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President’s Address 
JOHN W. BOHNING 

The membership meeting at the 1983 convention in the Albu- 
querque Hilton Hotel provided the setting for sharing information 
and impressions on today’s Society with a large number of 
members and friends of SRM. Thinking back to the President’s 
Notes which appeared in Rangelands throughout 1982, 1 pre- 
empted Paul Harvey’s byline “and now for the rest of the story.” I 
feel privileged to share that story with members and friends of 
SRM through this report. 

Front-page Society news features the appointment of Pete Jack- 
son, a Past President, as our Executive Secretary. Our yearlong 
search was culminated by interviews of top candidates at the 
January, 1983, Board of Directors meeting in Denver, followed by 
the unanimous selection of Pete. His selection ushers in a new 
chapter in our Society’s life, one with broadening opportunities 
and challenges. We welcome Pete into this exciting scene and are 
looking forward to working with him. 

In my previous Notes I have commented on the high-quality 
staff we have in Denver. During 1982 1 was in Denver frequently 
and learned to know our staff well. They’re good-Jan Duck and 
all the rest are giving you your money’s worth and then some. 
Believe me, they have our Society’s_and your-interests at heart. 

The tinancial statement showing income and expenses for 1982, 
which is published to all members, proves that we are on a sound 
financial footing. Jan’s astute office management brought us 
closely in line with Board direction to live within our income. A 
capital investment in a new roof for our headquarters building 
(planned for 1983 but done in 1982-before the famous Christmas 
blizzard, fortunately) dented our 1982 budget. An analysis of 1982 
income vs 1982 expenses discloses that we were within 1.7% of 
breaking even. Not bad, in a year which saw our economy buffeted 
by a severe recession. Topping the year off, at Albuquerque our 
annual meeting hit a new high with 1372 registered, over 1400 
including invited guests. 

The endowment fund, drafted by John Hunter’s Finance Com- 
mittee and approved by the Board of Directors in Calgary, is an 
ongoing program which is accumulating support, thanks to John’s 
enthusiastic pushing. The Board approved a brochure in Albu- 
querque which will enable us to learn more about this additional 
means of stabilizing our financial planning. Now in its early youth, 
1 predict this fund will grow into a healthy adult before long. 

All through 1982, many Sections worked hard on gaining and 
retaining members, both in conjunction with our rancher-member 
emphasis and across the board. We ended 1982 with approxi- 
mately 5340 members on board, nearly the same as 1981. Other 
societies are struggling to maintain their membership and failing, 
so the Society has fared relatively well-but we can’t rest on our 
oars. 1 want to reiterate a statement of a year ago; we need to strive 
to retain members on the roster. This means strong Section 
activities-programs, tours, newsletters-and person-to-person 
contact with those who have not yet renewed their 1983 
membership. 

During their January meeting, the Board again discussed the 
question of membership categories. This recurring question was 
tackled in 1982 by an ad hoc committee under the Planning Com- 
mittee. Their draft report to the Board was supplemented by cost 
data on Journal of Range Management and Rangelands compiled 
with Jan Duck’s help. Based on detailed cost analysis, the JRM 
costs each member $2.15 to $4.10 per year and Rangelands costs 

Presented at the 36th Annual Meeting of the Society for Range Management in 
Albuquerque, N.M. 

$8.10 per member per year. The analysis is filed with Board of 
Directors’ records and open for review. After receiving this analy- 
sis, the Board voted to continue our membership structure as it 
now stands. Related information on duesdistribution showsa host 
of Society functions made possible by our dues; for example, a staff 
which includes our Executive Secretary, Administrative Assistant, 
Staff Secretary, Production Editor, Typesetter, Member and 
Financial Records Supervisor, an office (our own) and equipment 
for them to do their jobs for you and our Society. For us, this 
provides professional identity, professional stability and a profes- 
sional image as the focal point for range expertise. 

There’s good news and bad news on our principal publications. 
The good news is that Elanco has made it possible to print six 
expanded issues of JRM in 1983, further shortening the time to 
publication for manuscripts. This action, thanks to Bob Gaylord of 
Elanco, does more than assist authors to publish more quickly. It 
adds materially to the body of knowledge on range management 
made available during this year, an unquantifiable benefit to the 
profession and its practitioners. 

The bad news is that Danny Freeman, our capable Rangelands 
editor, will retire one year from now-and that’s a tough act to 
follow. A Search Committee has been appointed to identify and 
screen candidates to, hopefully, find a replacement by January, 
1984. There’s “new news,“too, on publications. Tom Bartlett, from 
Colorado State University, is ramrodding a paper on producer 
alternatives for coping with today’s inclement economic climate. 
Recognizing the urgency of the sitution, he is pushing for publica- 
tion in the near future-possibly by the time you read this column. 

The Albuquerque meeting saw the wrapup on another major 
writirig effort. The Board of Directors accepted the report of the 
Range Inventory Standardization Committee and forwarded it to 
the participating groups who had designated representatives to the 
committee. It’s also available to others interested in this important 
work. If you go to the Second International Rangeland Congress, 
you will hear it discussed there in a special session at their 
invitation. 

During 1982 the SRM provided input on a large number of 
matters of concern, including proposed amendments to the Wild 
Horse and Burro Act. These amendments will come before the 98th 
Congress this year and SRM will be there. We are joining with 
other groups with the same concerns about wild horse and burro 
management, including the American Forestry Association and 
Wildlife Society. Our faithful Washington liaison, Clare Hendee, 
will continue to cover all fronts in Washington on this and other 
issues. 

Our Society is continuing to promote rangeland research as a 
high-priority item on the nation’s “need to do” list. In Albu- 
querque, the Board adopted a statement developed by the 
Research Affairs Committee, chaired by Don Jameson, which 
spells out our position on research priorities, to be pursued by the 
Sections. Again, here’s an opportunity for grassroots action and 
involvement in striving for achievement of a primary Society 
objective-promotion of rangeland research. Our success in this 
area will depend on how well you-the Sections- follow through. 

During the 1982 1 spoke to a Rotary Club who wanted to know 
more about range management and how the Society related to the 
whole topic. That gave SRM some exposure on a local level. I was 
also invited to talk about SRM objectives and programs to the 
Public Lands Committee of the National Cattlemen’s Association 
at their annual meeting. That gave SRM visibility on a much 
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broader plane. In Albuquerque we heard addresses by Garrey 
Carruthers, Under Secretary of Interior and Peter Myers, Chief of 
the Soil Conservation Service. Their presence added further to the 
recognition of the Society as a group known as the representative 
professional society for range management. These are healthy 
indications of our stature but we need to do more. When people 
hear “range management,” we want them to think “SRM--they 
know all about it.” 

One of the highlights of my tour as President of the Society was 
seeing and participating in events for youth. Those activities were 
climaxed in Albuquerque with nearly two dozen plant identifica- 
tion teams, an active high school youth forum and a new event-a 
range management exam which drew over 50 entrants in its first 
go-round. An indepth discussion on the direction of SRM youth 
activities provided the crux of a Student Affairs Workshop where 
innovation was the key word. The Board of Directors took time, 
too, to visit with the high school Youth Forum kids and hear about 
their individual projects. I’m sure all hands benefitted from that 
exchange; it helped dispel the feeling that maybe the Board 
members are unapproachable. 

Throughout the year of”82 1 was impressed by the varied ideas 
and activities 1 saw in the Sections. 1 mentioned this before in my 
Notes; 1 feel this diversity stems directly from the broad spectrum 

of backgrounds, interests and concerns of SRM members and the 
different types of rangeland with which they work and live. Truly, 
this enhances the image of the Society as the people with the 
know-how, no matter where. 

Good marks for’82 went to Sections which had successful pro- 
grams to promote Society objectives. Good marks also go to SRM 
committees which did yeoman work on a broad array of responsi- 
bility areas. They were the ones who made up the full team, even 
though they may have scored accomplishments which are not 
known to many SRM members. I am grateful for those who, often 
despite their many other obligations, performed “above and 
beyond the call of duty” to advance the Society and the ideals for 
which we stand. My hat is off to them; we would be sunk without 
them. 

For me, 1982 was a veritable kaleidoscope of events tumbling 
one over the other all year long. Threaded through those events 1 
found persona1 associations which were extremely rewarding. 
Throughout the year I felt a strong sense that SRM is making a 
positive contribution to the many facets of range management, a 
fact which should make us proud-yet determined to do even 
better. 1 am very grateful to the members of the Society for Range 
Management for giving me the opportunity to serve as your 
President. 

BRANDAIDS Needed? 

Copies of BRANDAIDS, the booklet developed by the Society for Range Management to help 
ranchers weather the difficult financial climate, are available from the Society headquarters, 2760 West 
5th Avenue, Denver, CO 80204. A single copy per individual for a single instance is available free of 
charge. Two to 100 copies may be purchased 075~ each, postpaid; more than 100 are 50~ each. Please 
allow 2 weeks delivery after receipt of your order. 
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Principles of Intensive Range Improvements 
CARLTON H. HERBEL 

Abstract 
RAttGE SCIERCE 

Our expanding population is demanding more productivity and 
other contributions from our rangelands. Range science is con- 
cerned with the phnts, animals, soils, and waters on rangelands, 
particularly the interaction of these factors. Native plant commun- 
ities should only be used as guides to determine site potential. 
Extensive practices on rangelands include manipulation of animals 
and burning. Intensive practices include control of unwanted 
plants, revegetation, and fertilization. When properly conducted, 
intensive manipulation practices often result in much higher pro- 
duction than before treatment. Each land manager determines the 
desired level of productivity based on economic, cultural, political, 
and social factors, and the availability of technology. The most 
effective method for control of unwanted plants varies with the 
sites, the species, and the degree of infestation. Revegetation may 
be required where desirable vegetation has been depleted by past 
grazing abuses, droughts, and encroachment of unwanted phnts. 
Water is generally the primary factor limiting plant growth but 
when that need has been satisfied, additional plant nutrients such 
as nitrogen and phosphorus may be useful. The more costly practi- 
ces are risker and require higher management inputs, but the 
potential benefits are great. With changing technology or favora- 
ble economic conditions, the range manager may decide to inten- 
sify his range improvement efforts. 
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Man is making tremendous advances in many fields of science. 
Our expanding population is demanding increasing productivity 
from all of our agricultural lands, including rangelands. The rise of 
our present civilization has been made possible by the advances in 
agricultural production. The development occurred because peo- 
ple were able to influence their environment. A primary principle 
of range science has been that the natural plant communities 
provide a guide to potential herbage cover and production. We 
must remember that the native plant communities are only guides 
to site potential. Some plant species may be introduced to an area 
with some of the manipulative treatments that may be superior in 
some, if not all, aspects of rangeland management (Love 1961). An 
example of this is the introduction of crested wheatgrass (Agro- 
pyron desertorum) in the western areas of Canada and the United 
States. These manipulative treatments require the application of a 
number of principles. This paper is an attempt to establish a 
concept of range science and discuss some of the major principles 
that the resource manager should consider when conducting mani- 
pulative treatments on rangelands. 

0 200 400 600 go0 1000 

Potential Productivity (X increue) 

Figure 1. Concept of range science. 

duction are low. The potential benefits are low and these extensive 
practices do not require a high level of management. Water man- 
agement often requires a higher level of input than manipulation of 
the animal or fire, and is intermediate between extensive and 
intensive practices used in range science. 

On the other hand, drastic manipulations of range ecosystems 

It is useful to conceptualize the practices used in range science in 
a diagram (Fig. 1). Each land manager determines the desired level 
of productivity based on economic, political, cultural, and social 
factors, and the availability of technology. Examples of extensive 
practices for rangelands are manipulation of grazing, as in various 
systems, and the use of fire. These practices may require some 
fencing, water developments, and/ or fire lines, but they generally 
do not risk the loss of the present vegetation coverasdo some of the 
more intensive manipulative practices. These extensive practices 
are less costly but the opportunities to dramatically increase pro- 

This research represents the cooperative investigations of Agricultural Research 
Service, USDA, and the New Mexico Agricultural Experiment Station. Published as 
journal article number 817, Agricultural Experiment Station, New Mexico Uniw- 
sity, Las Cruces. The author 1s supervisory range scientist, Jornada Experimental 
Range, Agricultural Research Service, USDA, Las Cruces. New Mexico 88003. 

are sometimes required or desired. The invasion of unwanted 
plants, severe droughts, past abuses by grazing animals, or the 
desire by the operator to change botanical composition, or produc- 
tivity, on all or part of the range unit, result in practices to control 
the unwanted plants and to revegetate with desirable plants. The 
latter practices require great attention to every detail, as will be 
discussed later. The risk of using plant control or revegetation is 
high because if attention is not given to every detail, or even 
sometimes when everything is done properly, the practice(s) may 
not give the desired effects. The relative costs of these practicesare 
high. The potential benefits are high. Control of unwanted plants, 
revegetation, and/ or fertilization may result in increasing produc- 
tion of that land 100 to l,OOO% within l-3 years (e.g., Herbel et al. 
1977). High management inputs are required because if these risky, 
costly practices are used, the land manager should attempt to 
maximize the outputs while maintaining the basic resource and 
minimizing the need to repeat the practice. To implement revegeta- 
tion one may ask the question, what is the potential for this site? 
Are there plant species, even on the other side of the world, that 
may be more productive or better able to meet a particular require- 
ment than the plants growing there now? Generally, control of 
unwanted plants, revegetation, and fertilization are intensive prac- 
tices for rangelands. 
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Few, if any, land managers use intensive practices exclusively on 
a unit of rangeland. Rather, some combination of beneficial practi- 
ces is used whereby both intensive and extensive principles are 
utilized. For increased plant production and soil protection, each 
unit of rangelands must be managed to maximize economic, politi- 
cal, and social factors while maintaining or improving the basic 
resource. In the Northern Great Plains of Canada and the United 
States, this may mean seeding part of the range unit with Russian 
wildrye (Elymus junceus) and crested wheatgrass, and using nitro- 
gen fertilizer on both native and introduced species (e.g., Smoliak 
1968). In portions of the Northern Great Plains, the best practices 
may include judicious burning practices on parts of the native 
rangeland and plowing up the native sod on some of the better sites 
and seeding wheat for forage, or for forage and gmin. On the 
semiarid Southern Great Plains of the United States and asso- 
ciated grasslands of Mexico and the United States, a useful stra- 
tegy may include seeding weeping lovegrass (Eragrostis curvula), 
sideoats grama (Bouteloua curtipendula), wheat, and sudangrass 
(McIlvain 1976). In the arid portions of the southwestern United 
States and northern Mexico, range productivity could be greatly 
increased by control of mesquite (Prosopisjultjlora) and tarbush 
(Flourensia cernua) and seeding with Lchmann and Boer lovegrass 
(Eragrostk lehmanniana and E. chloromelas) and fourwing salt- 
bush (Atriplex canescens) (Herbel et al. 1977). On rangelands 
infested with big sagebrush (Artemisia tridentata), control of the 
sagebrush and seeding with crested wheatgrass often results in 
much greater productivity and soil stability than would be 
obtained without sagebrush control and seeding. In some instan- 
ces, composition of plant species may be manipulated to improve 
wildlife habitat, while at the same time maintaining or improving 
livestock production. The use of various practices ischanging with 
time as dictated by economic, political, and/or social conditions, 
or as improved technology becomes available. Range science util- 
izes various principles for use on rangelands. However, we should 
not be bound by semantics. It is only important that the range 
resource be maintained or improved as it is managed to meet 
various objectives. My plea is for land managers, and others work- 
ing with land managers, to be flexible and innovative in planning 
operations on a range unit. What will work well on one range unit 
may not work as well on the range unit next to it, or on the range 
unit 250 km distant. Differences in opinion over management 
objectives can, and do, lead to serious conflicts. The manipulations 
discussed in this paper include: control of unwanted plants, revege- 
tation, and fertilization. These are relatively intensive practices 
that require much attention to detail. 

Control of Unwanted Plants 

Many millions of hectares of rangeland around the world are 
dominated by, or being invaded by, unwanted plants. In North 
America, most brush cover is native vegetation that has invaded 
large areas of former grasslands and savannahs. converting them 
into brushlands and woodlands. Originally, woody plants were 
present as a lesser component of the climax vegetation of grazing 
lands. In semiarid and subhumid rangelands having sufficient fuel, 
repeated fires kept grasslands relatively free of woody plants. 
During those times, less intensive utilization of forage by animals 
permitted enough litter to accumulate to serve as fuel for the 
occasional fires that killed young trees and shrubs. After coloniza- 
tion, intensive livestock grazing steadily reduced the amount of 
fuel available for fires, and man largely excluded fires from range- 
lands (National Academy of Sciences 1968). There has been an 
accelerated invasion of rangelands by undesirable shrubs. For 
example, mesquite dominated only 5% of a southern New Mexico 
range in 1858 before colonization, but dominated about 50% of the 
range in 1963; creosotebush (Larrea tridentata) occupied less than 
1% of the area in 1858 and more than 14% in 1963; and tarbush 
dominated less than 1% of the area in 1858 and about 9%in 1963 
(Buffington and Herbel 1965). 

Once established, woody plants such as mesquite, juniper 

(Juniperus sp.), creosotebush, tarbush, and sagebrush cannot be 
eliminated by proper grazing practices alone. The unwanted plants 
must be controlled before rangelands can benefit from other prac- 
tices such as grazing systems, revegetation, fertilization, or water 
management. Each method of suppressing unwanted plants has 
advantages and disadvantages, but the objective in all cases is to 
substitute desirable plants for those not wanted. The most effective 
method for control of unwanted plants depends on the site, the 
species, and the degree of infestation. Any control of unwanted 
plants requires considerable attention to detail to maximize 
results. Control is generally less costly when infestation is low and 
the plants are small. In this situation, a method is selected that will 
not destroy the residual forage plants. On sandy soils heavily 
infested with brush, a broadcast chemical method will control the 
undesirable plants and result in an increase of forage plants. 
Mechanical control methods are generally avoided on sandy soils 
because of the wind erosion hazard if a good plant cover is not 
maintained. A mechanical method of control accompanied by 
seeding may be required on soils with medium to heavy textures, 
heavy infestations of brush, and poor stands of desirable plants 
(Herbel 1979). 

It is important to consider the plant species growing in associa- 
tion with target plants. Some desirable plants may be present that 
should not be killed. On the other hand, two or more undesirable 
plant species may be present, so the control method must meet the 
requirements of the land manager (Gould and Herbel 1970). 

The management of animals on an area before and after treat- 
ment may influence the ultimate results. It may be desirable to 
defer grazing of animals during the growing season prior to treat- 
ment to improve the vigor and seed production of desirable plants. 
After control of the unwanted plants, it is extremely important to 
defer grazing until the desirable plants have become established. 
The number of growing seasons needing deferment will depend on 
the stand ofdesirable plants present when treated, the precipitation 
after treatment, and the degree of plant improvement desired by 
the land manager. 

Principles of Chemical Control 
Satisfactory control of unwanted plants and considerable 

improvement in the grazing capacity of rangelands may often be 
obtained by applications of herbicides. Specific approaches to this 
problem have been developed for numerous plant species, but 
information is still needed on some plants (National Academy of 
Sciences 1968). 

Herbicides may be classified as contact, translocated, selective, 
nonselective, and soil sterilant (Vallentine 1971). A contact herbi- 
cide kills only those plant parts that are directlv exposed to the 
chemical, e.g., diquat (6, 7_dihydrodipyridol[l,2~:2’,l’c]pyra- 
zinediium ion) and paraquat (1, I’-dimethyl+‘-bipyridinium ion). 
A translocated herbicide is applied to one part of a plant but is 
carried to other parts of the plant by plant tissues, e.g., 2,4-D 
([2,4-dichlorophenoxylacetic acid), 2,4,5-T ([2,4,5_trichlo- 
rophenoxylacetic acid), silvex (2-[2,4,5-trichlorophenoxy]pro- 
pionic acid), picloram (4-amino-3,5,6-trichloropicolinic acid), and 
dicamba (3,6-dichloro-o-anisic acid). A selective herbicide kills or 
damages a particular species or groups of species with little or no 
injury to other plants, e.g., the herbicides listed as translocated 
herbicides. A nonselective herbicide kills or damages all plant 
species, e.g., amitrole (3-amino- s-triazole) and paraquat. A soil 
sterilant is a herbicide that kills or damages plants when it is 
present in the soil, e.g., bromacil (5-bromo-3-sec- butyld- 
methyluracil), dicamba, monuron (3-(p_chlorophenyl]-I,ldime- 
thylurea), picloram, or tebuthiuron (N-[5-(l,ldimethylethyl)- 
I ,3,4-thiadizol-2-yl]-N, N’dimethylurea). Most of these latter 
herbicides are selective at low rates and nonselective at high rates. 

Broadcast spraying is the method of herbicide application most 
commonly used on rangelands. Since the herbicide is applied to all 
plants, desirable as well as undesirable, selective herbicides are 
generally required. Broadcast sprays can be applied either by 
ground rigs or by aircraft. Applying granulated or pelleted herbi- 
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tide is also used to control unwanted plants. The latter method is 
less dependent on stage of growth than foliar sprays but does 
require precipitation to dissolve the granules or pellets so the 
herbicide may penetrate into the soil. In some areas, excessive 
herbicide losses may result from leaching beyond the root zone of 
the target plants, adsorption on soil colloids, or decomposition by 
light or high temperatures. Fundamentals to consider follow: 

I. Proper herbicide. Herbicides such as 2,4-D, 2,4,5-T, silvex, 
picloram, and dicamba control a wide variety of plants. Spraying 
with ground or aerial equipment may be used to control most 
plants. 

2. Proper rate of herbicide. The amounts of herbicide required 
to provide adequate control vary among plant species. Higher rates 
than those needed for adequate plant kill cause damage or death to 
leaves and branches so that herbicides are not translocated to the 
proper site and death of the plant does not result. As an example, 
effective rates are 0.3 to 0.6 kg/ha acid equivalent (a.e.) of 2,4,5-T 
for mesquite,and 2.2 to 3.3 kg/ha(a.e.)of2,4-Dforbigsagebrush. 
Higher rates than those required for adequate plant control are 
rarely more effective. 

3. Proper volume. The volume is dictated by the target species. 
It is important to obtain adequate coverage but not excessive 
amounts that will seriously contaminate theadjacent environment. 
On mesquite, aerial applications of a total volume of 9.3 liters/ ha 
gave as much or slightly better plant kill as a total volume of 46.5 
liters/ ha. This total volume is composed of l/8 herbicide, l/8 
diesel oil, and 6/8 water. 

4. Proper time. The phenologic development of the target spe- 
cies, or associated plants, is a reliable index to seasonal susceptibil- 
ity. Plants are most sensitive to foliar sprays when they are growing 
vigorously and the leaves are fully expanded. In New Mexico, there 
was an increased control of mesquite when precipitation for the 
November to May before treatment was average or above average 
(Valentine and Norris 1960). Dry herbicides, applied to individual 
plants or broadcast, should be applied just before or in the early 
part of a period of expected precipitation. 

5. Proper method. Fixed wing or helicopter aircraft are com- 
monly used to apply herbicidal sprays to large areas. Foliar sprays 
may also be applied with ground equipment, but the size of the job, 
the terrain, or the size and density of plants often prevent such 
operations. Aerial spraying is a specialized job. Gould and Herbel 
(1970) listed factors that must be considered. 

a. Application equipment, 
b. Weather conditions, 
c. Swath width 
d. Flight height, 
e. Mixing-loading equipment, 
f. Spray material, 
g. Proximity to non-target plants, 
h. Removal of livestock. 
i. Directions on the herbicide container. 

Principles of Mechanical Control 
The choice of whether to use manual methods, such as grubbing, 

or mechanical equipment to remove unwanted plants depends on 
the cost, on the availability of the equipment, the size and stand of 
the plants to be eliminated, whether the target plants have sprout- 
ing or nonsprouting characteristics, soil conditions, and the type of 
terrain (National Academy of Sciences 1968). 

I. Size and stand of the target plants. The best time to employ 
hand-grubbing is during early invasion of unwanted plants, before 
the stand of desirable species becomes greatly reduced. Hand- 
grubbing of small shrubs (up to 90 cm in canopy diameter) is an 
economical control method when the stand is relatively thin, usu- 
ally less than 80 plants/ha. With sprouting species, the root must 
be severed below the budding zone (Herbel et al. 1958). Cabling or 
chaining is most effective in controlling even-aged, mature shrubs 
or small trees with stem diameters of 8 cm or more. Bulldozing is 
effective on sparse stands and medium-sized trees. Disking is 
limited to small plants. Rootplowing or disking is used when there 
is a sparse stand of desirable plants and revegetation is needed. 

2. Sprouting or nonsprouting shrubs. This characteristic must 
be considered in choosing a method. Cabling, chaining, and dis- 
king do not give a high degree of kill on shrubs that sprout below 
the surface of the ground. 

3. Soil conditions. Cabling or chaining is most effective in areas 
with lighter-textured sandy or loamy soils. Bulldozing, rootplow- 
ing, and disking excessively disturb soil, destroy desirable plants, 
and may result in soil erosion. Most mechanical methods cannot be 
used when the soil is excessively wet. 

4. Topography. Some mechanical methods leave the soil bare, 
unprotected, and subject to erosion. There should be a minimum of 
rocks and gullies so that the equipment can operate at a relatively 
high speed. Therefore, most mechanical equipment should be used 
on relatively level terrain. 

Revegetation 

Where desirable vegetation has been severely depleted by past 
grazing abuses, droughts, and encroachment of unwanted plants, 
natural recovery may take several years, or it may never oocur. 
Under such conditions, seeding may be the only hope of re- 
establishing desirable plants. Other objectives of seeding are to 
improve soil stability and to alter plant composition to meet the 
user’s objectives. Seeding rangelands is generally a difficult under- 
taking because of limiting climatic, soil, and/ or topographic fea- 
tures. Merkel and Herbel(l973) outlined the principles of seeding 
as: 

1. Remove or reduce competition from unwanted plants. Most 
plants used for revegetation are perennials. Seedlings of these 
species are often slow-growing and cannot compete with existing, 
unwanted plants. A good seedbed will provide the best possible 
moisture conditions for germination and plant growth. This 
requires the control of most existing plants before seeding. In 
addition, it is sometimes necessary to control unwanted plants that 
are competing with the seedlings of the desirable plants. 

2. Use of adapted plant materials. The plant species selected for 
seeding must be compatible with management objectives (e.g., 
palatability and growth period). They should be selected to obtain 
the management objectives. It is important to use only those 
species and varieties that are well adapted to the soil, climate, and 
topography of the specific site being revegetated. If native plants 
are revegetated, species from local origin are used. Local origin 
would include species from about the same elevation, and within 
320 km north, east, or west, and 480 km south of the area to be 
seeded. Improved ecotypes, varieties, and introduced species may 
be available for revegetation and should be used. 

3. Seeding rates. It is important to use enough seed to get a good 
stand, but not more than necessary. Too much seed may produce a 
stand of seedlings so thick that individual plants may compete with 
each other. Species of plants, number of pure live seeds (PLS) per 
kg, and potential productivity of the site are the major factors 
determining the rate of seeding. PLS is determined by multiplying 
the germination of a lot of seed by its purity. Seeding rates provid- 
ing 125-250 PLS/ rnr should be used when the seed is placed in the 
soil with a drill. Broadcast seeding is an inefficient and less effective 
method of revegetation, and should be avoided. Many seeds are 
left on the soil surface where germination and seedling establish- 
ment are tenuous. Where broadcast seeding must be used, a rate of 
500 PLS/m* is recommended. 

4. Depth. Proper depth of seeding is determined by the plant 
species. For optimum emergence, small-seeded species such as the 
lovegrasses (Erugrostis sp.) should not be seeded deeper than 0.6 
cm, whereas species such as crested wheatgrass should be seeded at 
a depth of 1.2-1.8 cm. Optimum depth of seeding is roughly 4-7 
times the diameter of the seed. Seeding equipment should be used 
that provides for positive seed placement at the desired depth. 
More stands are lost because seeds are planted too deeply rather 
than too shallowly. 

5. Seeding dates. The most desirable time to seed rangeland is 
immediately prior to the season of the most reliable rainfall, and 
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when the temperature is favorable for plant establishment. 
6. Seed distribution. Uniform distribution of seed is essential. 

Seeding equipment must be checked frequently to assure that it is 
working properly. 

7. Alteration of the microenvironment. Most range areas are 
deficient in soil water for germination and seedling establishment 
of the desirable plants. In many areas, associated rangeland treat- 
ment is needed to reduce the high soil temperatures and provide 
more soil water (e.g., mulching), or just provide more soil water 
(e.g., summer fallow or establishing basins or pits). 

8. Seedbed preparation. The major objectives of preparing 
seedbeds for range seeding are to: (a) remove or substantially 
reduce competing vegetation, (b) prepare a favorable microenvi- 
ronment for seedling establishment, (c) firm the soil below seed 
placement and cover the seed with loose soil, and (d) if possible, 
leave mulch on the soil surface to reduce erosion and to improve 
the microenvironment. 

All range seedings must be protected from grazing by animals 
through the second growing season, or until the seeded species are 
well established. Spraying to control weeds that are competing 
with the new seedlings may prevent the loss of seeding. Rodents, 
rabbits, insects, and other pests should also be controlled where 
they are a menance to new seedings. 

Fertilization 

The variety encountered in the world’s rangelands, with the 
diversity of climate, topography, soil types, and vegetation, com- 
plicates any attempt to generalize on a range management practice 
such as fertilization. Seasonal variations in local weather condi- 
tions add further complications. In addition, the complex mixture 
of plants on rangelands requires more diligent management than 
does a seeded pastures with one ortwo species. Fertilizationaffects 
each species differently, and even plants within a species may 
respond differentially to additional nutrients. 

In some areas, low amounts of available nitrogen (N), phospho- 
rus (P), and other soil nutrients limit plant growth. Water is 
generally the most important factor limiting plant growth but 
when that need is satisfied, additional plant nutrients may benefit 
plant growth. N was the major growth-limiting plant nutrient on 
the rangelands of the Northern Great Plains, with measurable 
responses to P occurring as N became non-limiting (Wight and 
Black 1979). Fertilizing with the deficient nutrients is economical 
only where there is adequate moisture and plants respond to the 
added nutrients. The root systems of range plants often act as 
nutrient-deficient sinks that have a high potential to immobilize 
relatively large quantities of applied N and P (Black and Wight 
1979). Wight (1976) gave some points on range fertilization to 
consider: 

1. Soil water. Response to fertilization is directly related to 
availability of soil water. Range fertilization should not be used in 
areas with a low average precipitation. Seasonal distribution of 
precipitation and evaporative demand may be confounding fac- 
tors. Range fertilization has been effective in the Northern Great 
Plains in areas where annual precipitation is as low as 280 mm. 
Annual precipitation of 380 mm or more is required before range 
fertilization is feasible in warmer regions and where precipitation is 
more evenly distributed during the year. Areas that have overland 
flow or subirrigated may have less precipitation but they have 
sufficient water so the plants can use the added nutrients. 

2. Economics. Applications of 30 to 50 kg/ha of N annually or 
in annual rate equivalents are most efficient in the Northern Great 
Plains. This rate will produce up to 20 kg of additional forage per 
kg N applied, or, under a grazing situation, about I kg beef/ kg N. 
Thus, when the price of beef exceeds the cost of applying N, 
fertilization becomes an economical management practice. The 
total cost of fertilization must be weighed against the benefits. 

3. Ecology and fertilizer timing. Usually, cool-season species 
respond most to N fertilization. However, the effect of fertilization 
on species composition can be somewhat offset by timing fertilizer 

applications. Late spring or summer applications tend to benefit 
warm-season species, whereas late fall or early spring applications 
tend to benefit cool-season plants. If application rates are high 
enough to cause a significant carryover of N fertilizer from one 
year to the next, cool-season species may use the fertilizer to the 
detriment of warm-season plants. Nitrifying soil bacteria are less 
active in cool weather than in warm weather (Lorenz and Rogler 
1973). Thus, plants growing earliest in the season will use the 
residual N. 

4. Toxicity. At N rates above 200 kg/ha, nitrates accumulate in 
some plants, especially annual forbs. Caution is required if apply- 
ing high N rates on rangelands with nitrate-accumulating plants. 
Ground water contamination with nitrates may also result where 
high N levels are used and where the ground water is close to the 
surface. 

5. Water use efficiency. Range fertilization increases the effi- 
ciency of the limited water supply in plant growth processes. When 
nutrients are not limiting, plant growth is at least doubled per unit 
of water used. Fertilized range plants extract more water from the 
soil profile than do unfertilized plants because of deeper root 
penetration. Thus, if precipitation is adequate to fully recharge the 
soil profile, fertilized range will use the precipitation more effec- 
tively than unfertilized range. 

6. Drought. There has been concern that fertilization will com- 
pound the effects of drought, resulting in additional damage to the 
range vegetation. In some situations, there is a greater loss of 
desirable plants during drought (Donart et al. 1978, Kay and Evans 
1965). However, fertilizer not used during drought years is availa- 
ble for plant use following the drought. Therefore, recovery from 
drought is generally more rapid on fertilized ranges. 

7. Fertilizer materials. There have been very little response dif- 
ferences to the inorganic forms of N and P. Under some conditions, 
urea, an organic formulation, will undergo high volatization losses 
when broadcast on the soil surface. 

8. Management. It is generally necessary to fertilize the entire 
range unit or the animals will concentrate on the fertilized portion 
and neglect the unfertilized area. Plants that have been fertilized 
generally are green earlier in the spring and later in the fall if soil 
water is available. Increased palatability of fertilized plants may be 
useful as a management tool to improve animal distribution and 
forage utilization. However, plants toxic to animals on fertilized 
areas may also become more palatable and create toxicity prob- 
lems among the animals using rangeland. Plants growing on fertil- 
ized range generally have a high nutrient content and this will also 
affect management decisions. 
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Attention 1984 Annual Meeting Exhibitors: 
Commercial firms and organizations seeking exhibit space at the 1984 Annual Meeting of the Society 
for Range Management are requested to contact: 

Connee Quinn Or John Kitchell 
Elnnco Products Company Range Speciaiist 
Route 1, Box 45 DOW Chemical USA 
Whitney, NE 69367 P.O. Box 455 
(308-667-2712) Spearfish, SD 57783 

(605-642-7513) 

The Annual Meeting and associated activities will be held at the Civic Center in Rapid City, South 
Dakota, February 7-12, 1984. Adequate space for both booths and equipment displays is available. 

Attention SRM Chapters and Sections Needing Exhibit Space at the 1984 Annual 
Meeting: 
Reserve space now for exhibits and booths at the 1984 Annual Meeting which will be held February 
7-12, in Rapid City, South Dakota, contact: 

Connee Quinn 
Elanco Products Company 
Route 1, Box 43 
Whitney, NE 69367 
(308-667-2712) 

Or John Kitchell 
Range Specialist 
Dow Chemical USA 
P.O. Box 455 
Spearfish, SD 57783 
(601642-7513) 

Do You Need a Meeting Room? 
If you need a room for a Society committee meeting or Society activity at the SRM 1984 Annual Meet- 
ing, contact: 

Jim Hericks 
Local Arrangements 
P.O. Box 1157 
Rapid, City, SD 57709 
phone: (605) 342-0678 

Notify Jim by July 1,1983. State size of room preferred, number of people expected, date(s) and time 
needed, committee or activity involved, and name/address/ phone of individual responsible for 
meeting. 
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Soil Movement in Mesquite Dunelands and 
Former Grasslands of Southern New Mexico 
from 1933 to 1980 
R.P. GIBBENS, J.M. TROMBLE, J.T. HENNESSY, AND M. CARDENAS 

Abstract 

Soil levels were marked on grid and transect stakes in mesquite 
duneland and grassland areas at 3 sites on the Jomada Experimen- 
tal Range in 1933 and 1935. Soil levels on one set of transect stakes 
were remeasured in 1950 and 1955. Remeasurement of soil levels at 
both transect and grid stakes in 1980 revealed that extensive soil 
movement had occurred during the intervening years. On a 259-ha 
site containing large mesquite dunes in 1935, maximum deposition 
and deflation was 86.9 and 64.6 cm, respectively, in 1980. There 
was a net gain of 1.9 cm in soil depth over the entire area. On a 
25Pha site only partially occupied by mesquite dunes in 1933, there 
was a net loss of 4.6 cm in soil depth and mesquite dunes had 
completely occupied the site by 1980. On a transect established 
across a mesquite duneland-grassland ecotone in 1935, there was a 
net loss in soil depth of 3.4 cm. Mesquite dunes had completely 
occupied the former grassland and dune intercept increased from 
34.9 m in 1935 to 149.6 m in 1980. Gross erosion rates on wind 
deflated areas were equivalent to 69 tonnes ha“ yr-’ on the area of 
large mesquite dunes. On the area partially occupied by mesquite 
in 1935 the gross erosion rate was 52 tonnes ha-’ yr-‘. At the 
ecotone transect gross erosion rates were 45,101, and 40 tonnes 
ha-’ yr-’ for 1935-50, 1950-55, and 1955-80 periods, respectively. 

Honey mesquite (Prosopisglundulosu Torr.) is a plant native to 
the Southwest, which has spread widely during the historical 
period. Overgrazing, seed dispersal by domestic livestock and 
rodents, and periodic droughts have been advanced as causes 
contributing to the proliferation of mesquite (Buffington and Her- 
be1 1965). The spread of mesquite, primarily into former grassland 
areas, has caused profound changes in plant communities and in 
soils and microrelief. Since mesquite makes large demands on a 
limited soil water supply (Haas and Dodd 1972), herbaceous vege- 
tation between mesquite plants is often reduced in abundance and 
cover. Baring of the soil surface permits wind erosion and the 
formation of “coppice dunes” (Melton 1940) as sand is entrapped 
by mesquite stems. Mesquite dunes now dominate vast areas which 
once had a relatively flat surface covered primarily by herbaceous 
vegetation. 

The formation of mesquite dunes involves the physics of soil 
movement by wind, a subject which has been the object of many 
studies (Bagnold 1941, Chepil and Woodruff 1963, Gillette 1978). 
An understanding of the processes, i.e., saltation, creep, and sus- 
pension, by which soil particles move under the impetus of wind 
and the influence of surface roughness factors has led to the 
development of a generalized soil loss equation for wind erosion 
(Woodruff and Siddoway 1965). This equation has been used in 
assessing potential wind erosion problems in the United States 
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(Kimberlin et al. 1977). The arid Southwest, where sandy soils 
predominate and vegetation cover is often minimal, has a high 
wind erosion potential. 

In the early 1930’s, scientists at the Jornada Experimental Range 
were concerned with the spread of mesquite and concomitant wind 
erosion. As part of their research program, large exclosures and 
transects were established in mesquite dunelands and on ecotones 
between grassland and mesquite dunelands. Soil levels were 
marked on a large number of grid and transect stakes. This far- 
sighted action provided a unique opportunity to quantify soil 
movement. Soil levels at the original stakes were remeasured in 
1980. Soil movement during the 45 to 47-year period shows that 
mesquite dunelands, while having an appearance of stability, are 
actually a dynamic, constantly shifting system. 

Study Area 

The Jornada Experimental Range, encompassing 78,266 ha, is 
located 37 km north of Las Cruces, N. Mex. The elevation ranges 
from 1,260 m on the relatively level plains to 2,833 mat the crest of 
the San Andres mountains. Sandy soils predominate on 58,470 ha 
which constitute the plains portion of the Experimental Range. On 
the plains, the area covered by mesquite increased from 11,770 ha 
in 1858 to 37,110 ha in 1963 (Buffington and Herbel 1965). Dunes 
have formed on most of the mesquite-occupied area. 

The average yearly precipitation is 231 mm with 52% occurring 
during July, August, and September. The summer rains are largely 
intense, convective storms of localized occurrence. Winds are most 
frequent and of highest velocity in March and April. These early 
spring winds blow predominately from the west and southwest and 
cause the most soil movement. 

Specific study sites included 2, 259-ha (640 acres) exclosures 
built in 1933 and 1934 and a 457.2-m transect established in 1935 
across a mesquite-grassland ecotone. The 259-ha exclosures were 
originally called the “Artificial Revegetation Exclosure” and the 
“Natural Revegetation Exclosure” but for brevity will henceforth 
be designated as Site A and B, respectively. The ecotone site will be 
referred to as Site C. 

The Site A exclosure was established on an area where mesquite 
dunes were large and well established. Many seeding and tmns- 
planting trials were conducted from 1934-36 in unsuccessful 
attempts to establish forage grasses and browse species. Drifting 
sand rendered the exclosure fence ineffectiveand it was removed in 
the early 1960’s. The predominant soils in the Site Aexclosure are 
deep, loamy sands which are thermic Typic Haplargids of the Onite 
series; soils of the numerous and large mesquite dunes are thermic 
Typic Torripsamments of the Pintura series. There are also inclu- 
sions of thermic Typic Haplargids of the Dona Ana series(Bullock 
and Neher 1980). 

In 1933, about half of the Site B exclosure was covered with 
mesquite dunes. Grasses dominated the nonduned portion of the 
exclosure but mesquite plants were present. The exclosure was 
established to see if protection from grazing would allow natural 
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plant succession to reestablish a grassland climax. A 1,731-m belt 
transect with stakes every 15.2 m was established in a north-south 
direction across the exclosure and projecting beyond theexclosure 
fence 61 m at either side. The deep, loamy sand soils in the exclo- 
sure have been mapped as the Onite-Pintura complex (Bullock and 
Neher 1980). 

The 457-m transect across the former grassland-mesquite dune- 
land ecotone at Site C occurs on shallow (<50 cm to caliche layer), 
thermic Typic Paleorthids of the Simona series (Bullock and Neher 
1980). Dunes large enough to qualify as pedons belong to the 
Pintura series. 

Approximately one-third of the Site B exclosure was sprayed 
with 2,4,5-T for mesquite control in 1966-68. Further plot treat- 
ments were superposed upon the sprayed portion in 1969-72. 
Approximately 183 m of the Site C transect fell within an area 
treated with 2,4,5-T in 1973. No herbicides have been applied at 
Site A. 

Methods 
To facilitate vegetation type mapping, a 201.1 X 201.1 m (10 X 

10 chain) grid was laid out on the site A exclosure. Intersections of 
grid lines (81 points) were marked by steel fence posts. In February, 
1935, the soil level at each grid point post was marked by filing a 
notch in the post 15.2 cm above the upper face of a 30.5 cm wooden 
ruler laid on the soil surface in a north-south direction on the east 
side of the post (Little 1935a). 

In I93 I, a 201. l X 100.6 m (10 X 5 chain) grid was laid out on the 
Site B exclosure. Grid line intersections (153 points) were marked 
with a 1.2-m length of 3.2-cm pipe. Soil levels were marked, as 
described above, on the pipes in May, 1933 (Little 1935a). A 
remeasurement of soil levels at the grid markers was made in 
February, 1935 (Little 1935b). 

A transect was established across the Site B exclosure in 1935. 
Stakes 66 cm long cut from steel fenceposts were driven 43 cm into 
the ground at 15.2-m intervals. The transects, which followed a 
north-south grid line 604 m from the west side of the exlosure, 
extended 61 m beyond the exclosure fence on the north and south 
sides. Soil levels were marked, as described above, on the 104 
transect stakes in April, 1935. While preparing a map of the 
vegetation in a 30.5-cm belt along the transect, the extent and 
height of mesquite dunes intersected by the grid line side of the belt 
transect were also mapped (Little 1935~). 

At Site C, a belt transect (30.5 cm wide) was established in April, 
1935. The transect was oriented WSW to ENE, approximately 
parallel to the prevailing wind direction. The eastern half of the 
transect was in an area of mesquite dunes and the western half in 
black grama (Boureloua eriopodu (Torr.) Torr.] grassland. The 
fence post stakes placed at 15.2~m intervals on the 457.2 mtmnsect 
were about 48 cm long and driven into the ground 30.5 cm. Soil 
levels were marked, as described above, in April, 1935 (Little 
1935d). Remeasurements of soil levels on this transect were made 
in 1950 and 1955.1 

During June and July, 1980, remeasurements of soil levels at the 
grid and transect stakes were made at all study sites. Grid markers 
along the fence lines at Site B and the former fence lines at Site A 
were not measured. A 30.5-cm ruler was positioned in the same 
manner as in 1935 and the distance to the file mark was determined. 
Where stakes had been completely excavated by wind erosion, the 
distance from the file mark to the bottom end of the stake was 
measured and soil loss recorded as a “greater than” value. A few of 
the stakes were lying down and buried by sand. In this case, the 
amount of soil on top of the stake was subtracted from the soil 
depth lost. 

A metal detector was used to locate completely buried stakes. 
These were carefully excavated, preserving a reference to the cur- 
rent soil surface level. Buried stakes were often badly rusted but the 
deep file marks were discernible in every case. At Site A 7 of the 

‘Field sheets of 1950 and 1955 remeasurements of B-CBPB belt transect. Jornada 
Experimental Range tiles. 

grid markers were not located. Since this site had been open to 
livestock for some time, the fenceposts may have been broken off 
by animals rubbing against them. At the Site C transect 2 stakes 
close to a road (present in 1935) which bisected the transect were 
not included. 

The horizontal extent of mesquite dunes intercepted by the 
transect lines at Sites B and C was measured. These dunes were 
mapped on mylar sheets at the same scale used in 1935. This 
allowed the 1980 dune maps to be superimposed over the 1935 
maps and changes in dune dimensions determined. A surveyor’s 
level and rod were used to determine dune heights along the 
transects in April, 198 I. Areas of dunes intercepted by the transect 
were determined from the maps by using a digitizer and computer. 
Movements in the cardinal directions of dunes which had persisted 
since 1935 were determined from the maps. An analysis of variance 
and 1.s.d. tests of means were used to determine ifdune movements 
in the cardinal directions differed. Net soil depth gains or losses 
were calculated from average depths of deposition and erosion, 
weighted by the proportion of sample points wheredepositionand 
erosion occurred. Erosion rates on a weight basis were calculated 
utilizing the bulk density of soils, depths of soil removal, and time 
periods of interest. 

The possible influence of the stakes upon soil movement had 
been recognized in 1935. Drifts on the leeward side of stakes or 
hollowed out areas at the base of stakes were not found in 1980, 
indicating that the stakes had little influence on soil removal or 
deposition. The soil movements were so large in depth and hori- 
zontal extent that the small vortex swirls created by the stakes had 
no visible effect. 

Results and Discussion 
Both wind and water have contributed to soil movement at Site 

A. The site contains two parallel, low, rounded ridges of sandy soils 
separated by a broad, flat drainageway with loamy soils. Wind- 
formed mesquite dunes up to 3.4 m in height cover the ridges. The 
drainageway shows evidence of alluvial deposition with the depos- 
its cut by small erosion channels. While wind undoubtedly erodes 
soil from the alluvial flats, there are no wind-formed mounds built 
up around the shrubs or grasses. 

The location of each of the 44 grid posts found was classed as 
being primarily influenced by wind or water erosion. Nine grid 
markers were found standing in water-cut gullies or fills or on 
overflow areas surrounded by alluvial deposits and were classed as 
being on water-influenced areas. Four showed soil deposition and 
5 soil removal with a maximum of 38.4 and 39.6 cm, respectively 
(Table 1). There was a net loss of 0.5 cm of soil on the water- 
influenced area. 

Wind erosion was the dominant influenceat 35 gridposts(Table 
I). The maximum deposition (86.9 cm) occurred within a mesquite 
canopy and the maximum deflation, or soil removal, (64.6 cm) in an 
interdunal area. No patterns of deposition or deflation in relation to 
prevailing winds could be detected, Some grid markers occurred on 
all cardinal dune exposures and both deposition and deflation were 
found on all exposures. 

Based on soil movement at all grid markers, there was a net gain 
of 1.9 cm in soil depth on Site A during the 45-year period. A net 
gain of soil is somewhat surprising but the number of sample points 
is small and maximum deposition considerably greater than maxi- 
mum deflation. The striking feature is the instability of the soils 
and the magnitude of the soil movements which have occurred 
within the area. 

Site B is essentially a flat area with no prominent drainageways 
and wind is the primary erosive agent. Comparisons of soil move- 
ment at both grid stakes and transect stakes showed no significant 
differences (mO.05) between the area used for herbicide trialsand 
the non-sprayed area (Hennessy 1981). The lack of differences 
between the sprayed and non-sprayed areas may in part be attrib- 
uted to the fact that dead mesquite stems persist for several years 
and act as sand traps, just as the naturally defoliated stemsdo in the 
windy spring season. Also, the herbicide test strips varied widely in 
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Table 1. Soil movement at 44 grid stakes on the 2594111 Site A between 1935 and 1980. Both water and wind function as erosive agents on this site. 

Primary erosive 
force 

Water 

Wind 

Wind and water 
combined 

Soil movement 
category 

Deposition 
Deflation 
Deposition 
Deflation 
Deposition 
Deflation 

Number of Maximum Minimum Mean 
points (cm) (cm) (cm) 

4 38.4 15.2 25.6 
5 39.6 5.2 21.5 

17 86.9 2.4 28.8 
18 64.6 3.7 22.2 
21 86.9 2.4 28.8 
23 64.6 5.2 22. I 

Net Loss (-) 
or Gain (+) 

(cm) 

-0.5 

+2.5 

+1.9 

mesquite kill and on all but one series of tests it was, in 1980, 
difficult to distinguish the area which had been sprayed. In the 
long-term, effective mesquite control can be expected to have an 
effect on soil movement as denuded dunes melt down and 
increased interdunal vegetation slows deflation. However, the 
absence of significant differences between the sprayed and non- 
sprayed areas led to the decision to combine the 2 areas for the 
evaluation of soil movement since 1933. 

Soil levels at the grid stakes on Site B were measured in 1935,2 1 
months after the reference marks were established. At that time 
there had been a net loss of soil equivalent to 0.4 cm (Table 2). By 
1980, after 47 years, the net loss of soil was 4.6 cm (Table 2). Since 
deflation had completely excavated the stakes at 8 grid points, the 
net loss must be regarded as a minimum value because the amount 
of soil lost after the stakes fell over is not known. One grid stake 
was found in a horizontal position under 39.6 cm of sand. Even 
with the deposition, there was a minimum net soil depth loss of 22.5 
cm at this point. 

The transect stakes furnish another data base for determination 
of soil movement but are less precise than the grid markers because 
the transect stakes were not driven as deeply into the soil (43 cm 
versus ca. 60 cm). Of the 113 transect stakes, 19 had been com- 
pletely excavated. With so many minimum values the calculated 
net soil loss of 3.5 cm is considerably less than the loss calculated 
from the grid stakes (Table 2). 

The total number of dunes intersected by the transect across Site 
B increased from 7 1 in 1935 to 108 in 1980. Twelve of the original 
dunes merged to form 6 dunes and 2 split to form 4 dunes. Total 
dune intercept increased from 269.5 m in 1935 to 570.0 m in 1980. 
Average height of the dunes at the plane of interception with 
the transect was 39 cm in 1935 and 60 cm in 1980. Of the dunes 
present in 1935, 57 increased in height with a mean deposition of 49 
cm. Eight dunes showed a decrease in height (x=9 cm) and 6 dunes 
had completely eroded. There were 47 new dunes formed during the 
45-year period and these had an average height of 53 cm. The mean 
maximum height of dunes, regardless of whether that point fell on 
the transect, was 79 cm in 1981. 

Area covered by the dunes intercepted by the transect had 
increased from 677 m* in 1935 to 3,861 m* in 1980, or an increase 
from IO m* to 36 m* in average dune area. The growth or shift in the 

cardinal directions of the 65 dunes persisting since 1935 was deter- 
mined. The mean movements by direction were: west, 1.95 m; east 
2.35 m; south, 3.75 m; and north, 3.84 m. Significant differences 
(K.05) were found only between dune movement to the west and 
movement to the north and south. Thus, dune growth was least on 
the windward side and tended to be greatest at right angles to the 
prevailing winds. Whether this north-south extention resembles 
the wings of parabolic or barcan dunes which form perpendicular 
to prevailing winds (Bagnold 1941) or is the result of greater 
mesquite growth in a north or south direction is not known. These 
dune movements differ markedly from the downwind dune migra- 
tion rates of 30 to 60 cm per year which Melton (1940) gives for 
mesquite dunes in southeastern New Mexico. 

The Site C transect was established perpendicular to a grassland- 
mesquite duneland ecotone in 1935. Soil levels were determined at 
the transect stakes in 1950, 1955, and 1980. Only 27 of the 31 
transect stakes were common to all measurements. There was an 
indicated net soil loss of 2.9 cm from 1935-50 and a nearly equal 
loss (2.7 cm) in the 1950-55 period (Table 3). The 1950-55 period 
coincided with what is considered one of the most severe droughts 
in the Southwest during the past 350 years (McDonald 1956). The 
drought-induced reduction in vegetation cover probably accounts 
for the 1950-55 soil loss being nearly equal to that in the preceeding 
15 years. From 1955-80 there was a net gain in soil depth (Table 3) 
but just when the turnaround from loss to gain occurred is not 
known. The gain in soil depth was greater on the former grassland 
part of the transect (3.4cm) than on the mesquiteduneland portion 
(1.4 cm). Since mesquite had largely replaced the grassland by 
1955, the mesquite plants were probably trapping off-site sand, 
resulting in greater deposition. In all time periods, soil depth losses 
were greater on the original mesquite part of the transect than on 
the former grassland. 

Total dune intercept on the Site C transect increased from 46.7 m 
in 1935 to 149.6 m in 1980. In 1935, the mesquite duneland portion 
of the transect had 14 dunes with a mean height of 28 cm on the 
line. There were 27 dunes on the mesquite portion of the transect in 
198 1 with a mean height of 3 1 cm. Of the dunes present in 1935,9 
had increased in height and 4 had decreased in height. On the 
former grassland portion of the transect there were only 2 small 
dunes in 1935 (mean height of 15 cm). In I98 1 there were 23 dunes 

Table 2. Deposition and deflation of soil in 1935 and 1980 at 105 grid stakes on the 25Pha Site B where soil levels were marked in 1933, and 1980 soil kveLs 
at 113 transect stakes on Site B on which soil levels were marked in 1935. 

Data base 

Grid stakes 

Transect stakes 

Year of Soil movement Number of 
measurement category points 

1935 No change 9 
Deposition 36 
Deflation 60 

1980 Deposition 33 
Deflation 72 

1980 Deposition 43 
Deflation 70 

Maximum Minimum 
(cm) (cm) 

6.0 0 
4.9 0 

78.3 1.8 
61.9t 0.9 
78.6 0.6 
45.17 0.9 

Mean 
(cm) 

I.1 
I.4 

23.8 
17.4 
2.5 
2.1 

Net Loss (-) 
or Gain (+) 

(cm) 

-0.4 

4.67 

-3.5t 

tRepresent minimum values because one stake was completely excavated by wind erosion. 
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Table 3. Deposition and deflation of soil at transect stakcson Site C where soil kveh were marked in 1935 and remeasured in 1950,1955, and 1980. Vaiucs 
given show change from one measurement to the next for 27 stakes common to all measurements. 

Soil movement Number of Maximum 
Time period points category (cm) 
19351950 No change 2 

Deposition 4 3.2 
Deflation 21 30.57 

1950-1955 No change 2 
Deposition 3 3.0 
Deflation 22 10.5 

1955-1980 Deposition 18 25.1 
Deflation 9 34.67 

1935-1980 Deposition 8 35.1 
Deflation 19 61.07 

TRepresent minimum values because on stake was completely excavated by wind erosion. 

Minimum Mean 
(cm) (cm) 

0.6 5.1 
0.6 4.8 

0.9 1.7 
0.6 3.6 
1.2 7.0 
0.3 7.17 
0.6 10.7 
0.6 9.3t 

Net Loss (-) 
or Gain (+) 

(cm) 

-2.9t 

-2.7 

+2.3 

-3.47 

with a mean height on the transect of 20 cm. 
The area covered by the dunes intercepted by the transect 

increased from 96 mr to 493 m2 from 1935 to 1980 on the mesquite 
portion of the transect. There was no significant difference 
(mO.05) in the directional growth of dunes present in 1935 
although, as at Site B, growth was least on the west or windward 
side. On the grassland portion, the area covered by intercepted 
dunes increased from 8 mz in 1935 to 122 mzin 1980. Duringthe 
years mesquite dunes completely replaced the former grassland 
and black grama is no longer present on the area. 

Kimberlin et al. (1977) state that lands reported as damaged b? 
wind erosion are those that lose soil at rates of 33.6 tonnes ha-’ yi . 
For the Onite and Simona soils, with a bulk density of 1.4 g/cm) in 
the surface horizons (Gile and Grossman 1979), a loss of 33.6 
tonnes is equivalent to a soil depth loss of 0.24 cm ha-’ yi’. Net soil 
losses on the 3 study sites exceeded this rate only during the 
1950-55 drought period on Site C. However, wind erosion is usu- 
ally considered as a gross loss of soil moved by creep, saltation, and 
suspension (Wilson 1975). In the mesquite dune situation, creep 
and saltation fractions are trapped by the mesquite plants and 
remain on site. Therefore, gross soil loss can be best approximated 
by considering losses on areas of deflation only. 

Losses from the Site A wind deflated areas amounted to 69 
tonnes ha-’ yi’ for the 45-year period. Using the data from the grid 
points at Site B, the deflation areas lost 52 tonnes ha-’ yi’ for a 
47-year period. Losses on deflation areas at Site C were 45, 101, 
and 40 tonnes ha-’ yi’ for the 1935-50, 1950-55, and 1955-80 
periods, respectively. Wilson (1975) applied the wind erosion equa- 
tion to 765,604 ha in Eddy County in southeastern New Mexico 
and calculated a gross soil loss of 101 tonnes ha-’ yr-‘. This value is 
somewhat higher than the long-term yearly losses indicated above 
but is certainly not excessive for drought periods. As Wilson points 
out, the application of the site-specific wind erosion equation on a 
regional basis involves many approximations. The yearly loss rates 
probably have little real meaning. In the mesquite dunelands soil 
loss rates will vary widely between years due to fluctuations in 
vegetative cover on the interdune areas and in the erosive wind 
energy. 

The magnitude of soil movement within the mesquite dunelands 
indicates that considerable degradation of the soils as a plant 
growth medium has occurred. Other studies have identified the soil 
components lost in suspension as being predominately from the silt 
and clay fractions (Chepil1946, Gillette 1977). The constant loss of 
silt and clay as the dunelands are “churned” by wind erosion could 
have a major influence on soil properties such as water holding and 
cation exchange capacities. Loss of silts and clays by wind erosion 
would also reduce the soil binding properties imparted by these 

two size fractions, and the remaining fraction would be even more 
susceptible to wind erosion. In this arid environment appreciable 
changes in water holding capacity alone could be a factor causing 
shifts in vegetation associated with the mesquite dunes and in 
potential site productivity. Identification of the soil fractions lost 
from the mesquite dunelands is the object of continuing studies. 
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Herbicide Treatment and Vegetation 
Response to Treatment of Mesquites in 
Southern New Mexico 
CARLTON H. HERBEL, WALTER L. GOULD, WILLIAM F. LEIFESTE, AND ROBERT P. GIBBENS 

Abstract 

Mesquite (Prosopk juliifrora) is a major unwanted plant in the 
Southwest This study evaluated the herbage responses obtained 
from various aerial applications of 2,4,5-T on mesquites in south- 
em New Mexico. The dead plants on the various areas ranged from 
7-64% of the mesquite. Yields of perennial grasses ranged from 
3-1931 kg/ha on the untreated controls and 11-2696 kg/ha on the 
areas sprayed with 2,4,5-T. In dense stands of mesquite, about 30% 
of the mesquites must be kIIled before grass yields are significantly 
increased. 

There are an estimated 38 million ha of land infested with 
mesquite [Prosopis julifroru (Swartz) DC.] in the United States 
(Platt 1959). An estimated 4 million ha occur in New Mexico 
(Sampson and Schultz 1956). Although mesquite is an indigenous 
plant, it has invaded large areas and has become dominant on some 
of these in the last 100 years (Norris 1950, Wright 1960, Paulsen 
and Ares 1962, Buffington and Herbel 1965, York and Dick- 
Peddie 1969). The invasion and increase of mesquites have resulted 
in a decrease in cover and production of the perennial grass plants 
that once dominated these areas. As mesquites become established, 
an area devoid of herbaceous vegetation develops around the 
maturing mesquite plants. As the herbaceous cover is depleted 
wind erosion becomes more severe, particularly on sandy range- 
lands of the Southwest. Eventually, the “A” horizon and part of the 
“B” horizon is deposited around the mesquite or removed from the 
area entirely, resulting in a further decrease of the desirable peren- 
nial herbaceous plants and a build-up of sand dunes. Because of the 
competition for soil water by mesquite, few herbaceous plants 
become established on the eroded soils unless the mesquite is 
controlled. 

associations, the Upton-Simona association (shallower soils) and 
the Kermit-Maljamar-Berino association (Maker et al. 1970). The 
soils of the Jomada site are in the Simona-Harrisburg association 
(Bulloch and Neher 1980). These soils have a sandy surface that are 
quite susceptible to wind erosion. The surface relief is undulating 
or duned. The vegetation on the deeper sands in southeastern New 
Mexico is dominantly tall and mid-grasses, mesquite, sand 
shinnery oak [Quercus havurdi Rydb.)] and sand sagebrush [Arte- 
misiuJilifolia (Torr.)]. The more shallow soils support short and 
mid-grasses, mesquite, broom snakeweed [Xunthocephulum suro- 
the (Pursh) Shinners] and some creosotebush [Lurreu tridentutu 
(DC.) Cov.]. The average annual precipitation varies from 258 mm 
at the Ochoa Weather Station in the southeast portion of the study 
area to 3 13 mm at Roswell. The study site on the Jornada Experi- 
mental Range is dominated by mesquite, broom snakeweed, and 
short and mid-grasses. The average precipitation is 225 mm. 

co 
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The aerial a plication of 2,4,5-T [(2,4,5-trichlorophenoxy)acetic 
acid] has f resu ted in the control of mesquites and increased grass 
production in Arizona (Cable and Tschirley 1961) and in Texas 
(Fisher et al. 1959). This study was conducted to evaluate the 
degree of mesquite control resulting from aerial applications of 
2,4,5-T in New Mexico and to determine whether control of mes- 
quites on depleted rangelands in southern New Mexico would 
restore them to a more productive condition. 
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Methods and Materials 
This study was conducted at 5 locations in southeastern New 

Mexico and 1 location in south central New Mexico (Fig. 1). The 
soils of the 5 sites in southeastern New Mexico are in 2 general 
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Fig. 1. Treatment sites andsome major cities in New Mexico. (BA = Bates, 
BR= Brinninstool, DA = Daniels, JA = James, JO= Jomada, and SN 
= Snyder). 
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Low-volatile ester formulations of 2,4,5-T were aerially applied 
in the mornings when wind velocities and temperatures were rela- 
tively low. The 2,4,5-T was applied at the rate of 0.6 kg/ ha acid 
equivalent except at the Brinninstool site, where it was 0.8 kg/ha. 
The 2,4,5-T was applied in a I:5 or I:7 diesel oil to water emulsion 
at a total volume of 47 liters/ha. The effects of the treatment on 
mesquites were determined the third fall after the herbicide was 
applied by counting IOO-plant groups. Each plant was classified as 
dead or alive. Mesquite plants growing in sand dunes were consi- 
dered 4-12 plants depending on the size of the dune. Thus, if the 
estimated number on a dune was 9 plants and 2/ 3 of the mesquites 
were dead, we would count it as 6 dead plants and 3 live plants. 
From lb 100 plant groups were counted at each site in southeast- 
ern New Mexico depending upon the size of the sprayed area. On 
the Jornada Experimental Range, 20-22 plant groups were 
counted on each sprayed area. 

The basal cover and yield of perennial grasses, and the canopy 
cover of mesquites were measured on adjacent sprayed and 
unsprayed areas approximately 150 m apart utilizing a line inter- 
cept and belt transect as described by Canfield (1941). A single 
observation consisted of a line intercept transect, 30.5 m long, to 
determine basal cover of perennial grasses and canopy cover of live 
mesquites. Along the same transect the perennial grasses on a 
5.1-cm X 30.5 m belt transect were clipped to ground level, old 
growth was removed and discarded, the current year’s growth was 
air-dried for 30 days and then weighed to determine yield of the 
perennial grasses. Fourteen transects were observed at each site in 
southeastern New Mexico in 1966, and 25 transects per site were 
observed in 1967 and ,1968, except at the Daniel’s site where only 8 
transects were observed in 1967. 

Results and Discussion 

A total of 277 lOO-plant groups were counted in southeastern 
New Mexico to determine mesquite mortality. The amount of 
mesquite killed ranged from 7-5070 (Table I) with an average 
mortality of 36%. Very low mortality was obtained on areas where 
mesquite were damaged by insects or rodents, were defoliated by 
hard freezes prior to spraying, or because mesquites were in low 
vigor due to low precipitation for several months prior to spraying. 
At the Jornada site the percent of mesquite killed yearly by one 
application of 2,4,5-T from 1958 through 1961 was 18,30,9, and 
13, respectively. Greater than additive effects resulted from 2 appli- 

cations of herbicide with kill from treatments in 1958 + 1960 being 
3l%, 5O%onthesitesprayed in 1958+ 1961 and64sonthe 1959+ 
1961 site. The mortality of mesquites was definitely related to plant 
vigor as reflected by precipitation received in the several months 
prior to treatment (Valentine and Norris 1960). In 1958 the Janu- 
ary through May precipitation was 113 mm and the September 
through December precipitation was 151 mm. Precipitation in the 
early months of 1958 enhanced plant vigor, and a moderate degree 
of kill was obtained. The rainfall late in 1958 apparently carried 
over in 1959 to promote vigorous mesquite growth and resulted in 
a high level of mortality. The low winter-spring moisture 
preceeding the 1960 and 1961 sprayings (20 mm) resulted in a low 
level of control. Similarly, low mesquite mortality was obtained in 
southeastern New Mexico in years when precipitation during the 6- 
months prior to spraying was less than 63 mm (Leifeste 1971). 

Mesquite canopy ranged from 0.6-6.3% cover on the sprayed 
areas in southeastern New Mexico, 3 growing seasons after spray- 
ing, and 4.9-2 1. I TO cover on the adjacent untreated areas. On the 
Bates site sprayed in 1964 with a kill of 7%, the mesquite canopy 
cover was 4.0% in 1965 and 6.3% in 1966, as compared to 12% 
cover on the unsprayed areas. This demonstrates the rapidity of 
mesquite regrowth. On the other sprayed sites the mesquite canopy 
cover ranged up to 3.5% at the date of final evaluation. Excluding 
the 1964 Bates site, the mesquite canopy cover averaged 1.9% on 
the sprayed areas and 8.9% on the unsprayed areas for an average 
canopy reduction of 79%. On the Jornada site, the mesquite can- 
opy cover at the last date of evaluation averaged 3.0% on the 
sprayed sites and 13.1% on the untreated areas. 

The cover of perennial grasses varied from site-to-site and year- 
to-year. It ranged from 0.05-3.5% on sprayed sites and 0.06-2.0% 
on the unsprayed controls in southeastern New Mexico. On the 
Jornada site, the average cover of perennial grasses in 1965-1967 
on theareas sprayed in 1958+ 1960,1958+ 1961,and 1959-l- 1961 
was 0. I I, 0.17, and O.OSt& respectively. On the untreated areas it 
averaged 0.02%. 

Where mesquite growth is inhibiting forage production, a favor- 
able herbage response to mesquite control depends on site condi- 
tion before treatment, degree of kills of mesquite plants, favorable 
precipitation, and deferment from grazing by livestock. Leifeste 
(1971) concluded there must be a minimum of a 30% kill of 
mesquite to obtain significant response of the desirable herbage 
plants. In addition there must be sufficient deferment from live- 
stock grazing during the growing season following herbicide appli- 

Table 1. Dead mesquite plants, and yield (kg/ha) of perennial grasses on adjacent treated and untreated areas at 6 sites in southeastern New Mexico. 

Name and year of treatment 

Bates 1959 
Sprayed 
Unsprayed 

Bates 1964 
Sprayed 
Unsprayed 

James 1961 
Sprayed 
Unsprayed 

Daniels 1962 i- 1965 
Sprayed 
Unsprayed 

Synder 1963 
Sprayed 
Unsprayed 

Brinninstool 1965 
Sprayed 
Unsprayed 

Dead plants 1965 
% (kg) 

38 1279f 181 
0 771 1 208 

7 457f 139 
0 423f 111 

46 268f 110 
0 223 f 86 

48 529 f 82 
0 440f 59 

31 167f 54 
0 152f 76 

50 77 f 57 
0 64f 69 

Production f 0.95 confidence interval 
1966 1967 
(kg) (kg) 

2304 f 269 2696 Ifr 283 
1687 f 325 1931 f 325 

340f 48 552f 110 
375 f 102 430 f 73 

295 f 87 363 f 169 
137f 59 83 f 27 

561 f 71 279 f 86 
445f 78 1295 52 

258 f 44 360 f 108 
171 f 60 330f 103 

211 f 74 519f 44 
80f 49 94 f 43 

Average 
(kg) 

2093 
1463 

450 
409 

309 
148 

456 
338 

261 
218 

269 
79 
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cation to allow the desirable plants to regain their vigor and 
seedlings to become established. In some instances it takes several 
years for the treatment to result in significant herbage responses, 
e.g., the James site treated in 1961 and the Daniels site treated in 
1962 and again in 1965 (Table I). The Snyder pasture was not 
deferred after spraying. The rainfall in southeastern New Mexico 
in 1963-67 varied from 50-70% of average and the rainfall for June 
through September in these years varied from 57-87% of average. 
The combination of grazing pressure and low rainfall was not 
conducive to the establishment of new seedlings. 

At the Jornada site, production of perennial grasses varied 
widely from year to year and place to place depending on precipita- 
tion and the stand of the grasses (Figure 2). The average yields of 
the three treated sites ranged from 36-248 kg/ ha for 1963-66. Then 
it was above 200 kg/ ha for the next 4 years, dropped to 65 kg/ ha in 
197 1, was about 155 kg/ ha for the next 4 years, and averaged 399 
kg/ ha for 1976. Crop year precipitation (October-September) was 
above 200 mm for 1966-70 but in 1971 it was 158 mm. Even though 
precipitation was above 300 mm for 1972-75, average grass pro- 
duction was low because the stand of perennial grasses was severely 
reduced by the severe drought of 1970-7 I. During 1963-73 average 
production of perennial grasses on the adjacent untreated area was 
20% of that on the treated area. These paired samples were taken 
about I50 m apart so that sprayed and untreated sites would have 
similar environments. The production of perennial grasses in 1971 
on an untreated area about I km from the sprayed area was 
approximately 5% of the production on the area sprayed from 
mesquite control (Gould, unpublished data). The stand of grass 
along the border of the sprayed and unsprayed area was relatively 
high and decreased sharply with distance into the untreated area. 
Apparently, the sprayed area served as a seed source of the desira- 
ble perennial grasses. 

Conclusions 
Control of mesquites in arid areas can be achieved with the aerial 

application of 2,4,5-T provided the mesquites are undamaged (e.g., 
by frost, wind, or insects) and growing actively at the time of 
treatment. In dense stands of mesquites, about 30% of the brush 
must be killed before a significant increase in grass yield can be 
obtained. In this study, the reduction of mesquite canopy cover to 
3% or less resulted in a positive grass response to the spray treat- 
ment. The amount of mesquite killed is greatly affected by amount 
of precipitation during the 6 months prior to spraying. A minimum 
of 63 mm of precipitation (i.e., average or above) must occur 
during this period to obtain a minimum kill of 30%. 

A significant increase in grass yield following mesquite control 
occurs only if proper grazing management is practiced. The major 
items are deferment from livestock grazing so existing herbaceous 
plants may improve their vigor and so that new seedlings may 
become established. Seedling establishment is uncertain in the arid 
Southwest so flexibility in the grazing operation must be main- 
tained to provide the needed deferment during seedling establish- 
ment when there is sufficient moisture. 

70 II 72 
EAR 

Fir. 2. Precipitation (mm) during the crop year (October-September) and 
perennial grass prod&on (kg/ha) on-a&as sprayed (S) twice for mes- 
auite control. 1958 + 1960. 1958 + 1961. and 1959 + 1961. and an 
idjacent untreated (V) area on the Jomada Experimental Range. 
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Impact of Range Goats on Infiltration Rates 
in Southwestern Utah 
GERALD F. GIFFORD, FREDERICK D. PROVENZA, AND JOHN C. MALECHEK 

Abstract 

Three levels of goat browsing on a blackbrush site in southwest- 
ern Utah had no significant impact on infiltration rates. The proba- 
ble reason for these results was the presence of a vesicular soil crust, 
which is unstable when wet and therefore masks any browsing 
impacts. 

Watershed impacts of various classes of livestock are poorly 
defined. There is a complete void in the literature concerning the 
browsing impacts of goats. Grazing animals in general have an 
impact on local hydrology as reviews by Gifford and Hawkins 
(1978), Springer and Gifford (1980), and Blackburn et al. (1982) 
have shown. These reviews, however, contain no data specifically 
related to grazing or browsing schemes that utilized goats. 

The objective of this study was to evaluate the impacts of 3 
intensities of goat browsing on infiltration rates in a blackbrush 
(Coleogyne ramosissima) plant community in southwestern Utah. 

Site Description and Methods 
The study area is at an elevation of 1280 m and is located about 

45 km northwest of St. George, Utah, near the village of Gunlock. 
Vegetation on the site consists of blackbrush (Coleogyne ramosis- 
sima) associated with juniper (Juniperus osteosperma) growing on 
a Pastura Loam with an A-C horizon sequence underlaid by a 
petrocalcic (caliche) horizon (Bowns 1973). The Ai is a thin 
horizon of 0 to 7 cm in the open areas between plants and the soil 
texture is a sandy loam; the Cr and G horizons are loams and the 
petrocalcic horizon is located at depths ranging from 38 to 72 cm of 
soil profile. 

The physical design of the experiment consisted of 2 blocks of 8 
ha each. Within each block the control pasture was 1 ha, the 
heavily stocked pasture was 1 ha, the moderately stocked pasture 
was 2 ha, and the lightly stocked pasture was 4 ha. During 1977,ll 
Angora goats were introduced into each pasture the first week in 
January and remained 59 days. During the winter of 1978, each 
pasture was grazed by 13 short-hair, Spanish-type goats for 72 
days. Previous to this study the area had not been grazed by 
domestic livestock for several years. 

Infiltration Measurements 
All infiltration measurements were made with the Rocky Moun- 

tain infiltrometer (Dortignac 1951). Infiltration was calculated as 
the difference between applied rainfall (approximately 7.5 cm/ hr) 
and runoff for specific time intervals (up to 28 minutes) from plots 
0.23 mr in size. Measurements were made during September of 
1977 and 1978 on plots prewet to field capacity 24 hours prior to 
the rainfall simulation. Twelve replications (6 per pasture) were 
run within each grazing intensity during each of the 2 years. Cover 
(vegetal, litter, rock) characteristics were measured at 100 points 
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on each infiltrometer plot using an ocular device similar to that 
described by Ibrahim (1971). 

In an effort to characterize the extent of trampling disturbance 
under the various grazing levels, 100,200, and 400 random ocular 
estimates of percent disturbed soil surface were made in each of the 
1, 2, and 4 ha pastures on 5 dates in 1977. A .3 l-m square frame, 
subdivided into smaller fractions, was used for making the ocular 
estimates. Disturbed soil was readily identified based on surface 
soil characteristics, sparse vegetal cover, and lack of rainfall during 
the measurement period. No attempt was made to determine how 
often a given area might have been trampled, but only if it had been 
disturbed. 

Results and Discussion 

Infiltration rates were not impacted by the various browsing 
intensities. Gifford and Hawkins (1978) reported that moderate 
and light grazing reduced infiltration rates after 30 minutes to 
about 314 of the ungrazed conditions, while heavy grazingreduces 
infiltration rates to about 2/3 of the moderate/light condition or 
l/2 of the ungrazed condition. The only significant differences 
among 1977 and 1978 treatments appeared in 1977 during early 
time intervals within a rainfall simulator run, the first year the site 
was grazed (Figs. 2 and 3). This lack of response is somewhat 
surprising because (as shown in Fig. 1) nearly 90% of the heavily 
browsed pastures had been trampled at least once, and even under 
light browsing over 50% of each pasture had been trampled during 
1977. Dadkhah and Gifford (1980) have shown that trampling has 
a very significant impact on infiltration rates. Trampling was 
undoubtably increased in 1978 since more goats were browsing for 
a longer period of time, yet there were no significant differences 
among treatments in their effects on infiltration rates. 

A probable cause for the lack of well defined grazing impacts is 
the vesicular soil horizon. Such horizons are marked by accumula- 

100 

HEAVY GRAZING 

MODERATE GRAZING 

LIGHT GRAZING 

DATE (1977) 

Fig. 1. Accumulated rrampling disrurbancefor 3 browsing treatments dur- 
ing 1977. 
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Fig. 2. Infiltration rates under various browsing treatments in 1977. 
Significant differences (pL.05) are notedfor each time interval. 7here are 
no significant dsferences among treatmentsfor the last 2 time intervals. 

tion of spheroidal vesicles with relatively smooth walls which 
generally are isolated within the soil matrix. These horizons are 
thought to be formed through an interaction of entrapped air and 
wet soils, though the exact mechanism is not known (Hugie and 
Passey 1964, Springer 1958, Miller 1971). 

Blackburn (1973) studied 28 plant communities and/or soils 
representing pinyon-juniper, northern desert shrub, and salt desert 
shrub vegetation zones in 5 watershed areas in central and eastern 
Nevada. He found that infiltration rates were negatively related to 
vesicular horizons and the strength of this relationship was 
dependent on vesicular horizon morphology. 

Springer (1958) concluded that vesicular porosity was unstable, 
transitory, and quickly reformed in certain soils. The vesicular so’ils 
on this particular study site may have been sufficiently unstable to 
mask any impacts of specific grazing treatments. This hypothesis is 
supported by Eckert et al. (1979) who found that measured motor- 
cycle and truck traffic had little effect on infiltration rates of soils 
with vesicular horizons but generally reduced the rates on soils 
without vesicular horizons. In addition, since cover characteristics 
measured in this study accounted for only 22% of the variation in 
infiltration rates associated with the different treatments, much of 
the variation has to be accounted for by such things as surface soil 
characteristics. 
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Infiltration Rates and Sediment Production 
Following Herbicide/Fire Brush Treatments 
ROBERT W. KNIGHT, W.H. BLACKBURN, AND CJ. SCIFRES 

Abstract 

Termhtal infiltration rates were simiiar in soils on which a heavy 
whitebrush (Abysia lycioides) cover had been aerirny treated with 
2 kg/ha (active ingredient) of 20% tebuthiuron pellets 4 years 
previously or on tebuthiuron-treated plots which had been pres- 
cribed burned the winter about 9 months prior to infiltration 
measurements, compared to untreated sites. However, sediment 
production was greater from plots treated with the herbicide than 
from areas subjected to the herbicide-fire system or from untreated 
plots. Only minor variations in infiltration rates occurred among 
sites originaiiy dominated by running mesquite (Prosopis reptuns) 
which were aerially sprayed with 2,4,5-T + picioram (1:l) at 1.1 
kg/ha 3.5 years previously, burned 10 months previously, sub- 
jected to the herbicide-fire system or left untreated. However, 
sediment production on the running mesquite areas which had 
been sprayed tended to be greater than on untreated plots. Sedi- 
ment production on areas subjected to the herbicide-prescribed 
burning system tended to be less than from brush-covered plots. 
Differences in sediment production In both experiments were gen- 
erally attributed to siightly reduced mulch loads and mulch covers 
where the brush was removed as a leaf mulch donor by herbicide 
treatment. Prescribed burning apparently compensated for 10s~ of 

brush leaf mulch by promoting grass cover on herbicide-treated 
areas. 

The effective integration of herbicides and prescribed burning 
into brush management systems for south Texas has been demon- 
strated for improvement of Macartney rose (Rosa bructeutu)- 
infested rangeland (Scifres 1975, 1978, 1980; Gordon et al. 1981). 
Such systems alsoappear promising for improvement of rangeland 
supporting excessive cover of species such as running mesquite and 
whitebrush (Scifres 1981). However, the potential effects of such 
integrated brush management systems on soil hydrologic proper- 
ties have not been studied. 

Hughes (1966) reported that infiltration rates of Tillman clay 
loam averaged 5.6 cm/hr at approximately 2 years after aerial 
spraying of honey mesquite (Prosopisglundulosu var. glundulosu) 
with 2,4,5-T [(2,4,5-trichlorophenoxy)acetic acid] compared to 3.7 
cm/ hr on adjacent untreated rangeland on the Rolling Plains of 
Texas. Although average soil water contents in the surface 30 cm 
were normally higher on sprayed than unsprayed areas, soil-water 
contents were highest under the honey mesquite canopies, regard- 
less of treatment. 

Hendricks and Johnson (1944) reported that burning of steep 
mountain slopes decreased infiltration rates by the destruction of 
the protective vegetal and mulch covers. Where burns are of ade- 
quate intensity to significantly reduce organic matter content of 
soil, aggregate stability may decline (Wahlenburg et al. 1939). 
Range burning has been reported to intensify the water repellency 
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of certain soils (Adams et al. 1970, Debano and Karammes 1966, 
Buckhouse and Gifford 1976). 

Because of the differential behavior of fire as influenced by 
variations in weather, fuel characteristics and composition of plant 
stands, the influence of burning on hydrologic properties of soils 
may vary considerably within and among plant communities. For 
example, infiltration rates were decreased and sediment produc- 
tion was increased following removal of the protective cover by 
burning of coppice dune areas within a pinyon-junipercommunity 
(Roundy et al. 1978). Conversely, burning had no effect on these 
properties in dune interspace areas. Soil bulk density and organic 
matter contents were unaffected by burning, regardless of area 
burned. 

Ueckert et al. (1978) reported that burning had little effect on 
rainfall infiltration of honey mesquite-tobosagrass (Hiluriu mut- 
icu) dominated sites in north Texas, and had little influence on 
sediment load in runoff from slopes of less than 1%. Most of the 
soil physical properties that affect infiltration on the clay soils were 
not altered significantly by burning. in general, it appears that 
water infiltration rates are either unaffected (Buckhouse and Gif- 
ford 1976, Ueckert et al. 1978) or are decreased slightly (Roundy et 
al. 1978, McMurphy and Anderson 1965) following range burning. 
However, the slightly decreased infiltration rates generally 
exceeded expected rainfall rates for the respective areas. 

Within a given soil texture class and set of surface characteris- 
tics, degree of slope strongly influences sediment losses following 
burning. Wright et al. (1976) reported that erosion losses, runoff 
and water quality were unaffected following bulldozing and bum- 
ing to remove junipers (Juniperus spp.) from level terrain with 
limestone-derived soils in central Texas. However, water quality 
was decreased and erosion increased for 9 to 15 months where the 
slopes were 15 to 29% and for 15 to 30 months when the slopes were 
45 to 53%. Rates of erosion loss stabilized within 18 months on all 
slopes after herbaceous foliar cover reached 63 to 68%. 

The objective of his research was to compare terminal infiltra- 
tion rates and sediment production of 2 range sites which had been 
subjected to herbicide-prescribed burning systems in South Texas. 

Study Area and Treatments 

A whitebrush-dominated site near Tilden, Texas, and a running 
mesquite dominated site between Freer and Cotulla, Texas, were 
selected for study. The site near Tilden supported a heavy cover of 
whitebrush with scattered honey mesquite, spiny hackberry(Celtis 
pullida), blackbrush acacia (Acuciu rigidula), and lotebush (Ziz- 
iphus obtusifoliu). The soil of the site is predominantly Clareville 
sandy loam (fine montmorillonitic, hyperthermic family of Pachic 
Argiustolls). 

Tebuthiuron [N-(5_Cl,ldimethylethyl]-l,3,4-thiadiazol-2-yl)- 
N.N’dimethylurea] pellets (20%) were aerially applied at 2 kg/ ha 
(active ingredient) to the whitebrush site on November 20, 1975. 
Herbicide was applied to duplicate, 2.1-ha areas alternated with 
untreated strips of the same size. On January 24, 1979, half of each 
plot was burned with a headfire when the air temperature was 
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13O C, the relative humidity was 19% and the wind speed was 3 to 8 runoff from all treatments. The amount of runoff wasdetermined 
km/hr from the southeast. Plots treated with tebuthiuron sup- at 5-minute intervals. Upon termination of the simulated rainfall 
ported 1,750 kg/ ha of standing fine fuel (material 10.3 cm) which applications, runoff collections from each plot were thoroughly 
burned uniformly and completely. However, the untreated plots agitated and a l-liter subsample removed. The sediment was fil- 
did not burn because of the marginal fine fuel load (940 kg/ ha) tered from each subsample, dried at 105” C for 24 hr, weighed and 
which was not uniformly distributed. converted to sediment yield (kg/ ha) as an index of sheet erosion. 

The running mesquite-dominated soil was Maverick clay loam 
(fine montmorillonitic, hyperthermic family of Ustollic 
Cambothids). The site was aerially sprayed with I. 1 kg/ ha of 2,4,5- 
T + picloram (4-amine“-3,5,6-trichloropicolinic acid) (1:l) in 47 
liters/ha of a diesel oil:water (1:4) emulsion on May 25, 1977. 
Grazing exclosures, 1 ha in size, were erected on the sprayed and on 
an adjacent unsprayed area the following December. On January 
25, 1979, half of each exclosure was burned with a headfire when 
the air temperature was 24O C, relative humidity was 52 to 58% and 
wind speed was 10 to 13 km/ hr from the southeast. Fine fuel load 
(1,940 kg/ ha) was uniformly distributed on the herbicide-treated 
area so that 90% of the surface area of the plot was covered by the 
fire. The unsprayed plot supported only 380 kg/ha of fine fuel 
which occurred primarily in the interspaces between brush plants. 
Consequently, only about 40% of the area was covered by the burn. 

Foliar cover of grasses and forbs, and percentage ground cover 
by mulch and rock (>0.5 cm diam.) were estimated for each plot 
using a 1 mz frame with IO-cm grids. Grass, forbs, and standing 
dead herbage were clipped at ground level, dried for 48 hr at 600 C, 
and weighed 

Bulk density of soil sampled at 0 to 3 and 5 to 8 cm deep 
immediately adjacent to each runoff plot was determined by the 
core method (Black 1965). Also, a soil sample from 0 to 8 cm deep 
and immediately adjacent toeach runoff plot was used fordetermi- 
nation of soil texture by the hydrometer method (Bouyoucos 
1962), organic matter by the Walkley-Black method (Walkley and 
Black 1934) and aggregate stability by the wet-sieve method 
(Kemper and Koch 1965). 

Results and Discussion 

Material and Methods 

On September 1979 near Tilden, whitebrush canopy cover 
reductions was estimated in a belt, 3.7 m wide, on a diagonal across 
each plot. Basal diameters of stumps of burneddown whitebrush 
were measured in 25, I-m2 quadrats, equidistantly spaced on a 
diagonal across each plot. 

Since the study areas represented different soils and vegetation, 
the comparisons among treatments are restricted to those within 
study sites. 

Whitebrush-Dominated Site 

The whitebrushdominated site was fenced to exclude grazing 
for the first year following herbicide application. Thereafter, it was 
grazed with cows and calves in the spring (April) and fall (Sep- 
tember) to remove 50 to 60% of the standing crop of the key 
management species. 

The exclosures on the running mesquite-dominated site were 
grazed in the spring and fall as described for the whitebrush- 
dominated site. Canopy reduction of woody plants on each plot 
was visually estimated in mid-September 1979. 

Infiltration rates were determined with a drip-type rainfall simu- 
lator (Blackburn et al. 1974) on 10, 0.4-mz, randomly-located 
runoff plots in each treatment at both locations during mid- 
October 1979. Within treatment variation (variation among sub- 
plots) was allocated to the residual for testing differences (E.05) 
among treatments. The runoff plots were prewet with a sprinkler 
system to remove antecedent soil-water content differences. The 
simulated rainfall rate, 20.3 cm/ hr for 0.5 hr, was chosen toensure 

At the time the evaluation of hydrologic properties was initiated, 
the tebuthiuron application had killed 96% of the whitebrush-a 
typical response based on past research (Scifres et al. 1979). How- 
ever, many of the original stems were standing at the time of 
evaluation of hydrologic properties on plots receiving only the 
herbicide. In contrast, the prescribed burn consumed standing 
dead whitebrush stems 1.5 cm in diameter or smaller lending a 
more open aspect to areas subjected to the tebuthiuron-burning 
system. Grasses, especially multiflowered false-rhodesgrass Chlo- 
ris pluriflora) but including species such as longspike silver blue- 
stem (Bothriochloa saccharoides) and vine mesquite (Panicum 
obtusum), dominated the plots treated with tebuthiuron and 
burned. 

There was little difference among plots in the bulk density of 
soils from the surface 8 cm (Table 1). Organic matter content of 
soils from plots treated with herbicide-prescribed burning was 
significantly lower than on untreated plots, apparently the result of 
standing crop removal by the fire. Organic matter content of soils 
from tebuthiuron-treated plots was only slightly less than that 
from untreated plots, presumably a result of reduced leaf mulch 

Table 1. Soil chemical and physical properties in mid-October 1979 of whitebrushdominrted and running-mesquite dominated sites after implementation 
of herbicide-presc&ed burning systems in south Texes. 

Variables (units) 
Soil depth 

(cm) None 

Brush management 

Herbicide Burn 

Whitebrushdominated site’ 

Herbicide-prescribed 
burn 

Bulk density (g/cc) o-3 1.78 1.63 -2 1.69 
5-8 1.78 I .80 - I .88 

Organic matter (%)r O-8 3.5 a 3.3 ab - 2.9 b 
Sand (%) O-8 53 58 - 62 
Clay (%) O-8 30 29 - 25 

Running mesquite-dominated site4 

Bulk density (g/cc) o-3 1.32 1.49 1.39 1.34 
5-8 1.57 1.71 I .63 I .69 

Organic matter (%)r O-8 4.3 a 3.4 b 4.3 a 4.6 a 
Sand (%) O-8 40 43 39 42 
Clay (%) O-8 41 38 42 37 

‘Treated with 2 kg/ha of tebuthiuron on November 20, 1975, and burned on January 24, 1979. 
*Untreated plots did not bum on this site. 
‘Means followed by the same letter are not significantly different (RS.05) according to Duncan’s multiple range test. 
‘Treated with I. I kg/ha of 2.4.5-T + picloram spray on May 24. 1977, and burned on January 25. 1979. 
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Table 1. Vegetation attributes and hydrologic variables in mid-October 
1979 after implementation of herbicide-prescribed burning systems on a 
site dominated by whitebrush in South Texas. 

Brush management” 
Herbicide- 
prescribed 

Variables (units) None Herbicide burn 

Hydrologic properties 
Terminal infiltration rate (cm/ hr) 12.4 a 15.0 a 14.2 a 
Sediment production (kg/ ha) 730 b 1925 a 615 b 
Aggregate stability (%) 14.8 a 14.0 a 21.3 a 

Vegetation attributes 
Grass standing crop (kg/ha) 64oc 1825 b 3820 a 
Grass cover (%) 16 b 25 b 63 a 
Mulch load (kg/ ha) 2135 a 2060 a 1620 a 
Mulch cover (%) 61 a 29 b 21 b 
Bare ground (%) 19 b 38 a 16 b 

‘Tebuthiuron applied on November 20, 1975, and prescribed burns installed on Jan- 
uary 24, 1979. 
*Means within a variable (row) followed by the same letter are not signiiicantlydiffer- 
ent (pI.05) according to Duncan’s multiple range test. 

following control of the brush. Differences in mulch loads at the 
time of the infiltration evaluations support the conclusion (Table 
2). The mulch load on treated plots, especially those treated with 
tebuthiuron and then burned tended to be less than on untreated 
plots. Percentage of the soil surface covered by mulch was signifi- 
cantly reduced on treated plots, compared to brush-covered plots. 

Terminal infiltration rates were only slightly higher on areas 
subjected to the brush management treatments than on untreated 
plots (Table 2). There was no difference in sediment production 
from plots subjected to the herbicide-prescribed burning system 
and the untreated plots. Since there was no difference in percentage 
of bare soil between the areas, the potential influence of decreased 
mulch cover on the areas treated with tebuthiuron and then burned 
was apparently compensated by increased grass cover. Signifi- 
cantly higher sediment production on plots treated with tebuthiu- 
ron, compared to those treated with the herbicide-prescribed 
burning system or left untreated, was attributed to a higher percen- 
tage of bare ground on the herbicide-treated plots compared to 
other treatments. 

Running Mesquite-Dominated Site 
At the time hydrologic properties were evaluated, brush canopy 

cover reductions averaged 78%, 9%, and 88% on areas treated with 
herbicides, prescribed burning, and the herbicide-prescribed tire 
system, respectively. Primary grasses on the sprayed and sprayed- 

burned areas were multiflowered false-rhodesgrass, pink pappus- 
grass (Pappophorum bicolor), common curly-mesquite (Hilaria 
belungeri), white tridens (Tridens albescens), plains bristlegrass 
(Setaria macrostuchyu). Untreated areas or those burned only were 
typified by buffalograss (Buchloe dactyloides), red grama (Boute- 
loua trifida), whorled dropseed (Sporobolus pyramidatus), 
hooded windmillgrass, (Chloris cucullata), and three-awns (Aris- 
tidu ssp.). 

Bulk density and percentage clay or sand varied little among 
treatments on the running mesquite-dominated site (Table 1). 
There was no apparent explanation from the reduced organic 
matter content of soils from herbicide-treated plots compared to 
that from other treatments. 

Terminal infiltration rates did not differ among treatments 
(Table 3). However, sediment production tended to be greater on 
plots aerially sprayed and less on plots sprayed and then burned, 
compared to untreated areas. Grass standing crop was greater on 
herbicide-treated plots than on untreated areas. However, there 
was a trend toward decreased mulch cover and mulch load, and 
increased percentage of bare ground on plots sprayed only, com- 
pared to untreated plots. The slight increase in sediment produc- 
tion (380 kg/ ha) from the sprayed plots was attributed to the 
reduced presence of mulch and the increased percentage of bare 
ground. 

Sediment production tended to be reduced on plots which were 
burned only or which received the herbicide-prescribed burning 
system compared to undisturbed running mesquite stands (Table 
3). Since the prescribed burn was ineffective in reducing the brush 
cover, variation in mulch cover, and percentage bare ground were 
minor. However, the application of prescribed burning following 
herbicide application increased grass standing crop slightly, com- 
pared to application of the herbicide only, and significantly 
increased grass standing crop compared to untreated plots or those 
burned only. The herbicide treatment had a slightly higher sedi- 
ment production than the prescribed burn treatment, but not 
significantly. This was probably due to this treatment having a 
higher bulk density and lower organic matter. Moreover, percen- 
tage grass on plots receiving the brush management system was 
greater than on plots receiving single treatments or left untreated. 
Apparently, increased cover of herbaceous vegetation compen- 
sated for the reduced mulch cover and the slight increase in the 
percentage of base ground on sediment production. 

Conclusions 

Although the brush management treatments did not influence 
terminal infiltration rates of soil in either experiment, sediment 
production increased following application of herbicide to the 

Table 3. Vegetation attributes and hydrologic variables in mid-October 1979 after implementation of a herbicide-prescribed burning system on a site 
dominated by running mesquite in South Texas. 

Variables (units) None 

Brush management” 

Herbicide Prescribed burn 
Herbicide-prescribed 

burn 
Hydrologic properties 

Terminal infiltration rate (cm/ hr) 12.8 a 12.2 a 12.8 a 
Sediment production (kg/ha) 1955 a 2335 a 1300 a 
Aggregate stability (%) 11.6a 16.2 a 16.0 a 

Vegetation attributes 
Grass standing crop (kg/ha) 565 b 2060 a 370 b 
Grass cover (%) 21 b 30 b 18 b 
Mulch load (kg/ha) 5435 a 3260 a 2955 a 
Mulch cover (%) 64a 51 a 56 a 
Bare ground (%) Ila 15 a 12 a 

‘z,~,s-T + picloram aerially applied on May 25, 1977 and prescribed burns installed on January 24, 1979. 

2Means within a variable followed by the same letter are not significantly different (P5.05j according to Duncan’s multiple range test. 

11.3 a 
1160 a 
12.8 a 

2590 a 
47 a 

750 b 
33 b 
19 a 
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whitebrush-dominated site where prescribed burning was not ap- 
plied as a subsequent treatment in the management system. The 
same trend occurred where a running mesquite-dominated site was 
sprayed and not subsequently burned. In both cases, increased 
sediment production was attributed to reduced mulch covers, a 
trend toward reduced mulch loads, and increases in percentage 
bare ground where the herbicides were applied. Reduced mulch 
loads and covers were attributed to greatly decreased presence of 
woody plants which contribute large amounts of mulch. 

Although prescribed burning of herbicide-treated areas further 
reduced mulch load and mulch cover compared to herbicide treat- 
ment alone, grass cover was promoted on both sites subjected to 
the herbicide-prescribed burning system. Grass cover on plots 
treated with herbicide-fire system was increased two or four-fold, 
compared to untreated areas, and by 2.5 times, compared to areas 
treated with herbicide only. Increased grass cover apparently corn- 
pensated for the potential influences reduced mulch load and cover 
on sediment production. 
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POSITION ANNOUNCEMENT 

Texas Tech University is seeking a Range Research Scientist 
for the Department of Range and Wildlife Management, one 
of eight academic divisions in the College of Agricultural 
Sciences. This is a 12-month teaching and research position 
with summer salary dependent upon teaching and research 
grants. 

This 12-month appointment will be supported in part by 
USAID Small Ruminant Collaborative Research Support Pro- 
gram, the Noxious Brush and Weed Control Program, and 
Resident Instruction. Research responsibilities will include 
international travel to Peru, administration, graduate student 
advisement, data analysis and publication writing. The appli- 
cant also will be expected to write proposals for external fund- 
ing and develop his/her own research program. Teaching 
responsibilities will include”Ecology and Conservation of Nat- 
ural Resources” (sophomore level) and the development of a 
course in “Range Animal Nutrition” (Graduate level). 

A Ph.D. in Range Science or in a closely related discipline is 
required. Position available September 1, 1983. Applications 
accepted until July15,1983, or until position is filled. Salary is to 
be commensurate with education and experience. 

Submit a resume and the names of three references to: 

ASSISTANT/ASSOCIATE PROFESSOR OF WILDLIFE MAN- 
AGEMENT. Two faculty positions, tenure trace academic 
year (g-month) appointment: 60% teaching, 40% research. 
Opportunities for summer research. Must have one degree 
in wildlife biology/management, and Ph.D. or near com- 
pletion. Must be capable of field research and instruction, 
and effective in oral and written communication in English. ~ 
Wilcilife Management-Mammals: Need education and 
training in mammal management. Wildlife Habitat Man- 
agement: Demonstrated substantive knowledge in wildlife 
habitat management, forestry, and vegetation manipula- 
tion. Appointment: About Sept. 15, 1983, pending antici- 
pated funding. Closing Date: Postmarked by June 1,1983. 
Application: Send transcripts, resume, reprints, letter of 
application, and names of three persons as references to: 
Wildlife Search Committee, School of Forestry, University 
of Montana, Missoula, MT 59812. Write or call (406) 243- 
5521 for information. EEO/AA employer. 

Dr. Henry A. Wright, Chairperson 
Dept. of Range and wildlife Management 

Texas Tech University 
P.O. Box 4169 

Lubbock, Texas 79499 
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Mitigation of Chaining Impacts to Archaeo- 
logiCa Sites 
WILLIAM R. HAASE 

Abstract 
Current strategies for protecting archaeological sites during 

implementation of brush management practices such as chaining 
are frequently inadequate. Potentially significant prehistoric 
remains are sometimes dealt with in a fashion conducive to their 
destruction. This conflict can be alleviated by developing a chahr- 
ing program in which there is planned avoidance of cultural resour- 
ces. This is accomplished through an intensive archaeological, soil, 
range, and visual assessment of project areas prior to chaining. The 
development of a chaining design by an interdisciplinary planning 
team and the “buffering” of sites during implementation of the 
range improvement can enhance all resources. Through careful 
planning, secondary impacts such as vandalism to prehistoric sites 
can be reduced as well. 

The use of heavy equipment in brush management is an effective 
and frequently used method of increasing rangeland forage capac- 
ity. In particular, conversion of large stands of pinyon-juniper 
woodland to grassland habitat by bulldozing or chaining has been 
a common undertaking for the past 30 years. Specifications for 
brush management differ quite markedly among the various fed- 
eral and state agencies concerned with range management, but it is 
rare that adequate consideration has been given to the preservation 
of archaeological sites or cultural resources within project areas. 
Cultural resources are non-renewable and individual sites repres- 
ent unique measures of past human behavior. Once disturbed, 
neither the site nor the information contained therein can be 
replaced. 

With increasing efficacy of the National Historic Preservation 
Act of 1966 and the resultant mandates to federal land manage- 
ment and assistance agencies, archaeology has become a valid 
multiple-use resource. Recognition of this has led to the hiring of 
241 archaeologists by the Forest Service and the Bureau of Land 
Management (Rogge 1980), a proposal by the Soil Conservation 
Service to train its staff in cultural resourcedetection, and a review 
of archaeological site protection in range improvement areas at the 
198 1 National Association of Conservation Districts’ pasture and 
range meeting at Cedar City, Utah. 

Presently lacking, however, is a common body of “how to” 
material designed to protect these resources prior to, during and 
after implementation of range improvements such as chaining. 
This paper examines the state-of-the-art with particular reference 
to: (1) the types of archaeological sites most susceptible to adverse 
impacts of chaining; (2) the methods capable of reducing or elimi- 
nating disruptiveeffects of chaining; and (3) determining the signif- 
icance of archaeological values in areas undergoing range 
improvement. 

Impacts of Chaining on Archaeology 

Archaeological sites of all types are likely to be impacted if 
located in areas to be chained, but greatest disturbance will occur 
to small and shallow sites containing fragile artifact patterns. 
Hayden (1965) describes fragile artifact patterns as sites with mate- 
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rials that lie without depth upon an existing natural surface, com- 
prising a pattern of prehistoric activity which can be broken with 
any disturbance. Due to small size and lack of any apparent 
building rubble, these sites are frequently overlooked by thecasual 
observer. Larger sites containing architectural remains and deep 
deposits can be disturbed when tree roots are brought to the 
surface, collapsing or exposing previously buried walls or rooms. 
Additional damage may occur if total site size is underestimated, 
leaving less obvious portions of the site to be chained. Frequently 
overlooked are refuse deposits and human burials. 

There is little quantified data on the type or extent of impacts to 
archaeology occurring as a result of chaining. Federal and state 
land management agencies have not been concerned with cultural 
resources long enough to accumulate such information, and fed- 
eral assistance agencies are only now being made aware of the 
problem. What information is available has been generated by the 
Forest Service in 2 short papers (DeBloois et al. 1974, Gallagher 
1978). 

The first study, a test of impacts of pinyon-juniper chaining on 
archaeology in the Manti-La Sal National Forest in southeastern 
Utah, was conducted by DeBloois et al. (1974). The test was 
designed to measure 3 factors of chaining disruption: tree uproot- 
ing, chain travel and location of caterpillar tractor paths. Impacts 
were discussed in terms of artifact breakage, horizontal displace- 
ment and subsurface churning. Four l-m squares, each containing 
32 color coded flint chippings placed on the ground surface of an 
actual archaeological site, were established to determine impacts of 
a single pass of the anchor chain. Results indicated that each test 
square was affected differently. Table 1 quantifies disturbance in 
terms of missing flakes. 

In addition, 19 new flint chippings from the buried prehistoric 
site appeared on the ground surface of test squares, indicating that 
vertical movement had occurred. One further estimate of 
subsurface damage was provided by examination of tree root 
craters. A sample of I2 depressions caused by tree uprooting had a 
mean diameter of 11.7 m and an average depth of 50 cm. It was 
estimated that when trees were located less than I5 m apart, 
dislodging the roots would disturb all areas of a site to a minimum 
of 50 cm (DeBloois et al. 1974). 

The second study (Gallagher 1978) occurred during scarifica- 
tion and piling of slash in the Sawtooth National Forest. Piling 
slash after a timber sale can be considered similar to windrowing of 
pinyon-juniper debris after chaining. To test the impacts, a grid I6 
m on a side was staked out and steel washers were buried in test 
holes every 2 m along the grid. Upon completion, a caterpillar 
tractor pushed all surticial slash and tree stumps into a long 
windrow off the grid area. This activity had a marked effect on 
both horizontal and vertical displacement of washers: 50% of the 
test holes suffered missing or displaced washers and 6 test holes 
could not be relocated. 

In summary, disturbance was significant enough in both tests to 
break the initial pattern in which the “artifacts” were distributed. 
Inferences can be made between these experiments and similarly 
patterned archaeological sites. If chaining and windrowing of 
pinyon-juniper is undertaken without consideration of archaeol- 
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Table 1. CbaMng imp&s to test squares containing flint chippings. 

Disturbance Percent missing flakes 

Tree adjacent to flakes 53 
Caterpillar path 12 
Caterpillar turn 82 

ogy, overall damage could be close to cumulative percentages 
obtained by combining both Forest Service studies: nearly 100% 
displacement of surficial artifacts could be expected, with close to 
the amount occurring at depths of up to 50 cm. 

Mitigating Adverse Impacts to Archaeology 

Although there appears to be an inherent conflict between main- 
taining the integrity of prehistoric sites and the need to increase 
rangeland forage capacity through pinyon-juniper chaining, there 
are readily available resolutions to this problem. Because land 
management is a multiple-use concept, interdisciplinary teams 
frequently implement planning decisions. When implementing a 
chaining program, a team consisting of an archaeologist, lands- 
cape architect, range specialist, and soils scientist should be estab- 
lished. By utilizing the advice of an archaeologist and landscape 
architect, cultural resources can be incorporated into an applied 
visual landscape management plan (cf. Williamson and Currier 
197 I), with little disruption. Landscaping of chainings are encour- 
aged, because if range improvements follow legal boundaries 
rather than natural contours of the land, mitigation of impacts to 
archaeology will be more costly and time consuming. 

After chaining is planned, but prior to actual implementation of 
the range improvement, the first step is to conduct an inventory of 
soils, water, vegetation, wildlife and visual resources. Only after 
this has been accomplished should an inventory of the archaeology 
be done. If it is determined that only a portion of the project area 
will respond successfully to the treatment, confining the archaeo- 
logical survey to this area will greatly reduce costs and allow the 
archaeologist to concentrate efforts in areas deemed feasible for 
range improvement. 

Predicting actual costs of an archaeological survey is beyond the 
scope of this paper, but some factors can be estimated. This 
includes the amount of acreage to be chained (necessarily the 
acreage to be surveyed by the archaeologist), size of survey crews, 
transportation costs, and time spent documenting and recording 
each site discovered. Less predictable are the number of sites to be 
discovered and the acreage covered per man-day. These last two 
items are dependent upon one another, because the “intensity”of 
an archaeological survey often determines how many sites will be 
found in a given area. Plog et al. (1978) examined 12 different 
surveys and found there was a positive correlation between total 
man-days expended/ km* and the number of sites discovered. In 
other words, a casual walk through an area would encounter far 
fewer prehistoric sites than an intensive and systematically sweep- 
ing survey. 

Determination of mandays for an archaeological assessment of 
a project area has to be set in a variable format rather than a fixed 
figure because the number of sites can vary extensively in areas of 
similar tree density and terrain. The range of coverage varies from 
10 to 15 ha/ man-day. The critical factor is site density, because an 
average of 30 min is spent documenting, mapping and marking 
sites with flagging tape so they can later be avoided during chain- 

~ ing. Spencer (1980) and Lindsay (198 1; personal communication) 
reported that 10 and 15 ha/ man-day respectively were covered in a 
region containing upwards of 20 sites/ km*. These figures appear 
average because Dalley (n.d.) and Chandleret al. (1980) stated that 
10 and 11 ha/ man-day were necessary to effectively survey for 
cultural resources. 

Once the archaeological sites in the project area have been 
identified, various management alternatives can be reviewed and 
their potential effects determined. An interdisciplinary team may 
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again have to be consulted in order todevelop the alternative which 
will accomplish the objective of the range improvement yet mit- 
igate the identified impacts to the archaeology. The role of the 
,landscape architect becomes important at this time in implement- 
ing a final chaining design or configuration that will avoid the 
archaeological sites yet maximize forage production. 

When chaining configuration are designed, prehistoric sites 
should not be left in small isolated islands of standing trees. A few 
standing trees will serve as signals to grave looters and seldom will 
a site remain unvandalized if its presence is made known. Addi- 
tionally, cattle congregating under a few isolated trees could result 
in vertical and horizontal displacement of artifacts. The destruc- 
tion of stone foundations and rock alignments by congregating 
cattle has been documented (Lindsay 1981: personal 
communication). 

These problems can be alleviated by designing a chaining in 
which most of the sites are incorporated into the body of remaining 
pinyon-juniper forest and not left within isolated vegetative units. 
An effective technique which can be used in areas of high site 
density is the “blocking up” of several sites into large groves of 
standing trees. Both these alternatives are illustrated in Figure I. 
Effective use of these techniques would,dissuade potential vandals, 
disperse congregating cattle, and provide a natural appearance to 
the project area. If it is not possible to incorporate sites into the 
remaining pinyon-juniper forest, they should still be marked with 
flagging tape prior to chaining, after which, trees remaining on the 
sites should be immediately burned or cut by hand to protect them 
from vandalism. 

While flagging sites during the archaeological survey and when 
actually implementing the range improvement, a minimum buffer 
zone of standing trees and undisturbed soils should remain around 
each site. Dalley (n.d.) suggests that a minimum of .80 ha (2 acres) 
is necessary to totally avoid a site. Although wall rubble may be 
readily apparent, the very existence of such a structure may indi- 
cate that buried rooms or human skeletal remains are 15 to 20 m 
distant with little or no apparent surface indication. Because large 
areas of a site may not be obvious from casual observation of the 
ground surface, determination of a buffer zone requires the expert 
judgement of an archaeologist familiar with the prehistory of the 
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region. Buffer zones will vary with site size, so no arbitrary unit of 
protective cover should bedetermined prior toactuallyconducting 
the cultural resources survey. This will allow the archaeologist a 
necessary amount of flexibility when in the field. 

When chaining is actually implemented, the presence of an 
archaeologist is the project area is again important. With the dust 
and confusion of chaining, signal flags and site markers are easily 
missed (DeBloois et al. 1974). During one recent chaining, the 
absence of an archaeologist in the project area for I day saw the 
destruction of a previously identified archaeological site and the 
flagged buffer zone removed on 3 more (Dalley n.d.). Further- 
more, an archaeologist could be quick to recognize previously 
unindentified sites and adjust the chaining design accordingly. 

Significance of the Archaeology 
Finally, there is the question of significance of thearchaeological 

values found within project areas. When this is asked, there will 
likely be a discussion of “trade offs” between the archaeologist and 
other management personnel. Yet “significance” remains ill- 
defined and misunderstood by archaeologists and land use 
planners alike. Ideas range from the academic conviction that all 
sites were created significant and all warrant preservation, to the 
planners’ view that archaeological sites are somehow ranked with 
most consigned to the bulldozerand only a few worthy of preserva- 
tion. Standards established by the archaeological community pro- 
vide no answers to this question because some archaeologists are 
interested only in extremely large pyramids while others find 
answers to their research questions in small scatters of flint 
chippings-the fragile pattern areas discussed earlier in this paper. 
It is safe to say that significance will vary with the perspective of the 
evaluator and the objective of the land management agency. 

The legal aspects of significance provide a partial answer. Sec- 
tion 106 of the National Historic Preservation Act (1966) states in 
part that: 

The . . . Federal agency having direct or indirect jurisdiction over a 
proposed federal or federally assisted undertaking . . . shall, prior to 
the approval of the expenditure of any federal funds on the undertak- 
ing, or prior to the issuance of any license, . . . take into account the 
effect of the understanding onany district, site, building, structure or 
object that is included in or eligible for inclusion in the National 
Register. 

Sites already on the National Register are usually well known and 
documented; what is important here are sites that may be eligible 
for inclusion on the Nation’s list of historic places, but are not 
actually listed on the Register. The regulation 36 CFR part 60, an 
interpretation of the National Historic Preservation Act, lists the 

criteria for eligibility. This rule states in part that sitesareeligible if 
they: 

. . . embody the distinctive characteristics of a type, period, or method 
of construction . . or that have yielded, or may be likely to yield, 
information important in prehistory or history. 

Because this definition of significance is the one that determines 
eligibility for inclusion on the National Register, it is necessarily a 
key measure in the environmental evaluation process conducted 
prior to project implementation. 

Most frequently, however, it is the consensus of the planning 
team that determines what sites will be saved and which will be 
sacrificed. Besides compliance with the law, an assessment of 
public and ethnic significance should be conducted as well. Ques- 
tions of public visitation to sites in the project area and their 
relationship to living Native American groups should be 
addressed. In sum, it should be the interdisciplinary planning team 
that determines the future of the archaeology in project areas, 
based upon applicable laws, the perceived “significance” of the 
sites, and just as importantly, the economics of the management 
practice. 
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Spring Burning Effects on Redberry Juniper- 
Mixed Grass Habitats 
ALLEN A. STEUTER AND HENRY A. WRIGHT 

Abstract 

Habitat and plant species parameters were compared among 
untreated, chained, chained/burned, burned/chained, and 
bumed/chained/reburned treatments on redberry juniper-mixed 
grass rangeland. Chaining followed by burning with a standard- 
ized fire plan in mid-March drastically decreased shrub and debris 
cover, while increasing percentage bare ground. Perennial grass 
yields were maintained or increased compared to previously 
chained or untreated areas following burning in a year of above- 
normal rainfall. Burning in a “dry” year reduced grass yields by 
50% of that on areas chained only, but yields were only slightly less 
than on untreated areas. Grass species density was reduced for 2 
growing seasons following burning. Burning greatly reduced 
annual forbs from March through June of a moist spring. Total 
forb densities on burned areas were generally similar to, or higher 
than, those on unburned treatments by July because of extended 
growth of perennial forbs. March burns appeared to have the most 
severe impact on the least desirable shrub (redberry juniper), grass 
(threeawn), and forb (common broomweed) species. 

Redberryjuniper (Juniperuspinchotii)-mixed grass habitatsare 
most widely developed on Rough Breaks and Shallow range sites 
along the High Plains escarpment and adjacent Rolling Plains of 
west Texas. Primary resource values of these areas are associated 
with domestic livestock grazing and wildlife habitat. 

Redberry juniper stands often become so dense that livestock 
handling is difficult. Perennial grass production in untreated 
stands may be less than half that followingjunipercontrol(Robin- 
son and Cross 1970, Graves 1971). Understory shrubs and herbs 
generally are suppressed with increasing juniper cover on western 
rangelands (Clary 1974, Barney and Frischknect 1974, Tauschand 
Tueller 1979). However, unlike other western junipers (except 
alligator juniper [J. deppeana]) redberry juniper is a strong 
sprouter (Vines 1960). Sprouts develop from meristematic tissue 
located at the stem base (Smith et al. 1975). Therefore, develop- 
ment of redberry juniper-mixed grass habitats following distur- 
bance is different from juniper stands that establish from seedlings 
only. 

Mechanical control has been essentially the only technique for 
managing redberry juniper in Texas (Bell and Dyksterhuis 1943, 
Wolff 1950). Rootplowing is effective, but expensive relative to site 
productivity. Chaining lowers redberryjuniper canopies, but resid- 
ual stems, sprouts, and debris continually build up. Soil-applied 
picloram at 2.24 kg/ ha has resulted in 70% mortality of redberry 
juniper (Robinson and Cross 1970, Scifres 1972, Schuster 1976). 

Use of fire in the management of redberry juniper-mixed grass 
habitats may provide an economical and ecologically sound alter- 
native to present methods. The objectives of this study were to 
define the species and habitat changes which can be expected 
following spring burning of redberry juniper-mixed grass habitats. 
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Study Area and Methods 
Study areas were on the Masterson JY Ranch in northeastern 

King County, Texas. The ranch lies within the Rolling Plains 
resource area (Gould 1969) at an elevation of 550 m. King County 
has a subtropical climate with dry winters and hot, humid 
summers. Average annual precipitation is 59 cm. Peak precipita- 
tion months are May and June. Topography ranges from nearly 
level to extremely steep. Study sites were restricted to the rocky, 
moderately sloping, well-drained, loamy soils of the Shallow range 
sites. These areas are typically intermediate between the Rough 
Breaks and Deep Hardland range sites. The Talpa series (loamy, 
mixed, thermic, lithic Calciustoll) was the major soil series on 
study sites. Study areas established in 1980 were on steeper slopes 
and had a higher proportion of Cottonwood soils than the plots 
established in 1979. Cottonwood soils contain more gypsum, are 
less productive, and responded differently than the Talpa soils 
treated in 1979. 

Redberry juniper is the dominant woody species on the area. 
Associated shrubs include skunkbush (Rhus aromatica), littleleaf 
sumac (R. mkrophylla), algerita (Berberis trtfoliolata), lotebush 
(Ziziphus obtusifolia), catclaw acacia (Acacia greggii), feather 
dalea (Dalea formosa), honey mesquite (Prosopisglandulosa var. 
glandulosa), catclaw mimosa (Mimosa biuncifera) and elbowbush 
(Forestiera pubescens). Major grasses were sideoats grama (Boute- 
loua curtipendula), perennial threeawn (Aristida wrightii, A. pur- 
purea, A. longiseta), little bluestem (Schizuchyrium scoparium), 
silver bluestem (Bothriochloa saccharoides), tall dropseed (Sporo- 
bolus asper var. asper), rough tridens (Tridens muticus), hairy 
grama (Bouteloua hirsuta), buffalograss (Buchloe dactyloides), 
hairy tridens (Erioneuron pilosum), and fall witchgrass (Lepto- 
loma cognatum). 

The study was conducted from January 1979 through Sep- 
tember 1981. Rainfall from April through September 1979 was 
18% above the long-term average and temperatures were moder- 
ate. Rainfall was 32% below the long-term average and tempera- 
tures set record highs during April through September 1980. The 
1981 growing season had slightly lower than average precipitation 
and moderate temperatures. 

Treatment areas were established in 1979 and 1980 using. a 
completely randomized design with 2 replications. Treatments 
included untreated, chained two ways in 1974-75, and burning in 
March 1979 of areas chained in 1974-75. These same treatments 
were established again in 1980 along with 1969 burn/chained 
(1974-75) and a 1969 burn/chained (197475)/ 1980 burn. Burned 
plots were located within an 800-ha broadcast burn in March 1979 
and a 280&a broadcast burn in March 1980. Fire plans were 
similar to the one for volatile fuels described by Wright (1974) 
except that no large juniper piles were present. Fine fuel loads 
across burned pastures averaged 2,573 kg/ ha in 1979 and 1,508 
kg/ ha in 1980. Weather conditions were: relative humidity 25 to 
40%, temperature 20 to 26OC, winds 12 to 24 km/ hr. Fire spread 
was excellent in both years resulting in nearly 100% coverage of 
pastures. 

Livestock were removed from pastures before burning and 
returned on approximately June 1 following the March burns. 
Stocking rates were I A.U. per 20 to 22 ha year-long grazing on all 
study areas. This represented light to moderate stocking. 
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Vegetation and habitat measurements were obtained along 6, 
30.5-m permanent line transects within each replication. Transects 
were randomly located and laid out perpendicular to local contour. 
Pretreatment measurements were obtained on all study areas and 
habitat parameters prior to burning in 1979 and 1980. 

Aerial cover of shrubs, woody debris and percent bare ground 
were determined by the line-intercept method (Canfield 1941) in 
mid-July. Shrub density was recorded on belt transects 3 m either 
side of the 30.5-m line transects. Forb density was determined from 
10, randomly located 0.25-m* plots per transect in May, July, and 
September. Perennial grass standing crops were determined by 
clipping 10, randomly located 0.25-m* plots along each transect in 
August. Clipped samples were separated by species into current 
and past year’s growth and litter. Perennial grass frequency was 
also obtained from clipped plots. The response of redberryjuniper, 
skunkbush, algerita, and littleleaf sumac was determined from 100, 
10, 50, and 50 randomly selected plants, respectively, which were 
marked with a metal stake before burning. 

Data were. analyzed using analysis of covariance with least 
squares mean separation or analysis of variance with Duncan’s 
multiple range mean separation. Significant differences were iden- 
tified at the 95% confidence level. 

Results and Discussion 

Large changes occurred in cover values following burning in 
both 1979 and 1980 but tended to be less dramatic following the 
1979 bum. Woody de&is coverage was 17 to 25% on chained areas 
but was reduced to less than 2%following burning. Debris cover on 
the reburned areas was similar to that on the untreated and ll- 
year-old burned areas (4 to 6%). The consumption of woody debris 
appears to be a major source of increased bare ground following 
burning of chained sites (Table 1). Based on our results, burning of 
redberry juniper-mixed grass habitats similar to those in this study 
will increase bare ground for more than 2 growing seasons. Bare 
ground averaged 52% during the growing season following burn- 
ing in 1979 (wet), and 79% following the 1980 fire (dry). Bare 
ground averaged 36% and 4% on untreated, and 26% and 29% on 
chained areas during the 1979 and 1980 growing seasons, respec- 
tively. The effects of increased bare ground on watershed qualities 
and subsequent management have been described for similar sites 
by Wright et al. (1976). Prescribed burning should be confined to 
gently-to-moderately sloping sites (3% to 12%) to minimize poten- 
tial soil loss. 

Table 1. Changes in woody debris coverage (adjusted for COVariate) and 
bare ground for untreated (UN), chained (CH), chained/burned 
(CH/BU), burned/chained (BU/CH), and bmned/eMn=t/bumed 
(BU/CH/BU) treatments; 1979 and 1980. 

Woody debris Bare ground 
Year-treatment Growing season coverage (%) (%I 

1979 - UN 1st 6.7 b’ 36.4 b 
2nd - - 

CH 1st 16.7 c 25.8 a 
2nd - 31.0 a 

CH/BU 1st 1.4 a 52.2 c 
2nd - 49.3 b 

1980 - UN 1st Il.5 c 39.6 b 
2nd - 41.8 b 

‘CH 1st 24.7 d 29.4 a 
2nd - 31.2 a 

CH/BU 1st 0.5 a 78.8 c 
2nd - 64.3 c 

BU/CH 1st 6.0 b 44.6 b 
2nd - 41.6 b 

BU/CH/ BU 1st 4.7 b 79.6 c 
2nd - 56.2 c 

Walues within the same treatment yearand seascm identified by the ~am~ laterare not 
different (D.05). 

Shrubs 
Total shrub cover was reduced to less than 7% during the first 

growing season following burning (Fig. 1). Total shrub cover on 
untreated and chained areas ranged from 21 to 31% during the 
same period. Shrub cover on burned areas doubled during the 
second growing season, while nonsignificant increases in shrub 
cover occurred on untreated and chained areas. 

While total shrub cover was low immediately following burning, 
the rate of recovery was slower for redberry juniper than for other 
shrubs (Fig. 1). All species had the potential to sprout with survival 
rates of redberry juniper controlled by bud zone location, growing 
season and site characteristics (Steuter and Britton 1983). 

Redberry juniper cover on burned areas remained less than half 
of that on untreated or chained areas during the third growing 
season (Fig. 1). Data collected in 1981 on thearea burned in 1969 
indicated that 13 growing seasons after a fire, redberry juniper 
cover will be similar to untreated or chained areas. Adult redberry 
juniper regrowth initially forms a dense globe-shape with as many 
as 100 stems originating from buds in the stem base. 
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Fig. 1. Comparison of cover changes for redberry juniper (Jupi) versus all 
other shrubs, and total shrub cover over 13 growing seasonsfollowing 
spring burning, and on untreated (UN) and chained (CH)areas. Values 
averaged across similar treatments applied in 1979 and 1980. Datapoints 
for a cover variable (e.g. Jupi) identified by the same letter are not 
dvferent (D.05). 

Redberry juniper sprouts from adult root systems averaged 38.0 
f 7.3 cm tall at the end of the first growing season after burning. 
The rate of regrowth slowed during the third growing season. 
Plants on the area burned in 1969 averaged 1.4 f .3 m tall 13 years 
after the fire. The number of stems on these adult plants was 10 or 
less and they were similar in growth form, but shorter than 
untreated adult plants. Redberry juniper regrowth 13 years after a 
fire was beginning to impede livestock handling, although not a 
severely as in untreated stands. 

In contrast with heavy seed production by untreated plants, 
regrowth of redberry juniper from adult root systems was not 
producing seed three growing seasons after burning. Since young 
redberry juniper are relatively easy to kill with fire (Steuter and 
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B&ton 1983), delayed seed production of established plants 
caused by an initial burn might allow a longer interval for a second 
fire to prevent new plant establishment. 

Chaining may reduce cover of redberry juniper, but tends to 
increase other shrubs, especially skunkbush. Total shrub cover of 
species other than redberry juniper was equivalent to values on 
chained and untreated areas during the second season following a 
burn (Fig. 1). Data from the 1969 burn area indicated that the 
cover value of shrubs, other than redberry juniper, will be main- 
tained or slightly increased for at least 13 yearsfollowinga burning 
treatment. 

Mortality of individually marked littleleaf sumac was 30% fol- 
lowing burning in a dry year. Algerita plants which were evaluated 
tended to occur in the debris piles left by chaining. These plants 
were subjected to extreme tire intensities, and although regrowth 
rates were slow, only 13% of the algerita plants were killed by 
burning in 1979. Despite mortality of littleleaf sumac, algerita, and 
redberry juniper on burned sites, overall shrub density among 
treatments was not great enough to be significant. 

Perennial Grasses 
Yield response of perennial grasses was strongly affected by 

growing conditions following burning (Fig. 2). New growth yield 
was equivalent on burned and unburned areas during the first and 
second seasons following burning in 1979. Burning of previously 
chained or burned areas in the dry year (1980) reduced new growth 
yields to less than half of that onchained orbumed/chained areas. 
This reduced yield existed through the second growing season 
although differences between treatments were not as large as dur- 
ing the first season. New growth yield in untreated stands was also 
low in 1980 being only slightly higher than on burned areas. 

Density of grass species declined following all burning treat- 
ments (Fig. 2). The reduction in species present averaged less than 
one per plot. The 1 l-year-old burned area had a species density 
equivalent to or higher than untreated or chained areas. Species 
recovery during the second year after burning also appeared higher 
on the reburned area than on the initial burn areas. The rapid 
recovery of species density on the reburned area may be attributed 
in part to changes in species composition resulting from the first 
fire in 1969. 

Sideoats grama and perennial threeawn, the dominant perennial 
grasses, responded differently to burning (Fig. 3). Yield ofsideoats 
grama on the area burned in 1979 (wet) and the reburned area in 
1980 (dry) was similar to, or slightly greater than, untreated and 
chained areas during the first and second growing seasons. The 
burn in 1980 decreased the yield of sideoats grama to 50% of that 
on the chained area. These results are similar to those reported by 
Wink and Wright (1973) for sideoats grama in a bulldozed and 
burned Ashe juniper (J ashei) community. Sideoats grama 
appeared to respond more favorably to burning in a wet year than 
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Fig. 2. Yields of perennial grass new growth (Y), and species den&v (D) 
(adjustedfor covariate)for 2 growing seasons following untreated (DNj 
chained (CH). chained/ burn (CH/ BU), burn/chained (SW/ CH), and 
bum/chained/burn (SW/ CH/ BU) treatments. Parameter values within 
a treatment year identt$ed by the same letter are not diJferent (I9.05). 

Fig. 3. Yield of sideoats grama (Bocu) and perennial threeawn (Arsp)for 
two growing seasons following untreated (UN), chained (CH). and 
chained/burn (CH/ BU) treatments (adjustedfor covariate). Parameter 
values within a treatment year identtjied by the same letter are not 
different (I’>. 05). 

reported in earlier studies. Still, it should be noted that the yield of 
sideoats grama on untreated areas during 1980 (dry) was only 
slightly greater than on burned areas. 

The yield of perennial threeawn was slightly-to-greatly reduced 
for at least 2 growing seasons following burning (Fig. 3). Reduc- 
tions of threeawn yield were the more severe after burning in the 
dry year (1980). Threeawn is a bunchgrass with a shallow root 
zone. It accumulates large amounts of dead litter which decom- 
poses slowly. It has low palatability and is damaged by fire par- 
tially because of intense heat that is generated when dead plant 
material burns in the crown. 

Forbs 
Abundance and diversity of forbs in redberry juniper-mixed 

grass communities fluctuate in response to season and timing of 
annual rainfall. Moist winter/spring conditions result in annual 
forb densities as high as 40 individual plants/O.25mz in May. 
Nearly all annual forbs except common broomweed (Xunthoce- 
phalum dracunculoides) were senesced by July leaving only 5 to 6 
perennial forbs/0.25-mz, even in a year of above normal rainfall. In 
1980, dry winter/spring conditions resulted in a near absence of 
annual forbs in May, allowing perennial forbs to dominate 
throughout the growing season. Plant densities ranged from 1 to 6 
individuals/O.25m2 from May through July on untreated and 
chained areas in a dry year. Forb densities in May tended to be 
higher in untreated juniper stands than in chained stands following 
a wet winter/spring. The reverse was true following a dry win- 
ter/spring season. This was attributed to the dominance of annual 
forbs on the untreated areas in a wet year and the dominance of 
perennial forbs on the chained areas in a dry year. 

Spring burning in a wet year (1979) caused a drastic, but rela- 
tively short-term, decrease in numbers of forb species and densities 
(Tables 2 and 3). Burning in a dry year (1980) had no effect on 
densities of either forb species or individuals in May when com- 
pared to untreated and chained areas. Forb abundance and diver- 
sity were higher during July and September following spring 
burning in a dry year as compared to untreated or chained areas. 
This increase was attributed to a lengthened green period for 
perennial forbs on the burned areas. Reduced competition from 
grasses, and extensive root systems of perennial forbs apparently 
allowed them to obtain moisture for growth on the burned areas 
long after plants on unteated and chained areas had become dor- 
mant because of drought. 
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Table 2. Average number of forb species per 0.2~rn2 plot for untreated Table 3. 
(UN), chained (CH), and chained/burned (CH/BU) treatments during 

Average number of individual fork per 0.25-m plot for untreated 

May, July, and September for 2 growing seasons after burning in 1979 
(UN), chtied (CH), and chained/burned (CH/BU) treatments during 

and 1980. 
May, July, and September for 2 growing seasons after burning in 1979 
and 1980. 

Growing 1979 treatments 1980 treatments 

season Month UN CH CH/BU ; UN CH CH/BU 

1st May 7.0 a1 6.5 a 2.0 b I.8 a 2.0 a I.8 a 
July 1.9 a I.6 a 1.5 a i.2a 1.3 a 1.9 b 
Sept. 1.5 a I.6 a 1.3 a 0.7 a 0.9 a I.7 b 

2nd May - I.8 a 2.0 a 6.3 a 5.5 a 6.5 a 
July - 1.3 a I.5 a 2.3 a 2.1 a 2.4 a 
Sept. - 0.7 a 0.7 a 2.0 a 2.0 a 2.2 a 

‘Values within st month and treatment year identified by the same letter are not dif- 
ferent (D.05). 

The effects of burning on forb species density were negligible 
during the second growing season after either a wet or dry year 
(Table 2). Total plant densities were higher on the 1979 (wet) 
burned area during the second growing season (dry) (Table 3). 

Fire in a wet winter/ spring, appeared to indiscriminately reduce 
annual forb density. However, most annual forbs completed their 
life cycle by July resulting in a short-term impact. An exception is 
common broomweed, which completes its life cycle in November 
and is a serious management problem in redberry juniper-mixed 
grass habitats during some years. Spring burning can provide 
excellent control of common broomweed for 1 year (Gordon 
1982). 

Conclusions 

Spring burning of redberry juniper-mixed grass communities 
resulted in substantial changes in the habitat relative to untreated 
and chained areas. Increases in bare ground were largely the result 
of reduced shrub and debris cover. Perennial grass density was 
reduced during the first season but was approaching values of 
untreated areas during the second growing season. Perennial grass 
yield on burned areas was equivalent to untreated and chained 
areas following burning in a year with above normal rainfall. 
Burning in a dry year resulted in grass yields equivalent to 
untreated areas, but below those of chained or previously burned 
areas, for at least 2 growing seasons. 

Indiscriminant use of fire in redberry juniper-mixed grass habi- 
tats could lead to accelerated erosion and loss of forage, especially 
on the steeper or less productive sites. However, the impact of fire 
was most severe on the least desirable shrub, grass and forb 
species-redberry juniper, perennial threeawn, and common 
broomweed, respectively. The slow growth, and delayed reproduc- 
tion of redberry juniper resprouts, indicate that even a relatively 
long fire interval (15 years) would reduce management problems 
caused by redberry juniper. The probability of decreased forage 
yield can be minimized by burning when soil moisture reserves are 
good just before green-up. 

Growing 
season Month 

1st 

2nd 

May 41.6 aI 30.4 a 4.4 b 3.5 a 6.2 b 5.6 ab 
July 6.0 ab 6.2 a 2.6 b 2.2 a 3.1 a 4.6 b 
Sept. 5.1 a 7.3 a 3.0 a I.0 a i.8b 3.3~ 
May - 5.2a 6.ia 30.9 a 21.1 ab 18.2 b 
July 3.0 a 5.7 b 6.0 a 5.3 a 5.6 a 
Sept. - i.ia 2.2b 4.8 a 4.9 a 5.1 a 

1979 treatments 1980 treatments 

UN CH CH/BU’ UN CH CH/BU 

1Values within a month and treatment year identified by the same letter are not dif- 
ferent (D.05). 
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Controlling Mature Ashe Juniper in Texas 
with Crown Fires 
F.C. BRYANT, G.K. LAUNCHBAUGH, AND B.H. KOERTH 

Abstract 

Dozed plots and windrow plots were evaluated during 1979 and 
1980 with respect to their effectiveness in igniting a crown fire in an 
adjacent live juniper stand. Dozed plots were ineffective in igniting 
a crown fire. However, if herbaceous fuel is less than 500 kg/ha, 
windspeed is less than 10 km/hr, humidity is above 45% and air 
temperature is less than 3O”C, recently chained or dozed juniper 
(<lOO days since treatment) can be burned with minimal risks. 
Windrowed plots produced the best results for igniting the adja- 
cent crowns. Correlation coefficients and coefficients of determi- 
nation indicated that air temperature, maximum windspeed, and 
leaf moisture would best predict the area the fire would burn per 6 
m of windrow length. Crown fires usually stopped where distance 
between trees exceeded 7 to 10 m. For optimum results, average 
windspeed should exceed 16 km/hr, canopy cover should exceed 
35% relative humidity should be between20 and 401, air tempera- 
ture should be between 2 and 32OC, and leaf moisture should be 
below 60%. Although potential for broad application is limited, 
this technique could reduce the total cost of juniper control or 
could be used in wildlife habitat management. 

Ashe juniper (Juniperus ushei). a non-sprouting species, is a 
major brush problem on the Edwards Plateau region of Texas 
(Wink and Wright 1973, Wright 1978) because it suppresses 
growth of understory herbaceous vegetation and lowers forage 
availability to domestic livestock and wildlife. The economical 
control of mature stands has become an increasing concern to 
rangeland managers. Costs of total chemical or mechanical treat- 
ment of stands of woody plants are becoming prohibitive. 

Prescribed burning can control small Ashe juniper if a minimum 
of 1,123 kg/ ha of fine fuel is available (Wink and Wright 1973). 
With windspeed of 16 km/h, air temperature of 23O C, and relative 
humidity of 28%, almost all trees less than 1.8 m tall were killed. 
Under cooler burning conditions in Oklahoma, Dalrymple (1969) 
obtained 100% kill of trees less than 0.6 m and 1.8 m. However for 
trees over 1.8 m tall in Oklahoma, less than 25% were killed by fire. 
Other researchers also have reported this inverse relationship 
between tree size and mortality due to fire (Dwyer and Pieper 
1967). 

While burning of individual trees has been used to control 
mature juniper (Arnold et al. 1964, Jameson 1966), only Schroeder 
(1966) and Bruner and Klebenow (1979) have attempted crown 
fires in pinyon (Pinus edulis) and juniper (Juniperus sp.) wood- 
lands. Schroeder (1966) predicted that a nearly pure stand of 
juniper would be impossible to burn and suggested that there is a 
positive relationship between the percentage of pinyon in the stand 
and the success of fire spread. Bruner and Klebenow (1979) recom- 
mended that canopy cover must be at least 23-3570 for a successful 
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burn in Nevada. They advised against burning closed stands 
(>35% canopy cover of trees) because the tire might be difficult to 
control and understory shrubs would need to be present to carry 
the fire. 

In certain areas of the Edwards Plateau, several problems arise 
that have before precluded the use of prescribed burning: (I) the 
mature age class of a stand that supports trees 1.8 to 4.6 m in 
height, (2) the lack of fine fuel or understory shrubs to carry a fire, 
and (3) the fear of hazardous conditions necessary to carry a fire. 
Another salient limitation was that crown fires may not allow for 
site selection and treatment control without dozed firelines (Aro 
1971). 

The objectives of this study were to evaluate prescribed burning 
in dense stands of tall mature juniper trees which lacked a continu- 
ous understory of herbaceous or shrubby vegetation and to estab- 
lish the conditions necessary for a successful burn without the need 
for dozed firelines. 

Study Area and Methods 

Approximately 250-ha of a dense Ashe juniper community with 
very little understory was selected on the YO Ranch, 48 km SE of 
Junction, Texas, on the Edwards Plateau. The Edwards Plateau of 
west-central Texas covers about 1 X 107 ha of rangeland (Aukenet 
al. 1980). The Plateau boundaries on the south and east were 
formed by the Balconies Escarpment, but on the north and west, 
they blend with the Rolling Plains and Trans-Pecos regions, 
respectively (Gould 1969). Across the Edwards Plateau from east 
to west, rainfall varies from 84 to 38 cm/yr. Peaks in rainfall occur 
in April and May and again in September or October. Mean 
annual treatment is 200 C. Soils usually are shallow, underlain by 
caliche or limestone (Gould 1969). 

The study site was classified as a low, stoney hill range site with 
Tarrant stoney clay soils. Ashe juniper dominated the vegetation. 
Plateau oak (Quercus virginianus varfusiformes), Vasey shin oak 
(Q. vuseyanu), and Texas persimmon (Diospyros texana) also were 
common woody plants. Grass species included Texas grama 
(Bouteloua texanu), threeawn (Aristida sp.), curly mesquite 
(Hilaria berlangeri), and occasionally little bluestem (Schizachy- 
rium scoparium). 

In June 1978, a fireline 61 m wide was established in a horseshoe 
fashion on the north, east, and west sides of the 250-ha study site. 
The fireline was cleaned by pushing trees into piles in the middle of 
the fireline. These piles were burned in June 1978. This insured that 
a crown fire could be contained if strong, southerly winds occurred 
during ignition. Color infra-red photographs (I :4,800) were used 
to select sites of varying canopy cover among plots to be burned, 
since cover was an important criterion in evaluating the success of 
crown fires in Nevada (Bruner and Klebenow 1979). 

Thirty-five plots, 30 X IS m, were dozed in February 1979. Ashe 
juniper trees were pushed down, thus increasing the quantity of 
ground-level fuel. This was done to allow the fire front to gather 
intensity prior to entry into the adjacent standing juniper. In the 
summer of 1979, 20 additional plots were dozed into windrows 
adjacent to live standing trees. This allowed ignition of an intense 
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fire with flames in contact with standing trees (Schroeder 1966). 
Windrowed plots ranged from 30 m to 79 m in length. After 
allowing at least 60 days for the leaves to dry, plots were burned in 
June and October 1979, and March, April, and May 1980. 

Efficacy of burns was evaluated using correlation matrices and 
simple and multiple regressions (Barr et al. 1976) with total area 
burned/6 m of windrow as a dependent variable. This allowed a 
quantative evaluation of all windrows irrespective of their length. 
Independent variables included ambient air temperature (“C), 
average wind speed(km/h),maximum wind speed(km/h), relative 

humidity (%), canopy cover (%), juniper density (plants/ha), and 
juniper leaf moisture (%). All weather parameters were measured 
immediately before ignition of either the dared or windrowed 
plots. Aslingpsychrometerwas usedtodetermineambientairtem- 
perature and relative humidity; wind speeds (both average and 
maximum) were measured with a hand-held wind gauge. Wind- 
speeds also were measured while the crown was burning. Percent 
canopy cover was measured with a photogrid from the color 
infra-red imagery, on the area immediately adjacent to and leeward 
of each established plot. Although canopies of live oak and shin 
oak were included, their contribution to the total canopy cover 
estimate was minimal. At least I50 grams of live juniper leaves were 
harvested and weighed immediately prior to ignition. The samples 
were subsequently air-dried in a forced-air oven at 6O’C and 
weighed. Percent moisture content was calculated as thedifference 
between fresh and dry weights, divided by dry weight. 

Results and Discussion 

Dozed Plots 
Dozed plots proved ineffective in igniting the live, standing 

juniper. Although 35 plots were dozed, it was obviousafter bum- 
ing I I that this treatment was a futile exercise. Further attempts to 
ignite standing, live juniper using dozed plots were abandoned. 
Although burning dozed plots failed to achieve our objective? the 
results have important management implications. Bu ing 
recently chained or dozed juniper can be done with minimal n x of 
igniting the adjacent standingjuniper if herbaceousfuel is lessthan 
500 kg/ha, windspeed is less than IO km/hr, humidity is above 
45%, and air temperature is below 30°C. This recommendation 
was based on the range ofvalues (temperature26-33” C, windspeed 
3-18 km/hr, humidity 30-55%, biomass 26-720 kg/ha) we 
obtained. Recently dozed or chained juniper (<IO0 days since 
treatment) should be burned when grass is green to circumvent the 
possibility ofgrass fires. Thistiming usually corresponds with May 
or June on the Edwards Plateau. 

Windrowed Plots 
Windrowed plots were most effective in burning standing, green 

juniper (Table 1). A correlation matrix (Table 2) indicated that 
area burned/6 m of windrow was positively correlated (KO.05) 
with average windspeed and maximum windspeed and negatively 
correlated with humidity and canopy cover. Results from average 
and maximum windspeed and humidity were expected i.e., more 
total area burned with higher winds and lower humidities. The 
significant negativecorrelation withcanopycoverwasunexpected, 
especially since canopy cover was so important in Bruner and 

Table 1. Burn results and environmental and physical conditions for burns on windrowed plots on the YO Ranch during 1979 and 1980. 

Date Plot 

Area Juniper Average Maximum 
burned, Qwv density Windrow Tempera- wind- wind- Leaf 

6m wind- CoYer (plants, length ture speed speed Humidity moisture 
row (lx+, (%) ha) (m) (“C) (km/h) (km/b) (%) (%) 

June 1979 
June 1979 
June 1979 
Oct. 1979 
Oct. ,979 
Oct. 1979 
Oct. 1979 
Oct. 1979 
Mar. 1980 
Mar. ,980 
Mar. 1980 
Mar. ,980 
Mar. ,980 
Apr. ,980 
Apr. ,983 
May 1980 
May ,980 
May 1980 

39 
38 
37 
40 
41 
42 
6.4 
6B 
2 

28 
25A 
258 
24 
5A 
5B 
29 
27A 
278 

I24 49 576 
I42 54 786 
II2 46 477 
215 54 558 
244 54 462 
227 54 512 
143 55 731 
161 55 670 
230 35 554 
144 46 576 
307 38 702 
214 38 712 
305 37 623 
468 40 749 
399 40 613 
176 39 665 
198 43 813 
284 43 815 

30 32 11.3 
30 32 14.5 
30 27 8.0 
1” 14 97 
30 35 9.7 
30 32 9.7 
49 26 9.7 
49 26 9.7 
64 23 12.9 
43 23 9.7 
30 22 8.0 
30 22 8.0 
61 29 12.9 
73 32 32.2 
79 32 32.2 
43 26 8.0 
73 31 II.3 
73 31 11.3 

19.3 39 80 
19.3 34 78 
14.5 45 77 
16.1 28 69 
16.1 27 59 
12.9 32 59 
12.9 40 60 
12.9 40 57 
32.2 38 60 
16.1 41 59 
19.3 40 59 
19.3 40 59 
19.3 27 59 
40.2 20 60 
40.2 20 59 
14.5 68 60 
25.7 51 69 
25.7 51 69 



Table 2. Correlation matrix of dependent and independent variables for juniper bums on tbe YO Ranch near Junction, Texas. 

Area 
burned 

Canopy 
cover 

Air Average 
temperature windspeed 

Maximum 
windspeed 

-0.77 
(0.01) 

-0.56 
(0.01) 

0.13 
(0.61) 

0.86 
(0.01) 

Humidity 

-0.55 
(0.02) 

-0.15 
(0.56) 

-0.39 
(0. IO) 

-0.60 
(0.01) 

-0.39 
(0.10) 

Leaf 
moisture 

Juniper 
density 

Area burned 

Canopy cover 

4.49’ 
(0.04)2 

Air temperature 

0.19 0.77 
(0.43) (0.01) 
0.48 -0.27 

(0.04) (0.29) 
0.33 

(0.19) 
Average windspeed 

Maximum windspeed 

-0.44 
(0.07) 

0.23 
(0.35) 

0.34 
(0.17) 

-0.09 
(0.73) 

-0.06 
(0.81) 

0.19 
(0.45) 

-0.19 
(0.43) 

-0.08 
(0.74) 

0.18 
(0.48) 

0.27 
(0.27) 

Humidity 

Leaf moisture 

Juniner densitv 

0.16 0.27 
(0.53) (0.27) 

0.04 
(0.86) 

Torrelation coefficient 
*Probability > ‘RHO’, H.:RHO=O 

Klebenow’s (1979) study. Our total canopy cover estimates varied 
from 35 to 55% (Table 1). These ranges in canopy cover must have 
been at or above the threshold where canopy cover ceases to 
become a viable criteria for evaluating burns of this nature. Den- 
sity of juniper trees in the burned area gave a positive correlation, 
but it was non-significant (nO.45). Still, density of juniper may 
provide a more realistic criterion for evaluating burns in dense 
juniper stands than total canopy cover. In predicting the area one 
could burn per 6 m of windrow, a stepwise maximum R-square 
improvement model (Barr et al. 1976) indicated maximum wind- 
speed and leaf moisture was the best 2-variable model (Table 3), 
whereas the best 3-variable model included maximum windspeed, 
air temperature, and leaf moisture (Table 3). Although humidity 
and canopy cover were significantly correlated with area burned in 
the matrix, neither variable was included by the stepwise, maxi- 
mum RJ improvement model because both variables exceeded the 
0.05 level of significance when entered. This may have been due to 
the high correlation (KO.05) of humidity with average wind speed 
and canopy cover with maximum windspeed (Table 1). 

Where the fire stops is also important. From our observations of 
crown fire behavior under the conditions of our burns, we felt that 
the primary factor limiting fire spread was the distance from the 
last tree that burned to the nearest unburned/unscorched live 
juniper. This distance averaged across all burns exceeded 8.0 m 
(range 4.6 to 13.6 m). 

tant variables for achieving a satisfactory burn. Thus early spring 
(March or April) in central Texas would be the optimum time to 
burn because winds are higher and leaf moisture is lower. 

Windrows are highly recommended over dozing in order to 
ignite a crown fire. The following environmental conditions should 
be observed: (I) canopy cover >35% or juniper density >500 
plant/ ha, (2) windspeeds >I6 km/h, (3) air temperature 23 to 
33”C, (4) relative humidity 20-35% and (5) juniper leaf moisture 
58-60%. 

A firebreak would not be necessary if the fire was carefully 
planned. First, heavy stocking of livestock within a 2.0-km radius 
of the bum for a short, 2-month period prior IO burning would be a 
precaution to prevent grass fires if fine fuel exceeded 56 1 kg/ ha. 
Livestock should be stocked heavy enough to insure reduction of 
fine fuels and the pasture must be rested at least I-yr following the 
burn. Second, our data indicated the fire would not spread from 
tree to tree as long as the distance between trees was 8.0 m or more. 
Thus, the burn must be planned so that the crown fire would carry 
into less dense juniper. 

Summary and Conclusions 

Correlation coefficients and regressions indicated windspeed 
(average and maximum) and leaf moisture were the 2 most impor- 

Table 3. Regression equations and R’ of 2-variable and 3-variable re- 
gressions using area burned/6 m of windrow as the dependent variable. 

Although this technique has limited application because high 
winds, “hot” conditions, and dense juniper are requisite, it may 
have application in wildlife habitat management to “open up” 
dense, stagnant stands of juniper. This is especially true where live 
oak or shin oak occur and burning encourages resprouting of 
nutritious leaves and stems. Further, for brush control, our ratio of 
total number of juniper; dozed into the windrow:total number of 
junipers killed varied from 1:2.3 to 1:9.4 with an average of 1:5.4. 
This means that for every juniper that is windrowed, the applicatbr 
can expect to kill an average of about 6 trees for a net savings in 
costs of mechanical treatment. 

Coefficient of 
determination’ 

lndependent variables Equation (R2) 

Average wind speed (XI) -I- y = 600 + 9.61~ - 12.7~2 0.73 
leaf moisture (~3) 

Recently chained or dozed juniper (< 100 days since treatment) 
can be safely burned in May or June if grass is green. Fine fuels 
should be less than 500 kg/ha, windspeed should be less than 10 
km/ hr, humidity should be above45%, and air temperature should 
be below 30°C. 
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Seasonal Variation in the Ignition Time of 
Redberry Juniper in West Texas 
STEPHEN C. BUNTING, HENRY A WRIGHT, AND WALTER H. WALLACE 

Abstract 

Seasonal variations in the moisture content, relative humidity, 
and average daily mean temperatures in the month preceding an 
ignition treatment were highly correlated to the length of preheat- 
ing time required for ignition of green redberry juniper leaves 
during dry years. Ether extractives had no significant effect on 
ignition of green juniper leaves; During wet years, no correlation 
was found between any of the variables measured and ignition of 
green foliage. The data indicated that ignition was more easily 
predicted when the precipitation was below average than when it 
was above average, and that ether extract content was not a factor 
in ignition under either moisture regime. 

Procedures have been described by Wright (1974) for the pres- 
cribed burning of dozed juniper (Juniperus spp.) Burning live 
standing juniper, however, is more difficult. The dense overstory of 
juniper often prevents the development of an understory. Under- 
story vegetation, particularly grass, is necessary to enable a low 
intensity fire to carry across an area. High intensity fires necessary 
to remove the live juniper bum as crown fires and are difficult to 
control. It has been observed in the field during prescribed burning 
that the flammability of living redberry juniper (Juniperuspincho- 
tii Sudw.) varies depending on the season of the year. This study 
was conducted to determine what effect ether extract and foliage 
moisture content had on the flammability of green redberryjuniper 
foliage. 

Anderson (1970) suggested that flammability consists of 3 com- 
ponents: ignitibility, sustainability and combustibility. lgnitibility 
was defined as the ignition delay time. Similar methods for deter- 
mining the latter 2 components were not formulated. 

Several studies have attributed to the change in flammability of 
plant tissue primarily due to changes in the fuel moisture content 
(Hawley 1926, Curry and Fons 1938, Fons 1946, Rothermel and 
Anderson 1966). Other research, however, showed that the flam- 
mability of ponderosa pine (Pinusponderosu Laws) and Douglas- 
fir (Pseudotsugu menziesii (Mirb.) France) increased even though 
moisture content of the foliage also increased (Philpot and Mutch 
1971). They speculate that an increase in flammability coincides 
with an increase in ether extract content of the foliage. 

Ether extracts are a broad group of chemical compounds, such 
as waxes, oils, terpenes, and fats, that are present in plant tissue in 
varying amounts. Some do not, however, require the complex 
pyrolytic reactions prior to combustion of other carbohydrate 
compounds (Philpot 1969a, Rothermel 1976). It has been reported 
that some compounds char when heated at the expense of the 
flammable volatiles (Rothermel 1976) and these do require pyroly- 
sis. Susott (personal communication 1979) found that approxi- 
mately 60% of the total heat of combustion in conifer needles is 
released as volatile products at SOOOC. The other 40% remains as 
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char residue. Flaming combustion is fed by the gasses released 
while the char is more likely to burn by glowing combustion. For 
these reasons, ether extracts should play a major role in the flam- 
mability of fuels, the rate of spread and intensity of fires (Philpot 
1969a). Montgomery (1976) also found that even though ether 
extracts were a minor fraction of the organic compounds found in 
the Mediterranean-type shrubs, their special burning characteris- 
tics influenced fire behavior. 

A number of studies have researched the effect of ether extracts 
on plant flammability. It has been shown that chemically dried 
manzanita (Arctostuphylos pungens H.B.K.) does not burn as 
readily as untreated manzanita even though the fuel moisture was 
lower (USDA 1963). The dried foliage contained about one half 
the ether extract content of the untreated foliage. Philpot (1969b) 
showed that the burning rate of aspen (Populus tremuloides 
Michx.) leaves to be directly proportional to etherextract content. 
Other research has shown that the removal of ether extracts from 
pine needles and sphagnum moss can lower piloted ignition time 
(Mutch 1964). 

Seasonal variation of terpene compounds in redberry juniper 
has been studied (Adams 1970) but was not related to flammabil- 
ity. Adams found that the content of most terpenes was least in the 
winter months and the variation between trees was greatest in the 
summer. This variation was attributed to differential growth and 
metabolic rates between trees. 

Methods and Study Area 
The study was conducted in Garza County, Texas, in a stand 

that was dominated by redberry juniper. The understory consisted 
of a mixture of short and mid grass species such as little bluestem 
(Schizachyrium scoparium (Michx.) Nash), sideoats grama 
(Bouteloua curtipendulu (Michx.) Tarr.), blue grama (B. grucilis 
(Willd. ex H.B.K.) Log. ex Griffiths) and buffalograss (Buchloe 
ductyloides (Nutt.) Engelm.). The site receives an average 480 mm 
of precipitation annually, occurring primarily in the late spring and 
early fall. 

At monthly intervals, from June, 1973, to April, 1975, approxi- 
mately 250 g foliage samples were collected from 6 redberryjuniper 
trees (3 male, 3 female). A portion of the sample from each tree was 
divided into 3 subsamples. Each subsample contained from 20 to 
30 g dry weight of foliage. The subsamples were heated with a 
modified propane torch. The torch was modified by adding a 
spiralled piece of copper tubing to the outlet. Holes drilled into the 
tubing 2.54 cm apart and 0.8 mm in diameter developed a relatively 
constant temperature of 4400 C above the flame. The foliage was 
not allowed to come in contact with the flame. The time of preheat- 
ing prior to ignition was recorded. An average of three subsample 
preheating times for each tree was calculated and used in the data 
analysis. 

The unburned foliage remaining from each tree after the ignition 
trials was immediately placed on dry ice to prevent loss of ether 
extractives by volatilization. The sample was freezedried and 
analyzed for ether extract content by the method described in 
American Society for Testing and Materials (1956) and Philpot 
(1969a). Karl Fischer Titration (ASTM 1962) was used to deter- 
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mine the amount of moisture not removed by the freeze-drying temperature and foliage moisture content data were collected at 
process. Ether extract content was calculated on a dry weight basis. the time of burning. 

Average daily maximum, minimum and mean temperature for Multiple regression and Pearson’s correlation coefficients 
the month preceding sampling was determined from U.S. Weather (Snedecor and Cochran 1967) were used to analyze thedata. Ether 
Bureau records from Post, Texas. Relative humidity, ambient extract, temperature, moisture content, wind and relative humidity 
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Fig. 1. Change in ignition time, moisture content, relative humidity and volatile oils in juniperjbtiage in re 

lation to month (June, 1973 to April, 1975). 
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were used as independent variables to predict ignition time. Table 1. Correlation coeffldents for each of tbe independent variables in 
relation to ignition time for green redberry juniper leaves in west Texas. 

Results and Discussion 

The data revealed that the ignition times of the female trees 
varied widely both between and within samples on a given date. 
This variation was attributed to the presence of the fruit on the 
foliage. The fruits were high in moisture and oils, and the numbers 
and stage of development varied considerably between trees. For 
this reason the analysis of the data was restricted to the male trees. 

Analysis of the data by multiple regression indicated that mois- 
ture content of the foliage and the average daily mean temperature 
for the month preceding sampling were the most significant varia- 
bles for predicting juniper ignition, accounting for 61% of the 
variation. The correlation coefficients were 0.73 and 0.48 for mois- 
ture and temperature, respectively. The equation is as follows: 

Independent variables I 
Correlation coefficient 

Dry year Wet year Combined 

Data at time of burning 
Percent moisture content 

(% dry wt) 
Ether extract content 

(% dry wt) 
Air temperature 
Relative humidity 

0.826** -0.356 0.731** 

-0.167 -0.314 0.170 
0.153 0.303 0.247 
0.772** -0.318 0.472** 

Weather for preceding month 
Mean daily maximum 

temperature 
Mean daily minimum 

temperature 
Mean daily average 

temperature 
Total monthly precipitation 

0.467** 
Y = -.23.96 + 0.56X1 + 0.1% 

0.598** 

0.390 

0.200 

0.45 t** 

0.490** 
where Y is the ignition time (set), Xl is the moisture content of the 
foliage (percent dry wt.) and XZ is the average daily mean tempera- 
ture during the month preceding sampling. Correlation coeffi- 
cients for the other temperature variables (ambient air 
temperature, average daily maximum temperature and average 
daily minimum temperature) were also significant (Table 1), but 
were highly correlated to average daily mean temperature. The 
equation indicates an increase in ignition time with increasing 
moisture content and average daily mean temperature. Normally, 
one would expect ignition time to decrease with increasing air 
temperature. 

0.549** 0.248 0.480** 
0.528** 0.029 0.122 

**Significant at I% level 

year. The most extensive wildfires in west Texas occurring during 
the latter period when the ether extract content is at the low point 
of the annual cycle. The greatest potential for crown fires appears 
to occur during this time but is probably related to moisture 
content of the foliage more than to ether extract content. 

During the period from June, 1973, to July, 1974, precipitation 
was below average and from August, 1974, to April, 1975, precipi- 
tation was above average. Analyzing these periods separately 
revealed different results. During the dry period the most signifi- 
cant variables were moisture content of foliage and relative humid- 
ity. The correlation coefficients were 0.83 and 0.77, .respectively. 
The prediction equation for this time period is: 
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Microclimate Modification of Tall Moist 
Grasslands of Natal by Spring Burning 

M.J. SAVAGE AND K. VERMEULEN 

Abstract 

The purpose of this study was to investigate modifying microcli- 
matic effects of spring burning in tall grassland, long-term burning 
trials at Ukuihrga, Pietermaritzburg, South Africa. Soil tempera- 
ture (at 50 mm), soil heat, net radiation and surface reflection 
coeftlcient were monitored on various cloudless days before and 
after burning. Four days after burning there was no significant 
increase in soil temperature but soil heat and net radiation 
increases and surface reflection coefficient decreases (from 15% to 
nearly 3% at local noon) were evident. Between burning date and 
first day of measurements, a rainfall of less than 2 mm occurred 
causing greater evaporation at the burnt site (due to greater net 
radiation) and hence lower soil temperatures, compared to the 
control site. Burning also resulted in an increase in sensible plus 
latent plus photosynthetic heat densities (from_adaily total density 
of 9.0 MJ mT2 before to 9.9 MJ mW2 after burning) with soil heat 
density increasing by 56%. Four weeks after, soil temperature and 
soil heat were greater for the burnt site compared to the control, 
but net radiation and surface reflection coefficient were not signifi- 
cantly different between the two sites. The appearance of green 
material some short time after burning is therefore probably a 
result of more favourable soil-plant water and surface energy 
relations. 

Fire has been a natural phenomenon in the development of the 
tall grassland of Natal (Scott 1971). Today it is a widely used 
agricultural tool where grazing is seldom sufficient to ensure a 
uniform removal of top growth (Tainton 1978). Burning benefits 
plant growth primarily because of changes in the physical rather 
than chemical environment (Brown 1967, Fisher 1978). 

Daubenmire (1968), in the brief section on microclimate in his 
review of the ecology of fire in grasslands, concluded: “. . . . with the 
exception of the limited (soil) temperature data that have been 
summarized, they (microclimate measurements) are almost non- 
existent.” Since then, Old (1969) has investigated some aspects. 
Effects of fire on the grassland microclimate are reviewed by 
Savage (1980b) and Cass et al. (1983). 

Burning alters the grassland microclimate, and this paper 
reports on an investigation of some of these alterations, particu- 
larly with regard to surface reflection coefficient, soil heat flux 
density, soil temperature at 50 mm, and surface net radiant flux 
density. Although reflection coefficients for many surfaces have 
been reported, few measurements are available for natural grass- 
lands (Ripley and Redmann 1976) and even fewer for burnt grass- 
lands. The reflection coefficient of a stan is an important 

/9-’ microclimatological characteristic relevant o its energy balance 
(Ross 1975). 
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For convenience of the reader, terminology used in this paper 
will be defined (see Savage 1979, 1980b): 

incident short wave radiation: solar energy incident er unit 
-P -2 time (flux) per unit area (density) of surface (J s m or 

W rn- ); 
surface reflection coefficient, r: percentage of incident short 

wave radiation reflected by a surface (Yc); 
soil heat or soil heatjlux density, F*: energy per unit time per 

unit area entering the soil surface but measured at a very 
small distance away from the soil surface (W m”); 

latent heat/latent heatflux density, F,,.: energy per unit time 
per unit area expended in evaporating (energy loss by the 
surface) or condensing (energy gain by the surface) water, 
without a change in temperature (W mm2); 

photosynthetic heat/heat flux density, F,,: energy per unit 
time per unit area expended in assimilating carbon dioxide 
(including crop heat storage) (W me2); 

sensible heatlheatflux density, Fh: energy per unit time per 
unit area expended in heating or cooling the atmosphere 
(W mm2); 

net radiation/net radiantflux density, I,t: net radiant energy 
flux per unit surface area, or, more conveniently, Inet = F, 
-I- Fh -I- F, -I- Fp (all terms in W mm2). 

Study Area 

Long-term burning trials are being conducted at Ukulinga 
(Tainton and Mentis 1983), the University of Natal research farm, 
about 5 km southeast of Pietermaritzburg, Natal, South Africa. 
The 30-year mean annual rainfall at Ukulinga is 733 mm with a 
standard deviation of f 126 mm. Average annual air temperature 
is 17.8” C and mean annual Class A-pan evaporation is 1422 mm 
(Savage 1981). 

All measurements were performed at 2 virtually level sites (areas 
of 12.7 m by 18.3 m). The “control”site has had biennial burns for 
the last 23 years with the last burn being a spring burn in 1979. The 
burnt site treatment was an annual spring burn with the 1980 burn 
occurring on I1 September. 

Materials and Methods 

Soil heat flux density F. (with SI unit W me2) was measured at 
the 2 positions at both sites using factory calibrated Middletonr soil 
heat flux plates. The plates were as close to the surface as possible 
causing no vegetation damage and very little soil disturbance. All 
plates had the same orientation. Lead wires emerging from the soil 
were staked to the ground to prevent plate disturbance and plates 
were buried 2 months before the first day of measurement. 

Net radiation k,& (W me2) was measured using a factory calibrated 
Middleton CNl net radiometer. Calibration errors were reduced 
by using the same radiometer over both sites. The radiometer has a 
pair of plasticdomescovering the temperature sensing area sensing 

‘The mention of proprietary products is for the convenience of the readerand does not 
imply endorsement or otherwise by the authors, the University of Natal, or the 
Council for Scientific and Industrial Research, Pretoria. 
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Fig. 1. Net radiant flux density I.& (W me’) as afunction of local timefor 
both sites 3 weeks before burning (21/8/80) and 4 days (D/9/80) after 
burning. 

both short and long wavelength radiation. 
Incoming and reflected radiation were measured using a Kipp 

and Zonen solarimeter with a Moll thermopile. The instrument 
was heat shielded and calibrated against a Linke-Feussner 
actinometer (factory calibrated and traceable to a national stand- 
ard). The solarimeter has a 150 mm diameter radiation shield to 
prevent underside sensor heating which reduces the voltage output 
corresponding to the incident short wave radiation. Most commer- 

’ cially available line pyranometers (tube solarimeters) are inade- 
quate for the present purpose for this reason, but such a shield may 
easily be constructed. The glass dome of the solarimeter ensures 
measurement of short wave radiation (between 300 and 3000 nm). 

Voltage output from the three sensortypes was measured using a 

0’ 
1ohoo moo l4hoo Islao 

LOCAL TIME@OUTH AFRICAN 8T-m 

Fig. 2. Soil heatjlux density F. (Wm-‘)as afunction of localtimeforboth 
sites 4 dc?ys (1519) and 4 weeks (9110) after burning. 

LOCAL TIME ~SOUlH AFRICAN ST- m 

ng. 3. Diurnal variation of suflace reflection coefficient r(%)for bothsites 
4 days (1519) and 4 weeks (9110) after burning. 

portable multimeter, at roughly each hour of the day (for both 
sites) on four cloudless days, two of the days being before burning 
and two after. 

Soil and air temperatures were measured at both sites using 
three-wire PT-100 resistance thermometers (Savage 1980a). Soil 
thermometers were placed horizontally in undisturbed soil (about 
a horizontal distance of 1 m from the soil heat flux plates) at a 
depth of 50 mm, two months prior to measurement. Temperature 
was read directly in ‘C using a Fluke RTD portable thermometer 
unit. 

Results and kscussion 
Figures 1, 2, and 3 show net radiation In&, soil heat flux density 

F. and surface reflection coefficient r for 2 dates before burning 
and 2 dates after for both burnt and control sites. Burning was on 
11 September 1980 with less than 2 mm of rainfall (on 12 
September 1980) between burning date and first measurement day 
following burning (15 September 1980). Four days after burning, 
the burned surface local noon (South African Standard Time) 
reflectivity was 3.2% compared to 14.2% before burning (on 21 
August) and 14.7% on the control site. Surface reflectivity of the 
burnt site may have been less than 3.2% immediately after burning 
were it not for the 2 mm rainfall. This reflectivity value is probably 
the lowest ever reported for a vegetated surface, although use of 
artificial mulches can result in values less than 5% (Kalma and 
Fuchs 1976). 

Reporting on work by Harrison (1978), Gandar (1979) quotes a 
surface reflectivity midday value of 7% following burning at 
Nylsvley Nature Reserve (near Pretoria). This value was half that 
of the control site but a total of 23 mm rainfall occurred between 
date of burn and first surface reflectivity measurements (more than 
a ten day interval). 

Reduction in midday surface reflection coefficient(r) value due 
to burning, resulted in the local noon net radiation (I,*) value 
increase (761 W mm2 compared to 564 W m-* for the control site 4 
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Table 1. Values of the energy density terms (MJ m”), also expressed as a percentage of the total incident short wave radiant density, for both sites for 15 
September and 9 October 1980,ll September being the date of the spring burn (calculated prior to rounding off process). 

Energy term 
Incident short wave 
Amount reflected 
Net radiation 
Soil heat 
Sensible heat plus latent plus 
photosynthetic 

Burnt site Control site 
Energy density 9% of short wave radiation 

(MJ mw2) 
Energy density % of short wave radiation 

(%) MJ me2) (%) 
1519 91 IO 1519 S/IO 1519 9/ 10 15/9 9/ 10 
18.0 22.5 - 18.0 22.5 - 
0.8 4.2 4 19 2.5 3.3 14 15 

13.9 14.1 - 11.7 15.0 
4.0 3.3 22 14 2.7 2.3 15 IO 

9.9 10.8 55 48 9.0 12.7 50 56 

days following burning). Some of this energy increase entered the 
soil, local noon soil heat flux density being 187 W mm2 compared to 
136 W me2 on 15 September for burnt and control sites 
respectively. Ripley and Redmann (1976) found that local noon 
soil heat flux density F, did not exceed 120 W me2 during mid 
summer at Matador, Sask., in Canada. 

after burning, soil temperature and soil heat were greater for the 
burnt site due to observed vegetation height differences, but there 
was no significant difference in surface reflection coefficient and 
net radiation between the two sites. 
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Influence of Spring Burning on Cattle Diets 
and Performance on the Edwards Plateau 
ALLAN MCCINTY, FRED E. SMEINS, AND LEO B. MERRILL 

Abstract 

Immediately following spring burning of Edwards Plateau 
rangeland, steer diets had a higher percentage of grass and lower 
percentage of forbs than diets from unburned range. Intake of 
pricklypear cactus was greater on burned range than on unburned 
during the fiist summer and fall following the fire. Ash content of 
steer diets in the bum was generally higher, due primarily to 
increased use of pricklypear cactus on burned sites. Steer diets 
from burned range contained significantly higher in vitro digestible 
organic matter (IVDOM) during June. Increased use of prickly- 
pear cactus contributed to a signiftcantly higher IVDOM during 
September and October and lower percent crude protein from 
September to November in the burn. Heifers gained significantly 
more on burned range during June and August and also when 
averaged across the entire S-month grazing period. Burning has 
potential as a useful tool to increase cattle production from 
Edwards Plateau rangeland. 

Fire is recognized as a major ecological factor in many rangeland 
ecosystems (Daubenmire 1968) and is gaining acceptance as a 
range improvement tool (Scifres 1980). Livestock prefer burned to 
unburned areas (Humphrey 1949) and generally have greater 
weight gains on burned areas (Anderson 1960, Anderson et al. 
1970, Woolfold et al. 1973). Anderson (1964) reported increased 
gains following late spring burning in the Kansas Flint Hills and 
attributed this to increased protein content and digestibility of little 
bluestem (Schizuchyrium scoparium). Greene (1935) reported a 
14.5 kg/yr/head. increase in steer gains following annual winter 

burning in the longleaf pine (Pinuspalustris) belt and noted that 
two-thirds of this advantage in gain was made before June of each 
year. Hilmon and Hughes (1965) found that cattle gain increased 
17 and 39 kg/ha after burning timbered range in Georgia and 
Florida, respectively. This increase in gain was attributed to 
greater palatability, quality, and production of wiregrass following 
burning. In Mississippi Greene (1929) reported annual burning of 
bluestem pastures increased cattle gain by 20 kg/ ha. Greene attrib- 
uted this increased gain to greater availability of green forage on 
burned pastures, and noted that the best gain occurred 60 to 90 
days following the fire, with no difference in gain between burned 
and unburned pastures after that time. In Florida, Kirk and 
Hodges (1970) reported annual winter burning of half of the range 
each year increased weaned calf crop from 53 to 69%, gain/calf 
from 10.1 to 13.1 kg/ha, and gain/cow from 81.6 to 106.1 kg. 

No published data relating livestock performance to prescribed 
burning are available for Texas rangelands. Little data are availa- 
ble from any area which relates animal gains following burning to 
changes in livestock diet quality or composition. The purpose of 
this investigation was to determine the influence of burning on 
botanical and nutrient contents of diets and cattle gains on 
Edwards Plateau rangeland. 
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Study Area 

The study was conducted on the George Brockman Ranch near 
Sonora, Texas, in the Edwards Plateau. The Edwards Plateau is a 
partially dissected remnant of an uplifted plain capped chiefly by 
resistant limestones (Long 1962). Soils on the study area are Lithic 
Haplustolls of the Tarrant and Kavett series (Wiedenfeld and 
McAndrew 1968). Climate of the area is semiarid, mesothermal 
with an average annual evapotranspiration and rainfall of approxi- 
mately 90 and 57 cm, respectively. May and September are the 
wettest months and average about 8 cm of precipitation each. 
Droughts are common and 53% of the years have below-average 
precipitation. Edwards Plateau summers are warm and dry with an 
average July temperature of 30” C. Average Januarytemperature is 
90 C (Long 1962). 

The study area lies within the live oak-Vasey shin oak (Quercus 
virginiana-Quercus pungens var vaseyanal) vegetation type (Har- 
ris 1958). Dominant herbaceous plants on the study site included 
common curlymesquite (Hilaria belangeri), threeawn (Aristida 
spp.), sideoats grama (Bouteloua curtipendula) hairy tridens (Eri- 
oneuron pilosum), Texas wintergrass (Stipa leucotricha), red 
grama (Bouteloua trifida) and sedges (Curex spp.). Woody plants 
of importance were live oak, Vasey shin oak, Texas persimmon 
(Diospyros texana), honey mesquite (Prosopis glandulosa var 
gkwadulosa), ashe juniper (Juniperus ashei), redberry juniper 
(Juniperus pinchoti), and lotebush (Condalia obtusifolia). 

Vegetation of the area has changed significantly due to past 
overgrazing by livestock and elimination of fires(Bray 1906). Until 
approximately 1945 the Brockman Ranch was stocked with cattle, 
sheep, and goats at a yearlong rate of 3.0 to 4.0 ha/ AU. From 1945 
to the present the yearlong stocking rate was 8.5 ha/AU, with 
cattle, sheep, and goats. 

A 162-ha fenced pasture which was representative of the soils, 
topography, and grazing history on the ranch, was selected for 
study. Range condition on the low stony hill range site was rated as 
mid-good using Soil Conservation Service evaluation procedures. 
Within the past 5 years selected woody plants, particularly juniper 
and honey mesquite, had been mechanically cleared. 

Methods 

The study pasture was divided with electric fences into 4 pad- 
docks of 40 ha each. Two paddocks were randomly assigned as 
control replications while the remaining 2 were burned with a 
headfire on March 1, 1977. 

Standing fine fuel load at the time of the prescribed burn was 
2,800 kg/ha, while fuel and soil moistures were 6.7 and 23.7%, 
respectively. Air temperature at the time of burning was I lo C, 
relative humidity was 50% and wind 13 kph with gusts to 21 kph 
(McGinty 1979). Precipitation was measured during the period of 
study with 2 standard Weather Bureau rain gauges (Table 1). 

All paddocks were deferred 3 months before and after the burn. 
They were then grazed with cattle for 5 months (May 28, 1977, to 
October 28, 1977) at a year-long stocking rate of 6.5 ha/AU. 
Stocking density for the grazing period was 2.7 ha/AU. 

To determine weight gain performance, uniform yearling Here- 
ford heifers were selected from a common herd of cattle on the 
‘Taxonomic nomenclature follows Gould (1975). 
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Table 1. Precipitation record (cm) for the study area from March 1977 to 
October 1977 and the long-term monthly precipitation averages. 

Date 

03126177 

04/ 14177 
04/ 19171 
04/20/77 

05/08/77 
05/11/77 
05/21/77 

06/07/77 
06/24/77 

07/28/77 

OS/ IO/77 
08/ 13177 

09/05/77 

10/22/77 
10/27/77 

Total 

40-year 
Precipitation Summation by average 
during study month during summation 

period study period by month 

5.9 5.9 1.6 

10.5 
I.8 
1.4 13.7 3.9 

1.7 
1.4 
1.4 4.5 7.4 

3. I 
1.1 4.2 6.0 

0.2 0.2 4.4 

trace 
3.4 3.4 3.6 

1.9 1.9 4.4 

5.1 
0.6 5.7 4.9 

39.5 36.2 

ranch. Four heifers were randomly assigned to each paddock. 
Average initial weight for heifers in the burned paddocks was 234 
kg, and for the control was 240 kg. Heifers were weighed at 30day 
intervals to establish rate of gain during the grazing period. Mature 
cows were added to stock paddocks at the required level. 

To determine botanical and chemical composition of diets, 3 
esophageally cannulated Angus steers were used. Diet samples 
were collected from the burn and control paddocks during the 
morning for 3 consecutive days each month during the 5 month 
grazing period. For a collection, animals were allowed free move- 
ment across the sample paddock for a period of 30 minutes to an 
hour. Cannulated steers were penned overnight prior to the first 
collection and during the entire 3day collection period to reduce 
contamination of samples by regurgitation. When not being used 
during a collection period steers were kept on pastures similar to 
the study area. Steers were fitted with a screen-bottom canvas bag 
to collect ingested forage (Edlefsen et al. 1960). From each collec- 
tion a subsample was removed and air dried at room temperature 
for later determination of botanical composition and chemical 
characteristics of the diet. 

Botanical composition of diets was evaluated following proce- 
dures described by Kothmann (1968) with the following modifica- 
tions. Each sample was thoroughly mixed and spread evenly across 
a poster board containing 100 randomly placed points. The nearest 
plant fragment to each point was then identified microscopically as 
forb, browse species, grass species, pricklypear cactus, and whether 
live or dead. 

Following botanical analysis, forage samples were ground 

Table 2. Percent composition of grass species in steer diets. 

0 Contra/ 
l Burn 

- Browse 
I--- Pricklypeer cactus 

0 Control 
l Burn 

6-2177 7-2-77 8-5-77 9-0-77 10-5-77 11-l -77 - 5-31-70 

Sample Date 
Fig. 1. Percent grasses, forbs, browse andpricklypear cactus in steer diets 

from control and burn paddocks. Significant differences (FSO.05) 
between birrn and control paddocks by date within a forage class are 
indicated by an asterisk. 

through a Wiley mill (mesh size of 24) for chemical analysis. Crude 
protein (%N X 6.25) was determined for each diet sample by the 
micro Kjeldahl method (A.O.A.C. 1960). In vitro digestible 
organic matter, as well as percent ash in the diet was determined 
using procedures of Van Soest et al. (1966), with the procedure 
modified to correct values to apparent digestible organic matter by 
use of a standard feed. 

All data were analyzed using standard analysis of variance tech- 
niques. Mean separation was performed with Duncan’s new multi- 
ple range test (Ott 1977). 

Results 
Diet Botanical Composition 

Grass contributed a higher percentage of the diet in the burn 
than in the unburned paddocks during June and July, but this 
pattern reversed for September, October, and November (Fig. 1). 
The grass component of both the bum and control diets was 
composed primarily of common curlymesquite grass and Texas 
wintergrass with lesser amounts of threeawn, sideoats grama, vine- 
mesquite (Panicum obtusum) and other miscellaneous grasses 
(Table 2). 

Forbs contributed a greater percentage of the diet in unburned 
paddocks as compared to burned paddocks during June, July and 
August (Fig. 1). During these months, forb availability on the burn 
was much reduced by the fire. Redseed plaintain (Plantago rho&- 

Curlymesquite 
Texas wintergrass 
Threeawn spp. 
Sideoats grama 
Sedge spp. 
Vine mesquite 
Miscellaneous 

612177 7/2/77 8115177 9/a/77 1015177 IjIll 5/31/78 
Burn Control Burn Control Burn Control Burn Control Burn Control Burn Control Bum Control 

27al II b 27 a 13 b 30 a 40a 36a 57 b 48 a 68 b 53 a 73b 6a 15 a 
35a 18b la 6a 7a 6a 4a IO a 3a 5a 12 a 15a 77a 62 b 

<lb 3a la la 3a 2a 4a 4a 4a 3a 3a lb la 4a 
lla 3b 4a 2a 2a la 2a la <la la <la la la la 

la 2a la 2a Oa <la la Oa <la 2b <la <la 3a 5a 
8a 2b 6a 4a 4a 3a 2a 2a <la la < la Oa <la 

12a 6a 9a 8a 6a 7a 5a 8a 13a 3a la Oa 2a 2a 

‘Means in the same TOW for the same date followed by a common subscript are not significantly different at the .05 level of probability. 
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.sperma) was the dominant forb in the study area. This species 
overwinters in the rosette form and thus was severely damaged by 
the early spring burn. Percentage of forbs in diets decreased almost 
linearly as forb availability on the burn and control decreased with 
advancement of the growing season and in response to low rainfall 
during the summer (Table 1). 

Percentage browse in steer diets was similar between the burn 
and control paddocks except in June when there was a higher 
percentage of browse in the steer diets from the control paddocks 
(Fig. 1). On this date, 97% of the diet in the burned paddocks was 
composed of grass. At this time grass in the burn was higher in 
crude protein content and percent live phytomass as compared to 
the control and was apparently highly selected (McGinty 1979). 

Pricklypear cactus percentage in steer diets, primarily cactus 
damaged by fire, was higher on burned paddocks from September 
through November, 1977 than unburned paddocks (Fig. 1). Prick- 
lypear cactus comprised from 12 to 23% of steer diets on the burn 
during this period, but never contributed over 1% of the diet on 
unburned paddocks. 

The percentage of live plant material in steer diets, from the 
burned paddocks was significantly higher as compared to the 
unburned paddocks in June, 1977 (Fig. 2). Apparently fire removal 
of dead plant material resulted in greater accessibility of green 
plant phytomass to the grazing animal. No significant difference 
between the burn and control in terms of green plant content of the 
diet occurred after the June sample date. 

90. 

3 00. 

g 70. 

2 60. 

0 J 40. 50. 

30. 

20 1 
I . a 

6-2-77 7-2-77 0-5-77 Q-8-77 10-5-77 11-l-77 . 5-31-70 

Sample Date 

Fig. 2. Percent live phytomass in steer diets from bum and control 
paddocks. SignifTcant dtfferences (TSO.05) between the burn and control 
paddocks for a date are indicated by an asterisk. 

Diet Quality 
The ash content of steer diets from the burn paddocks exceeded 

those from the control paddocks from September through 
November (Fig. 3). This increase corresponded to increased prick- 
lypear cactus consumption in the burn. 

In vitro digestible organic matter content (IVDOM) of steer 
diets from the burn paddocks was greater than the control pad- 
docks during June+ September, and October sample dates (Fig. 3) 
and agrees with Anderson (1964), who also found increased diges- 
tiblity of forage following burning. The significant increase of 
digestibility for the burn as compared to the control paddocks in 
June was probably due in part to the greater percentage of live 
plant material in the diet from the burned paddocks compared to 
the control. The higher IVDOM for September and October diets 
in the burn paddocks was due primarily to increased pricklypear 
cactus consumption, which is high in soluble ash (Fraps and Cory 
1940). 

Percent crude protein on a dry matter basis for steer diets from 
the control paddocks exceeded those from burn paddocks in Sep- 
tember, October and November (Fig. 4). Crude protein content of 
steer diets from the burn paddocks did not increase initially follow- 
ing the burn as compared to those from the control paddocks 

----Ash 
0 Control 
l Burn 

f 
01 - 

6-2-77 7-2-77 a-5-77 9-0-77 10-5-77 11-I -77-31-78 

Sample Date 

Fig. 3. Ash content and in vitro digestible organic matter (IVDOM) of 
steer diets from burn and control paddocks. Significant differences 
(FSO.05) berween burn and controlpaddocksfor a date are indicatedby 
an asterisk. 

although clipped grass samples (McGinty 1979) did show elevated 
crude protein contents. This may be due in part to a lower use of 
forbs on the burn. Since redseed plaintain, the major forb in the 
study area, was reduced in availability by the burn, steers con- 
sumed more grass and this apparently depressed the crude protein 
content of the diet. Lower crude protein content of both the burn 
and control diets during the summer was due primarily to low 
precipitation that slowed or stopped plant growth (Table 1). Crude 
protein content of steer diets from the burned paddocks decreased 

. 

7 

g6 t 

0 Control 
l Burn 

I . 
6-2-77 7-2-77 0-5-77 9-e-77 10-5-77 II-l-77%-78 

Sample Date 

Fig. 4. Crude protein (dry weight) of steer diets from burn and control 
paddocks. Significant dfferences (pro.05) between burn and control 
paddocks for a date are indicated by an asterisk. 
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Fig. 5. Average daily gain (kg) of heifers in burn and controlpaddocks. 
Signijcanr differences (PSO.05) between burn and controlfor a dateare 
indicated by an asterisk. 

in September, October, and November due to high use of prickly- 
pear cactus. 

Weight Gain 
Heifer gains on the burn paddocks were positive from June 

through September, while gains on the control paddocks were 
positive in June, July, and September (Fig. 5). Rate of gain on the 
burn paddocks exceeded that of control paddocks in June and 
August. Across the M-day grazing period rate of gain was signifi- 
cantly higher on the burn (0.28 kg/ hd/da) than on the control (0.05 
kg/hd/da). Other researchers have documented higher gains by 
cattle following burning (Anderson 1960, Hilmon and Hughes 
1965, and Kirk and Hodges 1970). 
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Prescribed Burning in the Northern Great 
Plains: Yield and Cover Responses of 3 For- 
age Species in the Mixed Grass Prairie 
RICHARD S. WHITE AND PAT 0. CURRIE 

Abstract 

Prescribed burning was conducted in the fall and spring to 
evaluate the effects of fire on productivity of 3 forage species. Yield 
measurements were obtained throughout the growing season at 
biweekly intervals on western wheatgrass, blue grama, and tbread- 
leaf sedge. Supplementary measurements were made on vegetation 
cover and soil moisture. Herbage yield depended upon individual 
species, sampling date, and treatment. Spring burning of western 
wheatgrass and blue grama stimulated production by mid- and 
late-June, whereas fall burning also stimulated productivity but to 
a lesser degree. Production of threadleaf sedge was relatively unaf- 
fected by spring burning and reduced by fall burning. Fire can be 
used as a management practice to increase forage yield in the 
Northern Great Plains, but timing of utilization by livestock must 
receive careful consideration to assure maximum benefit. 

Fire has played an important historical role in the development 
of grassland communities (Daubenmire 1968; Komarek 1964, 
1965). Nevertheless, negative attitudes toward burning have fre- 
quently limited application of fire as a management tool. Factors 
such as the threat of fire escaping the boundaries of a prescribed 
burn, temporary elimination of potentially usable forage, and the 
destructive effects of wildfires have all contributed to such 
attitudes. 

Only limited research has been conducted on the effects of 
burning on forage species in the Northern Great Plains. Lodge 
(1960) examined the effects of burning on crested wheatgrass 
(Agropyron desertorum), while Dix (1960) and Kirsch and Kruse 
(1972) reported on the effects of wildfire on mixed grass prairies in 
North Dakota. Prescribed burning has also been conducted in 
western wheatgrass (Agropyron smithii) communities in South 
Dakota (Gartner et al. 1978) and in the fescue grasslands of Can- 
ada (Bailey and Anderson 1978; Anderson and Bailey 1980). In 
general, these studies demonstrated that fire has management 
potential although additional research is needed to determine how 
individual species may respond (Bailey 1978). 

Our study was designed to evaluate the effects of prescribed 
burning on important forage species in the mixed grass prairie of 
eastern Montana. The primary objectives of the study were: (1) to 
examine post-burn herbage production of 3 species throughout the 
growing season, (2) to compare the effects of both fall and spring 
burning and (3) to determine if burning conditions could be simu- 
lated by a clipping treatment. 

Methods 

Three species were selected for investigation: western wheat- 
grass, blue grama (Bouteloua gracilis), and threadleaf sedge (Carex 

Authors are research plant physiologist and range scientist, respectively, USDA- 
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tana 5930 I. 
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jilifolia). These species are 3 preponderant plants in the Northern 
Great Plains, and they provide substantial forage for livestock 
grazing (Weaver and Clements 1938, Daubenmire 1978). 

Three study sites were located in mixed grass prairie vegetation 
on the Livestock and Range Research Station near Miles City, 
Mont. Soils of the study sites ranged in texture from loam to silt 
loam. All had good drainage and high fertility. Topography was 
level. Long-term precipitation for Miles City is approximately 34 
cm annually. About 60% of this amount is received between May 
and August. During the 1979 growing season, precipitation was 
near normal through June and below normal in July and August. It 
averaged approximately 75% of normal for the May through 
August period. 

Site selection was based upon composition of the vegetation, An 
effort was made to locate study areas in plant communities with 
relatively uniform, pure stands of each of the 3 species. This 
facilitated yield and cover measurements of each species because 
grass separation was minimized. It also reduced interspecific inter- 
actions that might otherwise confound observed differences 
between treatments. 

Individual 3 X 3 m plots were established in each study areaand 
randomly assigned to 1 of 4 treatments. Treatments were: fall burn, 
spring burn, fall clip, and a control. Plots were grouped according 
to homogeneity of the vegetation to provide a total of 10 replica- 
tions of each treatment in each vegetation type. In addition, the 40 
plots were located so that preburn vegetation composition and 
yield were similar within each replicate. Data were subsequently 
analyzed as a randomized complete block design. 

Plots were burned separately using the same technique as Shar- 
row and Wright (1977). Panels constructed:of angle iron and sheet 
metal served to confine the fire within the treated area, while plot 
size was sufficiently large to approximate burning under natural 
conditions (Heyward 1938). Fall burning and clipping treatments 
were imposed during the second week of October, 1978, after all 
species had entered fall dormancy. The clipping treatment con- 
sisted of removal of standing herbage and residual litter so that 
treated plots physically resembled burned plots except for the ash. 
Burning was then completed on companion plots during the fol- 
lowing spring prior to the onset of spring growth. Threadleaf sedge 
plots were burned on April 3, blue grama plots on April 9, and 
western wheatgrass plots on April 17. Plant responses to treat- 
ments were measured at regular intervals throughout the 1979 
growing season. 

Above-ground biomass was estimated using a capacitance meter 
combined with hand clipping to obtain regression relationships 
(Currie et al. 1973, Neal and Neal 1973). Ten 30X 61 cm subplots 
were sampled on each of the treated plots on each sampling date. 
Capacitance readings were obtained on all 10 subplots, and 2 of the 
10 subplots were clipped. Subplots which were not clipped were 
permanently located so that repeated measurements could be 
obtained from them throughout the growing season. This double 
sampling procedure resulted in biomass estimates that were usually 
within 10% of the true mean (p<O.lO), and it was much more 
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efficient than clipping alone. Plots were sampled between late 
April and early July at Zweek intervals. They were sampled again 
in late July or mid-August. 

Estimates of basal cover were taken in mid-July, 1979, using the 
microplot sampling technique outlined by Morris (1973). Each of 
the 8 permanently located subplots was sampled in each of the 
main plots. Soil moisture was estimated throughout the growing 
season with a shallow-depth neutron probe. Soil moisture mea- 
surements were taken on subplots that were concurrently clipped 
for yield estimates. 

Results 

Yield Estimates 
Herbage yields varied considerably throughout the growingsea- 

son depending upon sampling date, treatment, and individual 
species (Fig. 1,2,3). Comparison of peak seasonal biomass showed 
that burning stimulated blue grama yield but slightly depressed 
western wheatgrass production. Peak yields of threadleaf sedge 
were relatively unaffected by burning. Although peak yield pro- 
vided a general impression of how each species reacted, differences 
among sampling dates furnished a more reliable estimate of 
season-long response to burning. 

Spring growth of western wheatgrass from April 27 to May 8 
was essentially the same on the fall-burned and unburned plots 
(Fig. I). In contrast, plants on both the spring-burned and clipped 
treatments showed substantially less production during the same 
period. During late May and early June, western wheatgrass 
growth was greater on the unburned control than on either of the 
burning treatments; and this resulted in significantly higher her- 
bage yields. Plants on the spring-burned plots overcame their slow 
initial growth in May and June and yielded about the same as those 
on fall-burned plots. Yields from the clipped treatment remained 
considerably lower than those from either the burned or control 
treatments. In mid-June both burning treatments produced signifi- 
cantly more herbage than the control by at least 100 kg/ ha. This 
advantage, however, did not persist. When peak standing crop of 
western wheatgrass was measured in early July, there were no 
significant differences among any of the treatments. By the end of 
July, standing biomass for both the burning treatments and the 
clipped treatment showed a more rapid decline than did the 
control. 

Blue grama responded differently than western wheatgrass (Fig. 
2). As expected, early season growth was negligible for this warm- 
season species. However, when initial measurements were made in 
late May and early June, the blue grama control plots produced 
more than the burning treatments by 25 to 30% and about 40% 

%S 
MEASUREMENT DATES 

Fig. 1. Herbage yield of western wheatgrass throughout the growing 
season as influenced by burning or clipping treatments. Significant dtf- 
ferences (X0.05) between treatments within individual dates are 
represented by different letters above the mean values. 

lREMEN1 DATES 

Fii. 2. Herbage yield of blue grama throughout the growing season as 
inzuenced by burning or clipping treatments. Signtfkant differences 
(X0.05) between treatments within individual dates are represented by 
dtflerent letters above the mean values. 

more than the clipped treatment. After mid-June, herbage yields 
were greater from both the burned and clipped treatments than 
from the untreated control plots. When peak standing crop was 
measured on June 18, plants on the spring-burned plots outpro- 
duced those of the control by about 250 kg/ ha, and yields from the 
clipped plots were almost 150 kg/ ha higher than from the control. 
Average yield of blue grama from the fall-treated plots was slightly 
higher than the control on this date, but the difference was not 
significant. After peak standing crop was reached, standing bio- 
mass on the control plots decreased more rapidly than on any of 
the other treatments. Mid-August sampling showed that fall bum- 
ing had resulted in 60% more herbage than the control, while 
spring burning or clipping treatments resulted in about 40% more 
herbage than from the control treatment. 

Spring burning of threadleaf sedge yielded about the same 
amount of herbage through June as the unburned control (Fig. 3). 
In contrast, fall burning and clipping treatments showedabout the 
same yields; but until mid-June, yields were significantly lower 
than from either the control or spring-burned plots. This difference 
resulted in about 25% less herbage being produced from clipped 

MEASUREMENT DATES 

Fig. 3. Herbage yield of threadleaf sedge throughout thegrowing season as 
influenced by burning or clipping treatments. Signtjkant dfferences 
(PCO.05) between treatments within individual dates are represented by 
different letters above the mean values. 
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and fall-burned treatments. When peak standing crop was mea- 
sured on June 18, there were no significant differences among 
treatments. Later sampling showed that standing biomass of the 
control plots declined more rapidly than any of the other 3 treat- 
ments. Thus, yields were 10 to 15% higher on burned and clipped 
treatments on July 2. 

Basal Cover 
Burning and clipping treatments substantially reduced the litter 

component and increased the proportion of bare soil in the western 
wheatgrass and threadleaf sedge communities (Table 1). In the blue 
grama community, however, there was a slight increase in litter on 
the burned and clipped plots as compared to the control. 

Basal cover of the dominant species in each of the 3 communities 
was only slightly affected by individual treatments(Table I). In the 
western wheatgrass community fall burning increased western 
wheatgrass cover; but with either clipping or spring burning, basal 
cover was similar to that of the untreated control. In the blue 
grama community, the control showed about the same blue grama 
cover as fall and spring burning, but the clipped treatment had 
significantly less cover. Spring burning in the sedge community 
resulted in the highest threadleaf sedge cover, but there were no 
significant differences among other treatments. 

Cover measurements of other species showed very little effect 
from the individual treatments except in the blue grama commun- 
ity (Table 1). Here annual grasses, cheatgrass (Bromus tectorum) 
and Japanese brome (Bromus japonicus), comprised a substan- 
tially higher proportion of the overall plant community. Fall bum- 
ing ‘was the most effective treatment in reducing cheatgrass and 
Japanese brome cover. About a 70% reduction was observed in 
comparison with the control. Spring burning or clipping treat- 
ments, however, accounted for a 50 to 60% reduction. 

Soil Moisture 
No significant differences in soil moisture were observed 

between spring and fall burning treatments in any of the three plant 
communities (Table 2). However, spring-burned plots tended to 
have slightly higher soil moisture than fall-burned plots early in the 
growing season and lower soil moisture later in the season. Differ- 
ences were usually less than 1%. 

In the western wheatgrass community, both the spring- and 
fall-burned plots had consistently lower soil moisture than the 
control plots (Table 2). These differences were usually significant, 
and they amounted as much as 7% between treatments depending 
upon the sample date. Greater differences were observed during 
spring than in summer. Soil moisture in the clipped treatment was 
usually intermediate between burned and unburned treatments for 

all species. 
In the spring and shortly after rain showers, fall and spring bums 

in the threadleaf sedge community had less soil moisture than the 
control. However, as soils became drier (i.e.,around 5% moisture), 
no appreciable differences were noticed among treatments. Soil 
moisture levels in the clipped treatment were similar to the control 
plots throughout the growing season. 

In the blue grama community, soil moisture differences among 
treatments were small throughout the season (Table 2). In early 
June, both spring- and fall-burned plots had higher soil moisture 
than the unburned control. Thereafter, burned plots had lower soil 
moisture. The clipped treatment provided a reasonable simulation 
of the burn treatments with no appreciable effects of fire being 
readily measurable. 

Discussion 

Studies dealing with effects of burning on forage production 
have generally based conclusions on data obtained from a single 
sampling interval. This interval is usually selected to correspond 
with peak standing crop so that a reliable estimate can be made of 
burning effects on total forage production. Results from such 
studies often appear to be contradictory. For example, Dix (1960) 
and Launchbaugh (1964) reported that burning reduced produc- 
tion in mixed and short grass communities, whereas Gartner et al. 
(1978) found that yield of western wheatgrass was increased by fall, 
winter or early spring burning. Much of the apparent discrepancy 
can be attributed to differences in soil moisture conditions during 
the pre- and post-burning period. As pointed out by Wright ( 1972, 
1974), drought conditions tend to reduce forage production on 
burned sites to a higher degree than on unburned sites, while wet 
conditions usually stimulate forage productivity. Our results for 
western wheatgrass support these conclusions within a single grow- 
ing season. Measurements in mid-June showed higher productivity 
on burned treatments than on control areas. Since plant growth 
continued beyond that date, soil moisture did not appear to be 
particularly limiting. As soil moisture became limited, however, 
plants on the control treatments out-produced those on the burning 
treatments. When peak production was reached on July 2, this 
difference was noticeable but not statistically significant. Measure- 
ments later in July showed standing biomass to be greater on the 
control than on the burned treatments, and this was probably 
related to continuing drought conditions. 

Early season growth in western wheatgrass seemed related to 
both season of burning and soil moisture conditions. Early spring 
burning initially resulted in substantially lower production than 

Table 1. Percent basal cover for 3 plant communities in mid-July as influenced by ground cover treatments. 

Treatment Litter Bare soil 

Fall bum 22.4 48.4 
Spring burn 33. I 43.1 
Clipped 25.9 48.0 
Control 66.8 5.1 

Fall bum 44.9 8.6 
Spring burn 47.0 3.4 
Clipped 50.9 9.5 
Control 38.5 2.6 

Western Blue 
Rock wheatgrass grama 

Western wheatgrass community 
- 19.0 al - 
- 14.3 b - 
- 14.4 b - 
- 15.3 b - 

Blue grama community 
- _- 38.1 a 
- 0.1 36.5 a 
- 0.1 25.5 b 
- 0.4 35.5 a 

Threadleaf 
sedge 

- 
- 
- 
- 

- 
0.5 

- 
- 

Annual Other 
bromes species 

1.0 9.3 
2.0 7.8 
3.1 8.5 
3.1 8.7 

6.4 a 2.1 
11.7 b 2.4 
12.2 bc 1.4 
20.5 c 2.8 

Threadleaf sedge community 
Fall bum 26.4 48.6 1.0 2.1 5.3 12.6 a 1.9 3.2 
Spring burn 29.8 41.8 1.9 1.6 3.0 17.4 b 1.3 3.3 
Clipped 39.5 29.9 1.5 2.1 9.6 11.1 a 3.4 3.1 
Control 65.0 9.0 0.1 2.4 5.6 8.8 a 2.4 6.8 

‘Treatment differences within species in a plant community are significant (KO.05) when followed by a different letter. 
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Table 2. Percent soil moisture at different dates at the 15 cm depth in 3 
plant communities subjected to 4 ground cover treatments. 

Date 

5124 
6/42 
6/18 
712 
7/302 

615 

Fall burn Spring burn Clip Control 

Western wheatgrass community 
16.9 al 17.4 a 16.7 a 18.4 b 
22.6 a 23.1 a 25.1 b 29.4 c 
13.5 ab 14.2 a 14.1 ab 14.8 b 
12.0 a 11.8a 13.0 b 12.3 ab 
28.6 a 28.0 ab 28.5 a 31.1 b 

Blue grama community 
9.2 a 9.8 ab 9.5 a 8.8 b 

6) 18 5.9 a 5.7 a 5.7 a 6.0 a 
712 5.2 a 4.9 a 4.9 a 5.4 a 
8113 

4125 
5122 

5.5 a 5.5 a 6.0 a 5.9 a 

Threadleaf sedge community 
11.3 ab 12.3 a 13.0 b 13.2 b 
5.5 a 5.6 a 6.4 a 5.9 a 

6/42 9.8 ab 10.4 a 10.4 ab 11.1 b 
6/ 18 5.0 a 5.0 a 5.2 a 5.0 a 
7j3 4.3 a 4.2 a 4.3 a 4.2 a 
7/312 8.2 a 8.9 a 9.0 a 10.6 b 

Treatment means within dates are significantly different (KO.05) when followed by a 
different letter. 
ZObservations from this date reflect increases that resulted from rain showers in the 
previous week. 

fall burning although soil moisture conditions after burning were 
similar between treatments. Apparently new shoots at primordial 
regions of the rhizomes were either damaged or retarded by bum- 
ing in early spring. This effect was not persistent since fall- and 
spring-burned plants had similar yields after mid-May. Both the 
spring and fall-burned plots had less soil moisture than thecontrol 
plots. This difference, however, did not clearly manifest itself in 
terms of yield until late May when the control plots had signifi- 
cantly greater yields. By mid-June, the effect of fire apparently 
exerted more influence on plant productivity than on soil moisture. 
The burned plots had higher yields than the control plots although 
soil moisture continued to be higher on the untreated areas. On the 
whole, western wheatgrass production was affected by at least 3 
interacting factors: season of burn, soil moisture, and date of 
measurement. 

Our results showed that burning reduced blue grama yield early 
in the growing season but increased it later in the summer. This is 
contrary to the results reported by Trlica and Schuster (1969) for a 
prescribed burn in Texas, but it is consistent with results reported 
by Dwyer (1967) in New Mexico. Other studies that have consi- 
dered the response of blue grama to burning have utilized data 
derived from wildfires (Dix 1960, Launchbaugh 1964, Dwyer and 
Pieper 1967). These studies have shown that wildfire reduces total 
production in blue grama communities for 2 to 4 years. While such 
information may provide an indication of what to expect, it is 
generally inaccurate to equate wildfires with controlled bums 
(Wright 1974). Because we burned under favorable soil moisture 
conditions when blue grama was dormant, residual plant parts 
appeared to be relatively unaffected by fire. Subsequent growth 
was therefore able to proceed without an extended recovery 
period. 

Responses in blue grama productivity could not beattributed to 
differences in soil moisture during the post-burn growing season. 
All treatments had virtually the same amount of water available. 
Relative changes in cover among species, however, could indirectly 
account for some of the increase in blue grama yield. The blue 
grama community that was burned had a relatively high propor- 
tion of cheatgrass and Japanese brome. When the proportion of 
these annuals was reduced by burning, the remaining blue grama 
was able to outproduce the control apparently because of a corres- 
ponding decrease in interspecific competition. Although the reduc- 
tion in annual grasses was highest with fall burning, blue grama 

herbage yield was greatest on spring burning treatments. This 
conflict can probably be explained as a function of soil moisture 
conditions at the time of burning. Spring burning was conducted 
shortly after spring runoff when the soil profile was saturated. 
Consequently, reduced soil heat penetration would be expected, 
and tissue damage of blue grama would be minimal. Fall burning 
occurred under good soil moisture conditions, but the soil profile 
was below field capacity. Proportionately more soil heat penetra- 
tion would be expected, and this may have impeded subsequent 
blue grama growth. 

Our results showed that greatest cheatgrass and Japanese brome 
reduction was obtained by fall burning. Good control was also 
achieved by spring burning. Comparable results have also been 
reported by Gartner et al. (1978) on annual brome infested western 
wheatgrass communities in South Dakota. Burning therefore may 
have considerable management potential in controlling these spe- 
cies. From a forage production standpoint, our results indicated 
that greatest blue grama yields were obtained by spring burning. 
This should, however, be balanced against the potential benefits of 
improved annual brome control obtained by fall burning. 

The increase in litter that was observed on burned plots in the 
blue grama community appeared somewhat contradictory. How- 
ever, it may be due to the sampling date and the proclivity of blue 
grama to shed its leaves under adverse conditions. When cover 
measurements were taken in mid-July, drought conditions had 
already resulted in a considerable reduction of standing biomass as 
compared to peak standing crop. Consequently, leaves that were 
shed became part of the litter component. Leaf drop was most 
apparent in blue grama and less pronounced in western wheatgrass 
and threadleaf sedge. Moreover, since burned blue grama plots 
had substantially more herbage than the control at peak produc- 
tion, this process made a proportionately greater contribution, As 
a result, more litter accumulated on these treatments. 

Spring burning of threadleaf sedge provided no advantage with 
respect to early season forage production, but fall-burned plots 
showed reduced yields. These results could not beattributed to soil 
moisture since moisture differences among treatments were neglig- 
ible. However, examination of the cover data showed that spring 
burning resulted in increased cover. The increase in tillers appar- 
ently compensated for reduction in height so that early yields were 
comparable between the control and spring burning treatment. 
Measurements of standing biomass after peak production indi- 
cated that some advantages could be realized by summer grazing 
on either burning treatment. Plants in the control lost their leaves 
at a more rapid rate than burned plants. Consequently, more 
threadleaf sedge forage was available during the summer months. 

Several studies reviewed by Daubenmire (1968) suggest that the 
effects of clipping are similar to burning. Our data, however, 
showed that this is not the case under our conditions. The only 
good correlation between burning and clipping was on fall:burned 
threadleaf sedge plots. The other species responses and spring 
burning of threadleaf sedge showed little relationship to the clip- 
ping treatment responses. We therefore believe that clipping is an 
unproductive technique to simulate burning conditions and would 
discourage its use for this purpose. 

A number of management implications important to forage 
production resulted from this study. Vallentine (1971) pointed out 
that management after burning depends upon geographic locality 
and the nature of the resident vegetation among other factors. In 
the Northern Great Plains, prescribed burning on mixed grass 
prairies generally requires a short deferment period early in the 
growing season. By June, grazing can normally proceed on burned 
ranges albeit sometimes at a lower stocking rate. This is because 
favorable growing conditions usually allow rapid recovery of the 
dominant plant species. Our results indicate that the decision to 
burn should depend upon when forage needs are anticipated and 
also on what plant species are predominant. If grazing on a given 
site is needed in early June, our results indicate that burning should 
not be undertaken. At that time, plants on burn treatments never 
out-yielded those on the control. Conversely, if grazing can be 
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deferred until mid- or late-June, burning may be effective in stimu- 
lating forage production. At that time, we found that all three 
species subjected to fall or spring burning out-produced the 
untreated control. Spring burning, however, usually resulted in 
higher productivity than fall burning. If grazing is postponed until 
summer, OUT results indicate that the decision to burn should 
depend upon species composition. If western wheatgrass is domi- 
nant, burning may not increase forage production. Plants on 
burned plots tended to dry out more rapidly and provided less 
standing biomass after early July. Blue grama and threadleaf 
sedge, in contrast, exhibited the opposite trend and had lower 
yields on the control than on burned plots. Consequently, there 
may be merit in burning ranges dominated by these species when 
late utilization is anticipated. Another key factor to consider is 
available moisture. Burning should not be conducted during the 
droughts that periodically occur in the Northern Great Plains. 

Some research implications of our work should also be men- 
tioned. We found that substantial shifts in herbage production 
frequently occurred over two-week intervals. These shifts might 
lead to gross misinterpretation of the treatment responses if obser- 
vations are taken on only one date. Interpretation of burning 
results strongly depended upon when measurements were 
obtained. On one date burned plots might have less herbage than 
the control, while on a subsequent date this situation could be 
reversed. It would have been misleading, therefore, to have used 
only a single set of observations. Yet this is the sampling approach 
normally taken in range burning studies. It seems most approp- 
riate, therefore, to provide for more extensive sampling. If peak 
standing crop is desired, for example, measurements might be 
taken at 3 intervals: shortly before, at, and shortly after the esti- 
mated time of maximum yield. If only one measurement is feasible, 
it would be more important to adjust the sampling date to reflect 
the greatest management impact. 

In conclusion, OUT results indicate that burning has beneficial 
management applications on Northern Great Plains rangelands 
dominated by western wheatgrass, blue grama, or threadleafsedge. 
Additional research studies are now desirable, however, to confirm 
OUT results and to evaluate such factors as varying seasonal weather 
patterns, persistence of burning effects, and optimum management 
alternatives. 
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Elk Use of Winter Range as Affected by Cat- 
tle Grazing, Fertilizing, and Burning in 
Southeastern Washington 
JON M. SKOVLIN, PAUL’J. EDGERTON, AND BURT R. MCCONNELL 

Abstract 

A study of ways to increase winter use by elk of Pncliic bunch- 
grass foothill range in southeastern Washington employed fertiliz- 
ing and rangehtnd burning, with and without spring cattle grazing. 
First-year response of elk to fertilizer applied in fall (56 kg N/ha) 
was a 49% increase ln use; however, no significant carry-over effect 
was noted in subsequent years. Fall burning to remove dead stand- 
ing litter and enhance forage palatability provided no increase in 
elk use in winter. Intensive cattle grazing in spring to promote 
regrowth did not increase elk use. In fact, cattle grazing decreased 
winter elk use by 28% in 1 of the 3 yearsstudied. The cost effectlve- 
ness of increasing elk use by fertilizing appeared marginal except 
perhaps in special situations. A discussion of forage allocation to 
both elk and cattle is presented. 

Rocky Mountain elk (Cervus elaphus nelsoni)l have rapidly 
gained importance for providing hunting recreation and income 
revenues in the recent decade. About one-half million hunters 
harvest over 100 thousand elk annually in the 1 I Western States 
(Oertle 1977). Although demand for hunting is increasing, winter 
range is diminishing due to land development and poor range 
forage conditions (Klemmedson 1967). 

Studies have shown that animal distribution and forage produc- 
tion can be increased by rangeland fertilization (Smith and Lang 
1958, Cook 1965, Geist et al. 1974). Rangeland burning has also 
been found to increase ungulate use (Duvall and Whitaker 1964, 
Kruse 1972) by improving quality (Aldous 1934) availability (Vogl 
1965) and palatability (Daubenmire 1968) of forage. 

Improving big-game winter range by grazing cattle has been the 
subject of considerable debate. For example, investigators have 
suggested that grazing cattle in summer can improve forage for elk 
in winter (Anderson and Scherzinger 1975) and that heavy cattle 
grazing in fall attracts deer use in spring (Willms et al. 1979). 
Others have reported that cattle grazing in summer diminishes elk 
use (Blood 1966, Skovlin et al. 1968) and therefore may cause 
competition (Mackie 1970) or even be counterproductive to pro- 
viding optimum elk winter range (Snyder 1969). 

Before human settlement, winter elk range included the valley 
lowlands and adjacent mountain foothills which are now in private 
ownership and used for crops or spring-fall cattle grazing. Public 
acquisition of critical winter range has often been used to reduce 
conflicts and assure sustained production of winter forage for elk. 

Typical of such a winter range in the interior Pacific Northwest is 
the William T. Wooten Habitat Management Area (Wooten area)z 
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1 Formerly (Cervus canadensis nelsonii). 

*Formerly Wooten Wildlife Recreation Area and Wooten Game Range. 
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Fig. 1. The wooten Habitat Management Area lies along the transitio& 
foothill zone at the extreme northern end of the Blue Motmtaim. 

operated by the State of Washington Department of Game (Fig. 1). 
It is located in the northern foothills of the Blue Mountains in the 
extreme southeastern corner of Washington 24 km south of Pome- 
roy. In 1970, the Washington State Department of Game entered 
into a cooperative study with the Pacific Northwest Forest and 
Range Experiment Station to investigate techniques for making 
herbaceous forage on the Wooten area more attractive to wintering 
elk. 

Three rangeland treatments were compared: (I) annual spring 
cattle grazing, (2) a single fall application of fertilizer, and (3) a 
single fall prescribed burning treatment. This paper reports 
response of elk during 3 winters following treatment. 

Study Area 

The 5,225-ha Wooten area was established in 1940 to provide 
winter habitat and forage for big game, primarily elk, in a narrow 
transitional foothill zone between the rolling hills of Palouse 
Prairie to the north and the mixed conifer upland forest types of 
the Blue Mountains to the south. 

In the past, this area was logged, grazed by cattle, and parts were 
farmed. There has been no permitted cattle grazing since the mid 
1940’s. A high, game-proof fence erected in the mid 1960’s along 
the northeast side of the area concentrates wintering elk on the 
abundant, natural forage and alleviates damage on adjoining range 
and farmland. The Umatilla National Forest provides ample 
forested summer range for elk. 

Annual precipitation at Wooten area headquarters, 600 m above 
mean sea level, averaged 76 cm during recent years (1974-l 979). A 
lo-year average at the nearest representative long-term weather 
station in the Walla Walla watershed was 109 cm. Annual precipi- 
tation on the ridgetop study area is estimated to be about 100 cm, 
one-third of which falls as snow between December and March. 

The 60-ha study site lies on top of Ables Ridge and is surrounded 
by a 610-ha fenced cattle pasture (Fig. 2). The ridgetop is an open 
grassland about 1,200 m long by 400 m wide. It is nearly level, with 

JOURNAL 0~ RANGE MANAGEMENT 36(z), March 1983 



an upper elevation of about 1,200 m. The ridge drops 150 m in 
elevation in a northwesterly direction along the course ofthe study 
area. Water for cattle grazing in spring is plentiful on the ridgetop 
and in adjacent canyon bottoms. 

Deep V-shaped canyons and open ridges characterize the sur- 
rounding landscape; drainages flow northwest. Open bunchgrass 
slopes on steep southwesterly exposures are often free of snow 
making excellent winter forage areas for elk. A mixed forest of 
Douglas-fir (Pseudotsuga men&vii), western larch (Lmix occi- 
denralis), and scattered ponderosa pine (Pinus ponderosa) on 
northeast exposures provides thermal and hidiq cover below the 
open, grass-covered ridgetop. During the study, an estimated 400 
elk wintered on the Wooten area, many of which spent considera- 
ble time on Ables Ridge’. 

Soils and Vegetation 
The soils of Ables Ridge have been classified in the Waha and 

Rockland series (USDA Soil Conservation Service 1968). The 
more sloping, geologically eroded uplands grade into a hummock- 
wale complex of shallower Rockland soil between areas ofdeeper 
Waha soil, which is characterized by a “biscuit scabland” 
macrorelief. 

Waha is by far the dominant soil series on this area. It is a 
medium-textured, welldrained soil between 45 and 60 cm deep 
over an old basaltic land surface and was formed from weathered 
basalt and Ioess. The surface soil is very dark brown to black silt 

‘Personal cOmm”nicafiDn with Allen Parmanteer, wooten Habifat Management 
Arca Manager, March ,981. 

loam from 8 to I3 cm thick; the subsoil is a brown clay loam 
containing 30- to 50-percent basalt by volume. The associated 
Rockland series, interspersed at the edges of the ridge between 
stringers of Waha, is a heavy textured soil between 5 and 25 cm 
deep. It has a rocky surface, some exposed basalt outcropping, and 
small pockets of deeper soil. 

Deep Waha soils supporta herbaceous layer ofperennial bunch- 
forming grasses dominated by bearded bluebunch wheatgrass 
(Agropyron spicatum)’ and Idaho fescue (Fesruca idahoensis); 
prairie junegrass (Koeleria cristata) and Kentucky bluegrass (Poa 
pratensisj are also common, Although Sandburg bluegrass (Pea 
secunda) and onespike oatgrass (Donthonia spicata) occur here, 
they dominate only in shallower wales. 

Lesser amounts of wheatgrass and fescue occur in the Rockland 
wales. Forbs are seasonal with a succession of spring flowering 
species such as Douglas blueyed grass (Sisyrinchium dot&sir), 
camas (Camassia quamash), balsamroot (Balsamorhiza hookeri), 
rush pussytoes (Antennaria luzuloides), buckwheat (Eriogonum 
hrmcleoides), and western yarrow (Achilleo millifolium lanulosa). 
Isolated clumps of snowberry (Symphoricorpos rorundrfolrus) 
occur within ridgetop grassland communities. 

Rangeland Status 
Buechner (1952) reported that his Ables Ridge elk study area 

(570 ha) was “not in good condition” based on inventory work in 
1949.1950. He noted, however, that it had been improving since 
cattle grazing had ceased 5 years earlier. Estimated overall herbage 
production in 1949-50 was about 335 kg per ha, two-thirds of 
which was wheatgrass. During that 5.month winter-one of the 
severest on record-elk removed about 80% of the herbage. In 
1980, estimates placed Ables Ridge in good to excellent condition 
and the surrounding canyon land in fair condition.’ 

Methods 

This 3-year study involved a design of regulated cattle grazing, 
rangeland fertilizing, and controlled burning as a means of making 
lightly used bunchgrass more attractive to wintering elk. 

Design 
The experiment was a split-split-plot design with 3 whole plots 

randomly assigned to grazing by cattle and 3 assigned to no graz- 
ing. Each whole plot was divided into 3 sections which were 
randomly assigned to fertilizing, burning, and control treatments 
(Fig. 3) for 3 years of measurement. A 15-m untreated buffer strip 
surrounded each treatment plot. 

Three whole-plots, about 9.3 ha each, were protected from 
spring cattle grazing with “let-down” fences-fences that can be 
raised or lowered to provide temporary protection. The other 3 
were open to cattle grazing from mid-April to early June in 1971, 
1972, and 1973. A grazing rate ofabout 2.4 ha of range per animal 
unit month (AUM)“assured substantialuseon majorgrassspecies. 
This season and level of grazing was to obtain maximum regrowth 
for subsequent winter elk use. Eachfall,cattlefenceswerelet down 
so that elk had unrestricted movement throughout all plots during 
their normal 3. to 4.month winter use period. The fences were 
raised again each spring after elk had migrated to summer range 
but before cattle arrived. 

Fertilization consisted of a single application of Ortho Unipel’ 
(27%N, 12%PzOs,O%K,4%S)8inthefallof 197l.Itwasapplieda.t 
a rate of 56 kg of N per hectare with a commercially equipped Bell 
helicopter. 



Burning was applied during late fall of 1971. Fire breaks were 
sprayed around burn plots with the desiccator Paraquat’ during 
the summer of 1971. The subsequent fall burn was patchy, how- 
eyer. The remaining unburned areas were fired with a propane field 
burner pulled by 4-wheel drive vehicle on gentler slopes; propane 
hand torches with backpack tanks were used on steeper slopes. 

Measurement and Analysis of Response 
Elk use in response to treatments was measured by pellet group 

counts (Neff 1968). Twelve transects were randomly located on a 
common baseline along one side of each whole-plot. Eachtransect 
line extended across all 3 split plots (burned, fertilized, and con- 
trol). Thus, pellet groups were counted on 12 transects 76.2- by 
2.12-m (0.194 ha sample) in each split plot. Groups were counted 
and sprayed with paint on all plots early each spring after elk use 
but before cattle grazing. 

Spring pellet counts measured elk use in the winters of 
1971-1972, 1972-1973, and 1973-1974. Two pellet counts were 
also made before treatments. The first, representing an estimated 
accumulation of 3 years, was made at the time transects were 
installed in the fall of 1969. The second, representing only one 
winter, was in the spring of 1970. The 2 counts were combined and 
averaged to represent a 4-year calibration period. These pretreat- 
ment data were then used as covariates in the analysis to adjust for 
elk-use patterns prior to the study. A pellet count was made in the 
spring of 1975, a year after cattle grazing, to see whether reverse 
effects in elk use might be detected. 

Analysis of variance was used to determine whether counts 
varied significantly between treated and untreated areas. Scheffe’s 
multiple comparison procedure was used to contrast adjusted 
treatment meansaveraged overall years. Tukey’s multiplecompar- 
ison procedure contrasted treatment means for each of the 3 years. 

Following the 197 I fall burning and fertilizer treatments, a 
forage utilization survey was conducted in late June of 1972 imme- 

diately after spring cattle grazing, using the Ocular-Estimate-By- 
Plot method (Pechanec and Pickford 1937). This survey, together 
with a cow-chip count (Julander l955), furnished information for 
cattle stocking adjustment and provided data to interpret elk use 
that might result from treatment combinations masked by uneven 
cattle grazing or for other interactions. 

Results and Discussion 

Spring cattle grazing had no significant effect on subsequent 
winter use by elk whenaveraged overalltreatmentsand years(Fig. 
4). Cattle grazing during the spring of 1972, however, significantly 
(p<O.Ol) reduced elk use by 28% during the second winter 



(1972-1973)-the winter with least snow accumulations and heavi- 
est elk use. Elk use during the other 2 winters also appeared to be 
less on range grazed by cattle than on ungrazed range, but these 
differences were not significant. 

Fertilized range received significantly (JKO.01) more elk use 
than either burned or untreated range during the first winter after 
treatment (Fig. 5). Pellet group counts were 49% greater than on 
unfertilized range. The same rate of use occurred during the second 
winter, but differences between treatments were not significant. 
During the third winter, treatment had no apparent effect on level 
of elk use. 
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Fig. 5. Elk use in winter offertilized burned, or untreatedfoothill mngekznd. 

Weather Patterns 
Figure 6 shows winter and spring precipitation at the nearest 

long-term weather station. The data provide an index to show 
accumulation and variations in growing season during the study. 
Elk use of Ables Ridge varied inversely with winter precipitation. 
During the winter with low precipitation and a light snow pack 
(1972-1973), elk use was higher than during the winter of 
1973-1974 when a deeper snow pack forced elk to use lower canyon 
slopes. 

Timing of Treatment 
Grazing of cattle was done in spring 197 I before the fall fertilizer 

and burning treatments. Forage grazed by cattle in the spring on 
the plots assigned burning treatment in fall was consumed by fire 
before elk use the following winter. Therefore, the effects of cattle 
grazing on elk use that 1st year were obscured by burning. 
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Fig. 6. Prect@tation during winter @~-Mar.) and spring (Apr.-June) tit the 
Walks Wolk~ watershed provides art index to snow depth and growing 
season variation throughout the years of study (1970-1974) together with 
the previous 10-yeor avemge. 

Whether cattle grazing was heavier on fertilized or burned range 
in years 2 and 3 was not determined. From the literature, however, 
we suspect there was added cattle grazing on the fertilized, and 
perhaps, on the burned range (Smith and Lang 1958, Hooper et al. 
1969, Baldwin et al. 1974). 

Fertilizer Effects 
Elk probably preferred the fertilized range in year 1 because 

nutrient levels of the forage was higher late in the season (Carpen- 
ter and Williams 1972) and because cattle had not yet grazed it 
extensively. Although nutrient content of the fertilized forage was 
not determined, other studies have shown that proteincontent and 
perhaps digestibility of dry matter is higher on fertilized than on 
non-fertilized range (Schlatterer 1974). 

Carry-over from our single application of fertilizer may have 
produced greater forage yield and/or grazing by cattle during the 
next growing season (spring 1972). Cook (1965) found carry-over 
yield on seeded foothill range to be 30% and 10% for the second 
and third growing seasons after 45 kg/ ha of N was applied. Others 
have reported variable carry-over results for similar rates of N on 
foothill range (Patterson and Youngman 1960, Basile 1970, 
Pumphrey and Hart 1973). 

It may be possible to increase elk use even more with higher rates 
of fertilizer than we applied, but we speculate that our findings 
would not have been greatly altered. Of the few reported studies on 
the effect of fertilizer rates, Brown and Mandery (1962) showed 
that forage use by elk in western Washington did not increase with 
rates of nitrogen above 16.8 kg per ha (15 lb N/acre). In the 
southwest, however, Holt and Wilson (1961) found cattle use of 
forage increased 3,4, and 5 times over fertilized range in response to 
28, 56, and 112 kg N per ha (25, 50, and 100 lb N/acre), 
respectively. 

Fertilizer can produce a variety of effects on forage depending 
on season, rate, site, and soil moisture; however, it nearly always 
extends the period that forage remains green (Cook 1965, Baldwin 
et al. 1974, Geist et al. 1974). In this study the carry-over effect of 
fertilizer on forage quality or regrowth quantity was not sufficient 
to cause a real difference in elk use during the second or third 
winter after treatment. 

Effects of Burning 
Fall burning was expected to increase winter elk use, particularly 

on ungrazed plots. Studies have shown that fire may not improve 
the quality of new forage (Grelen and Epps 1967); but it does 
remove standing, dry litter which lowers palatability and acts as a 
barrier to grazing on new green forage (Vogl 1965, Wright 1974). 
Other workers have shown that when litter is burned, new spring 
growth is initiated several weeks earlier than on unburned range- 
land (Ehrenreich 1959, Daubenmire 1968). For these reasons, both 
wild ungulates and livestock normally prefer previously burned 
range (Duvall and Whitaker 1964, Daubenmire 1968). 

Greenup on our burned plots occurred several weeks in advance 
of that on unburned plots and should have provided sufficient time 
for elk to respond if they found the burned plots more attractive. 
Spring growth, particularly of Idaho fescue, on similar aspects 
throughout the Blue Mountains is generally available in February 
and March and often constitutes a large part of elk diet in late 
winter (Skovlin and Vavra 1979). 

In this study, fall burning, after rains had begun, did not result in 
increased winter use by elk. Perhaps controlled burning in late 
summer, followed by substantial fall rains, would produce forage 
more attractive to elk. Fall rains, however, cannot be predicted 
with any certainty; and summer burning can be hazardous to 
plants, especially Idaho fescue (Conrad and Poulton 1966). Mor- 
tality can be particularly high if burned areas are subject to unregu- 
lated grazing or if a period of drought follows burning (Pickford 
1932). 
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Grazing Level requirements, fertilizing to increase elk use is not cost efficient 
In 1971, an average forage year, the prescribed level of cattle (Bayoumi and Smith 1976). When an increase in elk numbers is 

stocking resulted in forage use levels of: desirable and additional winter range is not available, fertilization 
may compare favorably in cost with supplemental feeding or pur- 

Species % Use by Weight 
Idaho fescue 42 

chase of additional rangeland. Fertilization may also bejustified as 

Bluebunch wheatgrass 33 
a means of attracting elk away from agricultural lands where they 

Sandberg bluegrass 4 damage high-value crops such as orchards. Fertilization could also 
be used to improve nutrient content and digestibility of forage on 

Cattle were stocked at 2.4 ha of available range per AUM (610 ha 
for 250 AUM’s); however, a cow-chip inventory taken during the 
1972 elk pellet count indicated that actual use on the study plots 
was 1.1 ha/AUM (0.9AUM/ ha). In view of the fact that SO%ofthe 
pasture had extremely steep (?60%), unusable slopes, concen- 
trated use of the ridgetop by cattle was expected. 

This concentration places cattle stocking at full capacity for 
Range Condition Standards (USDA Soil Conservation Service 
1968) on Ables Ridge. Because early spring grazing occurs during 
the critical growing period, rotated deferment of grazing is 
necessary to maintain good range conditions over the long term 
(Stoddard 1946, Blaisdell and Pechanec 1949). 

Preference and Palatability 

1975). It was postulated that regrowth following grazing, which is 
higher in nutrients than ungrazed forage, was available in winter 
and attracted elk in ever increasing numbers. The results of our ’ 
field experiment, however, do not support this plausible hypothe- 
sis. We found moderate level cattle grazing did not promote 
increased winter elk use. 

Free ranging ruminants, especially wild species such as deer and 
elk, are believed to have intuitive and sensory capabilities that 
enable them to select high quality plants from whatever forage is 
available (Swift 1948, Krueger et al. 1974). Quality was probably 
the attraction for elk following the 1st year of fertilizer application; 
however, higher quality which may have resulted from cattle- 
grazing or burning treatments was not sufficiently attractive to elk 
to show real differences in winter use. 

On another Blue Mountain elk winter range, light grazing by 
cattle in late spring and early summer has been suggested as the 
reason for increased winter use by elk (Anderson and Scherzinger 

poor quality range where elk mortality is common during winter 
stress. 

Variable response of range plants to fertilizer has been reported 
(Basile 1970, Pumphrey and Hart 1973, Schlatterer 1974). The 
ecological consequences of fertilizing must also be considered, 
particularly at higher application rates. In nearby areas of south- 
eastern Washington, rates of N higher than 45 kg per ha favored 
annual grasses to the detriment of perennial bunchgrasses (Patter- 
son and Youngman 1960). On summer range with similar composi- 
tion in northeastern Oregon, Baldwin et al. (1974) cautioned that 
very high rates of fertilizer could not only cause retrogressive shifts 
in plant composition but also result in nitrate poisoning of animals. 

The cost of fertilizing might be defrayed by renting pasture for 
light cattle grazing in spring, without significantly lowering elk use 
in winter. Higher rent might be justified for pastures that have been 
fertilized. It is possible that the same benefits to both elk and cattle 
found in our study might result from somewhat lower rates of 
fertilizer than we used. To managers who consider fertilizing, we 
recommend a simplified field trial to determine feasibility under 
different range conditions. In view of the uncertainties of plant 
response, weather, which is unknown from year to year, and its 
effects on elk migration, as well as the fact that similar manage- 
ment alternatives such as other forage improvement practices, 
fencing, feeding, or hazing for damage control are available, the 
benefits and costs of fertilizing elk winter range seem marginal. 

Habitat Preference 
On Ables Ridge, elk preferred lower reaches (whole plot I) and 

cattle preferred upper reaches (whole plot VI). Compared to the 
upper ridge, the lower reach is narrower, steeper, rockier, with 
greater macrorelief, and probably less accumulated snow (see Fig. 
2 and 3). Similar preferences by elk and cattle have been suggested 
by other workers (Jeffery 1963, Julander and Jeffery 1964, Nagle 
and Harris 1966, Reynolds 1966). On Ables Ridge, elk showed the 
same distribution pattern before, during, and after the 3-year 
grazing treatment, so spring levels of cattle use had no apparent 
effect on elk habitat selection in winter. It is also likely that elk 
grazing did not affect patterns of cattle use in spring, because by the 
time cattle began grazing in mid-April, elk use was obscured by 
lush, new growth. 

range condition. The central concern where elk and cattle prefe; 
the same forage species-primarily Idaho fescue in our case-is 

Dual-Use Strategy 

that the forage base not be depleted. 

If properly allocated, cattle grazing in spring coupled with elk 
use in winter can produce a high output of animal biomass from 
similar foothill range. Elk use in winter has only a slight physiologi- 
cal impact on dormant plants (Stoddart 1946, Blaisdell and 
Pechanec 1949) and can often be increased without imnairing 

Recent reports evaluating pellet group sampling show that dis- 
tribution may not be a reliable index to habitat preference because 
activities between habitats may produce large variation in defeca- 
tion rate (Collins and Urness 198 I, Skovlin 1982). We assume in 
this study, however, that the rather uniform soil, range site, and 
condition of the wheatgrasslfescue community constituted but one 
habitat (see Study Area) and that the predominant response activ- 
ity to treatments was grazing. 

Management Considerations 

Our findings suggest that fertilizing and, to a lesser extent, spring 
cattle grazing, may have practical application in the management 
of elk winter ranges under certain conditions; fall burning did not 
increase elk use in winter. 

Fertilization 
Where sufficient forage is available to meet normal winter 

Spring cattle-stocking during this experiment probably 
exceeded the sustained allowable.level, judging from thedifference 
in estimated grazing capacity and actual use. A monitoring system, 
such as that proposed by Smith (1965), showing when allowable 
use exceeds plant tolerance is essential. Also necessary is a scheme 
for monitoring soil impacts to maintain cover minimums, as sug- 
gested by Packer (1963). Buechner (1952) reported that the 0.6 elk 
months per hectare using this area in 1949-1950 may not have 
exceeded proper forage use but cautioned that, in view of potential 
for soil erosion on the steep, foothill slopes during early spring, 
there were too many elk. 

Based on our findings, a practical strategy for producing both 
plants and animals would allow 2 months of cattle stocking at 1.4 
ha/ AUM (30 to 40% less than the trial rate) on two pastures, with 
rotated grazing deferment alternating between May 1 one year and 
June 1 the next. This should: (1) provide a slight improvement in 
the fescue-wheatgrass stand, (2) permit near optimum elk use in 
most winters, (3) allow for a modest increase in numbers of winter- 
ing elk, and (4) permit cattle to utilize surplus forage at the peak of 
nutrient quality. Our research results showed, however, that high- 
est elk use in winter was obtained where there was no grazing by 
cattle. 

Conclusions 

Concentrated spring cattle grazing on foothill range did not 
promote forage conditions that improved winter use by elk. 
Moreover, cattle grazing reduced elk use by 28% in 1 of the 3 years 
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studied. A light level of cattle stocking in spring probably would 
have made no real difference in winter use by elk. 

We found that fertilizing in fall increased elk use in winter by 
49% the first winter after application, but no carry-over effect was 
apparent in the next 2 years. We cannot recommend fertilizing as a 
cost effective practice, however, except under extreme or high-risk 
situations. 

Rangeland burning in fall did not increase elk use in winter to 
any measurable degree. The literature suggests that a hotter fire 
that removes all fuel, such as from summer burning, might damage 
Idaho fescue, the most desirable forage species for elk. Therefore, 
we cannot recommend this practice on the basis of information 
available. 

If forage supplies exceed the winter needs of elk, and range 
condition is acceptable, light cattle grazing in spring or early 
summer might be maintained without adverse effects. Neverthe- 
less, our findings showed that cattle grazing diminished winter elk 
use significantly in 1 of the 3 years studied. 
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Topographic and Habitat Use by Sympatric 
Barbary Sheep and Mule Deer in Palo Duro 
Canyon, Texas 

C. DAVID SIMPSON AND GARY G. GRAY 

Abstract 

The topographic distribution of symptric populations of Bar- 
bary sheep and mule deer was studied in the Dry Creek branch (65 
km*) of Palo Duro Canyon in the central Texas Panhandle from 
February 1977 through January 1979. Each of 529 Barbary sheep 
sightings and 337 mule deer sightings were recorded by topogra- 
phic level and nonparmetric tests were used to evaluate the null 
hypothesis of no significant difference in distribution between 
Barbary sheep and mule deer in topographic level or habitat type. 
There was no significant difference between species in spatial usage 
on a monthly basis when sightings on Bluff Sites were compared 
with those on Level Sites. When sightings on High Sites were 
compared with those on Low Sites, distributional patterns were 
significantly different only for February and November. There 
were significant seasonal differences between species in distrlbu- 
tion by habitat type during the autumn and spring, but the aggre- 
gate distribution of sightings suggested that overall usage of space 
was not significantly different. These findings, when considered 
with the results of comparative diet studies, indicate the possibility 
of competition for mutally preferred forage plants. Other implica- 
tions are also discussed. 

Big game was scarce in Palo Duro Canyon during the first half of 
this century. This situation probably resulted from subsistence 
hunting by early settlers (Simpson and Leftwich 1978,198 I), habi- 
tat deterioration (Leftwich and Simpson 1978), the screwworm 
(Cephenemyia hominivorax) problem, and poor range condition 
and poaching during the drought years of the 1930’s and 1950’s 
(T.T. Christianpers. comm. 1979). In response to this situation, the 
Texas Parks and Wildlife Department released 268 mule deer 
(Odocoileus hemionus) in Palo Duro Canyon from 1949 through 
1951 (DeArment 1971) and 85 more in 1964 (Evans l%4) to 
augment the small remnant population. Forty-four Barbary sheep 
(Ammotragus lervia), an exotic ungulate from North Africa, were 
introduced into the canyon in 1957-58. Because the Barbary sheep 
population appears to be increasing (Simpson et al. l978), this 
study was conducted to determine the topographic distribution 
and habitat utilization of both species in Palo Duro Canyon as one 
component of the ecological relationship between these two sym- 
patric ungulates. 
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Study Area 
Palo Duro Canyon, a winding and irregular gorge approxi- 

mately 97 km by 32 km, located in the central Texas Panhandle at 
an elevation of 1048 m, was formed by the erosive action of the 
Prairie Dog Town Fork of the Red River. The steep bluffs of the 
Caprock escarpment form canyon walls up to 244 m in vertical 
height. Erosion-resistant formations have been preserved as mesas, 
ledges, benches, or ridge fingers. 

Five range sites were delineated on the study area corresponding 
to belts on a vertical rim-to-floor transect (Jacquot et al. 1965). 
Each site is characterized by a distinctive combination of geologi- 
cal strata, soil type, and topography. These 5 range sitesconstitute 
4 topographic levels (Fig. I), defined as follows: (1) the Deep 
Hardland of the High Plain above the canyon combined with the 
Mixed Land Slope abutting the rim comprises an upper level called 
the “Canyon Rim”; (2) high ledges on the Rough Breaks of the 
canyon walls, 30-45 m below the rim, were termed “High 
Benches”; (3) lower ledges on the canyon walls, generally 30-45 m 
above the canyon floor were designated “LOW Benches”; and (4) 
the gently rolling Shallow Redland and Bottomland of the floor 
collectively called the “Canyon Floor.” The 5 range sites and 4 
topographic levels described represent 3 major big game habitat 
types-the Canyon Rim, the Rough Breaks(Bluff Faces) that form 
the canyon walls, and the Canyon Floor. 

The vegetation reflects this diversity and includes such mesic 
species as bottlebrush sedge (Carex hystricina), smooth horsetail 

DRY CREEK STUDY AREA 
PALO DURO CANYON, TEXAS 

TOPOGRAPHIC LEVELS 

DH DEEP HARDLAND 
MLS MIXED LAND SLOPE 
RB ROUGH BREAKS 
;R SHALLOW REDLAND 

BOTTOMLAND 

3250 ft 
SQOm 

3100 fr 
944 m 

295Off 
599m 

Fig. 1. Verticalprofile of the Dry Creek Study area in Palo Duro Canyon, 
Texas, showing the relationsh$ of USDA Soil Conservation Service 
range site classifications to the topographic levels defined in this study. 
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(Equisetum laevigatum) and cottonwoods (Populus deltoides), 
along stream beds on the canyon floor, as well as typical shortgrass 

mule deer topographic distribution and seasonal habitat prefer- 

prairie and semiarid plants. Wright (1978) traced the development 
ence. The Fisher Exact Probability test (Siegel 1956) was used in a 

of the flora of this region, and Rowe11 (1967) inventoried the 
few cases where mule deer sample sixes were very small; and was 

vegetation of the Texas Panhandle and South Plains. Hampy 
used with the knowledge of Sokal and Rohlf’s (1969589) caution- 

( 1978) surveyed plants on the Dry Creek study area (34’ 58’N, 10 1’ 
ary comment that this test was originally designed for a Model 111 

31’W) which is situated along the northern canyon rim, 39 km 
test of independence in which both marginal totals are fixed by the 
experiment. The null hypotheses were rejected for values of d 

southeast of Amarillo, in Armstrong County. 10.05. 

Methods Results 
A field and adjacent pasture which abut the canyon rim were 

observed from a blind for 1 hour beginning at sunrise each field 
day, after which a standard observation route (SOR) was hiked 
following the northern canyon rim along an east to west arc. 
Search observations were made with 8 X 4&mm binoculars from 
fixed points on the rim and ridge fingers that provided good 
visibility of adjacent ridge fingers, bluff faces, and the canyon 
floor. 

Direct observations from the blind and SOR occupied 1246 
hours on 271 fielddays from February 1977 through January 1979, 
and produced a total of 529 Barbary sheep sightings and 337 mule 
deer sightings. Analyses of monthly interactions of the 2 ungulate 
species with the 4 topographic levels were not possible because 
more than 20% of the cells in all monthly contingency tables had 
expected frequencies less than 5 (Siegel 1956178). 

For each sighting of Barbary sheep or mule deer, the topogra- 
phic level was recorded. Sightings for the 2 field years were com- 
bined on a monthly basis and then arranged in a series of 2 X 4 
contingency tables-ungulate species versus topographic levels- 
and examined for monthly, seasonal, and overall differences. Con- 
tingency tables were recast as two series of 2 X 2 tables in which 
sightings on High Sites (Canyon Rim and High Benches) were 
examined in relation to Low Sites (Low Benches and Canyon 
Floor), and sightings on Bluff Sites (High Benches and Low 
Benches) were compared with Level Sites (Canyon Rim and 
Canyon Floor). The data were then evaluated in terms of the 3 big 
game habitats present (Canyon Rim, Rough Breaks, and Canyon 
Floor) to determine Barbary sheep and mule deer habitat preferen- 
ces on a seasonal basis. 

The seasonal interaction of these ungulates with topographic 
levels showed that topographic distribution was significantly dif- 
ferent @ = 0.016) during the spring (April, May, and June). 
Barbary sheep (N = 188 sightings) utilized all levels, except the 
Canyon Floor (3.7%), about equally during the spring, whereas 
mule deer (N = 44 sightings) were seen most often (86.4%) on the 
benches of the canyon walls. 

There was no difference between species @ = 0.83) in topogra- 
phic level selection during the summer (July, August, and Sep- 
tember). Barbary sheep (80.7% of 88 sightings) and mule deer 
(79.8% of 109 sightings) were both concentrated on benches (the 
Rough Breaks) of the canyon walls. 

Chi-square tests (Siegel 1956) were used to evaluate null hypo- 
theses (H,) of no significant difference between Barbary sheep and 

During the autumn (October, November, and December), Bar- 
bary sheep were sighted most frequently on the benches of the 
canyon walls (75.7% of 74 sightings) while mule deer spatial utilira- 
tion was concentrated on the High Sites (i.e., the Canyon Rim or 
High Benches, 69.4Yc of 73 sightings). This difference was signifi- 

Table 1. Monthly distributions of Barbary sheep and muie deer sigbtinas in Palo Duro Canyon, Texas, showing no significaot differences @ > 0.05) 
between these species in comparative spatial usage of Bluff es compared with Level topographic sites. 

Month Topographic site Barbary sheep Mule deer Statistical test’ 

January Bluff 16 5 
Level 5 0 FEP 

February Bluff 27 22 
Level I9 24 X2 

March Bluff 52 22 
Level 60 38 X2 

April Bluff 47 8 
Level 41 4 X2 

May 
Bluff 37 5 
Level 22 0 FEP 

June Bluff 34 I7 
Level 7 2 X2 

July 
Bluff 33 32 
Level 5 I2 X2 

August Bluff 20 33 
Level 5 6 X’ 

September Bluff 21 22 
Level 4 4 X2 

October Bluff I8 23 
Level 9 I3 X2 

November Bluff I7 8 
Level 3 5 X2 

December Bluff 21 13 
L.evel 6 Ii X2 

‘Key: FEP = Fisher Exact Probability; ~2 chi-square; ns = not statistically significant at the probability kvcl indicated. 

P’ 

>0.30 ns 

x.30 ns 

>0.30 ns 

>0.50 ns 

>O.iO ns 

>0.60 ns 

>O.lO ns 

>0.80 ns 

x.70 ns 

>0.90 ns 

>0.20 ns 

>o.io 
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cant (p = 0.008). 
Through the winter months (January, February, and March), 

Barbary sheep (44.1% of 179 sightings) and mule deer (53.2% of 
II I sightings) both utilized the Canyon Rim to a greater extent 
than other levels. Barbary sheep were also frequently seen on Low 
Benches (30.2%) during this season, but secondary mule deer 
spatial usage was greater on High Benches (28.8%) so the differ- 
ence between species in winter topographic distribution was signif- 
icant @ = 0.047). 

To examine interactions on a monthly basis, contingency tables 
were recast-Barbary sheep and mule deer versus Bluff Sites (or 
Rough Breaks, i.e. High Benches and Low Benches) and Level 
Sites (Canyon Rim and Canyon Floor), and the 2 species versus 
High Sites (Canyon Rim and High Benches) and Low Sites (Low 
Benches and Canyon Floor). Analyses of these interactions 
showed that there was no difference @>O. 147) in Barbary sheep 
sheep-mule deer versus Bluff Site-Level Site interaction for any 
month (Table 1). The ungulate species versus High Site-Low inter- 
action indicated significant differences in topographic usage for 
only 2 months (Table 2). During February, Barbary sheep sight- 
ings (N = 46) were equally divided between High and Low Sites, 
whereas 80.4% of 46 mule deer sightings were from High Sites @ = 
0.007). In November, 65% of Barbary sheep sightings (N = 20) 
were from Low Sites while 76.9% of mule deer sightings (N = 13) 
were from High Sites (p = 0.047). Totals for interactions of both 
species with all 4 topographic levels suggested no overall difference 
in spatial usage between Barbary sheep and mule deer (p>O.O5) 
(Table 3). 

The data were then recast as 4 2 X 3 contingency tables in which 
sightings of Barbary sheep and mule deer were tabulated by big 
game habitat type on a seasonal basis. Over half of all Barbary 
sheep groups were sighted on the Rough Breaks (Bluff Faces) in 
every season, and most mule deer groups were also seen in this 

habitat during 3 of the 4 seasons (Table 4). A chi-square test 
suggested that the distribution of Barbary sheep and mule deer 
among the 3 habitat types was significantly different in the spring 
and fall @<O.Ol), but not during the summer or winter @>0.30). 
There was no overall difference between Barbary sheep and mule 
deer when seasonal data were combined (p>O.50). 

Discussion 

DeArment (1971) observed that Barbary sheep showed a pro- 
nounced preference for the roughest and most precipitous terrain 
of the canyon and caprock almost inaccessible to humans, and that 
they easily negotiated sheer naked cliffs which usually constitute 
the break between upper and lower canyon terraces. Dickinson 
and Simpson (1980) reported that “slope” sites were preferred 
during spring and autumn seasons by Barbary sheep in southeast- 
ern New Mexico and were used extensively for bedding, whereas 
“bottom” sites were used mainly for feeding. Hampy (1978) found 
24.5% of the Barbary sheep he sighted in Palo Duro Canyon in the 
summers (June through October) of 1976 and 1977 on the Canyon 
Rim, 71.5% on the Rough Breaks of the canyon walls, and 4% on 
the Canyon Floor. The preponderance of Barbary sheep sightings 
during this study were also from the Rough Breaks or bluffs which 
form the canyon walls (Table 4). 

Anthony and Smith (1977) found that the distribution of mule 
deer in the San Cayetano Mountains of southeastern Arizona was 
not precisely determined by altitude or vegetation, and there were 
seasonal changes in use of various slope exposures and altitudes. 
Mule deer in the DOS Cabezas Mountains used all 3 altitudinal- 
vegetational zones during at least part of this 2rh-year (Anthony 
and Smith 1977). Approximately 50% of 11,58 I mule deer observa- 
tions by Mackie (1970) in the. Missouri River breaks of north- 
central Montana were on slopes greater than 1 lo. Only 7.9% were 
seen on slopes greater than 36’, and few animals were observed on 

Table 2. Monthly distributions of Barbary sheep and mule deer sightings in Palo Duro Canyon, Texas, showing significant differences QKO.05) between 
these species in comparative spatial usage of High as compared with Low topographic sites for only 2 months of the year. 

Month Topographic site Barbary sheep Mule deer Statistical test’ P’ 

January High 13 2 
Low 8 3 FEP >0.20 ns 

February High 23 37 
Low 23 9 X2 <0.02* 

March High 84 52 
Low 28 8 X2 >O.lO ns 

April High 60 I2 
Low 28 8 X2 >OSO ns 

May 
High 33 I 
Low 26 4 FEP >O.lO ns 

June High 22 8 
Low I9 II X2 >0.50 ns 

July High I2 18 
Low 26 26 X2 >OSO ns 

August High I2 I6 
Low I3 23 X2 >0.70 ns 

September High II 13 
Low I4 I3 X2 >0.80 ns 

October High I3 24 
Low 14 12 X2 x.20 ns 

November High 7 10 
Low I3 4 X2 <0.05* 

December High 15 I6 
Low I2 8 X2 >0.50 ns 

‘Key: FEP = Fisher Exact Probability: x* = &i-square: ns = not statistically significant at the probability level indicated; l = statistically significant at the probability level 
indicated. 
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Table 3. Distributions of Barbary sheep and muie deer by topographic level in Palo Duro Canyon, Texas, indicate no significant overall difference 
@ > 0.50) between species. 

Topographic level Observed 
Barbary sheep Mule deer 

Expected % sightings Observed Expected % sightings 

Canyon rim 163 164.93 30.8 I 107 105.07 31.75 
High benches 142 149.05 26.84 102 94.95 30.27 
Low benches 201 193.64 38.00 116 123.36 34.42 
Canyon floor 23 21.38 4.35 I2 13.62 3.56 

Totals 529 529 100.00 337 337 100.00 

slopes steeper than 45’. However, Mearns (1907) clearly indicates 
that mule deer are capable of traversing the steepest canyon wall 
country. 

Kerr (1979) commented that mule deer are primarily associated 
with forest, woodland, or brushland areas, and reasoned that this is 
probably due to their need to remain close to visual or escape 
cover. Where vegetation does not provide sufficient cover, habitat 
needs will only be met if topographic cover replaces or supplements 
limited vegetative cover (Severson and Carter 1978). Mule deer 
almost certainly depend upon the Rough Breaks of bluff faces for 
topographic and escape cover in those parts of Palo Duro Canyon 
where this requirement is not met by mesquite (Prosopis glands- 
loss), juniper (Juniperus spp.), or sand shinnery oak (Quercus 
hovardii) vegetation or by an extensive amount of topographic 
relief in the Mixed Land Slope zone above the canyon rim. Thus a 
minimum of 44% of all mule deer groups were sighted on the 
Rough Breaks in any season during this study, and nearly 65% of 
the aggregated sightings were from this habitat (Table 4). It should 
be noted, however, that the benches on bluff faces form relatively 
level ledges or terraces on the canyon walls. We rarely saw mule 
deer attempt to directly negotiate the most precipitous bluff faces, 
as Barbary sheep frequently did. 

The data from this study indicate that Barbary sheep and mule 
deer utilize the same topographic levels and habitat types through- 
out the year. Further, their distribution are not significantly differ- 
ent for most months and when considered on an annual basis, 
although there are marked differences during some seasons. Thus 
the physical proximity of these 2 species in Palo Duro Canyon 
subjects them to ecological relations that may affect other aspects 
of their biology. 

One component of the ecological relationship between Barbary 
sheep and mule deer is the possibility of competition for space. 

Barbary sheep and mule deer were rarely seen close to each other 
except during the winter months. In this season both species were 
attracted to supplemental food sources provided by fields of winter 
wheat (Triticum uestivum) adjacent to the canyon rim. The few 
observed instances of interspecific aggression indicated that Bar- 
bary sheep are behaviorally dominant and occasionally chase mule 
deer short distances. Such interactions were infrequent and of little 
apparent consequence to either species. 

Another important consideration is the dietary relationship of 
the 2 ungulates. Barbary sheep eat a wide variety of plants and are 
apparently limited only by geographic and seasonal availability of 
forage (Krysl et al. 1980, Simpson et al. i980), but mule deer 
exhibit rather narrow forage utilization patterns throughout the 
southwestern United States (Kufeld et al. 1973, Krysl 1979). Addi- 
tionally, diets of Barbary sheep and mule deer are similar in Palo 
Duro Canyon, Texas (Krysi et al. 1980) and Largo Canyon, New 
Mexico (Bird and Upham 1980) as revealed by similarity indices. 
Thus mule deer are at a potential competitive disadvantage in Palo 
Duro Canyon and other areas where the 2 species are sympatric. 

A third consideration is eiaeophorosis, which has been docu- 
mented in both ungulates from Palo Duro Canyon (Gray 1980, 
Pence and Gray 198 I). Lesions on the heads of some Barbary sheep 
are so extensive that hunters consider them unsuitable for trophy 
mounts. Hibler and Adcock (197 1:266) speculate that deer are the 
normal definitive hosts for the arterial nematode Ekzeophoru 
schneideri, and the absence of gross pathologic lesions associated 
with elaeophorosis in deer supports this view. Because of the 
economic importance of Barbary sheep hunting to some ranchers 
(Schreiner 1968. Christian 1980), the impact of this disease should 
be considered in Barbary sheep population management in areas 
where mule deer numbers are moderate to high. 

Topographic distribution and habitat utilization patterns of 

Table 4. Seasonal distributions of Barbary sheep and mule deer sightings over 3 big game habitat types in Palo Dun, Canyon, Texas, showing significant 
differences during spring and autumn seasons but no overall annual difference (x2 test pX.50). I. 

Season species 

Big game habitat type 

Sample size Canyon Rim Rough Breaks Canyon Floor 
N N % N % N % x2 test 

Winter 
Barbary sheep 
Mule deer 

179 79 44.1 95 53.1 5 2.8 
111 59 53.2 49 44.1 3 2.7 P > 0.30 ns 

Spring 
Barbary sheep 
Mule deer 

Summer 
Barbary sheep 
Mule deer 

188 63 33.5 118 62.8 7 3.7 44 4 9.1 38 86.4 2 4.5 p < 0.01: 

88 I09 9 16 10.2 14.7 74 87 84.1 79.8 5 6 5.7 5.5 p > 0.30 ns 

Autumn 
Barbary sheep 
Mule deer 

Overall 
Barbary sheep Mule deer 

74 12 16.2 56 75.7 6 8.1 p < 0.01* 
73 28 38.3 44 60.3 I I.4 

529 I63 30.8 343 64.8 23 4.3 337 I07 31.8 218 64.7 12 3.3 p > 0.50 ns 

JOURNAL OF RANGE MANAGEMENT C%(2). March 1983 193 



Barbary sheep and mule deer, as well as desert bighorn sheep (Ok 
canadensis), will be increasingly important considerations as Bar- 
bary sheep continue to expand their range in the southwestern 
United States (see Simpson et al. 1978, Seegmiller and Simpson 
1979, Simpson and Krysl 1981a, 1981b). 
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Habitat Use of Feral Horses and Cattle in 
Wyoming’s Red Desert 
RICHARD MILLER 

Habitat selection by feral horses (Equus caballus) and cattle 
(Bos taurus) was studied with a series of 16 flights, between 
November 1977 and April 1979, during which the locations of 
cattle and feral horses were mapped. The C7 coeffkient of associa- 
tion and percent occurrence in different vegetation types and near 
water sources and ridges were used to compare and describe the 
habitat use patterns. Cattle and feral horses showed seasonal pat- 
terns relative to vegetation types and distance from water sources, 
and horses showed a seasonal use pattern in regard to areas near 
ridges. Possibilities for direct competition between cattle and feral 
horses in the Red Desert were strongest for forage during the fall 
and in severe winters, and for water during the summer. 

Management of feral horses has been a subject of controversy 
for a number of years, but studies of feral horse ecology have been 
relatively few. Habitat use by the horses, especially concerning 
competition with livestock, has been the focus of the controversy, 
but only 3 studies of feral horse habitat use patterns have been 
published (Green and Green 1977; Storrar et al. 1977; Salter and 
Hudson 1978, 1979, 1980). Only 1 of the 3 concerned feral horses in 
arid areas (Green and Green 1977). 

Several researchers have studied feral horse diets (Hubbard and 
Hansen 1976, Hansen 1976, Hansen et al. 1977, Olsen and Hansen 
1977, Vavra and Sneva 1978, Salter 1978). The value of such 
studies to managers can be increased if the habitat use patterns of 
the feral horses and livestock are known and correlated with diet 
study information. Habitat use of feral horses in the Red Desert of 
southwestern Wyoming between June 1976 and November 1979 
was studied in this investigation. The study area overlapped the 
area for which Olsen and Hansen (1977) reported diets of feral 
horses, livestock, and big game. 

The objectives of this study were to compare horse and cattle use 
of habitat in the Red Desert and to suggest where competition 
might be occurring. Welsh’s (1975) suggestion that plant communi- 
ties, shelter and surface water affect the seasonal distribution of 
horses was my basis for choosing these 3 parameters for the study 
of feral horse habitat use. The availability of water and forage and 
the degree of slope are also important determinants of habitat use 
patterns by cattle (Arnold and Dudzinski 1978, Cook 1966, Valen- 
tine 1947, Willms et al. 1979), so the same 3 parameters seemed 
reasonable for the study of cattle use patterns. 

Methods 

The study area was located in Sweetwater County of southwest- 
ern Wyoming. Habitat use data were collected on 8 townships (746 
km*), Ranges 98 to 101 West, Townships 23 and 24 North, along 
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the Kilpecker Dune Field. This portion of the Red Desert lies in the 
sagebrush-wheatgrass section of the Wyoming basis province (Bai- 
ley 1978) and was described by Olsen and Hansen (1977). 

The habitat use data were collected on 16 survey flights at 
approximately 4-week intervals between November 1977 and April 
1979. Data for cattle are only available for 13 flights. Cattle loca- 
tions were not recorded on the November 1978 flight. Cattle 
numbers were very low in February and April 1979 and were not 
used for analysis. 1 used several procedures to minimize bias in 
these surveys. Because the observer can influence the results of 
horse counts (Frei et al. 1979) the same observers and pilot were 
used whenever possible. The same transect lines were used on each 
flight, with lines 3.2 to 4 km apart. We used a fixed-wing aircraft 
(Cessna 172, 182, or 210) and 2 observers as well as the pilot and a 
recorder. 

Locations of cattle and horses from flights were described by 
vegetation type, distance from water, and distance from ridges. I 
used the vegetation types described and mapped by the Bureau of 

: Land Management (1978) in compiling the Sandy Grazing Envi- 
ronmental Statement. Ridges were defined as having a slope of 9% 
or greater over at least 200 m horizontal distance. 

Weather data from the Rock Springs Airport, 54 km SSW of the 
study site, (NOAA 1977, 1978, 1979) and wind speed data from 
Medicine Bow wind energy studies, on the study site (Brooks 
Martiner, Department of Atmospheric Science, University of 
Wyoming, pers. comm.) were used in regressions. Regressions 
were run with the SELECT program, which is based on procedures 
suggested by Hocking and Leslie (1967). This program allows 
selection of the best subsets of variables by comparison of the 
amount of variation explained. In effect this program runs a large 
number of multiple regressions with the same dependent variable. 
The independent variables used in the regressions were: number of 
days since the last precipitation; number of days since 6.35 mmand 
12.77 mm of precipitation; depth of snow on the ground on the day 
of the flight; average snow depth on the ground over the previous 3 
and 7 days; maximum depth of snow on the ground for I week; 
precipitation on the day of the flight; total precipitation of 3,7, 14, 
and 30 days preceding the flight; maximum, minimum, and avkr- 
age temperature for the day of the flight and for 2 and 7 days prior 
to the flight; and wind speed. Unfortunately, wind data were 
available for only 11 flights (3 February to 13 October 1978and 24 
February 1979). Wind speed at the time of the flight was used in all 
regressions. Dependent variables used were the average distances 
of either cattle or horses from the nearest waterhole or the nearest 
ridge from each flight. 

The C7 coefficient of association (Cole 1949) which ranges 
between i-l.0 (with total association) and -1.0 (with complete 
disassociation), was used as a test of association between cattle and 
horses. This coefficient was chosen for use because it expresses the 
proportion of the maximum interspecific association which has 
occurred and allows detection of both association and disassocia- 
tion (Cole 1949). Data required to determine C7 values are pres- 
ence or absence of cattle, horses, or both in grid squares. For these 
tests 3 different quadrat sizes were used ‘/4 section, 1 section, and 4 
sections, because the coefficient of association varies with grid size 
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Fig. 1. Percent of feral horses in vegefation types during surveyflighrs. 

(Gibbens 1972). The number of cells in a grid which contained 
neither cattle nor horses was large, prohibiting significant negative 
association values in some samples. This was especially true for the 
1% section grid. This problem increased when the study area was 
subdivided by vegetation type or by areas near ridges or water, 
because the relative proportion of empty cells increased. The coef- 
ficient of association is biased toward animals which tend to leave 
the main groups, since only the presence or absence of animals 
within a cell is recorded. For these reasons the majority of habitat 
use data are presented as percent of the total number of a species 
which were located within a vegetation type or area. 

Results 
Average counts on the 8 townships were 445 horses (range 270 to 

660) and 188cattle(range 13 to 414)perflight. Theaveragenumber 
of cattle was reduced by low counts of 13 cattle (February 1979) 
and 24 cattle (April 1979), following a severe winter and a die-off of 
cattle. Several hundred cattle died on or near the study area that 
winter (John Winter, Bureau of Land Management, Rock Springs, 
Wyoming, pers. comm.), while we could confirm only 10 horse 
deaths. 

Percent occupancy of vegetation types changed seasonally for 
both horses and cattle. On a yearly basis most of the horses and 
cattle were found in the sagebrush-grass type (56% of the study 
area), but peak occupancy was in different seasons for horses and 
cattle. Feral horse use of sagebrush-grasslands was greatest during 
the fall and winter (Fig. 1) and was concentrated in the northern 
and eastern portions of the study area, which were only rarely used 
by cattle. Cattle use of this type peaked in summer and fall (Fig. 2) 
and was concentrated in the western and southern portion of the 
study area. Feral horses used the saltbush-winterfat type (17% of 
the study area) in late spring and early summer (Fig. I), but no 
similar cattle use was seen at any time of the year. Cattle use of the 
rabbitbrush subtype of the sagebrush-grassland type (10% of the 
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Fig. 2. Percent of rattle in vegetation types during survey flights. 

Fig. 3. C7 values, car& association with feral horses for 3 grid sizes. 

study area) increased dramatically each winter of the study (Fig. 2). 
The feral horses did not show any strong peaks in occupancy of the 
rabbitbrush subtype. Use of grass types by horses may be under- 
represented, since horses often moved into the grasslands south of 
Fourth of July Well (S21, RIOOW, T23N) after drinking at dusk 
and moved out of those areas at dawn on their way to drink. This 
may be important in estimating grazing use, because Keiper (1980) 
found 55% of hours of darkness were spent grazing by Assateague 
Island ponies. 

Feral horse occupancy of areas within 1.6 km of ridges (66% of 
the study area) (Fig. 4) increased each winter. Cattle did not 
demonstrate similar affinity for areas near ridges. The small 
increase in horse use of areas near ridges in July and August is 
caused by use of areas within the dune fields and a hill near a water 
well. This may represent the use of ridges and associated winds for 
cooling. Although no seasonal use pattern for areas near ridges is 
apparent for cattle (Fig. 4), regressions of the average distance to 
ridges for both cattle and feral horses with the 7-day average 
temperature were significant (~50.05). The 2 regressions were 
significantly different, with horses always predicted to be closer to 
ridges than cattle. The rz was low for the cattle regression but 
increased when wind speed data and 7day average temperature 
were regressed with average distance to ridges (Table 1). However, 
these data were available for only 9 flights. A number of other 
weather variables had significant (psO.05) regressions with the 
average distance of cattle or horses from ridges or water (Table I), 
but 7-day average temperature was the most important single 
variable in each case for the full data set. Snow depth and tempera- 
ture both showed significant relationships with the average dis- 
tance of horses from ridges. 

Fig. 4. Percent of cattle andferal horses within 1.6km of ridgesduringsur- 
vey flights. 
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T&la 1. Weather variable8 in sipifkant regressions with the wage distance of cattle and feral homes from ridges in the Red Desert. 

Y variable X variables rr Level of significance 

Average distance of cattle from ridges 7-day average temperature 
2-day average temperature 
wind speed’ 
7day avg. temperature and wind speed’ 

\ ‘I-day avg. snow depth and wind speed’ 
Avg. temperature day of flight and wind speed’ 

43 
.32 
58 
.80 
.75 
.71 

Average distance of horses from ridges 7day average .76 
2day average temperature .63 
average temperature day of flight 51 
7day average snow depth .47 
7day maximum snow depth .41 
7day avg. snow depth, and 7 day avg. temperature .77 
7day max. snow depth, and 7 day avg. temperature .77 
I-day average temperature and wind speed’ 83 

.05 

.05 

.05 

.Ol 

.05 

.05 

.OOl 

.OOl 

.Ol 

.Ol 

.05 

.OOl 
,001 
.OOl 

‘Data limited to flights when wind speed data were available. Regression equations will be supplied by the author on request. Only variables from multiple regressions with r2 
greater than the highest r2 for a sin& variable are shown. 

Availability of drinking water is an important factor in the 
habitat at selection of both cattle and feral horses in the Red 
Desert. Both species show a strong seasonal use of areas within 4.8 
km of water sources (59% of the study area) (Fig. 5). Use of areas 
distant from water during late fall, winter, and early spring seems 
more related to vegetation type than to actual distance from water. 
On all 3 flights (February 3 and 24,1978, and January 1979) when 
most cattle were more than 4.8 km from water sources, the major- 
ity of cattle were in the rabbitbrush subtype (Fig. 3). Ninety-one 
percent of the rabbitbrush subtype is more than 4.8 km from any 
water source. The significant positive coefficients of association 
between cattle and feral horses in April, June, and July (Fig. 3) can 
probably all be attributed to the association of both species with 
water sources (Fig. 6). Horses and cattle did not show a significant 
association with areas near water sources in May of 1978, probably 
because of the snow and cold that month, which caused a return to 
winter habitat use patterns. 

Both cattle and feral horse distances from water are most 
strongly correlated to the 7-day average temperature. However, 
temperature, snow depths and wind speed all correlated with the 
average distance of horses and cattle from water (Table 2). 

Discussion 

Cattle and feral horse habitat use patterns in the Red Desert 

reflect the same 3 needs Welsh (1975) found important: food, 
water, and cover. 

Several authors reported that the availability of water affects the 
distribution of feral horses (Green and Green 1977, Hansen 1976, 
Keiper 1976, Pellegrini 1971, Welsh 1975), cattle (Arnold and 
Dudzinski 1978, Cook 1966, Valentine 1947) and pronghorn (Anfi- 
locupru americana) (Sundstrom 1968 and Taylor 1974). Similarly I 
found that cattle and horses were generally within 4.8 km of water 
sources during the summer (Fig. 5). When cattle, pronghom, and 
feral horses concentrate on the same water sources, 1 have observed 
direct competition for water. As long as water was plentiful at a 
source, no interspecific aggression was seen. When water was 
scarce, up to 197 horses used a single well in a day, and up to 119 
horses were counted at a well at one time. Under those conditions 
horses waited up to 5 hours to drink, and inter- and intraspecific 
competition was at times intense (Miller and Denniston 1979). It 
was also common to find 50 to 100 cattle concentrated at a water 
hole. While horses and cattle forced each other from water at 
different times, pronghorn were displaced from waterholes in each 
observed encounter with horses. Pronghorn often came to a water- 
hole, walked around the concentration of horses and left, only to 
return shortly and repeat the behavior. When there was enough 
room at a waterhole for pronghorn to drink without getting closer 
than 3 m to a horse or cow, they drank freely. The presence of 

Table 2. Weather variables in significant regressions with the average distance of cattle and feral horses from water sources in the Red Desert. 

Y variable X variables rJ Level of significance 

Average distance of cattle from water sources 7day average temperature .64 .01 
2day average temperature .51 .01 
7day maximum snow depth SO .Ol 
7day average snow depth .49 .Ol 
average temperature day of flight .34 .05 
‘I-day avg. snow depth and ‘I-day avg. temperature .73 .Ol 
7day max. snow depth and 7day avg. temperature .69 .Ol 
2day avg. temperature and 7day max. snow depth .65 .Ol 

Average distance of horses from water sources 7day average temperature .68 .091 
2day average temperature .53 .OOl 
average temperature day of flight .50 .OOl 
‘I-day average snow depth .45 .Ol 
‘I-day maximum snow depth .39 .05 
‘I-day avg. snow depth and l-day avg. temperature .70 .OOl 
7day max. snow depth and 7day avg. temperature .69 .OOl 

. 14day total precipitation and 7day avg. temp. .69 ,001 
30day total precipitation and 7day avg. temp. .69 .OOl 
7day avg. snow depth and wind speed’ .75 .Ol 
avg. temnerature dav of flight and wind soeedt .73 .Ol 

‘Data limited to flights when wind speed data were available. Regression equations will be supplied by the author on request. Only variables from multiple regressions with r2 
greater than the highest r* for a single variable are shown. 
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Fig. 5. Percent of cattle and feral horses within 4.8 km of water sources 
during survey flights. 

horses at waterholes did not prevent either sage grouse (Centrocet- 
cus urophasianas) or coyotes (Canis latrans) from drinking. 

Selection of areas distant from water in winter may be related to 
the availability of cover and availability of forage which was not 
used in summer. Since cattle, feral horses, and pronghorn (Sund- 
Strom 1968, Taylor 1974) are all associated with areas near water in 
summer, it is reasonable to expect areas distant from water to have 
more available forage in winter. More forage may also be available 
along ridges than elsewhere in the Red Desert in the winter because 
the wind blows snow off areas near the tops of ridges. During 
winter flights we observed both cattle and horses taking cover from 
the wind behind ridges. Ridges are virtually the only cover for large 
animals in this section of the Red Desert. 

Other authors have found wind cover to be important to cattle 
(Willms 1979) and to feral horses (Welsh 1975). Salter and Hudson 
(1978) also suggested that shelter might be important to feral 
horses during more severe winter periods in Alberta. Also, Bruns 
(1977) reported pronghom in winter selected microhabitats hav- 
ing lower wind velocities and softer snow. Elk (Cervus celaphus) 
are known to select against deep snow (Leeger and Hickey 1977), 
and so may select from windblown ridges. All the elk we counted 
during the January (83 elk) and February (52elk) 1979flights were 
within 1.6 km of ridges. Selection of protected microclimates may 
be an energy conservation mechanism for ungulates (Malechek 
and Smith 1976). Selection for areas of reduced wind and shallow 
or soft snow may have accounted for the overlap in use areas of 
horses, cattle, pronghorn, and elk in the winter of 1978-79. 

Olsen and Hansen (1977) found that the diets of cattle and feral 
horses in the Red Desert overlapped most in the fall (69% diet 
similarity) and summer (61% diet similarity) and least in the winter 
(21% diet similarity) and spring (28% diet similarity). Data from 
this study show that cattle and feral horses are selecting different 
vegetation types in the summer and winter and similar vegetation 
types in spring and fall. Because cattle and feral horses select 
similar vegetation types and foods in fall (Olsen and Hansen 1977), 
1 believe direct competition for forage may exist in the fall between 
cattle and feral horses in the Red Desert. The coefficient of associa- 
tion for cattle and horses (Fig. 3) is positive and significant in 
December of 1977 and in October of 1978 and supports this 
assertion. Salter and Hudson (1980) similarly suggested that forage 
competition between cattle and feral horses might be occurring 
during autumn in Alberta. 

Because of the dissimilarity of diet in the spring, dissimilarity of 
vegetation types used in summer and dissimilarity in both diet and 
vegetation types used in winter, I believe direct competition for 
forage between cattle and feral horses is less likely in those seasons. 

Management Implications 

. Competition for water between feral horses, cattle, and prong- 
horn appears to be serious in dry years for a short time at specific 
wells. Reductions of horse numbers are suggested at wells where 
large numbers of horses congregate and use all of the water flowing 

from the well. These reductions would benefit feral horses, live- 
stock, and wildlife and need not be large to be effective. 

Winter ranges of feral horses in the Red Desert are characterized 
by proximity to ridges and distance from water sources. For this 
reason, creating new water sources near ridges to relieve summer 
competition for water could increase competition for forage that 
horses use in winter. Because these ridges are also used by elk and 
pronghorn in severe winters, there is a double reason not to create 
water sources near ridges. 
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Seasonal Movements and Home Ranges of 
Feral Horse Bands in Wyoming’s Red. Desert 
RICHARD MILLER 

Abstract 

Feral horses have seasonal movement patterns which 
correspond to their use of water sources and areas near ridges. 
Home ranges of horse bands varied in size from 73 to 303 km2. 
Some bands shared use of a common home range. Those bands 
having a common range followed similar movement patterns 
within their home ranges. A herd is defmed as a structured social 
unit made up of bands following movement patterns within ‘a 
common home range. 

Movements of feral horses can be important to managers in 
determining the effects of the horses on the range and in setting 
boundaries of herd management units. Previously reported feral 
horse home ranges have varied from 0.9 km2 on Sable Island 
(Welsh 1975) to 78 km* for a spring and summer home range in 
Stone Cabin Valley, Nev. (Green and Green 1977). As part of a 
general study of feral horses in Wyoming’s Red Desert (Millerand 
Denniston 1979, Boyd 1980, Miller 1980, Miller 1981, Miller 1983), 
movements and home ranges of the horses were determined. The 
objectives of this portion of the study were to determine the size of 
band use areas and to determine if a pattern existed in time of use 
for any one area. 

Methods 

Research was begun in June 1976 and continued until 
September 1979. Bands were identified with a photo file and card 
file system keyed on color combinations and readily identifiable 
individual horses. When bands were identified their locations were 
plotted to quarter section of USGS to topographic maps. Bands 
were located from the ground using binoculars and a spotting 
scope. A number of locations were obtained while working on 
other portions of the study, such as while following breeding 
horses. When a band had not been located for 2 weeks, the known 
use area of that band and adjacent areas were searched. Between 
November 1977 and April 1979 bands were also located from an 
airplane during I6 flights made to study habitat use of feral horses 
and cattle (Miller 1983). 

Author is formerly graduate student, Department of Zoology and Physiology, 
University of Wyoming Laramie 82071. and presently Wildlife Specialist 11, Arizona 
Game and Fish Department, 2222 W. Greenway Rd., Phoenix 85023. 
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In determining home ranges 1 modified Mohr’s (L974) minimum 
home range method in that 2 outside points were not connected if 
the area which would be included was easily observed and regularly 
covered during field work. Any band using such an area should 
have been easily spotted. 1 made this modification to avoid 
inflating home range estimates. 

Results 

Only one of the home ranges I determined in the Red Desert fell 
within the range of previously reported sizes (0.9 km* to 78 kmr) 
(Welsh 1975, Green and Green 1977). Most home ranges were 
larger than any previously reported (Table I). Locations and 
identification of bands was much more difficult during winter, as 
bands were much more wary in winter. A band which we could 
regularly approach within 400 m in the summer often could not be 
approached within 1 km in winter. This wariness, combined with 
limited access to the area and fewer field days available during fall 
and winter, limited the number of fall and winter locations. 

Fig. 1. Home rrmges of Bana A, H. and L from Herd #I and Bands A P 
and CZ from olher herds. 
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Table 1. Home ranges of feral horse bands in Wyoming’s Red Desert. 

Band 

A 
B 
N 
L 
Y 

AC 
AE 
AP 
cv 
cz 
AL 

Home range 
size (km*) 

264 
197 
233 
303 

73 
158 
88 

101 
166 
145 
93 

Number of locations by season 
Part of 
herd #I Dates Dec.-Mar. Apr.-May June-July Aug.-Nov. 

yes 8/l&2/19 5 8 26 19 
yes 81767179 2 14 28 16 
yes 8176-9179 6 12 52 22 
yes 6/76-8179 5 40 67 19 
no S/76-10/79 1 6 51 16 
yes 4/77-10179 I 2 58 6 

? 6177-8179 0 4 33 8 
no 6177-9179 0 10 57 9 
yes 10/77-IO/79 0 7 29 9 
no 5177-7179 1 7 30 15 
no 8176-7179 I 7 40 13 

The home ranges of some horse bands in the Red Desert overlap 
almost completely (Fig. 1, Bands A, H and L), and 1 believe these 
bands can be said to have a common home range. Bands with a 
common home range follow similar movement patterns within that 
home range. An illustration of this is that bands with similar 
movement patterns were often first located and last located near a 
partcular well or foraging site with a few days of each other (Table 
2). 

Figure 1 illustrates home ranges for bands from more than one 
herd and shows that herd home ranges do overlap. Association of 
bands from different herds is not unusual at a water source or 
feeding site. All bands from one herd do not always move at the 
same time but usually follow similar patterns in their movements 
and usually move as groups of bands (Table 2). 

Bands of horses followed very similar movement patterns each 
year of the study, arriving in a portion of their home range at 
approximately the same time each year. In effect, they followed 
something similar to a rotation grazing system in which the same 
pasture is used at the same season each year. A composite of the 
seasonal locations of 6 bands which had overlapping home ranges 
and similar movement patterns (Fig. 2) shows discrete winter and 
summer seasonal use areas, indicating the similarity in movements 
and habitat selection. The large sizes of the April-May and the 
August-November seasonal ranges (Fig. 2) reflect the variation in 
weather conditions during those 2 seasons and the responses of the 

Fig. 2. A romposite of the home ranges and seasonallocarions of Herd#I, 
Bands. A, B, H, L. AC and CV. 

Table 2. Dates of locations of bands from Herd #l at selected points in the Red Desert. 

Band 

A B H L AC cv 

1976 
Last located at 4th of July well 
First located at well in S7,T23N,R99W 
Last located at well in Sl, T23N, R99W 

9126 8/ I5 
8/28 S/ 28 
91 IO IO/ I6 

I977 
First located at well in S7,T23N,R99W 4124 717 716 
First located at 4th of July well 61 IO 5125 6110 
Return to well S7,T23N,R99W 9124 717 716 
Last Located at 4th of July well 912 913 913 

1978 
First located at well S7,T23N,R99W 
First located at 4th of July well 
Last located at 4th of July well 
First located at El Paso well #I 
Last located near Chandler-Simpson well 

4123 
617 
8/ll 
919 

IO/ 1 

617 617 
7127 S/II 
919 919 
919 IO/l 

1979 
First location at well in Sl,T23N,R99W 
First location at 4th of July well 
Last location at 4th of July well 

5128 5119 5121 
disbanded 6113 7/ I6 

8/28 
9125 

4130 5128 
6110 6110 
717 716 
6/ 27 6127 

4123 
618 
I/ 14 
7127 
81 IO 

5128 
5121 
7130 

6/ 15 6/ I7 
7/ 14 7112 
7127 7127 
9117 81 IO 

$0 520 
7/l 6/20 

Dates given are those for locations and may not be the exact dates when bands arrived at or left any site, but they do serve to illustrate similarity and dissimilarity in the timing of 
movements for bands within one herd. 
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horses to weather (Miller 1983). 

Discussion 

An interband dominance hierarchy has been described for the 
bands whose movements are reported here (Miller and Denniston 
1979). Miller and Denniston (1979) suggested that a structured 
social unit made up of bands existed and defined that unit as a 
herd. The data presented here show that some of these same bands 
follow similar movement patterns within overlapping home 
horses. An expansion of the definition of a herd given in Miller 
and Denniston (1979) follows: a herd is a structured social unit 
made up of bands following similar movement patterns within a 
common home range. An examination of the home ranges 
presented in Green and Green (1977) and in Feist and McCullough 
(1976) suggests that herds may also be found in other feral horse 
populations. 

Herds may be a deme or a breeding unit and could show 
significant morphological variation as found in demes of Uganda 
kob (Buechner and Roth 1974). Support for this idea is found in 
the variation in the proportion of certain coat colors seen in horses 
from different localities in the Red Desert. Pintos and greys, which 
are infrequently seen in the population as a whole, are common in 
certain areas. 

Clutton-Brock and Harvey (1977 and 1978) suggested that large 
home ranges result where resources are strongly clumped. widely 
dispersed or unpredictable in abundance. Altmann (1974) and 
Crook et al. (1976) have predicted extensive home range overlap 
where several essential resources have very restricted distributions. 
Denham (1971) made a similar argument that clumping of 
populations should be high where predictability of resources is 
low. W !er sources and ridges which are used as cover in the Red 
Desert can be considered strongly clumped or as having restricted 
distributions and as being widely dispersed from one another. 
Marquiss (1957), studying vegetation composition and ground 
cover of relict areas in the sagebrush grassland type adjacent to my 
study area, found variations in ground cover and composition 
which were significant at the 0.01 level between sites and between 
years. From his data I believe vegetation and hence forage in this 
section of the Red Desert may be considered both patchy and 
unpredictable in availability from year to year. If these factors are 
producing the large home range sizes, extensive home range 
overlap, and strongly clumped population distributions found in 

the Red Desert horses, then changes in the distribution and/or 
availability of resources can be expected to change home range and 
movement patterns. 

Herds of horses, because they follow similar seasonal movement 
patterns and thus have similar habitat using patterns within a 
common home range, are logical management units for future feral 
horse mangement in the Red Desert. 
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Control of Grasshoppers on Rangeland in 
the United States-A Perspective 
GEORGE B. HEWITT AND JEROME A. ONSAGER 

Abstract 

The periodical ravages of locusts and grasshoppers have been 
sufficiently documented through history that it is easy to appre- 
ciate the seriousness of such outbreaks. We believe, however, that 
most people grossly underestimate the forage resources that are 
destroyed annually by typical “noneconomical” populations of 
grasshoppers. 

The western range comprises abouf 262 million ha, most of 
which is suitable habitat for grasshoppers. The grasshoppers annu- 
ally destroy at least 21-23% of available range vegetation. That 
would represent a loss of about S393 million/year if that vegetation 
could otherwise be utilized by livestock. Current control measures 
are not economical on about 80 million ha because treatment cost 
far exceeds the value of forage that is produced. Most control 
programs are likely to be executed on about 160 million ha that 
produce forage worth about $2.50 - S7.50/ha. 

Significant forage destruction begins during the 3rd nymphal 
instar. This occurs just before maturation of many important 
species of grass. Thus, grasshoppers do not generally inhibit forage 
production; rather, they hasten decomposition of the standing 
crop of forage. When control measures become necessary, they 
should be initiated as soon as possible after the majority of grass- 
hoppers become 3rd instars. Later treatments cannot recover for- 
age that has already been destroyed; they simply prevent further 
destruction. 

Grasshoppers have been recognized as a problem on rangeland 
in the western United States since the first settlers planted crops 
and grazed domestic livestock. At certain times in history, such as 
the late 1800’s and early 1900’s, grasshoppers caused extensive 
damage to both crops and grasslands. Significant forage and crop 
losses still occur in spite of control measures by government 
agencies and individual ranchers. For example, in 1979, grass- 
hoppers were the most widespread and caused the most damage 
since the major outbreaks of the late 1930’s. From 1941 to 1978, 
grasshopper populations fluctuated from year to year but each 
year losses occurred in many areas of the West. This problem is of 
great concern both to ranchers whose livestock must compete with 
grasshoppers for grazing privileges and to government personnel 
who are responsible for decisions regarding grazing management 
and insect control effects. 

This paper gives a perspective of forage destruction on western 
rangeland by grasshoppers. An attempt is made to show how the 
problem has been approached in past years, as well as to show that 
the potential for forage losses is as great today as in the past. It is 
written for scientists, extension personnel, and range managers to 
provide a rational basis for decisions concerning research and 
management policies. 

Grasshopper Life History and Ecology 

About 600 species of grasshoppers occur within the United 
States. Only about a dozen species frequently occur in high densi- 
ties on rangeland, but one or more of these major pest species occur 
in every major range ecosystem; an additional dozen species occa- 

Authors are stationed at the Rangeland Insect Laboratory, USDA-AR& Bozeman, 
Mont. 59717. 
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sionally occur in high densities (Hewitt 1977). Some species such as 
Hypochlora alba (Dodge) and Hesperotrttix viridis (Thomas) feed 
on undesirable plants and may be considered beneficial. However, 
the majority of species consume and destroy valuable grasses and 
forbs, and thereby compete with livestock and wildlife. 

Most grasshoppers lay eggs in the fall. An extended warm fall 
with moist surface soil favors egg deposition. The eggs overwinter 
in diapause and hatch the following spring, usually beginning in 
late April in southern states and in late May in northern states. The 
time of hatching can be predicted by monitoring egg development 
in the fall and soil or air temperature in the spring (Randell and 
Mukerji 1974, Gage et al. 1976, Mukerji et al. 1977, Hewitt 1979), 
but such surveys are expensive and time consuming. Time of 
hatching can also be associated with development of key indicator 
plants (Hewitt 1980). However, a reliable and economical method 
for predicting spring grasshopper populations is not available. 

Hatching takes place over a period of several weeks. While one 
species of potential economic importance, Aeropedellus clavatus 
(Thomas), is among the first to appear in the spring, a.nd another, 
Phoetaliotes nebrascensis (Thomas), is among the last, most eco- 
nomic species occupy a median niche within the hatching period. 
Control measures therefore should be applied late enough to 
expose the majority of hatchlings but early enough to prevent 
major forage destruction. These are conflicting goals, so the use of 
a short-lived insecticide requires some compromise. 

Most common rangeland grasshoppers go through 5 nymphal 
instars before the final molt to the adult stage. Each instar requires 
approximately 1 week. Adults become sexually mature in lo-14 
days and commonly live as reproductive individuals for about 3 
weeks. Under ideal conditions, senescent individuals may live for 
an additional 4-6 weeks. The potential lifespan of grasshoppers 
may therefore total 14-16 weeks after hatching; the actual lifespan 
in nature, however, is subject to several important moderating 
factors. 

Mortality is typically high during the egg stage and the first 2 
nymphal instars, and direct mortality may occur at catastrophic 
levels if hatching is followed by several days of freezing tempera- 
tures. High relative humidity can cause extensive epizootics of a 
fungus disease, Entomophthora grylli. The potential of a threaten- 
ing infestation therefore. cannot be accurately assessed until most 
of the grasshoppers have developed to the 3rd nymphal instar. 

-During and following the 3rd instar, the probability of catastro- 
phic mortality becomes greatly reduced and other less intense 
mortality factors assume prominence. These include insect para- 
sites and predators, birds, and other pathogens. 

In a 3-year study near Roundup, Mont., the average longevity 
for 6 important species of rangeland grasshoppers was 7.1-10.5 
days per nymphal instar and 12.1-21.4 days for the adult stage 
(Onsager and Hewitt 1982). In an experiment near Sheridan, 
Wyo., the longevity of mixed populations of late-instar grass- 
hoppers at 20 rangeland sites was found to be inversely related to 
density (Onsager et al. 1980). Average longevity of the 4th and 5th 
instar nymphal plus adult stages ranged from about 95 days at 1 
grasshopper/ m2 to only 25 days at 30 grasshoppers/ m2. Observed 
population decay curves for high, moderate, and low density popu- 
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lations were similar to the hypothetical example shown in Figure I. 
The incidence of predators and parasites tended to be directly 
proportional to densities of grasshoppers, so it was assumed that 
the reduced longevity in dense infestations was at least partially a 
result of those densitydependent causes of mortality. 

3 RD 
IN?AR 

Effects of Grazing by GrasshoppersT 
Grasshoppers have chewing mouth parts and graze in much the 

same manner as livestock, except I/ 3 to l/2 of the severed plant 
material falls to the ground as litter (Mitchell and Pfadt 1974). 
Some species prefer forbs, some prefer grasses, and some are 
omnivorous (Mulkern 1967). In general, most economic species 
tend either to be omnivorous (especially the early instars) or to 
prefer grasses. Laboratory data suggest that some grazing by grass- 
hoppers may be beneficial in that regrowth was stimulated (Dyer 
and Bokhari 1976). In the field, however, heavy grazing can des- 
troy entire plants or large portions of plants, thereby reducing 
photosynthetic area, inhibiting vegetative productioti, and reduc- 
ing root reserves (Burleson and Hewitt 1982). Overgrazing by 
grasshoppers therefore can be at least as serious as overgrazing by 
livestock. 

The amount of forage consumed and wasted by grasshoppers 
tends to increase with increasing stages of development (Hewitt 
1978). The first 2 nymphal instars are generally of little conse- 
quence because they destroy very little forage compared to later 
instars and they occur early in the season when conditions are 
generally favorable for plant growth. The 3rd instar tends to 
become important for 3 major reasons: (I) it begins,to consume 
significant amounts of forage, (2) its appearance coincides with 
maturation of several important cool-season grasses so most of the 
forage that is consumed will not be replaced by regrowth, and (3) 
the probability of catastrophic mortality becomes relatively low 
(Hewitt 1979). This relationship is shown in Figure 2. Late-instar 
nymphs and adult grasshoppers consume or waste an average of 
44.3 mg of rangeland forage per day (Hewitt 1977). 

Seasonal grazing pressure has been estimated by calculating the 
cumulative number of grasshoppers that fed for l-day intervals 
within an area, a unit that was referred to as a “grasshopper 
feeding day,” abbreviated GFD (Hewitt et al. 1976). Assuming an 
initial density of 30 late-instar grasshoppers/ m2 and an average 
longevity of 25 days, the GFD/ mr for the season can be calculated 
as 30 X 25 = 750. The method is illustrated in Figure 3, in which 
GFD equals the area under the curve. Figure 3 is only an approxi- 
mation because density decay curves are exponential rather than 
lineal (Onsager and Hewitt 1982). However, Hewitt et al. (1976) 
and Onsager (1978) found that the relatively simple lineal relation- 
ship was adequate for describing natural populations that con- 
tained a mixture of late instars and adults. 

The seasonal distribution of the GFD’s is of extreme significance 
to a grasshopTercontro1 program. The amount of forage that is 
destroyed (most of which is not replaced) for each weekly interval 
after grasshoppers become 4th instars can be estimated as a pro- 
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Fig. 2. Forage production and forage losr as a result of grasshopperfeed- 
ing in relation to grasshopper development and density. 

portion of the total area under the curve. Thus, in Figure 3, 
approximately 26,22, and 18% of the total seasonal forage destruc- 
tion is caused by predominantly 4th- and Sth-instar nymphs and 
adults, respectively, during the first 3 weeks of the %-day period. 
In other words, if control measures are delayed until grasshoppers 
are predominantly adults, perhaps 50% of their potential forage 
destruction will have already taken place. 

Grasshopper Habitats 
Rangeland can be described as land devoted to the production of 

predominantly native forage that is harvested by grazing animals. 
Rangeland comprises about 262 million ha west of the Mississippi 
River (USDA 1978). Grasslands and pasture comprise 227 million 
ha, and 36 million ha of grazable land are located within the 
western national forests (USDA 1978, Clapp 1936). An additional 
21 million ha of cropland occasionally are used for pasture but 
grasshoppers generally are not a problem in intensively managed 
pasture. Rangeland grasshoppers are common and cause forage 
losses in 17 of the 22 western states. Only 5 states west of the 
Mississippi River (Minnesota, Iowa, Missouri, Arkansas, and 
Louisiana) generally do not have consistent problems with grass- 
hoppers on rangeland. 

Rangelands vary from prairie grasslands to alpine meadows and 
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Fig. 3. Hypothetical relationship between dens&v and time for an initial 
Fig. 1. Relationship between average density ofgrasshopperslmr (X)and i,f,tat&t of thirty 4th~instargrasshoppers/mJV (values within thefgure 

average days of longevity (Y) in 20 untreated sites on rangeland (In Y= indicate percentages of total area under the curve, which are equivalent 
4.56 - 0.396 InX). to percentages of forage destruction with time). 
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from deserts in the Southwest to open forests in the Rocky Moun- 
tains. Some ranges are grazed during the entire year, some during 
midsummer, some during spring and fall, and some during the 
winter. Grasses are the most important source of forage on western 
rangeland. Cool-season grasses dominate much of the northern 
United States and warm-season species dominate much of the 
southern area, but some areas have both types. Grasshoppers 
occur on all types of rangeland but are generally of greatest eco- 
nomic importance in areas dominated by grasses and forbs where 
the annual precipitation is less than 60 cm. A summary of the 
location and extent of rangeland ecosystems in 17 western states is 
given in Table 1. 

The grasslands of the Great Plains provide choice habitat for 
many economic grasshopper species. This ecosystem extends from 
Canada to Mexico, just east of the Rocky Mountains, in a belt 
about 800 km wide. The Great Plains occupy parts or entire areas 
of 10 states: Montana, Wyoming, Colorado, New Mexico, North 
Dakota, South Dakota, Nebraska, Kansas, Oklahoma, and Texas. 
The intermountain area lies between the Rocky Mountainsand the 
Sierra Nevada and Cascade Range, and is broken by mountain 
ranges, valleys, and deserts. The dominant vegetation may be 
mountain or desert shrubs, pinyon-juniper areas, mountain grass- 
lands, or sagebrush areas. The remaining rangeland lies primarily 
west of the Sierra Nevadas in California and consists of annual 
grasslands or desert shrubs. Grasshoppers are found in all of these 
areas, but highest densities are usually associated with areas where 
grasses and forbs predominate. For example, high grasshopper 
populations are seldom found within areas ofdense sagebrush, but 
the sagebrush ecosystem does support higher grasshopper popula- 
tions where grass comprises a higher percentage of the ground 
cover. 

Potential Forage Losses 

The average forage production on western rangeland is difficult 

to determine. Production is regulated largely by precipitation and 
soil moisture, and it varies greatly among and within ecosystems. 
Variations in production are also a result of interactions between 
many factors such as soil depth and fertility, plant species, grazing 
practices, and range condition. 

Forage destruction by infestations of grasshoppers is a complex 
function of grasshopper density, species composition, feeding 
rates, and average longevity. Density and species composition are 
readily estimated by sampling. A number of feeding studies have 
been summarized by Hewitt (!977), and the reported average 
feeding rate of 44.3 mg/GFD is satisfactory for this discussion. 
Longevity is the least predictable of the 4 factors, but a conserva- 
tive estimate is 25 days for 4th and 5th instar nymphs plus adults. 
Thus, for each grasshopper/m* over an area of 1 ha, the seasonal 
forage destruction is at least 44.3 X 10v6 kg/ GFD X 25 GFD/m* X 
lOOOOm*/ ha = I 1.08 kg/ha. 

The average seasonal density of grasshoppers on rangeland also 
is difficult to determine. Densities of 30-40/m* are not uncommon 
and yet some areas of rangeland seldom have densities of more 
than l/m*. Results from rangeland survey work conducted by 
personnel of the Bureau of Entomology and Plant Quarantine 
from 1936 to 1952 showed the average density to be 4.6 grass- 
hoppers/m* (unpublished data by Frank T. Cowan; on file at the 
Rangeland Insect Laboratory). This average includes 5 years of 
outbreak conditions (1936-1940) during which losses were 
extremely high and 12 years (1941-1952) during which densities 
were lower than normal. An average loss of 5 1 kg/ ha was obtained 
by multiplying the average density (4.6/m*) times the loss caused 
by 1 grasshopper/m* over a ha (11.08 kg). Thus the yearly average 
estimated loss for the 262 million ha of western rangeland would be 
13.35 million metric tons. An additional 5 million animal units 
could be grazed on the forage lost to grasshoppers if it is assumed 
that each animal unit consumes 2700 kg of forage (a maintenance 
diet of 9 kg/day for a grazing season of 300 days) (Bell 1973). 

Table 1. Land area, stocking rates, and value of forage produced on range ecosystems. (An elaboration of data from USDA: Forest Service. 1972. The 
Nations Range Resources-Forest-Range Environmental Study. Forest Resource Report #19. 147 p.) 

Land area (thousands of ha1 bv ecosvstem 

State 

SOUth- Moun- Moun- Total 
western Chaparral Desert tain Plains Annual tain ha 

Desert Pinyon- shrub- mountain Sage- grass- Shin- grass- grass- Texas grass- mea- of 
Alpine shrub juniper steppe shrub brush lands nery hdS lands savanna Prairie lands dows rang 

Ariz. 81 
Calif. 612 
Cola. 847 
Ida. 360 
Kans. 
Mont. 262 
Neb. 
Nev. 1 
N. Mex. 31 
N. Dak. 
Okla. 
Ore. 288 
S. Dak. 
Texas 
Utah 205 
Wash. 250 
wyo. 432 

Total 3,370 
Domestic grazing, 

1970 (1,000 
AUM’s) 33 

Average stocking 
rate (AUM’s/ 
ha) 0.0 1 

Average forage 
value ($1 
ha) 0.10 

7,263 
3,466 

301 
110 

405 

8,634 
1,825 

396 

6,589 
3,941 

1,917 

34,847 

1,742 1,715 1,958 1,957 10,850 5,073 456 21,441 50,454 5,042 36,8 14 7,003 4,309 148,848 

0.05 0.10 0.12 0.15 0.27 0.47 0.57 0.67 0.72 0.82 2.37 2.59 2.62 0.57 

0.44 0.89 1.14 1.36 2.57 4.32 5.06 5.95 6.47 7.36 21.36 23.39 23.63 5.11 

3,425 
737 

2,195 
159 

<I 

1,830 
3,462 

4 

716 

18 
4,736 

2 

17,284 

5,495 1,987 400 
5,529 1,194 

894 1,603 
480 5,538 

342 2,375 

1,146 11,031 
3,081 1,137 694 

5 

156 5,291 
21 8 

7,057 89 
807 2,522 
109 671 
290 6,829 

977 
1,526 

532 

2,507 
1,739 
2,544 5,875 
2,307 

4,906 
5,276 12,617 

3,895 
3,011 
3,856 6,303 

4,613 
4,418 

3,235 
55 8,772 

11,554 
2,630 
2,498 
2,676 7.2 16 

916 
6,164 6,540 

4 23,725 
2,713 343 16,334 

265 14,851 
194 9,148 

5,808 
215 21,493 

9,680 
5 25,687 

140 26,137 
4,859 
5,060 

100 10,182 
1 9,775 

39,521 
66 16,433 
83 3,610 

223 19,587 

15,633 12,993 38,159 10,570 812 32,335 70,170 6,164 15,200 2,713 1,638 261,890 

2.562 

28 
5,476 130 

148 

328 

902 

5,784 

237 
493 
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The average value of the forage produced in 1977 was deter- 
mined to be $29.44/metric ton. This was calculated from produc- 
tion and value data for cattle and sheep produced in the United 
States in 1977 (USDA 1978). Theaverage price/ kg for both classes 
of livestock was determined to be $0.8832 in 1977. About 30 kg of 
forage is required to produce 1 kg of gain on a mature cow (Bell 
1973); thus, 1 ton of forage would produce 33.3 kg of gain. The 
value of forage is no greater than the meat it produces so the value 
of 1 ton of forage is ($0.8832 X 33.3) = $29.44. At this rate, the 
average dollar value of the annual forage loss on 262 million ha of 
western rangeland would be about $393 million. 

A summary of past stocking rates and estimated fomge value for 
rangeland ecosystems is given in Table 1. Total utilization can be 
estimated by adding forage utilized by livestock plus that utilized 
by grasshoppers. At 342 kg/animal unit month (AUM), 50.9 mil- 
lion tons were harvested livestock. The 13.35 million tons esti- 
mated destroyed by grasshoppers, therefore, is at least 21% of all 
forage that was consumed. In terms of dollars, the total value of 
148.8 million AUM’s in Table 1 was about $1.34 billion. Since 
forage worth $393 million was destroyed by grasshoppers, at least 
23% of the total forage value was devoted to production of grass- 
hoppers. These estimates probably are quite conservative. We 
believe that the assumed longevity and feeding rate were provided 
by valid experiments, but the data were obtained from infestations 
that were well in excess of our assumed average of 4.6/ rnr over the 

western range. Because sparse populations tend to live longer and 
therefore would consume more forage per individual, we are confi- 
dent that our estimates do not exaggerate the seriousness of the 
situation. However, forage lost to grasshoppers has economic 
implications only if that forage was intended for other purposes. 

Objectives and History of Grasshopper Control Programs 
The cooperative grasshopper control program executed by 

USDA’s Animal and Plant Health Inspection Service (APHIS) is 
intended to suppress economic grasshopper infestations on range- 
land to protect range vegetation or prevent large-scale movement 
to susceptible crops. If the objective of a control program is to save 
available forage for consumption by livestock, then it is important 
that treatment be applied as soon as possible after predominant 
pest grasshoppers reach the 3rd instar. Later treatments cannot 
recover forage that has already been lost but are able only to 
prevent further losses. This does not imply that Late treatments 
applied to adult grasshoppers cannot be efficacious under some 
conditions. They may save forage that is worth as much or more 
than the cost of treatment, but under those conditions, early treat- 
ments probably would have been even more efficacious. Late 
treatments may also prevent egglaying and thereby reduce forage 
losses in subsequent seasons. However, Blickenstaff et al. (1974) 
reported no evidence of protection beyond the year of application 
in 7 of 9 cases studied, either because of rapid reinvasion of treated 

Table 2. Approximate hectares (in thousands) sprayed for grasshopper control by APHIS in 17 western states.’ 

State 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 

Ariz. 47 47 56 0 0 0 0 0 4 2 0 0 
Calif. 6 68 2 <I 3 4 2 6 1 <I 3 <I 
Cola. 95 2 878 0 0 0 0 6 0 0 0 0 
Ida. 33 33 36 28 0 0 0 25 183 171 221 0 
Kans. 45 52 36 0 0 0 0 0 0 0 0 
Mont. 12 22 94 11 16 5 161 5 2 66 157 225 
Neb. 42 17 0 0 0 0 0 4 0 
Nev. 6 8 6 3 <I 0 1 2 2 0 0 0 
N. Mex. 273 177 60 III 0 0 0 0 0 0 4 160 
N. Dak. <I 22 0 5 2 32 3 0 0 0 0 
Okla. 90 98 0 0 0 0 0 0 7 0 9 
Ore. 0 0 0 0 9 0 5 0 21 0 
S. Dak. 3 <I 3 28 <I 0 1 0 14 0 0 
Texas 115 377 0 0 0 0 0 0 0 39 26 
Utah <l 17 12 0 36 <I 6 6 <l 7 36 4 
Wash. 0 0 0 0 0 0 0 0 0 0 0 
wyo. 109 188 2 122 94 0 13 11 58 91 158 34 

Total 836, 562 1,737 332 183 12 224 66 254 363 640 459 
lBlanks are missing data. 

1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 TOtill 

0 5 
0 6 
0 61 
0 36 
0 0 
0 14 
0 0 
0 0 

246 119 
0 0 

0 0 0 
6 3 83 

0 0 0 2 32 80 43 18 66 
11 1 0 I <I <I 0 <I 2 
0 0 57 42 0 2 32 48 52 

302 509 305 0 16 37 116 169 122 
0 0 0 18 
0 0 0 24 0 93 I17 5 34 
0 0 0 0 30 0 22 83 384 
0 13 0 8 9 2 0 0 17 
0 0 187 0 42 31 0 9 302 
0 0 0 0 0 14 50 0 9 
0 64 14 0 IO 0 0 0 58 
0 332 22 0 0 1 0 0 593 
0 8 0 0 0 0 62 8 385 
0 15 0 0 0 0 81 603 
0 0 0 14 4 7 2 0 8 
8 7 <I 429 0 2 7 2 134 
4 6 27 250 I24 76 117 I17 112 

428 
I21 

1,276 
2,353 

150 
1,264 

584 
76 

1,611 
137 
351 
996 
504 

1,273 
164 
588 

1,806 

252 276 125 325 932 627 770 267 346 569 341 2,900 13,596 
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areas or because of natural reductions in populations on adjacent 
untreated check areas. It therefore appears that one cannot depend 
on anticipated future benefits to amortize treatment costs over a 
number of seasons. 

Table 2 shows the approximate area of rangeland treated for 
grasshoppers by APHIS from 1956 through 1979 in the 17 western 
rangeland states. Areas treated by individuals or other agencies are 
not included. Also, areas that have required a second treatment the 
same year are not included. During the 24-year period, at least 13.6 
million ha were sprayed for grasshopper control, for an average of 
0.59 million ha/year. The area with economic infestations (defined 
by APHIS as 8.75 or more grasshoppers/m*) has always exceeded 
the area treated. According to APHIS records from 1956-1971, 
only 9.490 of the infested area has actually received treatment. In 
1979, grasshoppers caused widespread problems, and 2.9 million 
ha were treated by APHIS. This is only l%of the rangeland area in 
the West. The total area infested again was much greater than the 
area treated. Information from 9 states (Colorado, Idaho, Nevada, 
North Dakota, Oregon, South Dakota, Texas, Utah, Wyoming) 
showed that only 42% of the area infested at economic levels was 
actually treated by APHIS; thus, forage losses in I979 were proba- 
bly significant on an additional 4 million ha where control was not 
attempted. 

In cooperative control programs during 1979, the average cost of 
control on 2.9 million ha was %2.975/ha. Figure 4, which is based 
on data from Table 1, illustrates that the value of forage produced 
on about 84 million ha (about 32% of the western range) is worth 
about $1.36/ha or less. In those ecosystems, grasshopper control 
obviously is not economical and cannot be justified by the value of 
forage that could be protected. It would seem that stocking rates 
would be maintained at a conservative level so as to avoid serious 
overgrazing during periods of low forage production and high 
grasshopper density. Figure 4also shows that about 18.6 million ha 
(about 7% of the western range) produces forage worth more than 
$19.75/ha. It is doubtful that control programs would be necessary 
on such highly productive range because conditions would not be 
favorable for grasshoppers or forage would be available to main- 
tain both grasshoppers and livestock when grasshoppers are 
abundant. It therefore appeared that most grasshopper control 
programs would likely be executed on about 160 million ha (only 
about 61% of the western range) that produce forage worth about 
$2.50 to $7.501 ha. 

Precise information on the relationship between forage value 
and area treated is not readily available because APHIS data are 
tabulated by state rather than by ecosystem. We therefore decided 
to compare average forage value per ha per state versus average 
number of ha treated within the state for a IO-year period, 
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E VALUE OF FORAQE ($/HA) 
Fig. 4. Relatiomhip between value offorageproductionf ha and totalarea 

for the 14 ecosystems listed in Table I (arrow indicates average cost/ha 
for insecticide treatment) 

Table 3. Estimated average forage value per ha of rangeland in western 
states and average annual area sprayed for grasshopper control during 
19704979. 

State Avg. value ($/ha) Avg. ha sprayed 

Ariz. 
Calif. 
Cola. 
Ida. 
Mont. 
Neb. 
Nev. 
N. Mex. 
N. Dak. 
Okla. 
Ore. 
S. Dak. 
Texas 
Utah 
Wash. 
wyo. 

1.78 
5.80 
4.97 
3.66 
5.80 

15.35 
2.07 
3.90 
7.19 
7.88 
3.56 
7.85 
7.04 
2.27 
5.19 
4.42 

26,754 
1,729 

23,495 
155,074 
27,149 
52.120 
4,752 

57,158 
7,322 

14,585 
94,659 
47,199 
69.95 1 
3.55 I 

58,829 
83,815 

‘Kansas was not included because of missing data in Table 2. 

1970-1979. Average forage values were calculated from data in 
Table 1 by summing the products of area times average value for 
each ecosystem within a state and then dividing by the total area 
represented. For Nebraska, for example, average value = 3.9 
million ha X $6.47 @ -t 5.8 million ha X $21.36 @ t 9.7 million ha 
total = $15.35/ha. These average forage values are given in Table 
3, along with the average treated area per state, which were calcu- 
lated from data in Table 2. 

There was no overall correlation among data in Table 3. The 
data points fell into 3 distinct areas. The 3 states where forage value 
averaged less than $2.50/ha (Arizona, Nevada, and Utah) contain 
25% of the western range but only 4.9% of the treated area. That 
supports the logical hypothesis that grasshopper controls are not 
applied extensively in areas where controls are not economical. It 
also raises the possibility that 25% of the western range could be 
utilized more efficiently if a cheaper method of grasshopper man- 
agement were available. At the other extreme, the average per ha 
value of forage in Nebraska was so high that it had little in common 
with other states and was rejected from further analysis. Data for 
the remaining 12 states are plotted in Figure 5. The relationship is 
described well @ = 0.02) by the curvilinear equation, Y = 465 - 135 
X + 10.3 X2, where Y is ha treated and X is the average value of 
forage ($/ha). 

The bimodal relationship of Figure 5 suggests some interesting 
hypotheses on the motivation for control of grasshoppers on 
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Fig. 5. Relationship berween average per-ha value of forage and average 
area treated annually for grasshoppers during 1970-1979 in I2 western 
stales. 
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rangeland. On the most productive range, most of which is in the 
Great Plains, it appears that grasshopper management could be a 
lucrative area for investment of capital, especially if high-value 
cultivated crops are adjacent to or interspersed with rangeland. It is 
obvious, however, that most of the treatments have been applied to 
rangeland where the value of forage that potentially can be saved is 
worth little more than the cost of treatment. This would seem 
rational only if the treatment option were less expensive than other 
management alternatives, which include overgrazing, replacement 
of range forage with hay, and the forced reduction of herds to 
prevent overgrazing. On some range, therefore, grasshopper con- 
trol may be the key that stabilizes the livestock industry at stocking 
rates that are efficient during the majority of seasons when grass- 
hopper populations are not at outbreak levels. If that is true, then 
the stocking rate on the more productive areas in Arizona, Nevada, 
and Utah could be permanently increased by development of a 
method that could manage periodical infestations of grasshoppers 
at a cost of about $1.85/ha. 
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Multivariate Statistical Methods to Deter- 
mine Changes in Botanical Composition 
WALTER W. STROUP AND J. STUBBENDIECK 

Abstract 

Confusion exists over the proper statistical methodology to use 
in analyzing the effect of treatments on changes in botanical com- 
position over time. A rationale for using multivariate statistics is 
presented. Basic considerations involved in the use and interpreta- 
tion of multivariate statistics specifically appropriate to the botani- 
cal composition problem are given. An example of how such an 
analysis can be performed using a common statistical computing 
package (SAS) is demonstrated. 

Change in botanical composition over time is one way of meas- 
uring the effect of applied treatments on vegetation. The point 
method was developed by Levy and Madden (1933) and has been 
commonly used to determine botanical composition based on the 
proportion of the ground or area occupied by plant bases or 
covered by foliar portions of the vegetation (Brown 1954, Cain and 
de Castro 1959, Greig-Smith 1964, Kershaw 1975, Tothill 1978). 
These point data, along with cover data collected by other tech- 
niques, have been analyzed by various methods, and some confu- 
sion generally exists as to the proper method of evaluation of the 
effect of “v” different treatments (v 2 2) on changes in botanical 
composition over time. The researcher needs to know how such an 
experiment should be designed and analyzed so that this evalua- 
tion can be made. Analysis of data collected from an experiment of 
this type is complicated by the fact that the response variables of 
interest (i.e. counts or percentages of the various species) are highly 
correlated. 

The objectives of this paper are: (I) to suggest an experimental 
design which will provide data addressing the above research 
question without ambiguity, (2) to make the range scientist aware 
of the statistical problems inherent in analyzing sets of correlated 
response variables, and (3) to suggest procedures which should be 
utilized to correctly yet clearly analyze these data. These proce- 
dures require use of statistical computing packages. While several 
good packages exist, examples will be given for implementation 
using the Statistical Analysis System (SAS) (Barr et al. 1979) 
probably the most widely available statistical package at agricultu- 
ral experiment stations. 

Statistical Problems Inherent in Analyzing Botanical Com- 
position Data 

Suppose an experiment is conducted in which v treatments (v 2 
2) are applied to plots within each of r blocks (r2 2). At each oft 
times (t 1 2) the percent composition for each of s plant species is 
observed for each plot. The objective is to decide whether the 
changes in species composition are affected by the treatments. 
How shall a question be addressed? 

To answer this question, it is necessary to recognize the experi- 
mental design implied by the procedure described above. This 
experiment can be viewed as a split-block, with treatment as the 
whole-plot effect and time as the split-block effect. The basic 
appioach to the analysis of this type of experiment, the method 
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presented in most introductory classes in experimental design, is 
univariate analysis of variance (ANOVA). This analysis is approp- 
riate if the objective is to evaluate only one response variable or a 
set of uncorrelated response variables one at a time. For example, 
suppose the change in only one species is of interest: all other 
species are simply ignored. Granted, this is unrealistic but it is 
important to understand the basics before elaborating the 
problem. 

In the one variable case, the split-block experiment described 
above gives rise to the following ANOVA. 

Source of Variation df 
Block r-l 
Treatment V-l 

error a 
Time 

if;; (v-l) 

error b (r-l) (t-1) 
Time X Treatment (v-l)(t-I) 
error c (v-l)(t-I)(r-I) 

The research question posed by the experimenter can be phrased in 
terms of the statistical hypothesis H,: no time X treatment 
interaction exists versus HA: a time X treatment interaction does 
exist. That is, H, corresponds to stating that the changes over time 
in the percent of the species are identical for all treatments; HA 
corresponds to stating that these changes over time are different for 
at least one of the treatments. The mechanics of this analysis can be 
found in Steel and Torrie (1980). 

A more complex situation arises, however, when the 
experimenter is interested in the total relative species composition 
of the plot. Let yijkl denote the proportion of the lth species at the 

kth time period for the jth treatment in the ith block. Then d yijkl 
‘I=1 

= 1; that is, for a given plot at a given time, the sum of the 
proportions for each species must be one. From a statistical analy- 
sis point of view, this is a critical point: within a given plot at a 
particular time the observations on the various species are nega- 
tively correlated. That is, an increase in the YAM for one of the “s” 
species must necessarily be accompanied by a decrease in the yijkl 
for one or more of the other species being studied. Therefore, the 
collection of proportions of each species must be analyzed taking 
this negative correlation structure into account. The proper way to 
do this statistically is to utilize multivariate statistical methods, 
specificially, multivariate analysis of variance (MANOVA). 

The similarities and distinctions between the appropriate linear 
models and hypotheses tested for the usual univariate ANOVA 
and MANOVA in the context of the botanical composition experi- 
ment are reviewed. In addition, the range scientist will be 
aquainted with the assumptions underlying thedata which must be 
satisfied to validly apply MANOVA to such data. Finally, the 
method for programming such analyses using the Statistical Anal- 
ysis System (SAS) will be demonstrated. No attempt will be made 
to present a detailed account of MANOVA theory. Readers inter- 
ested in pursuing this topic are encouraged to read further in such 
multivariate textbooks as Morrison (1976). 
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Hypotheses Tested and Assumptions Involved in MAN- 
OVA for Botanical Composition Problem 

To understand the hypotheses tested and the assumptions 
underlying MANOVA for the species composition problem, hypo- 
theses and assumptions involved for the univariate ANOVA case 
must be understood. Consider, as an example, data from an experi- 
ment conducted as described above with the number of species 
observed s = 1. Let yijk denote the count or percent for that species 
for the ith block, jth treatment, and kth time period. The linear 
model for this experiment can be represented by the following 
equation: 

yik = /J -t bl -t Vj ‘t (bvh -t tk t (bt)ik ‘t (vt)jk -t (bVt)ijk (1) 

where p = the overall mean 
bi = the effect of the ith block, i=1,2 ,..., r 
Y = the effect of the jth treatment, j=1,2...,v 
(bv)ii = random error associated with the ijth block treatment 

combination (error a) 
= the effect of the kth period, k= ,2 ,..., t 

;&k = random error associated with the ikth block-time 
combination (error b) 

(vt)jk = interaction effect for the jkth time-treatment combi- 
nation 

(bVt)ijk = random error for the ijkth block-treatment-time com- 
bination (error c). 

The null hypothesis of no interaction between treatments and time 
periods can be stated in terms of (1) as H: (vt)jk = 0 for all 
j=1,2 ,..., v, k=1,2 ,...,t. This hypothesis can be validly tested using 
ANOVA provided each of the error c terms (bvt)ijk has a normal 
distribution with constant variance, ~3, for each block-treatment- 
time combination. Note that species counts for this example would 
actually follow a binomial distribution, but ifthe number of points 
per plot is large the counts will approximate a normal distribution. 
It is important that this consideration be kept in mind when 
designing and conducting the experiment. The equality of the 
variance of the error c terms is a more severe requirement and 
should be check using an appropriate procedure such as Bartlett’s 

* test (Steel and Torrie 1980). If this requirement is not satisfied, 
ANOVA on the percents should not be performed (see below). 

Now consider an experiment using the same design as above but 
for which s > 1 species are observed. Let yd~. denote the count or 
percentage on the ijk-tk block-treatment-time combination for the 
lth species. Analogousto the univariate model (l), the multivariate 
linear model can be expressed as: 

yijkl = /.&I .fbil -t Vii -t (bvki ‘f tkl -t (btku t (Vt)jkl -t (bVt)iiki (2) 

where the terms on the right-hand side of the equation correspond 
to the effects for model (1) for the lth species, 1=1,2,...,s. Then the 
hypothesis of no interaction for model (2) can be expressed as 

H,: (vt)jkl = 0 for every treatment combination, i.e. (3) 

the changes over time for each species are identical for every 
treatment. 

The hypothesis given in (3) can be validly tested using MAN- 
OVA if the following assumptions hold for the destribution of the 
(bvt)ijM or error c, terms. 

1) The error c terms must be normally distributed. As in the 
univariate case, satisfying this condition requires a large 
number of points per plot. Additionally, species with very 
small counts occurring for a large number of block-treatment- 
time combinations should either be left out of the analysis or 
grouped together into classes of related species. NOTE: To 
insure that the statistics used to test the hypothesis given in (3) 
can be calculated, the number of species or species classes 
should be less than the number of treatments. 
2) Let ozju denote the variance of the error c term for the 
jkl-th combination, and let Ujkl’l denote the covariance of the 
error c term for two species 1 and l’, where 1 # 1’. The error 
structure among the error c terms for the s species for the jkth 

treatment-time combination can be represented by the follow- 
ing matrix: 

I 

Ujk12 UjklZ- - - - - Uj,kls 

l. 
. . 

Ujkb-1)s 

. Ujks2 

The requirement for the error structure for valid application of 
MANOVA is that the matrices cjk must be eqUd for each 
treatment-time combination. This assumption corresponds to the 
requirements of equal variances in univariate ANOVA. If the data 
show gross deviation from this assumption alternative methods of 
analysis should be considered such as the alternative presented 
below in the section “Some Suggestions for Analyzing Botanical 
Composition Experiments when the Assumptions of MANOVA 
are Violated.” 

In univariate ANOVA, the hypothesis of no interaction istested 
by calculating the Sum of Squares for Treatment X Time and the 
Sum of Squares for error c and then ‘calculating the ratio 

F= SS(treatment X time)/@-l)(t-1) 
SS(error c)/(r-l)(v-l)(t-I) 

and comparing F to a table value of the F-distribution with (v-l)(t- 
1) and (r-l)(v-l)(t-1) degrees of freedom at an o-level correspond- 
ing the experimenter’s willingness to risk committing a type I error. 

The situation becomes more complex when testing the multivar- 
iate hypothesis of no interaction given by (3). Rather than using a 
single sum of squares to measure variability attributable to time- 
by-treatment interaction for a single response variable, the multi- 
variate procedure utilizes a matrix consisting of sum of squares 
terms measuring treatment-by-time effects for each of the corre- 
lated response variables and sum of products terms to account for 
the covariance among treatment-by-time effects of the various 
species. In place of a single sum of squares for error, a matrix is 
used which is similar to the above matrix except time-by-treatment 
terms are replaced by error terms. These matrices are known in the 
literature as the hypothesis, or H, matrix, and the error, or E, 
matrix respectively. The mechanics of calculating these matrices is 
beyond the scope of this paper; readers interested in pursuing the 
subject are referred to Morrison (1976). 

The matrices H and E cannot be divided to produce a single test 
statistic as in the case of a univariate F-test. However, there are 
methods for comparing H and E, that is, testing the multivariate 
hypothesis of no interaction, which are commonly accepted mul- 
tivariate procedures. Four which are computed by SAS are (1) the 
Hotelling-Lawley trace, (2) Pillai’s trace, (3) Wilk’s Lamda, and (4) 
Roy’s Maximum Root Criteria. There is no general agreement 
among statisticians which of these statistics is “best.” 

For the purposes of the range scientist it is sufficient to now that 
the H and E matrices and their associated test statistics will be 
calculated by SAS. Any of the test statistics would be considered 
acceptable for publication. The levels of significance associated 
with the comparison of H and E corresponds to the level of 
significance for the test of the hypothesis of no interaction. Addi- 
tionally, an important practical consideration is that at most s-l 
species or species group counts should be included in a single 
MANOVA run. For matrix algebra considerations beyond the 

8 
scope of this paper, the fact that c yuki = 1, i.e. y ijks is determined 

I=1 
by yjkl,...,yijL, @-I, makes it algebraically impossible fo’r any of the test 
statistics to be calculated. However, if a time-by-treatment interac- 
tion is detected for s-l species, it follows that it must apply as well 
to the sth species, because of this dependency. If the hypothesis of 
no interaction is rejected, the biological interpretation is that 
changes in the counts over time are affected by the treatments for at 
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least one species or species group. Specific hypotheses concerning 
which species are involved in the interaction and the components 
of that interaction can be pursued using multivariate contrasts. 
The mechanics of these contrasts involve considerable,matrix alge- 
bra manipulation and are beyond the scope of this paper. How- 
ever, a simple method for the range scientist to visualize the nature 
of the interaction is to obtain a three-dimensional plot of the 
relationship between time and treatment for each species, (See 
appendix). / 

Suggestions for Analyzing Botanical Composition Experi- 
ments When Assumptions of MANOVA Are Violated 

It is important to emphasize that the test of the hypothesis of no 
interaction using MANOVA is valid only if the assumptions given 
in section IV are satisfied, i.e., that the counts are approximately 
normally distributed and, more importantly, that the & matrices 
are approximately equal for each treatment-time combination. 

The assumption of approximate normality can best be dealt with 
by keeping the central limit theorem firmly in mind while designing 
the experiment. Specifically, the experimenter should plan to read 
a relatively large number of points per plot per occasion and plan 
on grouping together related species in situations where counts for 
the individual species are small or zero. While no absolute rule 
exists for exactly how many points should be read, with a lo-point 
frame, the authors have had good success using several hundred 
points per plot in short and midgrass vegetation types and feel that 
less than this number would present the experimenter with prob- 
lems in determining significant treatment differences. 

The assumption of equal Ct matrices is not as easily handled. To 
understand this, consider the following argument. Strictly speak- 
ing, the counts of the various species for a given plot on a given 
occasion are distributed according to a multinomial distribution. 
That is, let pijkl = the probability of sampling the Ith species in the 
ijth plot on the kth occasion, let N be the number of points per plot 
per occasion, and, as before, you be the count for the Ith species. 
Note that * * 

cpijlrl= 1 and ,$tr=N 
I=1 

Then probability of a particular configuration of counts Yijkl, yij- 
tiv..Yijkss is given by 

N 
yijkl!j'iikS!...&jb! 

Moreover, the variance of a particular count, denoted U’ijkt, is 

U*iju = Npijkl(I-fikI) 
and the covariance, denoted by a~u I, is 

(4) 

Oijkl I = -NPtiu ~II (5) 

As mentioned earlier, if the bjkl are not too close to 0 and if N is 
large, the multinomial is approximated by a multivariate normal 
distribution. But, if the pijkl change dramatically for the various 
treatments or times, then o’ikl and Oiikfl will be altered and hence 
the Ct matrices will not be equal. This fact follows directly from 
formulae (4) and (5) and thus cannot be addressed by the experi- 
mental design. 

One approach to this problem involves a variance-covariance 
stabilizing transformation appropriate for multinomial data. A 
particularly useful transformation is 

&iu = arcsin (dx 

Let C’,* be the variance-covariance matrix of the Xijkr, which will 
have the same form as C,,t except the transformed variables are 
used in the calculation. If the C’- are shown to be approximately 
equal then, MANOVA can be calculated using the x+t. 

Unfortunately, variance stabilizing transformations are not 
always successful. A common situation in this type of experiment 
arises when differences in the C, are due primarily to difference in 
the yrju over time. If the data suggest that the Ct are different, an 

appropriate way of looking at the data is to use the following 
model: 

yiikl = ,&I -t hiU t tjkl -t %jkl 

where /lkl = overall mean for time k, species 1. 
b&l = ith block effect for time k, species 1. 
tjkl = jth treatment.effect for time k, species 1. 
eijkl = random error for time k, species 1. 

In essence, one is looking at the species by time counts as a set of 
correlated responses for each plot. The statistical theory and 
methods for analyzing problems similiar to the species composi- 
tion problem are described in full by Grizzle and Allen (1969). 
Specific SAS programming considerations are given by Courtright 
(1978). An elaboration of this technique specific to botanical com- 
position problems is given by Stroup (1982). 

A final alternative approach to the problem is to look at the 
counts as categorical data. That is, the response variable in this 
experiment for each hit within a plot is actually a category, i.e. a 
species. Grizzle et al. (1969) presented a method of analyzing 
categorical data from a linear models point of view. The program- 
ming for this approach can also be accomplished in SAS, using the 
procedure entitled FUNCAT. A drawback to this approach is that 
if any of the )‘ijkl= 0, a small positive number must be substituted in 
its place. The authors warn that the effects of this on the validity of 
levels of significance for the hypotheses tested, specifically in this 
case, the hypothesis of no time X treatment interaction, are not 
known. Therefore, if this approach is used, it is important that 
species be grouped so that no zero counts occur in the data. Recall, 
however, that rare counts also present theoretical problems in 
MANOVA. The advantages and disadvantages of FUNCAT ver- 
sus MANOVA for this type of data are not well understood by 
statisticians at this time and require further study. 

Conclusion 

When analyzing data from a botanical composition experiment, 
correlation among the various species counts is inevitable. Univar- 
iate analysis one species at a time does not account for correlation 
among species whereas a multivariate approach does. For this 
reason, the multivariate procedure is recommended. The principal 
advantage to the experimenter is that by exploiting the informa- 
tion about correlations, the power of the test for interaction, that 
is, the likelihood of detecting an interaction if it exists, is increased. 

Several multivariate approaches exist. MANOVA is generally 
applicable, its statistical properties are well understood, and it is 
relatively easy to program using SAS. Among the newer 
approaches, a linear model approach to the analysis of categorical 
data, which can be programmed in SAS using the FUNCAT 
procedure, appears to be very promising. However, the statistical 
properties of this procedure need to be better understood before it 
can be generally recommended as an analytic tool. 
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Appendix 
Example of Use of SAS-MANOVA 

Consider an experiment in which the effects of five herbicides on 
rangeland containing an undesirable shrub are compared. Four 
blocks containing five plots each are used. To each block, the five 
herbicides are assigned at random for application, one herbicide to a 
plot. Basal cover data are collected using the point method during 
the first growing season after application. These data are subse- 
quently converted to botanical composition. Let the data for this 
season correspond to time 1. This procedure is repeated during the 
next growing season (time 2) using the same assignment of herbi- 
cides to plots and again during times 3 and 4. Basal cover data are 
grouped into these categories: species group 1, species group 2, . . . . 
species group 4. The four species groups are then analyzed using 
MANOVA. 

Using SAS, MANOVA is programmed by the following state- 
ments: 
DATA A, 
INPUT BLK TRT TIME SP_l SP-2 . . . SP-4 
CARDS: 

data-one card per block-treatment-year combination. 
NOTE: each card will consist, in order, of an identification 
number for the block, followed by a space, followed by treat- 
ment identification number, space, time (year) identification, 

space, frequencies or percentages for each species, each separ- 
ated by a space. After all data cards are placed in the program, 

then the cards for MANOVA are specified: 
PROC GLM; CLASSES BLK TRT TIME; 

MODEL SP-I - SP-4 = BLK TRT BLK*TRT 
TIME BLK*TIME TRI*TIME/NOUNI; 
MANOVA H = TRT*TIME/PRINTE; 

The NOUN1 option suppresses univariate analyses of variance 
which would otherwise be printed for each species. The PRINTE 
option causes correlations among the species groups to be printed. 
While the table of correlations is self-explanatory, the MANOVA 
output requires some explanation. The output is given in Table 1. 

The important result is the PROB > F value under Wilk’s 
Criterion. The value .0050 indicates that the hypothesis of no time 
X treatment interaction is to be rejected forany alpha levelexceed- 
ing .0050. In other words, for at least one species, there is a 
difference among the treatments in botanical composition over 
time, aside from a 0.5% chance of type I error. 

To visualize this interaction, PROC CHART (a univariate 
approach) is used to examine changes in botanical composition 
over time for each treatment. One such chart is printed for each 
species. The SAS program for obtaining these charts is as follows. 
The statements assume the charts will be programmed immediately 
after MANOVA in the same run as MANOVA. 

DATA B; SET A; 
SPECIES = 1; COUNT = SP-I; OUTPUT; 

SPECIES = 4; COUNT = SP-4; OUTPUT; 
DROP SP-I - SP-4; 
PROC SORT; BY SPECIES; 
PROC CHART; BY SPECIES; 
BLOCK TRT/ DISCRETE TYPE = MEAN SUMVAR 

= COUNT GROUP = TIME; 

Table 1. SlATISllCAL ANAl.vsIs SVSlCI( lb105 IWXSOAV. MAY Zvr 19.2 , 

GENEXAL LINEAl MODELS PAOCEOUAE 

MNOVA TESr CRIvEfIIA FOX TrY HlPOlMESlS OF NO OVERALL vXv*lll#E EFFECI 

M l WCC IV SSCCP NATXIX FOX; lRl*lfllE 
E l EAROX SSLCP UXRIX 
P l WC. VAAIAOLES . 6 
0 l HVPOvnESIS OF - 
NE= OF OF E . :: 
5 - MIllO*Ol . A 
I4 l .slAeslP-o1-1~ - 
N . .ItNE-P-11 = 1::: 

---------------------------~~~~~-------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~________ 

MOTELLIWG-LAnLEv 1xACE I TIIEW-IWI . 2.3359,959 (SEE PILLAt’S IAOLE 931 

F APPRUxl~AllON = 2~S~~1~9tR~E9~-l*rll~S9S*~2x*S*llI YITH St2M*S+ll AN0 2lS*N*ll DF 

Fl4A112bl = 1. Xb PLOD > F = 0.0032 

----~_~~__~___~___~_____~____~~_~_~_~~_~_____~_______~___~____________~___~_~~~~_~_~____~_____ 

PILLAl’S IMCE v - IXL~INV~~*E~ - 1 .W939bbV #SEE PILLAl’S TAOLE I21 

F APPRUXtIulION = (2N6~1l1l21(6+1~ 9 VItS-VI YITM St2lWS+ll AN0 SIZN*S*lt OF 

Fik3.lIII 0 1.10 PRO0 > F = 0.0095 

______~__~_~~_~_~___~_~____~~~~~~I__~___~___________~____I_______________~~~~~~~~~~______~ 

Yl LXS’ CRI vER10N L = OE~lE)/OEllM~El . 0.1395025. (SEE RAO 1973 P 5551 

W - -~NE-.5IP-O+II~*LN~L~ I 17.3021 
u - te-.5lP-G7*ll I 39.5900 
2 = SOIIll~P*y~P-*~llP*P*Q*P-5l - 3.9521 
9 = (PW-2114 I 11.5090 

F APPIOXI~UION = IU92-2ol/~P*a~*~l-L**l/zl/L**l~2 YIlM P*P AN0 WI-29 OF 

F(49tl29l = 1.30 PROI > F = 0.0050 

____~-_~_~__~_--_~_~~~~~~~_~-_-___~________~__~_______________~__~~~~~~~~__~_~_____~__~ 

101’5 #AXtWM A001 ClllIEAION . l&3*31 7bA lSEE US VOL 31 l b25) 

FIRS1 CANONlCAL VYIAIYE VlELOf AN F UPPER BOUWD 

Fll2,3bl - l .30 (UPPEX UJUNOJ 

_~_________~____-________~______~~~~~~~~~~~~~~~~~~-_-________-__~~I~_____-_______~ 
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As examples of the output, consider the block charts for species 
3 and 4. The output is given in Tables 2 and 3. 

Notice that for species group 3 there are pronounced differences 
in the development of botanical composition based on basal cover 
over time, particularly for treatment 2 and for treatment 5 com- 
pared to the other treatments. By contrast, for species group 4 the 

trends in botanical composition over time are virtually identical for 
each treatment. In this fashion the effect of the treatments among 
species can be described qualitatively. As mentioned in the text of 
this article, this can be further pursued quantitatively using con- 
trast methods discussed in detail in Morrison (1976). 

TIME 

SIAIISTICAL ANALVS.IS 5VSlCM IbIOS IWRSOAV. MAV Zlr. 1992 11 
SPECIES=3 

ROCK CWAT OF COUNT MEANS 

___---_ -- ------_____---__-__ 
I’ i7i iZiS: iTii 

I If I 

I.01 I I*+1 I I**1 I .Li. iTii 
I r:Zi f' 

4 I I**1 I , 

If 
1~1, I**1 I I*11 L./I IzLlf I/ L:z' // I%11 I 

I**1 I I**1 I I / I 
/ 0.24?5 I**I I 0.24 I**1 I 0.125 I 0 0.2b I 
_m- Ll**l 1_,11**1 I 

I 

0.2475 /;si 0.3725 I' 

2 Ii 

// 
. 0.1275 I**1 i 0.235 I 0.25 I 0.127) IGI I 0.49 I 

_-L- 
/ I+*1 I I I**1 I I .__. 

I I**1 I I I**1 I 
I**I I ,' &'l I 

I I**1 I I I**1 I I 
1 / IL.1 I I I..1 I , I**1 I 

/ lfzll 
I, 

IMII 
/, 

1**1/ I lfi.1, l~l, ,, 

I, 
, 

0.305 , 1.075 , 0.2b75 /' 0.34 , O.bOS I 

Table 3. 

1 2 3 4 5 

1117 

TINE 

SlA71SlICAL ANALVSIS SVSTEM lb:05 TWASDAV, IlAY 27, 1992 12 
SPECIES=4 

MOCK CIiAR7 OF COUNT MEANS 

iT?i 
iZii rlrii iTii 
I**1 I LZi I**1 I I..1 I 

I**1 I I**1 I I**1 I I**1 I 
_I**1 I ._I.'1 I -- ;::I 1 _-__-l**l I,. .I**1 I _I___ 

I I+*1 I / I**1 I I I*+1 I I I**1 I I I**1 I / 
._L. I*'1 I ._f. I**1 I I I**1 I ._f. I**1 I I 1.01 I I 

4 L./I I..1 I L./I I..1 I 
I I 12*1/ I*+1 i 1221' 

.L_. I**1 I L./I I**1 I 
LQiI lrl/ I**1 I Lfii 

I*.1 I 
I**1 I"11 l2?l/ f' 
I**1 I I**1 I I**1 I I**1 I ,..I 1 ,--. . , 
I**1 I 14.955 I**1 116.2275 I**I 114.9975 l**l I lb.8 I ID.1 I lb.47 /’ 

Ll**l I _a-_ LWI I __/I**I I ._.LI..l I__._.LI**l I______/ 
._I 1.91 I .,I 1.01 1 ._I Ieel I-i-./l l*+I I , .,I I**1 1 , 

L./I I**1 I L./l I**1 I L./I I*+1 I I**1 I I**1 i lisi i i**i i 1~ 
3 I**1 I 1.01 I I**1 1 I**1 I IGI I I.'1 I I**1 I I**1 I I**1 I I**1 I , 

I**1 I Ial/ I**1 I 11111 I+*1 I l*I/ I**1 I Ifi I**1 I ILtl, 
I**1 I I..1 I I**1 I I**1 I I**1 I I, 
I**I 119.8025 I**1 I 20.265 I**1 117.5725 I**I 119.4025 I**I I lb.875 I 

._.fl**l I _-.__. Ll**l I _._.LI**l I -.__. LI**l I__ LI..l I _---/ 
L./I I**1 I L./l I**1 I L./l I**1 I L./I 1.01 I .__1 I.'1 I I 
I**1 I I**1 I I**1 I I**1 I I**1 I I**1 I I*+1 I I**1 I L./l I**1 I I 

2 I**1 I I.01 I IO.1 I I**1 I I**1 I I**1 I I**1 I I**1 I I..I I I..1 I 
I**1 I la!l, I**1 I ls$l/ I**1 I 11111 I+*1 I IlLI/ I**1 I IEI, ,' 
I**1 I I*+1 I I**1 I I**1 I 
I**I I 22.59 I**l I 22.4S5 I**1 l22.iO25 1::; f 23.375 I**1 I23.517S I' 

LI..l 111**1 1,r1*+1 1.L1r.1 I__ LI.'l I 
I I*+1 I I I**1 I I WI I I l..I I I I*.1 I 

-+ 
I I**1 I / I**1 I / I**1 I I I**1 I I I**1 I 

1 
I, 

I**1 I / I.'I I 
ISI/ /' 

I**1 I I 1.01 I , I..I I 
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I, 
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Estimation of Plant Biomass by Spectral 
Reflectance in an East African Grassland 
THOMAS W. BOUTTON AND LARRY L. TIESZEN 

Abstract 

Canopy spectral reflectance measurements at 0.800 and 0.675 
pm were made in a grassland in Masai Mara Game Reserve, 
Kenya. The reflectance ratio (0.800/0.675 w) was shown to be a 
reliable predictor of green biomass, accounting for 70% of the 
variance in green biomass values. Significant error in the biomass 
estimates was shown to be due to plots which contained less than 
30% of the total vegetation in the live condition. Estimation error 
tended to increase when time of sampling departed from the htter- 
val of 1000 to 1400 hours, although this trend was not statistically 
significant. We conclude that the spectral reflectance technique can 
provide reliible estimates of plant biomass in grassland ecosystems 

c where the proportion of live:total vegetation exceeds 30%. 

The distribution and abundance of plant biomass in space and 
time are important properties of rangeland ecosystems. However, 
the accurate measurement of vegetative biomass by traditional 
clipping and weighing is a time-consuming and labor-intensive 
process. As a result, many indirect methods of monitoring plant 
community biomass have been developed with varying degrees of 
success. Some of these methods have been reviewed by Tucker 
(1980). 

One of the more promising methods of biomass estimation 
involves the measurement of canopy spectral reflectance in the red 
(0.600~.700 pm) and the near infrared (0.750-1.00 pm) wave- 
lengths. The red wavelength region is measured because chloro- 
phyll has an absorption maximum at 0.675 pm, whereas green 
biomass is highly reflective in the near infrared region (Tucker 
1977). The reflectance at 0.800 pm divided by the reflectance at 
0.675 pm yields a ratio which is sensitive to the amount of green 
biomass present in a given area. Several studies have reported 
success using spectral reflectance techniques to predict green bio- 
mass in rangeland ecosystems (Pearson et al. 1976; McNaughton 
1976, 1979; Waller et al. 1981). The purpose of this investigation 
was to provide a further test of the relationship between standing 
green biomass and the reflectance ratio and to assess the feasibility 
of using this technique to monitor rangeland vegetationdynamics. 

Study Area and Methods 

The study was carried out in the 1673 km* Masai Mara Game 
Reserve in southwestern Kenya. This park lies between I and 2 
degrees S latitude and 35 and 36 degrees E longitude at an average 
elevation of 1600 m and is the northernmost portion of the Seren- 
geti ecosystem. Mean annual temperature from 1975-1980 was 
2O.YC with little monthly variation, while mean annual precipita- 
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tion during this same period was 1034 mm. Soils are mainly of 
volcanic origin and range from brown sandy loams to black heavy 
clays. 

Fourteen plant communities have been identified within Masai 
Mara (Taiti 1973), but most of the reserve consists of open or 
lightly wooded grasslands dominated by the grass 7hemedu triun- 
dru Forsk, (red oat grass). Peak values of standing crop vegetation 
(live plus dead) occur in June shortly after the rainy season and 
range up to 700 g*m+. 

The diversity, density, and biomass of wild herbivores in this 
ecosystem are extremely high throughout the year. During 
1978-1979, average monthly biomass of wild herbivores in our 
study areas was 19.3 metric tons*km-‘. (Stelfox et al. 1980). These 
herbivores consume at least 30% of the total annual aboveground 
net primary production (Stelfox et al. 1980). The most important 
species on a biomass basis included Connochueres tnurinus (wil- 
debeest), Equus burchelli (zebra), Syncerus cuffer (buffalo), 
Damuliscus korrigum (topi), Giraffa cumelopurdulis (giraffe), and 
Loxodontu ufricuna (elephant). More detailed information on this 
ecosystem can be found in Sinclair and Norton-Griffiths (1979). 

Canopy reflectance at 0.800 and 0.675 pm was measured with a 
Tektronix portable radiometer on 58 0.25-m* plots in the eastern 
half of Masai Mara Game Reserve between July 26 and 28, 1980. 
These plots were randomly arranged within 15 study sites where 
studies assessing annual biomass dynamics were in progress. These 
study sites were initially chosen so that all grassland types in the 
eastern half of the game reserve were represented. The probes of 
the radiometer were held approximately 1.2 m above the surface of 
a plot to be measured, giving an effective viewing area of 0.25-m*. 
Most readings were taken between 0900 and 1500 hours, although 
some were taken as early as 0645 and as late as 1600. Readings were 
taken irrespective of atmospheric conditions or substrate color. 
The sun was intermittently obscured by clouds on both days on 
which reflectance readings were taken. 

After obtaining reflectance measurements, each plot was 
assessed for species composition, cover, grazing intensity, and then 
clipped to ground level. Plant material was separated into litter, 
grass, forb, and sedge categories in the field. Each category (except 
litter) was then separated into green and dead components in the 
lab. All vegetation was dried at 800 C for 48 hours and then weighed 
to the nearest 0.1 gram. Regression and correlation analyses were 
then employed to assess relationships among the variables and to 
assess the predictive value of reflectance ratio as an estimator of 
green biomass. 

In order to assess the ability of the radiometer to measure 
reflectance from lower leaf layers in dense canopies, 4plots of high 
total biomass were clipped in a stratified manner. Spectroreflec- 
tance measurements were taken in each plot before clipping all 
biomass above 100,80,60,40, and 20 cm. In addition, spectrore- 
flectance was measured after all standing biomass was removed 
and only litter remained, and again after litter was removed. Thus, 
7 measurements were made on each of 4 plots. 

Four additional plots were selected to test the effect of time of 
day on spectroreflectance values. Each plot was measured at 
approximately hourly intervals from 0645 to 1600 hours, after 
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Table 1. Correlation coefficients among the variables. An * indicates sig- 
nificance at the .05 level. N = 58 for all correlations. 

Reflec- 
tance Total Green Green Green Total 
ratio’ green grass forb sedge dead 

Total green 
Green grass 
Green forb 
Green sedge 
Total dead 
Litter 

0.84* 
o.s2* 0.99* 
0.20 0.22 0.10 
0.07 -0.02 -0.1 I -0.09 
0.13 0.20 0.19 0.33* -0.24 

-0.24 -0.20 -0.16 -0.01 -0.37* 0.45* 

‘Defined as canopy reflectance at .800 pm divided by reflectance at .675 pm 

which time the plots were clipped as described above. 

Results 

The 58 plots sampled in this study had anaverage of 5 species per 
0.25-rnr plot (range= 2-10). Standing crop (live plus dead) ranged 
from 18 g-m‘* to 588 gem*. Grasses composed 94% of the total 
biomass, forbs 2%, and sedges 4%. The percentage of live material 
in the standing crop ranged from 6.8% to 74.3% (mean = 54%). 

Correlations between the vegetation categories were generally 
weak (Table I). The strong relationship between green grass and 
total green biomass was expected since 94% of the total green 
biomass was grass. The reflectance ratio showed significant corre- 
lations with total green biomass and with green grass biomass, 
suggesting that the ratio could be used as a predictor of green 
biomass. 

Regression analysis showed that reflectance ratio is a predictor 
of total green biomass (Fig. I), accounting for a significant propor- 
tion of the variation of biomass values (r2 = 709& p<.OOl). It 
should be noted that the standard error of the estimate is large (38.6 
g*m-* or 386 kg*ha-‘) when the reflectance ratio is used to predict 
the dry weight of green biomass (Fig. I). Standing crop (live plus 
dead) is also significantly correlated with reflectance ratio, but 
predictability is much lower (rr = 25%). There is no evidence from 
our results that the amount of biomass present in the plots was high 
enough to require a nonlinear predictive equation (Tucker 1977). 

Some of the scatter about the regression line in Figure 1 may be 
explained by Figure 2. When the average percent errors of the 
biomass values predicted by the equation in Figure 1 are plotted 
against the proportion of live biomass, it is clear that error becomes 
unacceptable in plots having less than about 30% live biomass. 
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Fig. 1. Relationship between reflectance ratio (.800/.675pm) and dry Fig. 3. Results of reflectance measurements made on plots clipped in a 
weight of green biomass (N = 58). stratified manner. SE. EST. is the standard error of the estimate. 
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Fig. 2. Percent error of the estimates from the equation in Figure I as a 
function of the proportion of live vegetation. Vertical bars are standard 
errors of the means. 

This same result has been obtained by other investigators (Pearson 
et al. 1976). Nineteen of the points in Figure 1 are from plots having 
less than 30% live vegetation, and undoubtedly represent much of 
the variation unaccounted for by the regression. In plots with more 
than 30% live biomass, error of estimates is still substantial 
(IO-30%), but much smaller than plots with a lower proportion of 
live biomass (Fig. 2). 

Results from the 4 plots clipped in a stratified manner are shown 
in Figure 3. These data indicate that the radiometer predicts bio- 
mass from tall, dense canopies as well as from lower canopies, at 
least within the range of biomass values encountered in this study. 
Slopes of regression lines in Figure 3 are significantly different 
from the regression line in Figure 1 (KO.001). Thiscould be due to 
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Fig. 4. Effect of time of day on canopy spectral reflectance values offour 
replicate plots. 

reduced variability of cloud cover, substrate color, time of day, and 
percentage of live biomass encountered while collecting the data in 
Figure 3 compared with conditions encountered while collecting 
data for Figure 1. All of these variables have been shown to 
influence spectral reflectance from plant canopies (Colwell 1974, 
Tucker 1980). 

Based on the data from the 4 plots that were measured repeat- 
edly during the course of an entire day, it appears that spectral 
reflectance measurements made between 1000 and 1400 hours are 
less variable than those taken at other times of day (Fig. 4). 
Furthermore, spectroreflectance measurements taken between 
1000 and 1400 hours are somewhat less prone to prediction error 
than measurements at other times of day (Fig. 5). However, analy- 
sis of variance shows that estimation errors for measurements 
taken between the times of060&1000,100&1400,and 1400-1600 
hours are not significantly different from each other (m.05). 

Discussion 
The results of this study show that canopy spectroreflectance 

measurements at 0.800 and 0.675 pm in the open grasslands of 
Masai Mara Game Reserve can be useful as estimators of green 
biomass. Linked with the presently routine animal surveys in this 
area (Stelfox et al. 1980), these measurements could help providea 
greater understanding of the properties of this ecosystem. 

Between 1961 and 1979, the population of wild herbivore species 
in this area has increased by a factor of 5, and most species continue 
to have a high rate of increase (Stelfox et al. 1980). Effective study 
and management of these animals in relation to their resource 

810 m  _ s 

TIME OF DAY 
Fig. 5. Percent error of biomass estimates in Figure 4as afunction of rime 

of day measurements were made. Vertical bars are standard errors of the 
means. 

requirements necessitates a routine assessment of vegetationavail- 
ability on a spatial and temporal basis. The spectral reflectance 
technique appears to be a suitable alternative to other more time- 
consuming methods and appears suitable for either ground or 
aerial measurements (McNaughton 1979, Pearson et al. 1976). 

Our results are similar to those of McNaughton (1979) for the 
adjacent Serengeti National Park in Tanzania. His predictive 
equation accounted for a higher proportion of the variation in 
biomass values (r2 = 96% vs. our 70%) but this could be due to the 
fact that none of his calibration plots contained less than 36% live 
biomass. Nineteen of our 58 plots contained less than’30% live 
vegetation. As shown in Figure 2, error of estimation increases 
drastically as the percentage of live biomass falls below 30%. 
Intense herbivory, frequent fires, and a favorable rainfall regime 
maintain plant standing crop near or above 50% live during most 
of the year at Masai Mara (our unpublished data). Thus, a high 
proportion of standing dead would not be a regular hindrance to 
spectral reflectance studies in this region. Efforts to use spectral 
reflectance in more xeric grasslands in Kenya where the percentage 
of live biomass is consistently low have been less successful (Croze 
et al. 1978, Gwynne 1977), accounting for only 23 to 38% of the 
variation in biomass values, depending on whether data were 
transformed or not. 

The standard error of the estimate of our predictive equation 
(Fig. 1) is 38.6 g*m” or 386 kg-ha-‘. This would be a significant 
source of error in investigations requiring precise measurements, 
such as productivity studies. However, this error would be less 
important for gross surveys of green biomass, for detecting large 
seasonal differences in biomass, or, in this ecosystem, for estimat- 
ing consumption by large herbivores during annual migratory 
periods. 

We suggest that it should be possible to improve the predictive 
value of spectral reflectance measurements. First, our data show a 
trend towards less error in measurements taken within 2 hours of 
noon (Fig. 5). Although this trend in our data is not statistically 
significant, other investigators have reported that error from solar 
zenith angle can be important (Tucker 1980). Second, our mea- 
surements were made irrespective ofatmospheric conditions; some 
measurements were made under cloudless conditions, while others 
were made when the sun was obscured by clouds. Tucker (1980) 
reports that measurements obtained under cloud-free conditions 
may not be directly comparable with measurements taken under 
overcast conditions. One could conceivably develop a predictive 
equation for use on cloudy days and a separate equation for clear 
days. Alternatively, Waller et al. (I 98 1) have had some success with 
minimizing both the influence of time of day and cloud cover by 
use of a calibration panel. 

In summary, we have found that reflectance ratios (.800/.675 
pm) obtained from plant canopies in an East Africangrassland are 
reliable predictors of green biomass. The method clearly has poten- 
tial for monitoring spatial and temporal variability of plant bio- 
mass and could be used as a means of studying the relationship 
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between herb layer vegetation and the rapidly increasing herbivore 
populations in this region. This kind of information would be most 
useful in implementing effective management policies in the Masai 
Mara Game Reserve. 
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RANGELAND 
HYDROLOGY 
by Farrel A. Branson, Gerald F. Glfford, Kenneth G. Ftenard, and 
Richard F. Hadley 

Unique in its emphasis on the hydrology of rangelands, primarily arid and semiarid 
lands, RANGELAND HYDROLOGY provides a text for one aspect of range manage- 
ment where none has existed before. This expanded Second Edition presents in-depth 
information for those who must manage rangeland or respond to questions about the 
impacts of land use practices on hydrology. 

Included in the new Second Edition are a chapter on modeling with approaches to 
predicting the effects of land use, and a chapter on therapidly developing field of snow 
pack management. 

The 352-pages include 197 illustrations, providing rapid access to an assembly of 
data found nowhere else and useful in the preparation of environmental impact state- 
ments. Extensive bibliographic material with each chapter and a subject matter index 
add to the useableness of the book. 

Range scientists and managers, soil conservationists, hydrologists, agricultural 
engineers, land reclamation specialists, wildlife managers, graduate andundergradu- 
ate students and their professors, as well as all interested in the hydrology of arid lands 
will find RANGELAND HYDROLOGY a valuable addition to their libraries. (352 pages 
paper laminated cover $15.00 US) 
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Comparison of Techniques Used for Adjust- 
ing Biomass Estimates by Double Sampling 
JAVED AHMED, CHARLES D. BONHAM, AND WILLIAM A. LAYCOCK 

Abstract 

This paper compares the ratio and regression estimator proce- 
dures for adjusting ocularly estimated plant species biomass in 
different sizes and shapes of plots. The study was conducted in 
northeastern Colorado on shortgrass rangeland dominated by blue 
grama (Bouteloua gracilis). No significant differences were found 
in clipped plant biomass in 4 quadrat sizes between 0.18 and 0.50 
m* and 2 shapes, circular and angtdar quadrats. For double sam- 
pling, the scatter plots of data strongly indicated a linear relation- 
ship through the origin for estimation and clipping. There were no 
significant differences between the adjusted mean weights by use of 
regression with and without intercept. The intercept was not signif- 
icantly different from zero. Interpretation of correlation coeffi- 
cient and variance of regression estimate with no intercept becomes 
difficult because the regression is forced through zero. Therefore, it 
is helpful to use regression with intercept. In the present study, 
estimates of both green and dry weights by ratio and regression 
estimation were comparable. Regression estimation is a minimum 
variance estimation comparable to ratio estimation even when the 
assumption of homoscedasticity is not true. 

The single factor of greatest importance to range management is 
an accurate appraisal of the volume of forage available. The task is 
difficult simply because forage varies in the weight of plant mate- 
rial produced by each species in a highly variable environment. 
Because all the forage cannot be harvested and weighed, we must 
obtain a reasonable estimate of the actual weight by sampling. 
Sampling is often not an easy task because data must be obtained 
within a span of 1 or 2 weeks so that growth differences are 
minimized. On summer ranges, the information on residual forage 
is obtained after the livestock have been removed and before snow 
makes the sampling impossible. 

If estimation of biomass for individual species is needed, then 
available funds and personnel may pose limiting constraints. In 
order to overcome some of these problems, a weight estimate 
method was designed by the personnel of the Intermountain Forest 
and Range Experiment Station during the summer of 1936 
(Pechanec and Pickford 1937). The data are collected in two 
phases. In the first phase, the desired factor (xi) is measured by 
some indirect method such as ocular estimation. In the second 
phase, the desired factor is measured both directly and indirectly. 
The indirectly estimated values (xi) in the first phase are then 
adjusted by developing a mathematical relationship between the 
direct estimates (yi) and indirect estimates (xi). The sample size in 
the first phase is usually large compared with the sample size in the 
second phase. The sample in the second phase is usually &random 
subsample from the first phase but it may be drawn independently. 

The mathematical procedures used for adjusting the indirect 
estimates are linear regression and ratio estimation. The theory of 
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linear regression requires the assumption that the population 
regression of y on x is linear, that the residual variance of y about 
the regression line is constant (homoscedasticity), and that the 
population is infinite. No assumptions are made about the line 
passing through the origin. In the ratio estimation procedure, 
assumption of homoscedasticity need not be made but the estima- 
tor works well when up = xi. In many ways, the procedure is 
analogous to fitting a linear relationship between y and x which 
passes through the origin. When we are trying to decide what kind 
of estimate to use, a graph in which yi is plotted against xi is helpful. 
If the graph shows a straight line, relationship through the origin 
and variance of points yi about the line seem to increase propor- 
tionally to xi, then the ratio estimate is better than the least squares 
estimate for regression (Cochran 1963). 

During the summer of 1979, data were collected by double 
sampling from the Central Plains Experimental Range (CPER) 
near Nunn, Colo. CPER is administered by the Agricultural Re- 
sea Service, USDA. The objective of this study was to compare the 
ratio and regression estimator procedures for adjusting the ocu- 
larly estimated species biomass. 

The technique of double sampling and its statistical aspects are 
described in most sampling technique textbooks. The technique is 
also described by the National Research Council (1962) and by 
Schumacher and Chapman (1948). Pechanec and Pickford (1937) 
gave a detailed outline for the training of personnel for double 
sampling. Burton (1944) reported the ability of different personnel 
to estimate the yield in plots. Double sampling determination of 
herbage production in different vegetation types and the results 
were discussed by Pickford (1940), Wilm et al. (1944), Ragsdale 
(1956), Hillmon (1959), Hughes (1959), Shoop and Mcllvain 
(1963), and Tadmor et al. (1975). Double sampling was found 
desirable for extensive browse inventories by Carhart and Means 
(1941), Schawan and Swift (1941), Dasman (1948) and Blair 
(1959). Abstracts of the double sampling technique are given by 
Morris (1967). Statistical aspects of double sampling were 
reviewed by Francis et al. (1979). 

Optimum allocation of resources to direct and indirect methods 
of estimation is well defined by Cochran (1963) for a single factor 
under study and for a given sampling procedure. The optimum 
allocation formulations described by Schumacher and Chapman 
(1948) and Wilm et al. (1944) are. similar to those described by 
Cochran (1963). More recently, Ahmed (1980) and Ahmed and 
Bonham (1980) described a technique for optimum allocation in 
multivariate double sampling for biomass estimation. 

Collection of Data 
Size and Shape of Sampling Unit 

The most suitable size and shape of a plot is dependent upon the 
type of vegetation being studied. Francis et al. (1979) recom- 
mended a circular 0.5-m* quadrat for determining the production 
of major species. A plot 30 X 60 cm was considered the smallest 
area that would allow for an adequate sampling of the major 
species. Between these 2 extremes, 4 sizes(O. 18,0.25,0.32, and 0.50 
mz) and 2 shapes (circular and angular) were compared in our 
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Tabk 1. Regression analysis (with and without intercept) of clipped grea weights (y) of pknts on ocukrly estimated weights (x). 

Species 
Regression with intercept Regression without intercept’ 

Regression equation s YX t= Regression equation &% 
Blue grama y = -0.01 + 1.17 x 2.48 .942 y= 1.17 x 2.47 
Sand dropseed y= 1.49+ 1.12x 6.40 .811 y= 1.19 x 6.44 
Threeawn y = 0.70 + 0.95 x 2.40 .843 y= 1.01 x 2.46 
Scarlet globemallow y = -0.1 I + 1.05 x 1.30 .909 y= 1.04x 1.30 
Goosefoot y = -0.18 + 1.08 x 1.70 .a79 y = 1.06 x 1.70 
Other smxies v = 1.72 + 0.95 x 5.53 .849 v= 1.00x 

Correlation coefficient in regression without intercept is difficult to interpret. It is, therefore, not reported. 

study. The 4 sizes were randomly placed in pairs of 20 randomly 
located, 30-m-long transects. Each pair, circular and angular quad- 
rat, was randomly placed 2 m apart on either side of the transect. 
Grasses and sedges, and forbs were clipped at ground level. The 
time required to clip each plot was also recorded. The plants were 
oven dried to a constant weight and the dry weight was recorded. 

Double Sampling 
We selected 3 dominant grasses, Boutelouu grucilis (Willd. ex 

H.B.K.) Lag. ex Griffiths (blue grama), Sporobolus cryptundrus 
(Torr.) A. Gray (sand dropseed), and Aristida spp. (Threeawn), 
mainly A. longiseto (Steud.), and 2 important forbs, Sphuerulceu 
coccinea (Pursh) Rydb. (scarlet globemallow) and Chenopodium 
spp. (goosefoot), and estimated standing biomass by the double 
sampling technique. Species of Aristida and Chenopodium were 
estimated together. Any other species found in the quadrat were 
estimated in one category termed “other species.” A ratio of 3:1 
between ocularly estimated plots and clipped plots was adopted for 
data collection. In order to minimize differences due to growth and 
phenological stages, the sampling was done from the last week of 
July, when the plant growth is at its peak, to the second week of 
August, when the plants begin dispersing seed and drying. During 
this period, a team of 2 persons was able to clip 200 quadrats and 
ocularly estimate 600. Ocular estimates were not compared with 
the clipped weights during the day’s work. The person doing ocular 
estimation also had no prior knowledge of which quadrat would be 
clipped. These precautions were taken to minimize bias. For details 
of this procedure, the reader is referred to Ahmed (1980). Each 
species was clipped at ground level, placed in a separate paper bag, 
and oven dried. 

Results 
The oven-dry weights were converted to a mr basis and a two- 

way analysis of variance was done for the biomass of grasses and 
for total biomass. In both cases, there were neither significant 
differences between the sizes and shapes nor a significant interac- 
tion between size and shape (KO.05). There was no significant 
difference between the mean clipping time of circular and angular 
plots of the smallest size (KO.05). Quadrats larger than 0.50 m2 
and smaller than 0.18 m2 should have been compared to find an 
optimum size and shape, but because optimum quadrat size was 
not the objective of the present study, a circular plot 0.18 mz in size 
was selected for collection of data. A circular plot was preferred 

over the angular plot because there is less linear distance in a 
circular plot and fewer decisions need to be made about what is in 
or out of the plot (Cook and Bonham 1977). 

Scatter plots of the data are given in Figure I (A-F). These plots 
strongly suggest a linear relationship through the origin. The var- 
iance of the points yi about the line appears to increase as xi 
increases but not proportionally to increases in xt. 

Estimation by Using Regression with and without lntereept 
The results of regression of clipped green weights (CGW) and 

clipped dry weights (CDW) on ocularly estimated weights(OEW) 
are summarized in Tables I and 2, respectively. In all cases, the 
intercept was not significantly different from zero (KO.01). Also, 
there were no significant differences between the adjusted means of 
the 2 methods (KO.01). 

Estimation with Regression and with Ratio Estimators 
OEW’s were adjusted by using both the regression with intercept 

and ratio estimation procedures. The results of analysis aregiven in 
Table 3. In the case of regression with no intercept, the 
interpretation of the correlation coefficient and variance of the 
mean became difficult because the regression is forced through the 
origin. Therefore, this procedure was not compared with ratio 
estimation. The standard error of the regression and ratio were 
calculated by the following equations (Cochran 1963): 

SE($) = d (1 - 52) + 52 Ss 
n n’ 

(1) 

SE(;r) = ss - 2R syX + a= 3 + 2R s, - R* 3 (2) 
n n’ 

where the subscripts lr and r denote linear regression and ratio 
estimation, respectively. The estimated means obtained by both 
procedures are identical; however, the coefficient of variation of 
the mean with regression estimation for both CG W’s and CDW’s is 
approximately 50% compared with the estimated means obtained 
with the ratio estimation procedure. 

Discussion 
In this study, no significant differences were found between 

Tabk 2. Regression analysis (with sod without intercept) of clipped dry weight (y) of pknts on ocokdy estimated weights (x). 

Regression with intercept 

Species Regression equation S YI r2 

Blue grama y = -0.01 + 0.69 x 1.75 .920 
Sand dropseed y= 1.26+ 0.63 x 3.99 .776 
Threeawn y= 0.44+0.64x 1.68 .a33 
Scarlet globemallow y = -0.06 + 0.50 x 0.69 
Goosefoot y = 0.12 + 0.26 x 0.51 .829 
Other species y= 1.94+ 3.19 x 2.98 .686 

Correlation coefticient in regression without intercept is difficult to interpret. It is, therefore, not reported. 

Regression without intercept’ 

Regression equation SYX 
y= .69x 1.75 
y=.682x 4.05 
y = .677 x 1.71 
y= .49x 
y = .273 x 0.52 
y = .382 x 3.39 
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Fig. 1. Scalrer plot of clipped green weight of plcrnts versus estimated weight of plants (g/1800 ml). Numbers indicate data point overlap. 
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Table 3. Regression analysis (with and without intercept) of blue grama. Clipped weight (y) vs. estimated weight (x). 

Regression equation 0y*x rr Due to D.F. 
Analysis of variance 

ss MS Fo P(DFo) 

y= 0.01 + I.17 x 2.48 94.2 Regression 
Residual 
Total 

y= 1.17x 2.47 Regression 
Residual 
Total 

y = -0.01 + 0.69 x 1.75 92.0 Regression 
Residual 
Total 

y = 0.69 x 1.75 Regression 
Residual 
Total 

Green weight 
I 20035.6 

198 1216.4 
I99 21252.5 

198 
199 

Dry weight 
I 

198 696.7 
I99 7693.9 

I99 
200 

24453.5 
1216.5 

25670.0 

6997.2 

8537.3 
606.7 

9144.0 

20035.6 3284.5 c.001 
6.1 

24453.5 4008.8 <.OOl 
6. I 

6997.2 2286.7 <.OOl 
3.1 

8537.3 2799. I <.OOl 
3.1 

quadrat sizes ranging from 0.18 to 0.50 m2 of circular and angular 
shapes. Quadrat sizes greater than 0.50 m2and smaller than 0.18 m2 
were, however, not tested because the objective of this study was 
not to find the optimum size of the plot. 

Tadmor et al. (1975) reported a nonlinearity in their data. The 
scatter plots of the data obtained in this study do not indicate any 
nonlinearity. Francis et al. ( 1979) also did not find any nonlinearity 
in I970 Pawnee Site data. A curvilinear plot would imply that after 
estimated weights (x) reach a certain value, the rate of change in 
clipped weights (y) with respect to change in x decreases. It does 
not seem logical that rate of change of ocular estimates (xi) in the 
upper range of clipped weights (yi) will consistently increase. The 
relationship between ocular estimates and clipped estimates, 
however, can vary from person to person. In the plot data of 
Tadmor et al. (1975), there were not enough observations in the 
upper range of xi and yi to conclusively prove nonlinearity. The 
results of this study and results reported by Francis et al. (1979) 
strongly supported a linear relationship in the double sampling 
data. 

relationship but assumptions of homoscedasticity did not appear 
to be true. Although the assumption of homoscedasticity was 
violated in almost all cases, the regression estimate was the 
technique that provided minimum variance estimation of the 2 
employed. These results were in agreement with the simulation 
results of Francis et al. (1975). It is, therefore, recommended that 
for all practical purposes the regression estimation will give better 
results than ratio estimation without testing the assumption of 
homoscedasticity of the anomaly of predicting zero or negative 
values. If the predicted mean is a negative value it may becorrected 
to zero. 

Conclusions 
1. No significant differences were found in plant biomass in 4 

quadrat sizes between 0.18 and 0.50 mr and 2 shapes, circular and 
angular quadrats. There was also no significant interaction 
between sizes and shapes. 

Blair (1959) considered the ratio estimation more valid than 
regression estimation for two reasons: (1) many estimates were 
zero or exceptionally low and use of the ratio estimatoravoided the 
anomaly of predicting a positive or negative dry weight for a 
sample quadrat with no plants; and (2) the plots of data strongly 
suggested that the assumptions of homoscedasticity were not true. 
As a result of computer simulations, Francis et al. (1975) found 
that the regression estimate was universally the minimum variance 
estimation, but they suggested that for a species of relatively low 
biomass, either the regression or ratio technique might be 
employed. In any sampling procedure, the precision of individual 
observations is of much less importance than estimation of the 
population mean of the desired factor within certain specified 
limits of precision. Therefore, predicting a positive value for a zero 
or a negative value for low individual values is of little importance. 

2. The scatter plots of data strongly indicated a linear 
relationship through the origin for estimation and clipping. 

3. There were no significant differences between the adjusted 
mean weights by using regression with intercept and by using 
regression with no intercept. The intercept was not significantly 
different from zero. Because the interpretation of correlation 
coefficient and variance of regression estimate with no intercept 
becomes difficult, it is helpful to use regression with intercept. 

4. Regression estimation is a minimum variance estimation 
comparable to ratio estimation even when the assumption of 
homoscedasticity is not true. 
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Nutritive Value and Intake of Kleberg Blue- 
stem by Beef Cattle 
M.E. PACHECO, R.D. BROWN, AND R.L. BINGHAM 

Abstract 

Four cuttings of Kleberg bluestem (Dicanthium anndatum) 
were fed to 15 Santa Gertrudis steers to develop prediction equa- 
tions for intake based on nutrient analyses of the forage with 4 
replications. The 4 forages were found to differ in nutrient content 
(PC.05) and intake (P<.OOS). DE and DMD of Kleberg bluestem 
can be accurately predicted by laboratory means; however, predic- 
tion of intake of this forage with present analysis is impractical. 

In order to adequately and economically supplement cattle on 
low quality pastures it is important to first ascertain the level of 
nutrients supplied by forage. Thus the ability to measure nutrients 
and predict the intake of low quality forage by grazing cattle is 
critical. Kleberg bluestem (Dichnnthium unnulutum) is a common 
forage in the South Texas region. Previous studies (Hertel 1976) 
have found this forage to be of generally low nutrient content, and 
to exhibit a wider annual variation in DE than other local grasses. 
The purpose of this study was to measure the intake of this forage 
in relation to its nutrient content in order to develop a predictive 
equation. 

Materials and Methods 

Kleberg bluestem was harvested from three different locations in 
South Texas. A fourth cutting was taken from regrowth in one 
location. After harvesting, the forages were stored as square bales. 
The hays were analyzed for IVDMD and found to be different 
(x.05) in this aspect of their quality. 

Sixteen Santa Gertrudis steers, with an average beginning 
weight of 204.3 kg, were maintained in a single 29 X 12 m pen. A 
shed at one end housed 16 Calan Electronic Feeding Gates’, thus 
allowing individual feed intake to be measured on each animal. 
Water was available ad libitum. 

During each of 4 2-week trials the steers were randomly divided 
into 4 treatment groups, each group assigned to one hay. The cattle 
were weighed before and after each trial and the average weight of 
each individual was used for intake calculations. The hays were 
chopped to a length of 315 cm ad libitum. The amount of feed 
offered was measured daily while orts were collected weekly for the 
calculation of average daily feed intake per animal. During each 
trial, a 7-day adjustment period was followed by a 7daycollection 
period. 

During each trial 1 steer in each of the 4 treatment groups was 
fitted with a fecal collection bag. Feces were collected and weighed, 
and aliquots were taken daily. Daily collections were combined at 
the end of the week and frozen until analysis. 

At the end of each 1Cday trial the animals were maintained on 
the same hay and supplemented with .908 kg of a grain mix to allow 
for growth and recuperation from the nutritional stress of the low 
quality forage. After each IO-day supplementation period, the 
grain was withdrawn, the cattle randomly reassigned to another 
forage, and the experiment repeated. Due to an animal handling 
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problem, one of the forages had 4 steers in only 3 trials. 
Samples of the forages offered were taken daily. Proximate 

(AOAC 1970) and Van Soest (Goering and Van Soest 1970) ana- 
lyses were made on weekly composite aliquots. Crude protein was 
determined by a modified, micro-Kjeldahl procedure (Bremner 
1965). Gross energy of feed and fecal samples was determined with 
a Parr bomb calorimeter. Calcium, phosphorus, and nitrates were 
determined spectrophotometrically on 1 sample of each forage by 
the Texas A&M Feed Analysis Lab, College Station. In vitro 
digestibility determinations were done by the Tilley and Terry 
two-stage method as modified by Moore and Dunham (1971). In 
vivo digestibility determinations were performed by procedures 
outlined by Schneider and Flatt (1975). Density of each of the 4 
forages was determined by the plywood box method (Penn State 
Mimeo. 1978). 

For statistical analysis, the intakes of inividual animals on each 
trial were compared with the nutrient analysis of the 4 hays for that 
specific trial. Statistical analysis was conducted using the Biomedi- 
cal Computer Programs Statistical Package (BMDP), P-Series 
(1977). Multiple stepwise regression (EMDPZR) was used to inves- 
tigate the relationships between intake (DMI/ bw.7L) and the labor- 
atory analyses and digestibility values. The relationship between 
intake and 13 of the more practically measured variables was also 
examined using all possible~subsets regression (BMDPSR). Statis- 
tical analyses were also conducted using DE, TDN, and DMD as 
dependent variables in order to determine predictive equations for 
these from the other laboratory determinations. 

Results and Discussion 

The overall findings indicate that the nutritive value of this grass 
was low (Table 1). The results of the Proximate and Van Soest 
analyses are similar to those of other tropical grasses (Moore and 
Mott 1973) and to the results of Hertel(1976) of the analyses of 40 
samples of Kleberg bluestem. 

The digestibilities of all of the components determined on this 
forage were depressed (Table 2). This was probably a consequence 
of the high fiber and silica and low protein content of these forages. 
Tropical grasses tend to be lower in quality and digestibility than 
temperate grasses of the same maturity (Moore and Mott 1973). 
Van Soest and Jones (1967) reported a 3% decrease in digestibility 
for every 1% increase in silica content of forages. The nutritive 
value of the hays also affected intake, as the overall intake of the 
forages was less than 2.0% of the body weights of the steers 
throughout the experiment. 

An analysis of variance showed the difference of the DMl/ bw .‘& 
of the 4 hays to be highly significant (x.005). A multiple stepwise 
regression analysis regressing DMI/ bw’& on all 33 laboratory and 
digestibility variables resulted in the equation, DMI/ bw.‘&= .856- 
.014 (DM) -I .004 (NFE) -I .007 (HEMI) -I- .015 (CPD) with 
r*=.38. 

Since in vivo CPD is an impractical value for routine analysis, an 
all possible subsets regression analysis was conducted utilizing I3 
of the 33 variables. The 13 variables were selected for their ease of 
determination in the laboratory. The regression analysis yielded 
the prediction equation, DMl/bw .‘L = -.551 -I .015 (CP) - .006 
(CF) - .019 (NDIASH) + .015 (LIG) + .OlO (SIL+ .022 (HEMI) 
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Table 1. Analyses of 4 cuttings of Kleberg blue&em bay used in a feed intake experiment. 

Text 
Proximate analyses abbreviations A2 SD. B 

Dry matter DM 89.3 .23 89.3 
Crude protein CP 4.2 .26 3.1 
Ether extract EE 2.5 .II I.4 
Crude fiber CF 19.8 .52 22. I 
Ash ASH 12.8 .II 10.7 
Nitrogen free extract NFE 60.7 .8l 62.2 

Van Soest Analyses (%) 
Neutral detergent fiber NDF 10.2 I .36 74. I 
Cell contents cc 29.8 1.36 25.9 
Acid detergent fiber ADF 44.7 64 49.5 
Neutral detergent 

insoluble ash NDIASH 2.0 .40 I.4 
Lignin LIG 6.2 .2l 7.5 
Cellulose CELL 30.9 .52 34.6 
Hemicellulose HEMI 25.5 .I3 24.6 
Silica SIL 7.4 .I8 1.3 

Other Analyses 
Gross (Kcal/gm) energy GE 4.16 99 3.85 
Calcium) (%) Ca .56 NA .46 
Phosphorus’ (%) P .07 NA .06 
Nitrates’ (ppm) NIT 375.14 NA 315.20 
Density’ (g/cc) DEN .I0 NA .09 

‘All values on a dry matter basis, n = 4 samples of these hays for mcst analyses. 
*n=3 samples of this day for most analyses. 
3n=I sample of each hay was analyzed 

Hays’ 

SD. C S.D. D S.D. x S.D. (%I 

.53 89.5 .I8 88.9 .41 89.3 .42 

.31 4.0 .38 4.2 .05 4.0 .34 

.I4 .8 .07 I.1 .50 1.4 .65 
1.78 24.8 1.51 22.9 1.37 22.4 2.23 
.49 10.7 .I2 9.8 .23 10.9 I.13 

2.05 59.7 2.10 62.0 .99 61.2 1.92 

.64 77.5 .7l 74.1 I .45 74.4 2.12 

.64 22.5 .7l 25.3 I .45 25.6 2.71 

.48 52.0 .7l 51.3 .85 49.7 2.80 

.38 1.2 .24 1.0 .57 I.4 .54 

.21 7.6 .36 10.3 .43 8.0 1.53 

.66 37.9 .5l 36. I .85 35.2 2.53 

.4l 25.5 .2l 23.4 .66 24.1 I .03 

.I6 6.4 .I9 4.8 .49 6.4 I.12 

.03 3.75 .Ol 3.81 .Ol 3.88 .I5 
NA .47 NA .55 NA .5l .04 
NA .08 NA .I3 NA .09 .03 
NA 370.96 NA 370.82 NA 373.03 2.14 
NA .08 NA .08 NA .09 .Ol 

with +.43. 
It was also of interest to predict the actual DE of this forage. An 

all possible subsets regression was used to regress DE on the same 
13 practical laboratory variables. Six variables were found to be 
significant, resulting in the equation, DE= -83.499+ 854(DM)+ 
.670 (CP) + .lOO (CF) - .497 (ASH) + .061 (IVDMD) + 82.840 
(DEN) with r2=.93. A slightly larger r* was obtained with a smaller 
number of independent variables than was obtained by Hertel 
(1976) for in vitro DE. Herequation, DE= 2.384+ .043 (IVDMD) 
- .049 (SIL) - .054 (CP) - .027 (CELL) -.005 (NDF) + .004 
(DNDF) - .029 (LIG) - .009 (HEMI), had an r2 of .90. 

Although the determination of TDN is often considered out- 
dated, the measurement of TDN is of value for comparisons with 
older data on other forages. The results of an all possible subsets 
regression of TDN on the 13 variables resulted in the equation, 
TDN = -626.178 + 7.320 (DM) i- 562 (IVDMD) and an r2=.56. 
The relatively low r2 of this equation is consistent with other 
attempts to predict TDN values in forages (Butterworth and Diaz 
1969). 

Finally, an all possible subsets regression analysis was made to 
predict the DMD from the 13 variables. The resulting equation was 
DMD = -1167.600+ 12.430(DM)+ 1556(CF)-4.791 (ASH)+ 

Table 2. Digestibility (%) and feed intake of 4 cuttings of Kleberg bluestem bay. 

Components2 
Text 

abbreviations A4 SD. 

Hays’ 

B S.D. C S.D. D SD. X SD. 

Dry matter 
Protein 
Ether extract 
Crude Fiber 
Nitrogen free extract 
Neutral detergent fiber 
Cell contents 
Acid detergent fiber 
Cellulose 
Hemicellulose 
In vitro dry matter 

digestibility 
Energy (Meal DE/ kg) 
Total digestkble nutrients 

Feed Intake) 
Kg/ hdl day 
Kglbw 
KG/ bw.‘& 

DDM 46.85 4.48 36.27 5.73 45.63 
DP I.15 .I6 .35 .I0 .93 

DEE I .94 .26 .96 .I6 .35 
DF IO.40 I.19 9.40 .98 14.35 

DNFE 38.48 3.91 34.82 4.97 36.01 
DNDF 42.62 3.02 38.82 4.4 I 48.95 
DCC 14.92 2.04 8.15 I .04 7.18 

DADF 20.87 2.16 19.60 3.28 27.21 
DCELL 20.57 .96 20. I5 2.32 26.48 
DHEMI 21.74 .92 19.23 1.56 21.74 

IVDMD 
DE 

TDN 

45.91 NA 33.37 NA 42.25 
2.64 .I4 1.90 .2l 2. I6 

54.40 5.24 46.12 5.43 52.34 

DMl/hd 
DMl/kg 
DMI/ kg” 

4.36 75 3.74 .6l 3.82 
.002 .004 .Ol8 .003 .OI8 
.08 I .Ol4 .068 ,009 .069 

2.51 38.44 7.17 41.80 6.77 
.39 .7l .24 .79 .37 
.I7 60 .37 .96 .63 

2.06 9.75 2.69 10.98 2.19 
2.22 35. IO 3.41 36. IO 3.85 
2.52 40.68 5.32 42.17 5.52 

.28 8.75 2.18 9.75 3.23 
2.71 22.39 4.36 22.24 4.33 
1.33 21.90 2.51 22.28 3.16 
.29 18.43 I .20 20.28 1.83 

NA 40.59 NA 40.53 4.48 
.I5 1.86 .39 2. I4 .38 

1.83 45. I3 5.22 49.65 5.54 

.83 3.47 .65 3.82 .I6 
.004 .Ol7 .003 .Ol8 .004 
.Ol6 .Ol6 .Ol I .070 .Ol3 

‘All values are on a dry matter basis 
*n=4 steers for each hay for digestibility determinations 
In=16 steers for most hays for intake measurements 
‘n= I2 steers for this hay for intake measurement 
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1.286 (IVDMD) + 737.273 (DEN) with rk.82. This equation may 
be more useful than that of Rama Rao et al. (1972), whose equation 
forinvitro DMD=-77.56+ 1.71 I (CP)+4.7(ADF)-.05(ADF2) 
with an rzc.87, of that of Paquay et al. (1971), whose equation for 
the prediction of in vivo DMD, DMD = 89.58 -.557 (DE) - .863 
(CF) had an r2 of .67 and required of the determination of actual 
digestible energy. 

In conclusion, the low rz for both equations predicting DMI/ 
bw’;” indicate that the dry matter intake of this forage cannot be 
practically predicted from either routine or extensive laboratory 
analyses currently in use. The relatively high r* for the equations 
predicting DE and DMD indicate that these parameters can be 
estimated from analyses commonly done in forage testing 
laboratories. One must be cautious about applying these 
prediction equations to other forages or even higher quality 
samples of Kleberg bluestem. In an area where this forage is 
abundant and if universally low quality, however, such equations 
may be useful. 
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Nutritional Value of Crested Wheatgrass for 
Wintering Mule Deer 
P.J. URNESS, D.D. AUSTIN, AND L.C. FIERRO 

AbStTd 
The nutritional value of crested wheatgrass in the fall to spring 

diet of mule deer was determined from in vivo and in vitro digesti- 
bilities, a field graxing trial, and crude protein analyses. Its dietary 
significance was evaluated by comparing the known diet with and 
without the grass component. Findings indicated fall regrowth and 
spring growth of crested wheatgrass favorably affected the nutri- 
tional plane of mule deer on winter range dominated by big sage- 
brush having intermingled seedings of this exotic grass. 

Sagebrush-grass habitat constitutes an important part of Inter- 
mountain Region winter ranges used by mule deer. Although 
browse comprises the majority of the winter diet (Kufeld et al. 
1973), grass is often an important component (Leach 1956, Dietzet 
al. 1962, Hungerford 1970, Robinette et al. 1973), particularly 
during spring (Julander 1958, Trout and Thiessen 1973, Neff 1974, 
Hansen and Reid 1975). Because the digestibility of available 
forage decreases in winter (Ammann et al. 1973), and the digestive 
tract of mule deer is proportionately small (Short et al. 1965, 
Schoonveld et al. 1974), the potential value of green herbaceous 
material may be highly significant (Moen 1978). It was the intent of 
this study to assess the nutritive value of crested wheatgrass (Agro- 
pyron desertorum) in the winter diet of mule deer, recognizing that 
it tends to produce greater amounts of fall regrowth and earlier 
spring growth than most native grasses (Plummer et al. 1968). 
Moreover, it has been widely seeded on scattered foothill range- 
lands throughout the region, and thus its potential to affect winter- 
ing deer is high. 

Study Area 
The study was conducted on big sagebrush (Artemisia tridentata 

vaseyanu&rested wheatgrass rangeland near Hennifer in northern 
Utah. The area is an important winter range for deer and is grazed 
in late spring and early summer by livestock. A wildfire, in 1965, 
largely removed the dense big sagebrush community which charac- 
terized the site, and the area was seeded to crested wheatgrass. 
Although crested wheatgrass continued to dominate production 
during this study, big sagebrush, Douglas rabbitbrush (Chryso- 
thamnus viscidiflorus), and other browse species were increasing, 
while the native grasses, primarily Indian ricegrass (Oryzopsis 
hymenoides) and bluegrass (Pea spp.), were sparse but apparently 
stable. 

Methods 
A conventional in vivo digestion balance trial using 4 tame mule 

deer and metabolism cages as described by Harris (1970) was 
conducted during the spring growth period, April 1976. Deer were 
fed a pure diet of hand collected, green crested wheatgrass for 20 
days, with the first 10 used as a dietary adjustment period (Mautz 
1971). Feed, feces, and urine were weighed daily and used in 
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nitrogen and gross energy determinations (Fierro 1977). 
A IO-day field trial to estimate intake was conducted within an 

enclosure containing a nearly pure stand of crested wheatgrass 
during late April, 1979. Four tame deer, different from those used 
in the in vivo trial, were acclimatized for several weeks previous to 
the trial. Body weights were taken before and after the trial. Daily 
consumption during the trial was determined by using (I) simu- 
lated hand-plucked bites, (2) mean observed number of bites taken 
per minute, and (3) number of minutes spent grazing per day. This 
latter figure was obtained during a 24hour observation period 
using scan sampling (Altmann 1974) at 4-minute intervals. 

Forage samples of plants known to constitute 1% or more of the 
diet of deer grazing foothill ranges on a free-ranging basis (Austin 
and Umess, in press) were collected during the fall, winter, spring 
green-up, and spring periods. Crude protein (Harris 1970) and in 
vitro digestibility (Tilley and Terry 1963) were determined. Rumen 
inocula for two in vitro digestion trials were obtained from tame 
elk, fed green crested wheatgrass, and deer collected at the study 
site. Differences between trials were insignificant and mean digesti- 
bilities are reported. 

Results 
Results from the crested wheatgrass in vivo and field trials were 

similar (Table I). Deer weight changes during the trials were not 
significant except during the in vivo trial for deer #2, which had 
some digestive problems that strongly and negatively affected the 
mean results. The average daily dry-matter consumption was 
I .58% of body weight for the in vivo trial and 1.73% during the field 
trial. Weight increased during the field trial but decreased during 
the in vivo trial. In vivo dry matter digestibility coefficients were 
greater than 55% and no significant differences were found among 
deer. Although deer #2 showed a negative nitrogen balance, the 
mean balance was positive. 

Table 2 shows the percent crude protein and in vitro digestibility 
along with the dietary contribution of available forages for free- 
ranging deer with access to both burned-seeded and unburned 
sites. Crested wheatgrass was determined to be a nutritionally 
valuable forage throughout winter. During all 4 periods it was 
higher in percent crude protein than any other available forage. Its 
contribution was particularly important during fall and spring 
green-up periods when its dietary occurrence raised the mean 

Table 1. Results from crested whutgrsss in vivo dIgestIbiIity sad field 
trials~ lo-day cbsnp b weight ($ body weight), dsily dry-matter con- 
sumption (96 body weight), in viva dry matter di@ibiity (%), snd nitro- 
gen baknce (g/day). 

In vivo trial Field trial 

Deer Body Consump- Digesti- Nitrogen Body ConSump- 
No.’ weight tion bility balance weight tion 

I 0.0 1.86 64 +1.57 +0.3 I .46 
22 -6.2 1.17 55 -1.02 +0.9 1.68 
3 0.0 1.71 64 +0.80 0.0 1.36 
4 -1.4 1.59 66 +1.11 +5.0 2.43 

Mean -1.9 1.58 62 +0.61 +1.5 1.73 

‘Deer used in the two trials were not the same animals. 
rDeer #2 in the in vivo digestion balance trial had somedisstive upset asevidenced by 
diarrhea and the significantly lower values. 
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Table 2. Percentage crude protein and in vitro dry matter digest&thy of wfnter range forages corntuned by mule deer during fall, winter, spring green-up, 
and spring periods. 

Fall (Nov.-Dec.) 
Protein 
Digestibility 
% Diet’ 

Winter (Jan.l- 
Mar. 20) 

Chrysotham- 
Agropyron Artemisia m4.9 Cordylanthur Spring Other Weighted Weighted mean 
desertorum tridentata viscid@lorur ramosus forbs SpeCiCS mean without grass 

23.0 13.8 6.9 6.3 
r 

8.7 11.5 7.4 
57.5 63. I 34.2 32.9 48.7 42. I 36.6 
26.5 5.5 54.6 11.4 0.0 2.0 - - 

Protein 15.0 14.2 
Digestibility SO.6 60.5 
% Diet’ 20.2 33.3 

Green-up 
(Mar. 21-Apr. IO) 
Protein 
Digestibility 
% Diet’ 

23.4 14.0 7.6 9.3 
58.3 60.0 31.5 30.8 1 
89.7 3.1 5.7 0.1 co. I 

Spring (Apr. J I-30) 
Protein 
Digestibility 
% Diet’ 

30.0 18.9 
76. I 69.3 
57.2 3.4 

Fall production 
kg/ ha’ 66.2 231.4 

5.9 7.2 - 
36.0 36.5 - 
42.4 1.8 0.0 

- - 27.5 
- - 75.3 

<o. I 0.0 37.9 

31.5 17.3 - 

10.4 10.6 
45.7 47.3 

2.3 - 

9.3 22.0 9.8 
39.1 56.5 41.1 

I.4 - - 

12.7 28.4 
49.8 75.2 

I.5 - 

88.0 

9.5 
46.5 
- 

26.3 
73.9 
- 

‘Data from: Austin. D.D., and P.J. Umess. In press. J. Wildl. Manage. 

protein intake level 4.1 and 12.270, respectively. Digestibility was 
similarly increased during these periods. In mid-winter, when snow 
cover limited the availability of green grass and during spring with 
the increasing availability of palatable forbs, the qualitative advan- 
tage of grass in the diet was minor, even though grass constituted 
over 50% of the spring diet. 

Discussion 
The in vivo, in vitro, and field trials tended to be complementary. 

As would be expected, deer did not do as well physically under 
restrained in vivo conditions as under free ranging field conditions. 
This could partly be accounted for by the increased consumption 
under the field trial. Our figures indicated daily dry matter con- 
sumption of about 1.4 kg/ 100 kg body weight of green crested 
wheatgrass would maintain body weight under field conditions. 

The seasonal change in crude protein levels of crested wheat- 
grass followed the same pattern as described by Cook and Harris 
(1968) and Fierro (1977). However, even at its lowest values, the 
crude protein content was still excellent (Urness 1973) and far 
superior to most browse species (Smith 1952, Dietz et al. 1962) 
considered important in the winter diet of mule deer (Kufeld et al. 
1973). 

In conclusion, the availability of green crested wheatgrass signif- 
icantly contributed to the overwinter nutrition of deer. It was 
particularly important during fall and spring periods. Utilization 
in fall would delay the mobilization of fat stores and use of browse 
until the critical mid-winter period. During severe winters when 
energy reserves in deer become exhausted,. high quality forage, 
such as early growth of crested wheatgrass, becomes critically 
important to survival, more rapid recovery of body condition, and 
subsequent reproduction (Moen 1978). 
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Drought Effects on Diet and Weight Gains of 
Yearling Heifers in Northeastern Oregon 
JERRY L. HOLECHEK AND MARTIN VAVRA 

Abstract 

Daily weight grins and diets of cattle were evaluated during a 
year with average precipitation and in a drought year on mountain 
range in northeastern Oregon. Forage intake was evaluated only in 
the drought year. Esophageally flstulated heifers were used to 
sample diet quality and botanical composition. Botanical 
composition of cattle diets was different (K.05) in the late spring 
and early summer between years. When green grass and forbs were 
not available, browse was heavily utilized. Livestock weight gains 
and forage intake in the latter part of the grazing season were 
reduce-d (K.05) during the drought year. This is attributed to 
depletion of browse, primarily common snowberry 
(Symphoricarpos albus). Diet crude protein and neutral detergent 
fiber concentrations were significantly (K.05) correlated with 
average daily gains. When ruminants are consuming diets with 
more than one forage class, neutral detergent fiber and 
composition and yield of volatile fatty acids may more accurately 
evaluate the energy status of the diet than digestibility. 
Supplementation of crude protein could potentially improve 
average daily gains during drought years if browse was 
unavailable. Ranges with a high component of forbs and shrubs 
will ameliorate the negative effects of drought on average daily 
gains. 

Drought affects herbivores grazing most of the world’s 
rangelands. Considerable information is available concerning the 
influence of drought on range vegetation, but the influence on 
herbivore performance and diet has received little study. Available 
information on range cattle in the United States was summarized 
by Wallace and Foster (1975). On forested range in eastern 
Oregon, Vavra and Phillips (1980) reported that drought affected 
in vitro dry matter digestibility of cattle diets more than crude 
protein, lignin, or acid detergent fiber concentrations. Cows and 
calves were lighter at the end of the grazing season during the 
drought year than in the other 2 years of study. The present study 
was conducted to evaluate the effects of drought on diet botanical 
composition, diet quality, and weight gains of yearling heifers. Our 
data should provide a better understanding of the effects of 
drought on other ruminants. 

Study Area and Methods 
The study area was located on the 11,735-ha Starkey 

Experimental Range and Forest in the Blue Mountains of 
_ northeastern Oregon, U.S.A. Broad rolling uplands separated by 

deep canyon drainages characterize the Starkey Range. 
Approximately 70% of the area is forested and 30% is grassland. 
Elevations range from 1,070 to 1525 m. A thorough description of 
the study area is given by Skovlin et al. (1976). The average annual 
precipitation is approximately 59 cm and comes as snow and 
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rainfall in the winter and spring. In approximately I year out of 2, 
there is sufficient rainfall in the summer to result in early fall 
regrowth on the grassland areas. Growing season precipitation on 
the experimental area in 1976 and 1977 is given in Table I. A 
complete description of the vegetation on the experimental area is 
given by Ganskopp (1978). The principal herbage species on the 
pasture were Idaho fescue (Festuca idahoeksis). bluebunch 
wheatgrass (Agropyron spicatum), Sandberg bluegrass (Poa 
sandbergii), elk sedge (Carex geyeri) and common snowberry 
(Symphoricarpos albus). Relative percent cover of important 
forage species on the pasture is presented in Table I. 
Approximately one half the pasture was forest and one half was 
grassy openings. Ponderosa pine (Pinusponderosa) dominated the 
overstory and common snowberry dominated the understory of 
forested areas. 

In both years of study, grazing was initiated on June 20 and 
terminated October 10. The pasture was stocked at a moderate rate 
(3.2 ha/AUM) with 7 head of Hereford/Angus crossbred yearling 
heifers during both years of study. In addition 3 Hereford heifers 
equipped with esophageal fistulas were kept in the pasture. Weight 
gains of livestock were evaluated during 4 different periods of each 
year based on plant phenological development using a portable 
scale and corral. The time intervals for the four periods were June 
20 to July 18 (late spring), July 19 to August 15 (early summer), 
August 16 to September 12 (late summer), and September 13 to 
October II (fall). Esophageally fistulated animals were not 
included in livestock performance data. Fist& collections were 
made twice every other week so that 12 samples were collected per 
period. The same fistulated cattle were used each year. Walker et 
al. (198 1) reported that breed and age had small effect on cattle diet 
botanical composition. Therefore the fact that the fistulated cattle 
were of a different breed and a year older than the cattle used for 
weight gain evaluation in 1977 was probably of minor importance. 

A total of 12 diet samples (3 heifers X 4 collections) were 
evaluated for each period. Crude protein was determined by 

Table 1. The precipitation (cm) at the Starkey Experimental Range. 

Month 1975-1976 1976-1977 25 year Z 

September 1975 0.0 1976 3.7 2.7 
October 1975 3.0 1976 2.7 4.5 
November 1975 3.2 1976 4.1 5.7 
December 1975 2.9 1976 0.0 6.7 
January 1976 6.9 1977 1.0 6.5 
February 1976 2.3 1977 2.4 4.3 
March 1977 2.5 1977 2.5 4.6 
April 1976 5.1 1977 2.7 4.4 
May 1976 6.4 1977 4.8 5.4 
June 1976 4.7 1977 1.3 4.7 
July 1976 0.1 1977 0.1 1.6 
August 1976 6.9 1977 7.4 2.0 

Annual total 44.0 32.6 53.1 

Percent of 25-year 
average 83 62 
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AOAC (1980) methods. The in vitro digestion technique of Tilley 
and Terry (1963) as modified by Vavra et al. (1973) was used to 
determine organic matter digestibility. Neutral detergent fiber was 
determined by the technique of Van Soest (1963). Permanganate 
lignin and acid detergent fiber were determined with the technique 
of Van Soest and Wine (1968). All data were converted to an 
organic matter basis. 

In 1977 the 3 fistulated heifers were used to make total 24-hour 
fecal collections in the middle of each period. Thedevicedescribed 
by Kartcher and Rittenhouse (1979) was used to prevent urine 
contamination of feces when fecal collections were made. Organic 
matter intake was calculated from total 24-hour fecal output by 
using the equation of Van Dyne (1968): 

Organic matter intake= (100) X (total fecal organic matter output) 
100 - % IVOMD 

Forage intake was expressed as a percentage of body weight (BW) 
as discussed by Cordova et al. (1978). 

Diet botanical composition of fistula samples was determined by 
the technique of Sparks and Malechek (1968). A total of 20 
microscope fields were read on each of 3 slides for a total of 60 
fields per sample. Frequency was converted to density using the 
table of Fracker and Brischle (1944). The relative percent density 
was assumed to equal the relative percent by weight composition 
(Sparks and Malechek 1968). 

Differences in diet quality, diet botanical composition, and daily 
weight gains between years for each period were analyzed using a 
completely randomized one way analysis of variadce model. 
Kulcyznski’s formula discussed by Oosting (1956) was used to 
compare diet similarity between years for each period. Correlation 
analysis was used to evaluate the degree of association between 
weight gains and diet nutritive value. 

Results and Discussion 
Idaho fescue was the most important species in diets when 

samples were pooled across years and periods (Table 2). Other 
important species in the diet included bluebunch wheatgrass, 
common snowberry, Sandberg bluegrass, Kentucky bluegrass 
(Poa pratensis), and elk sedge. 

Similarity values between years for the late spring, early 
summer, late summer, and fall periods were 38%, 39%, 59%, and 

Table 2. Relative percent cover of the primary forage speciesand their per- 
cent by weight contribution to cattle diets. 

Percent Percent 
Species cover in diet’ 

Grasses 
Bluebunch wheatgrass (Agropyron spicatum) 7 II 
Idaho fescue (Festuca idahoensis) 15 22 
Elk sedge (Carex geyeri) 6 5 
One-spike danthonia (Danthonia unispicata) 2 T 
Western fescue (Festuca occidentalis) 2 T 
Kentucky bluegrass (Poa pratensis) 4 5 
Sandberg bluegrass (Poa sandbergii) I6 6 
Cheatgrass (Bromus tectorum) 7 T 
Miscellaneous grasses T 14 

Total grasses 59 65 

Forbs 
Western yarrow (Achilka milkfolium) 2 4 
Heartleaf arnica (Arnica cordifolia) I T 
Clover (Trifolium spp.) 1 2 
Lupine (Lupinus spp.) 3 T 
Wyeth eriogonum (Eriogonum heracleoides) 2 T 
Cluster tarweed (Madia glomerata) 2 0 
Miscellaneous forbs 7 I2 

Total forbs 18 I9 

Shrubs 
Common snowberry (Symphoricarpos albus) 9 9 
Ninebark (Physocarpus malvaceus) 6 2 
Spiraea (Spiraea betulvolia) I T 
Twinflower (Linnaea borealis) 2 T 
Miscellaneous shrubs 5 4 

Total shrubs 23 16 

‘Cover data from Ganskopp (1978). 
2Diet samples were pooled across years and periods. 
T=trace. 

81%, respectively. This shows that cattle diets on the same range 
can vary drastically between years. 

During 1976 grasses in cattle diets showed a steady increase with 
seasonal advance (Table 2). In 1977 grasses comprised the bulk of 
the diet in all periods except early summer when cattle made heavy 
use of shrubs. Forb use showed a steady decline with seasonal 
advance in both years. Pickford and Reid (1948) and Holechek et 

Table 3. The percent by weight of important species found in cattle diets in 1976 and 1977. 

Late spring Early summer 

Item’ 1976 1977 1976 1977 

Grasses 
Idaho fescue I5 I7 15’ sb 
Bluebunch wheatgrass r sh 14” 3b 
Sandberg bluegrass IQ sb t 4 
Kentucky bluegrass 6 9 5 
Elk sedge T 6 I 4 

Miscellaneous grasses 9” b 

% 
II 7 

Total grasses 42 53” 32b 

Forbs 
Clover lo” I 2 
Western yarrow Ea p 4b 

Miscellaneous forbs 34” 

g 

Total forbs 5Y :3 
:; 9b 
32” lsb 

Shrubs 
Common snowberry 3 5 6’ 3ob 
Ninebark - - 2 4 

Miscellaneous shrubs 3 
Total shrubs 6 : 

7” 19” 
15’ 53b 

Means with diffetrnt superscripts within periods differ significantly (X.05). 
T=trace amount in diet. 

Late summer 

1976 1977 

41. 22b 
II 16 
4 4 
4 1 
lb 14’ 

17 18 
78” 75b 

- T 
6’ lb 
4 8 

10 IO 

8 9 
- 5 
4 1 

12 15 

Fall 
- 1976 1977 

29 29 
15 19 
8 7 

6 T 
4 5 

23 25 
85 85 

I 1 
I I 
3 4 
5 6 

6 4 
T T 
3 5 

IO 9 
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Table 4. D&t chemical composition, diit digestibility, forage intake, and average daily gains (kg/day) for cattle. 

Item’ 

Late spring Early summer Late summer Fall 
1976’ 1977 1976 1977 1976 1977 1976 1977 

Average daily gain (kg) 
Crude protein (%)* 
Cell solubles %* 
Neutral detergent fiber (%)2 
Acid detergent fiber (%I)* 
Lignin (YQ2 
In vitro digestibility, 48 hour (%)r 
Forage intake’ 
Crude protein intake3 
Cell soluble intake’ 
Digestible organic matter intake3 

0.78 
14.7 
38.8” 
61.7 
51.1” 
17.4 
69.4 
- 
- 
- 
- 

0.76 0.53 0.70 
13.8 11.3 10.9 
27.2b 30.3’ 35.4b 
72.8b 69.7 64.6b 
65.1b 5l.C 56.4b 
13.4b 17.3a 21.2b 
69.9 54.7 48.9b 

2.20 - 2.17 
.30 - .24 
60 - .77 

1.54 - I .06 

0.63” 
13.P 
31.4” 
68.6” 
59.6” 
l5.6* 
56.8” 
- 
- 
- 
- 

o.osb 
8.3b 

22.3b 
77.7b 
64.6b 
18.3b 
51.9b 

I .97 
.I6 
.44 

I .02 

0.66” 0.31b 
11.0” 8.4b 
25.2” 18.5” 
74.8” 81.5b 
60.6a 67.3b 
14.38 1 6.4b 
55.2 53.6 

2.14 
- .I8 
- .40 

1.15 

‘Means within periods with different superscripts arc different (X.05). 
IData are on organic matter basis. 
‘Organic matter as a percent of body weight. 

al. (1982a,b) reported similar trends in forb consumption at the 
Starkey Range. 

Forbs in cattle diets in the late spring and early summer were 
lower (X.05) during the drought year in 1977 than in 1976 
probably due to reduced palatability and availability. Most forb 
species had reached maturity and dried by early July while in 1976 
they remained green until the early part of August. Vavra (1972) 
reported reduced forb consumption for cattle in a dry year because 
forbs matured earlier than in wet years and fewer kg per ha were 
produced. 

A major change in shrub use occurred in the early summer of 
1977. Leaves on common snowberry remained green after the 
grasses matured. By the middle of the 1977 grazing season, 
common snowberry showed very heavy use. This explains the 
sharp dietary decline in shrubs in the late summer. Other 
researchers have reported browse was heavily utilized by cattle 
when green grass was unavailable (Conner et al. 1963; Cook and 
Harris 1968a; Lespearance et al. 1970; Rosiere et al. 1975a,b; 
Holechek et al. 1982a,b). 

Diet Quality 
During both years of study, diet crude protein values showed a 

steady decline as the grazing season advanced (Table 4). Crude 
protein values were higher (K.05) during the second half of the 
grazing season in 1976 than in 1977. 

Protein requirements for growing yearling heifers, as outlined by 
the NRC (1976), indicate that 320 kg heifers require 9.7% crude 
protein on an organic matter basis for a 0.8 kg gain. Crude protein 
concentrations in diet samples were below this requirement in the 
latter half of the grazing season in 1977. 

During the early summer of 1977, browse (primarily common 
snowberry) apparently enabled cattle to maintain an adequate 
crude protein concentration in their diet. Cook and Harris( 1968a), 
Dietz (1972), Cook (1972), Huston et al. (1981), and others have 
shown that browse retains more crude protein than mature grasses 

or forbs. Composite samples of forage species collected in 1976 
confirm the higher crude protein content of shrubs compared to 
grasses on the study pasture (Table 5). 

Cell solubles (neutral detergent fiber % -100) were higher and 
total cell wall constituents (neutral detergent fiber) were lower 
(X.05) in 1976 than 1977 except for the early summer period. 
Forbs and browse comprised 68% of the diet in this period in 1977 
compared to 47% in 1976. Leaves of forbs and shrubs have higher 
cell soluble concentrations and less total fiber than grass leaves and 
stems at comparable stages of maturity (Short et al. 1974, Huston 
et al. 1981, and Table 5). 

In vitro organic matter digestibility (IVOMD) and lignin values 
showed no trend with seasonal advance in either year of study. 
During the early and late summer IVOMD values were higher 
(K.05) in 1976 than in 1977. 
Forage Intake 

Because forage intake data were not collected in 1976, the 
influence of drought on forage intake cannot be fully evaluated. 
However, the forage intake data for 1977 show some interesting 
trends. Intake was much lower (K.05) in the late summer than in 
the early summer. The reverse was true for diet in vitro 
digestibility. In the early summer the diet was dominated by shrubs 
while grasses dominated the diet in late summer. Considerable 
research shows that leaves of forbs and shrubs have faster digestion 
rates (Short et al. 1974, Smith et al. 1972, Mertens 1973, Woffard 
and Holechek 1982) and passage rates (Ingalls et al. 1966, Mertens 
1973, Milchunas et al. 1978) than grass leaves and stems in the 
ruminant digestive tract. Ingalls et al. (1966) found the average 
rumen retention time in sheep of 2 grasses was .89 day compared 
with .65 day for two legumes. Arthun (1981) reported that organic 
matter intake by cattle was 33% higher for alfalfa (Medicago 
sativa) than for bermudagrass (Cynodon dactylon) although the 
48-hour in vitro digestibility of the two forages was the same. 
Thornton and Minson (1973), working with sheep, found that 
voluntary intake was 14% higher for legumes than grasses, 
although organic matter digestibility was 63% for the grasses 
compared with 53% for the legumes. White-tailed deer intake 

Table 5. Nutritive quality of composite samples of the primary forage species from the Starkey Range collected during the late spring and fall during 1976. 

Forage class” Time collected 

Grasses Late spring 
Fall 

Forbs Late spring 
Fall 

Shrubs Late spring 
Fall 

1 Data are on organic matter basis. 
ZPlant materials were primarily leaves. 
‘In vitro organic matter digestibility. 

IVOMlY 

56 
47 

60 
44 

48 
42 

Crude Cell 
protein k soiuble % 

12 32 
8 24 

15 57 
9 36 

13 54 
11 47 

Neutral Acid 
detergent detergent Permanganate 
fiber % fiber % lignin v0 

68 56 7 
76 63 IO 

43 32 9 
64 57 12 

46 35 13 
53 42 16 
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averaged 15% higher when they were fed browse diets averaging 
5% in vivo digestibility than when fed brome hay (Bromus sp.) 
averaging 72% in vivo digestibility (Robbins et al. 1975). In a 
separate study on the Starkey range, Holechek and Vavra (1982) 
found forage intake by cattle was higher when cattle consumed 
forb and browse dominated diets than when diets were dominated 
by grasses. 

Data in Table 5 show a lower cell wall and a higher lignin content 
for forbs and shrubs compared to grasses. Forages with a low cell 
wall content typically have more rapid rates of rumen fermentation 
(Smith et al. 1972, Short et al. 1974) and faster passage rates 
(Ingalls et al. 1966, Mertens 1973, Osbourne et al. 1974, Milchunas 
et al. 1978) than those with a high cell wall content. Leaves of forbs 
and shrubs typically have lower cell wall contents than grass leaves 
and stems at comparable stages of maturity (Short et al. 1974, 
Huston et al. 198t). Van Soest (1982) provides a detailed 
discussion of why cell wall concentrations are critical in forage 
intake regulation of ruminants. 

Forages with high lignin contents (primarily forbs and shrubs) 
tend to have low cell wall contents and higher intakes than those of 
low lignin contents (primarily grasses) (Van Soest 1965, 1966). 
Within forage classes lignin is negatively related to intake but little 
relationship exists between intake and lignin when forage classes 
are mixed (Van Soest 1965, Mertens 1973). The higher lignin 
content of forb and shrub leaves and stems compared to grass 
leaves and stems may increase passage rate by making these parts 
more brittle causing finer fragmentation (Milchunas et al. 1978). 
Finer particles pass more quickly out of the reticula-rumen 
compared to larger ones (Van Soest 1966, Mertens 1973, 
Milchunas et al. 1978). There is also evidence that the short, broad, 
and more cubical shape of forb and shrub fragments permits 
quicker passage out of the reticula-rumen than the long, thin, fiber 
like particles of grasses (Troelson and Campling 1968, Mertens 
1973). 

Protein deficiencies in the diet can substantially reduce 
voluntary intake by ruminant animals (Milford and Minson 1964, 
Cook and Harris 1968b). Research by Milford and Minson (1964) 
indicates forage intake by ruminants is not influenced by diet crude 
protein concentration unless it falls below 7%. Diet crude protein 
concentrations in our study never dropped below 8%. 

Cattle Weight Gains 
Cattle weight gains were reduced (K.05) during the latter half 

of the grazing season in 1977 compared to 1976 (Table 4). The 
change from shrubs to grasses in the late summer of 1977 appears 
to account for the reduction in cattle performance. The influence of 
forage class on intake has been previously discussed. Intakes of 
crude protein and cell solubles were both substantially lower 
(K.05) in the first half compared to the second half of thegrazing 
season in !977 (Table 4). 

Weight gains improved in the fall of 1977 compared to the late 
summer. This is attributed to regrowth that resulted from the rains 
in August (Table 1). 

Simple correlation coefficients were used to evaluate the 
relationships between diet quality characteristics and average daily 
gains. Correlation coefficients for crude protein, neutral detergent 
fiber, acid detergent fiber, lignin and IVOMD with average daily 
gains (n = 8) were +.84, -.76, -64, -.20, and -l-.60, respectively. 
Crude protein and neutral detergent fiber concentrations 
explained a substantial amount of the variation in average daily 
gains and were the only significant (X.05) correlations. 

Our study and that of Vangilder et al. (1982) suggest that in vitro 
digestibility is inferior to neutral detergent fiber analysis for 
evaluating the energy status of ruminant diets containing mixed 
forage classes. We have previously discussed other literature 
showing that total cell wall content (neutral detergent fiber) rather 
than digestibility is the primary factor determining forage intake 
when the ruminant diet contains mixed forage classes. Cell solubles 
are used more efficiently by ruminants than cell wall constituents 
(Van Soest 1982). Cell soluble concentrations have considerable 

effect on rate of digestion but not on extent of digestion (Smith et 
al. 1972, Mertens 1973, Short et al. 1974). Leaves of forbs and 
shrubs are higher in rapidly fermented cell solubles (Short et al. 
1974, Huston et al. 1981) and have quicker passage rates than 
grasses at comparable stages of phenology (Mertens 1973, 
Milchunas et al. 1978). Production of large amounts of volatile 
fatty acids containing a high proportion propionate acid results 
from fermentation of forages high in cell solubles (Short 1971, 
Hoppe 1977). In contrast forages high in cell wall constituents 
(neutral detergent fiber) result in production of primarily acetic 
acid. Propionic acid is more efficiently used as an energy source by 
the ruminant than acetic acid because it can be converted directly 
to carbohydrate with minimum loss of potential energy in the form 
of methane (Hungate 1975). Energy metabolism in the ruminant is 
closely associated with volatile fatty acid production because their 
absorption from the rumen provides the host with about 70% of its 
energy requirement (Mitchell 1962). Two studies have shown an 
inverse relationship between sheep weight gains and the relative 
proportion of acetate in the rumen (Milford and Minson 1966, 
Johns et al. 1963). Molar concentrations of acetate and 
propionate accounted for 48% of the variation in lamb gains on 
pasture (Grimes et al. 1967). Acetate production is negatively and 
propionate production is positively related to cell soluble concen- 
trations in the rumen Tilley et al. 1960. Milford and Minson 1966). 
Digestibility appears to be poorly related to volatile fatty acid 
concentrations in the rumen (Topps and Elliot 1964, Milford and 
Minson 1966). The previous discussion indicates digestiblity eva- 
luation is inferior to neutral detergent fiber analysis as an indicator 
energy intake and energy efficiency at the cellular level of rumi- 
nants. Yield and concentration of volatile fatty acid in the diet 
would appear to give better appraisal of the energy status of the 
range ruminant’s diet than neutral fiber concentration. Unfortu- 
nately this type of information is almost totally lacking for range 
ruminant diets and range forages although it is desperately needed. 
We believe it should receive considerable emphasis in future stu- 
dies concerning energy metabolism of range ruminants. 

Conclusions 

Diets of cattle on rangeland in the Blue Mountains varied widely 
between and within years in both nutritive value and species 
composition. Cattle changed their diets with seasonal advance to 
make use of the best forage available. Common snowberry was 
heavhy used during the drought until it was no longer available; 
cattle then changed to grasses. Forbs received heaviest use during 
the early part of the grazing season when they were available and 
actively growing. 

Our data show cattle are opportunistic foragers and their diets 
can show great variation between years on the same range. 
Moderate cattle grazing on the range studied during a drought year 
could negatively affect wildlife such as mule deer that must select 
forages with rapid rates of digestion and quick passage rates 
through the digestive tract. 

From the standpoint of livestock production, it appears ranges 
supporting a high component of palatable forbs and shrubs will 
improve weight gains during drought years compared tograssland 
ranges. This is because of the higher forage intake rates, higher 
crude protein concentrations, and lower fiber concentrations 
associated with the leafy material of forbs and shrubs compared to 
grasses. Crude protein supplementation could potentially improve 
weight gains during drought years after the browse (common 
snowberry) has been depleted. 

Concentrations of crude protein and total fiber (neutral 
detergent fiber) were closely associated with average daily gain. 
However this relationship did not hold for diet IVOMD. Crude 
protein and neutral detergent fiber appear to be superior to acid 
detergent fiber, lignin and in vitro digestibility for quality 
evaluation of range ruminant diets containing a high component of 
forbs and shrubs. Digestibility is a poor indicator of efficiency of 
forage use by ruminants at the cellular level when the diet contains 
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more than one forage class. Yield and concentration of volatile 
fatty acids in range ruminant diets and range forages may provide 
valuable information on energy metabolism by range ruminants 
although present research is very limited. 
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Blue Grama [Bouteloua gradis] Response to 
Fertilization of a Claypan Soil in the 
Greenhouse 
E.M. WHITE, F.R. GARTNER, AND R. BUTTERFIELD 

Abstract 

Blue grama, grown in situ on the upper 12 cm of a claypan soil in 
the greenhouse, had greater growth when minor elements were 
added with N, P, and K. N fertilized plants produced significantly 
less forage than NPK-fertilized ones but slightly more than unfer- 
tilized pIants. Renovation of claypan areas to increase water infil- 
tration may need to be accompanied by fertilization with minor 
elements, particulnrly on old landscapes where soil weathering has 
been intense. 

Some claypan areas support depauperate blue grama (Boute- 
loua gracilis) plants even though the known grazing history has 
been light or dormant-season use. Forage production on these sites 
during seasons with above average precipitation does not increase 
as much as on sites where blue grama plants are more vigorous. 
Mechanical treatments, such as ripping or contour furrowing, 
increase the amount of soil water for plant growth. Yet, low soil 
fertility of claypans may mask the effect of added soil water follow- 
ing mechanical treatment. Th; effect of soil fertility on blue grama 
growth was investigated in the greenhouse where a water deficit 
would not limit growth. 

Methods 
The upper 12 cm of a claypan soil with blue grama plants intact 

was extracted from a claypan range site in October, 1979. Soil and 
plants were placed in 13-cm plastic pots. The semidormant plants 
were grown in the greenhouse for about 2 months to acclimate the 
plants. Six replications of 4 treatments were prepared. Pots were 
weighed and plant crown areas measured so each potted plant in a 
replication was similar to the other 3. The treatments were: no 
fertilizer, N, NPK, and NPK with minor elements (ME). Hoag- 
land’s formulation for nutrient solutions was used. Equal amounts 
of N or P and K were added to each treatment that received these 
elements but actual amounts applied were not recorded for this 
qualitative study. The minor elements added were B, Mn, Cl, Zn, 
S, and Cu. 

Distilled water was used in all nutrient solutions and to furnish 
water as needed to pots with vigorous plant that used more water 
than was supplied in the nutrient solutions. The pots wereplaced in 
plastic dishes so that leachate solutions could be returned to the 
soil surface. Thus, difference in response to a treatment could not 
be attributed to leaching of the soil. 

Flower stalk heights were measured and the stalks cut off at the 
soil level, dried at 70° C, and weighed. Maximum leaf heights were 
measured and half the estimated total top growth was clipped, 
dried at 7fPC, and weighed. After the initial clipping, clippings 
were made when regrowth slowed. After the fifth clipping, soils in 
the pots were air dried, weighed, crushed, and screened (<2 mm) to 
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remove pebbles and plant remains. Pebbles were washed, dried, 
and weighed to adjust the soil weights to a stone-free basis. 
Methods used for soil analyses have been described (White et al. 
1981). Orthogonal comparisons in the analysis of variance were 
tested by the error mean square except for flower stalk measure- 
ments. Because the error variance of the flower stalks from the 
unfertilized treatment likely is not the same as in the other treat- 
ments, the error sum of squares was partitioned (Steele and Torrie 
1960) for the orthogonal comparisons. 

Results and Disksion 

Attributes of fertilized plants were significantly larger than those 
of the unfertilized plants in all 5 harvests (Table I). Leaf weights 
increased progressively from treatments with N, to NPK, and to 
NPK -I- ME. The plants receiving ME had a more vigorous appear- 
ance in the greenhouse although flower stalk production tended to 
be greater with NPK lacking ME. 

Table 1. Means of 4 growth measurements of blue gnnu for 5 consecutive 
harvests of pots treated with different nutrient solutions. 

Nutrient added 
NPK Statistical significance1 

Harvests None N NPK ME I 2 3 

Number of seed stalks 
0.2 9.2 7.8 5.5 
0.0 6.7 9.2 8.8 
0.0 16.5 49.0 26.7 
0.5 9.0 35.5 40.2 
0.0 8.2 19.3 4.2 

Seed stalk weight (pm) 
0.0 1.2 1.5 0.7 
0.0 0.4 1.0 0.6 
0.0 0.8 3.3 1.5 
0.0 0.4 3.4 3.0 
0.0 0.3 0.8 0.1 

Maximum leaf height (cm) 

40 50 52 27 40 45 :: 
28 39 46 41 
18 28 41 39 
23 33 35 32 

Leaf weight (pm) 
1.2 2.6 3.8 4.5 
.8 1.9 2.6 3.9 

1.1 1.8 3.5 5.5 
.4 1.2 3.3 
.4 .s 1.9 

l * 

** 

** 

l * 

** 

** 

l * 

** 
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NS 
NS 
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NS 
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NS 
NS 
NS 
NS 
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NS 
NS 
** 
NS 
l * 

NS 
NS 
NS 
NS 
NS 

NS 
NS 
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l * 
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Qrtbogonal comparisons were: I. None vs. N, NPK and NPK + ME; 2. N vs. NPK 
and NPK •t ME; and 3. NPK vs. NPK + ME. Analyses are: NS-not significant, 
*--significant at p = 0.05, and **-significant at p = 0.01. 
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Table 2. Mean analyses from soils used in pots of the 6 greenhouse replications for each treatment. 

Property 
Extractable cations 

Ca-meg/ 100 g 
Mg 
K 
Na 
CEC 
ESP-_% 

Total Analyses 
Ca-% 
Mg 
K 
Na 
P-ppm 

PH 
Cond.-mho/cm 
Sat.-_% 
Soil weight-kg 

None 

12.8 
9.6 
1.4 
3.1 

21.2 
14.2 

0.65 
0.76 
0.71 
0.12 
618 

7.5 
0.7 

41 
2.0 

Nutrients added Statistical significance1 
N NPK NPK + ME Orthogonal comparisons 

I 2 3 
13.5 12.5 12.4 NS NS NS 
7.7 11.8 10.7 NS * NS 
2.2 2.7 1.7 * NS * 
2.2 2.4 2.6 NS NS NS 

17.7 18.9 19.0 NS NS NS 
12.7 12.4 13.6 NS NS NS 

0.56 0.56 0.59 NS NS NS 
0.65 0.77 0.71 NS NS NS 
0.65 0.78 0.61 NS NS NS 
0.09 0.10 0.09 * NS NS 
- 625 617 - - 

7.1 7.4 7.6 NS * NS 
4.2 3.9 I.8 ** ** ** 

32 40 40 NS NS NS 
1.9 1.9 2.0 NS NS NS 

‘See Table I for footnotes. 

A 3-way analysis of variance of total top growth that included 
the factors of harvests, replications, and treatments was very highly 
significant for all main effects and interactions. The 3 orthogonal 
comparisons shown in Table 1 also were very highly significant for 
the treatments in the 3-way analysis. Leaf weight differences 
between the NPK and NPK -I- ME treatments tended to increase 
with each harvest. Possibly ME are made unavailable in the soil 
until the fixing capacity is satisfied. Leaf and flower heights were 
not clearly related to the weight parameters. 

Differences in extractable and total Ca, Mg, K, and Na in the 
soils, at the end of the experiment, were slight among the different 
treatments (Table 2). Conductivity was highest for the N treatment 
and decreased from the NPK to the NPK -I- ME treatment and was 
lowest in soils receiving no fertilizer. Presumably, the salts, which 
cause conductivity to be high, accumulated more from the fertilizer 
in the N treatment because fewer were used for growth. Correla- 

Table 3. Significance of the correlations of blue grama growth with the 
properties of the soils in the pot at the conchuion of the experiment. 

Soil Fertility treatment’ 

Property None N NPK NPKT 

Total bluegrama top growth 
Extractable Ca NS NS l NS 

Mg NS NS NS NS 
K NS NS ** NS 
Na NS NS NS NS 

Total Ca NS NS NS NS 
Mg NS NS NS NS 
K NS NS NS NS 
Na NS NS NS NS 
P 

PH NS NS NS NS 
Conductivity NS NS ** * 
Soil weight NS NS NS * 
ESP NS NS NS NS 
CEC NS NS NS NS 
Sat. Hz0 Percent NS NS NS NS 

rCorrelations arc NS-not significant, *-significant at p=O.OS, or **-significant at 
pEo.01. 

tions between soil conductivity and total top growth were signifi- 
cant for both the NPK and NPK + ME treatments, but not forthe 
other two treatments where a lack of P, K, or ME probably limited 
growth (Table 3). The problem of whether or not blue grama 
growth was limited either initially by a high soil salt content or salt 
accumulated because some fertilizer element was deficient cannot 
be resolved by this data. 

Application of the Data 

Ripping or furrowing of claypan soils may need to be accompan- 
ied by applications of P or K and ME to stimulate blue grama 
growth to effectively use the increased soil water. Evidence is 
lacking in the literature that ME limits plant growth on claypan 
soils, possibly because ME may be needed only where soils are 
highly weathered. Many soil landscapes in western South Dakota 
and in other parts of the Great Plains were formed at the time of the 
Illinoian or the Kansan stage of the Pleistocene. These landscapes 
in western South Dakota have been dissected by more recent 
stream dissection (White 1964a) leaving many of the older soil 
areas unaffected (White 1964b). Some claypan soils on these older 
landscapes have undergone prolonged weathering with most ofthe 
exchangeable Na having been leached from the main part of the 
claypan (White 1961). Range scientists renovating claypan soils on 
old landscape should consider adding fertilizers containing ME, at 
least on an experimental basis. 
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Relationship between Carbohydrate, Nitro- 
gen Contents, and Regrowth of Tall Fescue 
Tillers 
J. BAHRANI, E.R. BEATY, AND K.H. TAN 

Abstract 

Nitrogen and water-soluble carbohydrate contents of Kentucky 
31 tall fescue (Festuca arundinaceae Schreb) tillers were deter- 
mined on a regrowth following clipping to a 25cm stubble. There 
was a sharp decline in water-soluble carbohydrates of tillers as a 
result of clipping and N fertilization. Dry matter N content 
increased during the same time. The reduced carbohydrate content 
for clipped tillers lasted for some 10 days following clipping. After 
the initial decrease, water-soluble carbohydrate content in tillers 
increased for the next 80 days. The negative correlation between 
tiller N and carbohydrate content suggested that initial tiller 
regrowth was obtained partially from carbohydrate reserves in 
addition to current photosynthate production. N application 
immediately following clipping is at a time of low carbohydrate 
content and could well cause stand reduction. 

Initial regrowth of perennial forage grasses following clipping 
and presumably grazing depend on energy from nonstructural 
carbohydrates stored in different tissues. However, subsequent 
growth is associated with photosynthates produced by new tissues 
(May 1960, Brown and Blaser 1965, Blaser et al. 1966). A rapid 
decline in tiller carbohydrate content afterdefoliation indicate they 
are being used for either respiration or growth of new tissue 
(leaves). 

It has been shown that nitrogen stimulates the growth of grasses 
and carbohydrates are being utilized for the formation of new 
tissues (Blaser et al. 1966, White 1973). White (1973) suggested 
that, generally, N applied at low to moderate rates increased 
carbohydrate reserves and N applied at high rates decreased car- 
bohydrate reserves. He also concluded that physiological reasons 
for varying N contents affecting carbohydrate reserves are not well 
understood. McKee et al. (1967) found high N fertilization applica- 
tions tended to decrease carbohydrate content in tall fescue tiller 
bases when other nutrients and theenvironment did not limit plant 
growth. Application of high N rates in conjunction with frequent 
clipping, low soil moisture, and high temperatures reduced stands 
and organic reserves of orchardgrass (Dactylis glomerata L.) 
(Drake et al. 1973), and tall fescue (Alexander and McCloud 1962, 
Hallock et al. 1965). The purpose of this experiment was to corre- 
late N application rates and water-soluble carbohydrate contents 
of tall fescue tillers during regrowth following clipping. 

Materials and Methods 
A 2-year old established stand of Kentucky 3 1 tall fescue grow- 

ing on a Cecil sandy loam (clayey, kaolinitic, thermic Typic Haplu- 
dult) near Ath,ens, Ga., was rotary mowed to a height of 2.5 cm on 
September 20,1974, and the mowed forage was removed. Nitrogen 
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at rates of 0, 112, 224, and 335 kg/ ha were applied the day of 
mowing as ammonium nitrate (33.5% N) and treatments were 
replicated 3 times. The design was a randomized complete block 
and plot size was 40 X 40 cm. At 0,5, 10,20,40,55,70, and 90 days 
after clipping and N application, 20 to 30 tillers/plot were COI- 

lected. Leaves were separated, the basal 5 cm oftiller bases dried at 
10°C for”24 hours in a forced draft oven. Nitrogen content was 
determined using a modified microkjeldahl procedure (Jackson 
1958). Air temperature and precipitation data were taken from 
reports of the weather station located one mile from the plots. 

The dried tiller bases were ground to pass a 40-mesh screen, 
water-soluble carbohydrates were extracted with hot water (250 
mg of plant material in 40 ml of distilled water at 1ooOC for 30 
minutes) and were filtered (McKee et al. 1967). Two miililiters lead 
acetate (supersaturated) were added to the filtraie and centrifuged 
for 20 minutes at I$000 rpm. The centrifuged solution was tmns- 
ferred to a tube containing potassium oxalate (ca. 500 mg), centri- 
fuged for 15 minutes, and hydrolyzed with lOm1 hydrochloricacid 
(IN). The aliquot was heated in a water-bath at 1000 C for 30 
minutes, neutralized with 10 ml sodium hydroxide (1 N), and dil- 
uted to 100 ml. The reducing power of the solution was determined 
calorimetrically at a wavelength of 740 pm using a spectrophoto- 
meter (Smith 1972). Samples were analyzed in duplicate. Data 
were analyzed with N rate as whole plots and days as split plots. 
LSD tests were run among the means of N rates and dates from N 
application. Analysis of variance was run for the data on N content 
and water-soluble carbohydrate following clipping, using a linear, 
quadratic, and cubic response according to Steele and Torrie 
(1960) procedure. 

Results and Discussion 
Tiller N content was a reflection of N application with higher N 

treatments producing tillers with higher N content (Fig. 1). Nitro- 
gen application caused wide fluctuations in tiller N content follow- 
ing clipping and, generally, N treatments significantly increased N 
content. 

There was a gradual decrease in mean daily temperature from 
18°C in September to 13°C in December. The average monthly 
total rainfall was 5 cm during the same period. 

Nitrogen content increased in the first 10 days following clipping 
with or without N application. Ten to 20 days later, applications of 
224 and 336 kg N/ha decreased tiller N content but not when 0 or 
112 kg N/ha were applied. After 20 days tiller N content leveled off 
when fertilized with 224 and 336 kg N/ha, and averaged approxi- 
mately 3% N. When fertilized with 112 or0 N, tiller N wasapproxi- 
mately 2%. It is likely that a light rain occurred during the first 2 
weeks of November (day 40) based on N increases in tiller bases. 

For 5 days following clipping, water-soluble carbohydrate con- 
tent in tiller declined. Between 5 and 10 days following clipping it 
started increasing again indicating that photosynthates were being 
stored and used for new growth or respiration (Fig. 2). After 10 
days, water-soluble carbohydrates in tillers continued to increase 

JOURNAL OF RANGE MANAGEMENT 39(2), March 1983 



1.0 c . 0 kg N/ha 
0112 ” 

I A 224 n 
A 336 u 

N mte LSDOs=O.5 

Date LSDo5 = 0.4 

01 * ’ 

0 5 IO 20 40 55 70 9b 
Days after clipping 

Fig. 1. Nitrogen contents of tallfescue tiller bases during regrowthperiod. 

for the next 80 days. The increase was, generally, faster during days 
5 to 40 than during days 41 to 90. Overall N rates had no significant 
effect on tiller water-soluble carbohydrates. The lack of signifi- 
cance of N rates on tiller carbohydrate reserves was in contrast with 
other experiments (Drake et al. 1963, Hallock et al. 1965). A 
shortage of soil moisture during the regrowth period could account 
for the lack of response. 

There was a negative linear relationship (r = -0.634) between N 
content and water-soluble carbohydrate contents following clip- 
ping (Fig. 3). The quadratic and cubic responses were not 
significant. 

Increased N content of the plant is generally influenced by 
carbohydrate depletion. However, our finding showed that N fer- 
tilization and clipping decreased water-soluble carbohydrates the 
most during the first 5 days, a time when regrowth is causing a 
rapid decline in carbohydrates. The experiment supports the find- 
ings of McKee et al., (1967) who concluded that when tall fescue 
tiller carbohydrates are low, it may be of physiological advantage if 
N application is delayed until new leaf area is produced. The data 
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Fig. 2. Water-soluble carbohydrates contents of tall fescue tiller bases 
during regrowth period. 
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Fig. 3. Relationship between nitrogen and water-soluble carbohydrate 
contents of tallfescue tiller bases 10 akysfollowingclipping. Correlation 
coefficient signtficant at the 95% level of probability. 

were in agreement with the findings of Smith (1977) who found low 
temperatures increased water-soluble carbohydrates in tall fescue 
tillers. 
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Yield, Vigor, and Persistence of Sand Love- 
grass [Eragrostis trichodes (Nutt.) Wood] 
Following Clipping Treatments 

LOWELL E. MOSER AND L.J. PERRY 

Abstract 

Individual sand lovegrass [Erugrostis trichodes (Nutt.) Wood.] 
plants on a choppy sands range site in Nebraska’s Sandhills were 
clipped with 7 different harvest regimes for 3 years to determine 
critical defoliation times. After 3 years unclipped plants had the 
greatest survival rate and phnts harvested only once a year on June 
10 or July 10 survived better than those with other harvest regimes. 
Top and root yields, new tiller counts, and total non-structural 
carbohydrate (TNC) levels were all reduced severely with multiple 
harvests within one year. Sand lovegrass plants cannot tolerate 
close defoliation at anytime of the year although a single June 
defoliation appeared to be less detrimental than August 
defoliation. Sand lovegrass is difficult to manage when it makes up 
a small component of a pasture. Sand lovegrass will probably 
persist and yield best in a rotational grazing program where it is 
defoliated only once a year and some leaf area remains at the close 
of the grazing period. Plants are normally short lived so they 
should be managed to allow seed production periodically. A 
grazing management program necessary to maintain small 
amounts of sand lovegrass in a mixture may not be practical. 

Sand lovegrass [Erugrostis trichodes (Nutt.)Wood.] is a warm- 
season perennial bunchgrass that is native to sandy soils in the 
central Great Plains. It is best adapted to north and east-facing 
slopes and in some instances can be prevalent on sands and choppy 
sands range sites (Vallentine 1967). Sand lovegrass is very 
palatable and highly preferred by livestock. Yearling steer gains 
per acre in Oklahoma were improved with sand lovegrass 
compared to other grasses (Smith 1947). Adding sand lovegrass to 
either big bluestem (Andropogon gerardii Vitman), switchgrass 
(Panicum virgatum L.) or sideoats grama [Bouteloua curtipendula 
(Michx.) Torr.] at Lincoln, Nebraska increased the average daily 
gain and beef production per acre although dry matter yield was 
generally not increased. In several seasons a relatively small 
amount of sand lovegrass in switchgrass pastures helped maintain 
animal performance’ late in the summer (Conard personal 
communication). Due to its palatability and bunchgrass growth 
habit it is often overgrazed by cattle. Sand lovegrass is difficult to 
maintain in stand even with good management and generally acts 
as a short-lived perennial. Recently, Vogel and Kindler (1980) have 
shown that a subterranean aphid (Geoicu urticularia Passerini) 
reduced yields of sand lovegrass. 

Severe clipping treatments reduced yield of range grasses 
(Owensby et al. 1974, Branson 1956, Stout et al. 1980, Perry and 
Chapman 1976). Tiller numbers are reduced with intensive 
clipping even though removal of the shoot apex should remove 
apical dominance and increase tillering if environmental 
conditions are favorable. Carbohydrate level is important in tiller 
initiation and continued development (Jameson 1963). Root 
production was more adversely affected than top production by 
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severe clipping treatments (Branson 1956, Crider 1955, Biswell and 
Weaver 1933). 

Adequate carbohydrate reserve is important in initial regrowth 
(White 1973). Close defoliation treatments, especially at critical 
stages in plant development, often deplete carbohydrate reserves in 
range grasses to a level that is not replenished readily (Kinsinger 
1961, Perry and Chapman 1974, White 1973) and as a result future 
tiller production, yield, and plant persistence are adversely 
affected. 

A critical time to defoliate grasses was during shoot apex 
elevation (Branson 1953, Booysen et al. 1963, Pearson 1964, Vogel 
and Bjugstad 1968). Sand lovegrass begins growth earlier in the 
spring than most warm-season grasses (Vallentine 1967, Smith 
1947) and elevates its shoot apex later than many other warm- 
season range grasses (Gilbert et al. 1979). Consequently, sand 
lovegrass should have a long vegetative period where it would be 
somewhat resistant to grazing. Once tillers of sand lovegrass begin 
elevation, the process is more rapid than wijh other grasses(Gilbert 
et al. 1979). 

The experimental objective was to determine if there was a time 
during the growing season when relative close defoliation was not 
especially detrimental to vigor and persistence of sand lovegrass. 

Materials and Methods 

A southeast facing slope with abundant sand lovegrass on a 
chdppy sands range site was selected for the study near Halsey, in 
Nebraska’s sandhills, in an area protected from grazing. The data 
from the Halsey, Nebr., weather station, which is approximately 6 
km from the plots, indicated normal to above normal rainfall for 
all 3 years of the study. Precipitation averaged 95 mm, 20 mm, and 
289 mm above the normal of 528 mm for 1975, 1976, and 1977 
respectively. The plants were fairly widely spaced and there was 
little other vegetation for competition. In March 1975, 7 
replications were marked out and 3 sets of individual uniform 
plants were selected within each replication for the 3-year study. 
Seven harvesting treatments were imposed on the plants. The 
harvesting dates were as follows: (A) unclipped; (B) June 10; (C) 
July IO; (D) August 10; (E) June 10 and July 10; (F) June 10 and 
August 10; and (G) June 10, July 10, and August 10. At the end of 
the growing season, around November 1, all plants were clipped 
again and the unclipped treatment was harvested. Plants were 
clipped at S-cm height, which represented a fairly close harvest 
especially on a southeast facing slope. Tillers were counted at first 
harvest and the new tillers, which would represent many of those 
that would be producing the following year, were counted on 
November 1. In the fall of 1975 1 set of plants were carefully dug to 
a depth of 18 cm and removed from the site in order to measure 
root yields and the carbohydrate level. The remaining 2 sets were 
subjected to the same harvest treatments in 1976 and one set of 
them was removed in the fall of 1976. In 1977 the last set was 
subjected to the harvest treatments for the third year and then 
removed in the fall. Yield and tiller data from 1975 were averaged 
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T&b 1. Vigor and wrvivoi of nnd lovegram pia& with various huventfng tre~lrncdr at H&y, Nebr. V&WI are averages of 7.piants per treatment. 

Harvest dates 
First harvest date 

1976 
First harvest date 

1977 
November 

1977 

% alive % vigorous’ % alive %J vigorous % alive % vigorous 
Unclipped 86 86 - - 86 43 
June 10 71 71 57 43 57 43 
July 10 86 86 86 71 57 29 
August 10 71 43 43 43 43 43 
June 10, July IO 57 43 43 I4 43 0 
June IO, August IO 57 0 29 0 29 0 
June IO, July IO, August IO 71 0 0 0 0 0 

‘Plants were considered vigorous if they had 5 or more tillers per plant. 

across ail 3 sets of plants and in 1976 data were averaged over the 2 
remaining sets. Total nonstructural carbohydrates (TNC) were 
measured using a takadiastase enzyme and a copper iodimetric 
method (Smith 1969). The stem base material was used for TNC 
analysis (Perry and Moser 1974). 

The experiment was designed as a randomized complete block 
and Duncan’s new multiple range test was used to separate 
treatment means. 

only once, generally had more tillers than those plants clipped 
more than once. Significantly w.05) more tillers developed in the 
fall of 1976 on unclipped plants and those clipped once on June 10 
than on the other treatments. At the conclusion of the study the 
same trend was evident except all of the plants were generally less 
vigorous. 

Results 

Total nonstructural carbohydrates (TNC) stored in the stem 
bases in the fall of 1975 were significantly QK.05) higher in the 
unclipped plants or those clipped only once in June or July except 
for the June 10 and July 10 clipping treatment (Table 5). By 1976 

After 3 years the unclipped plants had the greatest survival rate 
although some of the plants were not vigorous (Table 1). Plants 
with fewer than 5 tillers were not considered vigorous. Plants 
harvested only once a year, June 10 or July 10, had a greater 
survival rate than did those under other harvest schedules. When 
the leaf area was kept clipped closely during the entire growing 
season by clipping them 3 times, the plants were greatly weakened 
after i year and were ail dead by the second year. Plants cut twice a 
year, even though some were alive, were all low in vigor at the 
conclusion of the study. 

Table 3. Root weight (g/plant ovendry weight) in the top 1% an of soil in 
early November of sand lovegrass with various harvesting treatments at 
Halsey, Nebr. 

-Total seasonal yield the first year was greatest for the unclipped 
plants which were harvested once at the end of the growing season 
and was generally higher for plants clipped only once compared to 
plants clipped 2 or 3 times (Table 2). In the second year (1976) the 
unclipped plants again were the most productive by a large margin. 
Plants harvested June 10 yielded more than those harvested twice 
at June 10 and August 10 or those harvested 3 times. In 1977 yields 
were low since many plants were dead or of low vigor. The 
unclipped plants produced significantly @<.OS) more than did the 
plants in other treatments. Plants clipped twice yielded essentially 
nothing and those clipped 3 times were dead. Root yields from 
plants harvested to a depth of 18 cm each November showed a 
marked decline in all treatments during the 3 years of the study 
(Table 3). At the end of 3 years of treatment the plants clipped July 
10, August 10, June 10 and July 10, June 10 and August 10, and 
those clipped 3 times had very few roots even if they were alive. The 
lower yields of sand lovegrass could be anticipated by noting the 
new tillers that were evident in the fall (Table 4). New tillers were 
initiated in the fall and a small amount of growth occurred before 
cold weather. In the fall of 1975 unclipped plants, and those clipped 

Harvest dates 1975 1976 1977 

Unclipped 3.4 al 0.9 a 0.6 a 
June IO I .6 ab 0.5 ab 0.3 ab 
July IO I.5 ab 0.2 bc 0.1 b 
August IO 2.2 ab 0.0 c 0.0 b 
June IO, July IO 0.8 b 0.1 bc 0.0 b 
June IO, August IO 2.2 ab 0.0 c 0.0 b 
June IO, July 10, August IO 1.2 b 0.0 c 0.0 b 

~Values within columns followed by the same ktterare not significantly different using 
Duncan’s new multiple range test f.K.05). 

some plants were dead and others were so small there was not 
enough to analyze for TNC in many cases. The unclipped plants 
and those clipped only once on June 10 tended to have the highest 
TNC level. In 1977 a TNC determination could not be made due to 
too small samples for most of the treatments. 

Discussion 
Since the experimental site was a south-facing slope the sand 

lovegrass plants were under more stress than if they had been 
located in a situation where they did not receiveasmuch direct sun 
and had more favorable moisture. Consequently the effects of the 
clipping treatments were accented. There were no years of below- 
normal rainfall during the course of this study; however, several 
months in a row of below normal rainfall can be important since 
sand lovegrass has a widely spreading, shallow root system 

Table 2. Total seasonal yield (g/plant oven-dry weighat) of sand lovegrass, 
with various harvesting treatments at Halsey, Nebr. Table 4. Number of newly initiated sand lovegrass tillers coated in ariy 

November with various harvesting treatments at &isey, Nebr. 

Harvest dates 1975 1976 1977 

Unclipped 29.8 al II.2 a 11.9 a 
June IO 12.5 bc 5.5 b 3.1 b 
July IO 9.2 bc 3.2 bc 2.2 b 
August IO 21.9 ab 1.2 bc 3.2 b 
June IO, July IO 5.2 c 2.6 bc 0.3 b 
June IO, August IO II.0 bc 0.2 c 0.1 b 
June IO, July IO, August IO 6.5 c 0.1 c 0.0 b 

Walucs within columns followed by thesame letter are not significantly different using 
Duncan’s new multiple range test fpC.05). 

Harvest dates 1975 1976 1977 

Unclipped I86 aI 122 a 62 a 
June IO 121 ab II9 a 33 ab 
July IO 124 ab I3 b IOb 
August IO 69 bc 2b II b 
June IO, July IO 36 c 22 b lb 
June IO, August IO 20 c 2b lb 
June IO, July IO, August IO 24 c Ob Ob 

‘Vdues within columns followed by the same letter are not significantly different using 
Duncan’s new multiple range test QK.05). 

JOURNAL OF RANGE MANAGEMENT 36(2), March 1983 237 



Table 5. Total nonstructural carbohydrate concentration (%) of sand love- 
grass stem bsses in early November wi*ith vsrious harvesting treatments 
at Halsey, Nebr. 

Harvest dates 1975 1976 

% % 
Unclipped 10.0 al 12.8 
June 10 10.8 a 11.0 
July 10 9.6 a 9.5 
August 10 4.6 b - 
June 10, July IO 8.0 a 7.9 
June IO, August 10 3.2 b - 
June 10, July 10, August IO 4.1 b 

‘Values within columns followed by the same letter are not significantly using Dun- 
can’s new multiple range test (jA.05). 

(Weaver 1968) and the moisture-holding capacity of the choppy 
sands range site is low (Burzlaff 1962). Even though the rainfall 
averaged slightly above normal in 1975 and 1976 the plant loss that 
occurred in 1976 might be partially attributed to the fact that 
rainfall was 109 mm below normal from August 1975 until July 
1976. In 1975 average temperature was generally several degrees 
below normal, with the exception of May. In 1976 the average 
summer temperatures were below normal. In 1977 summer 
temperatures averaged 4 to 5 degrees above normal, but a cool 
August followed. The winter of 1976-1977 was especially cold 
through January, which may have further injured the clipped sand 
lovegrass. 

Sand lovegrass was very sensitive to complete defoliation at 
anytime during the growing season. There was less of a detrimental 
affect when the plants were harvested only once early in the grow- 
ing season. Gilbert et al. (1979) reported that sand lovegrass within 
3 km of this study site did not begin to elongate until the end of July 
so the June 10 and July 10 harvests were on unelongated tillers. 
Gilbert et al. (1979) also reported that based on mid-August harv- 
ests about 40% of the leaf dry matter accumulated by June 10 and 
by July 10 about 70% of the leaf dry matter accumulated. Evidently 
the leaf area that was regenerated after the early harvest dates, at 
least to some extent, restored carbohydrate reserves and main- 
tained some of the vigor and generated new tillers (Table 1,4, and 
5). 

Sand lovegrass plants are generally short lived and the rapid 
decline in vigor in clipped plants that occurred was accented since 
the study was on a south facing slope. Grazing may not be quite as 
severe if not all the leaf area is removed as done in the experiment 
where plants were harvested at 5 cm. Matches (1966) indicated that 
intact tillers in tall fescue (Fesruca orundinaceu Schreb.) can play 
an important role in maintaining higher levels of carbohydrate 
reserves. Crider (1955) reported that root growth was stopped on 
defoliated tillers of weeping lovegrass [Eragrostis curvula 
(Schrad.) Ness.] but not on intact tillers of the same plant. Grazed 
sand lovegrass plants had considerably fewer tillers than ungrazed 
plants in an unpublished experiment conducted near the study 
area. 

Sand lovegrass plants should not be closely grazed at any time 
during the growing season. Defoliation once early in the season 
(June) appeared to be less detrimental than later in the summer. 
Possibly there is a decline in the TNC level in late July and early 
August associated with rapid culm development as has been 
reported with other grasses (Owensby et al. 1970). Sand lovegrass 
is not adapted to continuous grazing since it is so palatable and 
repeated leaf removal is highly detrimental. Apparently severe 
defoliation, even once during the season, can have a detrimental 
effect if it occurs for several years, especially in August. In range- 
lands where good stands exist, sand lovegrass would yield and 

persist best in a rotational grazing program where it wasdefoliated 
only once a year and it should have some leaf area remaining at the 
close of the grazing period. Sand lovegrass is a short-lived plant 
even with light defoliation, and seed production should be permit- 
ted to allow the possibility of new seedlings to develop. In range- 
lands where sand lovegrass is present only in small amounts, 
management should be for the utilization of the other desirable 
dominant grasses. A management program designed to permit 
small amounts of sand lovegrass to persist in a mixture probably 
would not be practical. Including small amounts of sand lovegrass 
in a seeding mixture may result in sand lovegrass production for 
only several years and then it will probably disappear. 
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Reducing Seed Dormancy in Indian Rice- 
grass [ Oryzopsis hymenoides] 
ROBERT S. ZEMETRA, CYNTHIA HAVSTAD, AND ROBIN L. CUANY 

Abstract 

Indian ricegrass [Olyzopsis hy#nt?noties (Roem. and Schuit.) 
Ricker] is an excellent native species for revegetation of coal and 
oil shale sites. However, inadequate germination due to a high seed 
dormancy results in poor stand development and limits its use. 
This paper presents the results of a series of experiments attempt- 
ing to reduce the dormancy by weakening the lemma and paiea by 
scarification of the seed covering. Four treatments (three mechani- 
cal nnd one concentrated sulfuric acid) were examined, alone and 
in combination with gibberellic acid. Three ages of seed were tested 
in the greenhouse, the laboratory and the field. Concentrated 
sulfuric acid and a modified commercial scarifier most effectively 
increased germination in the greenhouse; gibbereilic acid enhanced 
germination of the younger, fresher seeds in this environment. A 
rubbing machine improved emergence in the tieid more than the 
other treatments. It was, however, only a modest improvement. 
Concentrated sulfuric acid decreased field emergence for ail 3 ages 
of seed. Germination studies in the laboratory indicated that none 
of the treatments increased mortality. 

Indian ricegrass [Oryzopsis hymenoides Roem. and Schult.) 
Ricker] is a native perennial bunchgrass adapted to a wide range of 
dry, infertile habitats. It is common on the foothills, plateaus, and 
plains of the western United States and Canada; it thrives in 
well-aerated rocky or sandy soils. The mature plant is a palatable 
and nutritious forage crop (Rogler 1960). The seeds, high in pro- 
tein and fat content, are a popular feed of livestock and rodents 
(Hafenrichter et al. 1968). The plant tolerates heavygrazing(Stod- 
dart and Wilkinson 1938) and is capable of controlling wind ero- 
sion (Bohmont and Lang 1957). These qualities make Indian 
ricegrass an important prospect for revegetation of coal and oil 

shale sites. However, its use for this has been limited because an 
inherent seed dormancy results in an inadequate germination and 
poor stand establishment. 

Huntamer (1934) and Toole (1940) found 2 dormancy mecha- 
nisms responsible for the low germination: an indurate lemma and 
palea and a dormant embryo. They established that seed treat- 
ments which weaken the hard seed covering (the lemma and palea) 
improve germination. These authors. as well as Stoddart and 
Wilkinson (1938), Plummer and Frischknecht (1952), and 
McDonald and Khan (1977) concluded that scarification with 
formulations of sulfuric acid was’ the most effective means of 
weakening the seed covering and increasing germination. 

Toole (i940) also found that prechilling for 28 days increased 
germination. Plummer and Frischknecht (1952) showed that a 
stratification treatment helped overcome embryo dormancy. Clark 
and Bass (1970) established that alternating temperatures also 
promoted germination. 

Huntamer (1934) and Toole (1940) realized that aging alone 
reduced dormancy. Rogler (1960) tested the effect of age and 
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confirmed that germination increased with time, but only to a 
point (approximately 6 years), after which it decreased. McDonald 
and Khan (1977) suggested that it is the embryo dormancy that is 
temporary and its effect decreases significantly after a year in 
storage. 

Mechanical scarification also increases germination of the seed. 
Huntamer (1934) and Stoddart and Wilkinson (1938) reduced 
dormancy by removing the lemma and palea with a knife. Hunta- 
mer (1934), Toole (1940) and Plummer and Frischknecht (1952) 
rubbed the seed with sandpaper and emery paper. Toole (1940) 
also rolled seeds in a metal box with gravel to break the seed coat. 
Although successful in improving germination, both methods 
damaged the embryos of some seeds. 

McDonald and Khan (1977) included hormones in their tests of 
methods to reduce dormancy. They found abscisic acid inhibited 
germination while gibberellic acid and kinetin stimulated it. 

Methods of improving Indian ricegrass germination have thus 
been studied since 1934 (Huntamer 1934). Todate, sulfuricacid to 
weaken the seed covering or exposure to moist, cold temperatures 
have been the most successful methods for enhancing germination 
of Indian ricegrass seed. This paper presents the results of a study 
of 9 mechanical, acid, and hormonal treatments. The effect of time 
was studied with seed of 3 ages. Furthermore, the treatments were 
tested in the greenhouse, the field, and germination boxes in the 
laboratory, to evaluate their relationship with environment. 

Materials and Methods 

Seed of the Warner Farm strain was collected in 1975,1976, and 
1977 near Greeley, Colo., in an attempt to represent different ages 
of seed. After being cleaned and graded, seed from each year was 
divided into 10 equal lots. One lot was left untreated as a control, 
each of the 9 remaining lots was then treated by one of the follow- 
ing methods: (1) commercial scarifier, (2) tumbler, (3) rubbing 
machine, (4) sulfuric acid (5) gibberellic acid (GAs), (6) commercial 
scarifier plus G&I, (7) tumbler plus Gk, (8) rubbing machine plus 
GAs, and (9) sulfuric acid plus GAs. 

The first 3 treatments, mechanical scarification techniques, 
attempted to increase germination by scratching the seed covering, 
weakening it. They are modeled after methods commonly used in 
the seed industry, especially with legumes. The fourth treatment, 
concentrated sulfuric acid, was used to weaken the seed covering 
chemically and thus decrease dormancy. The final 5 treatments 
tested the ability of GA3 to counteract abscisic acid, alone and in 
combination with the first 4 treatments. 

The commercial scarifier treatment used a Forsberg Line scari- 
fier which had rotating batts propelling the seed against 40 grade 
sandpaper. One and a half minute treatments with a variable 
rheostat to maintain the batts’ speed at 426 f 25 rpm minimized 
embryo damage and maximized scarification. 

The tumbler scarifier was modeled after a lapidary tumbler, 
using a 3/&inch drill for a motor and a metal canister lined with 80 
grade sandpaper for a tumbling chamber. Again variable rheostat 
kept the speed at an optimum 70 f 5 rpm. A i-hour treatment was 
determined to give good scarification with minimal damage. 
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The rubbing machine had a vibrating flat lower surface and a 
stationary weighted upper surface between which the seeds were 
rolled for 5 minutes. The lower surface was topped with rubber to 
hold the seeds and to avoid crushing them. The upper surface was a 
wooden block covered with a layer of rubber, a layer of 80 grade 
sandpaper and weighted with 900 g of lead. 

Table 1. Percent emergence in 1be greenbouse study. 

The sulfuric acid treatment described by McDonald and Khan 
(1977) was used as a model for the fourth scarification technique. 
Soaking in 36N acid lasted 35 minutes for all 3 ages. The duration 
was not varied for each age since that might bedifficult in practice. 
The seeds were then washed in distilled water and allowed to air dry 
for 24 hours. 

Treatment 

Control 
Commercial scarifier 
Tumbler 
Rubbing machine 
Sulfuric acid 

Two-year- One-year- Six-month- 
old seed old seed old seed 

50.2al 28.0bc 8.4b 
70.2a 26.6bc 20.6b 
64Sa 17.Oc 10.0b 
62.2a 23.8bc 4.6b 
66.4a 55.6a 52.6a 

The gibberellic acid treatment, alone and in combination with 
the other treatments, followed the penetration method (acetone) 
suggested by Khan et al. (1973). The concentration recommended 
by McDonald and Khan (1977), 100 PmGP, for 90 minutes was 
used. After treatment the seeds were air dried. 

GA3 62.4a 26.0bc 8.2b 
Commercial scarifier + GP; 49.4a 54.4a 39.4a 
Tumbler -I- Gh 50.8a 30.2bc 8.6b 
Rubbing machine -I- GAs 55.4a 30.3bc 10.2b 
Sulfuric acid -I- G& 66.8a 30.9ab 50.2a 

[Means in the same column are significantly different at ((I = .OS level) by Duncan’s 
multiple range test if not followed by any letter in common. 

Each lot of treated seed was dusted with 40% Maneb (McDonald 
1976) and tested in 3 environments; field, greenhouse, and labora- 
tory. The greenhouse and the field experiments tested emergence 
rate. The laboratory test was used to determine mortality due to 
seed treatment. 

Results and Discussion 

The greenhouse study began in December 1977 and lasted 8 
weeks. Thedesignused 5 randomized complete blocks in which 100 
seeds per treatment were planted in a 35 cm row, with 10 rows in 
each 35.5 cm by 48.2 cm flat. The growing medium was a mixture 
of one part soil, one part peat moss, one part sand, and one part 
vermiculite. Greenhouse temperatures varied between 19’C and 
26” C. Newly emerged seedlings were counted 14 days after plant- 
ing and every 7 days thereafter. After each counting seedlings were 
removed to prevent confusion with subsequent counts. 

Each of the 9 techniques to reduce seed dormancy was tested, 
with a control, on 3 ages of seed (6, 15, and 27 months) in the 
greenhouse and field for emergence, and the laboratory for 
mortality. 

Greenhouse Emergence Study 

The laboratory experiment began in February 1978 and con- 
tinued for 12 weeks. In this time period 3 consecutive 4-week long 
replications were observed. One hundred seeds per treatment were 
placed on moist blotters in 11 cm by 11 cm by 2.4 cm plastic 
moisture boxes. The boxes were placed in a dark germination 
chamber set at 15O C. Germinated seeds (showing both radicle and 
hypocotyl emergence) were counted and removed every 7 days. 
Seeds that did not germinate after 28 days were bisected longitudi- 
nally and soaked in a 0.1% tetrazolium solution for 4 hours at 
32O C. If a distinct pink-red colordeveloped in the embryo, the seed 
was considered viable. Seeds showing no reaction were considered 
nonviable. 

Emergence of the untreated seed increased with age (Table I), 
concurring with Rogler’s (1960) findings on the effect of age on 
dormancy. Emergence also increased with age in 8 of the 9 treat- 
ments. Germination of seed treated with commercial scarifier plus 
GA3 decreased, however, between I- and Zyear-old seed. Emer- 
gence of the sulfuric acid plus GAs treated seed decreased from 
6-month-old seed to l-year-old seed but then increased, showing 
an overall increase with time. 

No treatment of the 2-year-old seed affected germination (Table 
1). Treatments involving sulfuric acid or the commercial scarifier 
plus GA3 increased emergences of the l-year old seed (Table 1). 
Emergence for all treatments was never significantly lower than 
that of the control. Emergence of the (j-month old seed treated with 
either sulfuric acid, commercial scarifier plus GA3 or sulfuric acid 
plus G& was greater than the 6-month-old control seed (Table 1). 

The field trial was planted in November, 1977, in disturbed soil 
in the Piceance Basin region of northwestern Colorado. The land 
was prepared by scraping all vegetation and some topsoil from the 
surface. The experimental design was a randomized complete 
block with 4 replications. In each replication, 400 seeds per treat- 
ment (3 ages of seed, 10 treatments per age) were planted ineach of 
30 3-m rows at approximately 2 cm depth. Prior to planting 22 kg 
of nitrogen (ammonium nitrate) and 22 kg of phosphorus (super- 
phosphate) were applied per ha and incorporated into the soil. The 
field trial depended on natural precipitation (30.5 cm per year). No 
irrigation was applied even though a dry spell was experienced in 
June and July 1978, slowing seedling growth. Seedlings were 
counted in May 1978 and July 1978. May was chosen forthe initial 
seed count because from previous experience initial spring emer- 
gence does not begin until late April-early May, (after spring thaw 
in the Piceance Basin region). Subsequent counts at 6and 12 weeks 
were planned to determine late emergence and establishment. The 
third counting, planned for September 1978, was not done because 
the nursery was destroyed by rodents in the latter part of August. 

Application of GAs did not affect emergence of Zyear old seed 
but did increase emergence for the l-year-old and 6-month-old 
seed (Table 2). This result agrees with the findings of McDonald 
and Khan (1977). 

Field Trial Emergence Study 
Treatment response in the field contrasted greatly from that in 

the greenhouse (Table 3). The rubbing machine increased emer- 
gence of the 2-year-old seed 8.7 percentage points over its control 
(15% to 23.7%), the highest in the field trial. This treatment wasthe 
only treatment to significantly improve emergence of the Zyear- 
old seed. No treatment showed a significant increase in germina- 
tion in either the l-year-old or 6-month-old seed. Sulfuricacid and 
sulfuric acid plus G& treated seed showed a decreased emergence 
at all 3 ages, in contrast to the results of the greenhouse test. This 
difference could be due to the extremely weakened seed covering 
not being able to remain intact over a winter of freezing and 

Table 2. Percent emergence of treatments without GAS versus those with 
G&, in the greenhouse and tbe field studies. 

Analyses of variance were conducted to determine significant Study 
differences among ages of seed, amongJypes of treatments, and 
with the application of G&. An error level of cr = .05 was chosen 
for testing the significance of observed differences. Duncan’s mul- 
tiple range test was used to determine if there were significant 
differences between the treatments within each age group. 

Treatment 
Two-vear- One-vear-‘Six-month 
old ked old ked old seed 

Greenhouse No GAs applied 62.7al 30.2b 18.2b 
G& applied 57.Oa 4O.la 23.3a 

Field No GA3 applied 13.4a I1.8a 8.3a 
G& applied l4.7a l2.2a 8.Oa 

‘Means in the same column within a study are significantly different at (I = .OS level if 
not followed by any letter in common. 
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Table 3. Percent emergence in the field trial. Table 4. Percent mortality in the laboratory germination box study. 

Two-year- One-year- Six-month- 
Treatment old seed old seed old seed 

Control 15.Obc’ 13.5abc 8.2abc 
Commercial scarifier 12.5cd 17.8a 10.2ab 
Tumbler I O.Ode 9.8~ 8.5abc 
Rubbing machine 23.7a 15.5ab I2.0a 
Sulfuric acid 6.0ef 2.8d 3.0d 
G& 18.0b I I .Obc 8.6abc 
Commercial scarifier + G% 15.5bc 16.5a 12.8a 
Tumbler + GAs 15.5hc 14.0abc 8.8abc 
Rubbing machine + GAs 20.0ab 17.2a 5.8hcd 
Sulfuric acid + Gh 4.5f 2.5d 3.8cd 

1Means in the same column are signifkantly different at a = .05 level by Duncan’s 
multiple range test if not followed by an letter in common. 

Treatment 
Two-year- One-year- Six-month- 
old seed old seed old seed 

Control 
Commercial Sacrifier 
Tumbler 
Rubbing machine 
Sulfuric acid 
GA3 
Commercial scarifier + G& 
Tumbler + Gk 
Rubbing machine + GAs 
Sulfuric acid -I- GAs 

6.3 
5.7 
6.3 
3.3 
2.7 

4.0 9.0 
2.7 9.0 
3.0 8.3 

II.0 
8.3 
8.0 
8.7 
6.3 

5.7 8.3 
8.3 10.0 

13.3 14.5 
5.7 13.0 
8.3 9.7 
8.0 9.7 
3.7 10.3 

thawing. Once the integrity of the seed covering is broken, soil 
pathogens could attack and kill the seeds. 

There was no increase in average field emergence due to applica- 
tion of G& for any of the seed ages (Table 2), also in contrast to the 
greenhouse test results. 

The overall lower emergence of the field trial when compared to 
the greenhouse study may be partially due to the method of land 
preparation. In the preparation too much topsoil may have been 
removed, drastically reducing the fertility and water holding 
capacity of the soil, and leaving it more subject to crusting. 

advantage of available moisture. A spring field progeny test similar 
to that mentioned above, but using a sulfuric acid treatment, was 
done in 1979. Emergence and stand establishment for the spring 
progeny test were poorer than the fall progeny test. 

For seeds less than 2-years old, treatment with GA3 appears to be 
beneficial. In younger seeds, hormonally induced dormancy is 
present and can be reduced with this hormone, gibberellic acid. As 
chemical dormancy is reduced by aging, GA3 treatment of older 
seed is unnecessary. 

Laboratory Mortality Study 
Although numerical differences for mortality among treatments 

occurred (Table 4), variation among replications rendered these 
differences nonsignificant. Thus no treatment significantly 
decreased viability of the seed used for planting. 

These tests demonstrate an immediate solution to high seed 
dormancy in Indian ricegrass. Through breeding, a long term 
solution to dormancy may be obtained. Asanexample,‘Nezpar,‘a 
recent release by the Soil Conservation Service, Aberdeen, Ida., 
has been described as having an improved establishment capability 
although its hard seed content ranges between 80and lOO%(Booth 
et al. 1980). In other tests, the authors have found Nezpar to have 
8% fresh germination, compared to 5% for Paloma. The combina- 
tion of breeding with scarification, where necessary, will make 
Indian ricegrass a valuable species for revegetation. 

Conclusions 
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Germination Characteristics of Two Varieties 
of Kochia Prostrata (L.) ISchrad. 

S.S. WALLER, C.M. BRITTON, D.K. SCHMIDT, J. STUBBENDIECK, AND F.A. SNEVA 

Abstract 

KocI~iu prostmta (L.) Schrad. (prostrate summer cypress) is a 
perennial, half-shrub native to the arid and semiarid regions of 
Russia, central Europe, and the eastern Mediterranean. It is 
drought resistant, salt tolerant, winterhardy forage which is desim- 
ble for big game browseX. prostrata has potential for revegetating 
critical areas on western rangelands. Since limited research has 
been reported on germination characteristics, the effects of harvest 
date, seed drying procedures, length of storage, and storage 
temperature on germination were evaluated for K. prostmta var. 
virescens and var. canescens. Seed was collected from nursery plots 
at the Squaw Butte Station, Burns, Ore., on 6 harvest dates (Sep- 
tember 20 to November 9, 1978). Seed was aid-dried or dried at 
30°C for 24 hours and one seed lot was germinated immediately, 
while 3 seed lots were stored for 3 months at -18,4, or 21” C prior to 
germination trials. K. prostrata var. canescens consistently exhi- 
bited higher @<.05) germination percentages than var. virescens. 
The effect of harvest date was also sign&ant w.05) as both 
varieties exhibited higher average germination percentage at later 
harvest dates. Apparently, seeds of either variety did not fully 
mature until approximately October 20 during the 1978 growing 
season. Drying procedure affected germination only when seeds 
were stored for 3 months. Under these conditions air-dried seed 
had a higher (J&OS) average germination than dried (44.5 and 
38.395, respectively). Higher @<.OS) germination occurred follow- 
ing 3 months of storage at 4O C for both varieties (69.4 and 37.9% 
for var. canescens and virescens, respeqtively). K. prostruta var. 
canescens collected on November 9,1978, air-dried and stored for 
3 months at 4*C had the highest germination (97%). 

Five species of Kochiu are commonly found in the United States. 
Two are native, perennial half-shrubs: Kochia americana and K. 
californica, while 3 are annual, introduced forbs: K. alata. K. 
trychophylla and K. scoparia (Shetler and Skog 1978). Kochia is a 
member of the Chenopodiaceae or Goosefoot family which 
includes such desirable species of the western range as saltbush 
(Atriplex) and winterfat (Eurotia). The native, perennial species of 
Kochiu are considered low producing but valuable forage species 
while others such as K. scoparia are well known high producers but 
considered a weed in cultivated land (Keller and Bleak 1974). 

Several accessions of another species, K. prostrata (L.) Schrad. 
commonly called prostrate summer cypress were introduced into 
the United States in 1961 by the New Crops Research Branch of the 
Agricultural Research Service (Keller and Bleak 1974). It is native 
to arid and semiarid regions of central Eurasia where it grows on 
alkaline, stony, and sandy steppes and plains. K. prostrata is a 
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generally long-lived highly variable, woody based half-shrub. It 
ranges in height from less than 0.3 to I m. Ascending branches are 
covered with short to long woolly hairs. Leaves are flat, linear to 
filiform and hairy (Shishkin 1936). It is a drought resistant and 
winterhardy. Consequently it is adapted to semidesert and moun- 
tainous zones within the USSR (Balyan 1972). Keller and Bleak 
(1974) reported that the species appeared to be well adapted to the 
climate and soils of the intermountain area of the western United 
States. Two accessions (PI314929 and P1358941) proved to be 
highly salt tolerant in a greenhouse study (Francois 1976). It was 
concluded that either accession should be welladapted for planting 
in the salt affected western rangelands of the United States (Fran- 
cois 1976). 

Shishkin (1936) considered prostrate summer cypress a valuable 
shrub for browse in the Asiatic region of the USSR where it has 
been used by sheep, goats, camels, and horses. McArthur et al. 
(1974) suggested that it would be a valuable multi-purpose shrub 
on neutral, saline, or alkaline soils in the intermountain region of 
the United States. Preliminary observations in Utah indicated that 
this species is sought out by mule deer (Blauer et al. 1976). It can 
provide important sources of protein and carotene without risks of 
livestock poisoning from excess tannin or oxalates (Davis 1979). 
Production and chemical content of K. prostrata indicated an 
excellent potential for forage production on western ranges (Brit- 
ton and Sneva 1977). Blauer et al. (1976) considered that superior 
strains of K. prostrata for forage and cover could be obtained by 
breeding. 

Prostrate summer cypress is highly polymorphic and consists of 
numerous geographical races and ecotypes (Shishkin 1936). 
Balyan (1972) reviewed the existing taxonomic classification of 
prostrate summer cypress and determined that there is no common 
opinion in this concern. Species, varieties, and ecotypes have all 
been classified under similar names by various authors. He recog- 
nized the “gray form” as a subspecies [Kochia prostrata (L.) 
Schrad. Subsp. grisea Pmt.] with two varieties: var. villosocansa 
Bong et Mey. and var. canescens Mog. The “green form” was 
Kochiaprostrata (L) Schrad. Subsp. virescens (Frenzl) Prat. How- 
ever, the gray and green forms were later recognized as varieties, 
var. cunescens (PI358941) and var. virescens (P1314929), respec- 
tively by Britton and Sneva (1977). 

Germination studies on K. prostrata have been restricted to 
material harvested in regions in which the plant is native. Under 
natural conditions of growing and cultivation, prostrate summer 
cypress only grows in the spring. Field-fresh seeds had a period of 
post-harvest dormancy of 4 to 5 months; however, 20 to 30% 
germinated on the first day (after harvest) under laboratory condi- 
tions (Balyan 1972). Seeds of the early ripening green variety 
completed post-harvest ripening at 4 to 4.5 months while the late 
ripening gray variety required 5 to 6 months(Balyan 1972). Germi- 
nation of 63% in freshly harvested seeds was increased to 89% after 
storage for 3 months at room temperature and was decreased to 4 1 
and 5% after storage for 6 and 8 months, respectively (Demin et al. 
1977). However the highest germination of a mountain ecotype 
was noted 5 to 6 months after harvest. Generally, seed viability 
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diminished within 5 to 7 months under natural conditions (Balyan 
1972). 

A considerable part of the nutritive substance was lost if seeds 
stored for 5 months contained 14% or more moisture. Reducing 
the moisture content to 7% by drying prior to storage reduced this 
loss (Balyan 1972). The reduced moisture level extended viability 
of seeds 10 to 12 months. 

The periods of seed ripening of the different subspecies and 
varieties are not equal (Balyan 1972). In the lssykkul basin of the 
USSR, the greenish variety ripens on September 20 to 30 whilethe 
gray on October 10 to 20. The seeds ripen unevenly with those on 
the lower part of the raceme ripeningfirst. This process can require 
30 days (Balyan 1972). 

This research was designed to complement current inVeStiga- 

tions by researchers at the Squaw Butte Experiment Station 
(Burns, Oregon) regarding the usefulness of K. prostrata as a 
rehabilitation species for western ranges. Two varieties, var. vires- 
tens (green) and var. cune.rcens (gray) were used to evaluate date of 
harvest and post-harvest management for maximum seed 
germination. 

Materials and Methods 

Kochia prostrata var. canescens (gray) and K. prostrata var. 
virescens (green) were established in nurseries in 1970 at the Squaw 
Butte Experiment Station, Burns, Ore. The area (elevation 1360 m) 
was a nonirrigated sandy loam site (Abruptic Xerollic). The annual 
precipitation is 29.7 cm and 30% of the total precipitation occurs 
during the growing season. Ten plants of each variety were ran- 
domly chosen for harvest on each of 6 dates beginning on Sep- 
tember 20 and continuing at IO-day intervals until November 9, 
1978. The phenological stage was recorded for each harvest date to 
allow application of this data to subsequent years. One-half of the 
seed stems collected from each variety was dried at 30°C for 24 
hours (dried) and the remainder was air-dried for 7 days. 

Following harvesting and drying, plant material was forwarded 
to the University of Nebraska-Lincoln for further processing and 
germination trials. Stems were rubbed lightly to remove the seed 
and chaff. Partial separation of seed from chaffy material was 
accomplished using a South Dakota Blowerr. Seeds were separ- 
ated and counted by hand into 100 seed groups by variety, harvest 
date, and drying procedure. Moisture content of the seed was 
determined by drying at 72“C until a constant weight. 

Seed transport and preparation following each harvest required 
approximately three weeks during which time seeds were kept at 
room temperature. Following this period of preparation one seed 
lot was placed in the germinator (3 weeks after harvest) and at the 
same time a 3-month storage period was begun for the remaining 
seed lots at temperatures of -18, 4 or 21°C. Each treatment was 
replicated 5 times, a replication consisted of 100 seeds on a double 
layer of moist filter paper in a petri dish. Thirty-day germination 
trials were conducted in a germinator programmed to alternate 
from 15’C for 16 hours (dark period) to 2YC for 8 hours (light 
period). Trials were checked daily for moisture and germinated 
seeds counted every 3 days. A seed was considered to have germi- 
nated when the radicle, hypocotyl, and 2 cotyledons were extended 
approximately 5 mm from the calyx. 

To make comparisons of storage versus no storage, seed stored 3 
months at 21°C was compared to seed germinated 3 weeks after 
harvest. The effect of variety, harvest date, and drying procedure 
were also evaluated in this comparison. The same seeds stored 3 
months at 2 lo C were compared to those stored 3 months at -1 go C 
and 4°C to determine the effect of the 3-month storage tempera- 
ture. Means were separated using Tukey‘s (honestly significant 
difference) HSD (Steel and Torrie 1960). 

Variety 
Results and Discussion 

Percentage germination was significantly different w.05) for 
lkiention of product names in thispaperdoesnotconstitutearecommendationbythe 
Nebraska Agricultural Experiment Station. 

60 
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Fig. 1. The effect of harvest date averaged over variety, dryingprocedure. 
and storage on 30-day germination of Kochia prostrata. Values were cal- 
cubed using a sample size of 40. Tukey ‘s honestly significant difference 
(HSD) was 4.03. 

the 2 varieties. Regardless of harvest dates, drying.procedure or 
storage, the gray variety exhibited higher germination percentages 
than the green (overall means of 50.9 and 29.2, respectively). The 
gray variety consistently germinated earlier in the 30daygermina- 
tion period. 

Harvest Date 
Harvest date also significantly w.05) affected germination 

(Fig. 1). Seeds harvested on September 20 were immature and data 
obtained were not used in the factorial design. Percentagegermina- 
tion averaged over variety, drying procedure and storage increased 
from approximately 14.8% for seeds harvested on September 30 to 
53.7% for seeds harvested on the last date. However, germination 
percentage of seeds collected on October 20 was not significantly 
@>.05) different than those collected on October 30 or November 
9. Most ungerminated seeds in the trials were not considered 
mature because of unfilled endosperm until the October 20 harvest 
date. Evidently seed was maturing during the time interval of the 
first 3 harvest dates from September 20 to October 10, 1978. 
Apparently, the developmental stage for optimum germination 
could be judged in the field stage when the seeds could be easily 
hand stripped from the inflorescences. This stage was reached on 
October 20 for the green variety and October 30 for the gray 
variety. 

The gray variety germinated better at each harvest date and 
significantly better than the green at all dates except October 20 
(Fig. 2). Within both varieties germination significantly w.05) 
increased with a delay in harvest except for the last 2 harvests. 
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Fig. 2. 27te effect of harvest dote on 3O-doy germination percentage for 
Kochia prostrata var. canescens (gray) and K. prostrata var. virescens 
(green)awragedoverdryingmethodondstorage. Values werecalculated 
using a sample size of 20. Tukey ‘s honestly significant difference (HSD) 
was 5.70. 

Drying Method 
The drying method significantly affected w.05) germination 

when averaged over variety, harvest date, and storage. Airdried 
seeds averaged 42.0% germination while 38.2% of the dried seeds 
germinated. This was primarily because the air-dried seeds stored 3 
months germinated much better (44.5%) compared to seeds dried 
and then stored 3 months (38.3%). However, the effect of drying 
method was not significant (p>.26) when seeds were germinated 
without storage. Moisture content of air-dried and dried seeds 
prior to germination or storage was approximately the same within 
both varieties. Moisture content varied from approximately 10% 
for the gray, air-dried seeds collected October 10 to less than 1% for 
green, dried seeds collected at the same time. Most seeds had 3 to 
5% moisture prior to storage and only slight differences in moisture 
content existed between air-dried and dried seeds. Apparently the 
relatively lower moisture of dried seeds reduced seed viability 
compared to those air-dried. 

Drying decreased germination of the gray variety from 54.7% to 
47.1%. However, drying did not affect the germination of the green 
variety compared to air-drying (29.2 to 29.3%, respectively). 

Storage 
Three months of storage (2P C) improved germination signifi- 

cantly @<.05). It improved germination of the gray variety from 
49.4% immediately after harvest to 52.4% while the germination of 
the green variety increased from 28.1% with no storage to 30.4% 
with 3 month storage. 

Storage Temperature 
Seeds stored for 3 months were significantly w.05) affected by 

storage temperature (Table 1). Germination was greater w.05) 
for seeds stored a 4OC (53.6%) than those stored at 21°C(41.4%), 
or those stored at -18°C (37.1%). This relationship remained 
constant within variety. Germination of seeds stored at -18, and 
2P C was not different (p<.O5) for the green variety; however, 4’ C 

Table 1. Percent germination of Kochia prostrata var. ca~scens (gray) 
and K. prostrata var. ~~JWMI~ (green) following 3 months of storage at 
selected temperatures. Germination trirb were conducted for 30 days. 
Values’ presented are means of 50 samples. 

Storage temperature (O C) 
Variety -180 40 210 

Gray 46.7” 69.4c 52.4b 
Green 27# 37.9b 30.4* 

‘Values within a variety followed by the same letter are not significantly different 
(cK.05). 

storage was different and provided the highest germination 
(37.9%). Drying procedure continued to exert a significant effect 
on germination averaged over storage temperature. Air-dried 
seeds germinated better for both varieties, regardless of storage 
temperature. 

The interaction of harvest date and storage temperature with 
germination for each air-dried variety provided valuable informa- 
tion on the management procedures required to achieve maximum 
germination (Fig. 3). The gray variety collected November 9, air- 
dried, and stored 3 months at 4°C had the highest germination 
(97%). The highest germination (74%) for the green variety 
occurred under the same conditions. However, the variance asso- 
ciated with the mean germination for the green variety was 34.0% 
while that of the sample population for the gray variety was only 
8.5%. This greater variability between replications for the green 
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Fig. 3. T?re effect of harvest date ondJ-month storage temperature on 30- 
aizy germination for Kochia prostrata var. canescens (gray) (a) and K. 
prostrata var. virescens (green) (b) see& which were air-driedfollowing 
harvest. Wues were calculated using o sample size of 5. 
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Fig. 4. The effect of time (day) on rhe cumukztivegerminationpercentage 
of Kochia prostrata var. canescens (gray)and K. prostrata var. virescens 
(green) harvested on November 11. 1978. air-dried and storedfor three 
months or PC. Values were calculated using a sample size of 5. 

variety reflected the inconsistent germination achieved compared 
with the gray seeds. Under optimum conditions of harvest date, 
drying procedure, storage time and temperature, 81% of the gray 
seeds germinated within the first three days while only 45% of the 
green variety had germinated (Fig. 4). 

Variation between years because of precipitation, length of 
growing season, and mean daily temperature may affect the germi- 
nation characteristics of both varieties. For K. prostrata seed 
harvested at the end of the 1978 growing season at the Squaw Butte 
Station, Burns, Ore., variety, harvest date, drying procedure, stor- 
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age and storage temperature all affected germination. K. prostrate 
var. cunescens harvested on November 9, 1978, air-dried and 
stored for 3 months at 4O C produced the highest percentage germi- 
nation (97%). The same management procedure for seed handling 
and processing also produced the highest percentage but lower 
germination for K. prostrata var. virescens (74%). Consequently, 
based on this germination data, the gray variety would be the more 
desirable variety for revegetation. Seed harvest should occur when 
the seed is easily hand stripped from the inflorescence. This 
occurred after the stems changed to a reddish color. After harvest 
seed should be air-dried and placed in storage for 3 months at 4°C 
prior to seeding. 
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Seed Germination Characteristics of Three 
Woody Plant Species from South Texas 
J.H. EVERITT 

Abstract 

The seed germination of blackbrush (Acacia rig&~Iu), guajillo 
(Acacia berhndieri), and guayacan (Porlieriu Qngustifolia) was 
investigated in relation to temperature and various regimes of 
light; substrate salinity, pH, and osmotic potential; seed age; and 
site of seed source. Germination of blackbrush seed is restricted by 
an impermeable seed coat. Mechanical scarification or soaking 
seeds in concentrated sulfuric acid for 15 to 30 min increased 
blackbrush germination from 74 to 86%. Blackbrush, guajillo, and 
guayacan seed germination was best at about 25’C. Blackbrush 
seed germination was not reduced by alternating as opposed to 
constant temperatures but germination of guajillo and guayacan 
was generally lower under alternating temperatures. Light was not 
required for germination. No seed dormancy mechanisms were 
observed other than the hard seed coat of blackbrush, and seed 
viability was not significantly reduced after 1 year in storage at 
room conditions. Guajillo seed collected from plants growing on a 
sandy loam site had higher percent germination than those of 
plants growing on a more droughtly clay loam site. Germination of 
blackbrush and guayacan from different sites did not differ. Ger- 
mination and radicle length of seedlings were relatively tolerant of 
extremes of pH. Guajillo germination was significantly reduced in 
a aqueous solution of 2,500 ppm NaCI. Germination of blackbrush 
seed was not affected by 10,000 ppm NaCI, but guayacan seed 
germination was reduced at this concentration. Radicle lengths of 
seedlings of all species were significantly reduced at 10,000 ppm 
NaCl. Seed germination and radicle length of all 3 species were 
progressively decreased by increasing moisture stress up to -12 
bars. Emergence of blackbrush and guajillo seedlings was not 
dependent upon burial in the soil; germination and emergence were 
greatest on the soil surface or from a depth of 1. cm. 

A great diversity of woody plant species is one of the most 
prominent characteristics of the Rio Grande Plain of southern 
Texas. Some 281 species are known to occur here (Lehmann 1975). 
Blackbrush, guajillo, and guayacan are 3 of the most abundant 
woody species found in southern Texas (Correll and Johnston 
1970, Scifres 1980). Although all 3 species have some browse value 
for white-tailed deer (Odocoileus virginianus) and help provide 
wildlife habitat (Davis and Winkler 1968, Everitt and Drawe 1974, 
McMahan and Inglis 1974, Scifres 1980), they often present 
serious brush problems on rangelands. Blackbrush inhabits almost 
4 million hectares of rangeland in south Texas, and guajillo infests 
about 3 million hectares (Smith and Rechenthin 1964); either 
species may exist as almost pure stands or they may be components 
of the mixed-brush complex (Prosopis-Acacia). Guayacan seldom 
occurs in pure stands and is less aggressive than blackbrush or 
guajillo, but it is a common species in the mixed-brush complex 
(Smith and Rechenthin 1964, Scifres 1980). Little or no informa- 
tion is available concerning the reproduction potential of these 
species. My objective was to study the seed germination character- 
istics of blackbrush, guajillo, and guayacan plants as affected by 
simulated environmental factors. 

rhe author is with the U.S. Department of Agriculture Soil and Water Conserva- 
tion Research, Weslaco, Texas 78596. 

Materials and Methods 

Blackbrush and guajillo seeds were randomly collected from 
several plant populations growing on a sandy loam range site 
(Aridic Ustochrepts) in Jim Hogg County during June 1978 and 
1979. Guayacan seeds were collected from a sandy loam site in 
Hidalgo County during September of the same years. Only fully 
developed, undamaged seeds were used for germination experi- 
ments. Most of the germination studies were conducted using seeds 
collected from these 2 sites unless stated otherwise. All seeds were 
stored at room temperatures (20 to 27’C) in cloth bags. 

All germination experiments were conducted in small growth 
chambers with automatic temperature and fluorescent light con- 
trols. Unless otherwise stated or unless temperature was an 
intended variable, experiments were conducted at a constant 
temperature of 25” C with an 8-hr photoperiod. An experimental 
unit consisted of 10 or 20 seeds in a 9-or 15cm petri dish contain- 
ing 2 filter papers wetted with distilled water or appropriate test 
solution. The 9-and 1%cm dishes were wetted with 15 and 20 ml of 
solution, respectively. For blackbrush and guayacan seeds, 9-cm 
dishes were used; 15-cm dishes were used for the larger guajillo 
seeds. Experiments were designed as randomized complete blocks 
unless otherwise stated. Treatments were replicated 10 or 20 times, 
and each experiment was conducted at least twice. Seeds having 2 
mm radicles were considered as germinated. The number of seeds 
germinated was recorded 14 days after initiation of each experi- 
ment. Radicle lengths were recorded in selected experiments. 

Initial experiments on the germination of blackbrush seeds 
revealed that their germination was low because of a hard seed 
coat. Therefore, seeds were soaked in concentrated HaSO4 (scarifi- 
cation) for various periods of time and tested for germination at a 
constant temperature of 300 C. The seeds were soaked in acid for 0, 
5, 10, 15,20,25, or 30min. Germination ofacid-scarified seeds was 
compared with that of seeds with testas nicked with a file. Subse- 
quent studies were conducted using seeds scarified for 20 min in 
HeSG4. 

Seeds of all 3 species were germinated under continous tempera- 
tures in 5” C increments from 5 to 4O’C. Seeds of each species were 
also studied in a separate comparison with continuous tempera- 
tures of 20,25, and 300 C, and alternating regimes of IO-20,15-25, 
and 20-30” C (16 hr low temperature, 8 hr high temperature with 
light). The petri dishes were randomized for each species at each 
temture regime. 

Light requirement was investigated by comparing germination 
in petri dishes covered with aluminum foil with germination in 
uncovered dishes. As in all following experiments, light require- 
ment was evaluated under the optimum temperature regime 
(25” C). 

Tolerance of seeds to salinity was evaluated with aqueous solu- 
tions of NaCl at concentrations of 0, 250, 500, 750, 1,000, 2,500, 
5,000, and 10,000 ppm (wt./vol.) as the germination medium. 
Solutions were formulated in distilled water. The influence of 
substrate pH on germination was investigated by adjusting the 
distilled water with HCI and KOH (Mayeux and Scifres 1978). 
Germination was evaluated with substrate pH values of 2,3,4,5,6, 
7,8,9, ll,and 12. 
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Theeffect of moisture stress on seed germination was evaluated 
by adjusting osmotic potentials of distilled water with polyethylene 
glycol (PEG) 6000, then using this solution as the germination 
medium. Tables of PEG 6000 concentration required to give 
selected osmotic potentials over a wide range of temperatures were 
developed by Michel and Kaufman (1973). Their results were used 
to prepare solutions ranging from 0 to -12 bars at 25°C. 

Changes in seed viability (1978 collection) with increasing age 
were investigated by comparing germination at 1,6, and I2 months 
after collection at constant temperatures of 25 and 30°C. Viability 
of seed collected in 1978 and 1979 was also compared. Viability of 
seeds from guajillo plants growing on a clay loam range site 
(Ustollic Camborthids) in Starr County was compared with that of 
seeds from plants on a sandy loam site in Jim Hogg County. 
Germination of seeds from guayacan plants growing on a shallow 
ridge site (Ustollic Paleorthids) in Jim Hogg County was compared 
with that of seeds from plants on a sandy loam site in Hidalgo 
County. Germination of blackbrush seeds from plants growing on 
a shallow ridge site in Starr County was compared with that of 
seeds from plants growing on a sandy loam site in Jim Hogg 
County. 

The influence of planting depth on guajillo and blackbrush seeds 
was studied in the greenhouse. Ten seeds of each species were 
planted in large pots (16 cm diameter X 16 cm height). The potting 
mixture was three parts sandy loam: one part of sand to prevent 
crusting. Blackbrush seeds were placed on the soil surface or 
planted at depths of0.5, 1.0, 1.5,2.5,3.5,and 5.0cm. Guajilloseeds 
were placed on the soil surface or planted at depths of 1,2,3,4,6, 
and 8 to 10 cm. Seedling emergence and height were recorded at the 
end of 60 days. 

Percenta e germination and emergence data were transformed 
(Aicsi r/ % ) before statistical analyses. Data were subjected to 
analysis of variance and Student’s t- test. Differences among means 
were compared with Duncan’s multiple range test (Steel and Torrie 
1960). All statistical comparisons were made at the .05 probability 
level. 

Results and Discussion 

Scarification of Blackbrush Seed 
Blackbrush seeds apparently do not readily imbibe moisture 

until the seed coats are broken because only 4% of the nontreated 
seeds germinated after 14 days (Table 1). Soaking seeds in concen- 
trated HeSO for 5 min significantly increased germination as 
compared with that of untreated seeds, and soaking in HrSO4 for. 
10 min significantly increased germination as compared with that 
of seeds soaked for 5 min. Seeds subjected to mechanical scarifica- 
tion and those soaked in H2SG4 for 15,20, 25, and 30 min had 
significantly higher germination percentages than those soaked for 
10 min (74 to 86%); however, germination percentages did not 
differ significantly among these 5 treatments. About 20% of the 
blackbrush seeds that were collected had insect punctures or natu- 
ral imperfections and were not used in germination experiments, 

Table 1. Percentage germination 14 days after soaking blackbrush seeds in 
concentrated f&SO, or mechanically scarifying the seed coat’. 

Soaking time Germination - 
(min) (%) 

0 4d 
5 MC 

IO 62 b 
15 83 a 
20 86 a 
25 86 a 
30 14 a 

Mechanical scarification 77 a 

Table 2. Average germination percentage of blackbrush, guajillo, and 
guayacan seeds after 14 days at 8 constant temperatures.1 

Temperature Species 
regime Blackbrush Guajillo Guayacan 
ec, (%) (%) (%) 

-. 
5 Od Of Oe 

IO 4d 14 e Oe 
I5 84 ab 66 bc 8d 
20 88 a 73 ab 61 b 
25 90 a II a 87a 
30 86 ab 76 a 87 a 
35 17 b 56 c 61 b 
40 35 c 37 d 26 c 

IMeans followed by a common letter do not differ significantly at the 95% confidence 
level, according to Duncan’s multiple range test. 

. 

but these factors may enhance moisture imbibition and allow 
subsequent germination in nature. 

Temperature 
Germination of guayacan seed was suppressed at lower tempera- 

tures more than that of the Acacia species (Table 2). Guayacan seed 
did not germinate at 5 or 100 C, and the germination percentage at 
15” C was significantly less than at 200 C. A few blackbrush and 
guajillo seed germinated at WC, and germination percentages at 
15OC were 84 and 66%, respectively. Although blackbrush and 
guajillo seeds germinated well at temperatures from 15 to 35°C 
both species germinated best at 25OC. Optimum germination of 
guayacan seed occurred at 25 and 300 C. Germination percentages 
of all three species were significantly lower at 40°C than at 35” C. 

Germination percentages of blackbrush seed did not differ sig- 
nificantly among any of the 6 alternating and constant temperature 
regimes that were compared, but the highest germination occurred 
at 25” C (Table 3). Evidently temperature does not strongly regu- 
late germination of this species. Germination of guajillo and . 
guayacan seeds was significantly lower at alternating temperatures 
of IO-20 and 15-25’C than at the constant temperatures. Guajillo 
and guayacan seeds also germinated best at a constant temperature 
of 25OC. 

Light 
Germination percentages of all three seed species in darkness or 

in light did not,differ (data not shown). These results agree with 
those reported for germination of honey mesquite (Prosopisghn- 
dulosu) seeds (Scifres and Brock 1972). 

Salinity and pH 
Percentage germination of guajillo and guayacan seeds was 

more adversely affected than blackbrush seeds by aqueous solu- 
tions of NaCl (Table 4). Increasing NaCl concentration from 1,000 
ppm to 2,500,5,000 and 10,000 ppm significantly reduced guajillo 
germination from 64% to 56,47, and 34%, respectively. Guayacan 
seeds were more tolerant of NaCl than guajillo seed. Its germina- 

Table 3. Average germination percentage of blackbrush, guajillo, and 
guryacan seeds after 14 days under various alternating and constant tem- 
perature regimes’. 

Temperature 
regime 
e C) 

Alternating IO-20 
Alternating 15-25 
Alternating 20-30 
Constant 20 
Constant 25 
Constant 30 

Blackbrush 
(%) 

90 a 
91 a 
88 a 
86 a 
93 a 
90 a 

Species 
Guajillo 

(%I 

48d 
63 c 
70 b 
69 b 
76 a 
73 ab 

\ 
Guayacan 

(%) 

20 d 
50 c 
76 b 
15 b 
92 a 
88 a 

lhieans within a column followed by the same letter do not differ significantly at the 
95% contidencc level, according to Duncan’s multiple range test. 

‘Means followed by a common letter do not differ significantly at the 95%confidence 
level, according to Duncan’s mu1tip.k range test. 
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Table 4. Percentage germination and radicle length of seedlings of blackbrush, guajillo, and guayacan after 14 days exposure to various NaCl concen- 
trations’. 

Germination Radicle Length 
NaCl Concentration (%) (nun) 

ppm Blackbrush Guajillo Guayacan Blackbrush Guajillo Guayacan 

0 93 a 61 a 91 a 38.2 bc 48.3 a 36.6 ab 
250 91 ab 68 a 88 ab 49.9 a 56.1 a 34.5 bc 
500 88 ab 65 a 81 ab 46.0 ab 53.6 a 35.0 bc 
750 89 ab 66 a 84 ab 45.7 ab 53.8 a 40.2 ab 

1,000 84 abc 64a 90 ab 41.3 b 55.5 a 45.5 a 
2,500 83 bc 56 b 81 ab 32.6 c 46.5 a 42.4 ab 
5,000 15 c 47 c 82 b 13.8 d 41.1 a 26.1 c 

10,000 15 c 34 d 61 c 4.1 e 32.2 b 9.5 d 

‘Means within a column followed by the same letter do not differ significantly at the 95% confidence level, according lo Duncan’s multiple range test. 

tion was not significantly reduced until a concentration of 10,000 
ppm NaCl was reached. Blackbrush germination percentages were 
not severely reduced by salinity, but seedling radicle lengths were 
significantly reduced at the two highest NaCl concentrations. Rad- 
icle elongation of both guajillo and guayacan seedlings was signifi- 
cantly reduced by 10,000 ppm NaCI. 

Germination percentages of all three species were significantly 
reduced at both pH 2 and pH 12 as compared with germination 
percentages at other pH values (Table 5). Germination at pH 2 was 
significantly lower than at pH 12. None of the blackbrush seeds 
germinated at pH 2 as compared with 33% at pH 12. Radicle 
elongation seemed more sensitive than germination to pH at less 
extreme conditions. Similar effects of hydrogen ion concentrations 
on early vigor of goldenweed (Zsocoma spp.) seedlings have been 
reported (Mayeux and Scifres 1978). 

Substrate Osmotic Potential (Moisture Stress) 
Decreasing moisture availability was simulated by adjusting the 

osmotic potential of the germination media. Seed germination 

progressively decreased with decreasing moisture availability in all 
3 species (Table 6). Percentage germination of blackbrush and 
guajillo seed was significantly reduced at -2 bars simulated mois- 
ture stress, whereas guayacan was significantly reduced at -4 bars. 
However, some seed of all species germinated at -12 bars tension. 
Guayacan seeds were apparently less affected by increased moisture 
stress than those of blackbrush and guajillo. Radicle lengths of 
seedlings of all 3 species followed the same general trend as germi- 
nation, but guayacan seedlings appeared to be more severely inhi- 
bited by moisture stress than did blackbrush and guajillo seedlings. 
This was in contrast to guayacan’s generally better germination 
under increased moisture stress, as compared to the other species. 

Age and Site Effects 
A comparison of germination of seeds of each species about 1 

month after collection with germination after storage for 6 to 12 
months showed no change in viability (data not shown). 

The germination percentage of guajillo seeds collected from 
plants growing on the sandy loam site (73%) was significantly 

Table 5. Percentage germination and radicle length of seedlings of blackbrush, guajillo, and guayacan after 14 daysexposure to solutions of various pH1. 

PH Blackbrush 

Germination 
(%) 

Guajillo Guayacan Blackbrush 

Radicle length 
(mm) 

Guajillo Guayacan 

2 Od 
3 85 a 
4 83 ab 
5 89 a 
6 89 a 
7 88 a 
8 90 a 
9 81 a 

II 15 b 
I2 33 c 

28 d 
54 b 
60 ab 
65 a 
61 ab 
65 a 
61 a 
62 ab 
60 ab 
41 c 

26 c 
86 a 
85 a 
83 a 
88 a 
85 a 
80 a 
85 a 
86 a 
68 b 

Of 
34.0 d 
48.8 ab 
43.4 bc 
50.5 a 
48.4 ab 
46.3 ab 
45.3 ab 
39.1 cd 
IO.1 e 

16.8 d 
31.4 c 
56.1 a 
53.1 ab 
52.8 ab 
61.3 a 
53.3 ab 
51.0 ab 
43.9 b 
23.4 cd 

3.2 e 
8.3 d 

29.4 bc 
31.0 b 
29.2 bc 
33.1 ab 
32.2 ab 
36.3 a 
25.8 c 
9.1 d 

‘Means within a column followed by the same letter do not differ significantly at the 9590 confidence level, according to Duncan’s multiple range test. 

Table 6. Percentage germination and radicle length of seedlings of blackbrush, guajillo, and guayacan after 14 days exposure to germination media of 
various osmotic potentials~. 

Osmotic potential 
(-bars) Blackbrush 

Germination 
(%) 

Guajillo Guayacan Blackbrush 

Radicle length 
(mm) 

Guajillo Guayacan 

0 88 a 66 a 87 a 41.6 a 49.4 ab 32.2 a 
2 75 b 54 b 83 a 21.9 b 54.0 a 10.3 b 
: 53 53 c c 30 35 cd c 68 60 b bc 23.3 16.7 b c 41.2 42.5 b b 7.1 5.1 cd c 

8 41 d 23 de 55 c II.6 d 27.5 c 5.3 cd 
IO 32 d 22 e 45 d 8.4 de 19.2 cd 4.3 d 
12 I9 e I3 f 32 e 5.9 e 9.8 .d 3.3 d 

‘Means within a column followed by the same letter do not differ significantly at the 95% cordidence level, according to Duncan’s multqle range test. 
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Table 7. Percentage seedUng emergence and seedling height 60 days atIer planting blackbrush and guajillo seeds at various depths in soil in the- greenhouse’. 

Blackbrush Guajillo 
Planting depth Emergence Height Planting depth 

(cm) 
Emergence 

(%I (mm) 
Height 

(cm) (%) (mm) 

0 60 ab 34.8 a 0 65 a 80.7 a 
0.5 51 bc 34.7 a I.0 62 ab 60.5 b 
1.0 72 a 34.1 ab 2.0 65 a 57.6 
1.5 

bc 
35 d 29.5 b 3.0 50 bc 

2.5 
50.4 bc 

4Ocd 24.3 c 4.0 47 c 
3.5 

48.3 cd 
26 d 20.7 c 6.0 19 d 37.4 

6.0 
de 

5e 9.6 d 8-10 17d 35.8 e 

‘Means within a column followed by the same letter do not differ significantly at the 95% confidence level, according to Duncan’s multiple range test. 

greater than those collected from plants on the clay loam site (59%) 
(data not shown). Neither site had especially adverse soil condi- 
tions, but the clay loam contained more calcium and was drier. 
Germination percentages of blackbrush and guayacan seeds col- 
lected from plants growing on the sandy loam site did not differ 
significantly from those collected from plants on the shallow ridge. 

Planting Depth 
Seedling emergence was best when blackbrush seeds were 

planted a depth of 1 cm, but the emergence of seeds left exposed on 
the soil surface did not differ significantly from those planted at 
depths of 0.5 and I cm (Table 7). Seed planting depths from0 to I.5 
cm had little effect on the vigor of blackbrush seedlings. 

Optimum numbers of guajillo seedlings emerged when seeds 
were either left exposed on the soil surface or planted 2 cm deep. 
Few guajillo seedlings emerged when seeds were planted deeper 
than 4 cm. Guajillo seedlings from exposed seed were more vigor- 
ous than those from seeds plants in the soil. 

Conclusions 

Data from this study indicate that blackbrush, guajillo, and 
guayacan can tolerate a wide range of simulated environmental 
factors during germination and early seedling establishment. Nar- 
row limits or restrictive requirements for germination were not 
observed. Although germination in the field depends on the inter- 
action of the physiological system of the seed with actual environ- 
mental parameters in the seedbed, the ability of seeds and seedlings 

of these species to withstand extremes in moisture, temperature, 
pH, and NaCl concentrations may help account for their abun- 
dance and distribution. 
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Population Dynamics and Age Relation- 
ships of 8 Tree Species in Navajo National 
Monument, Arizona 
J.D. BROTHERSON, S.R. RUSHFORTH, W.E. EVENSON, J.R. JOHANSEN, AND C. MORDEN 

The presence of 3 major archeological ruins dating from the 1 lth 
to 13th centuries (Woodbury 1963) provided the primary motiva- 
tion for including Navajo National Monument in the National 
Parks System. Also included in the monument are some unique 
ecosystems, especially a small relict of “mountain vegetation” 
found in Betatakin Canyon. As visitor pressures mount annually, 
proper management of these unique ecosystems becomes highly 
important. Since trees are the dominant features of these ecosys- 
tems, and are central to management considerations, the present 
work has examined populations of 8 major tree species in the 
monument. 

The objectives of this study were, first, to develop age prediction 
equations for tree species growing in Navajo National Monument, 
and second, to assess the present age profiles, reproductive recruit- 
ment, and density relationships of these tree populations. Varia- 
tions in the growth-ring widths of trees have been used for many 
years to date wood (Douglas 1935, Clock 1937) and to garner 
information on past climates (Fritts 1971; Stockton and Meko 
1975; Dean and Robinson 1978; Harper 1979). Additionally, ring 
width variations have been studied to ascertain differences in the 
environments of selected habitats (Ferguson and Humphrey 1959, 
Stockton and Fritts 1973, Fritts 1974) and to assess site quality 
with reference to timber production (State 1966, Brickell 1968, 
Jones 1969). Although stem diameter measuresments have long 
been used to predict tree age and ascertain population status, it is 
difficult to use data from one area to extrapolate to conditions in 
other areas (Dealy 1975, Brotherson et al. 1980). Because of these 
difficulties and because of the absence of such data on northeastern 
Arizona plant communities, our studies provide useful baseline 
information. 

Study Site 

Navajo National Monument is located in Navajo County, nor- 
theastern Arizona. The monument supports a tree flora of 14 
species (Brotherson et al. 1978). Betatakin Canyon, the largest of 
the 3 segments of the monument, hosts the greatest variety of tree 
species. Populus tremuloides (quaking aspen), Quercus gambelii 
(Gambel oak), Pseudotsuga menziesii (Douglas fir), and Acer 
negundo (boxelder) are of major importance in the communities of 
the canyon bottom (Woodbury 1963). Growing with these as 
understory species are Prunus virginiana (chokecherry) and Betula 
occia’entalis (waterbirch). The plant communities of the canyon 
bottom represent a small relict of “mountain vegetation”and thus 
are unique in this predominantly desert region. 

Juniperus osteosperma (Utah juniper) and Pinus edulis (pinyon 
pine) grow abundantly as ‘part of the pigmy woodland (pinyon- 
juniper community) on the upper slopes of the canyon, the adja- 

cent slickrock areas and the plateau behind the canyon rim 
(Brotherson et al. 1978). The pigmy woodland community covers 
more area than any other type in northeastern Arizona. 

Gambel oak is the most extensive type in the Monument aside 
from tne pinyon-juniper community. It is found inall 3 segments of 
the monument but reaches its greatest development at Keet Steel 
and Betatakin. Pnrnus emarginata (bittercherry) also grows at 
Keet Steel but is uncommon. 

The streamside community of the Inscription House segment of 
the monument contains Popufus fremontii (Fremont poplar), 
Populus angustifolia (narrowleaf cottonwood), Salk goodingii 
(Gooding willow), Tamarix ramosissima (salt cedar), and Elaeg- 
nus angustifolia (Russian olive). Fremont poplar is the dominant 
tree within this community with salt cedar attaining local impor- 
tance. All other species are encountered only infrequently. 

Methods 

Density data for all species were obtained using the quarter 
method (Phillips 1959). A total of 40 points were taken forall trees 
where populations exceeded 160 individuals. Fremont poplar and 
salt cedar populations numbered less than 160 individuals, so den- 
sity measurements in these two species are based on fewer sample 
points. 

Tree diameter measurements were taken on all 160 individuals 
sampled or on all individuals of the population if less than 160. The 
diameters were measured at breast height in all species except 
pinyon pine, Utah juniper, and salt cedar. In these species, diame- 
ters were taken 1 foot above the ground. All diameters were 
measured with a standard diameter tape. 

Individual stems were sampled for age determinations using an 
increment borer in all species except pinyon pine and Utah juniper. 
The wood of these species was impossible to bore, making it 
neessary to obtain cross-sections using a chain saw. 

Stem cross-sections and/or increment borer corings were 
selected from each population to provide samples for all size 
classes. The cross-sections and borings were returned to the labora- 
tory, polished with fine sandpaper and ring-counted twice (inde- 
pendently) with the aid of a binocular microscope (Ferguson 1970). 
Age determinations were made on the assumption that 1 ring 
equals 1 year. 

Linear regression and regression of log-log transformed data (ie 
log age vs. log stem-diameter) were used to analyze all stem- 
diameter-age relationships. Age prediction equations were then 
constructed from these relationships (Brotherson et al. 1980). Tax- 
onomy follows McDougall (1973). 

Results 
Authors are associate professors (Brotherson and Rushforth), graduate research 

assistants (Johansen and Morden), Department of Botany and Range Science, and 
Of the 14 tree species found in the monument only 8 were 

professor (Evenson), Department of Physics and Astronomy, Brigham Young Uni- abundant enough for thorough study. Table 1 includes a list of 
versity, Provo, Utah 84602. 

This study completed as part of contract N. PX7029-9-0570 from the Southwest 
these species together with their densities, general growth rates, 

Region of the National Park Service. 
and sample sizes. Thi%table shows that the evergreen species grew 

Manuscript received May 22, 1980. slower than the decidpus species. This is especially true for Utah 
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Acer negundo 

Pinua edulis 

papulus tremontii 

Populus tremuloides 

Pseudotsuga menxiesii 

Quercus gambelii 

Tamarix ramosissima 

Dlameter Class 
(Inches) 

Fig. 1. Population profiles by stem diameter class for 8 tree species. 

Table 1. Sample size, density in trees/acre, growth rings/inch, and relative 
growth rates with respect to Juniperus osleosperma. 

Species 
Sample Density Growth Relative 

size (trees/acre) rings/inch growth rate’ 

Acer negundo 80 163 22.1 4. I 
Juniperus osleosperma 160 49 93.6 I .o 
Pinus edulis 160 247 79.3 1.2 
Populus fremonlii 103 425 4.4 21.3 
Populus tremuloides 160 502 18.5 5.1 
Pseudorsuga taxlfolia 12 50 35.9 2.6 
Quercus gambelii 160 604 25.2 3.1 
Tamarex ramosissima 72 856 6.0 15.6 

‘Relative growth rate of Juniperus osreosperma is taken to be one. All other species 
grow faster (the larger the number the larger the growth). 

juniper and pinyon pine. Densities varied from 49 to 50 individuals 
per acre in Utah juniper and Douglas fir to 856 individuals per acre 
in salt cedar. Six of the species demonstrated highly clumped 
distribution patterns with each population occupying discrete hab- 
itats. Only Utahjuniperand pinyon pine showed dispersion in their 
distribution patterns. 

Population profiles were constructed by size class for all 8 
species (Table 2; Fig. 1). Five of the species, Utah juniper, pinyon 
pine, quaking aspen, Douglas fir and Gambel oak showed stable to 
expanding populations, while the populations of boxelder, Fre- 
mont poplar and salt cedar are all declining as indicated by low 
numbers of young trees in their profiles. The decline in the box- 
elder population is likely due to successional patterns occurring in 
the bottom of Betatakin Canyon. Boxelder generally occupies 
rather open sites with abundant sunlight. However, since the estab- 
lishment of the Monument, there appears to have been a thicken- 
ing of the canopy causing seedlings of this species to experience 
difficulty in becoming established. Consistent with this interpreta- 
tion is the fact that nearly all observed boxelder seedlings were 
found in the upper end of the canyon where canopy development is 
least. Conversely, older trees were over-represented where the 
forest canopy was much more dense. Under-recruitment of seed- 
lings in the Fremont poplar and salt cedar populationsis likely due 
to the fact that both populations are located in the Inscription 
House segment of the Monument along a small stream where 
domestic sheep and cattle activity is extremely high. The animals 
concentrate in the area along the stream for both feeding and 
shading purposes. The result is that little or no understory vegeta- 
tion is found in the area. When seedlings of these two species 
become established, they are eliminated by grazing. 

A total of 964 stems of the 8 species studied were sampled for 
diameter. Eighty percent of the stems were less than 14 inches in 
diameter. Eighty-eight (9%) of the stems were aged using the 
dissecting microscope and their stem diameters (inches) were plot- 
ted against stem age (Figures 2 and 3). Regression equations for 
age prediction were then generated (Table 3). Both linear and 
log-log transformed functions were used to generate age prediction 
equations. All correction coefficients (r values) but one were 
improved through the use of the log-log transformation. All pre- 
diction equations were significant @<0.05) except those for Fre- 
mont poplar. 

Estimated ages showed mean deviations from real ages of from 
18 to 67% with the use of linear regression equations and from 14 to 
52% with the use of the log-log transformed equations(Table 4). In 
the cases of boxelder, Utah juniper, pinyon pine, Fremont poplar 
and salt cedar, the use of the log-log transformation improved 
predictive value only slightly over the linear equations. In quaking 
aspen, Douglas fir and Gambel oak age predictions were much 
improved by the log-log transformation. The high degree of varia- 
tion in predicted ages from real ages in Douglas fir comes from the 
fact that this species grows in a variety of microhabitats which are 
scattered across a wide spectrum of moisture conditions in Beta- 
takin Canyon. Thus, growth rates are widely different. 
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Table 2. Popuhttion profiles represented by the number of individuals sampled in each diameter class for each of the 8 tree species. Diameter classes are 
designated by their maximum diameter in inches. 

Diameter class 
2 4 6 8 10 12 I4 I6 I8 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 

Acer negundo 6 I3 I4 I4 I8 I2 3 
Juniperus osteospermo 26 2 I I I I2 8 I 1 9 IO I I 127564231 1 
Pinus edulis 62 I8 12 21 I6 21 6 I 2 1 
Populus fremonlii 0 5 IO II 7 10 4 II IO 9125 3 2 I2 I 
Populus tremuloides 55 39 II 8 3 9 I3 8 8 5 
Pseudotsugo taxifolio I2 4 4 5 5 4 6 7 5 2 42 3 I 2 I I 1 I I I 
Quercus gombelii 64 38 46 9 I 
Tomorix romosissimo I 17 17 I8 II 2 5 I 

Table 3. Age prediction equations for the 8 tree species along with their correlation coefftdents, coefficients of determination, and significance levels. The 
first equation in each set is from linear regression and the second is from the log-log transformation. 

Species Common name Age prediction equation r R2 

Acer negundo Box elder 

Juniperus osteospermo Utah juniper 

Pinus edulis Pinyon pine 

Populus fremontii Fremont poplar 

Populus tremuloides Quaking aspen 

Age=(8.35) (Diam)i-I$.7 
Age=( 14.82) (Diam) 
Age=(22.4) (Diam)+l24 
Age=(l03.04) (Diam)“,66 
Age=(20.4) (Diam)-l- I67 
Age=(84.84) (Diam)Oss 
Age=(.542) (Diam)+l4.5 
Age=(9.13) ( Diarnya 
Age=(3.96) (Diam)+37.9 
Age=( 19.45) (Diam)‘“’ 

.78 

.85 

.7l 

.84 

%I 

.52 

.64 

.70 

.82 

.61 .005 

.72 .005 

.5l .OOl 

.7l .OOl 

%I %?ll 

.27 NS 

.41 NS 

.49 .Ol 

.68 .OOl 
Pseudotsugo toxifolia Douglas fir Age=( 15.8) (Diam)+24.8 

Age=(l2.13) (Diam)‘.” 
Quercus gombelii Gambel oak 

Tomorix romosissimo Salt cedar 

Age=(l2.6) ‘(Diam)+2.71 .90 .8l .005 
Age=(7.94) (Diarnym .94 .88 .OOl 
Age=(l.92) (Diam)i-5.56 .79 .62 .025 
Age=(6.29),(DiamySB .72 .52 .05 

Since the predictive value of the equations varied greatly (Table 
4) their value as age-predicting tools depends largely upon the 
species involved and on the level of precision required for the aging 
of individual trees. If the need for absolute ages is high, then each 
tree should be individually aged. However, ifgeneml trends and/or 
patterns are sufficient, so that a certain amount of variability in 
absolute ages is acceptable, then the equations become much more 
useful tools. 

In order to gain insight into the age profiles of the different tree 
species in the Monument, the ages of all 964 individuals sampled 
were estimated for each diameter class (Table 5). The predicted 
ages of the several species varied widely, with the oldest trees in the 
monument being conifers reaching ages of 700 to 900 years. Con- 
versely, the deciduous trees die at much earlier ages, with the oldest 
trees predicted to be about 125 years. 

Upon examination of the population profile data from Utah 
juniper and pinyon pine (Table 2), it was noted that in 5 of the first 
7 diameter classes the ratio of pinyon pine to Utah juniper was near 
2. That is, twice as many pinyons were present as junipers. How- 
ever, in the 2 inch to 6 inch diameter range (2 diameter classes) the 
ratio dropped to 1. Since the ratio had been near 2 for 300 of the 
past 400 years and since the trees grow at approximately the same 

Table 4. Average percent absolute deviation in years of predicted age from 
counted age for 8 tree species. 

Average percent absolute deviation 
Standard Coef. of 

Species Mean deviation variation 

Acer negundo 18’ 24’ 1.33’ 
I62 212 I.312 

Jumperus osteosperma I9 13 .68 
I9 I4 .74 

Pimls edulk I7 20 I.18 
I4 IO .7l 

Populus fremontii 20 I4 .70 
I7 II .65 

Populus tremuloides 38 36 .94 
26 I9 .71 

Pseudotsugo toxifolia 67 73 1.10 
52 61 1.17 

Quercus gombelii 34 31 .9l 
26 23 .88 

Tomorix romosissima 22 I8 .82 
21 20 .94 

1% Deviation derived from linear age prediction equation. 
2% Deviation derived from log-log transformed are prediction equation. 

Table 5. Mean ages of trees found by diameter class. Ages were determined by the linear prediction equations found in Table 3. 

Diameter class 
2 4 6 8 10 12 14 I6 I8 20 22 24 

Acer neeundo 27 42 61 77 91 II2 125 
Juniperh osteospermo 148 193 242 281 329 366 419 462 502 547 594 647 
Penus edulis 194 237 265 310 343 394 429 485 515 536 
Populus fremontii I6 I7 I9 20 22 23 24 25 26 27 
Populus tremuloides 44 49 57 

: 
74 83 90 97 I05 Ill 

Pseudotsugo tax&oh 38 79 104 139 173 198 235 262 298 326 366 384 
Quercus gombelii 19 40 64 89 122 
Tamarix romosissimo 94 I2 I6 I9 23 28 30 34 

254 JOURNAL OF RANGE MANAGEMENT 36(2), March 1983 



%RELATlVt DENSITY OF JUNIPEU h RELAYWE DENSITY Oc PINION 

8Y ME CLASS (SOLID LINE) 8Y AGE CLASS &tLID LINE) 

9 80.11 I 
30 40 

Yoors of Mow ovorqo molsturo 0s 
indicat.d by troo rin9 lndicos. 
(&shod Iin.) 

Fig. 4. l%e relationship of years of below-averagemoisture as indicated by 
tree ring indices IO the ratio ofpinyon to juniper andpercent relative den- 
sities of pinyon and juniper by age ckms for the past 600 years. 

rate in the area (Table I), this change in ratio may represent a shift 
in the past environment of the region toward a drier climate which 
favored Utah juniper over pinyon pine (West et al. 1979; Wright et 
al. 1979; Erdman 1970). In an attempt to determine if such a 
climatic shift had occurred and if it could be correlated to the 
changes in relative populations of the age classes of the two species, 
data were obtained from the Laboratory of Tree-Ring Research in 
Arizona (Dean and Robison 1978). The number of years of below- 
average moisture (as indicated by the tree-ring indices) was deter- 
mined in 50 year increments. These values are plotted against the 
pinyon pine to Utah juniper ratios and against the percent relative 
densities of pinyon pine and Utah juniper in each class (Figure 4). 
The graphs in Figure 5 represent approximately a 600-year period. 
There is clearly a peak of years of below average moisture asso- 
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ciated with the intervals of low pinyon pine to Utah juniper ratio 
(low relative density of pinyon pine by age class and high relative 
density of Utah juniper by age class). Although these data are only 
inferential, the relationships suggested are clear enough to merit 
further study and offer another possibility for research on past 
climates. 
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Shade Intensity Influences the Nutrient 
Quality and Digestibility of Southern Deer 
Browse Leaves 
ROBERT M. BLAIR, RENE ALCANIZ, AND AUSTIN HARRELL 

Abstract 

One deciduous and two broadleaf evergreen species of palatable 
deer browse were grown under three controlled levels of light 
reduction: 0,55, and 92% shade. Determinations of nutrient com- 
position and dry-matter digestibility were conducted on leaf tissues 
collected 7 months each year for 2 years. Throughout the year 
crude protein and the cell-wall constituents, acid-detergent fiber 
and cellulose, increased as shade deepened. Phosphorus and cal- 
cium levels, generally highest under deep shade, showed little 
difference in content between moderate shade or full sunlight. 
Reduced light did not affect the acid-detergent lignin content in 
deciduous dogwood leaves, but, in evergreen yaupon and honey- 
suckle, lignin content was highest in deep shade. Highly digestible 
cell solubles and apparent digestible energy content declined as 
shade increased. Dry-matter digestibility also declined as shade 
deepened, except the dry matter of dogwood leaves, either in full 
sun or in moderate shade, did not differ in metabolic usefulness. 
Seasonally, all leaves were most nutritious and digestible during 
spring refoliation. In winter, abscised and weathered dogwood 
leaves afforded little food value to deer, but the quality and digesti- 
bility of yaupon and honeysuckle leaves remained relatively high 
during this stress period. 

The light climate within a forest stand largely determines, 
through photosynthesis, the botanical composition, growth, and 
nutrient quality of understory forages available to deer and other 
ruminants. Although sunlight is regarded as the most influential 
enviionmental parameter, its impact on plant growth and competi- 
tion is, nevertheless, among the more complex and subtle associa- 
tions operating within the forest community. Fortunately, light 
transmission responds to silvicultural treatments, hence, forest 
managers can manipulate and control the light climate in the 
understory. With sufficient knowledge concerning response of 
forages to solar radiation and light intensities associated with the 
understory of specific forest stands, we can develop silvicultural 
guidelines for growing quality forages in conjunction with produc- 
tion of wood fiber. 

As a contribution toward a better understanding of light and its 
effect on the metabolic value of forages in southern forests, this 
paper evaluates variations of nutrient composition and dry matter 
digestibility of leaf tissues from 3 common and palatable southern 
deer browses throughout the year under 3 different intensities of 
shade. Species selected were flowering dogwood (Cormsflorida), 
a small deciduous tree; yaupon (Ilex vomitoria), a broadleaf ever- 
green shrub; and Japanese honeysuckle (Lonicera japonica), a vine 
that is generally evergreen in the Gulf Coastal Plain. Only leaves 
were selected for evaluation since they are a major dietary constitu- 
ent at all seasons for southern deer, and are considerably more 
important than twigs (Harlow and Hooper 1972). 

Authors are research ecologist and research technician, Wildlife Habitat and Silvi- 
cultural Laboratory maintained at Nacogdoches, Texas 75962, by the Southern 
Forest Experiment Station: Forest Service, USDA, in cooperation with the School of 
Forestry, Stephen F. Austm State University; and associate professor of agricultural 
chemistry, Feed and Fertilizer Laboratory, Louisiana Agricultural Experiment Sta- 
tion, Louisiana State University, Baton Rouge 70893. 
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Shade tolerance of dogwood, yaupon, and honeysuckle was 
assumed to be reasonably similar, with dogwood being most toler- 
ant. Differences in species tolerance are largely related to differen- 
ces in the ability of their photosynthetic apparatus to adapt to low 
light intensity (Kramer and Kozlowski 1979). It is reasonable to 
assume that these differences, if sufficiently large, might influence 
the nutrient composition of species at different light levels. 

Study Area and Methods 

The research was conducted from 1974 through 1977 on the 
Stephen F. Austin Experimental Forest near Nacogdoches, Texas. 
The area is within the loblolly-shortleaf pine forest type. Primary 
overstory species in this type are loblolly pine (Pinus taeda) and 
shortleaf pine (Pinus echinata) associated with assorted hardward 
species. Stands characteristically contain a multi-tiered midstory 
of pines, hardwoods, and shrubs. Such a stand structure generally 
results in heavy shading with little sunlight reaching the forest 
floor. 

Soil of the open and relatively flat study site is deep, well-drained 
Ruston fine sandy loam with a fine sandy clay loam subsoil. It is 
acid in reaction throughout the profile with a moderate amount of 
organic matter and natural plant nutrients. Water storage capacity 
is high. The soil is uniform throughout the study area. 

Summer climate is hot and humid while winters are generally 
mild. The mean frost free season is about 243 days from mid- 
March to mid-November. An average annual precipitation of 122 
cm is generally well distributed throughout the year. Spring growth 
of woody perennials begins in late March or early April and twig 
elongation and tissue maturation are nearly completed on most 
species by early summer (Halls and Alcaniz 1965). Growthactivity 
is common on some broadleaf evergreens during intermittent 
warm periods in winter. 

The study site was plowed and leveled to reduce’competing 
vegetation, then enclosed by an outrigger-type fence to exclude 
grazing and browsing animals. Twelve 7(W) X 27(L)m plots were 
established in a rectangular layout with plots separated from one 
another by a 15-m buffer. 

Shade Intensities 
Shade levels of 0, 55, and 92% were randomly assigned to 

treatment plots. Each intensity was replicated 4 times in a com- 
pletely randomized design. To accomplish shade conditions, Prop- 
a-lit@ polypropylene fabric (Chicopee Manufacturing Company, 
Cornelia, Ga.)‘, woven to provide the prescribed reductions in 
light, was placed over a 7(W) X 27(L) X 2.5( H)m wooden frame 
encompassing each plot. The bottom 0.3 m on the sides and the top 
I m on the end walls were not covered by fabric to facilitate air 
movement. Light entry at the upper end-wall openings was con- 
trolled by a fabric covered overhang. Shade fabric was placed over 

‘The use of thecorporation name is for the information andconvenience ofthe reader. 
Such use does not constitute an officialendorsement or approval by the US. Depart- 
ment of Agriculture of any product or service to the exclusion of others which may be 
suitable. 

257 



the plots immediately before outplanting study species. 

Plant Species 
Flowering dogwood and yaupon plants were 2-year-old 

container-grown nursery stock. Japanese honeysuckle stock was 
young rooted leaders lifted from an open area adjacent to the study 
plots. 

One 16-plant row of each species was outplanted on each treat- 
ment plot in February 1974. Row assignments were random. 
Plants were spaced 1.5 m within a row with 2.4 m between rows. 
The long axes of plots were oriented northeast by southwest to 
insure that all plants within a treatment would receive about equal 
exposure to solar radiation. Plant shading between rows was min- 
imal. Honeysuckle growth was supported on I m high woven-wire 
trellises. 

To eliminate gross differences in soil moisture between treat- 
ments and to maintain sufficient soil moistureduringextended dry 
periods, plots were watered, as needed, by oscillating sprinklers. 
More frequent watering was necessary where shade was absent or 
moderately intense than where shade was heavy. Near each end of 
individual plots, 2 gypsum soil blocks were buried, one at 15 cm 
and another at 46 cm, to monitor soil moisture. Toascertain water 
needs blocks were checked periodically with a Bouyoucos soil 
moisture meter. 

Collection of Plant Tissues 
Beginning in the spring of 1976, after plants were grown 2 years 

under their assigned shade regime, leaf samples were collected 7 
times yearly for 2 years: at mid-month in April and May, the spring 
period of rapid plant growth; in June, July, August, and Sep- 
tember, the early through late summer period of heat stress on both 
plants and deer; and in December, during general plant dormancy 
and a period of minimal forage availability and nutrient stress for 
deer. 

Current leaves from the terminal IO cm or less of dogwood and 
yaupon twig growth and 20 cm or less of honeysuckle leaders were 
collected for analytical determinations. Sampling only from termi- 
nal twig segments minimized the effects of mutual leaf shading. All 
samples were collected between 10:OOa.m. and 2:OOp.m. to minim- 
ize diurnal fluctuation in sugar content of the cell sap. 

At each collection date, a leaf sample was removed from one 
randomly selected plant within a species row; therefore, individual 
plants were sampled only once during the year. Dogwood and 
yaupon samples were limited to the upper one-half of the plant 
canopy. Honeysuckle leaves were removed from the entire plant, 
excluding ground runners. 

For a winter sample of flowering dogwood, crowns of selected 
plants were enveloped in a fine nylon net just prior to leaf fall. After 
abscission, leaves were spread out to weather in’ shallow wire 
baskets placed 15 cm above ground next to the sample tree. Leaf 
tissue for the winter sample necessarily came from the entire 
crown. 

Except for the winter collection, each leaf sample was placed in a 
moisture-tight container and immediately stored on ice to retard 
enzymatic degradation. Samples from each treatment plot were 
transported to the laboratory, weighed fresh, and then dried to 
constant weight in a forced-draft oven at 600 C. At the spring date, 
an additional sample of each species was collected and dried, first 
at 60“ C and then at 100” C. Dry matter difference between temper- 
atures was used to correct all samples to an oven-dry base. Dried 
tissues were ground to pass through a I-mm Wiley mill screen and 
were temporarily stored in a freezer until analytical determinations 
could be made. 

Phenological data were collected from study plants throughout 
the year to evaluate any differences in seasonal development asso- 
ciated with reduced levels of light and the influence this might have 
on nutrient chemistry and dry-matter digestibility. Earlier research 
has repeatedly shown that seasonal variations in nutrient chemis- 
try and dry-matter digestibility of southern forages are directly 
related to the stage of tissue growth and maturation (Blair and 
Halls 1968, Blair and Epps 1969, Short et al. 1972). Studies by 

McEwen and Dietz (1965) and Wolters ( 1974) found that shade can 
retard phenological development of herbaceous species. To min- 
imize retarding effects that shade might have on the development 
and chemistry of browse, leaf samples collected each monthly 
period were taken first from plants in the open, next from those in 
55% shade, and last from those under 92% shade. This collection 
sequence allowed added days of phenological development for 
shaded plants. 

Nutrient and Digestibility Analyses 
Leaf tissues were analyzed for crude protein, phosphorus, and 

calcium (AOAC 1965), neutral-detergent fiber or cell-wall constit- 
uents (CWC), acid-detergent fiber (ADF), acid-detergent lignin 
(ADL), and silica (Goering and Van Soest 1970). Neutral- 
detergent solubles or cell solubles (CS) were estimated as the 
difference between total dry matter and CWC, hemicellulose as the 
difference between CWC and ADF, and cellulose as the difference 
between ADF and ADL. In addition, caloric values, expressed as 
gross energy (GE), were assayed by oxygen bomb calorimetry and 
converted to apparent digestible energy (ADE) using the regres- 
sion Y = -0.713 -I- 0.991 X, where Y = % ADE and X = % 
dry-matter digestibility (Robbins et al. 1975). ADE was expressed 
as a caloric value by the equation, cal/gm = GE X % ADE/ 100. 

In vitro dry-matter digestibility was determined by the 2-stage 
method of Tilley and Terry (1963) as modified by Palmer et al. 
(1976) and Carlile (1978). The source of inoculum for in vitro 
digestions was a rumen-fistulated Hereford steer maintained on a 
50:50 concentrate:roughage diet. In vivo dry-matter digestibility 
(IVDMD) values for deer were estimated from in vitro determina- 
tions using the prediction equation Y = a -I- bX, where Y = % in 
vivo digestibility and X = $?o in vitro digestibility. “Standard 
substrates of known in vivo deer digestibilities were run simultane- 
ously with each set of in vitro samples of unknown value as 
described by Palmer et al. (1976) and Carlile (1978). Results were 
then used to calculate an in vivo digestibility prediction equation 
for each trial. 

Gross energy and digestibility determinations were conducted 
by the Department of Fisheries and Wildlife Sciences, Virginia 
Polytechnic Institute and State University, Blacksburg; all other 
chemical analyses were by the Feed and Fertilizer Laboratory, 
Louisiana Agricultural Experiment Station, Louisiana State Uni- 
versity, Baton Rouge. 

Environmental Measurements 
From mid-March through mid-November of sampling years, 

maximum, minimum, and ambient air temperatures, soil tempera- 
ture, and relative humidity were taken biweekly on 1 random plot 
for each shade regime. Air temperatures were determined at 76 cm 
and relative humidity at about 122 cm above ground at the plot 
center. Soil temperature was taken by a probe thermometer 
inserted 8 cm below the soil surface at 2 points near the plot center. 

Statistical Analysis 
Chemical constituent and dry-matter digestibility data were sub- 

jected to variance analyses to evaluate differences caused by light 
reduction, changes during phenological development, and varia- 
tions in species response. Differences among means were defined 
by Duncan’s multiple range test. All testing was at the 0.05 proba- 
bility level. 

Results 

Environment and Morphological Development 
Other than reduced levels of light, the microclimate did not 

differ widely between treatments. At midday, relative humidity 
averaged less than 5 percentage units higher on shaded plots, 
particularly those under heavy shade, than on open plots. As 
expected, both maximum and ambient air temperatures were 
inversely related to shade intensity, while minimum temperature 
was directly related. The average differential, however, for maxi- 
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mum and minimum temperatures between the warmest and coolest 
treatments did not exceed 3.5” C, while the average differential for 
ambient temperature did not exceed 2oC. 

Surface soils were somewhat cooler beneath shade. Soil temper- 
ature averaged 3.6OC cooler under moderate shade and 4.8OC 
cooler under heavy shade than in the open. Moisture was retained 
by soils following rain or manual watering in direct relation to 
shade intensity. 

Shading had only a minimal effect on phenologicaldevelopment 
of all species. Twig elongation and refoliation began in the open 
and under 55% shade at about the same time in late March, but was 
initiated 5 to 7 days later under 92% shade. Twig elongation was 
nearly completed by late May on plants in the open and under 
moderate shade, but growth continued an additional 7 to 10 days 
under heavy shade. 

In late autumn, dogwoods growing under 55% shade retained at 
least half their leaves up to 2 weeks after leaves abscised from 
open-grown plants. In deep shade, about half of the leaves were 
retained for 3 I/ 2 weeks longer than in the open; some green leaves 
were still on the plants in midwinter. 

Plant growth, canopy form, and vigor differed noticeably 
between light intensities. Plants of all species in moderate shade 
were noticeably more robust in form and appeared more vigorous 
than those in deep shade or in full sunlight. Open-grown plants of 
dogwood and yaupon were several fold smaller in size and had 
considerably smaller leaves than shaded plants. In deep shade, 
dogwood and yaupon plants were comparable in size to those in 
moderate shade. Although crowns were not as compact, leaf den- 
sity was noticeably lower, and leaf blades were larger. 

Honeysuckle vigor appeared to be poorest in deep shade where 
plants showed obvious signs of stress. Even though new leaders 
were initiated each spring, a portion of the current leaves would 
yellow and abscise as the growth flush matured. Leaders would 
then die back several centimeters. Apparently the photosynthetic 
machinery of honeysuckle leaves could not adapt to the low level of 
light. Plants were unable to produce sufficient photosynthate for 
growth and maintenance; hence, above-ground biomass progres- 
sively dwindled. 

pie, during the period of most rapid growth in April, average crude 
protein content of tissues was 31% higher in medium shade and 
70% higher in deep shade than in the open. These differences 
increased as leaves matured so that from May to December protein 
averaged 51% higher in moderate shade and 94% higher in deep 
shade than in full sunlight. Differences in leaves grown in various 
shade intensities followed results of earlier research on herbaceous 
and woody species. Cook and Harris (1950) Burton et al. (1959) 
Vallentine and Young (1959), Deinum (1966), Myhr and Saebo 
(1969) Walters (1973, 1974). and Mayland and Grunes (1974) 
found that nitrogen or crude protein (N X 6.25) content was higher 
in shaded plants than those grown in full sunlight. Halls and Epps 
(1969) however, reported lower crude protein in browse leaves 
below a forest canopy as opposed to those in the open, while 
McEwan and Dietz (1965) found highly variable responses 
between plants in the open and beneath a canopy. 

Seasonal trends in leaf protein were similar over all species and 
shade regimes. Levels were highest in rapidly growing and more 
succulent April tissues, followed by a rather abrupt and significant 
decline by mid-May as leaves matured. It is interesting that the 
magnitude of protein decline that accompanied tissue maturation 
was less under shade; an average 29% drop in open-grown leaves 
was recorded, as compared to 23% in moderate shade and 19% in 
deep shade. 

Throughout summer, crude protein varied little in mature leaf 
tissues. Prior to the advent of cold weather and loss of leaves from 
deciduous species, a considerable portion of the nitrogen in leaves 
is translocated back into the twigs (Kramer and Kozlowski 1979). 
Hence, the abscised and weathered leaves of dogwood were a very 
poor source of protein during the winter stress period. The level of 
protein in yaupon leaves did not vary significantly with the advent 
of winter but the level in honeysuckle leaves increased. New leaf 
growth on honeysuckle was stimulated by warming trends in win- 
ter and the presence of new tissues probably accounted for the 
higher levels of winter protein. 

Within each respective shade regime dogwood leaves were gen- 
erally a poorer source of protein yearlong than either yaupon or 
honeysuckle. Such difference is particularly important in winter 

Nutrient Quality when nutritious forages are at a low ebb. During this period, leaves 

Light reduction significantly influenced the chemical composi- of broadleaf evergreens can be a crucial source of protein for 

tion of leaf tissues throughout the year. Further, these relation- 
stressed herbivores. 

ships were generally consistent at each sampling period. Nutrient 
quality of leaves changed as seasons progressed, particularly from 
spring to summer, but these changes were largely a product of plant 
growth and tissue maturation. We feel, therefore, that differences 
between light regimes in the chemical composition of leaves, as 
shown in Table 1, were caused primarily by light reduction and not 
by differences in the stage of morphological development. 

Dry Matter 
Throughout the year, leaf dry matter of all species tended to 

decline as shaded deepened (Table I), although honeysuckle was 
the only species where the inverse relationship was significant 
between all treatments. While dry matter content of dogwood and 
yaupon varied little between leaves in full sunlight and those in 55% 
shade, the content was significantly lower in tissues grown under 
92% shade. Similar responses in the dry matter content of shade- 
and open-grown grasses were reported by Burton et al. (1959), 
Deinum (1966), Myhr and Saebo (1969), and Mayland and Grunes 
(1974). 

Seasonally, leaf dry matter under all shade regimes was charac- 
teristically lowest during spring refoliation. As tissues progres- 
sively matured, the dry matter content of leaves had increased by 
mid-May to levels that were maintained from summer through 
winter. In December samples, the abscised leaves of dogwood were 
exceptionally high in dry matter due to air drying. 

Crude Protein 
At all seasons, crude protein increased in leaves of all species as 

shade deepened (Table 1). Differences were substantial. For exam- 

Phosphorus and Calcium 
Leaves of all species grown in 92% shade were significantly 

higher in phosphorus throughout the year than those in full sun- 
light, except during winter when the percent of phosphorus in 
weathered dogwood leaves was unaffected by the light climate 
(Table 1). From spring through summer, phosphorus levels in 
dogwood and yaupon leaves growing in moderate shade generally 
did not differ from those in the open, whereas levels in honeysuckle 
tissues in moderate shade did not differ from those in deep shade. 

Seasonally, phosphorus levels under all shade regimes were 
highest in the new April tissues. After a sharp decline by mid-May, 
phosphorus levels were fairly constant throughout the year. Winter 
leaves of dogwood contained the least phosphorus, probably 
resulting from partial translocation of the mineral back into twigs 
prior to leaf abscission. Honeysuckle leavesappeared to bea better 
source of phosphorus throughout the year than either dogwood or 
yaupon. 

Calcium was significantly higher throughout the year in deep 
shaded leaves than those growing in full sunlight or in moderate 
shade. The content did not differ statistically between leaves in the 
open and those in moderate shade. 

Previous research findings varied somewhat on the influence of 
light or phosphorus and calcium. Burton et al. (1959), McEwen 
and Dietz (1965), and Wolters (1973,1974) reported that phospho- 
rus and/ or calcium levels were higher in shaded forage, while Halls 
and Epps (1969) found that leaves beneath a forest canopy were 
lower in phosphorus but higher in calcium than those in the open. 
Mayland and Grunes (1974) concluded that there was no difference 
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Table 1. Chemical composition and dry-matter digestibility of leaf tissoes grown under three levels of shade in east Texas.* Means of leaves collected in 
1976 and 1977. 

species 9 Shade Apr. May June July Aug. Sept. net. 

Flowering dogwood 

Japanese honeysuckle 

Flowering dogwood 

Yaupon 

Japanese honeysuckle 

Flowering dogwood 

raupon 

Japanese honeysuckle 

Flowering dogwood 

raupon 

Japanese honeysuckle 

Flowering dogwood 

Yaupon 

Japanese honeysuckle 

Flowering dogwood 

YaUpOtl 

Japanese honaysuckls 

Dry Hatter2 

0 
55 
92 

0 

:: 

0 

:: 

34 a 40 a 
32 a 37 a 
22 h 26 b 

42 a 42 a RI a 
41 a 40 a 78 a 
32 b 32 I-J 70 b 

33 * 42 a 
30 a 41 a 
23 b 31 b 

47 a 46 a 
44 a 46 a 
33 b 36 b 

30 a 35 a 
23 b 26 b 
17 c 19 c 

39 a 41 a 
38 a 40 a 
28 b 28 b 

44 a 43 a 
41 a 41 a 
33 b 33 b 

36 a 37 * 
27 b 27 b 
21 c 22 c 

46 a 
44 a 
35 b 

37 a 
27 b 
23 c 

3A * 35 a 
27 h 27 b 
22 c 22 c 

Crude Protein3 

0 

;: 

0 
55 
92 

0 

:: 

12 c 8 c 
14 b 11 b 
22 a 18 a 

SC 7 c 
12 b 10 b 
16 a 13 a 

13 : 1: : 
19 a 19 a 

9c 9c 
15 b 14 b 
17 a 16 a 

7c 7 c 4c 
11 b 10 b 5h 
13 a 13 a 8 a 

15 c 10 c 
18 b 14 b 
24 a 19 a 

1: E 
17 a 

SC 9c 
14 b 12 b 
1R a 16 a 

12 c 10 c 
19 b 15 b 
21 a 18 a 

1s’ ‘b 
17 a 

SC 
15’ b 

10 c 
17 b 

1R a 1R a 

Phosphorus3 

5: 
92 

0 
55 
92 

0 
55 
92 

.lS b .12 b 

.21 b .11 b 

.30 a .19 a 

.09 b .09 b 

.12 b .ll b 

.24 b .ll b 

.24 b .14 b 

.31 a .lS a 

.17 a 

::: : 
.15 a 

.15 a 

.lO b 

.12 b 

.I4 * 

.ll b .OS b .os a 

.13 ab .ll b .09 a 

.16 a .14 a .OS a 

.09 b .OS b .ll c 

.ll b .ll b .13 b 

.14 a .15 a .15 a 

.21 b .I4 b .12 b .14 b .15 b .12 b .13 c 

.34 a .28 a .25 a .26 a .24 (I .24 a .22 b 

.34 a .26 a .26 a .29 a .29 a .30 a .29 a 

Calcium3 

0 1.80 b 2.13 b 
55 1.73 b 2.18 b 
92 3.17 a 3.49 a 

2.16 b 2.15 b 2.24 b 
2.30 b 2.31 b 2.33 b 
3.60 a 3.57 a 3.73 a 

5; 
92 

.33 b .I2 b 

.35 b .39 b 

.40 a .54 a 

.40 b .47 b .4S b 

.45 b .47 b .50 b 

.59 a .61 a .62 a 

0 .65 b .S4 b 
55 .78 b .S6 b 
92 1.18 a 1.24 a 

2.14 b 2.12 b 
2.27 b 2.29 b 
3.57 a 3.60 a 

.44 b .I4 b 

.I1 b .44 b 

.59 a .57 a 

.9!i b .94 b 

.SS b .S6 b 
1.27 a 1.26 a 

1.01 b 1.04 b 1.06 b 
.91 b .96 b .99 b 

1.25 a 1.25 a 1.28 a 

Cell Solubles3 

0 

:: 

82 a 82 a 81 a 79 a 81 a 79 a 69 a 
70 b 77 b 76 b 75 b 77 b 74 b 62 b 
73 c 72 c 72 c 70 c 73 c 70 c 56 c 

0 72 a 70 a 66 a 63 a 67 a 66 a 68 a 
55 67 b 65 b 60 b 59 b 62 b 62 b 63 b 
92 62 c 61 E 57 c 55 c 56 c 55 c 57 c 

5: 
92 

74 a 73 a 67 a 65 a 66 a 68 a 71 a 
68 b 67 b 63 b 61 b 61 b 64 b 66 b 

64 c 62 c 59 c 57 c 56 c 56 c 58 c 

Cell Wall Constituents3 

0 

:: 

18 f 18 c 
22 h 23 b 
27 a 2R a 

21 c 31 c 
26 b 38 b 
30 a 44 a 

0 28 c 30 c 
55 33 b 35 b 
92 38 a 39 a 

26 c 27 c 
32 h 33 b 
36 a 38 a 

19 c 21 c 19 c 
24 b 25 b 23 b 
28 a 30 a 27 a 

34 c 37 c 33 E 
40 b 41 b 313 b 
43 a 43 a 44 a 

33 c 35 c 34 c 
37 b 39 b 39 b 
41 * 43 a 44 .¶ 

34 c 32 c 
38 b 37 b 
45 a 43 a 

0 

:: 

32 c 29 c 
36 b 34 b 
44 a 42 a 
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Table 1. (continued) 

species N Shad. Apr. uaY June July Aug. sapt. Dac. 

Acid-Dotargont Fiber3 

18 c 20 c 
22 b 25 b 
27 a 29 a 

23 c 28 c 

Flowering dogwood 0 15 c 16 c 
55 19 b 20 b 
92 24 a 25 a 

0 
55 
92 

21 c 20 c 
26 b 26 b 
32 a 32 a 

0 

9’2’ 

18 c 
23 b 
30 a 

18 c 
24 b 
31 * 

0 

3: 
5a 
5a 
5a 

411 
la 
la 

0 14 b 13 b 
55 16 b 15 b 
92 19 a 19 a 

0 9b 
55 11 b 
92 14 a 

1x :: 
14 a 

1R c 
22 b 
26 a 

24 c 
30 b 
37 a 

23 c 
27 b 
35 a 

20 c 
24 b 
29 a 

30 c 
37 b 
44 a 

29 b 33 b 
35 a 39 a 

26 c 
30 b 
39 a 

25 E 
30 b 
37 a 

22 c 23 c 
27 b 28 b 
34 a 35 a 

22 c 
26 b 
35 a 

19 c 
24 b 
35 a 

Acid-Detergent Lignin3 

5s 6a 
5a 5a 
la 5a 

11 b 14 b 

6a 6a 11 a 
5a 5s 10 a 
4s 5a 9a 

15 b 16 b 
18 a 20 a 

12 b 
14 b 
18 a 

13 b 
15 b 
18 a 

12 b 
13 b 
19 a 

12 b 
15 b 
19 a 

14 b 13 b 
14 b 15 b 
17 * 18 a 

14 b 
13 b 
19 a 

11 b 
13 b 
18 a 

3a 
20 
3a 

2a 
1 a 
2 a 

1 a 
1 a 
1 a 

Sa 
Sa 
7b 

1 a 
1 * 
1 a 

1 a 
1 * 
1 a 

10 a 11 a 9a 
9a 11 a 0s 
7b Sb 6b 

7a 0a 
Sa 7a 
6b 5a 

9s 11 a 11 a 12 a 10 a 10 a 
9a 10 a 11 a 12 a 10 a 10 a 
7 b 7b 8 b 9b Sb 7b 

Calluloae3 

10 c 11 c 12 c 15 f 
14 b 16 b 17 b 20 b 
19 a 20 a 22 a 24 a 

12 c 
17 b 
22 a 

12 c 
15 b 
20 a 

10 c 
12 b 
17 * 

15 E 
19 b 
24 a 

19 c 
27 b 
35 a 

1: : 
13 a 

12 c 15 b 
14 b 16 b 
17 a 19 a 

9c 10 c 
12 b 13 b 
17 a 16 a 

15 c 
17 b 
20 a 

12 E 
15 b 
18 a 

0 10 c 

:: 
1: ‘b 14 b 
16 a 17 a 

SC 
13 b 
17 a 

1: ‘b 
17 a 

0 3a 

9’7’ 
3a 
3a 

5; 
0s 
7a 

92 6s 

0 0a 
55 aa 
92 6b 

5: 
92 

0 

:: 
lo” : 
13 a 

Apparent Digaatibla Enargy( 

0 2870 a 

i: 
2910 a 
1730 b 

2980 a 
2960 a 
1790 b 

2RlO . 2860 a 2RlO a 
2760 a 2700 a 2550 a 
1590 b 1550 b 1460 b 

2720 a 2570 a 2620 . 
2080 b 1960 b 2130 b 
1510 c 1520 c 1650 f 

2730 a 
2660 a 
1640 b 

1890 . 
1680 a 
1320 b 

0 3000 a 
2550 b 
1910 c 

2960 a 
2340 b 
2040 c 

2760 . 
2240 b 
1630 E 

2740 . 
2220 b 
1700 c 

0 3130 a 3150 a 2960 a 2950 a 2920 a 3090 a 3090 a 
55 2640 b 2700 b 2450 b 2340 b 2290 b 2490 b 2580 b 
92 1760 c 1900 c 1920 c 1570 c 1610 c 1550 c 1630 c 

In ViVo Dry-Matter Digaatiblltty3 

Flowring dogwood 0 65 a 

5: 65 38 a b 

Yaupon 0 62 a 
:: 40 53 b 

c 

67 a 63 a 63 a 62 a 59 a 39 a 
66 a 61 a 59 a 56 a 56 a 36 a 
40 b 36 b 35 b 34 b 37 b 30 b 

63 a 57 a 54 a 55 . 58 a 55 a 
49 b 43 b 40 b 45 b 45 b 47 b 
43 c 32 c 32 c 35 E 35 c 37 c 

5; 
92 

69 a 70 a 65 a 66 a 65 a 67 . 66 a 
58 b 59 b 54 b 51 b 51 b 55 b 55 b 
39 c 43 c 42 c 35 c 36 c 35 c 37 c 

raupon 

Japanaaa honayauckla 

FlowrinQ doQwod 

Yaupon 

Japanaae honayauckla 

Flowring dogwood 

Yaupon 

Japanaw boneyauckla 

Plowring dogwood 

Yaupon 

Japaneaa honayauckla 

rlowring dogwood 

Yaupon 

Japanaaa honayauckla 

Japanaaa honaymuckla 

‘Values associated with shade intensities for each species and month combination followed by a common letter do not differ statistically (pCO.05). 
2% of fresh tissue. 
3% of ovendry matter. 
bal/gm. 
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in the phosphorus content of grasses between open and shaded 
sites, but they reported that calcium levels were higher in shade. 
Cook and Harris (1950) and Vallentine and Young (1959) reported 
that phosphorus was higher in shade while calcium did not differ. 

Calcium levels were lowest in new leaves in April regardless of 
light intensity. However, the content increased significantly in all 
species as leaves matured by mid-May. Generally, little seasonal 
variation occurred thereafter. Dogwood leaves were a substan- 
tially better source of calcium in all months and light regimes than 
yaupon and honeysuckle tissues. Yaupon contained the least 
calcium. 

Cell Solubles 
The cell-soluble fraction (cell contents), which consists of lipids, 

starch, sugars, organic acids, nonprotein nitrogen, pectins, soluble 
protein, and other water soluble matter, is not only the largest 
plant fraction in leaf tissues but is also readily digested by rumi- 
nants. All year, cell solubles were highest in open-grown leaves of 
all species (Table I), with levels declining significantly as shade 
deepened. For example, leaves in the open averaged 7% more cell 
solubles than those under moderate shade and 16% more than 
those in deep shade. These trends are similar to trends reported by 
Burton et al. (1959) where shade reduced total available carbohy- 
drates in grasses. Also, McEwen and Dietz (1965) and Walters 
(1973, 1974) found that nitrogen-free extracts, which represent 
available carbohydrates, were lower in shaded than in open-grown 
forage. 

Cell soluble levels, especially in dogwood leaves, generally var- 
ied little during spring and summer. In winter, the contents were 
significantly lower in weathered dogwood leaves, whereas, they 
tended to increase slightly in yaupon and honeysuckle tissues 
probably resulting from the growth of new leaves during winter 
warming trends. 

Cell-wall Constituents 
While assimilation of the highly digestible cell solubles was 

inhibited by shade, the poorly digestible cell-wall constituents 
(CWC), i.e., total fiber fraction of leaves, increased throughout the 
year with increasing shade. McEwen and Dietz (1965), Halls and 
Epps (1969), and Wolters (1973) found that crude fiber was higher 
in shaded vegetation than in open-grown forage. However, in 
contrast, Vallentine and Young( 1959) and Wohers (1974) reported 
crude fiber lower in shaded herbaceous plants. 

Acid-detergent Fiber 
The ADF or lignocellulose fraction, which consists of cellulose, 

lignin, cutin, and acid-insoluble ash (mainly silica), was signifi- 
cantly increased in leave tissues of all species by shading (Table I). 
Averaged over all months, the lignocellulose fraction was 23% 
higher in leaves under moderate shade and 54% higher in those 
under deep shade than in open-grown tissues. 

The ADF fraction was lowest in April and May tissues, increas- 
ing significantly in all species by mid-June. Few changes occurred 
during the remainder of the year. However, in dogwood leaves the 
ADF fraction increased substantially as leaves abscised in late 
autumn. Also, ADF tended to decrease slightly in honeysuckle 
from late summer to winter, probably because of the addition of 
new winter leaves which were lower in fiber fractions. 

Hemicellulose and Cellulose 
Hemicellulose, composed of mixed polysaccharides, appeared 

to be influenced only by deep shade, this difference occurring only 
in leaf tissues of yaupon and honeysuckle (Table 1). In these species 
the hemicellulose fraction was significantly lower, throughout 
most of the year, in 92% shade than in 55% shade or full sunlight. In 
all months, dogwood leaves contained substantially lower levels of 
hemicellulose than leaves of other species. 

Without exception, reduced light brought about higher levels of 
cellulose in all species throughout the year. Levels increased signifi- 
cantly as shade deepened. On the average there was 32% more 
cellulose in leaves grown under moderate shade and 70% more 
under deep shade than in leaves grown in full sunlight. Other than 

substantially higher levels in the abscised leaves of dogwood and a 
significant increase in maturing tissues from May to June, cellulose 
content varied little during the year. 

Acid-detergent Lignin 
Reduced solar radiation had little apparent influence on the 

ADL content of dogwood leaves at any time during the year (Table 
I). Furthermore, dogwood leaves generally contained only one- 
half to one-third the ADL content of either yaupon or honey- 
suckle. ADL content of yaupon and honeysuckle leaves was 
significantly higher in deep shade than in the open or under moder- 
ate shade. The difference noted between moderate shade and open 
sunlight was not significant. 

In contrast to living leaves on the tree, abscised leaves of dog- 
wood were substantially higher in ADL. Honeysuckle was lower in 
ADL in spring than during other months. Otherwise, nondigestible 
lignin varied little in leaf tissues throughout the year. 

Silica 
Silica was exceptionally low in leaves at all seasons, not exceed- 

ing about 1% of the dry matter. At such low concentrations, 
nondigestible silicates would probably have little impact on the 
metabolic value of leaf tissues (Goering and Van Soest 1970). 

Apparent Digestible Energy 
Differences in ADE among shade regimes, months, and species 

primarily reflected variations in dry-matter digestibility of leaves 
and not changes in the caloric content in tissues. In general, gross 
energy levels in leaves- were not affected by shade, nor did gross 
caloric contents vary significantly between species or months. 
Gross energy content over species and months averages 4719 
cal/gm. 

Shade did not influence ADE values of all species similarly. 
Dogwood leaves growing in the open and under 55% shade con- 
tained about the same level of ADE which was significantly higher 
than caloric values for leaves growing in deep shade (Table 1). 
Leaves in full sun or under moderate shade averaged 66% more 
ADE in spring than deep shaded tissues, 75% more in summer, and 
360/O more in winter. 

ADE in yaupon and honeysuckle leaves declined significantly 
during all seasons as shade deepened. In spring, open-grown leaves 
were 20% higher in caloric value than those in moderate shade and 
61% higher than those in deep shade. During summer the respec- 
tive differences were 26% and 74%; winter differences were 22% 
and 75%. 

Spring leaves of all species were seasonally highest in ADE. 
These values dropped significantly as leaves matured by mid-June 
and, except for a further decline in abscised dogwood leaves, 
changed little during summer through winter. 

In Vivo Dry-matter Digestibility 
Shade tended to decrease the IVDMD of leaf tissues although 

the extent of this influence varied somewhat by species (Table I). 
Dogwood leaves growing in full sun tended to be slightly more 
digestible than those under moderate shade. These leaves were 
significantly higher in digestibility at all months than leaves grow- 
ing in deep shade. For example, the dry matter of dogwood leaves 
in full sun or under moderate shade was 68% more digestible than 
deep shaded leaves in spring, 71% more digestible in summer, and 
24% more digestible in winter. 

At all seasons, IVDMD of yaupon and honeysuckle leaves 
declined significantly with each increase in shade. Spring leaves in 
the open were 20% more digestible than those in moderate shade 
and 60% more digestible than those in deep shade. From summer 
through winter, dry-matter digestibility of open-grown tissues 
averages 25% higher than leaves in moderate shade and 70% higher 
than those in deep shade. For purposes of comparison, the 
IVDMD of leaves averaged 61% in full sun, 55% in moderate 
shade, and a low of only 37% in deep shade. 

Rapidly growing spring leaves of all species were highest in 
metabolic usefulness; digestibility levels declined significantly with 
tissue maturation by mid-June. Little variation occurred from 
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summer through winter, except that abscised leaves of dogwood 
declined rather sharply in digestibility. 

In earlier research, Deinum et al. (1968) and Hight et al. (1968) 
found that shade (22 to 30% of full sunlight) significantly reduced 
dry matter intake as well as the digestibility of forage by sheep. 
They attributed the reduced intake of shaded forage to its lower 
soluble carbohydrate content in cell solubles. 

Discussion 
Results presented here and in supporting literature show that 

light has a substantial influence upon the nutritive value of forages 
for primary consumers such as deer and livestock. Animals are 
dependent upon photosynthetic activities within forage plants to 
synthesize nutrients essential for their growth, maintenance, and 
reproduction. 

In this and other research, results have shown that high light 
intensities enhance some desirable nutrient relationships, while 
shade enhances other constituents that are also desirable and 
important from the standpoint of animal nutrition. For example, 
as the intensity of the light climate increased, the content of readily 
digestible and nutritious cell solubles increased in browse leaves 
while fibrous cell-wall fractions decreased. With increasing light, 
the level of digestible energy and the digestibility of leaf dry matter 
also increased. In contrast, protein, phosphorus, and calcium, 
nutrients equally essential to the growth and maintenance of herbi- 
vores, generally increased as light intensity declined. Unfortu- 
nately, however, shade also favored production of fiber fractions in 
leaf tissues and it is widely recognized that fibrous cell-wall constit- 
uents limit the metabolic usefulness of forages (Short and Regor 
1970, Short et al. 1974). The inhibiting affect is not constant since 
nutritive availability of the cell-wall fraction varies among forages 
(Van Soest 1967). 

The contrasting associations of essential nutrients from high to 
low levels of light confirm the need for additional study to deter- 
mine the optimum range of light intensity that will seasonally 
provide the highest sustained production of nutrients. To aid in 
evaluating this question, digestion coeffecients of protein and 
other important constituents, including fiber fractions, should be 
determined for shade-grown leaves. Fiber hinders the action of 
digesting enzymes; hence, it tends to exert a protective influence 
against the digestibility of all nutrients (Maynard and Loosli 1969). 
This inhibition applies not only to the various plant parts, but it 
also’applies to each cell with its fibrous membrane or cell wall. 
Therefore, it is conceivable that the relatively high fiber content 
associated with leaves grown in shade, especially those in heavy 
shade, might substantially reduce the digestibility or metabolic 
availability of the relatively high protein, phosphorus, and calcium 
fractions that appear to be prevalent in these tissues. If the reduc- 
tion is sufficiently great, shaded tissues may provide little more 
digestible protein, phosphorus, and calcium than leaves in the open 
which appear to contain relatively lower levels of these constituents. 

Considerable evidence suggests that light intensities in the 
medium to high range may provide the most productive light 
climate for palatable and nutritious browse leaves in a forest 
understory. Not only do these leaves appear to provide higher 
levels of soluble carbohydrates, digestible energy, and digestible dry 
matter in conjunction with relatively low fiber levels, as contrasted 
to leaves grown in heavy shade, but growth and production of leaf 
biomass also increases with increasing light (Blair 1969). With 
increased biomass, greater production of digestible nutrients, 
including protein, phosphorus, and calcium, might conceivably be 
achieved with moderate to high light intensities. 

During late autumn and winter, leaves of broadleaf evergreens, 
growing under high levels of sunlight, would be particularly impor- 
tant contributors to the nutrition of herbivores because of the 
presence of relatively high levels of digestible energy. Leaves of 
deciduous species, on the other hand, generally lose most of their 
food value with abscission in late autumn (Blair et al. 1980, Short et 
al. 1975). From nutrition studies on forages, Swift (1957) con- 

eluded that if free-ranging deer are able to meet their needs for 
digestible energy, then requirements for protein and other nut- 
rients probably will be covered incidentally. 

Although leaf growth is reduced in heavier shade, the relatively 
high protein and mineral content associated with these tissues 
indicates that they are a potentially valuable food source in a forest 
habitat. Even in pine or pine-hardwood stands managed for high 
light transmission to the understory, numerous areas of relatively 
heavy shade will persist and support a limited growth of browse 
leaves. 
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Effects of Cattle and Deer on Regenerating 
Mixed Conifer Clearcuts 
BARBARA H. KOSCO AND JAMES W. BARTOLOME 

Abstract 

Study began in 1977 at Blodgett Forest Research Station near 
Georgetown, California, to look at the effects of cattle and deer 
grazing on mixed conifer plantations. Cattle graze the study area 
from June 1 until about September 20 each year. Deer are primar- 
ily migratory, passing through the study area in March and April 
and again in October and November each year. The results of 
treatments on two clearcuts indicate cattle do not harm tree regen- 
eration. Browsing on trees occurred, but no significantly higher 
numbers of trees were browsed by cattle and deer than by deer 
alone. White fir seedlings were browsed the most heavily. No 
trampling damage occurred. Browsing has made no difference in 
overall tree seedling height or basal diameter between treatments. 
Brush cover was significantly reduced on grazed treatments on 
both clearcuts. On 641E, cattle and deer grazing together made a 
further significant reduction in brush cover over deer grazing 
alone. The reduction in brush cover has bad no effect on tree 
seedling heights or basal diameters yet. Tree height, basal diame- 
ter, and browsing and trampling damage will continue to be moni- 
tored, as will brush cover and species composition. Results from 
this study indicate however, that proper cattle grazing does not 
harm tree regeneration on young mixed conifer plantations and 
furthermore cattle grazing may be used as a vegetation manage- 
ment tool in reducing brush on these clearcuts. 

Damage to conifer tree seedlings from browsing animals often 
limits successful tree regeneration. In California, much of the 
damage to tree regeneration is done by big game. Deer damage has 
been reported in every forested part of the state (Schubert and 
Adams 1975). The degree of damage often depends on the amount 
of other forage available (Roy 1960) because deer tend to browse 
trees when other forage is scarce. Clearcutting or selective harvest- 
ing systems open up the forest. Increased understory plant diver- 
sity provides favorable habitat for deer. Resulting concentrations 
may severely browse and damage tree seedlings (Crouch 1969). The 
economically valuable species, douglas fir (Pseudotsugu menzie- 
sii), ponderosa pine (Pinusponderosa), sugar pine (Pinus lamberti- 
ana), and white fir (Abies concolor), are all moderately palatable to 
deer (Longhurst et al. 1968), and may be browsed to varying 
degrees depending on availability of more palatable alternative 
forages. Browsing damage also varies with the season of the year, 
elevation, and other environmental variables. 

Livestock also may damage conifer plantations by browsing and 
trampling. .Water, available forage, and stocking rate are the most 
important factors affecting the amount of conifer tree damage (Hill 
1917, Cassidy 1937). Light to moderate stocking rates with ade- 
quate water supply resulted in negligible damage to artificial and 
natural regeneration in pine-bunchgrass range in Colorado (Currie 
1978). Moderate grazing, with provisions to avoid livestock con- 

centration, caused negligible damage to pine reproduction in the 
southern Rocky Mountains (Heerwagen 1954). 

Damage to trees from livestock results from faulty management, 
not the livestock themselves (Potter 1913, Jardine and Anderson 
1919, Arvola 1978). Wheeler et al. (1980) found cattle grazing was 
compatible with survival and growth of indigenous timber species 
in eastern Oregon. Proper livestock management, and timing of 
grazing with attention to forage abundance, resulted in negligible 
tree damage. Reported injury to plantations by livestock in Cali- 
fornia has been light (Schubert and Adams 1975). Sheep and goats 
generally cause the most damage by browsing, while cattle cause 
the most trampling damage. 

Brush regbneration also limits successful conifer regeneration. 
Throughout the Sierra, including the study site, brush competes 
with tree seedlings for water, nutrients and light. Most foresters 
believe that tree yields are reduced unless the brush is reduced. 
Chemical sprays, burning and mechanical methods are most often 
used in site preparation to reduce brush. Follow up control by use 
of chemicals is usually the cheapest and easiest (Schubert and 
Adams 1975, Arvola 1978). However, tightening of federal regula- 
tions and increasing public distrust of herbicide use will probably 
reduce their use. Brush species vary in resistance to eradication, 
and most are prolific producers of seed which germinate after fire 
or other disturbance. Livestock grazing could provide an alterna- 
tive or additional method for brush control. Wheeler et al. (1980) 
suggest big game also play a significant role in brush reduction on 
young mixed conifer clearcuts in eastern Oregon. 

Methods 

Study began at Blodgett Forest Research Station, near George- 
town, Calif., to look at the effects of cattle and deer grazing on 
young middle elevation mixed conifer plantations as part of a long 
term study of the interrelationships between forage and timber 
production (Kosco and Bartolome 1978, 1982. The specific ques- 
tions addressed included: 

1. Do cattle and/or deer significantly reduce brush cover on 
plantations? 

2. How much do cattle and/or deer damage tree seedlings by 
browsing or trampling? 

3. Do trees, in the grazed treatments, survive better, grow taller, 
and eventually produce more wood? 

We have studied two clearcuts on Blodgett Forest to answer 
these questions. Methods differ on the two clearcuts and are des- 
cribed separately below. 

Clearcut 641E was harvested during the summer of 1977 and 
planted with 1-O ponderosa pine, sugar pine, white fir and douglas 
fir in April 1978. The planted trees were considered by the Forest 
manager to be in ooor ohvsioloeical condition. vet thev were the 

Authors are, respectively, Ecologist, Range Management Staff, Forest Service, only siedlings available:The cleircut occupies 2.8 esseniially level 
San Francisco, Calif. 941 I I; and Assistant Professor, Range Ecology, Department of 
Forestry and Resource Management, University of California, Berkeley 94720. 

hectares. The site was prepared for planting using a brush rake to 
Authors would like to thank Robert Heal!, forest manager, Blodgett Forest pile accumulated slash. The piles were then burned during the fall 

Research Station, for hisadviceandcooperation mchoosingsuitableclearcutsfor this of 1977. 
study, and his help in supplying manpower and materials to build the experimental 
exclosurcs. Timing of this study and the site preparation coincided so that 

Manuscript received September 22. 1981. the exclosures could be built prior to livestock grazing. Three 
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treatments were tested: no grazing, grazing by deer alone, and 
grazing by cattle and deer. Exclosures were laid out on the plot 
while it was under snow, thus aiding complete randomization. The 
trees were planted as prearranged by the Forest management in the 
spring and the exclosures built to a few days later. Brush seedlings 
were actively growing at this time. 

Two I Sm by 23m deerproof exclosures were built with 3m cedar 
posts and 3m high woven wire. The three cattleproof plots, built 
with cedar posts and 3 strand barbwire, measured 31m by 23m, 
31m by 23m, and 46m by 23m. A grazed plot of 46m by 23m was 
laid out at the same time and marked at the corners with 1.2m 
rebar, making a total of 6 plots. 

A grid was placed over the study plots and a random number 
generator picked coordinates for placement of permanent 10 m 
long line transects. The number of transects per plot varied 
depending on plot size, with 3 transects in the ungrazed plots and 7 
transects in each of the grazed plots. 

For each treatment, line intercept.data for each species were 
recorded in September 1978, and June and September 1979. At the 
same time, ten 50-cm square quadrats per transect were equally 
placed along the line, alternating sides, and density and cover data 
were recorded. To estimate density, the numbers of seedlings were 
recorded by species. The number of browsed brush seedlings was 
also recorded. Cover of brush seedlings was ocularly estimated 
within each 50 cm square. 

Every tree within the three treatments was measured during all 
three sampling periods. Species, height, and basal diameter were 
recorded. In addition, each tree was rated as alive or dead, browsed 
or unbrowsed, and trampled or not trampled. Tree mortality was 
high because of poor quality stock. Data from the last sampling 
period (September 1979) only will be reported. All the trees will 
have been subjected to 1 or 2 grazing seasons. 

Clearcut 481E is 8.1 hectares, on a relatively steep, east-facing 
slope, and cut in the summer of 1975. Site preparation was done 
with a brush rake in 1976; the accumulated slash piled and burned 
in the fall of 1966. 1-O ponderosa pine, sugar pine, douglas fir and 
2-O white fir seedlings were planted in April 1977. Brush seedlings 
were actively growing at this time. Deer and cattle had free access 
to the entire clearcut prior to the construction of the exclosures in 
September 1978. 

Twenty 2.5m by 2Sm woven-wire exclosures prevented grazing 
by both cattle and deer. A grid was placed over aerial photos of the 
study site, and 20 pairs of numbers were randomly generated as 
coordinates for placement of the exclosures. At the designated 
coordinate the exclosure was built to include the nearest planted 
tree seedling. A grazed 2Sm by 2.5m plot, paired with each exclo- 
sure, was placed around the first planted tree seedling to the east of 
the exclosure. 

The exclosures were sampled in September 1979, I year after 
placement. Cover of brush was estimated in 2 ways, ocular esti- 
mates of total percent cover were recorded and every plant in the 
plots was measured, and species, height, width and length were 
recorded to determine volume and area by species. Each tree was 
measured, using the methods previously described for 641E. 

Effects of Grazing on Brush 
Thirteen brush species appeared on samples from clearcut 641 

(Table I). Greenleaf manzanita was the most frequent shrub occur- 
ring on 74 to 86% of the plots, depending on treatment (Table 2). 
Mountain misery, rose, mountain whitethorn, and Sierra goose- 
berry were also common, with the other species listed in Table 1 
present in minor amounts. Between 46 and 88% of the plots con- 
taining manzanita, mountain misery, whitethorn, and rose had 
browsed plants. Mountain whitethorn was browsed most heavily 
overall; 91 to 100% of the mountain whitethorn plants on the plots 
containing this species were browsed. Manzanita, mountain mis- 
ery, and rose were also heavily browsed with some variation 
depending on treatment (Table 2). 

Percent cover estimates indicate a significant reduction in total 

Table 1. Species composition on clearcut 641E which was cut in July, 1977, 
planted in April, 1978, with ponderosa pine, sugar pine, white tir, and 
douglas fir and sampled in September, 1979; and clerrcut 481E, which 
was cut in July, 1975, planted in April, 1977, with the same 4 tree speciea, 
and sampled in September 1979. 

Species 

Arctostaphylos patula 
Greenleaf manzanita 

Arctostaphylos viscida 
Whiteleaf manzanita 

Bromus marginatus 
Mountain brome 

Carex sp. 
Ceanothus cordulatus 

Mountain whitethorn 
Ceanothus integerrimus 

Deerbrush 
Chamaebatia foliolosa 

Mountain misery 
Cirsium lanceolatum 

Bull thistle 
Clarkia sp. 
Iris harwegii 

Iris 

Juncus sp. 
Rush 

Prunus emarginata 
Bitter cherry 

Quercus kelloggii 
Black oak 

Ribes roe& 
Sierra gooseberry 

Rosa pinetorum 
Rose 

St&a lettermani 
Letterman needlegrass 

Symphoriocarpos acutus 
Snowberry 

Vaccinium parvifolium 
Red huckleberry 

Verbascum Thapsus L. 
Common mullein 

Treatment 

64lE 481E 

X X 

X 

X 

X 

X X 

X X 

X X 

X X 

X 

X 

X 

X 

X X 

X X 

X X 

X 

X X 

X 

X 

brush cover in both grazed treatments with an even further reduc- 
tion in the treatment grazed by cattle and deer (Fig. 1). Significant 
reductions in mean cover on the grazed treatments show up by 
September 1979, two grazing seasons after the exclosures were 
built, although as the plants grow, overall brush cover increases. 
Density data analyses show no change in mean density of species 
over time. Shrubs establish in the first year after disturbance. 

Eighteen species comprised the sample flora in the treatment 
plots on clearcut 48 IE (Table I). Deerbrush, squaw carpet, brome 
grass, gooseberries, manzanita, mountain misery, and thistles are 
all more common on the ungrazed than the grazed plots, although 
all of these species are also present on the grazed plots. Deerbrush 
was the only species with significantly less cover in the grazed 
treatment than the ungrazed. 

Results from analysis of variance indicate significantly less cover 
on the grazed plots (Fig. 1). Cover on ungrazed plots averaged 
39%, while grazed plot cover averaged 14%. 

Effects of Grazing on Conifer Seedlings 

In September 1979, all 420 trees from the treatments onclearcut 
641 E were sampled. Every tree had been subjected to 1 or 2 grazing 
seasons. Exclosure integrity was maintained throughout the exper- 
iment. Fecal groups and tracks indicated that deer actively used the 
cattle-proof exclosure at the same intensity as the adjacent 
unfenced plot. The Forest manager indicated that all trees on the 
clearcut were of relatively poor stock and a third replanting would 
be done in April 1980. 
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Table 2. Frequency of species occurrence and browsing by species and treatment on clearcut 641E. Ihe average % browsing on those plots where browsing 
occurred is also given. Clearcut 641E was cut during July, 1977; planted in April, 1978; and sampled in September, 1979. Sample size, N = 70, for each 
treatment. AU other specks listed in Table 1 occurred on 2 or fewer of the spmpk plots. 

Species and treatment 

Arctosraphylos parula 
Grazed by deer 
Grazed by cattle & deer 

Chamaebaria foliolosa 
Grazed by deer 
Grazed by cattle & deer 

Ceanorhus cordulatus 
Grazed by deer 
Grazed by cattle & deer 

Rosa pinetorum 
Grazed by deer 
Grazed by cattle & deer 

#of plots the species # of plots Average % browsing 
occurred out of 70 with browsing on plots with browsing 

52 40 64% 
60 44 56% 

4 3 78% 
I2 9 69% 

20 I2 100% 
11 9 91% 

13. 6 56% 
33 29 83% 

Results show browsed trees on both the grazed treatments. 
White fir was browsed the most heavily; 45% were browsed in the 
treatment grazed by deer alone and 53% were browsed in the 
treatment grazed by cattle and deer. Table 3 gives number of trees 
per treatment by species, and the number and percent browsed. 
Although trees are browsed, numbers browsed did not differ signif- 
icantly between treatments. Cattle and deer combined did not 

Brush Cover on 2 BF Recent Clearcuts 

- Mean + 95%C.I. 
60 

50 

% 40 

Cover 

30 

I-- 

l-- 

I-- 

b- 

20 

1c g 
f 

iii- 

641 E 

- no grazing 
Z no cattle 
III grazed 

481 E 

Fig. 1. Estimates of % brush cover indicareasign$canf reduction in brush 
in grazed treatments on borh clearcuts on Blodgett Forest (BF). Further- 
more brush cover is further reduced on the treatment with grazing by 
cattle and deer. There is more total brush cover on 481E because it is 4 
years post harvest versus 2 years post harvest in 641 E. Grazing animals 
appear to be a useful tool to reduce brush cover on regenerating mixed 
con$er clearcuts. 

JOURNAL OF RANGE MANAGEMENT 38(2), March 1983 287 

browse significantly higher numbers of trees than deer alone. 
Minimal trampling damage occurred to conifer tree seedlings on 

the study plots. Four trees suffered trampling damage, one in the 
treatment grazed by deer, and 3 in the plot grazed by cattle and deer 
out of a total of 420 trees. 

Frequency data show that douglas fir had the highest mortality 
rates and white fir and ponderosa pine thelowest. Most of the trees 
died in the ungrazed treatment, although the generally poor plant- 
ing stock precludes more definite conclusions about the long-term 
relationship between conifer seedlings and brush density. 

No significant difference in average tree height between species 
or treatment had appeared on this clearcut 2 years after planting. 
White fir tended to be the shortest, but no general trend related to 
treatment was discovered. No significant difference existed in tree 
seedling basal diameters between species or treatments. The only 
statistically significant result was that white fir on the treatment 
grazed by deer is significantly smaller in basal diameter and shorter 
in height than any other tree species on the same treatment. This is 
probably a result of pressure on white fir, though this result does 
not show up in the cattle and deer treatment. Trends in height, 
basal diameter or survival with regard to treatment will only 
appear with continued monitoring. 

In contrast to clearcut 641 E, trees were planted on clearcut 48 1 E 
only once in April 1977. Exclosures to prevent deer and cattle use 
were built in September 1978, after 2 seasons. 

Only one (a douglas fir) of the 61 monitored trees was browsed 
and trampled. None of the trees on the sampled plots died. After 1 
year without grazing, no significant difference was detected in tree 
height or basal diameter between treatments. Continued monitor- 
ing should show differences as the trees and brush mature. 

Conclusions 

Grazing reduced brush cover on both clearcuts without harming 
most conifer seedlings. Livestock significantly reduced brush cover 
with a further reduction observed when cattle and deer were com- 
bined. The ultimate effect of this brush reduction on trees will be 

Table 3. Number and percent of trees browsed by species and treatment on 
Clearcut 641E. No significant difference exists in total numbers of trees 
browsed in the grazed treatments. ANOVA (a = 0.05). 

Tree species 

White fir 
Douglas fir 
Ponderosa pine 
Sugar pine 

Total 

Grazed by Grazed by 
No grazing deer cattle and deer 

0 23150 46% 21/40 53% 
0 l/80 1% 3165 5% 
0 3134 9% Oil6 0% 
0 O/l6 0% l/5 20% 

0 27/ 180 15% ,251 I26 20% 



realized 60 years from now when timber is harvested, but has not 
yet been demonstrated. 

Meanwhile, livestock and deer utilize species of brush seedlings 
as forage which are not preferred as mature plants. When livestock 
are allowed free access to the clearcuts they utilize brush species 
frequently as they move about the study area. During the short 
summer grazing season, forage sources, herbaceous and palatable 
browse, are not limiting to livestock. The availability of other 
forage supplies and avoidance of animal concentration on the 
clearcuts minimizes tree damage, while still allowing significant 
utilization of browse species. 

Some trees were browsed, few were trampled. Deer browsed 
most of the trees as determined from observations of tracks, timing 
of browse damage and browsing in cattle-proof exclosures. Only 
an insignificant increase in tree browsing and damage resulted 
from the addition of cattle to ongoing deer browsing. Animals 
browsed white fir preferentially. The other planted species suffered 
negligible browsing. Neither brush reduction nor browsing have 
yet shown a significant effect on tree vigor or growth. 

Livestock grazing shows potential not only as a compatible use 
of mixed conifer forests, a use which when properly controlled 
conflicts minimally with timber production, but as an aid to brush 
control on new clearcuts. Livestock most effectively reduce brush 
in the first few years after clearing. Where animals have free 
movement, which is essential to avoidance of concentrations and 
potential damage to tree seedlings, palatable browse species, such 
as deerbrush, must make up a large portion of brush cover to 
continue to attract animals. Grazing alone will not usually control 
brush significantly enough to satisfy the forester. However, we 
suggest that as other options become more costly, a virtually free 
vegetation management technique like grazing should be more 
fully utilized. 
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TECHNICAL NOTES 

A Tractor-powered Method for Installing Earth Anchors 
during Fence Construction 
DENNIS M. MUELLER 

Abstmct 

A tmctor-powered post-hole digger was adapted to screw earth anchors 
into the soil to reinforce fence comers. Constructing single-brace corners 
with earth anchors saved approximately 2-l/2 hours over conventional 
double-braced comers guyed to a buried object for reinforcement. 

Fencing is an important tool for managing rangelands. How- 
ever, the cost of conventional fencing is often prohibitive for 
anything other than boundary or important cross fences (Moore et 
al. 1968). Suspension fences cost about half as much as conven- 
tional fences, and, under many conditions, will turn cattle equally 
well, last as long, and require less upkeep (McNamee and Kinne 
1965). A suspension fence requires strong comer assemblies. A 
typical comer is double braced with the first brace post guyed to a 
‘deadman” (a large object such as a rock or section of post) buried 
60 cm deep midway between the corner and first brace post. 
Installing a deadman is hard, time-consuming work. Under most 
soil conditions it takes one man approximately 45 minutes per 
deadman if a power auger is used to dig the hole. 

This paper describes the adaptation of a tractor-powered post 
hole digger to screw earth anchors into the soil for use as a 
deadman, thus reducing the installation time per deadman from 45 
to 10 minutes. It also reports on the suitability of earth anchors for 
holding fence-corner assemblies. The use of a tractor to install 
screw-in earth anchors requires an adapter to transmit the turning 
force of the auger power head to the earth anchor. The adapter 
(Fig. 1) fits on the power head in place of the auger and holds the 
eye of the earth anchor so that the power head can screw the anchor 
into the soil. The materials needed to construct the adapter are 
readily available ih most communities from some of the larger 
hardware stores (Fig. 1). 

The earth anchor used with the adapter shown in Figure 1 had an 
1 1 / 16-inch (18 mm) rod, a 6-inch (15 cm) helix, and an overall 
length of 48 inches (122 cm). If an anchor with a different sized eye 
or rod were used, the dimensions of the adapter would need to be 
adjusted accordingly. Also, if the shaft of the power-head were 
different in size than the one used, a different sized adapter sleeve 
would be needed (Fig. 1). 

Earth anchors should be lined up and installed before the posts 
are set; this allows room to operate the tractor. The anchor is 
started perpendicularly to the ground and turned until the helix is 
covered by the soil surface. The anchor shaft is then angled towards 
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1 

Fig. 1. Adapter, exploded view. The numbers refer to the following: (I) 
auger shaft; (2) 2-5 /8 inch (7 cm) I.D. well casing, length 4 inch (10 cm); 
(3)3/a-inch (10 mm) hole; (4) If Cinch (6 mm)plate; (5) 1/4inch (bmm) 
by I-718 inch (5 cm) angle iron, length 5 inch (13 cm); (6)5-l/2 inch (14 
cm) small chain: (7) I/4-inch (6 mm) hole; (8) l/d-inch (3 mm) by I-114 
inch (3 ?m) spring locking pin; (9) 318 irtch (IO mm) hole: (IO) I/4 inch 
(6mm)bySinch (20cm)cold-rolled steel;(l1)3/8 inch (IOmm)by2-l/2 
inch (6 cm) bolts; (12) earth anchor. 
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the top of the brace post by backing the tmctor. Once the anchor is 
aligned with the brace post so that the achor shaft and the guy wire 
form a straight line, the anchor can be screwed the rest of the way 
into the ground (Fig. 2). Two loops ofNo. 9galvanized wire orone 
loop of I/4 inch (6 mm) galvanized aircraft cable is passed through 
the eye of the anchor and around the top of the brace post (Fig. 
3ab). If aircraft cable is used, it is tightened with a wire stretcher 
and clamped with l/4 inch (6 mm) galvanized cable clamps. 

The fence corners installed at the Central Plains Experimental 
Range (CPER) northeast of Nunn, Colorado were single braced 
and held by two 6 inch (IS cm) helix earth anchors (Fig. 3a). No 
noticeable sagging of the wire or loosening of the fencecorners has 
occurred in four years. Most deadmen fail when the wireattaching 
it to the post breaks, either because of damage to the wire during 
installation or rust. If a buried object, such as a rock or post, were 
being used as a deadman, it would have to be removed before the 
wire could be replaced. An earth anchor does not have to be 
removed to replace a wire. 

The 6.inch (I5 cm) helix earth anchors used at CPER have a 
holding power of 2722 kg in a medium textured soil. This exceeds 

expected fence loads of 907 to 1361 kg (Pochop and McNamee 
1971). Therefore, single-brace instead of double-brace corners 
were constructed. Constructing single-brace corners with earth 
anchors saved approximately 2-l/2 hours over conventional 
corner construction in addition to the saving in materials that 
would have been required for two extra braces. An even greater 
savings could have been achieved by using the less expensive 4.inch 
(I9 cm) helix anchors with a holding power of 2041 kilograms or 
one h-inch (I5 cm) helix anchor placed next to and directly behind 
the comer post (Fig. 3b). Corners for small enclosures can also be 
constructed without brace posts by fastening a cable from a single 
6-inch (I5 cm) helix earth anchor directly to the top of the corner 
post. These non-braced corners work satisfactorily, but leave the 
cable exposed to livestock (Fig. 3~). 

Soil conditions dictate the type of earth anchors needed. 
Anchors with &inch (20 cm) helixes are best for sandy soils and 
double helix anchors are best for rocky soils. Some earth anchors 
have a nut welded near the top of the shank. These anchors are 
designed to be put in with portable hand held augers. Theadapter 
(Fig. 1) could be easily modified to fit such an anchor by replacing 
the box that holds the anchor eye with a deep socket. 

Anchors can be purchased where mobile-home supplies are sold 
and at some of the larger hardware stores. In 1981 a4-inch( IOcm) 
helixanchorcostabout$3.90anda6inch(l5cm)helixanchorcost 
about $5.80. 

Earth anchors should work satisfactorily for almost any fencing 
operation that requires a deadman. Powered post-hole diggers are 
available on most farms and ranches. Theadapter described in this 
paper provides the farmer or rancher with a quick and economical 
means of installing earth anchors by eliminating the need to pur- 
chase commercial anchor installing devices. 
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BOOK REVIEWS 

NEW PUBLICATIONS 

The True Prairie Ecosystem. By P.G. Risser, E.C. Birney, 
H.D. Blocker, SW. May, W.J. Parton, and J.A. Wiens. 
1981. Hutchinson Ross Publishing Co., 523 Sarah St., 
Stroudsburg, Pennsylania 18360. 557 p. $3 1 SO 
This publication is volume 16 in the US/ IBP Synthesis Series. 

As part of the IBP Grasslands Biome, this book centers around the 
True Prairie and specifically an intensive site in northeast Okla- 
homa called the Osage Site. Simultaneous data was collected 
between 1970 and 1972 on abiotic variables, plants, invertebrates, 
birds, mammals, and decomposers. This site is in the southern 
portion of the Flint Hills and represents the largest area of 
unbroken Tallgrass or True Prairie dominated by little and big 

’ bluestem, switchgrass, Indiangrass, tall dropseed, and Japanese 
brome. The Grassland Biome was an integrated project designed to 
study the structure, function, and utilization of grasslands. 

Eleven chapters comprise the integrated approach in this book. 
Those chapters are: “Introduction”, “Grasslands Across North 
America”, “Origin and Biota of the True Prairie Ecosystem”, 
“Ecosystem Concept of the True Prairie ’ ’ “, “Controlling Variables 
of the True Prairie”, “Producers”, “Consumers”, “Decomposers”, 
“True Prairie Ecosystem Models”, “Ecosystem Responses to 
Stresses”, and “Whole System Properties”. Each chapter consists 
of several sub-chapters, and a summary of each of the variables and 
processes concludes the text. A 39-page reference section, author 
index, subjects index and taxonomic index complete the book. 

Many of the individual contributors’ investigations have been 
published in the journal literature, but the main purpose of this 
series as stated by the US/ IBP Publications Committee “. . . is to 
accomplish a synthesis of the many contributions of each principal 
program and thus answer the questions pertinent to the structure 
and function of the major systems that have been studied”. The 
authors state that “Coverage of all subjects in this book--is not 
purported to be even or complete”. One of their major objectives is 
to inspire additional research effort and to present a good starting 
point for additional research. They have succeeded.--Ed 

Hierarchy: Perspectives for Ecological Complexity. By 
T.F.H. Allen and Thomas B. Starr. 1982. The University 
of Chicago Press, 11030 South Langley Avenue, Chicago, 
Illinois 60628. 310 p. $27.50. 
Allen and Starr “see this book as something of a sister to 

Margalef’s (1968) Perspectives in Ecological TIteory . . . Although 
we do not emphasize information theory per se, we share his 
interest in a signal-and-message approach to ecology . . . The 
strategy in this book [Hierarchy:. . .] is to develop a philosophical 
construct and a suite of methods for dealing with such hierarchical 
structure both nested and otherwise . . . We attempted to pull [the] 
literature together into a manageable package which can be used to 
develop further theory that we can then apply to ecology. . . We see 
our main contribution as a juxtaposition of a series of individual 
discoveries belonging to others.” 
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Hierarchy is defined as “a system of behavioral interconnections 
wherein the higher levels constrain and control the lower levels to 
various degrees depending on the time constraints of the behav- 
ior.” Emphasized in this publication are the middle-number sys- 
tems of Weinberg. 

Three parts and 14 chapters comprise the text of this book, 
followed by a 20-page glossary excluding vernacular terms, such as 
ecology and hierarchy; however, American football and succession 
are included. An 1 l-page reference section, and an author and 
subject index conclude the book; ecology, hierarchy, and succes- 
sion are included, American football is not. Part 1, A Theory for 
Middle - Number Systems, contains four chapters dealing with a 
historical perspective, and a middle - number foundation and 
vocabulary. The four chapters in Part 2, Origins of Life as a 
Complex Middle - Number System, discuss the meaning of evolu- 
tion in complex systems, the nature of boundaries, self-replication, 
and resilience - perturbation. Diversity/stability is discussed and 
modeling in ecology is criticized in Part 3, Scale and Complex 
Systems in Ecology. 

The authors “attempt to unify ecology by introducing scale with 
some formality into the various ecological subdisciplines.“--Ed. 

The World’s Beef Business. By James R. Simpson and 
Donald E. Farris. 1982. Iowa State University Press, 2 12 1 
South State Ave., Ames, Iowa 50010. 334 p. Cloth- 
$19.95, Paper $12.95. 
The authors of this book, Simpson and Farris, are both profes- 

sors and affilitated with the Food and Resource Economics 
Department, University of Florida, and the Department of Agri- 
cultural Economics, Texas A&M University, respectively. They 
present the beef business from the nomadic cattle herders to the 
feedlots and packing plants of the United States. 

“Z%e World’s Beef Business is written to provide an understand- 
ing of and a source of information on the world’s beef business. It is 
for undergraduate students, managers of cattle and meat opera- 
tions, professionals, and investors interested in the business, eco- 
nomics, marketing, and trade of the cattle and beef industries.““By 
describing, analyzing, and comparing the diverse beef businessesof 
the world, we [the authors] hope to clarify the key factors that 
shape demand, markets, prices, and costs under different and 
changing conditions. * “A special effort is made to present the 
subject as an interrelated set of functions and to point out that each 
one is a vital, necessary component.” 

To accomplish their goals, the authors have presented 12 chap- 
ters dealing with demand, world wide beef production, animal 
diseases, economic and financial aspects, processing and market- 
ing, and projections/policy considerations. Each chapter con- 
cludes with a summary and conclusions section and a list of 
references. Numerous tables, graphs, and photos are included in 
the text, and 17 appendices deal with world statistics, such as, 
number of cattle, permanent pastures, metric tons of production, 
consumption, trade, breeds, diseases, and international 
cooperation. 

This book will be of interest to those directly involved in the beef 
industry as well as policy makers.--Ed. 
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