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1990 President’s

Address:

SRM Today and Tomorrow
THCIMAS
E.BEDELL
On this Valentine’s Day I want to extend some special valentines
of acknowledgement.
This past year has been one of the most
eventful of my life and it has been a pleasure and an honor to have
had this fine opportunity to serve the Society. I sincerely thank you
for the trust you bestowed upon me.
Many people deserve recognition,
yet I will name only a few in
these remarks. Our 1988 President
Bill Laycock left us with a
healthy organization.
One unstated objective was to keep it functioning well; I trust that was achieved. Your Board of Directors has
been most supportive although the work hours are long and arduous. They deserve our heartfelt thanks. I feel a special tribute
should go to Ray Housley, our Washington,
D.C., liaison. Ray
plays a special role for the Society and a number of people have
given unsolicited thanks for his fine efforts.
Executive Vice-President
Pete Jackson deserves our thanks in so
many different ways. He is stable in his management
style; he is
thoughtful and responsive to all I know about; he is positive and
persuasive, and his love affair with the Society is a way of life for
him. Our Denver staff deserve equal recognition. Thank you all.
Two special valentines must go to Pat Smith and Gary Frasier,
editors of the Journal of Range Management and Range/an&.
These two publications,
and a new one, the TrailBoss News edited
by Jerry Schwien are the Society’s mouthpieces.
Our “music”
would unquestionably
be less acceptable and accepted were it not
for their good work. Pat’s continued cheerful attitude and positive
outlook constitute the pick-me-up we all can use.
I want to acknowledge
my Oregon State University faculty
colleagues, especially Bill Krueger, and my secretary, Bev Clark,
for their tireless support and help. Whatever I may have been able
to accomplish this past year has been given a great assist by them.
Lastly, Gretchen, my spouse, partner, and friend, deserves special
thanks for her day-to-day support and keeping things together on
the home-front.
1989 Activities
The scope of activities being conducted within SRM is truly
awesome. Currently there are 28 Standing Committees,
Boards,
Panels, and Councils and 9 Task Groups in addition to the Advisory Council made up of 3 executive officers from each of the 20
Sections, plus a chairman and chairman-elect,
and the 9-person
Board of Directors. Just trying to name all of the committees and
to recognize their members is beyond most of us. The strength of
SRM lies within the minds, hearts, and spirits of all of you who
work on our collective behalf.
Committees
this year as in all years do not just do business as
usual. They all function well, do what is requested of them, and
come back for more. Just think where we would be internally if our
Nominating Committee let us down? Or, ifthe Awards Committee
did not solicit, receive, evaluate, and recommend members for OUT
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viable awards program. We could not function. Or, the Membership Committee and what they recently have been doing to bolster
our ranks. No-it
is not business as usual.
There are some subject areas that bear mentioning,
however,
because of what I think are of special significance. At this meeting
we are making a special effort to find out how we feel about range
management
through a special survey process. The results should
prove quite interesting and insightful since how we feel about our
profession has much to do with what we accomplish.
The Excellence in Range Management
Committee leads this effort.
Our international
role has been increasing
in past years. It
probably is not common knowledge, but, the International
Affairs
Committee
has developed
a model approach
to international
communication-one
so simple that it could be used in other
contexts as well. We simply interrelate on a personal level with
individuals, one-on-one,
in over 50 countries. This takes personal
commitment
and time. But, people are the important factor and
this approach exemplifies that.
A number of the outreach activities originate in the Public
Affairs Committee.
I tabulated about 20 separate kinds of things
that either the President or Executive Vice-President
were directly
involved in through correspondence,
with some requiring various
levels of follow up. It is hard to know how much impact we have,
but just guess how much we have if we do nothing!
The Society has policies, position statements, and resolutions as
do most organizations.
We now have policies and positions in
brochure form that we can share easily with others. Acquaint
yourself with these and carry a supply. I would point out only one,
although all are significant. Our position statement on professional
qualifications
developed at the Kamloops meeting shows us to be
strongly supportive of diversity in the work place and equal opportunity in employment, yet at the same time upholding the desirability of retaining professional
qualifications
in natural resource disciplines. Positive educational requirements,
we believe, should be
maintained for people making natural resource decisions as well as
those in professional
and scientific positions. We are working to
see this position accepted in not only the range profession but other
resource professions as well, and, of course, by the public or private
bodies where it applies.
Another kind of activity focuses on particular subject matter.
These are the 9 Task Groups constituted to deal with timely issues
ofconcern.
Some ofthe tasksare relativelyshortlived
while others
are almost of a continuing nature. Three of the seven symposia at
this meeting are the result of Task Groups. Each Task Group has
well-defined objectives and, when they areaccomplished,
the Task
Group may dissolve. Since much of what SRM does is so dynamic,
it is probable some Task Groups will continue over an extended
period of time.
All Task Groups are noteworthy
but the newest one deserves
mention. The Unity in Concepts and Terminology
Task Group
under Lamar Smith’s chairmanship
is making significant progress
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toward their objectives. Their work focuses on developing a unified
approach toward characterizing the landscape ecology. They have
a well-balanced membership and have met in two multi-day meetings in Tucson and Reno. Positive results are occurring because
they spend a significant amount of time on the ground with each
other, sharing their expertise and perspectives about tangible range
sites.
Any leader asks himself or herself what it is they want to see
happen for their group. The Society has a long-range plan and
yearly objectives so there is something definite to be doing. A
legitimate question certainly can be-is that what you as members
want to see happen? We must uphold the tenets of our profession.
It is good to remind ourselves of what we are, what we do, and what
we want. All of what we do relates to rangelands.
We can take pride in what we do. Just looking at the scope of
program activities at the annual meeting and articles published in
the Journal of Range Management and Rangelands will provide
both us as members and any non-member reader or participant
with the sense of comprehensiveness we have. Obviously, we want
others outside the membership to be receptive, appreciative, and
interested in what SRM is and does. We must be more forthright in
using outreach opportunities. We have many good products and
we have a just cause.
Let’s look at a few more examples of how SRM can be effective
and improve our stature and working relations with other groups.
Lorenz Bredemeier called for this in his talk at Billings that was
published in the December 1989 Rangelands.
l Glossary of Terms. Although
not perfect, the Glossary provides evidence of technical knowledge and serves as an oft-cited
reference. We need to make as much use of it as we possibly can and
publicize its value. We will be updating the Glossary on a more
frequent basis than in the past.
l Assessment of Rangeland Condition and Trend of the United
States, 1989. This publication is the first effort at compiling these
kinds of data for all rangeland ownerships in the U.S. We are
indebted to the Public Affairs Committee for this. This is not the
same kind of effort that the U.S. Forest Resources Planning Act
staff makes in their assessment process, so it is not duplicative. The
effort brought out many data gaps and discrepancies and the Unity
in Concepts and Terminology Task Group will be addressing these
in the near future.
e Complimentary
copies of Rangelands. In 1989 the Society
started a small program to give complimentary subscriptions of
Rangelancis to ten other organizations. These are: National Wildlife Federation, Izaak Walton League, American Forestry Association, American Fisheries Society, Wildlife Management Institute,
International
Association of Fish and Wildlife Agencies, The
Nature Conservancy, the Audubon Society, the Sierra Club, and
the Wilderness Society. Several of the groups send us their materials although some do not. We encourage them to reprint material
from Rangelands as one means of getting a broader outreach.
l Inter-society
relations. A number of natural resource professional societies have similar goals and some SRM members no
doubt are members in other societies. One area of potential cooperation is the public policy arena. To that end, a meeting was held
in Washington, D.C., in November 1989 to explore how cooperative efforts might be beneficial toward meeting joint objectives.
Participants were representatives of the Society of American Foresters, the Wildlife Society, American Fisheries Society, Soil and
Water Conservation Society, and American Society of Agronomy
and ourselves, who initiated this. Dialogue was quite productive
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with mutual exchange of ideas and each organization’s public
policies and policy development procedures. We agreed to continue this working relationship, and as each group develops its
policies and positions, they will be shared.
A great deal of the success for this particular meeting needs to be
credited to the already good relations developed and maintained
by Ray Housley.
l Resources
Planning Act Assessment Process. The Society
developed an opportunity to work more closely with the RPA
effort of the U.S. Forest Service. Every 10 years the Forest Service
must, by law, assess the capability of all U.S. forests and rangelands to supply products and services to meet projected demands.
The next complete assessment of both supply and demand will be
completed in 1998. After initial study and comment by the Public
Affairs Committee, two separate meetings were held which culminated in4 substantive recommendations to the Forest Service. We
were fortunate to have the participation of interested representatives of the Society of American Foresters and the Wildlife Society
at the second meeting. This, I believe, is a good example of
inter-society activity to work directly with a major governmental
agency (actually 3 since the BLM and SCS play a significant role in
providing information to the Forest Service).
l Conservation
Reserve Program. Some 34 million acres currently are enrolled in this program. Most groups of people agree
the CRP is an effective program to conserve soil and water resources while providing some damper on excess commodity production.
Of concern to the SRM is the very real possibility that a significant proportion of these lands will be plowed out following expiration of IO-year contracts. Why? We believe inadequate policy and
program incentives exist to keep the lands in permanent cover.
Some changes from the current situation need to occur. After
studying the situation and convening a meeting of farmers who
hold CRP contracts to assess which changes might provide sufficient inducements to keep land in permanent cover, we developed
recommendations to be presented to both the administration and
to Congress. Our strategy is to involve other groups with similar
concerns and to the extent possible make coordinated and unilied
recommendations.
Our CRP Task Group and Public Affairs
Committee have been instrumental in this effort.
l Grazing
Lands Forum. The Forum is an outgrowth of the
Grazing Lands and People Conference in 1982. A fourth Forum on
a substantive subject did not occur. Momentum and interest had
appeared to wane among some of the participating organizations.
An in-depth assessment of the Forum was made by about 25 people
representing the most interested organizations and agencies in
November 1989. The outcome was a re-organization of purpose
and structure and plans for at least two years in the future. It is
gratifying to be able to report SRM’s strong support for this
renewed effort and our continued significant involvement. There
probably will be 11 professional or private organizations and 7
federal agencies all participating on an equal basis.

Achieving the Future
Someone has stated to that achieve the future, one must create it.
To what extent can SRM create the future, or at least the professional environment for that future? Obviously, we first must detine
what it is we want to be. We then have to define, describe, and
understand the limiting obstacles, real and perceived.
Perhaps if we had a better understanding of all this there would
be less concern and interest in what is termed the SRM image. I
want to share an exercise the Pacific Northwest Section went
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through last October. In a collaborative setting, all were asked to
state what we are and what we want to be. I will quote from the
Section newsletter and Editor Rick Miller’s summary of the exercise. I believe we will find this both instructive and insightful.
“What we believe we are is: We are making a difference on the
resource and the land; managing the big picture, horizon to
horizon; an organization with a lot of integrity; the recognized
authority and professional organization promoting the recognition and understanding of the values of a healthy range ecosystem;
expanding and growing in our understanding of the needs of the
resource; the recognized authority in natural resource management; leaders in caring for and managing the ecosystem as a whole;
we are sought out by leaders for social and biological issues relating
to rangeland resource.
We want to be perceived by others as: A cohesive, open, responsive, intelligent group of resource managers who can address
resource problems. A resource-based organization. People who
integrate grower needs, social needs and resource needs. Members
who provide effective leadership in resolving resource issues. An
organization which provides leadership and technical information.
Scientists, managers, and educators of the rangeland resource.
From this we believe our mission is to be an organization made
up of land resource managers, educators, and scientists that are a
recognized authority on rangeland ecosystems; promoting knowledge, recognition, and understanding of the values of a healthy
rangeland ecosystem.”
How, then, can we do this better? I’m sure we all have some
ideas. First, I firmly believe SRM has the structure, the people, the
will, and commitment. We may be short on some of the means to
accomplishment. Therefore, we must:
1. Keep ourselves educated-ontinually
on the threshold of
knowledge. We must be correct in what we know and clearly
recognize what we do not know. We then can use our talents and
abilities to teach/ share this knowledge, based on practicality to the
maximum extent.
2. Continually work on motivation, of our own membership
and those who need to understand in order to practice the good
stewardship and management necessary to care for rangeland
resources.
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3. Communicate-This
is side by side with motivation. We in
SRM must continue to strengthen our commitment with other
professions, special interest groups, and political leaders. Of special importance, I believe, are the landowners and managers who
make land management decisions. This is especially critical in the
larger world setting. Correctly identifying the individuals who
make decisions is mandatory to achieving success.
4. Strengthen coalitions and build new ones where we can.
Although individuals make management decisions, most often we
all function in some group context. Group ownership of the outcomes will occur when every one is considered. This is at the heart
of Coordinated Resource Management Planning.
The 5,200-member SRM has much yet to do. From our humble
beginnings 42 years ago, we have played a singular role in the
world. Other societies for range management are developing and
we applaud them. SRM has significant numbers of new members
to provide stimulus to change with the times. Many people do not
like change because of the discomfort perceived. Yet, we do not
really have a choice. Management is people and, for SRM, the
people who manage rangeland resources. If we continually keep
the health and integrity of the resource foremost, we will grow, not
without some risk, but grow nevertheless toward achieving the
goals we have set.
We do not, and cannot look to others to do this. We are the
people to tell the range management story. We have the mechanisms to do this. Sections always can be strengthened and this is
possible by using your newsletters, committees, and outreach more
vigorously. Each of us has roles to play both in our Sections and at
the SRM level.
We can never know too much about rangelands, but what we do
know must be used for the land’s benefit. Products and services can
only be sustainable when the land base is healthy. As long as we
address the causes and not the symptoms of problems, success is
more assured.
In concluding my year as President, I have been honored by YOU
and I greatly thank you for that honor and privilege. We are all
volunteers. Our headquarters staff can only do so much. They can
facilitate what we want to do but we must be the doers. We are a
rich Society, not in monetary resources-but in knowledge, spirit,
concept, practice, and people. Let us strive to keep it that way.
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Trampling effects from short-duration grazing on tobosagrass range
JEFFREY R. WEIGEL, CARLTON M. BRITTON, AND GUY R. MCPHERSON

Abstract
Emergence of broadcast-seeded kleingrass (Panicum coloratum
L. ‘Selection 75’) was compared for 2 seasons in short-duration
grazed (SDG) areas and ungrazed exclosures in the Texas Rolling
Plains in order to test the hypothesis that short duration grazing
(SDG) increases seedling emergence. Kleingrass emergence was
similar between treatments in both years. Emergence was unre
Iated to percent foliar cover of preexisting vegetation. Soil strength
was greater in grazed areas in both years, but showed evidence of
recovery between years. Trampling under short-duration grazing
provided no beneficial effect on kleingrass emergence or soil
strength in either year.
Key Words: seedling establishment,
management, Panicum coloratum L.

soil compaction,

grazing

Hooves of grazing animals impart physical impact on rangeland
soils and vegetation. Kind of animal, season and intensity of grazing, soil characteristics, and plant community infhrence the type
and degree of impact. Rangelands do not benefit from long-term,
excessive physical animal impact (Lull 1959, Reynolds and Packer
1963, Blackbum et al. 1982, Blackbum 1984).
Proponents of intensive rotational grazing systems cite beneficial effects from increased stocking densities. The “hoof action” of
concentrated animals is said to improve soil hydrologic properties
by breaking up crusts and increasing infiltration, thereby enhancing seedling emergence (Savory and Parsons 1980, Walter 1984).
Recent studies of intensive rotational grazing systems have demonstrated detrimental impacts on soil-hydrologic properties such as
infiltration rate, sediment production, and runoff (Blackbum
1984; Thurow et al. 1986; Warren et al. 1986a, 1986b, 1986c, 1986d;
Weltz and Wood 1986).
Germination of a surface-lying seed depends on escape from
predation and placement on a site which provides appropriate
moisture and temperature conditions (Harper et al. 1965, Sheldon
1974). Modifications of soil structure and/ or microtopography by
animal trampling can influence the number of microsites available
for germination. Trampling may improve the suitability for germination of one type of microsite but reduce the suitability of another
(Stephens 1980, Eckert et al. 1986).
The ability of a seedling to emerge out of, or push roots through,
soil depends on relative soil strength and moisture content as well
as the emergence force exerted by the seedling (Hanks and Thorp
1957, Taylor 1971, Jensen et al. 1972). As the soil surface dries, soil
strength increases, and emergence declines (Stephens 1980). Trampling may increase emergence of some species but decrease emergence of others (Stephens 1980, Wood et al. 1982, Dahl 1986,
Eckert et al. 1986, Norton and Owens 1986). Factors other than
trampling also influence seedling emergence. Wood et al. (1982)
and Dahl(1986) considered the presence or absence of competing
At the time of research, authors were research assistant, associate professor, and
research assistant, Department of Range and Wildtiie Management, Texas Tech
University, Lubbock 79409. Current address of J.R. Weigel is The Nature Conservancy, P.O. Box 1440, San Antonio, Texas 78295; and the currant address of G.R.
McPherson is Range Science Department, Texas A&M University, College Station
77843. This study is a contribution of the College of Agricultural Sciences, Texas Tech
University, No. T-9-491. Authors wish to thank M. Robert and Mary Candee, Perry
Grissom, Sheila Merrigan, John Pitts, Allen Rasmussen, and Gretchen Scott for
technical assistance. David B. Wester and Henry A. Wright provided helpful suggestions on the manuscript.
Manuscript accepted 28 June 1989.
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vegetation, and Stephens (1980) and Eckert et al. (1986) considered
soil microsite characteristics important in determining emergence
and establishment. Soil moisture before emergence and the ability
of a species to germinate under a wide variety of conditions may
also exert greater influence than trampling (Graff 1983, Dahl
1986).
This study evaluated selected impacts of short-duration grazing
(SDG) on western Texas rangeland. Effects of SDG on soilhydrologic properties have been studied in detail. Response of
plant communities to SDG on a relatively large spatial scale has
also been investigated (Thurow et al. 1988 and references therein).
Vegetation processes underlying observed community-level changes
have received considerably less attention. Therefore, our primary
hypothesis stated that trampling under SDG does not enhance
seedling emergence; this was tested using broadcast-seeded kleingrass (Panicurn coloratum L. ‘Selection 75’) as a bioassay. An
additional hypothesis stated that soil strength is not influenced by
SDG.
Materials and Methods
Research was conducted in 1985 and 1986 at the Texas Tech
Experimental Ranch (101’ 11’ W., 32O 58’ N.) 10 km southeast of
Justiceburg, Garza County, in the Texas Rolling Plains. Regional
climate is semiarid, with most of the 490 mm of average annual
precipitation falling from May to October (NOAA 1985). Longterm climatological data are not available for the recently established Experimental Ranch. Study plots were located on a clay flat
range site dominated by tobosagrass [Hilaria mutica (Buckl.)
Benth.] and alkali sacaton [S’orobolus airoides (Torr.) Torr.] with
scattered honey mesquite (Prosopis glandulosa var. glandulosa
Torr.) and plains prickly pear (Opuntiapolyacantha Haw.). Soils
were nearly level Stamford clays (fine, montmorillonitic, thermic
Typic Chromusterts) with a high shrink-swell potential, intermixed with small areas of Vernon clay loams (fine, mixed, thermic
Typic Ustochrepts) (Richardson et al. 1965).
Before 1984, the site was moderately and continuously grazed.
As part of a large research project, it was burned in February 1983
and sprayed in July 1983 with triclopyr [((3,5,6trichloro-2-pyridinyl)
oxy) acetic acid]. In 1984 a six-pasture short-duration grazing
system was initiated. The 14ha study pasture was stocked with
Hereford/ Angus crossbred steers at 1.7 AUM/ ha in 1985 and 1.2
AUM/ha in 1986 for 3 grazing cycles between mid-April and
mid-July each year. Recommended stocking for moderate, yearlong continuous grazing on this site is about 0.8 AUM/ ha. Sixty
and 42 yearling steers were used in 1985 and 1986, respectively.
Stocking rate each year and length of grazing and rest periods
within years were adjusted to forage availability. In both years, the
first 2 grazing periods were 7 days, followed by rest periods of 35
and 21 days in 1985 and 33 and 30 days in 1986. A final grazing
period of 3 days in 1985 and 2 days in 1986 occurred before removal
of all animals.
Immediately before grazing each season 128, 0.28-mr plots,
arranged in a randomized, complete block design with 8 blocks,
were broadcast-seeded with kleingrass at 8.6 kg pure live seed/ ha.
Kleingrass was selected because of its adaptation to the soil and
rainfall conditions of the site. Seeding rate was intentionally heavy
JOURNAL
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to provide adequate emergence to test treatment effects. Half the
plots in each block were located in randomly placed ungrazed
exclosures. Blocks were relocated and new plots established for the
second grazing season. Plots were located in a 2-ha area about 550
m from the watering point of the 800-m long triangular pasture.
Grazed plots were marked below-ground with metal stakes to
avoid artificially attracting cattle and augmenting trampling. A
metal detector was used to locate plots on sample dates (Weigel
and Britton 1986). Kleingrass seedlings grown in greenhouse pots
were used to aid field identification. Plots were monitored twiceweekly for kleingrass and seedlings were counted following each
emergence.
Vertical black-and-white
photographs taken with a 35-mm
camera and 50-mm lens from 1.5 m above each plot were used to
estimate foliar cover of individual plots. A dot-grid overlay (50
dots/ grid) was used to estimate cover on each photograph. These
data were used to evaluate the effect of vegetative cover on kleingrass emergence.
A proving-ring penetrometer (Soiltest CN-970) was used to
measure soil strength (MPa) before and after each grazing cycle
each year. Soil strength is strongly correlated with soil bulk density, a measure of soil compaction (Gifford et al. 1977). Balph and
Malechek (1985) found that livestock in a SDG system avoided
trampling elevated grass tussocks, so penetrometer samples were
taken only from bare soil interstices. Immediately before and after
each grazing cycle, 640 penetrometer readings (80/black) were
taken in groups of 20 closely spaced samples. In 1986,3 of every 20
readings on dates after grazing began were taken in visible cattle
hoofprints. This frequency of sampling corresponded to actual
percent cover of hoofprints estimated by line-intercept sampling.
Trampling intensity was estimated by measuring hoofprint
intercepts along 16 randomly located 10-m line trasects immediately following the first 2 grazing periods each year. Duncan’s
New Multiple Range Test was used to compare hoofprint intercept
means for each date. Means for the grazing period immediately
before each emergence event are reported.
Kleingrass emergence and soil strength data were averaged over
subsamples (4 plots/average for kleingrass and 20 penetrometer
readings/average for soil strength). These data were tested for
normality at each date with the Shapiro-Wilk W-statistic (Shapiro
and Wilk 1965). Block-treatment interaction for each date was
tested using Tukey’s single-degree-of-freedom test for nonadditivity at the 90% level of significance (Steel and Torrie 1980). In 1985,
3 of 4 data sets of soil strength demonstrated significant interaction
and were transformed using the Anscombe-Tukey power transformation (Anscombe and Tukey 1963). Kleingrass emergence and
soil strength data were evaluated using analysis of variance for a
randomized, complete block design with a sampling error. Duncan’s New Multiple Range Test was used to compare soil strength
data when treatments were divided into hoofprint and nonhoofprint means. Regression analysis was used to assess the effect of
foliar cover on seedling emergence.

Results and Discussion
Adequate precipitation before and after seeding is critical in
stimulating germination (Wester et al. 1986). Precipitation during
this period was average in 1985 and 50% above average in 1986.
Three distinct emergence events occurred during the study: 1 in
1985 and 2 in 1986. All emergence events followed 5day periods in
which precipitation occurred on at least 2 of the days (Table 1).
Wester et al. (1986) indicated that such a pattern may serve as an
environmental trigger for kleingrass emergence. Trampling intensity before the single 1985 emergence was higher (P<O.OS) than for
the two 1986 emergences (Table 2) because of the higher stocking
rate in 1985.
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Table 1. Kleingrass seeding and emergence dates and daily precipitation,
Spring 1985 and 1986.

Date 1985
21 April
28 April
28 April
06 May
08 May
13
16
17
21
22
25
05

May
May
May
May
May
May

June
06 June
11 June

Preciuitation

seeding
30.5
10.4

11.2
5.1

17.5
2.0
10.2
8.9
c:mergence
42.2
16.3
15.0

Date 1986

Precinitation

27 March
02 April
06 April
19 April
24 April
25 April
25 May
26 May
27 May
30 Mav
01 Ju&
03 June
05 June
06 June
17 June
19 June

---Wm)seeding
16.5
7.6
56.6
4.1
emergence
9.6
10.7
27.4
35.6
33.5
11.9
4.8
emergence
23.9
38.9

No difference (p>o. 15) in seedling emergence between grazed
and ungrazed treatments was found in either year (Table 2). Foliar
cover of individual plots did not influence seedling emergence
(p>o. 15) for any date. Graff ( 1983) obtained little or no emergence
of several broadcast-seeded grass and forb species subjected to
trampling under 2 levels of SDG unless competing vegetation was
suppressed with herbicide prior to seeding. Seeded into a stand of
Table 2. Hoofpdnt intercept means (SE) by date and mean (SE) kleingrass
seedling density by date and treatment, 1985 and 1986.

Emergence date

Hoofprint
intercept’
---9&--

25 May 1985
25 April 1986
6 June 1986

18.2 (2.6) a
11.3 (1.8) b
14.1 (1.6) b

Seedling density*
Grazed
Ungrazed
-----(seedlings/0.28m*)7.6 (0.7)
8.5 (1.1)
10.3 (0.8)

6.6 (0.6)
10.7 (1.3)
12.5 (0.8)

‘Hoofprint intercept (%) = total hoofprint intercept (cm)/ total transect length (cm), n
= 16 transects/mean; means in column followed by the same letter are not different
(p>o.OS).
Seedling means in same row are not different (F70.05), n q 64/mean.

established perennial grasses, no kleingrass survived to establishment in either year in our study, probably as a consequence of
insufficient post-emergence rainfall (no precipitation for 1l-30
days post-emergence) and competition from perennial plants. Foliar cover of perennial grasses averaged 14% (grazed) and 18%
(ungrazed) in 1985 and 20% (grazed) and 29% (ungrazed) in 1986.
In natural systems, many plants emerge, but few survive (Harper
1977). Virtually all seedlings on all emergence dates died in the 2- to
3-leaf stage 3 to 7 days after emergence.
Soil strength did not differ (p>o.40) between treatments before
grazing in 1986 (Table 3). There was no pregrazing sample in 1985.
Once grazing began, soil strength in the grazed treatment was
higher (P<O.OOOl) than in ungrazed areas for all 1985 dates and 4
of 5 1986 dates. Uniformly low soil stength in both treatments on
3 1 May 1986 was attributed to very wet soil conditions (soil moisture 25%) from over 80 mm of rain received immediately before
sampling.
On 4 of 5 1986 post-grazing sampling dates, soil strength in
hoofprints was greater (ZYO.05) than in untrampled areas within
the grazed treatment (Table 4). Soil strength in grazed, untrampled
areas was not different from ungrazed areas on 3 of 5 dates. Soil
strength differences between treatments (Table 4) were apparently
caused by the contribution of a few hoofprints, which had high soil

93

Table 3. Mean (SE) soil strength by date, grazing cycle stage, and treatment, 1985 mtd 19%.

Year

Date

Grazing
cycle stage

Soil strengthr
Grazed
Ungrazed
----MP&---

1985 06 May
09 June
18 June
08 July

1986 20 March
13 April
23 April
14 May
25 May
31 May
16 July

Soil strengthr
Prob > F
Date

_.___

post-i
me-2
post-2/pm-3

0.55 (0.01)
0.62 (0.011
0.88 (o.oij

0.42 (0.01)
0.48 (0.011
0.62 (o.oij

0.0073
0.0001*
0.00012

post-3
pm-graze

0.92 (0.01)
0.86 (0.01)

0.67 (0.01)
0.87 (0.01)

0.00012
0.4064

p=gmze
post-i
post-i /pm-2
pm-2

0.68 (0.01j
0.66 (0.01)
0.93 (0.01)
0.70 (0.01)
0.22 (0.01)
1.13 (o.oij

0.68 (0.01j
0.53 (0.01)
0.71 (0.01)
0.55 (0.01)
0.21 (0.01)
0.85 (o.oij

0.9341
0.0001
0.0001
0.0001
0.2041
0.0001

DOSt-2

t Dlt?-3

- pos;_3

In q 640for each man, untransformed means reported.
*Analysison power-transformed data.

strength, in the grazed treatment.
The duration of trampling impact on soil strength was not
specifically investigated. However, evidence of recovery from
compaction between years was found. Soil strength in second-year
plots, all located in areas grazed during year one, did not differ
(I’X.40; Table 4) prior to second-year grazing. This recovery was
attributed to the high shrink-swell potential of the clayey Vertisols
of the site (Larson and Allmaras 1971). Other studies of compaction from grazing have demonstrated recovery after rest (Warren et
al. 1986c), although more than one season may be needed to return
to the precompaction condition (Orr 1975, Stephenson and Veigel
1987).
Suggesting that soil hydrologic condition and subsequent seedling emergence is universally improved by livestock trampling
ignores the effects of soil type, soil water content, stocking rate,
and vegetation type (Warren et al. 1986~). Trampling of sandy,
crust-prone soils may reduce compaction (Graff 1983, Tainton
1985) while finer-textured soils may be damaged (van Haveren
1983). The impact of trampling of wet soil is more detrimental than
trampling of dry soil (Warren et al. 1986d).
No beneficial effects on either emergence of broadcast-seeded
kleingrass or soil strength were realized from seasonal SDG trampling at stocking rates 2.0 and 1.5 times higher than recommended
in tobosagrass-alkali sacaton vegetation on clay soils. Conversely,
trampling did not reduce kleingrass emergence relative to ungrazed
areas. Soil compaction, as measured by soil strength, increased in
grazed areas. Presumably, soil hydrologic properties related to soil
surface condition, such as infiltration rate, sediment production,
and runoff, would be negatively affected by increases in soil
strength. Evidence of compaction recovery between years was
found.
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Tiller defoliation patterns under short duration grazing in
tallgrass prairie
ROBERT L. GILLEN, F. TED MCCOLLUM, AND JOE E. BRUMMER

Abstract
Simulated &pasture short duration grazing systems were studied in 1985-86 to determine the effect of grazing schedule and
stocking rate on defoliation patterns of individual grass tillers of
big bluestem (Andropogon gerardii Vitmm) and little biuestem
(ScI&rchyrium scopdwn (Michx.) Nash). Treatments consisted
of 3 grazing schedules (2,3, or 4 rotation cycles per 152-day grazing
season) and 2 stocking rates (1.3 and 1.8 times the recommended
normal). Grazing schedule and stocking rate did not affect the
percent tiller height reduction per grazing period except for the
combination of 2-cycle grazing and heavy stockbrg which increased
percent height reduction. Percent tiller height reduction per grazing period decreased over the grazing season for the 3 and 4-cycle
grazing schedules. Grazing schedule and stocking rate had little
effect on the height at which tillers were defoliated. Increasing the
number of grazing periods reduced the percentage of tillers defoliated per grazing period but increased the cumulative defoliation
frequency over the grazing season. Grazing schedule did not affect
the percentage of tillers ungrazed over the entire grazing season.
Big bluestem was consistently defoltated more intensely and frequently than little bluestem.
Key Words: rotation grazing, stocking rate, defoliation frequency,
defoliation intensity
Defoliation regime or pattern is a major variable influencing
plant response to grazing. Defoliation pattern is partially defined
by the intensity (the amount of plant material removed) and frequency (the number of times a plant is defoliated in a given time
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period) of defoliation. Intensity and frequency of defoliation are
negatively related to plant growth (Owensby et al. 1974, Dwyer et
al. 1963, Jameson 1963). However, all individuals within a plant
population will not experience the same defoliation regime unless
grazing pressure is extreme. A plant population may slowly decline
because the most heavily defoliated plants are weakened from
overgrazing and die prematurely even though the average defoliation regime is moderate (Gammon 1978).
Over short measurement periods, the intensity and frequency of
defoliation increases linearly as herbage allowance decreases (Hinnant and Kothmann 1986, Briske and Stuth 1982, Curl1 and Wilkins 1982, Hart and Ralla 1982, Hodgson and Ollerenshaw 1969,
Morris 1969, Hodgson 1966). This relationship becomes more
variable as the period of measurement lengthens (Greenwood and
Arnold 1968) and the number of species in the plant community
increases (Hodgkinson 1980, Gammon and Roberts 1978a).
Only one study has compared defoliation patterns under different grazing schedules (Gammon and Roberts 1978a). Intermittent
grazing reduced the number of tillers defoliated 3 or more times
over a l2-month period but had little effect on the amount of
herbage removed per defoliation (Gammon and Roberts 1978b,
1978c).
The objective of the current study was to determine defoliation
patterns of individual grass tillers under different combinations of
grazing intensity and frequency in tallgrass prairie vegetation.
Study Area
The study area was located on the Oklahoma State University
Research Range approximately 21 km southwest of Stillwater,
Oklahoma. The climate is continental with an average frost-free
growing period of 204 days extending from April to October.
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Average precipitation at Stillwater is 831 mm with 65% falling as
rain from May to October. Mean temperature. is 15OC with average minimum and maximum temperatures ranging from 4.3O C in
January to 34” C in August (Myers 1982).
Soils found on the area are primarily the Grainola and Coyle
series, comprising approximately 60 and 35% of the area, respectively. The Grainola series has a loam surface with silty clay loam
subsoil and is a member of the fine, mixed, thermic family of Vertic
Haplustalfs. The Coyle series has a fine sandy loam surface with
sandy clay loam subsoil and is a member of the fine-loamy, siliceous, thermic family of Udic Argiustolls. Range site classification of
the Grainola soil is shallow prairie and the Coyle soil is loamy
prairie.
The study area was established in 1984 on native tallgrass
prairie. The area was dominated by big bluestem (Andropogon
gerardii Vitman), little bluestem (Schizachyrium scoparium
(Michx.) Nash), and switchgrass (Panicum virgatum L.), each
comprising approximately 20% of the standing crop by weight in
August 1984. Other important species included indiangrass (Sorghastrum nutans (L.) Nash), tall dropseed (Sporobolus asper
Michx.) Kunth), and western ragweed (Ambrosia psilostachya
DC.)
Methods
Experimental treatments consisted of 3 grazing schedules under
2 stocking rates. Grazing schedule treatments were based on the
number of complete grazing cycles (2, 3, or 4) in an I-pasture
rotation that could be completed during a 152day spring-summer
grazing season. Within grazing schedule treatments, shorter graze/
rest periods were used at the beginning of the grazing season when
the vegetation was in a rapid growth stage. Graze/ rest periods were
gradually lengthened during the season as the vegetation matured
(Table 1). Each treatment pasture received 19 total days of grazing.
Table 1. Days of grazing and rest per cycle for tbe 3 grazing schedule
treatments.
Grazing
schedule

ZCycle
3-Cycle
4-Cycle

-Cycle I
DG’ DR2

6
4
3

42
28
21

_Cycle 2
DG DR

13
6
4

91
42
28

-Cycle 3
DG DR

9
5

63
35

-Cycle 4
DG DR

7

49

-Mean

DG DR
10
6
5

67
44
33

IDG = Days of grazingpercycle.
2DR Days of rest cycle.
q

Grazing began on 1 May and 19 April in 1985 and 1986, respectively. All pastures were burned approximately 4 weeks before the
starting dates in both years.
Stocking rate treatments were set at 1.3 (light) and 1.8 (heavy)
times the Soil Conservation Service recommended rate for the
range sites under study. Three animals were grazed on 0.40-ha
pastures to obtain the light stocking rate while 5 animals were
grazed on 0.48-ha pastures to obtain the heavy stocking rate.
Stocker steers and heifers with a starting weight of approximately
275 kg were used. Stocking rates averaged 110 AUD ha-’ for the
light rate and 154 AUD ha-’ for the heavy rate.
Treatments were applied using a simulated 8-pasture short duration grazing system. Pasture number 4 in the rotation was used to
determine the mean system effect. Grazing schedules and stocking
rates were arranged factorially in a randomized complete block
design with 3 replications.
Individual tillers of big bluestem and little bluestem were permanently marked with colored wire rings before the first grazing
period in each treatment pasture. Ten tillers of each species were
alternately and systematically located along 3, 20-m permanent
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transects for a total of 30 tillers of each species in each pasture.
Tillers were sampled before and after each grazing period. Tiller
measurements included the presence/absence of defoliation, total
tiller height with leaves extended, and the minimum height at
which defoliation had occurred. The same tillers were sampled for
the entire spring-summer grazing season. Lost tillers were replaced
with the nearest tiller of the same species. Grazed edges of leaves
and stems were marked with white latex paint to determine regrazing in subsequent grazing periods. Regrazing within a grazing
period was not determined. Percent height reduction was calculated as the difference in tiller height before and after grazing
divided by the tiller height before grazing. Means for grazing
height and percent height reduction were based on defoliated tillers
only.
All data were analyzed using analysis of variance techniques for
a randomized complete block design with repeated measures.
Grazing schedule and stocking rate were whole plot factors while
species, cycles within schedules, and year were repeated factors.
Pastures were experimental units. Tiller means within pastures
were used as observations for the analysis. When significant treatment differences (P= 0.05) were indicated by the F-tests, treatment
means were compared using least significant differences (LSD).
Statistical procedures followed the methods of Milliken and Johnson (1984).
Regression analysis was used to determine the relationship
between herbage allowance and percentage tillers grazed within a
grazing period. Herbage allowance was calculated as the herbage
standing crop at the start of a grazing period divided by the total
animal-unit-days (AUD) during the period.
Results and Discussion
Precipitation was Sl%and 24% above normal for 1985 and 1986,
resulting in excellent growing conditions in both years. End-ofseason standing crop in ungrazed control pastures averaged 6,060
kg ha-’ for the 2 study years. As a result of the above-average forage
production, utilization levels were relatively low. Utilization
(based on end-of-season standing crop in grazed and ungrazed
pastures) averaged 31%, 27%, and 33%, for 2, 3, and 4cycle
grazing schedules, respectively, and 26% and 34% for light and
heavy stocking rates (Brummer et al. 1988).
Defoliation Intensity
Percent Height Reduction

The percent height reduction per grazing period averaged 55%
and was not affected by grazing schedule or stocking rate with one
exception (Table 2). The longer grazing periods under the 2-cycle
Table 2. Percent height reduction per grazing period for defoliated tillers
averaged over years.
Stocking Rate

Grazing

Species

Schedule

Liaht

Heaw

LB’

BB

2-Cycle
3-Cycle
CCycle
LSDo.os

54
54
54

62
55
56

53
50
52

63
59
58

3

5

L
‘ B = littlebluestem,BB = big bluestem

schedule coupled with the heavy stocking rate resulted in significantly greater percent height reduction. Big bluestem was defol-

iated more severely than little bluestem under all grazing schedules
but the difference between species increased as the frequency of
livestock movement decreased (Table 2). Percent height reduction
for little bluestem was not affected by grazing schedule. Big bluestem tiller height removal only increased under the longer grazing
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periods associated with 2-cycle grazing. There was a small, but
significant, difference in height reduction between years, averaging
54 and 58% for 1985 and 1986, respectively (P
0.01). Peak
standing crop in ungrazed pastures was similar between years and
the cause of the difference in percent height reduction between
years was not clear. No other treatment factors or interactions
significantly affected percent height reduction.
Within grazing schedules, percent height reduction tended to be
highest in the early grazing periods and decreased as the season
progressed (Table 3). Pierson and Scamecchia( 1987) also reported

100
90

q

Table 3. Percent height reduction and grazing height (cm) of defoliated
tillers for individual cycles within grazing schedules averaged over species 8nd years.

w
f
z
‘”
I-

8o
70
60
50
40
30
20
10
0

3-Cycle

2-Cycle

Grazing
Grazing
Cycle
I
2
3
4
LSD0.m

Percent Height Reduction
Grazing Schedule
2-Cycle 3-Cycle 4-Cycle
62
56

60
53
53

10

4

60
59
51
53
5

Grazing Height
Grazing Schedule
2-Cycle 3-Cycle CCycie
8
19
-5

8
16
17
I

7
Ii
I7
I6
3

a decrease in defoliation intensity from early to late summer grazing periods. Less precise treatment comparisons under the 2cycle
schedule were attributed to fewer degrees of freedom in the
analysis-of-variance as a result of fewer grazing periods (Total df =
47, 71, and 95 for the 2, 3, and 4-cycle treatments, respectively).
Grazing Height

Grazing schedule did not affect the height at which tillers were
grazed (13, 14, and 13 cm for the 2, 3, and 4-cycle treatments,
respectively; -0.05).
Stocking rate did not significantly affect the
grazing height for little bluestem tillers (14 vs. 13 cm for light and
heavy stocking; -0.05)
but big bluestem tillers were grazed to a
lower height under heavy stocking ( 14 vs. 12 cm for light and heavy
stocking; KO.05). Grazing heights were slightly lower in 1986
than in 1985,12 vs. 14 cm (P<O.Ol). No other treatment factors or
interactions significantly affected grazing height.
Within grazing schedules, grazed height increased from early to
late grazing periods (Table 3). Herbage was growing more rapidly
than it was being consumed and was accumulating in the pastures.
Tillers were not being grazed down to the same stubble height in
each grazing cycle. Growth rates decline as the summer progresses
(Gillen and McNew 1987) and this effect is reflected in smaller
height differences between the later cycles in the 3 and 4-cycle
grazing schedules. Similar accumulation patterns have been reported from Texas (Hinnant and Kothmann 1986).

Defoliation Frequency

4-Cycle

Schedllle

Fig. 1. Percent of grass tillers defoliated per grazing period. Bars with the
same letters are not significantly different, LSDOsOS
= 9.

stant over cycles within grazing schedules (Table 4).
There was a significant negative linear correlation between herbage allowance and percentage tillers defoliated within a period for
both species (P<O.Ol). A relatively small amount of the variation
in percentage tillers defoliated could be explained by the relationship (rz = 0.29 and 0.46 for little and big bluestem, respectively; N =
108). Herbage allowances ranged from 30 to 140 kg AUD-’ and
Table 4. Percentage of tillers defoliated for individual cycles within gruing
schedules averaged over species and years.
Grazinn Schedule
Grazing Cycle

1
2
3
4
LSDo.oa

2-Cycie

3-Cycle

CCycie

74
71

57
54
57

NS

NS

53
55
51
47
NS

perentage tillers defoliated per period ranged from 20 to 80% for
little bluestem and from 35 to 100% for big bluestem.
The percentage of tillers in different defoliation frequency
classes (totaled over the grazing season) differed significantly
among grazing schedules and species (Table 5). These defoliation
frequencies should be considered minimums because tillers could
have been defoliated more than once within a grazing period. It is
most accurate to consider the defoliation frequencies as the
number of discrete periods within the grazing season that the tillers
were defoliated. About one-fifth of all little bluestem tillers were
Table 5. Tillers in 5 cumulative defoliation frequency classes (%, totaled
over season) as affected by the interaction of grazing schedule and
species.

The average percentage of grass tillers defoliated per grazing
period decreased as the number of grazing cycles increased and the
length of grazing periods decreased (Fig. 1). This effect was again
more pronounced for big bluestem than little bluestem. Big bluestem is more palatable than little bluestem in the tallgrass prairie
(Dwyer 1961). Heavy stocking increased the percentage of tillers
defoliated per grazing period compared to light stocking (67 vs.
53%, IYO.01).
One guideline suggested for managing grazing periods under
short duration grazing is to defoliate all tillers once before moving
to the next pasture (Kothmann 1980). Under the current study
conditions, this theoretical guideline could only be approached for
the most palatable species under the longest grazing periods. Selectivity between species was present under all grazing schedules. The
percentage of tillers defoliated during a grazing period was conJOURNAL
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0

Grazing
Schedule

_Species
LB3 BB

2-Cycle
3-Cycle
CCycle
LSDo.oa

I8 4
20 9
17 7
NS4

Frequency of Defoliation
- I
- 2
- 3’
Species
Species
-Species
LB

BB

40 25
33 22
24 21
8

LB BB
4271
32 30
29 25
8

LB

BB

-14 39
22 26
II

- 42
-Species
LB BB
-- 8 21
5’

‘3 and CCycle treatments only
*4-Cycle treatments only
)LB = little bluestem?BB q big bluestem
%nteractionnonsigndkant; main effect of grazing schedule nonsignificant; main effect
of species, LB = 19, BB = 7, LSDO~ = 5
SLSD applies to main effect of species
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not defoliated regardless of grazing schedule. More tillers were
defoliated once or twice as the number of grazing cycles decreased.
Defoliation was more variable as the frequency of livestock movement increased because tillers were spread over more frequency
classes. Under 4-cycle grazing, 8% of the little bluestem tillers were
defoliated during every period. Clipping little bluestem to a 5 cm
height 4 times from July to September did not reduce stand density
after 6 years but did reduce shoot and root production in an earlier
study (Dwyer et al. 1963). However, a 5cm defoliation height is
much lower than observed in the current study.
Big bluestem tillers were consistently defoliated more frequently
than little bluestem tillers (Table 5), reinforcing the basis for the
preference rankings for these 2 species. Less than 10% of the big
bluestem tillers were ungrazed under all grazing schedules. The
longer grazing periods under 2-cycle grazing allowed 71% of the
tillers to be defoliated at least twice, the highest proportion in any
frequency class-treatment combination. As with little bluestem,
increasing the number of grazing periods increased the spread of
tillers across grazing frequency classes. Over one-fifth of all big
bluestem tillers were defoliated during every grazing period under
4-cycle grazing. Other studies have suggested that such a defoliation frequency would have negative effects on big bluestem plant
vigor and long-term population levels (Owensby et al. 1974, Dwyer
et al. 1963).
Tiller defoliation was more frequent under heavy stocking rates
than light stocking rates (Fig. 2). Briske and Stuth (1982) reported
“Y

N

40

m

Light

m

Heavy

ui 30
k

;2 20
=
10
0

0

1
Grazing

2

3

4

Frequency

Fig. 2. Percent of grass tillers in cumulative defoliation frquency ciasaes
for ligkt and heavy stocking. Percentagea are significently different
between stocking ntea for aU frequency classes (P = 0.05).

a similar defoliation pattern as stocking rate increased. The only
interaction between grazing schedule and stocking rate occurred in
the twice-defoliated frequency class (Fig. 3). Stocking rate did not
affect the number of tillers defoliated twice except under the 2cycle grazing schedule. The longer grazing periods under 2-cycle
grazing resulted in a significantly greater treatment effect on the
heavy stocking rate.

Conclusions
When differences in tiller defoliation patterns occurred between
grazing schedules, the 2-cycle treatment was usually different from
the 3 and 4-cycle treatments which, in turn, were not different from
each other. This pattern closely follows the initial differences
between grazing schedules in terms of average days of grazing and
rest within cycles (Table 1). There is less difference between the 3
and 4-cycle schedules than between these 2 schedules and the
2-cycle schedule.
Intensity of tiller defoliation was only affected by grazing schedule at the extremes of the other treatment factors, the heavy
stocking rate or the most palatable species (big bluestem). Heavier
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70
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z! 50
3 40
30
20
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l-l
2-Cycle

3-Cycle
Grazing

4-Cycle

Schedule

Fig. 3. Percent of tillers defoliated twice during tbe grazing season es
affected by the interaction of grezing schedule and stocking rate. Bars
with the same letters are not sfgnificantly different, LSDtto5 q 9.
stocking rates could be supported under the 3 and 4-cycle schedules
without increasing percent tiller height removal or decreasing
grazed height on individual tillers. This was accomplished by
increasing the percent of tillers being defoliated during a grazing
period. The 3 and 4-cycle schedules also tended to decrease differences in defoliation patterns between the 2 grass species. Percent
tiller height removal within grazing periods was never more than
65%. This would indicate moderate defoliation since 50% of the
weight of these grass tillers is contained in the lower 33% of the
tiller height.
Grazing schedule did not affect the percent of tillers that were
ungrazed over the entire season. The major effect of grazing schedule was to alter the frequency distributions of defoliated tillers. As
the number of grazing periods increased, the opportunity for multiple defoliations increased. Comparing the 4-cycle schedule with
the 2-cycle schedule, fewer tillers were defoliated 1 or 2 times but
these tillers merely shifted into the higher defoliation frequency
classes. Information is not available at this time to determine
whether or not population stability can be maintained under these
higher defoliation frequencies. The percent of big bluestem tillers
defoliated 4 times under the 4-cycle grazing schedule (21%) underlines the importance of this point. The grazing treatments in this
study will continue to be imposed for several more years to determine the impact of the observed defoliation patterns on long-term
plant community response.
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Stocker cattle performance and vegetation response to
intensive-early stocking of Cross Timbers rangeland
F.T. MCCOLLUM, R.L. GILLEN, D.M. ENGLE, AND G.W. HORN

A 4-year study was conducted on Cross Timbers range in northcentral Oklahoma. Conventional seasonlong grazing (SLS) of
stocker cattle was compared to intensive-early season stocking
(IES). Stocking density was increased 2-fold on the IES system but
stocking rate was the same relative to SLS. Grazing treatments
were applied in a manner that allowed each pasture to be grazed
under each management system. Midseason standing crop of
grazed residue was lower under IES but there was no difference in
end-of-season standing crop. In July, tallgrass residue and forb
residue were lower on IES pastures while residue of little blue&em
and other grasses was not affected by grazing treatment. End-ofseason standing crop of tallgrass residue was similar because of
late-season regrowth under IES and continued defoliation under
SLS. Distribution of utilization was not improved by IES. Cattle
gains (kg/head) during the early-season were similar for both
grazing programs. Total beef production was increased 19% by
IES as a result of increased stocking density. Our results indicate
that IES can be utilized to improve cattle production from Cross
Timbers ranges.
Key Words: oak-hickory forest, tallgrass prairie, intensive stocking, cattle, weight gain, forage utilization, standing crop
Stocking capacity and therefore beef production from ranges in
the Cross Timbers resource area are low relative to surrounding
McCollum and Gillen are associate professors of animal science and range science,
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resource areas in Kansas and Oklahoma. The conventional
approach to increasing beef production on these areas has been
mechanical or chemical reduction of the brush canopy. However as
these methods become more cost prohibitive, livestock producers
will seek other means of increasing production. Intensive grazing
practices may partially achieve this goal. A potential means of
increasing beef production with stocker cattle is intensiveearly
stocking.
Hart (1978) proposed that livestock response to stocking density
varies in relation to the quantity and quality of forage available to
the grazer. During periods of the growing season when the forage
resource is homogeneously green and leafy, and growth is relatively rapid, stocking density will have little influence on livestock
performance. In addition, weight gains by grazing cattle are at their
peak during these periods of the year. The combined effects of
greater stocking density and normally peak seasonal gains can
significantly improve gain per unit of grazing area over a short
period of time.
Studies on shortgrass range in Colorado (Klipple 1964) and
Kansas (Olson 1987), and tallgrass range in the Flint Hills of
Kansas (Launchbaugh and Owensby 1978) have demonstrated
that stocking density can be. increased 2 to 3-fold during the early
growing season without affecting gains of growing cattle. Intensiveearly stocking also improved the distribution of utilization on
tallgrass prairie (Smith and Owensby 1978). The following study
was conducted to evaluate the influence of intensive-early season
stocking on short-term standing crop dynamics, grazing distribution, and cattle production on Cross Timbers range in Oklahoma.
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Materials and Methods
Study Site
The study was conducted on the Pawhuska Research Station
located in Osage County approximately 45 km NNW of Tulsa,
Okla. Climate is moist, subhumid with an average winter temperature of 3.3’ C and an average summer temperature of 33.3O C. The
average annual total precipitation is 88 cm, of which 66vc occurs
during the period from April through September, the growing
season for range vegetation in this area (Medlyn and Carter 1984).
For the period October 1983 through September 1987, precipitation in Pawhuska was 47% above normal.
The study site is a mosaic of fine and coarse textured soils
producing tallgrass prairie and oak-hickory forest vegetation types
typical of the Cross Timbers resource area. Prairie soils were loams
and silt loams classified as either Typic Argiudolls, Typic Hapludolls, Aguic Paleudolls, or Vertic Haplustalfs. Vegetation of the
prairie is dominated by big bluestem (Andropogon gerardii Vitman), switchgrass (Panicum virgatum L.), indiangrass (Sorghustrum nutuns (L.) Nash), and little blueitem (Schizuchyrium scopurium (Michx.) Nash). Other grasses include sideoats grama
(Bouteloua curtipendula (Michx.) Torr.), tall dropseed (Sporobolus asper (Michx.) Kunth), and Scribner’s panicum (Dicanthelium
oligosunthes (J.A. Schultes) Gould). The dominant forb is western
ragweed (Ambrosiupsilostuchya DC.). These sites occur as broad
expanses or as small openings in the oak-hickory forest (Medlyn
and Carter 1984).
The forest soils were loams classified as either Udic Ustochrepts,
Aquic Paleustalfs, or Ultic Haplustalfs. The soil supports an oakhickory forest with a mixture of hardwoods (Medlyn and Carter
1984). Vegetation on these sites is characteristically a closed forest
or resprout thicket. Blackjack oak (Quercus marilandica Muenchh.)
and black hickory (Curyu texana Buckley) are the dominant tree
species representing more than 50% of the tree basal area on the
station. Other tree species include post oak (Q. srelluta Wang.) and
American elm (Ulmus americana L.). Very little forage production
occurs on these sites except on small open prairies interspersed
within this vegetation type.
Grazing Treatments
The study was initiated in 1984 and continued over a 4-year
period. Four pastures were selected for use in the study. All pastures contained both prairie and savannah range sites although
Savannah sites were predominant. Initial seasonlong (April-September) stocking rates were established using a combination of
Soil Conservation Service range site guides and stocking history
for the pastures. The pastures were not burned during the 4-year
study.
Two grazing treatments, seasonlong stocking (SLS) and intensiveearly stocking (IES), were applied to each pasture in alternate years
(Table 1). Season-long stocking is defined as continuous grazing
from late-April until late-September at a recommended moderate
stocking rate. Intensive-early stocking is defined as continuous
_
Table 1. Treatment assignments
pastures, 19844987.

and grazing periods for experimental

Pasture

Grazing Periods
MidEnd

Year

1

2

3

4

Start

1984
1985
1986
1987

IES
SLS
IES
SLS

SLS
IES
SLS
IES

IES
SLS”
IES
SLS

SLS
IES
SLS
IES’

27 April
24 April
12April
14 April

‘Data not included in analyses.
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19 July
12 July
17 July
IS July

20 Sept
27 Sept
29 Sept
30 Sept

grazing from late-April until mid-July at a stock density (head/ ha)
twice that of SLS but at stocking rate (head*days/ha) similar to
SLS.
Mid-July was selected as a termination date for IES based upon
previous work in Kansas (Launchbaugh and Owensby 1978). Late
September was selected as a termination date for SLS based on
cattle management practices in the region. Actual calendar dates of
activities are shown in Table 1.
Experimental Livestock
Initial weight of the cattle used in all 4 years averaged 236 kg. In
1984, the steers had been wintered on the Station prior to summer
grazing. In subsequent years, cattle were delivered to the station in
March. In 1985 and 1987, cattle were shipped directly to the station
following purchase and preconditioned for 28 days prior to grazing; in 1986, cattle were preconditioned prior to delivery. With the
exception of 1987, cattle were predominantly British/European
crossbred, yearling (12-14 mo. of age) beef steers. Cattle grazed in
1987 were crossbred yearling steers (27%) and bulls (73%) with
2550% Zebu breeding. Bulls were castrated immediately prior to
the initiation of grazing. All cattle were implanted (Ralgrotm or
Synovex-Stm) at the start of the grazing season. Additionally, SLS
steers were fed 0.5 kg/ head/ day of a 38% protein supplement from
mid-July to the end of September. Cattle had ad libitum access to a
commercial mineral supplement (12% calcium; 7% phosphorus;
containing either chlortetracycline or monensin) throughout each
summer.

Field Data
All cattle were weighed at the start of the trials and when the IES
treatment was terminated. The SLS cattle were weighed again
when SLS grazing was terminated. All weights were recorded
between 0700 and 1000 h. The cattle were gathered between 1600
and 1800 h the evening before weighing and held overnight in
drylot without feed or water.
Total steer days of grazing and total beef production for the
grazing treatments were compared in the following manner. Total
steer days of grazing for SLS was equal to the length of the grazing
season. Total steer days of grazing for intensiveearly stocking was
computed as the product of the length of the early-season grazing
period and the stocking density factor 2. Total production was
computed as the product of gain*steei’*day“
and total steer days
of grazing.
Standing crop and species composition of grazed herbage
residues and utilization of key species were measured twice annually in each pasture. Observations were recorded in mid-July after
the IES treatment was terminated and in October after the SLS
pastures had been vacated. Thirty random sample points were
located in each pasture at the start of the study. Utilization of big
bluestem and little bluestem was visually estimated (Anderson and
Currier 1973) in the area surrounding each point. Estimates were
scored from 1 to 5 (1~ 0- 15% use; 2 = 15-40%0use; 3 = 40-60% use; 4
= 60-80% use; 5 80-100% use). Midpoint percentages for each
rank were used to convert field observations into percentage estimates reported in the text. The coefficient of variation of individual measurements within pastures was calculated as an indication
of uniformity of grazing within a pasture.
Standing crop was measured on 10 of the 30 points by clipping
herbage to ground level inside 4,50 X 50 cm (0.25 m*) quadrats per
point. Clipped samples were dried at 100’ C for 96 h to determine
dry sample weight. Herbage composition was estimated prior to
clipping using the dry-weight-rank method described by Gillen and
Smith (1986). Components were broadly classified into vegetation
classes of tallgrasses, little bluestem, other grasses and forbs.
Standing crop and composition data were combined and reported
q
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as total standing crop and standing crop for specific vegetation
classes.
Data Analyses
All analyses were conducted using the General Linear Models
procedure of the Statistical Analysis System. Least squares procedures were used to estimate means.
Data from one pasture in 1985 and 1987 were excluded from the
analysis (Table 1). In 1985, oil exploration activity in pasture 2
reduced surface acreage of forage and as a result cattle grazing had
to be terminated at midseason rather than in late September. In
1987, grazing on an IES unit had to be terminated in early June due
to a lack of forage. This pasture had been successfully grazed on
both treatments in previous years. The problems in 1987 are
thought to be the combined result of increased canopy density on
Savannah sites in the pasture and the lack of rainfall during critical
spring months. In 1984, when stocking rates were determined for
each pasture, pasture 4 supported a relatively young, open stand of
trees on the Savannah sites. Hence the stocking capacity for the
savannahs in pasture 4 was rated higher than on the other pastures
that supported older stands and dense canopies. Above-normal
precipitation during the first 3 years of the study increased woody
standing crop on other research sites with similar vegetation types
(J.F. Stritzke, unpublished data). Therefore we assume that canopy density increased in pasture 4. Additionally, precipitation in
March, April, and the first 3 weeks of May, 1987, was only 48% of
normal. The combined influences of increased canopy cover and
low rainfall probably acted to increase grazing pressure on this
pasture to the point that cattle demands were greater than forage
production. This was not a problem on other pastures because the
initial stocking capacity was reduced on the Savannah sites with
dense, mature tree canopies.
Livestock performance data were analyzed as a randomized
design with pastures as experimental units. Main effects in the
model included year and grazing treatment (GRTRT) and were
tested with residual error. Two-way interactions (Year X GRTRT)
were not detected (p>. 10) and therefore were pooled with residual
error.
Analysis of vegetation data was limited to those points which
occurred in open prairie areas. Generally, forage production and
utilization in closed savannahs was negligible and therefore biased
overall measurement means. Standing crop and species composition data were analyzed using a repeated measures model that
included Year, GRTRT, sampling date (midseason vs. end-ofseason), and two- and three-way interactions. Year, GRTRT and
Year X GRTRT were tested with the residual error. Utilization
data for the IES-midseason, SLS-midseason, and SLS-end-ofseason were compared with a model containing Year, PAST,
GRTRT and Year X GRTRT. All terms were tested with the
residual error term.
Results and Discussion
Standing Crop and Composition of Residue
Total residual standing crop, averaged across sampling dates
and grazing treatments, generally increased as the 4-year experiment progressed. The primary change occurred in 1985 when forbs
and grasses other than little bluestem and the tallgrasses increased
(Fig. 1). The greater residual standing crop in successive years is
best accounted for by rainfall during the study. Vegetation year
precipitation (October to September) was 20%, 89%, 45%, and
35% above the longterm average from 1984 through 1987,
respectively.
The lack of increase in little bluestem and tallgrasses (primarily
big bluestem), relative to other grasses, possibly reflects differences
in selectivity by grazing steers. Big bluestem and little bluestem are
among the more preferred plant species in tallgrass plant communities (Dwyer 1961, Gillen et al. 1990, Jensen et al. 1990). Increased
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Fig. 1. Inlluence of year on components of residual standing herbage. Data
are averaged across sampttng dates and graziug treatments wIthIn years.

ities (Dwyer 1961, Gillen et al. 1988, Jensen et al. 1988). Increased
production associated with greater precipitation would provide
greater amounts of preferred species and thereby reduce grazing
pressure on less preferred species.
Grazing treatment X sampling date interactions were noted for
total standing crop (P<O.OS), tallgrasses (p<O.Ol), and forbs
(PCO.08). At midseason, residual standing crop was 814 kg/ ha
lower on IES pastures than on SLS pastures (P<O.OOl; Fig. 2).

El
n

IES

0 SLS

--

P<.O5

Fig. 2. Total standing crop (kg/ha) following the intensive-early stocking
(IES) period (July, midseason) and seasonlong stocking (SLS) period
(October, end-of-season).

However, IES pastures had regrown by the end of the grazing
season and there were no differences between the treatments. Our
results are similar to those reported by Smith and Owensby (1978)
on Flint Hills range in northeastern Kansas.
Lower midseason residue levels on IES reflect the greater earlyseason pressure on these pastures. Midseason standing crop
residues were only 35% lower on IES pastures compared to SLS
pastures despite a 115% increase in total grazing days. Smith and
Owensby (1978) suggested that early-season growth of perennial
grasses was increased under IES because twice as many cattle were
grazed without twice the loss of forage. Our midseason measurements reveal that the tallgrass and forb components of total stand101
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Table 2. Least squares means and coefiients of variation for utilization
percentages for intensive-early stocking sod seasonlong stocking.
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Fig. 3. Standing crop (kg/ha) of vegetation components following the
intensive-early stocking (IES) period (July) and seasonlong stocking
(SLS) period (October).

ing crop accounted for the majority of differences between grazing
treatments (Fig. 3). Tallgrass residue and forb residue on IES
pastures were 60% (x0.05) and 46% (p<O. 10) lower in July while
residue of little bluestem and other grasses were not affected by
grazing treatment. Tallgrass species are the more preferred plant
species on these rangelands and would be expected to receive more
pressure from livestock compared to other grass components. The
apparent greater utilization of forbs is surprising because the predominant species was western ragweed, a relatively unpalatable
forb (Dwyer 1961). Kansas researchers also observed an apparent
greater use of the forb component on IES pastures (Smith and
Owensby 1978).
Grazing practice did not influence components in the end-ofseason standing crop (Fig. 3). Late-season growth in IES pastures
and late-season use in SLS pastures resulted in similar residue of
tallgrass in October. Late season grazing in the SLS pastures
reduced (P<O.OS) the tallgrass component to approximately 45%
of the midseason tallgrass standing crop. In contrast, little bluestem standing crop and other grasses remained unchanged (p>o. 10)
from July through October. Differential late-season use of the
various grasses is consistent with the factors responsible for the
pattern of range deterioration observed in tallgrass prairie (Launchbaugh and Owensby 1978). Under season-long grazing strategies,
big bluestem will be used quite heavily during the summer-fall
period. Over a period of time, late-season use reduces vigor of big
bluestem and other species such as little bluestem and other midgrasses will increase, apparently due to relatively light use in the
late summer. Research in the Kansas Flint Hills has shown that
basal cover and percent big bluestem in total standing crop has
increased in pastures subjected to IES over a period of years (Smith
and Owensby 1978). Early-season use combined with summer-fall
non-use improves vigor of big bluestem. Although our pastures
were not subjected to the same management regimen over an
extended period of years, the short-term observations on early vs.
late-season use of big bluestem agree with observations on Kansas
rangelands.
and Grazing Distribution
Utilization of key species, estimated at the end of the grazing
season, averaged 36% on SLS pastures (Table 2). This degree of use
was similar to the utilization on IES pastures in mid-July and 77%
greater than midseason use on SLS pastures. The coefficients of
variation (CV) of utilization estimates for each grazing treatment
were similar for sampling dates (Table 2). Similarity of the CVs
Utilization
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End-of-season

Midseason

Seasonlong stocking
Intensive-early stocking

(%)
20.3’
38.4b

(%)
36.0b
-

YG
53:s”

$;t
_-I_

‘nbMeans with different su rscripts are different (K.05).
‘Coefficient of variation. F oefficlents do not vary among grazing treatment-sampling
date combinations.

suggests that grazing distribution was not influenced by grazing
treatment. However, our estimates were based primarily upon use
of big and little bluestem and therefore represent distribution of
use on these species rather than the entire herbaceous component.
Smith and Owensby (1978) reported that grazing distribution was
improved with IES.
Livestock Production
Cattle gains during the 4 study years were representative of the
range in performance frequently observed on this type of rangeland (Table 3). No year X GRTRT interactions were detected
Table 3. Annual cattle weights, early- and late-season weight gains, and
ratio of early-season gain to total gain of cattle grazed seasonlong.

Weight gain
YeiiI

Initial
weight

1984
1985
1986
1987
SEM’

215
247
246
247
1.8

Earlyscasond

Total

Proportion of
gain in

gain’

early season’

(k;$d)
57b
70”
59b
2.5

(o/o)
134.
9sb
9!3b
119c
6.1

71
67
70
51

*PbcColumnmeans with different superscripts are different (x.01).
dL.eastsquares mean for year; year X grazing treatment interaction wa.9not
significant.
‘Least squares means for seasonlong stocking treatment Xyear.
‘Standard error of the mean, n = 4.
therefore annual differences resulted from interacting effects of
cattle and environment. Early-season gains and total gains were
greatest in 1984 and reflect compensatory weight gain following a

winter period in which little weight gain occurred. On the otherhand, early-season gains were least in 1985 and 1987. In 1985, cattle
were younger and in better flesh conditions than other years. In
1987,73% of the cattle were ‘cutter bulls” that were castrated just
prior to the initiation of the grazing season. Early-season gains of
the cutter bulls were 18% less than steers (B. Johnson, personal
comm.). However, gains for the entire summer were similar. Grazing season precipitation may have modified livestock performance.
Deviations from normal grazing season precipitation were -24.8,
+62.0, +67.6, and +1 .O%in 1984,1985,1986, and 1987, respectively.
Performance appeared to be inversely related to these deviations in
precipitation ((total gain = 122.13 - 0.3924 (% deviation from
average ppt); r2 = 0.97)).
On average, 65% of the total summer gain was added in the early
season. This gain profile is consistent with observations in northcentral Kansas (Owensby 1986) and provides a rather dependable
estimator for projecting economies and planning grazing cattle
operations in this region of Oklahoma and Kansas. Extrapolating
from work by Bernard0 and McCollum (1987), cattle would usuJOURNAL
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ally need to add a minimum of 60% of their total weight gain in the
early-season for IES to be economically advantageous. This level
of gain occurred in 3 of 4 years in our study and most likely would
have occurred in all 4 years had a different group of cattle been
used in 1987.
Intensive-early stocking treatments received more total days of
grazing than SLS pastures (Table 4). However, animal unit-based
stocking rates were only 1.5%greater under IES. Previous Kansas
Table 4. Least squares meansfor steer days of grazing, total gain end total
production for intensive-early stocking and season-long stocking.

Grazing
treatment
Season-long
stocking
Intensivezarly
stocking
SEM’
kolumn
‘
‘Standard

Total
production
(kg)

Initial
weight,
(kg/hd)

Total
steer
days of
grazing

Early
season
gain
(kg/hd)

Total
season
gain
(kg/hd)

240

159

13’

i13a

113’

239

172

67”
2.5

67b
3.5

134b
4.4

with differentsuperscriptsarc different,(K.01).
of the mean,n = 7.

error

research had limited the IES grazing period to almost exactly
one-half of the conventional SLS period. We had longer IES
periods as a result of initiating the grazing season prior to 1 May.
Gain during the early-season was similar (DO.10) for IES and
SLS. Hart (1978) hypothesized that animal performance during
periods of rapid forage growth would not be greatly affected by
increased stocking intensity. Our results and those from studies in
eastern Colorado (Klipple 1964), western Kansas (Olson 1987) and
eastern Kansas (Smith and Owensby 1978) support Hart’s hypotheSk

Total seasonal production improved 19% (PCO.05) with IES as
a result of the increased stocking density. In previous Kansas
studies on tallgrass prairie, improvements in total production have
ranged from 0 to 48% over several years (Owensby 1986). The
Kansas comparisons were made on burned pastures and therefore
may not be valid comparisons of our results.

Conclusions
The intention of this study was to characterize short-term influences of IES on standing crop components, distribution of utilization, and livestock production on rangeland composed of a mixture of oak-hickory forest and tallgrass prairie range types. Our
data on grazed herbage residue suggest that IES would have a
beneficial impact on the plant communities on these rangelands.
Midseason standing crop residues suggested that either efficiency
of forage use was improved or total forage production was
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increased by allocating grazing to the first half of the conventional
grazing season. End-of-season standing crop of the more preferred
tallgrass species increased significantly under IES but declined
after midseason under SLS. Because desirable warm-season tallgrasses are favored more by late-season non-use in IES compared
to SLS, IES is expected to be a beneficial tool for range improvement regardless of its influences on total livestock production.
Total beef production increased under IES but the increases
noted in our study were lower than increases noted on tallgrass
prairie in Kansas. The relative differences may be associated with
the cattle used in 1987 which resulted in more of the total seasonal
gain allocated to the late season. These problems emphasize the
need to match cattle with potential for rapid gains to the IES
program.
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Vegetation response to increased stocking rates in shortduration grazing
MICHAEL H. RALPHS, M. MORT KOTHMANN, AND CHARLES A. TAYLOR
Abstract
Short-duration grazing (SDG) has been purported to increase
forage production and utilization compared to other grazing systems, and thus can sustain higher stocking rates. This study was
designed to determine if standing crop could be mahttained as
stocking rates increased. Four stocking rate treatments ranging
from the recommended rate for moderate continuous grazing to
2.5 times the recommended rate were applled in a simulated 8pasture SDG system. There was little change in frequency and
composition of short-grasses over the study, but mid-grass frequency and composition both declined. Standing crop of all major
forage classes declined as stocking rates increased. However, the
rate of decline was less than proportional to the increase in stocking rate during the growing season. By fall, standing crop was
inversely proportional to stocking rate, leading us to conclude that
standing crop could not be maintained at the higher stocking rates.
Low standing crop in the fall indicated a potential shortage of
forage at the high stocking rates during the winter.
Key Words: standing crop, forage availability, frequency
Stocking rate is a critical factor affecting livestock production
from rangelands. Under-stocking results in wasted forage and
lower animal gain per unit area. Over-stocking results in excessive
utilization of forage, deterioration of range condition, and lower
gain per animal. Stocking rate directly affects frequency and intensity of defoliation (Hodgson and Olleronshaw 1969). As frequency
and intensity of defoliation increase, production and vigor of
plants decrease (Trlica 1977), palatable plants are replaced by less
desirable species, and carrying capacity is reduced (Ellison 1960,
Sarvis 1941, Lewis et al. 1956).
Two basic approaches have been used to minimize grazing damage to vegetation and soil: stock at moderate rates to avoid damage
to desirable forage plants; and/or defer grazing to allow heavily
utilized plants an opportunity to regain vigor (Martin and Whitfield 1973). Since it may not be possible to control the intensity of
defoliation on individual plants in conventional grazing systems,
management has generally reverted to periodic rests or deferment
following grazing to allow recovery of desirable plants and to
maintain desired species composition (Heady 1984).
Short-duration grazing (SDG) enhances the manager’s ability to
control the frequency of defoliation, and thus intensity of defoliation, of individual plants. SDG is a form of rotational grazing that
utilizes high stock density for short periods in an attempt to uniformly graze a pasture. Livestock are rotated to a new pasture
before regrowth occurs. Rotating through several pastures allows
extended rest periods for plants to recover before livestock return
(Kothmann 1980,1984; Malechek and Dwyer 1983). SDG is purported to sustain higher stocking rates through increased forage
production and utilization compared to other grazing systems
(Savory 1978). The purpose of this study was to determine if
herbage availability (as measured by standing crop), and species
composition of the standing crop, could be maintained at increased
stocking rates over a 5-year period under SDG.
Authors are range research scientist, USDA/Agr. Res. Serv., Poisonous Plant
Research Laboratory, Logan, Utah, formerly graduate research assistant; professor,
Range Science Dept., Texas ACM Univ.; station director. Sonora Field Station,
Texas Agr. Exp. Sta. Texas Agr. Exp. Sta. Journal Paper TA23662.
Manuscript accepted 24 May 1989.
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Materials and Methods
The study was conducted at the Texas Agricultural Experiment
Station near Sonora, Texas (loo0 39’ W, 30’ 34’ N). Soils were
Tarrant stony clay, 8 to 15 cm deep, and Tarrant silty clay, 15 to 25
cm deep (members of the clayey-skeletal, montmorillonitic, thermic family of Lithic Haplustalls). Range site classification was
Low Stony Hills (SCS 1972). Vegetation on both soils was a
mixed-grass prairie dominated by common curlymesquite [Hiluriu
belangeri (Steud.) Nash], Wright threeawn (Aristida wrightii
Nash), purple threeawn (A. purpurea Nutt), and sideoats grama
[Boutelouu curtipendulu (Michx) Torr.], with scattered motts of
live oak (Quercus virginiana Mill.). Sacahuista (Nolina texana S.
Wats.), a large grass-like plant of the Liliaceae family, was abundant on the shallow Tarrant stony clay soil and was considered the
major nonherbaceous forage species.
An 8.5-ha pasture was subdivided into 2 blocks of 4 pastures
each, roughly along the soil boundary. Four stocking rate treatments were randomly applied to the 4 pastures in each block. Herd
size was constant and pasture sizes were varied to obtain the
desired stocking rates. Stocking rates in block 2 were 20% greater
than those in block 1 because there was a higher proportion of the
deeper Tarrant silty clay soils which were more productive than the
shallow Tarrant stony clay soil. Stocking rates were 1.38, 2.05,
2.64,and3.46AUM/haforblock
1,and 1.67,2.52,3.23,and4.21
AUM/ ha for block 2. These represented 1, 1.5,2 and 2.5 times the
recommended stocking rate for the respective sites (Merrill 1954).
Two grazing herds, each consisting of two 317-kg heifers and
twelve 40-kg yearling ewes (3 AU), were rotated through the pastures with the order of rotation randomly assigned at each grazing
cycle. Pastures were alternately grazed 3 days and rested 51 days.
To facilitate sampling and available labor, the grazing cycles of the
2 blocks were staggered. The cycle of block 1 began with the
grazing period on 24 September 1980. The cycle of block 2 began
on 21 October. The grazing cycles continued through October
1985.
Standing crop of individual plant species was measured seasonally using the two-step sampling technique described by Anderson
and Kothmann (1982). Vegetation was sampled before the first
grazing period at the beginning of the study in September 1980,
and at the end of the rest periods in May and July 1981, and in
May, July and October 1985. Fifty plots were systematically
located along randomly selected transects which ran the length of
each pasture. Units of foliar cover were visually estimated using a 1
X 0.25-m frame sectioned with a 6.25-cm grid. Ten of the plots were
clipped and species were separated and dried to determine weight
per unit of cover. Standing crop was calculated as the product of
weight per unit of cover, multiplied by the number of cover units of
each plant species.
Standing crop data were analyzed by analysis of variance (SAS
1985) in a split-split plot design to determine differences between
stocking rate treatments, years, and seasons within years (Table 1).
In addition, the relationship between stocking rate (independent
variable) and total standing crop (dependent variable) was described by linear regression for each season within years. Slopes of
JOURNAL
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Table 1. Statistical modeland

mean squares of species standing crop sampled during spring, summer, and fall at the beginning and end of the 5 year study.

Species
Statistical model

df
3
1
3
1
3
4
4
12
16

Stocking rate treatment
Block
Trt X Blk (error”)
Year
TrtXYr
Trt X Yr X Blk (errorb)
Season (Yr)
Trt X Sea (Yr)
Residual (error?

+ K.10;

Common
curlymesquite
114158+
31263
14752
3588
2188
20619
164156**
13962**
3858

Aristida
sPP

Sideoats
grama

Cool season
grass

Forbs

5692
800
2282
69059**
1918
1348
6579”
1707
1039

1480
50
957
28959**
211
887
5982**
285
972

4851
391
31029
17442*
1252
1098
20919**
827
1651

34021
253606+
178442
6188
11903
25961
147036**
5901
6996

Total
455238
288920
470844.’
15305
5445
745395**
24185
19240

lp<.os;l*<.01

the seasonal regressions were compared to the initial regression of
the standing crop in the fall of 1980 to determine differences
(K.10).
Composition of species in the standing crop was calculated by
dividing the standing crop of individual species or major forage
classes by the total herbaceous standing crop. The percent of each
species in the standing crop was calculated at the beginning of the
study and near peak standing crop during the summers of 198 1 and
1985. A split-plot ANOVA was used to compare treatments and
dates.
Frequency of occurrence of the major warm-season grasses (curlymesquite, sideoats grama and threeawns) was calculated from
the standing crop plots. Percentage change in frequency from the
beginning of the study to the summer of 1985 was calculated and
plotted as quadratic regressions on stocking rates. Frequency data
from treatment 3 in block 2 were dropped from the regression due
to sampling errors.
Sacahuista was most abundant on the shallow Tarrant stony
clay loams; thus large differences in sacahuista density occurred
between pastures and blocks. Standing crop was determined by
counting the sacahuista plants in each pasture. Thirty to 50 plants
in each pasture were randomly selected and the height and diameter measured and conical volume calculated. Fourteen plants of
varying sizes were selected outside the study area; the volume was
measured and foliage was harvested, dried, and weighed to determine weight per unit volume. The volume of the sampled plants
was multiplied by the weight per unit volume to obtain the average
weight per plant in each pasture. The number of plants was multiplied by the average weight per plant to obtain standing crop.
Sacahuista standing crop was analyzed by analysis of covariance in
a split-plot design to compare differences among stocking rate
treatments and years. The initial number of sacahuista plants in
each pasture was used as the covariate.

Results and Discussion

species and forage classes over the study. There were significant
differences (P<.Ol) in standing crop of all species and total standing crop between seasons (Table 1). Cool-season grasses and forbs
generally achieved peak growth in the spring. In 1981, precipitation was high throughout the spring (Fig. 2) and supported continued growth of cool-season grasses into the summer. Standing
crop of warm-season grasses peaked in the summer.
There were also significant differences (K.05) between years
for all species and total standing crop, except for curlymesquite
and forbs (Table 1). Change in standing crop over time is confounded with different amounts of precipitation received. Precipitation in 1980 was only 84% of average with poor seasonal distribution (Fig. 2). The low standing crop at the beginning of the study
reflects the drought condition. Precipitation in 1981 was 30%
above average and uniformly distributed throughout the spring
and summer. Standing crop of most species peaked in the summer
of 198 1. Precipitation in 1985 was 90% of average; however, it was
timely (18 cm fell in June and 10 cm fell in September) and ensured
adequate soil moisture for growth during the summer and fall.
Total standing crop generally declined as stocking rate increased
in spite of the favorable precipitation in 198 1 and 1985. The slope
of the regression between standing crop and stocking rate in the fall
of 1980 at the beginning of the study does not differ from 0 (P= .18)
(Fig. 3). The uniform low standing crop reflects the drought condition. The slope of the regression in the fall of 1985 is significant
(P-.03) and differs (P<.O5) from the slope of the regression in the
fall 1980 (Fig. 3). There is little difference in standing crop from the
beginning to the end of the study at the higher stocking rates.
Heavy grazing pressure and high utilization kept the standing crop
low even through precipitation was not limiting. The higher standing crop at the lighter stocking rates was due primarily to curlymesquite (see Fig. l), which increased in response to the favorable
precipitation (Thurow et al. 1988). The slope of regressions in the
summers of 1981 and 1985 also differs from the regression at the

Figure 1 illustrates the changes in standing crop of important
Table 2. Decrease in standing crop and the ratio of decreasing forage supply in relation to the increased demand from increasing stocking rates.

Total herbaceous standing crop
Stocking rate
treatmentl

_ 1980
Fall
530
435
433
410

1.0x
1.5x
2.0x
2.5x

1981
Spring Summer
1103
1096
880
796

Spring

kg/ ha877
1620
578
1416
956
460
476
1035

1985
Summer
1145
955
620
704

Ratio of available forage2
Fall
954
706
465
401

1980
Fall
1.0
.82
.82
.77

1981
Spring Summer
1.0
.99
.81
.72

1.0
.87
.59
.63

Spring

1985
Summer

Fall

1.0
.66
.52
.54

1.0
.83
.54
.61

1.0
.74
.48
.42

%crcascin stockingratecomparedto the recommendedrate.
2Ratioto stockingratetreatment1.0 standing crop.
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Fig. 1. Standing crop of species and forage groups at 4 stocking rate treatments at seasonal sampling periods during the first and last year of the 5-yr study.
Pooled standard error (PSE) was calculated as the square root of the mean square error from the ANOVA. Standing crop was sampled at the end of the
51-d rest periods in the grazing cycles.
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JAJO
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JAJI

0
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JAJO

1902

1981

sufficient forage must be retained to last through the winter. Cattle
and sheep exhausted the herbaceous forage in the higher stocking
rate treatments
and were forced to use low quality sacahuista
during the dormant winter grazing season (Ralphs et al. 1986).
Sacahuista was abundant only on the Tarrant stony clay soil;
thus, standing crop varied among the pastures independently
of
stocking rate or pasture size. The numbers of plants did not
change, but the average mass of foliage per plant declined by 50%
(P~0.08) over the study. Standing crop ranged from 250 to 800
kg/ ha in 1980 and from 150 to 500 kg/ ha in 1985.
Several studies have evaluated forage production in SDG compared to other grazing systems (Heitschmidt
et al. 1987b, Kirby et
al. 1986), and forage production at different stocking rates or stock
densities within SDG (Brummer et al. 1988, Hart et al. 1988,
Heitschmidt et al. 1987a). They concluded that SDG, or increasing
stocking rates or stock densities within SDG, did not increase
forage production.
Higher stocking rates reduced standing crop
due to the greater forage removal.
Stocking rate did not significantly influence species composition
of the standing crop. However, species composition
did change
(P<.Ol) from the beginning to the end of the study (Table 3).
Mid-grasses declined from 43% of the standing crop at the beginning of the study, to 20% in the summer of 1981, and finally

Ilo,:1
JAJO

lsas

PPT.

0

JAJO

1984

isa¶

Fig. 2. Monthly precipitation at the Sonora Experiment Station during the
study.

beginning of the study (P<. 10, data not shown). Standing crop of
the 2.5X stocking rate treatment
in block 2 (4.21 AUM/ha)
appears to deviate from the trend of the other treatments (Fig. 3).
This pasture was uniformly covered by the deep Tarrant silty clay
soil and had the lowest cover of oak motts and sacahuista. The
elevated standing crop in this pasture, both at the beginning and
end of the study, was due to the higher growth potential of the site
rather than the effects of the stocking rate treatment.

Table 3. Composition (%) of functional species groups based on standing
crop estimated at the end of 51 day rest periods, averaged across stocking
rate treatments.

Species

Fall 1980

Total short-grasses
Total mid-grasses
Cool-season grasses
Forbs

-__-_-_-__--f&________--_-___
38”
35”
43”
2ob
7b
13”
Ilb
31”

‘Means of species within
(FSO.05).

1.0

2.0

3.0

4.0

STOCKING RATE (AUM/HA)
Fig. 3. Regression of total herbaceous standing crop in relation to increasing stocking rate in the fall 1980 at the beginning of the study and in the
fall 1985 at the end of the study. The regression equation for fall 1980 is y
= 577 - 40x (RI q 0.27, P = 0.18); the equation for fall 1985 is y = 1238 299x (R* q 0.74, P = 0.03), where y is total standing crop and x is stocking
rate.

Available forage, as expressed in total herbaceous
standing
crop, was not maintained as stocking rates increased in this SDG.
However, the decline in standing crop was less than proportional
to the increase in demand from increasing stocking rates during the
spring and summer in 1981 and 1985 (Table 2). Growth during rest
periods in the spring and summer compensated
somewhat for
removal of forage at the higher stocking
rates. Pieper and
Heitschmidt (1988) stated that SDG may be able to sustain higher
stocking rates when conditions for regrowth are favorable. However, by the end of the growing season in the fall of 1985, standing
crop was inversely proportional
to the increase in stocking rate
(Table 2). This means that going into the dormant winter season,
there was less forage to meet the greater livestock demand at the
higher stocking rates. Since these ranges are grazed yearlong,
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rows not followed

Summer 1981

Summer 1985
41”
IO’
6b
42”

by the same letter differ significantly

dropped to only loo/o in the summer of 1985. Since composition
was based on standing crop measured at the end of the 51day rest
periods, this represents regrowth during the rest period plus residual ungrazed forage from previous periods. The composition of the
dominant bunchgrass species (threeawns and sideoats grama) each
declined from about 20% of the standing crop at the beginning of
the study to less than 4% in the summer of 1985. These species were
utilized heavily by both sheep and cattle during late spring/early
summer while they were growing rapidly (Ralphs unpublished
data). Composition
of curlymesquite
(the dominant
shortgrass
species) remained fairly constant throughout the study. Curlymesquite was utilized for a greater part of the year because of its
dominance in the community. Composition
of cool-season grasses
increased in 198 1, due to the abundant spring and early summer
precipitation.
Forbs increased throughout
the study; however,
bitterweed
(Hymenosix odorata DC) an important
poisonous
plant, comprised 60% of the forb component in 1985.
Increasing stocking rates did not change the relative frequency
of curlymesquite
from the beginning to the end of the study (Fig.
4). Frequency of sideoats grama and threeawns increased in the
lightest stocking rate treatments
but declined as stocking rates
increased. However, we observed that close defoliation in all stocking rate treatments removed the old growth from large bunches of
sideoats grama and other mid-grasses,
resulting in their replacement by small individual tillers of low vigor. Butler and Briske
(1988) also reported the breakup and fragmentation
of large plants
of little bluestem [Schizachyrium scoparium (Michx) Nash] in
SDG stocked at 1.5 and 2 times the recommended
rate. They
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Fig. 4. Regression of the percent change in frequency of major warmseason species from the beginning (fall 1980) to the end of the study
(summer 1985) at increasing stocking rates. Curlymesquite y q 68 +25.7x
- 3x2 (R* = 0.83, P q .02); sideoats grama y = 248 83.6x+9.9x2 (Rz q 0.76, P
= .OS);threeawns y = 297 - 134x + 17.7x* (R* = 0.45, P = 0.30); where y = %
change in frequency and x is stocking rate (AUM/ha).

hypothesized that the smaller basal area would contribute to
greater size-related mortality, resulting in the reduction of the
bunchgrass component of the community. Reardon et al. (1974)
reported that sideoats grama was harmed more by frequent defoliation similar to that experienced in SDG, than by more intense
defoliation at longer intervals.
Because our sampling was conducted under grazed conditions,
albeit at the end of the rest periods, our data do not conclusively
demonstrate a change in species composition of the vegetation
community. However, other studies in this location observed the
shift from mid-grass, bunchgrass species to shortgrass species at
heavy rates of stocking regardless of grazing system. In a concurrent watershed study, Thurow et al. (1988) reported that mid-grass
cover declined 50% under heavily stocked SDG over a 6-year
period compared to moderate continuous grazing. They concluded
that heavily stocked SDG changed the vegetative community from
a mixed-grass community to a predominately shortgrass community resulting in more variable forage production, lowered infiltration, and increased erosion (Thurow et al. 1986). Smeins and
Merrill (1988) reported similar results under continuous grazing of
3 stocking rates. They evaluated changes in basal area of grasses on
permanent plots from 1948 to 1982 and concluded that continuous
grazing at high stocking rates shifted the species composition to
short-grasses, whereas in the absence of grazing, or with moderate
grazing, there was a shift from short- to mid-grass species.

Conclusions
Standing crop of forage declined as stocking rates increased
from the rate recommended under continuous grazing to 2.5 times
that rate. During the growing season, the decline in standing crop
was less than proportional to the increase in stocking rate. By fall,
standing crop was inversely proportional to stocking rate, indicating a potential shortage of forage during the dormant winter
season. This SDG was not able to sustain forage production, and
probably not species composition at increased stocking rates. Forage responses to increasing stocking rates observed in this study
under SDG are similar to those expected from continuous grazing
at the same stocking rates.
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Influence of range site on diet selection and nutrient intake
of cattle
KAREN L. LAUNCHBAUGH,

JERRY W. STUTH, AND J.W. HOLLOWAY

Abstract
It is common in range science to base stockhtg rate estimates on
range sites as units of forage production. However, little is known
about how diet composition, quality, and intake may differ by
range site. This study examines the htfhtence of 2 range sites on the
diet selection and nutrient intake of cattle. A sandy loam (SL) and
a clay loam (CL) range site were compared in 4 seasonal, trials on
an AC&U dominated, mixed-brush savant on the Texas Rio
Grande Plahts. Diet composition and quality, and nutrient intake
of cattle were determined throughout each 16-21 day trial using
esophageally fistulated cattle and daily dosing with ytterbium ace
tate. The range sites differed widely in proportions of grass, forb,
and browse biomass. Cattle generally selected similar diets and
adjusted diets to increasing grazing pressure and decreasing forage
availability in a similar manner regardless of site, except in fall
when cattle selected more browse on the SL site where herbaceous
forage was severely limited. Fecal output of cattle differed between
sites only in fall when cattle on the SL site had lower fecal output
than cattle on the CL site. Cattle on the site of lower herbaceous
mass (SL site) generally achieved higher diet quality and nutrient
intake during the growing season, when herbaceous forage was
readily available because of greater access to green forage. Therefore, the SL site yielded higher diet quality at low grazing pressure
during the growing season. Conversely, the CL site, because of its
greater herbaceous mass, yielded higher nutrient intake in the fall
and at high levels of grazing pressure.
Key Words: intake, range site, fecal output, esophageal fistula,
graze-out
The range site concept has been widely employed to describe
rangelands since its introduction
in 1949 (Dyksterhuis 1949).
Range sites are complexes of soil and climatic conditions which
create measurable differences in botanical composition and biomass of climax vegetation (Dyksterhuis 1949, 1958). Range sites
have been described and quantified throughout North American
rangelands. However, grazing management applications of the
range site concept have been primarily limited to setting initial
stocking rates (Shiflet 1973). An understanding of how herbivores
adjust their diets and nutrient intake on different range sites could
lead to greater accuracy in setting stocking rate, season of use,
pasture rotation, and desired level of range utilization.
There are several mechanisms by which range site could influence livestock diet selection and nutrient intake. Although livestock select diets differ in composition from the available forage
(Hardison et al. 1954, Heady 1964), range site and condition define
vegetal composition and set limits on diet selection. Furthermore,
range sites describe potential and temporal forage production,
Authors Launchbaugh and Stuth are former graduate research assistant and professor, Department of Range Science, Texas A & M University, College Station,
Texas 77843; Holloway is professor and resident director, Texas Agr. Exp. Sta.,
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Appreciation is expressed to James Gallagher and John Walker for their assistance
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which influences an herbivore’s ability to meet intake requirements, thereby affecting both diet selection and nutrient intake.
Range sites also mediate selection by affecting plant nutrient
quality, 1ive:dead and leafstem ratios (Cook and Harris 1950, Sims
et al. 197 1, Araujo 1985). Plant quality (i.e., crude protein, digestibility) is positively correlated with species preference (Hardison et
al. 1954, Heady 1964, Arnold and Hill 1972, Marten 1978). Similarly, livestock generally prefer plant parts with highest nutrient
concentration, preferring leaves to stems and green to senescent
material (Hardison et al. 1954, Arnold 1964). Livestock have also
been shown to prefer plants with high potential intake rates (Kenney and Black 1984). Therefore, differences between range sites in
height and density of a plant species could influence diet composition by regulating potential intake rate (Black and Kenney 1984).
The influence of grazing pressure on diet quality and nutrient
intake may also differ by range site due to differences in species
accessibility and quality. The purpose of this study was to examine
the effect of range site on the diet selection and nutrient intake of
heifers subjected to a rapidly decreasing forage supply.
Methods
Study Site
The mixed-brush community of the study sites was composed
primarily of blackbrush (Acacia rigidula), guajillo (Acacia berlandieri), granjeno (Celtispallida), and whitebrush (Aloysia lyciodes).
The SL site produced 3,419 f 174 kg/ha of browse compared to
1,652 f 102 kg/ ha on the CL site, with little seasonal variation. The
major browse species were similar between sites. However, the SL
site produced several palatable secondary browse species which
were absent on the CL site. These secondary species include kidneywood (Eysenhardtia texana), elbowbush (Forestieria cuntjolia), wolfberry (Lycium berlandieri), and shrubby bluesage (Salvia
bullotaeflora).
The understory grass included curlymesquite (Hilaria berlangeri), tobosa (Hilaria mutica), Hall’s panicum (Panicum hallii)and
pink pappusgrass (Pappophorum bicolor). Dominant forb species
in winter and spring were annual forbs including plantago (Plantago spp.), vervain (Verbena spp.), and evening primrose (Oenothera
spp.). Summer and fall were dominated by perennial forbs such as
broomweed (Xanthocephalum spp.), western ragweed (Ambrosia
psilostachya), and false ragweed (Parthenium confertum). Herbaceous biomass standing crop at the beginning of each trial and
the percentage of green and grass biomass are shown in Table 1.
Data Collection
Diet composition and nutrient intake of (Brahman X Simmental) heifers (445 kg mean weight) were estimated on a clay loam
(CL) and a sandy loam (SL) range site in Texas. The sites were
located on nearly level uplands on the Rio Grande Plains Experimental Ranch near Uvalde, Texas. The subtropical steppe climate
(Norwine 1978) is characterized by 49.5 cm average annual precipitation, occurring mostly in May and September with common
periodic droughts (Gould 1960, USDA 1977).
Each range site was divided into two, 1.8-hectare paddocks. Two
paddocks, one from each range site, were compared in 4 trials
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during 1986: winter (26 Jan.-22 Feb.), spring (14 May-6 Jun.),

summer (30 Jul.-22 Aug.), and fall (23 Oct.-2 Nov.). Paddocks
examined within each site were alternated each season. Near complete removal of herbaceous forage during each trial was achieved
by including animals of similar size, sex, and background as experimental animals in proportion to forage available.
Aboveground biomass was estimated 4 times in each trial along
20 permanent transects (30 m) systematically distributed in each
paddock. On each sampling date, 2 quadrats (0.5 mr) were randomly placed along each transect, clipped to ground level, and
separated into grasses or forbs. Species composition and percent
green of each quadrat were visually estimated on a weight basis.
Browse biomass was estimated in 1 X 30 m belts parallel to each
permanent transect using the browse weight/volume method desTable 1. Total herbaceousstanding crop, and the percentage of green and
grass biomass at the begin&g of seasonal, 21-day, grazing trial on a clay
loam (CL) and a sandy loam (SL) range site.

Season

Initial herbaceousbiomass Grassbiomass Greenbiomass
CL
SL
CL
SL
CL
SL
ha f SE610flOO
977f 137
l055f 63
2648f173
876f150
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1022f 140

-kg/
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Summer
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cribed by Lopes and Stuth (1984). Browse weight/volume was
determined by clipping 2 cubic frames (0.3 + 0.3 * 0.3 m) from the
surface of 10 plants of each major browse species represented on
both sites. Interpolation was used to estimate herbaceous, browse,
and green biomass on each day during trials.
Diet samples from 3 esophageally tistulated heifers on each site
were collected in the morning and evening on 7 dates per trial.
Fresh extrusa samples were oven-dried (60° C). Lesperance et al.
(1974), Smith et al. (1967), and Burritt et al. (1988) have reported
that oven-drying of extrusa samples, particularly those containing
large proportions of browse, tends to deflate digestibility values
when compared to freeze drying. Results which may have been
affected by drying method will be noted.
Botanical composition of extrusa samples was assessed using the
macrofragment technique described by Araujo (1985). Preference
ratios were based on plant frequency using the equation of Durham and Kothmann (1977). Ratings of +lO, -10, and 0 indicate
maximum preference, minimum preference, and selection in proportion to availability, respectively. The overall diet selectivity was
determined using the selection index described by Van Dyne et al.
(1978), in which selectivity ranges from 0 to lOO?& 0% denotes
equal diet and pasture composition, and 10% indicates maximum
selection.
Percent nitrogen, on an organic matter basis, was determined for
each extrusa sample by the micro-Kjeldahl method (AOAC 1960)
and converted to crude protein (CP nitrogen * 6.25). In vitro
organic matter digestibility (IVOMD) was determined using the
first digestion stage of Tilley and Terry (1963), followed by neutral
q

JOURNAL OF RANGE MANAGEMENT 43(2), March 1990

.

z..Winter
w-60-55-w
50..

:o”Spring
65i

A

804

/

l
0

45-40--

251
0

100

300

200

400

500

800

700

200

kg/ha

25-r
0
75
70

300 400 500 600 700 800

green herbaceous

herb
site+herb

TF

’

<o-.01
(0.01

1
200

$00

800

1WO1200140016W1800

100

a’

prob)F
(0.01
(0.01

site
herb
loo

;;;;

30-- l

I
BOO

:iISummer

25-!
0

;:

prob)F
0.06
(0.01

site
herb

35.30--

prob)F
sits
0.07
(0.01
herb
sitelcherb (0.01

I
900 1000

I
5OOWO7wBOOgw1OW

mass

herbaceous

mass

Fig. 2.In vitro organic matter digestibility (IVOMD) of cattle diets from a ciay loam (o -)mdasandyloam(~
- - - -) range site. StatIsticapresented
for range site (site) and green herbaceous mass (herb) effects. When site*herb interaction was not significant the interaction was dropped from the model.

detergent fiber analysis (Goering and VanSoest 1970). Rumen
inoculum was obtained from a steer grazing warm-season introduced pasture. IVOMD was corrected to apparent digestibility by
including 1 sample of known in vivo digestibility per 24 in vitro
samples.
The rare-earth marker, ytterbium, was used to estimate fecal
output of the 3 listulated and 3 intact heifers of similar breeding,
weight, and condition per site. Heifers received daily ytterbium
doses of 0.5 g in acetate form. Ytterbium concentration in daily
fecal grab samples was analyzed by atomic absorption spectroscopy with samples prepared as described by Ellis et al. (1980).
Organic matter intake (OMI) was calculated as in Cordova et al.
(1978). Multiplication of OMI and diet CP yielded crude protein
intake (CPI).
Statistical Data Analysis

This was a case study of 2 range sites using animals within site as
replicates. Data on diet composition samples taken from 7 dates in
each trial were grouped into beginning (2 dates), middle (3 dates),
and end (2 dates) time periods to facilitate statistical analysis.
Effects of site and time period on diet composition (Bgrass, forbs,
and browse) were tested with repeated measures analysis of variance with measurements repeated over time (Engeman et al. 1985).
Sites were also compared within each time period with a 2 sample
r-test.
The effect of range site on diet quality, fecal output, and nutrient
intake within each season was tested by equal slopes analysis with
green herbaceous standing crop (HERB) as a covariate. When the
site by HERB interaction was not significant, meaning the slope of
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Table 2. Composition of cattle diets et the beginning, middle, and end of
21-day, grazing trials on a clay loam (CL) end sandy loam (SL) range
site.

Season

Period

Grass
CL
SL

Diet composition
Forb
CL
SL

Browse
CL
SL

%I

Winter
Begin
Mid
End

22.5
43.3
35.8

26.0*
35.0*
23.5*

64.3
52.5
32.0

67.5
58.5
61.0

13.3
4.2
2.3

6.5
6.5
15.5*

Begin
Mid
End

58.3
29.7
29.3

57.8
33.3
23.0

38.8
66.5
50.5

35.0
58.7
42.3

3.0
3.8
10.3

7.3*
8.0
34.8.

Begin
Mid
End

87.3
57.3
35.8

86.8
31.5*
29.8

12.3
36.6
38.3

11.5
60.2.
42.3

0.5
6.3
26.0

1.8
8.3
28.0

z:
52:3

53.3’
32.7
19.5’

8.3
-50.7
36.3

39.0*
29.7*
23.5*

1.3
3.3
10.5

7.8
37.7’
57.0*

Spring

Summer

Pall
Begin

Mid
End

*Denotesstatistical differences (pr <O.lO) between sites by period within season.
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and a sandy loam range site. Statistics presented for range site (site)
and green herbaceous mass (herb) effects. When site*herb interaction was not significant the interaction was dropped from the model.

the dependent variable on HERB was the same for both sites, the
interaction was dropped from the model, and analysis of covariance was employed to infer site effects. When the site by HERB
interaction was significant (i.e., slope differed by site) the site with
the greater slope was termed less “stable” regarding change in the
dependent variable. Thus, differences in magnitude and stability of
variables is discussed. All differences were interpreted at the 0.10
probability level.
Results
Diet Composition and Selection
No differences were found between morning and evening samples in any parameter. All results are means of morning and
evening samples. Cattle employed similar diet strategies regardless
of range site. Generally, cattle focused on grass in the beginning of
each trial (except in winter when palatable annual forbs were
available), then switched to forbs mid-trial and only increased
browse consumption significantly at the end of each trial when
herbaceous forage was limited (<200 kg/ ha) (Table 2). The proportions of grass, forbs, and browse in cattle diets were similar
between sites with 2 major exceptions. First, cattle on the SL site
selected a lower proportion of grass and forbs and a higher proportion of browse than cattle on the CL site during the fall because
herbaceous forage was severely limited (maximum 302 kg/ ha) on
the SL site. Secondly, cattle on the SL site generally increased
browse in their diets, as grazing pressure increased, more than
cattle on the CL site in all trials except summer.
Forage of the SL site produced a lower proportion of grass and
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forbs than the CL site. Yet, diets were generally similar between
sites. Consequently, cattle on the SL site showed greater selection
for grass and forbs than cattle on the CL site, as indicated by higher
preference ratios (Table 3). Preference ratios also indicate that
browse was avoided less on the SL site than on the CL site at the
end of the winter, spring, and fall trials.
Cattle on the SL site were generally more selective (proportions
of grass, forbs, and browse in their diets differed more from the
proportions available) than cattle on the CL site when herbaceous
forage was readily available (beginning and middle of trials in
Table 3). However, as herbage allowance decreased, cattle tended
to conform diets more closely to the proportions of forage available. Therefore diet selectivity of cattle on the SL site was similar or
lower than that of cattle on the CL site by the end of each trial.
Diets from the SL site had a higher 1ive:dead ratio than diets
from the CL site over all levels of green herbaceous mass in all trials
except winter (Fig. 1). In winter, actively growing forbs were
readily available on both sites. Greater selectivity by cattle on the
SL site may explain the observed higher 1ive:dead ratio of diets
from the SL compared to the CL site. However, the SL site was
characterized by lower herbaceous biomass and a higher proportion of green herbaceous forage than the CL site; therefore green
forage was more accessible.
Diet Quality
Cattle diets from the SL site had higher IVOMD than diets from
the CL site in the winter and summer over all levels of green
herbaceous mass (Fig. 2). The digestibility of diets from the SL site
was less stable (decreased more quickly, as herbaceous mass
JOURNAL

OF RANGE MANAGEMENT

43(2), March 1990

E{Spring
.
3

0.8--

0

,ao.7--

E" 0.5--

l

l

0.5-Prob)F
0.64
0.65

2 0.4-site
herb

0.5-0.21
0

0.4--

200

300 400 500

600 700 800

0.29
0

green herbaceous

prob)F
0.65
0.75
I

200 400 600 8001ow1200140016001800

:IFa
.

i__Summer
.

kg/ha

site
herb

0.3.I

100

0

0.6.-

0

00

2 0.6--

II

kg/ha

mass

green herbaceous

mass

and a sandy loam ( b- - - - ) range site. Statistics presented for range site
Fig. 4. Daily fecal output (% body weight) of cattle on a clay loam (0 -)
(site) and green herbaceous mass (herb) effects. When site*herb interaction was not significant the interaction was dropped from the model.

Table 3. Preference ratios and overall selection index of cattle diets at the beginning, middle, and end of 21-day, grazing trials on a clay loam (CL) and
sandy loam (SL) range site.
Preference

Season

Period

CL

ratios
Browse

Forb

GRXSS
SL

CL

SL

CL

Selection
SL

Index

CL

SL
%-----

Winter
7.Y
7.9*
8.4*

-6.9
-8.9
-9.4

-8.9
-8.7
-7.2’

62.0
69.0
77.0

81.0
85.05
79.0

-1.4

2.4

3.7
4.9

6.8*
8.4’

-8.8
-8.9
-7.7

-8.4
-8.4
4.8.

61.0
61.0
70.0

75.0.
80.05
60.0

8.8*
8.1*
9.2’

-1.7
5.7
6.2

-2.4
6.8*
8.4*

-9.8
-8.5
-5.5

-9.6
-8.3
-5.6

67.0
65.0
61.0

83.0*
77.0*
67.0

6.1

9.2*

-3.5

7.5*

4.6
6.8

9.2*
8.6*

6.5
7.4

8.5
8.3.

-9.6
-9.2
-7.8

-8.5
4.4*
-2.6*

71.0
72.0
75.0

85.0*
59.0.
40.08

5.3*
9.0*
9.5’

5.9
6.2
7.7

5.2

8.8*

6.4
8.1

9.0*
9.0*

Begin
Mid
End

5.6
5.3
6.4

Begin
Mid
End

Begin
Mid
End

0.3
4.0
3.2

Begin
Mid
End

Spring

Summer

Fall

*Denotes statistical difference (pr <O.lO) baween sites by period within season.
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Fig. 5. Daily organic matter (OM) intake of cattle a clay loam (o -)
and s sandy loam (4 - - - -) range site. Statistics presented for rrnge site (site)
and green herbaceous mass (herb) effects. When site*herb interaction was not significant the interaction was dropped from the model.
decreased) than that of diets from the CL site in the spring and fall
but was generally higher when herbaceous mass was highest. This
greatest rate of decline in diet IVOMD on the SL site, in the spring
and fall, may be associated with a greater increase in browse
consumption by cattle on the SL site as compared to the CL site.
However, oven drying of extrusa samples may have caused diets
with large proportions of browse to appear less digestible than they
actually were (Burritt et al. 1988). Increased browse consumption
by cattle on the SL site let them maintain a greater diet 1ive:dead
ratio than cattle on the CL site. However, the senescent grass
selected by cattle on the CL site was probably more digestible than
the live browse selected by cattle on the SL site (Varner et al. 1979).
Unlike diet IVOMD, diet CP concentration was not easily
explained by diet composition variables. Diet CP was not different
between sites in the winter (Fig. 3). In spring, diet CP was clearly
higher on the SL site than on the CL site, but, unlike in other
seasons, changes in forage availability had no effect on diet CP.
Mean diet CP concentration was similar between sites in the
summer and fall but diet CP was less stable on the SL site than the
CL site.
Fecal Output

Fecal output, as a percent of body weight, was not sensitive to
forage availability changes except for a slight relationship in
summer (rr 0.18) (Fig 4). Additionally, fecal output of cattle did
not differ between sites except in fall, when cattle on the SL site had
lower fecal output than cattle on the CL site.
Fecal output is a necessary determinant in most intake studies,
q
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but is seldom studied as a response variable (Kothmann and Hinnant 1987). Fecal output can, however, be used to detect differences in forage harvestability if significant changes in animal size and
physiologic state do not occur. If forage intake is not restricted by
available forage, then fecal output should remain a constant percent of body weight throughout a given trial. The lack of site effects
on fecal output would indicate that any intake differences (discussed below) resulted primarily from differences in diet digestibility, not forage harvestability, except in fall.
Nutrient Intake

Organic matter intake (OMI) decreased as green herbaceous
mass decreased in all trials (Fig. 5). In winter and spring, OMI was
less stable on the SL site than the CL site. Generally, the SL site
yielded greater OMI than the CL site when herbaceous forage was
readily available, but OMI was similar between site at low forage
availability. Cattle on the SL site achieved higher OMI than cattle
on the CL site over all levels of green herbaceous mass in the
summer. These effects of site and herbaceous mass on OMI were
similar to those observed for diet IVOMD in winter, spring, and
summer (Fig 2 & 5). However, forage supply in fall was not
adequate to maintain intake on the SL site, resulting in greater
OMI on the CL site.
Crude protein intake (CPI) averaged 0.63 f 0.05,0.99 f 0.05,
0.62 f 0.02, and 1.03 f 0.06 kg/day on the CL site and 0.81 f 0.05,
0.97 f 0.07, 0.90 f 0.05, and 0.58 f 0.08 on the SL site in the
winter, spring, summer, and fall, respectively. Crude protein intake
decreased with decreasing herbaceous mass and was less stable on
the SL, compared to the CL site, in all seasons. Site differences in
JOURNAL
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mean CPI value follow the same patterns as those for OMI. Sites
were similar regarding CPI in winter and spring, but CPI was
greater on the SL site than on the CL site in summer, and CPI was
greater on the CL site in fall than on the SL site.
Discussion

and Conclusions

Range site and the associated differences in vegetation had little
influence on the proportions of grass, forb, and browse in the diet.
When herbaceous forage was abundant cattle maintained similar
diets regardless of site. However, as herbaceous forage became
limited, cattle diets conformed more closely to the proportions of
food available, resulting in some site differences,
Fecal output did not differ by range site in winter, spring, and
summer. However, in fall, cattle had.lower output on the SL site
than on the CL site, presumably because adequate herbaceous
forage was not available. This suggests that large differences in
available herbage mass are required to yield differences in fecal
output.
Range site did influence cattle diet quality. Cattle on the SL site
generally had higher, though often less stable, diet 1ive:dead ratios
and diet quality (IVOMD and CP) than cattle on the CL site. These
differences are best explained by 2 factors: (1) cattle on the SL site
used a more selective strategy in diet acquisition, and (2) the SL site
had lower herbaceous biomass and a higher proportion of green
herbaceous forage than the CL site, therefore green forage was
more accessible on the SL site. To improve the utility of range site
distinctions for grazing management decisions, a measure of
“‘accessible” green forage should be developed and used. An
increase in accessible green forage due to regrowth has frequently
been reported to increase diet quality (Vavra et al. 1973, Kirby and
Stuth 1982).
Although these range sites were studied in the Rio Grande Plains
of Texas, analogous situations may occur elsewhere. Sites with low
herbaceous standing crop are often characterized by high forage
1ive:dead ratios and high quality plant species, while sites of high
herbage mass are often composed of intermediate or low quality
species with more litter and 1ive:dead mixing (Cook and Harris
1950).
In this study, cattle on the SL site achieved higher nutrient intake
(OMI and CPI) when herbaceous forage was readily available
during the growing season, because of greater access to green
forage. Therefore, forage on the SL site provided higher diet
quality at low grazing pressure during the growing season. Conversely, the greater herbaceous mass of the CL site provided for
greater OMI in the fall and at high levels of grazing pressure.
Nutrient intake is commonly studied in relation to available forage
or plant maturity (reviewed by Cordova et al. 1978 and Allison
1985). However, combined effects of different vegetation types on
nutrient intake have not been addressed.
In the Rio Grande Plains it is commonly observed the SL sites
are often in lower range condition than CL sites, when they occur
in the same pasture. Cattle may be relying on the SL sites in the
spring when grazing is most detrimental to key grass species. This is
a possible mechanism for differential ecological retrogression of
range sites on the same landscape. However, additional studies at
the landscape level will be required to verify this hypothesis since
this study was conducted at the community/patch
level of the diet
selection hierarchy. Valentine (1%7) addressed this issue of differential grazing pressure by vegetation type in his proposed practice
of “seasonal suitability grazing”.
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Sand shinnery oak as forage for Angora and Spanish goats
FRANCIS VILLENA AND JAMES A. PFISTER
Abstract
Little information is available on goat nutrition and diet selection on shrub-dominated ranges. This study examined the botanical and nutritive composition of Angora and Spanish goat diets,
and forage intake when graxing on sand shhmery oak (Quercur
/~evcudii Rydb.) range in west Texas during June, July, and
August, 1986. A digestion trial evaluated the nutritive value of
shinnery oak diets for goats. Angora and Spanish goats consumed
similar amounts of shimrery oak, grass, and forbs. Their diets had
similar levels of crude protein (CP), fiber, and in vitro digestibility.
Consumption of oak by goats increased from 31% of diets in June
to 55% in August. Dietary CP levels averaged 8.1 to 9.4% during
the summer. In vitro digestibility of diets varied from 44 to 53%
during the summer, with lower values during July and August.
Spanish goats had higher forage intakes during July and August
compared to Angora goats. Digestible energy (DE) intake(McaI/day) did not differ between breeds, but increased during the
summer. The digestion trial was conducted using 0,25, and 50%
shinnery oak with alfalfa hay. Apparent organic matter digestibility (OMD) declined linearly with increasing levels of oak, the same
decline was noted for apparent CP and neutral detergent, but not
acid detergent, fiber digestibility. Extrapolated OM and CP digestibilities for 109% oak were 38% and 172, respectively. Voluntary
OM intake did not differ among diets. CP and DE intakes declined
linearly as dietary oak levels increased. Fecal N htcreased and
urinary N decreased linearly with increasing levels of oak in diets.
We found no evidence of hrtoxication from shhmery oak in grazing
or pen-fed goats. Shinnery oak can contribute substantially to the
nutrition of goats foraging on these ranges, but some supplemental
.
feeding may be necessary.
Key Words: Quercus havar&i, Capra hircus, browse, tannins, diet
quality, goat diets
Information on the amount and nutritive quality of forage
ingested by grazing animals is important to identify the constraints
to efficient rangeland production of livestock. Suboptimal animal
production on rangeland is the result of several factors (Hodgson
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1982, Allison 1985), of which nutrient intake is probably the most
common (Allison 1985). Voluntary forage intake by grazing ruminants depends upon numerous intrinsic and extrinsic properties of
both plants and animals (Cordova et al. 1978, Allison 1985).
Recently, attention has focused on plant secondary metabolites as
deterrents to herbivory (Cooper and Owen-Smith 1985) and as
inhibitors of the ruminant’8 digestive processes (McLeod 1974).
Secondary compound8 in shrubs may influence both palatability
and forage intake under browsing situations (Provenza and Malechek 1984).
There is a paucity of information on nutrition of goats on
shrub-dominated range8 (Malechek and Provenza 1983). Further,
there is little information on the comparative browsing ability or
dietary selection of different breed8 of goats, although there are
indications that Spanish goats consume more browse than do
Angora goats (Warren et al. 1984). Bryant et al. (1980) compared
the nutritive value of diets selected by Angora and Spanish goats
on excellent condition range on the Edwards Plateau of Texas.
They suggested that although dietary protein values were acceptable for maintenance, energy levels may be inadequate when diets
were composed largely of Plateau oak [Quercus virginiana var.
fusiformis (Small) Sarg.]. Although researcher8 have quantified
dietary nutrient requirements for goat8 (Huston 1978, NRC 1981),
no work ha8 been done to characterize dietary nutrient levels of
goats foraging shinnery oak (Quercus havardii Rydb.) rangeland
of which there are about 2.3 million ha in the Southwest (Sears et
al. 1986). The objectives of the study were to determine the dietary
nutritive quality, forage intake and diet selection of Angora and
Spanish goat8 on shinnery oak ranges, and to quantify the nutritive
value of shinnery oak for goats.
Materials and Methods
Study Area
Research was conducted from June to August 1986 in a 4-ha
pasture located (33’ 23’52” N and 102” 46’38” W) in north-central
Yoakum County, Texas. Since 1940 the area has been grazed by
cattle during the summer, at a stocking rate of 19 ha per animal
unit. The site had level topography, and soils were deep sands
primarily of the Brownfield Series, a fine, mixed, thermic Arenic
Aridic Paleustalfs (USDA 1964). Climate is warm, temperate, and
semiarid (USDA 1964). Precipitation, like temperature, fluctuates
widely with annual precipitation averaging 38 cm, of which about
80% occur8 from May to October. During this study precipitation
(28 cm) exceeded the average for June through August by 55%.
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Mean daily temperatures were near normal.
Sand shinnery oak, a deciduous l-m tall shrub, dominated the
plant community on the site. Associated species included sand
bluestem (Andropogon h&i Hack.), little bluestem [Schizuchyrium scoparium (Michx.) Nash], sand dropseed [Sporobolus cryptandrus (Torr.) Gray], and threeawn (Aristidu spp.). Common
forbs were western ragweed (Ambrosiupsilostachya DC.), Fendler
euphorbia (Euphorbia fendleri T. & G.), and threadleaf groundsel
(Senecio riddellii T. & G.). Sand sage (Artemisia filifolia Torr.),
pricklypear (Opuntiu spp.), and small soapweed (Yucca ghzucu
Nutt.) also were present on the site.
Field Study
Ten esophageally fistulated wether goats (5 Angora and 5 Spanish) weighing an average of 3 1 kg were used to collect diet samples.
The goats were maintained on alfalfa hay during the intervals
between each (late June, mid-July, mid-August 1986) collection
period. Following a 7day adaptation period in the pasture,
extrusa was collected for 30 min every morning at 0700 hr for 5
consecutive days. Following collection, each extrusa sample was
hand-mixed and frozen. Goats were released to resume grazing
until 1900 hr, when they were penned in corrals, without feed, in
preparation for the next morning collection and to avoid predation
by coyotes. Water and trace mineral salt were provided ad libitum
throughout the study.
Diet samples from each animal were pooled by period, divided
into 2 subsamples, and freeze dried. One set of samples was ground
to pass a l-mm screen in a Wiley mill, and aliquots were taken to
determine dry matter (DM), organic matter (OM), crude protein
(CP), neutral detergent fiber (NDF), acid detergent fiber (ADF),
permanganate lignin (LIG), and in vitro organic matter digestibility (IVOMD). Dry matter was determined by oven-drying the
samples at 105’ C for 24 hr. Organic matter was determined by
ashing DM samples at 550” C for 4 hr (AOAC 1980). Nitrogen (N)
was determined by a micro-Kjeldahl procedure and an automatic
titrator, and CP was calculated as N X 6.25. Determinations of
NDF and ADF were done according to the sequential fiber procedure (Van Soest and Robertson 1980). Lignin was extracted following Goering and Van Soest (1970). The IVOMD was determined by the two-stage procedure of Tilley and Terry (1963) with 3
tubes per extrusa sample. Ruminal inoculum for the in vitro
procedure was obtained from a ruminally fistulated goat of each
breed grazing the same pasture where diet samples were taken.
The second subsample was used to determine botanical composition of diets using the microscope point technique as outlined by
Harker et al. (1964). Extrusa was systematically scanned at 10x
magnification, and each of 100 points/sample was identified as
shinnery oak, grass, forb, or others (primarily sand sage, pricklypear, and soapweed) as well as live or dead, and leaf, stem or
flower-seed components.
Ten 30-kg wether goats (5 Angora and 5 Spanish) were fitted
with fecal collection harnesses and bags (Pfister 1985) for estimation of nutrient intake. Fecal output was determined concomitantly with diet sampling, but animals were not penned at night.
Total fecal output was collected every 12 hr during the collection
periods after a 7day adaptation period to the pasture. A representative aliquot of each goat’s daily sample was oven-dried at 65O C,
ground through a l-mm screen, oven-dried at 105” C for 24 hr, and
ashed at 550’ C for 4 hr to make dry matter and organic matter
determinations, respectively (AOAC 1980).
Organic matter intake (OMI) was calculated using the fecal
excretion: indigestibility ratio (Cordova et al. 1978). The in vitro
digestibility estimate was the mean digestibility of extrusa from the
5 esophageally fistulated goats of each breed. Organic matter
intake was calculated as a percent of body weight (%BW) as
suggested by Van Soest (1982). Digestible energy intake was calcuJOURNAL
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lated using the constant given by NRC (1981) of 4.62 Meal/ kg of
digestible organic matter consumed.
At the end of each sampling period during July and August,
samples ofjugular blood were drawn from intact animals for blood
urea nitrogen (BUN) determinations. Blood serum samples were
put on ice until stored in an ultra freezer at 40” C. Blood serum
was analyzed for urea nitrogen following the procedures of Fawcett and Scott (1960).
Available forage was determined monthly by clipping 30 randomly located 1.O-rnr quadrats. Material was hand-separated into
shinnery oak (current season’s leaves and twigs), grasses, forbs,
and other species (primarily sand sage, pricklypear, and soapweed). All material was airdried and then oven dried at 65O C for
48 hours and dry weights recorded.
The ecologically important property of tannins has been suggested to be astringency, which influences palatability (McLeod
1974). Therefore, samples of current season leaves and twigs of
shinnery oak were taken biweekly from 30 June to 13 September
1986 for tannin analysis. Samples were frozen and then freezedried. Condensed tannins were analyzed using an astringency
(protein-complexing capacity) method (Homer et al. 1987). About
100 mg of frozen leaf or stem tissue was ground using a mortar and
pestle then extracted in 5% aqueous methanol in a tissue homogenizer. The methanol was removed by passing NZ over the supernatant while shaking in a 25-ml Erlenmeyer flask submerged in a
55’ C water bath. The sample was then filtered through a 0.45 pm
nylon membrane filter. Hemoglobin solution [2.2 mg of bovine
hemoglobin substrate powder type Ii (Sigma Chemical Corporation) per ml of phosphate buffer, pH 6.51 was used as the reaction
protein. The astringency of the plant tissue extract was expressed
relative to that of spray-dried quebracho tannin (condensed
tannin).
The experimental design used to test the hypotheses that diet
composition, diet quality, forage intake, and blood urea-N were
not influenced by breed of goat was completely random, using a
repeated measures analysis of variance. Breed of goat was the main
factor, and individual goats were nested within breed. Repeated
measures were made each month on each individual animal. Data
were analyzed using the Generalized Linear Model (GLM) of SAS
(1985). No comparisons of oak tannin level or quality were possible
since laboratory analyses were done on duplicate portions of single
samples.
Digestion Trial
Current season’s growth of sand shinnery oak (twigs and leaves)
were hand-harvested from June to September of 1986. The harvested material was air-dried, combined and ground through a
5-mm screen, and mixed with ground alfalfa hay. Three experimental diets were prepared: (a) 95% alfalfa hay and 5% sugar cane
molasses (0% oak); (b) 70% alfalfa hay, 5% molasses, and 25%
shinnery oak (25% oak); and (c) 45% alfalfa hay, 5% molasses, and
5% shinnery oak (5% oak). Oak levels were chosen to correspond
to dietary consumption by browsing goats (Villena 1987). The 5%
molasses was included as binding material to facilitate making
pellets. Pellets were 2.5 cm long and 0.5 cm diameter, and compressed using minimum heat.
Six Angora wether goats (41 f 3 kg mean body weight) were fed
the experimental diets between November of 1986 and January of
1987. The trials were conducted in metabolism cages located in a
ventilated barn. Initially each diet was randomly assigned to 2
goats for 12 days. Thereafter, diets were assigned so that all 6
animals received each experimental diet for a 12day period. A
7dayadaptation
period was followed by a 5day collection period,
during which feces and urine were collected for laboratory analysis. Feed was offered once daily at 1300 hr. Amount offered was
10% to 20% greater than amount consumed the day before. Anim117

als were provided fresh water and mineral salt ad libitum.
Feces and urine were collected once daily at 1400 hr. After
weighing feces and determining urine volume of each animal,
representative daily samples were taken. Fecal samples were stored
in plastic whirl-pak bags and urine in plastic bottles. All samples
were frozen at -200 C for subsequent analysis. Feed samples were
also taken for chemical analysis and IVOMD.
Fecal subsamples were freeze dried, and both feed and feces were
ground to pass a I-mm screen in a Wiley mill. Dry matter and OM
of feed and feces were determined by oven-drying subsamples at
105” C, and ashing for 4 hr at 5500 C, respectively (AOAC 1980).
For other chemical analyses, feces were pooled (by animal) over
the 5day collection period. Feed, feces, and urine were analyzed
for N content by micro-Kjeldahl procedures (AOAC 1980). Feed
and feces were also analyzed for NDF and ADF by the sequential
fiber procedure (Van Soest and Robertson 1980) and LIG according to Goering and Van Soest (1970). Gross energy of feed and
feces was determined by oxygen bomb calorimetry (Galyean 1984).
Apparent digestibility coefficients for OM, CP, cell contents
(CC), NDF, ADF, and N were calculated. Digestibility coefficients
for OM and CP of the pure oak (100% oak) were determined by
extrapolating with linear regressions, using OM and CP digestion
coefficients of shinnery oak for all levels of the experimental diets.
The IVOMD of each diet was determined using the two-stage
procedure of Tilley and Terry (1963). Ruminal inoculum was
obtained from a ruminally fiitulated Angora goat consuming the
same experimental diets.
At the end of each sampling period, blood samples obtained by
jugular venipuncture were collected for urea nitrogen (BUN) and
tannic acid equivalent (TAE) determinations. Blood was collected
in vacutainer tubes with no additives and then centrifuged to get
serum. Blood serum was drawn off with plastic syringes and stored
in sterile plastic tubes at -400 C. BUN was determined by a modified procedure of Fawcett and Scott (1960), and TAE by the
procedure of Mosesson et al. (1947), as modified by Dollahite et al.
(1962).
The experimental design was a replicated 3 X 3 Latin square
design, and the data were evaluated statistically by analysis of
variance procedures (SAS 1985). Orthogonal polynomials were
used to test for linear and quadratic treatment effects (Steel and
Torrie 1980).

Results
Forage Availability

Sand shinnery oak accounted for about 80% of the forage available on the site during the season (Table 1). Grasses contributed
18% of the season-long average, while available forbs comprised
about 1%. Other species contributed about 2% of the total available forage.
Although forbs were a minor component of the available forage
(5 to 26 kg/ ha), a large decline was noted from June to July (Table

Table 1. Standing crop (kg/ha) of forage rvaihbility and diet composition’ ($6) of Angora and Spanish goats during 3 sampling periods.

June
July
August
Standing
%
Standing
YQ Standing
%
crop
in diet
crop
in diet
crop
in diet

Shinneryoakl
Forbs”
Grass4
Otheti

1323f3W 31.7a 1078f454 45.0b 1117f372 55.1~
26f 38 22.8a
5f 12 9.4b
9f 40 5.lb
244f273 44.6
224fl80 44.8
34Of274 39.8
53fll9
0.9
37+151 0.8
4flO
0

‘Main effect of breed (Angora vs Spanish) was not significantly different for any diet
variable (m.05).
*Standin crop means f 1 S.D. (n = 30).
3Main efBect of months for diets was significant (KO.05) and diet means for months
with different letters are significantly different (KO.05).
‘Diet composition did not differ among months (FXl.05).
1). Overall, total forage available declined from 1,646 kg/ ha in
June to 1,344 kg/ ha in July, but did not decline thereafter.

Dietary Botanical Composition

Angora and Spanish goats had similar dietary composition
throughout the summer (Table l), as no differences were noted for
any diet variable. Shinnery oak became an increasingly important
diet constituent of both Spanish and Angora goats as the summer
advanced (Table 1). In June, goats ate significantly less shinnery
oak than in July and August. Grass remained constant in diets over
time, averaging about 4% throughout the study. Selection of
forbs declined significantly from June (22.9%) to August (5.1%).
Interactions between breed and period were not found for any
forage class.
Condensed tannin levels in shinnery oak ranged between 34 and
38 mg/g (dry weight) and did not change from June to September.
Twigs contained slightly more tannin than did leaves (data not
shown). Current season’s growth of shinnery oak averaged 7.6%
CP, 48.7% NDF, 15% lignin, and 35.7% IVOMD throughout the
summer.
Diet Quality and Intake

Crude protein content of diets selected by Angora and Spanish
goats was similar (Table 2). Dietary CP, across breeds, declined
from June to July but increased during August. No breed X period
interaction was found. Angora and Spanish goats selected diets
similar in NDF and LIG content. Dietary fiber levels remained
almost constant throughout the study periods (Table 2). The
IVOMD of diets was similar for Angora and Spanish goats (Table
2). The IVOMD of diets decreased from June to July and August.
There were period differences in IVOMD, but no breed X period
interaction was found.
Spanish goats had higher mean OMI (1.4% of body weight) than
did Angoras (1.2%) (Table 3). Voluntary forage intake of goats
increased as the summer progressed, and there was a breed X
period interaction. Both Angora and Spanish goats increased OMI

Table 2. Dietary chemical composition and in vitro digestibility for Angora and Spanish goats grazing sand shinnery oak ranges in Texas.

Fiber components’

Collection
period
Jun
Jul
Au
Means3

Crude protein’

In vitro digestibility2

LIG

NDF

Angora

Spanish

Angora

Spanish

Angora

Spanish

Angora

Spanish

8.8
8.3
8.8
8.6~

9.4
8.1
9.0
8.8~

55.7
56.9
55.5
56.oc

52.1
52.6
52.7
52.4~

10.5
11.7
11.9
11.4C

11.0
11.1
11.9
11.3c

52.7
45.0
46.4
47.7c

47.0
45.1
43.7
45.3c

‘Percent of dry matter; NDF = neutral detergent fiber: LIG = lignin.
2Percent of organic matter.
3Means in same row and treatment comparison followed by the same letter do not differ (130.05).
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Table 3. Daily forage and digestible energy intake, and blood urea nitrogen
levels for Angora end Spanish goats grazing oak ranges in Texas.
Daily
Forage organic
matter intake

Collection
period

Angora

Jun
Jul
Aug
Means’

-% body weight.9
.9
1.2
1.5
1.4
1.8
1.2a
1.4b

Spanish

Daily digestible
energy intake
Angora

Levels of shinnery oak (%)

Blood urea
nitrogen

Spanish

Angora

--MCal.7
.9
1.1
.9
1.2
1.1
.9a
.9a

-mg/

11.1
12.9

11.9a

differ (E-.05).

from June through August (Table 3). Although Angora and Spanish goats had similar OMI in June, Spanish goats had significantly
higher intakes during July and August. No differences between
breeds were noted for digestible energy intake (DEI) (Table 3).
Angora goats had similar DE1 during June and July, but increased
DE1 during August. Spanish goats also increased DE1 from June
to August.
Blood urea N concentrations were not different between Angora
and Spanish goats (Table 3). BUN concentration increased from
July to August. Although BUN increased in both goat breeds as the
season progressed, such increments were higher for Angora than
for Spanish goats.
Trial

Oak-containing diets (Table4) were lower in crude protein (CP),
cell contents (CC), and in vitro organic matter digestibility
(IVOMD), but higher in neutral detergent fiber (NDF), acid detergent fiber (ADF), and lignin (LIG) than the control diet (0% oak).
Table 4. Chemical composition and in vitro organic matter digestibility
(IVOMD) of experimental diets (dry basis) consumed by goats.

Fractions
Crude protein, %
Digestible protein’, g/ 1OOg
Cell contents, %
Neutral detergent fiber, %
Acid detergent fiber, %
Lignin, %
IVOMD, %

0

Levels of shinnery oak (%)
50
2s

19.8
14.9
65.3
34.8
28.3
8.8
80.6

18.0
11.9
64.1
35.9
28.0
11.4
69.2

The oak used to formulate the diets contained 37 mg of condensed
tannin/g of dry matter (Villena 1987).
Digestibility of OM, CP, CC, and NDF, but not ADF,
decreased linearly with increased shinnery oak levels in the diets
(Table 5). The regression equation for OM digestibility was Y
67.3 17 - .294X (r* = .98; S,., = 57; n = 18), and for CP digestibility,
the equation was Y = 77.117 - .598X (r* .90; S,.= = 4.20; n = 18),
where Y is OM or CP digestibility and X is the 3 levels of oak in the
diets. From these regression equations, OM and CP digestibility of
the pure oak (100%) was extrapolated to be 37.9% and 17.3%,
respectively.
Voluntary intake of organic matter, expressed as percentage of
body weight (%BW), was not affected by the levels of oak in the
diets (Table 6). However, CP and energy intake decreased linearly
when the level of oak reached 50% of the experimental diet.
Fecal N increased and urinary N decreased linearly with increasing levels of dietary oak (Table 7). The amount and the proportion
q
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25

50

60.4
66.0
71.9
38.3
29.7

52.4
45.3
62.8
35.0
32.8

‘Linear treatment effect (KO.05)
*Quadratictreatment effect (KO.05)
“No treatment effect (130.05)
of N apparently digested decreased with increasing levels of oak
(Table 7). The amount and the proportion of N retained showed a

positive quadratic response to the low oak level, and then declined
at the 50% oak level. The percentage of absorbed N that was
retained showed a linear increase as oak level increased. There was
no relationship between N intake(g) and fecal N levels (r* = 0.02, n
18).
q

Table 6. Voluntary intake of organic matter, erode protein and digestible

energy of experimental diets consumed by goets.

Levels of shinnery oak (%)
Intake
Organic matter, % BWi2
Crude protein, g/day3
Digestible energy, Mcal/dayr

0

25

50

2.6
245.5
3.6

2.9
245.9
3.5

2.9
182.5
2.9

‘Body weight
2Notreatment effect (Z’H.05)
3Lineartreatment effect (KO.05)
The level of BUN decreased 15-20% with increased levels of oak
in the diets, but BUN levels for all diets were within normal ranges
( 13-20 mg/ 100 ml). Tannic acid equivalent was not detected in sera
of the experimental animals.

Discussion

13.9
6.3
59.0
41.0
33.5
13.0
60.9

0lculated from crude protein content of feed and apparent protein digestibility.
Digestibleprotem(Y)and crude protein (X) were related bythcequation(Y = -13.81+
1.44(X), r* q .99, n = 3.

q

61.1
75.2
77.6
46.8
40.6

Organic matter’
Crude proteini
Cell contents1
Neutral detergent fiber’
Acid detergent fiber-’

100 ml-

‘Means in same row and treatment comparison followed by the same letter do not

Digestion

0

Items, %

Spanish

10.6
15.2
12.8a

Table 5. Apparent digestibility coefficknts of the chemical constituents in
the experimental diets consumed by goats.

Spanish and Angora goats consumed diets similar in botanical
composition throughout the study period. Taylor (1975) and Merrill and Taylor (1976) suggested that Spanish goats will more
extensively utilize browse than will Angora goats. Warren et al.
(1984) reported that Spanish goats consumed more browse than
did Angora goats, and indicated that diet selection by Angoras
more closely resembled Barbado sheep than Spanish goats. In this
study, Spanish goats did not appear to be better adapted than
Angora goats for browsing sand shinnery oak ranges.
Availability of forbs may have influenced consumption of oak
by goats. Huston et al. (1981) have classified forbs as quality
components of available forage in Texas. Although forbs were
only 1% of the total forage available (Table l), they were an
important constituent of the goat’s diets. As forb availability
decreased, goats may have shifted diets to select more oak instead
of grass.
Several studies have reported that goats are best classified as
browsers (McMahan 1964, Sidahmed et al. 1981, Warren et al.
1984) since their diets often contain 56% or more browse. However, others have suggested that goats are best categorized as
intermediate feeders (Pflster and Malechek 1986, Migongo-Bake
and Hansen 1987), or opportunistic generalists (Coblentr 1977).
This study supports the latter view, since goats consumed diets
nearly equivalent in grass and browse percentages, even though
80% of available forage was shinnery oak.
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Table 7. Daily nitrogen balance of goats consuming the experimental oak diets.
Fiber comoonentsl
Nitrogen
% Oak
in diet
0

Consumed1

Fecal’

Urinary’

Apparently

Retained”

digestedI

Retained’

g

g

g

g

%

g

%

39.3
39.3
29.2

9.8
13.6
16.1

15.7
11.6
6.8

29.5
25.8
13.2

75.2
66.0
45.3

12.9
14.2
7.4

33.0
36.2
25.4

% of absorbed
43.7
55.1
59.0

‘Linear treatment effect (KO.05)
*Quadratic treatment effect (KO.05)

Oak tannin levels in this study were much lower than reported by
Pidgeon et al. (1962). The methods used by Pidgeon et al. (1962) to
extract and quantify hydrolyzable shinnery oak tannins are not
comparable to the method used to determine condensed tannins in
this study. Hydrolyzable tannins may be toxic agents (Pidgeon et
al. 1962), but condensed tannins likely have a greater influence on
palatability and consumption of browse (Cooper and Owen-Smith
1985).
The relationship between tannin levels in oakbrush and palatability was not clear. Although tannin levels remained constant,
goatsconsumed more oak as the summer progressed. Even though
adaptation periods were used before each sampling period, goats
may have gained browsing experience over the course of the
summer (Hodgson 1982). Further, animals’adaptation
to dietary
tannins through increased salivary secretion of proline (Mehansho
et al. 1983) may have occurred as the season progressed (Robbins
et al. 1987a). Salivary proline has a high affinity for tannins
(Mehansho et al. 1983), and may reduce the level of tannins available for interference with digestion (Cooper and Owen-Smith 1985,
Asquith and Butler 1986, Mehansho et al. 1987).
Both Angora and Spanish goats grazing this vegetation community selected diets with similar levels of nutrients. Dietary CP
levels were slightly lower than those reported by Bryant et al.
(1980) for the same breeds grazing range of excellent condition in
the Edwards Plateau, and values are close to the average reported
by Lopes and Stuth (1984) for goats grazing Texas Savannah
during summer. The percentage of CP in the diets would satisfy
goats’maintenance
requirements (NRC 1981, Devendra and Burns
1983) when grazing shinnery oak rangeland during the summer.
However, based on the level of dietary CP and intake, the amount
of daily CP consumed would not be enough for maintenance plus
medium activity of goats under range situations, particularly during early summer when intakes were low.
Dietary IVOMD declined from June to July and August, even
though dietary cell wall components did not change significantly.
One factor that may have contributed to decreased digestibility
was increased consumption of oak (Table 2), a species of low
digestibility. High lignin content of oak was probably a major
factor in the low in vitro digestibility values (Van Soest 1982).
Lopes and Stuth (1984) and Pfister and Malechek (1986b) also
found that IVOMD of goats’ diets declined with increasing
amounts of dietary browse.
Little research has been done to determine intake of goats under
free grazing conditions. Pfister and Malechek (1986b) found that
goats grazing deciduous shrub-woodland in northeastern Brazil
had an organic matter intake of 2.1% of BW. McCammonFeldman (1980) reported an intake of 2.3% of BW for Nicaraguan
goats. The results of the present study are lower than noted in those
studies, but environmental conditions were also very different.
Voluntary intake increased over the summer, as did DEI. Digestible energy intake was lower than that recommended by NRC
(198 1) for maintenance and medium activity of a goat of 30 kg
body weight under range conditions (2.38 Meal/day). Pfister and
120

Malechek (1986b) reported DE1 for Brazilian goats of 1.3 Mcal/day. Higher DE1 (3.4 to 5.6 Meal/day) than found in this study
were reported by Griego (1977) for goats grazing the Tunisian
Pre-Sahara range. Increases in OMI and DE1 occurred despite the
reduction in dietary IVOMD as the summer progressed. This may
have been due to animals’ adapting to dietary tannins through
salivary binding (Mehansho et al. 1983), or may have reflected
increased adaptation of goats for this type of shrub rangeland, or
both. Goats may also have increased intakes through compensatory increases in gut fill. Increases in gut fill with forage maturation
have been documented in cattle (McCollum and Galyean 1985),
and for deer on browse diets (Baker and Hobbs 1987).
Digestion Trial
The nutritional quality of the experimental diets decreased as the
proportion of shinnery oak increased, due to the lower nutritional
quality of shinnery oak compared to alfalfa. As a result, digestibility of all constituents except ADF was significantly reduced by
increasing the level of shinnery oak in the diets. Nastis and Malechek (1981) also found similar trends when oak was added to a
basal diet.
Reductions in cell wall digestibility due to tannins in forage have
been reported by Barry and Manley (1984) for sheep. Digestion of
cell wall fiber (NDF) was only marginally related to lignin content
of the diets (r2 = .44, n = 18), indicating that factors other than lignin
were also depressing cell wall digestion. Such factors may be
digestion inhibitors such as tannins, or antiquality factors, such as
silica or cutin (Van Soest 1982). Robbins et al. (1987b) found no
influence of tannins on cell wall digestion in deer on high-tannin
diets, while Nastis and Malecheck (198 1) reported reductions in
cell wall digestion from mature but not young oak browse. We
found a significant reduction in digestion of cell solubles. Robbins
et al. (1987b) also noted large reductions in digestion of cell contents in deer eating browse. There was no apparent relationship
between digestion of cell contents and amount of cell contents (rz =
.16, n = 18) in the experimental diets.
The low CP digestibility for shinnery oak found in this study
(17.3%) was either a result of tannins acting to reduce digestion
(McLeod 1974), or was due to the nondigestible, fiber-bound
protein in oak browse. Robbins et al. (1987a) found that leaf
tannins from deciduous shrubs reduced protein digestibility in
deer. However, Robbins et al. (1987a) also noted that protein
digestibility was reduced in grasses with no tannins due to increases
in fiber-bound protein.
There was an increase in fecal N and decrease in urinary N with
higher levels of dietary shinnery oak. The amount of N absorbed
from the small intestine was reduced at the highest oak level.
Elevated levels of fecal N and reduced absorption may be due to
tannin-protein complexes resistant to digestion, or to undegradable fiber-bound proteins in oak.
Voluntary intake was not influenced by increased levels of
shinnery oak in the diets, contrary to finding of Nastis and Malechek (1981). Nastis and Malechek (1981) indicated that declining
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digestibility with the incorporation of oak into a basal diet produced a significant reduction in intake. In this study, however, OM
digestibility declined but OM intake was similar between treatments. We speculate that the use of molasses as a binder in the
pellets may have improved intakes. Further, pelleting may have
influenced retention times in the rumen. Also, shrubs have been
reported to have thin cell walls, which facilitates rapid digestion of
cell solubles and greater intake (Holechek 1983, Holechek and
Vavra 1983). Another factor that may have helped maintain voluntary intake as the level of dietary shinnery oak increased is an
increase in gut capacity. Cattle can increase gut capacity when
forage quality decreases (McCollum and Galyean 1985). Baker and
Hobbs (1987) found that mule deer increased intake on diets high
in browse by increasing gut fill rather than passage rate.
Goats showed no evidence of intoxication when consuming
shinnery oak in pen-fed or under free-grazing conditions. The lack
of toxicity is substantiated by the normal levels of BUN. We
conclude the shinnery oak can contribute substantially to the
nutrition of goats foraging on these rangelands. The long-term
impact of goat browsing on this vegetation type may provide some
shifts towards more grasses, and eventually enhance cattle grazing
on these ranges.
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Diet composition of Angora goats in a short-duration grazing system
CHARLES

A. TAYLOR,

JR., AND MERWYN

M. KOTHMANN

AbStnCt
Botanical and chemical compositions of Angora goat (Capru
hircus) diets, determined with esophageally cannulated animals,
were studied with and independent of a cattle-sheep-goat herd in a
short-duration grazing (SDG) system. The study site consisted of 2
pastures in a lepasture, l-herd SDG system. Each collection
period in both pastures began when 44 animal units of livestock
moved into either pasture 1 or 2. This methodology allowed a
comparison of diet selection with and without grazing pressure.
Goats selected more grass during the summer and fall than during
the winter and spring. Browse was preferred over grass and forbs.
Generally, higher crude protein values tended to be associated with
large amounts of browse and forb selection. In vitro digestibility
was highest in April and lowest in August. Crude protein was
highest in April and lowest in November. Under this particular
stocking rate (.19 animal unit years/ha) and weather conditions,
we concluded that increased grazing pressure, caused by a 4-day
graze period in a SDG system, had little effect on goat nutrition.
Key Words: Angora goats, short duration grazing, foraging
strategies
Texas is the leading goat and mohair-producing
state in the
United States, providing 88% of the U.S. mohair supply and 30%
of the world production. The goat’s primary range in Texas is the
Edwards Plateau, a geological uplift stretching across the south
central and south western parts of the state.
Angora goat producers encounter many problems, (i.e., low
fleece weights, poor reproduction, predator loss, disease, internal
parasitism, and hypothermia), most of which are associated with
sub-optimal nutritional levels (Huston et al. 1971). However,
Angora goats are useful to manipulate range vegetation and to
provide income to ranchers and meat and fiber to society. Goats
graze more diverse kinds of vegetation and distribute themselves
more evenly than cattle or sheep (Merrill and Taylor 1975).
Short-duration grazing systems (SDG) have been used as a part
of grazing management in the Edwards Plateau for the past 18
years. Interest in SDG has been increased by Savory (1979), who
reported that his grazing method permits safely doubling or tripling conventional stocking rates on rangelands. Since SDG is a
part of grazing management on Edwards Plateau rangelands, there
is a need to measure Angora goat response to the different physiological stresses it can create.
We investigated effects of time of year and presence or absence
of the grazing herd on composition of Angora goat diets in a SDG
system. We also measured the change of diet quality and quantity
during the stay in a short-duration grazing system pasture.
Study Area and Methods
The study was conducted on the Texas Agricultural Experiment
Station near Sonora, Texas. The study site consisted of two 16.5ha
Authors are presently research station superintendent, Texas A@cultural Experiment Statmn, Sonora; and professor, Texas Agricultural Expenment Station and
Department of Range Science, Texas ABM University, College Station, respectively.
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paddocks in a lepasture, l-herd, SDG system with a set stocking
rate of .19 AUY/ ha (AUY
Animal Unit Year). The 2 study
pastures had originally been one 32.4ha pasture that was split into
2 pastures approximately I year prior to this study. These 2 pastures were chosen because they seemed to be very similar with
regards to topography and species composition. Diets could be
selected without being affected by pasture differences and would
represent a true measurement of the effects of grazing pressure on
diet selection. Soils were Tarrant Stony Clays classified as a Low
Stony Hill range site. Topographical, climatological, and vegetational characteristics were described by Smeins et al. (1976). Pastures in the SDG system were grazed for 3 and 4 days and rested for
42 to 50 days. The grazing herd consisted of 20 cows, 58 sheep, and
70 goats. Each 4-day collection period began when a herd of 44
animal units of livestock was moved into either paddock 1 or 2.
Four esophageally cannulated adult Angora goats per pasture,
weighing approximately 36 kg, were used to collect representative
diet samples from the paddock in which the herd was grazing and
the adjacent paddock. During each sampling period, diets were
collected simultaneously in each of the 2 paddocks for 4 consecutive days. The cannulated goats were maintained in the SDG
system throughout the year and randomly selected for the 2 treatments prior to each collection period. Available vegetation within
the SDG pastures was determined before each 4day esophageal
collection period using a method described by Anderson and
Kothmann (1982).
Botanical composition, based on percent of plant fragments,
was divided into 3 major forage classes (grass, forb, and browse)
(Durham and Kothmann 1977). Selection values for plant groups
were developed from the diet data and available forage data (Taylor et al. 1980). The formula used in developing these ratings was as
follows:
q

Selection value =

(90in diet - 9~available) X lo
(o/oin diet + % available)

A selection value of +lO indicates the highest possible value while a
-10 indicates the lowest possible value and a 0 represents selection
in proportion to availability.
Diet samples were frozen and freeze-dried prior to chemical
analysis. All samples were ground through a Wiley mill fitted with
a l-mm screen. Chemical analyses included crude protein by the
micro-Kjeldahl method (AOAC 1970) and in vitro organic matter
digestibility (IVOMD) determined by a modified Van Soest procedure (Van Soest and Wine 1967).
Total feces were collected from 5 mature castrates grazing with
the herd for 3 consecutive days during each collection period, using
fecal bags supported by a single strap glued to the mohair on the
back of animals. Fecal bags were emptied at 24hr intervals. Fecal
samples were oven-dried at 60” C, ground to pass through a l-mm
screen in a Wiley mill and analyzed for total nitrogen using the
micro-Kjeldahl method (AOAC).
Total intake was determined for goats grazing with the herd
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using the equation:
100 X feces weight

Intake =

100 - % in vitro digestibility

The grazing pressure index (GPI) was calculated for each pasture at each sampling period (Scarnecchia and Kothmann 1982).
Because the sampling periods were only 4 days, growth was
ignored and standing crop before grazing was used as the estimate
of forage availability. Forage demand was the estimated total
potential intake of the grazing herd during the 4day sampling
period.
For statistical treatment and data summary, plant species were
categorized into 3 major classes of grasses, forbs, and browse.
Pricklypear (Opuntia spp.), sacahuista (Nolina texana) and all
yucca (Yucca spp.) were categorized as browse. Botanical and
chemical constituents of diets were analyzed statistically using
analysis of varience. Main effects were pastures, periods, days, and
their interaction. Error terms for treatments were the variation
among animals within pastures and the pastures by period interaction. Differences were evaluated using Duncan’s multiple range
test at KO.05 (Steel and Torrie 1980).
Results

and Discussion

Available Forage
Approximately 85 plant species were present in amounts adequate to justify quantitative measurement. There were approximately 20 different species of grasses, 30 species of forbs, and 19
species of browse. Curlymesquite (Hiluria belangeri (Steud.)
Nash), sideoats grama (Bouteloua curtipendula (Michx.), and
threeawn (Aristida spp.) were the major grasses in pasture 1 and 2.
Bitterweed (Hymenoxys odorata D.C.) and other annual forbs
represented the largest forb components in both study pastures.
Orange zexmenia (Zexmenia hispida H.B.K.) was the dominant
warm-season perennial forb. Juniper (Juniperus spp.), live oak
(Quercus virginiana Mill.), and sacahuista (Nolina texana S.
Wats.) were the major browse species in pastures 1 and 2.
Standing crop in pastures 1 and 2 more than doubled from
February to April (Table 1). This was due to optimum soil moisture conditions and initiation of warm-season perennial grass
growth. Between April and July, standing crop decreased, increased

to April levels by August, then declined in October and November.
Forb standing crop represented about 30% of the vegetation in
February (Table 1). This was extremely high compared to other
studies on the Sonora Experiment Station. Bryant (1977) and
Malechek( 1970) both reported that forbs represented less than 1%
of the standing vegetation in February. Forb standing crop was
highest in April and lowest in November. Bryant (1977) reported
that orange zexmenia accounted for 50% of the total forb weight in
August, but it represented a much smaller percentage in this study.
Most of the forbs were annuals. Forb standing crop declined
after April in both pastures as the result of maturation and
weathering.
Standing crop of browse was very similar between pastures 1 and
2 (Table 1). The general trend for browse was an increase in
standing crop from February until July, and then a gradual
decrease from July until November. Generally browse represented
a small percentage of the available vegetation. This was especially
true for April, during spring leaf drop for live oak. Also, pastures 1
and 2 had been previously continuously grazed by goats and had
well-defined browsed lines.
Botanical Composition of Diets
Grass made up an average of 64% of goat diets over the study
period (Table 2). This was higher grass consumption by goats than
expected and probably resulted because of favorable precipitation
and short rest periods between collection periods. These 2 factors
kept grass in an immature growth stage throughout most of the
growing season.
Goats selected higher amounts of grass (P<.O5) in pasture 2
(70%) than in pasture 1 (59%), whether or not they were grazing
with the herd (Table 1). Grass selection by period varied from a low
of 46% in February to a high of 77% in November (Table 2). This
seasonal trend in grass selection was similar to that found by
Malechek (1970) and Bryant (1977). They reported that goats
selected roughly 50 to 60% grass during summer and fall. Provided
adequate soil moisture is present, the major growth of warmseason grasses occurs in summer and early fall. This is when the
immature parts of grass plants are readily selected by goats. Selection values for grass differed among collection periods, from a high
of 1.6 in July to a low of -1.1 in April. Generally grass was
consumed nearly in proportion to its availability.

Table 1. Standing crop; graaing pressure index (GPI); percentages of grass, forbs, browse (including acorns), crude protein (CP), and in vitro organic
matter digestibility (IVOMD) in goat diets with herd present or absent; and percentages of grass, forbs, and browse in standing crop.
-_

Paddock 1

Standing crop, kg/ ha
GPI
Herd present?

Apr

Jul

Aug

Ott

Nov

Mean

Feb

Apr

JUl

Aug

Ott

433
C.01
no

1021

623
0.45

884
0.31
yes

524

__
---

520
0.53

802
<.Ol

687

1045

621

<.Ol
no

590
0.47
yes

<.Ol

<.Ol

no

no

62
15
81

71
13
77

72
8
88

yes
53
15
47

no

0.45
yes

4
3
14
34
15
3
10

2
3
s
28
7
6
10
1

82
70
7-87
70
3
12
1 -6
16

29
19
1

17
7
s

13
18
5 -5
6

19
2

13
1

76
7
87
2
4
6
22
6
5
10
1

81
7
83
3
6
9

--

77
11
54
5
9
23
18
8
11

I

13
10
1s
19
5
4
9
1

54
13
62
17
9
27

11
1

11
13
1 --

56
1

63
2

64
3

--

71
1

67
2

59
2

64
1

64
3--

0.27

Grass, 90 in diet
Standard deviation
% in standing crop

38
10
52

Forbs, 9% in diet
Standard deviation
9%in standing crop
Browse, % in diet
Standard deviation
9% in standing crop
CP, % in diet
Standard deviation

46
18
30
15
9
4

yes
44
9
60
14
6
28
43
14
1

16
2

20
2

3
3
27
27
4
7
12
1

IVOMD, % in diet
Standard deviation

60
2

72
2

67
2
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Paddock 2--

Feb

yes
71
3
53

59
-69
14
-20
27
4
13
-64

42
16
27
5
16
11
14
1
64
3
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432 -c.01

--

no

--
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Table 2. Grass, forbs, browse (including acorns), crude protein (CP), and in vitro digestible organic m8tter (IVOMD) of goatdiets, selection indexes, dry
matter intake, and precipitation.
Jan

Grass, % in diet
Selection index
Forbs, % in diet
Selection index

Browse, % in diet
Selection index

Mar

16
14

Apr

May

Jun

Jul

AW

Sep

Ott

Nov

Mean
64

46 b’
-0.3

49 b
-1.1

74 a
1.6

69 a
-0.9

75 a
0.3

17 a
-0.1

44a
0.1

15 b
-4.4

4c
-8.0

3c
-5.9

9bc
-2.5

2c
-4.1

10 c
0.7

38 a
9.5

23 bc
4.0

28 ab
1.4

12 c
4.5

15 bc
4.5

9
77

11
92

18

15
91

CP, ?ZQin diet
Dry matter intake
g/kw BW.”
Precipitation, mm, 1981
Median, 1919-1984

Feb

24
22

111
108
21

87
35

72
65

151
66

13
95

10
54

0
35

90
31

21
51

118
45

13

0
21

‘Means within rows followed by the same letter arc not significantly different (DO.05).

Forb selection differed (K.05) among collection periods (Table
2). Selection values were negative except in February, although
forbs generally have high selection values. However, in this study
noxious weeds represented a high percentage of the forb component. While forbs as a class were fairly unpalatable, certain species
were highly selected. Orange zexmenia is a good example of this. It
represented a very small percentage of the available vegetation, but
was utilized heavily by goats throughout the growing season.
Browse averaged 21% of the diets of goats during the year.
Bryant (1977) and Malechek (1970) reported goats consumed 40
and 39% browse, respectively, on the Sonora Research Station.
However, browse had higher selection values than grass or forbs
(Table 2). This might indicate that goats would have selected more
browse had it been more available. However, observations of live
oak and shin oak (Quercus pungenshthe
major browse species
selected-indicated
that utilization was always moderate. Goats
selected 38% browse in April and 28% in August compared to 10
and 12% in February and October, respectively.
Acorns were only available during October and November when
they were selected by the goats. Acorns contributed 6 and 9% to the
diets in pasture 1 in October and November, respectively, and 4%
to diets in pasture 2 in the month of November, with an overall
average consumption of 2%.
We found no significant daily variation in diet selection within
collection periods. Theoretically, as forage was removed by the 44
animal units of livestock, the preferred plants would decrease and
the cannulated goats would have to modify their diet selection.
However, there were no differences among days within grazing
periods in the proportion of grass, forbs, browse, or acorns in their
diet, whether the cannulated goats were grazing with or separated
from the herd. Apparently goats have certain physical characteristics (i.e., bipedal grazing stance, upper mobile lip, and prehensile
tongue) that provide them with the necessary foraging skills to
select preferred forages even at excessive grazing pressures.
The grazing pressure index in the paddocks grazed by the herd
varied from .53 in February to .27 in July with an average of .41 for
the study period (Table 1). Average yearlong GPI of .25 is considered a moderate level for rangelands of the Edwards Plateau of
Texas (Ralphs 1983). Previous research has indicated that goat
production is less affected by heavy grazing pressures than cattle
and sheep (Taylor and Merrill 1986).
Chemical Analysis of Diets

Mean crude protein (CP) of diets (Tables 1 and 2) was slightly
higher than Bryant (1977) reported for Spanish and Angora goats.
Crude protein varied seasonally from a high of 18% in April to 9%
in October (Table 2). Generally, higher CP values tended to be
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associated with larger amounts of browse and forbs in the diet.
Average CP levels in paddocks 1 and 2 were not significantly
different, even though significant differences in grass and browse
selection were measured between these 2 pastures.
During August, October, and November, CP levels in goat diets
dropped to near the 9% minimum level recommended for Angora
goats (Huston et al. 197 1). During these 3 periods the goat selected
large amounts of grass and small amounts of forbs and browse.
Crude protein values did not differ (P<.OS) among days with
grazing periods. This was expected for the pasture that was void of
livestock; however, the presence of 44 animal units (2.7 animal
units/ ha) in the grazed pasture was expected to elicit some changes
in CP level among days. Intensity and frequency of precipitation
probably helped buffer the effects of the high grazing pressures for
this study, but the foraging efficiency of goats was another important factor.
Average IVOMD was 64% across collection periods. Digestibility was highest in April (72%) and lowest in August (59%) (Table
1). Digestibility values did not differ significantly among days
within collection periods. Although IVOMD seemed to be more
sensitive to changing forage conditions than CP values, IVOMD
did not change significantly from one day to the next.
Crude protein and digestibility did not respond the same across
collection periods (Table 2). This can partially be explained by the
selection of acorns in October and November. Acorns are rather
low in CP (approximately 6%) but high in digestibility (approximately 70%). The most difficult collection period to explain was
the February period. Forbs represented 43% of the goat’s diets at
this time and dietary CP values averaged 14.8% with a corresponding digestibility of 62%. Higher digestibility values would be
expected for this high level of forb consumption. However, digestibility was probably reduced by higher than usual consumption of
mature grass. The protein level during February was more than
adequate for the production requirements of a 31.8 kg female
Angora nannie, but the energy level was marginal for maintenance
(Huston et al. 1971).
Fecal output varied from a low of 317 g of DM/d in August to a
high of 407 gin November. Low fecal weights were associated with
hot dry weather and mature forage. Diets at the lowest fecal output
contained 62% grass and 34% browse. The highest fecal output
occurred when diets contained 72% grass, 18% browse, and 9%
acorns and CP and IVOMD values were 10 and 65%, respectively.
Dry matter intake in August was lower than in any other collection period (Table 2). Dietary levels of CP and IVOMD also were
low in August. This was the only collection period during which
almost no regrowth was available. Not only was this period represented by poor forage quality, but due to the hot weather, the goats
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were less willing to actively graze during the heat of the day.
Precipitation after the August collection increased the regrowth of
warm-season perennial grass; and consequently goats increased
selection of grass in their diets from 69% in August to 75% in
October (Table 2).
Dry matter intake averaged 1,019, 1,058, and 1,020 g/day/goat
on days 2, 3, and 4, respectively. These data show that there was
very little difference in nutrient intake of goats between days within
a 4day grazing period under SDG. We concluded for this particular stocking rate that grazing pressure during each 4-day grazing
period had little effect on goat nutrition. This further supports the
hypothesis that goats are opportunistic foragers and can select high
quality diets even under conditions of heavy grazing pressure.
Even though nutrient intake of Angora goats remained at accep
table levels before and during the breeding season, kid production
for the subsequent kidding season, measured in terms of percent
kid crop raised (50%), was less than optimum. The poor reproductive performance of the Angora goats apparently resulted from
factors other than diet quality or quantity.
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Conditioned taste aversion: potential for reducing cattle
loss to larkspur
MARK A. LANE, MICHAEL H. RALPHS, JOHN D. OLSEN, FREDERICK D. PROVENZA, AND JAMES A. PFISTER

Abstract
Barbey larkspur (De@&&u
b&qvi L. Huth) is a pahttable
poisonous plant that causes a large number of cattle deaths on
mountain rangelands. The objective of the study was to determine
whether or not cattle could be conditioned to avoid eating Iarkspur. Five heifers were conditioned to avoid eating larkspur by
intraruminal infusion of lithium chloride whenever they consumed
larkspur in a pen feeding trial. Five control heifers were likewise
infused with distilled water. Following the conditioning, the heifers
were taken to mountain rangeland in central Utah and observed in
1986 and 1987. The non-averted heifers consumed larkspur
throughout the 1986 field trial, while the averted heifers generally
consumed little larkspur. The aversion from the previous summer
persisted as the averted heifers refused to eat larkspur in the fast
grazing trial in 1987. During the second grazing trial in 1987, the
averted heifers were placed in a pasture with non-averted heifers to
determine if social intluences would affect learned aversions. A
rapid breakdown of the aversions was observed and the averted
heifers continued consuming Larkspurafter being separated from
non-averted heifers.
Key Words: conditioned food aversion, social facilitation, poisonous plants, cattle diets, Delphbaium barbeyi
Consumption of various species of larkspur (Delphinium spp.)
causes more cattle deaths on mountain ranges than any other
poisonous plant (Kingsbury 1964, Cronin and Nielsen 198 1, James
1983). Of particular importance is Barbey larkspur (Delphinium
barbeyi L. Huth), which is toxic to both cattle and sheep (Olsen
1978). The toxic components in Barbey larkspur are diterpenoid
alkaloids of which peak concentrations occur during periods of
rapid growth but decline thereafter (Williams and Cronin 1966).
Cattle become intoxicated by eating large amounts of the plant
over a short period of time, whereby rate of absorption and metabolism of alkaloids exceeds rate of excretion (Olsen 1983, Crawford
1907).
Methods of mechanical control of larkspur are generally
impractical and chemical control is costly. Because larkspur
patches are abundant, irregularly shaped, and variable in size,
conventional
fencing and herding are also generally deemed
impractical (Cronin and Nielsen 1981).
An alternative to larkspur control is to train cattle to avoid
consuming the plant (Provenza and Balph 1987, 1988). Cattle,
sheep, and goats have been found to avoid specific foods when
ingestion of the food is followed by gastrointestinal
distress
(Zahorik and Houpt 1977, 1981; Olsen and Ralphs 1986; Thorhallsdottir et al. 1987). The objective of this study was to determine
if cattle could be trained to avoid eating larkspur in pen and
field-grazing conditions, and if so, to determine how long the
aversion might persist.
Lane is district conservationist, SCS, Simla, Cola. 8083s. During the research he
was a graduate student, range science, Utah State Universit , Logan 84322. Ralphs,
Olsen, and P!ister are range scientist, veterinary medical of rser, and range scientist,
respectively, USDA, Agricultural Research Service, Poisonous Plant Research
Laboratory, Logan, Utah 8432 1;Provenza is associate professor, range science, Utah
State University, Logan 84322.
Utah Agricultural Experiment Station, Journal Paper No. 3732.
Manuscript accepted 24 April 1989.
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Methods
Aversion Conditioning
Aversions to larkspur were formed during the summer of 1986 at
the USDA-ARS Poisonous Plant Research Laboratory in Logan,
Utah. Ten yearling Hereford heifers, which spent the previous
summer as calves on the Six-Mile Canyon Cattle Allotment (site of
subsequent field studies), were purchased in the spring of 1986. The
heifers were gentled, blocked by weight and ownership, and randomly allocated to treatment groups (n=5 per group). A blind
rumen fistula was surgically installed in each heifer (Olson 1979).
Catheters were inserted to infuse lithium chloride (LiCl), an emetic
which causes gastrointestinal distress.
Fresh plants in the bloom stage were collected from the Six-Mile
Allotment, transported to the Poisonous Plant Research Lab in
Logan, and stored in a walk-in cooler at 2’ C to keep them fresh
and turgid throughout the conditioning experiment. Prior to conditioning, all heifers were offered a stalk of larkspur on each of 3
consecutive days to ensure that they would eat fresh larkspur when
confined in stanchions.
Heifers were placed in locked stanchions and intraruminal tubes
were attached for infusion of solutions. Conditioning protocol
consisted of withholding normal evening feed, then offering each
heifer 3 weighed stalks of larkspur (held upright in a container)
during the normal morning feeding time (0700 to 0800 hr). Each
heifer that consumed larkspur received an intraruminal infusion of
8% LiCl(100 mg LiCl/kg body weight). The control group was
infused with the same volume of distilled water. Other feed was
withheld for the rest of the day to ensure the heifers associated the
digestive malaise with ingested larkspur. This procedure was
repeated 6 times at 2- to 3day intervals. The uneaten portions of
larkspur and 10 reference stalks were dried at 60” C for 48 hr and
weighed. Percent dry weight was used to determine the percentage
of larkspur eaten. Data were analyzed using repeated measures
analysis of variance (ANOVA) comparing larkspur consumption
between the 2 groups and among the days of the trial. Differences
between groups were tested by the animal within group interaction,
and differences among days and the day by group interaction were
tested by the residual error.
Field Trial, 1986
Field studies were conducted in subalpine vegetation at 3,050 m
on the Six-Mile Canyon Cattle Allotment on the Wasatch Plateau
(39O 1l’N” 111’ 30’ W) near Manti, Utah, during the summers of
1986 and 1987. The tall forb community was dominated by Barbey
larkspur. The remaining grass-forb mix was highly variable and
dominated by mountain brome (Bromus ciliatus L.) and dandelion
(Taraxacum ojjficinale Wiggers). Patches of currant (Ribes montigenum McClatchie) and small groves of Englemann spruce
(piceu engelmannii Parry ex Engelm.) also occurred in the area.
The 2 groups of heifers (averted and control) were placed in
separate but adjacent pastures following conditioning. Diets were
quantified by using a bite count technique (Bjugstad et al. 1970).
Heifers were observed each day for several S-min periods during
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Table 1. Larkspurconsumption ($ of offered) during aversive conditioning in the pen trial and following the 1986 field trial (data taken from
Olsen et al. 1989).

Treatment
Averted
Control

1
100
loo

Conditioning
Days
3
5
8
72
100

2
loo

<l
100

Persistence
10

2
100

Mean

Day
44

0 30”
loo loo**

0**
67**

12

“P<.Ol

major grazing periods. Bites were classified as either grass, forb
(other than larkspur), larkspur bloom, larkspur pod, or larkspur
leaf. Percent composition of bites was calculated for each heifer on
a daily basis. The study began on the morning of 12 August, 5 days
after completion of aversion training, and continued for a total of
13 days. The percent of bites was analyzed by a repeated measure
ANOVA, as described in the conditioning trial.
Herbage standing crop in each pasture was estimated at the
beginning, middle, and end of the trial by the following procedure.
Pastures were stratified by vegetation types: larkspur, grass-forb,
and currant. In the larkspur vegetation type, ten 1 X l-m quadrats
were systematically located on a pace transect, clipped to ground
level, and separated into grass, forb (other than larkspur), larkspur
flower, larkspur leaf, and larkspur stem. Standing crop of the
grass-forb type was estimated by systematically locating ten0.25 X
l-m quadrats along a paced transect and clipping and separating
vegetation into grass and forb. Standing crop of the currant vegetation occupied only a small area within pastures and was not measured. All herbage was dried in a forced-air oven at 60” C for 48 hr
prior to weighing. Larkspur phenology and utilization was determined at the middle and end of the trial by counting larkspur
stems, blooms, stems and pods, and defoliated tops in ten 1 X l-m
quadrats systematically located on transects in the larkspur vegetation in each pasture.
Pasture size was determined by the initial standing crop, dry
matter intake requirements of heifers, and length of the grazing
period (NAS/ NRC 1984). Desired densities were those necessary
to obtain 50% utilization of grasses. However, the north pasture
was subsequently found to be of inadequate size to attain desired
levels of utilization. Thus, it was enlarged from 1.1 to 2.0 ha
midway through the trial.
Following the field grazing trial, on day 44, the heifers were
returned to the pen and offered larkspur to evaluate persistence of
the aversion in the context where it was created. The difference in
larkspur consumption between the averted and control group was
determined by one-way ANOVA.
Trial 1,1987-Persistence
To determine if the aversion learned in 1986 would persist into
1987, the same averted heifers were returned to the field for a

16-day grazing trial beginning on 15 July. Bite counts were
recorded as in the 1986 trial and analyzed by one-way ANOVA to
determine differences among days.
The 6.2-ha pasture was stratified by vegetation type (larkspur,
grass-forb, currant) and standing crops was estimated at the beginning of the trial, as described in the 1986 field trial, except that
larkspur was not sampled. At the end of the trial, standing crop was
estimated by using a herbage capacitance meter (Neal Model 183000) with readings taken on 30 quadrats (30 X 61 cm) located in
each vegetation type. Ten of the quadrats were clipped and vegetation was separated into grass, forb (other than larkspur), shrub,
and larkspur leaf, stem, and flower. Total weights from clipped
plots were used to develop a regression equation to estimate total
standing crop. Percentage composition by plant class category was
estimated by multiplying the total standing crop by average composition of clipped plants. Phenological growth stage of larkspur
plants was estimated as in 1986.
Trial 2,1987-Social
Facilitation
The second field trial in 1987 was designed to determine if social
interactions influenced the aversion to larkspur. Five yearling
heifers from a grazing behavior study in an adjacent pasture (Pfister et al. 1988a) were used as controls. Averted and control heifers
were placed in the same 3.8-ha pasture. Bite counts were recorded
beginning 5 August for 10 consecutive days for both averted and
non-averted heifers. Bite count data were analyzed by repeated
measures ANOVA as described in the conditioning trial. Standing
crop was estimated at the beginning and end of the trial using the
herbage meter on 30 plots as described previously. Larkspur phenological growth stage and utilization were estimated as in previous trials.
Trial 3,1987-Persistence
Following Social Facilitation
This trial was conducted to measure persistence of aversion
following the social facilitation trial without the influence of nonaverted heifers. Averted heifers were placed in a 1.8-ha pasture.
Bite counts were recorded for 10 consecutive days beginning on 19
August. Data were analyzed by one-way ANOVA comparing days.
Standing crop was estimated at the beginning and end of the trial
and larkspur phenological growth stages were determined as
above.

Results
Aversion Conditioning
Heifers infused with LiCl in the pen trial were successfully
conditioned to avoid eating larkspur (Table 1). On the first day of
conditioning, all heifers consumed larkspur. By day 3, the treated
group consumed only 72% of larkspur offered; 1 heifer ate no
larkspur. Only 1 heifer ate a small amount of larkspur on days 5
and 8, and 2 heifers ate small amounts of larkspur on day 10. By
day 12 the entire averted group abstained from eating larkspur. In
contrast, control heifers consumed 100% of larkspur within 0.5 to 3
min throughout the trial. The group-by-day interaction (KO.01)

Table 2. Percentage of recorded bites of larkspur plant parts and other forage by averted and control heifers during field trials.
Larkspur
Year

Trial

1986
1987

:

3

Group

Flower

Pod

Leaf

Total

Averted
Control

0
0.8

0
2.6

0.1
5.9

-%0.1.
9.3**

Averted
Averted
Control
Averted

0
0.3
2.8
0

0
4.5
1.9
2.3

0
0.5
1.1
4.2

0
5.3
5.8
6.5
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Grass

Forb

Shrub

26
27

74**
63*+

-__

ii

z

20
64

74
24

2
3*
1*
5

*p<.os, l*P<.01
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Table 3. Density (* standard error), phenoiogicai development, and utiiiration of larkspur during fleid trials.
Pehnoiogieal
growth stage % of
reproductive
stems
Trial

Pasture

Density

Time

Stems/m*

Control
1987
Trial 1

Begin
End

decreased consumption

Control heifers ate varying amounts of larkspur throughout the
field trial (Fig. 1). They preferred larkspur pods for the first 9 days
of the trial and the proportion of larkspur flowers declined. Following an intense storm on 21-22 August, heifers abruptly selected
more larkspur leaves. On 22 August, larkspur accounted for 26%
of ail bites (larkspur leaves accounted for 25% of all bites) taken by
control heifers.

,?-...
:
“.

12

16

14

16
20
AUGUST

22

24

Fig. 1. Percentage of bites of larkspur by averted and control heifers
during the 1986 field trial.

Pod

0
0
0
0

100
52
::

0
48
22
64

Defoliated

stalks

0
1
1
23

NA

93

7

0

0

4

82

14

0

23
0

64
13

13
87

0
68

0
NA

7
NA

93
NA

0
100

2
5
NA

Field Trial-1986

Flower

NA

20

by the averted group.

25

8
4
Ii
3

13

Begin
End

Trial 3

Bud
Iv

NA

Begin
End

Trial 2

reflects

28
34
40
26

Middle
End
Middle
End

Averted

1986

SE

Consumption of larkspur by averted heifers was minimal compared to that by control heifers (Table 2). Averted heifers did not
eat larkspur until 22 August (Fig. 1). After the intense rainstorm, 1
averted heifer ate 10 bites of larkspur leaves. On the following day,
this heifer and 1 other heifer ate 24 bites of larkspur leaves. On the
last day of the trial, the averted heifers ate no larkspur.
Both groups of heifers had access to larkspur in various phenological growth stages during the trial (Table 3). At the end of the
trial, 23% of the larkspur stalks in the control group pasture and
only 1% of the stalks in the averted group pasture had been
defoliated. Averted heifers’ bites of forbs (74%) were greater
(P=.OO8) than the control group (63%) (Table 2). There was no
difference (fi.677) in the number of bites of grass between the 2
groups. The proportion of forage classes in heifer diets was about
the same proportion of the forage classes in the standing crop
(Table 4).
Following the trial, averted and control heifers were returned to
the pens at Logan and offered larkspur. Averted heifers did not
consume larkspur while control heifers consumed 67% of the
larkspur offered (Table 1).
Trirl 1,1987-Persistence
Prior to the 1987 field studies, heifers averted in 1986 were
offered larkspur stalks in the bloom stage in the pens. The averted
heifers consumed no larkspur.
The averted heifers did not eat larkspur throughout the persistence trial (Table 2). Most of the larkspur was in a bud stage at the
beginning of the trial and matured to bloom stage; some formed
pods by the end of the trial (Table 3). Thus, larkspur was available

Table 4. Forage avaiiabiiity (kg/pasture) in the 1986 and 1987 field trials.

Trial

Pasture

1986

Averted

Control

1987

Pasture
Size (ha)
1.1
2.0’
1.3

1
2

6.2
3.8

3

1.8

Time
Begin
Middle
End

Head

Leaf

Stem

Total

Forb

20

125

157

302

378
952’
364

1

1364

Grass

Shrub

Total
1264

26

94

91

211

584
1707’
789

Begin
Middle
End

60
66

306
241

321

iii3
1081
192

470
625
-

1368

2270
-

210

687
659

Begin
End
Begin
End
Begin
End

79
34
24
71
ii

362
215
222
286
64

505
243
295
388
237

946
492
541
745
312

5319
4849
3239
2115
896
504

831
1423
653
579
510
169

342
279
289
47
6

7560
4681
3524
2198
991

‘Pasture size was increased at mid-trial to avoid running out of feed.
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at all stages of growth during the trial. In a concurrent study of
grazing behavior, non-averted heifers selected larkspur for 8% of
their bites (Pfister et al. 1988a). The averted heifers chose forbs as
69% of their bites, grasses 29%, and elderberry (Sambucus racemosa L.) 2%.
A storm during the trial did not result in the heifers consuming
larkspur. However, 3 cows in the allotment outside the trial pasture
died from larkspur poisoning following the storm.

In this trial, heifers selected grass more than forbs, probably
because grass was more available than forbs (Table 4). Grass
accounted for 64% of bites, forbs 24%, and browse 5%. During the
same period, non-averted yearling heifers in the study by Pfiste.r et
al. (1988a) selected larkspur as 10% of bites, grass 22%, forbs 66%,
and browse 1%.

Trial 2,1987-Social Facilitation
The averted heifers ate no larkspur for the first 2 days of the trial
(Fig. 2). However, following a storm on 7 August, averted and

Heifers averted to fresh larkspur in pens subsequently avoided
larkspur under free-ranging conditions. The data from 1987 indicate that the aversion persisted from 1986 into 1987. However,
when averted heifers grazed with non-averted heifers in a 1:1 ratio,
the averted heifers began to eat larkspur, which suggests that social
interactions with non-averted heifers played a major role in extinguishing the aversion. Support for this hypothesis was garnered
prior to this study when we found (unpublished) only 2 of 5 heifers
would eat larkspur when the plant was presented to each individually, but all heifers ate larkspur when it was offered in a group
situation. Olsen and Ralphs (1990) found that an aversion to
alfalfa pellets persisted for 9 mo. when heifers were tested separately, but the aversion extinguished when alfalfa pellets were fed in
a group situation with non-averted cohorts.
Results of the 1987 social facilitation trial were confounded by
changes in plant phenology. As larkspur matures, a greater proportion of larkspur plants were in the pod stage, which appears to
be the most palatable stage of growth (Pfister et al. 1988a, 1988b).
Moreover, plant chemistry and resulting palatability may have
been influenced by a rainstorm which increased larkspur consumption. Observations during this study and by ranchers and researchers
(Pfister et al. 1988a, 1988b), indicate that cattle increase consumption of larkspur during and after rainstorms. Environmental factors can affect plant chemistry, which in turn affects use of plants
by herbivores (Bryant et al. 1983, Gershenzon 1984).
Several factors associated with the pre-conditioning procedure
may also have reduced the strength of the aversion. Studies with
rats indicate that conditioned taste aversions are most effective
when the food is novel (Rozin and Kalat 1971). Larkspur was
probably not a novel food. Heifers may have eaten larkspur while
grazing with their mothers on the allotment as calves. They also ate
larkspur during preconditioning tests for acceptance.
The age at which conditioning occurs may also affect persistence. Young animals may be less likely to avoid foods that make
them ill than mature animals. For example, lambs poisoned by
LiCl-laced foods continually sampled these foods, but their mothers did not (Thorhallsdottir et al. 1987, Burritt and Provenza 1989).
Likewise, mature animals do not accept new foods as readily as
younger animals (Provenza and Balph 1988). For example, an
experiment on learning ability and retention of learning showed
that although heifers learn faster than cows, a cow’s ability to recall
past experiences is more stable (Kovalcik and Kovalcik 1986).
While our preliminary results are encouraging, more information is needed on the strength of social interactions, the importance
of a novel food, the optimum age for conditioning, and refinement
of the conditioning procedures. If social interactions can override
conditioned taste aversions, conditioned animals could not be
mixed with a group of non-averted animals, which would make
management more complicated. However, if aversions could be
conditioned in a manner that would enable animals to withstand
social influences, it may be possible to condition replacement
animals that could then be placed in a non-averted herd. If conditioned aversions are more persistent in older animals, perhaps 2year-old replacement heifers that have not been exposed to larkspur should be conditioned to avoid larkspur as a totally novel
food. Practical methods of offering larkspur as a taste cue and
administering the gastrointestinal poison must also be developed.
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Fig. 2. Percentage of bitea of larkspur by averted and control heifers
during the 19%7so&l facilitation trial (2).

control heifers moved as a single group from one larkspur plant to
another with heifers from both groups sniffing and eating pods. By
the end of the trial, all averted heifers had consumed larkspur.
Averted heifers averaged 5.3% of bites of larkspur during the trial
while control heifers averaged 5.8%. There were no differences
(mO.05) in larkspur plant parts selected or in the amount of grass
and forbs selected by averted and control heifers.
Following Social Facilitation
Trial 3,1987-Persistence
Averted heifers, grazing alone, selected larkspur for 6.5% of all
bites following exposure with non-averted heifers (Table 2). Leaves
accounted for4.2% of bites, while pods accounted for 2.3% (Table
2). A snowstorm on the evening of 25 August covered grasses and
forbs in the pasture with snow and ice. Larkspur protruding above
the the snow was one of few plants accessible to heifers. Heifers
selected 12% of their bites as larkspur on 26 August. Larkspur
leaves were selected for 8% of bites, stems for 3%, and pods for 1%
(Fig. 3). By the end of the trial, most of the reproductive tops were
defoliated, leaves were stripped, and many were trampled.
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Fig. 3. Percentage of bites of larlcapurplant put
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Survival of juvenile basin big sagebrush under different
grazing regimes
M.K. OWENS AND B.E. NORTON

Abstract
Basin big sagebrush (ArtenrW tridcntoto Nutt ssp MIentutu
Beetle) often invades rangelands seeded to introduced grass species. Livestock grazing may enhance the invasion but the effects of
grazing intensity on invasion rates are not known. To investigate
invasion rates, individual big sagebrush plants were marked and
observed for mortality over a Qyear period within a short duration
grazing (SDG) cell and continuous season-long grazed pastures.
Over the course of the experiment, the survival of juvenile big
sagebrush was higher in the SDG cell. However, there were no
differences in survival between grazing treatments during the first
year of the study. In subsequent years, declining tiller numbers and
density of individual crested wheatgrass plants may have decreased
the competitive pressure on juvenile big sagebrush under SDG.
The intensity of grazing did not affect which individual juveniles
survived. Plants with more than 50 cm* canopy area had the
highest survival rates of all big sagebrush in both grazing treatments. Plant density, which ranged from 1 to 30 plants m-2,did not
affect plant survival in either of the grazing treatments. Big sagebrush survival in the SDG cell was higher in a rhizomatous grass
community than in a tussock grass community.
Keywords: Artemisia tridentah,
wheatgrass

short duration grazing, crested

Basin big sagebrush (Artemisia tridentata Nutt. ssp. tridentata.
Beetle) is a widespread shrub on western rangelands and is the least
palatable of the tridentata complex (Beetle and Johnson 1982).
Basin big sagebrush is usually found on productive semiarid rangelands and large areas of this vegetation type have been converted to
seeded grasslands, usually principally crested wheatgrass [Agropyron desertorum (Fisch.) Schult. and A. cristatum (L.)]. Big
sagebrush plants often re-establish in the seedings, however, and
reduce grass production in a variety of ecosystems (Frischknecht
1978, Robertson et al. 1970, Hull and Klomp 1966, Gobena 1984).
Frischknecht (1978) stated that “reinvasion is a chronic situation
requiring periodic control of big sagebrush to maintain production
of seeded grasses”. However, Marlette and Anderson (1986) found
limited big sagebrush invasion in crested wheatgrass stands in
southern Idaho. Only when individuals survived the initial treatment or established from residual seeds shortly after the treatment
did big sagebrush successfully invade the seeding.
Research emphasis has been directed at the effects of grazing and
overgrazing under conventional management systems on big sagebrush/grass communities (Laycock and Conrad 1981, Frischknecht 1978, West et al. 1984, Laycock 1967, Robertson et al.
1970). Most studies concur that spring grazing will increase the
amount of big sagebrush in a community, while grazing during fall
will decrease big sagebrush under certain conditions. However,
these studies did not elucidate the mechanisms involved.

The objectives of this study were to determine the effect of
grazing intensity on juvenile big sagebrush survival. The interactions of grazing intensity, plant size, plant density, and neighboring
grass species on big sagebrush survival were investigated.
Study Area and Methods
The study was conducted at the Tintic Research Station in
central Utah (39’53’N and 122’03 W, elevation 1,830 m). The area
is typical of foothill rangeland in the Great Basin. Mean annual
precipitation, based on a 23-year record, was 374 mm. The 2
dominant soils within the study area were a Xerollic Calciorthid
with a sandy loam texture and a TorrifIuventic Haploxeroll, which
has a coarse loamy texture.
Big sagebrush survival was estimated in 2 sets of pastures where
native vegetation had been removed and introduced grasses
planted in the early 1950s. The first set (Pasture 3 and 19) was
seeded with crested wheatgrass and grazed according to the traditional, season-long grazing system of 30 animal units on 28 ha for
90 days.
The 84 ha in the second set of pastures consisted of 10 equalsized paddocks radially arranged to form a SDG cell. Before 1983,
the area had been managed as 3 separate pastures in a similar
manner as Pastures 3 and 19. One-third of the area was seeded to
intermediate wheatgrass [ l’hinopyrum intermedium (Host), Barker
D.R. Dewey], one-third was seeded to crested wheatgrass, and the
remaining third was seeded to a mixture of the 2 grasses mentioned
above and tall wheatgrass [T. ponticum (Podp.), Barker and D.R.
Dewey]. The mixture has reverted to a crested wheatgrass stand
with tall wheatgrass plants sparsely distributed. Only the areas
with crested wheatgrass were used to analyze the effect of grazing
intensity on big sagebrush survival. Initially, 90 replacement heifers were rotated 3 times through the paddocks on a 3day grazing
cycle. The same grazing system was used for the following 3 grazing
seasons except that the rotation changed to 2days in each paddock
in 1985 and 1986. The grazing season began in early- to mid-May.
Thirty-four permanent plots (3.5 X 4 m) were established during
the spring of 1983 in the short duration grazing cell to allow
monitoring of big sagebrush populations. Eleven plots were established in pastures grazed season long. Plots were randomly located
after the pastures were stratified to eliminate areas without big
sagebrush. Establishment, photography, and mapping procedures
have been described previously (Owens et al. 1985). Sample sizes of
individual big sagebrush plants and the grass species in each treatment are presented in Table 1. Each plot was sampled and mortality recorded each spring and fall between May 1983 and May 1986.
Juvenile big sagebrush were identified as plants greater than 1 year
old but without evidence of any reproductive stalks. A plant enters
the adult phase of the life cycle after producing seed. No new
recruitment was detected in the permanent plots.
Data Analysis
The pattern of survival was tested using maximum likelihood
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Table 1. Sample size of baein big sagebrush juveniles end grass species
within each treatment.

Treatment

Paddock

Season-long
grazing
Short duration
grazing

‘Agdc

q

Agropyron &senortm;

Sample size

Grass species1

3
19
1
2
3
4
5
6

1029
532
744
94
226
272
138
180

Agde
Agde

7

1007

8
9
10

671
97
79

Thin/ Agde
Thin
Thin
Thin/ Agde

Agde/Thin
Agde
Agde
Agde
Agde
Agde

Thin = l?tinopyrum intermedium.

analysis and the multinomial distribution (White 1983). Individual
plants, which were the experimental unit, were observed for mortality at each sample date. In each treatment, 1 of 7 outcomes was
possible for every plant. The individual could have died at any of
the 6 observation times or have survived the entire experiment. The
count of dead juveniles within each time period and treatment
constitute a multinomial sample. Survival rates and associated
standard errors were estimated for the finite time periods using the
FORTRAN program SURVIV (White 1983).
Hypotheses are tested by constructing models which assume
equal survival rates for specified time periods. The model is then
tested using a Chi-square test where the predicted survival rates are
the expected values and the actual data are observed values. To test
for grazing intensity effects, big sagebrush survival rates from the
SDG cell and the CSLG plant populations were set equal for the
grazing period while survival rates for other periods were allowed
to vary. If the Chi-square value was greater than the critical value
0.05, then the model assuming equal survival during
at alpha
grazing periods was rejected. If 2 or more models were not rejected
using a Chi-square contingency test, the best model was selected
using a log-likelihood ratio test. The models must be constructed in
a hierarchial manner for this test to be valid. The general form of
this test has been described elsewhere (Brownie et al. 1978, White
1983, Gardiner 1984).
q

Results and Discussion
Grazing Intensity
The probability of survival forjuvenile big sagebrush differed in
the 2 grazing treatments (Table 2; Xz = 114.3, df = 6, KO.001).
Individuals in the grazing cell had equal or higher survival rates
than plants in the continuous season-long grazed pastures in all but
one instance. During the summer of 1984 (between May and

Table 2. Observed deaths and estimated survival rates of juvenile be&

Ott

October), mortality was higher than expected in the SDG cell when
95 individuals died and only 56 were expected to die under the
model of equality. Most of the difference in survival between the 2
grazing treatments occurred during the summer periods which
included the actual grazing times (x2 = 71.6, df = 3, KO.001).
Overwinter survival was not equal between the 2 groups of big
sagebrush, however, with survival being higher in the grazing cell.
The mortality in the continuous season-long grazed pastures was
not the result of high mortality in a single plot. Pastures 3 and 19
were on the south and north sides of the grazing cell, respectively,
and the observed big sagebrush mortality was evenly distributed
between these 2 pastures. The low mortality generally experienced
within the SDG cell could be due to defoliation patterns and tiller
replacement of crested wheatgrass tussocks. Bunchgrass integrity
was reduced if a plant was grazed after tiller elongation and the
apical meristem was removed (Olson 1988). On heavily defoliated
plants, grazed tillers were not always replaced and the bunchgrass
began to break apart and spread. Thus, the segmented grass plants
might be less competitive or exert less of an influence on individual
big sagebrush plants. Big sagebrush survival could then be higher
than in an area where crested wheatgrass had been defoliated. The
observation that big sagebrush survival was not different between
these grazing systems the first summer season after implementation of the short duration grazing cell, suggests that crested wheatgrass plants in these pastures initially had similar competitive
abilities. Big sagebrush mortality started to vary between the 2
treatments during the first winter following intense grazing. The
differences persisted for the remainder of the study.
A very intense, localized thunderstorm occurred during July
1984 and a great deal of litter buried 2 plots. The increase in
mortality during the summer of 1984 was concentrated in those
plots and appeared to be a result of litter deposition during the
storm rather than grazing.
Several other studies have reported the effects of grazing intensity on survival rates of perennial shrubs. Grazing increased the
survival rate of thornbush (mostly Acacia spp.), which is unpalatable, growing in a savanna in eastern Botswana (van Vegten 1984).
Crisp (1978) investigated the relationship of grazing intensity and
shrub survival and found that heavy grazing caused saltbush (Atriplex vesicaria) populations to decline while intermittent grazing
caused the populations to increase in Australia.
Big sagebrush, which varies in palatability depending on the
species and subspecies, is killed under some grazing conditions. In
a separate study at Tintic, Yabann (1984) found that big sagebrush
consumption by domestic sheep was correlated with monoterpenoid concentrations and the time of year. Big sagebrush contributed a larger portion of the total diet during the fall than in the
summer. Frischknecht and Harris (1973) reported that fall grazin
by sheep killed big sagebrush if density was less than 1.4 plants m -f .

big sagebrush in 2 grazing treatments.

Ott

May

Ott

May

May

Grazing treatment

Initial population

1983

Short duration
grazing

841
Observed deaths
Survival rates
s.e.

25
0.970
0.006

17
0.979
0.005

95
0.881
0.011

45
0.936
0.009

10
0.985
0.005

4
0.994
0.003

Season-long grazing

1550
Observed deaths
Survival rates
s.e.

26
0.983
0.003

120
0.921
0.007

64
0.954
0.006

110
0.918
0.007

87
0.929
0.007

26
0.977
0.004
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1984

1985

1986
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Survival in a Tussock Versus Rhizomatous Grass Stand
There were 2 distinct grass communities in the SDG cell; crested
wheatgrass was the dominant grass species in two-thirds of the
SDG cell while intermediate wheatgrass was prevalent in the
remaining third. There were no significant differences in big sagebrush survival between grass communities during the first year. In
subsequent years, survival rates for juvenile big sagebrush with
intermediate wheatgrass neighbors were generally higher than for
plants having crested wheatgrass neighbors (Figure 1; Xz = 148.7,
df q 6, PCO.001). Only 338 of 2,381 juvenile big sagebrush plants
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cantly between these 3 density cohorts (xl = 15.9, df = 11, P =
0.102).
Plant survival was not affected by cohort density within a plot
for the range of 1 to 30 big sagebrush plants m- found in the
grazing cell. Balph and Malechek (1985) found cattle avoided
stepping on grass tussocks if possible and that increasing animal
density did not increase the likelihood that a tussock would be
trampled. Thus, the survival of plants that are discrete individuals
rather than a homogeneous sward does not seem to be affected by
trampling as stock density increases.
Plant Size and Grazing Effects on Juvenile Survival
Plant size classes were established using natural groupings in the
frequency histogram of canopy area. Plants were categorized as
small (canopy area less than 50 cm2); medium (between 50 and 175
cmr); and large (greater than 175 cm2). None of the 161 large plants
within the SDG cell died. Plants in the medium size class also
experienced very low mortality, only 9 of the 218 plants marked
died. Survival was significantly lower in the small size class within
the SDG cell than in the medium or large cohorts (Figure 2; x2 =
47.7, df = 6, P<O.OOl). Of the 643 small plants marked, 111 died
during the 3 year study.
Each size cohort was observed for differential effects on plant
survival of short duration grazing as compared to continuous
season-long grazing. The distribution of the 3 size classes was
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Fig. 1. Sunivorship curvee for juvenile baain big sagebrueh in intermediate
wheatgrass (Thinopyrwn intkvme&~
Thin) and created whutgess
(Agropyron deswtorum,- Agde) communities.

died in the intermediate wheatgrass area, while the number of
observed deaths (196 of 841) was proportionately higher in the
crested wheatgrass area.
Although most of the difference in mortality could be attributed
to heavy big sagebrush mortality within the crested wheatgrass
stand during the summer of 1984, survival was generally higher in
the intermediate wheatgrass stands. The annual precipitation at
this site may not be adequate for intermediate wheatgrass. Indeed,
most of the intermediate wheatgrass seeded into other pastures did
not persist. The resulting sparse stand of rhizomatous grass may
not have exerted much competitive influence on the big sagebrush.
Shrub Density
The density of big sagebrush, in crested wheatgrass stands and in
several other tussock grass communities, has no effect on plant
survival (Owens and Norton 1989), but it is not known whether big
sagebrush density influences juvenile survival in intermediate
wheatgrass stands. Three classes of plots were categorized according to big sagebrush density: sparse (fewer than 6.5 plants m-‘);
medium (between 10.6 and 13 plants rn3; and dense (more than 16
plants m-3. Juvenile big sagebrush survival did not vary signifi134
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Fig. 2. Survivorship curves for juvenile basin big sagebrush canopy classes
in a short duration grazing cell (solid lines) end in a continuous seaeonlong grazed (deehed lines) pasture.

similar between the treatments. Too few large plants died to allow
rigorous testing of survival rates. The pattern of deaths in the
medium-size class was also too sparse to allow testing over the
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course of the study; however at the end of the study, there was no
difference in overall survival based on a x2 contingency test. For
the small juveniles, the pattern and intensity of observed deaths
were different between grazing treatments (x2
93.4, df = 6,
KO.001). Mortality was greater in the continuously grazed pastures than in the SDG cell for all the time periods except the
summer of 1984.
q

Conclusions
A better understanding of big sagebrush population dynamics
will help understand how big sagebrush reacts to management
practices and what this means to future species composition of the
community. A small shift in annual survival rates from 0.90 to 0.95
can have large repercussions in community composition. Using a
stable age distribution, mean life span will increase from 9.5 to 19.5
years (Pianka 1974). More small shrubs would pass into the
medium and large size categories where survival rates were
extremely high. More plants would then pass into the adult phase
of the life cycle and total seed production would increase. Under
these circumstances, the plant community would quickly become
dominated by shrubs.
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Biases in relative estimates of dietary mineral status from
esophageal extrusa
W. E. PINCHAK, L. W. GREENE, AND L. J. HUNT
Abstract
An experiment was conducted to determine whether or not the
effects of forage type and time into feeding period precluded use of
esophageal extrusa to estimate relative dietary mineral status of
cattle. Four esopbagealiy fistuiated Angus-Hereford x Jersey
crossbred steers (340 to 545 kg.) were alternately fed Coastal
bermudagrass hay (Cynodon dactylon) (BGH) and fresh greenchopped, TAM 105, wheat (Triticum aestivum) (GCW). Extrusa
was sampled at 5 and 20 minutes into the feeding period. Significant additions of Na, P, and K occurred in the extrusa of both
forages. Ash, Mg, and Ca concentrations were higher in the
extrusa of BGH. Calcium, Zn, and N concentrations were similar
in extrusa of both forages. Changes in Na, P, ash, Ca, and Mg
concentrations were as expected; however, the changes in K, Cu,
and Zn disagree with published results. Previous research suggested K, N, Ca, Cu, and Mg content of the diet could be estimated
from esophageal extrusa. The current experiment indicated dietary
Cu, Mg, and K content of diets could not be extrapolated from
extrusa concentrations of these minerals.
Forage type had significant effects on the extent and form of
change in the associated extrusa. The magnitude of these effects
precludes use of esophageal extrusa for relative comparisons
among plant communities within and among seasons, if selected
forages are markedly different in maturity, moisture content, and
physical form. Time into feeding period had no detectable effect on
amount or percent of change in extrusa from the forage.

(plant communities), seasons (plant maturity), and management
strategies (grazing systems) in a given location. However, for this
approach to be valid in multispecies rangeland environments, it
must be assumed that the extent of salivary mineraladulteration
is
comparatively constant across forage species and season. Furthermore, it must be assumed that salivary adulteration is relatively
constant throughout a collection period. To examine the validity
of these assumptions, we conducted an experiment under controlled feeding conditions to quantify the effects of forage type and
length of feeding period on change in extrusa mineral concentrations.

Key Words: forage type, macrominerals, microminerals

Item

Range and pasture forages are at least seasonally deficient in one
or more essential minerals (Green et al. 1987, Kalmbacher 1983,
Knebusch et al. 1986, McDowell et al. 1984, Murray et al. 1978)
relative to projected beef cattle requirements (NRC 1984). The
development of cost effective mineral supplementation strategies
for free ranging livestock is dependent upon knowledge of the
spatial and temporal distribution of these deficiencies.
Unfortunately, quantitative assessment of such deficiencies are
difficult because the combined effects of mastication, salivation,
and leaching preclude quantitative recovery of dietary ash and its
associated mineral matrix from esophageal extrusa (Wallace et al.
1972, Lesperance et al. 1974, Scales et al. 1974, Little 1975, Hart
1983). Over a wide range of conserved forages significant additions
of sodium (Na), chloride (Cl), phosphorus (P), zinc (Zn), and
cobalt (Co) have been documented (Hoehne et al. 1967, Little 1972
and 1975, Mayland and Lesperance 1977, Lesperance et al. 1974)
while the concentrations of calcium (Ca), magnesium (Mg), copper
(Cu), and potassium (K) were lower to unchanged in extrusa.
Despite these findings Kalmbacher et al. (1984) assumed esophageal extrusa could be used for making relative comparisons of
the dietary mineral status of cattle over a wide range of forage types
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A&M University, College Station 77843, nspectively.
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Experimental

Procedure

Four esophageally fistulated Angus-Hereford x Jersey crossed
steers (340 to 545 kg) were housed in a common, covered pen and
maintained at ad libitum levels on a Coastal bermudagrass hay for
? days prior to and throughout the 5 consecutive l-day trials.
Animals had continuous access to water but were offered no supplemental mineral during this time.
During each trial steers were alternately fed Coastal bermudagrass hay (Cynodon ducfylon) (BGH) and fresh greenchopped,
variety TAM 105 wheat (Triticum aestivum) (GCW) (Table 1).
Table 1. Percent dry matter (DM), ash, and mineral composition of
fongcs.

Bermudagrass hay
Mean
SD’
88.46
9.12
.09
1.21
1.48
.34
.19
1.78
2.20
15.50

DM (%)

Ash (%)
Na (%)
K (%)
p (%)
Ca (%)
Mg (%)
N (%)
Cu pm
Zn pm

2.44
.9
.Ol
.34
.45
.03
.03
.29
.37
6.13

Green chopped wheat
Mean
SD
42.35
13.91
.09
1.22
2.39
.I9
.I4
3.57
5.50
19.50

1.87
1.51
.03
S8
.20
.Ol
.Ol
.25
.42
2.97

‘SD - Standard deviation of the mean, n=S.
Forages were fed out of 56.8-l rubber tubs to decrease the risk of
exogenous mineral contamination.
Steers were tethered and
allowed to eat a forage for 5 minutes during which all extrusa was
collected in standard screen-bottom collection bags. Animals were
then permitted to eat for another 10 minutes during which the
extrusa was discarded. Animals then ate for another 5 minutes, and
all extrusa was retained. The steers were then fasted for 30 minutes
and the process was repeated using the other forage. In this manner
4 samples of each forage time period combination (4) were collected per trial (5). Screen-bottom bags were used to emulate field
sampling techniques.
Following field sampling, extrusa and forage samples were frozen and then sub-sampled and(or) lympholized to constant weight.
Samples were ground to pass a l-mm mesh screen (No. 4 Wiley
Mill). Forage and extrusa subsamples were then either analyzed
for organic matter, ash, and kjeldahl N (AOAC 1975) or dry ashed
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for 12 hr at 550° C. The ash was then digested for 24 hr in 20 ml of
20% HNOsHCL (21) solution; and sodium (Na), calcium (Ca),
potassium (K), magnesium (Mg), zinc (Zn), and copper (Cu) concentrations were determined with atomic absorption spectrophotometry (Varian A-6), and phosphorus (P) concentrations were
determined by a colormetric technique (Fiske and Subbarow
1925). All values are presented on a DM basis.
Data Analyses
A paired t-test was employed to determine if ash and N content
of extrusa varied significantly between each forage. The forage
concentration was subtracted from the extrusa concentration of
each constituent, and the difference was tested against the null
hypothesis of no change. A randomized complete block 2 X 2
factorial arrangement of treatments analysis of variance model was
utilized to test for the quantitative changes due to forage type and
time into feeding period. Animals formed blocks with forage type
(F), time into feeding period (T), and the F X T factorial arranged
within each block. A protected Student-Neuman-Keuls
means
separation test was used for posthoc comparisons.
Results and Discussion
Green-chopped wheat was higher in ash, K, P, N, Cu, and Zn
than BGH (Table 1). Conversely, BGH was higher in dry matter
(DM), Ca, and Mg. Forage Na concentrations were similar. Concentrations of Na, K, and P in extrusa of both forages were
significantly (p<. 10) greater than in the forages (Table 2). Associated
Table 2. Quantitative and percent change in the mineral, nitrogen and esh
contents of extrusa from that of forage.

Mg and Zn were significantly less in BGH extrusa (8%) than in
BGH. Magnesium, Zn, Cu concentrations, and ash content of
GCW extrusa did not differ from fed GCW. The magnitude of
change in Cu concentrations of BGH extrusa disagree with previous results where no change in Cu concentration in extrusa from
the fed forage was detected (Little 1975). Unlike previous reports,
there was no significant increase for either forage in extrusa Zn
levels (Little 1975, Mayland and Lesperance 1977).
Effect of Forage Type and Time into Feeding Period
Forage type signiticantly affected magnitude of change in concentration of all constituents in extrusa except Ca and N (Table 3).
Since there was no difference between extrusa and forage Ca and N
concentrations (Table 2), it would appear salivation, mastication,
and leaching do not significantly alter forage Ca and N contents.
Salivary additions of ash and P to BGH were significantly
greater than for GCW (Table 3). This may be attributed to the
Table 3. Effects of forage type, length of feeding period and the F X T
interaction on the quantitative change in extrusa versus forage mineral,
ash and nitrogen concentrations.

Item
Ash (%I
Na 6)
K (%)

p (%)
Bermudagrass hay
Item
Ash (%)
Na (%)
K (%)
P (%)
ca (%)

M8 (%I
N (%)

Cu (wm)
Zn (ppm)

A’

Pb

A%’

Green chopped wheat
A’
A%=
Pb

2.38
.95
25
1.21
.Ol
-.02
.Ol
1.30
-1.20

.Ol
.Ol
.08
.Ol
.14
.05
.81
.Ol
.18

26
1063
21
81
-1
-8
>1
60
-7

.26
.77
1.51
.56
.Ol
0
-.04
-.24
2.50

.I7
.Ol
.Ol
.Ol
.78
.96
.14
.41
.17

2
867
124
24
-1
-12
-1
-4
13

*A = Extrosa [m - Forage [Xl.
bp Probability that A= 0
= A% = A/ Forage X9 100

percentage increases ranged from 867 to 1,063%, 24 to 81%, and 21
to 124% in Na, P, and K, respectively. Significant increases of Na
and P have been reported previously (Church 1976, Little 1972,
Hoehne et 1967, Mayland and Lesperance 1977) for rumen extrusa
whereas only a slight (-2% to 4%) change in K content has been
reported previously (hlayland and Lesperance 1977, Lesperance et
al. 1974). The causes of these discrepancies are unclear though
differences in site of extrusa collection (rumen versus esophageal
Estula) may be a factor. The possibility also exists that the animals
in this experiment were in a negative Na balance, thus K content of
the saliva was greater (Church 1976) than in previous research.
Based upon salivary concentrations of Na, P, and K (McDougall
1948), observed changes in their respective extrusa concentrations
were not unexpected.
Calcium and N concentrations were unchanged to slightly less in
extrusa and did not differ from concentrations in either forage
(Table 2). Minimal changes in extrusa Ca and N content are
consistent with previous findings (Lesperance et al. 1974). Ash and
Cu concentrations in BGH extrusa were significantly greater (26%
and 60%, respectively) than in BGH, whereas concentrations of
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Time into
feeding period

Forage

ca (%)
Mg (%)
N (%)
Cu (ppm)
Zn (ppm)

Elermudagrass
hay
2.38’

.95"
.25”
1.21’
.Ol.
-.02’
.06’
1.30”
-1.26

Green
chopped
wheat
.26b
.77b
l.51b
.56b
<.Ola
<.Olb
-.25’
-.24b
2.50b

5

20

1.20a
.87”
90’
.86.
C.01”
<.Ol.
-.17a
.66.
.lO’

1.50’
.85b
.85*
.91”
<.Ol’
C.01”
-.03’
.39”
.lO”

FX

NS’

NS
NS
NS
NS

NS
NS
NS
l

‘.bMeans within a row within forage and length of feeding followed by different letters
are signiticantly different at PC. 10.
INS = non significant P >. 10 * = significant interaction effect at PC. 10.

greater dry matter content of BGH causing increased salivary flow
(Lesperance et al. 1974), increased handling time in bolus formation (Church 1976), and increased absorption of saliva (Wallace et
al. 1972).
Salivary K contribution to GCW extrusa was 5 times greater
than to BGH extrusa. Mayland and Lesperance (1977) found no
difference in the percent change of K in rumen extrusa between
grass and alfalfa hays; however, combined across both hays, a
significant 7% increase in extrusa K existed. Because K is the third
most abundant cation in saliva (McDougall 1948, Church 1976), K
additions to extrusa should respond to forage type in a manner
similar to Na and P. However, K additions were greater in GCW
than BGH, exactly opposite of Na and P trends. The reasons for
this discrepancy are not readily apparent from this experiment or
from previous reports. However, GCW may have stimulated
greater secretion of saliva from nonparatoid salivary glands having
higher concentrations of K (Church 1976).
Extrusa of BGH exhibited an 8% decrease in Mg, whereas no
change was detected in Mg concentrations of GCW extrusa thus
agreeing with the findings of Little (1975) that Mg content of
extrusa does not differ from forage consumed. Conversely, forage
type had a significant (p<.lO) affect on changes in extrusa Cu
levels. Extrusa Cu concentrations were 60% greater than in BGH
and 4% less than in GCW. This contrasts with previous results
(Little 1975) which indicated Cu concentrations in extrusa did not
differ from forage concentrations over a wide range of forage
types. Copper levels increased in BGH extrusa yet decreased or
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remained unchanged in GCW. This suggests that Cu is a minor
constituent of saliva that can significantly bias dietary Cu estimates
when mature forages are consumed.
Quantitatively different changes in extrusa Zn concentrations
occurred between BGH and GCW. As discussed above, the percentage changes caused by salivary Zn contamination were markedly
less than the 22% to 75% increases previously reported (Little 1975,
Mayland and Lesperance 1977) (Table 3). Zinc concentrations
were not significantly (D.15) altered in the extrusa of either
forage. However, change in Zn concentration was significantly
(PCO.10) greater for GCW (13%) than BGH (-7%) extrusa. The
use of screen-bottomed collection bags in this experiment would
have promoted more leaching and drainage losses than using
polyethylene collection bags (Little 1975) or rumen evacuation
(Mayland and Lesperance 1977). Hence, these discrepancies may
have resulted from differential leaching of forage Zn and(or) salivary Zn loss through drainage.
Type of saliva produced and secretion rates change as cattle shift
from resting to eating and as the feeding period progresses (Church
1976). Hence, the potential for differential contamination
of
extrusa exists. However, in this experiment, samples taken from 0
to 5 and from 15 to 20 minutes into the feeding period had no
detectable effect on extent of salivary contamination for any constituent examined (Table 3). Similarly, there were no significant
interaction effects of F X T for any constituents except Zn. Salivary Zn contribution increased with duration of feeding period in
GCW, but the salivary contribution decreased in BGH extrusa.
Differential loss of salivary Zn from screen bottom bags caused by
forage type and form may partially explain this difference.

Conclusions
We concluded from these and previously reported results the
effects of mastication, salivation, and leaching associated with
ingestion of forage precludes quantitative recovery from extrusa of
dietary ash, Na, P, K, and Cu. Conversely, dietary Ca, N, and
probably Mg can be reasonably well estimated from extrusa.
Extrusa Zn concentrations did not differ significantly from forage
concentrations and would appear estimatable for single forage
diets but would not be from more complex diets because of differential changes related to species and maturity.
These results would suggest that the validity of the assumptions
of Kalmbacher et al. (1984) are at best suspect. The forages used in
the present experiment represent a range in plant maturity and
species that would occur within and among seasons for a number
of locations. Therefore, we find no indication that valid comparisons of the mineral quality of cattle diets is possible with this
approach. Reconstruction of the mineral profile of cattle diets
(Pinchak et al. 1989) based upon species composition and mineral
content of live and dead tissue of species, is a biologically realistic
and feasible alternative to relative or whole plant estimates of
mineral content.
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Value of multiple fecal indices for predicting diet quality
and intake of steers
ENEAS R. LEITE AND JERRY W. STUTH

Abstract
The relationship of fecal nitrogen fractions and condensed tannins to dietary crude protein, in vitro organic matter digestibility,
and intake of steers was assessed to determine the suitability of
these multiple fecal indices for predicting quality of animal diets
under free-roaming conditions. Research was conducted on the
Texas A&M Native Plant and Animal Conservancy near College
Station, located in the Post Oak Savannah region of Texas.
Regression equations were used to evaluate relationships between
dietary intake and quality to fecal variables. Dietary crude protein,
digestible organic matter, organic matter intake, crude protein
intake, and digestible energy intake were determined from previous studies. Corresponding fecal samples were anaiyzed for absolute output, proportions, and concentrations of nitrogen and
selected fractions of fecal organic matter, as well as fecal condensed
tannins, proportions of fecal monocot and dicot fragments, and
fecal organic matter. In general, no fecal parameter by itself had a
high correlation with dietary variables when expressed on a proportion or concentration basis. A combination of fecal indexes
accounted for more variation in dietary parameters than fecal
nitrogen. Fecal nitrogen fractions did not improve the predictive
power of multiple variable models. Equations predicting dietary
crude protein (9%)and crude protein intake yielded the highest
coefficients of determination (R* = 57 and 31, respectively). Multiple fecal indices used in this study were of limited value in predicting diet quality and intake.
Key Words: fecal nitrogen fractions, diet prediction, diet quality,
nutrient intake
Fecal nitrogen has repeatedly been shown to be the principal
variable used for predicting diet quality of ruminants, particularly
crude protein (Arnold and Sudzinski 1963, Jeffery 1971, Arman et
al. 1975, Langlands 1975, Holechek et al. 1981, Mubanga et al.
1985, Wofford et al. 1985, and Shaabani et al. 1986). However,
repeatability and accuracy has been hampered due to the wide
array of plant species consumed by ruminants across landscapes
and between seasons (Lamborne and Reardon 1963, Holechek et
al. 1982, Mubanga et al. 1985). Holloway et al. (198 1) attempted to
overcome this deficiency by analyzing fecal dry matter, fecal cell
wall constituents, and fecal ether extract in addition to fecal nitrogen. Approximately 70% of the observed variation in diet digestibility could be accounted for in their data set.
Fecal nitrogen indices have shown limited value in predicting
diet quality when soluble phenol& or tannins are high in diets
(Mould and Robbins 1981, Natis and Malechek 1981, Shidahmed
et al. 1981). Given the problems of varied diets, fractionation of
nitrogen constituents, and reported improved predictions of diet
quality with multiple variable fecal indices, we felt that prediction
of diet quality and intake via wet chemistry could be enhanced
Authors are curnntly research scientist, Agricultural Research Co. of Paraiba
State, Ar. Epitacio Pessoa, 1883,580OOJoao Pessoa, Paraiba, Brazil; and professor,
Department of Range Science, Texas A&M University, College Station 77843.
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through analysis of various fecal nitrogen fractions and other fecal
components, particularly condensed tannins. Our hypothesis was
that plant nitrogen in feces could be more accurately reflected by
determining nitrogen content of various insoluble fractions. Nitrogen fractionation coupled with fecal condensed tannins should
provide the necessary information to more accurately predict diet
quality given the reported successes of prior studies on more simple
diets.
Methods
The study area was located on the Texas A&M Native Plant and
Animal Conservancy, approximately 7 km southwest of College
Station (30.37N, 96.21W). The area is representative of the Post
Oak (Quercus stelluta) Savannah region of Texas (Gould 1975)
and is dominated by little bluestem (Schizachyrium scoparium)
and brownseed paspalum (Paspalum plicatulum).
Fecal and associated dietary samples were obtained from a study
conducted by Olson (1984) and reported by Stuth et al. (1987).
Dietary and fecal samples selected represented the variation found
in diets of steers (3/ 4 Hereford and l/4 Brahman) averaging 265 kg
and stocked at 4 rates in 12 grazing cycles across 2 years in a
simulated 16-pasture, l-herd, short-duration grazing system. Both
fecal and extrusa samples were cornposited across animals by day
to generate the appropriate independent and dependent variables.
Equal 5-g subsamples were obtained from ground samples of each
animal’s extrusa to construct the composited sample. These composited fecal samples were paired with average diet samples coilected 24 hr prior to fecal collection. Intake variables were calculated with 24-hr pre-fecal output estimates of indigestible organic
matter (IOO-DOM). A total of 293 samples were incorporated into
this study to represent the variation in grazed situations.
All fecal samples were dried at 60“ C in a forced air convection
oven for 48 hr and then ground in a Wiley mill to pass a 2-mm
screen. Chemical analyses performed were dry matter, organic
matter, total nitrogen (AOAC 1976), insoluble nitrogen (Goering
and Van Soest 1970), and fecal condensed tannins based on the
colormetric catechin method (Jones et al. 1976). Fecal monocotyledon and dicotyiedon proportions were also assessed using a 120x
dissecting microscope and counting fragments in 20 fields for each
of 5 microscope slides per sample. Total nitrogen and its fractions
was determined by multiplying fecal output (kg/day) times proportion of fraction in feces (g/g FOM).
Residuals were plotted against predicted values, and independent variables were tested for violations of assumptions and were
used to assess curvilinearity. Tests of correlation were made among
fecal parameters. Some independent variables were deleted from
the models when multicollinearity was detected (Montgomery and
Peck 1982, SAS 1982). Regre’ssion equations were determined
using the stepwise method @AS 1982) to evaluate predictive relationships between the dependent variables dietary crude protein,
digestible organic matter, organic matter intake, crude protein
intake, and digestible energy intake, to the independent variables
total fecal nitrogen, concentration of nitrogen in fractions (g of
N/g fraction OM), proportion of nitrogen fractions (g of N/g of
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Table 1. Coefficients of simple correlation (r) between fecal organic matter (OM), proportion of fecal monocot fragments (PROFM), fecal tannins
WAN),
concentrations (%) of fecal nitrogen (FN), insoluble nitrogen (INSN) soluble nitrogen (SOLN), and SOLN/INSN ratio (SIR), and
proportions (gN/G fecal OM) of total nitrogen (GFN), insoluble nitrogen (GIN), soluble nitrogen (MN), and GSN/GIN ratio (PSIR).
Independent variables

OM

PROFM

FN

INSN

SOLN

GFN

GIN

GSN

SIR

PSIR

FTAN
OM
PROFM
FN
1NSN
SOLN
GFN
GIN
GSN
SIR

a.01

a.15
-0.08

-0.30
-0.45
0.03

-0.43
-0.32
0.31
0.67

a.01
-0.37
a.18
0.08
0.17

a.30
xl.45
0.03

a.33
0.07
0.14
0.55
0.83
0.13
0.55

a.22
-0.53
a.01
0.97
0.50
0.92
0.97
0.32

0.23
-0.04
a.37
0.22
a.56
0.69
0.22
-0.46
0.38

0.12
-0.53
-0.09
0.34
-0.27
0.65
0.34
-0.57
0.57
0.70

fecal OM), proportions
of fecal monocot fragments,
and fecal organic matter.
Results and Discussion

fecal tannins,

Relationship between Fecal Parameters
Total fecal nitrogen (gN/g fecal OM) was most highly related to
the soluble nitrogen fraction in feces (I = 0.97), while a weaker
relationship existed between total fecal nitrogen and the insoluble
fraction (r q 0.55) (Table I). As forage quality declines, the ratio of
insoluble nitrogen in feces increases in relation to soluble nitrogen
(Naik 1967, Ford 1978, Ford et al. 1979), as was demonstrated
in
this study. Proportion
of fecal monocot fragments decreased with
an increasing ratio of fecal soluble/insoluble
nitrogen concentration.
Soluble fecal nitrogen is mostly of microbial and endogenous
origin, while insoluble nitrogen is primarily of plant origin (Orskov
1982, Van Soest 1982). In this study, fecal organic matter was
negatively correlated with proportion and concentration
of soluble
fecal nitrogen (Table 1). As fecal organic matter increased, the
solubility of nitrogen decreased, and consequently,
fecal ash and
fecal soluble nitrogen are positively related. Apparently,
soluble
fecal nitrogen is primarily of microbial origin, while insoluble fecal
nitrogen is of plant origin.
Fecal condensed tannins (catechins) were negatively correlated
with all fecal variables, but most highly correlated with insoluble
nitrogen (Table 1). This was an unexpected
observation.
Several
studies (Feeney and Bostock 1968, Tamir and Alumot 1969, Milic
et al. 1972, Griffiths 1979, Barry and Duncan 1984), have indicated
tannins have the capacity to bind with proteins to form complexes
that are indigestible.
However, in this study the proportion
of

1.oo
0.67
0.84

insoluble nitrogen in the feces increased as diet quality increased.
Such a relationship
could occur if the binding capacity of the
tannins extracted were weak. The method used possibly did not
extract plant condensed tannins, but only tannins not precipitated
or strongly bound to proteins.
Proportions
of fecal condensed tannins exhibited a negative
correlation with percent of fecal monocot fragments. This negative
correlation
would be expected to be higher than observed, since
tannins are much more common in dicots than in monocot species
(White 1957, McLeod 1974, Price and Butler 1984). However, in
this study the fecal monocot/dicot
fragments ratio was high all
grazing cycles, thereby masking any possible relationship between
fecal tannins and fecal monocot fragments. This could be a function of a low browse availability in the study area and in associated
diets (Stuth et al. 1987). On the other hand, the fecal monocot
fragments were larger than the dicot fragments. If proportions
of
monocots and dicots were measured based on amount of monocot
and dicot in fecal samples, instead of proportions
of fragments, a
stronger negative relationship
may have occurred between fecal
condensed tannins and fecal monocots. Again, the reasons may
reside in the extraction method used.
Prediction of Diet Quality
Concentration
of insoluble nitrogen in fecal organic matter was
the most important
single variable in estimating
dietary crude
protein (I = 0.60), but proportion
of soluble nitrogen in fecal
organic matter had a similar relationship
(r = 0.57) (Table 2).
Consequently,
the best equation for prediction of dietary crude
protein contains these 2 variables. Fecal condensed tannins, proportions of fecal monocot fragments,
and fecal organic matter,

Table 2. Coeffkients of simple correlation between dietary and fecal parameters.
Dietary
Fecal variables
Fecal tannins
Proportion
of fecal monocots
Fecal organic matter
N concentration

(gN/g

Crude protein
intake

Digestible energy
intake

-0.38
0.35
-0.47

-0.42
0.31
-0.20

-0.14
0.54
0.11

-0.25
0.53
-0.12

xl.22
0.51
0.01

0.59
0.60
0.36
-0.17

0.48
0.48
0.30
-0.13

0.21
0.38
0.01
-0.27

0.47
0.56
0.22
-0.25

0.36
0.46
0.16
-0.23

0.59
0.31
0.57
0.24

0.48
0.38
0.43
0.03

0.21
0.36
0.13
-0.18

0.47
0.45
0.39
-0.04

0.36
0.42
0.28
-0.11

fecal OM)

Total nitrogen
Insoluble nitrogen (INSN)
Soluble nitrogen (SOLN)
SOLN/ INSN N ratio
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Crude protein

Organic matter
intake

(% N in fecal OM)

Total nitrogen
Insoluble nitrogen (INSN)
Soluble nitrogen (SOLN)
SOLN/ INSN N ratio
N proportion

parameters

Digestible organic
matter
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Table 3. Regression equations for predicting diet quality.
Source

Regression equation’
Dietary crude protein (n

q

RZ

&WY

cv

0.52
P=.OOOl
0.51
P=.OOOl
0.51
P=.OOOl

1.11

15.2

1.12

15.3

1.13

15.3

0.55
P=.OOOl
0.57
P=.OoOl

1.09

15.1

1.08

14.9

0.37
P=.OOOl
0.37
P=.OOOl
0.37
P=.Owl
0.37
P=.OOO1
0.34
P=.OOOl

5.84

11.1

5.84

11.1

5.86

11.2

5.89

11.2

5.91

11.3

287)

Fecal N

12.451+12.07(FN)+O.O4(PROFM)-O.25(FTAN)-12.73(0M)

N fractions cont.

9.01+4.27(INSN)+1.58(SOLN)+O.O4(PROFM)-10.95(OM)

N fractions prop.

1l.6O+234.26(GSN)+O.O4(PROFM)-O.28(FTAN)-ll.22(OM)

Mixed prop./conc.

10.14+171.02(GSN)+2.56(1NSN)-0.20(FTAN)+004(PR0FM)
-10.26(OM)

Soluble N/insoluble N ratio

-0.92+0.73(PSIR)+6.1 l(INSN)-O.17(PTAN)+O.O3(PROFM)

Fecal N

Digestible organic matter (n = 287)
30.23+9.7O(FN)+O.lI(PROFM)-1.46(FTAN)

N fractions cont.

30.31+1l.83(INSN)+8.63(SOLN)+0.l6(PROFM)-l.39(FTAN)

N fractions prop.
Mixed prop./conc.

29.24+1455.14(GIN)+899.66(GSN)+O.l8(PROFM)-1.38
WAN)
32.23+794.93(GSN)+7.52(INSN)-1.42(FTAN)+0.16(PROFM)

Soluble N/insoluble N ratio

34.02+l.3O(PSIR)+l6.55(INSN)-1.46(FTAN)+0.12(PNFM)

‘FIN = fecal nitrogew INSN = content of insoluble nitrogen; SOLN = enc. of soluble nitrogen; GIN = proportion of insoluble nitrogen; GSN = pro ortion
of soluble nitrogen; hAN q fecal taMinS;
PROFM = proportion of fecal monocot fragments; OM q fecal organic matter; PSIR = proportion oPsoluble

N/insoluble N ratio.

together in the model, improved the equation (Table 3).
Arman et al. (1975), Robbins (1983), Leslie and Starkey (1985,
1987) and Shaabani et al. (1986) have found that increases in
dietary crude protein are directly related to increases in fecal
nitrogen. ADF-N of the diet is generally a very small fraction of
fecal N (Mason and White 1971). According to Orskov( 1982), only
a small fraction of fecal nitrogen is associated with dietary protein.
He argues that fecal nitrogen consists of several fractions of different origin such as rumen microbial protein N as well as indigestible
dietary nitrogen. Kothmann and Hinnant (1987), however, found
ADF insoluble nitrogen in diets similar to ADF insoluble nitrogen
in feces of goats, indicating the procedure probably recovered most
of the protein in the feces that was bound in the diet.
Total fecal nitrogen and concentration of insoluble nitrogen in
fecal OM were the single variables best related to dietary digestible
organic matter (Rz = 0.23 and r = 0.23, respectively) (Table 2). The
addition of fecal monocot fragments and fecal tannins to the
predictive model increased R2 values to 0.37. Proportion of fecal
monocot fragments were positively related with digestible organic
matter (DOM) (Table 2). Shaabani et al. (1986) found fecal soluble
nitrogen was the best single variable in predicting organic matter
digestibility (R2 0.29). However, when they included fecal monocot fragments in the equation, R2 values increased to 0.34. Use of
fecal tannins did not improve their predictive equations. Wofford
et al. (1985) also found a low relationship between digestibility of
organic matter and fecal nitrogen (Rz 0.10 and 0.11, respectively).
In the present study, fecal tannins were negatively correlated with
dietary DOM (Table 2). Similarly, McLeod (1974) and Kumar and
Singh (1984) also reported tannins reduce digestibility of consumed forage.
q

q

Prediction of Dietary Intake

The most important single proportion of concentration variable
for estimating organic matter intake was proportion of fecal
monocot fragments (Table 2). Both concentration and proportion
of fecal insoluble nitrogen contributed to the multiple regression
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equations. Shaabani et al. (1986) found insoluble nitrogen was the
most important variable in estimating organic matter intake. Barry
and Duncan (1984) reported organic matter intake is affected by
tannin levels, but in this study the coefficient of correlation
between the dependent variable and fecal tannins was low (Table
2). The best equation for prediction of organic matter intake was
based on concentration of nitrogen fractions in fecal OM, but
almost no improvement was obtained if compared with equations
based on total fecal nitrogen and proportion of nitrogen fractions
in fecal organic matter (Table 4).
Concentration
of fecal insoluble nitrogen in the fecal NDF
organic matter fraction was the most important single variable in
estimating crude protein intake (r = 0.56). Proportion of fecal
monocot fragments also had a relatively high correlation (r = 0.53)
with crude protein intake (Table 2). The best prediction model
included concentration of nitrogen fractions in fecal organic matter. Little improvement in R2 was noted in relation to those equations based on total fecal nitrogen or insoluble nitrogen proportions in fecal organic matter (Table 4).
The most important single variable for estimating digestible
energy intake was proportion of fecal monocot fragments, which
concurs with Holechek et al. (1982), who demonstrated that digestible energy of diets increased with increasing percent of grass in
diets. Proportion of soluble nitrogen and concentration of insoluble nitrogen in organic matter were also positively correlated with
digestible energy intake. No differences were found between the
best equations based on total fecal nitrogen, concentration of fecal
nitrogen fractions in organic matter, proportions of nitrogen fractions in organic matter, and mixed proportion and concentration
of nitrogen fractions. All equations had low R? values (Table 4),
indicating that the fecal parameters studied are poor variables for
prediction of digestible energy intake in this particular study.
Holmes (1980) stated that because of their varying chemical composition, the energy value of the herbage also varies. Grasses are
generally more rich in digestible energy than browse, and as forage
matures, digestible energy tends to decrease (Holmes 1980). Con141

Table 4. Regrewion equations for predicting nutrient intake (n = 287).
source

Regression equation’

RZ

Sx.y

cv

0.40
P=.OoOl
0.42
P=.OOo1
0.41
P=.OOo1
0.35
P=.OoOl

1.39

30.8

1.37

30.5

1.36

30.1

1.43

33.2

0.48
P=.OOOl
0.51
P=.OOo1
0.49
P=.OOoi
0.51
P=.OOOl
0.47
P=.Oool

0.12

36.0

0.12

35.1

0.13

34.0

0.11

34.2

0.12

35.1

0.41
P=.OOOi
0.42
P=.OOOl
0.42
P=.OOOl

3.62

36.7

3.58

36.3

3.59

36.2

0.42
P=.oOOi
0.40
P=.OOOi

3.53

36.4

3.63

36.9

Organic matter intake
Fecal N

-20.44+1.99(FN)+O.iO(PROFM)+i6.47(OM)

N fractions cont.

-l9.93+3.42(INSN)+i.20(SOLN)+O.03(PROFM)+16.49(OM)

N fractions prop.

-l7.58+481.22(GIN)+130.27(GSN)+O.O9(PROFM)
+13.22(0M)
-3.41-O.i7(PSIR)+2.46(INSN)-O.8(PROFM)

Soluble N/insoluble N ratio

Crude protein intake
Fecal N

l.54+0.3O(FN)+0.0l(PROFM)+O.84(OM)

N fractions cont.

1.48+0.47(1NSN)+0.20@0LN)+0.01(PR0FM)+0.83(0M)

N fractions prop.

-i.25+57.64(GIN)+23.3i(GSN)+O.Oi(PROFM)+O.50(OM)

Mixed prop./conc.

-i.64+20.85(GSN)+0.37(INSN)+O.O1(PROFM)+i.O4(0M)

Soluble N/insoluble N ratio

-O.64+o.O2(PSIR)+O.52(INSN)tO.Oi(PROFM)

Digestible energy intake

Fecal N

51.03+7.29(FN)+O.23(PROFM)+36.31(OM)

N fractions cont.

49.5O+l0.88(INSN)+5.i3(SOLN)+0.2i(PROFM)+36.03(OM)

N fractions prop.

~2.55+1512.23(GIN)+529.62(GSN)+O.22(PROFM)+
26.69(0M)

Mixed prop./conc.

-52.69+506.68(GSN)+8.38(INSN)+O.2O(PROFM)+40.77(OM)

Soluble N/insoluble N ratio

-l1.85-O.Ol(PSIR)+9.81(INSN)-O.lO(lTAN)+O.18(PROFM)

‘PIN =fcd nitrogen; INSN q content of insoluble nitrogen; SOLN = cm. of soluble nitrogen; GIN = proportion of insoluble nitrogen; GSN = proportion of soluble nitrogen;
ITAN = fecal tannins;PROFM = proportion of fecal monocot fragments; OM = fecal organic matter; PSIR = proportion of soluble N/insoluble N ratio.

sequently, this is a condition-specific response and not reflective of
some biological or physiological processes.
When total and fractional fecal nitrogen output per day was
regressed against daily organic matter intake (OMI), total fecal
nitrogen output per day was most highly correlated with OMI
(Table 5). Kothmann and Hinnant (1987) found a similar relationTable 5. Relationship of total (GFN), NDF soluble (CSN) end NDF
insoluble (GIN) fecal output (g/g FOM/day) and organic matter intake
(OMI) (%BW/dq) of steers (N=2g7).
Equation

R2

OMI = .274 + .1259 (GFN)
OMI = .330 + .1607 (GSN)
OMI= l.i30+.445OIGIN)

Sxq

cv
15.4
17.1
19.5

ship with goats. The soluble NDF nitrogen fraction of fecal output
accounted for more variation in OMI than insoluble NDF fecal
nitrogen output.
conclusions
No single fecal variable exhibited a strong relationship to the
dependent variables studied. In general, the independent variable
insoluble nitrogen yielded the highest single correlation with the
dietary parameters. However, no improvement was found in equations based on nitrogen fractions when compared with those based
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on total fecal nitrogen. This can be explained by a lower correlation between fecal nitrogen and the other fecal variables studied,
than correlations between the same variables and insoluble nitrogen fractions. As a consequence, the multiple regressions based on
total fecal nitrogen had a higher relative increase in Rz than those
based on nitrogen fractions.
One promising aspect of the study indicated a strong relationship between total fecal nitrogen output and organic matter intake
(Table 5). An underlying assumption in application of these equations would be the biological reliability of constant daily fecal
output of a given class of animal. Ellis et al. (1982) has shown that
fecal output remains relatively constant over a range of digestibilities as long as forage supply is not limiting, but varies with physiological status and kind and class of animal. Therefore, more
knowledge relative to fecal output is required to pursue this avenue
of research.
Unfortunately, we must reject our original hypothesis and
catalog this study with the prior studies which marginally predicted
dietary quality and nutrient intake. Many of the reservations
expressed by Mason and White (1971), Orskov (1982), Hobbs
(1987) and other authors, appear to continue to warn researchers
of the difficulties in seeking wet chemistry techniques for predicting dietary quality and nutrient intake from fecal parameters.
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Evaluation of a continuous-release ytterbium bolus
R.E. ESTELL, A.S. FREEMAN, M.L. GALYEAN, and J.D. WALLACE

Abstract
Four ruminaiiy cannuiated steers were used in a 4 X 4 Latin
square design to determine the efftcacy of a continuous-release
boius containing YbO3 for estimation of fecal output. One boius
was placed in the reticulum of each steer at the beginning of the
experiment. Four diets were fed, including alfalfa, alfalfa treated
with a commercial preservative, and each of the 2 aifaifa hays in a
50~50 mixture with concentrate. Each period of the Latin square
consisted of 15 d for adaptation to diets, followed by 5 d of total
fecal collection. Fecal output was estimated from marker concentration in grab (0800,1700, and 0800 + 1700) and composite (from
totai collection) fecal samples using 3 methods of dose calculation
(manufacturer-formulated release, 160 mg M/d; trial average,
based on boius weight change over entire trial; and period average,
based on boius weight change during the week preceding and week
of sampling period). Percentage of actual fecal output estimated by
each calculation method was not affected by diet (D.10). CaicuInted Yb release from the week before and the week of collection
provided estimates of fecal output that were not different (11%
overestimation;P>.lO) from total collection, while estimates using
formulated or trial average dose differed (p<.lO; 37 and 34%
overestimation, respectively). Across dose calculation method,
actual fecal output was overestimated by 31, 27, and 29% from
0800,1700, and 0800 + 1700 grab samples, respectively. Estimates
based on composite fecal samples overestimated actual fecal output by 22% averaged across dose method. Composite fecal samples
and dose based on period average provided the best estimation of
actuai fecal output (9% greater than total collection values).
Regardless of method of dose calculation or fecal sampitng method
used, estimates were variable and greater than total collection
values.
Key Words: beef steers, conthmous marker, fecai output, ytterbium
Fecal output is difficult to measure directly with grazing ruminants. Markers have been used to estimate intake indirectly
through the use of fecal output estimates coupled with some measure of indigestibility. Several external markers (e.g., CrrOs, rare
earth-labeled forage) have been used to estimate fecal output.
However, such markers must be either infused continuously,
mixed with feed and fed at least daily, or dosed orally or via
cannula. Frequent fecal sampling is necessary and marker recovery
often is incomplete (Galyean et al. 1986). In most experimental
situations, markers are not administered continuously but instead
are given often enough to achieve equilibrium and reduce diurnal
variation.
Ytterbium appears to hold potential as a marker for estimation
of fecal output. Prigge et al. (198 1) reported a range of 6% overestimation to 14% underestimation of measured fecal output using
Yb-labeled forage in cattle dosed either once or twice daily.
Recently, a ruminal bolus was developed in an attempt to
achieve consistent, sustained-release of Yb. If effective, this bolus
could eliminate the need for frequent oral dosing. Preliminary
Authors arc nscarch assistant; former graduate student; professor; and professor,
Deuartment of Animal and Range Science. New Mexico State Universitv. Las Cruces.
88do3. Freeman is currently as&ant professor, Kansas State Universiiy, Southwest
Branch, Garden City 67846.
The authors gratefully acknowledge the assistance of Drs. H.E. Kiesling and L.A.
Carvalho. Gratitude also is expressed to Boo Reynolds for clerical assistance.
Journal Article 1442 of the New Mexico Agr. Exp. Sta., Las Cruces.
Manuscript accepted 15 June 1989.
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evaluation of this Yb bolus (Hatfield et al. 1986) indicated that
measured fecal output of grazing steers was overestimated by 10 to
30%. The objective of our study was to evaluate the ability of a
continuous-release
Yb bolus to estimate fecal output of steers
consuming alfalfa or alfalfa-concentrate
diets under conditions
controlled to allow precise comparisons.
Materials and Methods
Four ruminally cannulated crossbred beef steers (avg wt 300 kg),
housed in digestion crates in an environmentally controlled building, were used in a 4 X 4 Latin square design. Steers were allotted
randomly to I of 4 dietary treatments and fed 4.54 kg (as fed basis)
twice daily in equal portions (0800 and 1700). The 4 dietary treatments were alfalfa hay from 2 locations (Las Cruces and Artesia,
NM) and a 5050 mixture (as fed basis) of a concentrate mixture
with each of the 2 hays. Hay from Las Cruces was harvested (3rd
cutting, early bloom) at 12% moisture, whereas the hay from
Artesia was harvested (5th cutting, early bloom) at 25% moisture
and treated with a commercial preservative (lactobacillus fermentation product’) during baling. The concentrate mixture contained
(as fed basis) 33% whole cottonseed, 33% dried beet pulp, 17%
ground corn, and 17% ground barley. Chemical composition of
each diet is shown in Table 1. Periods of the Latin square included
Table 1. Chemical composition of diets fed to steers.
Crude

Dry
Diet

matter

Alfalfa

%
94.2

Treated alfalfa
Alfalfa + concentrate
Treated alfalfa + concentrate

94.4
94.2
94.2

Ash

protein

NDF ADF

----%ofdrymatter---12.0
10.1
7.6
6.5

23.6
17.3
16.8
14.0

34.7
41.2
28.3
33.8

25.0
30.4
20.4
22.8

13 d for adaptation to diets in individual outdoor pens and 2 d for
adaptation to metabolism crates, followed by a 5-d collection
period. Between periods 3 and 4, steers were housed and outdoors
and maintained on alfalfa hay for 2 wk before the adaptation
period began. The experiment lasted 102 d, and the 4 collection
periods began on d 21,42,63, and 98.
A continuous-release bolusz containing yb&s was placed in the
reticulum of each steer via rumen cannula on d 1 and allowed to
equilibrate for 14 d. The same bolus remained in each steer
throughout the experiment. The bolus contained YbaOs in a polymer matrix surrounded by a plastic cylinder (11 cm length, 11 cm
circumference). Slotted openings on each end of the plastic casing
allowed contact of the polymer with ruminal fluid, such that YbaOs
was released as the matrix dissolved. During the equilibration
period, boluses increased in weight as a result of the wetting
process; thus, an estimate of Yb loss during this phase was not
possible. Thereafter, boluses were removed every 7 d at 1300,
shaken to remove excess fluid, and weighed to estimate weekly
release rate.
UXbac, TransAgra Corp., Storm Lake, Iowa.
*Continuous-release boluses wcn provtded by Lilly Research Laboratories, Greenfield, Ind. Appreciation is expressed to Dr. David Yates for his assistance with the
project.
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Table 2. Fecal output of steers; actual and estimated with an htrerumind continuous-release fierbium boius.
Fecal output,
g DM/d

Method
Actual output, total collection
Dose estimated from:
Sample method
Manufacturer’s
Grab 0800
formulation
Grab 1700
Grab 0800 & 1700
W mg/d)
Composite
Average daily
Grab 0800
bolus weight
Grab 1700
loss over
Grab 0800 & 1700
entire trial
Composite
Average daily
boius weight
loss over
Grab 0800
week before
Grab 1700
and week of
Grab 0800 & 1700
collection

MANAGEMENT

Standard error
of difference

P (t-test) estimated
= actual

0.04
0.06
0.05
0.05
0.05
0.07
0.06
0.07

62

1587
1526
1551
1444

470
409
434
326

207
197
200
156

1548
1490
1514
1410

229
217
221
179
221
212
216
172

430
373
3%
292

200
193
195
150

1267
1239
1250
1217

139
137
138
145

149
122
132
100

123
123
131

Shdel 1093 Cyclotec sample mill, Tecator, Inc., Hemdon, Va.
‘Whatman #541. Whatman Ltd., Maidstonc, England.

OF RANGE

Estimated minus
actual

1117

Feed samples were obtained daily throughout experimental
periods and pooled by period for each treatment. Total fecal
output was measured during the last 5 d of each period. Feces were
hand-mixed and a 10% subsample was collected daily and frozen.
Rectal grab samples also were obtained twice daily (08OOand 1700)
during each 5-d collection period. Total fecal output was corrected
for the weight of grab samples. Fecal samples from daily total
collections were thawed and composited by steer within period.
Each composite and grab fecal sample was dried in a 50’ C forcedair oven, and samples were ground to pass a 2-mm screen in a Wiley
mill. Feed samples were composited across periods and ground to
pass a l-mm screen in a sample mill3 before analysis for dry matter,
ash, and crude protein (AOAC 1984), and neutral detergent fiber
(NDF) and acid detergent fiber (ADF; Goering and Van Soest
1970). Fecal grab and composite samples were analyzed for dry
matter and Yb. Samples (2 g) were ashed, solubilized with a 1:l
mixture of 3M HCl:3M HNOs (soaked for approximately 15 h at
room temperature; modified procedure of Ellis et al. 1982a), filtered4, brought to 25-ml vol, diluted (a KC1 solution was added to
provide 2,000 ug K/ml to prevent interferences), and analyzed for
Yb by atomic absorption spectrophotometry
with an acetylene
plus nitrous oxide flame.
The daily Yb dose was calculated based on 4 approaches. One
approach was to calculate average daily weight loss of each bolus
(based on weekly net weight change) by animal within period (week
before and week of collection), multiplied by the Yb percentage in
the bolus (350 mg Yb/g bolus core). A second approach was to
calculate average daily Yb release of each bolus for the entire trial
(based on the difference between dry bolus weight at the beginning
and end of the trial divided by number of days in the trial),
multiplied by the Yb percentage in the bolus. A third approach was
to use the manufacturer’s formulated release rate (160 mg Yb/ d). A
fourth approach was to multiply mean daily fecal Yb concentration by mean daily total fecal output by steer within period, assuming complete marker recovery. Actual fecal output (g/d) was compared with that predicted by dose (g/d) divided by mean marker
concentration (g/g of dry matter) in feces of 0800 grab samples,
1700 grab samples, 0800 + 1700 grab samples (averaged after
chemical analysis), and from the Yb concentration in the 5-d
composite sample, using the first 3 approaches of determining the
Yb dose. Dose calculated from Yb recovered in feces (fourth
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123

0.24
0.34
0.30
0.46

approach) was excluded as a comparison for reasons discussed
later.
Dose calculated by period for individual steers (based on period
bolus weight loss and on mean Yb recovered in feces) was analyzed
in a Latin square design using the GLM procedure of SAS (1987).
Further, each method of calculating fecal output was expressed as
a percentage of actual fecal output and analyzed in a Latin square
analysis using the GLM procedure of SAS (1987). No effect of diet,
period, or animal was observed (p>. lo), so fecal output data were
analyzed with a paired t-test (Means procedure; SAS 1987) to
compare total fecal collection values with fecal output predicted
from each method of estimation.
Results and Discussion
Predicted fecal output as a percentage of actual fecal output was
not affected by diet, period, or animal (p>. 10). Thus, the 4 diets
used in this study did not appear to affect the relative ability of the
continuous-release bolus to predict actual fecal output.
Comparison of actual fecal output with fecal output predicted
by each method (Table 2) indicated differences (p<.lO) between
predicted and actual fecal output, except with the use of dose
calculated by period average. The formulated dose and the trial
average dose overestimated fecal output by an average of 37 and
34%, respectively, compared with 11% using period average. Average overestimation of total fecal collection was 3 1,27,29, and 22%
from grab samples collected at 0800, 1700,080O + 1700, and composited fecal sampling, respectively (Table 2). Little difference was
noted among grab sampling methods. The use of period average
dose in conjunction with composite fecal sampling provided the
closest estimate to total fecal collection (9% overestimation).
Galyean et al. (1986) summarized several studies that estimated
fecal output of steers, based on once or twice daily Yb dosing, and
reported a mean of 104% with a range of 87 to 144% of total fecal
collection with this method of estimation. Thus, fecal output estimated from the dose based on period average weight changes as a
percentage of fecal output from total collection in the present study
compares favorably to other methods of dosing Yb.
These data indicate an overestimation of fecal output using the
Yb bolus and a large degree of variability, regardless of method of
prediction. These findings are in agreement with those of Hatfield
et al. (1986), and suggest that marker recovery may have been
incomplete, analytical errors may have existed, or, more likely,
that dose was overestimated when calculated from bolus weight
loss or predetermined Yb release rate. Data from weekly bolus
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weights indicated a variable pattern of release of the Yb-containing
polymer both from week to week, and among boluses (Fig. 1).
However, as instructed by the manufacturer, boluses were merely
shaken to remove excess water before weighing rather than drying,
to avoid damage to the bolus. Thus, differences in retention of
water and(or) feed particles could have interfered with obtaining
an accurate measurement of marker release. Boluses did not retain
a uniform surface over time, but became uneven, and the pattern
varied among boluses. This variation in surface could have produced variation in the rate of Yb release.
Gravimetric determination of bolus Yb release is impractical or
impossible in certain situations when large numbers of animals are
needed, particularly with noncannulated animals or when working
under range conditions. Thus, the weekly method of dose measurement by weight loss determination, while providing estimates
of fecal output closest to total collection values, would have limited
experimental application. Furthermore, composite fecal sampling
resulted in more precise estimates than did grab sampling techniques. This observation further limits the suitability of this technique for use in grazing situations without fecal collection bags.
Although dose calculated by bolus weight change has limitations
in a grazing situation, an alternative method would be to assume
complete Yb recovery in feces and calculate dose based on Yb
concentration in feces and total fecal output. For example, a large
number of animals could be bolused and a sub-group could be
fitted with fecal collection bags while grab samples were obtained
from the larger group. Presumably, average Yb payout in the
sub-group would provide an accurate estimate of Yb payout in the
larger group. The use of this method, however, would depend on
uniform Yb release among animals (boluses). When dose was
calculated based on fecal Yb recovery (Table 3), differences
Table 3. Variation in ytterbium release among animals, periods, and diets,
calculated from bolus weight loss and from recovery in feces of steers.

7-

0,

6--

Ytterbium release, mg/ d, calculated from:
Bolus weight loss Recovery in feces
(SE 22.3)
(SE = 11.1)

Bolus 3

Source of variation

85.-

1 -.
o+
1

:

2

3

4-c
1
Weeks after

7
14-d

6
9
equilibration

1
10

11

12

6-

q

Animal number
1
2
3
4
Period number
1
2
3
4
Diet
Alfalfa
Treated alfalfa
Alfalfa + concentrate
Treated alfalfa
+ concentrate

193
114
153
142

193’
132b
107b
141b

13sb
154”b
208’
10Sb

1580b
134”
175’
106’

137
139
161

123”
158b
124’

165

168b

‘%fcans

within method and source of variation followed by different letters are
significantly different (KO.10).

10) existed for animal (or bolus), period, and diet. In contrast,
only period effects were noted for dose calculated by bolus weight
change within period.
Nevertheless, to-illustrate the use of an average dose with both
methods of dose calculation, Yb release was averaged across steers
within period and used to calculate fecal output for individual
steers with grab samples taken at 1700. Fecal output predicted with
bolus weight change averaged within period was 98, 137, 122, and
124% of total fecal collection for periods 1 through 4, respectively.
With dose calculated from fecal Yb recovery within period, pre(PC.
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3

,--_(----i~
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5
6
7
6
9
Weeks after 14-d equilibration

Fig. 1. Weekly weight change of boluses.
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dieted fecal output was 116, 119, 103, and 125% of total fecal
collection for periods 1 through 4, respectively. While using the
recovery approach on an individual animal (or bolus) basis for
determination of dose improves the precision of grab sampling, not
using average Yb release defeats the purpose of applying the bolus
to a grazing context. Minimal variation in average dose obtained
from a sub-group would be critical to this situation; but, uniform
bolus Yb release was not the case with our data.
In general, a high degree of variability was associated with
estimates of fecal output based on a continuous-release Yb bolus.
Such a finding, however, is not inconsistent with previous results
for once or twice daily dosing of Yb or Cr203 (Galyean et al. 1986).
Bolus weight changes suggest that the bolus technology has not yet
been refined to the point that a constant marker release is achieved
among boluses or over time. Nonetheless, the advantages of such
technology, should it be developed satisfactorily, warrant further
refinement of this methodology. As a case in point, a chromic
oxide ruminal delivery device has shown potential as a fecal output
marker (Ellis et al. 1982b).
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California’s privately owned oak woodlands: Owners, use,
and management
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Abstract
Social science research is an important tool for guiding development of education programs for owners of private rangelands.
California oak woodland, a productive and extensive range type in
California that is undergoing rapid changes in use and management, is the focus of this study. Results indicate that landowners
with different property size differ demographically, make different
uses of their land, and have distinctly different attitudes toward
oak management and living in the oak woodland. Owners of
smaller properties, on the increase in rural California, do not earn
their llvlng from their land, and will respond best to resource
education programs that they believe will contribute to bettering
the quality of life they seek by residing in the oak woodland.
Owners of larger properties, the traditional clientele of advisory
agencies, will more likely respond to programs that protect and
enhance earnings from their property. Still, even a third of the
owners of the largest (over 5,000acres) properties earn the majority
of their income from sources other than their lands. To be effective,
range-oriented education programs and policies must track the
changing composition of rural populations, and the changes In
attitudes, needs, and interests that accompany
shifts.
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California’s oak woodlands produce about one third of the
forage used by the state’s range livestock industry, 4 to 5 million
Animal Unit Months annually (Ewing et al. 1988) and harbor more
wildlife than any other habitat type in California (Mayer et al.
1986). Since 1986, these rangelands, of which 84% are privately
owned (Ewing et al. 1988), have been the focus of a state-sponsored
interagency cooperative education and research effort aimed at
conserving oak woodland resources in the face of growing population pressure and changes in land use and management. The landowners who use and manage the oak woodlands and their associated resources are the subject of this survey research study.
The most productive rangelands in California are private land,
where resource condition is strongly influenced by the needs and
goals of the individual owner. These lands provide not only a
livelihood to the landowner, but a variety of public goods, including wildlife habitat, watershed, and open space. Education programs are the primary tool used by advisory agencies such as the
Soil Conservation Service or Agricultural Extension for reaching
the owners and managers of private rangelands. Survey research
can provide information necessary for the development of effective
range management programs to meet the need; and interests of
such target audiences.
Over the last decade, California privately owned oak woodlands
have become a subject of concernio the public, to local and state
policymakers, and to the range livestock industry. Landowners can
profit from sales of oak firewood to growing rural and urban
markets. Thinning and clearing oaks can raise forage production.
But there are indications that in many cases, oak harvest may result
in a permanent loss of oaks, due to an apparent lack of regenera-
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Table 1. Comparison 01 the weighted and rctoal eample: percent of
owners, land nod average property he.
Under
200 Acres
N=36’
Percent of sample (number of
owners)
Percent of weighted sample
(number of owners)
Percent of land in sample
Total land in sample: 792,509
acres
Percent of land in weighted
sample
Average property size
(weighted)
Average property size (sample)

200-5ooo
Acres
N=53’

Over

5000 Acres
N=31’

31.6

46.5

21.9

98.0
0.3

1.7
11.5

.l
88.2

2,764

90,912

698,833

28.6

42.1

29.2

10
76

867
1,715

14,667
27,953

*N varies slightly with each question.

tion of several oak species (Sudworth 1908, Muick and Bartolome

1987). Between 1945 and 1973, hardwoods were removed from
890,000 acres of California rangeland, largely to increase forage
production and for sale as firewood (Mayer et al. 1986). Since
1980, oaks on another approximately 300,000 acres have been cut,
mostly for residential and commercial development (Bolsinger
1988).
Assuming that most rangeland owners are alike, range management advisors have traditionally relied on education programs and
practices that emphasize increased profits for livestock producers.
This is a poor assumption for 2 reasons. First, numerous studies
note that social factors, values, and attitudes, and not just profits
strongly affect the decisions of range livestock producers (Grigsby
1976, Martin and Jefferies 1966, Shanks 1978, Smith and Martin
1972). Demographic characteristics, such as education level (South
et al. 1965, Green and Blatner 1986); age (Romm et al.
1985, Green and Blatner 1986, Leveque 1984); and income (South
et al. 1965, Romm et al. 1985, Leveque 1984), also strongly affect
the use and management of resource lands. Other factors shown to
affect landowner resource management are residence on the land
(Ostrum 1985, Romm et al. 1985) and participation in working on
the land by the owner (South et al. 1965, Leveque 1984, Green and
Blatner 1986).
Second, as in many rural areas, the ownership of California oak
woodlands since 1970 has shifted away from the traditional rangeland clientele, the livestock producer with ownership of or access to
extensive property. The shift toward smaller rural land ownerships
has been well documented nationwide (Healy and Short 1981,
Healy 1985) as well as for California (Ewing et al. 1988). Size of
property has been shown to influence resource management (Guillard 1982, Giordano 1978, Hefferman and Green 1986, Young
1985, Leveque 1984, South et al. 1965, Thompson and Jones 198 1).
Serving the needs and interests of increasing numbers of new and
different landowners is a challenge that advisory agencies face in
developing successful education programs for rangeland owners.
Yet, with the exception of a single survey of Tulare County livestock producers (McClaran and Bartolome 1985), oak woodland
research at the time of this 1985 survey was almost exclusively
biological in focus. While the body of information about the
botanical and ecological characteristics of oak woodlands was
substantial and increasing, little was known about the private
landowners and managers who will determine the fate of the vast
majority of California’s oak woodlands.
This study examines differences in demographic characteristics,
attitudes, values, and land uses associated with 3 different sizes of
oak woodland rangeland landholdings and how these characteris148

tics might affect owner receptivity

to education programs and
policy. First the demographic characteristics of owners are presented. Next, land use, attitudes, and values are described. Conclusions include recommendations for policymakers and advisory
agencies.
Study Area
The 7.4 million acres of oak woodland (sometimes referred to as
hardwood rangelands) (Ewing et al. 1988) intermix with valley
annual grasslands at low elevations, and with montane forest at
upper elevations. Characterized by an oak (Quercus spp.) overstory and annual grass (Bromus spp., Avena spp., Hordeum spp.,
Festuca spp., Vulpia spp., Medicago spp., Trifolium spp.) understory, they occupy coastal and valley foothills throughout most of
the s&e in the Mediterranean climate zone (James 1966) from sea
level to about 6,000 feet in elevation. Canopy cover varies from
complete closure in the dense thickets found in canyons, to open
savanna woodlands characteristic of foothill slopes. The type and
its many variations are described thoroughly by Griffin (1977).
Cropland and urban development have constricted the lower
bounds of the extent of rangeland oak species. Forest practices
encouraging conversion from low-value hardwoods to high-value
softwoods threaten oaks at the upper part of their range. But prior
to the last 2 decades, foothill oak woodlands were generally considered marginal, unsuited to cultivation or forestry. Grazing has
been the dominant use of the lands since the settlement of California (Burcham 1982, Farquhar 1966). These rangelands remain
valuable wildlife habitat, producing the acorns that are a major
food source for a wide variety of species. Migratory Sierran mule
deer herds use the oak woodlands for winter range (Mayer et al.
1986). And for many of the state’s citizens, the “majestic oak” has
become an essential part of the California landscape.
Methods
In spring of 1985, after extensive pre-testing with selected landowners not part of the study sample, private owners of oak woodland throughout the state were surveyed by mail, using the standTable 2. Characteristics of landowners: education, income, tenore, and
memberships.
%
Owners Estimated
%
%
Owners Owners
Over
% Total
Acres
Under
200-5000
5000
200 Acres Acres
Acres
Wtd.
N=36’
N=53’
N=25’ Sample2
College graduate3
Under 46 years old
Income 75,000 and over
Member livestock association
or farm bureau
Iand in family 21 years or
more
Major source of income:
ranching
farming
timber
other
Absentee owner
Member wildlife or environmental group
Had contact with an advisory
service about oaks, last five
years

63.8’
30.6”
2.7”

43.2’
26.0”
11.8’

45.9L
12.5’
29.2b

52.3
23.7
18.1

24.2”

64.7bb

87.5”

56.1

21.1a

55.6b

80.0b

52.8

2.9”
2.9”
0.0”
94.3”
33.3S

24.0b
8.0’
4.0S
64.0b
34.5’

65.5’
4.2”
0.0”
33.3’
12.5’

28.5
6.2
2.4
63.3
22.7

18.2”

31.4’

20.8’

24.6

13.9a

28.3”

32.0’

31.2

IN varies slightly with each question.
2Estimated oercent of California oak woodland acres owned bv landowners with the
above char&t&tics
or using the practices above on some or alI of their land.
‘Within rows, values without a common superscript are significantly different at
6.05, as determined by Chi-square analysis.
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ard technique described by Dillman (1979). An introductory letter
and questionnaire is followed by a postcard reminder if a response
is not received within 2 weeks. If this fails to produce a response,
another letter and questionnaire follows, then a registered letter,
and finally the potential respondent is telephoned. The objective is
to achieve a high response rate. The greater the response rate, the
less “self-selection” influences responses and hence the greater the
representativeness of the sample.
Questionnaires were sent to the owners of land containing the
Forest Inventory Assessment plots previously used to assess hardwood volume in California (Bolsinger 1988). The plots were established at the intersection points of a randomly established 1l-k2
grid overlaid on the state. Plots designated as “Hardwood Woodland Type” (USDA-Forest Service 1981) were selected for this
study if an overstory of 10% or greater canopy cover was predominately Quercus spp. and the plot was on private land. By definition,
these lands do not now, and show no evidence of ever having had,
10% or more cover of trees of industrial roundwood species and
quality. Usable plots occurred in 38 of the state’s 58 counties, at
elevations ranging from 260 to 5,900 feet.
Usable questionnaires were returned by 126 of 166 eligible
respondents for a response rate of 76%. More than 792,509 acres
were owned by the responding landowners, exceeding 10% of
California’s oak woodlands (Table 1). Landowners were asked
about their demographic characteristics, attitudes, land tenure,
land use, and management practices. Questions are condensed in
Tables 2 through 4.
The grid method used to establish Forest Inventory Plots means
that larger properties have a greater probability of being selected
for the sample (Wensel 1983). While this resulted in a sample with
good representation of landowners of each property size, it means
that responses about land use practices cannot be directly extrapolated to the oak woodland as a whole. For this reason, responses to
each question were evaluated in 2 ways. First, contingency table
analysis was used to make pairwise comparisons of responses of
landowners in 3 property size categories. Property size categories

Table 3. Land use goals and oak harvest practica.

%
Owners Estimated
% Total
Over
Owners
Acres
Under
200-5000
5000
Wtd.
Acres
200 Acres Acres
N=36’
N=53’
N=25’ Sample2
Sells products from land3
Produces livestock
Livestock graze property
Seasonally grazed
Sells firewood
Fee-paying guests
Land in Timber Production
Zone
Land in Williamson Act
Improves wildlife habitat
Less than 5 miles to
subdivision
Subdivided in last 5 years
Thins oaks
Cuts living oaks
Important reasons to cut
oaks are:
Cutting dead or diseased
oaks
Firewood income
Increasing forage
production
Increasing watefflow
Clearing for development
Improving access

%

%
Owners

27.8’
27.8’
45.7”
19.4’
5.6”
2.8’

83.0b
7s.ob
83.0b
53.8b
22.6b
7.7’

100.0’
96.0’
100.OC
58.3b
40.0b
24.0b

72.7
65.4
77.6
48.9
28.3
15.4

0.0’
8.0’
19.5’

4.9”
61.2b
40.4b

13.0”
69.7b
56.0b

9.8
52.9
40.3

50.0a
11.1’
30.5”
61.1’

51.0’
11.5.
30.7’
75.5b

56.0”
a
5;:.
84:Ob

56.1
9.1
41.4
77.2

100’
8.0”

87.5=
10.7”

72.7bc
30.0”

n/a
n/a

20.0”
12.0’
24.0’
28.0”

45.8b
14.6’
25.0’
4O.4”b

61.9’
47.6b
14.3.
57.1b

nla
n/a
n/a
nla

IN varies slightly with each question.
ZEstimated percent of California oak woodland acres owned by landowners with the
above characteristics or using the practices above on some or all of their land.
‘Within rows, values without a common superscript are significantly different at
p<.OS, as determined by Chi-square analysis.

Table 4. Landowner attitudes and values.
9%Owners
Under
200 Acres
N=36’

9%Owners
200-5000
Acres
N=53’

% Owners
Over
5000 Acres
N=25’

52.9’
38.2’
29.4”
61.3’
35.3”

65.3”b
50.0.
61.5b
51.0”
31.4”

79.2b
58.3”
75.0b
20.8’
8.0b

17.6”

10.oa

4.2’

The respondent values oaks:
for property value
for shade
for erosion control
as wildlife habitat
for their natural beauty
as fuelwood
for more forage underneath

64.7’
71.4.
64.7.
80.0”
88.0”
55.9a
38.2”

63.5’
82.4”
63.5’
85.7”
83.0”
71.2’
32.7”

37.5b
72.0’
37.5b
66.7”
83.3’
58.3’
16.7”

Moved to oak woodland because of:
natural beauty
job opportunities
to get away from city
to have a different lifestyle
for the recreation
for the lower cost of living
because of a family business or property

80.0’
23.2’
80.0’
73.3’
60.0’
33.3”
30.0’

70.2’b
40.4’
68.1.
51.iab
59.6”
34.0”
74.5b

47.6b
25.0’
35.0b
30.0b
25.0b
5.0”
85.0b

Respondents agree that:
State regulation means a loss of liberties and freedom2
Regulation leads to socialism
Aerial herbicide spraying is ok at the landowner’s discretion
Oaks are being lost in California
Should regulate California oak use
The state consults adequately with citizens before regulating
resources

‘N varies slightly with each question.
2Within rows, values without a common superscript are significantly different at p<.OS, as determined by Chi-square analysis.
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were determined by natural breaks in the data set for the variable
“ownership size.” The Chi-square statistic was then used to determine significance.
Second, in order to estimate the amount of oak woodland potentially affected by certain landowner management practices or
demographic characteristics, responses were weighted in inverse
proportion to size of ownership. This mathematical adjustment,
described in Wensel(1983), adjusts the distribution of ownership
sizes in the sample to make it comparable to that of ownerships in
the oak woodland as a whole, so estimates of the proportion of
total oak woodland owned by landowners who claim certain practices and particular demographic characteristics can be developed.
For example, after weighting, if 30% of the land in the sample is
owned by landowners who carry out a certain practice, it can be
estimated that 30% of all oak woodland is owned by landowners
who carry out this practice. Analyses using the weighted sample are
identified in the tables.
Results
Large parcel owners owned most of the land in the survey sample
(Table 1). However, weighting the responses suggests that landowners with more than 5,000 acres and those with less than 200
acres each own about 30% of the land. The weighted estimate also
b reveals that the vast majority of oak woodland landowners own
parcels of less than 200 acres.
Demographics and Ownership
Most demographic differences were not significant, although
education level decreased and age increased with property size
(Table 2). Landowners with more than 5,000 acres were significantly more likely to make more than $75,000 per year, to belong to
livestock association or farm bureau, to have had the land in the
family for 21 years or more, and to report ranching as their major
source of income.
There is a trend to higher absentee ownership among smaller
ownerships (Table 2). The vast majority of those with fewer than
200 acres obtain their livelihood by nonagricultural means such as
investments, retirement pensions, wages, or businesses, as do the
majority of landowners with holdings under 5,000 acres.
Estimates based on weighted sample indicate that almost 23% of
oak woodland is owned by absentee landowners, and more than
one-third of the oak woodland is owned by landowners who have a
main source of income other than farming, ranching, or timber.
Fewer than a third of the landowners in any category belonged
to a wildlife or environmental group, or had made contact with any
advisory service about oaks within the last 5 years.
Land Use
Differences in land use among the 3 categories were quite significant (Table 3). In general, the larger the ownership category, the
more likely the land was used for economic purposes. Livestock
production was the most common land use reported by owners of
more than 200 acres. These owners were more likely to have their
land in a Timber Production Zone or registered under the Willaimson Act’, to sell firewood, to believe firewood income to be important, to have fee-paying guests, and to improve wildlife habitat.
One indication of the pressure of urbanization on oak woodlands
was the fact that half of landowners in all 3 size categories were less
than 5 miles from the nearest subdivision.
More than two-thirds of oak woodland owners in all categories
removed some oaks; nearly all of them removed living as well as
‘Both Timber Production Zone (an element of the 1975 Forest Taxation ReformAct)
and WilliamsonAct (CaliforniaLand Conservation Act of 1965) landowners are
taxed at a lower property tax rate in exchange for maintaining land in timber or
aaricultural oroduction. In 1985. about 5.5 million acres were zoned as Timber
Pkduction zones, and 15.2 million acres were designated in Williamson Act. In both
cases, contracts are 10 years long and self-renewing.
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dead oaks. Thinning oaks was carried out by more than 30% of
property owners in all categories. The primary reasons given for
cutting oaks were to increase forage production, waterflow, and
access. As expected from the frequency of cutting, all reasons were
more often important to those with more than 5,000 acres. Clearing land for development was the exception, showing no significant
difference among ownership categories.
The weighted estimates demonstrate that because large property
owners own a large proportion of the acres, their behavior affects a
large part of the oak woodland. More than 65% of the oak woodland is owned by those who produce livestock; another 12% by
those allowing others to graze stock on their land (Table 3). Almost
a tenth of the oak woodland is owned by those reporting that they
have subdivided all or part of their property within the last 5 years.
Landowners who thin oaks own about 41% of the oak woodland.
Thinning of oaks was also the oak management practice most
likely to be undertaken more than once, with more than a quarter
of all respondents reporting that they thinned some oaks on their
property as a matter of routine practice.
Attitudes toward Regulation and the Oak Woodland
More than half of the landowners in any category were opposed
to any regulation of land or resource use (Table4). However, those
with smaller properties were significantly more likely to agree that
oaks were being lost in California, and that oak use should be
regulated. Landowners with more than 200 acres, on the other
hand, supported the right of a landowner to act independently to
the extent that a majority agreed that the use of aerial herbicides
and pesticides should be completely at the discretion of the landowner, without any regulatory interference.
Owners of small and large parcels sought different values in the
oak woodland, most dramatically revealed in reasons they gave for
living there (Table 4). Eighty percent of owners of less than 200
acres reported that they felt the natural beauty of the oak woodland was important in influencing them to live there. They were
more likely than owners of large parcels to report that a different
lifestyle, getting away from the city, and recreation opportunities
had a strong effect on their decision to live in the oak woodland. In
contrast, more than 80% of the owners of more than 5,000 acres
reported that a family business or property was an important
reason why they lived in the oak woodland. A common comment
volunteered by the respondents in this group was, “I was born
here.” Nonetheless, nearly half of these landowners found the
natural beauty of the oak woodland an important reason to live
there.
A majority of landowners in every category reported that shade,
erosion control, wildlife habitat, natural beauty, and fuelwood
were important reasons they liked to have oaks on their property
(Table 4). However, property owners with more than 5,000 acres
were significantly less likely to value oaks for their contribution to
property values than those with smaller properties. Most landowners apparently do not believe that there is more forage under
oaks, although research has indicated that this may sometimes be
the case (Holland 1980, Holland and Morton 1980, McClaran and
Bartolome 1987).
Discussion and Conclusions
More than three-fourths of California’s oak woodland is grazed
by livestock, although grazing or livestock sales may not constitute
the owner’s major source of income. Production-related
landowner objectives of increasing forage, access, and waterflow are
critical components of landowner decisions about how to manage
land on the majority of the oak woodland, and those objectives
must be carefully considered in the development of education
programs and policy.
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The traditional clientele of advisory agencies is well-represented
among the owners of more than 200 acres. As property size
increases, so does the likelihood that landowners are livestock
producers, have their land registered under the Williamson Act,
sell firewood, and spend all or part of the year on their land. Most
landowners with more than 200 acres belong to livestock association or farm bureau, have kept the land in their family for longer
than 20 years, and live in the oak woodland because it provides a
livelihood. They manage for production-related
objectives, but
also value having oaks on their property for other reasons, including their beauty and as wildlife habitat. These landowners generally disagree that oaks are being lost in California and agree that
regulation leads to a loss of essential liberties and freedoms.
A new type of landowner is becoming important on private
California hardwood rangelands. These residents own small parcels, but they have reached numbers sufficient that owners of less
than 200 acres already own more than a quarter of the oak woodland. Less than a third of these landowners sell any kind of product, including firewood, from their land, and the majority report
that most of their income is earned elsewhere. More of these
landowners are absentee, and fewer cut living oaks. Less than half
of these landowners have lived in the same county for more than 20
years. They most often report natural beauty as the reason for
living in the oak woodland. They too value oaks for many reasons,
including beauty, wildlife habitat, shade, and erosion control.
Fewer of these landowners believe that state and federal regulations lead to a loss of essential liberties and freedoms and most
believe that oaks are being lost in California. This group is difficult
to reach with traditional education programs.
Research education programs and policy must be directed at
groups with differing skills and access to differing management
and labor resources. All owners valued oaks for assorted yet similar reasons, but owners of larger properties will respond best to
programs that protect and enhance the livelihood they earn by
using their oak woodland property. Although those whose livelihood depends on the land, the “traditional clientele,” are concerned about the impacts of oaks on the livelihood, they gave
compelling reasons for wanting oaks on their property. Education
programs offering management strategies that maintain vigorous
oak stands, while contributing to (or at least not compromising)
landowner income, should be quite attractive. Research projects
that develop economical practices and technologies for maintaining and regenerating oaks, clarify the role of oaks in forage production, and develop optimization models for maintaining oaks as
part of an income-producing land management strategy will contribute most to an education effort for these landowners.
More than 80% of landowners with greater than 200 acres sold
products produced from their land, yet better than half reported a
majority of their income from other sources. Whether or not this is
an increasing trend is unknown. It is an indication, however, that
for these landowners, considerations other than just increasing
income from livestock production are important. These landowners place high value on oaks for shade, wildlife habitat, and
natural beauty. The interest of these landowners in these values,
and in good stewardship as a way of life, should not be neglected in
education programs,
Owners of smaller properties will respond best to programs and
regulations that they believe will contribute to bettering the quality
of life they seek by living in the oak woodland. More intensive
management strategies-such
as how to treat diseased treeswould appeal to these new types of owners, as their sources of
income are not affected by land management costs. More than 80%
of those with less than 200 acres valued oaks as wildlife habitat, yet
fewer than 20% reported improving wildlife habitat on their property. Here, lack of knowledge could be the limiting factor. Only a
few of these landowners reported contact with any advisory service
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about oaks. Small ownerships are on the increase. Between 1970
and 1980 the non-metropolitan population of California increased
42% compared to a growth rate of 15% in the previous decade
(Hope and Blakely 1986). With this group has come increased
demand for housing, resulting in the conversion of farms, forests,
and rangelands for housing sites.
Subdivisions and other developments are changing the character
of the oak woodland. Not only is land removed from range production, but resources are affected indirectly. The expansion of residential areas creates a better fuelwood market. It also creates
conflicts, as lifestyles and values clash. Suburban oak woodland
residents may feel that livestock detract from the natural beauty
they seek in the oak woodland. Owners of large properties may find
that the newer, suburban, oak woodland residents interfere with
livestock production-related activities. Suburban dogs harass livestock. Vandalism of buildings and equipment may increase.
The evidence that oaks are an important reason why new residents move to the oak woodland can be used to encourage developers and planners to maintain stands of oaks whenever possible.
Education and advisory efforts aimed toward landscape architects,
engineers, land use planners, and developers would be one way to
help mitigate the loss of oaks to development. Zoning, land use
planning, regulation of harvest, and incentive programs are other
possibilities. Of the owners of less than 200 acres, more than half
think oaks are being lost and a third think oak use should be
regulated-and
this group is numerically and proportionately on
the increase.
What the urban resident sees as the legitimate right to regulate
and to affect the management of vast expanses of wilderness may
appear to the rancher to be interference by outsiders in his or her
own backyard. On the other hand, although most of the landowners surveyed feel that in general regulations are undesirable,
the data indicate that many owners of larger properties are taking
advantage of regulatory devices like the Williamson Act. (Owners
of small properties generally do not qualify for Williamson Act
designation).
The increasing proportion of small landowners means a greater
diversity of lifestyles, management practices, and goals, and a more
complex setting for landowner education and state policy development. Although owners of smaller properties are more sympathetic to the idea that oak woodlands need protection, the potential
uses of the resource by wildlife, recreationists, and as open space
are limited with small ownerships. The actions of the few who own
the greater portion of the oak woodland, in contrast, are more
predictable, in that they are closely tied to the productive capacity
of the land. These landowners are the stewards of the vast acreages
of open woodland that most Californians think of as oak woodland. Education programs, policies, and research that enhance the
value of oaks for this group, and that help this group to succeed,
will be most effective in preserving these open woodlands.
Owners of large and small properties, ranchers, and urbanites,
share the oak woodlands of California. They are not independent.
Changes that affect one inevitably will affect the other. Policy and
education programs that address only one group, or only one cause
of loss of oak woodland, will not succeed in stopping its decline in
California. And although California is one of the nation’s most
rapidly growing states, the lessons learned here apply to many rural
areas. The decade from 1970 to 1980 witnessed an unparalleled
growth in non-metropolitan
population, exceeding the national
population growth rate (Long and DeAre 1982). A changing
society challenges range managers to go beyond simple assumptions about the people who own, manage, and use rangelands.
Carefully applied, modern survey research technique is one tool
range managers can use to meet this challenge.
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Establishment and survival of Illinois bundleflower interseeded into an established kleingrass pasture
R.L. DOVEL, M.A. HUSSEY, AND E.C. HOLT

Abstract
The introduction of perennial legumes into warm-season grass
pastures has been shown to improve both forage quality and
animal performance. Illinois bundleflower (Desmonlhus idlinoensis (Michs.) MacM.) appears to have potential for pasture and
range interseeding. This study investigated establishment methods
and the competitive ability and longevity of this species when
interseeded into kleingrass (Pa&urn coloratum L.) swards. Sabine
Illinois bundleflower was drilled or broadcast into a mature klehtgrass pasture either intact or suppressed by dllking, paraquat
(I-dimethyl-4-4 dipyridinium dichloride), or mefhddide (N-[2,4
dimethyl- (trlfuromethyl) sulfonyl)-amino)phenyl)lacetamide).
Seed was sown in broadcast plots at 6.8 kg PLS/ha compared to
3.4 kg PLS/ha in drilled plots.
Establishment data were only collected for 1 year. The establlshment year had a wetter than normal spring. Treatment effects
on legume establishment could differ substantially from those
found in this study in drier years. Both paraquat and disking
treatments resulted in good establishment of the legume (greater
than 10 seedlings m-2 in the establishment year). With the exception of disked plots, broadcasting at twice the rate of drilled plots
resulted in similar seedling legume densities between the 2 seeding
methods. Illinois bundleflower proved to be quite competitive
under the conditions of this study. The legume component
increased from 14% in the establishment year to 52% by the third
year after establishment. Individual Illinois bundleflower plants
survived for the 4 years of the study. Interseeding increased total
plot yield in the second, thud, and fourth years after establishment.
Interseeded plots produced more biomass than nonlnterseeded
plots 1,2, and 3 years after interseeding.
Keywords: Illinois bundleflower, Desmanthus illinoensis, interseeding
The inclusion of legumes in warm-season pastures has been
shown to improve the nutritive value of the animal diet and thus
animal performance (Whiteman 1980). Interseeding legumes into
warm-season grass pastures may also increase total forage production (Cook and Dolby 1981). Extensive introduction and evaluation programs in Texas have identified several legume species,
including Illinois bundleflower, which appear to have potential for
pasture and range seeding (Holt et al. 1980, Holt and Allison 1981).
Illinois bundleflower (Desmanthus illinoenris (Michs.) MacM.),
is the most widely distributed Desmanthus species in the United
States. It is a perennial prairie forb ranging from South Dakota
and Minnesota to Florida and from Colorado to the Carolinas
(Latting 1961, Wasser 1982). Sabine Illinois bundleflower was
recently released by the USDA Soil Conservation Service in cooperation with the Texas Parks and Wildlife Department and the
Texas Agricultural Experiment Station (Anonymous 1984). It is
recommended as a useful range and pasture legume, for wildlife
food, and for reclaiming surface mined areas. Sabine is adapted to
Authors are former graduate research assistant, ( rcscntly assistant professor,
Oregon State University, Klamath Falls); assistant pro Pessay, and professor emeritus,
Texas Agricultural Experiment Station, Texas A&M Untvenity, College Station
77843.
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areas from southern Texas to northern Oklahoma receiving over
38 cm annual precipitation; however, it has also grown well on
selected sites in Mississippi.
Although Illinois bundleflower is reported to be long lived (Latting 1961), recent observations indicate that on some sites the
species may be relatively short lived (Holt 1984). The species is
reported to be adequately competitive (Wasser 1982). However,
the competitive ability of seedlings and their ability to perennate in
an established grass sward has not been documented.
The effect of sowing method on Illinois bundleflower establishment has not been documented. However, temperate forage
legumes have established by surface sowing where soil moisture for
seed germination and seedling growth were adequate (Cullen 1966,
McWilliam and Dowling 1970, Campbell and Swain 1973). Sirato
(Macroptilium atropurpureum D.C.) and several Stylosanthus
species have also established well when broadcast into a warmseason grass pasture (Cook and Dolby 1981, Mott et al. 1976).
Drilling provides better seed-to-soil contact and places the seed
deeper in the soil than broadcast seeding (Welch and Haferkamp
1980). However, many range and pasture conditions are not amenable to drill seeding.
Reduction of competition from established grass plants is often
critical for good seedling establishment and growth of interseeded
forage legumes (Cullen 1966, Groya and Sheaffer 1981, Taylor et
al. 1969). Herbicides such as paraquat (Idimethyl-4-4
dipyridinium dichloride) and glyphosate (N-(phosphonomethyl)
glycine)
have been used to suppress grass growth and improve establishment of interseeded legumes (Kunelius et al. 1982, Olsen et al.
1981). Reduction of top growth of tall fescue by mufluidide (N-[2,4
dimethyl- (trifuromethyl)sulfonyl)-amino)phenyl)]acetamide)
has
been reported by Watschke (1979) and Elkins and Suttner (1974).
It has been used as a grass suppressant while interseeding forage
legumes into a tall fescue sward (Olsen et al. 1981).
Kleingrass (Punicum color&urn L.) is an erect warm-season
perennial bunchgrass that has proven to be compatible with warmseason legumes (Siewerdt and Holt 1974). It is currently used in
improved pastures and rangeland mixtures throughout SouthCentral Texas. This species, while not a native to the U.S., has
growth characteristics similar to those of many range grasses and
would be an acceptable companion plant to test the competitiveness of Illinois bundleflower seedlings in a warm-season grass
sward.
The objectives of this study were to evaluate the effectiveness of
several grass suppression treatments and 2 sowing methods on the
establishment of Illinois bundleflower in a kleingrass sward and to
quantify its competitiveness and longevity in a grass-legume
mixture.
Materials and Methods
Sabine Illinois bundleflower was interseeded into a mature
kleingrass pasture located 2 km west of College Station, Texas.
The soil at the site had a pH of 6.5 and was characterized as
Westwood silt loam (Fluventic Ustochrept). Fertilizer had not
been applied to the pasture for several years. Total soil N was low,
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while levels of extractable P and exchangeable K were high (105
and 594 mg kg-‘, respectively). The average annual precipitation of
the area is 88 cm, with peak rainfall occurring in May and
September.
The experiment was arranged in a randomized complete block
design with 3 replications. Two seeding methods (drilled or broadcast) and 4 grass suppression treatments (control, disking, paraquat, and mefluidide) were employed for a total of 8 grass
suppression-sowing method combinations. Noninterseeded plots
were included in each replication to evaluate the influence of
legume interseeding on grass yield and total plot yield.
Two weeks prior to interseeding, the kleingrass was cut to a
height of 5 cm and the forage removed from the plots. Chemical
grass suppression treatments were applied 1 week after clipping
and included paraquat at 1 kg active ingredient (a.i.) ha- and
mefluidide at 1.44 kg (a.i) ha-‘. Plots that received the mechanical
grass suppression treatment were lightly disked on the day prior to
planting.
Illinois bundleflower seeds were inoculated and planted on 16
May 1983, into 2.5 X 6-m plots. Seeds were planted to a depth of 2
cm at a rate of 3.4 kg pure live seed (PLS) ha-’ using a pasture drill
as recommended by Wasser (1982). Seeds were broadcast at 6.8 kg
PLS ha-’ and plots were raked lightly following planting to simulate a light harrowing or chaining (Welch and Haferkamp 1981).
Weather data, including maximum and minimum daily temperature, rainfall and pan evaporation, were collected from a site
approximately 100 m from the plots throughout the study.
The density of seedling and perennial Illinois bundleflower
plants, the species composition of the sward, and the spring and
early summer yield of the plots were determined each year for 4
years. Due to the differences in seeding rate utilized in the 2 seeding
methods, effectiveness of the various sowing method-grass suppression combinations was compared using percent establishment
(PE). Percent establishment was obtained by dividing the established plants per m2 by the number of pure live seed planted per rnr
and multiplying by 100. Species composition of the sward was
determined on a dry weight basis from a l-m2 sub-sample. Total
yield was determined by harvesting 5.6 m2 from each plot with a
flail type mower. The harvests were made when the Illinois bundleflower was approximately 25% seed set to avoid leaf drop. Plots
were harvested in early August in 1983 and in mid-July the following years. The densities of seedling and perennial Illinois bundleflower were determined by counting the number of perennating
and seedling plants within 10 cm of a line transecting each plot at
30” angle to the rows. The same line was used in each plot throughout the study for legume density determination. This allowed
estimates of legume survival and longevity within each plot.
Counts were taken approximately 2 weeks after each harvest.
Plants germinating in the spring were called seedlings, while any
legume plant surviving at least I winter was considered to be a
perennial plant.
Significance (PCO.05) of main effects and interactions was
determined by analysis variance (Snedecor and Cochran 1980).
Treatment means were separated by the Least Significant Difference (LSD) method (PCO.05). All percentage data were transformed prior to analysis using the arc-sine square root transformation.
Results and Discussion
Legume Establishment and Density
Conditions for Illinois bundleflower establishment were very
favorable in 1983 due to higher than usual rainfall. Following
planting, rainfall exceeded pan evaporation for 3 consecutive
weeks. This allowed ample time for the strongly tap-rooted legume
to reach lower levels in the soil profile. Weather data collected for
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the region from 1951 to 1980 shows that on average pan evaporation exceeds rainfall by 1.3inches during that same period. Results
from a similar study in a dry or average year could be quite
different than those found in this study.
Both seeding method and grass suppression treatment affected
PE. Drilling resulted in higher PE than the broadcast treatment.
Disking was the most effective grass suppression treatment resulting in 42% emergence. Paraquat application also resulted in seedling emergence values that were significantly higher than the control by 30 and 16%, respectively). Mefluidide, with only 5% emergence,
was the only grass suppression treatment that had a lower PE than
the control.
There was a significant seeding method by grass suppression
treatment interaction. Broadcast application of seed resulted in
significantly lower PE than drilling in control and paraquat plots.
However, there was no difference in PE between the 2 sowing
methods in plots receiving the disking or mefluidide treatments
(Table 1). Disking increased establishment of broadcast more than
that of drilled seed (Table 1). The efficiency of establishment, as
Table 1. Influence of lowing method and kleingrass grass suppression
treatment on den&y ld seedling survival of Illinois bundleflower in
Texas.

GfltSS

Percent
Sowing
suppression establishmethod
Gitment
ment
(%)
Broadcast
None
13
Mefluidide
6
Paraquat
20
Disk
40
Drill
None
20
Mefluidide
4
Paraquat
40
Disk
44
LSD*
5
lSeedlings

kkwne
seedling
de&v
19831
(# m+)
7.0

3.0
10.7
20.8
5.5
1;;
115
3.7

Perennial
legume
densitv
1984;
(%)
3.5
1.7
4.0
8.0
2.7
0.7
5.2
3.5
1.9

Seedling
survival

50

47
37
38
49
54
48
30
25

m-I.

ZLSDfor separationof treatmentcombinationmeans(KO.05).
assessed by PE, of the broadcast-disk, drill-Paraquat,
and drilldisk treatment combinations was equivalent. The selection of the
appropriate treatment combination from among these 3 would be
dependent on factors other than the efficiency of legume establishment, such as logistical and/ or financial constraints.
Plots receiving the broadcast-disk treatment combination had
higher seedling legume densities in the establishment year than
disked plots which were drilled. Since PE was similar between the
broadcast-disk, drill-Paraquat, and drill-disk treatment combinations, doubling the seeding rate in the broadcast treatment resulted
in seedling legume densities twice that in the latter 2 treatment
combinations (Table 1). With the exception of the disked plots,
broadcasting at twice the seeding rate of drilled plots resulted in
similar seedling legume densities between the 2 seeding methods
(Table 1).
Increasing the seeding rate of the broadcast treatment may be an
affordable sowing method alternative compared to drilling for
range interseeding of Illinois bundleflower. Broadcast seeding also
allows interseeding of range legumes in areas where drilliug is not
possible and over a more extensive area than is feasib!e with
drilling.
Both grass suppression treatments (disking and paraquat) produced significantly higher seedling densities in the establishment
year than plots where grass was not suppressed (Table 1). Although
disking resulted in higher seedling densities, it is also the more
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energy-intensive grass suppression method. Paraquat provided
grass suppression that resulted in similar seedling legume densities
to disking in drilled plots and adequate legume establishment in
broadcast plots. Mefluidide was not a satisfactory grass suppression treatment in establishing Illinois bundleflower in kleingrass.
Mefluidide application resulted in significantly lower seedling
legume densities than found in the control plots. These results are
similar to those of Olsen et al. (1981), who found that mefluidide
applied at 1.8 kg a.i. ha-’ reduced red clover establishment
although the 0.9 kg a.i. ha-’ rate resulted in similar seedling
numbers as the control.
The mechanism for reduction in stand establishment attributed
to mefluidide is unknown. It may be that mefluidide had a phytotoxic effect on the legume; however, mefluidide application may
also have altered the spatial relationship between the 2 species.
Kleingrass is an upright bunchgrass which should permit light to
penetrate the canopy and allow a C-3 plant, such as Illinois bundleflower, to grow. However, mefluidide has been shown to produce a
shorter, leafier, more prostrate growth habit in forage grasses
(Gerrish and Dougherty 1983). This could cause more direct competition between the 2 species.
There was no significant treatment effect observed for the
number of seedling plants mm2after the first year. The density of
Illinois bundleflower seedlings in the plots was higher during the 3
years following establishment than in the establishment year. The
density of seedling plants averaged across all treatments was 7.3,
15.2,22.1, and 12.4 seedlings me2 in 1983 to 1986, respectively. This
is probably due to the production of large amounts of seed by this
species. Illinois bundleflower has been reported to produce an
average of 1,038 kg of seed ha-’ year-’ over a 9-year period at the
Soil Conservation Service Plant Materials Center in Knox City,
Texas (Anonymous 1984). The rapid spread of Illinois bundleflower by seed dispersal indicates that it may be possible to plant
this legume in strips and, with proper management, the plant could
spread into unseeded areas.
The density of Illinois bundleflower plants which were established in 1983 and survived to 1984 (perennial plants) followed the
same trend as seedling density in the establishment year. There was
no effect of sowing method or grass suppression on percent seedling survival (Table 1). Perennial Illinois bundleflower density
increased throughout the study rising from an average of 3.1 plants
me2 in 1984 to 8.7 plants m” in 1986. Roughly 42% of the first year
seedlings survived into 1984 while only 25% of the 1984 volunteer
seedlings perennated and 8% of the 1985 volunteer seedlings survived until the next year. This is likely due to intraspecific competition as Illinois bundleflower comprised an increasingly larger portion of the sward. Individual plants were observed to survive for
Table 2. Yield components in 1983 of Illinois bundleflower interseeded
into estebiisbed kleingrass pesture in 1983 in Texas.

Legume
Broadcast
Control
Mefluidide
Paraquat
Disk
Drili
Control
Mefluidide
Paraquat
Disk
MEAN
LSD (0.05)

Yield (kg ha-‘)
Grass

Total

Percent
legume

224
97**
368**
673”.

1672
1669
1502
1691

1896
1766
1870
2364

12
5
20
28

181
42**
364**
3655.
289
134

1666
1942
1727
1704
1697

1847
1984
2091
2069
1986
--

10
2
17
18
14
8

Table 3. Yield components in 1984 of Iiiinois bundiefiower interseeded
into eatebiiabed Lieingress pestun in 1983 in

Tew.

Legume

Yield (kg ha-‘)
Grass

Total

Percent
legume

1103
774
1159
1753’5

1714
1728
1659
1741

2817
2502
2818
34945’

41
50

Drill
Control
Mefluidide
Paraquat
Disk

833
322
1419+*

1796
1962
1803

2629
2284
3222**

iOM*

1720

2726

32
14
44
37

Mean
LSD(O.05)

1046
207

1765
--

2811
443

in

Broadcast
Control
Mefluidide
Paraquat
Disk

:7

‘Signiticantly different from control within same sowing method (PCO.05).
**Significantly different from control within the Same sowing method (KO.01).

the 4 years of the experiment.
Yield and Swnrd Composition
Legume yield followed the same trend as legume density. The
yield of the disked and broadcast treatment combination was
greater than that of any other treatment combination in both 1983
and 1984 (Tables 2 and 3). The mefluidide treatment resulted in
lower yields in 1983 and 1984 than the control plots which received
no grass suppression treatment. The paraquat and disk treatments
resulted in higher legume yield than the control in 1983 and 1984
(Tables 2 and 3). Legume yield was very low in the establishment
year, averaging 289 kg ha-‘, with the seedling plants averaging only
3.3 gm plant-‘. Similar values (ca. 6 gm plant“) have been reported
for Illinois bundleflower seedlings interseeded into bermudagrass
(Skousen and Call 1987). Both legume yield and weight per plant
increased dramatically in the second year (Table 3). The seedling
plants in 1984 were observed to have similar dry weights as those of
the first year. The substantial increase of legume yield and plant
weight in the second year of the study was due to the greater
production potential of the perennial Illinois bundleflower plants.
Since perennial legume density in 1984 largely reflected the legume
seedling density in the establishment year and perennial legumes
were the major contributor to legume yield, trends in legume yield
were similar in 1983 and 1984 (Tables 1,2, and 3). Legume yield
increased as perennial legume density increased. Average legume
yield rose from 1,046 kg ha-’ in 1984 to 1,306 and 2,880 kg ha-’ in
1985 and 1986 as average perennial legume density rose from 3. I to
7.0 and 8.7 over the same time period.
Grass yield was not affected by grass suppression treatment or
legume competition in 1983 or 1984. However, in 1985 and 1986
grass yield from interseeded plots was significantly lower than
Table 4. Summary of yield components averaged across aii establishment
treatments for Illinois bundiefiower interseeded into an established
kleingrass pasture in Texas.

Legume

interseeded Plots
Grass

Total

Grass
alone

1986
2811’
25115
49005

1892
1963
1708
3363

ha?
1983
1984
1985
1986

--Kg
1046
1306
2880

1765
1205.
2020*

*Significantlydifferent from grass yield of non-interseeded plots (KO.05).

**Significantly different from control within the same sowing method (KO.05).
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noninterseeded plots (Table 4). It appears that under the conditions of this study (i.e., no added nitrogen) Illinois bundleflower
can compete effectively when interseeded into a perennial warmseason grass pasture. This is further demonstrated by observing
sward composition over the length of the study. The legume component comprised only 14% of the sward in the first year after
seeding but increased to 37,52, and 59% in 1984,1985, and 1986,
respectively.
Although kleingrass yield decreased as Illinois bundleflower
became a more dominant component of the sward, interseeding
generally resulted in greater total yields. Due to low legume yields
in the establishment year, there was no difference in total yield
between interseeded and noninterseeded plots in 1983. However, in
1984, 1985, and 1986, interseeded plots yielded 43, 47, and 45%
more than noninterseeded plots, respectively (Table 4).
Sowing method and grass suppression treatments affected total
yield in 1984. By the 1985 and 1986 harvests, the density of Illinois
bundleflower was no longer affected by establishment treatments.
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Above-ground phytomass dynamics in a grassland steppe
of Patagonia, Argentina
GUILLERMO

E. DEFOSSk, M.B. BERTILLER,

AND J.O. ARES

Abstract
Aerial phytomass and litter dynamics of a grassland steppe in
Patagonia, Argentina, were studied at either monthly or bimonthly
intervals for 2 years. This area is characterized by a cold and wet
winter (June to September) and a warm and dry summer (December to March). The growing season extends from September to
April, with moist spring and fall periods interrupted by a midsummer drought. Festuca paikscens (St. Yves) Parodi produced
about 95% of the total annual phytomass. Peaks of green phytomass were recorded in spring-summer of the first growing season
(33.6 f 2.9 g l m-*) and in early spring (35.0 f 2.4 g l m-*) and fall
(32.7 f 2.7 g l mm*)of the second growing season. Less abundant
forage grasses were Poa ligularis Nees ap Steudel, Bromus set#olius Presl., Hordeum comosum heel., and Rytidosperma virescens
(Desvaux) Nicon. Shrubs and forbs represented less than 2% of
the total amma phytomass of this grassland. The relationships
between phytomass production of the main species and some
environmental variables are discussed.
These results contribute to
the knowledge of above-ground phytomass dynamics and forage
availability throughout seasons of this grassland in Patagonia, and
are part of the data necessary for proper range management planning. This information will permit the designing of appropriate
grazing schedules by balancing the number of graxhg anhnals to
the forage resources available.
Key Words: Festucapakctws,
tens, Poa liguhwis

bunchgrasses,Rytidarpcrmo vires-

The Argentine Patagonia, which covers about 900 thousand
km*, is unsuited for cultivation and is utilized for sheep production. The vegetation, mainly composed of shrubs and grasses, has
been overgrazed by introduced livestock since the early 1900’s
(Soriano 1956a, 1983, Bertiller 1984, L&n and Aguiar 1985,
Defoss6 and Robberecht 1987, Ares et al. in press). This region has
been classified climatologically as an arid temperate desert (Walter
and Box 1976) and has many climatic and vegetational characteristics similar to some western North American rangelands.
One of the most important grassland areas of Patagonia occurs
as a narrow belt on the foothills of the Andes, from 43“ 25’S to the
46’ 15’ S, appearing again south of the 51° 05’ S and up to 53’,
widening toward the Atlantic Ocean to the east. The climax plant
community is characterized by the predominance of the tussock
grass Festucupallescens (St. Yves) Parodi (Cabrera 1976), which
comprises from 50 to 90% of the vegetation cover of this region
(Soriano 1948, 1956a). Other less abundant grass genera are Bromus, Hordeum, Poa, and Rytidosperma. Predominant shrub
genera are Nassauvia, J ?necio, Relbunium, Perezia. Cerastium,
and Mulinum.
The purpose of this study was to describe the dynamics of the
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Madryn (9120), Argentina. Present address of Jorge Arcs is ALUAR ALUMINIO
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aerial phytomass of the principal grass species of this community.
Emphasis was given to Festuca pallescens phytomass dynamics
and its relationship to environmental variables.
Up to the present time, range management in Patagonia has
been carried out based only on empirical observations. This study
quantifies the production of this grassland.
Methods
Study Site
The study was conducted at Media Luna Ranch, 630 m above
MSL (45O 36’S, 71’ 25%‘) on the Mayo River terraces, The site is
characterized as Festucapallescens grassland steppe (Anchorena,
unpublished report. Beeskow et al. 1987). Soils are uniform, coarse
textured, and well drained. They accumulate organic matter in the
surface and down to 30 cm. The pH is slightly acid to neutral. Soils
lack calcium carbonate, are fine gravelly on the surface and stony
below (Xerorthents, Beeskow et al. 1987).
The native perennial forage grasses on the site are: Festuca
pallescens, Bromus setifolius Presl., Poa ligularis Nees ap Steudel.,
Hordeum comosum Presl., Rytidosperma virescens (Desvaux)
Nicora., and Koeleria vurilochensis Calderon. Other non-grass
species consumed by sheep are Relbunium richardianum (Gill ex.
Hook. et Am.) Hicken., Polygala darwiniana Benn., Cerastium
arvense Linne, and Haplopappus diplopappus Remy. Senecio
sericeo-nitens Spegazzini, Nassauvia abreviata (Hook et Am.)
Dusen, Mulinum spinosum (Cav.) Pers., and Perezia lanigera
Hooker et Amott, are not consumed by sheep.
This area has a cold and wet winter (June to September), and a
warm and dry summer (December to March). The growing season
extends from September to April, with moist spring and fall periods interrupted by a mid-summer drought. Mean annual temperature is 4.5O C and July (-3.7’ C) and January (11.7O C) are the
coldest and hottest months, respectively (Fig. IA). Average precipitation is 374 mm per year (Fig. 1B) with 67% falling during winter
and early spring as either rain or snow. There is no frost free period,
and strong westerly winds blow continuously throughout the year.
Data Collection
A 2.5-ha exclosure was constructed at Media Luna Ranch in
March 1981 (late summer in southern hemisphere) to exclude
grazing by large herbivores (sheep, cattle, and horses). Aerial
phytomass and litter were collected at monthly or bimonthly intervals within the exclosure in 15 circular plots 1 m in diameter. The
number, shape, and size of the plots were assessed in exploratory
trials to produce phytomass data of the main species within 10% of
error of the mean at 5% level according to the Milner and Hughes
(1970) formula. The sampling procedure followed the technique
proposed by McIntyre (1951) using 3 ranked sets per plot to be
harvested. Phytomass was harvested at the soil surface and litter
collected. Phytomass of each forage grass species was handseparated into green (photosynthetically active tissues), dry (tissues
completely dry yellow), and old dead (tissues deteriorated, gray
colored). Each phytomass category was then oven-dried at 700 C to
constant weight, and weighed.
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Fig. 2. Phytomassdynamics ofFestucapalkscen.ra~ Media LUM Ranch in
Patagonia during the 2 growing seasons considered. Vertical planes
represent maximum standard error for a given component.
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Fig. 1. (A) Mean monthly temperatures (dotted line) and lo-year monthly
temperature means (solid line) for Media Luna Ranch in Patagonia.
(B) Monthly precipitation values during the 2 growing seasons considered (vertical bars). Horbntal line repnsents lo-year mean.

Data of daily temperatures and rainfall were recorded at the site.
Cylindrical soil samples of 4 cm in diameter were collected inside
the harvested plots in 3 layers (0 to 20,20 to 40, and 40 to 6O-cm soil
depth), to full represent the soil profile explored by the root
system of Fesr$ cupallescens in that area. These samples were used
for estimating soil water potential of each layer with the filter paper
method given by McQueen and Miller (1968). This method measures gravimetric water content of a calibrated filter paper enclosed
in sealed cans containing the soil samples, and water potential is
determined from a known water release curve.
Results and Discussion
Vegetation Composition Dynamics
Vegetation cover throughout the study period averaged around
55% ranging from 51 to 58%. A low C.V. (15%) of this estimate
indicates a regular spatial distribution of the vegetation on the
study site. This homogeneity, partially explained by the uniformity
of the soils of this area (Beeskow et al. 1987), may also be attributed
to the relatively low degree of deterioration compared to other
areas of the same community, in which top-soil has been removed
and native grasses have been replaced by undesirable shrubby
species (Ares et al. in press).
Festucapallescens was the dominant species, producing around
95% of the aerial phytomass of this community at all sampling
dates (Fig. 2). The rest of the forage grasses contributed about 3%,
with the remaining 2% composed of nongrass species, some of
which are or are not consumed by sheep.
Festucapallescens is considered to be one of the best Patagonian
forage species because of its palatability and preference by sheep
(Boelcke 1957, Parodi 1959). The rest of the forage grasses are
important components of sheep diets in similar areas of northern
Patagonia during winter time (Bonvisutto et al. 1983).
Festucupallescens showed peaks of green phytomass in December
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of the first growing season (33.6 f 2.9 g* m-*) and in October (35.0
f 2.4g l m-*) and March (32.7 f 2.7 g l m-*) of the second growing
season (Fig. 2). The lowest green phytomass values were recorded
during wintertime (July) on both years, with 15.6 f 1.6 and 15.2 f
2.0 g l m-*, respectively. Dry and dead material tended to accumulate during winter and decreased in spring-summer. The increase
of dry material in late fall and winter is caused by the senescence of
green tissue produced during the preceding spring and summer.
Dead material is the result of the accumulation of dry material for
several years, and has a very low rate of decomposition to litter.
The litter disappeared rapidly in spring-summer but slowly in fall
and winter. The rapid disappearance of the litter during spring and
summer may be attributed to higher biological activity (soil insects
and cellulolitic bacteria) during these seasons.
The dynamics of the other forage grasses are shown in Figure 3.
These species had low phytomass throughout the seasons but were
very constant, appearing in at least 75% of the samples at all
sampling dates. Bromus setifolius and P. ligularis exhibited 2
peaks of green phytomass per growing season, one in spring and
the other in fall. Hordeum comosum and R. virescens, by contrast,
showed only one peak per season, in early summer. Rytidosperma
virescens and Poa ligularis significantly (PI 0.001) increased in
mean phytomass by the second season. This rapid increase was
probably due to the protection from grazing, since these very
palatable species are normally severely grazed by sheep (Boelcke
1957, Nicora 1978, Lores et al. 1988). They may have an important
role for determining range condition in this area.
Factors Affecting Vegetation Dynamics
Rains during the first and second growing season averaged 345
and 451 mm, representing 92% and 12% of the IO-year mean,
respectively (Fig. 1B). Spring precipitation, which has a IO-year
mean of 99 mm, was 89.2 and 181.3 mm for the 2 periods considered. Soil water potential in the first year was maximum in winter,
with a rapid water depletion of the first layer in springearly
summer (Fig. 4). A lag in the water depletion of deeper layers of the
soil profile is observable, with minimum soil water potentials at 40
cm in mid-summer and at 60 cm in late summer. During the second
year, due to the higher spring precipitation, water potential was
high throughout the profile until early summer, followed by rapid
water depletion through the profile during the summer drought.
This depletion, coupled with the high temperatures observed during early summer of this year, may have caused the decreased of
green phytomass measured in the summer of the second year.
During the first year, temperatures were less extreme and aboveEnvironmental
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normal during wintertime, but were below normal in spring,
summer, and fall (Fig. IA). During the second year, winter
temperatures (June-July) were below normal, rapidly increased in
early spring to exceed the long-term mean (4.2 compared to 1.8OC,
respectively).
The growth of Festucapallescens can be related to the patterns
of environmental factors described. During the first growing season, spring growth started in September, when mean temperatures
increased to about 6’ C and the soil had high water availability. As
the season advanced, mean temperatures reached 1 lo C, while soil
water gradually diminished from soil.surface to deeper layers. Peak
phytomass was produced in December when mean temperatures
reached 113’ C and the soil still had available water. In the second
year, green phytomass production in winter (abnormally cold) was
similar to what it was in the preceding cycle (15.6 f 1.6 and 15.2 f
2.0 g m-*, respectively). Spring growth begun earlier, probably
due to more favorable temperatures and high soil water availability. The increase of phytomass continued until early summer, when
the soil water potential was at a minimum. Low water availability
and high temperatures may have limited green phytomass production in mid-summer. Growth begun again in fall when the soil was
replenished with rainfall water and mean temperatures (6.Y C)
were still favorable for growth.
The water holding capacity of the soils of this area is limited
because of their sandy texture (Rostagno, pers. comm.). Although
spring rains during the second year were twice the IO-year mean
(18 1 compared to 99 mm, respectively), by mid-summer the soil
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water availability was at a minimum. Because of the low water
holding capacity of these soils, most of the water was probably lost
by deep percolation and was unavailable for plant growth in
mid-summer.
Although mean temperatures ranging from 6 to 1lo C seem to be
the most favorable for growth of F. pulkscens, extremely low
temperatures such as those observed during the winter of the
second season seem to have not affected tiller survival. Soriano
(1956b) observed that most of the Patagonian bunchgrasses including F. pallescens lack a dormant period, maintaining active tillers
during the winter. Festuca pallescens showed a growth behavior
similar to Agropyron spicatum (Pursh) Scribn. and Smith and
Agropyron desertorum (Fisch. ex Link) Schult., grown in North
America. Nowak and Caldwell (1984) have suggested that tissues
remain active, and winter activity may facilitate early spring
growth. Similar winter activity has been observed in successional
winter annuals (Regehr and Bazzaz 1976), hardened winter wheat
(Barta and Hodges 1970), and arctic grasses grown at near 0” C
(Tieszen 1975).
With low to moderate degrees of disturbance caused by introduced grazers, this community is widely dominated by Festucu
pullescens. The other forage grasses may have a role for sheep diets
during the summer, but their low phytomass values compared to F.
pallescens make them relatively inconsequential for forage production in this area.
Up to the present time, range management in Patagonia has
been based only on empirical observations. An understanding of
the dynamics of the phytomass and forage availability of this
grassland throughout the seasons will facilitate appropriate range
management planning by balancing the number of grazing animals
to the forage resources available.
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Interpretation of environmental gradients which influence
sagebrush community distribution in northeastern Nevada
MARK

E. JENSEN

Abstract
Sagebrush stands on the Humboldt National Forest, northeastern Nevada, were classified by two-way indicator species analysis
(TWINSPAN) into 15 community types. Detrended correspondence analysis (DECORANA) was used to ordinate samples and
plant species and characterize environmental gradients regulating
community structure. Regression of soil attributes with sample
ordination scores suggested that the plant communities respond to
a complex gradient involving soil depth, water holding capacity,
mollic epipedon thickness, clay content, and effective rooting
depth. Soil chemical properties which displayed significant correlations with sample ordinations included pH, base saturation,
calcium, total nitrogen, organic matter, and phosphorus. These
soil properties are considered to either directly influence or indirectly reflect the available soil moisture of a site. The transition
from black sagebrush (Artemizia novu Nels.) to low sagebrush (A.
arbuscuh NW.), basin big sagebrush (A. trideniata Nutt. ssp.
tridentata) and mountain big sagebrush (A. tridentata NW. ssp.
vaseyana) stands along DECORANA Axis 1 appeared to represent a gradient of increasing available soil moisture. Elevation and
aspect were not correlated with sample ordination scores. This lack
of coorespondence is presumably due to various soil properties
(e.g., depth, rock content, texture) which modify the direct effects
of elevation and aspect on avaihble soil moisture.

understanding
rangelands.

is critical to the improved management

of western

Methods
Vegetation and soil data were collected on 372 relatively undisturbed sagebrushdominated
rangeland sites of the Humboldt
National Forest, northeastern Nevada (Fig. I). Criteria for site
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Key Words: habitat types, soil-rangeland relationships
Vegetation classifications have been developed for a variety of
sagebrush-dominated
rangelands of the western United States
(Hironaka et al. 1983, MueggIer and Stewart 1980, Zamora and
Tueller 1973). The various species and subspecies of the sagebrush
genus Artemisia are commonly used in such work to differentiate
between classification groups. This reliance on Artemisia is partly
because of the indicator significance these species have in describing environmental conditions present at a site (Winward 1983).
Numerous authors suggest that sagebrush species respond primarily to moisture and temperature gradients in the landscape (Beetle 1979, Hironaka 1979, Hironaka et al. 1983, West et al. 1978).
Direct measurements of either soil moisture or temperature are
seldom made, however, with differences in elevation, aspect, or
latitude typically used to infer climatic variation over a study area.
To date, little quantitative information exists concerning the structure of sagebrush communities along environmental gradients in
the Great Basin.
This paper summarizes the distribution of northern Nevada
sagebrush community types and selected plant species along complex environmental gradients. A variety of measured soil properties are used to infer the primary gradients which infhtence plant
species distribution. The synecological relationships suggested by
the ordination analysis provide an understanding of how sagebrush community distribution is affected by changes in soil properties. Since community type classifications are commonly used to
infer potential of the landscape for management activities, this
Author is regional soil scientist for the U.S. Forest Service, Regional Office,
Missoula, Mont. 59807.
Manuscript accepted I5 June 1989.
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Fig. 1. The Humboldt National Forest of northeastern Nevada. The
number of stands sampledper mountain range are: Grant = 19, Indc
pendence q 127, Jarbridge= 53, Ruby= 17, Schell= 52, Snake = 66, Santa
Rosa q 15, White tie q 23.

selection and the vegetation sampling methods employed have
been described previously (Jensen et al. 1988). Sampling was conducted within a 323-rn2 macroplot located to represent the best
available expression of the potential natural community of an
ecological site (RISC 1983). Annual peak biomass production was
determined by plant species in 10, 2.93-m2 circular microplots
located randomly in the macroplot. A weight estimate method was
used to determine plant species production with 2 microplots
clipped at each site and cover estimates of production taken in the
remaining microplots (Pechanec and Pickford 1937). Green weight
production estimates were converted to dry weight values through
use of conversion factors routinely used by Intermountain Region,
U.S. Forest Service range personnel (USDA 1969).
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The majority of plants were identified to the species level during
the period of field sampling. Specimens of unknown plant species
were collected for taxonomic verification at the Univ. of NevadaReno Herbarium. Sagebrush species and subspecies were identified using morphological characteristics (Winward 1980) and verified using a simple chromatographic test based upon fluorescence
in alcohol (Stevens and McArthur 1974). A subset of 50 sagebrush
samples, which included samples of all sagebrush subspecies
encountered on each mountain range, was taxonomically verified
by high performance liquid chromatography (Rama et al. 1985) at
the Dept. of Biochemistry, Univ. of Nevada-Reno. In all cases,
field assessments of sagebrush species and subspecies corresponded with liquid chromatography results. Taxonomic nomenclature follows Cronquist et al. (1984).
Complete soil descriptions were made at each site to a depth of
1.5 m or to a shallower restrictive layer if present (e.g., lithic
contact). Soils were classified to the family level of Soil Taxonomy
(USDA 1975). Composite samples were collected for chemical and
physical analysis at each pedon at O-15 and 40-60 cm depths.
Soil analysis procedures follow Page et al. (1982). Analyses
performed on surface (O-15 cm) and subsoil (4060 cm) samples
included: pH (1:2 soil to water ratio), extractable phosphorus
(sodium bicarbonate method), extractable bases (ammonium acetate method), organic matter (Walkley-Black method), total soluble salts (electrical conductivity method), cation exchange capacity
(ammonium acetate method), total nitrogen (micro-Kjeldahl method), extractable zinc and iron (DTPA method), calcium carbonate
equivalent (gravimetric method), and particle size distribution
(hydrometer method).
Soil morphology and site properties were described following
procedures routinely used in U.S. Forest Service Land Systems
Inventory (USDA 1980). Soil morphology properties recorded in
the field for the Al, A2, and A, B, C master horizons were: water
holding capacity (determined by a nomograph which included soil
depth, texture, and rock fragment content); root abundance; texture; % clay content; % gravel cobble-stone and boulder content
(by volume); % total rocks; and horizon thickness. Site assessments
of slope, aspect, elevation, rock type, infiltration, permeability,
drainage, depth to restrictive layer, effective rooting depth (i.e.,
depth to where 80% of the roots terminate), total water holding
capacity, erosion hazard, compaction, diagnostic horizons, and
mollic epipedon thickness were also recorded for analysis. Various
statistical analyses were performed utilizing programs contained in
the Statistical Package for the Social Sciences (Norusis 1985) and
the Cornell Ecology Series (Hill 1979).
A total of 15 sagebrush community types (Table 1) were identified through two-way indicator species analysis (TWINSPAN) of
plant species production data considered over all sites (Jensen et al.
1988). The 372 samples by 219 species data matrix used in that
analysis was ordinated with detrended correspondence analysis
(DECORANA) (Hill 1979, Gauch 1982) to facilitate determination of environmental gradients which influence the distribution of
sagebrush stands. The DECORANA algorithm simultaneously
ordinates samples and plant species so that similar entities are
located in close proximity while dissimilar entities are placed far
apart. Since only community data are analyzed in DECORANA,
environmental interpretation of ordination axes is a subsequent
task for the user (Gauch 1982). The relative importance of environmental factors in determining community patterns was determined by regression of sample ordination scores with soil and site
variables.
The units of ordination length developed in DECORANA indicate average standard deviations of species turnover (SD) and are
identical to the z value discussed by Gauch and Whittaker (1972).
A species appears, rises to its mode, and disappears over a span of
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Table 1. List of sagebrush community types and abbreviated codes
referred to in the text.

Abbreviated Code

Communitv Tvnc

ARNO/ATCO/SIHY

Artemisia novalAtrip1e.x confertifolia/Sitanion
hystrix
A. nova/ Orysopsis hymenoides
A. novaldgropyron spicatum
A. arbusculal Agropyron spicatum
A. arbusculal Festuca iakhoensisl Poa sandbergii
A. arbusculaj Festuca idahoensis
A. longiloba/ Festuca idahoensis
A. tridentata ssp. wyomingensis/Sitanion
hystrix
A. tridentata ssp. tridentata/Agropyron
spicatum
A. tridentata ssp. tridentata/Festuca idahoensis
A. tridentata ssp. vaseyana/Agropyron spicatum
A. tridentata ssp. vaseyanal Festuca iakhoensis
A. tridentata ssp. vaseyanalJ3ymu.s cinereus
A. t. ssp. vaseyana/Symphoricarpos oreophilusl
Agropyron spicatum
A. t. ssp. vaseyana/Symphoricarpos oreophilusl
Bromus carinatus

ARNO/ORHY
ARNO/AGSP
ARAR/ AGSP
ARAR/ FEID/ POSA
ARAR/ FEID
ARLO/ FEID
ARWY/SIHY
ARTR/ AGSP
ARTR/ FEID
ARVA/ AGSP
ARVA/ FEID
ARVA/ ELCI
ARVA/SYOR/AGSP
ARVA/SYOR/BRCA

about 4 SD, while a 50% change in species distribution occurs in
about 1 to 1.4 SD units (Gauch 1982). In a similar manner, a full
turnover in the species composition of a sample set (community
type) occurs in about 4 SD, and a 50% change in species composition occurs between 1 and 1.4 SD units. The absolute length of an
ordination axis indicates the range of community gradient present
and is useful in comparing various ordination axes developed
within a particular study or ordination results from different data
sets (Gauch 1982).

Results and Discussion
The first 2 axes of the DECORANA ordination
mation useful for interpreting the environmental

provide inforgradients that

2
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Fig. 2. Average DECORANA ordination scores by sagebrush community
type. SD = standard deviation of species turnover. The rectangles provided represent 95% confidence levels associated with community type
mean ordbsation scores along axes 1 and 2. Confidence levels are not
provided for the ARWYISIHY, ARTR/AGSP, and ARLO/FEID
community types due to high variances and limited sampling in those
types.
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Table 2. Listing of tbe m8jor aupbrush community typea of the Humboldt National Forest with gcnenl site ch8r8cterizations provided.

Community type

Sample size

Principal soil
great group

Elevation
range (m)

Average
slope (%I

Total number of
plant species observed within type

Average annual dry
wt. prod.
(kg/ ha) f (SE)

ARNO/ATCO/SIHY

12

Haplargids

1829-2225

23

so

421

(45)

ARNO/ORHY
ARNO/ AGSP
ARAR/ AGSP
ARLO/ FEID/POSA
ARAR/ FEID
ARLO/ FEID
ARWY/ SIHY
ARTR/ AGSP
ARTR/ FEID
ARVA/ AGSP
ARVA/ FEID
ARVA/ ELCI
ARVA/SYOR/AGSP
ARVA/SYOR/ BRCA

16
44
27
19
19
4
4
6
8
63
66
9
23
46

Paleorthids
Calciorthids
Argixerolls
Argixerolls
Cryoborolls
Argixerolls
Haploxerolls
Haploxerolls
Haploxerolls
Cryoborolls
Cryoborolls
Cryoborolls
Cryoborolls
Cryoborolls

1859-3048
1829-3048
1981-2926
1524-3109
1768-2438
1829-1981
1829-2134
1707-1920
1615-2103
1829-3048
1707-2743
1859-2316
2012-2743
1768-2499

1s
20
24
13
13
6
2:

46
58
74
67
56
27
4s
2s
4s
124
93
49
88
9s

438
482
521
so7
627
484
59s
726
94s
738
786
1228
938
1188

I::;
(39)
(45)
(50)
(66)
(18)
(187)
(112)
(42)
(44)
(207)
(90)
(99)

influence sagebrush community distribution (Fig. 2). Eigenvalues
associated with ordination axes 1 and 2 were 0.75 and 0.46, respectively. Confidence intervals of mean ordination score estimates are
not provided for the ARWY/SIHY, ARTR/AGSP, and ARLO/
FEID community types because of high variances and limited
sampling in those types. The sample size and general environmental features associated with each community type are
summarized in Table 2.
The transition from mountain sagebrush (A. tridentata Nutt.
ssp. vuseyanu) to basin big sagebrush (A. tridentata Nutt. ssp.
tridentata), low sagebrush (A. arbusculu Nutt.), and black sagebrush (A. novu Nels.) community types along axis 1 (Fig. 2) has
been suggested to represent a gradient of decreasing soil moisture
in other research (Hironaka et al. 1983, West et al. 1978, Miles and
Leonard 1984). This assumption was tested by regressing soil and
site variables with DECORANA sample scores (Table 3). Ten of
Table 3. Peuson

correbxtion coefficients between sample DECORANA
ordin8tion scores 8nd soil mOrphdOgk8ksite v8ri8bks.

DECORANA Axis
1
2

Parameter
Soil depth
Total water holding capacity
Effective rooting depth
Mollic epipedon depth
C horizon thickness
A horizon depth
A horizon clay content
B horizon clay content
A horizon water holding capacity
Slope

-0.44
-0.40
-0.40
-0.38
-0.34
-0.31
NS
NS
-0.27
-0.16

Note: Only high significant (PCO.01) variables arc presented. NS

0.35
0.18
0.16
0.31
0.29
0.17
-0.29
-0.29
NS
0.13
q

not significant.

the soil and site variables examined displayed significant (KO.01)
negative correlations with sample ordination scores. These variables indicate that DECORANA axis 1 represents a gradient of
decreasing soil depth, water holding capacity, effective rooting
depth, and mollic epipedon thickness (Table 3). These factors, in
turn, directly influence the amount of water a plant can effectively
utilize, which suggests that axis 1 indicates an available soil moisture gradient. Axis 2 provides less information than axis 1; however, it appears that a gradient of decreasing clay content and
increasing soil depth is present along this axis.
Seasonal amounts of available soil moisture at a site are usually
inferred from elevation and aspect (West et al. 1978). Elevation and
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16
24
17
33
26
28

aspect were not significantly correlated with sample ordination
scores in this study. This lack of correspondence is presumably due
to other soil properties (e.g., depth, rock content, texture) which
modify the direct effects elevation and aspect have on available soil
mositure.
Correlation between soil chemical variables and sample ordination scores also suggest axis 1 represents a gradient of decreasing
soil moisture (Table 4). Soil variables such as pH, base saturation,
correl8tion coefficients between ample
ordin8tion scorea 8nd soil cbemic8l v8rkbles.

Table 4. Peuwn

Parameter
Surface
Subsoil
Surface
Subsoil
Surface
Subsoil
Surface
Subsoil
Surface
Subsoil
Surface
Surface
Surface
Subsoil
Surface
Subsoil
Surface
Subsoil
Subsoil

pH
pH
base saturation
base saturation
sodium content
sodium content
calcium content
calcium content
calcium carbonate equivalent
calcium carbonate equivalent
carbon-nitrogen ratio
total nitrogen content
zinc content
zinc content
organic matter content
organic matter content
phosphorus content
phosphorus content
magnesium-potassium ratio

DECORANA

DECORANA Axis
1
2
0.57
0.61
0.49
0.39
0.27
0.38
0.34
0.21
0.32
0.36
0.23
-0.53

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

-0.47

0.31

-0.29
-0.32
-0.26
-0.37
-0.24
NS

0.27
NS
Zl
r;S
-0.33

Note: Only highly significant (P<O.Ol) variables are presented. NS = not significant.
Surface and subsoilreferto O-15and 40-60cm depths,respectively.

sodium and calcium content, which tend to reach maximum levels
under conditions of minimal leaching (Birkeland 1984), display
significant positive correlations with axis 1 ordination scores.
Conversely, soil variables which attain maximum levels under
higher available soil moisture levels (i.e., total nitrogen, organic
matter, zinc, and phosphorus content [Jenny 198On display significant negative correlations.
The transition in community types along DECORANA axis 1
(Fig. 2) is in response to lower available soil moisture as inferred by
soil morphology and chemistry data. Multiple range tests of average tendencies in soil morphological variables (Table 5) and soil
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Table 5. Comparison of average soil morphological property values by plant community type.
Total Soil Depth (cm)
ARAR
FEID
ARAR
POSA
AGSP
------___-----71

73

ARAR
FEID

ARNO
ORHY

74

77

ARNO
AGSP

ARNO
ATCO
SIHY

ARAR
AGSP

81

81

ARWY
SIHY

90

ARVA
AGSP

ARVA
FEID

ARVA
ELCI

ARVA
SYOR
AGSP

ARTR
AGSP

ARTR
FEID

ARVA
SYOR
BRCA

104

111

117

117

118

132

136

99

I

I
I-I

I

I

I

Total Water Holding Capacity (cm)
ARNO
ATCO
ARNO
SIHY
ORHY
-------_------6.3

6.7

ARAR
AGSP

ARWY
SIHY

7.5

7.7

ARAR
FEID
POSA

ARNO
AGSP

ARAR
FEID

ARVA
ELCI

ARVA
AGSP

ARLO
FEID

ARVA
SYOR
AGSP

ARVA
FEID

ARTR
AGSP

ARVA
SYOR
BRCA

ARTR
FEID

7.9

8.0

8.4

10.2

10.3

10.7

10.9

12.2

12.8

14.6

18.3

l;I
II-I
Mollic Epipedon Depth (cm)
ARNO
ARNO
ATCO
ORHY
SIHY
SIHY
-----___---

I0

0

I

ARNO
AGSP

ARAR
FEID
POSA

I6

22

I

ARAR
AGSP

ARWY
SIHY

ARAR
FEID

27

26

ARLO
FEID

28

ARVA
ELCI

I

I

I

43

37

37

29

ARVA
SYOR
AGSP

ARVA
AGSP

I

ARTR
AGSP
---43

ARVA
FEID
45

ARTR
FEID

ARVA
SYOR
BRCA

48

53

I
I*

*Means underlinedby the sameline are not significantlydifferent(KO.05) as determinedby Duncan’s Multiple RangeTest.

chemical variables (Table 6) across the community types further
illustrate this point.
Community types with black sagebrush as the dominant shrub
species tend to have the lowest water holding capacities, mollic
epipedon thickness, organic matter, and nitrogen contents (Tables
5 and 6), which suggests that they occupy the most xeric end of the
community
gradient described. The mixed mountainbrush
(ARVA/SYOR/BRCAand
ARVA/SYOR/AGSP),and
ARVA/
FEID community types tend to display highest average values for

these soil variables, indicating that they represent the more mesic
end of the gradient. Community types which ordinate between
these extremes (e.g., ARAR/ AGSP, ARVA/ AGSP) display intermediate values for these soil variables.
Ordination of plant species by DECORANA facilitates the
inspection of autecological trends in plant distribution (Figs. 3 and
4). Since the DECORANA algorithm simultaneously ordinates
both samples and species (Hill 1979), the correlations developed
between soil parameters and sample ordination scores (Tables 3
and 4) may be used to infer plant species response.
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4. DECORANA

ordination of the dominant and indicator forb spe-

ties comprising the sagebrush community types. SD q standard deviation
of species turnover.

Fig. 3. DECORANA ordination of the dominant and indicator shrub and
grass species comprising the sagebrush community types. SD = standard
deviation of species turnover.
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Table 6. Comparison of average soil surface (O-15 cm) chemical property values by pIant community type.

ARNO
ATCO

ARNO
SIHY
AGSP
---------------

7.8

7.8

ARWY
SIHY

ARNO
ORHY

ARAR
AGSP

ARVA
AGSP

ARTR
AGSP

ARVA
SYOR
AGSP

1.7

7.5

7.0

7.0

7.0

7.0

ARVA
ELCI
4.0

I

PH

ARAR
FEID

ARLO

ARVA

ARAR

ARVA
SYOR

ARTR

ARVA

POSA
6.6

FEID
6.4

ELCI
6.4

FEID
6.4

BRCA
6.4

FEID
6.2

FEID
6.2

ARVA
ARAR
AGSP

ARNO
AGSP

ARVA
FEID

ARVA
AGSP

ARTR
FEID

SYOR
BRCA

ARVA
SYOR
AGSP

4.1

4.3

4.5

4.6

4.8

5.0

5.5

I
Organic Matter (%)

ARNO
ATCO

ARWY

SIHY
SIHY
--------------2.0
2.2

ARTR

ARNO

ARLO

ARAR

AGSP

ORHY

FEID

FEID

ARAR
FEID
POSA

3.7

3.7

3.8

2.6

2.6

I

I

I

I

I

I

Total Nitrogen (%)
ARNO
ATCO
ARNO
SIHY
ORHY
--------------0.06

1.

0.07

ARWY
SIHY

ARLO
FEID

ARAR
FEID
POSA

0.11

0.11

0.12

ARNO
AGSP

ARTR
AGSP

ARAR
AGSP

ARVA
AGSP

ARAR
FEID

ARVA
SYOR
AGSP

ARTR
FEID

ARVA
ELCI

ARVA
FEID

ARVA
SYOR
BRCA

0.13

0.14

0.14

0.16

0.17

0.19

0.21

0.22

0.22

0.27

I

I

*Means underlined by the same line are not significantly diiferent (X0.05)

as determined by Duncan’s Multiple Range Test.

Table 7. Listing of abbreviations and corresponding scientific names for dominant and indicator grass and shrub species referred to in the text.

Shrubs

GmW%

Abbreviation

Scientific Name

Abbreviation

Scientific Name

AGSP
AGTR
BRCA
BRIN

Agropyron spicarum

AMAL
ARAR
ARFR
ARLO
ARNO
ARTR
ARVA
ARWY

Amelanchier alnifolia
Artemisia arbuscula
Artemisia frigida
Artemisia longiloba
Artemisia nova
Artemisia tridentata ssp. tridentata
Artemisia tridentata ssp. vaseyana
Artemisia tridentata ssp. wyomingensis
Atriplex confertlyolia
Chrysothamnus nauseosus
Chrysothamnus viscidiflorus
Cowania mexicana
@hedra nevadensis
Prunus virginiana var. mekmocarpa

BRTE
CAREX

ELCI
FEID

KOCR
ORHY
POAM

POFE
PONE

POPR
POSA
SIHY
STCOL

STCOM
STLE
STTH

Agropyron trachycaulum
Bromus carinatus
Bromus inermis
Bromus tectorum
Carex spp.
Elymus cinereus
Festuca idahoensis
Koelaria cristata
Oryzopsis hymenoides
Poa amp10
Poa fendkriana
Poa nevadensis
Poa pratensis
Poa sandbergii
Sitanion hystrix
Stipa columbiana
Stipa comata
Stipa lettermanii
Stioa thruberiana

Species which occupy extreme positions along ordination axes
are more restricted in their distribution across the community
gradient sampled, while those in the center tend to be more ubiquitous. Grass species such as basin wild rye (Elymus cinereus
Scribn.), mountain brome (Bromus carinatus H.), and slender
wheatgrass (Agropyron trachycaulum Scribn.) on the left side of
ordination axis 1 (Fig. 3) are restricted to relatively mesic sites.
Snowberry (Symphoricarpos
oreophilus L.) and serviceberry
(Amelanchier alnifolia Nutt.) are shrubs commonly found growing
with these grasses. Plants such as black sagebrush and Indian
JOURNAL OF RANGE MANAGEMENT
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ATCO
CHNA
CHVI

COME
EPNE
PRVI
PUTR
SYOR

Purshia tridenrata

Symphoricarpos oreophilus

ricegrass (Oryzopsis hymenoides R. ts.), which occur on the right
side of ordination axis 1 (Fig. 3), are indicative of relatively xeric
environments. Those species located near the middle of axis 1 [e.g.,
bluebunch wheatgrass (Agropyron spicatum Pursh.), bluegrass
(Poafendleriana Steud.), and green rabbit-brush (Chrysothamnus
viscidajlorus Nutt.)] occupy a wide range of environment but are
most abundant on sites with soil properties intermediate between
these extremes. The trend in plant species distribution suggested by
ordination axis 2 (Fig. 3) is from species adapted to shallower
heavy clay soils (i.e., low sagebrush) to those which occur on
165

Table 8. Listing of abbreviations and corresponding scientific names for dominant and indicator forb species referred to in the text.
Abbreviation

Scientific Name

Abbreviation

Scientific Name

ACM1
AGGL
AGUR
ARHO
ARKI
ASCA
ASPU
ASSC
BASA
CACR
COPA
CRAC
DEAN
EPAN
ERAR
ERHE
ERM1
EUAL
FRSP
GEFR
GETR
GEVI

Achilles millefolium
Agoseris glauca
Agastache urticifolia
Arabis holboellii
Arenaira Kingii
Asatragalus calycosus
Astragalus purshii
Aster scopulourm
Balsamorhiza sagittata
Castilleja chromosa
Commandra pallida
Crepis acuminata
Delphinium andersonii
Epilobium angusttfolium
Erigeron argenteus
Eriogonum heracleoides
Eriogonum microthecum
buphorbia albomorginata
Frasera speciosa
Geranium fremontii
Geum trijlorum
Geranium viscosissimum

HAGL
HAPA
HEMU
HEUN
HYCA
LIPE
LODI
LUAR
LUCA
MARE
MEOB
OPPO
ORCA
PECE
PEWA
PHHO
PHLO
SEIN
SEMU
SEST
STJA
WYAM

Halogeton glomeratus
Hackelia patens
Heliomeris multtjlora
Helianthella urdjlora
Hydrophyllum capitatum
Linum perenne
Lomatium dissectum
Lupinus argenteus
Lupim4.9caudatus
Mahonia repens
hfertensia obliogifolia
Opuntia polyacantha
Grobanche caltfomica
Pediculuaris centranthera
Penstomen watsonii
Phlox hoodii
Phlox longifolia
Senecio integerrimus
Senecio multilobatus
Sedum stenopetalum
Stellaria jamesiana
Wvethia amolexicaulis

deeper, lighter textured soils [i.e., Wyoming sagebrush (A. tridentutu Nutt. ssp. wyomingeMs)]. Forb species (Fig. 4) respond to
environmental gradients similar to those identified in the sample
(Fig. 2) and grass plus shrub species (Fig. 3) ordinations.
Plant species separated by more than 4 SD units along axis 1are
rarely found growing together in the study area. The ordination of
grass plus shrub species (Fig. 3) suggests that black sagebrush,
spiny saltbush (Atriplex confertifolia Torr. + Frem), and Indian
ricegrass seldom occur on sites which support snowberry, mountain brome, or slender wheatgrass. The position of cheatgrass
(Bromus tectorum L.) and green rabbit-brush in this ordination
indicates that they are likely to show maximum expression upon
disturbance of community types whose dominant grass species are
bluebunch wheatgrass, squirreltail (Situnion hystrix Nutt.), Nevada bluegrass (Poa nevadensis Vasey), Indian ricegrass, muttongrass (Poa fendleriana Steud.), or Sandberg’s bluegrass (Poa
sandbergii Vasey), such as the ARWY/ SIHY, ARNO/ AGSP, and
ARVA/ AGSP community types.

Conclusions
Sagebrush community types in the study area follow an apparent gradient of available soil moisture as inferred from regression
of sample DECORANA ordination scores with soil variables
which either directly influence the soil’s ability to hold water (e.g.,
depth, clay content) or reflect its long-term moisture status (e.g.,
pH, base saturation). In that the sagebrush communities studied
follow predictable changes in important soil properties, they may
be used in a general manner to infer site potentials for management. There is, however, considerable
variation in the range of
environments
occupied by certain community types (e.g., ARVA/
AGSP). This suggests caution be employed when inferring management potentials of the landscape solely from plant community
presence.

Literature Cited
Beetle, A.A. 1979. Autecology of selected woody sagebrush species. In: The

Sagebrush Ecosystem: A Symposium. April, 1978. Utah State Univ.,
Logan.
Birkeland, P.W. 1984. Soils and geomorphology. Oxford Univ. Press Inc.,
New York, NY.
166

Cronquist, A., H.H. Holmyan, N.H. Holmgran, J.L. Reveal, and P.K.
Holmgren. 1984. Intermountain flora. Vol. 4. New York Botanical
Garden, Bronx, NY.
Gauch, H.G. 1982. Multivariate analysis in community ecology. Cambridge Univ. Press. Cambridge, England.
Gauch, H.G., and R.H. Whittaker. 1972. Coenocline simulation. Ecology
53446451.
Hill, M.D. 1979. DEC0RANA-a
FORTRAN program for detrended
correspondence analysis and reciprocal averaging. Cornell Univ., Ithaca,
NY.
Hironaka, M. 1979. Basic synecological relationships of the Columbia
River sagebrush type. In: The Sagebrush Ecosystem: A Symposium.
April 1978. Utah State Univ.
Hironaka, M., M.A. Fosberg, and A.H. Winward. 1983. Sagebrush-grass
habitat types of southern Idaho. Bull. 35. Univ. Idaho Forest Wildl. and
Range Exp. Sta., Moscow.
Jensen. M.E.. L.S. Peck. and M.V. Wilson. 1988. A sanebrush communitv
type ‘classification for mountainous northeastern Nevada rangelands.
Great Basin Natur. 48:422433.
Jenny, H. 1980. The soil resource-origin and behavior. Springer-Verlag
Pub., New York, NY.
Miles, R.L., and S.G. Leonard. 1984. Documenting soil-plant relationships
of selected sagebrush species using the Soil Resource Information System. Soil Survey Horizons 2522-26.
Mueggler, W.F., and W.L. Stewart. 1980.Grassland and shrubland habitat
types of western Montana. USDA Forest Serv. Gen. Tech. Rep. INT-66,
Intermt. Forest and Range Exp. Sm., Ogden, Utah.
Norusis, M.J. 1985. Statistical package for the social sciences. SPSS Inc.,
Chicago, Ill.
Page, A.L., R.H. Miller, and D.R. Keeney (eds.). 1982. Methods of soil
analysis. Agron. Monog. 9, parts 1 and 2. Amer. Sot. Agron. Madison,
Wise.
Pechanec, J.F., and G.D. Pickford. 1937. A weight estimate method for
determinations of range or pasture production. J. Amer. Sot. Agron.
29894904.
Rama, V.T., G.C. Miller, and R. Everett. 1985. High performance liquid
chromatography analysis of coumarins and fIavonoids from section
Tridentatae of artemisia. J. Chromato. 322:236-239.
RISC. 1983. Guidelines and terminology for range inventories and monitoring. Rep. Range Inventory Standardization Committee. Sot. Range
Manage., Denver, Colo.
Stevens, R., and E.D. McArthur. 1974. A simple field technique for identification of some sagebrush taxa. J. Range Manage. 27:325-326.
USDA. 1969. Range environmental analysis handbook. USDA Forest
Service, Intermountain Region, Ogden, Utah.
USDA. 1975. Soil taxonomy. Soil Survey Staff, USDA Agr. Handb. 436,
U.S. Gov. Printing Office, Washington, D.C.

JOURNAL

OF RANGE MANAGEMENT

43(2), March 1990

USDA. 1980. Procedural guide for land systems inventory. USDA Forest

Winward, A.H. 1983. Using sagebrush ecology in wildland management.

Serv., Intermount. Reg., Ogden, Utah.
West, N.E., R.J. Tauseh, K.H. RM, P.T. Tueller. 1978. Taxonomic determination, distribution, and ecological indicator values of sagebrush
within the pinyon juniper woodlands of the Great Basin. J. Range
Manage. 3 1:87-92.
Winwud, A.H. 1980. Taxonomy and ecology of sagebrush in Oregon. Agr.
Exp. Sta. Bull. 642, Oregon State Univ., Corvallis, Ore.

In: K.L. Johnson (ed.) First Utah shrub ecology workshop Proc. Utah
State Univ., Logan.
Eamora, B., and P.T. Tuellcr. 1973. Artemisia arbuscula, A. longiloba, and
,4. nova habitat types in northern Nevada. Great Basin Natur.
33:225-242.

Stratification, freezing, and drying effects on germination
and seedling growth of Altai wildrye
J.T. ROM0

Abstract
Altai wiidrye (Leymus angustus (Trin.)Pilger)is recommended
for late seaaon forage and stabilization or improvement of salt
affected land in the northern Great Plains. Establishment from
seeding is erratic, perhaps due to environmental extremes that
occur in the seedbed. Objectives of this study were to evaluate the
effect of temperature and moisture variation on germination,
solute leakage from seeds, and etiolated growth of seedlings of this
perennial grass. Seeds were subjected to 5 preincubation tredmerits: StratitIcation(5’ C) (STR); &rat&&ion plus drying (30’
C) (STR-D); stratification plus freezing (-100 C) (STR-FR); cooldry storage (5” C) (COOL); and laboratory storage (LAB). After
pretreatment, seeds were incubated a1 10 and 20” C in a gradient of
osmotic potentials ranging from 0.0 to -1.59 MPa. Solute leakage
from seeds and seedling growth were also m
following pretreatment. Germination was higher and more rapid over the range
of osmotic potentials at 200 C than at 100 C with germination
poorest in STR-FR. In the absence of water stress, leakage of
solutes was 21% lower from stratified seeds than unstratified seeds;
leakage at -0.48 MPa was similar across pretreatments. Compared
to the other pretreatments, root and shoot growth of seedlings
following STR-FR were reduced 34 and 76% at -0.48 MPa. Negative effects of STR-FR were reflected in restricted germination and
growth, but not in solute leakage. Results of this study and others
suggest that efforts to minimize temperature extremes in the
seedbed could improve germination and seedling growth of Altai
wildrye.
Key Words: Leymus ungustus, water stress, root growth, and
shoot growth
Altai wildrye (Z,eymus angustus (Trin.) Pilger), introduced to
North America from Asia, is recommended for use as fall and
winter pasture and for stabilization or improvement of saltaffected soils (Lawrence et al. 1960, Lawrence and Heinrichs 1970,
1974; McElgunn and Lawrence 1973; Currie et al. 1986). Despite
its high yield and excellent quality forage (Lawrence and Heinrichs
1970, Lawrence et al. 1980, K&her and Looman 1983) many
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are reluctant to incorporate it into their forage systems,
because of inconsistent establishment. This inconsistency may be
related to microenvironmental
influences on seeds before they
germinate.
Temperature extremes and moisture deficits are major factors
influencing the germination, growth, and survival of seedlings on
the northern Great Plains (White and Homer 1943, White and
Currie 1980, White 1984). However, we have a poor understanding
of the effects of environmental extremes on Altai wildrye seeds,
their germination, and seedling growth. The objectives of this
study were to evaluate the effect of temperature and moisture
variation on germination, solute leakage from seeds, and etiolated
growth of Altai wildrye seedlings.
producers

Materials and Methods
Prairieland'
‘
Altai wildrye seed was supplied by Dr. T. Lawrence
of Agriculture Canada Research Station in Swift Current, Saskatchewan. At the time of this experiment seeds were approximately
10 months old. Throughout this study seeds were subjected to 5
preincubation treatments. Treatments included: 1. cool-moist (So
C) stratification for 48 hours (STR)-this
treatment simulated
cool-moist conditions in the seedbeed; 2. cool-moist stratification
for 48 hours followed by drying at 30” C for 8 hours (STR-D)-this
treatment simulated cool-moist conditions of the seedbed followed
by a short warming and drying period; 3. cool-moist stratification
for 48 hours followed by storage of seeds at -loo C for 8 hours
(STR-FR)-this
simulated cool-moist conditions with temperatures falling below freezing for a short period; 4. cool-dry (5’ C)
storage of seeds for 48 hours (COOL)-this
simulated cool-dry
conditions of a seedbed, and; 5. laboratory storage (LAB).
All pretreatments were applied to seeds in Petri dishes in which a
#4 Whatman filter paper disc had been placed. For stratification
treatments, 7 mL of distilled water was added to dishes, lids were
replaced, and seeds were incubated at 5’ C in darkness. After
pretreatment, the moisture content of 4 samples of 25 seeds was
determined after drying for 48 hours at 80° C (Table 1).
Experiment l-Temperature and Water Stress Effects on Germination
Osmotic solutions were prepared by adding polyethylene glycol
(PEG) (M.W. 20,000) to distilled water. Average osmotic poten-
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Table 1. Mean moisture content expressed as percent of oven dry weight
for Altai wildrye seeds following 5 pretreatments.
Experiment
Germination
Solute leakage
Seedling growth

STR

STR-D

95.2
90.4
93.9

43.3
38.5
42.5

Pretreatment
STR-FR
COOL
96.4
98.8
95.3

9.9
9.9
8.8

LAB
10.0
10.0
8.2

tials and the standard error (n=4) of these solutions, determined
using a Wescor vapor pressure osmometer, were -0.10 f 0.01,
-0.35 f .Ol, -0.69 f 0.01, -0.99 f .02, -1.22 f 0.02, and -1.59 f
0.02 MPa. Distilled water was used as the control (0.0 MPa). A #4
Whatman filter paper disc was placed in each Petri dish and 10 mL
of osmotic solutions were added. Seeds were removed from the
pretreatment, placed in the osmotic potential dishes, the lids were
replaced, and the Petri dishes were enclosed in plastic bags to
prevent desiccation. Seeds were incubated in darkness at 10 and
20” C. Germination was recorded at 2day intervals through 20
days and a final count was made at 30 days. A seed was considered
germinated when both the radicle and plumule were at least 5 mm
long. Within temperatures, treatments were factorially applied to 4
replicates of 25 seeds using osmotic potentials and pretreatments as
main effects in a complete randomized block design. Average
germination rates (%/day) were calculated according to Maguire
(1962). Total germination
ercentage and germination rate were
transformed with arcsin P fi and subjected to analysis of variance
(Snedecor and Cochran 1980). Regression equations were derived
using untransformed data for each temperature and pretreatment
and the best fit regression equation was selected; intercepts and
regression coefficients were compared within temperatures and
germination parameters (Steel and Torrie 1980).

incubated in darkness at 15’ C and germination was checked daily.
On each check if there were fewer than 5 germinated seeds, the
germinated seeds were removed. On the first day that at least 5
seeds had germinated, all ungerminated seeds were removed, and
the 5 seedlings were allowed to grow for 5 days. Thus, 5 seedlings of
equal physiologic age were measured for growth. At the end of the
growth period, the seedlings were removed and the roots and
shoots were separated, dried for 48 hours at 800 C, and weighed.
Treatments were applied factorially in a complete randomized
block design using 4 replications, and root and shoot weights were
subjected to analysis of variance.
Results
Germination
Germination was higher and more rapid, and occurred over a
wider range of osmotic potentials, at 20’ C than at loo C (Figs. 1
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CRG
(% /day)

17

Experiment 24enkage of Solutes from Seeds
Lots of 25 seeds were counted and stored in paper envelopes in
the laboratory until being subjected to the pretreatments described
above. Seeds were then transferred to 250 mL Erlenmeyer flasks
containing 15 mL of PEG solution with a mean osmotic potential
of -0.48 MPa (s.e. f 0.03, n=4) or distilled water (0.0 MPa). The
Total
Erlenmeyer flasks were covered with aluminum foil to prevent Germination 6o t
evaporation and placed on a rotating shaker at 15’ C in darkness.
From previous trials it was determined that dilution of solutions
20
was necessary before UV-absorbance could be determined accu0.0
rately. For this reason 125 mL of distilled water was added to each
0.4
flask after 36 hours of shaking, and the flasks were replaced on the
shaker for an additional 12 hours. After the 48-hour incubation
Osmotic ~3
‘
period, approximately 2.0 mL of solution was removed from each
Potential f 1.2
flask and the absorbance was determined at 280 nn. 4th a Bausch
(-MPa)
and Lomb Spectronic 710 spectrophotometer. This solution was
returned to the flask and frozen at -70’ C for 24 hours to destroy
membrane integrity. Flasks were then removed from the freezer,
placed on a shaker at 15” C, and allowed to thaw for 18 hours.
Fig. 1. Response curves for total germination and coefficient of rate of
Another 2.0 mL of solution was removed from the flasks, the
germination (Cw) of Altai wildrye seeds subjected to 5 preincubation
absorbance was determined, and the relative leakage ratio (RLR)
treatments and incubated at 100 C in a gradient of osmotic potentials.
was calculated (Redmann et al. 1986). Treatments were applied
and 2, (Table 2). Within temperatures the interaction of pretreatfactorially in a complete randomized block desi n with 4 replicament X osmotic potential significantly (P<O.O5) influenced total
tions. RLR data were transformed with arcsin ? @and subjected to
germination and rate of germination. At both 10 and 20” C total
analysis of variance (Snedecor and Cochran 1980).
germination and germination rate were lowest over the range of
osmotic potentials for STR-FR.
Experiment 3-Etiolated Seedling Growth
At loo C germination rate-osmotic potential relationships were
Lots of 50 seeds were subjected to the 5 pretreatments and then
linear for COOL, LAB, and STR-FR and the response curves for
transferred
to Petri dishes containing a #4 Whatman filter paper
COOL and LAB pretreatments were similar (Table 2). The regresdisc, and 10 mL of PEG solution or distilled water. Osmotic
sion equations relating total germination to osmotic potential were
potential of the PEG solution averaged -0.48 MPa (s.e. f 0.03,
similar for STR, COOL, and LAB pretreatments; total germinan=4); distilled water was used as the control (0.0 MPa). Seeds were
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Table 2. Regression equations for relationships between osmotic potential
effects on total germination and germination rate of Altai wildrye following pretreatment.

Pretreat- Temperament
ture (“C) Regression equation
IO

STR
STR-D
STR-FR
COOL
LAB

Potential

1.27’

R2

Germination rate (%/day)
Y = 6.1 + 5.6X - 0.6X2’ a2
Y = 7.2 + 9.2X - 2.8X2 a
Y = 4.2 + 3.8X
a
Y
5.7 + 5.0x
a
Y
5.6 + 4.9X
a
Total germination (%)
Y 77.1 - 39.0X - 81.4X2
q
q

STR
STR-D
STR-FR
COOL
LAB

q

Y = 88.6 + 1.6X -62.1X2
Y = 83.4 + 70.7X
Y = 76.1 -43.1X - 93.9X2
Y = 82.1 - 20.5X - 78.7X2
20

STR
STR-D
STR-FR
COOL
LAB

Germination rate (O/o/day)
Y = 16.2+ 11.5X+ 1.2X2
Y = 19.9 + 18.7X - 4.3X2
Y = 7.6+ 5.3X
Y 16.7 + 16.7X + 4.1X2
Y 16.4 + 16.8X + 4.2X2
Total germination (%)
Y = 75.1 -44.1X + 50.7X2
Y = 83.5 - 15.1X + 32.2X2
Y = 77.2 + 50.8X
Y 81.3 - 16.5X+38.4X*
Y 79.5 + 29.3X + 48.6X2
q
q

STR
STR-D
STR-FR
COOL
LAB

A3
B
C
D
D

0.95
0.96
0.92
0.96
0.94

A
B
C
A
A

0.92
0.96
0.91
0.95
0.92

A

0.92
0.96
0.86
0.93
0.90

:
B
B
A

q

:
B

q

D

0.85
0.85
0.87
0.85
0.82

IX is osmotic potential (-MPa).
ZThe same lower case letter within a parameter indicates non-significant (KO.05)
differences between intercepts of regrksicn equations.
‘The same upper case letter within a parameter indicates non-significant (p10.05)
differences between regmssion equations.

Table 3. Relative leakage ratio for Altai wildrye seeds subjected to 5
preineubation treatments.
Fig. 2. Response curves for total germination and coefficient of rate of
germination (CRC) of Altai wlldrye seeds subjected to 5 preincubation
treatments and incubated at 20” C in a gradient of osmotic potentials.

after STR-FR decreased linearly as osmotic potentials
declined.
At 20’ C the osmotic stress produced a linear decrease in total
germination and germination rate of the STR-FR pretreatment
(Table 2). The intercept of the germination rate regression equation for STR-FR was also significantly (KO.05) lower than the
other pretreatments. This indicates that the effects of freezing were
sufficient to eliminate any capacity to resist external water stress.
Osmotic potential effects on the decline in germination rate were
similar for STR-D, COOL and LAB.
tion

Solute Leakage From Seeds

The osmotic potential X pretreatment interaction significantly
(pSO.05) influenced the relative leakage ratio (RLR) for seeds
(Table 3). Seeds that had been stratified had lower RLR’s than
unstratified seeds at 0.0 MPa, with STR-D being lowest. RLR was
significantly (m.05)
higher at -0.48 MPa than at 0.0 MPa, but
there were no differences between pretreatments.
Etiolated Seedling Growth
The interacting effects of osmotic potential

and pretreatment
significantly (m.05)
influenced etiolated root and shoot growth
of seedlings (Table 4). Root weights were similar for all pretreatments at 0.0 MPa. However, root weight for STR-FR was lower
than the other pretreatments at -0.48 MPa. Root weights following STR and STR-D were greater at -0.48 MPa than 0.0 MPa, but
they were similar at 0.0 and -0.48 MPa for COOL and LAB
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Osmotic
potential

Pretreatment

WPa)

STR

STR-D

STR-FR

COOL

LAB

SE’

0.00
-0.48

0.528
0.870

0.499
0.861

0.540
0.868

0.675
0.868

0.651
0.866

0.028

‘SE = Standard Error

Table 4. Mean root and shoot weights for AM wildrye seedlings after
seeds were subjected to 5 preincubrtion treatments and grown for 5 days
at 15“ C in darkness.
Osmotic
potential
(MPa)

Pretreatment
STR

0.00
-0.48

18.4
23.9

0.00
-0.48

23.3
29. I

STR-D

STR-FR

COOL

Root Weight (mg)
18.1
21.4
21.8
20.9
14.9
23.5
Shoot Weight (mg)
25.4
26.4
26.6
26.2
6.4
26.3

LAB

SE’
21.1
22.3

0.99

25.1
27.0

0.5 I

‘SE = Standard Error

pretreatments.
Shoot weights were similar between treatments at 0.0 MPa
(Table 4). Shoot weight for STR-FR was 76% lower at -0.48 MPa
than 0.0 MPa, and this weight was lower than the remaining
pretreatments. In contrast shoot weight for STR was 25% higher at
169

-0.48 MPa than at 0.0 MPa.

Discussion
An apparent reduction in vigor, caused by stratifying seeds and
subjecting them to -10“ C, was expressed in reduced germination
and seedling growth. Cracker and Barton (1957) concluded that
low vigor seeds may need more water to germinate than high vigor
seeds, and Hegarty (1978) contended that loss of vigor precedes
loss of viability. Furthermore, seeds with reduced vigor may not
germinate over as broad a range of conditions as high vigor seeds
(Abdul-Baki and Anderson 1972). Under conditions of increasing
moisture stress, the negative effects of STR-FR became more
pronounced as indicated by reduced germination and seedling
growth under water stress. On the other hand, stratifying seeds or
stratification and dehydration either improved or had no effect on
germination and seedling growth.
Wilson et al. (1974) reported that exposing seeds of several
rangeland grasses to winter conditions increased the rate of germination of seeds when they were incubated in the laboratory. However, germination time increased when the soil temperatures were
coldest (approximately -5O C) (Wilson et al. 1974). This same
reaction to freezing temperatures was found in the present
experiment.
Hydration and dehydration treatments increased germination of
crested wheatgrass (Agropyron desertorum) (Maynard and Gates
1963) and Lehmann lovegrass (Erugrostis lehmanniunu) (Haferkamp and Jordan 1977). Stratifying seeds and stratilication followed by drying also improved the rate of germination for Altai
wildrye. It is proposed that the ATP synthesized during stratification was not degraded by dehydration and additional ATP was
formed upon rehydration (Haferkamp et al. 1977).
Absorbance at 280 nm gives an indication of the leakage of
UVabsorbing
cytoplasmic compounds from the cells (Morris
1987). Leakage is rapid during the early stages of imbibition until
the phospholipid membranes become intact (Simon 1984). Thus,
the lower RLR at 0.0 MPa for stratified seeds is attributed to
membrane repair that occurred during stratification. In contrast,
the unstratified seeds (COOL and LAB) were probably undergoing
earlier stages of the membrane repair processes and leakage was
higher (Hegarty 1978, Simon 1984). Leakage of UV-absorbing
compounds from the seed appendages may have also contributed
to the higher RLR for unstratified seeds. Higher RLR at -0.48
MPa than 0.0 MPa is ascribed to less water availability, reduced
rate of hydration and more solute leakage due to a reduction in the
extent and rate of membrane repair. Seeds that hydrate slowly may
deteriorate rather than progressing through the activation and
repair phases (Hegarty 1978).
It is proposed that STR-FR damaged seeds through the mechanical effects caused by ice crystal formation and damage to membranes (Grout and Morris 1987); however, these damaging effects
were not substantiated by solute leakage from seeds. This determination actually indicated an equal or better physiological condition than seeds subjected to the other pretreatments. These results
underscore the need to document seedling growth in addition to
germination.
Data from the present study and others (Lawrence and Kilcher
1972, McElgunn 1974, Young and Evans 1982) suggests that low
temperatures play a role in the poor germination, growth, and
establishment of Altai wildrye. When this grass is seeded it appears
that precautions must be taken to minimize temperature extremes
of the seedbed to maximize germination and growth. This study
supports Lawrence and Kilcher’s (1972) tenet that the slow emergence of Altai wildrye at low temperatures indicates that this
species may not be expected to establish early in the spring like
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other grasses that are commonly seeded on rangeland. They suggested that delaying seeding until soils warm may be advantageous
for stand establishment. Delaying seeding until warmer temperatures prevail may not only enhance the rate of germination, emergence, and seedling growth (Lawrence and Kilcher 1972, McElgunn 1974), but it may also limit the potential reduction in
germination caused by freezing temperatures.
Delaying seeding may also be disadvantageous because it can
shorten the potential period of growth caused by temperature or
moisture limitations. Therefore cultural practices are paramount
for germination and establishment of Altai wildrye. Seeding into
cool seedbeds is probably the preferred alternative provided
attempts are made to minimize temperature and moisture extremes.
Creating rough seedbeds or seeding into grain stubble may be the
preferred options because temperature fluctuations are likely to be
less than on smooth seedbeds or sites devoid of vegetation (Evans
and Young 1970,1972; Hull 1970; Fowler 1983).
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Relationship of photosynthetic rate and edaphic factors to
root carbohydrate trends in honey mesquite
CHANCCUI WAN AND RONALD E. SOSEBEE

AbStlWt
Total nonstructural carbohydrate (TNC) concentration in honey
mesquite (Prosopi glanaidosa var. gtkndulosa) roots and its relation to current photosynthetic rrte and selected soil parameters
were examined on 2 upland soils. Root carbohydrate recharge
rates were generally greater in trees on a sandy loam site than those
on a clay loam site during the spring rainy season because of higher
photosynthetic rates and more apparent root growth. Recharge
rate was greater on the clay loam site during midsummer, which
was related to higher soil water potential. Root carbohydrate
recharge was less sensitive to a moderate water stress (dawn xylem
water potential ranged from -1 to -1.6 MPa) than was photosynthesis; but it was more sensitive to severe water stress (dawn xylem
water potential ranged from -1.9 to 2.4 MPa) than was photosynthesis. Effective control of honey mesquite with foiiar-applied
herbicides is determined by photosynthetic rates and TNC trends
as they are influenced by both soil temperature and soil water
content. Higher photosynthetic rates and greater amounts of root
TNC are related to higher soil temperature and higher soil water
content.
Key Words: mesquite, TNC/photosynthesis
Honey mesquite (Prosopis glandulosa var. glandulosa) is considered a widespread “pest” plant occurring throughout much of the
Southwest and presently occupies more than half of Texas’rangeland (Soil Conservation Service 1982, unpublished data). Much
effort has been expended to chemically control this shrub. Stage of
growth and the physiological conditions of the plant are important
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parameters in determining the optimum time to spray honey mesquite (Sosebee 1984).
Fisher et al. (1946) suggested that water content in the upper 30
cm of soil was the most significant variable in controlling mesquite.
Later it was found that maximum herbicidal control of mesquite
was obtained from mid-May through June when photosynthates
were transiocating to the underground parts of the plant (Fisher et
al. 1970). During this period, leaves are fully mature and the soil is
usually moist, which is conducive for active growth. Fisher (1950)
obtained maximum mesquite kill by applying 2,4,5-T (2,4,5trichlorophenoxy acetic acid) 50 to 90 days after the first leaves
appeared. Dahl and Sosebee (1984) found that the highest rootkill
with herbicides was obtained when carbohydrates were translocating to the root and basal buds. This occurred 42 to 63 days and 72
to 84 days after budbreak. They also indicated that from 42 to 84
days after budbreak, soil temperature within the active rooting
zone (30 to 60 cm) should exceed 24” C. If soil temperature was
below 24O C, control was minimal (Dahi et al. 1971). Meyer et al.
(1983) found daily maximum photosynthetic rates were positively
correlated with canopy reduction and mortality of sprayed honey
mesquite. Export of sucrose from leaves depends on current photosynthesis of plants, therefore, it is assumed that root carbohydrate trend is related to photosynthetic capacity.
Mesquite is effectively controlled with foliarappiied herbicides
when the soil temperature is above 24’ C and the TNC trend is
toward the roots. However, control is ineffective when the trend is
toward the roots, but soil temperature is less than 24” C. Therefore,
this research was conducted to evaluate the effect of soil temperature and water content on root TNC trends and photosynthesis
within mesquite. It was also designed to test the relationship
between root TNC patterns and (I) soil temperature and water
content, and (2) photosynthesis.
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campis. The horizontal lines on the vertical axis represent the water content at -1.5 MPa mat& potential.

Experimental Procedure
The study area was on the Texas Tech University campus,
Lubbock. Two upland range sites with different soils were chosen
as study areas: (1) an Amarillo fine sandy loam (fine-loamy, mixed,
thermic Aridic Paleustalfs) and (2) an Olton clay loam (fine,
mixed, thermic Aridic Paleustolls). Climate of the area is semiarid
with an average annual precipitation of 450 mm. Monthly and
annual precipitation vary considerably, with May and June being
the wettest months. The average frost-free period is 211 days, from
early April to early November. Vegetation in the area is characterized by a shrub stratum of honey mesquite and a herbaceous
stratum dominated by buffalograss (Buchloe ductyloides), blue
grama (Bouteloua gracilis). and broom snakeweed (Xanthocephalum sarothrae). The experiment was conducted on the 2 sites in
1985 and 1986.
An open system was used to measure photosynthesis. A pump

drew air from the atmosphere and supplied it to a leaf chamber (10
X 15 X 19 cm). The leaf chamber was constructed of Plexiglas
which allowed approximately 95% transmission of the available
illumination and was equipped with a fan to promote air movement and a water circulator to aid in temperature control. The
water circulator consisted of looped copper tubing at the bottom of
the chamber. The air stream inlet and outlet were on opposite sides
of the chamber to assure mixing of the air within the chamber. The
chamber was heated by incident solar radiation and cooled by cold
water flowing through the circulator. A thermostat regulated the
circulator and maintained the chamber temperature within 2” C of
ambient temperature. The air intake was placed upwind from the
leaf chamber to assure an uncontaminated air supply. A differential of less than 40 ppm CO2 was maintained by adjusting the rate of
air flow to the chamber.
The CO2 concentration at the inlet port and CO2 depletion by
photosynthesis were measured by analyzing syringe samples using
30

clay loam 1986

::

Fig. 2. Soil water content ($) at 30 to 6O-cm16 May through 12 August, 1986 on a sandy loam and a clay loam range site on the Texas Tech University
campus. The horizontal lines on the vertical axis represent water content at -1.5 MPa matric potential.
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a Beckman 865 infrared gas analyzer (IRGA) as described by Clegg
et al. (1978). Syringe samples were dried prior to analysis. Inlet and
outlet CO2 concentration measurements were each replicated 3 to 4
times for photosynthetic rate determination.
CO2 exchange rate was measured weekly (weather permitting)
on 10 trees on each site for most of the growing season. Paired
measurements between the sites were made 7 to 10 times daily
(from 0800 to 1700 hours) on 1 branch in the upper canopy of each
tree. The time interval from 1 site to the other was about 15
minutes. The sample branch was harvested and leaves were
removed from the branch for leaf area measurements using an
electronic leaf area meter. Photosynthetic rate (PS) was calculated
according to the following equation (Hanson 1982):

O-

IQ
+

sandy
clay

loam
loam

-1 -

-2 -

PS = K X F X dCOz/A,

1985

Where:
F = flow rate of air through the leaf chamber measured in
liters/ minute,
dCOs = CO2 concentration depletion after the air passed
through the leaf chamber,
A = leaf area for one side in dmz, and
K = conversion factor equal to 1.79 X lo-” mg/ ppm/ liter
at 25’ C and 0.1 MPa.

Soil water content (%) was measured with the neutron attenuation technique at 15-cm increments in the profile of 30 to 165 cm.
Soil water measurements were taken at 3 locations around the
sample trees for each sample period. A pressure membrane plate
apparatus (Gardner 1965) was used to develop soil water retention
curves down to -1.5 MPa matric potential. Soil matric potentials
were estimated from soil water content data using the soil water
retention curve. Soil water extraction during any 2 periods was
measured by the difference between initial soil water content in the
profile and water content in the profile at the end of the period. Soil
bulk density determined by the paraffin method was used to convert water content (%) to water volume (cm) as a measure of the
amount of water extraction.
Xylem water potential was measured with a pressure chamber
(Scholander et al. 1965). Measurement of photosynthesis and
xylem water potential were conducted over 2 years when root
carbohydrate data were collected. Soil temperature was measured
with thermocouples imbedded in the soil at 15cm increments in
the 15 to 120-cm profile. Soil temperature measurements were
made 3 times a day (at 0900, 1200, and 1600 hours) and were
replicated 3 times at each depth.
Root samples for carbohydrate analysis were collected biweekly
from 5 trees growing adjacent to the trees being used for photosynthesis measurements. Taproots were excavated and samples were
chipped from the large portion immediately below the basal bud
zone with a hand axe and were frozen with dry ice until they were
transported to the lab. In the laboratory, the samples were ovendried for 1 hour at 100” C to stop enzymatic activity which catabolizes carbohydrates, and then at 65O C for at least 48 hours. After
drying, the cortex of the root tissue was separated from the epidermis and the xylary tissue. The epidermis and xylary tissue were
discarded and the cortex was saved for TNC analyses. Samples
were then ground to pass through a 40-mesh screen and stored for
TNC analysis. TNC was extracted from a 0.5-g sample of plant
material with acid (0.2 H HCl) hydrolysis as described by Smith et
al. (1964). Carbohydrate concentration was determined by using
spectrophotometry
and anthrone reagent (Murphy 1958) with a
dextrose standard. Relative abundance of flower and fruit produced by the trees on both sites was monitored throughout the
growing season.
A randomized complete block design was used in measuring
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Fig. 3. Dawn xylem water potential (MPa) June through August 1985 and
1986 for trees grown on a sandy loam and a clay loam site on the Texas
Tech University campus.

photosynthesis and root TNC. Five trees were randomly selected
on 2 sites (treatments) for measurement of photosynthesis. Trees
were paired between sites. Photosynthetic rates were measured on
each pair of trees on consecutive days (constituting a sampling
date). Measurements were repeated throughout the growing season (sample dates). Root TNC data were analyzed using the paired
t-test. Root TNC values and soil temperatures were subjected to
correlation analyses.
Results and Discussion
Soil Water and Soil Temperature
Soil water content followed the same pattern for both sites (Fig.
1 and 2). In early June 1985 (Fig. 1) when soil water was at or above
field capacity, water depletion was the greatest. The soil water
depletion curve was steeper for the higher soil water contents.
From 11 June to 28 June 1985, water depletion on the sandy loam
site was 15.8 cm, which was 450% of that on the clay loam site
within the 30 to 165cm profile, the major rooting zone of mesquite
(Heitschmidt et al. 1988).
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With onset of summer drought, beginning in early July, water
use within the 30 to 165cm profile of the clay loam site became
greater. From 8 July to 26 July, the clay loam soil lost 26% more
water (6.1 cm) than the sandy loam soil. After 12 July, water use on
both sites was reduced sharply, especially from the sandy loam.
Water content of the clay loam site remained quite high during
mid-July (averaging 11% in 30 to 165-cm profile, 79% of field
capacity) because of the greater water holding capacity and limited
consumptive use in the spring. Therefore, more water was extracted
from the clay loam during this period. In contrast, there was less
extractable water left in 30 to 16S-cm profile(averaging 7.3%, 57%
of field capacity) of the sandy loam site during the summer. Since
mesquite had the largest living biomass on the site, a great proportion of water was used by the trees (Wan 1987).
In mid-July 1985, average soil matric potential at 60 cm on the
sandy loam site was reduced to about -1.5 MPa (10.9%), while on
the clay loam site it remained at -0.7 MPa (13.4%). Since the
highest water content existed at the 6O-cm depth for both sites,
these levels represent the highest water potentials in midsummer.
Plants on the sandy loam site were under more severe water stress
than those on the clay loam site. Dawn xylem water potentials
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Fig. 4. Seasonal pattern of C& uptake (mmol C& me2 s-‘) of honey
mesquite in 1985 ld 1986 on a sandy loam and l ciay loam range site on
the Texas Tech University campus. Each value is ao average of 7 to 10
paired measurements during a day.
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during early August, 1985, were -2.1 and -1.2 MPa, on the trees
from the sandy loam and the clay loam site, respectively (Fig. 3).

Seasonal Patterns of Photosynthetic Rates on the 2 Sites
Photosynthetic rates were greater (X0.01) in trees growing on
the sandy loam site than in those growing on the clay loam site in
the rainy season of both years (6 June to 8 July in 1985; 25 June to 9
July in 1986) (Fig. 4). Higher photosynthetic rates were probably
associated with greater water uptake on the sandy loam site.
Because of the greater withdrawal of water on the sandy loam soil
in the early part of the year, the plants became water stressed
sooner and the stress became more severe later in the season. Thus,
in the summer, the trees on the sandy loam site had lower photosynthetic rates than those on the clay loam site (KO.01) (Fig. 4),
except in early August when the drought was relieved by rainfall.
Root TNC Pattern
Root TNC concentration of mesquite roots in 1985 (Fig. 5) was
similar to the general pattern as previously reported by Wilson et
al. (I 975), Seipp (1982), and Dahl and Sosebee (1984). Root TNC
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dropped to a minimum level 45 days after budbreak. Three root
recharge events occurred from late May through August. The first
2 recharge events occurred in late May and late June, when the
leaves were fully mature and actively photosynthesizing. This is the
most susceptible period for chemical control of mesquite. During
this period, trees on the sandy loam site had greater root recharge
rates than those on the clay loam site (Fig. 5). In early June, plants
on the sandy loam site had a lower root TNC concentration
(P<O.OS) than those on the clay loam site. The rates of photosynthesis in trees on the sandy loam site were greater than those on the
clay loam site during June, which made the shoots from trees on
the sandy loam site a stronger “source”. This could explain the
more rapid root TNC replenishment in trees on the sandy loam
site. Simlar data were reported by Seipp (1982).
The third root TNC recharge occurred in mid-July when the
plants had completed pod formation and more photosynthates
were available to be translocated to the roots. Because of water
stress, plants on the sandy loam site in this period were not able to
maintain their photosynthetic rates at comparable levels. Phloem
loading might be affected by lack of assimilate. Root TNC concentration declined and was not replenished until mid-August. Trees
on the more mesic clay loam site, however, had greater assimilation
rates which were correlated with a rapid root TNC recharge.
Root TNC concentration pattern for 1986 (Fig. 3) was different
from that for 1985; 1985 was a wet year with 560 mm precipitation,
which was 115 mm above average. Also, most rainfall occurred in
May, June, and July when plants were actively photosynthesizing.
Favorable soil moisture conditions allowed the mesquite trees to
photosynthesize at higher rates and greater amounts of assimilates
were available for the roots. Therefore, root TNC recharge
occurred 3 to 4 times in the growing season. Adequate soil moisture, higher photosynthesis, and more rapid TNC recharge resulted
in higher root TNC concentration in the spring of 1986. In contrast, root TNC concentrations were much lower in the spring of
1985 since 1984 had a dry growing season with a precipitation of
350 mm, 90 mm below average.
Trees on the sandy loam site had a more rapid root recharge May
through June than those on the clay loam site, similar to 1985. In
the spring, greater root TNC depletion occurred in trees growing
on the sandy loam site than on the clay loam site (P<O.OS), thus
creating a stronger sink in the roots.
In addition, reproductive processes were influenced differently
on the 2 sites by spring water stress. Reproductive processes of
honey mesquite were most sensitive to soil water deficit than were
photosynthetic
rates. Many flowers and heavy fruit loading
occurred in June of 1985 on both sites when soil moisture was not
limiting. The flower number and overall photosynthetic capacity
were reduced in the dry spring of 1986 compared to 1985, but there
was no difference in photosynthetic rates during 14 May to 17 June
between trees on the 2 sites (PCO.05). The clay loam soil had a
higher water potential (-0.4 MPa) than the sandy loam soil (-0.7
MPa) at the 6O-cm depth. However, reproductive processes of trees
on the more xeric sandy loam site were influenced to a greater
extent by water stress. On the more mesic clay loam, flowers and
pods appeared in less abundance than in 1985. Trees on the sandy
loam site had fewer flowers and almost all aborted. When flowers
were aborted on the sandy loam site, more assimilates were available for root growth and more rapid root TNC recharge was
possible.
Root TNC recharge was inhibited by severe soil water deficit in
the dry summers. The highest soil matric potential was below -1.5
MPa and dawn xylem water potential was approximately -2 MPa
on the sandy loam site. In late June, photosynthetic rates of the
trees were reduced to 3 to 6 pmol CO2 me2 5-l on the sandy loam
site, which was less than half that in June. Crider (1955) showed
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that 50% of defoliation of several grass species would cause cessation of root elongation. If this is true for honey mesquite, we
speculate that a 50% reduction in photosynthetic rates would have
similar effects-it would slow or, perhaps, stop root growth. In
midsummer, root TNC concentration on the sandy loam site
remained unchanged. This might suggest that photosynthate consumption by limited root growth and maintenance is balanced by
limited supply from the shoots. In the hot, dry summer, mesquite
trees have their maximum leaf area (Nilsen et al. 1984). To maintain such a leaf area at high temperatures, a considerable amount
of photosynthate must be consumed. With low photosynthesis and
high maintenance cost in midsummer, the downward carbon flow
would be severely affected.
There was a considerable increase in root TNC concentration in
trees on the more mesic clay loam site during midsummer in both
years. Root metabolic activity in trees on this site was high as
indicated by the more rapid root TNC depletion. Photosynthesis
on the clay loam was not severely reduced by the moderate water
stress (matric potential at 6O-cm depth was -0.7 MPa and dawn
xylem water potential was approximately -1 MPa) in summer
1986. An average of 8 pmol CO2 me25-l was maintained, which was
twice that of trees on the sandy loam. This provides more assimilates available for the roots.
Under moderate soil water deficit (dawn xylem water potential
-1 to - 1.6 MPa), as occurred on the clay loam site in midsummer of
both years, leaf expansion and photosynthesis were inhibited, but
the root TNC concentration was still increasing. Thii suggests that
development of roots had gained a higher priority in the carbon
budget of the plant. It is an advantage for the plant to allocate more
carbon for root growth so water uptake capacity can increase. This
is evidenced by a greater water extraction from the clay loam in
midsummer. Mild water stress in mesquite causes photosynthesis
to decrease, but has little effect on root TNC recharge. However,
with increasing stress, downward carbon flow is more affected than
photosynthesis.
Management Implications
Mesquite trees growing on bottomland or clay soils have been
more difficult to kill with herbicides than those growing on
coarser-textured soils. Low soil temperature has been shown to be
a major reason for this difficulty (Dahl et al. 1971).
Honey mesquite growing in the Rolling Plains, Edwards Plateau
and Trans-Pecos of Texas often does not respond favorably to
herbicide application during the optimum spray period (usually
late May). Likewise, mesquite trees growing on bottomland sites or
clay soils are more difficult to control than those growing on
upland sites and coarser-textured soils. One reason for this unfavorable response to herbicides is low soil temperature in the upper
rooting zone (Dahl et al. 1971, Sosebee 1984). Even though the soil
temperature is often below the minimum threshold of 24O C in late
spring (Dahl et al. 197 l), the TNC concentration increases in the
roots, indicating a strong sink relationship. Yet, control from
foliar-applied herbicides is difficult to obtain under these conditions. Our results indicate that TNC trends and photosynthetic
rates follow very similar patterns. In mid- to late May (40 to 45
days post budbreak) both TNC concentrations and photosynthetic
rates are low. When photosynthetic rates increase and the leaves
begin to export significant quantities of carbohydrates, there are
many sinks competing for photosynthates; i.e., buds, cambium,
flowers, pods, and young leaves. These sinks have a higher priority
for receiving photosynthates than the roots &archer 1980). Honey
mesquite growing in the northern Rollings Plains of Texas often
does not respond to herbicide application in late May when root
carbohydrates are increasing because the soil temperature at 45 cm
is less than 24’ C (Sosebee 1984). Higher soil temperature depletes
root TNC by stimulating root growth and steepens the carbohy175

drate concentration
gradient from shoot to root. Poor response to
aerially applied herbicides at low soil temperatures
apparently is
related to downward photosynthate
translocation
that is not suffi-

cient to transport adequate herbicide to the roots. From early June
to early July, 1985, when root carbohydrates were increasing, root
carbohydrate concentration had a significant linear correlation
with the soil temperature (X0.05; r2 = 0.83).
Trees on the sandy loam site generally had greater photosynthetic rates than trees on the clay loam site during a wet spring.
Therefore, a greater amount of downward carbohydrate translocation could be expected. The soil water deficit on sandy loam sites
during a dry spring usually represents a moderate water stress.
Downward carbohydrate translocation increases somewhat, because
of much reduced expansion growth and reproductive potential.
Therefore, more photosynthates tend to be transported to the roots
of the trees growing on sandy loam soil than in those growing on
heavier soils.
It is generally recommended (Sosebee 1984) that herbicides
should not be applied when plants are water stressed. However, for
facultative phreatophytes like mesquite, a moderate water stress
favors sugar translocation to the roots. Therefore, a mild water
stress does not indicate unfavorable environmental conditions for
spraying. This contention is supported by a recent experiment
(Mayeux 1987) in which higher mortality and canopy reduction of
mesquite was obtained when herbicide was applied in May and
September than in July, It would be desirable to spray if water
stress inhibits reproductive growth, but only mildly depresses
photosynthesis.
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Mid-winter protein, phosphorus, and digestibility of Chrysothamnus nauseosus subspecies
R.B. BHAT, BRUCE L. WELCH, D. J. WEBER, AND E. DURANT MCARTHUR
Abstract
Little has been done to evaluate the mid-winter crude protein,
phosphorus, and in vitro digestibility of subspecies and accessions
of rubber rabbitbrush (Clirysothumnus nauseosus ssp.) For those
few studies that have been conducted, subspecies and accessional
variation was not addressed. This study tested the hypothesis that
certain subspecies and accessions of rubber rabbitbrush grown in a
common garden on homogeneous soil would exceed other subspecies and accessions in crude protein, phosphorus, and in vitro
digestibility. Also, the level of these traits for the various subspecies
and accessions of rubber rabbitbrush were compared to other
species of winter forages.
Significant differences for all 3 traits occurred among subspecies
and accessions. Some accessions of rubber rabbitbrush were
ranked high in crude protein, phosphorus, and digestibility in
comparison to other species of winter forages. Enough variation
exists among subspecies and accessions that a selection program
could result in the development of superior forms of rubber rabbitbrush to be used as a winter forage.
Key Words: rubber rabbitbrush, in vitro digestibility, crude protein, winter forage, phosphorus
Rubber rabbitbrush (Chrysothamnus nauseosus) has 22 subspecies that are generally divided into green-stemmed and whitestemmed groups. These groups are further subdivided by flower,
leaf, and achene characteristics (Weber et al. 1985, Anderson 1986,
McArthur and Meyer 1987). Little has been done to evaluate the
mid-winter crude protein, phosphorus, and in vitro digestibility of
rubber rabbitbrush subspecies and accessions. For those few studies that have been conducted, subspecies and accessional variation
was not addressed (National Academy of Sciences 1958, Dietz et
al. 1962, Sampson and Jespersen 1963, Ward 1971). The National
Academy of Sciences (1958) reported that crude protein content of
mature rubber rabbitbrush plants was 5.6% of dry matter and
phosphorus 0.14% of dry matter. Dietz et al. (1962) reported that
winter rubber rabbitbrush has a crude protein content of 9.7% of
dry matter and phosphorus 0.19% of dry matter. Sampson and
Jespersen (1963) reported crude protein content ranging from 9%
in winter to 11.8% in the spring. Ward (1971) reported winter in
vitro dry matter digestion (IVDMD) of rubber rabbitbrush to be
44.4%. These levels would rank rubber rabbitbrush above average
as a winter forage (Welch 1989).
Kufeld et al. (1973) reported that rubber rabbitbrush receives
moderate use by wintering mule deer. Hanks et al. (1975) reported
some differential browsing at the subspecies level by unidentified
animals. Sampson and Jesperson (1963) found that 48% of the
Authorsare research associate, Department of Botany and Range Science, Brigham
Young University, Provo, Utah 84602; principal research plant physiologist, USDA
Forest Service, Intermountain Research Station, Shrub Sciences Laboratory, Provp,
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rumens of wintering deer in California study contained rubber
rabbitbrush.
In general, energy, protein, and phosphorus are in short supply
in winter forages (Dietz 1965). Therefore, we designed this study to
test the hypothesis that certain subspecies and accessions of rubber
rabbitbrush, grown in a common garden on homogeneous soil,
would exceed other subspecies and accessions in crude protein,
phosphorus and in vitro digestibility. We compared in a general
way the levels of crude protein, phosphorus, and in vitro digestibility of the various subspecies and &cessions of rubber rabbitbrush
to other species of winter forages.
Materials and Methods
Seeds from 7 subspecies of rubber rabbitbrush were collected
from 19 native populations from the western United States. Table 1
lists subspecies, accessions, and locations where seeds were acquired. Seeds were cleaned and transplants produced and placed
Table 1. Acquisition sites for accrssions and subspecica of rubber rabbitbrush (Chrysothumrwnauseosusspp.)
used in this study. Sites are listed
by location, county, and state. Accessional names are the same as
location.
Location/
accession

County

State

Lancaster
Walker

Los Angeles
Mono

California
California

turbinatus

Lund

Iron

Utah

holokucus

Nephi
New Cuyama
Chester
Trout Creek
Knolls
Rock Candy
Mountain
Black Rock
Desert
Paragonah
Point of Rocks

Juab
Santa Barbara

Utah
California

Sanpete
Humboldt
Tooele
Sevier

Utah
Nevada
Utah
Utah

Pershing

Nevada

Subspecies
mohavensis
albicaulis

consimilis

graveolens

LedS

Salina
viridulus

Victorville
Benton
Barstow
Palmetto
Lee Vining

Iron
Mohave
Washington
Sevier

Utah
Arizona
Utah
Utah
San Bernardino California
Mono
California
San Bernardino California
Esmeralda
Nevada
Mono
California

on a common garden located at the Snow Field Station, Ephraim,
Utah. Soil within the planting site is classified as a Woodrow silty
clay loam (Swenson et al. 1981). A soil survey showed the soil
within the planting site to be homogeneous. Transplants were
planted at random. Transplants were watered twice during the
summer and the garden kept free of weeds through mechanical and
hand methods. The garden was protected from livestock grazing.
However, a few mule deer do use the area in the winter and can
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browse at will throughout the entire garden.
On January 29,1988, stem samples (vegetative and inflorescence
tissues) were collected from all taxa (Table 1). Three randomly
selected plants represented each accession. Previous work conducted on big sagebrush (Artemisia tridentata) showed that greater
variation occurred among subspecies and accessions than plants
within accession (Welch and McArthur 1979). Thus we opted to
place more subspecies and accessions in the study and use fewer
plants to estimate accession and subspecies means and variance.
Furthermore, these same workers found no significant effect due to
winter. In the current study, we sampled the top 6 to 7 cm of the
stems, which approximates the portion of the plant consumed by
wintering mule deer. Individual samples were placed in separate
plastic bags, sealed, and transported to the laboratory.
The analyses performed were IVDMD, crude protein, and
phosphorus. We used the IVDMD method outlined by Pearson
(1970). Inoculum was obtained from a slaughterhouse steer. Welch
et al. (1983) and Striby et al. (1987) found that inocula sources did
not have a significant effect on the IVDMD of range forages.
Results and Discussion
Significant effects (P<O.O5) due to subspecies were detected
(Table 2). Fisher’s test showed that subspecies consimilis was sigTable 2. Mid-winter nutrient content of subspecies of rubber rabbitbrusb
(Chrysothamnusnauseosus). Data are expressed as means and standard
deviations and on a dry matter basis.
Subspecies

IVDMD
%

Crude protein
%

Phosphorus
%

consimilis
mohavensis
turbinatus
viridulus
hololeucus
graveolens
albicaulis

49.7f6. la
49.0f3.lab
47.6f2.9b
46.4zt5.lb
43.6f9.lbc
42.7f5.4bc
35.9f2.5~

10.4f1.9bc
10.5f0.8bc
9.2fl.Oc
ll.lf1.9b
12.0f2.8a
9.9fl.Oc
9.2fl.l~

0.14f0.05a
0.15f0.03a
0.12f0.02b
0.15f0.03a
0.14f0.04a
0.15f0.05a
0.12f0.03b

Table 3. Mid-winter nutrient content of accessions of rubber rabbitbrush
(Chrysothamnusnauseosus). Data are expressed as means and standard
deviations and on a dry matter basis.
Accession
Trout Creek
Black Rock Desert
Knolls
New Cuyama
Lee Vining
Lancaster
Palmetto
Benton
Lund
Point of Rocks
Rock Candy Mt.
Victorville
Chester
Leeds
Yaragonah
Barstow
Salina
Nephi
Walker

IVDMD
%

Crude protein
%

Phosphorus
%

55.lf4.Oa
54.lf2.Oa
52.0f3.9ab
50.9f6.3abc
50.4f3.3abc
49.0f3.1 bc
48.7f1.3bc
48.0f7.0bc
47.6&2&d
47.5f5.8cde
45.0f3.6cde
44.4fl.lde
42.6f 1.7de
42.3f4.4de
41.6f6.le
4O.lf1.6e
39.5f3.6ef
36.3f3.6f
35.9f2.5f

9.6fl.Ib
13.0f0.3a
10.2f1.3b
15.0f2.la
10.9f0.9b
10.5f0.8b
9.lfl.3b
10.3f1.4b
9.2fl.Ob
9.7fl.Ob
lO.Of2.7b
14.liO.5a
9.2f0.6b
9.5f0.5b
9.8f1.2b
1I.Of0.7b
10.7f1.3b
9.0fl.Ob
9.2fl.lb

0.14f0.03cd
0.19f0.03ab
0.14f0.05cd
0.18fO.OZab
0.18fO.Olab
0.15f0.03bcd
0.12f0.04cd
0.13f0.03cd
0.12f0.02cd
0.15f0.03bcd
0.1 lf0.05d
0.16fO.Olbc
0.13*0.05cd
0.22f0.04a
0.11f0.02d
0.13f0.01cd
0.14f0.02cd
O.llfO.Old
0.12f0.03cd

Means sharing the same columnar letter are not significantly different at the 5% level.

1989). All subspecies and accessions of rubber rabbitbrush meet
this requirement (Tables 2 and 3).
Certain accessions of rubber rabbitbrush rank the highest for
winter levels of phosphorus (Tables 3, and 4): Leeds (0.22%) and
Black Rock Desert (0.19%). The phosphorus need for wintering
Table 4. Winter nutritive value of selected range plants. Data are expressed
as a percent of dry matter (after Welch 1989).
Plant name
scientific

In vitro
digestibility

Crude
protein

%

%

Shrubs
23.5
57.8
53.7
43.5
49.1
38.3
26.6
36.0
26.5
44.4
44.1

7.6
11.7
9.9
10.0
10.1
8.9
5.3
5.9
7.8
7.8
6.6

Means sharing the same columnar letter are not significantly different at the 5% level.

nificantly more digestible than the other subspecies with the exception of subspecies mohavensis. Some caution is needed in interpreting these results. Some of the subspecies are represented by just 1
accession (e.g., ssp. mohavensis or ssp. albicaulis) and others by 2
or as many as 5. What is clear is that significant variation does exist
among subspecies, not only for digestibility but for crude protein
and phosphorus.
Significant effects (P<O.O5) due to accessions were also detected.
Fisher’s protected LSD tests showed that Trout Creek, Black
Rock, Knolls, New Cuyama, and Lee Vining were more readily
digested than 11 of the other accessions. Fisher’s protected LSD
tests also showed that certain accessions contained higher amounts
of crude protein and phosphorus than other accessions.
Certain subspecies and accessions of rubber rabbitbrush rank
the highest for winter levels of crude protein (Tables 2,3, and 4).
These are subspecies hololeucus (12.0%) and accessions New
Cuyame (15.0%), Victorville (14.1%), and Black Rock Desert
(13.0%). These approach crude protein levels reported as high as
16% of dry matter for some accessions of big sagebrush (Welch and
McArthur 1979). Also, Welch and Monsen (1981) and Otsyina et
al. (1982) reported that certain accessions of fourwing saltbush
(Atriplex canescens) contained winter levels of crude protein at 14
to 15% of dry matter. The point is that rubber rabbitbrush accessions with the highest levels of crude protein match well with the
highest accessions of big sagebrush and fourwing saltbush. It has
been estimated that the crude protein need of wintering mule deer
and domestic sheep is about 7.5 to 8.9% of dry matter (Welch
178

Purshio tridentata
Artemisia tridentata
Artemisia nova
Ceratoides lanata
Cercocarpus ledifolius
Atriplex canescens
Quercus gambelii
Chrysothamnus viscidjlorus
Cercocarpus montanus
Chrysothamnus nauseosus
Juniperus osteosperma

Phosphorus

%
0.14
0.18
0.18
0.11
--

0.15
0.13
0.16
0.18

Forbs
Balsamorhiza sagittata
Helianthella unifrora
Sanguisorba minor
Agropyron spicatum
Agropyron smithii
Sitanion hystrix
Agropyron desertorum
Agropyron desertorum
(fall regrowth)
Hilaria jamesii
Festuca idahoensis
Oryzopsis hymenoides
Phalaris arundinacea
Stipa comata
Poa secunda
Sporobolus cryptandrus
Bromus inermis
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45.5
50.2
42.0
43.7
50.6
48.2
46.1
50.5
46.6
53.2
47.0
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:t
6:6

0.06
0.17
__-

3.2
3.8
4.3
3.5
15.0

0.05
0.07
0.07
0.07
0.39

4.6
3.8
3.1
7.8
3.7
4.2
4.1
4.1

0.08
0.08
0.06
0.14
0.07
-0.07
0.12
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mule deer and domestic sheep is about 0.20 to 0.25% of dry matter
(Welch 1989). Wintering animals are in negative phosphorus
budget. However, the higher the winter phosphorus content of the
forage, the smaller the phosphorus deficit.
The Black Rock Desert accession has superior overall nutritive
value with 54.1% IVDMD, 13.0% crude protein, and 0. IS% phosphorus. Black Rock was 1 of 3 accessions eaten by wintering mule
deer in the garden. The other 2 accessions were New Cuyama and
Benton. From a nutritional point of view, the study results support
further research into the nutritional quality of rubber rabbitbrush.
Such research should be directed toward determining the preference of wintering mule deer and domestic sheep for the various
subspecies and accessions of rubber rabbitbrush. Nutritive value
alone is useless to the animal if the plant is not eaten. We do know
several areas in Utah where populations
of rubber rabbitbrush
receive heavy annual use by wintering mule deer. One area is the
north side of Salt Creek canyon east of Nephi, Utah. The rubber
rabbitbrush
growing there is a white stemmed spp. hololeucus.

Another area is the Wasatch Plateau of Central Utah where wintering elk and deer heavily browse mountain rubber rabbitbrush ssp.
salicifolt’us. Enough variation seems to exist that a selection program could result in the development of superior forms of rubber
rabbitbrush to be used as a winter forage. This report with its
documentation of variation in nutritive quality in rubber rabbitbrush augments earlier documentation of variation in browsing
animal preference (Hanks et al. 1975, McArthur et al. 1979),
rubber and resin content (Hegerhorst et al. 1987), and seed germination (McArthur et al. 1987).
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Book Reviews
Aldo Leopold-the
Man and His Legacy, by Thomas
Tanner, (Ed) foreword by Morris Udall. 1987. Soil Conservation Sot. of America. 7515 Ankeny Rd., Ankeny,
Iowa 50021. US $10.00 (paper).
In essence, this paperback is a classic. It contains a star-studded
collection of writers including Bruce Babbitt (past governor of
Arizona), Stewart L. Udall, Raymond F. Dasmann, Roderick
Nash, and Carl, Estella, Luna, and Frederick Leopold as well as
nine other well-known authors. On the other side of the coin,
having a collection of symposium authors, no matter how astute,
has some disadvantages. For comparison, a course presented at a
university with a collection of distinguished speakers will be ineffective if there is a lack of coordination of the material presented,
because there will be little continuity and unavoidable repetition.
So too with repetition in this text. In truth, I felt that if I read once
more that Aldo Leopold was born in Burlington, Iowa, and that
Leopold, for a period of time, encouraged the shooting of predators so there would be more deer, I thought I would stop reading
the book. Fortunately, I did not stop reading.
Some replication was, however, beneficial to the reader. With
regard to some of Leopold’s ethics and quotations, these become
more retentative with replication. Paramount are the philosophies
and quotations from Sand County Almanac which sold over one
million copies after Leopold’s death.
Unfortunately, while the authors are interesting and informative, some have used this opportunity of writing to support and
justify a particular cause. For example, Dasmann, the prominent
wildlife environmentalist, maintains that in many countries little or
nothing has been done-in
the way of improving and managing
wildlife habitat. Another author expands upon the harvest theory,
particularly of deer populations. Certainly what the authors advocate is important but not necessary to be emphasized in proceedings of this nature.
Throughout the book memorable quotes of or referring to Aldo
Leopold are presented. One of the most significant was that of
Harvard’s Donald Fleming in which he referred to Leopold as “the
Moses of the New Conservation impulse of the 1960’s and 1970’s
who handed down the tablets of Conservation, but did not live to
enter the promised land.” Having an occasion to drive through the
Madison, Wisconsin, area recently during a high ozone warning
and viewing the rapidly declining lakes in the vicinity, I doubt if
Leopold’s possible reincarnation into the world of the ‘80’s would
allow him to recognize the “promised land”.
Overall, the book is a good review of the highlights and the
historical location of Aldo Leopold in the conservation movement.
In addition, important and interesting discussions are presented
upon the origin and ethics of other environmental advances. Of
noteworthy mention is the historical chapter authored by Dr.
Roderick Nash, Professor of History and Environmental Studies,
University of California, Santa Barbara. He presents a logical
sequence leading to the development of conservation policies in the
United States and Leopold’s part in that development.
Specifically, the book is excellent in addressing and replying to
such questions as the right-to-life ahimsa theory of the Hindus and
Buddhists that suggests protection to all animals. Consequent
questions develop as to the possible incorporation of plants into
such a doctrine. The obvious pitfall of such a doctrine is the direct
conflict with the structure of the biotic community and natural
predation as discussed in this book.
The strength of the book, nevertheless, lies in the quality of the
various authors. With the exception of one author, contributors do

not appear to be environmental activists all singing the same song.
The personal insights into Aldo Leopold’s family presented near
the end of the book are interesting and informative. The explanation by Frederick Leopold upon the family’s journey to Les Cheneaux on Mackinac Island each summer was revealing. He reveals
that, “None of us was affected by seasickness. Except Aldo and he
hated this evidence of physical weekness. We carried dried dog
biscuits for our animals, and Aldo found he could eat dog biscuits
without getting sick.” Frederick’s story illustrates how much this
hero Aldo Leopold was human like the rest of us mortals but brings
him closer to us with his descriptions of his brother’s inspirational
messages.-Carl
J. Goebel, Department of Natural Resource
Sciences, Washington State University

Arid Lands: Today and Tomorrow. 1988. Proceedings of an
International Research and Development Conference.
(Eds.) Emily E. Whitehead, Charles E. Hutchinson, Barbara N. Timmermann, and Robert G. Varady. Westview
Press, 5500 Central Ave., Boulder, CO 80301. 1435 p.
$85.00
This book provides an interesting and informative look at the
status of the world’s arid lands. It is a compilation of 128 papers
presented at the International Research and Development Conference in Tucson, Arizona in October, 1985. The conference was
sponsored by university, national, and international organizations
in cooperation with the University of Arizona’s Office of Arid
Land Studies and Division of Continuing Education.
As presented in the foreword by William G. McGinnes, the
majorputposeoftheconferencewastobringtogetherinvolvedresearchers
and development practitioners to gain a fresh understanding of
how to sustain arid zone production and ensure future habitability
of arid lands. Papers presented at the conference address 22 major
topics ranging from climate to desertification to range management to a comparison of building materials for housing. Topics of
individual papers varied from site specific case studies of a particular facet of arid land management to results of regional or national
investigations. Papers presented in the Plenary and Concluding
Remarks section attempt to place the great diversity of topics and
information contained in the proceedings into a global framework.
General themes throughout the papers include (1) difficulties in
addressing problems affecting arid lands, (2) the paucity of information concerning arid lands, (3) the inability to marshal1 and
apply the knowledge that is available at locations where it is most
needed, and (4) the realization that attempts to apply technological
“fixes” to arid land problems arising as a consequence of socialpolitical-economic
constraints, i.e., human problems, will not
result in long-term sustainability of arid land systems. Most
regions of the world have arid lands and papers presented at the
conference were generally representative of the world’s arid lands.
Asia was a major region with less than adequate representation but
this inadequacy most likely reflects the paucity of information
rather than any intent by the conference organizers.
Persons interested in many different aspects of arid land management will find the proceedings of value as a reference source.
The diversity of topics and participants at the conference provided
for a good cross section of the literature available on arid lands up
to 1985. The same wide diversity of topics is also the most limiting
of the proceedings but, given the original premise of the conference
to bring together involved research and development institutions,
the editors have done a commendable job in organizing the information in a comprehensible format. Addition of an index would
have increased its value as a reference source.

In his concluding remarks, J.G. Speth of the World Resources
Institute focuses attention on “Arid Lands in the Global Picture”.
A salient point made by him is that problems with arid lands are
shared by both developed and less-developed countries. A major
factor contributing to these problems is the lack of integrated
resource management. This should be of special concern to those
engaged in range management and associated professions because
many of the world’s rangelands are associated with arid lands. The
Proceeding papers re-emphasize the necessity to address and find
solutions to problems impacting arid lands.--Dennis
P. Sheehy,
College Station, Texas

Wildland Recreation: Ecology and Management. William
E. Hammit and David N. Cole. 1987. John Wiley &Sons,
New York, N.Y. 341 p.
The discipline of Wildland Recreation Management, now more
clearly defined at least at the academic level, has shifted from an
emphasis on the definition and classification of recreation opportunities and sites to the management of recreational settings. This
is the first textbook to apply the current knowledge of behavior
and ecology to the complex problems of recreation management in
natural ecosystems. It is a needed and welcome contribution to the
discipline.
Wildland Recreation Management is a broad and diverse discipline. This subject would be an ambitious undertaking for any
single textbook. This text is not intended to be that single document. It is not a general textbook for a course in Wildland Recreation Management. Such a text would have to include descriptive
and background information on wildland recreation policy, public
demand, management philosophy, and goals. This text focuses on;
(1) the primary ecological impacts associated with recreational use
of natural ecosystems (impacts to soil, vegetation, wildlife, and
water); (2) the primary factors which affect the severity of these
impacts (specific characteristics of these resources and characteristics of visitor use); (3) the current management concepts and
strategies to document, monitor, and respond to these ecological
impacts. This is a textbook designed for an advanced class in
Wildland Recreation Management concerned with the management of wilderness, backcountry, or those ecosystems managed to
provide dispersed recreational opportunities.
The book emphasizes throughout, but particularly in chapter IO,
the need for objective inventory and monitoring techniques to
quantify the ecological impacts associated with recreational use of
wildlands. These techniques are absolutely essential when managers base their decisions on desired ecological or social conditions.
The”limits of acceptable change” approach to management which
is now being utilized in many dispersed recreation areas is based on
the quantification of change in selected indicator variables between
baseline and monitoring assessments.
Another noteworthy portion of the book is the comprehensive
discussion of visitor and site management techniques presented in
chapters 11 and 12. This section will be as valuable to the practicing
wildland recreation manager as to the student.
This textbook would be appropriate and is recommended for an
advanced wildland recreation class which is primarily concerned
with the management of the ecological impacts associated with
recreational use of natural ecosystems. The book’s solution orientation and the references provided will result in the book becoming
a standard reference to both students and practicing managers in
the discipline of Wildland Recreation Management.--Dick
Shew,
Wildland Recreation Management Program, Washington State
University, Pullman, Washington 99 164.
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The Rise of Multiple-use Management in the Intermountain
West: a History of Region 4 of the Forest Service. 1987.
Thomas G. Alexander
et al. Superintendent
of Documents, Washington
D.C. (order no. 001-001-0631-9) $13.
History is not only interesting and exciting, but it is a record of
the victories and failures of the past by which we can learn to plan
for success in the future. (Somebody else has said this same thing
previously and better than I have, but I am convinced that it is
true!). This history should be of particular interest and value to
range managers, because a significant part of range management
philosophy and the beginnings of range research were initiated in
Region 4 of the Forest Service. In fact, this is the story of the
birthplace of range management on a global perspective.
The authors have literally dug through the files of the Region,
and compiled a monumental record of the day-today problems
facing federal land managers, and the solutions successfully (sometimes) worked out with users, politicians, and the general public.
The record begins with a brief description of settlement of the
intermountain
region, and development of the livestock and
timber uses on public lands, and continues in almost 300 pages of
detail to the “Sagebrush Rebellion” and beyond. Details from
personal diaries and official memoranda along with a well-selected
abundance of photographs gives the reader an unusually clear
understanding of how it all happened. Activities of General Land
Office personnel in management of the Forest Reserves, beginning
in 1891 with the establishment of the Yellowstone Forest Reserve,
to the transfer of authority to the Forest Service in 1905, is
explained from a local perspective that was new to me. Stuggles of
these early Rangers and Supervisors to bring order and reason into
range stocking rates puts present pressures from the public into
perspective.
One of my favorite chapters tells of the wisdom of administrators in establishing the Great Basin Research Station (the first),
where the truths and limits of proper stocking were clearly demonstrated and gave a scientific foundation to theories of proper
management of rangelands. We are still extrapolating and verifying results of some of the early experiments conducted there.
The history of the Region is told in a series of chapters organized
in chronological order and focused on prevailing philosophical
eras. For example, titles are: Beginnings of resource administration-the Intermountain West under the Forest Service., 19051909;
Forest protection and management: 1910-1929; Forest management in a depression era: 1930-1941; Organization and planning
for intensive management: 1942-1949; Toward stewardship and
multiple use management: 1950-1959, An era of intensive multipleuse management: 1960-1969; Forest planning and management
under pressure: 1970-1986; and The Intermountain
Region in
retrospect.
People will read this book for various reasons. For me, it is
practically the story of my life, from boyhood hiking in the
Wasatch Mountains to teaching and researching in a university
environment struggling with problems parallel to those of the
Forest Service. Many will undoubtedly find in it a resource base for
future study and reference. Others may seek data for praising or
condemning the Forest Service. But best of all, read it if you want
to renew your faith in the wisdom and dedication of the men and
women who have laid the foundation in the past and set the goals
for the future.-Grant
A. Harris, Washington State University.
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