stage and all green, 
while soft chess was in the dough 
stage or later, with some basal leaves 
drying. Rose clover and subclover 
were both in full bloom. On May 
10 ryegrass was browning at the 
flower tips and basal leaves, and 
soft chess was either purple or 
brown. Fifty percent of the rose 
clover blossoms were shattered, but 
the leaves were still green. Sub- 
clover was green and flowering. 
Samples were collected for protein 
analysis on June 1, June 30, Septem- 
ber 6, and November 1. 

In the third experiment paraquat 
was applied either on May 5 or on 
May 18. On May 5 ryegrass was 
headed but in pre-anthesis, while 
about 50% of the soft chess had 
reached anthesis. Rose clover was 
in the bud stage and subclover was 
flowering. On May 18 ryegrass was 
in late anthesis and soft chess in 

3 X-77 is a trademarked nonionic 
spreader-activator containing alkyl- 
arylpolyoxyethylene glycols, free fatty 
acids, and isopropanol. 
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PARAQUAT- LB /ACRE 
FIG. 1. Effect of paraquat on percent protein retention on August 1; sprayed May 7. 

soft dough, while rose clover was in 
early bloom and subclover in full 
bloom. Samples were taken on July 
3 and September 28. 

Guard rows of the same species as 
the adjacent row were used in all 
trials to avoid spray drift onto the 
other treatments. All trials were 
replicated four times in either a 
split plot or randomized block de- 
sign. 

Results 

Experiment 1 

Protein retention was increased 
by all rates in all species when ap- 
plied on May 7 (Fig. 1). Spraying 
on May 22 produced no increase in 
protein retention in soft chess, and 
a much lesser increase in the other 
species compared with the earlier 
date (Fig. 2). At the later date, l/a 
lb./acre was enough to produce an 
increase in protein retention in rye- 
grass and subclover, but 1 lb./acre 
was required to increase the protein 
in rose clover. 

Spraying with paraquat on May 7 
reduced the percent crude fiber in 
the clovers but not in the grasses. 
Percent crude fiber in rose clover 
was reduced from 37.8% on the 
check to 30.7% when sprayed. Sub- 
clover was reduced from 33.8% to 
27.4%. With the May 22 spraying 
there was no decrease in percent 

fiber in any species except sub- 
clover, the latest-maturing species, 
which was reduced from 33.8% to 
28.8%. 

Experiment 2 

Although the calendar date of 
paraquat application was at least 1 
week earlier than in either of the 
other years, application was later 
phenologically. Only rose clover 
had an increase in protein retention 
from spraying on the second date. 
While there was an increase in pro- 
tein retention in both grasses from 
spraying at the earlier date, the 
magnitude of the increase was less 

than in the previous year, because 
of the late stage at which the plants 
were sprayed (Table 1). The in- 
crease in protein retention in the 
clover-s was similar to that obtained 
with spraying at the early date the 
previous year. 

The minimum amount of para- 
quat necessary to increase the pro- 
tein retention significantly was % 
lb./acre for soft chess and rose 
clover, and % lb./acre for subclover 
and ryegrass. The use of 2 lb./acre 
resulted in significantly higher pro- 
tein than the minimal rate in the 
November 1 samples. The addi- 
tional increase from the higher rate 
was not always significant at the 
earlier dates. 

Percent protein declined through- 
out the 6-month dry period between 
spraying and the final sample, 
which was taken just before the 
first fall rain. The decline was 
greatest in soft chess, and least in 
the clovers. The seasonal decline in 
protein was least with the highest 
rates of paraquat. 

Rainfall was recorded on 7 days 
during the period April 29 to No- 
vember 1, for a total of 1.05 inches. 
The largest amount was 0.40 inch, 
on September 13. The leaching 
from this rainfall may explain why 
many of the larger protein declines 
occurred between the September 6 
and November 1 samplings. A total 
of 0.60 inch fell in this period. 

0 f ; I 2 4 
PARAQUAT- LB /ACRE 

FIG. 2. Effect of paraquat on percent protein reterltion on August 1; sprayed May 22. 
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Table 1. Concentration of protein (%) in forage sprayed with paraquat on April 29 and subsequent dates sampled 
throughout the dry season. 

Species 
and para- 
quat rate (lb./acre) 

Decline (%) 

I- Apr. 29- 29 June 1 June 30 Sept. 6 June Nov. 1 April 
Nov. I Nov. 1 

Soft chess 

L 
‘/ 
li 
1/ 
1 
2 
LSD 0.05 

0.01 

Ryegrass 
0 
l/16 

%3 

l/a 

?42 

1 
2 
LSD 0.05 

0.01 

Rose clover 

ii6 

% 

34 

% 

1 

2 
LSD 0.05 

0.01 

Subclover 

ii6 

l/s 

l/a 

Y2 

1 
2 
LSD 0.05 

0.01 

7.8 5.2 4.1 3.8 3.2 38 59 
4.8 4.2 3.9 3.0 38 62 
6.3 4.3 4.1 3.6 43 54 
6.8 5.0 4.4 4.3 37 45 
5.8 5.2 4.6 4.7 9 40 
6.6 5.3 5.5 5.5 17 29 
7.6 6.7 6.0 5.8 24 26 
1.4 1.1 0.5 0.9 
1.9 1.6 0.7 1.2 

8.5 

14.8 

7.1 6.3 6.0 5.1 
6.2 5.6 5.1 4.8 
6.7 5.9 5.5 4.3 
8.8 6.8 6.0 5.7 
8.3 8.2 7.5 6.6 
8.1 7.4 6.6 6.4 
9.4 8.3 7.3 7.9 
1.7 1.6 1.2 0.8 
NS NS 1.6 1.0 

10.8 11.6 11.0 10.0 7 32 
14.0 12.9 11.2 11.7 19 21 
12.6 12.1 12.0 11.0 13 26 
14.6 13.4 13.8 11.6 20 22 
14.2 14.4 14.4 12.7 11 14 
14.0 15.0 12.8 14.2 +1 4 
15.2 14.7 14.3 13.6 11 8 
2.9 1.5 1.5 1.5 
NS 2.1 2.0 2.1 

13.4 10.9 11.8 10.1 10.2 6 24 
12.2 11.0 11.2 9.8 20 21 
11.9 12.0 10.0 9.2 23 31 
13.1 12.4 12.0 10.2 22 24 
13.3 13.9 12.7 12.4 8 7 
14.2 13.8 13.8 13.8 3 +3 
16.3 15.0 13.8 14.6 10 +9 

1.8 1.6 1.6 2.2 
2.5 2.2 2.2 3.0 

28 40 
23 44 
36 38 
26 32 
20 22 
21 25 
16 7 

Experiment 3 

The first date of application was 
earlier phenologically than in the 
other experiments and resulted in 
much better protein retention by 
the sprayed grasses (Fig. 3). Al- 
though the retention was still sig- 
nificantly increased by spraying on 
the second date, the increase was 
only about one-half that obtained 
from spraying earlier (Fig. 4). 

Percent protein declined again in 
all treatments as the season pro 
gressed. The decline between July 
3 and September 28 was similar to 
that noted in the previous year. 

soft chess, 1 lb.; rose clover, % lb.; 
and subclover, l/a lb. The increases 
in ryegrass were not significant at 
the second date. 

The amount of paraquat neces- Discussion and Conclusions 

sary at the early date to cause a sig- 
nificant increase in percent protein 

Spraying green forage with para- 

retention was % lb./acre for ryegrass 
quat resulted in cured standing for- 
age higher in percent protein in all 

and subclover, l/2 lb. for rose clover, experiments. 
and % lb. for soft chess. The values 

The amount of para- 
quat required depended on the 

per acre for the later date were: species and on the stage of plant 
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FIG. 3. Effect of paraquat on percent pro- 
tein retention on September 29; sprayed 
May 5. 

growth at spraying. As little as % 
lb./acre was sufficient if applied to 
soft chess at pre- or early anthesis, 
while l/4 lb./acre was the lowest suc- 
cessful rate on rye,grass, rose clover, ~ - 
and subclover. As the plants ma- 
tured, higher rates of par’aquat were 
required to retain protein, 

The minimum rates of paraquat 
required to retain protein in these 
experiments, as well as the de- 
cline in protein throughout the dry 
period, are similar to those reported 
for crested wheatgrass (Agropyron 
desertorum Fish. ex Link Schult.) in 
southeastern Oregon (Sneva, 1967). 
Crude protein in untreated crested 
wheatgrass declined 50% in a 40-day 
period, compared with an increase 
of 10% in sprayed plants. The in- 
crease was due to regrowth in this 
perennial species. Protein in un- 
treated grasses in the present ex- 
periments declined 40 to SO%, com- 
pared with 7 to 45% when plants 
were sprayed. Protein in the un- 
treated clovers declined 24 to 32%, 

FIG. 4. Effect of paraquat on percent pro- 
tein retention on September 29; sprayed 
May 18. 

compared with an increase of 9% to 
a decrease of 22y0 in treated plants. 

A question remains: is it better 
to plant grass species which can be 
sprayed to retain protein up to 
S.5%, or is it better to plant a clover 
which can be cured at 15 to 16y0? 
Cattle gains cease and losses begin 
when protein concentration falls be- 
low 7 or 8 percent (Wagnon et al., 
1942). Therefore, spraying grass in- 
creased protein only to a mainte- 
nance level. To raise the protein 
above such a level, legumes must 
be present, either sprayed or un- 
sprayed. It seems obvious that a 
clover would be the better choice. 
The difference in amount of para- 
quat necessary to increase the pro- 
tein level in clover, as compared 
with grass, is not great. Also, the 
total yield of a legume is usually 
greater than that of a grass. 

A problem encountered both in 
this study and in the series of 
range-curing experiments (Kay and 
Torell, 1970) was determining the 

Table 2. Moldiness of paraquat- 
cured forage on July 7 presented 
on a scale of 1 through 10; 10 = 
completely black. 

Paraquat 
Spraying dates 

Species (lb./acre) May 5 May 18 

Subclover 0 3 3 
%i 8 4 
l/a 9 4 
% 10 6 
1 10 5 
2 10 7 

Rose clover 0 1 1 
l/s 2 2 
l/ 2 5 
l/2 3 8 
1 10 9 
2 10 9 

correct time to spray. Both Sneva 
(1967) and Kay and Tore11 (1970) 
noted a relative decrease in forage 
yield in paraquat-sprayed pastures 
due to the growth which continued 
on the unsprayed pastures after 
the spraying date. Because of this 
growth it is important to wait as 
long as possible before spraying. 
However, forage should be sprayed 
just prior to the protein decline 
associated with early maturity. The 
onset of maturity can come very 
rapidly, and may not be detected. 
With annual grasses it seems best 
to plan to spray at the first sign of 
anthesis. Then if weather or other 
activities delay spraying a few days, 
it would still not be too late. 
Clovers bloom over a long period, 
and a spraying date might best be 
determined on the basis of soil 
moisture. 

Another reason to delay spraying 
as long as possible is to avoid rain- 
fall and the molding of hay which 
results. Although Kay and Tore11 
(1970) found that the mold result- 
ing from rain after spraying sub- 
clover pasture with paraquat did 
not seem to affect animal accept- 
ance, it is undesirable in that it 
represents a loss of carbohydrate. In 
experiment 3 a total of 1.0 inches 
of unseasonal rain fell between 
spraying and July 7. The clovers 
were blackened by a mold, with the 
degree of blackening increasing 
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Table 3. Desiccation (o/o) of forage 6 days after spraying at the early appli- 
cation date. 

Second experiment Third experiment 
Paraquat 

rate Rose Sub- Soft Rye- Rose Sub- Soft Rye- 
(lb./acre) clover clover chess grass clover clover chess grass 

0 0 0 50 0 0 0 0 0 
‘%6 0 0 50 0 - - - - 

l/s 10 10 50 10 5 2 10 5 
ya 25 25 75 30 10 5 10 10 
l/z 50 25 75 50 20 10 30 30 
1 75 25 95 90 30 20 60 50 
2 95 50 100 99 80 40 90 90 

with the amount of paraquat ap- 
plied (Table 2). Grasses were not 
seriously affected by the fungus. 
These unseasonably late rains also 
resulted in prolonged growth of the 
unsprayed clover and an increase 
in total production up to three 
times that of the sprayed clover. 

The amount of paraquat neces- 
sary to desiccate the different spe- 
cies within 6 days of the early 
spraying varied with species and 
year (Table 3). The grasses were 
desiccated by lower rates than were 
the clovers. Subclover was the most 

8 

resistant, never drying greater than 
50% even with 2 lb./acre. Earlier 
studies also showed subclover very 
resistant to damage from paraquat 
(Kay, 1964 and 1968). 

This report indicates that com- 
plete desiccation of the plants 
studied is not necessary for protein 
retention. While more than 1 lb./ 
acre was required for complete 
desiccation of any of the species 
tested, protein was retained with 
much lower rates. This was also 
noted in the work on curing range 
forage (Kay and Torell, 1970). 
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al mezquite (Prosopis glandulosa var. 
glandulosa), sin embargo esta tecnica 
solo es efectiva por tres 0 cinco afios a 
-causa de sus rebrotes. El objetivo de 
este estudio fue comparar 10s siguientes 
cinco mCtodos para re-controlar dichos 
rebrotes: 1. Tirando una cadena con 
dos Bulldozers, 2) Aplicaci6n foliar de 
Tordon 225, 3) Cortando con una cha- 
poleadora, 4) Aplicaci6n de diesel al 
tronco despuCs de cortado, y 5) Apli- 
caci6n de diesel a la base de tronco. En 
base al porciento de plantas muestras, 
el m&odo de cadena result6 mas eco- 
n6mico para Brboles de cinco o mas 
pulgadas de dihmetro, para dihmetros 
mas pequefios resulti> ser la aplicaci6n 
basal de diesel. 
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Many ranchers in Texas have 
used aerially applied herbicides to 
control mesquite (Prosopis glandu- 
Eosa var. glandulosa). But past work 
shows that this method is effective 
only for three to five years (Fisher, 
1952; Roach and Glendening, 1956; 
Fisher et al., 1959; Robison, 1963). 
Not only are results a problem but 
also standing dead growth restricts 
livestock movement and limits the 
ease with which livestock can be 
gathered. 

It is estimated that 30 to 35 mil- 
lion acres of brush in Texas have 
been treated, but regrowth has re- 
infested thousands of these acres. 
Rechenthin et al. (1954) estimates 
that of the 35 million acres, only 15 
million acres are still effectively con- 
trolled. Some of these controlled 
areas have been treated two or three 
times. Reinfestation is a constant 
problem on all treated rangeland. 
Considering these problems, what 
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resistant, never drying greater than 
50% even with 2 lb./acre. Earlier 
studies also showed subclover very 
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This report indicates that com- 
plete desiccation of the plants 
studied is not necessary for protein 
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Many ranchers in Texas have 
used aerially applied herbicides to 
control mesquite (Prosopis glandu- 
Eosa var. glandulosa). But past work 
shows that this method is effective 
only for three to five years (Fisher, 
1952; Roach and Glendening, 1956; 
Fisher et al., 1959; Robison, 1963). 
Not only are results a problem but 
also standing dead growth restricts 
livestock movement and limits the 
ease with which livestock can be 
gathered. 

It is estimated that 30 to 35 mil- 
lion acres of brush in Texas have 
been treated, but regrowth has re- 
infested thousands of these acres. 
Rechenthin et al. (1954) estimates 
that of the 35 million acres, only 15 
million acres are still effectively con- 
trolled. Some of these controlled 
areas have been treated two or three 
times. Reinfestation is a constant 
problem on all treated rangeland. 
Considering these problems, what 
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is the best method to retreat sprayed 
areas? 

The purpose of this study was to 
evaluate and compare five methods 
of controlling basal sprouts from 
aerially sprayed mesquite. Foliar 
spray with a mixture of 2,4,5-T and 
Picloram, basal application of diesel 
oil, stump application of diesel oil, 
shredding, and chaining were com- 
pared. The effectiveness of these 
treatments on mortality in relation 
to tree size was compared on a cost 
basis. 

Methods and Procedures 

Location and Description of Area 

This study was conducted on the 
Post-Montgomery Ranch in Lynn 
County, Texas, approximately 15 
miles southeast of Tahoka. The 
study sites were aerially sprayed in 
1963 and have an ample supply of 
mesquite trees with regrowth. Re- 
growth of these trees is also at the 
recommended age for retreatment. 

Relief of the study area is level 
to gently undulating. Elevation 
ranges from 3000 to 3300 ft. Geo- 
graphically, this area is on the 
Southern High Plains known locally 
as the Suuth Plains. 

Average annual rainfall is ap- 
proximately 19 inches. Distribution 
of precipitation varies widely from 
year to year, but almost 70% of the 
average annual precipitation falls 
during the growing season-May 
through September. 

Soils of the area are classified in 
the Amarillo loam series of the Red- 
dish Chestnut Great Soil Group. 
They are moderately deep perme- 
able loams and sandy clay loams. 
The surface soil is a grayish-brown 
loam to sandy clay loam in texture 
and from 5 to 10 inches in thick- 
ness. The reddish-brown subsoil is 
a sandy clay loam, which is calcar- 
eous below 16 to 24 inches. Depth 
to the layer of calcium carbonate 
ranges from 32 to 54 inches. 

Vegetation in the study area is 
typical of the southern mixed prai- 
rie. Climax vegetation is consid- 
ered to be blue grama (Bouteloua 
gracilis), side-oats grama (Bouteloua 
curtipendula), tobosagrass (Hilaria 
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mutica), and buffalograss (Buchloe 
dactyloides). The site still retains 
most of the original plants, but buf- 
falograss, tobosagrass, and mesquite 
are now dominant. 

Design and Treatments 

Each treatment was tested on 
three basal size classes with at least 
20 trees per size class: a) less than 3 
inches in diameter, b) 3 to 5 inches 
in diameter, and c) over 5 inches 
in diameter. In the chaining treat- 
ment 40 trees per size class were 
marked since these trees could not 
be treated individually as in the 
other treatments. The trees for each 
treatment were chosen at random 
on a 5- to IO-acre area. 

The following is a list of treat- 
ments and the dates of application: 

1) 

2) 

3) 
4) 

5) 

Chaining twice in opposite di- 
rections-April 27, 1968. 
Foliar spray application with 
Tordon 2253-June 27, 1968 
(75 days following the initia- 
tion of leaf development). 
Shredding-August 5, 1968. 
Stump application of diesel 
oil-August 7, 1968. 
Basal application of diesel oil 
-August 8, 19,68. 

Each of these treatments were ap- 
plied at the time of the year when 
they were thought to be most effec- 
tive. Results of the treatments were 
collected in August 1969. Each tree 
in the five treatments was individ- 
ually inspected for sprouting at this 
time, and was recorded as either liv- 
ing or dead. These data were sum- 
marized to show the percent mortal- 
ity in each treatment with respect 
to the various size classes. A Chi- 
square analysis was used to test for 
differences in mortality between 
treatments. In addition, cost per 
acre and cost per dead tree were 
calculated for each treatment. 

Results and Discussion 

Treatments 

FoCiar spray.-Tordon 225 killed 
30y0 of the small trees, 5% of the 

3 Trade names are mentioned for iden- 
tification only and do not imply en- 
dorsement by Texas Tech University. 

medium trees and none of the large 
trees. These results indicate that 
Tordon 225 is most effective on 
small trees (P < .05). 

The poor kills on the large trees 
were partially due to poor coverage 
with the spray. Approximately one 
month after treatment, certain 
branches on the large trees were 
fresh and green. This was not evi- 
dent on small trees, indicating a 
more uniform coverage was attained 
on the small size class. This agrees 
with the findings of Fisher et al. 
(1959) and Hoffman and Ragsdale 
(1959) that ground equipment used 
for foliar applications is feasible 
only for mesquite less than 6 ft tall. 

BasaZ spray.-Basal application of 
diesel oil gave the highest mortality 
rates of the five treatments. Mor- 
tality was 85% for the small size 
class and 80% for the intermediate 
and large size classes (Table 1). The 
effect of basal spray was the same 
regardless of tree size. 

The 85% kill obtained in the 1 
toI 3 inch size class indicates 1 pint 
of diesel per tree will give excellent 
results for small mesquite. Table 2 
shows the average amount of diesel 
used per tree for each size class. 
The overall mortality rates for this 
treatment are slightly higher than 
the 73% obtained by Fisher et al. 
(1959), but this is probably not a 
significant difference. 

Stump application.---The overall 
mortality percentage for stump ap- 
plication was less (P < .05) than that 
of the basal treatment (Table 1). 
This conflicts with the findings of 
Fisher et al. (1959). According to 
Fisher: 

“The kill of brushy mesquite 
may be improved greatly with 
a considerable saving of oil if 
the topwood and lateral stems 
are cut back to the stump prior 
to oiling.” 

The reason mortality in stump 
application is slightly lower than 
basal spray may possibly be con- 
nected with the thoroughness of ap- 
plication. As shown in Table 2, less 
diesel was used for the stump treat- 
ment than for the basal treatment. 
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Table 1. Mortality (%) for follow-up treatments on sprayed mesquite. 

Treatment 
Size class 

(basal diameter in inches) Mortality” 

Basal 
(Diesel oil) 

Stump application 
(Diesel oil) 

Foliar spray 
(Tordon 225) 

Chained 

Shredded 

1-3 85 
3-5 80 
>5 80 
l-3 50 
3-5 65 
>5 80 
l-3 30 
3-5 5 
>5 0 
1-3 0 
3-5 12 
>5 42 
l-3 0 
3-5 0 
>5 0 

B Based on 20 trees/size class, except for the chaining treatment which is based on 40 
trees/size class. 

This agrees with the findings of 
Fisher et al. (1959). Possibly, how- 
ever, more diesel should have been 
used to increase the penetration of 
oil into the bud zone, especially for 
the two larger size classes. 

Shredding.-Shredding was least 
effective of the five treatments. No 
mortality occurred among any of 
the size classes. 

Chaining.-Chaining was effec- 
tive on large trees (P < .05), but 
relatively ineffective on trees less 
than 5 inches in diameter (Table 
1). Trees smaller than 5 inches in 
diameter were seldom uprooted; the 
chain tended to “ride over” these 
trees breaking stems off at ground 
level. Percentage kill decreased 
from 42% for large trees to 12% for 
the 3 to 5-inch trees. No kills were 
obtained in the 1 to S-inch size class. 

Table 2. Rates (pints/tree) of diesel 
for basal and stump treatments. 

Treatments Rates 

Basal spray 
1-3” 1 
3-5 1.3 
>5 3.2 

Stump spray 
l-3 1 
3-5 1 

>5 2.4 

a Basal tree diameter in inches. 

These kills agree with the find- 
ings of Fisher et al. (1959), but 
conflict with those reported by 
Reynolds and Tschirley (1963). 
Reynolds and Tschirley report that 
mesquite trees should be larger than 
3 inches in diameter for chaining 
to be effective. Data from this 
study indicate that a 5-inch diam- 
eter should be the minimum limit. 
All trees reco,rded as dead, were 
completely uprooted with no evi- 
dence of resprouting. Trees that 
were only partially uprooted had 
prolific sprouting from the bud 
zone just below the soil surface. 

Cost of Treatments 
The approximate cost of each 

treatment was calculated on a per 

acre basis for various densities of 
mesquite (Table 3). Estimates are 
based on cost of chemical and 
labor, exclusive of equipment cost 
or rental. 

Wages at $2.00 per man hour 
were used in calculating labor cost 
for each treatment. The estimated 
man hours to apply diesel treat- 
ments varied from 2 to 4 hours per 
acre depending on the number of 
trees per acre; man hours to apply 
the foliar spray treatment varied 
from 2 to 6 hours per acre. Costs 
for chaining and shredding were 
based on local contract prices. 

Cost of diesel was 15 cents per 
gallon. The amount of diesel used 
per tree for the diesel treatments 
was calculated from Table 2. Since 
Tordon 225 is not sold at the pres- 
ent time, the cost was based on a 
suggested price of $26.80 per gallon 
(Dow Chemical Company, Lubbock, 
Texas). To obtain the % ae rate of 
2,4,5-T and Picloram, % gallon of 
chemical was used per 100 gallon of 
mixture. This amount of chemical 
would cost $13.40 and will treat 100 
trees, assuming that the trees vary 
evenly from small to large. 

Cost of applying diesel varied 
with the method of application. 
The basal treatment was cheapest 
at 10 cents per tree for all densities, 
whereas the stump treatment cost 
13 cents per tree. An estimated 
shredding cost of $2.00 to $3.00 per 
acre before applying diesel oil ac- 
counts for the three cent increase 
for stump treatment over basal 

Table 3. Estimated cost of treatments based on various tree densities per acre 
(includes labor and cost for diesel or chemical). 

Number of trees/acre 

Treatment 

Basal spray 

(Diesel oil) 
Stump application 

(Diesel oil) 
Foliar spray 

(Tordon 225) 
Chaining 

(Two way) 
Shredding 

50 80 110 

$ 6.00 $ 9.00 $12.00 

7.00 11.00 14.00 

11.00 19.00 27.00 

3.00 3.00 3.00 

2.00 2.50 3.00 
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Table 4. Estimated cost per dead tree 
in relation to tree size (inches basal 
diameter) assuming a medium den- 
sity of 80 trees/acre. 

Size class 

Treatment l-3 3-5 >5 

Basal spray 
(Diesel oil) $.ll $.12 $.17 

Stump 
application 
(Diesel oil) .24 .I9 .20 

Foliar spray 
(Tordon 225) .56 4.68 No kill 

Chaining No kill .31 .09 

treatment. These rates agree with 
those reported by Ames ( 1966), but 
are higher than those reported by 
Fisher et al. (1959). However, the 
cost stated by Fisher did not include 
labor at $2.00 per man hour. 

Based on the number of trees 
killed, basal spray is an economical 
method to kill small and medium 
size trees (Table 4). Costs ranged 
from 11 to 18 cents per dead tree, 
depending on the size and density 
of the mesquite. Stump application 
was more costly and less effective 
than the basal treatment. For trees 
greater than 5 inches in diameter, 
chaining was the most economical 
method. The cost for uprooting 

9 

large trees ranged from 15 cents per 
dead tree for light densities to 7 
cents for heavy densities. 

Foliar spray on small mesquite 
trees was effective, but did not 
compare favorably with other treat- 
ments because of cost. Shredding 
was least effective with regard to 
mortality of the five treatments. 
However, because of the low cost 
per acre, periodic shredding may be 
effective as a temporary control for 
low-growing mesquite. 

Summary and Conclusions 

Five methods of mesquite control 
were evaluated as follow-up treat- 
ments on trees that had already re- 
ceived an aerial spray treatment. 
Each metho,d was compared based 
on cost of treatments in relation 
to percent mortality. Costs varied 
with tree size, density, and method 
of application. 

No attempt was made in this 
study to compute the total costs in- 

* 

Based on mortality, chaining was 
most economical for trees greater 
than 5 inches in diameter. For 
smaller trees, basal spray was most 
economical. Stump application was 
slightly less effective than basal 
spray folr killing trees and was 
slightly higher because of added 
cost for shredding. Foliar spray was 
least economical. 
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ROBISON, E. D. 1963. Chemical brush 

stated that optimum rates of seed- 
ing depend on such a wide variety 
of conditions that few reliable sug- 
gestions could be offered. Gen- 
eralized rate recommendations have 
suggested adequate quantities of 
seed be planted to produce a full 
stand of grass (Plummer et al., 1955; 
Rummell and Holscher, 1955). 
Planting excessive amounts of seed 
was not recommended, however, be- 
cause of competition for moisture 
among seedlings (Rummell and 
Holscher, 1955; Hull, 1944). 

Generally, only some of the viable 
grass seeds planted produce seed- 
lings. Failure to emerge has been 
attributed largely to soil crusting, 
diseases, and alternate wetting and __- - 
drying (Cook et al., 1967). Unfavor- 
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Table 4. Estimated cost per dead tree 
in relation to tree size (inches basal 
diameter) assuming a medium den- 
sity of 80 trees/acre. 

Size class 

Treatment l-3 3-5 >5 

Basal spray 
(Diesel oil) $.ll $.12 $.17 

Stump 
application 
(Diesel oil) .24 .I9 .20 

Foliar spray 
(Tordon 225) .56 4.68 No kill 

Chaining No kill .31 .09 

treatment. These rates agree with 
those reported by Ames ( 1966), but 
are higher than those reported by 
Fisher et al. (1959). However, the 
cost stated by Fisher did not include 
labor at $2.00 per man hour. 

Based on the number of trees 
killed, basal spray is an economical 
method to kill small and medium 
size trees (Table 4). Costs ranged 
from 11 to 18 cents per dead tree, 
depending on the size and density 
of the mesquite. Stump application 
was more costly and less effective 
than the basal treatment. For trees 
greater than 5 inches in diameter, 
chaining was the most economical 
method. The cost for uprooting 

9 

large trees ranged from 15 cents per 
dead tree for light densities to 7 
cents for heavy densities. 

Foliar spray on small mesquite 
trees was effective, but did not 
compare favorably with other treat- 
ments because of cost. Shredding 
was least effective with regard to 
mortality of the five treatments. 
However, because of the low cost 
per acre, periodic shredding may be 
effective as a temporary control for 
low-growing mesquite. 

Summary and Conclusions 

Five methods of mesquite control 
were evaluated as follow-up treat- 
ments on trees that had already re- 
ceived an aerial spray treatment. 
Each metho,d was compared based 
on cost of treatments in relation 
to percent mortality. Costs varied 
with tree size, density, and method 
of application. 

No attempt was made in this 
study to compute the total costs in- 

* 

Based on mortality, chaining was 
most economical for trees greater 
than 5 inches in diameter. For 
smaller trees, basal spray was most 
economical. Stump application was 
slightly less effective than basal 
spray folr killing trees and was 
slightly higher because of added 
cost for shredding. Foliar spray was 
least economical. 
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Highlight establishment in relation to seeding 

Average first-year plants per foot 
rate was 9.3, 5.3, 3.7, and 2.6 in the 

of row were .37, .64, 1.34, and 2.80 
same order. Planting two-species mix- 

from pure live seed rates of 4, 12, 36, 
tures in various proportions and at 

and 108, respectively. Average percent 
increasing rates did not significantly 
influence plant numbers compared 
with pure species plantings at similar 

lcontribution No. 241, Ft. Hays rates. 
Branch, Kansas Agricultural Experi- 
ment Station. Con&ibution No. ills, 
Dept. of Agronomy, Kansas State Uni- 

Seeding rate influences grass 
versity. Received November 15, 1969; stands, but the effects have not been 
accepted for publication April 4, 1970. studied extensively. Savage (1939) 

volved in mesquite control and sub- 
sequent range improvements. Costs 
presented only indicate those asso- 
ciated with killing the tree. 
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stated that optimum rates of seed- 
ing depend on such a wide variety 
of conditions that few reliable sug- 
gestions could be offered. Gen- 
eralized rate recommendations have 
suggested adequate quantities of 
seed be planted to produce a full 
stand of grass (Plummer et al., 1955; 
Rummell and Holscher, 1955). 
Planting excessive amounts of seed 
was not recommended, however, be- 
cause of competition for moisture 
among seedlings (Rummell and 
Holscher, 1955; Hull, 1944). 

Generally, only some of the viable 
grass seeds planted produce seed- 
lings. Failure to emerge has been 
attributed largely to soil crusting, 
diseases, and alternate wetting and __- - 
drying (Cook et al., 1967). Unfavor- 
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able seed-zone temperatures proba- 
bly also contribute to poor emer- 
gence. 

Although a wide range of seeding 
rates may result in stands of similar 
density and production after several 
years (McGinnies, 1960), initial for- 
age yields are lower fro,m light seed- 
ing rates than from heavy ones 
(McWilliams, 1955). Because grass 
plantings require one or more grow- 
ing seasons to become suitable for 
grazing, optimum densities of initial 
plants are needed to minimize the 
length of time for stand establish- 
ment. Rapid ground coverage is de- 
sirable in all new grass plantings. 
Sparce seedling stands frequently 
do not develop adequate ground 
coverage until tillering gives rise to 
additional plants. Poor initial 
stands may never b,ecosme do,minant 
because of weed and undesirable 
grass competition. 

Preliminary observations were 
made of grass plantings on silty clay 
loam soils at Hays, Kansas. Gen- 
erally, native species with first-year 
densities of 1 to 2 plants per square 
foot were ready to be grazed the 
second gro’wing season unless stand 
development was delayed by exces- 
sive weed colmpetition or drought. 
It appeared important, therefore, 
to: (1) determine the relationship 
between increasing seeding rate and 
first-year plant stands and (2) com- 
pare effects of seeding mixtures in 
various proportions and at increas- 
ing total rates on individual and 
combined species plant numbers. 

Methods 
Seeding rates were 4, 12, 36, and 

108 pure live seeds (PLS) per linear 
foot in rows one foot apart. Single 
species plantings of native grasses 
were made annually on April 15 for 
four years in forage sorghum (SOT- 
ghum bicolor (L.) Moench.) residue. 
Big bluestem (Andropogon gerardi 
Vitman), switchgrass (Panicum vir- 
gatum L.), sideoats grama (Boute- 
loua curtipendula (Michx.) Torr.), 
and western wheatgrass (Agropyron 
smithii Rydb.) were planted each of 
the four years. Buffalograss (Buch- 
Zone dactyloides (Nutt.) Engelm.) and 
blue grama (Bouteloua gracilis 

(H.B.K.) Lag. ex Steud.) were in- 
cluded the last three years. 

During the first year, mixtures as 
well as single species were planted. 
Two-species combinations of big 
bluestem, switchgrass, sideoats 
grama, and western wheatgass were 
planted at 4, 12, 36, and 108 total 
PLS per foot of row. All possible 1 
to 0, % to %, and l/2 to l/2 ratio com- 
binations were planted at the four 
rates. 

Seedbed preparation consisted of 
drilling high rates of forage sor- 
ghum on summer-fallo’wed, silty clay 
loam (Harney series) in late June 
the year prior to planting grass. 
The sorghum matured and lodged 
with no further treatment. Grass 
plantings were made with a plot 
drill at % to, % inch soil depth in 
the undisturbed residue. The drill, 
described by Launchbaugh (1965) 
was equipped with V-belts for mea- 
sured seed distribution, double-disc 
furrow openers with depth bands, 
and positive packers. Grass plots 
were four Zl-foot rows, one foot 
apart in a randomized block design 
with 6 replications. 

Viable seed quantities for each 
seeding rate were calculated from 
indirect purity and germination 
tests for each planting. Known 
weights of 2- or 3-year-o’ld seed ma- 
terial were germinated in covered 
petri dishes with double bloater sub- 
strates moistened as needed with a 
dilute solution of KN03. Germina- 
tion temperatures were alternated 
on a schedule of 8 hours at 30 C 
and 16 hours at 20 C. Normal seed- 
lings were counted and removed 
periodically during a Zl-day germi- 
nation test period. Mean viable 
seed weights were determined from 
four replications per germination 
test and used to calculate necessary 
weights o,f seed material for each 
seeding rate. 

First-year grass stands were evalu- 
ated by plant counts during the 
summer each season. The necessary 
disturbance of seedbed mulch in 
order to find young grass plants pre- 
cluded intensive sampling during 
the period of emergence and seed- 
ling development. Furthermore, 

previous studies showed that plants 
which emerged from April plant- 
ings and were alive late in the grow- 
ing season had little or no mortality 
during the following winter and 
spring (Launchbaugh and Ander- 
son, 1963). The counts, therefore, 
included living first-year plants, and 
did not consider any that may have 
died after seed germination. Sam- 
pling consisted of counting the 
seeded species in two 13-foot row 
segments of the two center rows of 
each plot. Statistical interpretations 
were from analysis of variance of 
count data, and from regressions of 
plant stands on seeding rates. 

Results and Discussion 
Relationships between seeding 

rates and average first-year plants 
per foot of row are shown in Figure 
1. Plant numbers increased signifi- 
cantly (P < .05) with increased seed- 
ing rates, but populations were low 
compared with rates planted. Big 
bluestem and western wheatgrass 
had similar linear increases in num- 
bers with increased rate increments; 
blue grama and switchgrass also had 
similar, but lower linear increases 
in plant numbers with increased 
rates; and sideoats grama and buf- 
falograss numbers had comparable 
curvilinear increases with increased 
seeding rates. Average numbers of 
all species per foot of row from the 
4, 12, 36, and 108 pure live seed 
rates were .37, .64, 1.34, and 2.80 
plants, respectively. 

There were significant (P < .05) 
negative regressions of percent 
establishment on seeding rates. 
Curves in the right column of Fig- 
ure 1 illustrate the average percent- 
age of seed that developed into first- 
year plants under increasing seeding 
rates. The ratio of established 
plants per unit of seed planted was 
greatest at the 4 PLS per foot rate, 
but decreased sharply with concen- 
tration of seed in the row. Increas- 
ing the rate from 4 to 12 PLS/ft 
depressed the ratio mo,re than did 
increasing the rate from 12 to 108 
PLS per foot of row. Considering 
all six grasses, an average of 9.3% 
of the seed developed established 
plants at the 4 PLS rate. The aver- 
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FIG. 1. Regressions of grass plant number on seeding rate (left) and percent established 
in relation to seeding rate (right) for six native grasses. Seeding rates are numbers 
of pure live seeds (PLS) per foot of row. 

age decreased to 5.3% at the 12 PLS 
rate, 3.7% at the 36 PLS rate, and 
2.6% at the 108 PLS/ft of row. Dif- 
ferences in plant stands among years 
were significant (P < .05), but aver- 
age percentage success never ex- 
ceeded 13% at the lo’west seeding 
rate or 11% at the highest seeding 
rate. 

Average percent of seed that de- 
veloped first-year plants for all seed- 
ing rates by years was: 3.04 in 1963, 
2.23 in 1964, 6.56 in 1965, and 7.02 
in 1966. Seed of similar origin for 
each species, but of different harvest 
dates, was used. It was not possible 
to test year effects on identical seed; 
however, the various species showed 
similar relative responses to seeding 
rate each year. Big bluestem, side- 
oats grama, and western wheatgrass 
were generally superior to buffalo- 
grass, blue grama, and switchgrass 
in percent establishment annually. 
Year differences could not be cor- 
related with conventional weather 
data recorded near the plots, viz. 
frequency and amount of precipita- 
tion, evaporation from a free-water 
surface, and air temperature. How- 
ever, average depth to moist soil at 
planting time appeared to be an in- 
dicator of seeding success. Plant- 
ings during 1963 and 1964 were in 
soil dried approximately % inch 
deep. Seed was placed almost en- 
tirely in dry soil and first-year plant 
numbers were relatively low. Plant- 
ings during 1965 and 1966 were in 
soil moistened within y4 to % inch 
below the surface, so seed placement 
was largely in moist soil. Overall 
first-year success was significantly 
(P < .05) better those years even 
though seedlings did not start 
emerging until May, generally after 
additional precipitation had mois- 
tened the soil to seeding depth. 

Based on a one-year trial, plant- 
ing two-species seed mixtures did 
not significantly influence individ- 
ual plant numbers compared with 
pure species plantings at similar 
rates. In both cases percentage estab- 
lishment of total plants in relation 
to number of seeds planted dimin- 
ished with increasing seeding rate; 
however, there were no significant 
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Table 1. Average number of pure live seeds (PLS) per foot of row required 
to produce first-year stand densities of 0.5, 1, and 1.5 plants per foot. 

Stand 
densi- 

ties 

PLS ratesjft 

Big Western Sideoats Switch- Blue Buffalo- 
bluestem wheatgrass grama grass grama grass Mean 

0.5 4 5 4 29 23 7 12 
1.0 16 22 14 68 62 20 34 
1.5 29 38 23 106 100 38 56 

combination x rate interactions. 
Thus it appears that any of the 
grasses tested may perform the same 
the first year whether planted alone 
or in mixtures. That does not dis- 
miss the probability of differential 
mortality or spreading as the plants 
develop tillers and the stand ma- 
tures. Competition studies of cool- 
season grasses by Launchbaugh 
(1964), showed that ultimate stand 
dominance did not depend solely 
on seeding rate or initial stands in 
mixtures. 

The many factors that influence 
germination and emergence under 
field conditions preclude hypothe- 
sizing seeding rates of mixtures or 
single species that would result in a 
given number of plants every year. 
However, these findings suggest that 
relatively high rates of viable seeds 
generally will be required to pro- 
duce stands of one or more plants 
per square foot of the native grasses 
studied (Table 1). Combining spe- 
cies, an average of 12 PLS per foot 
of row were required to yield an 

average of .5 plant per square foot 
under the conditions of this study. 
Nearly three times as many viable 
seeds (34) were required to produce 
one plant per square foot. Increas- 
ing the average plant number to 
1.5/ft2 required an average of 56 
viable seeds, or nearly five times as 
many as were required to produce 
.5 plant. Average viable seed re- 
quirements for individual species 
varied between and within species, 
but in each case increases in plant 
numbers were disproportionately 
lower than increases in seeding 
rates. 

The consistent relative behavior 
of species and their independent 
performance in mixtures suggest 
first-year stand composition may be 
controlled to a large extent by com- 
pounding seed mixtures in terms of 
viable seed numbers rather than 
arbitrarily proportioJning pounds 
per acre in seeding mixtures. Table 
2 shows empirical PLS proportions 
for desired plant stand percentages 
based on the average number of 

Table 2. Empirical viable seed rates to achieve various plant stand percent- 
ages in mixtures. Pure live seed (PLS) rates (per foot) are based on average 
numbers of viable seeds to obtain 1 plant per foot. 

Percent 
desired 

in 
stand 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

PLS rates/ft 

Big Western Sideoats Switch- Blue Buffalo- 
bluestem wheatgrass grama grass grama grass 

2 2 1 7 6 2 
3 4 3 14 12 4 
5 7 4 20 19 6 
6 9 6 27 25 8 
8 11 7 34 31 10 

10 13 8 41 37 12 
11 15 10 48 43 14 
13 18 11 54 50 16 
14 20 13 61 56 18 
16 22 14 68 62 20 

viable seeds required to obtain one 
plant per square foot. A plant stand 
composition of 50% big bluestem, 
40% switchgrass, and 10% sideoats 
grama, for example, would require 
PLS proportions of 8 big bluestem, 
27 switchgrass, and 1 sideoats/ft” 
in a mixture. Pounds PLS per acre 
may be computed by multiplying 
PLS/ft x 43,560 and dividing by the 
number of seed units per pound of 
pure seed. 
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Highlight 

Four Z-acre watersheds were established in 1962 on each of three pastures 
that had been grazed at different intensities (heavy, moderate and ligl%) since 
1942. These watersheds were located at the Cottonwood Range Field Station, 
Cottonwood, South Dakota. The mean seasonal runoff from May 14 through 
October 31 for 1963 through 1967 was 0.79, 0.56 and 0.42 inch for the heavily, 
moderately and lightly used watersheds, respectively. The mean weight of live 
and dead standing crop of vegetation plus mulch in late July was 1,752, 2,092 
and 3,700 pounds per acre for the heavily, moderately and lightly used water- 
sheds, respectively. * 

With the need for increased pro- 
duction from rangelands, the knowl- 
edge of how watersheds function 
under various grazing intensities is 
of interest. Runoff was not affected 
by different grazing intensities in 
the Chaparral Watersheds of cen- 
tral Arizona (Rich and Reynolds, 
1963). A study in the Berkeley Hills, 
California showed that the annual 
runoff from heavily grazed, lightly 
grazed, and ungrazed plots was dif- 
ferent (Liacos, 1962). The heavily 
grazed plots yielded 9.25 inches of 
runoff and the lightly grazed 
yielded 4.02 inches. Infiltrometer 
studies conducted in 1964 on native 
rangeland at Cottonwood, South 
Dakota (Rauzi and Hanson, 1966), 
indicated that during the first 30 
minutes the water intake rate on 
the heavily used pasture was 1.40 
inches per hour and the rate on the 
light use pastures was 3.19 inches 
per hour. 

Study Area and Procedures 

The study reported herein was 
conducted in connection with loag 
term grazing studies at the Cotton- 
wood Range Field Station, Cotton- 

l Contribution from the Soil and Water 
Conservation Research Division, Agri- 
cultural Research Service, USDA, and 
the South Dakota Agricultural Experi- 
ment Station. Received July 8, 1969; 
accepted for publication July 6, 1970. 

wood, South Dakota (Fig. 1). The 
mean annual precipitation at the 
Field Station was 15.22 inches for a 
5%year period from 1910 through 
1967, of which 11.94 inches fall dur- 
ing the growing season (April-Sep- 
tember). The average annual tem- 
perature is about 47 F. 

The Chestnut soils of the water- 
sheds have been classified in the 
Opal-Samsil associations (Westin, 
Puhr, and Buntley, 1967). In gen- 
eral, the soils are dark brown, mod- 
erately deep, slowly permeable, 
heavy clays derived from the Pierre 
formation. 

The vegetation on the normal 
uplands is composed primarily of 
short grasses and midgrasses. The 
short grasses and sedges include 
buffalograss (Buchloe dactyloides) 
(Hitchcock, 1950), blue grama (Bou- 
teloua gracilis), threadleaf sedge 
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(Carex filifolia), needleleaf sedge 
(Carex eleocharis), and Sandberg 
bluegrass (Poa secunda). The mid- 
grasses include western wheatgrass 
(Agropyron smithii), needleand- 
thread (Stipa coma ta), green needle- 
grass (Stipa viridula), sideoats grama 
(Bouteloua curtipendula), and little 
bluestem (Andropogon scoparius). 

The range pastures had been 
grazed heavily, moderately, and 
lightly during the summers from 
1942 through 1967. Fixed stocking 
rates were used through 195 1. Since 
1952 “put-and-take animals” have 
been used to assure forage utiliza- 
tion to over 55 percent for the 
heavy use, 35 to 55 percent for the 
moderate use, and less than 35 per- 
cent for the lightly used pasture 
(Lewis et al., 1956). Hereafter 
heavy, moderate, and light grazing 
use will be referred to as heavy, 
moderate, and light. 

Previous to the inception of the 
grazing intensity study, this mixed 
prairie area was dominated largely 
by midgrasses with an understory of 
short grasses and sedges (Lewis et 
al., 1956). In the last 26 years under 
three intensities of contro>lled graz- 
ing, the midgrasses have decreased 
on the moderate and heavy pastures, 
leaving the short grasses and sedges. 
Japanese brome (Bromus japoni- 
cus), invaded the area in the early 
1950’s becoming most prevalent in 
the light pastures. 

Watershed study areas in each of 
three differentially grazed pastures 
were established in 1962. Confining 
dikes were constructed on four Z- 
acre contiguous watersheds (Fig. 2) 
on each of the three pastures. The 
slope averages 7.9, 7.6 and 7.8%, re- 
spectively, for the heavy, moderate, 
and light watersheds. Each set of 
watersheds has a northeast aspect. 
The light and heavy watersheds lie 
about % mile on either side of the 
moderate watersheds. Two-foot 
H-flumes and FW-1 waterstage re- 
corders measure runoff. Four S-inch 
recording rain gages measure the 
precipitation on each set of water- 
sheds. Only the rainfall runoff from 
May 14 through October 31 was 
used in this report because there 
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was no snowmelt runoff during this 
period. 

Vegetation samples were har- 
vested in late July from transects 
within each watershed from 1963 
through 1967. Samples were taken 
at ground level to include remain- 
ing litter. 

An analysis of variance, based on 
a split-plot design, was used to de- 
termine the effects of the different 
grazing intensities on runoff and 
vegetation. This analysis was based 
on the assumption that physiologi- 
cal conditions of all the watersheds 
were the same prior to 1942. The 
runoff data followed a log-normal 
distribution so a log transformation 
was used. A 0.02 inch was added to 
each runoff value so that there were 
no zeros in the data used in the 
analysis. The means were separated 
using Tukey’s test (Snedecor, 1956). 

Results 

Data are presented for the years 
1963 through 19fi7. The seasonal 
precipitation from May 14 through 
October 31 is listed in Table 1. 
The total mean seasonal precipita- 
tion varied from 8.30 inches in 1964 
to 12.26 inches in 1963, with a 

5.year mean of 10.37 inches. The 
5.year seasonal mean is about two- 
thirds of the mean annual precipi- 
tation in the vicinity of the water- 
sheds. Precipitation variations 
appear to be about the ~arne within 
watersheds as between watersheds. 
There was no indication of a rain- 
fall pattern within this study area. 

Yields of live and standing dead 
vegetation plus litter, as affected by 
years and grazing, are displayed in 
Table 2. Differences between the 
live-year means of each grazing 
treatment were significant at the 
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Table 2. Total weight (lbs./aue, 
oven-dry) of live vegetation, stand- 
ing dead and mulch on differen- 
tially grazed watersheds in late July, 
1963-1967, by grazing intensity and 
year. 

G*aing intensity 
Heavy 
h’loderate 
Light 

Year 
19fi3 
1967 
1966 
1965 
1964 

1752’ 
2092D 
3700s 

2016” 
2256’~ b 
2436’ 
2864” 
3004’ 

five percent level, while differences 
between the light watershed and 
the other treatments were signifi- 
cant at the one percent level. Fol- 
lowing a period of dry years, the 
above average precipitation in 1962 
increased the weights of vegetation 
and mulch with the greatest effect 
being in 1964. The weights of these 
materials declined each subsequent 
year. Precipitation distribution was 
erratic and the wet season was not 
always in May and June. 

Mean oven-dry weights of live 
vegetation were 520, 561 and 937 
pounds per acre from the heavy, 
moderate and light watersheds, 

Table 1. Seasonal (May 14-0~~ 31) precipitation (inches) and runoff (inches) 
from the differentially grazed watersheds. 

Heavy Moderate Light 

Year Pre‘initation Runoff PrrciDitation Runoff Precioitation Runoff 

1963 12.14’ 1.79= 12.02 1.57 12.61 1.39 
1964 8.59 0.66 8.58 0.28 7.74 0.05 
1965 10.81 0.13 11.05 0.14 10.91 0.12 
I966 9.40 0.16 9.18 0.02 9.45 0.00 
1967 11.00 I.21 11.16 0.79 10.90 0.54 

Mean 10.39 0.79 10.40 0.56 10.32 0.42 

1 Mea” of four rain gages. 
*Mean of four watersheds. 
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Table 3. Logarithmic means of runoff (May 14-Oct. 31) from the watersheds. 

Grazing treatment 

Year Heavy Moderate Light Mean 

1963 0.584l 0.452 0.300 0.445 

1964 -0.43 1 -1.281 -2.73 1 -1.481 

1965 -2.179 -1.814 -2.044 -2.012 

1966 -1.753 -3.408 -3.912 -3.024 

1967 +0.1s7 -0.256 -0.587 -0.219 

Mean -0.718 -1.261 -1.795 

l Mean of four watersheds. Siznificant difference among the means at the 5 percent 
level: Year-0.351; treatmentzO.353. 

respectively. The corresponding 
standing dead and mulch weights 
were 1,232, 1,531 and 2,763 pounds 
per acre, respectively. 

The effects of grazing intensity 
are also reflected in the botanical 
composi Con. Short grasses and 
sedges predominated in the heavy 
watersheds while western wheat- 
grass was important in the mixture 
of grasses on the light watersheds. 
A limited amount of midgrasses oc- 
curred among the predominantly 
short grasses on the moderate areas. 

Runoff during 1964 was produced 
by seven events on the heavy but 
only three o,f these produced runoff 
on the moderate and light. The 
three events that produced runoff 
from all the treatments had maxi- 
mum IO-minute intensities greater 
than 2.7 inches per hour but had 
less than 1 inch of rainfall. No,ne 
of the seven events exceeded 1 inch 
of precipitation. 

The average seasonal runoff was 
0.79, 0.56 and 0.42 inch from the 
heavy, moderate and light water- 
sheds, respectively (Table 1). Run- 
off was greatest in 1963 when heavy 
watersheds produced 1.79 inches, 
and least in 1966 when there was no 
runoff from the light watersheds. 
The heavy watersheds had the most 
runoff 4 out of the 5 years. In 1965, 
the moderate watersheds yielded 
the most runoff but the difference 
among the three sets of watersheds 
was only 0.02 inch. The light water- 
sheds produced the least runoff 
every year of the study. 

During 1965, two storms caused 
most of the runoff. The first was a 
Z-inch rain and the second was only 
a 0.64-inch rain. However, the sec- 
ond storm followed a period of 
abundant rain and the runoff was 
greater than from the first event. 

During this study runoff occurred 
in May and June every year except 
1966. There was some runoff in 
July of 1963 and 1964 and in 
August and September of 1966. 
Most of the runoff during 1963 was 
from two S-inch rains. The first 
event was a very high intensity rain 
and the heavy treatment yielded 
the most runoff. The second event 
was of lower intensity but it fol- 
lowed a period of high rainfall and 
the light watersheds produced the 
most runoff. 

Runoff for 1966 was from one 
event in August and oae event in 
September. This was the only year 
runoff occurred during August and 
September. Although more than 2 
inches of rain were received in each 
of these two storms, there was no 
runoff from the light watersheds, 
probably because of the dry condi- 
tions preceding these events. There 
were four runoff events during 1967 
on the heavy and only one on the 
light treatment. The event that 
produced runoff from the light use 
treatment had about 2.3 inches of 
precipitation and followed a period 
of heavy precipitation. 

Logarithmic mean values of run- 
off for treatment means and sea- 
sonal means, are listed in Table 3. 
Mean runoff values were signifi- 
cantly different at the 5 percent 
level between all treatment means, 
indicating that the three grazing 
regimes have affected the runoff. 

The seasonal means were signifi- 
cantly different from each other, 
which indicates that factors such as 
precipitation characteristics affect 
the amount of runoff. In most years 
runoff tended to decrease with de- 
creasing grazing intensity. 

For the five years of study, there 
were 22, 18 and 13 runoff events in 
the heavy, moderate and light use 
treatments, respectively. This also 
indicates that the treatments have 
affected the runoff regime. The 
data indicate that the heavy water- 
sheds have runoff from short, in- 
tense storms as well as from long- 
duration storms, whereas the light 
watersheds have most of their runoff 
from long-duration storms that fol- 
low periods of antecedent precipita- 
tion. The data also suggest that the 
runoff from a long-duration storm 
may be as much from the light 
watersheds as from the moderate 
and heavy watersheds, especially if 
the storm follows a wet period. 
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Intermediate wheatgrass was seeded in 8 different furrow 
conditions for 5 years at 8,400 feet elevation and crested 
wheatgrass for 3 years at 4,800 feet elevation. At the high 
elevation best seedling emergence was from level and from 
l- and Z-inch furrows. Plant survival was best from these 
3 positions and from the bottom and north exposure of 
4-inch furrows. The south exposure and ridge of 4-inch 
furrows were poorest in plant survival. At the lower eleva- 
tion, plant emergence and survival were the best on the 
level, l-, 2-, and 4-inch furrows and poorest on the ridge 
and north and south exposures. In an earlier study .36 
plants/foot of drill row emerged and .07 survived in 4-inch 
furrows. On the ridge between, 1.62 plants/ft emerged 
and .22 survived. In these studies, the deep furrows were 
no better for seedling emergence than shallow furrows and 
the level. 

Seeding in deep furrows has been recommended 
to improve seeding success (Plummer et al., 1955; 
Hull and Holmgren, 1964). McGinnies ( 1959) 
found that Z-, 3-, and 4-inch furrow depths in- 
creased soil moisture, and that 4-inch furrow 
depths improved seedling establishment. Shaw and 
Buchele (1957) reported soil temperatures of 75 F 
at 1 inch in lo-inch furrows while the ridge 
between was 82 F. On a semi-desert habitat in 
Arizona, Cable (1969) found the maximum tem- 
perature to be 141 F at the .5-inch soil depth. 
Geiger (1957) states that the highest temperatures 
are at the ground level, and that temperatures de- 
crease going either upward or downward. He fur- 
ther states that the soil surface in temperate zones 
commonly reaches 158 F and that temperatures of 
176 F can be expected on southern exposures. 
Laude (1957) reported that soil temperatures of 
121 F during pre-emergence reduced emergence of 
annual grasses by 90% and that 122 F stopped all 
emergence. Laude et al. (1952) also found that pre- 
emergent temperatures which reduced seedling 

l Cooperative investigations of Crops Research Division, 
Agricultural Research Service, U.S. Department of Agricul- 
ture; U.S. Forest Service, U.S. Department of Agriculture; 
and Utah Agricultural Experiment Station. Utah Agricul- 
tural Experiment Station Journal Paper 907. Received 
November 8, 1969; accepted for publication January 20, 
1970. 

2 The author thanks those who assisted with the field phases 
of the study, and those who made helpful comments on the 
manuscript. He is particularly grateful to Steven Smith 
and Arvel T. Bitters, who did much of the field work, and 
to E. James Koch, who made the statistical analyses. 

emergence of perennial grasses by 90% varied from 
117 F for harding grass to 125 F for nodding stipa. 

Past studies at the present seeding site showed 
low emergence and high death loss of smooth 
brome and intermediate wheatgrass seedlings (Hull, 
1966). Studies were initiated to determine soil tem- 
peratures and moisture at different positions in 
furrows and to find which positions were best for 
emergence and survival of seedlings of range grasses. 

Experimental Seedings 

Two studies were at Franklin Basin, Franklin County, in 
southeastern Idaho. This experimental site is located in a 
weedy opening in the spruce-fir type. The dominant vegeta- 
tion is tarweed (Madia glomerata Hook.). The soil is clay 
loam with a pH of 5.7. The soil is low in organic matter, 
and it compacts and hardens quickly after snow melt. Eleva- 
tion is 8,400 feet and the slope is 3% west. Annual precipi- 
tation averages 47 inches with 7 inches from June through 
September. Snow usually covers the area from early Novem- 
ber to early June. Water-trapping cans were used to mea- 
sure the height of flood water in furrows during spring 
snow melt. 

In the first study we made furrows 4 inches deep, 24 
inches apart and 25 feet long on the contour, which was 
approximately north and south. There were 5 furrows per 
plot with 4 replications in each of 3 years (1957-59). 
Twenty-five seeds per foot of row were drilled with a belt 
seeder at approximately .75 inch deep in the furrow and 
on the ridge between furrows (Fig. 1). 

In the second study we placed 50 seeds approximately 
1 inch apart and .75 inch deep at each of 7 seed placements 
in furrows which were at right angles to the sun’s rays at 
1:00 p.m.: level; l-, 2- and 4-inch furrows; north and south 
exposures of 4-inch furrows; and ridges between 4-inch fur- 
rows. An additional 4-inch furrow placement was parallel 
to the sun’s rays. Furrows were 4.2 feet long and 1 foot 
apart. This study was also repeated near Logan, Utah. 
This is a bench area at 4,800 feet elevation which slopes 
1% to the west. Annual precipitation is about 17 inches. 
The soil is a deep, productive Timpanogas silt loam. 

In the second study we seeded five replicate blocks to 
intermediate wheatgrass (Agropyron intermedium (Host) 
Beauv.) each spring for 5 years (1962-66) at Franklin Basin 
and to crested wheatgrass (A. desertorum (Fisch.) Schult.) 
for 3 years (1964-66) at Logan. Intermediate wheatgrass had 
90% germination and crested wheatgrass 92%. 

Seedlings emergence was counted and marked weekly with 
colored wire pins. Survival was determined each fall for 2 
years following seeding. Significance of plant numbers at 
5% level was determined by Duncan’s (1955) multiple range 
test. 

In the second study we determined summer soil moisture 
weekly with gypsum blocks at .75, 3, 6, and 12 inches under 
the various seed placements. There was also some gravi- 
metric soil sampling at Franklin Basin. All moisture de- 
terminations commenced as soon after snow melt as feasible 
and continued through late fall. 

In the second study, soil temperatures at .75 inch for some 
seed placements were recorded for all years with multiple 
pen thermographs. Soil temperatures at the surface, .75, 
3, 6 and 12 inches for most seed placements were determined 
by reading thermistor units weekly at 1 p.m. Temperature 
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pellets were used lor soil surface temperatures at Franklin 
Basin (Silen, 1956). 

Results and Discussion 
Averaging all 3 years in the first study, .36 

plants/ft2 emerged in the furrows and .07 were 
alive at the end of 2 years. On the ridge 1.62 plants 
emerged and 22 survived. In the second study 
there were some inconsistencies in emergence and 
survival among treatments and years. The average 
is shown in Table I. 

There was high mortality of seedlings at Frank- 
lin Basin. Most death loss occurred either from 
drought during the first summer or from frost 
heavmg the first fall or the next spring. On the 
ridge and the south exposure, mortality from the 
two causes appeared about equal. On other place- 
ments, frost heaving caused the most death loss. 
At Logan only the 1966 seedlings died from frost 
heaving. 

Precipitation during the summer following seed- 
ing in 1962 was near normal and there was good 
seedling emergence and fair survival. The years 

Table 1. Percent emergence and second year survival of 
intermediate wheatgrass plants from 8 different seed 
placements. Average of 5 years (1962-66) at Franklin 
Basin and 3 years (196466) at Logan. 

Franklin Basin 
Seed 

Lopa” 

pl*CC%lC”ts Encrg. SUrV. Emerg. surv. 

Level 35a* 6.7ah 54a 19a 
1” furrow 37a 6.&b 54a 19a 
*” furrow S5a G&b 52~ 17ab 
4” furrow 30b ma 53a 18a 
4” furrow p** 26c 4.9abc 55a 18a 
North exposure 23cd 7.3a 401) 13b 
South exposure 19d 3.8bc 38b UC 
Ridge 19d 3.oc 25~ Bc 

*Any 2 means followed by the same letter are not significantly 
different at the 5% level. 

**Parallel to S""'S rags at I:00 p.m. All others at right angles. 

1963 and 1964 were drier than normal with poor 
emergence and survival. Precipitation during 1965 
was far above normal, with good seedling emer- 
gence and survival. Precipitation during 1966 was 
below normal, but there was good emergence and 
fair survival. 

The summer of 1964 with poor stands and 1966 
with excellent stands had similar precipitation. In 
1964 snow melted on June 8, but wet soil prevented 
planting until June 29. By July 20 the soil was 
hard. Though many seeds germinated, only a few 
seedlings managed to emerge between July 23 and 
August 3. In 1966 snow left on May 13, seedings 
were made on May 21, seedlings emerged June 3 to 
20 and plants were well established before the sum- 
mer dry period. In 1965 snow melted on June 14 
and seedlings were made June 21, even later than 
in 1966; but, because of a wet summer, stands were 
as good as in 1966. 

Soil moisture readings varied greatly between 
placements at the .75 and 3 inch soil depths with 
little difference at 6 and 12 inches. However, as 
seeds must germinate and send out roots and shoots 
at shallow depths, moisture at shallow depths is 
critical in seedling emergence and survival. 

Soil moisture was generally best in deep furrows, 
next in the shallow furrows and the north exposure 
and poorest in the ridge, south exposure and level. 
Soil moisture at .75 inch in the deep furrows at 
Franklin Basin reached wilting for 5 short periods 
during the 5 summers. On the level it averaged 
below wi1tin.g one-fourth of the time and on the 
ridge one-thlrd of the time. It is not feasible to 
show soil moisture data at all seed placements, 
depths, seasons, locations, and years. Therefore, 
this is typified by 1962 soil moisture stress readings 
at Franklin Basin at 2 depths under the furrow and 
under the ridge (Table 2). There was little mois- 
ture stress at 6 inches under any placement and 
none at 12 inches. 

Soil temperatures varied with placement, depth, 
season, and from day to night (Table 3). An exam- 



Table 2. Weekly rainfall (inches) and bars of suction 
measured by gypsum blocks at sA- and S-inch depths 
under 4-inch furrows and under the ridge between fur- 
rows at Franklin Basin, 1962. 

Dates 
mea- 
sured 

Ridge between 
4-inch furrow furrows 

Rain- 
fall % 3 % 3 Avg. 

June 11 
June 18 
June 25 
July 2 
July 9 
July 16 
July 23 
July 30 
August 6 
August 13 
August 20 
August 27 
September 3 
September 10 

Avg. 

0.3 0.5 0.4 3.0 0.6 1.1 
0.2 0.5 0.4 2.0 0.8 0.9 
0.2 1.4 2.4 6.8 3.9 0.6 

7.9 5.3 4.7 0.1 5.0 0.5 
0 14.8 0.8 15.0 15.0 11.4 

1.0 0.5 0.6 1.4 0.5 0.3 
1.9 0.4 15.0 5.6 5.7 0 

0.5 0.9 0.3 4.1 1.3 1.7 
0.3 0.6 0.4 0.9 0.5 0.6 
0.7 1.0 0.4 6.0 3.2 2.7 
0 6.5 1.0 10.9 7.4 6.5 
0 11.5 1.8 15.0 14.6 10.7 
0 14.5 3.6 15.0 15.0 12.0 
0 15.0 5.4 15.0 15.0 12.6 

5.3 1.3 8.4 6.3 

ple of temperature differences at .75 inch among 
some seed placements and also of the diurnal fluc- 
tuation for one day is July 10, one of the hottest 
days in 1962 at Franklin Basin (Fig. 2). Differences 
in soil temperature under the different seed place- 
ments lessened with depth, but even at 6 inches 
below the surface, the average maximum soil tem- 
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Table 3. Average of the highest weekly maximum and 
the lowest minimum soil temperatures at 0.75 inch in 
degrees F for different seed placements from early spring 
through August and air temperature. Average of 5 years 
(1962-66) at Franklin Basin and 3 years (1964-66) at 
Logan. 

Franklin Basin Logan 
Seed 

placement Max. Min. Max. Min. 

Soil temperature 
Level 99 43 112 49 
2” furrow 92 42 * * 

4” furrow 90 49 100 52 
North exposure 92 48 103 52 

* * South exposure 96 40 
Ridge 98 40 113 43 

Air temperature 

76 32 89 41 

+ No data 

perature was 3 to 9 F higher under the ridge than 
under the furrow. 

The hottest .75 inch soil temperature during the 
study was 108 F on the level at Franklin Basin and 
135 F at Logan. Temperature pellets showed the 
surface soil to be 10 to 20 F higher than the .75 
inch soil temperatures. These high temperatures, 
combined with drought, killed newly emerged l- 
to Z-leaf seedlings on both areas, but especially at 
Franklin Basin. Vigorous 3- to 5-leaved plants 
often dried and became dormant but were seldom 
killed. 

During spring snow melt, water reached a depth 
of 1.5 inches in 2 of the 3 years and .5 inch in the 
other year in the first study (1957-59). Standing 
water in early spring was undoubtedly a major 
factor in the significantly decreased emergence and 
survival in the furrow as compared to the ridge. 
Water was never .5 inch deep in the second study. 
Observations on other studies at Franklin Basin 
and at other high elevation areas show that flood 
water in early spring often kills seedlings.3 

Conclusions 
Under the conditions of these studies, seedings 

in deep furrows, shallow furrows, north exposures 
and the level were superior to those on the south 
exposure and the ridge. 
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Highlight 

Comparisons were made of the lignin ratio and the fecal 
nitrogen index methods of estimating digestibility of diets 
of grazing animals. Special attention was given to sources 
of error and variability in these estimates. Evaluation of 
indirect methods of estimating digestibility of grazed forage 
were made by sampling forage from the range with esopha- 
geally-fistulated steers and later feeding it to sheep in con- 
ventional digestion trials. Regression equations for pre- 
dicting diet digestibility from fecal nitrogen and factors 
for correcting for lignin digestibility were obtained from 
the digestion trials with sheep. These equations and cor- 
rection factors were used with composition data for fecal 
and forage samples from steers on the range to calculate 
digestibility under grazing conditions. 

The procedures most commonly used for esti- 
mating digestibility of the diet selected by grazing 
cattle are the fecal nitrogen index (fecal N) method 
in Australia and Great Britain (Langlands, 1967a, b; 
Holmes et al., 1961) and the lignin ratio method in 
the United States (Van Dyne, 1969). In the present 
study, results obtained by the above methods were 
compared to those obtained when the diet chosen 
by cattle grazing eastern Colorado sandhill range 
was collected via esophageal fistulae and fed to 
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tions in this research. Received January 23, 1970; accepted 
for publication May 8, 1970. 
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sheep in conventional digestion trials. The main 
emphasis of the study was to evaluate sources of 
error in indirect methods of determining digest- 
ibility of forage consumed by grazing animals. Re- 
sults reported in the present paper are part of a 
broad study in range nutrition; other phases of the 
work are reported by Wallace and Denham (1970) 
and Wallace et al. (1970) while details on proce- 
dures are given by Free (1969) and Wallace (1969). 

Consideration of Methods 
Two recent reviews are available concerning methods of 

estimating digestibility of grazed forage (Van Dyne, 1969; 
Streeter, 1969) so we will consider here only aspects specifi- 
cally related to this experiment. 

Fecal Nitrogen Index Method 

The fecal N method entails harvesting herbage for con- 
ventional digestion trials. A regression is established be- 
tween digestibility and percent N in the feces. Fecal samples 
from animals grazing on the pasture in question are analyzed 
for N and the resultant percentage fit into the equation 
established in the conventional trial. The method does not 
require sampling of the grazed forage (an obvious advantage 
over ratio procedures), but it serves as an estimate of digest- 
ibility by groups of animals rather than individuals (Van 
Dyne and Meyer, 1964). A simplified, hypothetical example 
of how the method is utilized is shown below: 

(9 

(ii) 

A regression analysis relating dry matter digestibility 
(Y) to percent fecal N (X) is conducted on results of 
feeding harvested pasture herbage in conventional trials 
which yields the equation 

Y=bX+a PI 
If we assume, for example, b = 17 and a = 35 and N is 
1.3y0 for feces of animals grazing on the pasture we use 
equation [l] to get 

Y = 17 (1.3) + 35 

and dry matter digestibility by the animals at pasture 
is found to be 57y0. 

The equations (e.g., as in (i) above) usually are developed 
on a rather broad base of feeds (e.g., Raymond et al. (1954) 
used 40 different herbages representing a wide range of 
feeds). For this reason such equations often have only 
limited value for a specific herbage at a particular stage of 
maturity. The assumptions behind the fecal nitrogen index 
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mating digestibility of the diet selected by grazing 
cattle are the fecal nitrogen index (fecal N) method 
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the United States (Van Dyne, 1969). In the present 
study, results obtained by the above methods were 
compared to those obtained when the diet chosen 
by cattle grazing eastern Colorado sandhill range 
was collected via esophageal fistulae and fed to 
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sheep in conventional digestion trials. The main 
emphasis of the study was to evaluate sources of 
error in indirect methods of determining digest- 
ibility of forage consumed by grazing animals. Re- 
sults reported in the present paper are part of a 
broad study in range nutrition; other phases of the 
work are reported by Wallace and Denham (1970) 
and Wallace et al. (1970) while details on proce- 
dures are given by Free (1969) and Wallace (1969). 

Consideration of Methods 
Two recent reviews are available concerning methods of 

estimating digestibility of grazed forage (Van Dyne, 1969; 
Streeter, 1969) so we will consider here only aspects specifi- 
cally related to this experiment. 

Fecal Nitrogen Index Method 

The fecal N method entails harvesting herbage for con- 
ventional digestion trials. A regression is established be- 
tween digestibility and percent N in the feces. Fecal samples 
from animals grazing on the pasture in question are analyzed 
for N and the resultant percentage fit into the equation 
established in the conventional trial. The method does not 
require sampling of the grazed forage (an obvious advantage 
over ratio procedures), but it serves as an estimate of digest- 
ibility by groups of animals rather than individuals (Van 
Dyne and Meyer, 1964). A simplified, hypothetical example 
of how the method is utilized is shown below: 

(9 

(ii) 

A regression analysis relating dry matter digestibility 
(Y) to percent fecal N (X) is conducted on results of 
feeding harvested pasture herbage in conventional trials 
which yields the equation 

Y=bX+a PI 
If we assume, for example, b = 17 and a = 35 and N is 
1.3y0 for feces of animals grazing on the pasture we use 
equation [l] to get 

Y = 17 (1.3) + 35 

and dry matter digestibility by the animals at pasture 
is found to be 57y0. 

The equations (e.g., as in (i) above) usually are developed 
on a rather broad base of feeds (e.g., Raymond et al. (1954) 
used 40 different herbages representing a wide range of 
feeds). For this reason such equations often have only 
limited value for a specific herbage at a particular stage of 
maturity. The assumptions behind the fecal nitrogen index 
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Table 1. Apparent digestibility of lignin in various forages, by different classes of animals, and as determined by differ- 
ent methods of lignin analysis. 

Reference Diet Description or Stage 
of Maturity 

Class of 
Method of Apparent 

Animal 
LigniIl Digestibility 

Analysi&' OfLigni a 

Archibald et al. (1961) Alfalfa 2nd cutting Cattle F 14 
Timothy 1st crop Cattle F 10 

Bondi and Meyer (1943) Various grasses Ilnmature Sheep D 64 to 35 

Davis et al. (1947) Bean and pea vines Dehydrated Sheep B 16 to 11 

Ely et al. (1953) Orchardgrass Immature to mature Cattle C 16 to 4 

Forbes and Garrigus (1950) Different forages Mostly introd. grasses Cattle & sheep C 11 to -27 

Guibert ana Goss (1944) Annual range species Mature Sheep A 24 to -20 

Hale et al. (1940) Alfalfa Unspecified Cattle A 17 

Lancaster (1943) Various feedstuffs Varied Sheep E 32 to -40 

Louw (1941) Veld grass mixture 1 to 4 months growth Sheep E 24 to 12 

McCann (1967) Alfalfa No. 1 grade Cattle G 12 

Miller et al. (1954) Ladino clover Immature Rabbits C 26 
Tall fescue Iwature Rabbits C 6 

Smith et al. (1956) Several browse species Varied Deer C 42 to -7 

Sullivan (1955) Different grasses Imnature to mature Sheep C 17 to -3 

Troelaen and Campbell (1959) Different introd. species Late bloom to early seed Sheep C 9to -2 

Waite et al. (1964) Ryegrass Ilnnature to mature Sheep C 42 to 0 

Watkins (1955) Different native & introd. spp. Inmature to weathered Sheep C 24 to -17 

Van Dyne (1963) Alfalfa Pelleted Cattle C 18 
Alfalfa Pelleted Sheep C 8 

11 A - Crampton and Maynard (1938). B - Davis and Miller (1939), C - Ellis et al. (1946), D - Kalb (1932). E - Norman and Jenkins (1934). 
F - Sullivan (1959). and G - Van Soest (1963). 

21 Ranges given with varied stages of maturity reflect digestibility values in youngest and oldest stages of maturity, .resPectivelY. 

method are (1) the herbage fed to the animal is similar to 
that grazed by the animal, and (2) the penned and grazing 
animals digest herbage to the same degree. The regressions 
have been found to vary between first growth and aftermath 
herbage (Greenhalgh and Corbett, 1960), for leaf and stem 
components of the herbage (Lambourne and Reardon, 1962), 
from year to year (Topps, 1962) and for different varieties 
of the same herbage species (Minson and Milford, 1967). 
Still the technique has given useful results even when a 
general rather than specific regression was used (Holmes 
et al., 1961; Langlands, 1967b) and when cattle and sheep 
are used interchangeably in the hand-fed and pasture trials 
(Holmes et al., 1961; Topps, 1962; Langlands et al., 1963). 

Australians use the fecal N method under pasture condi- 
tions (Arnold and Dudzinski, 1967a,b; Langlands, 1967a,b; 
McManus et al., 1967) much more than do North American 
workers. 

Lignin Ratio Technique 

If one assumes lignin, a naturally-occurring plant con- 
stituent, to be indigestible, it may be used as an indicator: 

% digestibility of a nutrient = 

7, indicator in y0 nutrient 
food consumed in feces 

100 - 100 

L 

.- 
y. indicator y0 nutrient in 

1 

PI 
in feces food consumed 

If the indicator is digestible the equation must be modified 
for incomplete recovery (Harris, 1968). Although the degree 
of digestibility of lignin may vary widely (Table l), it has 
been used as an indigestible indicator in many North Ameri- 
can range and pasture studies, especially by Utah workers 
(Cook and Harris, 1951, 1968 a,b). It is generally agreed 
lignin is more digestible in young plants (Table 1 and Bondi 

and Meyer, 1943). Lignin is not a distinct chemical entity; 
it presents numerous analytical problems (Van Soest, 1963); 
it varies in chemical nature among plant groups (Towers 
and Gibbs, 1953), and among parts of the same plant (Staf- 
ford, 1962). Protein in plant tissue may interfere with lignin 
determinations (Hungate, 1966), and lignin may be altered 
in chemical composition as it passes down the alimentary 
tract (Bondi and Meyer, 1943; Kane et al., 1953), after 
ingesta leaves the rumen (Hale et al., 1940), or it may be 
altered by rumen microbial attack (Pazur and Delong, 1948). 
Lignin may even undergo changes during the mastication- 
ensalivation process (Heinemann and Evans, 1966; Connor 
et al., 1963j. 

Experimental Procedure 

Forage samples were collected morning and evening from 
8 esophageal-fistulated steers grazing eastern Colorado sand- 
hill range over 5-day periods in June, July, September, and 
December of 1967. About 55 kg of forage collected each 
period was later fed to 4 sheep in conventional digestion 
trials. Fecal grab samples were taken once daily from each 
steer and composited into 24 steer x period groups; forage 
samples were composited over steers by days. Steers were 
fed a protein supplement in December and no fecal samples 
were collected. Lignin and N analyses of steer fecal samples 
were made to enable indirect calculation of forage digest- 
ibility using the data obtained in conventional trials with 
sheep. The number of observations for each calculation was 
12, i.e., grazed forage from three sampling periods fed to 
four sheep. 

Details regarding these experimental conditions and 
analytical procedures are reported by Wallace and Denham 
(1970). Ether extract determinations were made but because 
of their well known variability they are not included in 
this paper, 
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Table 2. Number of sheep required in conventional di- Table 4. Number of grazing steers required for sampling 
gestion trials for estimating various digestion coefficients fecal nitrogen and lignin within 5% and 10% of the 
of cattle-grazed forages within 5% of the mean with mean with 95% confidence during each summer sam- 
95% confidence, for 3 dates of collection. pling period. 

Component 
digested 
by sheep 

Dry matter 
Organic matter 
Acid-detergent fiber 
Gross energy 
Crude protein 

June 

1 
1 
1 
1 
1 

Dates 

July 

1 
3 
2 
2 
9 

Sept. 

8 
9 
7 

14 
111 

Compo- 
nent 

Nitrogen 

Lignin 

Percent 
of mean 

5 
10 
5 

10 

Period 

June July Sept. 

6 3 11 
2 1 3 

11 18 2 
3 4 1 

Results and Discussion 

Sampling Reliability: Fecal N Method 

Accuracy and precision of results obtained using 
the fecal N method depend upon animal-to-animal 
variability (1) in digestive ability in the conven- 
tional trials, (2) in fecal N concentrations in field 
trials, and (3) the predictability of digestion co’effi- 
cients from fecal N in the conventional trials. For 
(1) and (2) calculations were made of the number 
of animals required for providing reasonable assur- 
ance (P 4.05) that sample means were within 5 or 
10% of the true means (Steel and Torrie, 1960). In 
the conventional digestion trial the calculated num- 
ber exceeded the actual number of sheep (four) for 
protein in the July diet and for all components in 
the September diet (Table 2). There was more 
variation among sheep in their ability to digest the 
September diet compared to June and July diets 
(Wallace and Denham, 1970). Van Dyne and 
Lofgreen (1964) f ound that either four wethers or 
two steers were sufficient in drylots to estimate 
most digestion coefficients within 10% of the mean 
with 95% confidence. 

sampling dates through the summer. Digestibility 
of all components in the cattle diets decreased 
markedly from June to September (Wallace and 
Denham, 1970). Thus, strong positive relationships 
between fecal N and various digestibility values 
were natural in this case. 

Means (and standard deviations in parentheses) 
for the steer fecal N percentages were 1.98 (.09), 
1.56 (.06), and 1.19 (.07) for the June, July, and 
September periods, respectively. These values were 
essentially the same as those found in feces from 
sheep fed cattle diets representing these same 
periods (Wallace, 1969). The number of steers 
needed to determine fecal N values within 5% or 
10yO of the true mean with 95% confidence was 
calculated (Table 4). Since 8 steers were used to 
sample fecal N at pasture, the required number for 
estimating within 5% of the mean were met in 
June and July but not in September. More steers 
were used than was necessary to estimate sample 
means of these fecal components within 10% of the 
true mean. 

Although the fecal N method is generally used 
only for estimating the digestibility of dry matter 
or organic matter, we developed regression equa- 
tions for each component studied (Table 3). More 
than 80% of the variability in digestion coefficients 
could be predicted from fecal N. 

Fecal N decreased significantly (P < .Ol) between 

Table 3. Relation of fecal nitrogen to digestibility of 
various forage components established by conventional 
digestion trials with sheep fed three cattle-grazed forages. 

Sampling Reliability: Lignin Ratio Method 

The animal-to-animal and day-to-day variability 
in concentrations of nutrients and lignin in (1) the 
diet and (2) the feces influence the precision of the 
lignin ratio method. Generally more steers were 
needed on the range to sample fecal lignin than 
fecal N (Table 4). Fecal N and lignin means were 
estimated within 10% for all three summer periods. 
Estimates of the number of days required to sample 
various forage components within 5% of the mean 
with 95% confidence indicate that the number of 
days used for sampling were reasonable (Table 5). 

Regression Correlation 
Component equation1 Coef. 

Dry matter Y = 19x+31 0.95** 
Organic matter Y = 19 x + 35 0.94”” 
Fiber Y = 15 X + 36 0.90** 
Gross energy Y=21X+27 0.94** 
Protein Y=36X- 4 0.91** 
1 Where X is % fecal N, Y is the digestion coefficient, n for each 

equation was 12, and ** means P < 0.01. 

Table 5. Number of days required using eight esophageal- 
fistulated steers to sample forage components within 5% 
of the mean with 95% confidence during 3 periods. 

Forage 
compo- 

nent 

Protein 
Fiber 
Lignin 

June 

6 
2 
2 

Period 

July 

7 
1 
1 

Sept. 

3 
1 
5 
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Table 6. Apparent digestion coefficients (%) for lignin 
in range forage determined in conventional digestion 
trials with sheep. 

Dates Forage Forage Apparent. 
cattle diets crude protein lignin digestion 

collected (%I PJ) coefficient’ 

June 15.3 5.0 46 (1.0) 

July 10.4 6.2 42 (1.6) 
Sept. 6.3 8.2 29 (2.6) 
Dec. 4.1 9.0 4 (3.0) 

1 Apparent digestion coefficients are the mean of 4 sheep shown 
with standard deviations in parentheses. Forage lignin and 
crude protein are expressed on an organic matter basis. 

More grazing steers are required to sample fecal 
N or lignin than are required of sheep in digestion 
rates to measure digestibility at the same level of 
precision. These results agree with those of Van 
Dyne and Lofgreen (1964) who found variability 
among animals on dry, annual range was 50% 
greater than those fed alfalfa pellets in drylot. 

Apparent Digestibility of Lignin 

The lignin ratio method was proposed on the 
assumption that lignin is indigestible. An investi- 
gator using this method under field conditions 
ordinarily has no way of knowing whether or not 
the lignin is being recovered completely. Since the 
same forage grazed by steers was fed in conven- 
tional trials to sheep, an excellent opportunity was 
provided to determine apparent digestibility of 
lignin for each sampling period. 

Apparent lignin digestion coefficients varied 
from 46% down to 4% for June, July, September, 
and December cattle diets as measured with sheep 
in digestion crates (Table 6). The decreasing lignin 
digestibility with advancing plant maturity in the 
cattle diets agrees with that found for plants har- 
vested at varying growths stages (see Table 1: Ely 
et al., 1953; Sullivan, 1955; Waite et al., 1964). 
Waite et al. (1964) reported apparent lignin diges- 
tion coefficients of 42 to 0% for ryegrass ranging 
from a young, leafy stage to the seed-setting stage. 

The digestion coefficients in Table 6 were used 
to correct lignin values in steer fecal samples for 
each of the summer periods. The usual assumption 
was made that digestibility of lignin is the same by 
steers and sheep. Corrected and uncorrected fecal 
lignin values from the grazing steers were used to 
estimate dry matter digestibility of summer diets 
by the ratio procedure. Dry matter digestion co- 
efficients, calculated on the usual assumption that 
lignin was indigestible (using uncorrected fecal 
lignin values), were about 30% below those found 
in sheep trials for all summer diets. Alternately, 
dipestion coefficients calculated with steer fecal 

” 
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FIG. 1. Digestibility of various components in summer cattle 
diets by a direct procedure with sheep, by indirect fecal nitro- 
gen index method, and by indirect adjusted lignin ratio pro- 
cedure. 

values adjusted for lignin digestion agreed well 
with those from the sheep trials. 

trials. 

Lignin digestibility may have been influenced by 
the procedure used for lignin analyses (potassium 
(K) permanganate). We found no published re- 
ports of lignin digestibility where this procedure 
was used for lignin analyses. It is possible that 
lignin was not digested but that the method was 
incapable of accounting for all fecal lignin. How- 
ever, this is probably true for all lignin procedures 
as lignin digestibility has been found with all other 
methods for lignin analysis advanced to date (Table 
1). Bement (1968) used K permanganate lignin 
values to estimate digestion by steers on blue grama 
range. His data show very low digestibility of im- 
mature herbage suggesting that lignin was digested 
to about the same extent as in the present study, 
but lignin recovery was not measured in Bement’s 
work. Conversely, Stenquist (1968) used K per- 
manganate lignin values in a ratio procedure to 
estimate digestibility of a high concentrate ration 
by cattle and obtained results that were very close 
to those obtained on similar rations in conventional 
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Comparison of Direct and Indirect Estimates of 
Cattle Diet Digestibility 

Two factors contribute to the similarity of diges- 
tion coefficients of cattle diets estimated by direct 
and indirect methods (Fig. 1): (1) regression equa- 
tions used in the fecal N index method were de- 
veloped in conventional trials with sheep fed the 
forage selected by steers at pasture; and (2) lignin 
values for steer feces were adjusted for digestibility 
of lignin as determined in sheep trials. Note, too, 
that the data in Fig. 1 are not to display the time 
trend in digestibility, but simply to compare among 
estimation techniques. Digestion coefficients esti- 
mated by the lignin ratio with steers were about 
equal to those estimated with sheep or with the 
nitrogen fecal index for June and July diets. But 
lignin ratio method digestion coefficient estimates 
for September were appreciably lower than those 
obtained by the other two techniques. However, 
no statistical test is available for a period-by-method 
interaction because only one estimate of digestion 
coefficients is available with the lignin or nitrogen 
methods. 

Digestibility values for most components esti- 
mated by the fecal N method were closer to con- 
ventional results for June and September diets than 
those derived by the lignin ratio procedure. The 
reverse was true on the July diet for all components. 
The greatest differences between conventional re- 
sults and those attained by lignin ratio were noted 
on the September diet. This may reflect a small 
difference in apparent lignin digestibility between 
cattle and sheep on more mature forage. Other dif- 
ferences among methods in Fig. 1 may indicate that 
forage samples fed to sheep were not exactly the 
same as total forage grazed by steers. 

Either indirect method can provide fairly reliable 
estimates of digestibility if adequate precautions 
are taken. First, adequate numbers of animals must 
be used to sample forage and fecal components. 
With the fecal N method, diets of animals used to 
establish regression equations should be as similar 
as possible to diets of pasture animals (Langlands, 
1967b). Where the lignin ratio procedure is used, 
some measure of apparent lignin digestibility is 
necessary, particularly with immature forages. In 
our study the fecal N method provided greater 
overall accuracy than the adjusted lignin ratio pro- 
cedure when compared to results of conventional 
trials. 

Precision of Indirect Estimates of Digestion Coefficients 

No direct measure of variability of digestion co- 
efficients is available for the steers, whereas such 
measures are available for the sheep. By the lignin 
ratio and fecal nitrogen index procedures, only one 
estimate of the digestibility of the forage is available 
for each period. An indirect measure of precision 

could be calculated using probabilistic methods, 
similar to Van Dyne’s (1965) calculation of forage 
intake variances. Alternately, approximate Taylor- 
expansion methods could be used to estimate vari- 
ances for the items computed by equations [l] and 
[Z]. In either procedure of estimating variances of 
the left-hand sides of equations [l] and [Z], one 
must have estimates of the variance-covariance re- 
lationships for all the parameters in the equations. 
Examinations of the applications of these analytical 
procedures to range nutrition problems are much 
needed but are beyond the scope of this paper. 

Summary 

Grazed forage was collected from eight esopha- 
geal-fistulated steers on sandhill range over 5-day 
periods in June, July, September, and December. 
The grazed forage later was fed to sheep in con- 
ventional digestion trials. The degree of lignin 
digestibility and the regression equations for the 
fecal N method were established in the sheep diges- 
tion trials. Fecal grab samples were taken daily 
from the steers during each sampling period and 
used to estimate the digestibility of forage compo- 
nents by the fecal N method and by the lignin ratio 
procedure. 

More steers were required to sample fecal lignin 
than fecal N. With 8 steers and twice daily sam- 
pling, from 1 to 7 days would be required to sample 
dietary protein, fiber, and lignin within 5% of the 
mean with 95% confidence. Fewer sheep were re- 
quired to measure digestibility of cattle-grazed for- 
age conventionally as compared to the number of 
steers at pasture to indirectly estimate digestibility 
by either the fecal N or lignin ratio method. 

Digestibility values estimated by the fecal N 
method were in close agreement with those found 
in the conventional trials. The usual lignin ratio 
method gave invalid digestibility results; but good 
results were obtained by correcting steer fecal 
lignin values for apparent digestibility of lignin as 
found in the sheep trials. Apparent lignin digestion 
was 46, 42, 29, and 4% on the June, July, Septem- 
ber, and December diets, respectively. Digestibility 
estimated by the fecal N method was generally 
closer to conventional results than were values de- 
rived by the adjusted lignin ratio. 
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Highlight 
This study of Gambel oak (Quercus gumbelii Nutt.) 

shows that annual yields of foliage and twigs can best be 
estimated from measurements of foliage and basal area. 
Equations for predicting yield of oakbrush foliage are 
given for various range sites and range condition classes. 
Foliage yields and yield equations are different for each 
site and each condition class. Yield tables illustrate the 
relation of foliage production to foliage area and basal 
area. 

Yields of all vegetation, including large brush 
species such as Gambel oak (Qzcercus gambelii 
Nutt.), are necessary to fully evaluate native range- 
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land site potential. Total annual shrub yield esti- 
mation is time consuming and requires constant 
training and checking to insure accuracy. A yield 
prediction formula, utilizing one or two simple 
measurements, can save time and increase accuracy. 
Data for this study, collected in 1964, 1965, and 
1966 indicate that reliable yield estimates, com- 
puted from measurements of foliage area, are more 
accurate when measurements of basal stem area are 
included. Such estimates can be made rapidly and 
without personal bias. 

Methods 

Study areas were located on five different Utah range 
sites: high mountain loam; mountain loam; mountain shal- 
low loam; mountain stony loam; and upland loam. All 
study areas were at elevations between 5,500 and 8,000 feet. 
Average annual precipitation ranged between 14 and 26 
inches. Study locations, concentrated in Iron, Sanpete, and 
Wasatch Counties, represented the southern, central, and 
northern portions of this species’ distribution in Utah. No 
samples were taken near the boundaries of the oakbrush 
zone. 

In 1964, transects containing five to 10 square plots, 
l/ZOO acre in size, were used to sample dense stands of oak- 
brush. The same number of l/100-acre plots was used to 
sample scattered stands. In 1965 and 1966, data were taken 
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land site potential. Total annual shrub yield esti- 
mation is time consuming and requires constant 
training and checking to insure accuracy. A yield 
prediction formula, utilizing one or two simple 
measurements, can save time and increase accuracy. 
Data for this study, collected in 1964, 1965, and 
1966 indicate that reliable yield estimates, com- 
puted from measurements of foliage area, are more 
accurate when measurements of basal stem area are 
included. Such estimates can be made rapidly and 
without personal bias. 

Methods 

Study areas were located on five different Utah range 
sites: high mountain loam; mountain loam; mountain shal- 
low loam; mountain stony loam; and upland loam. All 
study areas were at elevations between 5,500 and 8,000 feet. 
Average annual precipitation ranged between 14 and 26 
inches. Study locations, concentrated in Iron, Sanpete, and 
Wasatch Counties, represented the southern, central, and 
northern portions of this species’ distribution in Utah. No 
samples were taken near the boundaries of the oakbrush 
zone. 

In 1964, transects containing five to 10 square plots, 
l/ZOO acre in size, were used to sample dense stands of oak- 
brush. The same number of l/100-acre plots was used to 
sample scattered stands. In 1965 and 1966, data were taken 
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on l/100-acre belt transects, 4.356 feet wide and one hun- 
dred feet long. 

On each plot, oakbrush foliage was separated into small 
clumps or segments that had unbroken foliage canopies. Foli- 
age width, length, and height of each clump were measured to 
the nearest 0.5 foot. Scattered patches of oakbrush foliage 
with broken canopies were measured separately, or patches 
of foliage were pulled together to eliminate crown open- 
ings. Average stem height in each clump was measured to 
the nearest 0.5 foot, and average stem diameter at ground 
level, to the nearest 0.1 inch. The number of stems in each 
clump also was recorded. Foliage on a stem over 6 feet high 
was recorded separately. A single branch or small area of 
foliage was selected as a standard for estimating or counting 
weight units on each clump. When all measurements were 
recorded, foliage, acorns, and annual twig growth were 
clipped from the weight unit, air-dried 3 or 4 weeks, and 
weighed. Total air-dry weight was computed by multiply- 
ing sample unit weight by the number of weight units in 
each oakbrush clump. Foliage area and basal stem area were 
computed as follows: foliage area = width x length; basal 
area = average stem diameter squared x number of stems. 

Range Sites and Condition Classes 
Oak production was sampled within three climatic zones. 

The terms “high mountain,” “mountain,” and “upland” 
refer to specific climatic characteristics associated with eleva- 
tion and topography. 

High Mountain Zone 

Climate is cool and humid; winters are cold and snowy, 
summers are cool; average annual precipitation ranges be- 
tween 22 and 26 inches. Areas sampled ranged from 7,000 
to 9,500 feet elevation. Soils are similar to those in the 
mountain loam range site, except that they contain more 
organic material, are better developed, and have a moisture- 
holding capacity of 8 to 9 inches in a 6-foot profile. Oak is 
limited in distribution in this zone. The five plots examined 
on high mountain loam were classified as poor condition. 

Mountain Zone 

Climate is cool and subhumid; summers are fairly cool to 
warm, winters are cold and snowy. Summer precipitation, 
combined with winter soil moisture, is sufficient for plant 
growth through most of the summer, especially on deep soils 
that occur in this zone. Average annual precipitation ranges 
from 17 to 21 inches. This zone lies between elevations of 
6,500 and 8,000 feet. 

Mountain Zoum.-Soils are deep (over 60 inches). Surface 
soil (0 to 10 inches) texture ranges from sandy loam to clay 
loam. The soil profile usually is free of coarse fragments, 
but occasionally 25% to 30% of the volume is made up of 
such material. Subsoils are loams to clay loams and may 
include 40y0 coarse fragments. Parent materials are sand- 
stone, limestone, siltstone, and some ‘granite. Subsoils are 
noncalcareous throughout and are slightly acid to mildly 
basic (pH 6.8 to 7.5). Their moisture-holding capacity aver- 
ages 7 to 8 inches, but ranges from 6 to 9 inches in a 6-foot 
profile. More data were taken on this site than on any 
other. Four range condition classes were studied: excellent 
(15 plots), good (22 plots), fair (22 plots), and poor (15 plots). 

A4ountain shallow loam.-Soils are similar to mountain 
loam, but are shallow (10 to 20 inches) over bedrock. The 
soil profile may contain up to 25y0 coarse fragments by 

volume. Moisture-holding capacity is only 2 to 2.5 inches, 
but plants get some additional moisture from cracks in the 
bedrock. Five plots in poor condition were studied on 
this site. 

Mountain stony loam.-Soils resemble those of mountain 
loam, but are gravelly, stony, or cobbly and contain over 
50% coarse fragments by volume. Parent materials are sand- 
stone, shale, limestone, quartzite, schist, gneiss, and various 
igneous rocks. Moisture-holding capacity averages 3.5 to 4 
inches, and has a range of 3 to 5 inches in a 6-foot pro- 
file. Data were taken from three different range-condition 
classes: good (10 plots), fair (15 plots), and poor (15 plots). 

Upland Zone 

This zone, at 5,500- to 7,000-foot elevation, has cold, 
snowy winters and hot, dry summers. Average annual pre- 
cipitation is 12 to 16 inches, but samples were taken in areas 
where precipitation averaged 14 to 16 inches. Upland loam 
soils are deep (24 to 60 inches). Parent material is loamy 
alluvium from mixed sedimentary and igneous rocks, but 
on most sample areas parent material was primarily sand- 
stone and limestone. Surface soils range from loams to clay 
loams, with varying amounts of coarse fragments-usually 
less than 40% by volume. Subsoils (10 to 40 inches) are 
mostly loams, but range from gravelly fine loams and clays 
to cobbly sandy clay loams. Soil reaction is mildly alkaline 
in the surface and moderately alkaline in the substratum 
(pH 7.2 to 8.3). Although mostly noncalcareous in the sur- 
face, these soils are strongly calcareous in the substratum. 
Coarse fragments may occupy 3.5% of the soil profile, but 
generally occur in much smaller amounts. Moisture-holding 
capacity of upland loam soils averages 6 to 7 inches, but 
ranges from 5 to 9 inches in a 6-foot profile. Two range- 
condition classes, fair (10 plots) and poor (5 plots), were 
sampled. 

Results 
In preliminary tests, several variables were evalu- 

ated for their reliability in foliage production esti- 
mates. Evaluated, singly and in combination, were: 
foliage width; foliage length; foliage height; foliage 
area; foliage volume; tree height; stem diameter; 
number of tree stems; and basal area. Of these, 
foliage area, foliage volume, basal area, and the 
logarithms of these variables provided the most 
valid data for production predictions. Variance ac- 
counted for by the different variables is given in 
Table 1. 

On most sites, foliage area was associated more 
closely with foliage production than either foliage 
volume or basal area. A multiple regression of 
foliage area and basal area provided the best pre- 
diction equation. Over 75% of the variance on 
most sites was accounted for using these two vari- 
ables. Logarithmic values did not improve the 
prediction equations significantly, but-since they 
force the curves through zero-they fit low yield 
data better than linear equations. 

Range site and range condition affect foliage 
yields, but apparently range site has the greater in- 
fluence. On most sites, samples of 40 clumps or 
segments of clones provided estimates of oak yield 
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Table 1. Foliage yield variance accounted for (r2) by foliage and tree measurements of oak. 

Site and range 
condition 

Yield Log of yield 
Foliage Foliage Foliage Foliage 

area volume area volume 
and and and and 

Foliage Foliage Basal basal basal Foliage Foliage Basal basal basal 
area volume area area area area volume area area area 

High mountain loam 

Excellent 
Good 
Fair 
Poor 
All 

__ 
__ 
__ 

0.50 
.50 

__ __ 
__ __ 
__ __ 

0.74 0.88 
.74 .88 

__ _- 
__ 
_- 

0.78 
.78 

__ 
__ 

0.93 
.93 

_- 
__ 

0.92 
.92 

0.87 
.87 

__ 
__ 
__ 

0.74 
-74 

__ __ 
__ -_ 
__ __ 

0.90 0.89 
.90 .89 

Mountain loam 

Excellent .78 .70 .61 .86 .84 .86 .86 .66 .87 .86 
Good .81 .66 .60 .84 .73 .80 .89 .74 .85 .90 
Fair .76 .50 .27 .77 .55 .70 .81 .43 .75 .81 
Poor .66 .63 .52 .73 .72 .67 .70 .58 .74 .71 
All .67 .56 .52 .72 .67 .79 .86 .64 .84 .86 

Mountain shallow loam 

Excel lent __ __ -_ 
Good __ __ __ 
Fair __ __ _- 
Poor .80 .74 .19 
All .80 .74 .19 

_- 
__ 

.80 

.80 

_- 
__ 
__ 

.75 

.75 

__ 

.87 

.87 

__ 
.82 
.82 

__ 
__ 
__ 

.65 

.65 

__ -_ 
__ __ 
__ __ 

.88 .84 

.88 .84 

Mountain stony loam 

Excellent 
Good 
Fair 
Poor 
All 

.72 

.57 

.82 

.76 

__ __ 
.73 .53 
.62 .34 
.87 .45 
.79 .45 

.77 

.65 

.84 

.78 

__ 
.73 
.64 
.88 
.79 

.79 

.51 
-77 
.71 

__ __ 
.78 .51 
.59 .51 
.81 .40 
.74 .55 

__ __ 
.81 .78 
.67 .69 
.80 .81 
.78 .76 

Upland loam 

Excellent 
Good 
Fair 
Poor 
All 

__ 
-90 
.82 
.81 

__ __ 
__ _- 

.61 .88 

.74 .68 

.62 .73 

_- __ __ __ __ __ __ 
_- 

.93 

.87 

.85 

__ _- __ __ 
.89 .88 .84 .74 
.80 .90 .88 .73 
.77 .78 .78 .72 

_- __ 
.92 .86 
.92 .90 
-84 -82 

Total all trees .59 .44 .47 .64 .56 .76 .80 .60 .81 .81 

Table 2. Regression equations for predicting yields of 
oakbrush foliage. 

within approximately 15% of the mean (P .05). 
Best precision was obtained on areas where oak- 

Site and range 
condition Samples 

brush size varied least. 
Regression equations Foliage yield was associated more closely with 

High mountain loam foliage area than with basal area, except on poor- 
Excellent 
Good 
Fair 
Poor 

__ _- condition range on high mountain loam. Oak on 
__ _- 
_- __ 
36 log P = -0.4728 + 0.4616 log FA + 0.3899 log BA 

high mountain loam was a fairly dense stand of 

Mountain loam 

Excellent 
Good 
Fair 

large trees. Equations for estimating foliage pro- 
duction on oak are given in Table 2. 

Poor 

98 log? = -.8359 + .5129 log FA + .1293 log BA 
440 log y = -.9378 + .5790 log FA + .2758 log BA 
527 logy = -.9460 + .6416 log FA + .2130 log BA 

Yields of oakbrush foliage per square foot of 
366 1ogY = -.9018 + .5199 log FA + .2531 log BA foliage cover were two to three times greater on 

Mountain shallow loam poor-condition range on high mountain loam than 
Excellent __ _- on poor-condition range on upland loam (Tables 

3 and 4). Lowest yields per unit of cover and basal Good __ __ 
Fair __ _- 
Poor 87 log? = -1.0076 + .8353 log FA + .I485 log BA area were found on excellent-condition range on 

Mountain stony loam mountain loam (Table 5). 
Excellent 
Good 

-_ __ 

234 log! = -1.0094 + .6755 log FA + .1216 log BA In several study locations on high mountain 
Fair 195 log y = -1.0955 + .3529 log BA + .4954 log FA 
Poor 148 1ogY = -1.0757 + .7241 log FA + .1682 log BA loam, mountain shallow loam, and upland loam 

Upland loam range sites in poor condition, oak constituted over 
Excellent __ __ 90% of the total plant composition. Yields of 
Good 
Fair 
Poor 

__ _- 
24 logi = -1.1204 + .6702 log FA + .1975 log BA 
47 1ogY = -.7683 + .5615 log FA + .1540 log BA 

Gambel oak on these sites (Table 6) indicate that 
oak not only persists, but probably increases as 
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Table 3. Production (lb, air dry) of oak foliage on poor- 
condition range on high mountain loam by foliage area 
(ft”) and basal area (inch2). 

Table 5. Production (lb, air dry) of oak foliage on excel- 
lent-condition range on mountain loam by foliage area 
(ft”) and basal area (inch2). 

i.011agc Basal area 
arca 0.50 1.00 5.ou 10.00 20.00 30. 00 40.00 

-- _. 
Foliage Basal area 

area 0.50 1.00 5.00 10.00 20.00 30.00 40.00 50.00 

0.50 

1.00 

5.00 

10.00 

20.00 

30.00 

40.00 

50.00 

60.00 

.26 .34 

.54 .71 .41 .‘l5 ‘.5uj 

.5s .64 . 70 

0.52 

7 1.83 2.39 3.13 

2.51 3.29 4.31 

3.03 3.97 5.20 

3.461 4.54 5.94 

‘1.11 

5.65 

6.82 

7.79 

8.63 

9.39 

.74 1 0.77 3.67 

5.05 

6.09 

6.96 

.68 j .s4 .91 1.00 

i 1.23 

1.61 

3.84 5.03 6.59 7.72 

5.47 7.17 8.39 

Log Y = -0.47278 + 0.46158 log FA + 0.38989 log BA (r7= 0.90) Log i = -0.83587 + 0.51294 log FA + 0.12925 log BA (rz= 0.87) 

ranges deteriorate. On mountain stony loam, oak- 
brush yields on fair- and poor-condition range were 
much lower than on good-condition range. Appar- 
ently, other plants, such as big sagebrush (Artemisia 
tridentata) and cheatgrass (Bromus tectorum), in- 
creased or invaded areas to replace oakbrush and 
depleted palatable grasses and forbs. 

Discussion 

Oakbrush yields and cover were greatest on poor- 
condition range, except on the mountain stony 
loam site. Yields on poor-condition range were 
almost equal for mountain loam, mountain shal- 
low loam, and upland loam, although foliage cover 
ranged from 48 y0 to 70%. Yields per square foot 
of foliage cover were 0.05, 0.08, and 0.07 lb., respec- 
tively (Table 6). Oak yields on poor-condition high 
mountain loam were double those on any other 
site. Heavier stands and higher yields of oakbrush 
apparently develop on poor-condition range follow- 
ing loss of palatable herbaceous vegetation. 

Yearly variations in foliage yield were not evalu- 
ated. Yield data should be obtained for all range- 
condition classes over a period of several years to 
evaluate yearly fluctuations in production. Predic- 
tion equations derived from this study will be 
checked in the field to determine their reliability. 

Foliage production estimates probably can be 
improved by grouping oak cover into foliage classes 
based on denseness or compactness of foliage-as 
was done with juniper foliage (Mason and Hutch- 
ings, 1967)-and by sampling oak foliage by clones 
instead of by belt transects, which cut across clonal 
areas. 

Table 6. Yield and cover of current annual growth of 
Gambel oak on various range sites and range-condition 
classes. 

Site and range 
condition 

Yield 
Lb/acre, 
air dry 

Covei- CCveF YiCId 

Ft’/acre Percent Lb/ft 2 

High mountain loam 

Excellent __ _- _- __ 
God __ __ _- _- 
Fair __ __ __ __ 
Poor 3,186 17,300 40 0.18 

Table 4. Production (lb, air dry) of oak foliage on poor- 
condition range on upland loam by foliage area (ft”) 
and basal area (inch2). 

Mountain loam 

Excellent 535 13,413 31 .04 
Good 1,109 13,469 31 .08 
Fair 1,141 12,397 28 .09 
Poor 1,562 30,396 70 .ns Foliage 

area 0.50 1.00 
Basal area 

5.00 10.00 20.00 30.00 40.00 

0.50 

1.00 

5.00 

10.00 

20.00 

30.00 

40.00 

50.00 

60.00 

0.10 

.15 

.38 

.56 

Mountain shallow loam 

iMountain stony loam 

Excellent 
Good 
Fair 
P00r 

__ _ __ __ 
1,269 21,270 49 .06 

756 16,440 38 .05 
811 13,874 32 .06 

2.03 

2.39 

2.71 

3.00 

Upland loam 

Excellent 
Good 
Fair 
Poor 

__ _- __ _- 
_- _- _- __ 
728 16,220 37 .04 

1,594 22,580 52 .07 

Log Y = -0.76826 + 0.56151 log FA + 0.15398 log DA (r2= 0.92) 
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Summary 

Reliable estimates of oakbrush foliage and twig 
yield can be made from measurements of foliage 
cover and basal stem area. Based on samples from 
30 to 50 oakbrush areas, predictions can be made 
that are within 10% of the actual average yield. 
Logarithmic equations provided the best correla- 
tions for this study. Separate equations are needed 
for different sites and range-condition classes. Al- 
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l Received October 25, 1969; accepted for publication March 
5, 1970. 

2 Present address: Research Assistant, Department of Agron- 
omy, Kansas State University, Manhattan, Kansas 66502. 

though data were gathered during three field sea- 
sons, yearly differences in yield were not evaluated. 

Prediction equations and yield tables developed 
from this study should be checked for application 
in the field. 
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The production of perennial grass herbage is 
considered to be strongly influenced by the amount 
of organic reserve material that is developed during 
the previous growing season. Frequency, timing 
and intensity of defoliation are known to influence 
the amount of material that accumulates during a 
growing season. These reserves are predominantly 
non-structural carbohydrates but include quantities 
of nitrogenous compounds (Reid, 1924; Graber, 
et al., 1927; Davidson and Milthorp, 1965; and 
Humphries, 1967) and are accumulated in the roots 
and crowns of the plant. The nitrogenous com- 
pounds are thought to be as essential to regrowth 
as are the carbohydrates. Even though both types 
of compounds act as reserves, carbohydrate analyses 
are commonly used to measure the reserve status of 
plants. Analysis of only the non-structural carbo- 
hydrates yields an erroneous measure of the organic 
reserve level. The analysis is also laborious and 
expensive. 

Because of the limitations of the laboratory anal- 
ysis approach, interest has developed to evaluate the 
reserve level by measuring the amount of etiolated 
growth a plant is able to produce until its reserve 
supply is exhausted. This is not an entirely new 
technique as Reid (1924) used etiolated growth to 
study reserves in the tomato plant, and Graber et 
al. (1927) used a similar procedure to determine 
which organic compounds were utilized to produce 
regrowth in alfalfa. More recently this technique 
has been used to evaluate the influence of various 
organic reserve levels on subsequent herbage pro- 
duction in grasses (Burton, Jackson and Knox, 
1959; Burton and Jackson, 1962; MacLeod, 1965; 
Adgebola, 1966; Raese and Decker, 1966; Lopez, 
Matches and Baldridge, 1967; and Mitchell, 1967). 
Index levels of organic reserves were determined 
by taking sod plugs of various grasses from the field 
and growing them in darkness. Hedrick (1967) used 
light-tight covers over individual crested wheat- 
grass plants in the field to stimulate etiolated 
growth and used the weight of this material as an 
index to the reserve carbohydrates. 

A preliminary study was conducted in southern 
Idaho in 1967 to ascertain if there was a relation- 
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Table 1. Average weight (g) per e&dated tiller and suh- 
sequent herbage yield (lb./acre) at six locations in south- 
ern Idaho in 1967. 

*vcrage 
Prcrious weight per 

year’s etiolated Herbage 
Location treatment tiller yield 

Point Springs seeding 
1955 exclosnrc ““grazed 0.0172 1,525 
1965 exclosurc ““grazed 0.0155 1,096 
1963 exclosurc heavily grarrd 0.0151 962 
1967 exclosnre heavily grared 0.0084 896 

Bliss Point seeding 
1966 exclosure ungrazrd 0.0172 524 
1965 exclosure moderately grazed 0.0097 422 

ship between the amount of reserve material oc- 
curring during the spring, as indicated by the 
&&ted growth under light-tight plastic pots, and 
subsequent herbage production. 

Study Area and Methods 

Two rangeland seedings al crested wheatgrass were used 
in this preliminary study. The Point Springs seeding is 
located near Malta, Idaho, at an elevation of 4,800 feet; and 
the Bliss Point seeding is located eavt of Bliss, Idaho, at an 
approximate elevation of 3,300 feet. The climate at both 
areas is similar except temperatures are higher in the spring 
at Bliss Point, and the annual precipitation is about two 
inches less than at Point Springs, The soils on the Point 
Springs seeding are derived from sedimentary material, and 
areas of saline and alkaline soil occur. The soils at Bliss 
Point were derived primarily from loess of unknown origin 
and are nearly neutral in reaction. 

Four locations were selected for study on the Point Springs 
seeding and two on the Rliss Point seeding. Each location 
had been subjected to dilferent gmring treatments in years 
prior to 1967: 

Point Springs Seeding 
1955 exclosure: Ungrazed 12 yr. 
1965 exclosnre: Heavily spring grazed 1955 to 1965; 

moderately grazed May 1 to May 23, 1965; ongraced 
1966 and 1967. 

1963 exclosure: Heavily spring grazed 1955 to 1963: 
nngrazed 1963 to 1965; heavily grazed June 20, 1966; 
ungrazed 1967. 

1967 exclosure: Heavily spring grazed 1955 through 
,966; ungrazed 1967. 

Bliss Point Seeding 
1966 exclosnre: Heavily spring grazed 1959 to 1966: 

nngrazed 1966 and 1967. 
1965 exclosure: Heavily spring graced 1959 to 1965; 

ungrazed 1965; moderately grazed April 25 to May 
25, 1966; ““grazed 1967. 

Three locations were grazed and three locations were not 
grazed during the growing season prior to sampling (Table 1). 

At each location, twenty crested wheatgrass plants were 
clipped to remove the remaining stubble and covered with 
ten-inch diameter plastic pots on March 12 to 15, 1967 (Fig. 
1). A groove was cot in the soil to accommodate the pot 
edge so that the pots would not be overturned by wind. On 
May 10 to 11 the total number 01 e&&xted tillers per plant 
was counted, and a sample of ten tillers was clipped from 
each plant for weight determination. 

Herbage yields (air~dried) were obtained at each location 
in late July. The nomber of crested wheatgrass plants were 
counted in thirty 9.6 ft’ plots at each location on the Bliss 
Point seeding and then clipped for weight determination. 
The same procedure was used at Point Springs except that 
twenty 2.4 ft2 plots were used at each location bccauae of 
the smaller sire of the exclosures. 

At the end of November, 15 to 30 plants were measured 
to determine the basal area “I plants at each location. Thr 
number of both fertile and vegetative tillera per plant was 
counted and then clipped separately for weight determina- 
tions. Tillers were considered fertile if an inflorescence 
had been prodoced and vegetative if only leaves had been 
produced. 

Etiolated Tiller Weight and Herbage Yield 

The average weight per individual etiolated tiller 
did not show a good relationship to subsequent 
herbage yield at the six locations studied (Table 1). 
The 1955 exclosure at Point Springs produced the 
greatest herbage yield in 1967 and had the highest 
individual &&ted tiller weight (0.0172 grams). 
The 1966 exclosure at Bliss Point, however, had an 
equally high individual tiller weight but produced 
the second lowest herbage yield. 

Average etiolated tiller weight appeared to re- 
flect the previous year’s grazing treatment in this 
study. Those locations grazed the previous year on 
each seeding had the least weight per etiolated tiller, 
and this weight increased as the number of years 
without grazing increased (Table 1). 

Using the average weight per etiolated tiller 
(Table 1) and the number of etiolated tillers per 
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Table 2. Number of etiolated tillers per plant, etiolated Table 4. Plants (per ft2 of surface soil), plant area (square 
tiller weight (g) per plant and herbage yield (lb.) at each inch) and number of tillers (per ft2 of surface soil) at 
of six locations. each of six locations in southern Idaho. 

Etiolated Etiolated 
tillers per 

Herbage Number Average area 
tiller weight yield Location of plants Tillers 

Location plant 
per plant 

per plant per acre 

Point Springs seeding 
Point Springs 

1955 exclosure 1.6 10.5 67.7 
1955 exclosure 66.4 1.142 1,525 

1965 
1965 exclosure 42.4 

exclosure 
0.657 1,096 

1.5 8.5 50.9 

1963 exclosure 34.4 0.519 962 1963 exclosure 2.2 4.8 60.3 

1967 exclosure 31.4 0.264 896 1967 exclosure 1.7 6.2 41.0 

Bliss Point seeding Bliss Point 

1966 exclosure 10.2 0.175 524 1966 exclosure 1.1 1.2 12.3 

1965 exclosure 4.8 0.047 422 1965 exclosure 1.2 1.4 15.1 

plant, an average etiolated tiller weight per plant 
was calculated (Table 2). This tiller weight per 
plant was strongly correlated (r = 0.967) to the sub- 
sequent herbage yields at the six locations. 

Etiolated Tiller Weight and Subsequent Tiller Production 

The total tillers produced (Table 3) follow a pat- 
tern similar to the number of etiolated tillers per 
plant (Table 2) ascertained in the spring of the year. 

The percentage of vegetative tillers (not produc- 
ing an inflorescence) was low at those locations that 
had been grazed most heavily over a period of years, 
i.e., the 1967 exclosure at Point Springs and the 
two sites on the Bliss Point seeding. The number 
of vegetative tillers in the oldest exclosure (1965) 
made up 61 percent of the total tillers produced, 
in contrast to the 29 and 36 percent on the more 
heavily grazed areas (Table 3). 

The average weight of fertile tillers from plants 
in the area protected from grazing since 1955 was 
about the same as from plants in areas ungrazed in 
1966, i.e., the 1965 exclosure at Point Springs and 
the 1966 exclosure at Bliss Point. Somewhat lower 

Table 3. Average number of tillers produced per plant 
during the growing season, percent vegetative tillers and 
average tiller weight (g) at six locations in southern 
Idaho. 

Location 

Tillers 
Per 

plant 

Vege- Average tiller weight 
tative 
tillers Fertile Vegetative 

Point Springs seeding 

1955 exclosure 42 61 0.28 0.12 

1965 exclosure 35 41 0.30 0.06 

1963 exclosure 28 56 0.22 0.06 

1967 exclosure 25 29 0.17 0.07 

Bliss Point seeding 

1966 exclosure 11 29 0.25 0.05 

1965 exclosure 12 36 0.21 0.06 

fertile tiller weights were found in the other loca- 
tions which were grazed during 1966. The weights 
of vegetative tillers were roughly comparable at all 
locations except in the area protected from grazing 
since 1955. The weight of the vegetative tillers at 
this location was approximately twice as great as at 
the other locations (Table 3). Thus, the area with 
the greatest number of vegetative tillers also pro- 
duced the heaviest vegetative tillers. 

Plant Numbers, Plant Areas and Tillers Per Unit Area 

In the course of gathering herbage yield data, the 
number of crested wheatgrass plants per unit area 
was ascertained. Plant area (basal area) and the 
number of tillers per plant were determined at each 
location in the fall of the year (Table 4). 

Heavy grazing of crested wheatgrass stands often 
does not reduce the number of plants per unit area, 
and some studies have shown an increase under 
heavy grazing (Springfield, 1963; Hedrick, 1967). 

This increase in density is somewhat misleading 
in that it results not from seedling establishment 
but rather from fragmentation of the grass clumps 
into smaller units. 

The data from Point Springs (Table 4) show as 
high a plant count in heavily grazed areas as in un- 
grazed areas. Continuous close defoliation during 
the growing season over a period of years, however, 
will ultimately lead to a lower number of plants 
per unit area. The average number of plants per 
square-foot within the study area on the Bliss Point 
seeding was 1.8 in 1958 (McKendrick, 1966) com- 
pared to the 1.1 and 1.2 in 1967. 

Plant area is more indicative of previous grazing 
practices than plant numbers as shown in Table 4. 
The most severely grazed areas at Bliss Point had 
much the smallest plant area. Those locations at 
Point Springs most recently and severely grazed 
generally had a smaller plant size. The slight dis- 
crepancy in the 1963 exclosure was due in part to 
the saline nature of the soil at this location. Plant 
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numbers fluctuate markedly on the saline areas at 
Point Springs. In years of favorable moisture and 
no grazing, large numbers of new plants become 
established. The growing season of 1965 was such 
a year, and the plants established in that year were 
still relatively small in this exclosure because of the 
poor growing condition that occurred in 1966. 

Discussion 

The relationship of organic reserve levels, as in- 
dicated by the amount of etiolated 9_rowth in the 
field, and subsequent herbage production cannot 
be clearly defined from the results of this prelimi- 
nary study. Although a high correlation (r = 0.967) 
was found between etiolated growth per plant and 
subsequent herbage yield, plant area and number 
of tillers per unit of soil surface area were also well 
correlated with herbage production-r = 0.965 and 
0.927, respectively. 

As previously indicated, heavy grazing does not 
greatly alter the number of plants per unit area of 
soil surface. This study shows, however, that appre- 
ciable reductions in plant area, and consequently, 
a reduced number of tillers per unit of soil surface 
area occur with heavy grazing treatments. Such re- 
ductions in plant area and number of tillers per 
plant may be related to low organic reserves in- 
duced by grazing in previous years. These condi- 
tions, however, may also be partly due to the de- 
struction of tiller bud sites by livestock trampling. 

If the individual grass tiller is considered as the 
ecological unit of plant growth as suggested by 
Evans et al. (1964), then the number of tillers per 
unit of soil surface area would appear to reflect 
stand vigor and herbage production better than the 
number of “plants” per unit area. Tillers per unit 
of soil surface area is a composite expression of the 
number of plants per unit soil surface area and 
plant size in terms of plant basal area. 

Factors influencing tillering in crested wheat- 
grass are not well known. Hyder and Sneva (1963) 
have shown that grazing or cutting of crested wheat- 
grass stems such as to remove the growing tip will 
stimulate tillering providing moisture is available. 
The number of vegetative tillers produced in a 
season, as indicated in this study, may also be re- 
lated to organic reserve levels. At the Point Springs 
study area, the percentage of vegetative tillers was 
greatest on the sites where etiolated tiller weight 
was greatest and least on the site with the smallest 
etiolated tiller weight (1967 exclosure). Differences 
were too small on the two sites at Bliss Point to be 
indicative of any relationship between weight of 
etiolated tillers and percent of vegetative tillers. 

Moisture and temperature conditions during the 
growing season have been shown to have an influ- 
ence on tillering in herbage grasses (Langer, 1963). 

The amount of tillering at each site may have been 
more directly affected by soil moisture differences 
resulting from animal trampling and compaction 
rather than from organic reserve levels. 

The previous discussion indicates some of the dif- 
ficulties that complicate interpretation of organic 
reserve levels as determined under field conditions. 
Tillering, growth rate and herbage production are 
responses affected by a complex of environmental 
and physiological factors. Organic reserve material 
is but one of several factors involved and, unless 
the organic reserves are clearly limiting, they can- 
not be used alone to predict herbage production. 
However, the field technique utilized in this study 
is applicable for detecting relative differences in 
the quantities of organic reserves in crested wheat- 
grass plants. 
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Delineation of seasonal carbohydrate reserve cycles in im- 
portant range plants is fundamental to development of a 
physiological index to proper season and intensity of range 
use. Carbohydrate reserves were studied with relation to 
growth stage of eight desert range plants in northern Utah. 
Most species showed definite seasonal trends. Results indi- 
cated that maximum plant vigor in relation to carbohydrate 
reserves depends upon reserve storage sometime at the 
end of the growth period. 

An index to proper season and intensity of range 
use based upon the normal process of photosynthesis 
and physiological functions of carbohydrate storage 
would be a boon to range management. 

Depletion of carbohydrate reserves normally ac- 
companies defoliation (Brown, 1943; Cook et al., 
1958; Jameson and Huss, 1959; Sullivan and 
Sprague, 1953; Weinmann, 1943, 1949). The ex- 
tent and duration of this depletion is associated 
with the season, frequency, and intensity of herbage 
removal. 

Reduction of carbohydrate reserve levels lowers 
plant vigor, herbage yield, and rate of growth (Cook 
et al., 1958; Weinmann, 1946). Spring growth also 
may be delayed (Cook et al., 1958; McCarty, 1938) 
and plants may be more susceptible to winter injury 
(Kust, 1960) and disease (Weinmann, 1946). 

Most perennial plants studied with respect to 
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carbohydrate reserve cycles show at least some 
behavior similarity. Plants store reserves during 
periods of slow herbage growth, particularly in the 
fall when elaboration of carbohydrates exceeds the 
demands of growth and assimilation. Reserves are 
used during periods of rapid herbage growth, such 
as initial growth, subsequent regrowth, and for 
respiration and slight growth during winter (Cook, 
1966; Priestly, 1962; Troughton, 1957; Weinmann, 
1961). 

Several comprehensive reviews have presented 
information on carbohydrate reserve cycles as re- 
lated to stage of growth and environmental fac- 
tors (Cook, 1966; J ameson, 1963; Priestly, 1962; 
Troughton, 1957; Weinmann, 1948). Stage of 
growth is the most important factor influencing car- 
bohydrate reserve concentrations in plants. There- 
fore, fundamental to studying the effects of defolia- 
tion on carbohydrate reserve is the delineation of 
annual carbohydrate cycles in non-defoliated plants. 

This study involved the determination of sea- 
sonal fluctuations of carbohydrate reserves in roots 
and crowns of eight desert range species protected 
from grazing. These included three browse, two 
suffrutescent, and three grass species as follows: big 
sagebrush (Artemisia tridentata), black sagebrush 
(Artem isia arbuscula var. nova), shadscale (A triplex 
confertifolia), Nuttall saltbush (A triplex falcata), 
winterfat (Eurotia lanata), Indian risegrass (Ory- 
zopsis hymenoides), needleandthread (Stipa co- 
mata), and squirreltail (Sitanion hystrix). In addi- 
tion to roots and crowns, carbohydrates in the twigs 
were studied in big sagebrush, shadscale, and 
winterfat. 

Study Areas and Methods 

Plants were collected from two locations in northern Utah 
during 1967 and 1968. The climate is semi-arid with warm 
dry summers and cold winters. Annual precipitation was 
29 cm for both years compared to an average of 24 cm 
during the preceding 10 years. Precipitation distribution 
varied widely between 1967 and 1968. Thirty-four percent 
of the total fell in June, 1967 compared to only 15% in 
June, 1968. Less than 2% of the total came in August, 1967 
while 25% was recorded in August, 1968. 

Soils at the study areas are representative of those of 
Great Basin Valleys. Parent material is either of sedimen- 
tary origin or alluvial outwash from adjacent mountain 
ranges (Gates, 1956). The biotic communities included in 
this study constitute a part of the Northern Desert Shrub 
Biome (Fautin, 1946). 
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as initial growth, subsequent regrowth, and for 
respiration and slight growth during winter (Cook, 
1966; Priestly, 1962; Troughton, 1957; Weinmann, 
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Troughton, 1957; Weinmann, 1948). Stage of 
growth is the most important factor influencing car- 
bohydrate reserve concentrations in plants. There- 
fore, fundamental to studying the effects of defolia- 
tion on carbohydrate reserve is the delineation of 
annual carbohydrate cycles in non-defoliated plants. 

This study involved the determination of sea- 
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and crowns of eight desert range species protected 
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winterfat (Eurotia lanata), Indian risegrass (Ory- 
zopsis hymenoides), needleandthread (Stipa co- 
mata), and squirreltail (Sitanion hystrix). In addi- 
tion to roots and crowns, carbohydrates in the twigs 
were studied in big sagebrush, shadscale, and 
winterfat. 

Study Areas and Methods 

Plants were collected from two locations in northern Utah 
during 1967 and 1968. The climate is semi-arid with warm 
dry summers and cold winters. Annual precipitation was 
29 cm for both years compared to an average of 24 cm 
during the preceding 10 years. Precipitation distribution 
varied widely between 1967 and 1968. Thirty-four percent 
of the total fell in June, 1967 compared to only 15% in 
June, 1968. Less than 2% of the total came in August, 1967 
while 25% was recorded in August, 1968. 
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Great Basin Valleys. Parent material is either of sedimen- 
tary origin or alluvial outwash from adjacent mountain 
ranges (Gates, 1956). The biotic communities included in 
this study constitute a part of the Northern Desert Shrub 
Biome (Fautin, 1946). 
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Plant roots were excavated to a depth of 30 cm. Root 
samples from woody species included those roots with diam- 
eters of approximately 8 mm or less. Woody crowns were 
defined as the tissue between the first stem branch and the 
first concentration of roots. All the fibrous grass roots in 
the top 30 cm of soil were collected. The lower 3 cm of 
grass culms were designated as crowns. Samplings was car- 
ried out weekly from March through June, biweekly in July 
and August, and monthly from September to November. 

The number of plants collected on each location at each 
date was dependent upon the amount of roots and crown 
on a particular plant. This varied from two to four on all 
species except Nuttall saltbush and squirreltail grass which 
required from 5 to 10 plants. All plants of each species at 
each location for a single date were composited by root and 
crown material respectively. 

The 1967 data indicated that the underground parts of 
sagebrush, and possibly other woody species, might be of 
secondary importance relative to carbohydrate storage. 
Throughout 1968 previous year’s twigs were sampled in big 
sagebrush, shadscale, and winterfat. Current year’s twigs 
were sampled in these species after July 12, 1968. All leaves 
and seedstalks were removed from both twig fractions. 

Plant parts were washed in cold water at the site of col- 
lection. The washed tissue was sectioned and placed into 
pint fruit jars, covered with 95 percent ethanol, and sealed 
tightly. Samples were dried at 70 C, ground to pass a 40- 
mesh screen, and stored in tightly capped jars until analyzed. 
Concentration of total available carbohydrates (TAC) was 
determined for each sample by using 0.2 N sulfuric acid 
hydrolysis according to Smith et al. (1964). Results were 
reported in milligrams of glucose equivalent per gram of dry 
sample. Total available carbohydrates consist of starch, 
dextrins, fructosans, sucrose, and reducing sugars, but not 
structural carbohydrates such as pentosans, hemicellulose, 
and cellulose (Smith et al., 1964; Weinmann, 1947). 

The average length of current year’s growth and the aver- 
age growth stage were recorded for all species at each col- 
lection date. The percent of soil moisture by weight at 30 
cm depth was determined gravimetrically at each sampling 
date during 1968. 

Data for 1968 are presented graphically in figures 1-8. 
Similarities and differences of 1967 data are discussed. Each 
point on the graph represents the average of two locations. 

Results and Discussion 

Big Sagebrush 

Clearly defined seasonal trends in total available 
carbohydrate (TAC) were generally lacking in the 
crowns and were not pronounced in the roots (Fig. 
1). Maximum crown storage of TAC at plant ma- 
turity for both years of the study was only about 
34 mg/g of sample with a minimum of about 18 
mg. Lack of definite trends of carbohydrates in 
underground storage organs has been reported in 
the literature for other species (Weinmann, 1961). 

Growth began earlier and initially phenology ad- 
vanced more rapidly in 1967 than 1968. However, 
by mid-June, the growth stages were the same for 
corresponding dates. Differences between years 
were not significant although fall regrowth caused 
a reduction of reserves in 1968. 
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FIG. 1. Total available carbohydrates (TAC) (mg of glucose 
equivalent/g) in roots, crowns, previous year’s twig growth 
(PYG), and current year’s twig growth (CYG) of big sagebrush 
as related to stage of growth. 

Twigs of big sagebrush, which were studied only 
in 1968, showed significantly greater storage than 
the roots and displayed a more pronounced sea- 
sonal trend (Fig. 1). It was noted that TAC con- 
centrations in roots and previous years’ twigs in- 
creased slightly during spring growth. This would 
not be expected since most species reported in the 
literature decrease in TAC as growth begins (Cook, 
1966; Troughton, 1957). However, big sagebrush 
retains a large proportion of its leaves through- 
out the winter. According to literature reviews 
(Jameson, 1963), early spring decline in carbohy- 
drates within perennial plants is apparently caused 
by their utilization in the production of new leaves. 
Evidently, existing leaves of big sagebrush can more 
than support the demands of the plant for carbo- 
hydrates during initial spring growth. 

A time lag was observed between TAC accumu- 
lation in the twigs and in the roots. This may 
indicate that excess photosynthate is stored largely 
in the twigs and the remainder used to support 
new growth. Eventually, excess TAC exceeds twig 
storage capacity and is translocated downward. 

In big sagebrush, twigs are apparently an im- 
portant site of reserve storage. Cook et al. (1959) 
observed that this species stored considerable carbo- 
hydrates in the twigs just behind the point where 
new growth would occur. This would appear to 
be an efficient adaptation provided the twigs are 
not removed by grazing. If grazed, much of the 
stored carbohydrates could be directly removed by 
the animals. 

Overwinter loss of TAC was 50% and 27% in 
roots and crowns, respectively. Fruit development 
and winter respiration contributed to this loss. 
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FIG. 2. Total available carbohydrates (TAC) (mg of glucose equiv- 
alent/g) in roots and crowns of black sagebrush as related to 
stage of growth. 

Generally, root TAC in big sagebrush increased 
from early growth until early seed stage, after 
which TAC leveled off or decreased. Twig TAC 
peaked during twig elongation and then declined 
sharply as flower stalks were elongating. 

Black Sagebrush 

This species was similar to big sagebrush in re- 
spect to a lack of pronounced trend in TAC con- 
centrations in roots and crown (Fig. 2). However, 
the crowns did show somewhat of a pattern which 
closely resembled that of the roots although the 
magnitude of fluctuation was less in crowns than 
in roots. 

Root TAC fluctuated erratically through both 
years, but generally showed a gradual increase 
from early growth in March to floral bud develop- 
ment in August. This buildup was followed by a 
rather sharp decline which lasted until early Sep- 
tember of both years. The earlier fall decline in 
1968 can be attributed to fall rains which caused 
renewed growth activity. 

In 1967, root TAC leveled off following the fall 
decline and remained constant throughout flower 
opening and initial fruit development. Conversely, 
in 1968, TAC in both roots and crowns increased 
rapidly from September 6 until flowers began 
opening about October 5. Then TAC decreased 
almost as rapidly until at least the last sampling 
date, November 9. Differences in late season be- 
havior between years may have been a result of fall 
regrowth in 1968. 

Corresponding yearly mean TAC concentrations 
for roots and crowns were almost identical for both 
years. Nearly half of the root reserves and one- 
fourth of the crown reserves were lost over the 
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FIG. 3. Total available carbohydrates (TAC) (mg of glucose equiv- 
alent/g) in roots, crowns, previous year’s twig growth (PYG), 
and current year’s twig growth (CYG) of shadscale as related 
to stage of growth. 

winter months. On the basis of big sagebrush 
studies, one could expect that twigs of black sage- 
brush would be sites of significant TAC storage. 

The erratic nature of TAC trends in roots and 
crowns of black sagebrush cannot be adequately ex- 
plained. Interplant variation seems unlikely since 
TAC concentrations were essentially similar for 
corresponding dates at both locations. Mean dif- 
ferences between locations were not significant. 
The relatively large amount of plant tissue com- 
prising the sample of this species should dampen 
the fluctuation rather than amplify it. Neither can 
poorly-defined trends be attributed entirely to ex- 
perimental error. The same sampling techniques 
were employed for both black sagebrush and the 
similar species, big sagebrush. 

Shadscale 

Rather definite seasonal trends in TAC were ob- 
tained for shadscale (Fig. 3). Both roots and crowns 
showed similar patterns in relation to stage of 
growth, but the latter was less pronounced. Re- 
serve carbohydrates in roots and crowns were simi- 
lar from March through June of each year. During 
the remainder of the season, roots accumulated car- 
bohydrates much more rapidly than crowns. This 
resulted in a highly significant (P < .Ol) interaction 
between growth stage and plant parts. Carbohy- 
drates in shadscale did show the expected draw- 
down during early growth and the buildup during 
plant maturity. 

Spring drawdown of TAC in both roots and 
crowns occurred gradually over a 2 to 2% month 
period. This was followed by a gradual replenish- 
ment period lasting from 3 to 3% months. Spring 
drawdown in TAC was more extensive in 1967 
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FIG. 4. Total available carbohydrate (TAC) (mg of glucose equiv- 
alent/g) in roots and crowns of Nuttall saltbush as related to 
stage of growth. 

than in 1968 and recovery was delayed until June 
23, 1967 (fruit development) compared to May 25, 
1968 (flower opening). This can be explained by 
precipitation distribution and growing conditions. 
The greater spring precipitation in 1967 resulted 
in a faster growth rate, which in turn produced a 
greater demand for stored carbohydrates. The frac- 
tion of total seasonal elongation growth which had 
been attained by the end of spring depletion was 
approximately 58 and 27 percent in 1967 and 1968, 
respectively. The other notable difference between 
years was the secondary depletion of TAC due to 
fall regrowth in 1968 (Fig. 3). 

Stored reserves were used during both years 
when the fruits were approaching maturity. The 
depletion was observed in roots only in 1967, but 
occurred in all plant parts in 1968. According to 
literature reviews (Jameson, 1963), the most im- 
portant cause of mid-season depression in carbo- 
hydrates accumulation may be fruit development. 
This secondary drawdown was amplified in 1968 
because of fall regrowth. 

The trends of TAC in twigs were intermediate 
between those of roots and crowns. As with twigs 
of big sagebrush, mean TAC concentrations in 
previous and current-year twigs were not signifi- 
cantly different. Differences among roots, crowns, 
and twigs were highly significant (P < .Ol). 

Winter drawdown of TAC in shadscale roots was 
only about 25% of the November concentration 
compared with 50 y0 in sagebrush roots. Crown de- 
pletion was 19%. This reflects the deciduous nature 
of shadscale and probably a lower rate of metabo- 
lism while quiescent. Also, shadscale becomes qui- 
escent much earlier than does sagebrush whose seed 
is usually not yet mature when the soil freezes. 
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FIG. 5. Total available carbohydrates (TAC) (mg of glucose equiv- 
alent/g) in roots, crowns, previous year’s twig growth (PYG), 
and current year’s twig growth of winterfat as related to stage 
of growth. 

Nuttall Saltbush 

Concentrations of TAC in roots and crowns of 
Nuttall saltbush showed similar but definite trends 
during both years (Fig. 4). In all cases, the roots 
contained significantly higher concentrations of 
TAC than the crowns. Concentrations of TAC in 
roots and crowns were at least twice as high as those 
of the other four woody species studied. 

Drawdown during rapid spring growth was 
extensive, but gradual. Replenishment was also 
gradual and, it was not completed until late August 
or September (mature fruit). 

Trends in 1967 were quite similar to those for 
1968, but differences between years were significant 
(P < .05). As with shadscale, drawdown was more 
extensive and recovery was delayed in 1967 com- 
pared to 1968. Likewise, fall regrowth resulted in 
a secondary TAC depletion cycle in 1968. In spite 
of these year differences, initial and final seasonal 
concentrations in roots and in crowns were essen- 
tially the same for both years. 

Sixty percent of the total annual growth incre- 
ment in 1967, and 30% in 1968, were completed by 
the end of spring drawdown. Overwinter reserve 
losses amounted to 20% in the roots and 17% in the 
crowns. The range of carbohydrate concentrations 
in the roots of Nuttall saltbush was considerably 
greater than the other woody species, reaching 
116.7 mg/g in 1968. The carbohydrates accumu- 
lation phase generally was not completed until seed 
maturity or quiescence. 

Winterfat 

Few similarities were observed between the 2 
years for winterfat (Fig. 5). In 1967, roots entered 
the growing season with relatively low TAC (49.3 
mg/g) and remained at approximately the same 
level with only slight fluctuation until June 30, 
during fruit development. Beyond this point, a 
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FIG. 6. Total available carbohydrates (TAC) (mg of glucose equiv- 
alent/g) in roots and crowns of Indian ricegrass as related to 
stage of growth. 

gradual increase was detected which lasted until the 
latter stages of fruit development in late August, 
reaching a maximum for the year of 84.1 mg/g. 
During the next 2 weeks, TAC declined as the fruit 
matured and finally increased and leveled off be- 
coming quiescent with TAC at 75.1 mg/g. 

Patterns for TAC in crowns were similar to TAC 
in roots from July through November although 
TAC concentrations were somewhat lower than in 
the roots. 

During 1968 (Fig. 5) the initial spring drawdown 
was rapid. Depletion generally ceased when only 
7yo of the annual growth increment was completed. 
Replenishment began almost immediately, but at 
a slower rate than depletion. In 1967, twig elonga- 
tion was 60% complete when replenishment began. 
Root TAC had reached 70.6 mg/g by May 11, 1968 
when floral buds were beginning to develop, thus 
requiring 5 weeks to replace what was used in 2 
weeks. 

Crown and twig trends in TAC were similar to 
the roots during 1968. Both TAC concentrations 
and TAC fluctuations were greater in the roots 
than in the crowns. Reserves in previous year’s 
twigs showed a less-pronounced spring drawdown 
than the roots. The increase in twig reserves dur- 
ing the first 4 weeks of sampling may have repre- 
sented translocation from underground parts to the 
twigs. Mean TAC concentrations in roots and in 
previous year’s twigs were not significantly differ- 
ent. Differences between mean TAC storage in the 
two twig fractions were not significant (P < .05). 

The secondary depletion cycle during fall re- 
growth and fruit development was as extensive as 
the initial spring cycle. However, recovery was 
rapid and peak root concentrations for the season 
(103.5 mg/g) was reached in November, as the 
plants approached quiescence. Minimum root con- 
centrations for spring and fall were about equal. 
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FIG. 7. Total available carbohydrates (TAC) (mg of glucose equiv- 
alent/g) in roots and crowns of needleandthread as related 
to stage of growth. 

Winterfat lost the least amount of carbohydrates 
of any species during the winter months. Losses 
were 17 and 18% in roots and crowns, respectively. 

Indian Ricegrass and Needleandthread 

The relationship between TAC in the under- 
ground parts of these two grasses was opposite that 
of the browse species. In these grasses, the crowns 
accumulated higher concentrations of TAC than 
the roots throughout the season (Figs. 6 and 7). 
Similar results have been reported for other peren- 
nial grasses (Alberda, 1955; Baker, 1957; Norman, 
1939; Sprague and Sullivan, 1950; Weinmann, 
1949). TAC trends were essentially identical in 
both roots and crowns and either part alone could be 
used to safely determine the carbohydrate budget 
of the plant. Sampson and McCarty (1930) found 
that the same seasonal changes in carbohydrates 
occurred in the roots and crowns of California 
needlegrass (Stipu pulchra). 

For both grasses, the extent and duration of TAC 
depletion during spring growth was greater in 1967 
than in 1968 when precipitation was relatively 
higher. Growth rate was greater in the spring of 
1967 than the spring of 1968, which thereby in- 
creased the demand for stored reserves. Fall de- 
pletion of TAC is evidently common in both spe- 
cies. The extent of depletion is proportional to the 
growth activity in the fall. 

Mean differences between years for Indian rice- 
grass and needleandthread were greater than mean 
differences between these two species. Seasonal 
TAC cycles and magnitude of storage were com- 
parable. However, fluctuation was more pro- 
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FIG. 8. Total available carbohydrates (TAC) (mg of glucose equiv- 
alent/g) in roots and crowns of squirreltail as related to stage 
of growth. 

nounced in needleandthread. The spring depletion 
of TAC was more rapid in needleandthread than 
in Indian ricegrass, but storage after depletion was 
delayed longer in the growth cycle. Once storage 
of TAC began, the rate was more rapid in needle- 
andthread than in Indian ricegrass. 

Although the yearly mean TAC storage in roots 
of needleandthread was higher than in Indian rice- 
grass, the latter had a larger mean value for crowns 
so that over-all storage for both plant parts was not 
significantly different. Both grasses lost 34% of the 
TAC stored by November during the winter, but 
crowns of Indian ricegrass lost 41 y0 compared to 
207, for crowns of needleandthread. For Indian 
ricegrass, growth elongation was approximately 50 
and 40% completed at the end of spring drawdown 
in 1967 and 1968, respectively. The corresponding 
values for needleandthread were 35 and 28%. 

Squirreltail 

Seasonal trends of TAC in roots and crowns of 
squirreltail were well-defined and definite (Fig. 8). 
Spring drawdown in TAC was rapid, but relatively 
light. Recovery of TAC took place almost immedi- 
ately following initial drawdown. A wet spring, 
such as 1967, increased the extent and duration of a 
carbohvdrate denletion similar to the other snecies. 

Squirreltail aicumulated significantly moie car- 
bohydrate reserves in 1968 than in 1967 (P < .Ol). 
Roots and crowns displayed similar seasonal trends, 
but in contrast to the other seven species studied, 
there was no significant difference between mean 
root and crown concentrations of TAC. McIlvanie 
(1942) reported that storage of reserves in roots and 
crowns of bluebunch wheatgrass (Agropyron spica- 
turn) was nearly equal. 

Growth elongation was generally 40 to 45% com- 
pleted by the end of the spring depletion phase 
(second leaf). McIlvanie (1942) found that the 
equivalent value for bluebunch wheatgrass was 
45%. Recovery of TAC was completed by anthesis 
during both years. Peak storage in the crowns at 
anthesis was 126.2 and 162.9 mg/g in 1967 and 
1968, respectively. Carbohydrates declined slightly 
subsequent to anthesis while the caryopses were de- 
veloping. Losses of TAC during the winter ranged 
from 37”/, in roots to 29% in crowns. 

Squirreltail is extremely responsive to fall rains 
and as a result went through almost two complete 
life cycles during 1968. The second cycle in the fall 
caused a tremendous drain upon reserves previously 
stored at the end of the first cycle (Fig. 8) since the 
length of fall growth reached a value comparable 
with spring and early summer growth. Neverthe- 
less, it made remarkable recovery and entered the 
winter with higher TAC concentrations than the 
previous year when fall regrowth was not pro- 
nounced. 

McCarty (1938) found that in mountain brome 
(Bromus marginatus), spring growth utilized 75% 
of the stored reserves and fall growth only 15%. 
The corresponding values for squirreltail were 30 
and 40%. 

In 1967, crowns accumulated about 10 mg/g 
more TAC on the average than the roots. In 1968, 
roots stored 4.4 mg/g more than the crowns. Thus, 
although plant parts were not significantly differ- 
ent, this did cause a highly significant (P < .Ol) in- 
teraction between years and plant parts. 

Summary and Conclusions 

Carbohydrate concentrations were consistently 
higher in the roots of the five woody species than in 
the crowns. The reverse relationship was found for 
Indian ricegrass and needleandthread. Mean root 
and crown concentrations of TAC were not signifi- 
cantly different in squirreltail. With the exception 
of big sagebrush, carbohydrate trends were similar 
in all plant parts studied although magnitude of 
storage and degree of fluctuation varied between 
plant parts. All species, except sagebrush, showed 
the expected spring depletion of TAC in each plant 
part when growth began. In a similar manner these 
species showed replenishment of the reserves dur- 
ing advanced stages of phenological development 
and maximum TAC in the storage organs was 
reached at maturity. 

Crowns of the sagebrush species appeared un- 
important as storage organs. A slight increase in 
TAC was observed in roots and twigs of sagebrush 
when spring growth began. This might be a reflec- 
tion of the evergreen nature of these species. Twigs 
of big sagebrush were considered more important 
as storage organs than roots or crowns with respect 
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to TAC concentrations. Twig concentrations of 
TAC were intermediate between roots and crowns 
of shadscale and were not significantly different 
from roots in winterfat. 

Growth rate was generally directly related to soil 
moisture and inversely related to carbohydrate 
storage. This was particularly evident during the 
wet spring of 1967 and the wet fall of 1968. 

This study suggests that maximum carbohydrate 
reserves are not attained until a plant completes 
its annual life cycle. Therefore, maximum plant 
vigor as a reflection of carbohydrate reserves de- 
pends upon the magnitude of TAC storage some- 
time at the end of the growth period. 
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Nitrate-nitrogen (NO,-N) accumulated in the soil during the spring, summer, 
and fall of a fallow year. NO,-N levels in the surface 6 inches in fall, 1967 and 
1968, were similar and averaged 43 lb./ acre on the atrazine fallow, 27 lb./acre 
on the mechanical fallow, and 5 lb./acre on the check. Above average precipita- 
tion during the winter of 1968-69 resulted in less NO,-N in spring, 1969 com- 
pared to spring, 1968. A comparison between the 2 years at one location showed 
the following NO,-N levels in the surafce 6 inches: spring, 1968-atrazine fallow 
30 lb. /acre, mechanical fallow 29 lb./ acre, and check 13 lb./acre; spring, 1969- 
atrazine fallow 5 lb./acre, and check 2 lb./acre. 

An atrazine fallow shows prom- 
ise fo’r establishment of perennial 
grasses on rangeland infested with 
downy brome (Bromus tectorum) 
(Eckert and Evans, 1967). Atrazine 
at 1 lb./acre is fall-applied and pe- 
rennial grasses seeded a year later. 
During the fallow year, annual 
weeds are colntrolled by the soil- 
active herbicide and soil moisture 
is conserved. Martin and Leonard 
(1967) point out that fallowing also 
promotes nitrification. The objec- 
tive of this study was to determine 
the nitrate-nitrogen (NO,-N) status 
of fallowed, semi-arid, rangeland 
soils. 

Methods and Materials 

Seven study sites were in the big 
sagebrush (Artemisia tridentata) 
type but are now dominated by 
downy brome, tumble mustard 
(Sisymbrium altissimum), Russian 
thistle (Salsota kali var. tenuifolia), 
and pepperweed (Lepidium per- 
foliatum). A fallow was accom- 
plished by either: (1) Z-chloro-4- 

1 Contribution from the Crops Research 
Division, Agricultural Research Ser- 
vice, U.S. Department of Agriculture, 
and the Agricultural Experiment Sta- 
tion, University of Nevada, Reno, Ne- 
vada. Journal Series No. 137. The 
authors express their appreciation to 
the Geigy Chemical Corporation for 
financial support and materials used 
in this study. Received October 25, 
1969; accepted for publication March 
5, 1970. 

(ethylamino)-6-(isopropylamino)- 
s-triazine (atrazine) at 1 lb./acre ap- 
plied in fall, 1966 and 1967; or (2) 
mechanical treatment in June, 1967 
and 1968. New fallows were estab- 
lished each year. Treatment plots 
20 by 20 ft were replicated four 
times. During the spring, summer, 
and fall of fallow years, soil samples 
were collected from depths of O-l, 
O-3,3-6,6-9, and 9-12 inches. The 
following spring, sample depths 
were O-3, 3-6, 6-12, 12-18, and 1% 
24 inches. Samples were air dried 
for 1 day in the greenhouse, screened 
to pass a 2 mm sieve, and stored at 
-20 F until analyzed by the phenyl- 
disulfonic acid method (Chapman 
and Pratt, 1961). 

Results and Discussion 

NO,-N Accumulation During the 
Fallow Year 

Figure 1 presents the NO,-N 
status of the surface 6 inches of soil 
on the atrazine fallow and check 
during the fallow years of 1967 and 
1968 at the Trap Butte and Oro- 
vada sites. These data are fro’m a 
new fallow each year. 

The NO,-N level was significantly 
higher on the fallow at each sample 
date. A similar trend was found on 
other sites (Table 1). More NO,-N 
accumulated during spring, 1967 
than during spring, 1968 on two 
sites studied in both years. This dif- 
ference was probably due to more 
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rapid nitrification in 1967 since pre- 
cipitation and weed control data 
indicate that leaching and utiliza- 
tion of NO,-N by weeds would be 
minimal factors in nitrate loss. 
Data from one location indicate 
that nitrate accumulation in 1969 
was similar to that in 1968. 

NO,-N accumulation began early 
in 1967 and 1968. For example, in 
1968 on one site accessible for sam- 
pling on February 15, the surface 6 
inches contained 9 lb./acre NOs-N 
on the atrazine fallow compared to 
5 lb./acre on the check. Data from 
seven sites show that the average 
NO,-N in the surface 6 inches on 
April 1 was 17 lb./acre on the atra- 
zine fallow and 8 lb./acre on the 
check. Table 1 gives similar com- 
parisons for all collection dates. By 
April 1, 74% of the spring-accumu- 
lated NO,-N in the surface 6 inches 
on the atrazine fallow had been 
produced; by May 1, 78%; and by 
May 28, 87%. 

From April through May, 65 to 
74% of the N03-N in the surface 3 
inches was found in the 0- to l-inch 
sample. However, by the middle of 
June 67% of the NO,-N in the sur- 
face 3 inches was below 1 inch. 
From 70 to 78% of the NO,-N in 
the surface 6 inches was found in 
the 0- to 3-inch sample. 

The final soil sample was col- 
lected after annual species had ma- 
tured. Precipitation from co,nvec- 
tional storms in July and August 
1968 moistened the soil and nitrifi- 
cation occurred until soil tempera- 
ture became too cold. Without 
plant growth, NO,-N accumulated 
on both fallow and check treatments 
with few exceptions. This resulted 
in similar NO,-N concentrations in 
the 0- to 6-inch sample (Fig. l), and 
in the 0- to 12-inch sample (Table 
2) by fall, 1967 and 1968. Without 
summer precipitation in 1968, 
NO,N in the final sample that year 
would have been less than in 1967. 

A comparison of atrazine and 
mechanical fallows showed signifi- 
cantly more NO,-N accumulation 
in the former. One month after 
mechanical treatment a 0- to 6- 
inch sample contained 26 lb./acre 
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FIG. 1. Pounds per acre of NO,-N in the surface 6 inches of soil on an atrazine fallow 
and check on two sites in 1967 and 1968. 

NO,-N; the atrazine fallow had 55 winter or early spring. Conversely, 
lb./acre NOs-N. The major reason annual species continued to use ni- 
for this difference was that the nitri- trogen until killed by mechanical 
fication process in the atrazine fal- fallow treatment. After mechanical 
low had been operative since late treatment, NOa-N can accumulate 

Table 1. NO,-N (lb./acre) in the O- 
6-inch depth on the check and atra- 
zine fallow on four sample dates 
averaged for seven locations in 1968. 

NO,-N 

Date 

4/l 
5/l 
5/28 
6/19 

Atrazine 
Check fallow 

8 17 
4 18 
4 20 
4 23 

if weed control is successful and if 
adequate soil moisture remains or 
summer precipitation occurs. For 
example, in November 1967, NO,-N 
in the surface 6 inches at Orovada 
was 56 lb./acre on the atrazine fal- 
low and 53 lb./acre on the mechani- 
cal fallow (Table 2). However, poor 
weed control on a mechanical fal- 
low or growth od summer annuals 
after mechanical fallow will result 
in less NO,-N accumulation than 
on an atrazine fallow. In 1967 at 
Trap Butte, growth of summer an- 
nual plants on the mechanical treat- 
ment reduced NO,-N in the surface 
6 inches by 8 lb./acre from time of 

Table 2. NO,-N (pounds/acre) in fall 1967 and 1968, and in spring 1968 and 1969 on atrazine fallow, mechanical 
fallow, and check.l 

Location 
and 

treatment o-3 3-6 

Depth, inches 

Total Totals 

6-12 o-12 o-3 3-6 6-12 12-18 18-24 O-12 12-24 O-24 

Trap Butte 
Atrazine fallow 
Mechanical fallow 
Check 

Orovada 
Atrazine fallow 
Mechanical fallow 
Check 

Trap Butte 
Atrazine fallow 
Check 

Orovada 
Atrazine fallow 
Check 

- Sampled Oct. 31, 1967 - - - - - - - Sampled March 20, 19682 - - - - - - 

19 16 8 43 7 6 18 9 10 31 19 50 
6 8 9 23 6 6 13 4 3 25 7 32 
7 5 5 17 5 2 4 4 3 11 7 18 

46 10 17 73 
44 9 16 69 

4 4 9 17 

- Sampled Aug. 5, 1968 - 

28 6 11 45 3 1 5 2 2 9 4 13 
5 4 5 14 1 1 1 1 1 3 2 5 

41 6 11 58 3 2 4 11 9 9 20 29 
6 2 5 13 1 1 2 1 1 4 2 6 

15 15 
13 16 

7 6 

47 12 14 77 26 103 
38 14 11 67 25 92 
20 3 4 33 7 40 

- Sampled April 28, 1969 _ _ _ _ _ _ 

l Atrazine at 1 lb./acre was applied in separate experiments in fall, 1966 and 1967. Mechanical treatment was made in June, 1967. 
2 Samples from 12-18 and 18-24 inches were collected in June and July after leaching from winter and spring precipitation had 

ceased. 



treatment in June until November. 
On an atrazine fallow with no sum- 
mer weeds, NO,-N increased by 9 
lb./acre during the same period. If 
annual plants utilize most of the 
available soil moisture before me- 
chanical treatment, or if precipita- 
tion after treatment is sparse and 
soil is dry, nitrification will be 
suppressed (Alexander, 1965) and 
NO,-N will not accumulate. For 
example, after a very dry spring and 
summer in 1968, N03-N in the 0- to 
6-inch sample on the last sample 
date at Orovada was 47 lb./acre on 
the atrazine fallow, about the same 
as in 1967, compared to only 13 
lb./acre on the mechanical fallow. 

NO,-N in Soil the Spring After 
a Fallow Year 

At this time of year perennial grasses 
are in the seedling stage. The amount 
of NO,-N varied with year, treatment, 
location, and depth (Table 2). Precipi- 
tation during the winter of 1967-68 
was 4 to 5 inches at both Trap Butte 
and Orovada. An average of 31 y0 of 
the total NO,-N in the surface 24 
inches of soil was found in the 0- to 
6-inch sample. At Trap Butte on 
March 20, NO,-N in a 0- to S-inch sam- 
ple was similar on both the fallow and 
check treatments. However, the 3- to 
6-inch sample from the fallows con- 
tained significantly more NO,-N (6 
lb./acre) than did the check (2 lb./acre). 
At Orovada on March 20, NO,-N was 
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greater in fallowed soils (14 and 15 
lb./acre respectively, in the 0- to 3 and 
3- to 6-inch samples) than on the check 
(7 and 6 lb./ acre, respectively). NO,-N 
will continue to accumulate durin,g the 
spring of the seedling year if weeds are 
not present. For example, in June at 
Orovada, NO,-N in the surface 3 inches 
averaged 30 lb./acre on the fallows and 
3 lb./acre on the check. 

An average of 41% of the total 
NO,-N in the surface 24 inches of soil 
was found in the 6- to 12-inch sample. 
NO,-N in this sample was significantly 
higher on the atrazine fallow (38 lb./ 
acre) and mechanical fallow (26 lb./ 
acre) than on the check (12 lb./acre). 

Samples from 12 to 18 and 18 to 
24 inches each contained 14y0 of the 
total NO,-N in the surface 24 inches 
of soil. Average NO,-N in the l2- to 
l8-inch sample was 10 lb. /acre on the 
atrazine fallow, 9 lb./acre on the me- 
chanical fallow, and 4 lb./acre on the 
check. Average NO,-N in the 18- to 
24-inch sample was 12 lb./acre on the 
atrazine fallow, 7 lb./acre on the me- 
chanical fallow, and 4 lb./acre on the 
check. 

Precipitation in the Orovada-Trap 
Butte area from October to the initial 
spring sample date was 11 to 12 inches 
in 1968-69, compared to 4 to 5 inches 
in 1967-68, and to the long term aver- 
age of 7 to 8 inches. NO,-N data for 
spring, 1969 reflect this difference in 
winter precipitation (Table 2). The 
atrazine fallows at Trap Butte and 
Orovada contained 45 and 58 lb./acre 
NO,-N, respectively, in the surface 12 
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inches of soil in fall, 1968. From 50 to 
7 1% of this NO,-N was leached below 
24 inches by spring 1969. Only 9 lb./ 
acre NO,-N were found in the surface 
12 inches of the atrazine fallow at each 
site. At Orovada the 12- to 24-inch 
sample contained 20 lb./acre NO,-N; 
at Trap Butte only 4 lb./acre NO,-N 
were found. 

As in 1968, NO,-N accumulated in 
the 0- to 3-inch depth on treated plots 
during spring, 1969. Average levels at 
seven locations were: April 28-fallow 
5 lb./acre, check 2 lb./acre; May 12- 
fallow 12 lb./acre, check 1 lb./acre; 
and June 9-fallow 10 lb./acre, check 
2 lb. /acre. 
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Soil and vegetational properties associated with a high 
lime and a mixed plains site on the Texas High Plains were 
analyzed. Density of grass cover was similar on both sites, 
but the high lime site supported a higher percentage of 
climax grasses. Mesquite trees were dense on the mixed 
plains site, but virtually absent from the high lime site. 
The high lime site was characterized by a grayish, strongly 
alkaline soil high in clay content and low in bulk density; 
the mixed plains site had a brownish, moderately alkaline 
soil high in sand content and high in bulk density. Phos- 
phorus, sodium, pH, and organic matter were higher in the 
high lime soils. 

Distinct plant communities occur throughout the 
southern High Plains of Texas on areas of similar 
climate and topography. The narrow ecotones be- 
tween them suggest that edaphic factors may be con- 
trolling their floristic composition and productivity. 



treatment in June until November. 
On an atrazine fallow with no sum- 
mer weeds, NO,-N increased by 9 
lb./acre during the same period. If 
annual plants utilize most of the 
available soil moisture before me- 
chanical treatment, or if precipita- 
tion after treatment is sparse and 
soil is dry, nitrification will be 
suppressed (Alexander, 1965) and 
NO,-N will not accumulate. For 
example, after a very dry spring and 
summer in 1968, N03-N in the 0- to 
6-inch sample on the last sample 
date at Orovada was 47 lb./acre on 
the atrazine fallow, about the same 
as in 1967, compared to only 13 
lb./acre on the mechanical fallow. 

NO,-N in Soil the Spring After 
a Fallow Year 

At this time of year perennial grasses 
are in the seedling stage. The amount 
of NO,-N varied with year, treatment, 
location, and depth (Table 2). Precipi- 
tation during the winter of 1967-68 
was 4 to 5 inches at both Trap Butte 
and Orovada. An average of 31 y0 of 
the total NO,-N in the surface 24 
inches of soil was found in the 0- to 
6-inch sample. At Trap Butte on 
March 20, NO,-N in a 0- to S-inch sam- 
ple was similar on both the fallow and 
check treatments. However, the 3- to 
6-inch sample from the fallows con- 
tained significantly more NO,-N (6 
lb./acre) than did the check (2 lb./acre). 
At Orovada on March 20, NO,-N was 
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greater in fallowed soils (14 and 15 
lb./acre respectively, in the 0- to 3 and 
3- to 6-inch samples) than on the check 
(7 and 6 lb./ acre, respectively). NO,-N 
will continue to accumulate durin,g the 
spring of the seedling year if weeds are 
not present. For example, in June at 
Orovada, NO,-N in the surface 3 inches 
averaged 30 lb./acre on the fallows and 
3 lb./acre on the check. 

An average of 41% of the total 
NO,-N in the surface 24 inches of soil 
was found in the 6- to 12-inch sample. 
NO,-N in this sample was significantly 
higher on the atrazine fallow (38 lb./ 
acre) and mechanical fallow (26 lb./ 
acre) than on the check (12 lb./acre). 

Samples from 12 to 18 and 18 to 
24 inches each contained 14y0 of the 
total NO,-N in the surface 24 inches 
of soil. Average NO,-N in the l2- to 
l8-inch sample was 10 lb. /acre on the 
atrazine fallow, 9 lb./acre on the me- 
chanical fallow, and 4 lb./acre on the 
check. Average NO,-N in the 18- to 
24-inch sample was 12 lb./acre on the 
atrazine fallow, 7 lb./acre on the me- 
chanical fallow, and 4 lb./acre on the 
check. 

Precipitation in the Orovada-Trap 
Butte area from October to the initial 
spring sample date was 11 to 12 inches 
in 1968-69, compared to 4 to 5 inches 
in 1967-68, and to the long term aver- 
age of 7 to 8 inches. NO,-N data for 
spring, 1969 reflect this difference in 
winter precipitation (Table 2). The 
atrazine fallows at Trap Butte and 
Orovada contained 45 and 58 lb./acre 
NO,-N, respectively, in the surface 12 
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inches of soil in fall, 1968. From 50 to 
7 1% of this NO,-N was leached below 
24 inches by spring 1969. Only 9 lb./ 
acre NO,-N were found in the surface 
12 inches of the atrazine fallow at each 
site. At Orovada the 12- to 24-inch 
sample contained 20 lb./acre NO,-N; 
at Trap Butte only 4 lb./acre NO,-N 
were found. 

As in 1968, NO,-N accumulated in 
the 0- to 3-inch depth on treated plots 
during spring, 1969. Average levels at 
seven locations were: April 28-fallow 
5 lb./acre, check 2 lb./acre; May 12- 
fallow 12 lb./acre, check 1 lb./acre; 
and June 9-fallow 10 lb./acre, check 
2 lb. /acre. 
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Soil and vegetational properties associated with a high 
lime and a mixed plains site on the Texas High Plains were 
analyzed. Density of grass cover was similar on both sites, 
but the high lime site supported a higher percentage of 
climax grasses. Mesquite trees were dense on the mixed 
plains site, but virtually absent from the high lime site. 
The high lime site was characterized by a grayish, strongly 
alkaline soil high in clay content and low in bulk density; 
the mixed plains site had a brownish, moderately alkaline 
soil high in sand content and high in bulk density. Phos- 
phorus, sodium, pH, and organic matter were higher in the 
high lime soils. 

Distinct plant communities occur throughout the 
southern High Plains of Texas on areas of similar 
climate and topography. The narrow ecotones be- 
tween them suggest that edaphic factors may be con- 
trolling their floristic composition and productivity. 
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The absence of mesquite (Prosopis glandulosa var. 
glandulosa (Benson) Johnson) from some sites while 
other sites receiving the same grazing treatments 
and rainfall supported dense stands of the woody 
species attracted our interest. 

This study was designed to evaluate the vegeta- 
tive resources of two range sites on the southern 
High Plains and to isolate factors that contribute 
to the plant distribution and abundance. These 
contrasting range sites were: 1) a mixed plains site 
with dense mesquite growth and 2) a high lime site 
with no mesquite on it. 

These adjacent sites were in the same pasture on 
the Post-Montgomery Ranch about 25 miles south- 
east of Tahoka, Lynn County, Texas. The study 
area is located in the southern portion of the mixed 
prairie (Weaver and Albertson, 1956). The eleva- 
tion is 3,100 ft. Average annual rainfall is slightly 
less than 20 inches (19.4 inches at Tahoka). 

The soils of the study area formed from calcare- 
ous, unconsolidated outwash materials from the 
Rocky Mountains (Evans and Meade, 1945). The 
soils of the mixed plains sites are Mollisols mainly 
of the Portales and Mansker series. The predomi- 
nant soils of the high lime site are Aridisols with 
the Arch series being the most common one (Soil 
Survey Staff 1959, 1960). 

Methods and Procedures 

Twenty sampling locations were selected at random on 
each of the two sites within pastures that had received 
similar grazing treatments for many decades on the Post- 
Montgomery Ranch. The area was grazed continuously in 
a single pasture prior to 1962. After that time, the study 
area has been part of a four pasture deferred rotation 
system with a stocking rate of 1 animal unit per 40 acres. 
Species composition, basal density of grasses and mesquite 
canopy cover were measured at each of the 20 locations 
on each site by use of a 100 ft line intercept similar to that 
described by Canfield (1942). Range condition, as estimated 
by the percent of climax plants, was determined at each 
sampling location in each range site. Density of woody 
vegetation was measured by the point centered quarter 
method of Cottam and Curtis (1956) using the west end of 
each vegetation intercept as a random point. 

Composite samples were made from soil auger cores, from 
depths of 0 to 6 inches, 15 to 26 inches, and 26 to 30 inches 
respectively to correspond with the A, B, C soil horizons on 
each site. The composite soil sample was taken along each 
of the 20 vegetational transects and analyzed for soil pH, 
organic matter, available phosphorous, available potassium, 
available calcium, available sodium, and total salts. 

Standard 3 x 3 inch core samples were taken at depths of 
0 to 4, and 6 to 10 inches at each sampling location. Bulk 
density values were calculated (Baver, 1956) for each core. 

Field capacity and permanent wilting percentages of the 
soils at each sampling location were determined by pressure 
membrane extraction apparatus (Richards, 1947). One-third 
bar pressure was considered as field capacity and 15 bar 
pressure as the permanent wilting point. Soil moisture on 
the two sites was measured using the electrical resistance 

Table 1. Comparison of vegetational properties on two 
range sites on the southern Mixed Prairie. 

Site 

Mixed plains High lime 

Range condition 39.2 86.4”” 

% grass cover 50.1 51.4 

% mesquite cover 37.0** 0.0 

Mesquite/acre 268.7** 0.0 

** Significantly greater at 0.01 probability level. 

methods described by Bouyoucus and Mick (1940). Readings 
(recorded as percentages of field capacity) were made at 
seven random locations on each site. At each location, 5 
plaster of paris resistant blocks were buried at 3, 6, 12, 18, 
and 36 inch depths. 

Water infiltration rates on each site were determined by 
modification of the concentric ring method (Leithead, 1950). 
Six determinations were made on each site. 

On each site a median profile and two extremes were 
described to a depth of approximately 4 ft using procedures 
of the Soil Survey Staff (1960). A total of 39 variables were 
sampled for each site. Differences between variables on 
each site were determined by Students T-test; correlation 
coefficients were computed between variables on each site 
using standard statistical procedures (Steel and Torrie, 1960). 

Results and Discussions 
Soil and vegetational properties associated with the two 

sites were significantly different. These differences were of 
sufficient magnitude to alter management practices for each 
site, justifying the retention of each site as an ecological 
entity. Soil-plant relationships were different on each site 
(Table 1). 

Vegetation 

Absence of observable mesquite from the high lime site 
was the most outstanding vegetational difference between 
the two communities. In contrast to the absence of adult 
mesquite on the high lime site, the mixed plains site had 
an average canopy cover of 37% and 268.7 mesquite plants 
per acre (Table 1). 

A few mesquite seedlings were found on the high lime 
site, but they were so scarce as not to be encountered by 
the sampling method used. Only after careful search of the 
area were seedlings found. None survived and grew into 
trees during the study. 

There was no difference between the total grass cover on 
the two sites. The high lime sites supported a significantly 
higher percentage of climax plants contrasted to a pre- 
ponderance of increaser plants on the mixed plains site. 

The most abundant plants on the high lime site were blue 
grama (Bouteloua gracilis (Willd.) (ex. H.B.K.) lag. ex 
Griffiths), sideoats grama (Bouteloua curtipendula (Michx.) 
(Torr.) and vine mesquite (Panicum obtusum H.B.K.). 
Forbs were scarce at the time of the late summer field 
survey. The most common broadleaf plant was one seeded 
Croton (Croton monanthogynus Michx.). Woody plants 
were lacking. Few scattered plants of plains prickly pear 
(Opuntia $2 o Zy cantha var. trichophora (Engelm. and Bigel) 
Coult.) were scattered over the area (Table 2). 
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Table 2. Comparison of basal density of herbaceous and 
woody vegetation on two range sites on the Southern 
Great Plains. 

Table 3. Average values of soil physical properties on 
range sites on the southern High Plains. 

Species 

Grasses 
Bouteloua gracilis 
Bouteloua curtipendula 
Panicum ob tusum 
Buchloe dactyloides 
Sporobolus cryptandrus 
Panicum hallii 
Muhlenbergia arenicola 
Aristida wrightii 
Hilaria mutica 

Forbs and shrubs 

Composition (%) 

High lime Mixed plains 
site site 

56.1”” 15.7 
11.9”” 0.5 
12.4” 4.1 

5.8 60.7”” 
4.1 2.6 
3.6”” 0.9 
3.0”” 0.6 
0.9 2.8” 

7.4”” 

Depth High lime Mixed plains 
(inches) site site 

Sand (%) O-6 33.32 52.77”” 
Silt (%) O-6 26.25 25.68 
Clay (%> O-6 40.43” * 21.55 
Bulk density 04 1.09 1.32”” 
Bulk density 6-10 1.09 1.31”” 

** Significantly greater at 0.01 probability level. 

in both the number of plants per acre and the density of 
mesquite cover was associated with a significant reduction 
in climax grasses (Table 2). A negative relationship existed 
between mesquite composition and grass cover, but this re- 
lationship was not significant. 

Forbs 1.6 
Prosopis glandulosa 

var glanduloaa 
Opun tia polycan tha 

var trichophora 0.2 
Condalia obtusifolfa 
Berberis trifoliolata - 
Foresteria pubescens 

var pubescens 

* Signiticantly greater at 0.05 probability level. 
** Significantly greater at 0.01 probability level. 

3.3 

1.3** 

0.1 
T 
T 

T 

Soils 

The physical soil properties of the two sites were different. 
The high lime site was characterized by a grayish, strongly 
alkaline soil, high in clay content and low in bulk density. 
The clay fraction of the high lime soil was significantly 
higher than for soils on the mixed plains site. There was 
no difference in the silt fraction. The soils of high lime 
sites were significantly lower in sand and bulk density. The 
mixed plains site was characterized by a brownish, moder- 
ately alkaline soil high in sand content and high in bulk 
density (Table 3). 

The major species on the mixed plains sites were buffalo- 
grass (Buchloe dactyloides (Nutt.) Engelm.), blue grama, and 
tobosa grass (Hilaria mutica (Buckl.) Benth.). This site has 
significantly more buffalograss, tobosa grass, and mesquite 
than the high lime site. 

Chemical factors of the soil were different for each com- 
munity. The high lime site was significantly higher in pH, 
phosphorous, potassium at the 26 to 36 inch level. Sodium 
and organic matter below 15 inches was also significantly 
higher on the high lime site. Potassium in the upper 6 
inches was significantly higher in the mixed plains site 
(Table 4). 

The mixed plains site had significantly more blue grama, Infiltration rates of over 7 inches per hour were obtained 
sideoats grama, vine mesquite, Halls panic (Panicum hallii for the high lime site. These rates are significantly greater 
Vasey) and sand muhley (Muhlenbergia arenicola Buckl.). than the 3.34 inches per hour for the mixed plains site 

Occurrence of mesquite did not alter total grass cover, but (Table 5). The highest infiltration rates were obtained on 
was associated with a decrease in climax plants. Increases the site highest in clay content. Sandier soils generally are 

Table 4. Average values for chemical analyses at 20 locations on each of two range sites on the southern Mixed Prairiel. 

P3 K3 Ca3 Na3 Organic5 
PH2 (lb./acre) (lb./acre) (lb./acre) (lb./acre) Salt’ matter 

High lime site 
0 - 6 inches 

15 - 26 inches 
26 - 36 inches 

Mixed plains site 
o- 6 inches 

15 - 26 inches 
26 - 36 inches 

8.4”” 81.1** 566 6000+ 951”” none 1.68 
8.4”” 65.2** 450 6000+ 1253”” none 1.23** 
8.5”” 63.9** 580”” SOOO+ 1499”” none 0.99”” 

8.2 36.1 749 6000+ 375 none 1.54 
8.2 29.5 465 SOOO+ 577 none 0.94 
8.2 35.0 380 SOOO+ 856 none 0.75 

1 Analyses determined by International Minerals Soil Test Laboratory. 
2 Readings made from 1: 2 water extract with Beckman pH meter. 
3 Determinations made from an ammonium acetate extract buffered to pH 4.2. 
4 Readings from Solu-Bridge tester from 1: 2 water extract; reported as salinity hazard. 
G Determined by the Walkley-Black procedure. 

** Significant differences between sites at 0.01 probability level. 
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Table 5. Average values of moisture properties on two 
range sites on the southern Mixed Prairie. 

High lime site Mixed plains site 

Infiltration (inches/hr) 7.17”” 3.34 
Field capacity (%) 47.61 39.20 
Permanent wilting (%) 13.85 10.79 
Available moisture (%) 33.76”” 28.40 

** Significantly greater at 0.01 level. 

expected to receive water faster than those with finer par- 
ticles. However, the mixed plain site, characterized by sandy 
loam texture, showed less favorable soil aggregation and 
moisture relationships when compared to the soils of the 
high lime site. The percent moisture held at field capacity 
and at permanent wilting percentage was not significantly 
different between the two sites. However, the available 
moisture on the high lime site was significantly greater than 
for the mixed plains site. 

The high lime site was in better range condition than 
the mixed plains site. Infiltration studies conducted by Dee, 
Box, and Robertson (1966) indicated that intake rates in- 
creased as range condition progressed toward the climax 
on Pullman Silty Clay Loam. The lower infiltration rate 
on the mixed site may be due simply to degradation of the 
vegetative cover and subsequent degradation of soil aggre- 
gation on the mixed plains site. 

Relationships Between Vegetational and 
Soil Properties 

Correlation coefficients were computed between all vari- 
ables measured using the procedure outlined by Box (1961) 
for each site. The total amount of grass cover was not re- 
lated to any soil attribute except organic matter in the 
upper level on either site. Some soil attributes and plant 
composition were related on each site, but these relation- 
ships were different for the two sites. 

Mixed Plains Site 
Grass cover and soil organic matter were positively corre- 

lated (P < 0.05) in the upper 6 inches of soil on the mixed 
plains site. This relationship is to be expected since much 
of a grass plant’s production is fibrous roots. These roots 
are generally concentrated in the upper levels in semi-arid 
climates. 

Infiltration rates increased as range condition improved 
(P < 0.01). In contrast, infiltration rates decreased as mes- 
quite attributes increased, though the relationship was not 
statistically significant. This relationship related to Paul- 
sen’s work of 1953. He found that soil under mesquite had 
less favorable soil structure and moisture relations than that 
under perennial grass. 

In our study the larger amounts of mesquite canopy oc- 
curred on soils that were lowest in pH, sodium, and clay. 
Those soils highest in sand, bulk density, field capacity, 
and wilting percentage supported the mesquite in largest 
amounts. The highest density of mesquite trees occurred on 

soils lowest in pH, organic matter, and highest in potassium 
at the lower levels. 

High Lime Site 

No significant relationships existed between grass cover 
and soil properties on the high lime site. Range condition 
on the high lime site increased with phosphorous content 
of the soil and clay content in the upper 6 inches. Organic 
matter and phosphorous, and potassium contents of the 
soil 15 to 26 inch level were positively related to range 
condition. Range condition was negatively associated with 
the sand content of the soil and bulk density in the upper 
6 inches. 

In general, climax plants were found abundantly on those 
transects highest in organic matter, phosphorous, and potas- 
sium. Little association was observed between decreaser 
plants and soil reaction or sodium content. The better 
range plants were associated with soils of higher clay con- 
tents and low bulk densities. 
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Highlight 

Paraquat applied at 0.8 lb./acre to 
the same stand of crested wheatgrass in 
three consecutive years did not signifi- 
cantly reduce the grass yield in the 
fourth year. Floral primordia mortal- 
ity from paraquat application on May 
20 ranged from 50 to 87 percent. Fur- 
ther research in application technique 
and timing in relation to chemical 
coverage and meteorlogical conditions 
are believed needed to assure a consist- 
ently high floral primordia mortality, 
a perequisite of successful two-crop 
management. 

The residual or accumulative effect 
from any management treatment on 
perennial grasses is of vital concern. 
Two consecutive years of curing range 
grasses when in anthesis with paraquat” 
(1,l’ dimethl-4,4’-bipyridinium ion) 
caused no significant reduction in herb- 
age yield (Sneva, 1967). This note gives 
additional information on the effect of 
paraquat on crested wheatgrass (Agro- 
@won desertorum (Fisch.) Schult.) yield 
after 1,2, and 3 years of growing season 
treatments. 

Management of crested wheatgrass 
stands for a two-crop system, as pro- 
posed by Hyder (1961), requires the 
removal of apical dominance with suf- 
ficient soil moisture remaining to assure 
a second crop of vegetative stems. He 
suggested, for this area, that grazing 

1 Contribution from the Squaw Butte 
Experiment Station, Burns, Oregon. 
This Station is financed cooperatively 
by the Crops Research Division, Agri- 
cultural Research Station, U.S. Depart- 
ment of Agriculture, and the Oregon 
State University Agricultural Experi- 
ment Station, Corvallis, Oregon. Re- 
ceived October 10, 1969; accepted for 
publication January 8, 1970. 

2 As of this date, paraquat has not been 
registered by the U.S. Department of 
Agriculture for this use. 

Table 1. Yields (lb./acre) of crested wheatgrass on June 6, 1967 after 1, 2, 
and 3 years of application of paraquat during the growing season and clip- 
ping on May 20. 

Treatment 
year 

Clipped 
Paraquat applied 

Control May 20 May 20 June 10 June 20 June 30 Mean 

1964 922 776 1088 1118 784 1080 961 
1964, ‘65 934 964 1084 1112 1150 1044 1048 
1964, ‘65, ‘66 1026 796 978 910 964 864 923 

Mean 960 845 1050 1047 966 996 

begin about May 1 and terminate about 
May 20; the stocking rate so adjusted 
to allow the floral primordia to be ele- 
vated and removed. Successful achieve- 
ment of floral primordia removal re- 
quires intimate knowledge of grass 
growth rate, forage intake by animals, 
and flexibility in the ranch operation. 
Seldom is 100% control of the floral 
primordia achieved. I desired to use 
paraquat in place of the grazing animal 
to remove apical dominance in crested 
wheatgrass. If successful, this could sim- 
plify the management for a two-crop 
system but the herbage produced up to 
the time of treatment is essentially lost 
to the grazing animal. Thus, floral pri- 
mordia control by the earliest spring 
treatment for obtaining a second crop 
composed of vegetative stems is dis- 
cussed. 

Method and Materials 
A previous paper (Sneva, 1967) de- 

scribes the experimental area and 
equipment used to apply spray treat- 
ments. Treatments consisted of: (1) 
0.8 lb. of paraquat cation in 10 gallons 
of water plus X-77 added at 0.5% total 
volume per acre applied once on May 
20, June 10, J une 20, or June 30 in 
each of the years 1964, 1965, and 1966, 
(2) clipping at ground level on May 20 
for positive removal of all elevated 
floral primordia, and (3) control. 

The randomized complete block de- 
sign contained four replications with 
date-of-spray, clipping, and control 
treatments assigned to whole plots 
(12 x 108 ft). Subplots (12 x 36 ft) re- 
ceived year treatments of: treated only 
in 1964, treated in 1964 and 1965, or 
treated in 1964, 1965, and 1966. 

Standing vegetation on all plots was 
mowed in the fall of each year with a 

rotary mower. The herbage yield har- 
vested on June 6, 1967 from a 4 x 12 
ft area in each subplot measured the 
accumulative effect of treatments upon 
production. Treatment means were 
tested with Duncan’s multiple range 
test at the 0.05 level of significance. 

Effectiveness of May 20 treatments 
in controlling floral primordia was esti- 
mated from the number of reproductive 
stems present in August, 1965, and 
1966 in two, 1 ft2 samples randomly 
located in each subplot. Reproductive 
stems could not be counted in August 
1964 because cattle broke into the ex- 
perimental area in late July and ate all 
herbage on the treated plots. Visual 
estimates of growing point control re- 
corded July 13, 1964 will be used in 
lieu of enumerated data. 

Results 

Table 1 shows the mean yields in 
1967 for treatments imposed in the 
three previous years. Mean yield of 
crested wheatgrass was not reduced sig- 
nificantly by any treatment. No signifi- 
cant interactions were found. 

Table 2. Control of floral primordia 
in each of the three years by clip- 
ping or by applying paraquat on 
May 20 in each year expressed as a 
percent of the control. 

Treatment 

Year Clip Paraquat 

1964l 75 50 
19652 97 87 
1966’ 99 64 

l Visual estimate on July 13, 1964. 
2 Based on two, 1 ft2 samples/plot in Au- 

gust. 
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Table 2 shows the percent control of 
elevated growing points in each year 
by clipping at ground level or by treat- 
ing with paraquat, both being imposed 
on May 20 of each year. In two of the 
three years, nearly all floral primordia 
were sufficiently elevated above the 
soil surface to be removed by clipping 
on May 20. Control of floral primordia 
with paraquat was poorer than clipping 
in every year, ranging from 50 to 87%. 

Discussion 

Paraquat treatments in June, which 
provide a cured herbage for late season 
grazing, did not cause a yield depres- 
sion after three successive years of treat- 
ment. This agrees with Hyder (1961) 
who found clipping treatments during 
June to have little or no effect upon 
the following year’s yield of crested 
wheatgrass. Thus, it is inferred that 
paraquat can be applied up to at least 
three years in succession for curing the 
first crop of stems without fear of 
diminished production in subsequent 
years. 

Successful control of the growing 
point whether by grazing, clipping, or 
contact chemicals requires that the 
floral primordia be elevated to a sus- 
ceptable height for removal or for con- 
tact in the case of a chemical. In 1964, 
cool April temperature and dry soils 
delayed plant growth and retarded 

Relationship Between Forage 
Intake and Gains of 

Grazing Steers1 
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Highlight 

Based on a study utilizing total feces 
collection to estimate forage intake of 
grazing animals, the “animal gain- 

1 Published with the permission of the 
Dean of the University of Tennes- 
see Agriculture Experiment Station, 
Knoxville, Tennessee. Received No- 
vember 29, 1969; accepted for publi- 
cation March 14, 1970. 
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floral primordia elevation. Only 75% 
of the reproductive stems produced in 
1964 were removed by the clipping 
treatment on May 20. Increases in 
floral primordia control in that year 
could have been realized by delaying 
both the clipping and the chemical 
treatments. 

Poorer control of floral primordia in 
all years resulted from paraquat treat- 
ments than from clipping. Yet, in 1965, 
paraquat applied on May 20 controlled 
87% of the emerged growing points. 
This suggests that a relatively high de- 
gree of control may be possible if those 
factors influencing paraquat activity 
are known. Recent studies evaluating 
temperature, oxygen, humidity, and 
light combinations (Merkle et al., 1965; 
Brian, 1966; Putman and Ries, 1968) 
on the activity of paraquat offer possi- 
ble! solutions for increasing succ&s of 
field applications. 

Herbage removal by clipping during 
April and May has been shown to de- 
press crested wheatgrass yield signifi- 
cantly in the year following treatment 
(Hyder, 1961). Lowest residual yields 
in this study, though not significantly 
different from the others, resulted from 
clipping on May 20 in three consecu- 
tive years. A similar depression of yield 
did not occur from the comparable 
chemical treatment probably because of 
the poorer control of the floral pri- 
mordia. 

9 

forage intake” relationship can be im- 
proved by removing a maintenance 
factor from the intake estimates. These 
data indicated that differences in di- 
gestible dry matter intake explained 
much of the variation in body weight 
gain of steers grazing both tall fescue- 
lespedeza and orchardgrass-clover pas- 
tures. 

The objective of this experiment was 
to study the relationship of the body 
weight changes of beef steers grazing 
orchardgrass-clover and tall fescue- 
lespedeka with forage intake expressed 
in different ways. It was postulated 
that the “animal gain-forage intake” re- 
lationship should be improved if forage 
digestibility and animal maintenance 
requirements were included in the in- 
take measurement, thus obtaining an 
expression of forage intake more highly 
correlated with animal gains than for- 
age dry matter intake alone. 

Floral primordia control with early 
spring treatments of paraquat appears 
possible; further research is needed to 
define guide lines for optimum effec- 
tiveness. Consistently high floral pri- 
mordia control in May may cause sub- 
sequent yield reductions; thus, rotation 
of pastures used for two-stem cropping 
is suggested for counteracting a yield 
decline, if such occurs. 
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Experimental Procedure 

Two Hereford steers averaging 540 
pounds were placed on each type of 
pasture, one orchardgrass-clover (Dacty- 
lis glomerata-Trifolium repens) and one 
tall fescue-lespedeza (Festuca arundina- 
tea-Lespedeza striata) and grazed with- 
out supplemental feed for five months 
during the 1967 experiment beginning 
in June and ending in October. There 
were five monthly grazing periods for 
which individual animal gains were cal- 
culated. Forage samples representative 
of available forage in each pasture were 
taken in the middle of each period. In 
vitro dry matter digestibility of these 
forage samples was determined by the 
method of Tilley and Terry (1963). 

Also in the middle of each grazing 
period, each steer was fitted with a 
feces collection harness and bag. The 
feces bags were removed after 24 hours 
and the wet feces were weighed and dry 
matter (DM) content was determined. 
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Table 2 shows the percent control of 
elevated growing points in each year 
by clipping at ground level or by treat- 
ing with paraquat, both being imposed 
on May 20 of each year. In two of the 
three years, nearly all floral primordia 
were sufficiently elevated above the 
soil surface to be removed by clipping 
on May 20. Control of floral primordia 
with paraquat was poorer than clipping 
in every year, ranging from 50 to 87%. 

Discussion 

Paraquat treatments in June, which 
provide a cured herbage for late season 
grazing, did not cause a yield depres- 
sion after three successive years of treat- 
ment. This agrees with Hyder (1961) 
who found clipping treatments during 
June to have little or no effect upon 
the following year’s yield of crested 
wheatgrass. Thus, it is inferred that 
paraquat can be applied up to at least 
three years in succession for curing the 
first crop of stems without fear of 
diminished production in subsequent 
years. 

Successful control of the growing 
point whether by grazing, clipping, or 
contact chemicals requires that the 
floral primordia be elevated to a sus- 
ceptable height for removal or for con- 
tact in the case of a chemical. In 1964, 
cool April temperature and dry soils 
delayed plant growth and retarded 
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floral primordia elevation. Only 75% 
of the reproductive stems produced in 
1964 were removed by the clipping 
treatment on May 20. Increases in 
floral primordia control in that year 
could have been realized by delaying 
both the clipping and the chemical 
treatments. 

Poorer control of floral primordia in 
all years resulted from paraquat treat- 
ments than from clipping. Yet, in 1965, 
paraquat applied on May 20 controlled 
87% of the emerged growing points. 
This suggests that a relatively high de- 
gree of control may be possible if those 
factors influencing paraquat activity 
are known. Recent studies evaluating 
temperature, oxygen, humidity, and 
light combinations (Merkle et al., 1965; 
Brian, 1966; Putman and Ries, 1968) 
on the activity of paraquat offer possi- 
ble! solutions for increasing succ&s of 
field applications. 

Herbage removal by clipping during 
April and May has been shown to de- 
press crested wheatgrass yield signifi- 
cantly in the year following treatment 
(Hyder, 1961). Lowest residual yields 
in this study, though not significantly 
different from the others, resulted from 
clipping on May 20 in three consecu- 
tive years. A similar depression of yield 
did not occur from the comparable 
chemical treatment probably because of 
the poorer control of the floral pri- 
mordia. 

9 

forage intake” relationship can be im- 
proved by removing a maintenance 
factor from the intake estimates. These 
data indicated that differences in di- 
gestible dry matter intake explained 
much of the variation in body weight 
gain of steers grazing both tall fescue- 
lespedeza and orchardgrass-clover pas- 
tures. 

The objective of this experiment was 
to study the relationship of the body 
weight changes of beef steers grazing 
orchardgrass-clover and tall fescue- 
lespedeka with forage intake expressed 
in different ways. It was postulated 
that the “animal gain-forage intake” re- 
lationship should be improved if forage 
digestibility and animal maintenance 
requirements were included in the in- 
take measurement, thus obtaining an 
expression of forage intake more highly 
correlated with animal gains than for- 
age dry matter intake alone. 

Floral primordia control with early 
spring treatments of paraquat appears 
possible; further research is needed to 
define guide lines for optimum effec- 
tiveness. Consistently high floral pri- 
mordia control in May may cause sub- 
sequent yield reductions; thus, rotation 
of pastures used for two-stem cropping 
is suggested for counteracting a yield 
decline, if such occurs. 
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Experimental Procedure 

Two Hereford steers averaging 540 
pounds were placed on each type of 
pasture, one orchardgrass-clover (Dacty- 
lis glomerata-Trifolium repens) and one 
tall fescue-lespedeza (Festuca arundina- 
tea-Lespedeza striata) and grazed with- 
out supplemental feed for five months 
during the 1967 experiment beginning 
in June and ending in October. There 
were five monthly grazing periods for 
which individual animal gains were cal- 
culated. Forage samples representative 
of available forage in each pasture were 
taken in the middle of each period. In 
vitro dry matter digestibility of these 
forage samples was determined by the 
method of Tilley and Terry (1963). 

Also in the middle of each grazing 
period, each steer was fitted with a 
feces collection harness and bag. The 
feces bags were removed after 24 hours 
and the wet feces were weighed and dry 
matter (DM) content was determined. 



Forage dry matter intake (I) was cal- 
culated by the following equation of 
Moore (1966): 

EX 100 
I=------- 

100-D 

Where: 
I = intake of dry matter/24 

hours 
D = digestion coefficient of 

dry matter 
E = excretion of dry matter/ 

24 hours 

After forage dry matter intake was 
calculated, it was converted to digesti- 
ble dry matter (DDM) intake which is 
the product of dry matter digestibility 
and dry matter (DM) intake. This 
was converted to total digestible nutri- 
ent (TDN) intake with the following 
equation modified from Heaney and 
Pigden (1963): 

TDN intake = (5.81 + .869 
DDM %) x DM Intake 

An estimate of TDN intake above 
maintenance was calculated from the 
maintenance component of Winchester 
and Hendrick’s (1953) formula: 

Maintenance (Ibs. of TDN) = .0553 
(Body Weight in lb.)213 

The TDN required for maintenance 
of each animal was deducted from total 
TDN intake in order to estimate TDN 
intake above maintenance. 

The actual DM intake of each steer 
was also used to calculate Nutritive 
Value Index (NVI) proposed by Cramp- 
ton et al. (1960) as the product of rela- 
tive intake (RI) and in vitro dry matter 
digestibility, where: 

actual DM 
RI = 

80 (Wkg.)3’4 

Results and Discussion 

Average Daily Gain, Forage Intake 
and In Vitro Dry Matter Digestibility.- 
The average daily gain (ADG) of steers 
grazed in the 1967 experiment and in 
vitro dry matter digestibility associated 
with tall fescue-lespedeza (FL) and 
orchardgrass-clover (OC) pastures in 
each of five grazing periods are reported 
in Table 1. Digestibility of forage from 
fescue pasture increased during the 
third grazing period at approximately 
the same time that lespedeza reached a 
grazable height suggesting the impor- 
tance of this legume in compensating 
for the lower dry matter digestibility of 
the tall fescue. 
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Table 1. Average daily gain (ADG), in vitro digestible dry matter (DDM), 
dry matter (DM) intake, digestible dry matter intake, and total digestible 
nutrient (TDN) intake above maintenance. 

Grazing ADG 
period (lb.) 

DDM” 
(%) 

DM 
intakeb 

(lb.) 

DDM 
intakeb 

(lb.) 

TDN intake 
above main- 
tenanceb (lb.) 

June 

July 
August 

September 

October 

June 

July 
August 

September 

October 

1.34 

1.11 

1.54 

0.88 

0.00 

0.88 

0.99 

0.53 

1.41 

0.59 

Orchardgrass-clover 

61.5 23.8 

60.5 23.4 

66.5 24.4 

62.4 23.8 

60.9 21.0 

Fescue-lespedeza 

57.1 24.5 

53.9 24.3 

60.9 21.5 

60.1 24.0 

61.3 23.5 

14.6 2.7 

14.2 2.4 

16.2 4.0 

14.8 2.9 

12.8 0.9 

14.0 2.2 

13.1 1.4 

13.1 1.2 

14.4 2.5 

14.4 2.5 

a Estimated using the in vitro digestion technique of Tilley and Terry (1963). 
b Adjusted to a constant metabolic size (MS) of 220 pounds. 

Dry matter intake of forage within 
each period, also illustrated in Table 1, 
was adjusted to a constant metabolic 
size (Wlbs. 213) of 220 pounds in order 
to compare steers of different weights 
on an equal basis. Dry matter intake of 
steers grazing fescue-lespedeza pastures 
was higher than of those grazing 
orchardgrass-clover in all periods except 
the third, but one must also consider 
the amount of digestible dry matter 
that was ingested. When digestibility 
and dry matter intake were both con- 
sidered, intake of digestible dry matter 
of orchardgrass-clover was greater than 
that of fescue-lespedeza. The greater 
digestible dry matter intake of orchard- 
grass-clover forage was reflected in 
greater gains of the animals grazing on 
that forage as compared to those graz- 
ing tall fescue-lespedeza. 

Relationship of ADG and Nutritive 
Value Index.-Table 2 shows the rela- 
tionship between NV1 and daily gain. 
The NV1 was calculated because it was 
a method of expressing digestible dry 
matter intake that allowed a compari- 
son of present data with earlier work. 
Crampton et al. (1960) found simple 
correlations between this index and 
daily gain to be as high as 0.85. In the 
present study, the same coefficient, ob- 
tained from orchardgrass-clover pastures 
was 0.90 (significant, P < .Ol) and that 
obtained from fescue-lespedeza pastures 
was 0.50 (not significant). 

Relationship of ADG and Dry Mat- 
ter Intake.-The relationship between 
adjusted dry matter intake and gain is 
also shown in Table 2. With orchard- 
grass-clover pastures, the coefficient of 
simple correlation between these two 

Table 2. Coefficients* of simple correlation between ADG and different ex- 
pressions of forage intake. 

Pasture type 

Variable Orchardgrass-clover Fescue-lespedeza 

Nutritive value index 

Dry matter intakeb 

TDN intake above maintenanceb 

0.90”” 0.50 

0.98”” 0.62” 

0.96”” 0.70” 

* Based on 10 observations. 
b Adjusted to 220 pounds metabolic size. 
#P<O.O5. 

*+ P < 0.01. 
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variables was 0.98 (significant, P < .Ol) 
and with fescue-lespedeza pastures this 
coefficient was 0.62 (significant, P < 
.05). Compared to the previously ob- 
served relationship between NV1 and 
ADG, the correlation coefficient was in- 
creased from 0.90 to 0.98 with orchard- 
grass-clover and from 0.50 to 0.62 with 
fescue-lespedeza. 

Relationship of ADG and TDN In- 
take Above Maintenance.-Body main- 
tenance is a requirement that must be 
satisfied before nutrients are available 
for body weight gain. Therefore, an 
attempt was made to arrive at an ex- 
pression of forage DM intake more 
closely related to gains than DM in- 
take by including the maintenance and 
digestibility factors. In fescue-lespedeza 
pastures, the coefficients of simple cor- 
relation between ADG and TDN in- 
take above maintenance shown in 
Table 2 were increased from 0.62 to 
0.70, while in orchardgrass-clover pas- 
tures the coefficient was not improved 
since it was already very high (viz. 
0.98) when adjusted dry matter intake 
only was considered. 

Conclusions 

The results of this experiment indi- 
cated that digestible dry-matter intake - 
is a better index to animal gain than 
dry matter intake alone when-steers are 
grazing orchardgrass-clover and fescue- 
lespedeza. As postulated initially, the 
method of expressing forage intake ha’s 
an effect on the predictive efficiency or 
the reliability of intake as a predictor 
of average daily gain. In orchardgrass- 
clover pastures, the relationships be- 
tween daily gain and each of the three 
expressions of forage intake were con- 
sistently high. TDN intake above main- 
tenance explained 92 percent of the 
variation in gains. In fescue-lespedeza 
pastures, there was more variation in 
gains which could not be accounted for 
on the basis of the various indices con- 
sidered in this study. Nutritive value 
index explained only one-fourth of the 
variation in body weight gain of steers 
grazing FL pastures while adjusted dry 
matter intake explained 38 percent, 
and one-half of the variation in gains 
was explained by TDN intake above 
maintenance. 
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The effects of pretreatment, strains, 
temperature and germination solutions 
on germination were studied in beard- 
less wildrye. Rate of imbibition was 
also studied. Total imbibition was not 
influenced by either strains or solu- 
tions. For the two strains studied opti- 
mum conditions appear to be germina- 
tion in distilled water with alternating 
temperatures of 15-20 C preceded by 
moist prechilling at 1.5 C. 

Optimum conditions for germination 
in crop species are of interest to the 
grower because of implications in stand 
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establishment, to the seedsman for ac- 
curate laboratory analyses of seed qual- 
ity, and to the researcher because of the 
basic physiological and genetic processes 
involved. Optimum laboratory germi- 
nation conditions have been identified 
for many cultivated crop species; how- 
ever, there is an apparent lack of such 
information for many native forage 
species. 

Dewey (1960) studied salt tolerance 
among 14 Agropyron species in field 
and laboratory tests. He detected wide 
differences among strains and suggested 
that differences in salt tolerance are 
inherited and that relative tolerance 
can be improved through plant breed- 
ing. He also noted a negative relation- 
ship between salinity and percent ger- 
mination and between salinity and rate 
of germination: as salinity increased, 
both percent and rate of germination 
decreased. 

The relation between moisture avail- 
ability and germination varies with 
species. Ayres (1952) reported a de- 
crease in total germination and reduc- 
tion in rate of germination with in- 
creasing moisture in onions. McGinnies 
(1960) reported a reduction in rate and 
total germination with moisture stress 
in six range grass species. In addition 
he noted that maximum laboratory 

germination occurred at 20 C and that 
both moisture stress and temperature 
influenced germination. In other lab- 
oratory studies, Ellern and Tadmor 
(1967) found that low temperatures 
(4-10 C range) delayed germination in 
pasture plants, notably in perennial 
grasses, and that high temperatures de- 
pressed total germination, but had little 
affect on rate of germination. Accord- 
ing to Ellern and Tadmor (1966) 
speed of germination, not total germi- 
nation, is influenced by unfavorable 
alternating regimes in laboratory 
studies. Palmer, Becker, and Chapman 
(1968) reported that rate, not total 
germination, was influenced by salinity. 

Materials and Methods 
Beardless wildrye (Elymus triticoides 

Buckl.) is a native, rhizominous, peren- 
nial grass of significant forage potential 
in Montana. It is usually found on 
moist or alkaline soils from Montana 
and Washington south to Texas and 
Baja, California (Hitchcock, 1951). To 
determine optimum germination con- 
ditions for this species, four factors and 
various interactions among them were 
studied in replicated growth chamber 
tests: (1) temperature (15 C constant, 
20 C constant, 15 C-25 C alternating, 
and 15 C-30 C alternating), (2) pretreat- 
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variables was 0.98 (significant, P < .Ol) 
and with fescue-lespedeza pastures this 
coefficient was 0.62 (significant, P < 
.05). Compared to the previously ob- 
served relationship between NV1 and 
ADG, the correlation coefficient was in- 
creased from 0.90 to 0.98 with orchard- 
grass-clover and from 0.50 to 0.62 with 
fescue-lespedeza. 

Relationship of ADG and TDN In- 
take Above Maintenance.-Body main- 
tenance is a requirement that must be 
satisfied before nutrients are available 
for body weight gain. Therefore, an 
attempt was made to arrive at an ex- 
pression of forage DM intake more 
closely related to gains than DM in- 
take by including the maintenance and 
digestibility factors. In fescue-lespedeza 
pastures, the coefficients of simple cor- 
relation between ADG and TDN in- 
take above maintenance shown in 
Table 2 were increased from 0.62 to 
0.70, while in orchardgrass-clover pas- 
tures the coefficient was not improved 
since it was already very high (viz. 
0.98) when adjusted dry matter intake 
only was considered. 

Conclusions 

The results of this experiment indi- 
cated that digestible dry-matter intake - 
is a better index to animal gain than 
dry matter intake alone when-steers are 
grazing orchardgrass-clover and fescue- 
lespedeza. As postulated initially, the 
method of expressing forage intake ha’s 
an effect on the predictive efficiency or 
the reliability of intake as a predictor 
of average daily gain. In orchardgrass- 
clover pastures, the relationships be- 
tween daily gain and each of the three 
expressions of forage intake were con- 
sistently high. TDN intake above main- 
tenance explained 92 percent of the 
variation in gains. In fescue-lespedeza 
pastures, there was more variation in 
gains which could not be accounted for 
on the basis of the various indices con- 
sidered in this study. Nutritive value 
index explained only one-fourth of the 
variation in body weight gain of steers 
grazing FL pastures while adjusted dry 
matter intake explained 38 percent, 
and one-half of the variation in gains 
was explained by TDN intake above 
maintenance. 
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tions. For the two strains studied opti- 
mum conditions appear to be germina- 
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establishment, to the seedsman for ac- 
curate laboratory analyses of seed qual- 
ity, and to the researcher because of the 
basic physiological and genetic processes 
involved. Optimum laboratory germi- 
nation conditions have been identified 
for many cultivated crop species; how- 
ever, there is an apparent lack of such 
information for many native forage 
species. 

Dewey (1960) studied salt tolerance 
among 14 Agropyron species in field 
and laboratory tests. He detected wide 
differences among strains and suggested 
that differences in salt tolerance are 
inherited and that relative tolerance 
can be improved through plant breed- 
ing. He also noted a negative relation- 
ship between salinity and percent ger- 
mination and between salinity and rate 
of germination: as salinity increased, 
both percent and rate of germination 
decreased. 

The relation between moisture avail- 
ability and germination varies with 
species. Ayres (1952) reported a de- 
crease in total germination and reduc- 
tion in rate of germination with in- 
creasing moisture in onions. McGinnies 
(1960) reported a reduction in rate and 
total germination with moisture stress 
in six range grass species. In addition 
he noted that maximum laboratory 

germination occurred at 20 C and that 
both moisture stress and temperature 
influenced germination. In other lab- 
oratory studies, Ellern and Tadmor 
(1967) found that low temperatures 
(4-10 C range) delayed germination in 
pasture plants, notably in perennial 
grasses, and that high temperatures de- 
pressed total germination, but had little 
affect on rate of germination. Accord- 
ing to Ellern and Tadmor (1966) 
speed of germination, not total germi- 
nation, is influenced by unfavorable 
alternating regimes in laboratory 
studies. Palmer, Becker, and Chapman 
(1968) reported that rate, not total 
germination, was influenced by salinity. 

Materials and Methods 
Beardless wildrye (Elymus triticoides 

Buckl.) is a native, rhizominous, peren- 
nial grass of significant forage potential 
in Montana. It is usually found on 
moist or alkaline soils from Montana 
and Washington south to Texas and 
Baja, California (Hitchcock, 1951). To 
determine optimum germination con- 
ditions for this species, four factors and 
various interactions among them were 
studied in replicated growth chamber 
tests: (1) temperature (15 C constant, 
20 C constant, 15 C-25 C alternating, 
and 15 C-30 C alternating), (2) pretreat- 
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FIG. 1. Mean germination of two strains 
of beardless wildrye under four tempera- 
ture conditions. 

ment (no prechilling vs prechilling on 
moist blotters at 1.5 C for 5 days), (3) 
germination solution (distilled water vs 
Na$O, solution at 7.2 atm), and (4) 
ecotypes or strains (P-15593 and P-15594 
obtained from the Soil Conservation 
Service Plant Materials Center, Bridger, 
Montana). Germination was scored 
daily over a 21 day period for four 
replicates of 50 seeds each of each treat- 
ment following the procedures gener- 
ally used in germination tests of forage 
grass species by the Montana Grain In- 
spection Laboratory. 

In a second study, the effects of 
strains and solutions on rate of water 
uptake (imbibition) and their inter- 
action were studied. Replicated lots of 
50 seeds each of the strains used in the 
previous study were placed on blotters 
moistened with either distilled water 
or Na$O, solution adjusted to 7.2 atm. 
Each seed lot was weighed daily to de- 
termine change in seed weight due to 
moisture uptake. 

Results and Discussion 

Analyses are based on data for a 12 
day period, beginning with the 10th 
day through the last (Zlst) day of the 
test. No visible signs of germination 
were detected during the first 9 days. 

The effects of strains and of germina- 
tion solutions and their interaction are 
significant for all 12 days. Highest ger- 
minations occurred in strains P-15593 
germinated in distilled water. The ef- 
fect of temperatures and temperature x 
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FIG. 2. Mean germination of two strains 
of beardless wildrye with and without 
prechilling. 

solution interactions are significant 
from the 13th and 14th day of the test 
to the Zlst day, respectively. Appar- 
ently, there were a few seeds which 
germinated early in the test period. 
These were insensitive to variation in 
temperature; however, seeds which ger- 
minate later were sensitive to variation 
in temperature. From the 14th day to 
the end of the test, response to the four 
temperature regimes can be grouped 
in two classes: 15-25 C alternating and 
20 C constant vs 15-30 C alternating 
and 15 C constant. The difference be- 
tween these classes accounts for the 
majority of the significant variation 
among temperature means (Fig. 1). 
The strain x temperature interaction 
is significant for days 14-20. There is 
no apparent reason for the pattern of 
significance of this effect. 

The effect of pretreatment is signifi- 
cant only for days 17-21. Like tem- 
perature, apparently pretreatment is 
relatively unimportant in early germi- 
nation, but plays a significant role in 
germination at the end of 21 days. Pre- 
treatment becomes increasingly impor- 
tant from the 17th to the last day of 
the test (Fig. 2). The temperature x 
pretreatment interaction is significant 
for days 19-21. 

Optimum germination conditions 
have been specified for total germina- 
tion over a defined test period for 
many crop species. Our results indi- 
cate that factors which significantly in- 
fluence total germination over a 21 day 
period, pretreatment and temperature, 
are non-significant during the early 
days of the test. We suggest this pat- 

FIG. 3. Pattern of water uptake (increase 
in seed weight) for two strains of beard- 
less wildrye in two germination solu- 

tern may reflect an adaptive mechanism 
which allows some seed to germinate 
under a wide array of environmental 
conditions and other seed to germinate 
under more strictly defined conditions. 
Thus, in nature, this type of variation 
enhances the chance of successful seed- 
ling establishment. Patterns of genetic 
variation in annual fescue reported by 
Chapman (1967) tend to support this 
contention. 

From an agronomic point of view, 
this type of variation may explain the 
improvement in stand of many forage 
species in the months after seeding; it 
may also explain the occurrence of 
weeds in what appear to be “clean 
fields.” 

The highest total germination for 
both strains was obtained by prechilling 
seed at 1.5 C for 5 days followed by 
germination in distilled water at 15- 
25 C alternating temperature. This is 
the best combination for total germina- 
tion and compares favorably with all 
other treatments at all stages in the 
test. 

The strains were not significantly 
different in dry seed weights. Based on 
eight samples of 50 random seeds each, 
the mean weight of strain ‘93’ was .122 
grams and of strain ‘94,’ .115 grams. 
One measurable effect of prechilling 
was a significant increase in seed weight 
due to water uptake; mean weight of 
prechilled seed was .203 grams com- 
pared to mean dry weight of .119 grams. 

Prechilling significantly influenced 
seed weight. Water uptake was signifi- 
cantly influenced by strains and germi- 
nation solution only on the third day 
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of the study. The strains were quite 
similar in response to both Na,S04 and 
distilled water; increase in weight in 
water appears to be linear; in salt it is 
apparently curvilinear (Fig. 3). 

The biological effect of prechilling 
cannot be fully explained. The two 
studies, rate of water uptake and rate 
of germination, cannot be compared 
directly; in the water uptake study, the 
effect of solutions (distilled water vs 
NaaSO, solution) is significant only for 
the third day. In the germination study 
this effect is significant throughout the 
experiment. We suggest if the effect of 
prechilling is water uptake alone, the 
response to solutions should be parallel 
in the two experiments. Since it is not, 

we conclude prechilling must influence 
both water uptake and enzymatic activ- 
ity not associated with water uptake, 
but necessary for germination. 
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Another Champion1 

SYRIL N. ZUFELT 

Range Conservationist, Inyo National 
Forest, Bishop, California. 

Highlight 

A large silverleaf buffaloberry has 
been found growing in western Ne- 
vada. The plant is over 20 ft tall, has 
an average crown spread of 18 ft, with 
a circumference of over 5 ft at breast 
height. 

The western edge of the Great Basin 
located in eastern California and west- 
ern Nevada appears to be conducive 
for growing unusually large plants. Be- 
sides having the largest big sagebrush 
(Artemisia tridentata) (Schneegas and 
Nord, 1967), bristlecone pine (Pinus 
arista ta) (Dixson, 1961), single-leaf 
pinona (Pinus monophylla) and Utah 
juniper-2 (Juniperus osteosperma); the 
area can now lay claim to the largest sil- 
ver buffaloberry (Shepherdia argen tia). 

The shrub, one of about 25 large 
specimens, was found growing at Tru- 
man Meadows on the Inyo National 
Forest by Nick Zufelt and Dave Duna- 
way, Wildlife Biologist for the forest. 
Truman Meadows, 50 miles north of 
Bishop and just over the California 
border into Nevada, is located at 7,200 

l Received May 25, 1970; accepted for 
publication June 11, 1970. 

FIG. 1. Silverleaf buffaloberry plant in Western Nevada. Plant is 20 feet high, has a 
crown spread of 18 feet and an aggregate value of 91.0. 

feet elevation and is surrounded by ously buffaloberry’s score of 53.5 located 
pinon pine and Utah juniper. in Oregon.2 

The plant is 20 feet six inches tall, 
has a stem circumference of five feet 

The plant has more characteristics of 

six inches at breast height and an aver- 
a tree than is usually associated with 

age crown spread of 18 feet. Using the 
formula developed by Dixson (1961), 

2 Personal communication with Mrs. 

the aggregate value is 91.0 easily sur- 
Carol Ronka, Assistant to Chief For- 

passing the value of the largest previ- 
ester, the American Forestry Associa- 
tion, Washington, D.C. 
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a tree than is usually associated with 

z Personal communication with Mrs. 
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tion, Washington, D.C. 
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this species, namely a single main trunk rubber rabbit brush (Ch~sothamnus Literature Cited 
with the majority of branching towards nauseosus). 
the top. The large size is attributed to the 

DIXSON, DOROTHY. 1961. These are 

The shrub is growing on the edge of deep soils with abundant subsurface 
the champs. American Forests 67(l): 

a sub-irrigated meadow in deep sandy moisture and its protection from graz- 40-50; (2):41-47. 

loam. Entangled with wild rose (Rosa ing animals by the abundant wild rose SCHNEEGAS, EDWARD R., AND EMOR C. 

s@.) it is also associated with wiregrass surrounding it. Annual precipitation NORD. The Monarch big sage- 
(Juncus balticus), bluegrass (Poa pra- has little significance as it is less than brush of White Mountain. J. Range 
tensis), various sedges (Carex spp.) and 12 inches per year. Manage 20:5 l-52. 
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A Pass for Antelope in Sheep-Tight Fences1 

RAYMOND D. MAPSTON, REX S. ZOBELL, KENNETH 
B. WINTER, AND WILLIAM D. DOOLEY 

Wildlife Biologist, Casper and Wildlife Specialist, Chejenne, 
Bureau of Land Management, U.S. Department of the 

Interior; and Wildlife Biologist, Cody and Deputy 
Game Warden, Meeteetse, Wyoming Game and 

Fish Commission, Wyoming. 

Highlight 

A Wyoming study has resulted in development of an in- 
expensive, easily installed pass structure that facilitates 
movement of pronghorn antelope through fences and re- 
tains livestock. Patterned after the common cattleguard, 
the antelope pass consists of a 5% x 6-foot lightweight grill 
installed on timbers over a 15-inch pit with earth ramps on 
each end. Proper location and installation are essential to 
obtain use by antelope. Adjustment and learning through 
experience and association are important factors in the 
effectiveness of pass structures. Total cost including in- 
stallation, is less than $100 per unit. 

Increased attention directed toward better man- 
agement, protection, and improvement of western 
rangelands has resulted in the erection of numerous 
fences. Sheepmen are finding that fencing is an 
economic necessity to offset higher labor and 
operating costs (Spillett, et al., 1967). In recent 
years, several western game and fish departments, 
national wildlife organizations, and other interested 
groups have expressed concern about the effects of 
sheep-tight fences on pronghorn antelope (Antilo- 
capra americana). The main fear is that by restrict- 
ing antelope movements during blizzards, drouths, 
or natural migrations, sheep-tight fences may cause 
serious death loss of this game animal (Russell, 
195 1). What has been needed is a fence type or in- 
expensive device that will control livestock, and 
yet allow antelope movement. 

The possibilities of horizontal barriers are ap- 
parent when the broad jumping ability of the 

l Received April 15, 1969; accepted for publication June 
10, 1970. 

pronghorn is considered. Numerous authors have 
recognized and described this ability (Cahalane, 
1964; Caton, 1877; Rouse, 1954). A leap of 14 feet 
is not unusual for the pronghorn and individuals 
have cleared as much as 27 feet (O’Conner, 1961). 
Other authors have reported that antelope use this 
ability to cross cattleguards installed on the range 
(Mapston, 1968; Sill, 1964; ZoBell, 1968). During 
a study conducted in the Red Desert of Wyoming, 
Spillett (1964) found that under controlled condi- 
tions a majority of test antelope crossed standard 
cattleguards and simulated cattleguard devices. 
Because of the success with cattleguards and the 
demonstrated broad jumping ability of antelope, 
Spillett (1964) recommended that emphasis in 
future studies should be on development of hori- 
zontal rather than vertical barriers. Since 1964 
field trials of antelope passes have been conducted 
in New Mexico, Colorado and Wyoming. 

This paper gives results of a cooperative field 
trial conducted by the Bureau of Land Manage- 
ment and the Wyoming Game and Fish Commis- 
sion. The purpose was to develop an inexpensive 
pass structure that would facilitate antelope move- 
ment and yet retain livestock. A second objective 
was to evaluate the capability, willingness, and 
learning ability of antelope to cross various hori- 
zontal barriers. 

Materials and Methods 
In 1965 a sheep-tight fence six miles long was 

erected intersecting the study area. Six locations 
in the fence were selected for placement of test 
structures. Included were four corners, a 12-foot 
offset in the fence and an S-foot opening in line 
with the fence on a trail. Initial test passes were 
4 x 6-foot in size, designed similar to structures in- 
stalled by the Wyoming Game and Fish Commis- 
sion in fences around water guzzlers (June, 1967). 
As the study progressed, various sized passes and 
methods of installation were tested. Each new pass 
or modification of a pass was designed to improve 
its effectiveness in facilitating antelope movement. 
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Since cattle and sheep were ~gnzed on one side of 
the fence and cattle on the other side, the strut- 
tures were also evaluated for their effectiveness in 
restraining livestock. Antelope movements were 
determined by track counts, visual observations, 
and counts by airplane. 

Results and Discussion 
Initially, antelope were visibly wary of the new 

fence and test structures. Although cautious exami- 
nations were made at close range, few attempts 
were made to negotiate passes during the first six 
months. As the study progressed antelope seemed 
to adjust to the structures and demonstrated a 
willingness to locate and cross scme test passes (Fig. 
1). A total of 100 antelope were observed crossing 
passes on five separate observations. The number 
seen negotiating passes ranged from 4 to 50. Before 
crossing the structures a thorough examination was 
common. This often included staring intently 
through the opening from several different angles, 
sniffing at, and pawing the grill. Although jumps 
were usually made from a standing position, some 
antelope leaped across while runnmg. This usually 
involved animals at the rear of the herd who had 
watched other antelope cross. 

Few antelope jumped through 4.foot openings. 
Passes with openings 6 feet wide received much 
greater use and antelope crossed with less hesita- 
tion. Apparently this was because the larger open- 
ings were more readily recognized. While crossing 
test structures leaps over I feet were common, and 
most antelope cleared &foot g-rills easily. Devices 
with a jumping distance of less than 6 feet did not 
confine livestock satisfactorily. 

Passes were installed at ground level over a pit 
and elevated on various sized timbers. Structures 
at ground level were more readily crossed by 
antelope, but bad the disadvantage of filling up 

FIG. 2. Antelope pass specifications and recommended method 
of installation. 

with windblown snow. Although grills elevated on 
1%inch timbers retained livestock effectively, most 
antelope refused to cross the structure. A com- 
promise was achieved by adding earth ramps to 
both ends of a 6 x G-foot grill mounted on IO-inch 
timbers. This type of pass confined livestock and 
received more antelope use than other structures. 

It was apparent that passes were more likely to 
be used when placed in fence corners. Antelope 
are directed to the corner location by merging 
fences. Over 90% of the antelope that crossed passes 
used corner locations. Structures in line with the 
fence and in the fence offset received little use. 

Construction 
To prevent vehicles from crossing the lightweight 

grill, it is advisable to limit the width to 5% feet. 
Recommended length (jumping distance) is 6 feet. 
The grill is easy to construct (Fig. 2). Thirteen 
bars are welded parallel on 6 inch centers to two 
steel supports. Anchor plates at each corner pro- 
vide for attachment to timbers. The grill can be 
constructed for about $41 when purchased in lots 
of ten. 
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Installation 
The location and method of placement in the 

fence are major determinants of pass effectiveness. 
Preferably, locations for passes should be deter- 
mined before fence construction so openings can 
be provided. For maximum effectiveness, passes 
should be placed in fence corners. Unless situated 
along a well-used trail, passes installed in the fence 
line are of less value. Effectiveness of this pass can 
be improved by adding a short fence wing to direct 
antelope toward it. 

The pass may be installed at ground level (Fig. 
2) or elevated on timbers. In etther case it is ad- 
visable to place the grill over a 15-inch pit. In sandy 
areas or where blowing snow is a problem the 
best method of installation is to mount the grill 
on IO-inch timbers with earth ramps provided on 
each end. For maximum antelope use the ramps 
should be level with the grill for 12 inches and then 
tapered off to ground level no less than 30 inches 
from the timbers (Fig. 3). 

Braces and supporting structures should be kept 

to a minimnm. Total cost, including construction 
and installation, is less than $100 per unit. 

Conclusions 
Observations and actual use by antelope during 

this study indicated that antelope passes, when 
properly located and installed, have value as a 
means of facilitating antelope movement through 
sheep-tight fences. Adjustment and learning 
through experience over a period of years are con- 
sidered to be important factors in the effectiveness 
of pass structures. Cooperative long-range studies 
currently being conducted will provide a better 
insight into the value of this type of structure. 
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BOOK REVIEWS 

Forgotten Legions: Sheep in the 
Rio Grande Plain of Texas. By 
V. NJ. Lehmann. Texas Western 
Press, University of Texas at El 
Paso, El Paso, Texas. 1969. 226 p. 
The range resource of North Amer- 

ica, as in the United States, is a patch- 
work of vegetation, livestock manages 
ment and corollary uses superimposed 
over a matrix of climate and soil. This 
chronicle of the 22 million acrrs which 
make up the Rio Grande Plain of 
Texas points out the mixing of the 

Latin cultures from Mexico and the 
Anglo cultures from the U.S. in the 
development of a ranching industry 
utilizing 90% of this border region. 

This hook might better be titled “A 
Diary of the Rio Grande Plain of 
Texas.” It can be organixd into three 
parts, 1) early history, 2) the sheep 
industry, and 3) present resource man- 
agement. Each of these sections can- 
tains interesting and provocative read- 
ing. 

The Rio Grande Plain is that por- 
tion of Texas which lies south and west 

of San Antonio. Val Lehmann, after 55 
years of intimate association with this 
region, is one of the best qualified to 
describe it as a resource. His presenta- 
tion is a rare combination of “popular” 
narrative, but with sufficient technical 
presentation to make it valuable as a 
reference. He has critically reviewed 
a vast number of ranch records, library 
sources, as well as public records and 
atatistica. These often are interpreted, 
weighed and judgments offered. 

People with a strong interest in sheep 
may resent this pointed accusation that 
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FIG. 3. A 6 X 6-ft pass with dirt approach in a corner location. 

Installation 

The location and method of placement in the 
fence are major determinants of pass effectiveness. 
Preferably, locations for passes should be deter- 
mined before fence construction so openings can 
be provided. For maximum effectiveness, passes 
should be placed in fence corners. Unless situated 
along a well-used trail, passes installed in the fence 
line are of less value. Effectiveness of this pass can 
be improved by adding a short fence wing to direct 
antelope toward it. 

The pass may be installed at ground level (Fig. 
2) or elevated on timbers. In either case it is ad- 
visable to place the grill over a 15-inch pit. In sandy 
areas or where blowing snow is a problem the 
best method of installation is to mount the grill 
on lo-inch timbers with earth ramps provided on 
each end. For maximum antelope use the ramps 
should be level with the grill for 12 inches and then 
tapered off to ground level no less than 30 inches 
from the timbers (Fig. 3). 

Braces and supporting structures should be kept 

to a minimum. Total cost, including construction 
and installation, is less than $100 per unit. 

Conclusions 
Observations and actual use by antelope during 

this study indicated that antelope passes, when 
properly located and installed, have value as a 
means of facilitating antelope movement through 
sheep-tight fences. Adjustment and learning 
through experience over a period of years are con- 
sidered to be important factors in the effectiveness 
of pass structures. Cooperative long-range studies 
currently being conducted will provide a better 
insight into the value of this type of structure. 
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BOOK REVIEWS 

Forgotten Legions: Sheep in the 
Rio Grande Plain of Texas. By 
V. W. Lehmann. Texas Western 
Press, University of Texas at El 
Paso, El Paso, Texas. 1969. 226 p. 
The range resource of North Amer- 

ica, as in the United States, is a patch- 
work of vegetation, livestock manage- 
ment and corollary uses superimposed 
over a matrix of climate and soil. This 
chronicle of the 22 million acres which 
make up the Rio Grande Plain of 
Texas points out the mixing of the 

Latin cultures from Mexico and the 
Anglo cultures from the U.S. in the 
development of a ranching industry 
utilizing 90% of this border region. 

This book might better be titled “A 
Diary of the Rio Grande Plain of 
Texas.” It can be organized into three 
parts, 1) early history, 2) the sheep 
industry, and 3) present resource man- 
agement. Each of these sections con- 
tains interesting and provocative read- 
ing. 

The Rio Grande Plain is that por- 
tion of Texas which lies south and west 

of San Antonio. Val Lehmann, after 35 
years of intimate association with this 
region, is one of the best qualified to 
describe it as a resource. His presenta- 
tion is a rare combination of “popular” 
narrative, but with sufficient technical 
presentation to make it valuable as a 
reference. He has critically reviewed 
a vast number of ranch records, library 
sources, as well as public records and 
statistics. These often are interpreted, 
weighed and judgments offered. 

People with a strong interest in sheep 
may resent this pointed accusation that 
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sheep were the ruination of the Rio 
Grande Plain as a resource. Yet, the 
reader should consider Mr. Lehmann’s 
announced bias in the preface for 
“things held far dearer than sheep.” 

Even with his announced bias against 
sheep, Mr. Lehmann presents a num- 
ber of statistics on populations for all 
classes of livestock beginning with the 
earliest settlement. The photos of early 
day ranching scenes also will interest 
many range men. The Rio Grande 
Plain was important to the sheep in- 
dustry only during the latter half of 
the 19th century, after the political 
climate for this region had stabilized. 
Sheep numbered about 100,000 in 1850 
and increased to an estimated 3.5 to 
more than 5.0 million head in 1882. 
This represented some 61% of all the 
sheep and goats in the U.S. By the 
turn of the century, the sheep industry 
in Texas had relocated in the Edwards 
Plateau area, immediately north of the 
Rio Grande Plain. Mr. Lehmann as- 
signed a number of natural and human 
factors to explain the decline in the 
sheep numbers, and many of these 
could be circumvented by present-day 
technology and management practices. 
Subsequent to the decline of sheep the 
region has progressed through the cycle 
of production of large steers to one of 
predominantly cow-calf operation. 

Even though the Rio Grande Plain 
contrasts in many ways with other 
rangeland regions, there still exists the 
common thread of variable precipita- 
tion which is reflected in fluctuating 
forage production. This region is the 
“Brush Country” of other authors, and 
the woody aspect may be a reflection 
in part of previous grazing use. 

Rangemen, with varied interests, will 
find this book inviting. The forage 
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resource is treated rather briefly, and 
the reader should consider both the 
year and the season in interpreting the 
observations offered. In 1882, when 
sheep numbers were highest, stocking 
rates were estimated at one animal unit 
per 16, acres yearlong, somewhat high 
by current guides for better condition 
rangeland. Economists can ponder that 
in 1880 wool at 20$ per pound was a 
great inducement for ranchers to stock 
with sheep, yet less than two decades 
later a reduction in price from 43& to 
206 accelerated the decline in hardiness 
as the “churro” or common sheep of 
Spain were bred to merino bucks. Re- 
source managers will be interested in 
integrating cultural practices and wild- 
life habitat requirements into the range 
complex.-Wayne G. McCully, Texas 
A&M University, College Station, 
Texas. 

9 

Animals in Migration. By Robert 
T. Orr. The Macmillan Co., New 
York. 303 p., illus. 1970. $10.00. 

This book is mainly a compendium 
of published examples of animal mi- 
gration, apparently based on some 18 
pages of bibliography. It contains 17 
chapters which fall into the following 
five groups: a) General information on 
population movements; b) migrations 
of different kinds of animals from in- 
sects, fishes and birds to mammals; c) 
mechanics and hazards of migration; d) 
orientation in various kinds of animals; 
and e) methods of studying migration. 

The book is easy reading-it seems 
to have been written for laymen-and 
it is well illustrated. It is disappointing 

in that it devotes only two pages to 
herbivores, with no specific information 
on domestic animals or on predatory 
carnivores. The book does deal with 
known reasons for and mechanics of 
migrations, including the influence of 
environment. The ideas and examples 
presented may be helpful to those who 
wish to better understand or to study 
animal migrations in the overall man- 
agement of range lands.-Robert S. 
Campbell, Quincy, Illinois. 

9 

NEW PUBLICATIONS 

A paperback: “Home is the Desert,” 
by Ann Woodin, in 247 pages describes 
interestingly and amusingly the life of 
the Woodin family among the animals 
near and in their home on 40 acres just 
outside Tucson and elsewhere in Ari- 
zona. This family seems definitely at 
home with the desert environment. 
The book sells for $2.95 and is pub- 
lished by Macmillan Co. of New York 
(The copyright date is 1964). There is 
a preface by Joseph Wood Krutch. 

CATALYST for environmental qual- 
ity. Vol. I, No. 1 bears the date of 
Spring, 1970 and claims to be “dedi- 
cated to the new conservation. It is 
concerned with the total environment.” 
The first issue, edited by Vivian 
Fletcher, has articles by LaMont Cole, 
Rene Dubos, and others. President is 
Nelson Buhler-this seems to be a 
privately published affair with plenty 
of money behind it, judging by the lay- 
out and color photo on the cover. It 
is a quarterly, and sells for $5.00 per 
year; publication office is 274 Madison 
Ave., New York, N.Y. 10016. 

Deadlines 

Ballots for officers and proxy ballots (re: amendments to ASRM’s 
Articles of Incorporation) must be returned to the Executive Secre- 
tary’s office by November 30, 1970. 

Membership dues for 1971 are payable on or before January 1, 197 1. 

OVERSEAS OPPORTUNITIES 
Volunteer positions in Morocco for men 
with degrees in range management (or 
closely related field) in livestock and 
rangeland improvement program. Ranch 
or farm background valuable. Contact 
Personnel Officer, International Volun- 
tary Services, Inc., 1555 Connecticut 
Ave., NW, Washington, D.C. 20036. 



Preview of RENO! ! 

Host City for the 24th Annual Meeting 

February 14-18, 1971 

The traditional view 

“The Biggest Little City in the World” has been Reno’s 
trademark for nearly half a century. But with more or less 
100,000 people in the metropolitan area, Reno is growing 
out of the “little” category, while its more than eight mil- 
lion visitors each year continue to spread its fame (but not 
its fortune). 

Reno is nestled at the foot of the east slope of the ma- 
jestic Sierra Nevada, approximately 210 airline miles from 
the west coast, 230 highway miles from San Francisco. But 
at 119”45’ west longitude it is farther west than Los An- 
geles (118” 15’)! Established as a railroad center in 1868, 
Reno is Nevada’s largest city and its principal distributing, 
banking, and commercial center. Reno is also one of the 
state’s youngest towns, having been founded four years 
after Nevada was admitted to the Union. 

It is speculated that Fra. Francisco Garces may have been 
the first European to enter the Nevada region, probably 
crossing the southern part of the present-day state on his 
way from Mexico to California in 1775. In the early 1800’s 
the region was penetrated by fur trappers and traders, and 

Pioneer Theater Auditorium, 24th Annual Meeting 
headquarters 

the Emigrant Trail along the Humboldt River was blazed 
in 1841 by John Bidwell. The first accurate knowledge 
of Nevada was provided by Lieutenant John C. Fremont, 
who-with Kit Carson as a guide-explored and mapped 
the Great Basin and Sierra Nevada in 1843-45. The region 
was not actually acquired by the United States until 1848, 
when present-day Utah and Nevada were ceded by Mexico 
in the Treaty of Guadalupe Hidalgo. 

The first permanent settlement in Nevada was Mormon 
Station (later Fort Genoa, now Genoa, located 40 miles 
south of Reno), established by one H. S. Beattie in 1849 as 
a trading post for provisioning gold seekers on their way to 
California. Within the next decade several other Mormon 
settlements sprang up in the Carson and Washoe Valleys, 
but it wasn’t until the discovery of the world-famous Com- 
stock Lode in 1859 that Nevada began to be recognized by 
the outside world. In 1861 President James Buchanan pro- 
claimed the area a separate territory. 

The silver and gold of Nevada’s mines were vitally im- 
portant to the Federal government’s financing of the Civil 
War, and because the Union also needed another anti-slav- 
ery state, Abraham Lincoln became a strong supporter of 
Nevada statehood even though it had less than a third of 
the population required by Congress for statehood. Never- 
theless a constitutional convention was authorized which 
completed its work in 1 864; to speed the statehood process, 
the convention telegraphed the entire text of the approved 
constitution to Washington, D.C., at a cost of nearly $3,500 
-and at the same time embarked Nevada in its role as the 
home of big spenders! 

With the decline of silver prices in the early 1870’s, the 
mining industry began to fade and was replaced in impor- 
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tance by the range livestock industry. The owners of large 
ranches became the new elite in the state, and there was 
generated a great deal of competition, often bloody, for the 
control of public grazing lands. (Even today 86 percent of 
Nevada consists of Federally-owned lands covering an area 
twice the size of the state of New York.) The severe winter 
of 1889-90 resulted in a staggering set-back for stockmen, 
but ranching continued as a wide-open, laissez faire enter- 
prise until the passage of the Taylor Grazing Act in 1934. 

Reno has also been known as a Divorce Capital-a situ- 
ation brought about in 1931 when the legislature reduced 
the residence requirements for divorce to six weeks, thereby 
opening a promotion campaign by hotels. In the same year 
all manner of gambling was legalized within the state, thus 
marking the advent of Nevada’s present largest industry. 

But Reno and the surrounding area are much more than 
divorces and gambling, and participants in ASRM’s 24th 
Annual Meeting will find a wealth of other attractions. 
The world’s first Atmospherium-Planetarium, a gift of the 
Max C. Fleischmann Foundation, is located on the nearby 
University of Nevada campus. Specially-developed time 
lapse cameras are used to photograph and condense an 
entire day’s weather into several minutes of film to study 
how and why storms and other atmospheric phenomena 
occur. The Atmospherium is open to the public and daily 
features dramatic programs portraying thunderstorms, tor- 
nados, the Northern lights, meteor showers, and the life 
and death of the sun. 

Harrah’s Automobile Collection, now numbering more 
than 1,400 antique, classic, and vintage cars-the largest 
such collection in the world-is a must for every Reno 
visitor. 

On the second floor of Harold’s Club is the Museum of 
the Old West, containing some of the most outstanding 
Western Americana memorabilia in existence anywhere. 

Harrah’s classic cars 

Especially noteworthy are its firearms collection and the 
Jim Beam Regal China Bottle display. 

Within easy driving distance of Reno are Virginia City, 
the Ponderosa Ranch, Lake Tahoe, and the capital of 
Nevada, Carson City. The first of these attractions, Vir- 
ginia City, is a living text of the way-it-was tradition. 
Anchored on the side of a hill that once yielded millions 
in gold and silver, the city remains a rich lode of historical 
lore. A cultural center in the 1860’s and 1870’s, Virginia 
City’s Piper Opera House knew such theatrical greats as 
Edwin Booth, Enrico Caruso, and Sarah Bernhardt. 

The Lake Tahoe area offers, in addition to the ubiqui- 
tous posh casinos, unexcelled scenery and numerous major 
winter sports areas where skiing is at its best! Carson City, 
30 miles south of Reno, is the home of the state’s govern- 
ment; the historic capitol building has been in continuous 
use since 1872, and beneath the Nevada State Museum are 
hundreds of feet of tunnels portraying full-scale exhibits of 
actual mine operations. 

And don’t forget the really big shows that are always 
booked into the top clubs-shows that feature such first- 
echelon entertainers as Chet Atkins, Carol Charming, Bill 
Cosby, Boots Randolph, Eddy Arnold and many, many 
more. 

Reno is easily reached: four major airlines, the Union 
Pacific, and Interstate 80 make it readily accessible from 
anyplace. Headquarters for the 1971 Annual Meeting will 
be in the city’s new Pioneer Theater Auditorium, an excel- 
lent facility located in the heart of downtown and within 
easy walking distance from the principal hotels-Harrah’s, 
Mapes, Pioneer, Ponderosa, Holiday, and others. Watch for 
the December issue of Rangeman’s News, which will con- 
tain additional details of the program, and room reserva- 
tion and pre-reservation forms. 
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Tentative Program 
Twenty-Fourth Annual Meeting 

American Society of Range Management 
Pioneer Theater Auditorium, Reno, Nevada 

February 14-18, 1971 

Rangeland Environments and Man 

Registration 
Pre-registration check-in on Monday (Feb. 15) and Tuesday 
(Feb. 16). R g 1 e u ar registration from 8:00 AM Monday until 
12:OO noon Wednesday. 

Special Meetings 
Sunday, February 14-Board of Directors (morning): all 

ASRM committees, including newly-appointed 1971 
committeemen (afternoon). Range Seeding Equipment 
Committee. 

Monday, February 15-Board of Directors, Advisory Coun- 
cil, Range Science Education Council, Range Plant Judg- 
ing Contest team coaches, Range Seeding Equipment 
Committee, other special groups as may be called. 

Wednesday, February 17-Orientation session for new Sec- 
tion officers (morning). 

Thursday, February 18-Joint meeting of Board of Direc- 
tors and Advisory Council (afternoon). 

Ladies Program 
Hospitality Room opens Monday, February 15. “Get-Ac- 
quainted Coffee” and special tours to points of interest 
planned. 

Employment-Interview Service 
This service will be available for receiving employment 
applications and arranging for interviews from Tuesday 
morning through Thursday afternoon. 

CONCURRENT SESSION C: International Dimensions in 
Rangeland Resource Management. Co-Chairmen: Gene 
F. Payne and Donald L. Huss 

Range Management in Latin America. John Blydenstein, 
Grasslands Resources Survey, FAO, Santiago, Chile. 

The Use of Goats as a Brush Control Adjunct in Northern 
Mexico. Donald L. Huss, ITESM (FAO), Monterrey, 
Nuevo Leon. 

Forage Research in Peru. Arturo Florez, Forage Program, 
Agrarian University, Lima, Peru. Youth Groups 

Tuesday, February 16-Range Plant Judging Contest, Stu- 
dent Conclave (concurrent technical session in afternoon, 

Improving International Grassland Production. J. J. 

organization meeting in evening), Youth Range Forum 
Norris, FAO, Rome, Italy. 

orientation. 
An Assessment of Rangeland Improvement in Morocco. 

Wednesday, February 17-Youth Range Forum (meeting 
Richard J. Peters, International Volunteer Services, 

session in morning, field trip in afternoon). 
Washington, D.C. 

Social, Economic and Environmental Obstacles to Range 
Photo Contest Management in Nigeria. Virgil L. Hart, BLM, Wash- 

All contest photos will be on display from Tuesday noon 
ington, D.C. 

Tuesday Afternoon, February 16 

CONCURRENT SESSION A: What ASRM Should be Doing to 
Meet Current Problems. 

Co-Chairmen: Gary B. Donart and Gordon Lymbery 
Papers to be presented by student members. (To be 

announced) 

CONCURRENT SESSION B: Rangeland Watershed’s Role in 
Environmental Quality. Co-Chairmen: William Mathews 
and Edward Spang 

Evaluation of Rehabilitation Practices Following the 1966 
Shoshone Basin Fire, Southern Idaho. H. F. Mayland, 
ARS, Kimberly, Idaho. 

Calibration of an Experimental Watershed in the Rocky 
Mountains of Alberta, Canada. Teja Singh, Department 
of Fisheries and Forestry, Canada Forestry Service, Cal- 
gary, Alberta. 

Alaskan Interagency Cooperation in Watershed Research, 
Poker-Caribou Creek Experimental Watershed. Dwane 
J. Sykes, Department of Land Resources, University of 
Alaska, College. 

Sheep Creek-A study in Cooperative Rangeland Water- 
shed Management. George B. Coltharp, Range Science 
Department, Utah State University, Logan. 

Man and San Diego County’s Backcountry. Herbert W’. 
Weisheit, Agriculture Extension Service, University of 
California, San Diego. 

Watershed Management for Arid and Semi-arid Public 
Land. Myrvin E. Noble, BLM, Denver, Colorado. 

until Thursday noon. Balloting, open to all meeting regis- 
trants, closes at 4:00 PM on Wednesday, February 17. Wednesday Morning, February 17 

Banquet 
The traditional annual banquet will be Wednesday eve- 
ning, February 17. Presentation of awards and special 
entertainment. 

Tuesday Morning, February 16 
OPENING PLENARY SESSION. Chairman: J. Boyd Price 
Musical Prelude, National Anthems 
Welcomings and Preliminary Announcements 
President’s Address: William D. Hurst 
Executive Secretary’s Report: Francis T. Colbert 
Editor’s Report: Elbert H. Reid 
Other Reports: As scheduled 
Keynote Address: Speaker to be announced 
Response: To be announced 

CONCURRENT SESSION A: Range Ecology. Co-Chairmen: M. 
Hironaka and E. W. Tisdale 

Evolution of the Flora and Fauna of the Great Basin in 
Relation to Current Range Management. James A. 
Young and Raymond A..Evans, Crops Research Division, 
ARS, and Paul T. Tueller, Renewable Resources Center, 
University of Nevada, Reno. 

Ecology of Tobosa Communities as Influenced by Fire. 
Henry A. Wright, Department of Range and Wildlife 
Management, Texas Tech University, Lubbock. 

Alien Plant Species in the Great Basin. James A. Young 
and Raymond A. Evans, Crops Research Division, ARS, 
Reno, Nevada, and Jack Major, Botany Department, 
University of California, Davis. 

Effect of Mesquite (Prosopis juliflora) Trees on Vegeta- 
tion and Soils in the Desert Grassland. Arthur R. Tiede- 
mann, USFS, Forest Hydrology Laboratory, Wenatchee, 
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Washington, and James 0. Klemmedson, Department of 
Watershed Management, University of Arizona, Tucson. 

Growth Patterns of Cholla Cactus in New Mexico. Rex 
D. Pieper and Joseph G. Fraser, Department of Animal, 
Range & Wildlife Sciences, New Mexico State University, 
Las Cruces. 

Grazing Pressure and the Ecological Importance of Peren- 
nial Plant Species in Two Central Arizona Desert Stands. 
William H. Brooks, Pima College, Tucson, Arizona. 

Microsite Requirements for Establishment of Annual 
Plants in Rangeland Communities of the Great Basin. 
Raymond A. Evans and James A. Young, Crops Research 
Division, ARS, Reno, Nevada. 

Productivity of Abandoned Cultivated Fields in the Shrub 
Steppe Region of Washington. W. H. Rickard and J. F. 
Cline, Battelle-Northwest Laboratory, Richland, Wash- 
ington. 

Wolf Plants in Crested Wheatgrass Stands. John L. Artz, 
Cooperative Extension Service, Carson City, Nevada, and 
E. Irving Hackett, Cooperative Extension Service, Elko, 
Nevada. 

CONCURRENT SESSION B: Range Resource Planning. Chair- 
man: Floyd Kinsinger 

Issues Confronting the Proposed Prairie National Park in 
Kansas. Gary G. Naughton, 
Manhattan. 

Kansas State University, 

Grassland Demands. Dale L. Wills, USFS, Roosevelt Na- 
tional Forest, Fort Collins, Colorado. 

Making Multiple Use Decisions in the Bureau of Land 
Management. Euel L. Davis, BLM, Denver, Colorado. 

A Look at the Range Management Landscape. Lynn T. 
Fergus, BLM, Denver, Colorado. 

Management Concepts vs. Semantics and Terminology. 
Gordon Bentley, BLM, Denver, Colorado. 

Designing Grazing Management to Meet Wildlife Objec- 
tives. Joseph E. Townsend, BLM, Denver, Colorado. 

Reaction to Rotational Grazing Systems throughout Mon- 
tana and the Western Dakotas. C. Rex Clear-y, BLM, 
Billings, Montana. 

Sheep, Cattle, and Motorcycles on the California Grass- 
land. Delmar D. Vail and Mark E. Bailey, BLM, Folsom, 
California. 

Range and Rangeland Planning: Paradoxes and Implica- 
tions of Multiple Use and Environmental Quality Orien- 
tation. Gerald E. Hillier, BLM, Billings, Montana. 

Multiple Use Planning on Southern Pine Range. Gale L. 
Wolters, USFS, Southern Forest Experiment Station, Pine- 
ville, Louisiana. 

CONCURRENT SESSION C: Public Awareness of Rangeland 
Environments through Continuing Education. A Sym- 
posium. Chairman: Karl G. Parker 

Concepts in Continuing Education. Lloyd A. Drury, Con- 
tinuing Education, Utah State University, Logan. 

Impacts of Long Term Continuing Education Programs. 
Lester J. Berry, Cooperative Extension Service, Univer- 
sity of California, Davis. 

Reaching the Public on the Proper Uses of 
H. Gates, BLM, Sacramento, California. 

Range. Dillard 

The Federal Researcher, His Stock-in-Trade and His Pub- 
lic. Lynn F. James, USDA, Poisonous Plant Laboratory, 
Logan, Utah. 

Extension Education on Public Land Use. Barry Freeman, 
Cooperative Extension Service, University of Arizona, 
Tucson. 

The Lesson Made Pleasant-A Commercial Approach to 
Continuing Education. 
Company, Peoria, Illinois. 

Elmer L. Smith, Caterpillar 

The National Approach to Continuing Education of the 
User, the Scientist, and the Administrator. Charles L. 
Beer, USDA Extension Service, Washington, D.C. 

Wednesday Afternoon, February 17 

CONCURRENT SESSION A: Rangeland Wildlife. Chairman: 
James G. Teer 

Antelope Passes-Their Use and Value. Raymond D. 
Mapston, BLM, Casper, Wyoming. 

Productivity of Mule Deer on the LaSal and Henry Moun- 
tains. Jordan Pederson, Utah Division of Fish & Game, 
Monticello. 

Livestock and Big Game Grazing on Forest Plantations in 
Northeastern Oregon. D. W. Hedrick, Humboldt State 
College, Arcata, California. 

Compatibility of Sheep and Big Game Use on a Northern 
Utah Foothill Rangeland. Charles H. Jensen, Utah State 
Division of Fish & Game, Arthur D. Smith, Utah State 
University, Logan, and George W. Scatter, Canadian 
Wildlife Service, Edmonton, Alberta. 

Establishment and Forage Utilization of Nilgai Antelope 
on Semi-Arid Rangeland in South Texas. William J. 
Sheffield, Jr., Department of Wildlife Science, Texas 
A&M University, College Station. 

Reindeer Ranching in Canada. George W. Scatter, Cana- 
dian Wildlife Service, Edmonton, Alberta. 

Prescribed Burning and Grazing in the Coastal Prairie for 
Prairie Chicken Habitat Manipulation. A. D. Chamrad, 
Department of Range Science, Texas A&M University, 
College Station. 

Integration of Cattle Grazing and Production of Califor- 
nia Quail on Foothill Rangeland. Don A. Duncan, 
USFS, San Joaquin Experimental Range, Coarsegold, 
California. 

Desert to Ducks. Jack A. McIntosh, BLM, Canon City, 
Colorado. 

Effects on Wildlife of Experimental and Operational 
Rangeland Grasshopper Control with Insecticides. 
Lowell C. McEwen, Fish & Wildlife Service, Denver, 
Colorado. 

CONCURRENT SESSION B: Rangeland Plant Physiology. 
Chairman: Joe R. Goodin 

Effect of Season and Intensity of Defoliation on Desert 
Forage Plants. C. Wayne Cook, Department of Range 
Science, Colorado State University, Fort Collins. 

Growth Response of Festuca scabrella and Agropyron spi- 
catum to Soil Moisture Tension. Lee Eddleman, School 
of Forestry, University of Montana, Missoula. 

Mobilizable Carbohydrates in a Key Sedge: Seasonal 
Levels and Response to Grazing. George A. Garrison, 
USFS, Range & Wildlife Habitat Laboratory, La Grande, 
Oregon. 

Drought and Salinity Tolerance in the Genus Atriplex. 
J. R. Goodin, Department of Biology, Texas Tech Uni- 
versity, Lubbock. 

Grass Seedling Morphology Affects Seeding Success. D. N. 
Hyder, ARS, Forage and Range Research Branch, Fort 
Collins, Colorado. 

Effect of Phenology on Photosynthate Translocation in 
Crested Wheatgrass. Ronald E. Sosebee, Department of 
Range & Wildlife Management, Texas Tech University, 
Lubbock. 
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Botanical and Chemical Composition of Cattle and Sheep 
Diets on Pinyon- Juniper-Grassland Range. Frank 0. 
Thetford and Rex D. Pieper, Department of Animal, 
Range SC Wildlife Sciences, New Mexico State University, 
Las Cruces. 

Cheatgrass and Bunchgrass Range in Southern Idaho: 
Sheep Gains and Grazing Capacity. Robert B. Murray, 
USFS, Boise, Idaho. 

Goat Diets on Heavily and Lightly Grazed Ranges. John 
C. Malechek, Range Science Department, Utah State 
University, Logan, and C. L. Leinweber, Range Science 
Department, Texas A&M University, College Station. 

Diets of Steers in Southeastern Colorado. Reldon F. Beck, 
Range Management, University of Wyoming, Laramie, 
and Richard M. Hansen, Range Science Department, 
Colorado State University, Fort Collins. 

Botanical Species of Plants Consumed and Intake of Steers 
Grazing Light, Medium and Heavy Use Shortgrass Pas- 
tures. M. Vavra and R. W. Rice, Animal Science De- 
partment, University of Wyoming, Laramie, and R. M. 

Hansen, Range Science Department, Colorado State Uni- 
versity, Fort Collins. 

An Evaluation of Weight Estimates, Paired Plot and 
Esophageal Fistula Samples for Determining Diet of 
Sheep in a Tall-Forb Type. William A. Laycock and 
Hayle Buchanan, USFS, Forestry Sciences Laboratory, 
Logan, Utah. 

Efficiency of Forage Utilization as Influenced by Stocking 
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24th ANNUAL MEETING 
February 14-18, 1971 

Reno, Nevada 

Departing from customary practice, the Society’s 1971 Annual Meeting will not be 
held in a hotel. Rather, all plenary and technical sessions will be scheduled at the Pio- 
neer Theater Auditorium, located in the center of the downtown area. Hence, there will 
be no “headquarters hotel,” although blocks of rooms have been reserved at six hotels, 
all within a three-block radius of the Auditorium. 

ROOM RESERVATION FORM 
will be included as an insert in the December issue of Rangeman’s News. Room reser- 
vations must be made with the Reno Convention Bureau prior to January 31, 1971. For 
information regarding student housing, contact John L. Artz, 712 Highland St., Carson 
City, Nev. 89701. 

PRE-REGISTRATION FORM 
also will be included in the December Rangeman’s News. To effect a savings on regis- 
tration fees, the pre-registration form must be returned to the Registration Committee by 
February 10, 1971. 

Organizations and special groups wishing to reserve MEETING ROOMS should sub- 
mit their requests -stating preferred time, estimated length of meeting, and approximate 
attendance--to J. Boyd Price, PO Box 4850, Reno, Nev. 89505. It is recommended 
that, insofar as possible, all such meetings be held on Monday, February 15. Special 
meetings should not be booked for Sunday afternoon (Feb. 14) or for Tuesday or Thurs- 
day mornings (Feb. 16 and 18). 

For information regarding DISPLAYS and EXHIBITS, please contact Norman R. 
Ritter, PO Box 4850, Reno, Nev. 89505. 

ALUMNI GROUPS wishing to hold breakfast or luncheon meetings should contact a 
member of their group living in the Reno area. Due to the many details being looked 
after by the Local Arrangements Committee, it is not feasible for any of these people to 
undertake making special arrangements. 

Rules governing the 1971 PHOTO CONTEST appear in the October issue of Range- 
man’s News. Inquiries may be directed to J. H. Robertson, 920 Evans Ave., Reno, Nev. 
89502. 

For information regarding the EMPLOYMENT-INTERVIEW SERVICE, write di- 
rectly to John H. Ehrenreich, Department of Watershed Management, University of 
Arizona, Tucson, Ariz. 85721. 
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