










Agency Coordination, 

State and Public Involvement 

in Resource Planning 

Highlight: The early years of this country’s development 
were years in which relatively little interplay was exercised in 
the exploitive endeavors of society, whether these were in 
range resources, wood products, minerals, or water. It is 
questionable whether the present generation, given the same 
set of circumstances, would manage these endeavors any 
differently; yet each generation would be operating on a 
common base of facts. These facts consist of some simple but 
fundamental environmental truths having to do with soil, 
water, and vegetation-how and for what they are used, their 
capacity for yielding the needs of society, and their integrity 
for future use. The immutable interrelationship between this 
environmental trinity-soil, water, vegetation-and between 
on-site and off-site interests, are the genesis of the absolute 
necessity for coordinated resource planning. 

This series of papers was presented as part of a panel discussion 
at the 27th Annual Meeting of the Society for Range 
Management, Tucson, Arizona, February 5, 1974. 

an economic system solidified, and a world power achieved. 
Although it is an exciting example of man’s energies, skills, 
and vision, it is not without its frailties. Endless growth 
buttressed with a fantastic technological and mechanized 
capacity fostered the “sacred cow” of Gross National Product, 
which became the byword for all that was good and 
wholesome. 

Discretion and prudence in the exploitation and use of our 

dominant position in the decision-making process. The rugged 

resources was not, until recently, the cardinal principle in 

and lusty virtues of the free enterprise system have abundantly 

resource planning. On the contrary, institutional, political, 
social, and economic postures sought minimum restraints and 
maximum individual opportunity or maneuvered for a Viewpoint of the Concerned 

Public 
PHILLIP W. SCHNEIDER 

The subject of resource planning has been with us a long 
time. It has taken many forms and has reflected the objectives 
of many and varied interests. 

While resource planning has been under way in other parts 
of the world for many centuries, we have, even here in 
America, over a century of experience. The national interest in 
an area we know as Yellowstone National Park was a resource 
planning effort; the Homesteader of yore reflected a resource 
plan of a benevolent government; the mining law of 1872; the 
Creative Act of 1891 for the establishment of forest reserves 
and the Organic Administrative Act of 1897 provided for the 
protection and managed use of forest preserves. A host of later 
laws reflect an effort at resource planning consistent with a 
nation’s needs and the desires of the times. Furthermore, the 
evolution in the application of the large body of state and 
federal law which followed reflected, in large measure, a 
response to the desires and needs of various groups, ranging all 
the way from grazing to residential subdivisions. 

In a nation endowed with abundant resources, a growing 
population, and a continent available for exploitation,’ we 
moved to the exploitive task with increasing capacity and 
enthusiasm. In less than two centuries a continent was settled, 

The author is regional executive, National Wildlife Federation, 
Portland, Oregon. 

demonstrated the potentials of a competitive doctrine that 
yielded returns to society in goods and services that exceeded 
any developmental experiment in any previous societies. 

Sought Objectives Unilaterally 

By and large, this achievement was done by the earnest and 
energetic thrust of many interests seeking their objectives 
unilaterally. Whether it has been in range resources, wood 
products, national treasures of unique areas in water or 
minerals, the early years of this country’s development were 
ones in which relatively little interplay was exercised in the 
exploitive endeavors of society. 

Whether this performance has been good or bad depends 
upon each individual perspective. Whether this generation, 
given the same set of circumstances, would do any differently 
is questionable. In either case however, each generation would 
be operating from a common base of facts. 

These facts, as I believe a large body of the interested 
public view them, are some simple but fundamental 
environmental truths. These truths have to do with soil, water, 
and vegetation-how and for what we use them, their capacity 
for yielding the needs of society, and their integrity for future 
use. Furthermore, what we do with one is reflected in the 
other two and on society elsewhere. The immutable 
interrelationship between this environmental trinity and 
between both on-site and off-site interests are the genesis of 
the absolute necessity for coordinated planning. 
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about which we will hear more in our time. Here is where 
communications become urgent and where the best in factual 
information is essential. 

Much is being said about the techniques of planning. That is 
the province of the planning technician, whose expertise has 
advanced the state of the art to its present competence. There 
is a need on the part of the decision makers, whether they be 
individual property owners, corporate conglomerates, or 
public land administrators to avoid too much preoccupation 
with the details of the technology. Of equal importance are 
the conceptual questions that establish the parameters for 
decisions. It is abundantly clear that changes have occurred in 
American attitudes toward the environment. These changes are 
reflected in the mounting array of in-depth studies, in new and 
proposed legislation, in case histories of court actions, and in 
people involvement. 

middle. Rangelands have simply assumed a more important 
place in the scheme of things. The customary values of 
commodity production will continue, but they will continue 
along with such sought-after values as energy resources, open 
space, attractive or unique landscapes, natural phenomena, 
water, fish and wildlife, and clean air. To accommodate these 
varied and growing demands the system of management will 
expand and become more complicated. This challenge can be 
successfully met so long as the following program objectives 
are developed to the maximum degree possible: (1) a solid 
base of resource data; (2) open planning with appropriate 
institutional changes where needed; (3) involvement of the 
widest possible spectrum of people and interests; (4) the 
identification of alternatives before a decision is reached; and 
(5) recognition of land as a resource. 

From the public standpoint, I believe there is an interest in 
the three essential legs of effort; namely, planning, 
coordination, and execution. The mission of execution is the 
point most difficult to achieve. Often the question relates to 
individual or small group needs and inputs. At other times it 
may relate to community, regional, or national desires. To 
accommodate all is most difficult. 

Objective Consideration of All Inputs 

To accomplish the kind of land stewardship I believe the 
public is demanding will require an objective consideration of 
all inputs. From the point of view of the general public, the 
commodity user, the preservationist, and the multiple-use 
disciple, there is nothing evil in their particular objectives. Evil 
comes into play in permitting violence to the land itself or to 
society elsewhere. This is often difficult to define. Firm 
support of environmental restraints is required as well as a 
dedication to long range integrity of the land in its totality. 
Dominance by any one interest must be rejected; instead, the 
land must be husbanded in its basic components with 
appropriate allocation of uses in keeping with land capability 
and uniqueness of each area involved. 

Conceptually this suggests the application of the currently 
over-used term of ecosystems management. Call it what you 
will-and it’s been so designated by many range managers-it 
speaks to both the land itself and to the desires of people. It 
focuses attention and responsibility for protecting the range 
environment and its basic components of soil, water, and 
vegetation. Any use which does irrevocable damage to any 
range component becomes subject to restraint. Because these 
uses originate with people, they must be brought into the 
planning process, but not unilaterally. All interests should be 
simultaneously represented, and with that representation goes 
responsibility for input. The acid test of stewardship must 
ultimately be the record on the ground in soil stability, 
vegetative condition, and water quality. The use of any other 
criteria may temporarily accommodate short term objectives 
of some, but it will not assure the long term mission of 
preserving a precious land legacy which can yield many values 
to society in perpetuity, both on the land itself and elsewhere. 
In short, the ecosystem itself becomes the dominant value to 
preserve. In that context the profesional range manager should 
be the most militant of all preservationists. 

I believe there is a way to do this, but it is going to be 
difficult because the historical pattern of uses is not the same 
today as it was in the past. It will be difficult because 
institutional devices for administering rangelands came into 
being at a different time and for different objectives. It will be 
difficult because there are more people and those people view 
rangelands in various ways. It will be challenging because we 
have new and persuasive laws and judicial decisions which 
emphatically assert that things will be done in another way. It 
will be far more complicated by virtue of emerging 
technologies not heretofore having a high priority. 

Viewpoint of a Federal 

Agency 
T. A. SCHLAPFER 

S:,ch recent events as BLM’s problem with off-road vehicles 
in the California Desert or Yheir recent issuance of geothermal 
resource leasing regulations demonstrate the broadened base of 
interest in rangelands. The fact that the U.S. Forest Service 
proposed regulations for mining activities of December, 1973, 
after 70 years of nonregulation demonstrates a response to the 
times. The potential spatial requirements of a breakthrough in 
solar energy technology and the enormous impact of strip 
mining on rangelands, as examples, portend to the future. 

The most current issue that resource managers, politicians, 
and public administrators are facing today in resource manage- 
ment is planning for the future. Resource managers and our 
federal and state legislators have spent much time wrestling 
with this subject. The goal is to put an end to destructive 
expansion and to allow for the orderly classification of land 
and the harvest of resources. Along with the need to identify 
land uses, we must also meet increasing demands for products. 
As an example, we need to step up red meat production on 
our public and private lands. 

The implementation of the National Environmental Policy 
Act or the many judicial decisions either pending or already 
issued suggests the rapid evolution in the need for 
coordination. 

Demands for meat are increasing. Ranges are capable of 
producing more forage to raise animals, and this can be done 
competitively with other feed sources. In this day of energy 
shortages it is even more important that a well-managed 
rangeland can produce feed with much less fossil fuel. Science 
magazine in an article in November, 1973, reported that it 

Change creates challenge and the range manager is in the 
The author is regional forester, U. S. Forest Service, Portland, 

Oregon. 
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about which we will hear more in our time. Here is where 
communications become urgent and where the best in factual 
information is essential. 

Much is being said about the techniques of planning. That is 
the province of the planning technician, whose expertise has 
advanced the state of the art to its present competence. There 
is a need on the part of the decision makers, whether they be 
individual property owners, corporate conglomerates, or 
public land administrators to avoid too much preoccupation 
with the details of the technology. Of equal importance are 
the conceptual questions that establish the parameters for 
decisions. It is abundantly clear that changes have occurred in 
American attitudes toward the environment. These changes are 
reflected in the mounting array of in-depth studies, in new and 
proposed legislation, in case histories of court actions, and in 
people involvement. 

From the public standpoint, I believe there is an interest in 
the three essential legs of effort; namely, planning, 
coordination, and execution. The mission of execution is the 
point most difficult to achieve. Often the question relates to 
individual or small group needs and inputs. At other times it 
may relate to community, regional, or national desires. To 
accommodate all is most difficult. 

Objective Consideration of All Inputs 

To accomplish the kind of land stewardship I believe the 
public is demanding will require an objective consideration of 
all inputs. From the point of view of the general public, the 
commodity user, the preservationist, and the multiple-use 
disciple, there is nothing evil in their particular objectives. Evil 
comes into play in permitting violence to the land itself or to 
society elsewhere. This is often difficult to define. Firm 
support of environmental restraints is required as well as a 
dedication to long range integrity of the land in its totality. 
Dominance by any one interest must be rejected; instead, the 
land must be husbanded in its basic components with 
appropriate allocation of uses in keeping with land capability 
and uniqueness of each area involved. 

I believe there is a way to do this, but it is going to be 
difficult because the historical pattern of uses is not the same 
today as it was in the past. It will be difficult because 
institutional devices for administering rangelands came into 
being at a different time and for different objectives. It will be 
difficult because there are more people and those people view 
rangelands in various ways. It will be challenging because we 
have new and persuasive laws and judicial decisions which 
emphatically assert that things will be done in another way. It 
will be far more complicated by virtue of emerging 
technologies not heretofore having a high priority. 

Such recent events as BLM’s problem with off-road vehicles 
in the California Desert or Their recent issuance of geothermal 
resource leasing regulations demonstrate the broadened base of 
interest in rangelands. The fact that the U.S. Forest Service 
proposed regulations for mining activities of December, 1973, 
after 70 years of nonregulation demonstrates a response to the 
times. The potential spatial requirements of a breakthrough in 
solar energy technology and the enormous impact of strip 
mining on rangelands, as examples, portend to the future. 

The implementation of the National Environmental Policy 
Act or the many judicial decisions either pending or already 
issued suggests the rapid evolution in the need for 
coordination. 

Change creates challenge and the range manager is in the 

middle. Rangelands have simply assumed a more important 
place in the scheme of things. The customary values of 
commodity production will continue, but they will continue 
along with such sought-after values as energy resources, open 
space, attractive or unique landscapes, natural phenomena, 
water, fish and wildlife, and clean air. To accommodate these 
varied and growing demands the system of management will 
expand and become more complicated. This challenge can be 
successfully met so long as the following program objectives 
are developed to the maximum degree possible: (1) a solid 
base of resource data; (2) open planning with appropriate 
institutional changes where needed; (3) involvement of the 
widest possible spectrum of people and interests; (4) the 
identification of alternatives before a decision is reached; and 
(5) recognition of land as a resource. 

Conceptually this suggests the application of the currently 
over-used term of ecosystems management. Call it what you 
will-and it’s been so designated by many range managers-it 
speaks to both the land itself and to the desires of people. It 
focuses attention and responsibility for protecting the range 
environment and its basic components of soil, water, and 
vegetation. Any use which does irrevocable damage to any 
range component becomes subject to restraint. Because these 
uses originate with people, they must be brought into the 
planning process, but not unilaterally. All interests should be 
simultaneously represented, and with that representation goes 
responsibility for input. The acid test of stewardship must 
ultimately be the record on the ground in soil stability, 
vegetative condition, and water quality. The use of any other 
criteria may temporarily accommodate short term objectives 
of some, but it will not assure the long term mission of 
preserving a precious land legacy which can yield many values 
to society in perpetuity, both on the land itself and elsewhere. 
In short, the ecosystem itself becomes the dominant value to 
preserve. In that context the profesional range manager should 
be the most militant of all preservationists. 

Viewpoint of a Federal 
Agency 
T. A. SCHLAPFER 

The most current issue that resource managers, politicians, 
and public administrators are facing today in resource manage- 
ment is planning for the future. Resource managers and our 
federal and state legislators have spent much time wrestling 
with this subject. The goal is to put an end to destructive 
expansion and to allow for the orderly classification of land 
and the harvest of resources. Along with the need to identify 
land uses, we must also meet increasing demands for products. 
As an example, we need to step up red meat production on 
our public and private lands. 

Demands for meat are increasing. Ranges are capable of 
producing more forage to raise animals, and this can be done 
competitively with other feed sources. In this day of energy 
shortages it is even more important that a well-managed 
rangeland can produce feed with much less fossil fuel. Science 
magazine in an article in November, 1973, reported that it 
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takes about 22 gallons of gasoline per acre to produce corn. 
Range livestock production has a much lower requirement, 
maybe about 1/20th for the same gross energy production. 

The question then is: “How do we increase production 
substantially on our rangelands to meet the projected con- 
sumption of meat ?” I propose cooperative resource planning 
as one of the most dramatic ways to accomplish this. 

In June, 1965, the Bureau of Land Management (BLM) and 
Soil Conservation Service (SCS) signed a Memorandum of 
Agreement outlining policy and procedure for working with 
Soil and Water Conservation Districts (SWCD) and their 
Cooperators. In 1966, BLM and the Forest Service updated 
their original 195 1 agreement, which was primarily aimed at 
range management, to include a broader spectrum of resource 
planning. The stated purpose of the agreement is to encourage 
cooperation between the agencies to improve management of 
resources for which each agency is responsible as well as the 
associate private and other public lands. The Memorandum 
also provides for the creation of regional, state, and local 
agreements. In 1969 the Forest Service in Oregon was invited 
to participate with BLM, SCS, and the Soil and Water 
Conservation Districts as a cooperative organization. The 
original emphasis in Oregon was to improve range manage- 
ment. Over the years, however, it became evident that no 
single resource could be planned without considering the other 
resources and services that must come from the same land 
area. This evolutionary process led into the cooperative range 
resource planning efforts now being developed in Oregon and 
other states by agencies, landowners, and permittees. 

One of the biggest advantages of having a ranch plan 
prepared by and with the commitment of adjacent landowners 
is the greater flexibility it offers the rancher in overall 
management operations. For example, the coordination of 
“turn-on” dates. In the past there have been many times when 
the Forest Service has delayed opening dates for summer range 
past the closing date of BLM’s lands. This, of course, left the 
permittee with a choice-to trespass on BLM or to move into 
trespass on the National Forest. A plan prepared in advance 
allows for these exigencies so that the rancher is not caught in 
the middle. During the northwest drought in the summer of 
1973, permittees with good plans and grazing systems which 
improved range conditions and increased forage were allowed 
extensions for use of National Forest land. 

More than Grass 

Coordinated planning recognizes more than just grass. Soils, 
water quality, wildlife, forestry, and other resource needs are 
considered. Potential conflicts are resolved before they 
develop. And “many heads are better than one.” A plan 
developed by several parties with commitment by everyone is 
more likely to result in a successful program. Furthermore, if 
one person transfers, the new man is fit into an existing team 
and he must get concurrence of the team to change things. 

One benefit of interagency coordination that should not be 
overlooked is the breaking down of traditional barriers that 
inhibited interagency coordination. There was a time that the 
Forest Service would not accept range analysis techniques of 
other agencies, and other agencies felt the same about Forest 
Service methods and techniques. After several years of 
coordinated planning effort, these barriers have almost 
disappeared. 

In some cases, however, there are still some startling 
philosophical differences in land management by local agency 

people. Operating independently, they often negate each 
other’s programs. This is principally lack of understanding 
caused by poor communication. When agencies work together 
on the ground, particularly in cooperative ranch planning, 
these barriers are broken down by strengthened 
communications and working relationships. On the whole, 
technical guidelines are becoming more uniform between 
agencies every year. 

Coordinated plans not only deal with the grazing aspects of 
the rancher’s economic unit, but they also spell out 
management prescriptions for other resources within the area. 

A Total Resource Plan 

Murderer’s Creek area in Grant County, Oregon, is an 
example of a total resource plan, The plan, completed in 
March of 1973, covers an area a little over 100,000 acres. The 
overall objective of the plan is to prepare one document from 
which the Oregon State Wildlife Commission, BLM, the Forest 
Service, and the livestock permittees can operate in harmony. 
The specific objectives are: (1) to improve the quantity and 
quality of forage and habitat for domestic and wild animals; 
(2) to offer for harvest the maximum amount of forest 
products compatible with the other resource values; (3) to 
offer recreational opportunities and development of a 
transportation system; (4) to maintain a high quality fisheries 
habitat; and (5) to provide sanctuary for a herd of 100 
free-roaming horses. 

The overriding prescription is to enhance the resources and 
land uses of the area while offering the maximum protection 
to land values. 

The plan goes on to discuss in detail what will be done on 
the ground to meet the management objectives. There is a plan 
for big game and upland game birds, fisheries, water 
impoundments, irrigation, a grazing system, and so forth. By 
cooperation of all the agency personnel and the grazing 
permittee, there will be a gradual improvement in the quality 
of the biota and of the goods and services produced from this 
unit. 

Another cooperative plan has been implemented by the Big 
Butte Cattle Association in southern Oregon on an area of 
nearly 145,000 acres. Besides the association consisting of four 
ranchers, the other participants include Medco and Boise 
Cascade-both timber companies, BLM, Oregon Wildlife 
Commission, Forest Service, and the SCS. The area supports a 
cow-yearling livestock operation, critical winter range for deer, 
timber production, recreation, and it also contains the water 
supply for the city of Medford. As in the other example 
previously mentioned, the objectives are to maximize the land 
capability in terms of resource production, to improve the 
quality of goods and services from the unit, and to identify 
and reduce potential conflicts between the resources and the 
public. The package includes a grazing system plan, a timber 
management plan, as well as plans for developing 
improvements, managing wildlife habitat, public recreation, 
and water production. 

As of now there have been about 66 coordinated ranch 
plans written in Oregon. In 1973, more than 800,000 acres 
were covered in Oregon by coordinated plans. We really feel 
that this approach to ranch operations makes a lot of sense. If 
all of the adjacent landowners and interested agency personnel 
have the opportunity to mold the plan to meet their respective 
needs, the combined effort will be a more satisfactory basis 
from which to work. The payoff to the rancher will be a more 
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coordinated approach to scientific range management, which 
should yield more animal unit months, more production of red 
meat, and fewer problems in dealing with agencies. 

While we are working on cooperative ranch planning, the 
Forest Service is also deeply involved with other agencies in an 
overall land planning effort. 

The last two administrations have emphasized the need for 
partnership planning between local, state, and federal 
governments. There is only so much land and resource base in 
public and private ownership. The resource capability of this 
country has been estimated as adequate for a population of 
about 160 million. As you know, our most recent census puts 
the United States population at well over 200 million. In 
determining how our needs may be satisfied, there are many 
critical questions to answer. How much recreation, timber, 
grazing land, and wildlife habitat can federal lands provide? 
How much can come from state, local, and private lands? Why 
are the small woodlot owners not producing their share of the 
timber volume needed to meet national needs? 

These are the questions to which a national planning effort 
must be directed. To get at these problems all planning 
agencies must work in concert with each other. The common 
denominator for this effort must be communication. During 
the entire planning process, the state and local governments 
and private land owners must be intimately involved. The 
process will be complex-recognition of both local and 
national needs, and coordination with state and local plans, as 
well as private industry plans. 

Another cooperator in land planning is the public. As you 
know, agencies are making a real effort now to invite the 
public to participate in program preparation. Through open 
meetings, mailings, ad hoc committees, and an open door 
policy, people are being heard. I feel that this has resulted in 
better plans, because if compromises are reached now with 
interested parties, we should be able to reduce the number of 
incidents which end up in court. Land management should not 
be determined by judicial process. As long as people maintain 
the interest that has been shown in the last couple of years, 
and if we continue to have an open door policy, the overall 
operation will only improve. 

Needs On-ground Application 

No plan is worth more than the paper it’s written on if the 
results are not applied to the ground. A policy statement and 
some new objectives for range management for the Pacific 
Northwest region of the Forest Service were recently signed 
into effect. We believe these objectives, developed by myself 
and the forest supervisors, will result in better management 
that is visible on the ground. I want to share this with you. 

Grazing is, and will remain, an important use on all public 
lands that have a forage resource that can be used in 
perpetuity and in harmony with other equally valuable 
resources and uses. Three basic elements-planning, permittee 
cooperation, and administration-are essential in developing 
and maintaining the region’s goal of a quality range program 
that contributes its due share of meat and fiber for an 
ever-expanding population. 

To meet our goal, the range program must achieve a new 
vitality. It must have well-defined objectives, realistic targets, 
and a commitment by line officers to devote a fair share of 
their time and finances. Full integrity of range management 
appropriations must be maintained, and maximum 
accomplishment wilI have to be extracted from the present 

short supply of dollars. The establishment of program 
objectives relevant to our real needs will permit the region to 
make its case for adequate financing. 

Will Note All Resources, Values 

The land use planning process will not overlook or 
underrate the presence of a usable range resource, and land use 
plans will assess and define the role of grazing in relation to 
other resources and values. Where range problems are 
identified on otherwise suitable range, resolution of these-not 
elimination of grazing-will be our basic mission. The land use 
planning process and supporting land classification efforts will 
also identify those situations where present land ownership 
patterns might be adjusted to meet our objective of favorably 
influencing sound range management practices on associated 
private and other related lands. In addition, range planning (in 
cooperation with appropriate state and federal agencies) will 
give maximum attention to integrating lands of all ownerships 
under a single ranch unit management plan where this will 
enhance proper land use objectives, without regard to property 
boundaries. Finally, short-range and long-range planning 
efforts will identify unused and underused suitable range areas 
and develop strategies for optimum harvest of the usable 
resource. 

Increased permittee involvement and full acceptance of 
management responsibilities will be essential to fulfillment of 
the range program. To get this involvement, permittees must 
be full partners in the planning and administration effort. 
Disinterest in full participation which has, and is, resulting in 
resource abuse and deterioration must not be tolerated; line 
officer action to reverse deterioration must be prompt, fair, 
and firm. 

Just as the permittee has definite responsibilities in use of 
the range resource, so does the forest supervisor have the 
responsibility to provide all interdisciplinary technical 
expertise (including research findings) necessary to develop 
standards, analyze problems, prescribe solutions, devise 
satisfactory management systems, and conduct essential 
surveillance of grazing operations and results. He also has a 
responsibility to help organize range users to collectively make 
more effective use of available resources-grazing associations 
and allotment combinations will be promoted in lieu of 
isolation and division. 

Grazing is a highly visible use of the National Forests and, 
by design on the part of forest supervisors, will become more 
visible both inside the service and to the public. Every 
allotment must become a demonstration allotment. Increased 
attention to the placement of structural improvements on the 
land which meet standards and exhibit craftsmanship, as well 
as complement the landscape visually and environmentally, is 
an essential accretion to the initiation of satisfactory 
management systems. 

A dynamic, continuous system of allotment evaluation and 
comparison with standards and objectives must be maintained 
as an integral part of the range program. 

To achieve this we plan to: 
(1) Analyze all allotments to determine present 

management level and develop investment costs and specific 
targets to place all allotments under quality management by 
1984. In the interim, implement a level of range management 
on all allotments which tolerates no unacceptable resource 
damage. 
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(2) Maximize permittee responsibility and accountability 
in both planning and executing the range program. 

(3) Obtain range scientist input into all unit plans and 
utilize an interdisciplinary approach in developing all new and 
revised range management plans, to insure a balanced resource 
allocation. 

(4) Provide the. necessary range scientist input for land use 
planning and land adjustment activities to insure that land 
ownership patterns are considered in the light of their 
effectiveness in promoting sound conservation practices on 
associated private and public rangelands. 

(5) Make maximum use of the interagency coordinating 
planning approach in developing all allotment plans to 
promote better management on associated public and private 
rangelands. 

(6) Identify areas of unused or underused suitable range 
and place these in production, under proper management, for 
the benefit of the nation. 

(7) Generate an effective cadre of range trained people 
(both line and staff) needed to accomplish the goal. Provide a 
continuing training program with development opportunities 
and an essential career ladder in order to attract and maintain 
a high level of range expertise. 

This policy statement and objectives have specific targets 
for accomplishment. As a measure of progress, we will meet 
annually to see where we are. We believe this approach will 
provide better management visible on the ground. The key to 
good future land and resource management really lies in the 
willingness of everyone to cooperate and to accept any 
trade-offs that become more apparent as time goes on. If we 
plan the proper allocation of resources, with the best mix of 
uses, we will be able to optimize what we have. And if we do a 
more intensive job, we should be able to approach the 21st 
century confident that we will be able to provide an adequate 
supply of necessary products including red meat for the people 
of the nation through coordinated land planning. 

Viewpoint of a Wildlife 
Manager 

JOHN W. McKEAN 

Aldo Leopold, the father of wildlife management in North 
America, defined wildlife management as “the art of making 
the land produce sustained annual crops of wildlife for 
retreat ional use.” 

The wildlife manager has the difficult task of practicing 
that art on lands that are owned by someone else and 
dedicated primarily to other uses. This is one reason 
coordination, cooperation, and compromise are essential tools 
of the trade. Another reason is that the wildlife he plans for is 
the common property of all the people of the State or, more 
often, all 200 million U. S. citizens, most of whom want a 
voice in any decision. 

For these reasons coordination in wildlife management 
planning has historically been a must, but as recreational 
demands approach the limits of tolerance of either the wildlife 
resource or landowners, more sophisticated systems of 

The author is director, Oregon State Wildlife Commission, Portland, 
Oregon. 

coordination and planning become essential. 
A diversity of multi-discipline planning systems have been 

developed, but in my experience they fall in two major 
categories: (1) Problem or area-oriented planning; and (2) 
comprehensive land use planning-county, state, and national. 

The wildlife manager must be aggressive in both categories, 
so I will tell you briefly of some of our experiences in Oregon. 

One of our first applications of a true multi-disciplinary 
approach to a resource problem occurred in the 1950’s on a 
controversial deer winter range which had a long history of 
abuse by domestic livestock, wildlife, rodents, insects, drouth, 
etc. Several years of the pot calling the kettle black was 
achieving no constructive end until an interdisciplinary team 
composed of representatives of the Soil Conservation Service, 
Forest Service, Bureau of Land Management, Extension 
Service, Wildlife Department, and landowners objectively 
inventoried the problem area and developed a plan for 
constructive solution of problems. Not all of the remedies 
conceived by this task force have been implemented, but at 
least the landowners have a better understanding of the nature 
of the problem and potential solutions, and the public better 
understands the need for some regulation of wildlife densities 
on those lands. 

Similar interdisciplinary planning programs have been 
conducted on selected problem areas or geographic 
subdivisions in much of our state and the federal land 
management agencies are now commonly using that approach 
in developing resource plans for federal lands. 

A similar interdisciplinary approach has been used by the 
Oregon Wildlife Department in developing land use plans for 
over 100,000 acres of land within state wildlife management 
areas. 

This kind of coordination in resource planning is: 
Logical-because it is based upon inventories and 

knowledge of natural systems. 
Simple-because it pools knowledge of many disciplines. 
Flexible-because the resulting plans can easily be changed. 
Practical-because it saves time and money. 
The wildlife manager has a definite role in the broader 

mission of comprehensive land, water, and resource planning. 
Recognizing that man’s manipulation of the environment is 
the dominant factor affecting the production of wildlife, 
wildlife agencies throughout the nation have necessarily 
become deeply involved in those decisions. 

Using the “carrot and stick” approach, the Bureau of Sport 
Fisheries and Wildlife through the Pittman-Robertson and 
Dingell-Johnson Acts has offered some real incentives for the 
states to develop a meaningful data base for resource planning 
and to establish management goals. In addition to offering 
federal assistance in planning, they have provided that a state 
which has an approved state plan will not be required to write 
up detailed annual plans for approvable segments of the 
planned programs. Partially for that reason, but more 
importantly with the objective of developing a data base that 
could help land and water use planning bodies make better 
decisions, we launched an aggressive planning program in 
1969. 

Our first step was to assemble an inventory of all available 
fish and wildlife habitat in the State and the distribution and 
density of all major species of wildlife within those habitat 
types. With the assistance of other agencies we also made some 
guesses as to the changes that might occur during the next 20 
years (1990). 
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(2) Maximize permittee responsibility and accountability 
in both planning and executing the range program. 

(3) Obtain range scientist input into all unit plans and 
utilize an interdisciplinary approach in developing all new and 
revised range management plans, to insure a balanced resource 
allocation. 

(4) Provide the necessary range scientist input for land use 
planning and land adjustment activities to insure that land 
ownership patterns are considered in the light of their 
effectiveness in promoting sound conservation practices on 
associated private and public rangelands. 

(5) Make maximum use of the interagency coordinating 
planning approach in developing all allotment plans to 
promote better management on associated public and private 
rangelands. 

(6) Identify areas of unused or underused suitable range 
and place these in production, under proper management, for 
the benefit of the nation. 

(7) Generate an effective cadre of range trained people 
(both line and staff) needed to accomplish the goal. Provide a 
continuing training program with development opportunities 
and an essential career ladder in order to attract and maintain 
a high level of range expertise. 

This policy statement and objectives have specific targets 
for accomplishment. As a measure of progress, we will meet 
annually to see where we are. We believe this approach will 
provide better management visible on the ground. The key to 
good future land and resource management really lies in the 
willingness of everyone to cooperate and to accept any 
trade-offs that become more apparent as time goes on. If we 
plan the proper allocation of resources, with the best mix of 
uses, we will be able to optimize what we have. And if we do a 
more intensive job, we should be able to approach the 21st 
century confident that we will be able to provide an adequate 
supply of necessary products including red meat for the people 
of the nation through coordinated land planning. 

Viewpoint of a Wildlife 
Manager 
JOHNW.McKEAN 

Aldo Leopold, the father of wildlife management in North 
America, defined wildlife management as “the art of making 
the land produce sustained annual crops of wildlife for 
retreat ional use.” 

The wildlife manager has the difficult task of practicing 
that art on lands that are owned by someone else and 
dedicated primarily to other uses. This is one reason 
coordination, cooperation, and compromise are essential tools 
of the trade. Another reason is that the wildlife he plans for is 
the common property of all the people of the State or, more 
often, all 200 million U. S. citizens, most of whom want a 
voice in any decision. 

For these reasons coordination in wildlife management 
planning has historically been a must, but as recreational 
demands approach the limits of tolerance of either the wildlife 
resource or landowners, more sophisticated systems of 
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comprehensive land use planning-county, state, and national. 
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so I will tell you briefly of some of our experiences in Oregon. 

One of our first applications of a true multi-disciplinary 
approach to a resource problem occurred in the 1950’s on a 
controversial deer winter range which had a long history of 
abuse by domestic livestock, wildlife, rodents, insects, drouth, 
etc. Several years of the pot calling the kettle black was 
achieving no constructive end until an interdisciplinary team 
composed of representatives of the Soil Conservation Service, 
Forest Service, Bureau of Land Management, Extension 
Service, Wildlife Department, and landowners objectively 
inventoried the problem area and developed a plan for 
constructive solution of problems. Not all of the remedies 
conceived by this task force have been implemented, but at 
least the landowners have a better understanding of the nature 
of the problem and potential solutions, and the public better 
understands the need for some regulation of wildlife densities 
on those lands. 

Similar interdisciplinary planning programs have been 
conducted on selected problem areas or geographic 
subdivisions in much of our state and the federal land 
management agencies are now commonly using that approach 
in developing resource plans for federal lands. 

A similar interdisciplinary approach has been used by the 
Oregon Wildlife Department in developing land use plans for 
over 100,000 acres of land within state wildlife management 
areas. 

This kind of coordination in resource planning is: 
Logical-because it is based upon inventories and 

knowledge of natural systems. 
Simple-because it pools knowledge of many disciplines. 
Flexible-because the resulting plans can easily be changed. 
Practical-because it saves time and money. 
The wildlife manager has a definite role in the broader 

mission of comprehensive land, water, and resource planning. 
Recognizing that man’s manipulation of the environment is 
the dominant factor affecting the production of wildlife, 
wildlife agencies throughout the nation have necessarily 
become deeply involved in those decisions. 

Using the “carrot and stick” approach, the Bureau of Sport 
Fisheries and Wildlife through the Pittman-Robertson and 
Dingell-Johnson Acts has offered some real incentives for the 
states to develop a meaningful data base for resource planning 
and to establish management goals. In addition to offering 
federal assistance in planning, they have provided that a state 
which has an approved state plan will not be required to write 
up detailed annual plans for approvable segments of the 
planned programs. Partially for that reason, but more 
importantly with the objective of developing a data base that 
could help land and water use planning bodies make better 
decisions, we launched an aggressive planning program in 
1969. 

Our first step was to assemble an inventory of all available 
fish and wildlife habitat in the State and the distribution and 
density of all major species of wildlife within those habitat 
types. With the assistance of other agencies we also made some 
guesses as to the changes that might occur during the next 20 
years (1990). 
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Our biologists recorded the required information on 1.2 
million forms that were designed for reading by an optical 
scanner, and all of the data was ultimately deposited in EPA’s 
STORET system. We now have the capability of retrieving that 
data by watershed, county, administrative district, wildlife 
management unit, or as a state summary in a matter of a few 
hours. As with most such sophisticated systems, we are finding 
some errors and omissions that are troublesome but the system 
is easy to update as better data become available. Our next 
goal is to interpret this massive resource data base and 
projections of demographic data into a strategic fish and 
wildlife management plan for our state. This plan will establish 
broad goals and strategies for achieving them. 

The next step will be to develop operating plans that will 
implement the selected strategies. These will relate to 
geographic units of land and will require intimate coordination 
with many agencies and people who control the use of land 
and water. This kind of planning is important but I am 
confident that our greatest benefit will accrue from our 
capability to present accurate resource data to the county, 
state, and national planning bodies. 

Some of the ecologically naive and preemptive resource 
management decisions that have come from Congress in the 
last two years shake my confidence in the rational approach to 
resource planning. Examples are the Wild Horse Act, predator 
control, the Marine Mammal Act, the recent Endangered 
Species Act, all of which propose to cure a sore finger by 
amputating an arm. 

Similar emotional approaches have been used to expand the 
wilderness system in defiance of the orderly procedure 
specified in the Wilderness Act of 1964. It is clear that many 
urban people have been led to believe that consumptive use of 
wildlife, forage or timber on federal lands is in some manner 
damaging their equity in those properties. We as professionals 
have the challenge of getting the truths to them and 
developing those truths into meaningful plans that will assure 
them that we can continue to use the renewable wildlife and 
plant resources without jeopardizing the productivity of the 
land or resources for future generations. This will require a 
new kind of coordination. 

Summary of Significant 
Points 
E. WILLIAM ANDERSON 

It is fair to claim that we range resource managers currently 
know how to maintain or improve almost any rangeland 
resource. We have the science and experience. We have 
innumerable examples in existence that prove this can be 
done. This does not say that we know all there is to know. In 
this respect, however, we stand on a firm foundation of 
knowledge and know-how. 

Knowing how to do the job is one thing. Actually getting it 
done is something else. Getting the job done by-and-large 
hinges on the effectiveness and thoroughness of 
communications between the key persons or groups involved. 
Among the many facets of communications in resource 
planning, coordination between agencies and the involvement 

The author is state range specialist, U. S. Department of Agriculture, 
Soil Conservation Service, Portland, Oregon. 
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of state and public groups is paramount. 
Coordinated resource planning is not new. My first 

experience with a coordinated plan was in 1948 when I was a 
District Conservationist for the Soil Conservation Service. In 
195 1, soil conservation districts in the West were pushing a 
coordinated approach to the development and conservation of 
public and private lands, which some may recall was called 
their Pilot District Program. These and many other early 
efforts were localized and sporadic. Generally speaking, no real 
advancement was made. 

Within the last 10 years the situation hay changed. 
Coordinated resource planning has become an accepted 
operating procedure. In Oregon, we have an executive group 
consisting of the heads of Forest Service, Bureau of Land 
Management, Soil Conservation Service, State Wildlife 
Commission, State Conservation Commission, and both the 
Oregon and National Association of Conservation Districts. A 
task group made up of staff specialists is assigned to provide 
leadership, training, and special assistance to the program. 
Other key groups that are often involved in coordinating 
planning include Cooperative Extension, State Forestry, and 
State Lands. Operators of private resources in the planned area 
are always involved in the planning process. 

Guided development of coordinated resource planning in 
recent years has evolved several points, in addition to the gross 
necessity for working together, that are significantly 
appropriate in today’s resource program. 
1. There is a great need for resource planning to give full 
consideration to the second and third order of consequences 
that likely will take place as the result of a planned 
achievement. 
2. The “good top inch of soil” and similar basic resource 
considerations need to be revitalized because they are often 
forgotten in today’s dollar-oriented resource management. 
3. There is no substitute for a sound, ecologically-based 
resource inventory as the foundation for decisions dovetailing 
management of all major resources of the planned area-water, 
wood, wildlife, forage-each of which should no longer be 
planned independently. 
4. The economics of managing a resource-oriented enterprise 
logically involves the total land area used by the enterprise. 
Therefore, if a resource plan for an enterprise is to be sound 
and practical, it, too, should cover all the land ownerships and 
resources involved yearlong. 
5. Current concerns with the environment and increasing 
knowledge of cause-effect interactions in resource use have 
brought into perspective and emphasized the need for 
combinations of measures, treatments, and developments-a 
resource management system-instead of piecemeal application 
of single practices. In resource management systems the focus 
is on changes and improvements that meet the objectives of 
the people concerned, consistent with requirements for 
maintaining or improving the resources. 
6. Well-meaning, but often misinformed, uninformed, 
tunnel-visioned, or antagonistic persons or groups still exist in 
resource work; however, to a lesser degree than just, a few 
years ago. The ameliorating force that can be most effective in 
resolving this problem in communications is a face-to-face 
exchange of viewpoints on objectives and 
alternatives-coordinated planning. 
7. If resource users, owners and managers will collectively 
make resource decisions, the courts will not have to do this. 
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experience with a coordinated plan was in 1948 when I was a 
District Conservationist for the Soil Conservation Service. In 
195 1, soil conservation districts in the West were pushing a 
coordinated approach to the development and conservation of 
public and private lands, which some may recall was called 
their Pilot District Program. These and many other early 
efforts were localized and sporadic. Generally speaking, no real 
advancement was made. 

Within the last 10 years the situation hay changed. 
Coordinated resource planning has become an accepted 
operating procedure. In Oregon, we have an executive group 
consisting of the heads of Forest Service, Bureau of Land 
Management, Soil Conservation Service, State Wildlife 
Commission, State Conservation Commission, and both the 
Oregon and National Association of Conservation Districts. A 
task group made up of staff specialists is assigned to provide 
leadership, training, and special assistance to the program. 
Other key groups that are often involved in coordinating 
planning include Cooperative Extension, State Forestry, and 
State Lands. Operators of private resources’in the planned area 
are always involved in the planning process. 

Guided development of coordinated resource planning in 
recent years has evolved several points, in addition to the gross 
necessity for working together, that are significantly 
appropriate in today’s resource program. 
1. There is a great need for resource planning to give full 
consideration to the second and third order of consequences 
that likely will take place as the result of a planned 
achievement. 
2. The “good top inch of soil” and similar basic resource 
considerations need to be revitalized because they are often 
forgotten in today’s dollar-oriented resource management. 
3. There is no substitute for a sound, ecologically-based 
resource inventory as the foundation for decisions dovetailing 
management of all major resources of the planned area-water, 
wood, wildlife, forage-each of which should no longer be 
planned independently. 
4. The economics of managing a resource-oriented enterprise 
logically involves the total land area used by the enterprise. 
Therefore, if a resource plan for an enterprise is to be sound 
and practical, it, too, should cover all the land ownerships and 
resources involved yearlong. 
5. Current concerns with the environment and increasing 
knowledge of cause-effect interactions in resource use have 
brought into perspective and emphasized the need for 
combinations of measures, treatments, and developments-a 
resource management system-instead of piecemeal application 
of single practices. In resource management systems the focus 
is on changes and improvements that meet the objectives of 
the people concerned, consistent with requirements for 
maintaining or improving the resources. 
6. Well-meaning, but often misinformed, uninformed, 
tunnel-visioned, or antagonistic persons or groups still exist in 
resource work; however, to a lesser degree than just ,‘a few 
years ago. The ameliorating force that can be most effective in 
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exchange of viewpoints on objectives and 
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Table 1. Standing stock of forage remaining after summer grazing. North of Highway 16, Elk Island National Park, August, 1972, (lb/acre 
oven-dry). 

Kind of forage and Yield lb/acre 
cover type it 2 std. errors 

Area of type 

Acres Percent 
Total yield 

(lb) 

Approx. 
% grass 

and sedge 

Weight of 
grass and 
sedge (lb) 

Herbage yield 
Upland grass 
Wet meadow 
Shrub meadow 
Dense Populus forest 

1,718 f 288l 2,938 10.8 5,047,4842 74.5 3,760,376 
3,320 +- 430 2,938 10.8 9,754,160 go,3 2,202,0023 
1,241 1 338 4,275 15.7 5,305,275 69.9 3,708,387 

2242 13 17,139 62.7 3,829,136 42.4 1,623,554 

Totals 27,290 100.0 23,946,055 1 1,294,31g4 

Browse yield’ 
(all cover types) 1,805,4404 

’ 
2 

1 lb/acre = 1.12 kg/ha. 
1 lb = 0.454 kg. 

‘Reduced to ‘/4 because much of the biomass of large sedges is either unpalatable or unavailable. 
4 Utilizable surplus: grass and sedge, 11,294,319 X .50 = 4,647,159 lbs 

winter browse, 1,805,440 X .60 = 1,083,264 lbs 
5Total yield, 1971, of woody twigs, 2-8 ft above ground, of 10 preferred species. 

Elk Island National Park-a Representative Area 

General Description 

Elk Island National Park is located in central Alberta on a 
dead ice moraine known as the Beaver Hills. The region is 
considered to be an outlying area of the mixedwood forest 
region and is surrounded by aspen parkland (Rowe, 1972). 
The park is thus a rather typical section of the boreal aspen 
forests. Elk Island was established as a federal game reserve in 
1906 to protect a relict herd of native elk. In 1907 plains 
bison were introduced there and a semidomestic population of 
bison has persisted to the present. In 1930 the area was 
established as a national park. The original fenced area 
included a few moose as well as the elk, and mule deer were 
also common. Under protection, all of these species increased 
until, by 1937, it was deemed necessary to reduce their 
numbers. Since then the animals have been periodically 
removed to protect their range, reduce winter mortality, and 
prevent disease problems that could affect neighboring 
agricultural areas. 

The present area of Elk Island is 75 miles2, of which 
approximately 62.9 miles2 are available ungulate range. It 
consists of two portions, one of approximately 50 miles2 
north of Highway 16, which we will describe further, and 
another section of over 25 miles2 south of the highway. The 
area to the south of the highway is currently used as a rearing 
enclosure for rare wood bison (Bison bison athabasceae). 
Ungulate Populations 

In spite of herd reductions in the past, the population of 
ungulates at Elk Island has at times been high. Holsworth 
(1960) estimated that there had been maximum densities of 
33 bison, 27 elk, and 13 moose per mile2 in the park, all at the 
same time. During his studies in 1959, he believed that there 
were 14 bison, 13 elk, and 7 moose per mile2. Since that time 
the moose have attained populations that approached 12 per 
mile2 on the north side of the Park (Blood, 1973) and may 
have reached 20 per mile2 on the south side (J. McGillis, pers. 
comm.). Subsequently, the southern population was reduced 
by mortality from range overuse, and by a program of 
controlled slaughters. By February, 1972, an aerial survey of 
the north side of the park showed a population of 4.8 moose 
and 10.0 elk per mile2. At the same time, the Park records 
provided an estimate of 4.3 bison per mile2. 
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The dense population of bison that existed in past decades 
was, to some extent, supported by a regular program of winter 
feeding. Other ungulates, notably the elk, also made use of the 
hay provided for the bison during winter. During the past few 
years the Park policy has been to reduce bison populations on 
the north side to 300 or 400 animals, and to eliminate winter 
feeding except during unusual winters. Such feeding has 
occurred in only two of the past eight winters (R. Jones, pers. 
comm.). 

Range Surveys and Carrying Capacity Estimates 

Biological data have been collected by personnel of the 
Canadian Wildlife Service in order to determine the optimum 
level of stocking in the pastures at Elk Island. Although 
internal reports suggested optimum stocking rates for bison 
(Flook, 19 68) and for cervids (Flook and McGillis, 1968), 
recent problems with elk mortality led to more detailed 
studies of the range (Telfer, 1972). The results of those studies 
have allowed the calculation of the usable surplus of forage 
(Table l), and the biomass of ungulates that this surplus would 
support (Table 2). 

In estimating the carrying capacity of Elk Island National 
Park from Telfer’s range survey, the following assumptions 
were made: 

1. A carry-over of 50% of the net yield of the grasses and 
sedges at the end of the previous growing season was 
considered desirable (Stoddard and Smith, 1955). 

2. A large amount of grass and sedge was available in the 
wet meadow type. However, many meadows around the 
fringes of sloughs and in glacial kettles are small and are 
seldom used by bison. On the other hand, some of the large 
wet meadows are heavily used. It therefore seemed advisable 
to reduce the weight of usable herbage in the wet meadow 
type to 25% of the total. That reduction, while arbitrary, 
reflected the current situation, and it is possible that greater 
densities of bison might result in increased use of the smaller 
patches of wet meadow. 

3. Winter browse was considered to be the twigs of woody 
plants found between the heights of 2 ft and 8 ft above the 
ground. Twigs below 2 ft in height would be buried in the 
snow during an average winter, while little feeding occurred 
above 8 ft. Browse estimates included twigs of the ten species 
of woody plants most important for ungulate browse [hazel 
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Table 2. Carrying capacity of ungulates on portion of Elk Island National Park, north of Highway 16. (An example using theoretical ProPort~ns 
of moose, bison, and elk.) 

Kind of Average weight 
Theoretical carry- Number per 

ing capacity (number unit area 

animal lbs kg of animals’ ) mile’ km2 

Bison 992 450 798 18 6.9 
Moose 666 302 525 12 4.4 
Elk 532 242 540 12 4.4 

Total 

’ In autumn prior to harvesting. 
*Annual yield/acre = 10.2 lb (11.4 kg/ha), worth $4.08 at $40/cwt live weight. 

Live biomass Annual yield2 

lb/mile’ kg/km2 lb/mile2 kg/km* 

18,240 3192 3,648 638 
7,992 1399 1,598 280 
6,384 1117 1,276 223 

32,616 5708 6,522 1141 

(Corylus cornuta); aspen; balsam poplar; cranberry (Viburnum 
edule); dogwood (Cornus stolonifera); willows; Saskatoon 
serviceberry; chokecherry (Prunus verginiana); buffaloberry 
(Shepherdia canadensis); and white birch (Betula papyrifera)] . 
The estimates are conservative because twigs of a few other 
species will be eaten, particularly at higher ungulate densities, 
and some food will be obtained above and below the height 
range studied. However, extra browse thus obtained would be 
counterbalanced by the likelihood that not all willow species 
are palatable. 

4. A utilization factor of 60% for browse was employed in 
the carrying capacity estimates. The factor is higher than the 
40% used by Murphy and Crawford (1970). Utilization in 
parks and commercial forests must be restricted, but the 
results of several studies led us to believe that where maximum 
production of animals is desired, the aspen forest plants will 
withstand utilization at the higher rate. Studies by Telfer 
(unpublished) in the montane aspen region have suggested that 
browsing up to 100% of the year’s growth on willow and 
Saskatoon serviceberry did not reduce the next year’s growth. 
Julander (1937) reported that aspen could almost maintain 
itself when browsed 70 to 75%, while at 65 to 70% use, a fair 
recovery could be expected. In as much as aspen reproduction 
generated from root sprouts, nutrients can be translocated 
from the parent tree for sprout growth even under repeated 
heavy browsing of the sprouts. In clearcut areas, however, 
heavy browsing of aspen reproduction for 3 years successively 
will result in few new sprouts being produced (Julander, 1937; 
Smith et al., 1972). 

Aldous (1952) reported that willow produced well over 
moderate to heavy browsing. Young and Payne (1948) 
suggested a 60% level of use could be sustained by Saskatoon 
serviceberry. Browsing up to between 60 and 75% will 
stimulate growth of some shrubs (Julander, 1937; Garrison, 
1953). This increased response results from removal of apical 
dominance when the terminal bud is removed. Lateral buds are 
then released from hormonal suppression until a new terminal 
bud develops. It appears that the key browse species of the 
northern poplar forest can withstand heavy browsing and can 
maintain their yield over several years. However, data on the 
ability of the plants of the boreal aspen forest to withstand 
browsing are inadequate, and suggested carrying capacities 
should be tested with due regard to range and animal 
condition. 

5. The food requirements of the ungulates at Elk Island 
were assumed to be 2.2 lb/l00 lb of estimated body weight. 
This estimate of intake is approximate because certain cervids, 
especially moose (Knorre, 1959) and white-tailed deer (Silver 
et al., 1969) restrict their food intake during winter and limit 

JOURNAL OF RANGE MANAGEMENT 28(3), May 1975 

their activity to compensate for this reduced intake of energy. 

Sex and Age Ratios 

Other biological parameters besides range carrying capacity 
are relevant to game ranching. One of the more important is 
the determination of a desirable ratio of male to female 
animals. If meat production is the goal, it would be 
advantageous to maintain only as many males of any species as 
are required to ensure that all the healthy females become 
pregnant. 

The values for annual yield of meat per mile’ in Table 2 
represent a harvest of 20% of the biomass. This level of harvest 
is derived from net productivity estimates for moose at Elk 
Island (2 l-24%, Blood, 1973) and from the actual harvest rate 
(22%) for elk in herd reductions between 1947 and 1960 
(Flook, 1970). Net productivity could be increased to 30% for 
cervids and 40% for bison if the proportion of adult males in 
the population were reduced to the minimum number 
necessary to ensure pregnancy. One bison bull for each ten 
cows has been found as a suitable ratio on some bison ranches 
in the United States (R. Richmond, pers. comm.). 

The effects of different sex ratios on moose‘productivity 
are thought to depend on the density of the population 
(Markgren, 1971). Markgren cited Russian literature that 
reported impaired reproduction with fewer than one male per 
two females, and reported similar problems in Swedish 
Lapland, where moose densities were only 0.4 per mile2. 
However, for Alaska, he cited data which showed that where 
moose densities exceeded 5 per mile2, productivity remained 
high, even with only one bull per ten cows. In most situations, 
neither moose nor deer congregate in herds for breeding and, 
although moose may mate with many females under high 
densities, they are considered to be only “conditionally 
polygamous” (Markgren, 197 1). 

With elk, the normal sex ratio in unhunted populations may 
be within the range of 15 to 40 males/100 females (Flook, 
1970). Because of the social nature of the elk, and because of 
the formation of breeding herds, the proportion of males to 
females could probably be reduced below these natural levels 
under controlled conditions. 

Management During Winter 

Winters are severe in the boreal aspen forests, and in a game 
ranching operation it would be necessary to take 
climatological phenomena into account. Winter losses could be 
minimized by harvesting all surplus animals at the beginning of 
the cold season or, in unusually severe winters, supplements 
could be fed. Cured hay will sustain bison and elk because 
they usually feed on grasses and sedges, but distribution of the 
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hay to them could be difficult. When hay is distributed in Elk 
Island Park, however, almost all of the bison will make their 
way to the feeding areas within a week or so. Possibly 
experience with such feeding prompts them to check past 
feeding locations. 

With deer and moose, the problem of winter feeding is 
more serious. These animals can accept hay only if they are 
being fed on it year round. There are many examples of deer 
mortality from well-meaning winter feeding programs where 
the animals were unable to digest hay, probably because their 
rumen flora could not adapt quickly enough to break down 
such food in an emergency situation (Dasmann, 1971). The 
diet of deer and moose might, when necessary, be 
supplemented with digestible pelletized rations, although 
Knorre’s (1961) cautions about feed supplements to moose 
should be considered. 

Scale of Operation 

Livestock may be handled in relatively small pastures 
because they can be herded with little difficulty. Wild or 
semiwild animals cannot be handled easily in most cases, 
although bison are more tractable than the cervids. The 
breeding herd on a game ranch must be large enough to ensure 
genetic diversity, and also to fully utilize the range. The initial 
16 miles2 (Holsworth, 1960) of Elk Island permitted the 
establishment of a large population of elk, bison, and moose. 
The isolation area south of Highway 16 (approximately 17 
miles2 of usable range) has also proven adequate for a viable 
population of moose, elk, and bison. A variable number of 
white-tailed deer also live in the Park but seem to go under or 
through the boundary fences with ease. Currently, studies with 
moose in square-mile pens are under way in Kenai National 
Moose Range in Alaska. It will be of interest to see whether 
viable populations can be maintained on such small units. 
Domestication of moose, as reported in Russia by Knorre 
(1959) and Yazan and Knorre (1964), may reduce the unit 
area required for their husbandry. 

Interspecific Competition and Behavioral Intolerance 

Ungulates may compete for food. White-tailed deer appear 
able to exclude mule deer from most areas where their ranges 
overlap (Krgmer, 1972). Elk in high densities may also be able 
to exclude both mule and white-tailed deer. An example of a 
mule deer die-off in the face of a rising elk population is cited 
by Cliff (1939). For many years the northern portion of Elk 
Island National Park contained a high elk population and few 
deer. On the south side the majority of elk were removed 
recently in order to isolate the wood bison herd from any 
possibility of transmission of disease. As a consequence, the 
white-tailed deer have become very plentiful, probably having 
a present density of between 10 and 20 per mile2 (R. Jones, 
pers. comm.). 

The mule deer were the original deer at Elk Island until 
white-tailed deer invaded the region in the 1940’s (R. Jones, 
pers. comm.). Within a decade they had largely superseded the 
mule deer, and today the latter are rare. Whereas elk and deer 
seem to do poorly together, moose and elk apparently 
complement one another, because high moose and elk 
populations have existed on the north side of Elk Island at the 
same time. Apparently, bison do not compete with moose or 
elk because high populations of bison have existed with those 
species at Elk Island in the past. 

Snowshoe hares (Lepus americanus) may periodically exert 

considerable pressure on the browse resource. Hares are 
subject to cyclic increases and decreases in population (Meslow 
and Keith, 1968), often with an amplitude of 20 to 1 in 
northern Alberta. Recent research suggests that the peak level 
to which hare populations can rise is set by the amount of 
digestible forage that is available (L. B. Keith, pers comm.). It 
would appear, therefore, that in certain circumstances, hares 
may represent formidable competition to the ungulates for 
browse. 

Disease and Parasite Problems 

Both brucellosis and tuberculosis have been a problem in 
bison at Elk Island National Park, and also in other parks and 
reserves where bison have been held. Brucellosis has also been 
found in elk and moose. Corner and Connell (1958) reported 
that 42.27% of the bison tested at Elk Island reacted positively 
for brucellosis. At the same time, none of the 124 moose 
showed a positive reaction, but 13.12% of 192 elk did. More 
recently, ungulates in the Park have been heavily culled in an 
attempt to control and remove those diseases. During the years 
1969 to 1973, several hundred serum samples from elk and 
moose were tested and no positive reactors to brucellosis were 
found (E. Broughton, pers. comm.). It may be assumed that 
brucellosis and tuberculosis are no longer prevalent at Elk 
Island and likely have been eliminated. However, on most 
other reserves there is a fairly high level of infection among 
bison and it might prove difficult to achieve a completely 
brucellosis-tuberculosis free herd. In addition, anthrax is 
known to occur in Alberta, and it might be necessary to try to 
vaccinate animals on a game ranch. 

The presence of Parelaphostrongylus tenuis in Manitoba has 
been mentioned earlier. R tenuis does not present a problem 
in the absence of white-tailed deer, so considering the greater 
suitability of moose and elk for game ranching, deer 
populations might have to be maintained at low numbers. The 
problem is compounded by the ability of white-tailed deer to 
go under and over ordinary fences. 

The high ungulate population densities at Elk Island may 
explain some unusual parasite relationships among moose and 
deer (W. Samuel, pers. comm.). Moose have been found 
carrying Zygocotyle Zunatum, a parasite previously reported 
among mammals only from muskrats (Ondatra zibethicus) (W. 
Samuel, pers. comm.). Samuel also found Seteria spp. in 
moose, possibly due to the proximity of bison, and a fairly 
high incidence of Echinococcus granuZosus in elk, apparently 
with the coyote as the definitive host, although in other 
regions wolves appear to be the more usual definitive host. 
However, little parasitic illness has been reported at Elk Island, 
and only a small percentage of carcasses have been condemned 
by Agriculture Canada inspectors during the ungulate herd 
reductions. 

No instance of muscle cysticercosis has been reported from 
Elk Island. The condition is caused by the tapeworm Taenziz 
krabbei, the larval stage of which encysts in the heart and 
skeletal muscles of wild herbivores. It is fairly common in wild 
ungulates in sections of Alberta where wolves are the alternate 
host (W. Samuel, pers. comm.). Muscle cysticercosis could 
become serious in game ranching because it could lead to 
rejection of carcasses as unfit for human consumption. 

It is likely that, in order to reduce the incidence of parasitic 
diseases and to prevent high predation losses, wolf numbers 
would have to be controlled on game ranches. On the other 
hand, the potential value of wolves as game animals, the high 
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Table 3. Comparison of year-long biomass of wikl ungulates and domestic stock from several areas Of the world. 

Type of range and location Stock Biomass (kg/km2 1 Reference 

Partly overgrazed, overstocked savanna in wild ungulates (11 species) 7,574 and 20,469 Bourliere and Verschuren (1960)’ 

Albert National Park (two areas) 

Savanna, East Africa wild ungulates 12,260 Talbot & Talbo t (3 963)’ 

Them&a-Acacia grassland East Africa 10 species of wild ungulates 4,386 to 5,624 Petrides (1956) 

Prairie, South Dakota, U.S.A. Bison and other wild ungulates 2,450 to 3,500 Ruth (1939) Cahalane (1952)2 

Prairie, Oklahoma, U.S.A. cattle 3,685 Ruth (1 949)2 

Mostly open plains Nairobi National Park wild ungulates and cattle 5,250 to 12,600 (over Foster & Coe (1968) 
6 years) est. carrying 
capacity + 6,300 

Uganda elephants 4,758 Petrides & Swank (1966) 

Elk Island National Park estimated maximum bison, elk, deer, moose 9,821 Holsworth (1960) 
density prior to 1959 (with some winter 
feeding) 

Estimated 1959 population at Elk Island bison, elk, deer, moose 4,429 Holsworth (1960) 
(some winter feeding) 

Estimated 1967 population at Elk Island bisoh, elk, deer, moose 4,589 T. L. Ross, Supt. (correspondence) 
(some winter feeding) 

Estimated 197 2 population at Elk Island bison, elk, deer, moose 2,25 1 Telfer (1972) 
(no winter feeding and after large reductions) 

Elk Island carrying capacity, based on bison, elk, moose 5,708 This paper 
a conservative estimate 

1 From de Vos (1969). 
2From Petrides (1956). 

price of their pelts, and the service they render in eliminating 
unhealthy animals might enable wolves to pay their way on a 
game ranch. 

Harvesting 

Biological as well as economic factors influence the 
techniques for harvesting ungulates. Sport hunting for trophy 
animals can be remunerative, as described for African 
conditions by Johnstone (1971). If production of trophy 
males is desirable, the sex ratios discussed above should be 
altered to permit the maintenance of a larger proportion of 
bulls. Under those circumstances, it might be advisable to 
reduce the total population density of each species because 
males are more vulnerable to winter mortality on heavily used 
ranges than females, as demonstrated for elk by Flook (1970). 

Intensive management would require culling of nontrophy 
animals. Culling should be efficient and humane. It has been 
found at Elk Island that bison can be drawn to selected areas 
by supplemented food, then herded into holding pastures 
where they can be segregated and driven to corrals. Similar 
methods have proved to be inefficient for corralling elk, deer, 
and moose in the forest habitat found at Elk Island. It has 
been necessary to harvest those species by shooting with rifles. 
Ordinary sporting considerations (aside from making quick, 
clean kills) have no place in culling. Johnstone (1971) reported 
that African ungulates are most efficiently killed by the use of 
a spotlight on dark nights. Survivors did not appear to 
associate the shooting with man, remaining tamer than animals 
subjected to normal day-time hunting. Baiting with salt or 
supplementary rations might also be employed to increase 
harvesting efficiency. Helicopters have been used effectively at 
Yellowstone National Park to drive elk herds toward waiting 
hunters, and in Wood Buffalo National Park to drive bison into 
corrals. Adaptations of the traditional Indian method of 
funnelling animals into “pounds” or corrals with a “v” of wing 
fences might be employed, as might whale nets strung between 
trees to entangle driven animals. 
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In cattle ranching operations, the segment of the 
population “harvested” each year consists mainly of the young 
of the year and a few superannuated breeders. In cervids, an 
over-winter loss of young animals has been noted-10 to 25% 
in Newfoundland moose, according to Pimlott (1959); at least 
that great a loss of elk in Alberta may be inferred from Flook 
(1970). It would therefore increase the yield of meat if calves 
were heavily culled each year. A heavy mortality of 2-year old 
male elk was also documented by Flook (1970), emphasizing 
the need for careful control of herd structure, as well as total 
numbers, in any ungulate ranching program. 

Both elk and moose are more vulnerable to hunting as 
calves and yearlings than when older (Pimlott, 1959; Flook, 
1970). While interspecific vulnerability is governed to some 
extent by relative numbers of animals present, experience at 
Elk Island suggests that moose are more vulnerable to hunting 
than elk. The designated number of moose at each slaughter is 
usually obtained first, while a concerted effort is required to 
obtain the quota of elk. 

During the 1973 herd reduction at Elk Island, costs of 
harvesting animals, moving carcasses to the abattoir, skinning, 
dressing and hanging the meat were about 10 cents/lb of live 
weight, or 22 cents/lb on the weight of the four quarters. 
During 1971 and 1972, organized caribou hunting in the 
Northwest Territories provided meat at an average cost of nine 
cents/lb. 

Multiple Use Possibilities 

Game ranching has excellent potential for integration into 
schemes for multiple land use. The proportion of Elk Island 
National Park in dense mature aspen types is approximately 
three times the area in shrub stands (there are also many areas 
of wet meadows, some areas of upland grassland, and extensive 
water bodies). If such an area were managed for the 
production of aspen wood fiber on a 40-year rotation, about 
25% of the area would be stands younger than 10 years. In 
aspen forests, complete overstory removal will produce dense 
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stands of 35,000 to 60,000 suckers per acre. Because only 
1,000 to 6,000 suckers per acre are needed for full stocking 
(Graham et al., 1963; Sorensen, 1968), a large supply of good 
quality browse is available for use by ungulates. In the Lake 
States, clear cutting of aspen forest may provide 100 to 150 
deer-days of forage/acre (Westell, 1954). Moreover, Dietz et 
al. (1962) reported the crude protein content of aspen sprouts 
averaged 20% on the Cache La Poudre range, Colorado. Tew 
(1970) also reported crude protein values as high as 20%, 
although his mean values were substantially lower. 

Considering the tremendous sprouting capacity of the 
species of the genus Popuhs, it appears that heavy browsing 
on coppice regeneration is unlikely to cause serious retardation 
of the next crop over the larger proportion of the forest area, 
although some “sacrifice” areas would have to be accepted. It 
therefore seems entirely possible that intensive production of 
aspen fiber could be combined harmoniously with game 
ranching. 

Other multiple uses could include the viewing of wildlife, 
including the animals being ranched, as well as general outdoor 
recreation. Elk Island National Park supports heavy public use 
by nature lovers, picnickers, canoeists, boaters, and general 
day visitors during the summer. In winter, cross-country skiing 
and snowshoeing are popular. There have been few instances 
of adverse interactions between people and the large ungulates 
in the park, although people have been chased by bison when 
they approached too closely or suddenly annoyed the animals. 
In addition, people on horseback have been charged by moose 
during the rut. Even so, it appears that intensive game ranching 
is quite compatible with intensive recreational use. 

In Africa considerable revenue is derived on game ranches 
by the outfitting of sport hunters, who harvest the better 
trophy animals from the ungulates on the ranch, with the meat 
also being sold (Johnstone, 1971). In South Dakota the Oglala 
Sioux Indians are producing native game for recreational fee 
hunting, charging the following rates for trophy male animals: 
elk, $1,200; bison, $1,200; deer, $375; and for one pronghorn 
and one deer, $550 (Cole, 1974). Hunter demand at those 
prices exceeds the supply of harvestable animals. The native 
game animals produced for fee hunting returned as much 
profit to the Indians as would domestic livestock. 

Game ranching combined with aspen production on 
suitable areas would result in a natural landscape pleasing to 
the eye. Blocks of aspen cut at any one time should be kept 
relatively small in order to provide patches of food near 
patches of cover; thus permitting maximum utilization of the 
forage. The habitat thus created would have an excellent 
interspersion of cover types and would provide suitable habitat 
for a large variety of bird and small mammal species. Any 
excess damage to aspen regeneration caused by browsing could 
be offset by increasing the size of clear-felled areas to as much 
as 100 acres. 

There is one nongame species that should receive 
consideration as a meat producer within the aspen zone. Feral 
horses survive and increase in numbers and appear well 
adapted to our severe winter conditions. Horse herding for 
meat has been developed in the steppe, semidesert and far 
northern regions of Russia (Andreyev and Konnikov, 1970). 
They reported that horses require little feeding or care and can 
be raised where cattle would be uneconomical. 

Productive Potential of the Boreal Aspen Forests 

The projected carrying capacity for Elk Island National 

Table 4. Herbivore numbers and animal unit month (AUM) equivalents 
at Elk Island National Park and on the Blackfoot grazing lease in 
1966, per square mile on a 12 month basis. 

Species 

Animal 
unit 

equivalents’ 

Elk Island Blackfoo t 

No. No. 
animals AUM’s animals AUM’s 

Elk 0.75 4.56 41.07 1.30 11.70 
Moose 0.75 7.89 70.97 3.18 28.62 
Deer 0.20 2.31 5.53 1.67 4.00 
Bison 1.00 9.38 83.96’ - - 
Cattle and horses 1.00 - - 10.5 126.00 

Totals 201.53 170.32 

’ Stoddart 
2 Reduced 

and Smith, 1955. 
to allow for supplemental hay and green feed given to bison. 

Park (Table 2) is relatively high, even when compared to such 
famous big game areas as East Africa and the more southerly 
parts of the Great Plains of the United States (Table 3). The 
proposed biomass of 5708 kg/km2 is high in the range of 
values quoted by Petrides (1956) and de Vos (1969). 

While herd reductions at Elk Island over the years were not 
intended to produce maximum amounts of meat, the results 
are an indication of possible yields from the boreal aspen 
forests. Flook (1970) reported that between 1947 and 1966 
slaughters removed 2,462 elk for an annual mean of 68,160 lb 
live weight, using mean weights from Table 2, or 1,588 
lb/square mile of usable range (more than the suggested yield 
in Table 2). Between 1959 and 1973, 1,180 moose were 
removed from the Park (Blood, 1973) for a mean annual 
harvest of 56,134 lb (live weight), or 892 lb/mile2. In 1973, 
weight of the four quarters of cervids when dressed was 0.423 
of live weight. Using this value, past annual yields of meat per 
mile2 were 672 lb of elk and 377 lb of moose. Those large 
yields were obtained during an intensive reduction program 
aimed at preventing serious range deterioration and should not 
be considered sustainable without further information. 

The southern boundary of Elk Island National Park is 
contiguous with the Blackfoot Grazing Association lease. 
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Early Range Readiness with Nitrogen 

Fertilizer: An Economic Analysis 

PAUL W. MCCORMICK AND JOHN P. WORKMAN 

Highlight: Application of ammonium nitrate stimulated 
early spring growth initiation of Utah crested wheatgrass 
pastures. Application rates of 25 to 30 lb N per acre hastened 
spring range readiness by 11 to 13 days. During 1973, the 
initial year studied, ranchers could have profitably substituted 
crested wheatgrass fertilization for purchased hay. 

Crested wheatgrass (Agropyron cristatum) has long been 
considered the premier of early season grazing in the 
Intermountain area. Due to the shortness of the first two plant 
stem internodes, early abundant leafiness is produced. This 
early production of photosynthetic tissue allows restoration of 
carbohydrate reserves following the development of the third 
leaf stage (Trlica and Cook, 1972). The rapid accumulation of 
carbohydrate reserves following this morphological 
development provides the opportunity for early grazing with 
little damage to plant vigor. 

At current forage and nitrogen prices, fertilization of 
crested wheatgrass solely for the purpose of increasing total 
forage production is not economically feasible (Workman and 
Quigley, 1974). However, fertilization of crested wheatgrass 
has also been found to stimulate early growth initiation, 
resulting in a greater amount of forage early in the growing 
season. Oregon research by Sneva (1973) has shown spring 
increases of up to 16 pounds of herbage per pound of nitrogen 
on new crested wheatgrass seedings and 8 pounds of herbage 
per pound of nitrogen on old stands. 

In 1972, research was initiated in Utah to determine the 
magnitude and economic value of early range readiness of 

Authors at the time of the research were graduate research assistant 
and assistant professor of range economics, respectively! Department of 
Range Science, Utah State University. Paul McCormtck is currently 
Lake County Extension Agent and assistant professor, Oregon State 
University. 

crested wheatgrass pastures fertilized with ammonium nitrate. 

Methods 
Two western Utah crested wheatgrass pastures were 

selected to evaluate early growth responses of crested 
wheatgrass to nitrogen application. The Curlew plot is located 
at an elevation of 4,000 ft (1464 m) in the Curlew National 
Grassland 8 miles north of Snowville, Utah. The site receives 
an average of 11 inches (28 cm) of precipitation annually, 
occurring primarily as snow during the winter and as rain prior 
to the growing season. 

The Benmore site is located at an elevation of 5,700 ft 
(1739 m) at the Benmore Experimental Range 4 miles south 
of Vernon, Utah. The site receives approximately 13 inches 
(33 cm) of precipitation annually, the bulk of which occurs as 
winter snow or as rain prior to the growing season. Two plots 
were established at the Benmore seeding. Both the North and 
South Benmore plots had been heavily invaded by sagebrush 
(Artemisia tridentata) and the North plot also contains a large 
percentage of bulbous bluegrass (Pea bulbosa), which blooms 
early but quickly shrivels. 

Three replications of five or six levels of ammonium nitrate 
(34% nitrogen) were applied on each site during the fall, 1972, 
and spring, 1973. At Curlew 0, 12.5, 25, 50, 100, 200 pounds 
N per acre were applied and at Benmore the rates were 0, 15, 
30, 90, 120 pounds N per acre. 

To evaluate early growth response of crested wheatgrass to 
nitrogen application, weekly recordings of plant height were 
taken during the spring of 1973. Recordings began at growth 
initiation and range readiness was considered to have occurred 
when plants reached an average height of 6 inches (15.24 cm) 
(Sharp, 1970; Quigley, 1972; and Hyder and Sneva, 196 1). 
Inverse prediction analysis of simple linear regression was then 
used to establish confidence intervals for early growth 
response (Ostle, 1966). 

The work is published with the approval of the Director, Utah 
Agricultural Experiment Station, as Journal Paper No. 1885. The 
authors gratefully acknowledge reviews of the paper by Utah State 
University colleagues Don Dwyer, Larry Davis, and Darwin Nielsen and 
the donation of ammonium nitrate by U.S. Steel Corporation, Kansas 
City, MO. 

Results and Discussion 

Manuscript received June 28, 1974. 
Early growth response of crested wheatgrass to nitrogen 

application appears graphically in Figures 1 to 4 inclusive. 
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Earlier spring growth and earlier range readiness (defined as an 
average plant height of 6 inches) resulted from each rate of 
nitrogen application tested on these four plots. For example, 
unfertilized plants on the Benmore South (spring) plot reached 
a height of 6 inches on May 17 while plants fertilized with 15 
lb N per acre achieved a height of 6 inches 8 days earlier, on 
May 9. 

The data in Figures 1 to 4 were subjected to regression 
analysis and the resulting linear regression equations and 
confidence intervals for the length of time required to achieve 
range readiness are shown in Table 1. The means of the 
confidence interval data were used to calculate the number of 
additional days of advanced range readiness gained through 
nitrogen fertilization (Table 2). On the Benmore South fall 
application, for example, the unfertilized plot reached range 
readiness 40 days after the initial measurement date while the 
plot receiving 15 lb N/acre achieved range readiness in 36 days, 
a gain of 4 days of advanced range readiness. The greatest 
response per pound of N applied occurred at 25 to 30 lb 
N/acre where 11 to 13 days of earlier grazing were achieved. 

Early growth response of fertilized crested wheatgrass 
offers ranchers the opportunity to reduce feeding costs during 
the late spring by substituting early spring forage for hay. To 
evaluate this opportunity, hay costs must be compared to 
those of fertilization. All fertilization costs will be attributed 
to the advancement of early growth even though increased 
forage production resulting after range readiness is achieved 
also represents a significant grazing benefit. 

The cost of fertilized forage per additional animal unit day 
(AUD) of early grazing was calculated as follows: 

a+bN 
Cost per AUD = - 

d 

where a is the cost per acre of fertilizer application, b is the 
price per pound of nitrogen, N is the number of pounds of 
nitrogen applied per acre, and d is the number of additional 
AUDs of early grazing produced per acre. Early spring forage 

in AUDs was calculated from the number of additional days of 
range readiness in Table 2. According to Hyder and Sneva 
(1961), crested wheatgrass in Oregon produced about 500 lb 
of air dry forage per acre during the initial 10 to 14 days of 

spring growth or 36 to 50 lb per acre per day. A 1000 pound 
cow, nursing a calf, has a nutrient requirement of 23.1 pounds 
(10.49 kg) f o air dry forage per day (National Research 
Council, 1970). Due to sustained yield considerations, crested 
wheatgrass forage can be grazed at a utilization rate of only 

70%. Thus 23.1 = 
.70 

33 lb of air dry forage are required per AUD 

or slightly less than the daily per acre air dry forage 
production reported by Hyder and Sneva (1961). From this 
relationship the early spring carrying capacity of crested 
wheatgrass was conservatively set at one animal unit per acre 
per day or 14 AUDs per acre during the initial 2 weeks of 
spring growth. Costs per AUD of fertilized spring forage 
calculated by this method appear in Table 3. For example, 15 
lb of N was applied to the Benmore South (fall) plot at a cost 
of $.12/lb plus $1.50/acre in application costs, producing 4 
AUDs of additional spring grazing per acre. Cost per AUD 
equals 

$1.50 + $.12(15) 

4 
= $.83. 

In general, application rates of 25 to 30 lb N/acre yielded the 
most economical spring grazing increases. 

Dividing the cost of fertilized forage per AUD by the 
amount of hay required per AUD (23.1 lb air dry forage f 
2000 lb = .0116 tons/AUD) yields a “break-even” hay price 
per ton. If the market price of hay exceeds this calculated 
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I20 Ibs N/a 
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b---d 90 Ibs. N/a 

60 Ibs N/a 
- 30 Ibs. N/a 

i 
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Fig. 2. &rl. growth response, Benmore South, fall application. 
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Fig. 1. Early growth response, Benmore South, spring application. Fig. 3. Early growth response, Benmore North, fall applicatbn. 
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Table 1. Linear regression equations and 100% confidence limits for early growth response of crested wheatgrass to nitrogen fertilization. Total 
plant height (Y) is set at 6 inches at range readiness; X = number of days from date of initial height measurement. 

Plot 

Benmore South (fall) 

Initial date of 
measurement 

April 7, 1973 

N per acre 
(lb) 

0 
15 

R2 

.88 

.83 

Regression Confidence 
equation interval 

Y=l.78+.1OX 40+10 
2.16+.12X 36+13 

Benmore South (spring) May 5, 1973 

Benmore North (fall) April 14,1973 

Curlew (fall) April 12,1973 

30 .88 2.50+.13x 27+10 
60 .85 2.40+.15X 24512 
90 .93 2.64+.15X 23+8 

120 .87 2.25+.16X 24+11 

0 .92 4.03+.17x ll+ll 
15 .86 5.60+.18X 2+15 
30 .81 6.01+.15X -1+17 
60 .82 6.13+.15X -1+17 
90 .84 7.14+.15x -8+16 

120 .68 6.89+.15X -7526 

0 .81 2.42+.12X 29512 
15 .86 2.50+.15X 23510 
30 .87 2.80+.18X i8+9 
60 .86 2.60+.17X 20210 
90 .83 2.60+.18X 18kll 

120 .85 2.60+.19X 18+10 

0 .68 3.30+.10x 27+13 
12.5 .65 3.50+.12X 20+14 
25 .76 3.50+.16X 16511 
50 .80 3.30+.14x 19+10 

100 .75 3.70+.15x 15212 
200 .84 3.60+.18X llk9 

break-even price, fertilized spring forage can be economically 
substituted for purchased hay (or for hay produced on the 
ranch which could be sold to another rancher). Again using the 
Benmore South (fall) plot, the break-even hay price for 
comparison with an application rate of 15 lb of N/acre is 
calculated as follows : 

$.83/AUD 

.0116 tons/AUD 
= $71 SS/ton. 

Break-even hay prices for each 
are shown in Table 4. 

Spring fertilizer application _ _ 

application rate and each plot 

on the Benmore South plot 
took place in early April as soon as snow and soil conditions 
permitted. By this time of year, most Intermountain ranchers 
can accurately predict whether or not they will find it 
necessary to purchase additional hay for spring feeding. 

15 - 

o----a 200 Ibs. N/a 
&---A 100 Ibs. N/a 

*----Q 50 Ibs. N/a 
12 - 

z 
_a 
,” - 0 Ibs. N/a 
E 
0 
z 9- 
b 

: 
c 
0 
C 

65 Range Readiness 

. 
I I I I I I I 

12 19 26 3 IO I7 5 19 
April May June, 1973 

Fig. 4. Early growth response, Curlew, fall application. 

Table 2. Number of days of advanced range readiness gained from 
several rates (lb/acre) of nitrogen application on four crested wheat- 
grass plots in Utah. 

N per acre applied 

Plot 12.5 15 25 30 50 60 90 100 120 200 

Benmor e 
South 
(fall) 4 13 16 17 16 
Benmore 
South 
(spring) 9 12 12 19 18 
Benmore 
North 
(fall) 6 11 9 11 11 
Curlew 
(fall) 7 11 8 12 16 

Table 3. Cost of fertilized spring forage per additional AUD’ 
(dollars). 

N uer acre annlied (lb) 
Plot 12.5 15 25 30 50 60 90 100 120 200 
Benmore 
South 
(fall) .83 .39 .54 .72 .99 
Benmore 
South 
(spring) .37 .43 .73 .65 .88 
Benmore 
North 
(fall) .55 .46 .97 1.12 1.45 
Curlew 
(fall) .43 .40 .93 1.00 1.50 
1 AUD = Animal Unit Day. 
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Table 4. Break-even hay prices per ton for several rates of nitrogen application on four crested wheatgrass plots in Utah (dollars). 

N per acre applied (lb) 
Plot 12.5 15 25 30 50 60 90 100 120 200 
Benmore South (fall) 71.55 33.62 46.55 62.07 85.34 
Benmore South (spring) 31.90 37.07 62.93 56.03 75.86 
Benmore North (fall 47.41 39.66 83.62 96.55 125.00 
Curlew (fall) 37.07 34.48 80.17 86.21 129.31 

Comparison of the average Utah hay price of $45/tori for April 
1973 with the break-even prices in Table 4 indicates that a 
rancher anticipating a hay shortage during the latter portion of 
April could have decreased operating expenses by applying 
nitrogen to stimulate early spring forage instead of buying hay. 
For example, the application of 30 lb N to the Benmore South 
(spring) plot yielded 12 additional AUDs/acre (Table 1) at a 
cost of $.43/AUD or a total cost per AU for the 12-day period 
of $5.16. Hay at $45/tori for one AU for the same 12 days 
would have cost $6.26 (.0116 tons/day for 12 days at 
$45/tori))) If applied to a breeding herd of several hundred 
head, the $1.10 saved per AU is substantial. 

A word of caution concerning the effects of fertilization 
and early spring grazing on stand life and sustained yield of 
crested wheatgrass seedings is appropriate at this point. 
Nitrogen stimulation of early growth is usually accompanied 
by more rapid depletion of soil moisture (Sneva and Hyder, 
1965; and Wight and Black, 1972) and greater mobilization of 
plant carbohydrates (Hyder and Sneva, 1961). Grazing of early 
spring growth initiated through nitrogen application subjects 
crested wheatgrass to the danger of stand depletion (Hyder 
and Sneva, 1961; and Sneva, 1973). However, depending upon 
the value of hay saved over a period of several years and the 
costs of re-establishing crested wheatgrass, it may be more 
economical to deplete crested wheatgrass pastures (provided 
that re-establishment takes place prior to soil loss) than to 
defer grazing until after the critical carbohydrate 
replenishment period. It should also be emphasized that the 
results reported are based on data for only one year and that 
range fertilization results can be expected to vary widely with 
changes in amount and distribution of annual precipitation. 
Potential advanced range readiness carry-over response during 
the second and third seasons following nitrogen application 
will be the subject of further study. Such carry-over response 
would make fertilization of spring range an even more 
attractive substitute for purchased hay. 

Summary and Conclusions 

Several rates of ammonium nitrate were applied to two _- 

Western Utah crested wheatgrass pastures to determine the 
effect of nitrogen on spring forage growth initiation. During 
the initial year studied, fertilization resulted in from 4 to 19 
days of advanced range readiness. Of the various application 
rates tested, 25 to 30 lb N/acre provided early spring forage at 
the lowest costs per AUD. Hay feeding costs saved as a result 
of advanced range readiness outweighed fertilization costs by 
over $1 per AU during the initial 12 days of the spring grazing 
season. In the Intermountain area the decision to substitute 
nitrogen fertilization of crested wheatgrass for purchased hay 
could usually be made as late as April 1. The growth 
stimulation effects of fertilization offers increased flexibility 
to the rancher in his selection of a least cost grazing and 
feeding program. 
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Fig. 2. An overly 
sapling stand. 

dense ponderosa pine 

“prior decisions” in evaluating the 
desirability of seeding forage grasses to 
increase grazing benefits. Since our 
method was developed for public land 
decision makers, all costs and benefits 
directly associated with forage 
production are included in the analysis 
regardless of to whom they accrue. 
However, one should recognize that 
the public is not entirely indifferent 
about who pays the bills and who 
receives the benefits. Additional 
calculations are required if one wishes 
to evaluate the “fairness” of the public 
grazing fee, or to contemplate whether 
subsidies to ranchers are implicit in the 
public investment decision. 

Advantages of Seeding Forage 
Grasses in Thinned Pine Stands 

A primary advantage of seeding 
grasses after proper slash treatment is 
greater usable forage. In a 
precommercially thinned, unseeded 
stand, with slash treatment (crushed) 
to reduce fire hazard, usable forage 
production is negligible at first and 
then increases slowly because the 
crushed slash, which remains on the 
ground for years, hinders animal 
movement and reduces grazing 
potential. Forage species seeded in soil 
disturbed by machine piling and 
burning, the common slash treatment 
method that precedes seeding, 
establishes a desirable ground cover 
before the low-value, noxious, or early 
drying and flammable annual species 
recover naturally (Garrison, 1961). 

Another advantage is that a larger 
proportion of the selected and planted 
understory vegetation is usable for 
grazing than is possible with a ground 
cover in the weedy stage of secondary 
succession, Furthermore, more usable 
forage means less left on the ground as 
flashy fuel, so the fire hazard 

associated with understory vegetation 
is reduced on areas that are managed 
for both forage and timber. 

Other advantages of seeding 
valuable forage species are more 
difficult to quantify and, although not 
developed in this discussion, they are 
worthy of mention. Some of these 
involve : est het its-forage can mask 
unsightly forest debris and bare soil; 
watershed-forage can protect 
watershed values by preventing 
erosion; and wildlife habitat-forage 
can increase wildlife habitat values for 
some species by providing food and 
cover. 

Forage Yields 

Yield data from forage seeded in 
thinned ponderosa pine stands are 
scarce. Schwendiman (1968) prepared 
a summary of grass species 
adaptability trials on certain forested 
lands of the Northwest, including 
seedings made in forest burns. Other 
sources of information on seeding 
summer rangelands in the Northwest 
are the “Oregon Interagency Guide for 
Conservation and Forage Seedings” 
(Soil Conservation Service, 1971) and 
the U.S. Department of Agriculture’s 
Farmer’s Bulletin No. 2091 (Rummell 
and Holscher, 1955). 

Although these data are notable, 
their validity as a basis for estimating 
planted forage yields in thinned 
ponderosa pine stands is untested for 
many site conditions on mountain 
lands. Therefore, our method for 
evaluating forage-seeding opportunities 
is structured so that it is usable with 
five average annual forage yields, 
ranging from one-tenth to one animal 
unit month (AUM) per acre for 20 
years. Although one AUM per acre per 
year may seem high, it is reasonable 
for some timbered sites if: (1) timber 
stocking is reduced to 180 stems or 
less per acre for a high or medium site 
and 125 stems per acre for a low site, 
depending on the tree vigor of the 
residual stands, (2) grass species are 
chosen with proper regard to site 
adaptability, and (3) grazing begins in 
the third growing season and is limited 
to a season, rate, and management 
practice that will not cause stand 
depletion. 

Estimating the expected forage 
production may be difficult since yield 
data for seeded forage in thinned 
stands are scarce. The job is further 
complicated because the forage yield 

data needed for this analysis is the net 
increase associated with the decision 
to seed grasses for forage production. 
However, gross seeded yield is an 
acceptable measure of forage 
production, if natural forage yields 
expected after the timber thinning 
operation are too small to make 
domestic grazing worthwhile. 

Often prior decisions include slash 
treatment and seeding forage grasses 
for other purposes that incidentally 
increase grazing capacity by significant 
amounts. When this is the case, the net 
increase is determined by estimating 
the forage potential of the two 
situations and subtracting the amount 
attributable to the prior decisions. 

Grazing Benefits 

Grazing benefits are more than 
receipts to the public treasury. 
Benefits are what the users of the 
public grazing permits’ would be 
willing to pay rather than do without. 
According to Margolis (1969), “the 
measurement rule used to determine 
the value of a government output is: 
estimate what the users of the public 
product would be willing to pay.” 
Thus, the demonstrated 
willingness-to-pay for private grazing 
leases provides the basis for our 
estimates of public grazing benefits 
associated with the seeded forage. 
Costs are viewed similarly; they 
include not only expenditures incurred 
by the public treasury, such as slash 
treatment and seeding costs, but also 
expenditures incurred by the rancher 
that are necessary to use the leased 
AUMs. Economic efficiency is 
achieved only when investments are 
made to the extent that an additional 
dollar of investment yields a dollar of 
benefit including benefits to all 
parties. This is such a pervasive idea in 
the resource economics literature that 
returns to the public treasury are 
usually mentioned only as a side issue. 
Therefore, the costs of added fencing 
and water developments are proper 
forage promotion costs, whether they 
are incurred by the rancher or the 
government. 

Our method uses the local going 
rate for private grazing leases as a basis 

‘In this article the term “public grazing 
permit” is used in a general manner. It is not 
a specific term that is tied to any particular 
government agency. It includes all types of 
grazing leases, permits, and other legal 
instruments which provide for grazing on 
public lands. 
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Table 1. Worksheet, with sample data, for determining the market-based value of an AUM 
of public grazing. 

Cost items 
Public Private 

(IVAUM) G/AUM) 
1. 
2. 

3. 

4. 
5. 
6. 
7. 
8. 
9. 

10. 

Lost animals 
Moving livestock to and from 

grazing all0 tment 
Herding (includes riding costs for 

proper distribution of animals 
and gathering costs associated with 
the removal of animals at the close 
of the grazing season) 

Salting, feeding, and watering 
Fence and water maintenance 
Other 
Total operating costs 
Local going rate on private leases 
Total private costs 
Market-based value of an AUM of 

public grazing (item 9 less item 7a) 

0.75 0.30 

1.50 1.00 

0.75 0.25 
0.50 1.00 
1 .oo 0.75 
0.50 0.70 
5.00 (a) 4.00 (b) 

5.00 
9.00 

4.00 

for estimating the initial market-based 
value of an AUM of public grazing. If 
the goods and services provided by 
public lease are not the same as those 
provided by private lease, or if an 
AUM of public grazing costs more (or 
less) to harvest than an AUh4 of 
private grazing, the estimated 
market-based value of an AUM of 
public grazing should be adjusted to 
reflect these differences. Table 1 is a 
worksheet to determine the 
market-based value of an AUM of 
public grazing; it contains sample data 
for the example described in the 
“Application” section of this 
presentation. 

In determining the costs needed in 
Table 1 to develop a market-based 
value for public grazing, we need to 
distinguish between developing grazing 
potential in a new area and merely 
increasing the capacity of existing 
allotments. If, as in most cases, the 
capacity of present allotments is 
increased, the costs per AUM for 
herding, salting, and other operations 
oft en decreases as the carrying 
capacity increases, because the cost of 
accommodating additional animals on 
a given area is less than the average 
cost. It is this incremental cost per 
AUM that is needed for this analysis. 

Forage Production Costs 

Slash treatment, forage-seeding, 
fencing, and water development costs 
are one-time investment costs that 
may be included in the capital costs of 
forage production. The amount of the 
slash treatment costs that is chargeable 
to forage production is affected by the 
management decision of whether the 
slash would be treated to reduce fire 

danger if forage were not seeded. So 
the net slash treatment cost associated 
with forage production is the 
difference between the cost of the 
slash treatment that precedes forage 
seeding and that which would be 
incurred (if any) to reduce fire danger. 

Since some average proportion of 
seedings fail, we need to reflect those 
failures in determining our seeding 
cost by: (1) determining the additional 
costs attributable to the forage 
production decision and (2) dividing 
that by the proportion of seedings that 
are successful. For example, if the 
additional seeding costs are $8 per acre 
and we are successful 75% of the time, 
we get on the average 0.75 acres for 
each $8. Therefore, the per acre cost is 
$8 per .075 acres or $10.67. 

The delay of benefits and the loss 

of forage during closure of the 
allotment are also costs that result 
from seeding failures. These costs 
appear to be less than the reseeding 
cost and are not adjusted in this 
analysis because to do so would 
complicate the analysis unreasonably. 
As a result, the chance that the rates 
of return are overestimated increases 
as the proportion of failures increases. 
For internal rates of return of less than 
10% and seeding failure rates of 25% 
or less, the change in the internal rates 
of return is less than one-half of 1%. 

Exclusion fencing costs are directly 
related to the policy of delaying 
grazing until the third growing season 
on seeded acres. Two ways of 
implementing this policy are fencing 
cattle out of the seeded areas within 
an allotment unit (exclusion fencing) 
or closing the entire unit, thus 
forgoing all forage production of the 
unit for two growing seasons. The cost 
of exclusion fencing involves a major 
and a minor cost. The major cost is the 
fence (materials and labor) around the 
seeded area. The minor cost is the 
value of the unused natural forage that 
would have been produced on the 
seeded area during the two growing 
seasons it is fenced. The cost of closing 
the entire unit for two growing seasons 
will vary with the amount and value of 
the unused forage. 

Table 2 provides a format for 
summing the forage investment costs. 
Costs that occur subsequent to the 
initial seeding costs are discounted at 

Table 2. Worksheet, with sample data, for determining the capital costs of the increased 
forage production in thinned ponderosa pine stands 

Forage production costs 

Cost at Discounted 
time of cost at time 
activity of seeding 

($/treated acre) ($/treated acre) 
1. 

2. 

3. 
4. 

5. 
6. 

Slash treatment (exclusive of those 
required to reduce fire danger) 

Forage seeding (exclusive of those 
spent for soil erosion control on 

20.00 20.00 

areas disturbed by fire management 
slash treatment activities) 

Exclusion fences 
Irrecoverable forage from closure of 

allotment unit for 2 years in lieu of 
fencing seeded areas within the unit 

Water developments 
Miscellaneous 

Capital costs of forage production 

3.00 3.00 
12.00 12.00 

0 Oa 
3.50 3.05b 
0 OC 

(discounted cost at time of seeding) 38.05 
“Sum of the market-based value of the irrecoverable forage per treated acre for year 1 times 

0.93 to discount for 1 year at 7% and the market-based value of irrecoverable forage per 
treated acre in year 2 times 0.87 to discount for 2 years at 7%. 

b$3.50 times 0.87, to discount for 2 years at 7%. 
‘$0 times the appropriate discount factor to discount each cost to time of seeding at 7%. 
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7% to the time of seeding to simplify 
the analysis. This results in a bias when 
the internal rate of return eventually 
determined is above or below 7%. If 
greater precision is desired, these costs 
should be discounted at a rate that 
approximates the internal rate of 
return for that investment. These 
discount factors are for rates of return 
in the range 5 to 9%: 

Years 
costs are Interest rate (%) 

deferred 5 7 9 

1 0.95 0.93 0.91 
2 0.91 0.87 0.83 
3 0.86 0.82 0.75 

When a grazing allotment unit is 
closed for 2 years as an alternative to 
fencing the seeded areas within a unit, 
the cost of the unutilized (lost) forage 
should be expressed as the number of 
AUM’s lost per number of treated 
acres in the unit, or simply as AUM’s 
per treated acre. From this expression, 
the dollar value of the lost forage per 
treated acre can be determined. For 
example, consider a 5,000-acre unit 
with 500 treated acres. If the natural 
forage production rate is one AUM/lO 
acres, the 5,000-acre unit will have an 
annual forage yield of 500 AUM’s. If 
the unit is closed, these 500 AIM’s of 
grazing would be lost each year the 
unit is closed. This is the equivalent of 
one AUM lost per treated acre. And if 
an AUM has a market-based value of 
$4, this amount, when properly 
discounted, is one of the relevant 
economic costs of growing forage that 
should be included in the capital cost 
of forage production worksheet (Table 
2). Note however, that the sample data 
in Table 2 includes no value for 
unutilized forage; an exclusion fencing 
cost is included instead. 

Application 

Let’s examine a sample 
forage-seeding investment, whose data 
are listed in Tables 1 and 2, and learn 
how to use Fig. 3 with our sample data 
to estimate the rate of return. The 
curves in Fig. 3 are influenced by the 
assumption that grazing begins in the 
third growing season after seeding and 
continues at a relatively steady rate 
through the 20th growing season. 
Hence, their position will shift if the 
assumption is modified (e.g., the 
curves will shift upward if the grazing 
benefits are utilized before the third 
growing season). 

In our example, the operating cost 
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MARKET VALUE 
OF PUBLIC 
GRAZING (S/AUM) 

Fig. 3. Internal rate of return (percent) earned by forage-seeding investments at five levels 
of forage production and an array of forage production costs and wzzrket values of public 
grazing. 

of a public grazing permit exceeds that 
of a private grazing lease by $1 per 
AUM (Table 1, item 7). And since the 
local going rate for private leases is $5 
per AUM (Table 1, item 8), the 
market-based value of the public 
permit is $4 per AUM (Table 1, item 
10). Capital costs are listed in Table 2, 
including discounted costs at time of 
seeding. Note that an exclusion 
fencing cost of $12 per treated acre is 
listed, so no cost is shown for 
irrecoverable forage in allotment unit 
since the unit remains open for grazing 
during the 2 years after seeding. Since 
natural forage yields are very sparse in 
the timber stands prior to thinning, no 
cattle grazing is anticipated without 
seeding desirable forage species. 
Therefore, no cost is included in our 
analysis for unused natural forage in 
the seeded areas during the two 
growing seasons they are fenced. Other 
discounted costs per treated acre 
include: $20 for slash treatment, $3 
for seeding (in addition to that spent 
for erosion control), and $3.05 for 
water developments. There are no 
miscellaneous costs in our example. 
Total capital costs are $38.05 per acre. 

The internal rate of return from our 
sample problem is determined with 
Fig. 3: (1) locate the $38 capital cost 

on the horizontal axis, (2) draw a 
vertical line to intersect the $4 per 
AUM market value curve, (3) from this 
intersection point on the curve, draw a 
horizontal line to intersect the vertical 
axis, and (4) read the internal rate of 
return at the intersection point of the 
horizontal line and the appropriate 
forage production scale. In our 
example, we assumed forage 
production to be one AUM per acre 
per year, so the rate of return, which is 
read on the one AUM scale, is 6%. 

The concept of internal rate of 
return as developed in the economic 
literature is intended to be used as an 
investment guide. The decision rule is 
to make investments whose internal 
rate of return is greater than the 
minimum rate of return acceptable to 
the organization. Since our analysis 
includes only the grazing benefits of 
seeding forage grasses, this rule may be 
inadequate by itself. 

Because of uncertainty about the 
cost, market value, and forage yield, it 
is helpful to know what the rate of 
return would be for a range of values. 
This could easily be done with our 
method using Fig. 3. To illustrate, let’s 
check the sensitivity of the rate of 
return to three variables-capital cost 
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of forage production, market value, 
and annual forage production 
potential-with values of $38, $4, and 
one AUM , respectively , 

If we assign a value of $50 to the 
capital cost of forage production in 
place of the $38, and all other values 
remain unchanged, the internal rate of 
return decreases to 3.5% when we 
proceed as before with Fig. 3. 
Likewise, a value of $30 would 
produce an 8% internal rate of return. 

Suppose the market value of a 
public grazing permit were $5 instead 
of the $4 per AUM. The new internal 
rates of return from an annual forage 
production potential of one AUM per 
acre and capital costs of $38, $50, and 
$30 per acre, approximate, 
respectively, 8.0% 5.5% and 11.5%. 

Finally, suppose the value of the 
annual forage production potential is 
reduced from one AUM per acre to 
0.75 AUM per acre. The original three 
rates of return would decrease from 
6.0%, 3.5%, and 8.0% with capital 
costs of $38, $50, and $30 per acre 
and a market value of forage at $4 per 
AUM, to about 3.0%, l.O%, and 5.0%, 
respectively. Obviously, the internal 
rate of return is quite sensitive to the 
size of the potential increase in forage 
production, so one must be careful 
when selecting the most appropriate 

forage production scale in Fig. 3. 

Summary 

We have described a method for 
determining the approximate internal 
rate of return expected from 
investments in seeding forage grasses in 
thinned ponderosa pine stands. This 
method focuses on the adjusted 
market value of an AUM of public 
grazing and the capital costs of forage 
production. The internal rate of return 
may be determined by this method 
when the forage market value (dollars 
per AU?@, the capital costs of forage 
production (dollars per acre), and the 
annual forage production potential 
(AUM’s per acre) are known. Other 
important benefits of rehabilitating 
ground cover, besides producing forage 
for domestic stock, are recognized but 
are not included in this analysis. 
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THESIS: THE UNIVERSITY OF WYOMING 

Bacteriology and Associated Vegetation of a High Mountain Watershed, by Quentin D. 
Skinner, PhD, Division of Plant Science. 1974. 

During the summer of 1972 ten bacteriological tests 
were used to monitor different bacterial populations found 
in water samples taken from Nash Fork, Telephone Creek, 
and Sally Creek. The three streams drain the Nash Fork 
Study Area, a high mountain watershed, which is located in 
the Snowy Range, part of the Medicine Bow Mountains, 
near Laramie, Wyoming. In conjunction, plant life was 
analyzed in order to describe the different drainage basins 
and to point out any terrestrial influences on the bacterial 
populations found within streams which may have occurred 
as a result of recreation, use of private homes, and sheep 
and wildlife grazing on the native rangelands within the 
watershed. 

Total coliforms, fecal coliforms, fecal streptococci, total 
aerobic heterotrophs grown on Henrici’s agar, plate counts 
at 20°C, plate counts at 35’C, those organisms capable of 
fluorescing under longwave ultraviolet radiation, sulfate 
reducing bacteria, and those organisms capable of reducing 
nitrate to nitrite and nitrate to gas were enumerated from 

water samples taken during early July, early August, and 
late August from nine sites on Nash Fork, eleven sites on 
Telephone Creek, and four sites on Sally Creek. Vegetation 
was mapped according to different plant communities. 
Within each separate community plant composition and 
average crown cover as well as a range condition class was 
determined. 

A statistical analysis of bacteriological data revealed that 
differences exist in the number of organisms found between 
sampling sites and periods within each separate drainage 
basin. Furthermore, differences in counts exist between 
streams and between sampling periods for each stream. All 
vegetation types were typical of those found in other 
subalpine and alpine zones. All were classified as being in an 
excellent range condition class. However, counts for various 
bacteriological tests responded differently to different 
vegetation types, runoff, and users of the terrestrial habitats 
of the different drainage basins. 
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Effects of Nitrogen Fertilization and 
Late-Spring Burning of Bluestem Range 
on Diet and Performance of Steers 

JOHN S. WOOLFOLK, ED F. SMITH, ROBERT R. SCHALLES, BENNY E. 
BRENT, LENIEL H. HARBERS, AND CLENTON E. OWENSBY 

Highlight: Cattle were used to evaluate the effects of late-spring burning and 
nitrogen fertilization alone and in combination on a typical True Prairie range in 
the Flint Hills near Manhattan, Kans. Diet quality was improved by higher 
protein and hemicellulose, and by lower acid-detergent fiber (lignocellulose) of 
burned than nonburned pastures. Hemicullulose and neutral detergent fiber 
(cell-wall constituents) increased when 40 lb N/acre was applied. Cellulose and 
lignin were not affected by either treatment. Average daily gain and gain per acre 
were higher by steers on burned pastures than by those on nonburned pastures. 
Daily gain waa highest for steers on pastures burned and fertilized. Gain per acre 
on fertilized pastures exceeded gains from nonfertilized pastures primarily from 
heavier stocking rate rather than increased individual performance. Apparent 
dry-matter digestibility did not differ among treatments, but decreased June 
through August, then increased in October. 

The 4 million acres of bluestem 
range in the Kansas Flint Hills are 
recognized as one of the world’s great 
native ranges for potential beef 
production. Research has aimed at 
ways to increase its productive 
capacity. Controlled late-spring 
burning has been recommended to 
increase beef gains (Smith and 
Owensby, 1973) and to decrease some 
undesirable weeds and cool-season 
grasses. Owensby and Anderson 
(1967) found that late-spring burning 
did not significantly reduce forage 
yields from Flint Hills range. 

Nitrogen has the potential to 
increase bluestem herbage yields; 
Owensby (1969), comparing 0 and 50 
lb N/acre to plots, recorded herbage 
dry matter yields of 0.99 tons/acre 
and 1.88 tons/acre for control and 
fertilized plots, respectively; however, 
some of the additional production was 
weeds and cool-season grasses. Rogler 
and Lorenz (1957) applied 40 and 80 

lb N/acre to North Dakota native 
range and increased beef gains 42 and 
70 lb/acre, respectively, over that from 
control (nonfertilized) range. 

We studied the nutritive value of 
and performance of steers grazing 
bluestem range that was late-spring 
burned or fertilized with nitrogen or 
both. 

Materials and Methods 

Range used was that near Kansas 
State University that Anderson and 
Fly (1955) described as typical True 
Prairie. Big bluestem (A ndropogon 
gerardi Vitman) and little bluestem (A. 
Scoparius Michx.) make up 50 to 60% 
of its total vegetation on ordinary 
upland and limestone break range 
sites. 

The pastures were stocked from 
May 2 to October 3 with Angus steers 
averaging 402 lb. They had been 
trucked from southeastern United 
States to Kansas in March and 
maintained in dry lot on rations of hay 
and silage until the grazing trials 
began. Unfertilized pastures were 
stocked at one animal unit per 5.0 
acres; fertilized pastures at one animal 
unit per 3.3 acres. Individual animals 
were identified and weighed the first 
of each month after going overnight 
without feed or water. For starting 
and final weights, all steers were mixed 
and weighed. Salt was available ad lib 
in each pasture. Weight changes of 
fistulated steers and steers used for 
fecal collections were not included in 
pasture gains. 

TWO Holstein steers per pasture, 
esophageally fistulated by the Van 

Table 1. Least square means of chemical constituents of treatment diet samples collected 
from steers grazing bluestem pasture.’ 

Treatments 

Cell component 

Crude protein 
Neutral detergent fiber 

(cell-wall constituents) 
Neutral detergent solubles 

(cell contents) 

40 lb N/acre 
Control 40 lb N/acre Burned and burned 

10.24a2 10.8ga 10.9sa ll.lSh 

Authors are graduate research assistant, 
range management research scientist, 
research geneticist, and research 
nutritionists, Department of Animal Science 
and Industry; and crop research scientists, 
Department of Agronomy, Kansas State 
University, Manhattan. 

This study is Contribution 472, 
;;;artment of Animal Science and Industry 

1442, Department of Agronomy, 
Kansas Agricultural Experiment Station, 
Kansas State University, Manhattan. 

John Woolfolk is now with the Obion 
Company Extension Office, Union City, 
Tenn. 

80.70a 84.64b 82.41asb 83.0gb 

31.37h 27.5ga 29.99aph 28.85a 

Manuscript received July 19, 1974. 

Acid detergent fiber 
(Iignocellulose) 52.97ayh 54.35b 5 1.3ga 

Hemicellulose 24.50a 26.86a,b 28.08b 
Cellulose 

(% of acid detergent fiber) 66.34 67.62 67.11 
Lignin 

(% of acid detergent fiber) 24.07 21.96 22.09 

1 Values are percentages on an ash-free, moisture-free basis. 
2 Numbers in same row with different letters differ significantly (p<.OS). 

50.7 8a 

29.30h 

67.09 

23.10 
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Three other warm-season grasses, 
Indiangrass (Sorghastrum nutans (L.) 
Nash), switchgrass (Panicurn virga turn 
L.), and sideoats grama (Bouteloua 
curtipendula (Michx.) Torr.), comprise 
another 10 to 20%. Numerous forb 
and grass species constitute the 
remainder. Shrubs are mainly confined 
to rocky ridges and lowland areas. 

Two 44-acre pastures were burned 
April 28, 1972; two adjacent 60-acre 
pastures remained nonburned. 
Granular urea fertilizer (45% N) was 
aerially applied May 17 at 40 lb/acre 
to one burned and one nonburned 
pasture. 



Dyne and Tore11 (1965) method, were 
used to collect representative diet 
samples from all pastures. Fistula 
samples were taken the first week of 
each month June through October. 
Steers were penned late in the evening 
of the day before sampling to reduce 
sample contamination from 
regurgitation. Adequate samples 
usually were obtained in less than one 
hour. 

Total fecal collections were made 
simultaneously with diet-sample 
collections from the same pastures 
using two Angus steers per pasture. 
Steers were randomly selected from 
the large group of research animals 
before the first trial and were trained 
to carry fecal collection bags. Bags and 
harnesses were similar to those 
described by Lesperance and Bohman 
(196 1). Feces were collected and 
weighed twice during a 24-hour 
period. Morning and evening 
collections were pooled and samples of 
approximately 200 g each were taken 
for analyses. 

All samples were dried in a 
forced-air oven at SO” C (until a nearly 
constant weight was achieved), ground 
in Wiley mill (40-mesh screen), and 
stored in glass bottles until laboratory 
analyses were completed. Crude 
protein, dry matter, and ash were 
determined by the procedures set 
forth by the Association of Official 
Agricultural Chemists (1970). 
Analyses of cell constituents were 
conducted using procedures outlined 
by Goering and Van Soest (1970). Dry 
matter d ig e stibility values were 
determined by the summative 
digestibility equation (Goering and 
Van Soest, 1970). 

Least squares analysis of variance 
(Kemp, 1972) and Duncan’s New 
Multiple Range Test (Steele and 
Torrie, 1960) were used for data 
analyses. 

Results and Discussion 

Composition of Diet Sample 

The mean protein of 11.15% of the 
diet forage sample from the 
burned-fertilized pasture was higher 
(E.05) than the average from any 

Table 2. Chemical constiuents (%) of diet 
samples as affected by late spring burning. 

Treatments 
Non- Level 

Constituent burned Burned of sig. 

Protein 10.55 11.15 .lO 
Acid detergent 

fiber (ligno- 
cellulose) 53.63 51.07 .005 

Hemicellulose 25.68 28.69 .002 
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Fig. 1. Protein contents of diet samples (moisture free basis) collected by 
esophageally-fistulated steers grazing bluestem range. 

other treatment (Table 1). The high 
mean was from June and mid summer 
samples because protein declined in 
the burned-fertilized pasture to the 
lowest of all pastures by October (Fig. 
1). Protein in the control pasture was 
lowest of all in early summer (Fig. 1). 
That may partially explain the low 
gain in early summer on our 
nonburned pasture in contrast to gains 
from mid- and late-spring burned 
pastures that Smith and Owensby 
(19 72) reported. Growing steers 
(400-600 lb) require 11 .l% protein for 
maximum growth, according to the 
Nat ional Research Council (1970). 
After June the protein content of the 
forage in the control pasture remained 
lower than that amount. 

Protein in diet samples from 
fertilized pastures were slightly higher 
(nonsignificant) than from 
nonfertilized ones (Table 3). Owensby 
(1969) found that increases in protein 
by native forage on Flint Hills range 
from nitrogen fertilization depended 
somewhat on adequate soil moisture. 
Precipitation during the 1972 grazing 
season was 87% of normal, or the 
increase in protein from nitrogen 
fertilization may have been larger. For 
all treatments combined, protein was 
highest in June, July, and October and 
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lowest in August and September 
(Table 4). 

Neutral detergent fiber (NDF) in 
forage samples increased the first four 
months of the grazing season, but 
decreased to a seasonal low of 76.05% 
in October (Table 4). The late season 
decline we found in NDF differed 
from Allen’s (1973). He reported NDF 
in big and little bluestem clipped 
samples higher in October than any 
earlier month of the grazing season. 
Rapidly growing, cool-season species 
like Kentucky bluegrass (Poa pratensis 
L.) may have caused the decline in 
NDF in our diet samples in October. 

As the dry matter of forage may be 
divided into NDF and neutral 

Table 3. Chemical constituents (%) of diet 
samples as affected by 40 lb N/acre. 

Nitrogen (lb/acre) 
Level 

Constituent 0 40 of sig. 
Protein 10.59 11.01 .17 
Neutral deter- 
gent fiber (cell 
wall consti tu- 
ents) 81.43 83.97 .005 

Neutral deter- 
gent solubles 
(cell contents) 30.80 28.13 .008 

Hemicellulose 26.29 28.08 .05 
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detergent solubles (NDS), an increase 
in NDF is accompanied by a decrease 
in NDS. Goering and Van Soest (1970) 
reported NDS to be 98% digestible by 
ruminants. The d eclining NDS 
concentration June through August 
(Table 4) may partially explain a 
decline in apparent dry matter 
digestibility during those months 
(Table 5). Nitrogen fertilization 
increased NDF and decreased NDS in 
diet samples (Table 3). Neither NDF 
nor NDS was significantly affected by 
burning (Table 1). 

The monthly trend of acid 
detergent fiber (ADF) .was similar to 
the previously discussed NDF trend 
(Table 4). Burned pastures were 2.56% 
lower in ADF than nonburned 
pastures (Table 2). 

Burning and nitrogen fertilization 
each increased hemicellulose of grazed 
forage (Tables 2 and 3). Hemicellulose 
declined as the grazing season 
progressed (Table 4). 

Neither burning nor nitrogen 
fertilization significantly changed 
cellulose or lignin in diet samples 
(Table 1). Lignin in forage was higher 
in October than in any other month of 
the trial (Table 4). 

Animal Performance 

Burning increased daily gain by 
steers, while burning plus fertilization 
produced the largest daily gain (Fig. 
2). Greater gains due to mid spring and 
late spring burning have been reported 
by Smith and Owensby (1973). 

Steer gains per acre were increased 
by burning, fertilization, and a 
combination of the two (Fig. 3). 
Burning and fertilization more than 
doubled gain per acre (46 to 98 lb) 
from the control pasture. 

Apparent dry matter digestibility 
was lower each month from June 
through August (Table 5). Dry matter 
digestibility increased in October, 
perhaps because NDS increased. 
Differences in digestibility due to 
treatments were not significant, but 
digestibility was lower for forages 
from fertilized pastures. Smith et al. 
(1960) reported significant increases in 
dry matter digestibility from 
mid-spring burning. 

Conclusions 

Protein level of forage collected 
from bluestem pastures by esophageal 
fistulated steers declined monthly 
June through September (from 12.5% 
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Table 4. Least square means of chemical constituents of diet samples collected by months 
from steers grazing bluestem pasture.’ 

Months 

Cell components June July 

Crude protein 
Neutral detergent fiber 

(cell-wall constituents) 

Neutral detergent solubles 
(cell contents) 

Acid detergent fiber 
(lignocellulose) 

Hemicellulose 
Cellulose 

(% of acid detergent fiber) 
Lignin 

(% of acid detergent fl%er) 

12.45a2 11.74a 

82.8ga 83.1 la 

47.76a 53.93h 
31.87a 27.26b 

67 .8ga 69.08a 

19.90a 20.7 3a 

August 

---GG 

85.6gb 

25.71b 

53.64b 
27.9 lh 

66.84a 

22.83a 

September October 

9.72c 10.23b 

85.84b 

26.37b 

55.26’ 
27.0Sb 

67.92a 

22.82a 

76.05’ 

38.22’ 

52.27b 
22.50c 

64.41a 

27.20b 

‘Values are percentages on an ash-free, moisture-free basis. 
2 Numbers in same row with different letters differ significantly (P<.OS). 

1.600 

1.40 - 

Z 
; 1.20- 

a 

5 l.OO- 

ui 
5 .80- 

.60- 

1.42 c 

Control Burned 40lb N/A Burned - 
40lb N/A 

Fig. 2. Daily gains per steer on bluestem pasture, May 2 to October 3,1972. Numbers with 
different letters differ significantly (PC 05). 

v- 

Control Burned 401b N/A Burned - 
401b N/A 

Fig. 3. Gains per acre by steers on bluestem pasture, May 2 to October 3, 1972. Numbers 
with different letters differ significantly (P<.O5). 
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Response of Shortgrass Plains Vegetation 

to clipping, Precipitation, and Soil Water 

HAROLD V. ECK, WAYNE G. McCULLY, AND J. STUBBENDIECK 

Highlight: Clipping shortgrass range in Texas at 2-week intervals gave 94% 
more forage yield than fall harvest. Clipping treatments had little effect on 
ground cover and plant composition. Yield was shown to be a function of 
current season precipitation, while plant composition and ground cover were 
more closely related to previous season precip-itation. In the one of seven seasons 
when stored soil water was available at the beginning of the growing seasdn (4.91 
inches of plant-available water), it was depleted by June 15. 

On cropped lands, relationships 
among precipitation, soil water, and 
yields have been determined, and 
probabilities for given levels of 
production have been calculated (Cole 
and Matthews, 1940; Burnett and 
Moldenhauer, 1957; Army et al., 
1959; Bond et al., 1962). On range 
and pasture lands, however, little 
attention has been given to the effects 
of precipitation and soil water on 
plant growth. Rogler and Haas (1947), 
working with native mixed prairie in 
North Dakota, found that the 
important variables affecting yield 
were amount of soil water the 
preceding fall and amount of 
precipitation during the current 
season. Dahl (1963), working on a 
sandhill range type in Colorado, found 
that depth of moist soil and amount of 
soil water on April 15 were usable 
indices for predicting forage 
production through early August. 

Klipple and Costello (1960) 
conducted one of the more 
comprehensive studies determining 
permissible use of shortgrass range. 
They concluded that removal of 50% 
by weight of the current growth of 
blue grama (Bouteloua gracilis) and 
buffalograss (Buchloe dactyloides) by 
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early November was the maximum 
grazing that would allow shortgrass 
ranges to be maintained in satisfactory 
condition. 

In 1966, a study was initiated to 
obtain information on 
climate-soil-plant relationships on a 
clay upland shortgrass range site. 
Specific objectives were: (1) to 
determine precipitation-soil 
moisture-shortgrass growth 
relationships under four clipping 
regimes, and (2) to determine effect of 
height and frequency of clipping of 
shortgrass range on: (a) forage 
production, (b) mineral concentration 
in forage, (c) botanical composition 
and ground cover, and (d) soil water 
utilization. This paper reports some of 
the results and relationships obtained 
during the first 8 years of the study. 

Experimental Site and Procedure 

The study was conducted on the 
Southwestern Great Plains Research 
Center, U.S. Department of 
Agriculture, Bushland, Texas. Average 
annual precipitation is 18.33 inches, 
approximately 75% of which falls 
between April 1 and September 30. 
The soil is Pullman clay loam with a 
1% slope. More complete descriptions 

of the climate and soil are available 
(Taylor et al., 1963). 

The experiment was established in 
native rangeland. Treatments were: (1) 
clipped to 2 inches each 2 weeks; (2) 
clipped to 1 inch each 2 weeks; (3) 
clipped to 1 inch at mid-season and 
end of season; and (4) clipped to 1 
inch at end of season only. Clipping of 
treatments 1 and 2 began in early June 
and continued throughout the growing 
season. Clipping was deferred during 
drought periods when no forage was 
produced. Treatments were arranged 
in a randomized block design and 
replicated three times. Individual plots 
40 by 100 feet, were placed with long 
sides at right angles to the slope 
contours. Each plot was split 
lengthwise into two equal subplots. 
Treatments (heights and frequencies of 
clipping) were identical on both 
subplots. Yield, botanical 
composition, and runoff were 
measured on one subplot, and soil 
moisture was measured on the 
adjacent subplot. This arrangement 
permitted the estimation of various 
parameters without having one biased 
by another. Plot borders consisted of 
concrete curbs which were run in place 
and extended approximately 24 inches 
below the soil surface. Downslope 
ends were left open to allow runoff. 
On plots where runoff was measured, 
the open ends were closed and flumes 
and water stage recorders were 
installed. 

We measured forage yields, 
precipitation, soil moisture, runoff, 
ground cover, and botanical 
composition. Forage was harvested 
with a rotary lawnmower with a bag 
attachment. Entire subplots were 

Table 1. Dry matter yields (lb/acre, oven dry) of native shortgrass rangeland by heights 
(inches) and frequency of clipping, 1967-1970 and 1972. 

Clipping Years 
Height Frequency 1967 1968 1969 1970 1972 AveraEe 

2 2 weeks* 255d** 335~ 446~ 464a 1,574b 614d 
1 2 weeks* 1,539a 1,360a 1,378a 485a 2,108a 1,374a 
1 July & Oct. 1,369b 1,239a 1,276a 372b 1,276~ 1,107b 
1 Oct. 565~ 855b 923b 266~ 933d 708~ 

* Clippings were not made during drought periods when no forage was produced. Two-week 
frequency treatments were clipped 4, 3, 6, 2, and 4 times in 1967, 1968, 1969, 1970, 
and 1972, respectively. 

**Means in the same column followed by the same letter are not significantly different at 
5% level. 
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Table 2. Dry matter yields (lb/acre, oven dry) of native shortgrass rangeland by dates, heights, and frequency of clipping, 1973. 

Date of harvests 
5-23 

Clipping Total 
Total 

Height dry Native Annual Broadleaf Dry Native 
(inch) Frequency matter grasses grasses weeds 6-14 7-26 9-12 12-14 matter grass Weeds 

2 2 weeks 646 216 282 148 249 - 149 185 1,229b’ 799 430 
1 2 weeks 1,608 703 220 685 342 353 124 2,427a 1,522 905 
1 July & Oct. - - - - - - - - 878 544 1,422b 
1 Oct. - - - - - - - - - 1,206 1,206b 

’ Means followed by the same letter are not significantly different at 5% level. 

harvested, forage was weighed, and 
subsamples were oven dried and 
ground through a Wiley mill. 
Subsamples collected in 1972 were 
analyzed for total nitrogen, 
phosphorus, potassium, and 
magnesium. Nitrogen was determined 
by the Kjeldahl method, phosphorus 
by the method of Kamphake et al., 
(1967), and potassium and magnesium 
by atomic absorption 
spectrophotometry. 

Gravimetric soil moisture 
measurements were made at the 
beginning of the growing season, after 
each rain of 0.50 inch or more, and 
after each harvest. Soil samples were 
taken in 6-inch increments to 2 or 
more feet. Depth of sampling 
depended on moisture penetration. 
One sample was taken at the upper 
end and another at the lower end of 
each plot. 

Six plots receiving two treatments, 
clipped to 1 inch every 2 weeks and 
clipped to 1 inch in October, were 
instrumented for runoff 
measurements. Runoff was measured 
with FW-1 water stage recorders 
through 0.8-ft-deep HS flumes (U.S. 
Dep. Agr., 1962). Precipitation was 
measured with a standard U.S. 
Weather Bureau rain gage. 

Ground cover and botanical 
composition were measured each fall 
bY reading ten permanently 
established line transects across each 
plot. Initial ground cover and 
botanical composition data were 
collected in the fall of 1966, and 
clipping treatments were begun in 
1967. Moisture conditions limited 
clippings on 2-week frequency 
treatments to 4, 3, 6, 2, 4, and 4 in 
1967, 1968, 1969, 1970, 1972, and 
1973, respectively. Plots were not 
clipped in 1971 because of a drought 
which began in mid-1970 and 
extended through much of the 1971 
growing season. Precipitation from 
July 1, 1970, through June 30, 1971, 
totaled only 7.57 inches. Only three 
events of more than 0.50 inch 
occurred during that period (0.72 inch 
on August 21, 0.90 inch on October 
16, and 1.53 inches on June 19). 
Clipping was deferred to prevent loss 

of stand. 

Results and Discussion 

Conditions during the first 7 years 
of the study (through 1972) were 
typical, in that there was little winter 
rainfall, the soil was seldom wetted 
below 12 inches and never wetted 
below 18 inches, and weed growth was 
sparse. However, in 1973, pre-season 
rainfall was much above average, the 
soil was wetted to 4 feet at the 
beginning of the growing season, and 
early-season weed growth was 
abundant. Also, ground cover and 
botanical composition data were not 
collected in 1973. Although 1973 was 
atypical and data for that year are 
incomplete, 1973 results are important 
because they show the effects of 
stored soil water. Therefore, 1973 data 
are presented separately. 

Yield data for 1967 through 1972 
are given in Table 1. Clipping to 1 inch 
at 2-week intervals gave highest yields 
in all years. This treatment gave 
significantly higher yields than any 
other treatment for the 5-year period 
and in 2 of the 5 individual years. 
Clipping at 1 inch twice per season, in 
July and October, gave yields 
approaching those on the highest 
yielding treatment. The other two 
treatments gave much lower yields. 
Clipping annually in October 
simulated winter grazing of forage 
(Klipple and Costello, 1960). 
Compared with clipping at 2-week 
intervals, harvest at the end of the 
season gave about 48% less dry matter 
yields. Clipping has been shown to 
increase forage yields of some species 
(Drawe et al., 1972) but yields of blue 
grama have been decreased by clipping 
(Dodd and Hopkins, 1958; Reed and 
Dwyer, 1971). In this case, the lower 
yield from the single October harvest 
appeared to be more a result of 
decomposition and disappearance of 
forage produced earlier in the season 
than of increased growth with clipping 
or decreased growth with delayed 
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harvest. When growth ceases because 
of drought, the forage desiccates and 
decomposes. For example, in 1967, 
since precipitation distribution caused 
major growth to occur early in the 
season, the single October harvest 
yielded only 37% as much as the 
2-week clipping schedule; whereas in 
1969, when growth occurred 
throughout the season, October 
harvest yielded 67% as much as the 
2-week clipping schedule. 

In 1973, early-season weight loss 
with delayed harvest was more severe 
than that in other seasons (Table 2). 
However, weeds constituted 56% of 
the dry matter produced at the first 
harvest. The principal broadleaf weed 
was peppergrass (Lepidium 
densiflorum), and the principal annual 
grass was little barley (Hordeum 
pusillum). Yields of the three 
components are given in Table 2. Cool 
season annual weeds began growth 
early and used much soil water before 
the native grasses started growing. 
Weeds matured early, and plots first 
harvested in July yielded only 45% as 
much dry matter as those harvested 
earlier. Part of the lost material was 
unpalatable broadleaf weeds; however, 
little barley is palatable when it is 
immature and at least some of the 
native grass forage was lost, since 
plants were dormant from June 14 to 
harvest on July 26. 

Mineral composition data also 
emphasize the desirability of using the 
forage during the growing season. 
Percent composition and yield of 
nitrogen, phosphorus, potassium, and 
magnesium data for 1972 are given in 
Table 3. Mineral constituent levels in 
young unweathered forage remain 
relatively constant during the growing 
season, but decline in aging and 
weathered tissue. Although levels of 
these constituents normally decline 
with plant maturity, much of the loss 
seemingly results from leaching of the 
constituents from dried tissue. Rainfall 
after drought periods results in new 
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Table 3. Percent nitrogen, phosphorus, potassium, and magnesium in forage at harvest 
dates, 1972. 

Clipping 
Height Harvest date Yield of 

constituent 
(inch) Frequency 6-7 7-19 8-24 9-19 10-24 (lb/acre) 

Nitrogen 
2 2 weeks 
1 2 weeks 
1 July 8c Oct. 
1 Oct. 

Phosphorus 
2 2 weeks 
1 2 weeks 
1 July & Oct. 
1 Oct. 

Potassium 
2 2 weeks 
1 2 weeks 
1 July & Oct. 
1 Oct. 

Magnesium 
2 2 weeks 
1 2 weeks 
1 July & Oct. 
1 Oct. 

1.65 
1.87 

- 

.189 

.173 
- 
- 

1.04 0.94 
1.10 1.12 

- 0.85 
- - 

0.21 
0.20 

- 
- 

1.83 1.68 
1.86 1.84 
1.64 - 

- - 

.208 .192 

.203 .186 

.171 - 
- - 

0.94 
0.98 

- 
- 

0.14 0.12 
0.16, 0.12 
0.12 - 

- - 

1.64 
1.80 

- 
- 

.175 

.180 
- 
- 

1.00 
1.08 

- 
- 

0.15 
0.16 

- 
- 

0.99 
1.07 

- 
- 

0.45 
0.51 

- 

0.07 
0.07 

26.6 
39.0 
18.7 
10.0 

3.01 
3.87 
1.98 
1.34 

15.8 
22.4 

9.5 
4.7 

2.75 
3.67 
1.34 
0.62 

growth of existing phytomers, but the 
dried material is lost. Compared to 
clipping to 1 inch at 2-week intervals, 
clipping to 1 inch in October resulted 
in loss of 74% of the nitrogen, 68% of 
the phosphorus, 79% of the potassium, 
and 83% of the magnesium 
accumulated in the forage (calculated 
from loss of dry matter and decline in 
percentage composition). 

Clipping to 1 inch every 2 weeks 
did not reduce ground cover (Table 4) 
or percentage blue grama in the stand 
(Table 5). In 1967 and 1970, clipping 
to a 2-inch height resulted in 
significantly greater percentage ground 
cover than clipping to 1 inch. 
Frequency of clipping apparently had 
little additional effect on ground 
cover. 

In all years except 197 1, blue 
grama and buffalograss accounted for 
95% of the vegetation. In 1971, forbs, 
weeds, and grasses other than blue 
grama or buffalograss made up from 4 
to 22% of the vegetation. Blue grama 

composition of the plant cover was 
not affected by the clipping 
treatments (Table 5). Compared to 
l-inch clipping, the lighter utilization 
under 2-inch clipping had little effect 
on plant vigor as measured by ground 
cover (increased 2 years) and botanical 
composition (no effect). However, 
yields on the 2-inch clipping treatment 
were more competitive with those on 
the 1 -inch treatment in 1970 and 1972 
than they were in the preceding 
seasons. This may be a manifestation 
of the often-noted situation where 
relatively heavy use shows a 
production advantage for several years, 
after which the stand responds to 
moderate treatment. 

Water Plant-Growth Relationships 

Annual and growing season 
precipitation and runoff (April 
through September) for the 8 years are 
presented in Table 6. Since runoff 
differed little between the two 

instrumented treatments, averages of 
treatments are presented. Growing 
season precipitation ranged from 7.2 
inches to 16.1 inches, and averaged 
12.1 inches. Runoff ranged from zero 
to 1.25 inches per year. 

Stored soil water was sufficient in 
only one season (1973) to permit a 
study of soil water-plant growth 
relationships. On May 4, 1973, the soil 
was wetted to a depth of 4 ft on all 
plots. The soil contained about 4.91 
inches of plant-available water. By 
May 25, 1.95 inches of that water had 
been used and by June 15, the 
remaining 2.96 inches had been 
removed. Soil was equally dry under 
all clipping treatments. At later 
sampling dates (July 26, August 15, 
and December 14), the soil contained 
no appreciable plant-available water. 
(Plant-available water was water in the 
soil on May 4 less that remaining on 
June 15 when plants were dormant.) 
Precipitation was 1.18 inches from 
May 4 to May 25 and 0.96 inch from 
May 25 to June 15. By June 15, 7.05 
inches of water (4.91 inches of soil 
water + 2.14 inches precipitation) had 
been used in producing 1,950 lb dry 
matter, giving an average water-use 
efficiency of 277 lb dry matter per 
acre-inch of water. For the period 
between harvests (May 23-June 14) 
when 342 lb dry matter was produced, 
water-use efficiency was 37 lb per 
acre-inch. 

Although these data are from only 
one year, they illustrate the course of 
events when stored soil water is 
appreciable early in the season. Cool 
season annual weeds use much soil 
water before native grasses start 
growth. Early weed control might 
conserve stored soil water; however, 
our data show that water use between 
May 25 and June 15 was the same on 
all plots even though some treatments 
were clipped on May 25. Although 

Table 4. Percent ground covex on native shortgrass rangeland by heights and frequency of clipping, 1966-1972. 

Clipping 

Height 
(inch) Frequency 

2 2 weeks3 
1 2 weeks3 
1 July & Oct. 
1 Oct. 

Avg. 

1966’ 1967 

18.0 30.0a4 
10.0 24.lb 
19.2 25.3b 
19.3 26.1b 

16.6 26.4 

1968 

26.8a 
28.3a 
26.7a 
26.9a 

27.2 

1969 

24.8a 
23.2a 
24.7a 
24.7a 

23.8 

Years 

1970 

43.4a 
37.7bc 
38.9ab 
34.4c 

38.6 

19712 

24.5a 
22.9a 
21.6a 
26.6~ 

23.9 

1972 

39.9a 
37.0a 
35.la 
35.2a 

36.8 

Average 

29.6a 
26.2a 
27.0a 
27.6a 

27.6 

r All plots treated alike in 1966. Clipped only after ground cover data taken in October. 
’ No clippings made in 1971. 
3Clippings were not made during drought periods when no forage was produced. Two week frequency treatments were clipped 4, 3, 6, 2, 

and 4 times in 1967, 1968, 1969, 1970, and 1972, respectively. 
4Means in the same column followed by the same letter are not significantly different at the 5% level. 
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Table 5. Percent composition of blue grama on native shortgrass rangeland by heights and frequency of clipping, 1966-1972. 

Clipping 

Height Years 

(inch) Frequency 1966l 1967 1968 1969 1970 19712 1972 Avg 
2 2 week? 80.6 63.4 78.7 74.3 77.8 64.7 70.1 72.8 
1 2 weeks3 66.9 59.9 67.0 66.4 66.2 47.5 52.1 60.9 
1 July & Oct. 71.3 60.7 71.2 68.0 67.9 58.1 63.1 65.8 
1 Oct. 76.8 75.7 78.5 79.5 77.4 56.4 66.8 73.0 

Avg. 73.9 64.9 73.9 72.0 72.3 56.7 63.0 68.1 
’ All plots treated alike in 1966. Clipped only after composition data taken in October. 
2 No clippings made in 197 1. 
3Clippings were not made during drought periods when no forage was produced. Two-week frequency treatments were clipped 4, 3, 6, 2, 

and 4 times in 1967, 1968, 1969, 1970, and 1972, respectively.- 

Table 6. Precipitation (inches) and runoff 
(inches) during the experimental period. 

Precipitation 

April- 
Year Annual Sept. Runoff 

1966 10.16 9.23 0 
1967 14.85 12.68 0.54 
1968 19.5 1 13.25 0.87 
1969 24.75 16.08 0.40 
1970 9.46 7.24 0 
1971 19.55 13.15 1.25 
1972 20.50 14.58 0 
1973 16.13 10.19 0 

weed control might not conserve water 
for use later in the season, control of 
unpalatable broadleaf weeds would 
leave more water available for 
production of more palatable forage. 

In all other years, early season soil 
water storage was insufficient for 
studies of soil water-plant growth 
relationships. Usually, the soil did not 
contain enough water for a measurable 
contribution to grass growth. When 
the soil contained a small amount of 
water, it was stored in the surface few 
inches, thus was highly susceptible to 
evaporation. 

Relationships between current and 
previous growing season precipitation 
and yield, ground cover and blue 
grama composition were examined for 
all years except 1973. Runoff was not 
considered because it was relatively 
small. There were 5 sets of data (5 
years) for correlations involving 
precipitation and yield, 6 sets for 
t ho se involving previous season 
precipitation and ground cover or 

percent blue grama, and 7 sets for 
correlations involving current season 
precipitation and ground cover or 
percent blue grama. Yields used in 
correlations were those from 
treatment 2. Ground cover and blue 
grama composition data used were 
treatment averages. 

Correlation coefficients for the 
above relationships (I’able 7) show 
that yield is related more closely to 
precipitation received during the 
current than during the previous 
season. Conversely, ground cover and 
percent of blue grama reflect 
precipitation during the previous 
rather than the current season. These 
relationships support the premise that 
tiller primordia are differentiated 
under growth conditions of the 
previous year but expressed during the 
current season. 

Several grazing management 
practices were reinforced by the 
results of this study. Blue grama and 
buffalograss are the primary elements 
of the plant matrix in the Southern 
Great Plains, although certain 
opportunistic plants may appear with 
favorable growing conditions. 
Precipitation is used most efficiently if 
the forage produced is harvested 
regularly. Also, nutrient requirements 
of animals for protein and phosphorus 
would be more adequately met with 
frequent harvesting during the summer 
growth period than with year-long or 
winter grazing. Winter grazing 
probably would require 
supplementation. 

Table 7. Correlation of yield, ground covez, and percent blue grama with precipitation. 

Correlation coefficient 
Growing season 
of precipitation 

Current 
Previous 
Current 
Previous 
Current 
Previous 

Dependent variable Sample 

Yield .7977 
Yield -.5585 
Ground cover .1371 
Ground cover .6918 
Percent blue grama .3376 
Percent blue grama .7765 

Req. for sig. at 
10% level 

.8054 

.8054 

.6694 

.7293 

.6694 

.7293 
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Rate and Pattern of Vigor Recovery in 

Idaho Fescue and Bluebunch Wheatgrass 

W. F. MUEGGLER 

Highlight: The rate and pattern of vigor recovery of 
protected individual Idaho fescue (Festuca idahoensis) and 
bluebunch wheatgrass (Agropyron spicatum) were studied for 
5 years after heavy and extreme clipping. Bluebunch 
wheatgrass was not only more sensitive to clipping, but 
recovered vigor more slowly than Idaho fescue. Idaho fescue 
of moderately low vigor required approximately 3 years and 
bluebunch wheatgrass a projected 6 years to approach normal 
vigor. Recovery from very low vigor may take more than 6 
years of protection for Idaho fescue and 8 years for bluebunch 
wheatgrass. Maximum leaf length can be used as a reliable 
index of Idaho fescue vigor. Flower stalk numbers combined 
with maximum lengths indicate vigor in bluebunch wheatgrass. 

Livestock grazing generally harms to some extent growth 
and reproduction of utilized plants. Reviews by Ellison 
(1960) Jameson (1963), and other workers, too numerous to 
be mentioned here, clearly show that the amount of damage 
depends primarily upon intensity, frequency, and time of 
utilization and upon response of individual species to foliage 
removal. Range scientists and managers are faced with the 
complex problem of devising grazing-systems that (1) permit 
maximum returns from the forage resource, (2) perpetuate the 
forage potential, and (3) remain compatible with other 
resource values (e.g., water, wildlife, and recreation) inherent 
in a given unit of rangeland. This is truly a perplexing 
challenge, particularly when we consider the varied palatability 
and response of plant species to grazing, the competitive 
interactions between plants, and the mosaic of plant 
community composition on our native ranges. 

Grazing and clipping studies over the past 40 years have 
contributed substantially to our understanding of the adverse 
plant response to grazing. Such information is, of course, 
essential for development of effective grazing systems. 
However, an understanding of how range plants recover from 
grazing is also important. The rate and pattern of vigor 
recovery have received comparatively little attention. 

Although bluebunch wheatgrass (Agropyron spicatum) and 
Idaho fescue (Festuca idahoensis) are important forage species 
on our western ranges (Fig. l), information related to their 
ability to regain vigor is meager and is based primarily on 
comparisons of range areas before and after protection from 
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Agriculture, Ogden, Utah. He is now stationed in Logan, Utah, at the 
Forestry Sciences Laboratory, maintained in cooperation with Utah 
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grazing. Laycock (1967) found that production of bluebunch 
wheatgrass in southern Idaho increased 76% during 14 years of 
protection. Canopy cover of this species in two exclosures in 
the ponderosa pine zone of British Columbia increased from 
25% to 55% and from 36% to 45% over 10 years (McLean and 
Tisdale, 1972). Hormay and Talbot (1961) investigated 
recovery of vigor in individual Idaho fescue plants that were 
producing 53% of their former basal area and only 5% as many 
flower stalks as control plants. After two seasons of rest, 
production of flower stalks had increased to 27% that of the 
control plants and had recovered after three seasons of rest. 
Basal area did not improve even after four seasons of rest, yet 
the authors somewhat paradoxically concluded that reasonable 
restoration of vigor in Idaho fescue can be expected from two 
seasons of rest. Hormay (1970) later generalized that 1 or 2 
years of rest usually is adequate to restore plant vigor. Working 
with Arizona fescue (F. arizonica) in Colorado, Smith (1967) 
found that flower stalk production of grazed plants had almost 
recovered after 3 years of protection, but that complete 
recovery of the plants was not apparent even after 9 years of 
rest. 

Need for better understanding of how bluebunch 
wheatgrass and Idaho fescue recover from grazing, as well as 
questions concerning the interactions between competition 
and clipping, stimulated a study designed (1) to determine the 
influence of competition on the response of these grasses to 
clipping and (2) to follow subsequent recovery of vigor in 
clipped plants. Results on the suppressing effects of 
competition and its interaction with herbage removal have 
been published (Mueggler, 1970, 1972a). The ,present paper 
reports the pattern and rate of vigor recovery observed in 
plants subjected to different levels of clipping stress. The 
results are relevant to development of grazing systems based 
upon physiological requirements of important range plants. 

Methods 

The study area was a natural mountain grassland on a 
gently sloping, north-facing swale at 6,000 ft elevation in 
southwestern Montana. Soils were granitic, fairly deep, and 
productive. Approximately 70% of the estimated 18 inches of 
annual precipitation falls from April through September. 

The vegetation was dominated by bluebunch wheatgrass, 
Idaho fescue, and silvery lupine (Lupinus argenteus). 
Secondary species included yarrow (A chillea millefolium), 
cerastium (Cerastium arvense), prairiesmoke (Geum trifilorum), 
needlegrass (Stipa occidentalis), pussytoes (A ntennaria rosea), 
sagewort (Artemisia Zudoviciana), and rabbitbrush 
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Under this degree of vigor reduction, recovery of flower stalk 
production was similar to that of herbage volume (Fig. 4). 
Extrapolation of these data suggests that complete recovery of 
Idaho fescue from extremely poor vigor might be expected in 
from 6 to 7 years. 

Although plants subjected to the F/H and P/E treatments 
produced almost no flower stalks the following growing 
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Fig. 4. Recovery of Idaho fescue flower stalk numbers and total 
herbage production following heavy and extreme clipping under two 
levels of competition. Data were adjusted by covartince to 
before-treatment values and expressed as a percent of the control 
plants. 
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season, they produced considerable herbage and so were 
probably in a state of intermediate vigor. The F/H and P/E 
treatments reduced herbage volume 35 and 56%, respectively. 
Volume apparently recovered under both treatments during 3 
years of protection (Fig. 4). During the second year of 
protection, flower stalk production of plants in the F/H 
treatment was still less than 50% of the controls, but had 
recovered under the P/E treatment. Thus, at this intermediate 
level of vigor, 3 years of protection apparently enables Idaho 
fescue to produce as much herbage and as many flower stalks 
as plants of normal vigor. The slight decrease in volume 
following recovery is probably the result of natural variability; 
however, the much greater decrease in flower stalk numbers 
may indicate some instability in apparent recovery of vigor. 

Idaho fescue withstood heavy clipping well when 
competing vegetation was clipped to the same degree (Fig. 4). 
If anything, these plants were more productive than the 
control plants for several years. However, both average and 
maximum leaf lengths were significantly shorter than those of 
the control plants the first year following treatment (Table 2). 
These observations suggest that vigor, at least vigor expressed 
by leaf length, had been affected adversely. 

Bluebunch Wheatgrass 

Bluebunch wheatgrass.vigor was severely depressed the first 
year after clipping in all treatments except heavy clipping 
under partial competition (Table 3). As was expected, the 
combination of full competition and extreme clipping (F/E) 
was most detrimental; plants so treated produced only about 
one-fourth as much herbage as the control plants and 
practically no flower stalks. Full competition with heavy 
clipping (F/H) and partial competition with extreme clipping 
(P/E) reduced h er age production to one-half and flower stalk b 
numbers to approximately one-tenth those of the control 
plants. 

Recovery of vigor in these severely affected plants followed 
generally similar patterns (Fig. 5). Numbers of flower stalks 
gradually increased with time; however, even after 5 years of 
complete protection, these plants were able to produce only 
about two-thirds as many flower stalks as the controls. 
Changes in herbage production did not follow quite the same 
pattern as changes in flower stalk numbers. Although initial 
decreases in total production were not as great as those for 
flower stalk numbers, subsequent recovery rates were not as 
rapid either. Consequently, the gap between recovery curves 
for these two measures tended to narrow with time. By the 
end of 5 years, total herbage production was only about 
two-thirds that of the control plants. 

The initial reaction of bluebunch wheatgrass to heavy 
clipping while subjected to partial competition was strikingly 
different than it was under the other treatments. If anything, 
both herbage production and number of flower stalks slightly 
increased rather than decreased the first year after clipping. As 
with Idaho fescue, the partial reduction in competition 
apparently offset the adverse effects of heavy clipping. 
However, even under complete protection, these bluebunch 
wheatgrass plants produced only about one-third as many 
flower stalks and five-sixths as much total herbage as the 
control plants during the second growing season following 
treatment. Apparently by this time, recovery of competing 
vegetation was such that the beneficial effects of reduced 
competition no longer overshadowed the adverse effects of 
clipping; the net result was an obvious decrease in vigor. 
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Table 3. Bluebunch wheatgrass: effects of partial competition with 
heavy clipping (P/H) and extreme clipping (P/E), and of full competi- 
tion with heavy clipping (F/H) and extreme clipping (F/E) on herbage 
and flower stalk production and subsequent recovery during 5 years 
of protection.’ 

Measurements 
and Before 

treatments treatment 1 

Years after treatment 

2 3 4 5 

Herbage production (g/plant) 
Control 6.7 7.9 11.4 
P/H 7.0 9.9 9.8 
P/E 6.5 4.0* 6.4* 
F/H 6.9 3.9* 7.3* 
F/E 6.7 2.0* 5.9* 

Number of flower stalks/plant 
Control 61.72 12.2 17.8 
P/H 65.3 13.1 5.7” 
P/E 64.0 1.6* 1.7* 
F/H 62.7 O-6* 7.1* 
F/E 60.7 0.3* 3.6” 

Maximum length of flower stalks/plant (cm) 
Control 432 52 70 
P/H 44 43* 60* 
P/E 44 36* 61* 
F/H 42 37* 67 
F/E 44 38* 64 

Maximum length of foliage culms/plant (cm) 
Control 432 35 40 
P/H 44 33 40 
P/E 44 31* 36 
F/H 42 33 39 
F/E 44 31* 37+ 

16.5 11.8 20.9 
12.3 9.3 17.9 
7.8* 7.3+ 14.3 
8.8* 7.2+ 13.3 
9.1* 6.9* 15.7 

39.4 22.4 40.5 
24.0+ 17.6 27.8 
17.3* 13.9 26.8 
12.7* 12.3+ 23.4 
19.4* 12.3+ 23.2 

72 63 66 
64* 60 61* 
65 * 59+ 61 
68+ 60 64 
65* 61 63 

35 35 34 
37 35 37 
36 34 34 
37 35 36 
35 34 32 

’ Data, except length of flower stalks, adjusted by covariance to account 
for differences in before-treatment values. Adjusted means with * 
superscript and those with + superscript differ from the control in a 
given year at < .OS probability and at .05 and .lO probability 
respectively. 

2 Before-treatment data includes both foliage and flower culms. 

Thereafter, the pattern of recovery of these plants paralleled 
those of plants under other treatments, but at a higher level of 
productivity. 

Recovery of bluebunch wheatgrass of extremely poor vigor 
does not appear to be as rapid as recovery of Idaho fescue in 
like vigor. Extrapolation of data in Figure 5 suggests that total 
herbage production and numbers of flower stalks should 
return to normal after 8 to 10 years of protection. Even 
bluebunch wheatgrass at the intermediate level of vigor created 
by the P/H treatment may require about 6 years of protection 
to produce as much herbage and as many flower stalks as 
plants of normal vigor protected from grazing. 

Discussion 

The delayed response of bluebunch wheatgrass to heavy 
clipping under partial competition was completely unexpected 
and partly negates a previous conclusion based upon data for 1 
year. I stated in an earlier publication (Mueggler, 1972a) that 
bluebunch wheatgrass and Idaho fescue apparently can recover 
rapidly from the adverse effects of heavy clipping if competing 
vegetation is temporarily suppressed. This observation still 
appears to hold true for Idaho fescue. Although the maximum 
length of flower stalks was reduced significantly the first year 
after clipping, flower stalk numbers and total herbage 
production of bluebunch wheatgrass were, if anything, slightly 
greater than those of the control plants; I concluded that plant 
vigor had not been affected appreciably. However, the sharp 
decline in flower stalk numbers and herbage production the 

second year of protection clearly shows that vigor of 
bluebunch wheatgrass had been reduced considerably. Once 
competition from surrounding vegetation increased, this 
reduction in vigor was expressed by reduced production of 
flower stalks and herbage and continued depression of flower 
stalk lengths. 

Apparently, bluebunch wheatgrass not only is more 
sensitive to heavy use than Idaho fescue, but is less able to 
endure competition from surrounding vegetation. This 
difference is even greater than it may first appear, since heavy 

PARTIAL COMPETITION/HEAVY CLIPPING 

60 

FLOWER STALKS 
L’ 

OJ 

120 1 PARTIAL COMPETITION/EXTREME CLIPPING 

60 

1 

80 -I 

FULL COMPETITION/HEAVY CLIPPING 

- ----_--_-_-__. 

\ \ 
60 - 

40 - 
.’ 

\ 
: 

r--__ ,/ 

: 
: 

,/ 
/’ ----___w,* 

20 - I’ 
: 
: 

/’ 
/ 

0' 

120 FULL COMPETITION/EXTREME CLIPPING 

100 -- 

80 I 

_-~------_-~--~-~--_-~_-_-~__ 

\ 
\ 
: 

01 \ 
** 

_A A 

A A A A A 

BEFORE 1 2 3 4 5 

TREATMENT YEARS AFTER TREATMENT 

Fig. 5. Recovery of bluebunch wheatgrass flower stalk numbers and 
total herbage product&z following heavy and extreme clipping under 
two levels of competition. Data were adjusted by covariance to 
before-treatment values and expressed as a percent of the control 
plants. 
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clipping involved removal of only an estimated 50% of 
wheatgrass herbage, but 75% of Idaho fescue herbage at 
supposedly equal periods of sensitivity in their development. 
Idaho fescue was not affected appreciably by heavy clipping as 
long as competition was also reduced, but bluebunch 
wheatgrass was affected adversely by this treatment, even 
though a smaller percentage of its herbage was clipped. 

Data from the control plants fluctuated considerably 
between years. This variation can be attributed almost 
exclusively to yearly weather differences. All data, except 
before-treatment measurements, were collected in mid-July at 
approximately the same growth stage each year. 
Before-treatment data were collected about 3 weeks earlier; 
consequently, they serve only to initially equate the plants and 
cannot be used to evaluate yearly differences. 

Over the 5 years, natural fluctuations in flower stalk 
numbers, flower stalk lengths, and total herbage production 
were considerably greater in bluebunch wheatgrass than in 
Idaho fescue (Table 1, 2, 3). During the high year, wheatgrass 
produced 3.3 and fescue 2.3 times as many flower stalks, 1.4 
and 1.2 times as long, respectively, as those produced during 
the low year. Wheatgrass produced 2.7 and fescue only 1.4 
times as much total herbage during the high as during the low 
year. These findings on variations in total herbage production 
between these two grasses are in line with those previously 
observed for 5 years on another area (Mueggler, 1972b). On a 
southwest exposure, bluebunch wheatgrass produced 2.1 and 
Idaho fescue 1.6 times as much herbage, and on a northeast 
exposure, 2.6 and 2.1 times as much during the high as during 
the low year. 

This study provided opportunity to examine the usefulness 
of various characteristics of these grasses for evaluating plant 
vigor. Vigor usually is described simply as health; most often it 
is expressed by such variable characteristics as total herbage 
production, basal area, flower stalk numbers, and leaf and 
flower stalk lengths. Comparisons of grazed and protected 
plants usually are based on one or more of these factors. For 
example, Pond (1960) concluded from comparing plants in 
grazed pastures with those in exclosures that leaf height, basal 
area, and herbage weight were of about equal value as vigor 
measures for Idaho fescue. Similar comparisons by Evanko and 
Peterson (1955) suggest the same conclusion. Hurd (1959) 
indicated that maximum leaf height alone appears to be a 
reliable index to Idaho fescue vigor expressed by production. 
Numbers of flower stalks have been proposed as a more 
sensitive indicator of Idaho fescue vigor than leaf length, 
flower stalk length, or herbage production (Mueggler, 1970). 

Although number of flower stalks appears to be a sensitive 
indicator of initial disturbance to Idaho fescue health, the 
relatively large variation, compared to that of control plants 
during vigor recovery (Fig. 4), suggests that flower stalk 
number alone may not be a reliable means of evaluating degree 
of recovery. Flower stalk production probably is governed by 
a number of interacting influences besides plant health, such as 
weather of the current and the preceding year and even 
flowering success of the preceding year. Johnston and 
MacDonald (1967) found that floral initiation and partial 
development in rough fescue (F. scabrella) occur the preceding 
autumn and that few floral primordia are formed the fall of a 
good flowering year. They indicate that the same phenomenon 
may be true for Idaho fescue. 

Leaf length is considerably less sensitive than number of 
flower stalks to disturbance, but appears to be a more 

consistent indicator of expected trends in Idaho fescue vigor. 
The first year of vigor recovery, maximum leaf length of 
clipped plants ranged from 15 to 38% less than that of the 
controls, depending upon severity of treatment (Table 2). Leaf 
length gradually recovered over the years at a rate generally 
consistent with expectations. Trends for average leaf lengths 
closely paralleled those for maximum lengths; but average leaf 
lengths were approximately 25% shorter than maximum 
lengths. Maximum flower stalk length was considerably less 
useful than leaf length in evaluating recovery of Idaho fescue 
(Table 2). 

Idaho fescue volume, used here as an index of herbage 
production, was estimated from the product of live basal area 
and average leaf length. Increased herbage production for 
plants that received the P/H treatment (Fig. 4) is the result of 
an increase in basal area that more than offset a significant 
decrease in average leaf length. The response of live basal area 
and of herbage volume to various treatments and to 
subsequent protection was more erratic and less indicative of 
expected vigor trends than was that of leaf length. 

Comparison of these various plant measures (flower stalk 
numbers and lengths, live basal area, leaf lengths, and herbage 
volume) shows that maximum leaf length is a simple and 
relatively reliable index of expected vigor in Idaho fescue. 
However, the comparatively small differences in maximum leaf 
length between normal plants and plants of poor vigor could 
lead to misinterpretations regarding vigor. For example, 
maximum leaf length of plants of poor vigor (F/E treated) was 
reduced only 38%, but herbage volume was reduced 85% and 
flower stalk number, 99%. By the end of 5 recovery years, leaf 
length was only 5% less than that of control plants, whereas 
volume and flower stalk number were 37 and 38% less, 
respectively. Thus, vigor setback and recovery interpreted 
directly from leaf length suggest a much smaller impact on 
plant health than that conveyed by herbage volume and flower 
stalk production. 

We might reasonably assume that plant health is adequately 
defined by an equal combination of herbage and flower stalk 
production. If so, leaf length can be brought into better 
perspective as an index of Idaho fescue vigor. This simple 
measure can be used to estimate the departure of combined 
herbage and flower stalk production from what is considered 
normal for a given year (herbage as a percent of normal plus 
flower stalks as a percent of normal, divided by 2). The 
following regression equation predicts the percent of normal 
of combined herbage volume and flower stalk production (Y) 
from the percent of normal of the maximum leaf lengths (X): 

y=- 131 +2.3X. 
This equation was derived from all data in Figure 4 plus similar 
data for maximum leaf lengths; the correlation coefficient is 
-72, significant at < .Ol probability. 

Various studies have shown number of flower culms to be a 
sensitive indicator of vigor in bluebunch wheatgrass (Blaisdell 
and Pechanec, 1949; Heady, 1950; Mueggler, 1972a). Data 
presented in Table 3 and Figure 5 substantiate this conclusion. 
Of the various bluebunch wheatgrass characteristics measured, 
number of flower stalks was most severely reduced by 
clipping. In contrast to Idaho fescue, flower stalk numbers of 
wheatgrass did not fluctuate greatly in comparison to those of 
the controls during the recovery period. 

Whereas neither total herbage nor number of bluebunch 
wheatgrass flower stalks was decreased initially by the P/H 
treatment, maximum length of flower stalks was reduced 
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significantly (Table 3). Although depressed only about 30% at 
most, flower stalk length may be a more reliable indicator of 
initial loss in vigor than herbage production or flower stalk 
numbers. 

Total herbage production appeared somewhat inferior to 
flower stalks in reflecting expected trends in vigor. Maximum 
length of foliage culms (Table 3) was reduced only 12%, at 
most, and was by far the poorest expression of expected vigor, 
an observation that corresponds to conclusions of Blaisdell and 
Pechanec (1949). 

Thus, maximum leaf length appears to be a simple, reliable 
indicator of Idaho fescue vigor, especially if used to estimate 
departure of herbage and flower stalk production from 
normal. Flower stalk numbers used in conjunction with 
maximum flower stalk lengths appears to be a relatively simple 
and reliable vigor indicator for bluebunch wheatgrass. Since 
these characteristics are influenced considerably by yearly 
weather variations, plants of normal vigor must be used for 
comparative determinations of vigor in any given year. 
Additionally, individual plants vary considerably, which 
necessitates measuring a sufficient number of plants to provide 
valid means. Assessment of plant-to-plant variability in this 
study suggests that a sample of 50 Idaho fescue plants should 
give a 95% probability of falling within +5% of the mean of 
maximum leaf lengths. A SO-plant sample of bluebunch 
wheatgrass should yield equal reliability for estimating 
maximum flower stalk lengths; however, a sample of from 80 
to 100 plants probably will be required to provide 95% 
probability of falling within +20% of the mean number of 
flower stalks. 

Conclusions 

1) Idaho fescue of moderately low vigor requires about 3 
years of protection to regain full vigor. Even then, a residual 
instability in plant health may remain for several years. 
2) Idaho fescue of low vigor produced only two-thirds as 
much herbage and numbers of flower stalks as normal plants 
after 5 years of protection; complete vigor recovery can take 
more than 6 years. 
3) Bluebunch wheatgrass of moderately low vigor may require 
at least 6 years of protection to recover. 
4) Bluebunch wheatgrass of low vigor produced only 
two-thirds as much herbage and numbers of flower stalks as 
normal plants after 5 years of protection; complete recovery 
can take more than 8 years. 
5) Bluebunch wheatgrass appears to be more sensitive to 
heavy use than Idaho fescue and recovers vigor more slowly. 
6) In any given year, evaluation of vigor requires comparison 
with protected plants of normal vigor because of natural 
yearly variations in plant characteristics caused by weather. 
7) Although number of flower stalks is a sensitive indicator of 
initial vigor loss in Idaho fescue, subsequent variations with 

respect to normal vigor suggest that numbers may not be 
reliable for evaluating recovery. 
8) Maximum leaf length is judged to be a simple and reliable 
index to Idaho fescue vigor. A reasonable approximation of 
vigor in Idaho fescue can be obtained by the following steps: 
(a) determining the average maximum leaf length for 50 
normal plants and for 50 plants of reduced vigor; (b) 
expressing the leaf length of the plants of reduced vigor as a 
percent of that for plants of normal vigor (X); and (c) 
converting this figure to a percentage of combined herbage and 
flower stalk production (Y) by means of the equation: 

Y=- 131 +2.3X. 

9) Bluebunch wheatgrass vigor can be determined by 
combining numbers of flower stalks with maximum length of 
flower culms. Means from a sample of approximately SO to 
100 individuals of grazed plants should be compared with 
those from a like- 
reasonably valid data. 

sample of ungrazed plants to yield 
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Dynamics of Blue Grama within a 

Shortgrass Ecosystem 

D. W. URESK, P. L. SIMS, AND D. A. JAMESON 

Highlight: The dynamics of standing crop for live, dead, 
and litter compartments of blue grama were studied for 2 
years to formulate equations useful for predicting growth rates 
over 2-week intervals. During the period of rapid vegetative 
growth, 54% of the variation in rates of changes for live 
herbage was accounted for by the amount of live herbage 
present at a given time. During the declining period, the 
amount of live herbage, leaf moisture, and air temperature 
accounted for 58% of the variation in net changes. The 
transfer rate from live to dead herbage was 0.22% of the live 
herbage per day during the growing season, while litter 
accumulated from the dead herbage at a rate of 0.31% per day. 
This transfer rate became 0.086% per day during the 
non-growing season. Litter decomposed during the growing 
season at a rate of 0.35% per day. 

Blue grama (Boutelouu gracilis (H.B.K.) Lag. ex. Steud.) is 
the major forage species in the shortgrass ecosystem and is 
important on well over 200 million acres in the Great Plains in 
the United States (Stoddart and Smith, 1955). Understanding 
the dynamics of blue grama herbage is basic to understanding 
nutrient cycling and energy flow through this important 
species. Furthermore, this is one of the first steps in 
developing a greater understanding of the structure and 
function of such ecosystems. 

Description of Study Area 

The study area is located within a shortgrass ecosystem on 
the Pawnee National Grassland and the Central Plains 
Experimental Range about 13 km N.E. of Nunn, Sections 15 
and 23, Township 10 N, Range 66 W in Weld County, 
Colorado. The climate of the area is semiarid with a 29 year 
(1939-l 967) average annual precipitation of about 31 
cm/year, varying from a maximum of 58 cm to a minimum of 
11 cm (Bement, 1968). Most precipitation falls as rain, with an 
average of 23 cm during the growing season. Wind velocity 
averages 11 km/hour and the mean high and low temperatures 
are 26’ and 8”C, respectively. The frost-free season averages 
135 days. 

The climatic conditions for the Pawnee Site were tabulated 
for the sampling period of 1969 and 1970 (Table 1). 
Temperatures ranged from about 9°C in early spring 1969 to 
more than 21°C during mid-summer. Winter temperatures of 
1969-l 970 averaged between lo and 4OC. Summer 
temperatures were similar for both years averaging between 
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15” and 21°C. Soil moisture data for the sampling site were 
not available for 1969. In 1970 the average soil moisture 
measured with a neutron probe placed at a 15 cm depth 
decreased from a high of 3.2 cm of water in early spring 
about 1.5 cm in early September. Precipitation during the 
growing season of 1969 was considerably higher than that 
occurring in 1970. This was due primarily to heavy rains 
during the early spring between May 19 and June 21. Fall 
precipitation was also greater in 1969 than in 1970 by about 
cm, which fell between September 9 and October 25. This 
precipitation occurred in the form of snow and accounts for 
the high soil moisture conditions at the beginning of the 1970 
growing season. Thus, the conditions during the growing 
season appear to be more favorable in 1969 than in 1970. 

Since 1939 three pastures have been subjected to light, 
moderate, and heavy summer grazing by cattle (Klipple and 
Costello, 1960). These treatments were regulated so that 60% 
of the current herbage growth of dominant forage grasses was 
grazed by the end of the season on heavy use pastures, 40% on 
moderate use pastures, and 20% on the light use pastures. 
Cattle grazed these study areas from May 1 to September 30. 
Enclosures fenced since 1939 to prevent grazing by cattle 

Table 1. Average air temperature CC), precipitation (cm), and soil 
water (cm) between sampling dates in 1969 and 1970. 

Year and dates Air temp.’ Soil water’ Precipitation3 

1969 
Mar. 27 
May 18 
June 21 
June 30 
July 14 
July 29 
Aug. 11 
Aug. 24 
Sept. 8 
Oct. 25 
Dec. 16 

1970 
Apr. 9 
May 5 
May 19 
June 1 
June 16 
June 29 
July 15 
July 29 
Aug. 11 
Aug. 24 
Sept. 8 

0.2 
9.2 

12.9 
14.7 
18.9 
21.5 
21.8 
20.7 
19.3 
10.1 

1.2 

1.6 2.7 3.63 
4.0 3.2 3.35 

11.4 2.1 0.05 
13.6 2.0 2.08 
12.7 2.2 2.90 
19.8 1.6 0.00 
20.4 1.9 1.14 
20.8 1.8 2.69 
22.1 1.7 0.74 
20.6 1.6 0.00 
18.4 1.5 0.46 

-4 9.73 
- 10.85 
- 1.27 
- 1.27 
- 3.05 
- 1.88 
- 0.18 
- 1.98 
- 9.02 
- 1.12 

1 Mean air temperature derived from daily maximum and minimum 
readings from Central Plains Experimental Range. 

‘Total soil water measured with a neutron probe at a 15 cm depth 
(mean of eight replicates) obtained from A. F. Galbrait h, 1971 PhD 
Thesis, Colorado State University. 

3 Precipitation obtained from Central Plains Experimental Range. 
4 Data not available. 
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comprised the fourth treatment. 
Blue grama, the dominant species of’plant, makes up about 

43% of the total dry weight of herbage. Other grass species and 
their percentage composition by weight are red threeawn 
(Aristida Zongiseta Steud.), 8%; buffalograss (Buchloe 
dactyloides (Nutt.) Engelm.), 2%; sand dropseed (Sporobolus 
cryptandrus (Torr.) A. Gray), 1%; and sunsedge (Carex 
hekophila Mack.), 3%. Shrubs comprise about 7% of the total 
dry weight of the standing vegetation and common shrubs 
include fringed sagewort (Artemisia frigida WM.), rubber 
rabbitbrush (Chrysothamnus nauseosus (Pall.) Britt.) and 
broom snakeweed (Gutierrezia sarothrae (Pursh) Britt. and 
Rusby). Forbs make up about 6% of the total dry weight of 
standing vegetation. Common forbs include scarlet 
globemallow (Sphaeralcea coccinea (Pursh) Rybd.), evening 
primrose (Oeno thera spp. L.), and plains bahia (Bahia 
oppositifolia (Nutt.) D.C.). Plains pricklypear (Opun tia 
polyacantha Haw.) makes up about 26% of the total dry 
weight of the standing vegetation and is widespread 
throughout the study area. Litter comprises about 50% of the 
aboveground biomass, which includes all species of plants. 

Methods 

The three study areas were sampled while being grazed by 
cattle during 1969 and 1970. A fourth study area used as a 
control had not been grazed by cattle since 1939. Within each 
of the four study areas there were two replicates located 
adjacent to micro-watersheds (Smith and Striffler, 1969). All 
replicates were located on Ascalon sandy loam soil on uniform 
slopes, varying in size from 0.25 to 0.50 ha. The eight 
replicates were sampled with clipped plots once in the 
pre-growing season and biweekly during the season of rapid 
vegetative growth and flowering for 1969 and 1970. In 1969, 
one sampling period was during the post-growing season. 

During 1969, standing vegetation on each of the eight 
replicates for the pre-growing and biweekly sampling periods 
was sampled within four 50-cm X 50-cm (0.25 m2) plots. Four 
plots were located randomly on each replicate. A minimum of 
12 circular l-m2 plots were located randomly within each 
replicate during the post-growing season of sampling in 1969. 
In 1970, the vegetation was sampled with eight-O.25 m2 plots 
located randomly within each replicate. 

Permanent reference points were located in the field and 
numbered within each replicate for the last sampling period of 
1969. Each reference point was located about 6 meters apart 
in a grid design. All of these reference points were used for 
selecting random plots throughout the 1970 sampling season. 

All plots were clipped near ground level and the clippings 
sorted and sacked by species. Litter remaining on the plots 
after clipping was raked by hand and sacked. Net weights were 
obtained to the nearest 0.5 g for each species of plant and 
litter, in the field. 

Two 25-cm by 25-cm plots were selected at random on 
each replicate in 1969 to determine the amount of standing 
live (green portion) and dead (tan portion) of blue grama by 
dates. During 1970, on each clipping date, two of the 0.25m2 
plots were selected at random from the eight clipped plots on 
each replicate. Blue grama herbage from these plots was hand 
separated into live and dead categories and weighed. Weights 
of vegetation from each plot separated as to live or dead were 
converted to percentages. These values were then converted to 
g/m2 from the total standing crop of live and dead for each 
replicate. 

The samples of standing vegetation and litter were dried in 
a forced air oven for 48 hours at 60°C. Oven-dry weights were 
obtained to the nearest 0.1 gram. Blue grama was combined by 
replicates for each date after oven-dry weights were obtained. 
A subsample from each replicate by dates was ashed in a 
muffle furnace for four hours at 650°C and all values were 

corrected to an ash-free basis. 
One litter subsample from each replicate on each sampling 

date was ashed and all litter values were corrected to an 
ash-free basis. Five microscope slides were made of the ground 
litter by replicates and dates (Cavender and Hansen, 1970). 
Twenty microscopic fields were read per slide to determine 
percentage composition of each species and converted to 
grams per square meter (Fracker and Brischle, 1944; Sparks 
and Malechek, 1968; Hansen and Flinders, 1969). 

Precipitation and temperature data were obtained from the 
Central Plains Experimental Range for 1969 and 1970. Soil 
moisture data (total water at a 15 cm depth) for 1970 were 
obtained from Galbraith (197 1). 

Results and Discussion 

When the impact of cattle grazing in the shortgrass 
ecosystem is studied, other animals must also be considered. 
Amounts of forage grazed by animals and their impact on 
herbage yield are difficult to measure (Howard, 1962). Small 
mammals showed much seasonal variation in the types and 
amounts of different species of plant eaten (Flake, 1973; 
Flinders and Hansen, 1972), as did insects (Yount, 1971). 
Some mammals were found to congregate in areas ungrazed by 
cattle (Costello and Turner, 1941). Since information on 
herbage losses caused by animals and weathering is not 
available, no attempt was made to determine their impact 
upon the different grazing treatments. 

Predicting Net Rates of Changes for Live Herbage 

Frequently, one or two specific factors may influence or 
show a relationship with rates of changes in herbage. If these 
factors can be isolated and reliably measured and related to 
these changes, then changes in herbage may be predicted. A 
close relationship between precipitation and peak standing 
crop was found by Smoliak (1956) on ranges in Alberta, by 
Currie and Peterson (1966) in Colorado, Rauzi (1964) in 
Wyoming, Albertson (1966), Hulett and Tomanek (1969), and 
Shiflet and Dietz (1974) working on ranges in Kansas. Dahl 
(1963) related total yields of herbage with precipitation of the 
previous 2 years and predicted yields from soil moisture. 

To predict changes in live blue grama herbage, abiotic 
factors, plant status, and the-amount of herbage at a given 

Table 2. Regression analyses showing the influence of the amount of 
live blue grama herbage and leaf moisture on change in herbage weight 
(Y) at different periods of the season. 

Equation2 R2 gzl 
Rising period 

1. Y = 0.476 0.25 
2. Y = 1.021 - 0.031 WT 0.40**2 0.15 
3. Y = 0.628 + 0.041 WT - 0.0021 WT2 0.47** 0.12 

Declining period 
4. Y = 0.263 0.35 
5. Y = 0.761 - 0.041 WT O-42** 0.20 
6. Y = 0.419 - 0.048 WT + 0.900 LM 0.47** 0.19 

Declining period after maximum rates 
of change (Y) occur in Equation 3. 

7. Y = -0.091 0.42 
8. Y = 1.050 - 0.047 WT 0.42 ** 0.24 
9. Y = 0.367 - 0.562 WT + 1.431 LM o-55** 0.19 

10. Y = 1.281 - 0.050 WT + 1.122 LM - 0.046 T 0.58** 0.18 
’ u2 = variance around the regression line. 
‘WT = the amount of live herbage at a given time; LM = leaf moisture 

at a given time, which is the difference between green weights and 
oven dry weights, divided by the oven dry weight; and mean ambient 
air temperature. 

3 **Significant at P < .O 1. 
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time were analyzed by stepwise regression according to Draper 
and Smith (1968). Since no significant differences were found 
between years, data for the 2 years were combined (Uresk, 
1971). Analyses were separated into two periods. First, 
regression equations were developed with data from the first 
sampling period (May 5) of green herbage to the peak standing 
crop of blue grama (rising period). Secondly, regression 
analyses were determined after peak standing crop of herbage 
to the last sampling period (September 8) with live herbage 
(declining period). The dependent variable (Y) in all cases was 
the daily change in herbage weight. Independent variables 
tested included herbage weight (WT), herbage weight squared 
(WT2), nitrogen content (N), leaf moisture content (LM), air 
temperature (T), average precipitation per day and soil 
moisture. The value of these independent variables are used to 
predict the daily change in herbage weight at 2-week intervals, 
from date a to date b. Only those independent variables which 
contribute significantly to the dependent variable are 
presented. 

Net rates of changes for blue grama herbage were quite 
variable during the two year study. During the rising period 
from the beginning of growth to maximum yields, the mean 
changes were 0.48 g/m2/day over all replicates. Variations 
were found in the declining period, with a mean value of -0.26 
g/m2/day. During the two years, live blue grama ranged from 
0.43 g/m2 to a high of 63 g/m2 among the replicates. 

Leaf moisture was quite variable during both years, ranging 
from 27% to 91% during the rising period to peak standing 
crop and varying from 84% to 29% in the declining period. 

On the Pawnee Site, 54% of the variation in changes of live 
herbage was accounted for by the weight of herbage present 
(WT) during the rising period (Equation 3, Table 2). The 
parabolic equation shows that a curvilinear relationship exists 
between standing crop of blue grama and net rate of changes 
in herbage (Fig. 1). This equation could be used to predict 
changes in herbage yields and stocking rates could be adjusted 
accordingly. 

During the declining period, 47% of the variation in net 
changes of live herbage was accounted for by the amount of 
live herbage and its leaf moisture. Equation 6 could be used to 
predict the herbage changes after peak biomass, which occurs 
when blue grama is in the bud stage to early anthesis. Stocking 
rates for livestock could be appropriately adjusted for the 
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Fig. 1. Predicting net rates of change for live blue grama herbage Fig. 2. , Compartmental model of factors affecting rates of flow of blue 
during the rising and declining perbds. grama herbage. 
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remaining growing season. 
Equation 10 is a general equation following the tinie of 

maximum rate of change (Y) and may be used in place of 
Equation 6. This equation could be used to predict the rate of 
change of live blue grama during the declining period of 
changes for herbage. During this period, 58% of the variation is 
accounted for by the amount of live blue grama herbage 
present, its leaf moisture and the mean ambient air 
temperature (T). Herbage decreases as a function of WT and T, 
but increases as a function of leaf moisture. 

The declining period for herbage may be a result of 
transpiration stress. When a certain amount of herbage is 
present and air temperatures increase, the decreases are 
probably due to this stress, although other biological factors 
may function during the declining period. 

Date means for rates of changes in green blue grama 
herbage combined over treatments for both years were 
analyzed by the procedure outlined earlier. Higher R2 values 
(0.74-0.84) were obtained for the rising period, indicating that 
the variability between and among replicates was high. During 
the rising period temperature was the most important 
independent variable, followed by the amount of herbage 
present, precipitation, and leaf moisture. The contributions of 
these independent variables were significant, but the high 
correlations may be the result of few data points. The 
declining period showed that leaf moisture and precipitation 
were the two most important independent variables, although 
R2 values were lower than those presented for the rising 
period. 

Predicting the amount of herbage would be useful in 
working out stocking rates for blue grama during the period of 
rapid vegetative growth and also during the declining period. 
The equations developed may be used for modeling purposes 
(e.g., Smith and William, 1973) and the method for 
predictions may also be used for other types of research 
studies. 

Flow Model of Herbage 

The model shown in Figure 2 outlines the flow of herbage 
from one compartment to another. Increases of live herbage 
result from carbon dioxide being fixed through photosynthesis 
and transferred to the live compartment after April of each 
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year. These increases usually begin when the mean air 
temperature is approximately 4°C. During this early growth 
period, the changes of herbage are a function of the following 
equation: 

Y = 0.628 + 0.041 WT - 0.0021 WT2 

where WT is the amount of live herbage present at a given 
time. The changes may be dependent upon leaf moisture. 

After 9.7 g/m2 of live herbage accumulates, daily rates of 
change begin to decrease. The rates of change may now be 
estimated by the equation: 

Y = 1.281 - 0.05 WT + 1.22 LM - 0.046 T. 

It appears that flows to standing dead may be related to the 
amount of live herbage and mean air temperatures, while flows 
to live herbage may be related to leaf moisture. The transfer of 
live to dead herbage during the growing season was 
approximately 0.22% of the live herbage per day over 150 
days (Uresk, 1971). When the air temperatures reach 0°C or 
killing frost, increases in dead herbage are equal to the amount 
of live herbage present. Factors affecting this rate of transfer 
are temperature, desiccation of the plant, and the amount of 
live tissue present. 

Cattle consumed live and dead herbage from May 1 to 
September 30 of each year. The transfer rate to cattle is 
approximately 4.7 X 10s3 g/m’/head/day on 129.5 ha on a 
dry matter basis (Bement, 1971, personal communication). 
The amount of excreta entering the litter compartment is 
approximately 2.4 X lo- 3 g/m2 /head/day. 

Litter may increase from live herbage because of rain, hail, 
wind, insects, trampling by large herbivores and fecal 
excretion. Litter accumulation from dead herbage during the 
summer was approximately 0.31% of dead herbage per day for 
150 days. Factors influencing this rate are moisture and 
temperature, which influence decay rates, and trampling. 
During the winter the transfer from dead to litter is about 
0.086% of the dead herbage per day for 215 days. This 
increase in litter may be dependent upon the amount of snow. 

Litter transferred to soil organic matter dbring the early 
spring and summer was approximately 0.35% of the litter per 
day for 150 days. Carbon dioxide would be released into the 
atmosphere upon decomposition of the soil organic matter. 
Factors affecting these rates of decay are microorganisms, 
temperature, and moisture. 
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Ritchie, 1953; Malde, 1964). In the 
Central Valley of California, along the 
base of the Sierra Nevada Mountains, 
the Hydrostatic Pressure Theory is 
popular (Nikiforoff, 1941; Retzer, 
1945). A recent study of landscape 
features of the Texas Gulf Coast by 
Aronow (1968) resulted in a theory of 
“Landscape Deterioration.” 

The Patterned Ground Theory is 
based on the concept that a network 
of polygonal-fissured ice could have 
developed on the landscape early in 
the last ice recession. As the landscape 
began to thaw, the meltwater removed 
the glacial till from around the still 
frozen hemispheroidal cores of each 
polygon. When these cores melted 
they formed the mima mounds. 

The Hydrostatic Pressure Theory is 
based on observations made while 
studying the soil profiles of the 
mounds and intermound areas. 
“Holes” were observed to occur in the 
hardpan where it passed beneath the 
mounds. It was theorized that the 
hardpan predated the mounds, and 
that hydrostatic pressure of 
groundwater descending from steep 
slopes of the high Sierras into the 
relatively flat plain of the Central 
Valley forced the groundwater up 
through the “holes” in the hardpan. 
As water seeped upward, it carried 
subsoil material which formed the 
mounds. This could have happened 
during final deglaciation in the 
mount ains, when meltwater was 
plentiful. 

The Landscape Deterioration 
Theory offers an explanation for the 
formation of pimple mounds on the 
Coastal Plain. Mounds are restricted in 
this region to Pleistocene and possibly 
early Recent surfaces with slopes less 
than 10 feet per mile. They occur on 
relict fluviatile deposits (especially 
levee and point bar), barrier islands, 
and anomalously lagoonal deposits. In 
this region mima mounds gradually 
disappear with time. 

Mima mound origin has been 
attributed to gopher (Geomys or 
Thomomys) activity in Washington 
(Dalaquest and Scheffer, 1942), 
California (Arkley and Brown, 1954), 
and Minnesota (Ross et al., 1968). The 
gopher theory may be succinctly 
stated by asking which came first, the 
gopher or the mound. However, it is 
difficult to imagine gophers producing 
4O,OOO,OOO mima mounds (Cain, 
1974). 

210 

Present Status of North Texas 
Origin Theories 

Although a myriad of hypotheses 
have been projected concerning mima 
mounds in north Texas, no specific 
theory of mima mound formation is 
commonly accepted.’ Theories of 
erosion and accumulation are 
currently the most widely accepted. 
The erosional theory suggests that the 
removal of the intermound area by 
running water and wind has left the 
mounds as essentially residual forms 
(Featherman, 1872; Holland et al., 
1952; Goebel, 1971). Goebel (1971) 
postulated that mima mounds in north 
Texas primarily result from a low 
stream-base profile and the low angle 
of regional dip. However, Cain (1974) 
discounted strike and dip factors in a 
similar location because they are 
horizontal. Cain also points out that 
mima mound spacing is not random 
and, therefore, cannot result from rill 
erosion around chance nuclei. 
Vegetation is not characteristically 
randomly dispersed (Greig-Smith, 
1964). 

The Accumulational Theory 
(Olmstead, 1963; Cain, 1974) pro- 
jected the concept that bunch grasses, 
small shrubs or trees served as centers 
of accumulation of wind-blown soil 
and silt. Bailey (1892) discounted 
most other theories for mima mound 
formation in the Blackland Prairie: 
“all are on rolling land and not flood 
land. . . . They are clay soil [sic] 2 so 
cannot be dunes.. . . Are too 
numerous for human work, too large 
for animal mounds, unless made by 
Megatherium. Are too circular and 
even for iceberg or glacier deposits.” 

New Support for the 
Accumulating Theory 

The Sporobolus-Tridens-Paspalum 
community type covers the portion of 
the Blackland Prairie of Texas where 
mima mounds are common (Collins, 
1972). The prominence of Sporobolus 
silueanus on this community type may 
offer insight to the origin of the 
mounds. 

The last ice sheet retreated from 
the northern fringe of the area now 
recognized as the North American 
Midcontinental Grasslands about 

’ Personal communication from Saul 
Aronow (1974). 

2 Emphasis by author. 

10,000 years ago (Kupsch, 1960). The 
retreat was followed by a warming 
trend which lasted from about 8,000 
B.C. to the beginning of the Christian 
era (Dix, 1964) and is recognized as 
the Hypsithermal period (Deevy and 
Flint, 1957). During the Hypsithermal 
period, the deciduous forest retreated 
eastward and grasslands occupied the 
vacated area. Some members of the 
forest flora, especially grasses, 
withstood the climatic change. These 
species survived, reproduced, and 
integrated with the grassland flora 
(Dix, 1964). Gleason (1923) noted 
that the three most important grass 
genera (Andropogon, Sorghas trum, 
and Panicum) in the Illinois Tall-Grass 
Prairie, plus Sporobolus to the south, 
belong to this group. There has been 
some question concerning the 
Hypsithermal (forest-retreat) influence 
on the vegetation of Texas (Graham 
and Heimsch, 1960), but, if any area 
of Texas was affected, it would have 
been the northern portion of the 
Blackland Prairie. 

Dominant species on the 
Sporobolus-Tridens-Paspalum 
community type have been identified 
with wooded or mesic situations 
(Hitchcock, 1950; Launchbaugh, 
1955). It is quite possible that these 
species, or their ancestors, developed 
as dominants following the forest 
retreat to the south and east. 

A forest-retreat origin of the 
vegetation would seem to support the 
A c cumulational Theory of mima 
mound formation. This theory is 
founded on the belief that, once the 
surface horizon(s) had. developed, the 
climate of the area became arid and 
vegetation became discontinuous. 
Deflation of the surface soil occurred 
on the barren areas and accumulated 
around clumps of remaining 
vegetation. When humid conditions 
returned, a new profile formed 
between the mounds. The erosional 
periods may have been during the arid 
period which caused the forest to 
retreat eastward, since wind erosion is 
prevalent in arid situations (Holland et 
al., 1952). This conclusion is in 
agreement with findings of Cain 
(1974). After extensive study, he 
postulated that mima mounds in 
southwestern Louisiana were the result 
of erosional action depositing material 
at the base of trees. Instead of 
Hypsithermal period influence, Cain 
suggests the gran seco catastrophe of 
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Darwin (1845). He correlates mound 
alignment and regular spacing to a 
vegetational-erosional origin. 

Present day examples of 
vegetation-erosional mound origin are 
found in Coppice Dunes and Rotura 
Soil near Las Cruces, New Mexico 
(Gile, 1966; 1967). The mima mounds 
of northeast Texas may well have had 
a similar origin. 
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On the same six dates, three twigs were clipped from a 
sage brush plant located within 5 meters of each of the 10 
soil-sampling sites, thus giving a total of 30 samples for plant 
stress measurement. The twigs were placed in a plastic bag to 
prevent excess loss of moisture before measurement. A 
compression chamber of the type described by Waring and 
Cleary (1967) was used to measure the internal-plant stress of 
the twigs within a few minutes after they had been clipped. 

The all-contacts point-quadrat method of Levy and Madden 
(1933) was used to measure vegetation. 

Additional environmental measurements included 
precipitation, net radiation, wind movement, and wet- and 
dry-bulb air temperatures. These values were recorded at 
1Zminute intervals throughout the year. Wet- and dry-bulb 
temperatures were used to compute atmospheric stress and 
vapor-pressure deficit. Atmospheric stress was determined by 
means of the Kelvin equation, which relates relative vapor 
pressure to stress (Marshall, 1959). As wet-bulb temperatures 
were not measured at the study area in April and May, values 
for these months were obtained from records at the Eagle 
Airport, about 24 km from the study site. 

Although it is recognized that some of the measured 
variables are nonlinear functions of internal-plant stress, linear 
correlation has been assumed for the purpose of this study. 
Conclusions drawn in this paper are based, in part, upon the 
validity of this assumption. A step-forward regression 
(multiple correlation) analysis of the entire data set is also 
presented. 

Results and Discussion 

During 1968, the year of sampling, big sagebrush 
constituted 72% of the vegetation on one watershed and 86% 
on the other. Other associated species included winterfat 
(Euro tia lanata), rabbitbrush (Chrysothumnus vaseyana), 
Hood’s phlox (Phlox hoodii), and bottlebrush squirreltail 
(Sitanion hystrix). 

Seasonal patterns of daytime internal-plant stress and 
minimum soil-moisture stress are shown in Fig. 2. Minimum 
soil-moisture stress refers to the lowest stress measured in the 
entire profile on the date sampled. Seasonal values for 
internal-plant stresses range from 15.3 to 59.8 bars; for 
minimum soil stress the range was 0.2 to 36.4 bars. Except for 
the month of April, the relationship between these two 
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Fig. 2. Seasonal patterns of daytime internal-plant stress for big 
sagebrush and associated minimum stress in the soil profile on the 
dates sampled. Each data point is a mean value (30 plant stress and IO 
minimum soil-moisture stress measurements) for the date sampled. 
Vertical lines through data points indicate 95% confidence intervals. 
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Fig. 3. Depths in the soil profile at which minimum soil-moisture 
stress occurred on the dates measurements were made. 

variables was very close. Similar close relationships between 
internal-plant stress and soil-moisture stress were shown to 
exist for Acacia aneura in Australia (Slatyer, 1961) and 
between internal-plant stress and soil water content for red 
pine (Pinus resinosa) in Minnesota (Sucoff, 1972). Conflicting 
results are reported (Haas and Dodd, 1972) for honey 
mesquite (Prosopis glandulosa var glandulosa) in Texas where 
there was a lack of soil-water influence on maximum and 
minimum internal-plant stress. 

In agreement with the April data shown, our unpublished 
data from other areas indicate that when soil moisture is 
readily available to plants in the spring, factors other than 
soil-moisture stress seem to determine internal-plant stress. 
When soil moisture is readily available, it is probable that both 
plant stress and transpiration are related to atmospheric 
demand and that the following statement by Van Bavel et al. 
(1963) may partly apply: “We conclude that a full stand of 
sudangrass under conditions of high temperature [Tempe, 
Arizona], high light intensity, very low humidity of air, and 
sufficient soil moisture-in short a highly evaporative 
environment-can transpire on atmospheric demand.” 

As can be seen in Figure 3, lowest stress occurred in the A 
horizon in April but at-lower and variable depths later in the 
season. It should not be assumed from the graph that 
minimum soil-moisture stress was the same on the different 
dates shown. For example, the lowest minimum soil-moisture 
stress measured in the soil profiles in April was 0.2 bar in the 
A horizon; in July the lowest soil-moisture stress measured was 
10.5 bars in the upper part of the C horizon. The increase in 
depth to the lowest soil-moisture stress zone during April to 
July is related to high evapotranspiration and low 
precipitation; the decrease in depth to the lowest soil-moisture 
stress in August is the result of recharge of the soil profile by 
precipitation. 

The 10 sites sampled on six dates provided 60 sets of 
plant-stress measurements for testing against measured 
environmental variables. Simple linear correlation coefficients 
of internal plant stress with 13 measured variables are shown 
in Figure 4. Internal-plant stress was more highly correlated 
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with lowest soil-moisture stress than with other variables 
tested; however, soil-moisture stresses in the B and C, B, C, , 
and B, horizons were also closely reiated to internal-plant 
stress. Plant stresses are consistently more than 20 bars greater 
than minimum soil-water stresses (see Fig. 2), a difference 
somewhat more than might be expected. Gardner and Elig 
(1963) found differences between leaf- and soil-moisture 
stresses in pepper (Cizpsilum frutescence) plants to be 2 bars 
and in birdsfoot trefoil (Lotus corniculatus var tenuifolius) to 
be 10 bars. The 20-bar difference between stress in sagebrush 
twigs and minimum soil-moisture stress is considerably less 
than that from plant leaf to atmosphere. Atmospheric stress 
for the season during the hours of plant-soil measurements was 
700 to 2,300 bars. 

It is not well understood why internal-plant stress is more 
closely related to minimum soil stress than to mean stress 
values for soil horizons or atmospheric variables. A possible 
explanation is found in results reported by Gardner (1965), 
who found that roots of birdsfoot trefoil had considerably less 
resistance to water movement than the surrounding mineral 
soil, thus permitting water to move through roots across zones 
of high resistance from the zone of lowest soil-moisture stress. 
Or, stated differently, water flow through the plant is easier 
than flow through the soil. Soil-moisture stress in the A 
horizon was least related to plant stress, having the 
nonsignificant correlation coefficient of -0.05. Soil-moisture 
stress in the A horizon was variable and ranged from less than 
0.2 bar to more than 200 bars, a far greater range than for 
other horizons (Shown et al., 1972). Our data indicate (see 
Fig. 2) that maximum internal-plant stress achieved by big 
sagebrush is less than 60 bars. Thus, soil-moisture stress in the 
A horizon has little significance except in early spring when 
soil-moisture retention forces are lowest in this surface soil 
horizon. An example of the lack of relationship between 
surface-soil stress and internal-plant is shown by our 
unpublished data for a big sagebrush community near Grand 
Junction, Colorado. On May 23, 1972 soil-moisture stress in 
the 0 to 5 cm increment was 1,356 bars. At the time soil 
samples were obtained, internal-plant stress was 31 bars. Our 
analyses indicate that the plant stress was a response to a 
soil-moisture stress of 11 bars in the 50 to 60 cm soil depth 
and unrelated to the surface-soil stress. The least variability in 
soil-moisture stress occurred in the C horizon. 

For internal-plant stress to have maximum utilitarian value, 
it should correlate well with quantity of soil moisture stored in 
the profile. If reliable, plant-stress measurements could provide 
a rapid and inexpensive means of assessing quantities of water 
evapotranspired. Early growing season measurements might 
also be used to predict seasonal forage potential that could be 
used to adjust stocking rates for proper forage use. Although 
highly significant, the linear correlation coefficient (- 0.54) 
accounts for less than 30% of the total variability. A 
curvilinear analysis (least squares exponential curve) resulted 
in an almost identical correlation coefficient of -0.55**l. 
Some of this variability is attributable to methods of 
measurement of soil-moisture storage. One source of error is 
the use of augered soil samples, which unavoidably vary in 
diameter, in computing the bulk-density or volume-weight 
component of quantity of water stored. The better 
relationship between internal-plant stress and minimum 

* ** = significant at the 1% level. 
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soil-moisture stress may be partly the result of the more direct 
comparison of moisture-removal force exerted by the plant 
and moisture-retention force of the soil. Further work on 
application of plant-stress measurements to estimating soil 
moisture in the profile is currently underway. 

Unexpectedly, our data show a negative correlation 
between wind and internal-plant stress. This is probably not a 
cause-and-effect relationship but is related to the seasonal 
downward trend in wind movement and the opposing seasonal 
upward trend in internal-plant stress. It is remotely possible 
that high wind velocity may cause stomata1 closure and 
lowered plant stress (Hayden, 1969). However, it has been 
shown (Satoo, 1962) that air movements tend to hasten 
transpiration because vapor-pressure gradients become steeper 
near the leaf surface as transpired water is removed by wind 
movement; these results imply a lack of stomata1 closure and 
probable increase in leaf-moisture stress. 

1 
Essentially no correlation was found between minimum soil 

stress and previous 2-week or 4-week precipitation. 
Soil-moisture stored showed a negative more often than a 
positive relationship to previous precipitation. This anomalous 
result is partly explained by the fact that during April through 
September, much of the precipitation results from frequent 
afternoon showers of less than 5 mm, which contribute 
substantially to measured precipitation but have little effect 
on soil-moisture storage or transpiration. During the period of 
precipitation measurements (January through October), only 
three rainstorms during the spring-summer-fall period 
exceeded the 8 mm considered necessary by Love and West 
(1972) to have a significant effect on plant-moisture stress. 

Net radiation, both hourly and daily, was negatively 
correlated with internal-plant stress. These are expected results 
because net radiation is usually highest when soil water is most 
readily available for evapotranspiration. Under such con- 
ditions, the energy utilized in the vaporization of water is the 
largest component of net radiation. 

Although the primary objective of our study was 
measurement of seasonal changes in plant and soil stresses, the 
correlation coefficient for hour of day and plant stress was 
highly significant and indicates a progressive increase in 
internal-plant stress during the hours of measurement. If 
nighttime lows had been measured and included in the 
analyses, lows and highs of plant stress would have tended to 
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cancel each other and the resulting correlation coefficient 
would have been low and nonsignificant. All our 
measurements were made between the hours of 0800 and 
1600. Numerous authors (Scholander et al., 1965; Waring and 
Cleary, 1967; and Love and West, 1972) have shown that 
internal plant stress varies diurnally with usual peaks in mid or 
early afternoon and lows in the hours before sunrise. 
Maximum plant stresses in big sagebrush were recorded at 
1600 hours in our study or a few hours later than the 1200 to 
1300 hours reported for other species. 

Both soil and air temperatures are positively but not 
significantly correlated with internal-plant stress. Apparently 
soil and air temperatures for our study area are not as reliable 
as indicators of the energy budget as those measured in Utah 
(Dina et al., 1973), where highly significant correlations were 
found between these variables and internal-plant stress. 

Correlation coefficients for vapor-pressure deficit and 
atmospheric stress as related to plant stress were not 
significant. These results agree with those of Dina et al. 
(1973X who found a significant correlation coefficient 
between plant stress and vapor-pressure deficit for only one of 
nine species studied. They do not agree with results of Haas 
and Dodd (1972), who found highly significant correlations 
between vapor-pressure deficit and internal-plant stress. These 
differing results may be explained by the fact that 

soil-moisture was more readily available in Texas, resulting in 
transpiration being more closely related to atmospheric forces. 
As was true for wind movement, differing seasonal trends 
probably account for the low correlation coefficients for these 
variables. 

A multiple-correlation coefficient for all data measured at 
hourly or more frequent intervals (60 sets of measurements 
relating internal-plant stress to 12 environmental variables) was 
+0.78 ** or the amount of variability of the dependent 
variable, internal-plant stress, accounted for was 61%. The 
analysis retained only three independent variables (lowest soil 
stress, stress in the A horizon, and vapor-pressure deficit) and 
rejected nine inierrelated variables (B2 horizon stress, B and C 
horizon stress, B3 C1 horizon stress, wind, hour of day, 
atmospheric stress, net radiation, air temperature). Water stress 
in the A horizon and vapor-pressure deficit were poorly 
correlated with internal-plant stress but for the 60 
measurements of the 12 variables the correlation coefficient 
increased from to.67 ** for internal-plant stress and lowest soil 
stress to to.78 ** for the multiple relationship. The multiple 
regression may be helpful in accounting for variability but 
does not contribute greatly to an understanding of 
cause-and-effect relationships discussed in more detail above. 
Also, a false impression is given of the importance of the two 
independent variables, A horizon stress and vapor-pressure 
deficit, which in simple correlation analyses show almost no 
relationship to the dependent variable. 

Conclusions 

The highly significant correlation of internal-plant stress 
with lowest soil-moisture stress shown indicates that rapid and 
inexpensive plant-stress measurements might be used to 
estimate minimum soil-moisture stress. The low correlation 
coefficient for A horizon soil-moisture stress and highly 
significant correlations with B and C horizon soil-moisture 
show that plants have potential as sensors of subsurface 
soil-moisture conditions. The data also indicate that 
inexpensive plant-stress measurements might be used to 
estimate-soil water storage. Additional measurements of plant 
and soil stresses for different species occupying diffirent 
habitats are being made by the authors to further test the 
reliability of the hypothesis that plant stress can be used to 
estimate soil-moisture stress and soil-water storage. 
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Control of Gambel Oak Sprouts by Goats 

GARY G. DAVIS, LAWRENCE E. BARTEL, AND C. 
WAYNE COOK 

Highlight: A high degree of Gambel oak control can be 
attained with a combination of mechanical treatment followed 
by a system of goat grazing. This type of control program can 
result in significant increases in the amount of forage available 
for livestock production. Mechanical treatment of the oak is 
necessary to attain maximum benefit from goats. High 
stocking rates and the proper time of browsing are important 
management considerations. 

Gambel oak (&ercus gambelii) is an important component 
of several million acres of foothill rangelands in Arizona, 
Colorado, New Mexico, and Utah. It is found growing from 
the pinyon-juniper zone to the aspen-spruce zone. The value of 
Gambel oak on rangelands is questionable. Control studies 
have indicated that significant increases in soil moisture, forage 
production, and beef production can be expected in areas 
where Gambel oak is controlled (Marquiss, 1972). 

Goats have been used successfully in the southern part of 
the United States to control a number of oak species, 
including live oak (Quercus virginiana), post oak (Quercus 
stellata), Spanish oak (juercus falcata), and blackjack oak 
(Quercus marilandica) (King, 1956; Magee, 1957; Norris, 
1968). Studies in several countries indicate that goat browsing 
may cause certain detrimental effects to other types of 
vegetation, but that the goat is of considerable value for brush 
control and utilization of herbage not normally taken by other 
stock (Campbell et al., 1962). 

The success of goat browsing in an oak control program is 
largely dependent on animal grazing preference and the 
physiology of the plants themselves. The preference of goats 
for the leaves and buds of brushy species has been noted in a 
number of areas (Campbell et al., 1962; Norris, 1968). 
Oak-sprout kill by goat browsing is a result of continued 
defoliation and subsequent reduction of carbohydrate reserves. 
Results from studies on defoliation on total available 
carbohydrate (TAC) storage levels substantiate this (Donart 
and Cook, 1970; Trlica and Cook, 1971). The effect of 
defoliation becomes more pronounced if repeated at frequent 
intervals and at the critical times of the year when 
carbohydrate reserves are normally low (Cook, 1966). A 
twelve-year study on oakbrush by Shepherd (197 1) revealed 
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that annual clipping and defoliation to the extent of more 
than 60% of the current year’s production was necessary 
before the plants showed a marked decline in vigor. 

Study Area and Methods 
The study was conducted on the San Juan Basin Research 

Center near Hesperus, Colorado. The elevation of the area is 
approximately 7,600 ft. Average annual precipitation is 18.8 
inches, most of which is received in the winter and late 
summer months. Vegetation expression indicates that the 
study area lies in a transition zone between the ponderosa pine 
and the pinyon-juniper zones. The vegetation is dominated by 
Gambel oak with a sparse stand of ponderosa pine trees 
appearing intermittently throughout. The understory is 
composed primarily of Kentucky bluegrass (Poa pratensis) and 
western wheatgrass (Agrop.yron smithii). Rangelands in better 
condition may also have such desirable grass species as 
needleandthread (Stipa coma ta), Junegrass (Koeleria crista ta), 
Arizona fescue (Festuca arizonica), and mountain muhly 
(Muhlenbergia montana). Rabbitbrush (Chrysothamnus spp.), 
hairy golden-aster (Chrysopsis villosa), lupine (Lupinus spp.) 
and other browse and forb species are also found in the study 
area in varying quantities. 

Goats have been used to open up oak areas since 1968 at 
the San Juan Basin Research Center. Both the smaller Angora 
and the larger milk-type goat have been grazed. Figure 1 shows 
an example of oak control by Angora goats. The actual study 
sites include pastures ranging in size from 4 to 6 acres. Three 
different treatments were grazed by goats for control 
evaluations: 1) undercut oak, 2) undisturbed oak, and 3) 
combined-treatment of oak. The undercut oak area was 
comprised of two 4.5-acre pastures, both of which were 
undercut in 1964. Vigorous root sprouting resulted from this 
treatment the following year. The undisturbed oak type 
consisted of two 4.0-acre pastures. The oak in these areas 
ranged in size from small, immature plants to large, mature 
specimens that reached a height of 12 to 15 ft. The 
combined-treatment of oak was made up of three 6.0-acre 
pastures. Each pasture was one-third roller-chopped, one-third 
bulldozed and brush-raked, and one-third was undisturbed 
native oak. The roller-chopping was done in October of 1969, 
and the bulldozing and brush-raking was done in the spring of 
1970. Root sprouting resulted from both treatments the 
following year. 

The undercut pastures have been grazed by goats since the 
spring of 1968, the undisturbed oak pastures since 1969, and 
the combined-treatment pastures since 1971. The goats were 
used on a rotational basis among pastures. They were moved 
from the pastures when 90 to 95% of the oak leaves were 
utilized. They were then returned to the earlier grazed pastures 
when new leaves were produced. 

Evaluations of oak control have been made each year, 
beginning in 1969 on the undercut area and on other treated 
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Table 1. Annual goat stocking rates (days/acre) and frequency 
defoliation on three oak treatment areas (1968-1973 data). 

of 

Treatment Year 
Stocking 

rate 
Frequency of 
defohation’ 

Undercut 1968 206 2 
1969 146 3 
1970 44 2 
1971 19 1 
1972 6 1 
1973 0 0 

Undisturbed 1969 222 2 
1970 133 2 
1971 60 1 
1972 55 1 
1973 102 2 

Combined 197 1 135 2 
treatments 1972 98 2 

1973 36 1 

’ 90-95s removal of all oak leaves available to the goats. 

areas since 1972. All mechanically treated areas were evaluated 
in terms of total percentage sprout kill at the beginning of 
each grazing season. The undisturbed oak areas were evaluated 
in terms of percentage dead stems to goat browse line 
(approximately 7 ft from the ground). Evaluations taken in 
any given year primarily reflected the result of the previous 
years’ browsing. 

Hand-plucked simulation diet samples were collected in 
1973 for nutrient analysis. Samples were collected of both the 
oak leaf and the forb-grass portion of the diet. Chemical 
analyses were made for protein, phosphorus, and gross energy 
content. 

Results 

Undercut pastures 

The oak sprouts were very vigorous and approximately 3 ft 
tall when browsing was initiated in 1968. A high stocking rate 
of about 200 goat days per acre was used (8 goats per acre for 
25 days). As Table 1 indicates, the stocking rate dropped 
rapidly with each successive year of the study as a result of the 
decrease in the number of live sprouts available. Results of the 
control evaluation are given in Table 2. In the first study the 
number of dead sprouts increased markedly from 1969 to 
1970, due primarily to the three defoliations the oak was 
subjected to in 1969 (Table 2). Control of oak sprouts 
increased gradually through 1972, reaching a high of nearly 
95% dead sprouts. Goats were not used in the pastures in 1973 
because of the lack of oak regrowth. The 1973 evaluation 
(taken at the end of the growing season) revealed, however, 
that a few sprouts appeared during the late summer of 1973. 

Table 2. Percent oak sprouts controlled by goat browsing (1969-1973 
evaluations). 

Percent oak control’ 

Treatment 1969 1970 1971 1972 1973 
Undercut 31 85 90 93 85 
Undisturbed - 43 79 80 72 
Combined treatment 

Roller-chopped - - - 10 23 
Brush-raked - - - 5 11 
Undisturbed - - - 23 51 

‘Percent sprout kill in the mechanically treated areas; percent dead 
stems to goat browse line in the undisturbed areas. 

Fig. 1. Growth of oak in enclosure ten years after root plowing. Goat 
grazing has completely eliminated oak on the outside of the 
enclosure. 

Undisturbed oak pastures 

Goats were first grazed in these areas in 1969. As in the 
undercut pastures, a high first-year stocking rate was used 
(Table 1). A similar, but less pronounced, trend of decreasing 
goat carrying capacity was noted through 1972. A higher 
number of goat days per acre was necessary in 1973 to achieve 
complete defoliation. This was a result of: 1) an abnormally 
high amount of precipitation preceding the browsing season, 
and 2) the browsing season following two consecutive years of 
only one defoliation per year (Table 1). Goat browsing in 
these areas created a highlined appearance that extended up to 
about 7 ft on the mature oak. This opened up the understory 
somewhat but killed only a small portion of the larger oak 
plants. 

As Table 2 shows, the percentage of dead stems in the 
undisturbed areas has leveled off at 75 to 80%. This is to 
be expected in an undisturbed area since most of the 
photosynthetic tissue is beyond the goats’ reach. As a 
consequence, very little, if any, reduction in stored 
carbohydrate levels occurs and the plants are able to function 
normally while taking on a pruned appearance. 

Combined-treatment pastures 

The three pastures comprising the combined-treatment area 
have been used by the goats since the spring of 1971. The 
initial stocking rate was considerably lower than for the 1964 
undercut area (Table 1). This was due primarily to the shorter 
time interval between mechanical treatment and goat 
browsing-that is, the sprouts were not as numerous or as 
vigorous, thus requiring fewer goat days for defoliation. A 
greater number of dead stems were counted in the undisturbed 
one-third of the area after 3 years of browsing than in the 
other control area previously discussed in the first study. The 
goats preferred to spend most of their time in the undisturbed 
area, probably because of a shading and shelter effect offered 
by the larger oak plants. The degree of kill on the bulldozed 
and brush-raked, and roller-chopped areas was somewhat lower 
than expected. Although the pastures were defoliated twice 
per year, the time lapse between defoliations was probably 
enough to allow a partial restoration of carbohydrate reserves. 
The result was a much more gradual decline in sprout kill than 
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Table 3. Protein, phosphorus, and gross energy content of goat diet samples (1973 data). 

Oak leaves 
Collection Protein Phosphorus Gross energy 

date (%) (%) (Kcal/gram) 
June 22 13.6 .22 4.31 
June 29 15.1 .23 4.29 
July 11 11.4 .15 4.29 
July 21 11.0 .19 4.40 
Aug. 12 10.5 .17 4.14 
Sept. 5 8.5 .18 4.44 
Sept. 11 8.9 .20 4.30 

Protein 
(%) 
12.4 
7.9 

12.9 
10.4 
8.8 

14.0 
10.2 

Forbs and grasses 

Phosphorus Gross energy 
(%) (Kcal/gram) 

.21 4.28 

.15 4.21 

.25 4.35 

.17 4.31 

.18 5.55 

.15 4.42 

.lO 4.34 
Average 11.3 .19 4.31 10.9 .17 4.49 

occurred in the undercut pastures of the first study. 

Diet samples 

The simulated diet samples were collected on seven 
different dates during the course of the browsing season. The 
dates of collection generally correspond to a change-of-pasture 
date. Observations and measurements of species utilization 
have indicated that the goat diet was usually composed of over 
85% oak leaves, about 10% forbs, and 5% grasses. However, 
the composition of the diet changed quite rapidly when 90 to 
95% of available oak leaves were utilized. 

The nutrient content of the samples, by collection date, is 
given in Table 3. The oak leaves showed a gradual decline in 
protein content as the season advanced. Phosphorus content 
declined generally, but with considerable fluctuation. The 
protein content of the forb-grass portion of the diet fluctuated 
considerably, reflecting the diversity of species present and 
their differing maturation dates. The seasonal averages for the 
three classes of nutrients are probably adequate for goat 
maintenance and a medium level of production (Huston et al., 
197 1). However, this needs substantiation by several 
additional years’ data, including digestibility trials. 

Discussion and Conclusion 

Six years of goat browsing data indicate that goats can be 
effective in an oakbrush control program. There are several 
important management considerations involved in obtaining 
the maximum benefit from goats. the oakbrush must first be 
treated mechanically to allow the animals full access to all the 
foliage. The time of goat browsing during the season is also 
important. A study of carbohydrate storage levels in oak roots 
by Marquiss (1969) revealed that two periods of low storage 
occur-one in late June, full leaf stage; and another in late 

5-h 615 6:,6 7:3 7-;6 7130 6115 8128 919 &26 
SAMPLING DATE 

Norris, Joe B. 1968. Biological control of oak. Amer. Sot. Range 
Manage., Abstracts of Papers, 21st Annual Meeting, p. 29. 

Shepherd, Harold R 1971. Effects of clipping on key browse species in 
southwestern Colorado. Colo. Division of Game, Fish and Parks. 
Tech. Pub. No. 28. 

Fig. 2. Percentage of total carbohydrates found in root samples of 
Gambel oak during the spring and summer growing season (after 

Trlica, M. J., Jr., and C. Wayne Cook. 1971. Defoliation effects on the 
carbohydrate reserves of Utah desert range species. Amer. Sot. 

Marquiss, 1969). Range Manage., Abstracts of Papers, 24th Annual Meeting, p. 25. 
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August, late summer regrowth (Fig. 2). Repeated annual 
defoliation during these times will result in the most effective 
control. At least two defoliations per year are necessary, and 
these must be accomplished in a short time period, thus 
requiring high stocking rates. Stocking rates of five to ten 
goats per acre have been the most successful during the course 
of this study. From a management standpoint, control beyond 
95% appears to be impractical, because this forces the goats to 
graze grasses or walk the fences seeking more acceptalbe 
forage. 

All mechanical treatments used have resulted in prolific 
root sprouting. Bulldozing and undercutting were the most 
expensive methods. The costs per acre for roller-chopping is 
considerably cheaper and appears to hold the most promise. 

The use of goats on undisturbed oak results in a high-lined 
appearance up to approximately 7 ft. This does not kill the 
larger oak plants but does open up the understory somewhat. 
The opening-up effect also has certain advantages when 
locating and moving livestock. 

Certain problems have been encountered with the 
goats-the largest being the cost of goat-proof fencing, or 
possibly, herding. A rotational browsing scheme must be 
followed, necessitating the use of several pastures. There have 
been no management problems when cattle and goats are used 
together in the same area since their diets have in common 
only 5% of the grass species present. 

Literature Cited 

Campbell, Q. P., J. P. Ebersohn, and H. H. von Broembsen. 1962. 
Browsing by goats and its effect on the vegetation. Herb. Abstr. 
32:273-275. 

Cook, C. Wayne. 1966. Carbohydrate reserves in plants. Utah Agr. Exp. 
S ta. Resource Series No. 3 1. 

Donart, Gary B., and C. Wayne Cook. 1970. Carbohydrate reserve 
content of mountain range plants following defoliation and 
regrowth. J. Range Manage. 23: 15-19. 

Huston, J. E., Maurice Shelton, and W. C. Ellis. 1971. Nutritional 
requirements of the Angora goat. Texas Agr. Exp. Sta. Pub. B-1105. 

King, Edward B. 1956. Conservation ranching in the Edwards Plateau 
region of Texas. J. Range Manage. 9:281-284. 

Magee, A. C. 1957. Goats pay for clearing Grand Prairie rangelands. 
Texas Agr. Exp. Sta. Misc. Pub.-206. 

Marquiss, R. W. 1969. Studies on Gambel oak at the San Juan Basin 
Station. Colo. Agr. Exp. Sta. PR 69-38. 2 p. 

Marquiss, Robert W. 1972. Soil moisture, forage, and beef production 
benefits from Gambel oak control in southwestern Colorado. J. 
Range Manage. 25 : 146-150. 



Seasonal Yield and Chemical Composition 

of Crested Wheatgrass in Southeastern 

Wyoming 

FRANK RAUZI 

Highlight: Herbage yields, crude protein levels, and mineral 
concentrations of crested wheatgrass were influenced by 
phenological development and distribution of spring 
precipitation at the Archer Substation near Cheyenne, Wyo. 
Crude protein levels and mineral concentrations in the crested 
wheatgrass declined with plant maturity. Amount and 
distribution of the precipitation enhanced or retarded 
phenological development. Calcium uptake per acre by the 
crested wheatgrass was greater during a wet spring, but calcium 
concentration per unit of dry matter was higher during a dry 
spring. 

Crested wheatgrass (Agropyron desertorum (Fisch.) 
Schult.) has been the introduced grass used most widely for 
seeding dryland for hay and pastures in the Great Plains. 

Cook and Harris (1952) stated that palatability of crested 
wheatgrass for both cattle and sheep declined markedly as the 
plant matured; however, greater animal selectivity for the 
more tender parts of crested wheatgrass prevented 
establishment of a definite trend with maturity. Hyder and 
Sneva (1959) showed that early growth of crested wheatgrass 
was characterized by abundant leafiness and a delay in stem 
elongation, which allowed accumulation of carbohydrates. 
Patton and Gieseker (1942) found that the concentrations of 
lignin and cellulose in crested wheatgrass (Agropyron 
cristatum (L.) Gaertn.) increased markedly from mid-May to 
early September. The lignin was indigestible, and as it 
increased, the availability of other constituents of the herbage 
decreased. 

Soil properties directly and indirectly influence the rate and 
amount of soil water and nutrients extracted by the plants. 
Cook (1959) found that site influenced the chemical 
composition of crested wheatgrass, intermediate wheatgrass 
(Agropyron intermedium (Host) Beauv.), and tall wheatgrass 
(Agropyron elongatum (Host) Beauv.). 

Chemical analysis of forage crops can be used to estimate 
the quality and suitability for livestock feed. Sullivan (1962) 
stated, “. . . the problem of the evaluation of forage by 
chemical analysis is a long way from being solved and though 
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progress has been made, contradictory opinions are to be 
found in the literature.” Although chemical analysis does not 
provide an accurate evaluation of forage quality, it does give a 
reliable estimate at less cost than the standard evaluation 
methods of grazing animal or digestion trials. 

The purpose of this study was to determine seasonal yields, 
percentage crude protein, and mineral content of crested 
wheatgrass as related to climate and plant maturity. 

Study Area and Procedure 
The Archer substation is about 10 miles east of Cheyenne, 

Wyo., at an elevation of about 6,100 ft. The study area was 
seeded in 1943 with crested wheatgrass, alfalfa (Medicago 
sa tiva L.) and yellow blossom sweet clover (Melilotus 
officinalis (L.) Lam.). Until 1954, the herbage was harvested 
for hay, except for 2 years when it was grazed by dairy cows. 
From 1954 through 1964, sheep grazed the stand during April 
and May. 

The soil on the experimental area is Ascalon fine sandy 
loam, a member of the fine loamy, mixed mesic family of the 
Aridic Argiustolls formed by fluvial outwash. 

Three subplots, 4 ft2 (14-5/16 X 40-l /4 inches) each, were 
randomly selected in each of four replicated plots (100 X 272 
ft) on each harvest date. All herbage in the subplots was 
clipped at ground level, and all material except current growth 
of crested wheatgrass was discarded. Crested wheatgrass 
herbage was air dried, weighed, and yields expressed in 
pounds/acre. Five clippings were made each year in 1965, 
1967, and 1969 at 2-week intervals from late April through 
June (Table 1). 

The plant material was ground in a Wiley mill (with 
stainless steel chamber and blades) until it passed 40-mesh 
openings. Plant material (2g) was digested with nitric (30 ml 
distilled) plus perchloric (10 ml) of a 4: 1 perchloric sulphuric 
acid mixture; calcium and potassium were determined by 
atomic absorption spectrophotometry. Crude protein was 
determined (Agricultural Biochemistry Division, University of 
Wyoming) as total nitrogen (to include nitrate) X 6.25. 

Table 1. Harvest dates and phenological stages of growth of crested 
wheatgrass for 3 years, Archer Substation, Wyoming. 

Early Late Boot Seed head Early bloom 
vegetative vegetative (immature) emerged full bloom 

Year Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 

1965 April 29 May 13 May 27 June 11 June 28 
1967 April 27 May 8 May 22 June 6 June 22 
1969 April 22 May7 May 22 June 5 June 18 
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Phosphorous was determined by the Table 3. Crude protein, calcium, phosphorous, and potassium concen- 
vanadate-molybdate-yellow method described by Chapman trations (%) in crested wheatgrass for five phenological stages of 
and Pratt (196 1). growth, and harvest dates for 3 years, Archer Substation, Wyoming. 

Data on herbage yield, crude protein, and mineral 
concentration of the crested wheatgrass were analyzed by 
analysis of variance, and Duncan’s Multiple Range Test for 
significant differences was applied at the 5% probability level. 
Correlations between herbage yields and crude protein, and 
the mineral constituents were determined. 

Year and Year 
constituent Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 mean 
Crude protein 

1965 27.9a’ 
1967 20.3b 

23.7a 19.ga 14.7a 11.5a 19.5a 

1969 21.9b 
18.8b 15.lb 12.6ab 9.ga 15.3b 
17.0b 13.lb 10.8b 9.8a 14.5b 

Average 23.3a 19.8b 16.0’ 12.7d 10.4e 
Calcium 

1965 .46a .36a .35a .31a .22a .34a 
1967 .2gc .30b .26b .2ga .20a .27b 
1969 .37b .38a . 3oab .28a .26a .32a 

Average .37a .35ab .31C .2gc .23d 
Phosphorous 

1965 .26a .21a .24’ .23a .21a .23a 
1967 .22a .22a .22a .23a .18b .21a 
1969 .2ga .25a .23a .20a .17b .23a 

Average .26a .22b .23b .22b .lgc 
Potassium 

1965 2.51a 2.27a 2.00a 1.93a 1.54a 2.05a 
1967 1.61c 1.70b 1.68a 1.80a 1.41a 1.64b 
1969 2.10b 1 .87b 1.58a 1.63a 1.09b 1.66b 

Average 2.07a 1.95b 1.76d 1.7gc 1.35e 

i Numbers with the same letter are not significantly different at the 5% 
level. 

Results and Discussion 

Herbage Yields 

It is generally assumed that soil and air temperatures, and 
amount and distribution of precipitation, influence herbage 
yields in the early spring. Cheyenne air and soil temperat ures 
were low before the first harvest date, and precipitation was 
erratic. Usually, as the season progress&, soil and air 
temperatures increase; then precipitation and plant nutrients 
become limiting for herbage production. 

Herbage yields varied among years for the five harvest 
dates. During April 1965, only 0.22 inch of rain fell, and from 
May 1 to 13,0.53 inch of precipitation was received. Thus, for 
the first three harvest dates in 1965 herbage yields were low. 
Favorable precipitation during April, May, and June 1967 was 
reflected in the high herbage yields for all harvest dates (Table 
2). The crested wheatgrass responded to the above-average 
precipitation during the first two harvest dates of 1969, but 
precipitation amounted to only 0.44 inch between the second 
and fourth harvest dates, and crested wheatgrass growth nearly 
stopped between the third and fifth harvests. Most 
precipitation was received between the fourth and fifth harvest 
dates after the crested wheatgrass had attained most of its 
growth. Thus precipitation was poorly distributed in 2 of the 3 
years. Herbage yields differed significantly between years for 
the fir#, second, and fifth harvests. Significant differences in 
mean herbage yields among harvest dates are shown in Table 3. 
A significant year X harvest date interaction indicated that 
these two variables are not independent of each other in 
determining herbage yields. Correlation coefficients of element 
concentration with herbage yields showed that only calcium 
was significantly correlated P > 0.05. The correlation was 
negative, r = -0.70, showing that calcium concentration 
declined in the plant tissue as herbage yield increased. 

Crude Protein and Mineral Concentration 

Crude protein in the harvested plant material ranged from 
9.8% to 27.9% among harvest dates (Table 3). The average 
percent crude protein declined significantly with each 
successive harvest date; however, the level in the crested 
wheatgrass during the five harvest dates was sufficient for most 
classes of sheep and beef cattle (National Research Council, 
1968, 1970). The interaction of years X harvest dates on 

Table 2. Annual and April, May, and June precipitation (inches) for 
the 196569 period, and the 49-year average at the Archer Substation, 
Wyoming. 

Year Annual April, May, June 
1965 16.39 8.58 
1966 10.41 3.10 
1967 16.54 9.93 
1968 15.85 9.49 
1969 13.98 5.74 

5-year average 14.63 7.37 
49-year average 14.67 6.65 

percent crude protein was significant, as expected, because the 
crude protein declined with maturity. 

The Atlas of Nutritional Data on United States and 
Canadian Feeds, published by the National Academy of 
Sciences (197 1) shows nutritional values for crested 
wheatgrass. They are shown for six stages of growth ranging 
from immature to mature, but the species name is lacking. 
Table 1 attempts to show the phenology of the crested 
wheatgrass for the five harvest dates used in this study. 
Phenology of the crested wheatgrass was not determined at the 
time of harvest, and since the stage of growth varies with 
years, it was difficult to put a specific stage of growth for the 
last two harvest dates. Thus it was assumed that the immature 
stage of growth is comparable to the third harvest date or the 
boot stage reported here, and early bloom to full bloom is 
similar to the fifth harvest date. The average crude protein of 
the crested wheatgrass at the immature stage was reported to 
be 19.2% (National Academy of Sciences, 1971), and an 
average of 16% was obtained for the grass from the Archer 
Substation. At the boot or immature stage of growth the crude 
protein varied from 13.1% to 19.9% indicating the 
phenological development varied with years. At the fifth 
harvest date or early bloom to full bloom growth stage the 
crude protein was reported as 15.5% for early bloom and 8.7% 
for full bloom or an average of 12.4%. At the Archer 
Substation, crude protein of the grass varied from 9.8% to 
11.5% for an average of 10.4%, thus indicating that the crested 
wheatgrass at the Archer Substation may have been harvested 
at mid to full bloom. Overall, the crude protein values 
expected and obtained were somewhat comparable for these 
two stages of growth. 

Calcium aid potassium concentrations of the forage varied 
significantly with years, but phosphorous did not (Table 3). 
Apparently, changes in weather did not significantly affect the 
phosphorous co&entration of crested wheatgrass at the 
Archer Substation. Amounts of the three macronutrients 
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differed significantly among harvest dates, with the amounts 
being lowest at the fifth harvest and highest at the first 
harvest. 

Sheep require between 0.22% and 0.34% calcium (National 
Research Council, 1968). For beef, high energy finishing 
ration should contain at least 0.22% calcium, and all other 
rations at least 0.18% (National Research Council, 1970). The 
calcium concentration of the crested wheatgrass herbage was 
more than adequate at all harvest dates for beef cattle, but low 
for sheep in 2 out of the 3 years on the fifth harvest date. 

At the third harvest date, the immature or boot stage of 
growth, the 0.31% average calcium concentration in the 
crested wheatgrass at the Archer Substation was 26% less than 
the 0.42% reported in the Atlas of Nutritional Data on United 
States and Canadian Feeds. Calcium concentrations for the 
early bloom and full bloom stage of growth was reported at 
0.32% and 0.26%, respectively, or an average of 0.24% in the 
Atlas. At the Archer Substation, calcium concentration 
averaged 0.23% or nearly the same for this stage of growth. 

The phosphorous concentration of the herbage declined 
significantly with maturity, although there were no significant 
differences in phosphorous concentrations of the herbage 
between the second and fourth harvests. Phosphorous 
requirement for sheep ranges from 0.16% to 0.2 1% but 
“ . . . forage containing below 0.16% phosphorous is usually 
considered deficient for ewes during gestation, and 0.20% is 
borderline during lactation ” (National Research Council, 
1968). The phosphorous requirement for beef cattle is 
reported to be 0.16% for dry, pregnant, mature cows (National 
Research Council, 1970). 

Phosphorous concentrations in the crested wheatgrass at 
the third harvest date or immature stage of growth averaged 
0.23% at the Archer Substation; the Atlas of Nutritional Data 
on United States and Canadian Feeds shows the phosphorous 
concentration for that stage at 0.26%. Phosphorous values 
shown in the Atlas for the early bloom and full bloom stages 
of growth were 0.27% and 0.16%, respectively; at the Archer 
Substation, phosphorous concentrations averaged 0.19%. 

Potassium concentrations of the crested wheatgrass herbage 
ranged from a high of 2.5 1% to a low of 1.09%. The highest 
concentrations of potassium was associated with the lowest 
forage yield at the first harvest date. Potassium concentration 
declined significantly with maturity. Means for 1967 and 1969 
did not differ, indicating that the concentration of potassium 
may not be influenced by a wet or a dry spring. The NRC has 
not established a minimum potassium requirement for sheep, 
but suggests 0.6% to 0.8% for growing and finishing steers. 

Crude protein and cumulative mineral concentrations of the 
crested wheatgrass herbage in pounds per acre are shown in 
Table 4. The minerals increased between the first and fourth 
harvest date, then remained constant between the fourth and 
fifth harvest date probably as a result of plant maturation. 
Minerals and crude protein accounted for 26% of the average 
herbage yield on the first harvest date, but for only 12% on 
the fifth harvest date. Thus lignin, cellulose, and other 
constituents accounted for 88% of the total herbage by the 
fifth harvest date. 

Table 4. Average cumulative crude protein and minerals in pounds per 
acre for five phenological stages of growth and harvest dates, Archer 
Substation, Wyoming.’ 

Measurement Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 

Herbage yields’ 162.0d 235.0d 372.0’ 605.05 801.0a 3 
Crude protein 37.7 46.5 59.5 76.8 83.3 
Calcium .6 .8 1.1 1.7 1.8 
Phosphorous .4 .5 .9 1.3 1.5 
Potassium 3.3 4.6 6.5 10.8 10.8 

Total crude protein 
and minerals 42.0 52.4 68.0 90.6 97.4 

’ Average of 3 years. 
2 Air dried plant material average for 3 years. 
3Means with same letter are not significant at the 5% level. 

Phenological development of the crested wheatgrass was 
influenced by precipitation, and minerals decreased 
proportionately with plant maturity. Mineral concentration in 
the herbage varied inversely with yields. Above-average 
April-May-June precipitation during 1967 resulted in more 
herbage and a greater uptake of calcium per acre, but the 
concentration of calcium was higher per unit of dry matter 
during the dry spring of 1969. The uptake of phosphorous and 
potassium per acre was greater per unit of dry matter during a 
wet spring (1967) than a dry spring (1969), except for the first 
two harvest dates. Crude protein and levels of macronutrients 
declined with plant maturity. Crested wheatgrass at the Archer 
Substation should have crude protein and macronutrient levels 
similar to those in crested wheatgrass grown in other areas at 
comparable stages of growth. 

From a nutritional standpoint grazing of crested wheatgrass 
in southeastern Wyoming should be between the immature and 
full bloom stage as the minerals and crude protein decline 
rapidly with plant maturity. When used for hay, crested 
wheatgrass should be harvested no later than the full bloom 
stage of growth for best combination of yield, protein, and 
mineral cant ent . 
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Soil Texture and Planting Depth Influence 

Buffelgrass Emergence 

J. L. MUTZ AND C. J. SCIFRES 

Highlight: Seedling emergence and vigor of buffelgrass 
(Cenchrus ciliaris L.), an introduced species with widespread 
adaptability for revegetation in South Texas, were regulated 
by soil texture and planting depth. Seedling establishment rate 
generally was highest from surface plantings and decreased 
with increasing planting depth to 24 mm. Percentage 
emergence was lower in clay than in clay loam or sandy clay 
loam. Based on total emergence and seedling vigor, optimum 
planting depths in clay loam, and sandy clay loam soils were 6 
to 12 mm. In clay soil, the optimum depth was 6 mm. The 
probability of successful seedings may be increased by 
considering the specific planting requirements of buffelgrass 
based on soil characteristics rather than a generalized depth 
disregarding edaphic factors. 

The initial step in a range improvement program in South 
Texas often is control of undesirable species through various 
weed and brush control practices. Revegetation with 
introduced species is also included in many improvement 
programs following weed and brush control. Species such as 
Rhodesgrass (Chloris gayana Kunth), Kleberg bluestem 
(Andropogon annulatus (Forsk.) Stapf), blue panicgrass 
(Panicum antidotale Retz.), and buffelgrass (Cenchrus ciliaris 
L.) have been established with varying degrees of success. 

The South Texas Plains include over 8 million ha of level to 
gently rolling land most of which is utilized as rangeland 
(Gould, 1969). Soils range from loose sands to fine clays 
(Carter, 1958) and vary greatly in chemical and physical 
properties. These variations strongly influence species selection 
for seeding. Disappointing results have often been the 
consequence of incorrect seeding techniques, improper 
seedbed preparation, and use of species not adapted to local 
climatic and edaphic conditions. 

Of several introduced grasses adapted to the South Texas 
Plains for revegetation following mechanical brush control, 
buffelgrass apparently is the best suited to the wide range of 
environmental conditions (Mutz, 1974). Primary methods of 
planting buffelgrass include drilling and broadcasting the seed 
aerially or with exhaust seeders during mechanical brush 
removal. Specific information on planting depth for 
buffelgrass on South Texas Plains soils is limited. 
Recommended planting depth for other grasses vary according 

Authors are range research technician and associate professor, 
Department of Range Science, Texas A&M University. 

Published with approval of the Director, Texas Agr. Exp. Sta., as 
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to species and soil types. Anderson (1956) found the 6 to 
12-mm depth to be optimum for planting several native Texas 
grasses. Brozostowski and Owens (1966) reported a good stand 
of buffelgrass from planting 12 mm deep on red sandy loam 
soil of East Africa. 

A depth of planting study was conducted in a greenhouse 
to determine 1) the optimum seeding depth for buffelgrass 
emergence from three soil types and 2) the influence of soil 
texture and planting depth on seedling vigor. 

Materials and Methods 

Sandy clay loam, clay loam, and fine clay soils from 
rangeland of the eastern South Texas Plains were utilized 
(Table 1). The sandy clay loam was from the Hidalgo series, a 
member of the fine-loamy, mixed, hyperthermic family of 
Typic Caliustolls. The clay loam was from the Clareville series, 
a member of the fine, mixed, hyperthermic, family of Pachic 
Argiustolls. The fine clay was from the Victoria series, a 
member of the montmorillonitic, hyperthermic family of Udic 
Pellusterts. 

Soils were neutral to slightly basic in reaction (Table 1). All 
contained high levels of calcium (usually > 2,500 ppm) and 
potassium (usually > 210 ppm). Soils were low in phosphorus 
(usually < 1 ppm) and available nitrogen. These soils are 
typical of South Texas Plains where revegetation with 
buffelgrass is practical. 

Twenty live buffelgrass caryopses were planted at 0, 6, 12, 
and 24 mm deep in each of the soils. Each planting depth was 
replicated five times in each soil. Two experiments, designed as 
randomized complete blocks arranged as split plots, were 
conducted with soils constituting the main plot effect and 
planting depths as subplots. 

Number of seedlings per pot was recorded daily for 7 
consecutive days after first emergence and at 30 days after 
emergence. Mean differences in number of seedlings after 30 
days were separated using Duncan’s New Multiple Range Test. 
Regression analysis was utilized to estimate emergence rate 
(%/day) under th e various treatments. 

At 30 days after first emergence, number of leaves per 
seedling, average culm length, and oven-dry production of top 
growth per pot were recorded. Homogeneity of data between 
the experiments was tested by conducting analyses with 
effects of experiments as a source of variation. Since no 
significant difference in data variability existed between the 
two experiments, data were pooled for ease of presentation. 

In a separate study caryopses were planted 2.5, 5, and 7.5 
cm deep in sandy clay loam soil. After 30 days, seedlings 
emerged were counted and washed from the soil to observe 
extent of top growth and root development. 
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Particle size analysis was conducted by method of 
Bouyoucos (Foth and Turk, 1972). Chemical analyses were 
performed by the Soil Testing Laboratory, Texas A&M 
University, on duplicate composite samples of each soil. 

1.6 

Results and Discussion 

Emergence rate of buffelgrass seedlings was strongly 
influenced by soil texture (Fig. 1). Initial emergence was 
always greatest from surface seedings and generally decreased 

1.4 

Table 1. Textural components (%) and pH of soils utilized in the study 
of buffelgrass emergence from various planting depths. 

Textural class PH 

Clay 7.7 
Clay loam 7.3 
Sandy clay loam 7.6 

Textural components 

Sand Silt Clay 

8 27 65 
45 26 29 
75 5 20 

Table 2. Percentage buffelgrass seedlings emerged 30 days after first 
emergence when planted at four depths (mm) in three soils in the 
greenhouse.a 

.2 

Soil textural class 

Sandy Sandy Depth 
Planting depth Clay clay loam loam mean 

0 40 cd 39 c 38 c 39 r 
6 38 c 50 e 63 f 50 s 

12 20 b 54 ef 62 f 45 rs 
24 10a 49 de 54 ef 38 r 

Soils mean 27 x 48 Y 54 Y 43 

“Means followed by the same letter are not significantly different at 
the 95% level. 

0 6 12 24 

Depth of Planting (mm) 
Fig. 1. Emergence rate of buffelgrass after planting caryopses 0, 6, I2 

or 24-mm deep in clay (c), sandy clay loam (scl) or sandy loam (~1) 
soil. 

Table 3. Average culm length (cm) of buffelgrass seedlings 30 days 
after emergence from three soils in the greenhouse.a 

Soil textural class 

Sandy Sandy Depth 
Planting depth Clay clay loam loam mean 

0 15.5 e 7.9 b 7.2 a 10.2 s 
6 20.7 f 8.7 bc 8.1 ab 12.5 t 

12 15.4 e 7.7 ab 7.1 a 10.1 s 
24 10.9 d 7.0 a 6.4 a 8.1 r 

Soils mean 15.6 y 7.8 x 7.2 x 10.2 

aMeans followed by the same letter are not significantly different at 
the 95% level. 

with increasing planting depth (Fig. 1). Optimum depth of 
planting, based on total emergence after 30 days and averaged 
across soils, was 6 to 12 mm (Table 2). Surface plantings and 
seeding at the 24-mm depth usually decreased the percentage 
of seedlings emerged. However, a few seedlings emerged from 
caryopses planted over 5 cm deep in sandy clay loam soil (Fig. 
2). 

Depth of planting significantly affected seedling growth 
(Tables 3 and 4). Thirty-day-old seedlings from caryopses 
planted below the optimum depth showed reduced vigor. 
Average culm length was greatest with seedlings from the 
6-mm depth and least from planting 24-mm deep (Table 3) but 
seedling production was greatest from the 0 to 6-mm deep 
plantings (Table 4). 

Table 4. Oven-dry weight (mg/pot) produced by buffelgrass seedlings 
30 days after emergence from three soils in the greenhouse.a 

Soil textural class 

Sandy Sandy Depth 
Planting depth Clay clay loam loam mean 

0 103.8 e 85.6 d 68.9 bc 89.1 rs 
6 141.3 f 97.9 de 63.0 bc 100.7 s 

12 70.1 c 92.3 d 61.9 abc 74.7 r 
24 55.6 a 89.5 d 55.6 ab 66.9 r 

Soils mean 92.7 y 91.3 y 62.4 x 82.1 

aMeans followed by the same letter are not significantly different at 
the 9 5% level. 

Average emergence percentage after 30 days was higher 
from the sandy clay loam and sandy loam than from the clay 
(Table 2). Although fewer seedlings usually emerged from the 
clay, they were longer than those from the lighter-textured 
soils (Table 3). Due to relatively larger seedlings from the clay, 
oven-dry production was equivalent to that in the sandy clay 
loam where a higher percentage of emergence occurred (Table 
4). Least top growth was produced by buffelgrass seedlings in 
sandy loam soil probably due to a less favorable nutrient 
balance. Available nitrogen was apparently low since seedlings 
from the sandy loam typically were slightly chlorotic. 

Although the influence of soils and of depths as 
independent factors were readily isolated, the optimum depth 
of planting varied slightly among soils. Optimum depths of 
seeding in the clay soil were 0 and 6 mm (Table 2). However, 
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Fig. 2. Comparative development of buffelgrass seedlings planted at 
various depths in sandy clay loam in the greenhouse. 

utilized in shoot elongation as planting depth is increased. Less 
energy is available for initial vegetative growth, resulting in a 
seedling of low vigor. Culm length was not affected by 
planting depth in the sandy loam soil (Table 3). However, in 
the sandy clay loam, there was a trend toward decreasing culm 
length with planting depths greater than 6-mm. 

Buffelgrass has gained wide popularity as a forage species 
for livestock operations in South Texas. It can be utilized 
effectively in conjunction with native range, has relatively high 
quality forage production potential, and can afford additional 
revenue through sale of seed. Buffelgrass has become a 
common component of roadside vegetation. This indicates 
potential to establish from surface seedings. However, our data 
indicate some seed cover is necessary for optimum emergence 
regardless of soil type. General planting depths of 6 to 12 mm 
may be used for seeding buffelgrass, but greatest probability 
for success will result from adjusting seeding depth to soil 
texture. 

seedling emergence was not different among the 6, 12 or 
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Table 1. The control (%) of established Table 2. The control (%) of horehound by 
horehound plants by various herbicides various rates (lb/acre) of 2,4-D and silvex 

Treatment’ 

Rate Initial 1 year 
Herbicide (lb/acre) control2 Control 

Treatment’ 

Herbicide Rate Control2 
2,4-D ester 1% 55 bc 
2,4-D ester 1 69 bc 
2,4-D ester 2 95 a 
2,4-D amine 1 82ab 
2,4-D oil soluble amine 1 45 c 
Silvex ester 1 68 bc 
Silvex ester 2 95 a 
’ Plots were sprayed May 14, 1973. Bu- 

toxyethanol ester, diethanol amine, and 
oil soluble amine (dodecyl and tetradecyl 
amine mixture) formulations were used. 
The top 4 inches of soil was dry but there 
was good moisture deeper. Air temperature 
was 21°C and relative humidity was 85%. 
Horehound plants were 12 inches tall and 
blooming at time of spraying. 

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

2,4-D 
2,4-D 
Silvex 
Silvex 
Dicamba 
Dicamba 
Picloram 
Picloram 
Amitrole 
Amitrole 

2 
l/z 

2 
4 

96a 98a 
97a 98a 
95 a 84 ab 
99a 98a 
20 c 55 b 
52b 70 b 
30 bc 62 b 
52 b 86 ab 
29 bc 76 ab 
52b 66 b 

’ Plots were sprayed May 8, 1972. The 
formulations used were the butoxyethanol 
ester of 2,4-D and silvex, dimethylamine 
salt of dicamba and the potassium salt of 
picloram. Soil moisture at spraying was 
only fair and soil temperature was 24’C 
and relative humidity was 45%. Horehound 
plants were 8 to 12 inches tall and bloom- 
ing at time of spraying. 

2 Initial control readings were taken July 24, 
1972, and 1 year control readings were 
taken May 14, 197 3. Control means fol- 
lowed by the same letter are not signifi- 
cantly different at the 5% level. 

Analysis of variances were cal- 
culated on weed control ratings and 
seed germination. Differences were 
separated according to Duncan’s 
Multiple Range Test. 

Results 

Herbicide Effectiveness 

Both 2,4-D [(2,4_dichlorophenoxy) 
acetic acid] and silvex [2-(2,4,5-tri- 
chlorophenoxy) propionic acid] gave 
excellent initial control of the hore- 
hound plants. There was no significant 
difference between 2,4-D and silvex, 
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Fig. 3. The germination of horehound seed 
collected in the fall after maturity and 
placed at five constant germination 
temperatures. The germination at these 
temperatures was recorded every 5 days 
for 25 days. 

nor between 2 and 4 lb/acre rates 
(Table 1). Initial control with picloram 
(4- amino- 3 , 5 ,6 - t r i- 
chloropichloropicolinic acid) at 1 
lb/acre and dicamba (3,6-di- 
cworo-o-anisic acid) at 2 lb/acre was 
fair; whereas, control with dicamba at 
1 lb/acre and amitrole (3-amino-s-tri- 
azole) at both 2 and 4 lb/acre rates 
was poor. Control of established plants 
one year after spraying was better 
generally with all treatments. Control 
with 2,4-D at both the 2 and 4 lb/acre 
rates and with the 4 lb/acre rate of 
silvex was 95% one year after treat- 
ment. 

Further evaluation of 2,4-D and 
silvex in 1972 indicated the 2 lb/acre 
was needed for maximum control 
(Table 2). Reducing the rate of the 
ester formulations to 1 lb/acre resulted 
in a significant decrease in control. 
Formulations of 2,4-D also had an 
effect on control (Table 2). Three 
formulations were compared at the 1 
lb/acre rate. The diethanol amine was 
significantly better than the oil soluble 
amine. The ester was intermediate in 
acitivity. 

Seed Germination 
The majority of the seeds were 

dormant at sampling with less than 
35% of the seed germinating at any of 
the temperatures (Fig. 3). Essentially 
no germination occurred at the 20 and 
14’C temperatures, and less than 10% 
germinated at the 3O’C. Germination 
at 18, 22, and 26°C were comparable 
with a leveling off of 25 to 30% 
germination at 15 days. 

The germination was increased 
significantly by 1 month of storage 
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Fig. 4. The effect of storage time and 
condition on germination of horehound 
seed. 

(Fig. 4). The best storage condition for 
breaking dormancy was the cold wet 
storage where 78% germination 
resulted after a l-month storage. It 
took 3 months of dry storage at 26°C 
before germination increased to 80% 
and 4 months to reach this level of 
germination when seeds were stored 
dry at 0°C. 

Discussion and Conclusions 

The calyx seed cluster of 
horehound readily sticks to the wool 
of sheep and other animals and has 
resulted in horehound being 
distributed in many of the 
sheep-raising areas of the world. Both 
established plants and new seedlings 
can be controlled readily with 2 
lb/acre of 2,4-D or silvex (applied in 
May when established plants were 
blooming). Respraying will be required 
to keep horehound controlled since 
seedling plants were noted in most 
plots one year after the control of 
established plants. 
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Control of Aspen and Prickly Rose 

in Recently Developed Pastures 

in Saskatchewan 

G. G. BOWES 

Highlight: Two consecutive yearly applications of 2,4-D 
and 2,4-D plus 2,4,5-T (2:l) at 2 lb/acre gave good control of 
aspen (Populus tremuloides Michx.) for 5 years in 
Saskatchewan. There was virtually no regeneration of new 
shoots from parental root stocks by the third year after the 
inititrl treatment. Control of prickly rose (Rosa acicularis 
Lindl.) was erratic with 2,4-D plus 2,4,5-T at 2 lb/acre, but the 
mixture was needed when both woody plants were present. 

Aspen (Pupuhs tremuloides Michx.) is the dominant 
species in the aspen parkland in Saskatchewan. The parkland 
buffers the prairie to the south and the coniferous forest to 
the north. During the last 5 years, an average of 16 to 20,000 
acres per annum in the aspen parkland were cleared of trees 
and are now being used for the grazing of cattle. Aspen poplar 
can reproduce vegetatively by root suckering, collar or basal 
sprouting, and stump (above root collar) sprouting. The rate of 
regeneration increases following a disturbance. The method 
commonly used for tree removal, i.e., bulldozing, piling, and 
burning of brush, leaves sufficient roots in the soil to permit 
rapid re-establishment of the plant. Aspen has some forage 
value, but when it reaches the mature stage and develops a 
closed canopy there is at least a three-fold reduction of forage 
(Johnston and Smoliak, 1968). Prickly rose (Rosa acicularis 
Lindl.) is another species which is very prevalent in areas 
recently converted from parkland. It occurs mainly on the 
drier sites. 

Present recommendations indicate that prickly rose and 
aspen can be controlled with 2,4-D plus 2,4,5-T (2:l) at 2 
lb/acre and 2,4-D at 2 lb/acre, respectively. However, there is 
little information on the length of time that control can be 
expected after herbicide application. Two tests were 
conducted from 1967 to 1970 to evaluate combinations of 
herbicides for long-term control of aspen and prickly rose. 

Methods and Materials 

The experimental site was located 120 miles northeast of 
Regina, Sask., on section 15, township 28, range 9, west of the 
2nd meridian. Soil was classed as a Waitville loam (Mitchell et 
al., 1944). The average precipitation recorded at the nearest 
weather station 25 miles away was 17 inches with 11 inches 
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occurring during the growing season (Anonymous, 1972). A 
solid stand of aspen was bulldozed and piled during the winter 
of 1964-65. The area was disced twice with a heavy duty 
serrated disc drawn by a crawler-tractor and was seeded with a 
double disc drill to a mixture of alfalfa (Medicago sativa L.) 
and bromegrass (Bromus inermis Leyss.) during the summer of 
1965. This resulted in a satisfactory stand of forage, but 
discing did not kill all of the roots so both aspen and prickly 
rose were rapidly re-establishing in the area at the time of 
herbicide application. The area was grazed during 1966 but 
not between 1967 and 1972. 

Both the 1967 and 1969 tests were designed as randomized 
complete blocks and were replicated five times. All plots were 
6.4 x 9.1 m in size. Untreated check plots were included in all 
tests. Evaluation of weed control was accomplished by 
counting the number of live shoots in the plots before 
herbicide treatment and the number surviving after herbicide 
application. Results were expressed as percentage decrease in 
the number of live stems. Six permanent quadrats each 1.5 x 
4.0 m were located in each plot in the 1967 test and three 
quadrats each 1.5 x 6.0 m were similarly located in the 1969 
test. The number of new aspen shoots that emerged from 
below ground during 1968 and 1969 in the 1967 test were 
recorded for each of the permanent quadrats. These were 
included in the estimates of aspen shoots surviving herbicide 
treatment. Final evaluation of both tests was made in 1972 by 
estimating the percentage of aspen and prickly rose canopy 
cover on each plot. Cover for each plot was estimated 
according to the classification system adapted by Trepp and 
quoted in Brown (1954). The cover classes were as follows: up 
to l.O%, 1.0 to 9.9%, 10.0 to 24.9%, 25.0 to 49.9%, 50.0 to 
74.9%, and 75.0 to 100.0%. The mid-points of the classes for 
the replicates were averaged for each herbicide treatment. 
Several extreme values in the data make the standard statistical 
procedures difficult to apply. Furthermore, meaningful 
conclusions are apparent from the results without resorting to 
specific tests. Hence, statistical procedures are not discussed. 

All herbicides were applied during the optimum time for 
spraying aspen as soon as possible after full leaf expansion 
(Friesen et al., 1965). The dates were June 7, 1967; June 9, 
1968; and June 19, 1969, for the first test and June 17, 1969, 
for the second test. 

Herbicides and rates used were the butyl esters of 2,4-D 
(2,4-dichlorophenoxyacetic acid) at 2 lb/acre, the iso-octyl 
ester of 2,4,5-T (2,4,5-trichlorophenoxyacetic acid) at 0.6 
lb/acre, a mixture of the iso-octyl ester of 2,4-D plus 2,4,5-T 
(2:l) at 2 lb/acre, and a mixture of the butyl esters of 2,4-D 
plus 2,4,5-T (2:l) at 2 lb/acre. All herbicides were applied in 
water at 6 gpa with a small compressed air knapsack sprayer in 
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Table 1. Pretreatment densities, reduction of aspen shoots and canopy cover following applications of herbicides in 1967 and 1968 or 1969. 

Treatment 

1. check 

2. butyl esters of 2,4-D 
followed by iso-octyl ester of 
2,4-D + 2,4,5-T (2:l) 

3. butyl esters of 2,4-D 
followed by iso-octyl esters of 
2,4,5-T 

4. butyl esters of 2,4-D 
followed by iso-octyl ester of 
2,4-D + 2,4,5-T 

5. butyl esters of 2,4-D 
followed by iso-octyl ester of 
2,4,5-T 

Application 
rate 

(lb/acre) 

2.0 

2.0 

2.0 

0.6 

2.0 

2.0 

2.0 

0.6 

Year 
sprayed 

1967 

1968 

1967 

1968 

1967 

1969 

1967 

1969 

Density 
1967 

(shoots/m’) 

1.3 

1.9 

1.6 

1.4 

1.7 

Decrease in live 
numbers (%) stem 

1968 1969 1970 

9 10 29 

75 

99 95 

79 

96 90 

69 72 

80 

77 76 

79 

Cover 
1972 
(%) 

33.5 

0.3 

0.4 

0.5 

3.5 

wind speeds of less than 15 mph which did not appear to 
affect the results. 

Results 

When the study was initiated in 1967, the density of aspen 
ranged from 1.3 to 1.9 shoots/m2 (Table 1). A relatively 
uniform stand of aspen regrowth was present because disc and 
bulldozer operations had spread pieces of root throughout the 
area. 

Aspen shoot density declined from 1.3 shoots/m2 in 1967 
to 1.2 shoots/m2 in 1969. Of the shoots alive in 1969, only 
1 .O shoots/m2 had been present in 1967. By 1969, there had 
been a reduction of 33% in the original population due to 
causes other than herbicides. 

The initial application of 2,4-D at 2 lb/acre gave a 69 to 
79% reduction in the population of aspen shoots 1 year after 
treatment (Table 1). A further reduction in the shoot number 
was obtained when phenoxy herbicides were applied in a 
subsequent year. Herbicide applications on 2 consecutive years 
gave more than 90% control but delaying retreatment for 2 
years gave only 80% control. However, 5 years after the start 
of the test, the canopy cover was much lower on all of the 
herbicide-treated plots than on the untreated plots. 

The density of prickly rose was reasonably uniform on each 

of the treated plots (Table 2) but the range for any permanent 
quadrat was from 0.3 to 13.5 shoots/m’. There was a natural 
increase in the population of prickly rose of 56% from 1967 to 
1969. 

Although there was a greater reduction in the number of 
aspen shoots with 2,4-D than with mixtures containing 2,4-D 
and 2,4,5-T, the small differences between the means indicated 
that 2,4-D was not vastly superior to the mixtures (Table 3). 
However, regardless of the chemical treatment applied there 
was excellent reduction of aspen cover 3 years after 
application. 

Discussion 

Most of the aspen regrowth occurs immediately after a 
disturbance but there is usually some regeneration each 
succeeding year (Strothmann and Zasada, 1962). The high 
mortality of shoots that grew following tree removal in the 
check plots (Tables 1 and 4) agreed with the results of Bailey 
(1972), Horton and Maini (1964), and Pringle et al. (1973). 

More of the aspen shoots growing in the area after the 
original stand had been disturbed were observed to come from 
underground roots than from seed. These shoots depend on 
the parent roots for sustenance for at least the first year of 
growth (Horton and Maini, 1964). Theoretically, repeated 

Table 2. Pretreatment densities, reduction of prickly rose shoots and canopy cover following applications of herbicides in 1967 and 1968 or 1969. 

Application Density 
rate Year 1967 

Treatment (lb/acre) sprayed (shoots/m’ ) 

1. check 4.6 

2. butyl esters of 2,4-D 2.0 1967 5.1 
followed by iso-octyl esters of 
2,4-D + 2,4,5-T (2:l) 2.0 1968 

3. butyl ester of 2,4-D 2.0 1967 4.5 
followed by iso-octyl ester of 
2,4,5-T 0.6 1968 

4. butyl esters of 2,4-D 2.0 1967 4.5 
followed by iso-octyl ester of 
2,4-D + 2,4,5-T (2:l) 2.0 1969 

5. butyl esters of 2,4-D 2.0 1967 4.6 
followed by iso-octyl ester of 
2,4,5-T 0.6 1969 

*There was a 56% increase in the number of prickly rose stems from 1967 to 1969. 

Decrease in live 

stem numbers (%) 
1969 1970 

-56* 0 

95 32 

98 15 

29 

72 

Cover 
1972 
(%) 

10.3 

8.9 

9.3 

15.3 

9.2 
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Table 3. Pretreatment densities, reduction of aspen shoots, and canopy Table 4. The number of new aspen shoots produced (per 100 m2) 
COWS following the application of herbicides in 1969. following herbicide application. 

Application Density Decrease in live Cover 
rate 1969 stem numbers 1972 

Treatment (lb/acre) shoots/m2) 1970 (%) (%) 
1. check 1.5 35 14.5 
2. butyl esters of 

2,4-D 2.0 1.2 80 1.3 
3. butyl esters of 

2,4-D + 2,4,5-T 
(2:l) 2.0 1.1 62 0.3 

4. iso-octyl esters of 
2,4-D + 2,4,5-T 
(2:l) 2.0 1.2 74 1.4 

5. Isooctyl ester of 
2,4-D + 2,4,5-T 
(1:l) 2.0 1.2 66 3.5 

Rate Year 

Number of aspen 
shoots produced 
during-the year 

Treatments (lb/acre) sprayed 1967 1968 

1. check 7 25 

2. butyl esters of 
2,4-D 2.0 1967 2 
iso-octyl ester of 
2,4-D + 2,4,5-T 2.0 1968 1 

3. butyl esters of 
2,4-D 2.0 1967 1 
iso-octyl ester of 
2,4,5-T 0.6 1968 1 

removal of aspen shoots should kill the plant by exhausting 
the supply of nutrient reserves. The majority of the aspen 
shoots were produced the year after the seeding, when 
according to Horton and Maini (1964) the nutrient reserves 
were obtained from the parent root. Herbicides were applied 
the second year after the forage was seeded. Applications of 
phenoxy herbicides on 2 consecutive years gave satisfactory 
control of aspen shoots. In the 1967 test, the number of aspen 
shoots emerging from below ground after the first herbicide 
treatment (1967) was similar in the treated and untreated 
plots (Table 4). However, two consecutive phenoxy herbicide 
treatments greatly reduced shoot emergency compared to 
plots that received a single application of 2,4-D at 2 lb/acre. 
Measurements were not recorded after the application of 
2,4,5-T or of 2,4-D plus 2,4,5-T in 1969 so the effect of two 
herbicide treatments applied every other year for the 
reduction of new aspen shoots is not known. However, 
consecutive yearly application of phenoxy herbicides was 
more effective than a single treatment for reducing the number 
of new aspen shoots. 

4. butyl esters of 
2,4-D 2.0 1967 2 7 

5. butyl esters of 
2.4-D 2.0 1967 2 7 

by a mixture of 2,4-D plus 2,4,5-T (2:l) at 2 lb/acre gave 95% 
reduction in the population of aspen for 3 years and effective 
control for at least 5 years. Reduction in the number of aspen 
shoots was 6 to 18% less from the application mixtures of 
2,4-D plus 2,4,5-T at 2 lb/acre than from the same rate of 
2,4-D. Prickly rose was controlled for 2 years with a mixture 
of 2,4-D plus 2,4,5-T (2:l) at 2 lb/acre. However, when both 
species are present, 2,4-D plus 2,4,5-T must be used and at 
least two treatments should be applied in consecutive years. 
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Influence of Soil-Water Potential 

on the Water Relationships of 

Honey Mesquite 

S. JOE EASTER AND RONALD E. SOSEBEE 

Highlight: Thermocouple psychrometry was used to 
measure soil and plant water potentials of honey mesquite 
growing under irrigated and nonirrigated field conditions. The 
trees growing on the irrigated area experienced more internal 
stress {average minimum water potential, -30.9 bars) than 
trees growing under nonirrigated conditions (average minimum 
water potential, - 19.4 bars). The water potential in the trees 
and transpiration rates adhered to a very distinct daily pattern. 
Minimum water potential occurred about noon in the trees 
growing on both sites. During the growing season, the average 
transpiration rate of the trees on the irrigated area was 9.59 X 
lo-’ g crne2 min-‘, while the average transpiration rate for 
those trees growing on the nonirrigated area .was 7. I.5 X 1 O-’ 
g cmm2 min-‘. The trees growing under irrigation produced 2 
times more foliage than the trees growing without irrigation. 
Consequently, the greatest amount of soil water depletion 
occurred under irrigation. The results of this study indicated 
that water loss via transpiration in honey mesquite growing in 
shallow soils or on upland sites (relatively dry situations) is not 
as great as the amount lost from trees growing on bottomland 
and on riparian sites. 

Mesquite (Prosopis) is an “undesirable” woody plant that 
occurs in many of the warm deserts of the world and 
reportedly (McGinnies and Arnold, 1939; Dwyer and 
DeGarmo, 1970) uses water inefficiently. Mesquite has been 
reported to be only half as efficient as olive (OZea europea), a 
true xerophyte, with reference to water loss (Bakke, 1915). 
Wendt et al. (1968) found that soil water level (0.1 to 15.0 
bars) had no significant influence on the transpiration rate of 
mesquite seedlings. Yet mesquite is able to survive during long 
periods of drought and in areas characterized by less than 15 
cm annual rainfall. Thus mesquite must be adapted to a broad 
range of soil water conditions. 

It is generally accepted that the physiological processes of a 
plant are markedly influenced by water stress (Beckett and 
Dunshee, 1932; Kozlowski, 1949; Stocker, 1960; Gates, 1964; 
and Hsiao, 1973). Seasonal growth responses of forest trees 
and most other woody vegetation are more sensitive to 
fluctuations in soil water than to any other environmental 
factor (Kramer and Kozlowski, 1960). Shimshi (1963) stated 
that stomata1 aperture, transpiration, and photosynthesis were 
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reduced as soil water content decreased. Slatyer (1957a) 
reported that transpiration could be slowed because of the 
effect of turgescence on stomata1 closure. 

Because transpiration is primarily a passive phenomenon, it 
does not necessarily cease at any particular stress level. It 
could be expected, however, that transpiration would be 
reduced at low water potentials because of stomata1 closure 
and decreased movement of water in the soil (Slatyer, 1957b). 

This study was designed to determine the influence of soil 
water potential on the water relationships of mature honey 
mesquite (R glandulosa Torr. var. glandulosa) and its influence 
on the soil-plant-atmosphere continuum. 

Materials and Methods 

The water relationships of honey mesquite were studied 
using 10 trees growing on an Amarillo fine sandy loam site on 
the Texas Tech University campus in Lubbock. A border dike 
was placed around the area (approximately 0.2 ha) containing 
half the trees. These trees were irrigated weekly to maintain a 
soil water potential of - 1.0 bar or more (less negative). Soil 
water potential more positive than - 1.0 bar could not be read 
accurately. Soil water conditions of the nonirrigated area were 
determined by the natural environmental conditions. 

Double-junction temperature compensated Spanner 
thermocouple psychrometers’ (Spanner, 195 1; Rawlins, 1966; 
Peck, 1969; Brown, 1970; Wiebe et al., 1971; and Easter and 
Sosebee, 1974) utilizing the Peltier effect, were used to 
measure the soil water potential at three locations in each area. 
The psychrometers were installed at depths of 15, 30, 45, 60, 
120, and 180 cm at each location. 

The Spanner thermocouple psychrometers were also used 
to determine the water potential at three different heights 
within each tree. A hole was drilled into the wood just inside 
the bark and the psychrometers were installed in contact with 
the current annual rings. Branch installations were placed in 
the axil of two branches as described by Wiebe et al. (1970). 
Silicone vacuum grease was used to prevent desiccation of the 
wood around the psychrometers. Polyurethane foam was used 
to insulate the psychrometers against fluctuations in ambient 
temperature and to secure them in position. The 
psychrometers were located within the trees to avoid exposure 
to direct sunlight. Measurement of the water potentials was 
obtained by using a semiautomatic thermocouple 
psychrometer readout meter (Schimmelpfennig, 1972). Prior 
t 0 installation, each thermocouple psychrometer was 
calibrated against standard solutions of 0.1, 0.5, 1 .O, and 1.5 
mol/kg KC1 at temperatures ranging from 10 to 40°C. 

Water potential measurements were made three to four 
times throughout the day from June 1 through August 24, 
1972. Simultaneously, leaf diffusive resistance was measured 

’ EMCO, Angola, Indiana 46703. 
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Fig. 1. Average soil-plant-atmospheric water potentbls (bars) at 
various times of day (June through August, 1972) for irrigated honey 
mesquite. 

using a diffusive resistance porometer (Kanemasu et al., 1969) 
from which transpiration rates were calculated according to 
van Bavel et al. (1965). Soil temperature, air temperature, leaf 
temperature, relative humidity, wind speed, and time of day 
were recorded at the time of each water potential and diffusive 
resistance measurement. 

These data were analyzed using a stepwise regression 
analysis in an attempt to determine the importance of the 
various environmental factors to the water relationships of 
honey mesquite. 

Result and Discussion 

A soil-plant-atmosphere water potential gradient was 
established within the trees growing under irrigation (Fig. 1). 
The water potential of the trees growing without irrigation did 
not conform to the expected continuum of decreasing free 
energy from the soil, through the plant, into the atmosphere. 
Rawlins et al. (1968) reported that plant water potential was 
always lower than water potential of the soil at 25 cm. 
However, on the nonirrigated area of this study, water 
potential of the trees was greater (less negative) than the soil 
(Fig. 2). Although the anticipated water potential gradient was 
not obtained within the trees growing without irrigation, this 
gradient was approached as the transpiration rate reached its 
daily peak. Similar water potential gradients from the soil 
through the plant have been reported by Rawlins (1964), Barrs 
(1966), and Taerum (1973). Most often the inverted water 
potential gradients have been attributed to psychrometric 
error. However, inverted water potential gradients of plants in 
relatively dry soil may exist (Taerum, 1973). 

Trees growing on both areas exhibited decreasing water 
potential with increasing height. The plant water potential 
gradients were similar to those found in Douglas fir 
(Pseudotsuga menziesii) and redwood (Sequoia sempervirens) 
by Scholander et al. (1965) and in juniper (Juniperus 
scopulorum Sarg.), elm (Ulmus pumila L.), Russian olive 
(Elaeagnus augustifolia L.), and maple (Acer glabrum Torr.) by 
Wiebe et al. (1970). 

Soil without irrigation attained a low water potential of 
approximately - 18.0 bars with no obvious physiological stress 
in the trees growing there. However, the trees on the irrigated 
site were often under greater internal stress than the trees on 
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Fig. 2. Average soil-plantatmospheric water potentials (bars) at 
various times of day (June through August, 1972) for nonirrigated 
honey mesquite. 

the nonirrigated site. The average minimum water potential in 
the trees growing on the irrigated site was -30.9 bars whereas 
the average minimum water potential obtained in the trees on 
the nonirrigated sites was - 19.4 bars. These results support 
those reported by Haas and Dodd (1972). Permanent wilting 
in honey mesquite apparently occurs at a water potential 
lower than the classical - 15.0 bars. 

Water potential in the trees was quite variable throughout 
the day. This variation was correlated with the time of day for 
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Fig. 3. Average leaf temperatures PC) and transpiration rates (g cm-= 
min-‘) at various times of day (June through August, 1972) for 
irrigated and nonirrigated honey mesquite. 
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all positions in the tree. Maximum stress occurred about noon 
in the trees growing with and without irrigation. Water 
potential of the soil was not correlated (r = .004) with the 
water potential in the trees. Similarly, Cary (1971), Haas and 
Dodd (1972), and Slatyer (1955) found that evaporative 
demands directly influenced plant water potential until a 
critical water potential in the soil was reached. Leaf resistance 
exhibited more influence on the water potential of trees 
growing on both the irrigated and the nonirrigated area than 
any other parameter measured. 

Environmental factors most influential (R = 0.61) on the 
leaf diffusive resistance of the trees growing under irrigation 
were atmospheric water potential, leaf temperature, and wind 
speed. Whereas, the leaf diffusive resistance of the trees 
growing without irrigation was influenced most (R = 0.64) by 
soil and leaf temperature and by soil water potential. The 
influence of atmospheric conditions on leaf diffusive resistance 
decreased as the soil water potential decreased. Transpiration 
rates (calculated from leaf diffusive resistance measurements) 
adhered to a very distinct daily pattern (Fig. 3). The average 
transpiration rate (June 1 through August 24, 1972) of the 
trees growing under irrigation (9.59 X lo-’ g cmw2 min-‘) 
was significantly greater than the average transpiration rate of 
the trees growing without irrigation (7.15 X lo-’ g cmm2 
min-‘). The soil on the irrigated site was never flooded to the 
exclusion of soil air except for a very brief period following 
irrigation. Childers and White (1942) found that flooding 
decreased transpiration rates of apple (Malus pumila) trees 
within two days after flooding. 
rates following-irrigation were as 

In our study, transpiration 
high as those the day before 

irrigation. Therefore, flooding had no detectable adverse 
effect. The trees growing under irrigation produced at least 
twice as much foliage as the trees growing without irrigation. 
Therefore, the amoun t of water lost via the honey mesquite 
trees growing on the irrigated site was substantially greater 
than the amount of water lost from the trees growing on the 
nonirrigated site. 

The results of this study indicated that the zone of the soil 
where the roots are most actively absorbing water is within the 
upper 60 cm since the transpiration rates of trees growing on 
the two areas were significantly different. The soil water 
potentials of the two areas were significantly different in the 
upper 60 cm. But, the water potential at 120 and 180 cm 
depths .approached field capacity; therefore, adequate soil 
water was available to the deeper roots on both areas. If the 
primary absorption zone of the roots was below 120 cm (e.g., 
tapping an underground water supply), the transpiration rates 
of trees growing on the two areas should have been similar. 

The results of this study also indicated that honey mesquite 
growing in shallow soils or on upland sites does not deplete the 
soil water supply as greatly as purported. However, when soil 
water is available, such as on bottomland and riparian sites, 
honey mesquite becomes an extravagant user as Wendt et al. 
(1968) suggested. 
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Response of Honey Mesquite to 

Method of Top Removal 

DARRELL N. UECKERT 

Highlight : Shredding stimulates regrowth of honey 
mesquite in the Rolling Plains of Texas compared to spraying 
the foliage with 2,4,.5-T, burning, and basal application of 
diesel or diesel + 2,4,5-T. Regrowth of shredded trees was 4.7 
times greater than that of trees sprayed with 2,4,5-T and 6.6 
times greater than that of trees previously burned. This 
information should aid ranchers in choosing initial control 
practices for honey mesquite which will maximize the time 
period before follow-up treatments will be necessary. 

Mechanical and chemical control of honey mesquite 
(Prosopis glandulosa Torr. var. glizndulosa) on southwestern 
rangeland is often considered unsatisfactory because an 
inadequate percentage of the population is killed, because of 
high costs, or because the treatment must be repeated in a few 
years. Aerially spraying honey mesquite in the Rolling Plains 
of Texas with 2,4,5-T (2,4,5-Trichlorophenoxyacetic acid) 
usually results in only 20 to 25% of the plants being “root 
killed” and is considered effective for only 3 to 5 years 
(Fisher, 1950; Fisher et al., 1972). Honey mesquite plants are 
very difficult to kill with prescribed burning unless they are 
very young or the aerial parts have been killed by previous 
treatment (Wright, 1972). Shredding results in little or no 
mortality of honey mesquite, while chaining is relatively 
ineffective on trees less than 13 cm in diameter (Weddle and 
Wright, 1970). Since top kill is the major effect of many of the 
conventional honey mesquite control practices, and since it is 
inevitable that follow-up practices will be necessary to control 
resprouts, it would be advantageous to know the relative 
influence of control treatments on the rate of resprout growth. 
This study was undertaken to determine if honey mesquite 
regrowth responds differently to different methods of top 
removal. 

Top killing of honey mesquite releases dormant buds on the 
stem base or root crown from apical dominance, and these 
buds rapidly produce new leaves and stems (Meyer et al., 
1971), resulting in prolific growth of multiple-stemmed, 
shrubby growth that often presents more difficult problems in 
management and control than the original single-stemmed, 
tree-type infestation (Scifres et al., 1974; Sosebee, 1974). 
Scifres and Hahn (1971) reported that 60% of the 7-day old 
honey mesquite seedlings tested survived and produced new 
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branches after top removal above the cotyledons. Foliar area 
was produced more rapidly on ciipped honey mesquite 
seedlings than on unclipped seedlings in the greenhouse. 
Wright and Stinson (1970) found that cutting honey mesquite 
trees at ground level at all seasons of the year reduced 
production of new leaves and stems at least 75% compared to 
uncut trees. Cutting in May, after the leaves had reached full 
size, reduced production more than at any other season. 
Scifres et al. (1974) found that range site and grazing systems 
affected rate of honey mesquite regrowth after aerial 
application of 2,4,5-T. Weddle and Wright (1970) and Sosebee 
(1974) have studied methods of control of honey mesquite 
resprouts following aerial spraying and shredding. 

Procedures 

The study was conducted on the Dalby Ranch, 16 km 
south of Post, Texas, in Garza County, using single-stemmed 
honey mesquite trees growing in a heavy clay soil. The 
dominant plants in the study area were honey mesquite and 
tobosagrass (Hilaria mutica (Buckl.) Benth.). The climate of 
the area is semiarid with a mean annual precipitation of 48 cm, 
about 70% of which‘falls between April and September. 

Honey mesquite trees on the study area were mostly 2 to 3 
m in height and 7 to 12 cm in diameter. Six treatments, 
including: (1) aerial spraying with the propylene glycol butyl 
ether esters of 2,4,5-T; (2) basal treatment of mesquite stems 
with diesel oil + 2,4,5-T; (3) basal treatment of mesquite stems 
with diesel oil; (4) burning with a diesel torch (simulated range 
fire); (5) felling at ground level with a chain saw (simulated 
shredding); and (6) girdling with a chain saw near the ground, 
were each applied to randomly selected groups of 10 trees in 
late June, 1970. The basal diameter of each tree was recorded, 
and all trees were permanently marked for future reference. At 
the end of the second growing season following application of 
treatments (October, 197 l), all honey mesquite regrowth from 
each tree was clipped at ground level, oven-dried in a 
forced-draft drying room at 70°C, separated into leaf and stem 
components, and weighed to the nearest gram. Leaf:stem 
ratios were calculated based on dry weight. The data were 
analyzed as a completely randomized design with covariance 
to determine differences between treatments for (1) total 
regrowth; (2) leaf biomass; (3) stem biomass; and (4) 1eaf:stem 
ratios. Basal tree diameters were used as the covariant in the 
analysis to eliminate variation due to tree size. Duncan’s 
multiple range test (LeClerg, 1957) was used where 
appropriate to separate treatment means. 

Results and Discussion 

Method of top killing honey mesquite significantly 
influenced rate of regrowth and 1eaf:stem ratios. Basal 
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Fig. 1. Regrowth of honey mesquite (g/tree) at the end of second 
growing season following top-removal by six methods. Mean values, 
indicated by bars, which have similar lower case letters are not 
significantly different (P < 0. IO). 

treatments with diesel or diesel + 2,4,5-T resulted in 90% root 
kill, hence very low mean values for regrowth (Fig. 1). Burning 
and foliar application of 2,4,5-T did not result in effective root 
kill of mesquite, and all trees had resprouted by the end of the 
second growing season following treatment application. 
Regrowth from burned or sprayed trees was not significantly 
different from those trees that had received basal treatments 
of diesel or diesel + 2,4,5-T. The biomasses of regrowth 
produced by burned or sprayed trees were not significantly 
different. Girdling resulted in significantly more regrowth than 
spraying, burning, and basal treatments with diesel or diesel + 
2,4,5-T, while shredding resulted in a much higher rate of 
regrowth than any of the other five treatments (Fig. 1). 

Shredding, burning, or girdling resulted in significantly 
higher mean ratios of leaves to stems than basal applications of 
diesel or diesel + 2,4,5-T (Table 1). Regrowth on trees that 
were sprayed with 2,4,5-T had intermediate 1eaf:stem ratios. 

These findings indicate that shredding in late June 
stimulates resprouting by basal buds of honey mesquite. 
Consequently, ranchers planning to use mechanical shredding 
as a honey mesquite control practice should expect to reapply 
maintenance control practices sooner, and perhaps more 
frequently, than if spraying with 2,4,5-T or burning are used. 
Wright and Stinson (1970) recommended shredding in 
mid-May in this area, when leaf growth of honey mesquite has 
terminated, to minimize the rate of honey mesquite regrowth. 
Ranchers should expect about the same rates of honey 
mesquite regrowth following spraying with 2,4,5-T and 
prescribed burning in March. Wright and Stinson (1970) 
reported that top removal of honey mesquite in March and 
late June results in equal rates of regrowth. 

Brush control treatments that significantly reduce the total 
leaf biomass and 1eaf:stem ratios should also result in lower 

Table 1. Mean 1eaf:stem ratios for regrowth of honey mesquite follow- 
ing top removal by six methods. 

Treatments Leaf:stem ratios’ 

Basal application of diesel + 2,4,5-T 0.017 a 
Basal application of diesel 0.130 ab 
Foliar application of 2,4,5-T 0.268 bc 
Girdle near soil surface 0.313 c 
Burn 0.316 c 
Shredding 0.410 c 

1 Means followed by similar lower case letters are not significantly 
different (P < 0.10). 

consumption of soil water by mesquite since transpiration rate 
and total water use by plants is proportional to total leaf 
biomass or leaf area. In this study, basal application of diesel 
or diesel + 2,4,5-T, burning, and spraying with 2,4,5-T resulted 
in significantly lower leaf production of honey mesquite than 
did shredding. Shredded trees produced over six times more 
leaf biomass than trees sprayed with 2,4,5-T and over eight 
times more than burned trees. This could be a very important 
factor in the grass-mesquite-soil water relationship, especially 
during years of below normal precipitation. 

Girdling is not a recommended control practice for honey 
mesquite since this species resprouts from the root crown. 
Girdling was effective in top killing mesquite but resulted in 
no root kill. Girdled trees were expected to respond similarly 
to shredded trees but produced only about half as much total 
regrowth as shredded trees (significant at P< 0.05). Shredded 
trees produced 2.3 times more leaf biomass and 1.8 times 
more woody regrowth than girdled trees. Leaving the old 
mesquite trunk intact undoubtedly reduces the rate of 
regrowth from buds in the basal crown area. 
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populations, the procedure specified by Morisita (i.e., D1 
formula, Appendix) gave estimates that were 33% to 52% 
higher than true density. When the average of the D1 and D2 
formulas was used, the estimate was within 20% of the actual 
density of all three populations. 

When the angle-order method is used, the density computed 
for each point and the total averaged for the entire area is the 
same as density computed for the whole area. Therefore, 
individual point densities, obtained from the average of the D1 
and Dz estimates, were used as single observations for 
computation of variance (Table 3). 

Corrected-Point-Distance Estimate 

This method (Batcheler, 1973) consistently gave estimates 
within 20% of actual population densities in all experiments. 
Three different methods were used that were designed to cope 
with differing patterns of dispersion and to explore some 
obvious possibilities of variations on the basic idea. The first 
technique, which measured distance from point to nearest 
plant and from there to nearest neighbor (rp and rn, 
Appendix), is evidently quite adequate for fescue tussock 
populations in which there is a negligible degree of clumping 
of plants within a primary pattern of aggregation. Further, 
when the density calculated by the rprn method is multiplied 
by the mean number of plants per clump, as was the case with 
Celmisia in the poor area, the estimate is good. Such estimates 
suggest that this variation is a suitable method of estimating 
populations comprised of an aggregated pattern (clumps of 
clumps), in which clumps are easy to delineate and members 
of each clump are easy to count. Otherwise, the method 
involving three measurements, point to nearest plant, from 
that to its neighbor, and from that neighbor to its nearest 
neighbor (rp, r,,, rm), must be employed. The estimate of 
Celmisia obtained in this way was 101% of true density. These 
results indicate that where the pattern is unknown before 
distance observations are made, rp, rn, and rm generally should 
be recorded.The correction based on Zr, (A*, Appendix) can 
be disregarded if it is about equal to Zr, (Batcheler, 1973). 

Time Required for Each Method 

Times required for the distance techniques tested and to 
count all plants in the 6 ft x 6 ft plots are summarized in 

Table 2. Density (number per square 
determined by complete counts. 

foot) of the populations as determined by the four distance techniques, compared with true density 

Table 3. On the average, the angle-order method required most 
time per point (1.8 min). The plot counts and 
point-centered-quarter necessitated 1.4 min, 
corrected-point-distance, 0.8 min, and the closest individual 
method, 0.6 min. More time was needed for each distance 
technique as population aggregations increased. Overall, the 
average time taken per point in the uniform fescue population 
was 0.7 min. In the Celmisia population, measurements to 
individual rosettes averaged 1.1 min per point. Results suggest 
that a large proportion of time spent in distance measurements 
is taken up in determining relative positions of individuals 
within clumps. Of corrected-point-distance variations, the 
slowest general procedure involved measuring the first two 
distances and then counting rosettes in each clump. 

The reverse pattern was true of plot counts. Progressively 
less time was required to count all individuals in more 
aggregated populations. The difference probably reflects the 
relative difficulty of defining fescue tussocks compared with 
defining Celmisia rosettes; but, since dispersion and ease of 
defining entities are fortuitously coupled in these populations, 
data are not adequate to settle the point. 

Discussion 

Usefulness of density as a parameter of plant populations 
depends largely on whether individuals can be defined and 
identified. In the present study, Celmisiu rosettes were easily 
identified as plants. Generally, Celmisia clumps were also easy 
to define, but some error was possible either by lumping or by 
splitting ill-defined clumps. Similarly, fescue plants were 
usually easy to define, although, in some cases, definition was 
undoubtedly influenced by the care with which an observer 
probed at ground level. The effects of handling were clearly 
demonstrated in this study by the different estimates obtained 
from the last series of fescue measurements made in the poor 
area (Table 2). During the original observations of 1969-70, a 
count of 0.469 per square foot was obtained in the 
chain-square plot. In- September, 1973, a second count was 
made in which the number of tussocks within 100 28.3-ft2 
plots were counted and the distances measured immediately 
after each count to ensure that no changes in definition 
occurred. On this occasion, the plot count was reduced to 
0.301 + .038/ft2 (P = 0.95). Similar errors of definition were 

Good area 
Poor area 

Celmisia 

Method 

Closest- 
individual 

Point-centered- 
quarter 

Corrected-point- 
distance 

Fescue Fescue 

% of % of 
true true 

Type of calculation’ Density density Density density 

Using r .928 113 .227 48 
Using Cr2 .916 111 .170 36 
Using f 1.043 127 .232 49 
Using Xr2 1.060 129 .177 38 

D1* .926 112 .558 119 

Each rosette 
% of 
true 

Density density 
.063 13 
.050 10 
.057 12 
.044 9 

- - 

Clumps X rosettes 
% of 
true 

Density density 
.21c, 44 
.173 36 
.199 41 
.155 32 

- - 

Angle-order 

D, X No/clump 
(D, + D,)/2 
D = D, 
D = (D1 + D,)/2 

- - - - - .488 102 
- - - 

- 
.482 101 - - 

- - ,622 133 .715 150 .733 153 
.890 108 .5422 116 .460 96 .574 120 

Total count .823 100 .469 100 .478 100 .478 
-*A second check was made of fescue in the poor area in 1973 with the D, calculation. 
1 See Appendices. 

Density was .280, 93% of true density. 
100 
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Table 3. The coefficients of variation, number of points or plots required to sample population density within 20% of the 
population mean 95% of the time, the average time required per point or plot, and the total time required to sample at the 
desired precision for the 6 X 6 foot plots and the angle-order method. For comparison purposes, times required for other 
methods used are also shown. 

Poor area 

Met hod 

Counts on 6- by 6-ft plots 

Angle-order 

Closest-individual 

Point-centered-quarter 

Corrected-point-distance estimate 

Variables 

Coef, of var. (%) 
No. plots needed 
Time plot (min) per 
Total time (min) 

Coef. of var. (%) 
No. points needed 
Time point (min) per 
Total time (min) 

Time point (min) per 

Time per point (min) 

Time per point (min) 

Good area 

Fescue 

14 
4 
2 
8 

29 
11 

1.1 
12 

0.4 

0.9 

0.5 

Fescue 

58 
35 

2 
70 

70 
50 

1.5 
75 

0.4 

1.0 

0.5 

Celmisia 

Rosettes Clumps 

145 115 
210 130 

1 .5 
210 65 

234 137 
482 183 

2 2.5 
964 458 

0.7 0.8 

1.5 2.0 

1.0 1.2 

found when Agropyron spicatum, a North American 
bunchgrass, was sampled by plots and by 
distance-measurement methods (Laycock, 1965). 

Another limitation of distance-measurement techniques is 
that present computational methods necessitate that each 
species be sampled separately if accurate density data on 
individual species and species composition are desired. 
Sampling all plants as a single population and determining 
composition from the proportion of times each species occurs 
in the total measurements result in biased composition 
estimates. 

Bias was shown in our experiments by comparing the two 
sets of fescue and Cdmisia measurements in the poor area, 
extracting the smallest measurement for each point or 
quadrant, and identifying the species. The combined density 
computed by closest individual and point-centered-quarter 
methods was almost as biased (30% of actual density) as the 
sum of the densities determined separately. 

the correction constants in the estimating formulas 
(Appendix) may need to be changed slightly in the light of 
more sophisticated developments. Present indications are that 
any changes will be of slight, if any, practical importance. 

Another problem is that error is estimated from an 
empirical formula. The second author has shown2 that a -- 
reasonable confidence limit for an estimate is D f t l A D/@ 
where t is Student’s value for N-I, x is the arithmetic mean of 
Al and A2, D is the appropriate estimate of density, and N is 
the number of samples, exceeding at least 30 (Batcheler, 
1973). Errors estimated in this way have been found to 
embrace the difference between true density and D at about 
the probability implied by choice of Student’s t. Using this 
formula, the confidence limits (pO.95) were calculated to be 
54% for the Celrnisziz rosette population, *39% for the fescue 
population in the poor area, and +17% for the fescue 
population in the good area. 

Similarly, the estimate of proportions of the two species in 
the combined populations was badly biased. Although they 
were of almost equal true density (Table 2), closest individual 
and point-centered-quarter sampling indicated a population 
composed of 73% fescue and 27% Celmisia. Thus, as shown by 
James (1971) and Batcheler (1973), the extent of bias is 
correlated with the degree of departure from randomness; 
uniform or random species will be encountered more 
frequently and highly aggregated species less frequently than 
would follow from their actual densities in the community. 
Therefore, use of distance measurements to determine 
composition, such as those described for the 
point-centered-quarter method by Dix (1961) and Heyting 
(1968), are invalid and misleading. 

Additional theoretical work is also needed on the 
angle-order method, if only because very short distances have 
an extraordinarily large effect on the D1 formula. For 
example, in the Celmisia rosette population, the two shortest 
measurements (3 inches each) contributed almost 30% to the 
total density value. The remaining 398 measurements 
contributed the remaining 70%. Addition of 2 inches to each 
of these two small measurements reduced the density estimate 
to within 22% of actual density. Therefore, in extremely 
aggregated populations, where distances to the third nearest 
plant can be short, a general risk of biased, high estimates 
exists. Apparently, some additional work is also needed to 
define the choice of equations, or some correction in the D1 
formula is needed to reduce the extreme influence that small 
measurements have on final results. 

The corrected-point-distance estimate method seems to be 
the most promising of these tested for sampling tussock 
grassland species. In other work, the technique has resulted in 
good estimates of over 40 simulated and natural populations 
(Batcheler, 1973). In this study, CPD sampling resulted in 
estimates within 12% of true density for all tested populations, 
which ranged from significantly uniform to extremely 
aggregated. The method is quick and easy to use in the field. 
Computation is easy with a machine that can sum squares and 
extract square roots. However, the sampling distribution of the 
joint distances has as yet only been derived empirically, and 
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Appendix 

Definitions of Symbols 

D= 

r = 

r = 

N= 

k = 

h= 

Average number of plants per square foot 

Distance (in feet) from sampling point to center of one 
plant selected according to appropriate procedure 

Average of all measurements of “r” = 2 r/N 

Total number of sample points 

Number of’equiangular sectors around sampling point 

Order of plant to which measurements are taken (for the 
nearest plant, h = 1; for the third nearest, h = 3; etc.) 

N 

i=l 

Closest-Individual Method 

Where measurements are made to the nearest population 
number (r) at each of N sample points, then: 

.25 
D = 6)” 

N-l 
or D= 

N 
7rX Z ri2 

i=l 

are alternate formulae used to compute density. 

Point-Centered-Quarter Method 

Where measurements are made to the nearest population 
member (r) in each quadrant (k=4) around each of N sample 
points, then: 

1 -- 
D - (Yj’ 

or D= 
k(kN- 1) 

N k 
7T X E Z rij2 

i=l j=l 

are alternate formulae used to compute density. 

Corrected-Point-Distance Estimate 

Where measurements are made at each of N sample points 
to the nearest population member (rp), to that member’s 
nearest neighbor (rn) and in turn to that member’s nearest 
neighbor (r,, exclusive of the member nearest to the sample 
point), then 

N 
d = N/n Z rp2 

p=l 

is the uncorrected estimate that is biased as a function of 
nonrandomness of the population. 

is an index of dispersion-dependent bias of d with regard to 
the first order of aggregation (i.e., an index of the intensity of 
clumping), and 

A2 =& ddrn 
is an index of dispersion-dependent bias of d with regard to 
the second order of aggregation (i.e., an index of the intensity 
of clumping within the clumps). 

Empirically, a robust estimate of density (D) is given by 

D = (DI + D2)/2, 

where D1 = d/3.473 X 3.717-*1 

and D2 = d/13.473 X 3.717-“2. 

A general account of the method and its development were 
reported Batcheler and Bell (1970) and Batcheler (1973). 

Angle-Order Method 

Where measurements are made to the third nearest (h=3) 
population member (r) in each quadrant (k=4) around each of 
N sample points then: 

D1 = 
(h-l) x N k 1 

7lN Z: Z r2 
i=l j=l ij 

1 
D2 = 

k(hk- 1) x ; - 

?lN i=l 
k 
z1 rj2 

j=l 

are different estimates of density, and the appropriate estimate 
to use is: 

D = D1 when D1 > Dz 

and, 
D = (D1 + D2)/2 when D1 < D2 
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Seedling Growth of Three Big Sagebrush Subspecies under 

Controlled Temperature Regimens 

R. 0. HARNISS AND W. T. McDONOUGH 

Highlight: Seedlings of three subspecies of big sagebrush, Artemisia 
tridentata, (tridentata, vaseyana, and wyomingensis) weregrown for 10 
weeks under t e mpera Cure regimens programed to simulate 
below-average, average, and above-average conditions during late spring 
to early summer in the native habitat. Growth of seedlings of all 
subspecies was reduced under rhe below-average temperature regimen; 
but no difference in growth occurred between subspecies under any one 
regimen. 

Investigators of brush control and revegetation on 
sagebrush-grass range have observed that there are good years 
for big sagebrush (Artemisia tridentata) invasion and 
reestablishment in treated areas (Pechanec, 1945; Mueggler, 
1956; Johnson, 1958; Daubenmire, 1970). Possible reasons for 
these good years include the occurrence of favorable 
temperatures for seed germination or seedling growth during 
some critical period, such as late spring when soil water in the 
superficial layers is adequate for these processes. In a study of 
germination of three subspecies of big sagebrush (tridentata, 
vaseyana, and wyomingensis) at temperatures in the 30” C to 
2°C range (McDonough and Harniss, 1974a, b), no differences 
were found within subspecies. Also, differences between 
subspecies were small, except that vaseyana seed required a 
stratification treatment to attain germination comparable to 
the others. These results indicated that temperature-sensitive 
germination is not a critical factor involved in successful 
reestablishment. The study reported here was undertaken to 
determine temperature sensitivity of seedling growth of the 
same subspecies under controlled temperature conditions. 

Procedures 

Separate collections of seeds were made from three 
individual plants of each subspecies on or near the Sheep 
Experimental Range, Dubois, Idaho, in the fall of 197 1. Seeds 
were allowed to imbibe in petri dishes on filter paper saturated 
with distilled water for 50 days at 2” C before being transferred 
to temperature alternations of 20” C/lo” C for germination. 
This stratification treatment and temperature alternation gave 
rapid and high germination in a previous study (McDonough 
and Harniss, 1974a, b). When the cotyledons were fully 
expanded, seedlings were planted in native topsoil in 3-liter 
containers, three containers for each individual collection and 
temperature regimen. After a week’s growth under controlled 
conditions, seedlings were thinned (2 to 4 uniform seedlings 
per container). 

Temperature alternations in three growth chambers were 
started at 14” C/l” C (12 hour/l2 hour) and increased weekly 
by increments of 0.5VC, l.ll”C, or 1.67”C (l”F, 2”F, or 
3” F) for 10 weeks. These weekly temperature increments 
simulated below-average, average, and above-average 
temperature regimens in late spring and early summer as 
determined by 45 years of weather data from near the 
collection sites. The photoperiod was increased at a rate of 15 
minutes per week to a 14-hour maximum, corresponding to 

The authors are, respectively, range scientist and plant physiologist, 
U. S. Department of Agriculture, Forest Service, Intermountain Forest 
and Range Experiment Station, Ogden, Utah, stationed in Logan, Utah, 
at the Forestry Sciences Laboratory, maintained in cooperation with 
Utah State University. 
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increases in the duration of sunlight during late spring and 
early summer. The irradiance level during the photoperiod in 
the three chambers was 76 x 1 O4 ergs cmm2 see-’ . 

Measurements of shoot height were taken weekly. The 
experiment was terminated at the tenth week, when shoot 
growth had nearly ceased. Plants were harvested and individual 
ovendry weights of shoots and roots were determined. Results 
were evaluated by variance analyses and multiple range tests at 
the 5% level of significance. 

Results and Discussion 
There were significant differences in growth among 

individuals within subspecies under all temperature regimens. 
Such differences may have resulted from normal 
cross-pollination in these subspecies and consequent 
differences in genetic composition of individual seedlings that 
affect growth. 

Significant differences were found in growth of shoots and 
roots in relation to temperature (Table 1). Shoot height and 
weight and root weight were reduced under below-average 
conditions. No differences in growth were observed between 
subspecies under the temperature regimens. Thus, there is no 
physiological differentiation of the subspecies with reference 
to the extent of seedling growth as influenced by the 
temperatures tested. Compared to the other subspecies, 
vaseyana occurs at higher elevations and its seeds require a 
stratification treatment for high and rapid germination 
(McDonough and Harniss, 1974b); however, there is no 
evidence here of an adaptation of seedling growth to lower 
temperatures. 

In all subspecies, although growth is better at average and 
above-average temperatures, the below-average conditions are 
still well within the range of tolerance for this sensitive stage 

Table 1. Root weight, shoot weight, and shoot height of three 
subspecies of big sagebrush (Artemisia tridentata) at three advancing 
tempera twe regimens. l 

Measurement and 
weekly temperature Subspecies 

increments (“C) tridentata wyomingensis vaseyana Average 

Root weight (g) 
1.7 0.10 0.14 0.16 0.14a 
1.1 .16 .16 .15 .16a 
0.6 .06 -11 .07 .08b 

Average O.loa 0.14a 0.12a 

Shoot weight (g) 
1.7 0.34 0.38 0.42 0.38a 
1.1 .39 .31 .29 .33a 
0.6 -23 -27 .L8 .22b 
Average 0.31a 0.32a 0.30a 

Shoot height (mm) 
1.7 78 82 87 82a 
1.1 79 84 75 
0.6 67 77 56 

Average 74a 81a 73a 

1 Average growth values among temperature regimens and subspecies 
with the same letter in superscript do not differ significantly. 
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of development. These results suggest that year-to-year germination in three subspecies of big sagebrush. J. Range Manage. 
temperature variations are not critical in the determination of 27:204-205. 
successful reestablishment in these subspecies. McDonough, W. T., and R. 0. Harniss. 1974b. Seed dormancy in 

Artemist? tridentata Nutt. subspecies vaseyana Rydb. Northwest 
Sci. 48(1):17-20. 

Literature Cited Mueggler, W. F. 1956. Is sagebrush seed residual in soil or is it 

Daubenmire, R. F. 1970. Steppe vegetation of Washington. Wash, Agr. 
wind-borne: U.S. Dep. Agr., Forest Serv., Intermountain Forest and 

Exp. Sta. Tech. Bull. 62. 132 p. 
Range Exp. Sta. Res. Note 35. 10 p. 

Pechanec, J. F. 1945. Indicators of downward trend in 
Johnson, W. M. 1958. Reinvasion of big sagebrush following chemical sagebrush-perennial grass ranges grazed by sheep in spring and fall. 

control. J. Range Manage. 11 :169-l 72. U. S. Dep. Agr., Forest Serv., Intermountain Forest and Range Exp. 
McDonough, W. T., and R. 0. Harniss. 1974a. Effects of temperature Sta. Res. Pap. 12. 2 p. 



Stripmining for Western Coal: Not Necessarily Bad 

DONALD R. DIETZ 

Many people are punching the 
“panic but ton” now because the 
long-predicted energy shortage has 
finally hit them where it hurts, i.e., 
higher gasoline and other fuel costs 
coupled with the inconvenience we 
endured last winter of waiting in line, 
etc., etc. It’s also a great time for the 
so-called “experts” and “doomsayers” 
who are in their heyday because there 
are lots of people who will listen to 
them now. Amazing what a turned 
down thermostat or the unbelievable 
price rise of gasoline will do to shake a 
person out of his apathy. I keep 
hoping to hear a “voice of reason out 
of the wilderness” so to speak, but all 
I hear are polarized comments such 
as-“Forget the environment -we need 
Oil now”; or “Don’t touch the 
coal-get the power from atomic 
energy.” 

As a scientist recently associated 
with some of the surface mining 
activities 0 ccurring on western 
rangelands, I have been horrified by 
some of the terrific environmental 
destruction, and yet gratified by some 
of the spoils reclamation efforts. These 
experiences convinced me that surface 
mining does not have to be all bad, at 
least in the high plains, and that it may 

The author resides in Nacogdoches, 
Texas. 

244 

even present a once-in-a-lifetime 
opportunity to increase wildlife and 
recreation values. 

Before you scream “traitor” let me 
present my case and then just possibly 
you may want to look at some of the 
mining activities and decide for 
yourself. I have seen the disturbance 
to the range and the reclamation 
efforts around Colstrip, Montana, and 
Gillette, Wyoming, and other areas in 
the high plains. On some areas, I do 
not believe the moon surface could 
look much worse, while on others I 
think the disturbance and reclamation 
have actually improved wildlife 
habitat. The opportunities to create 
wildlife habitat, recreation, and 
improved livestock grazing areas are 
almost limitless, simply because of the 
high value of coal in relation to the 
cost of reclamation (at least where 
precipitation is adequate). On the 
better areas some coal seams are nearly 
100 feet thick. At $10 a ton and 
200,000 tons per acre the coal is 
worth roughly about two million 
dollars per acre. With these kinds of 
values involved we can afford to spend 
monies to reclaim the land. In fact, we 
can just about create what we want 
out of the overburden. Removing a 
seam of coal 100 feet thick, for 
example, will certainly change the 
natural contour of the land, so we may 
as well put it back the way we want it. 

This could take the form of lakes, 
valleys, fields, rolling terrain, etc., and 
in just about any combination and 
juxtaposition desired. I know of places 
now where gamefish are inhabiting 
lakes, ponds, and streams just below 
and fed from waters draining active 
coal mines in Wyoming. The low sulfur 
coal does not create the acid-waste so 
familiar in the eastern United States. 

Mule deer, pronghorns, sagegrouse, 
waterfowl, and other assorted wildlife 
congregate around the water-influence 
zone surrounding the surface coal 
mines. The reclaimed spoil areas 
around some mines are actually 
producing good stands of alfalfa and 
wheat. Can you imagine how attractive 
these fields are to the indigenous 
wildlife or would be to exotic species 
such as pheasant and Hungarian 
partridge. We are creating an explosive 
situation right now on the range-coal 
field complex of our western states. 
Each day more and more habitats are 
disturbed. While some of them are 
altered for the better through spoils 
reclamation, many are not. There is a 
crying need for adequate research so 
that effective management can be 
done now. We cannot afford to delay 
any longer. Legislation is needed 
immediately, except no one knows 
really what to legislate. What we really 
need to know is: (1) the present 
potential and capability of the land, 

JOURNAL OF RANGE MANAGEMENT 28(3), May 1975 



(2) the ecologic as well as economic 
cost to mine the minerals, and (3) the 
alternative choices involved in 
reclamation. What do we want this 
land to produce? What can it produce? 
Who should pay for it? Who should 
benefit from the changes? Reasonable 
men should be able to seek out these 
answers and come up with fair, 
workable solutions. 

The explosive situation I referred to 
earlier is the fact that some mined and 
r e claimed areas (such as alfalfa 
producing fields seem to attract 
wildlife such as sagegrouse, pronghorn 
and mule deer for miles around. This 
search for edge or variety or “what 
have you” in a sea of sagebrush and 
western wheatgrass could completely 
disrupt the natural order of the 
ecosystem in a way such as we have 
not seen since the prairie chicken 
invaded the great plains along with the 
homesteaders. We may see a long 
population boom, or a boom and bust, 
or just a quick bust. The feared quick 
bust could come from concentrating 
wildlife in areas where they may fall 
easy prey to poachers, pollutants, 
predators, pesticides, or parasite and 
disease vectors and/or legal hunting 
pressure. There are diseases that can 
rapidly deplete wild populations such 
as e pizootic hemorrhagic disease 
(EHD) in white-tailed deer, coccidiosis 
in birds, etc. The boom and bust could 

come from great initial activity in 
reclamation and then total disregard 
for the long term maintenance of 
reclaimed lands and a return to the 
dust bowl days or worse. The long 
boom may be achieved by long range 
planning based on adequate research, 
then effective and continued 
management for an optimum product 
mix. This would need to be supported 
by the desires of the people and 
enforced by legislation. 

I advocate stripmining for coal if, 
and only if, we go at it in the manner 
described above. Alternative sources of 
energy, to me, pose a greater 
environmental threat at this time. Oil 
is scarce and readily depleted and 
should be reserved for the highest 
priority uses such as gasoline. Besides 
we have yet to see the environmental 
effect of the Alaskan pipeline and all 
that involves. Use of atomic energy 
bothers me (and a lot of others too) 
because of the extraordinary time 
involved in radiation decay. The plants 
are potentially dangerous and there is 
no safe place to put the waste. Oil 
shale refining may be very costly, we 
are not tooled up for it yet, and much 
of it occurs in prime mule deer winter 
range. Apparently spoils disposition 
may be a real tough problem, too. But 
coal supplies are so extensive (enough 
to last 300-400 years) and the yield so 
high per acre, that the environmental 

impact could be spread out over 
hundreds of years and millions of 
acres. With sound ecological planning 
and a continuing effort the impact 
could even be beneficial rather than 
detrimental. 

The coal could be sent to where the 
need is, if the local impact of 
producing electricity would be too 
great near the source. The empty cars 
returning west could be used to haul 
solid waste and treated sewage (really 
just a form of organic and chemical 
fertilizer). Some waste could be used 
to partially fill some of the pits, while 
the more enriched portions could be 
used for fertilizers and organic matter 
on the harsher sites. 

It is just possible that instead of a 
western moonscape, the reclaimed 
lands could be a series of landscaped 
lakes, fields, meadows, and rolling 
uplands open to the public for 
recreation and enjoyment and teeming 
with wildlife. Livestock would be a 
vital part of the scene as they would 
be a prime tool in achieving and 
maintaining the desired vegetation 
type and successionary stage. 

This really is not as far-fetched as it 
may seem. I have seen enough to 
believe it can be done if we really want 
it that way. It is wholly up to us to 
decide if we want it, how we want it, 
and then go ahead and do it. 



Grazing Marginal Ranges in the Southwest 
MILES P. HANRAHAN 

Highlight: The sensitive rangelands of the Southwest are a delicately 
balanced arrangement of thin soils, sparse vegetation, and limited 
precipitation. Grazing must be carefully regulated in order to protect 
the delicate ecosystem. Steep slopes and rugged terrain require special 
consideration. 

Marginal Ranges 
To understand the term “marginal range,” one must first 

have an appreciation of desert and semidesert range and the 
sensitive nature of the associated soils. Add to this the steep 
rugged terrain of the Southwestern mountains and their 
subsequent susceptibility to erosion when this delicate 
ecosystem is altered. The following discussion enlarges on this 
problem and considers the added impact of grazing. 

Springfield,’ in his discussion of the grasslands of New 
Mexico, points out that there is no accord among students of 
vegetation as to what constitutes desert and what constitutes 
grassland and that criteria for differentiating between the two 
should be more clearly defined. There seems to be a general 

The author resides in Eagar, Arizona. 

1 Springfield, H. W. 1951. The grasslands of New Mexico: their 
distribution and classification. Unpublished manuscript, Rocky 
Mountain Forest and Range Experiment Station, Albuquerque, N.M. 
159 p. 

acceptance that perennial grass is the key to the semidesert 
grassland as opposed to the annual or ephemeral feature of the 
desert ranges. Others would prefer to break the two on the 
basis of precipitation, from 3 to 8 inches being closer to desert 
and from 8 to 15 inches being the semidesert. Both areas, 
however, classify as either arid or semiarid, and following 
Merriam’s System would be included in the Lower Sonoran 
and Upper Sonoran Zones. 

Soil temperatures during the growing season in these arid 
and semiarid areas are very intense, and there is little chance 
for seedling survival unless a sufficient amount of litter and 
humus is present to maintain moderate surface temperatures 
and adequate soil moisture. Litter ‘often oxidizes in the arid 
climate. During drought periods, moisture stress on grasses is 
often sufficient to kill many plants. During these periods plant 
populations have a tendency to be reduced to the hardier, 
deeper rooted, or otherwise more resistant plants. Bare soil 
interspaces and lack of litter can become quite pronounced. 

Summer thunderstorms are of a torrential nature in the 
Southwest. Most moisture comes from the Gulf of Mexico as a 
result of the Burmuda “highs and lows.” Over half the yearly 
total precipitation comes between June 15 and September 15. 

The erosion often resulting from summer thunderstorms is 
understandable, particularly if plant cover and litter is not 
sufficient to break raindrop impact and to protect the land 
from the scouring runoff action. 

Studies in northern Utah (Dunford and Weitzman, 1955) 
indicate soil loss appears to be unimportant when 5% or less of 
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conflicts between these uses and to limit grazing pressure on 
sensitive areas. 

In order to get to the root of this problem, it is important 
to recognize some basic fallacies and to be looking at some 
practical alternatives. 

Ranchers and land managers historically have visualized 
more available grazing area in steep rugged country than 
actually exists. The old adage, “If you had it all flattened out 
you would have twice the grazing area,” just doesn’t hold true. 
The truth is that the very nature of rough country forces cattle 
to concentrate their use on the canyon bottoms and the ridge 
tops. The benches and side slopes get somewhat lighter use but 
only after the bottoms and ridge tops are used heavily. 

Consequently, many of the “grazing areas” are heavily 
overstocked. This has shown up in seriously eroded canyon 
bottoms, depleted hillsides, flash flooding, and deteriorated 
water quality, 

To arrive at a true grazing capacity, one that will not 
deteriorate the bottoms and sensitive watersheds of the 
hillsides, stocking rates should be calculated only on the basis 
of the bottoms, ridge tops, and benches close to water. A 
nominal allowance may be made for the sidehills, but only if it 
does not overstock the other areas. 

In addition, a grazing system must be provided with 
periodic rest on areas that are grazed. Rest rotation providing a 
combination of yearlong rest and partial deferment is needed. 
No longer can the reasoning be accepted that strange cattle 
cannot be “located” and will not do well on rest rotation. 
Ways must be found to accommodate these problems and 

provide for rest to maintain forage plants in the usable grazing 
areas. 

Grazing systems are being initiated on the 
Apache-Sitgreaves National Forests in southeastern Arizona on 
Eagle Creek and on the Blue Range where stocking rates are 
being reduced to levels commensurate with the suitability of 
the land. The same is true for allotments on other National 
Forests and Bureau of Land Management lands and private 
holdings. 

These systems involve rest rotation; for examples, use one 
pasture, rest two, alternating 3 pasture rest systems, and 
winter use with alternating rest. 

There are other systems, but the important thing is to get 
the stocking rates in line and get a rest system in operation 
before someone else settles the future for these areas instead 
of the range specialist and the rancher. 

Literature Cited 
Anderson, D. A. 1969. Guidelines for computing quantified soil erosion 

hazard and on site soil erosion. Forest Service, 1971. In Soil Notes: 
No. 13 Forest Serv. Albuquerque, N. Mex. 25 p. 

Dunford, E. G., and S. Weitzman. 1955. Managing forests to control 
soil erosion. In Water: The Yearbook of Agriculture, 1955, p. 
235-242. 

Forest Service. 1974. Range suitability guidelines. In Region 3 Forest 
Service REA handbook, Forest Serv. Range Manage. Note No. 2, 
Albuquerque, N. Mex. 

Osborn, Ben. 1955. How rainfall and runoff erode soil. In Water: The 
Yearbook of Agriculture, 1955, p. 126-135. 



Patterns and Perspectives in 
Environmental Science. A report 
prepared for The National Science 
Board, National Science 
Foundat ion, U.S. Government 
Printing Office, Washington, D.C. 
20402. 426 p., 1972. $7.50. 

This beautiful 426-page book 
represents a great amount of work and 
knowledge. It was written by a 
committee of scientists, primarily with 
an ecosystem orientation, under the 
direction of the staff of the National 
Science Foundation. For whom it was 
written, however, is not clear. The 
foreword gives some clue by saying it 
would be “. . . informative to the 
general reader,” “. . . provide useful 
insights to assist policy makers,” and 
“ . . . contribute to the discussions of 
scientists.” However, the book is not 

JOURNAL OF RANGE MANAGEMENT 28(3), May 1975 

suitable for policy makers or their 
assistants because they would wish to 
know the original data sources along 
with the name of the authors. 
Scientists from many environmental 
fields would, no doubt, find an 
interest in the book if they had time 
to include it in their reading from the 
veritable avalanche of environmental 
books being published. 

Although a cursory review indicates 
a high degree of competence was 
exercised in writing the various 
sections, there is no indication of 
authorship or specific sources of 
information. This appears to be a gross 
error and relegates the readership to 
those wishing a general overview of the 
area of environment but not interested 
in going directly to the source for 
details. 

Another general fault of the book is 

that it fails to “put it all together.” 
The relation between individual 
subsections is not shown and some 
omissions are serious. This failure to 
see the whole system is the root cause 
of many environmental mistakes that 
have been made in the past. 

The main topics of the book are as 
follows: The Solar-Terrestrial 
Environment; Dynamics of the Solid 
Earth; Climatic Change; Dynamics of 
the Atmosphere-Ocean System; Severe 
Storms; Precipitation and Regional 
Weather Phenomena; Water Resources, 
Forestry, and Agriculture; Aquatic 
Ecosystems; Terrestrial Ecosystems; 
Environmental Contaminents; and 
Human Adaptation to Environmental 
Stress. With such broad topics, the 
treatment of some is quite superficial 
and uneven but they do serve to 
introduce some of the problems 
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inherent in these areas, such as water 
adequacy for food production.and .the 
suitability of soils world wide to 
produce crops. Some sections contain 
recommendations and identify specific 
topics that need further study while 
other sections do not. 

From the point of view of a range 
scientist, the section on Water 
Resources, Forestry, and Agriculture is 
particularly shallow. The main 
emphasis here is water rather than 
productivity and environmental 
management. No assessment is made 
of environmental impacts, mitigating 
measures, or necessary trade-offs. 
Later in the book many of the 
environmental impacts are treated in a 
separate section termed Environmental 
Contaminents. However, this section 
ignores the serious impacts of land 
pollution, including solid waste 
disposal. Although the book may well 
serve the purpose of a good 
orientation, it does not provide a good 
transition to additional information. 

The book is useful for the general 
overview it furnishes, but because of 
the sometimes lack of specificity, and 
consistency, it is difficult to remain an 
interested reader. This is not the kind 
of a book one would wish to sit down 
with and read from front to back.-C. 
M. M&e& Logan, Utah 

Arizona Climate 1931-1972, Revised 
Second Edition. By William D. 
Sellers and Richard H. Hill. The 
University of Arizona Press, Tucson, 

Ariz. 85721. 615 p. 1974. $18.00. 

This 6 1 S-page, hard bound 9.5 X 
1 2.5 inch volume is the most 
comprehensive reference now available 
on the climate of Arizona. The volume 
includes: 1) a l-page introduction; 2) a 
48-page section illustrated by maps, 
graphs, and tables describing the 
climate of Arizona; 3) 543 pages of 
climatological summaries for 333 
locations; and 4) 23 pages devoted to 
histories of individual weather stations. 

The period of record is 193 l-l 972, 
inclusive, but averages are based on the 
30-year period 1941-1970. This is 
consistent with the policy of the 
National Weather Service of 
recomputing 30-year normals every 10 
years. Extremes for the full period of 
record are listed in the tables, but one 
must go to the 1964 edition of Arizona 
Climate for other pre-193 1 data. 

The climate of Arizona is discussed 
in relation to major physical features 
that divide the state into 6 
climatic-topographic regions. Maps in 
this set tion include annual 
precipitation isohyets, a verage 
temperatures for July and January, and 
average daily maximum 
temperature-humidity indexes for July. 
Additional maps of the continental 
United States illustrate the idealized sea 
level pressure patterns and 500 millibar 
patterns associated with such Arizona 
events as widespread summer afternoon 
thunderstorms, heaviest summer 
precipitation, heaviest winter 
precipitation, coldest winter weather, 
and warmest summer weather. Graphs 

depict the climatic features of the 6 
climatic-topographic regions in the 
state. The text describes topographic 
features and vegetation differences in 
the state and closes with a list of 
weather highlights in Arizona from 
1963 to 1973. 

As a reference, the climatic 
summaries for individual stations are 
most useful. About half of the station 
summaries include a short written 
description together with monthly and 
annual precipitation totals, average 
monthly and annual temperature 
averages, and such statistics as daily 
minimum and maximum temperatures 
by months, temperature and rainfall 
extremes, and mean number of days 
each month with 0.10 inch or more of 
rainfall. About 50 full page 
black-and-white photographs are 
interspersed with the tabular material, 
but they bear no captions. Usually they 
depict vegetation or scenery that is 
found at or near the climatic station on 
the facing page, but a few words of 
description could make them more 
meaningful. 

The station-histories section lists 
name changes, relocations of stations, 
names of observers, and periods of 
record. 

For those interested in the natural 
resources of Arizona this is an excellent 
reference-well worth the $18. For me 
it would have been better if the 
pre-1931 data were included, but 
perhaps this disadvantage was more 
than offset by almost tripling the 
number of stations.-5’. Clark Martin, 
Tucson, Ariz. 

NEWPUBLICATIONS 

No matter how mechanized livestock handling may become, rangemen will always be 
interested in horses, and in books about horses. So, here is a new authoritative account by 
Dave Jones: The Western Horse-Advice and Training. It illustrates in text and 
illustrations practical methods in buying, raising, and training of horses; horsemanship; 
handling and training of colts; advanced and specialized training; and breeding, feeding, 
and physical care. Published by University of Oklahoma Press, 175 p. $6.95. 1974. 

Ecological Abstracts is a new publication to be published six times each year, together 
with an annual subject index. The primary purpose is to provide a comprehensive 
coverage of recent literature for working ecologists. Subject subdivisions to be used are 
Marine, Tidal and Estuarine, Freshwater Ecology, Terrestrial Ecology, Applied Ecology, 
and Methods and Techniques. Each subdivision will be further subdivided. For example, 
Terrestrial Ecology will be divided into 10 sections: Ecosystem Studies, 4 Phases of Plant 
Ecology and 5 Phases of Animal Ecology. Sections under Applied Ecology are: Biological 
Effects of Pests, Pathology, and Pest Control; Agricultural Ecology; Forestry Ecology; 
Fisheries Ecology; Nature Conservation; Resource Organisms; and Historical Ecology. The 
publishers expect the first year’s issues to include well over 2,000 abstracts from several 
hundred journals. Subscription to Ecological Abstracts is $32.00 (L 12.00) per year 
including annual subject and author index, postpaid, from Geo Abstracts Ltd., University 
of East Anglia, Norwich, NOR 88C, England. 
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