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Investment Rationale for Range Improvement
Practices in Eastern Montana
JOHN R. LACEY, J. ROSS WIGHT, AND JOHN P. WORKMAN
Abstract
Evidence suggests that the range livestock industry in the Nortbem Great Plains is not as productive as it should be. Ranchers are
not readily adopting tbe range improvement practices tbat researcbers recommend. Therefore, an economic survey of eastern Montana ranchers was conducted to evabtate tbe current status of range
improvement practices. Specific objectives were to determine: (1) if
range improvement investments were bdluenced by ranch sire; (2)
the kbrds of range improvements that were being implemented; (3)
the areas where additional research was needed in range improvements; and (4) if stocking rates were brfbtenced by ranch size.
It was determined that a majority of the ranchers bad purchased
equipment and invested in additional water developments, fencing,
and other structural improvements during the previous five-year
period. A much smaller percentage bad invested in seeded pastures, contour furrows, fertilizer, and other nonstructural improvements. Although small ranches bad more range improvements
developed per unit area, large ranches (401 animal units or more)
were investing in range improvements more frequently than
smaller ranches. Questionnaires returned from 568 ranchers buiicated that research on range improvement practices should
emphasize range seeding. Stocking rate on rangeland was not
brfluenced by ranch sire.
Eastern Montana is an important livestock producing region.
During a 1979 survey, 68 1,300 cattle, including calves, and 215,600
stock sheep and lambs, were counted in 14 eastern counties (Montana Dept. of Agr. 1980). Annual cash receipts from the sale of
livestock and livestock products totaled $200,745,700. Studies evaluating range improvement practices have shown that a variety of
different improvement practices can increase herbage production
in eastern Montana (Black and Reitz 1969, Houston 1971, Wight
1975, Wight et al. 1978, Wight and White 1974). Such range
improvement practices can substantially increase livestock production in eastern Montana (Houstonand Urick 1972, Wight et al.
1978) and in other regions (Cook and Jefferies 1963, Kearl 1975,
Kearl 1979, Workman and Hooper 1968).
Range improvements are “special treatments, developments,
and structures used to improve range forage resources or to facilitate their use by grazing animals” (Valentine 1971). Although a
wide selection of improvement practices exist, Wheeler (1970)
determined that capital expenditures for range improvements in
the northern Great Plains were largely limited to water development and fencing. A recent U.S. Forest Service study (Horvath et
al. 1978), suggested that land management agencies have also
invested most of their improvement funding on water development
and fencing. Wheeler (1970) suspected that water and fencing were
popular improvements because they allowed the rancher to immediately graze more livestock by improving distribution on the same
land base. However, he cautioned that the practice of increasing
livestock numbers to use the newly accessible portions of the range
could lead to overstocking and be detrimental to the long-term
productivity of an area.
Authorsare range extension specialist, Montana State University, Bozeman 59717;
range scientist, USDA, ARS, 270South Orchard, Boise, Idaho 83705;and professor,
Department of Range Science, Utah State University, Logan 84322.
This article is a contribution from the Northwest Watershed Research Center,
Agricultural Research Service, USD+; Bureau of Land Management, USDI; and
Montana State University, Bozeman, m cooperation with the Agricultural Experiment Station, University of Idaho, Moscow 83843.
Manuscript accepted April 3, 1984.
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Nonstructural kinds of range improvements, such as brush control, seeded pastures, and contour furrowing have not been as
popular as fencing, water developments, and other structural
improvements (Lacey 1981). Their economic benefits tend to be
less obvious than those from structural improvements.
Although scientists develop and field test range improvement
practices, it is the livestock producer who ultimately determines the
number and kind of improvements on his ranch. Therefore, an
economic survey of eastern Montana ranches was conducted to
evaluate the current status of range improvement practices. Specific objectives were to determine: (1) if range improvement
investments are dependent on ranch size; (2) the kinds of range
improvements that are being implemented; (3) the needs (as perceived by the rancher) in the area of range improvement research;
and (4) how the use of range improvement practices could influence stocking rate differences between ranch sizes.
To enhance communication
between ranchers, agricultural
lenders, and range scientists,these issues must be resolved. Better
communication is needed among these facets of the range livestock
industry to ensure long-term productivity.
Methods
Tax records were examined in 14 counties during July 1979 (Fig.
1). Names of all operators who paid taxes on more than 25 head of
cattle and/ or 50 sheep were recorded. The study area was separated into 8 northern and 6 southern counties where livestock
production accounts for 39 and 80% of the total agricultural
receipts, respectively. In the predominantly
grain producing
northern counties, the study sample was restricted to cattle operators who carried between 50 and 150 animal units (AU). Ranches in
the southern counties were less homogenous, and our sample
included 3 ranch sizes (small, 50-200; medium, 201-400; and large,
40 1 AU or more), 18 of which produced both cattle and sheep. For
computation purposes, 5 sheep were the equivalent of an AU.
A two-phase sampling technique was used. First, a stratified
random sampling scheme was used to obtain a proportionate
number of names from the tax rolls within each group of ranches.
A total of 1,253 ranches was selected and a standardized questionnaire was mailed to these operators during May, 1980. They were
asked to return the questionnaire and indicate whether they would
participate in a personal interview. A smaller sample of 117
ranchers (about 30 in each size class) was then selected from those
willing to be interviewed, and this group was personally interviewed during July through September, 1980. Incomplete data or
atypical operations made it necessary to exclude some of the
personal interviews from the final analysis. Production and cost
data for the small, medium, and large ranches in southeastern
Montana are based on samples of 18,21, and 30 ranches, respectively. Northeastern Montana ranchers were not included in the
production and cost analyses because 61% of their agricultural
receipts were from the production of grain.
Analysis of variance was used to determine if cost and production parameters (collected during personal interviews) varied significantly between small, medium, and large ranches in southeastern Montana. Chi-square contingency tables (Snedecorand Cochran
1967) were used to determine if a rancher’s participation in the
survey, his investment in improvement practices, and his research
recommendations were related to ranch size. Differences among
JOURNAL

OF RANGE

MANAGEMENT

38(l),

January 1985

Tsbk 1. Percent of eastern Montana nachers investing in various improvement practices during tbe bst five yars.’
Ranch size and location
North
Small
SO-150AU

Small
50-200 AU

Purchase equipment
Water facilities
Breeding stock
Fencing
Improve hayland
Lease range
Seed pastures
Convert range to crop
Convert crop to range
Purchase range
Fertilize pasture4
Contour furrow
Fertilize range

74A’
67A
69A
6OA
36A
34AB
29A
19A
28A
l7A
21A
3A
6A

76AB
63A
68A
56A
40A
25A
27A
27AB
22AB
16A
14A
3A
5A

Mean
-

36

Improvement practices
-

South
Medium
201-400 AU
-Percent77AB
82A
86A
62AB
47A
36B
31A

Total
sample

85B
89A
77AB
72B
6lB
43B
38A

78aJ
75a
75a
63b
46c
35d
3ld

26AB

31B

26e

2lAB
18BA
12A

l4B
JOB
l6A
IIB
5A

2lef
2Of
16f
6g
5g

44

38

8AB

3A
.39

34

Large
>400AU

‘Rcsuits are based on 568 returned questionnaires.
*Percentages in the same row followed by the same upper case letter are not significantly different.
‘Percentages
followed by the same lower case letter are not significantly different.
‘Pasture refers to a seeding of introduced plants and, in this paper, is distinct from range.

ranch sizes in terms of investment in range improvement practices,
and the rancher’s perceived needs for range improvement research
were tested statistically by the chi-square test. The probability level
was set at 5% (0.05) for all tests.

Results and Discussion
Ranchers returned 568 of the 1,253 questionnaires (a 45%
response rate). Sixty-eight percent of those who returned the questionnaire requested results from the survey, and 32% consented to
participate in personal interviews. There were no significant differences among the ranch size categories with respect to response to
the survey, interest in the survey results, or consent to be
interviewed.
Rancher Selection of Range Improvement

Practices

Thirteen range improvement practices were listed in the questionnaire and ranchers were asked to indicate practices in which they
had invested money during the last 5 years. Over 75% of those who
returned the questionnaire had invested money in new equipment,
water facilities, or improved breeding stock during the 5-year
period (Table 1). Sixty-three percent had invested in additional
fencing.
Tabk 2. Kinds of improvements and number of ba per range improvement unit on three ranch sizes in so&be&em Montana.1
Ranch size
Kind of improvement
Water developments
(wells, springs, and
reservoirs)
Fence
Hayland

Improvement unit

- Medium _ Large
50-200 AU 20 l-400 AU > 400 AU
_ Small

Number of hectares per improvement unit*
373
226
each
270
(282)
(113)
(291)
one km
(E)

(t;)

(Z)

(::)

(:x

(G

one ha

‘Data based on information collected during personal interviews with 69 ranchers in
southeastern Montana, July-September 1980.
‘Mean standard deviations are in parentheses.
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Expenditures for fencing and water development are logical
investments. They permit better livestock distribution, save labor,
permit easier herd management, and also yield a high rate of return
because they allaw the rancher to increase livestock carryingcapacity (Gray et al. 1965).
The time factor is critical when ranchers are forced to wait long
periods for a return on their investment. Projects with relatively
short lives and heavy use patterns will generally yield higher net
benefits thall do projects with longer lives, and lower levels of use
(Godfrey et al. 1979). Thus, ranchers prefer improvements that
yield immediate returns. The added expense of waiting for a return
may explain why only 46 and 31% of the ranchers invested in
hayland and seeded pastures, respectively.
A much smaller number of ranchers fertilized pasture, fertilized
range, and did some contour furrowing (16, 5, and 6%, respectively). Ranchers may have been reluctant to invest in these practices because they felt that the economic benefits had not been
clearly demonstrated or that the practices were uneconomical. The
number of investments in contour furrowing could also be limited
by the number of acres that are physically adapted to the practice,
‘arid because some ranchers believed that furrows made it difficult
to work livestock (Lacey et al. 1981).
In contrast, investments to improve breeding stock or equipment were more popular (Table 1). It is difficult to question the
wisdom that recognizes the contribution of good livestock to ranch
income. Timely investments in machinery are often beneficial for
tax purposes. Ranchers also need machinery to replace a labor
resource that has been hired into other industries (Gray 1968).
Relationship between Ranch Size and Range Improvements

Each of the 4 ranch size categories followed the same general
trend of investing more frequently in structural than in nonstructural improvements. However, the smaller ranches tended to invest
less frequently in most of the practices. This investment pattern
may be influenced by diminishing returns and economies of size.
Diminishing returns are observed when a variable input (such as
an improvment practice) is added to a fixed input (land). Although
the total benefit may initially increase at an increasing rate, it soon
slows to a decreasing rate and eventually decreases. Small ranches
tended to have more fences (km) and hayland (ha) per unit area of
land thandid the larger sized ranches (Table 2). Although the data
suggested that the medium sized ranches had the most water devel3

opments, many of their developments were reservoirs. In terms of
permanent water (springs and wells), the small ranches were developed more intensively.
The different levels of range improvement practices existing
between the ranch sizes are believed to influence investment in
additional improvements. For example, the average small, medium,
and large ranches had 1 ha of hayland, respectively, for every 22,
53, and 75 ha of rangeland in their total operation (Table 2). Thus,
the operator of the small ranch harvested 1.6 tonnes of hay and
straw per AU, while the medium and large ranches harvested 1.2
and .9 tonnes per AU, respectively. Because the relative returns
from additional investment in hayland would be less for the smaller
ranches, it seems rational that only 40% of the small ranches
developed additonal hayland, in contrast to 61% of the large
ranches (Table 1).
Costs per animal unit tended to decrease as ranch size increased
(Table 3). By assuming that ranch size does not influence the
Table 3. Average interest and variable cost per AU for three ranch sizesin
southeastern Montana.1

Item
Interest/ AU*
Variable Cost/AU3

Ranch size
Medium

Small
50-200 AU

201400

% 71.56
165.00

AU

$ 37.86
156.00

Large
300

AU

% 33.60
138.00

1Data collected during personal interviews with 69 ranchers in southeastern Montana.
%cludes interest on operating, personal property, and real estate loans. Differences
are not statistically significant.
%cludes interest on operating loan. Does not include interest on personal property
and real estate loans or on bull purchases. Differences are not statistically significant.

number of cull brood stock and offspring produced from a given
number of animal units, it is reasoned that the cost per animal unit
may be used to approximate the cost per unit of output. Because
the large ranches pay $38 less interest per animal unit, they seem to
benefit from economies of size. Thus, large ranches may have more
resources available to spend for improvements. This line of reasoning is consistent with Gray (1968), who wrote that the small rancher
can seldom afford to make range improvements when needed
because of inadequate financial reserves.
The lower cost per animal unit may be one reason why a higher
percentage of the large size ranches, rather than the smaller sized
ranches, purchased additional rangeland during the last five years
(Table 1). This same reasoning may also explain why a higher
percent of the medium and large ranches were able to lease additional range.
Rancher Interest in Range Improvement Related Research
Ranchers receiving questionnaires were asked to list the kinds of
range studies that they would like to see conducted in eastern
Montana. Only 228 of the returned questionnaires (39% of the
total response) contained research recommendations. Less than
1% of the respondents indicated that no additional range research
was needed. The needs of the remaining 60% of the respondents are
not known.

The ranchers in northeastern Montana were the most reluctant
to recommend a topic for research (Table 4). Their lower degree of
interest in range research is logical, because northeastern Montana
is more farming oriented. The trend of more research recommendations being forwarded from large operations in southeastern
Montana may suggest that operators of large ranches are more
interested in range improvements. This increased interest may be
related to their greater opportunity and ability to invest in the
improvement practices. There was no evidence to indicate that a
larger percent of the small ranchers were actually “part time”
operators.
Most of the perceived research needs could be categorized as
“applied”rather than “basic. “Although rancher response included
nearly every problem area that faces the livestock producer on
western ranges, their perceived needs were categorized into 14
groups (Table 5).
Participating ranchers indicated that seeding was the priority
range improvement practice needing additional study. Specific
seeding needs centered on the development of better forage species
(native and tame, cool- and warm-season, irrigated and dryland,
and grass and legume). Mechanical treatments (pitting, ripping,
chiseling, contour furrowing, and disking) were another suggested
area for research (Table 5). Weed control, especially Canada thistle
(Cirsium arvense) and leafy spurge (Euphorbia esula) and poisonous plant problems were included in the noxious plant category.
The ranchers’ perceived need for studies in a specific area is
relatively independent of ranch size (Table 5). However, the large
size ranchers did express more interest in grazing system studies.
The usefulness of a specialized grazing system may be limited on a
small ranch that is already being intensively managed. For example, the small rancher in eastern Montana may be restricted to a
specific use pattern because of physical limitations that require
certain pastures to be rested at certain times. This may be necessary
because parts of the pasture may be seeded to wheat each year, or it
may have physical characteristics that make it a valuable winter
pasture.
Management

Implications

All components of the range livestock industry should be concerned about long-term trends in productivity. Wheeler (1970)
concluded that “the evidence rather clearly indicates a decline in
the productivity of the range livestock sector” in the Northern
Great Plains. His conclusion was drawn after observing that calf
crop percentage and weaning weight had declined from 1958
through 1967. Furthermore, average stocking rate had increased
from 12.4 hectares per AU to 11.2 hectares per AU during the same
period. However, his stocking rate estimates were not adjusted to
compensate for different levels of crop production among ranches.
Wheeler apparently reasoned that the total area of range per AU
was less on a livestock-grain operation than on a straight livestock
operation, but that the difference was offset because the cropland
operations were located in areas of higher productive potential.
Regardless of the difficulty in comparing the earlier study to the
1979 data, Wheeler’s conclusions have serious implications and a
general discussion is merited.

Table 4. Number of returned questionnaires and percent that did not contain P research recommendation by ranch size and location.
Ranch

Item
Number
Percent with no
recommendation1

Small
SO-150 AU
207
67a

size and location
South

North
Small
SO-200 AU
161
59ab

Medium
201400 AU
99

Large
X0
AU

Total

101

568

50b

57ab

‘Percentages followed by the same lower case letter are not significantly different.
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Table 5. Percent of eastern Montana

ranchers indicating range improvement

research needs by range improvement

category and ranch size.’

Ranch size and location
North
General topic
Seeding
Mechanical
Fertilization
Noxious plants
Sagebrush control
Economic
Grazing systems
Irrigation
Livestock
Predator
Grasshopper
Rain
Other
Mean

South
Large
>400AU

Small
50-150 AU

Small
50-200 AU

Medium
201-400 AU

Total
sample

llA2
7A
IA
4A
IA
3A

IOA
3A
5A
6A
3A
2A
3AB
OA
2A
2A
IA
IA
I2

l6A
IOA

IA
2A
2A
IA
OA
2A
I2

l2A
8A
5A
6A
5A
3A
IA
3A
IA
OA
IA
2A
8

IOA
4A
3A
2A
8B
4A
4A
2A
5A
OA
IO

7b
lb
5bc
3cd
3cd
3cd
2d
2d
Id
Id
Id
II

3.8

4.1

3.9

5.8

4.3

l2a3

‘Resultsare based on 568 questionnaires returned by mail.
zPercentages in the same row followed by the same upper case letter are not significantly different.
‘Percentage followed by the same lower case letter are not significantly different.

Average calf crop percentage was 8% and weaning weight of
steer calves was 20 I kg on the 69 ranches in 1979. The differences
between ranch sizes were not significant. Although the 1979 estimates appear to be higher than the 82% calf crop and the 191 kg
weaning weight that Wheeler (1970) reported in 1967, there is no
evidence that range condition has improved. Instead, the production data may reflect variations in weather (Newbauer et al. 1980,
Branson and Miller l981), genetic improvement, and/or better
animal husbandry.
Average stocking rate (total ha in operation divided by total
number of AU’s) had decreased from 11.2 ha per AU in 1967 to
12.6 ha per AU in 1979. This apparent decrease in stocking rate is
somewhat surprising because the favorable precipitation in southeastern Montana had caused the forage yield of some species to
double during the 1967-77 period (Newbauer et al. 1980). Rather
than a conscious conservation goal by the ranchers, the reduced
stocking rate may be a reflection of the cattle cycle. The total
number of cattle and calves in Montana was higher in 1967
(2,869,OOOhead)(U.S. Dept. of Agr. 1968) than in 1979(2,607,000
head) (U.S. Dept. of Agr. 1980). This 9% decrease in cattle
numbers between 1967 and 1979 approximates the stocking rate
reduction.

There was no measurable difference in the 1979 stocking rate
between the 3 ranch sizes when the total land base in each operation was divided by the total number of AU’s carried yearlong
(Table 6). However, small ranchers fed 1.6 tonnes of hay and straw
per AU, while large and medium sized ranches fed 1.2 and 0.9
tonnes, respectively. When this feeding program is considered
along with the number of hectares of crop and hayland, the actual
stocking rate on rangeland is reduced to about 17 ha/ AU (Table 6).
Although stocking rates on range did not vary significantly
between ranch sizes, 43% of the large sized ranches compared to
only 5% of the small sized ranches purchased additional hay.
Largely because of the extra hay, expenditures on supplemental
feed per AU averaged $17 higher for large sized ranches. The costs
of purchased hay were not included in (Table 6). It is not known
how much of the difference in supplemental feed costs between
ranch sizes can be attributed to the usage of range improvement
practices.
Simple stocking rate comparisons between ranch sizes are also
confounded by breed differences. Eighty-nine percent of the small
ranches used the traditional British cattle breeds (Hereford,
Angus, or a Hereford-Angus cross). In contrast, only 75%and 59%
of the medium and large ranches, respectively, restricted their

Table 6. Mean and standard deviation of number of AU’s, range and non-range he&rage,
estimates for three ranch sizes in southeastern Montana, 1979.1

amount of hay and straw normally fed, and two stocking rate

Average ranch unit
Hay fed
Total
AU’s

Range size
Gill
(50-200
Medium
(201-400

Large

AU)

Stocking
rate
(Total ha/ AU)

Land
Non-range
-ha-

Range

Grass and
alfalfa

-tonnes

138

1579

11.64

168

1412

198

(38)’

(601)

(3.7)

(120)

(589)

(86)

3841
(2410)

12.9

297

(4.2)

(350)

10083
(9330)

13.5

527

294
AU)

Total
land
(ha)

(60)
733

3544
( 1599)
9556
(5880)

straw

-
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AU’s

Stocking
rate
(ha/ AU)

Equivalents

18.3
(it)

(Z)

562

(X00
AU)
(I?)
(326)
(4.9)
(453)
(343)
‘Data collected during personal interviews with 69 ranchers.
*Hay and straw converted to AUM’s at 3.3 and 1.1 per tonne, respectively.
‘Standard deviations of the means are in parentheses.
4Mean stocking rate values may vary slightly from those calculated using total AU’s and total land due to rounding errors.
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hectarage

AU’s2

(E)

325
(184)

Rangeland

(ii)

(7.8)

202

17.6

(E)

(53)

(6.1)

I60

573

16.4

(96)

(289)

(5.6)

5

research efforts in the area of range improvements,
it would be
impractical to conduct a research program in each of their individual problem areas. Instead, it seems that ranchers must be consulted, and a balanced program containing both applied and basic
research be formulated.
This process would ensure that range
research programs are as productive as possible.
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Conclusions
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Sampled ranchers indicated that seeding was the priority range
improvement
topic that needed additional study. However, their
perceived needs included a wide range of problems, mostly of the
applied nature. Although ranchers provide important guidance for
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Mechanical Renovation of Shortgrass Prairie
for Increased Herbage Production
L.W. GRIFFITH,

G.E. SCHUMAN,

F. RAUZI, AND R.E. BAUMGARTNER

Abstract
A study to determine the effects of single ripping, double ripping, and contour furrowing treatments was conducted on shortgrass rangeland in southeastern Wyoming from 1979-1982. The
mechanical treatments changed species composition and increased
total forage production over the control. Western wheatgrass
(Agropyron smithii Rydb.) exhibited increased production on the
treated areas compared to the control. Blue grama [Bouteloue
grucilis (H.B.K.) Lag. ex Griffiths] production was significantly
lower on the double ripping (1981 and 1982) and the contour
furrow (1981) treatments than on the control. Needle-and-thread
(St&u comutu Trin. & Rupr.) exhibited an increasing trend on the
single and double ripping treatment over the control treatment ail 4
years. Forbs also showed his trend in 1979,198O and 1981 on all
renovation treatments, however little difference in forb production
was evident in 1982. Total production differences were the greatest
in the first year of renovation (1979) and in 1980 when the annual
precipitation was below the long-term average. Increased livestock
carrying capacities would result in payback of the renovation costs
in 4 years.
Numerous mechanical treatments have been used on rangeland
during the past 40 years to increase herbage production on some
range sites. The most commonly used mechanical treatments in the
Great Plains are pitting, furrowing, and ripping. Ripping and
contour furrowing can increase productivity by disturbing the
native sod and shifting the botanical composition to more productive cool-season species (Branson et al. 1966, Rauzi 1975). Success
of the mechanical treatments has varied depending on the degree of
surface modification. Barnes (1948) found that more than 1.5 m
spacing of furrows for interseeding did not significantly improve
forage production. However, Barnes (1952) and Rauzi (1968)
noted that spacing furrows no more than 0.6 m apart and about 10
to 20 cm deep was the most effective and profitable furrowing
treatment. Rauzi (1975) stated moldboard-plow, disc plow, and
rotovator treatments increased western wheatgrass (Agropyron
smithii Rydb.) by pruning and redistributing the western wheatgrass rhizomes.
To be effective on shortgrass rangeland a treatment should
increase water infiltration and storage and reduce competition
from unwanted vegetation to allow more desirable cool-season
species to become established. Branson et al. (1966) found that the
2 most effective mechanical treatments in increasing forage production and water storage were contour furrowing at intervals of
0.9 to 1.5 m and depths of 20 to 25 cm, and broadbase furrowing,
which consisted of low dikes about 0.5 m in height. They concluded
that effective mechanical treatments modify the soil surface, not
the subsoil, to increase retention and storage of precipitation.
Wight and Siddoway (1972) and Neff and Wight (1977) found
surface modification affects the amount of water available to the
plants by preventing runoff, trapping snow, and reducing the
number of plants competing for water. The effectiveness of a
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specific surface treatment was dependent on range site and vegetation characteristics.
Mechanical disturbances of native sod have also resulted in the
release of plant nutrients through soil weathering and decomposition of organic matter (Wight and White 1974). They found that
western wheatgrass quickly reinvaded disturbed areas and significantly increased total forage production. Changes in species composition resulting from surface modification can be relatively permanent. Wight and Siddoway (1972) noted that abandoned cultivated fields of the Northern Plains became dominated by needle-andthread (St&a comata Trin. & Rupr.) and western wheatgrass,
resulting in higher production than the contiguous undisturbed
range.
Estimations of surface modification longevity range from I5 to
25 years. Rauzi (1974) estimated longevity of range pitting in
southeastern Wyoming to be about I5 years, depending on range
site, climate, and management. Fisser et al. (1974) stated production on contour furrows would probably remain higher than the
untreated native rangeland for at least 20 years. Wight and White
(1974) estimated longevity of lister furrows and pits to be 15 and 25
years, respectively.
The purpose of this study was to determine the effects of contour
furrowing and ripping of shortgrass rangeland on herbage yields,
botanical composition, and livestock carrying capacity.
Methods
The research was conducted in southeastern Wyoming approximately 13 km south of Cheyenne. Elevation at the study site is
about 1,830 m. The soil is an As&on tine loamy mix, a member of
the mesic family of Aridic Argiustolls (Young and Singleton 1977).
The surrounding area is mostly rolling prairie which is used primarily for livestock grazing. The plot area was nearly level, therefore
neither runoff nor runon was a contributing factor. The climate is
semiarid with a mean annual precipitation of 36.8 cm; the growing
season averages 132 days.
Native vegetation on the study site consisted of blue grama
[Bouteloua gracilis (H.B.K.) Lag. ex Griffiths], buffalograss
[&chloedactyloides(Nutt.)
Engelm.], western wheatgrass, needleand-thread, Junegrass [Koeleria cristata (L.) Pers.], and Sandberg
bluegrass (Pea secunda Presl.) with blue grama being the dominate
species. Dryland sedges (Carex spp.), annual grasses and forbs
were also scattered throughout the plot area. Since western wheatgrass has been shown to respond most dramatically to mechanical
treatments, and is used by the Soil Conservation Service as a guide
for determining whether mechanical range renovation is feasible, a
culm count was made to determine the relative density of that
species on the study area. The culm count was made by counting
individual culms of western wheatgrass in twenty, 0.093-mr
quadrats.
The experimental design was a randomized complete block with
4 treatments: ripped I direction, ripped 2 directions. contour furrowed, and a control. Treatments were established in April 1979
and livestock cxcludcd from the study area. Ripped furrows were
spaced 40 cm apart (Fig. la). One area was ripped at right angles to
the first ripping (Fig. I h). This produced the double ripping treatment. The chisel rcmovcd native sod strips IO to 15cm wideand IO
to I5 cm deep. The single ripping treatment removed an average of
7

located

on the contour furrow treatment.
used because of the wide furrows

The larger exclosures

made by the furrow
machine. Herbage within the cages and subplots was clipped at
ground and separated by species to estimate peak standing crop
(Table I). Herbage production
estimates were made when the
major species of the plant community were approaching
maturity.
Perennial and annual forbs were combined and will be referred to
as forbs in the paper. Fringed sagewort (ArtemisiafrigidaWilld.)
was included as a forb since it was predominately
found as seedlings. Annual grasses were grouped with those perennial grasses
that were present in small quantity. This group was referred to as
“other grasses.” Forage production was estimated by clipping two
0.18-m’ plots under each cage on the control, single ripped, and
double ripped treatments.
Two 0.36-m’ plots were clipped from
each exclosure on thecontourfurrowed
treatment. The past year’s
growth was separated from the current year’s growth. This separation is quitedistinctin
thisclimate; since the previous year’sgrowth
is brittle and a bleached-out
gray color compared to the tan color
of the mature plant material of the current year. The forage samples were dried at 60°C for 48 hr and weighed. Analysis ofvariance
was accomplished
on the forage production data and LSDos used
for mean separations.
were

Results

28% of the existing vegetation (20-35%), as determined by direct
measurement
in I-ml quadrats. The amount of native sod removed
by double ripping averaged 60% (52-70%). The double ripping
formed a lattice type appearance on the sod.
Contour furrowing was accomplished
using a machine developed by the Agricultural Research Serviceat Sidney, Mont. This
machine made 2 furrows I .5 m apart, I5 to 20 cm deep, 60 to 75 cm
wide, and dammed at intervals of about 6 m (Fig. Ic).
In the spring of each year (1979.1982) five I.0 m2 cages were
randomly placed on each ofthe treatment areas except the contour
furrowing. Three large exclosures, 0.9 by 1.8 m, were randomly

8

and Discussion

Total yields and those from major species varied with years and
treatments (Table I). Annual precipitation
fluctuated from a low
of35cm in 1980toa highof49cmin
1982. Precipitationwasabove
the long-term average for 3 of the 4 years of study (Table 2). April,
May, and June precipitation
probably has the greatest influence on
plant growth and yield (Rauzi 1975) and may account for most of
the variation in herbage production between years.
In 1979 western wheatgrass production
was 4 times greater on
the double ripped treatment compared to the control. The single
ripping treatment produced slightly less than twice the control, but
it was not significantly different from the control because of sample
variability.
The 1980 western wheatgrass
production
showed a
similar increasing trend over the control in the single and double
ripped treatments.
Western wheatgrass became the dominate species in the single rip treatment and comprised about one-third of
the total production
in the double rip and contour-furrow
treatments in 198 I and 1982. The response ofwestern wheatgrass to the
mechanical renovation
treatments
evaluated was similar to that
reported by Rauzi( 1975). Western wheatgrassculm
count obtained
on the study site (53 culms/m’) was considerably
greater than the
one rhizomatous
native plant per square meter recommended
by
the Soil Conservation
Service (Wyoming) in their “Standards and
Specifications
for Grazing Land Mechanical
Treatment.”
This
standard was developed to insure adequate populations of rhizomatoms plants were present to respond to mechanical renovation.
Blue grama showed little change in production in 1979 and 1980.
The I98 I and 1982 blue grama production was significantly lower
on the double ripped treatment. Production was also significantly
lower on the contour-furrowed
treatment than on the control in
1981. The average blue erama production
exhibited a eeneral
reduction for all &atme&
corn&red to the control.
Buffalo grass production
exhibited an increasing trend for the
single and double ripping treatments compared to control over all
years.
Needle-and-thread
showed a slight trend toward increased production for the single and double ripping treatment. During the
last 3 years ( 1980-l 982) needle-and-thread
production was as high
as 10 times greater on the double ripping treatment than on any
other treatment.
Abandoned
cultivated lands in this region have
become dominated
by needle-and-thread
(Wight and Siddoway
1972). It responds and competes well in a disturbed grasslands
environment.
Forb production exhibited a general trend of increased biomass
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Table 1. Herbap production of major species on study area in southeastern Wyoming, 19794982.
Agropyron

smirhii

Boureloua
gracilis

Stipa
comata

Buchloe
doctyloides

---kg/
1979

Other
grasses

Carex spp.

Forbs

Total

ha-

193
423
307

592
333
539
324

83
268
401
358

19
44
31
95

6
15
11
31

18
99
39
64

67
467
577
461

886
1419
2021
353

52
352
287
309

510
525
578
470

97
84
87
174

24
122
790
1014

0
0
189
281

20
57
I2
58

125
409
764
658

828
1549
2707
794

1981
Control
Single Rip
Double Rip
Contour Furrow
LSDm

74
782
244
780
509

748
609
409
296
284

46

IO

0
244
29
181

13
55
24
9
71

I5
29
24
12
32

110

100
166
0
271

189
464
1060
313

1016
1764
1575
2186
663

1982
Control
Single Rip
Double Rip
Contour Furrow
LSD.oa

133
767
428
475
467

573
467
282
521
268

0

58
143
0
206

4
0
307
49
293

22
161
24
0
198

20
4
7
0
I7

166
120
164
240
308

918
1577
1355
1285
440

Average’
Control
Single Rip
Double Rip
Contour Furrow

90
523
345
627

606
483
452
408

56
127
199
0

14
41
343
39

10
58
62
4

18
47
20
6

117
296
‘493
650

912
1577
1914
1735

101

Control
Single Rip
Double Rip
LSD.m
1980
Control
Single Rip
Double Rip

LSD.oa

‘The total herbage
year period.-

oroduction

.

of the control.

sinale riD and double

rip treatments

in the single and double ripping treatments compared to the control in 1979-198 1. Forb production appeared to be related to the
severity of the disturbance of the mechanical treatment. This
increase was expected since the treatments disturbed the soil and
lessened competition, enabling the annual forbs to become established. However, little difference in production between treatments
was evident in 1982. As the desirable species responded to the
mechanical treatment the annual forbs accounted for a smaller
portion of the total production.
Table 2. Monthly and annual precipitation of study area in southeastern
Wyoming, 1979-1982.
Long term
average
mean
1979
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC
TOTAL

0.69
0.36
3.40
I .96
7.31
8.43
4.65
4.12
0.81
1.17
6.30
3.81
43.67

1980
6.88
1.85
3.45
2.36
6.07
0.18
5.08
3.94
2.46
1.30
1.17
0.20
34.94

1981
---cm0.76
0.5 1
1.78
1.85
14.40
4.22
7.24
7.37
0.79
2.16
0.23
1.14
42.45

1982
1.04
0.48
0.43
1.35
9.04
11.48
6.88
4.60
7.29
3.05
1.09
2.11
48.84
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(1871-1982)
1.09
1.37
2.59
4.42
6.20
4.52
5.03
3.84
2.92
2.21
1.35
1.14
36.68

1985

overa4 year period while the contour furrowing treatment was averaged overa2
-The benkfits of the mechanical renovation on forage production
are more pronounced in the below normal spring (April-May)

was averaged

precipitation year of 1980. During the dry years the treatments
result in more effective infiltration and storage of the limited
precipitation.
The ripped furrows deteriorated by 50% (sloughed and filled-in)
on the fine loamy mix soil during the first 4 months after the initial
ripping. However, the furrows weathered very little after that time.
Five years after the initial ripping the furrows averaged 5 cm in
depth on both the single and double rip treatments. The contour
furrows’width and depth weathered down 35 to 50% in the first 5
years. Deterioration of the treatments was estimated by comparing
initial depth and width measurements of the micro-relief characteristics with those obtained 5 years later. The longevity and effectiveness of the ripped furrows and the contour furrows should last at
least an additional 10 years (Fisser et al. 1974, Rauzi 1975, Wight
and White 1974). Grazing of the treated areas would reduce the
effectiveness and longevity of the treatments.
All 3 mechanical renovation treatments would have resulted in
increased livestock stocking rate of this range site. Baumgartner
(unpublished data) and Test (1984) estimate that 50% of the midgrasses and 20% of the shortgrasses are utilized by cattle. Assuming
a 13.6 kg/day grazing intake, the utilization percentages above and
the production from the control, single ripping, double ripping
(1979-1982) and the contour furrowing (1981-1982) the stocking
rate shown in Table 3 were calculated. The mechanical renovaton
treatments generally increased the carrying capacity over the
control.
The increases in carrying capacity ranged from 1.3 to 4.8 times
the control during the 4 years over all treatments. The single rip
treatment resulted in significantly greater carrying capacity in 1981
and 1982 and the double rip treatment was significantly higher
than the control in 1979, 1980, and 1982. The contour

9

both the double rip and contour furrow treatments. Based on
production during these 4 years, ripping is recommended over
contour furrowing because it is not as costly and could be applied
almost anytime of the year with standard farm equipment. However all 3 mechanical renovation procedures resulted in a potential
increase in livestock stocking rate. These calculated increases in
stocking rate would result in renovation cost payback in about 4
years with continued longer-term economic benefits.

Table 3. Average AUM’s per hectare for an untreated and mecbankal
renoveted range site, Cheyenne, Wyo., 1979-1982.
Treatment
Control
Single Rip
Double Rip
Contour Furrow
LSD.m

1979

1980

1981

1982

0.49
0.65
1.05
0.36

-AUM’s/
0.40
0.85
1.89
1.08

ha0.51
1.39
0.93
1.13
0.60

0.49
1.40
1.13
0.90
0.33
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furrow treatment also resulted in significantly greater carrying
capacity than the control. The calculated carrying capacities did
not consider the “high protein value” of many of the forbs that
would also be utilized in their early phenological stages. Therefore
the differences shown would be even greater since the control had
the least forb production in all years. Renovation costs average
about $30 (ripping) and $40 (contour furrowing) per hectare and
grazing fees range from $10 to $15 per AUM (R.E. Baumgartner,
personal communication); therefore the increased carrying capacities shown in Table 3 would pay for renovation costs in 4 to 5 years.
With the reported life of these mechanical renovation practices
ranging from 15 to 25 years, these increases in carrying capacity
would result in significant economic benefits.

Conclusion
A study to determine the production effects of single ripping,
double ripping, and, contour furrowing was conducted on shortgrass rangeland. Ripping enabled the strongly rhizomatous western wheatgrass to reinvade the disturbed area, which increased
yield and the potential carrying capacity of the site.
The ripping treatments were the most effective for improving
forage production by altering species composition of this site. The
competition between forbs and western wheatgrass was strong in
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Jim Free, along with several other Colorado Section
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Management
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Second
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- Rex Cleary

Robert Ross
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Cleary and Ross will replace retiring

The Bylaw Amendment

to include

Ballots and tally sheets are retained
of the membership
voted.
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. Navajo Use of Mixed-breed Dogs for Management of Predators
HAL L. BLACK

AND JEFFREY

S. GREEN

Abstract
Seventy-two Navajo ranchers were questioned about the role of
mixed-breed dogs with their Rocks. Navajos call their dogs “sheep

dogs” but, unlike sheep dogs used by other ranchers to assist in
herding and moving the flocks, Navajo dogs functfon primarily as
guardians of sheep and goats to whom they have developed social
bonds. This attraction is a result of raising dogs essentially from
birth in visual, olfactory, auditory, and tactile association with
sheep and goats. A minimum of handling of pups reduces the
likelihood that they will bond strongly to humans. Mixed-breed
dogs of the Navajo appear to exhibit all behavioral traits believed
to he important in protecting flocks from predators, especially
coyotes: they are attentive, defensive, and trustworthy. If ranchers
choose to employ dogs, the rather simple Navajo recipefor training
may serve them well. Mixed-breed dogs could be quickly deployed
in a variety of ranching situations to help reduce predation on livestock.
Coyote (Canis latrans) predation on sheep (Ovis aries) and goats
(Capra hireus) continues to be a source of economic concern
throughout much of North America (Gee et al. 1977, U.S. Dept. of
Interior 1978). Since the mid-1970’s, scientists have trained,
deployed, and evaluated the performance of several introduced
breeds of Eurasian dogs (Canis familiaris) (Linhart et al. 1979;
Coppinger and Coppinger 1980a, 1980b; McGrew and Blakesley
1982; Green and Woodruff 1980, 1983b) that have been used to
protect livestock in various parts of the Old World for centuries
(Bordeaux 1974, Breber 1977). In the southwestern United States,
the Navajo keep mixed-breed (mongrel) dogs with flocks of sheep
and goats as protectors (Downs 1964, Black 1981). In this paper,
we report results of a questionnaire administered verbally in 198 1
to Navajo Indians on the role of dogs in their ranching operations
and conclude with a discussion of implications of Navajo practices.
Methodology

and Procedures

A pilot study of Navajo livestock protection dogs (Black 1981)
suggested that there may be regional variation in attitudes and
practicesamong Navajo ranchers on keeping dogs with their sheep
and goat herds. Therefore, the sample for this study was obtained
throughout the Navajo Reservation. Figure 1 indicates the general
locations of the 72 Navajo ranches visited during the summer of
1981.
Based on experiences which occurred during the pilot study
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Fig. 1. Map of the Navajo reservation (excluding the small Ramah,
Canoncito and Alamo reserves) with dots indicating the general location
of ranches visited in 1981. The ranches indicated in the Hopireservation
are Navajos operating in what was formerly a Hopi-Navajo joint-use
area.

(Black 1981), it was apparent that many of the older Navajosthose most likely to be engaged in traditional livestock operationswould be reluctant to speak into a recorder or respond to formal
questioning. Therefore, our approach was relatively casual, and we
carried no recorders or clipboards. In addition, most of our
respondents neither spoke nor read English. For this reason, a
Navajo student served as an interpreter during the 7 trips to the
reservation (total = 35 days). Interviews varied in length from 10
minutes to several hours, depending upon the attitude of the
ranchers. Most interviews lasted less than 1 hour.
A questionnaire based on Black’s (198 1) study was developed to
reveal basic practices and philosophies in 4 general areas: (1)
general livestock operations related to sheep and goat herds, (2)
dog care, (3) dog training, and (4) dog-coyote-sheep interactions.
The questionnaire initially contained 72 questions, but, since this
proved to be impossible to administer, it was modified following
the first trip into the field to a realistic length. Questions were asked
from memory, and responses recorded on data sheets immediately
following the interviews. After each interview, miscellaneous
comments from respondents were tape-recorded. Because questions were asked from memory, sample size varied between
respondents. We developed additional questions part way through
the study; consequently, the sample size for those questions is
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relatively small. Questions asked are listed in Table 1.
As opportunity
and time allowed, interviewers
accompanied
herders onto the range and made general observations.
At 13
homesteads interviewers were able to observe the behavior of the
dogs and dog-sheep interactions.

Results and Discussion
The Sheep and Goat Flocks
Fifty-three ofthc flocks encountered were mixtures of sheep and
goats, 2 uerc sheep only, and 3 were goats only,The largest flock
numbered 300 and the smallest I7 individuals ( x = 107). With the
exception of I5 milk goats, all appeared to be Spanish goats or
Spanish-Angora
crosses kept primarily for their mohair. The sheep
were primarily mixed breeds kept as a source of meat and wool.
Sixty ranchers said they always corralled their herds at night, and 4
said they usually did. Nineteen corrals were less than 200 m from
the hogan (house), one was within 30 m, and the most distant one
was 1,600 m. Corrals effectively contained sheep and adult goats,
butyounggoatsand
theattendinglivestockguardingdogsentered
and left at will. Eighty-eight percent of the 5 I ranchers questioned
said they usually herded their sheep for several hours in the morning and evening. Twelve percent said they usually herded their
sheep throughout
the day. Between these 2 foraging periods, the
herds were returned to the corral or kept near the homestead for
3-4 hours before the evening foraging period.
Herding always took place on open rangeland with no fencing
except right-of-way
fences along highways. On several occasions
interviewers walked with herders and herds 6-7 km during morning or evening foraging. Essentially all family members, IO-yearolds up to ‘IO+-year old men and women, participated
at one time
or another in herding duties. From a sample of 64,22% said herds
were sometimes turned out of the corrals and left alone to graze,
14% said their flocks were often allowed to graze unattended, and
64% said that someone always accompanied
the herd.
The herder did not devote constant attention to the animals but
intervened as necessary to change direction of the herd toward a

desired grazing location, a water hole, or toward the homestead.
Individual members of the flock, and on occasion the entire flock,
would not be visible to the herderforperiods
of several minutes to
0.5 hr. Horses used in herding duties were available on most
ranches, but a combination
of walking and riding appeared to be
the usual method of accompanying
the herd.
Care of the Livestock Protection Dogs
On the homesteads visited, 230 mixed-breed dogs were used as
livestock protection dogs, hereafter referred to as LPD’s (not to be
confused with the house dog and stray population ofdogs observed
throughout
the reservation).
Navajos refer to LPD’s simply as
sheepdogs (Fig. 2). Of the 200 dogs in which sex was determined,

males represented
17% and females 23%. We initially hoped to
weigh all dogs but found this difficult because of their wariness.

Question
I.

Are children allowed to play with pups being raised to
protect livestock?

2

Do your dogs have to be commanded to go with the
Sheep?

3.

Is it ever necessary to tie or restrain dogs at the corral
during their training?
Do you ever tie pups to sheep?

4.

56

2

9

46

35

I3

41

15

7

6

5.

Do your dogs always accompany the flocks onto the
range?

64

94

6.

45

84

7.

Do you destroy livestock dogs that consistently bother or
kill your sheer?
Have you lost sheep to coyotes?

60

8.

Are coyotes a serious predation problem?

66

65
17

9.

Do you lose more sheep to coyotes when you don? have
goad dogs?
Do your dogs chase coyotes?
Do your dogs dislike or show aggression towards coyotes?

10.
Il.
12.
13.
14.

8
35

5’

T*)

Do you know of dogs that have killed coyotes?
Have coyotes ever killed your sheep dogs?
Would you buy a good sheep dog?
Would you sell a good sheep dog?

12
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Mean weight of 17 adults was 17 kg (range 7-27). Estimated
weights on 69 adults averaged 15 kg. About half of the ranchers fed
their dogs a mixture of dog food and table scraps; the others fed
either dog food or scraps exclusively. Most of the feeding was done
once a day near the corrals.
Downs (1964) said Navajo dogs were “forever hungry,” an apt
description verified by how quickly food was consumed from the
communal feeding dish. Since sheep and goats will eat dry dog
food, care was taken to isolate the feeding dogs from livestock. On
most of the ranches, dogs were fed after the flock had been corralled. At feeding time dogs ran from the corral towards the
individual carrying the food or simply congregated at the traditional feeding location near the corral.
Forty-four (19%) of the 230 dogs were tailless. Some were born
with short tails; others had been docked with knives, axes, or
elastrators. Reasons given for docking the tails were (1) to make
them look like Navajo dogs, (2) a dislike of wagging tails, (3)
punishment for chasing sheep, and (4) to prevent the dog from
being mistaken for a coyote. The tips of the ears of 1 dog were cut
off as punishment.
Forty-five (29%) of the 154 males had been castrated. Ranchers
said they castrated them to reduce their interest for bitches in heat,
to keep them from urinating on objects around the homestead, and
to reduce the frequency of litters.
As a group, the LPD’s were associated with herds throughout
the year and were not excluded from any animal husbandry practices such as annual shearing, dipping, and lambing. Ninetyeight
percent of 51 ranchers questioned said they made no effort to
exclude their dogs from lambing areas or sheds.
Training and Imprinting of Dogs to Flocks
Pups destined to be flock guardians were born on the homestead, obtained from neighboring ranchers, friends, relatives, or
found abandoned along highways. Ranchers said the simplest and
best method of training pups to guard the sheep was to raise them
with an experienced sheepdog, preferably their mother. In a sample of 41 ranchers, 26 (63%) said puppies were usually born at or in
the corral where they were allowed to remain. Twelve said pups
should be placed at the corral at about 4 weeks and 3 said at 6
weeks. Depressions in the ground were regularly seen within or
near the corrals where the dogs slept. Shelters built for pups and/ or
dogs were observed on only 2 occasions.
The interviewers observed a rancher place a 4 to 5-week-old pup
in a corral at dusk with his dogless flocks of goats. The pup had
been raised with litter mates and a working mother at a distant
homestead. The pup did not whine or exhibit any behaviors indicative of loneliness or fear, and it licked the noses of the goats that
sniffed at him. The corral was not puppy-proof. After approximately 15 minutes, the pup was lying near a goat inside the corral.
Two hours later it was again observed lying among the goats. On a
subsequent visit interviewers learned that the puppy had disappeared. Several ranchers stated that young pups were sometimes
lost or killed by hawks, eagles, or coyotes. One rancher said his last
good sheepdog was killed by his German Shepherd house dog.
A majority of the ranchers said children were not allowed to play
with the pups during their training (Table 1) because handling
reduced the likelihood of pups learning to stay with the sheep.
Frequently hogans and corrals are within 100 m or less of each
other. Under these conditions, pups left alone at the corral are
under rather constant observation of the children and adults.
Ranchers stated that yelling at the pups, throwing stones or other
objects at them, and physically returning the pups to the corrals
serves to condition them to remaining near the corral. Pups so
raised and treated would be expected to form site attachments to
the corral area and imprint to other dogs, sheep, and goats. Minimal human handling does not, however, preclude imprinting to
individuals living at the homestead. In spite of a general warines
towards humans, both pups and adult dogs appeared to recognize
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those who they regularly associated with and displayed behaviors
towards them typically observed in dogs. Some dogs were shy and
appeared fearful of human handling or approach.
Most ranchers said that commanding their dogs to accompany
sheep was unnecessary (Table 1). The Navajo command for moving the dogs to attend the herd is dibe, which means sheep. This,
sometimes given along with arm gestures, was the only command
the interviewers witnessed. It was given when dogs lingered at the
feeding dish as the livestock were leaving the corral, when dogs
were asleep near the corral as the sheep left, or when dogs
approached the herder on the rangeland. Occasionally, the command
dibe was accompanied by a rock or stick casually thrown in the
direction of the dog.
Thirty-nine ranchers were asked at what age it was best to train
an LPD, and all said it was important to start with pups. Fifty
ranchers were asked if they every tried to train older dogs. Only 6%
said they had tried to do so but without success. Some ranchers
said restraining dogs at the corral during training was unnecessary,
while others found it necessary (Table 1). On 1 occasion, a 4-5
month old pup was observed wired to a corral fence. The owner
said he was teaching him to “stay with the sheep.” Few ranchers
indicated they had ever tied pups to sheep or goats (Table I). Most
ranchers said their dogs were attentive while the sheep were on
open range (Table 1). Most said dogs that persisted in harassing or
perhaps killing sheep were shot (Table 1). Some said offending
dogs would be severely punished; others said they were given away
or dropped off along a highway. Punishment consisted of cutting
off tails and tips of ears, beating, scolding or throwing objects at
the dogs, tying up and starving the dogs, and/or tying heavy
objects around their necks. An adult LPD near Chinle, Ariz., was
observed with a 3-foot length of chain around its neck as punishment for chasing sheep.
One would expect that some selective breeding of good performing dogs would be practiced. However, as previoulsy noted, many
male dogs were castrated. Thirty-four ranchers said if they had an
especially good dog they tried to raise puppies from it. An older
man had a mixed-breed male dog with some greyhound ancestry
that had killed a coyote in early 198 1. This dog sired at least I litter,
and the rancher said the pups were sought after by friends and
neighbors.
Dog-Sheep-Predator Interactions
A majority of the ranchers experienced losses of livestock to
coyotes (Table 1). However, less than 20% considered their losses
unacceptable (Table 1). Most believed losses would increase without the protection of dogs (Table 1).
Most ranchers reported that their dogs would chase coyotes that
approached the flocks (Table 1). On I homestead, Black accompanied an old woman’s mixed-flock of goats and sheep onto the
range in the early morning. He had traveled approximately 500 m
from the corral when I of the 2 LPD’s, a 4-year-old German
Shepherd-type, ran from the middle of the flock to a position in
front. Individual members of the flock were distributed over about
I ha. The dog paused and then, without barking, chased after a
coyote that, when first observed, was approximately 75 m from the
nearest member of the flock. A second dog, a lo-year-old arthritic
male that was trailing along behind the herd, became alert and
looked in the direction of the chase but did not participate. The dog
chased the coyote about 300 m, then stopped and barked for 20-30
set before trotting back. On another occasion, 2 dogs at a corral
reacted to the howling of a coyote by chasing the coyote about 200
m through pinyon-juniper woodland. They returned to the corral
2-3 min later.
A majority of the ranchers indicated that their dogs dislike
coyotes (Table l), but few knew of coyotes that had been killed by
dogs (Table I). Most ranchers said their dogs could not catch
coyotes but kept them away by chasing and barking. Few ranchers
had lost their LPD’s to coyotes (Table 1).
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always slept inside the corral with the flock.
While no specific question was asked about the temporal and
seasonal aspects of predation, it seemed that the most frequent
occurrences of coyote attacks occurred when stray animals were
inadvertently left behind on the rangeland. Only 2% of 41 ranchers
had experienced predation while flocks were corralled. As noted
previously, the average distance between corrals and hogan was
not great. This probably decreased the likelihood of attacks by
coyotes as was reported by Meduna (1977) for ranchers in Kansas.
Increased territorial defense by the dogs is probably enhanced near
the familiar surroundings of hogan and corral.
LPD Responses to Taped Coyote Vocalizations
On several occasions interviewers spent the night at the corrals.
The normal noises associated with getting in and out of the van and
the music on the radio were essentially ignored by the livestock and
the dogs. They were apparently habituated to these sounds.
A tape-recording of coyotes howling was played after dark. This
elicited responses in 4-5 set from the dogs resting or sleeping in or
near the corrals. Dogs responded by sitting alert, whining, barking,
growling, and running various distances in the perceived direction
of the sound.
Whatever the stimulus, individual sheep, goat, and flock responses to the movements and barking of the accompanying dogs,
both on the range and at the corrals were frequently observed. It
appeared that the sheep and goats had learned that the behavior of
the dogs indicated potential danger. Also, sleeping dogs were
aroused by sudden movements of the livestock, and dogs were also
seen to run in the direction of a belled sheep or goat that was
startled. McGrew and Blakesley (1982) reported similar interspeties communication between sheep and dogs.
General Observations
As a group, the Navajo livestock protection dogs were typically
mixed-breed. This is not to suggest that there was unlimited variety
but rather that it was difficult to recognize any particular breed of
dog. Several ranchers said their dogs were “just Navajo dogs.”
When asked what that meant, they said the dogs were “not too big
and not too small.“There was no discernible morphological differences that distinguished the house dogs from LPD’s. There were
types of dogs that were often singled out by Navajos as being “no
good,” such as “German Shepherds,” because they “bothered or
chased the sheep.” No short-haired dogs such as pointers were
observed.
Within a given homestead variation among dogs in size, color,
shape, and behavior was the rule. One rancher had 5 dogs, all of
which had different parentage. A 2-year-old castrated male, weighing about 25 kg, was tannish-brown and appeared to have a preponderance of greyhound genes. He remained just outside the
fence at night. The owner said he was “keeping his eye on things
and looking out for coyotes.“This dog caught a large male coyote
in the spring of 198 1 and broke the coyote’s leg in a fight. The other
dogs caught up with the fighting pair and helped kill the coyote.
This greyhound-like dog was purchased outside the reservation. A
5 to 6-month-old female, sired by the above male prior to his
castration, was being raised with the flocks. She spent the night
inside the corral. These dogs never barked during the interview,
which lasted about 45 minutes, and both were wary and difficult to
approach. A 3 to 4-month-old pup with greyish hair, a docked tail,
and incessant barking abilities remained within the corral during
the interview. The dog’s tail had been cut off to keep him from
being mistaken for a coyote. He, along with a greyhound-like pup,
were born at another homestead. A 4-year-old male remained near
the corral during the interview. He was called a typical Navajo dog
by the rancher. He said this dog “has a real good nose and it hunts
around trying to smell for coyotes. If he smells them, he goes
looking for them.” A short-legged, black male dog 1 or 2 years old
was the fifth dog on the ranch. The rancher said that the latter dogs
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Behavioral Profile of LPD’s
In spite of behavioral variation among dogs, results of direct
observations and the questionnaire allow presentation of a generalized behavioral profile of mixed-breed livestock protection dogs.
They are attentive to sheep and goats. They make short sallies to
obtain food and water or to chase an occasional rabbit or ground
squirrel but return to the corral or flock following these activities.
They bark at other flocks and dogs encountered on open rangeland. They bark at and chase horses, burros, or cows when encountered. They are not aggressive towards flock members of any age
but are submissive and perform appeasement gestures toward
sheep and goats that on occasion threaten them. They lick and
groom the facial areas, ears, and perineal regions of sheep and
lambs but rarely those of goats and and kids. They walk, rest, and
sleep among the flock while corralled or foraging on the range
without alarming the flock members. They do not aggregate at the
corrals or on the range but maintain a random dispersion among
the flock. They respond as a group to intruding, unfamiliar dogs.
They respond by barking, growling, and running in the direction of
taped coyote vocalizations. They bark at, chase, and may occasionally kill coyotes. They are wary of their owners and some are
difficult to approach depending upon the degree of socialization to
humans. They may approach, bark at, and show aggression toward
strange human intruders both at the corral and on the range. They
know few commands but will approach someone bringing food
and will return to the flock voluntarily or when given the command
dibe.

Navajo Recipe for Creating an LPD
The methods or procedures to create an effective livestock protection dog appeared to be rather simple and required little effort.
Training in the usual sense of the word was not evident. By habit
and cultural tradition, the Navajo simply places the dog in an
environment where imprinting (bonding) to the flock is obligatory.
It is largely the absence of interaction between rancher and dog
that creates a dog attentive towards sheep. A dog raised in typical
Navajo fashion will require minimal human involvement. It is
essentially a hands-off-the-dog policy. The stronger the bond
between the dog and the flock, the less likely the rancher is to
interact with the dog. The recipe that the Navajo employs in
creating an LPD is time-tested and has apparently served well over
a 200-year period. Its power and utility apparently rests in its
simplicity. The recipe:
Raise or place mixed-breed pups in corrals with sheep, lambs, goats,
and kids at 4-5 weeks of age. Feed the pups dog food and table scraps.
Provide no particular shelters such as dugouts or dog houses (the pups
will sleep among the sheep and will dig their own dirt beds). Minimize
handling and petting. Show no overt affection. Return pups that stray
to the corral (chase them, scold them, toss objects at them). Allow pups
to accompany the herds onto the rangeland as age permits. Punish bad
behavior such as biting or chasing the sheep or goats, and pulling wool
by scolding and spanking. Dispose of dogs that persist in chasing,
biting, or killing sheep.

Concluding

Remarks

These data suggest that the Navajo have a time-tested procedure
that, if employed by other ranchers, may reduce predation on
sheep and goats. The use of mixed-breed dogs to protect livestock
is not unique, however, to the Navajo. Raymond Coppinger (New
England Farm Center, School of Natural Science, Hampshire
College, Amherst, Massachusetts) observed a large, 34 kg mongrel
dog working with a flock in Turkey (pers, comm to Black). In
Uruguay, Orbigny (1826) observed a large dog that both herded
and defended members of the flock from large avian predators and
human intruders. Bendure (1948) also described the value of a
mongrel dog in predator control.
There has been criticism of the feasibility of using large Eurasian
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dogs because of their rarity and because of the preconceived notion
that there are limited situations in which the dogs can effectively be
utilized (Wade 1978,1982). However, mixed-breed dogs are never
rare, and literally thousands of mixed-breed pups could conceivably be deployed throughout the United States by ranchers willing
to apply the Navajo recipe. This study and others suggest that
mixed-breed and traditional breeds can be effectively conditioned
to provide protection against predators in diverse ranching situations including farm and open range flocks (Orbigny 1826; Darwin
1839; Bendure 1948; Breber 1978; Linhart et al. 1979; Coppinger
and Coppinger 198Oa, 1980b; Green et al. 1980; Green and Woodruff 1980,1983a,b; Coppinger and Coppinger 1981; Coppinger and
Coppinger 1982; McGrew and Blakesley 1982).
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Impact of SOa Exposure on the Response of
Agropyron smithii to Defoliation
W.K. LAUENROTH,

J.K. DETLING,

D.G. MILCHUNAS,

AND J.L. DODD

Abstract
Agropyron smitlrii populations exposed to 3 controlled SOa
concentrations were defoliated either once or twice during the
growing season at a light and a heavy intensity. The intensity and
frequency of defoliation were most iduentiai in determining
growth and tillering responses. Defoliatig twice, at either intensity, had a large negative impact on plant growth whereas compensatory growth occurred after defoliating once at either intensity.
Sulfur dioxide alone had no significant effect on biomass or the
number of tillers, even though sulfur accumulated approximately
in proportion to exposure concentration. Sulfur dioxide exposure
with the additional influence of defoliation affected both the
regrowth of A. smifhii in terms of biomass and tiller numbers and
forage sulfur concentration. Decreased plant growth in response to
SOZplus defoliation was dependent on defolhtion frequency, whereas the effect of So2 plus defoliation on plant sulfur concentration
was positive and negative and depended on a complex interaction
of SO2 concentration and defoliation frequency and intensity. The
results are discussed in relation to the short- and long-term compensatory growth potential of a system simultaneously exposed to
grazing and air pollution and the potential effect on consumers.

regrowth of A. smithiipopulations which had been exposed to SO2
for 4 years than to populations not exposed to SO2.
Methods

The experimental site was located in Custer National Forest,
Mont., U.S.A. (45’ 1YN, 106’W) on a grassland site at an elevation
of approximately 1,200 m. The frost-free growing period is approximately 113 days, and the mean annual temperature is 7OC. Mean
annual precipitation is 400 mm, of which an average of 230 mm
falls as rain during the frost-free period. Potential growing-season
water use by the grassland vegetation in this area is approximately
533 mm, estimated by the Blaney-Criddell technique (Toy and
Munsen 1978).
Vegetation of the area is typical of a large portion of the northern
Great Plains grasslands (Singh et al. 1983). The dominant species is
A. smithii. Major associates include Koeleria pyramidata (Lam.)
Beauv., Poa secunda Presl., Stipa comata Trin. and Rupr., Achillea millefolium L., and Tragopogon dubius Stop.
Three concentrations of SO2, and ambient air to the control,
were delivered to the plots through a network of aluminum pipes
placed 0.75 m above ground surface (Preston and Lee 1982). Each
During the first 4 years of a field experiment designed to investiSO2 treatment plot was 0.52 ha. Sulfur dioxide concentrations
gate the response of a native North American grassland to conwere continuously monitored with a Meloy sulfur analyzer through
trolled low concentrations of sulfur dioxide, it was observed that
teflon lines located within the plant canopy. Geometric mean
exposures during the growing season had subtle, but potentially
concentrations during the growing season in which this experiment
important effects upon the system (Lauenroth and Heasley 1980).
was conducted were 25, 60, 115, and 17Oc(g mm3SO2 for the
For example, exposure of Agropyron smithii Rydb. to SO2
control, low-, medium-, and high-SO2 treatments, respectively.
reduced chlorophyll concentration (Lauenroth and Dodd 1981),
Geometric mean SO2 concentrations during daylight hours were
increased sulfur concentration (Lauenroth et al. 1979, Milchunas
one-third less than the 24-h day values. Highest 3-h average conet al. 198 la), decreased the functional lives of leaves (Heitschmidt
centrations observed during the growing season were 305, 635,
et al. 1978, Milchunas et al. 198 lb), and decreased the amount of
1215, and 2045 pg rnb3 SO2 for the control, low, medium, and
labile carbon stored in the rhizomes (Iauenroth
and Heasley
high treatments, respectively. This site had been exposed to SO2 for
1980).
the previous 4 growing seasons. The previous Cyear average SO2
Regrowth of A. smithii in the spring or after defoliation is
concentratibns were 20, 60, 105, and 180 pg. me3 SO2 for the
thought to be dependent upon carbohydrates stored in rhizomes
control, low, medium, and high treatments.
and roots (Bokhari 1977). Before the SOa treatments were begun
The experiment utilized a split-plot design within each of 4 SOz
the area had been grazed by cattle. Following exclusion of cattle, a
significant year to year increment in rhizome biomass was treatments. Defoliation intensity was the main plot and defoliation
observed on the control plot. This was interpreted as an indication , frequency was the split-plot; these were pooled to assess SO2 X
of recovery from grazing. B contrast, rhizome biomass failed to grazing interactions. This design allows us to examine SO2 interactions with grazing, but does not allow us to examine SOzas a main
recover on the 170 pg m -YSOz treatment. This suggested that,
effect. The 3 defoliation intensities were none, light, and heavy; and
although the mechanisms by which SO2 exposure and grazing
the 2 frequencies were once or twice. Within each 0.52-ha SO2
effect plants are different, the response of the plants to SOZ or
treatment were located 5 replications of each defoliation treatgrazing may be similar and/ or additive.
ment. Each defoliation treatment-replicate was applied to one half
Populations under stress are often considered to be more sussquare meter.
ceptible to damage caused by additional perturbations. Because of
The heavy defoliation treatment consisted of hand clipping all
the importance of these grasslands to the livestock economy of the
live aboveground biomass (above the soil surface). The light treatnorthern Great Plains and the high probability that coal combusment consisted of clipping one-half of the height above the soil
tion for electric power production will increase in this area, a field
surface. All species were clipped. The single defoliation occurred
experiment was conducted to examine the potential interactions
on 20 May 1979 when aboveground live biomass of A. smithii is
between defoliation and SO2 exposure on the native vegetation.
typically near 30% of the growing season maximum (Dodd et al.
The hypothesis was that defoliation would be more detrimental to
1982). The second defoliation treatment occurred on 20 June 1979,
near the time of expected peak live biomass (Dodd et al. 1982). The
Authors are associate professor, Range Science Department, and Natural Resource
Ecology Laboratory; associate &rector, Natural Resource Ecology Laboratory, and
amount of biomass removed was not recorded.
associate professor, Range Science Department; research associate, Natural Resource
All experimental plots were harvested on 15 August. AboveEcology Laboratory, Colorado State University, Fort Collins; and professor, Range
ground biomass (current season production) was clipped at the soil
Management Division, University of Wyoming, Laramie.
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surface and separated by species. Each sample was then oven-dried
at 60” C for at least 72 hours and weighed. At the time of harvesting
the number of live tillers of A. smithii were counted in each plot.
Subsamples of A. smithii were analyzed for total sulfur using a
Leco Induction Furnace (Jones and Isaac 1972). Standing crop of
sulfur was calculated by multiplying the aboveground biomass on
15 August times the sulfur concentration in that biomass.
The data were subjected to a split-plot analysis of variance of
defoliation intensity and frequency within SO2 treatments. Differences between individual means were tested using Tukey’s Q
procedure to calculate least significant ranges (Sokal and Rohlf
1969).
Results
On 15 August, total aboveground biomass (all species) was
significantly (m.01)
altered by the interaction of defoliation
intensity and frequency. Interactions with SO2 were nonsignificant. Since the amount of biomass removed by the defoliation
treatments was not recorded, aboveground biomass does not
reflect aboveground net production. Total aboveground biomass
was not significantly changed as a result of the single defoliation
regardless of the intensity (Fig. I). Reapplication of the defoliation
treatments resulted in significant decreases in total biomass at both
intensities.
The biomass of A. smithii harvested on 15 August was significantly altered by interactions of SO2 X defoliation frequency
(m.05)
and defoliation intensity X frequency (m.001).
The
latter indicated that standing crop of A. smithii was unchanged by
the single defoliation, but significantly decreased by redefoliation
at both the light (50% decrease) and heavy (90% decrease) intensities (Fig. 2a). The SO2 X defoliation frequency interaction indicated that A. smithii responded differently to SO2 when defoliated
once compared to twice (Fig. 2b). The single defoliation resulted in
significant decreases in A. smithii biomass at the medium and high
SO2 concentrations compared with the control. Following the
second defoliation on 20 June, the significant reductions in A.
smithii biomass among SO2 treatments were no longer present.
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Fig. 1. Response of total aboveground biomass ro 3 defoliation intensities
and 2 defoliation frequencies.
Least signtjkant ranges (LSR) are indicated by the length of the line segment. LSRe is to be used to compare the
6 defoliation intensity X frequency means. LSRa is to be used to compare
the 3 intensity within frequency means and LSRz for the frequency
within intensity comparisons.

Analysis of variance of A. smithii tiller density identified differences as a result of the SO2 X defoliation frequency (m.08)
and
defoliation intensity X frequency (P%.OOl) interactions. The
interaction of defoliation intensity and a single defoliation resulted
in a nonsignificant increase in tillers at the light intensity and a
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decreased by all SOa treatments which had been defoliated once.
Reapplication of the defoliation treatment resulted in additional
decreases in tiller density on all treatments. Similar to the response
of biomass to SO2 with a second defoliation, the density response
to SO2 for a second defoliation was masked by the frequency X
intensity interaction. Unlike the biomass response, however, SO2
did decrease tiller density with a second defoliation.
There was a significant three-way interaction of SOa, defoliation
intensity and frequency (E9.02) on foliage sulfur concentration
Table 1. Sulfur standing crop (mg
defoliition and SOZtreatments.

l

me’) for A. smithii subjected to

Defoliation Treatment
Light
Heavy
So2 treatment
OI

25

60

170

II5

SO,

-0

25

60

TREATMENT

Control
Low
Medium
High

*Allundefoliated
Fig. 4. Response of sulfur concentration of A. smithii to S& concentration, defoliation intensity and 1 (a) or 2 (b)defoliations (-- = unclipped.
= heavy). Use LSRs for comparing defoliation
-= light, ____
intensities within SOZ treatments and LSRd for comparing Sh treatments within defoliation intensities.

increase at the heavy intensity (Fig. 3a). Reapplication
of the light defoliation treatment resulted in no change in tiller
density, but there was a large (65%) significant decrease following
reapplication of the heaviest defoliation treatment. The SOa X
defoliation frequency interaction (EO.OS), while not fitting traditional limits of significance, does provide important information.
These results indicated (Fig. 3b) that A. smithii tiller density was
significant
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None*

Once

Twice

Once

Twice

I7
21
24
44

18
26
23
48

9
I3
11
22

I9
25
25
36

2
3
4
6

results combined.

of A. smithiiat the time offinal harvest. Sulfur content was closely
related to SOaconcentration regardless of intensity or frequency of
defoliation (Fig. 4). A single defoliation resulted in similar rates of
increase in sulfur content with increases in SO2 concentration
regardless of the intensity (Fig. 4a). The lightly defoliated plants
were not significantly different in sulfur content from nondefoliated plants, but the heavily defoliated plants were higher in sulfur
content at all SO2 concentrations.
This response was statistically
significant only for the control and medium SO2 treatments.
A
second defoliation of A. smithii plants altered the relationships

among defoliation intensities with respect to the rate of increase in
plant sulfur content with increases in SO2 concentration (Fig. 4b).
Sulfur content of plants subjected to 2 heavy defoliations was
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significantly greater than undefoliated plants at the control, low-,
and medium-SO2 treatments but not at the high SO2 treatment. In
contrast, the sulfur content of plants subjected to 2 light defoliations was not significantly different from the undefoliated plants at
the control and low SO2 concentrations but was significantly less at
the medium and high SO2 concentrations.
The quantity of sulfur in the A. smithii foliage (standing crop of
sulfur on 15 Aug.) indicated that sulfur accumulation was a function of SO2 concentration for undefoliated and defoliated plants
regardless of the degree of defoliation (Table 1). The amount of
sulfur accumulated was largely unaffected by a single defoliation
and substantially reduced by redefoliation. Reapplying the light
defoliation treatment resulted in a decrease of approximately onehalf in the standing crop of sulfur at each SO2 concentration. At the
heaviest defoliation intensity, redefoliation decreased the standing
crop of sulfur on the control and low SO2 treatments by a factor of
8 and on the medium and high SO2 treatments by a factor of 6.
Discussion

feed high

The short-term effects of low-level SO2 exposure are subtle.
Although turnover (Milchunas et al. 1982) and senescence patterns
for A. smithii leaves (Heitschmidt et al. 1978, Milchunas et al.
198 1b) were altered by SO2 exposure, standing crop and aboveground primary production remained unaltered (Dodd et al. 1982).
The current study indicated that the effect of SO2 exposure on
regrowth following defoliation can alter end-of-season standing
crop. Whether these results would be compensated for or compounded by subsequent seasons of SO2 exposure and defoliation
must be determined before the long-term consequences of these
interactions can be evaluated.
The majority of our results indicated that the intensity and
frequency of defoliation were most influential in determining
growth and tillering responses. It is notable that a single defoliation
applied early in the growing season had no significant effect on
final total biomass of all species or that of A. smithii. Although
direct estimates of aboveground net primary production (ANPP)
were not made, these results suggest that ANPP was stimulated by
a single defoliation early in the season, regardless of intensity.
Since estimates of amount of shoot material removed at each
clipping were not made, it is not possible to infer confidently the
effects of 2 defoliations on ANPP. In spite of many reports of
declines in ANPP following grazing (Jameson 1963, Lacey and
Van Poolen 1981), reports of compensatory growth, or even
increases in plant yield following light to moderate levels of defoliation, are common (McNaughton 1979, Harris 1974). Such compensatory growth following grazing in grasslands may result from
a number of indirect effects on microclimate, such as increasing
light penetration to lower leaves in the canopy or reducing evapotranspiration and prolonging the period of favorable soil moisture
during drought (McNaughton 1979). In addition, individual plants
frequently respond to defoliation by increasing photosynthetic
rates in remaining undamaged leaves or newly developing leaves
(Detling et al. 1979, Painter and Detling 1981) and increasing the
proportion of current photosynthate allocated to synthesis of new
leaves (Detling et al. 1980, Ryle and Powell 1975). Under laboratory conditions, however, A. smithii did not appear to change its
photosynthate allocation patterns in response to differential tiller
defoliation (Painter and Detling 198 1). We have observed increased
14Ctranslocation to developing leaves in A. smithii tillers growing
on the high SO2 treatment (Milchunas et al. 1982).
The tillering response of grasses to defoliation is probably
affected by interactions among internal factors, such as stage of
development and hormone concentration, and external environmental factors, such as light, temperature, or photoperiod (Goodin
1972). Thus, when defoliation results in removal of leaves only,
tiller production is often depressed since available carbohydrates
are apparently utilized for production of new tillers only after the
demand for the growth of current leaves has been met (Youngner
1972). Tillering may be enhanced by defoliation, however, if apical
JOURNAL
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meristems are removed (Youngner 1972). Under laboratoryconditions, A. smithii produced similar numbers of tillers regardless of
level of defoliation up to removal of 75% of the tillers (Painter and
Detling 1981), a finding which is generally consistent with the
relatively small change in tiller density under all clipping treatments except in those plots receiving 2 complete defoliations (Fig.
3).
Defoliation intensity and frequency produced a clear interaction
with SO2 exposure in influencing forage sulfur concentrations
(Fig. 3). We would expect this to be of short-term importance only
if increased sulfur content of the forage influenced forage palatability or digestibility. If either is affected, exposure to SO2 will be most
important in determining this response. The small increment in
sulfur concentration as a result of clipping will be of lesser importance. McNary (1980) found that grasshoppers discriminated
against A. smithii plants grown on the SO2 treatments, possibly
because of their differing sulfur contents. Rumsey (1978) and
Bouchard and Conrad (1974) reported reduced intake by cattle of a
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in sulfur.

High

sulfur

concentrations

in A. smithiigrow-

ing on the SO2 treatments did not, however, affect ruminant in
vitro digestibilities (Milchunas et al. 198 la). The energy balance of
ruminants is a function of both voluntary intake and forage quality. Voluntary intake is complexly related to interactions of palatability, digestibility, rate of passage, and forage availability. The
increases in sulfur concentration with SO2 and defoliation, and the
increased senescence associated with SO2 exposure (Heitschmidt et
al. 1978; Milchunas et al. 198 1b) could potentially negatively affect
all the above determinants of consumer voluntary intake.
At the beginning of the experiment we hypothesized that the lack
of recovery of rhizome biomass, after protection from grazing, was
an indication that SO2 exposure was creating a condition of stress
(Esch et al. 1975, Lauenroth et al.
within the A. smithiipopulation
1978). Additionally, we predicted that by subjecting the population
to the additional influence of defoliation we would observe a large
negative response. To a large degree the responses we observed did
not support this prediction. Rather, responses to SO2 were subtle
and we could not discern a concentration response gradient. The
responses do, however, indicate that SO2 exposure was creating a
condition of stress within the A. smithiipopulation.
Theadditional
stress as a result of defoliation did not result in a large negative
respovse, indicating that a threshold in the ability of the population to adjust to perturbation had been exceeded.
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Viewpoint
Letter (discussion) on “Prediction of Sediment
Yield from Southern Plains Grasslands with the
Universal Soil Loss Equation”, by S.J. Smith,
J.R. Williams, R.G. Menzel and G.A. Coleman.
JRM 37(4), 295-297.
RICHARD

H. HAWKINS

Smith et al. present a timely paper, but leave unfulfilled several
opportunities
for clearer insights, and tempt the casual reader into
false confidence.
The main exhibit is Figure 1, which shows a favorable plot of
“predicted” mean annual sediment yield against measured mean
annual sediment yield. As the authors mention, the predicted yield
contains measured hydrology information,
i.e., the flow volume
and peak. These are intimately associated with the sediment yield
process and carry a major part of the relationship.
Thus MUSLE
“works” only to the extent the good hydrology inputs are independently supplied. This is a little like the opening instruction in
the recipe for Tiger Stew: First, catch one tiger. . .”
The hydrology components
necessary for MUSLE are, despite
prolonged study and popular perception,
difficult to predict for
ungaged basins. Further progress in sediment and erosion modeling hangs on better land hydrology. Thus, it would be eye-opening
to also show a version of Figure 1 using computed Q and qp values
(as outlined in the closing paragraphs) for the Table 1 data. Such a
plot would give more honest impressions of the practical utility of
MUSLE. Otherwise, there exists somedoubt that“. . . MUSLE can
be a useful tool for predicting
sediment yields from grassland
watersheds” in general beyond the calibration situation.
However, the paper does show two matters clearly. First, it
shows the KCPSL factor group can be accurately estimated by
Author is professor, Department of Forest and Resources and professor, Department of Civil and Environmental Engineering. Utah State University, Logan, Utah
84322.
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users (in this case, the authors), which indirectly further stresses the
importance
of the runoff energy term. Secondly, the MUSLE
concept (i.e., replacement
of the R factor with the runoff energy
term) is affirmed for the conditions
studied. Hopefully further
work on the hydrology terms in a broader geographic area will
indeed provide for accurate prediction of sediment yields from
watersheds.

Response to “Viewpoint”of
S.J. SMITH

R.H. Hawkins

AND J.R. WILLIAMS

We appreciate Dr. Hawkins’interest
in our paper, and offer this
response to his “Viewpoint.”
In effect, Dr. Hawkins questions
whether MUSLE (Modified Universal Soil Loss Equation) should
be promoted because we utilized measured hydrologic data (Qqp
terms), which dominate MUSLE and are difficult to estimate for
ungaged basins. He then suggests that, for a more convincing case,
we should have presented predicted sediment yields based on computed rather than measured Qq, terms. Actually, this is what we
have attempted to do in Table 2, which contains predicted sediment yields based on computed Qqp terms for three of the grassland watersheds.
In our view, the respective predicted and measured sediment yields compare favorably. Admittedly, however, to
date we have not tested all the subject watersheds using computed
Qqp terms. Nevertheless, we remain encouraged by our preliminary
results with grasslands using MUSLE, and feel the approach warrants continued investigation.
For additional information regarding the use of computed
rather that measured
Qqp terms in
MUSLE, readers are referred to an earlier paper (Williams 1982).
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Influence of Season and Intensity of Defoliation on Bluebunch Wheatgrass Survival and
Vigor in Southern British Columbia
ALASTAIR

MCLEAN

AND SANDRA

WIKEEM

Abstract
Bluebunch wheatgrass (Agropyron spicatum Pursh) Scribn. &
Smith) response to various clipping regimes which incorporated
different times, frequencies, and intensities of defoliation was
examined in southern British Columbia. The experiment was
repeated for 3 consecutive years at a low (296 m) and a high (1,112
m) elevation site. Plant survival and vigor was evaulated the
summer following defoliation. Greatest injury was incurred by
treatments involving defoliation to a 5-cm stubble height from mid
April to the end of May or from early May to mid June at the low
and high elevation sites, respectively. Reduced injury occurred
from treatments which left 10 or 15-cm stubble heights or which
ceased defoliation earlier in the season. No appreciable damage
was incurred by fall clipping to 5 cm or by season-long defoliation
to 20 cm. Injury resulting from spring plus fall as compared to
spring only defoliation was inconsistent. Greatly reduced injury for
many treatments at the low elevation site in one year was attributed
to unusually warm spring temperatures and attendant rapid spring
growth.

Bluebunch wheatgrass (Agropyron spicatum (Pursh) Scribn.
and Smith) reaches the northern limits of its distribution on the
grasslands of southern British Columbia. Although the species has
been studied extensively in the United States, we wished to confirm
application of this work, in particular, response to season of defoliation, to southern British Columbia. This information is required
for grazing management planning.
This study formed part of a larger project on the autecology of
bluebunch wheatgrass. Quinton et al. (1982) examined vegetative
and reproductive growth of the species in relation to weather. They
found that bluebunch wheatgrass in the Kamloops area started
growth immediately after snow melt. Growthceased from 7 May to
15July and plants fully matured from 7 July to 10 August, depending on site and elevation. Fall regrowth was not predictable, occurring in only 1 of the 3 years of study.
Effects of defoliation injury on bluebunch wheatgrass are well
documented; basal area, stem numbers and both root and forage
yields are reduced and mortality can be high (Hanson and Stoddart
1940, Branson 1956, Mueggler 1972, Bleak and Keller 1973, Caldwell et al. 1981). The species recovers vigor slowly, with an estimated rest period of 8 to 10 years required for complete recovery
following severe defoliation (Mueggler 1975).
Response at various seasons or phenological stages has been
examined in several regions to determine when bluebunch wheatgrass is most and least susceptible to defoliation. Total herbage
removal (clipping) in late spring incurred great mortality and
subsequent reduction of vigor of surviving plants in southeastern
Washington but grazing to a similar extent during the summer and
fall appeared to have little detrimental effect (Daubenmire 1940).
In Utah (Stoddart 1946), defoliation during mid to late May
Authors are range ecologist and ecology technician, Agriculture Canada, Range
Research Station, Kamloops, B.C. 604-376-5565
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caused greatest mortality within 1 year of clipping. However, all
defoliation at dates other than very early in the spring or in the fall
resulted in heavy mortality. Date of cessation of clipping was
suggested as the factor of greatest importance in plant survival
since plants not clipped after mid May suffered no mortality. In
Idaho (Blaisdell and Pechanec 1949), plants subject to a single
defoliation to ground level were most susceptible if clipped in late
May and early June. Late April and early May clipping caused
moderate yield reductions in subsequent years while plants clipped
in fall showed no yield reduction. In both the Utah and Idaho
studies, the time of greatest susceptibility corresponded to the late
boot or “heads emerging” stage of bluebunch wheatgrass phenology. The boot stage (mid May) was also very susceptible to defoliation injury in a Washington study (Wilson et al. 1960). At this stage
carbohydrate reserves were low and the plants were unable to
regrow. Less injury occurred when the clipping height was 20 cm as
compared to 10 cm. The lack of difference observed between the
ground level and IO-cm stubble height was attributed to the steminess and scarcity of leaves in the first 10 cm.
The purpose of the present study was to compare bluebunch
wheatgrass response in southern British Columbia to a number of
clipping regimes which incorporate different times, frequencies,
and intensities of defoliations in order to determine when bluebunch wheatgrass is most susceptible to injury. Plant survival was
of greatest interest but characteristics related to plant vigor were
examined also. Clipping treatments in this study do not realistically simulate cattle grazing, as, except for cases of extreme overutilization, grazing would not remove the entire phytomass to such
low stubble heights at such regular intervals. However, the study
does show bluebunch wheatgrass response to defoliation at various
times throughout the growing season and does indicate times of
greatest susceptiblity in southern British Columbia.
Study

Areas

The Tranquille site (296 m elevation) was chosen to represent the
lower grassland or the big sagebrush (Artemisia tridentata Nutt.)bluebunch wheatgrass zone (McLean and Marchand 1968). The
site, 5 km northwest of Kamloops, faced southeast on a gentle (1 to
3%) slope. Average annual precipitation was 24 cm. The soil, a
Brown Chernozemic (Aridic Boroll) sandy loam, had developed on
colluvium over lacustrine deposits. Because of a long-standing
fence, the range was in excellent condition.
The Minnie Lake site, 21 km southeast of Quilchena, represented the upper grassland or bluebunch wheatgrass-rough fescue
(Festuca scabrella Torr.) zone. The site faced southeast on a gentle
(5%) slope and had an elevation of 1,I 12 m. The soil was an
Eluviated Dark Grey Chernozem (Borallic Boroll) of sandy loam
texture, derived from morainal deposits. The average annual precipitation was 30.5 cm. The site, which had received light winter
grazing prior to the construction of an exclosure in 1968, was in
good, approaching excellent, range condition. Further details on
sites are given in Quinton et al. (1982).
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Fig. 1. Clipping schedule at Tranquille (----)

and Minnie Lake (----). Clipping heighrs were 5 cm unless otherwise

Experimental Procedure
We used 10 clipping treatments to simulate timing and duration
of possible grazing regimes. Six treatments differed in date and/ or
frequency of defoliations while the remaining 4 varied only in
clipping intensity (stubble height). A control (no defoliation) was
included as a check for phenological development and natural
mortality. The experiment was repeated for 3 years. Plants were
clipped weekly according to the schedule given in Figure 1. Because
of the cooler temperatures at Minnie Lake, onset of cutting was
delayed until mid to late April, when spring growth was initiated.
Duration of cutting for treatments 1,8,9, and 10 varied for site and
year, as clipping continued until cessation of growth. Since the
treatments were applied at similar stages of plant growth, moditications to the clipping schedule should not have greatly influenced
the outcome. At the onset of the experiment, plants in treatments 2,
3, and 7 were designated to be cut weekly through September and
October, but regrowth was insignificant in most cases. Instead,
plants were clipped once in early September, to remove all
regrowth since the last spring cutting. In addition to the early
September defoliation, regrowth at Tranquille was sufficient in
1973 to allow 3 weekly clips from mid to late October. This was the
only case of repeated fall clipping.
Experimental design was completely randomized. Prior to
spring clipping, 10 vigorous bluebunch wheatgrass plants (replicates) per treatment and control were selected randomly from pure
stands at both sites. Different plants were used for each year of the
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study. Selected plants were staked out, labelled, and basal areas
were measured with an area-list ruler. During clipping, herbage
was removed to 5 cm unless otherwise indicated for the treatment.
Phenological stage and leaf and culm height were measured on
control plants weekly throughout the clipping schedule.
Clipping treatment effects were observed in late June to early
July the summer following clipping. Percent kill was visually estimated on each plant to assess mortality. Plant vigor was appraised
by measuring leaf height, counting vegetative and flowering culms,
and clipping plants to measure yield.
Thermographs in Stevenson screens and Victor rain gauges
monitored air temperature and rainfall at each site. At biweekly
intervals from April to September, soil temperatures at 10 cm were
recorded. Also, soil samples were collected at 10 and 25 cm for
gravimetric moisture content determinations.
Clipping treatment, location, and year effects were statistically
analyzed using analysis of variance. Covariance analysis was used
for tiller number, with basal area acting as a covariate. No other
variable was detectably related to basal area. Data transformations
were considered for percent kill (arc sine), leaf height (log), number
of tillers (square root) and number of flowering culms (log X +l),
but only the latter resulted in an improved analysis.
Each variable was analyzed with sites and years combined
(three-factor analysis) except for number of flowering culms. This
variable was analyzed only at the Tranquille site in 1973 due to
insufficient culm production in other cases. Percent kill, the variable of primary interest, was analyzed for each site in each year
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Table 1. Average Percent kill of bluebunch wheatgrass plants in summer the year following clipping.

Treatment number

Pooled means
(3 yrs)

Tranquille
1972

1971

1973

1971

Minnie Lake
1972

1973

I
2
3
4
5
6
7
8
9
10
II

92 g’
42 d
81 fg
78 fg
71 ef
30 cd
8 ab
58 e
24 bc
12 ab
4a

99 e
27 c
94 e
91 e
95 e
23 bc
10a
53 d
29 c
14 ab
4a

99 e
23 b
93 e
92 e
80 d
19b
5a
59 c
22 b
9a
Oa

62 de
37 bc
50 cde
65 e
40 bed
21 ab
II a
41 bed
5a
4a
3a

99 f
69 d
79 de
92 ef
93 ef
65 d
6a
67 d
49 c
25 b
4a

97 g
45 d
92 f3
73 ef
80 f
22 c
II ab
68 e
I8 bc
9 ab
6a

93 f
47 de
78 f
56 e
41 ede
32 bed
3a
49 de
21 abc
14ab
la

Avg all treatments

45
5.5

49
3.5

46
3.3

31
7.4

59
5.2

47
3.6

42
1.5

SE*

‘Means in columns followed
bv the same letter are iudned
In= 60 for pooled analysis, n 2’ 10 for individual
s&-y&s.

not different

bv Duncan’s

(one-factor analysis) in addition to the combined analysis.
In the combined analysis, year, a random effect, was considered
as a replication.
Because variability
attributed
to the year-bytreatment (location and clipping) interaction exceeded experimen-

tal error variation, the interaction was used to test the main effects.
The third-order interaction term (year X location X clipping) was
used as a measure of error for yield, as there was only one observation per experimental unit. Clipping treatment means were separated with Duncan’s multiple range test (m.05).
Results
Weather
Weather data tables are presented in Quinton et al. (1982).
Tranquille was the warmer and drier site. It averaged about S’C
warmer from April to October, while precipitation over the same
period averaged about 6 cm greater at Minnie Lake. At both
locations July and August were the hottest months while April and
Ocober were the coolest. June was the wettest month for both sites
and April was the driest.
Temperature and precipitation patterns varied among years.
Temperatures were noticeably above average in August 1971 and
in September 1973. The wettest year was 1972; 1971 was intermediate and 1973 was the driest. Even though fall rainfall was considerably above average, the exceptionally low precipitation in June
and July explains the low 1973 seasonal total. Yearly weather
variations were not always reflected equally at each site. For
example, the mean April 1972 temperature was 2’C below average
at Tranquille but was l°C above the mean at Minnie Lake.
Soil temperatures (10 cm depth) and average air temperatures
followed similar seasonal patterns. Soils were cool in April (Tranquille IO’C, Minnie Lake 4OC), warmed to peak temperatures in
July and August (Tranquille 22°C Minnie Lake 17”(I), then
dropped back to April levels by October. Minnie Lake soils were
about 6°C cooler than Tranquille’s through the growing season.
High June and July temperatures increased Apri-October
averages at both sites in 1973, but in no year was each month consistently higher than in other years.
Average soil moisture at 25 cm was highest in April (Tranquille
20%, 15% Minnie Lake), then gradually decreased to a low (10%
Tranquille, 6% Minnie Lake) in August. August and September
showers raised soil moisture considerably in some years (e.g.,
Tranquille 1973) but the fall values remained lower than spring.
Seasonal average soil moisture was lowest in 1973 (Tranquille 11%
Minnie Lake 9%), the year of lowest precipitation. It was highest at
Minnie Lake in 1972 (12%) the wettest year, but was highest at
Tranquille in 1971 (14%).
Despite higher precipitation at Minnie Lake, the Tranquille soils
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multiple

range test. P S 0.05.

frequently were moister during the study, especially at the 25 cm
depth. Quinton et al. (1982) suggested that the presence of more
organic matter in the surface horizon at the Minnie Lake site may
have delayed water penetration thus increasing potential evaporation losses to wind. Deeper infiltration of water in coarse-textured
subsoils at Tranquille might explain the enigma of moister soils on
a site with lower precipitation.
Percent Kill
Plant mortality varied significantly among the clipping regimes
for each site in all years and when sites and years were pooled
(Table 1).
The pooled mean reveals extremely high mortality (92% kill)
when plants were subjected to weekly defoliation to 5 cm throughout the entire growing season (treatment 1). Mortality was also
severe on treatments 3,4, and 5, all of which were clipped from mid
April to the end of May at Tranquille and early May to mid June at
Minnie Lake. Moderate to heavy mortality resulted from treatment 6 (April or May clipping at Tranquille and Minnie Lake,
respectively), treatment 2 (April or May + fall clipping), and treatments 8 and 9 (season-long clipping to lo- and 15-cm stubble
height, respectively). Fall clipping only (treatment 7) and seasonlong clipping to 20-cm stubble height (treatment 10) did not result
in statistically greater percent kill than the unclipped control
(treatment 11). Percent kill increased linearly as the stubble height
decreased.
Overall means for fall and spring clipping treatments were not
significantly different from spring clipping only treatments. Examination of each site in individual years, however, reveals some
differences. At the Tranquille site, treatment-3 plants which were
clipped mid April to end of May and September in 1972, suffered
greater mortality than treatment-5 plants clipped in spring only. At
the Minnie Lake site, mortality of treatment-3 plants exceeded that
of treatment-5 plants in 1972 and 1973. Percent kill was greater
also at Minnie Lake in 1972 on treatment-2 (May + fall) than on
treatment-6 (May only) plants.
While actual percent kill varied with location and year, the
relative mortality observed for most clipping treatments was constant. For example, mortality resulting from treatment 1 was consistently among the highest while that of treatment 7 was among
the lowest. There were exceptions, however, the most striking of
which occurred with treatment 5. This clipping treatment usually
resulted in very severe plant injury, but plants from the 1973
clippings at both sites experienced only moderate damage.
Mortality averaged over the 3 years of study was significantly
higher on the Minnie Lake site (49%) than on the Tranquille site
(42%) but in 1972 average percent kill at the 2 sites was similar.
Minnie Lake plants had the highest 3-year average mortality for
23

most clipping treatments, but some treatments showed little difference and treatment-4
plants suffered greater mortality at Tranquille (average 83 vs 74% kill). However, there was no statistically
significant location by clipping treatment interaction. There was a
highly significant year effect. Overall mortality was 54.0,46.4 and
36.1% for 1971, 1972, and 1973 respectively. There was also a year
by clipping treatment and location interaction which likely occurred
because of the greatly reduced mortality at Tranquille in 1973,
which did not occur to as great an extent at Minnie Lake

Number of flowering culms could be analyzed for only the
Tranquille site in 1973 as culm production was virtually nil in all
other cases. Analysis of log-transformed
data reveal differences
among clipping treatments similar to those observed with the other
variates (Table 3). Greatest production of flowering culms occurred
on treatments with the least mortality and vice versa.
Table 3. Average flowering culm production per plant in summer 1974
at the Tranquille site on plants clipped in 1973.

Leaf Height, Tiller Number, Yield, and Number of Flowering
Culms
The variables leaf height, tiller number, and foliage yield-all
indicators of plant vigor-corroborated
the percent kill results.
Length of leaves, number of tillers, and yields were highest for
clipping treatments which had the greatest plant survival. Means of
these variables were arrayed similarly to percent kill by Duncan’s
multiple range test (Table 2). All 3 variables increased linearly with
clipping height.
Table 2. Leaf height, tiller number and yields of the various clipping
treatments the year following clipping averaged over the three years and
both sites.

Treatment

number

Average number

Average log number

per plant

per plant

0.319 a1
0.265 a
0.634 abc

2.3
3.5
10.4
I.0
10.5
15.1
25.8
4.7
57.1
45.9
35.4

1

2
3
4
5
6
J
8
9
10
II

0.185 a

0.579 abc
0.894 bc
1.095cd
0.540 ab
1.535 d
1.446 d
I .452 d
0.171

SE Cn = 101
Treatment number

Leaf height

Tiller number’

Yield (g)

(cm)

per plant

per plant

11.5a2
22.0 cde
17.9 bc
14.9 ab

21.2a
100.6 c
31.2 ab
36.2 ab
50.8 ab
104.2 c
157.8 d
65.2 b
121.3 c
160.3 d
114.3 d
10.4

17.1 bc
6
J
8
9
10
II
SE3

25.1 ef
27.7 f

19.3 bed
24.3 def
21.4 f
28.1 f
1.7

lTiller number means adjusted for basal area.
2Means in columns followed by the same letter are judged not different
multiple range test. P IO.05.
In = 60 for leaf height and tiller, number, n = 6 for yield.

0.61
3.42
1.34
0.84
1.47
4.32
7.76
2.17
5.66
6.99
8.35
0.63

a
bc
a
a
ab
cd
f
ab
de
ef
f

by Duncan’s

The outcome of the analysis of variance for leaf height was
similar to that of percent kill. Average leaf height was significantly
taller at Tranquille (23 cm) than at Minnie Lake (20 cm). There was
no significant location by clipping treatment interaction. The year
effect was significant (average leaf height of 22, 17, and 26 mm for
197 1,1972, and 1973, respectively) as was the year by location and
clipping interaction.
As with percent kill, the Tranquille site in
1973 appeared to be the cause of the interaction as leaf height at
Tranquille in 1973 (30 cm) was higher than in 1971 (22 cm) and
1972 (17 cm) but the 1973 leaf height at Minnie Lake (21 cm) was
similar to 1971 (22 cm). Average leaf heights at the 2 sites were
identical in 1971 and 1972.
Tiller numbers did not differ significantly
between locations.
However, the year effect and the year by location and clipping
treatment
interaction
were significant.
Average tiller number
(adjusted to remove basal area effect) varied from a low of 84 per
plant in 1972,to 89 in 197 I, and 109 in 1973. The interaction again
likely resulted from the Tranquille
site in 1973 which had an
elevated average tiller number of 118 compared with 87 in 197 1and
72 in 1972. The Minnie Lake site did not show as great an increase
with 101 tillers per plant in 1973 compared with 92and 96 for 1971
and 1972, respectively.
Yields taken the year after clipping differed among clipping
years but not between sites. Again, an interaction resulted from the
Tranquille plants clipped in 1973, whose average yield (7.6 g/plant)
was substantially
greater than the average Minnie Lake yield (4.3
g/plant).
24

1Means in the column followed by the same letter are judged
can’s multiple range test. EO.05.

not different

by Dun-

Discussion
Despite the presence of interactions
between years and treatments and differences among years and sites, the data reveal consistent patterns of plant response to the different treatments. Any
treatment
involving clipping bluebunch
wheatgrass
to 5 cm
through the latter part of April to the end of May at Tranquille, or
from mid May to late June at Minnie Lake (treatments
1,3,4, 5)
resulted in high mortality and reduced vigor in surviving plants.
Clipping for these treatments started when the plants were still in
the vegetative stage and continued for all (treatment I) or nearly all
(treatments 3,4,5) of the leaf-growth period (Quinton et al. 1982).
Late spring defoliation
which precluded regrowth prior to the
summer dormancy also caused greatest injury in a Utah study
(Stoddart 1946).
Carbohydrate
concentrations
in bluebunch
wheatgrass roots
and stem bases reach the annual minimum either during the middle
of the spring vegetative stage (McIlvanie 1942, Hyder and Sneva
1963) or during the early boot stage (Daer and Willard 198 1,
Donart 1969). Bluebunch wheatgrass
is notably slow to reach
carbohydrate
seasonal minimums, and produces proportionately
more spring growth than other species (McIlvanie 1942, Donart
1969). The combination
of defoliation at a vulnerable stage, bluebunch wheatgrass’s
apparent
reliance on reserves for spring
growth, and the inopportunity
for reserve replenishment
before the
summer dormancy
ensures that plants subjected to late April
through May clippings enter winter in a carbohydrate-depleted
state.
Clipping through the same time interval but leaving more foliage
intact (treatments 8 and 9) resulted in somewhat reduced damage,
which suggests some reserve replenishment.
Wilson et al. (1960)
observed improved yields on plants subjected to 20-cm clipping
height, as compared to 0- and IO-cm heights although there was
little difference between 0 and 10 cm. In the present study, removal
of herbage to 20 cm through the late April and May period (treatment 10) produced no deleterious effects. Relatively little herbage
was removed with this treatment as maximum seasonal leaf height
of unclipped plants averaged about 3 1 cm for both sites.
Although stubble height was only 5 cm for treatments 2 and 6,
mortality ranged from moderate to heavy rather than severe. Cessation of clipping for these treatments occurred prior to completion of leaf growth. Comparison
of dates of last clipping with
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cessation of leaf growth (Quinton et al. 1982) reveals a period of
continued growth of about 5 weeks and 6 weeks at Tranquille and
Minnie Lake, respectively, except for 1973 when the values were I
and 5 weeks. Stoddart (1946) and Blaisdell and Pechanec (1949)
also observed reduction of injury on early-clipped plants that were
given time to regrow. Stoddart emphasized the importance of
allowing spring grazed bluebunch wheatgrass opportunity for
regrowth prior to the dormant period in areas of little or no
summer growth. Regrowth, measured on I September, averaged
3.6 g for treatment-2 plants but was only 0.5 g for treatment-3
plants. This yield difference should also reflect a difference in
above-ground carbohydrate pools (concentration multiplied by
biomass). Caldwell et al. (1981) observed greatly reduced carbohydrate pools in defoliated bluebunch wheatgrass plants which were
never replenished to the level of the unclipped controls during the
growing season. Carbohydrate pools may be a more appropriate
expression of plant carbohydrates than concentrations since fluctuations in biomass components can be accounted for.
Fall clipping alone did not have a deleterious effect on bluebunch wheatgrass survival or vigor, even in 1973 when at Tranquille, regrowth was considerable. This suggests that fall plant
reserve accumulation is minor relative to that in the spring.
The impact of the various treatments on meristematic tissue may
partially explain some of the observed results. For example, treatments which either avoided significant meristem removal by early
cessation of clipping (2,6) or treatments which delayed and/or
minimized removal by virtue of clipping height (8,9, IO) tended to
produce less injury. Meristem retention is desirable when leaf
development is incomplete since photosynthetic tissue can be
replaced by continued leaf expansion rather than through the
slower process of tillering (Dahl and Hyder 1977). Meristem removal may be beneficial though, when leaf expansion is complete, as
presence of stem apices inhibits axillary bud initiation and tiller
development (Rechenthin 1956, Youngner 1972).
The role of meristems in bluebunch wheatgrass defoliation has
not been decided conclusively. ‘Whitmar’ beardless wheatgrass, a
selection of bluebunch wheatgrass, produced reproductive shoots
which had nearly completed leaf expansion by 1 May when culm
elongation was just beginning (Hyder and Sneva 1963). Elevation
of heads above 5 cm (2 in), a height vulnerable to grazing, and
appearance of axillary buds did not occur until 2 weeks later. The
authors did not clip the plants but defoliation at this point might be
expected to stimulate tiller development. Caldwell et al. (1981)
clipped bluebunch wheatgrass to 5 cm at the 4-5 leaf stage and
again 2 weeks later, presumable when leaf growth was near completion and when stem apices were exposed, yet no new tillers were
produced. Younger (1972) suggested that inconsistent tillering
responses relate to photosynthate supply and apical dominance.
Thus low carbohydrate pools following defoliation in Caldwell’s
study could explain the absence of tillering.
Defoliation response may be related to development of future
meristems as well as the removal of those already present. Since
meristems arise from basal axillary buds formed in the previous
year (Hyder and Sneva 1963) amount and vigor of tillers reflects
past influences on the plant. Severe defoliation would arrest bud
development by interrupting photosynthate supply but bud activity could resume given adequate regrowth. Removal of regrowth in
the fall, in addition to spring defoliation, may preclude full bud
development and thus result in reduced vigor the following year.
It is difficult to understand why clipping in fall and spring affects
plant survival and vigor inconsistently, relative to spring clipping
alone. Possibly high variability among replicates may have screened
some differences, e.g., treatments 2 and 6 at both sites in 1973;
however, in other cases (e.g., treatments 2 and 6 at both sites in
1971) the results were virtually identical. Fall regrowth does seem
to have some effect since kill differed most between spring only
versus spring plus fall defoliation treatments when regrowth was
greatest. For example, percent kill differed significantly between
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treatments 2 and 6 at Tranquille in 1972 when regrowth averaged
5.1 g/plant but not in 197 I or 1973 when regrowth was only 2.7 and
1.6 g/plant, respectively.
Stoddart (1946) also observed variable response to spring-plusfall versus spring-only clipping. When bluebunch wheatgrass was
clipped to 2.5 cm stubble height, mortality from spring clipping
was only 25% compared to 65% for plants clipped spring and fall.
However, when the stubble height was 5 cm, mortality was identical for both clipping treatments. Because of the inconsistent results
in both studies, it is not possible to determine conclusively if
defoliation in fall as well as spring causes additional plant injury. It
is difficult to arrive at the reason for the inconsistent results since
plant response is often related to the interacting factors of weather
rather than only one parameter. The effects of soil moisture levels
in the fall, for example, can be made more severe by cold winds and
low temperatures followed by a warm spell. Also, weather factors
may have been operating at a time that was not recorded, for
example, a frost may have occurred between sampling times, or
weather conditions from the previous fall may have influenced
results.
The most strikingly inconsistent plant response occurred from
the Tranquille 1973 clipping where many treatments resulted in
substantially reduced injury as compared with earlier years.
Treatments previously causing damage ( I, 3,4,5) as well as some
causing more moderate injury (8,9) exhibited this effect. Quinton
et al. (1982) remarked on the exceptional yield at the Tranquille site
in 1973 and suggested that warm March soil temperatures may
have stimulated rapid early growth. Early production of phytomass (approximately 4 g dry weight per plant by 1April) may have
allowed substantial accumulation of plant reserves prior to the
onset of clipping. Regrowth following clipping was rapid, probably as a result of the warm (12OC by 1 April) soil temperatures.
More injury might have been expected from the repeated defoliations through this active growth phase because of regrowth
demands for carbohydrate reserves. The role of carbohydrate
reserves on regrowth is controversial but it appears likely that
reserves may be utilized for a short time following defoliation until
new photosynthetic materials become active (Younger 1972, White
1973, Trlica 1977). Perhaps in this study, rate and quantity of new
growth were sufficient to offset negative effects of defoliation.
Treatments 2 and 6 did not show a similar decrease in injury
compared with other years, nor did treatments 7, IO, and 11 (the
control). Perhaps the degree of injury was too moderate for the
plants to benefit from the increased spring growth. In the case of
treatments 2 and 6, less time between cessation of clipping and
cessation of growth existed in 1973 than in other years. Less
opportunity for carbohydrate accumulation may have balanced
the benefits offered by early growth.
Much of the difference between the Minnie Lake and Tranquille
sites can be attributed to the 1973 response as the Minnie Lake site
did not experience substantially reduced plant injury. Unlike the
Tranquille site, there was no early spurt in growth and cumulative
phytomass yield during the early season did not differ greatly from
1971 and 1972. Treatment 2, and to a lesser extent treatment 6
(which was similar to treatment 2 except there was no fall clipping),
caused greater mortality at the Minnie Lake location in every year
of the study. This was unexpected as both sites were clipped at the
same phenological stages and there was a longer growth period
following cessation of clipping at the Minnie Lake site.
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Some Growth Characteristics
World Bluestems

of Four Old

P.I. COYNE AND J.A. BRADFORD

The growth dynamics of 4 Old World bluestem (BotArkrc~100
spp.) accessions were monitored in the field by periodic harvests of
the aboveground biomass components (leaf blades, leaf sheaths
plus enclosed stems, exerted stems plus htflorescences) during 2
growth cycles from April to September 1982. The first cycle
extended from spring growth initiation (15 March) through flowering (6 July). The second cycle was initiated following the completion of the first by mowing the plants to a 50-mm stubble height
and ended at flowering stage (20 September). Growth conditions
during the first cycle were considered near optimum when precipitation was 1.71 of the long term mean and soil moisture averaged
about 0.29 by volume. Temperatures during the second cycle were
approximately 10” C higher than during the first and precipitation
was only 0.18 of normal. Soil moisture declined linearly throughout the second cycle and all accessions exhibited visual symptoms
of drought stress. There were significant differences among accessions for most of the experimental parameters and accession ranking changed with the imposition of drought stress during the
second cycle. Accessions with high relative growth rates were least
tolerant of drought stress. Severe defoliation by clipping at the
start of cycle 2 revealed 2 regrowth patterns which suggested
potential differences in grazing tolerance. Two accessions tended
to optimize canopy development by maximizing leaf area index
while minimizing biomass and nitrogen investment per unit leaf
area. The remaining 2 accessions produced fewer leaves with more
investment per leaf. Lower relative growth rates of biomass and the
ability to optimize canopy development following defoliation may
result in a more stable forage source through time. Plants with
these characteristics may not be top producers during periods of
favorable growing conditions, but will likely maintain a level of
performance under stress which compares more favorably with
pre-stress performance.
The Old World bluestems (OWB, Bothriochloa
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Materials

and Methods

Plant Materials and Culture

Data were taken from field plots established from seedling
transplants in a Hardeman soil (coarse-loamy, mixed thermic typic
Ustocrept) in the spring of 1978. The nursery contained 16 Old
World bluestem (Bothriochloa spp.) accessions replicated in 8
equal blocks arranged as a randomized complete block design. The
plots were fertilized annually with 67 kg N ha-’ as NHdNOs in a
split application. The nursery was burned each year in March prior
to growth initiation. Five rows of 20 plants each on 0.3-m centers
comprised a plot ( 1 accession/ plot).
Four of the 16 accessions were used in this study. These were
selected on the basis of their variability in forage production and
water-use efficiency. These are identified as WW-758 (B. cu~cusicu
(Trin.) C.E. Hubb), WW-604, WW-573, and WW-535 (B. ischuemum var. ischaemum Keng.). WW-758 is ‘Caucasian’ bluestem.
WW-573 was released as ‘WW-Spar’bluestem in 1982 (Dewald et
al. 1982) WW-604, WW-573, and WW-535 are 3 of 30 yellow
bluestem components blended to make ‘Plains’ bluestem (Taliaferro et al. 1972).
Abbreviations and symbols for all measured, calculated, and
derived quantities are defined in Table 1 and are not redefined in
the text.
Table. 1. List of abbreviations, symbols, and definitions.

spp.) are indi-

genous to much of Europe and Asia. This group of warm-season
grasses possesses the C4 photosynthetic pathway (Waller and
Lewis 1979) and most are highly apomictic in their reproductive
behavior (Harlan et al. 1964).
Celarier and Harlan (1955) reported that the earliest recorded
introductions of the OWB’s to the Western Hemisphere and to the
United States were in 1894 and 1917, respectively. They point out
that interest in these grasses resulted from their apparent superiority to American forms (Andropogon spp.) with respect to quality,
production, persistence under grazing, and ability to respond to
high fertility levels.
Sims and Dewald (1982) reviewed the early OWB research
results and concluded that they can contribute significantly to beef
production and soil conservation in the Southern Great Plains,
especially when grown on marginal cropland as forages to complement native rangeland grasses. Forage production potential of
OWB monocultures at Woodward, Okla., has been about 4 times
greater than well-managed native range in good condition.
Over 700 accessions of OWB’s have been assembled at Wood-
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ward, of which approximately 50 are being evaluated for agronomic and beef production performance. This germplasm collection exhibits extreme variability in phenology, morphology, seed
production, photosynthetic capacity, and water-use efficiency. The
objective of this study was to compare dynamics of aboveground
biomass production and partitioning among 4 accessions which
differed in forage production relative to soil water availability.
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Abbreviations:
Act
Accession = Old World Bluestems WW-535, WW-573,
WW-604, WW-758.
OWB Old World Bluestem
Measured Parameters:
Leaf blade area (ma plant-‘)
LA
Leaf blade nitrogen concentration (mg g-r)
Nb
Time in days (d)
t
Wag Aboveground biomass (g plant’ or g me’) = Wb+Wss+Wsi
Leaf blade biomass (g plant? or g mm’)
Wb
Wsi Exerted stem and inflorescence biomass (g plant-’ or g mm*)
Wss Leaf sheath plus enclosed stem biomass (g plant-’ or g m”)
Calculated Parameters:
ET
Evapotranspiration (mm) = net change in soil water (0 to
2.6 m depth) + precipitation
Leaf blade area index (m*m~*)=LA/O.O929m* plant-’
Lb
SLA Specific leaf area (m*kg-‘)=(LA/ Wb)XlOOO
WUE Water-use efficiency (g rn-*mm”) = Forage production/ET
Fd
RL

F
E
Note:

Grqwth Parameters (after Hunt ant I’frsons 1974):
Relatrve growth rate of biomass (g 5 d )=(I/ Wag)(dWag/dt)
Relative growth rate of leaf area (m me*de’)(I / L&dLa/dt)
Leaf area ratio (mt$-y)=LA/ Wag
Unit Leaf rate (g m d ‘)=( I / LA)(dWag/dt)

forday;

When used as a unit, d is the SI abbreviation
prefix, d means the derivative of the parameter.

when used as a parameter
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Table 2. Forage (dry matter) production in relation to water use in four Old World bluestem accessions during two growth cyclesJ

Forage
production

Dates (1982)

Act

5 Mar.-6 July
(Cycle 1)

ww-535
ww-573
ww-604
WW-758
ww-535
w w-573
ww-604
WW-758

(;5;aa)

7 July-20 Sept.
(Cycle 2)

505ab
370b
686a
248a
290a
158b
185b

WUE

(mm)
422a
440a
455a
439a
203b
259a
197b
228ab

(g m”mm~‘)
1.57a
1.15ab
0.81b
1.54a
1.24a
1.15ab
0.81b
0.82b

‘Symbols are defined in Table I. Forage production is the final standing crop on 6 July and 20 Sept. for cycles
wlthm a growth cycle are significantly different (KO.05) if not followed by a common letter.

Field Sampling

and Laboratory

Ave. Temperature
Min.
Max.

ET

I and

Total Precip.

(C)
11.7

(C)
23.5

(mm)
458

20.1

33.5

43

2, respectively. Accession means for a particular parameter

moist plastic bags and kept on ice for 2 to 3 hours until transported
to the laboratory. The protein samples were frozen until analyzed.
Leaf area was measured on approximately 20 leaf blades from
the SLA subsample by measuring the width of each blade at IO-mm
intervals using a measuring magnifier readable to 0.05 mm. The
mean width multiplied by the blade length was taken as leaf area.
The blade area subset always included all blades from a particular
culm so that all leaf ages were presumably represented in the same
proportion as their frequency in the plant canopy. The measured
blades were lyophilized prior to determining dry weight from
which SLA was calculated.
Nitrogen subsamples were lyophilized, ground to pass a 0.6 mm
screen, and analyzed by a modified Hach’s Digesdahl H&-HzS04
digestion method.1 Bovine serum albumin and NBS standard reference material (No. 1573, tomato leaves) were used to calibrate
the method.

Analysis

The seasonal course of growth was followed by periodic harvests
of randomly chosen subsets of plants throughout 2 growing cycles
(spring-summer and summer-fall). Blocks I through 4 were used
for the spring-summer cycle and blocks 5 through 8 were used for
the summer-fall cycle. Sample dates during the first cycle were 19
April; 3,10, 18,24 May; 1,7,14,21,28 June; and 6 July 1982. Four
plants/ accession/ block were sampled on the first 3 days. In order
to process the volume of accumulated plant material with the
available resources, 2 plants/accession/ block were used on the
remaining dates. When considering sample size, the apomictic
habit and the resulting genetic uniformity within an accession
should be emphasized here. During the second growth cycle, 2
plants/accession/block
were sampled on 19, 26 July; 2, 9, 30
August; and 20 September 1982.
Neutron moisture probe access tubes were installed to a depth of
3 m in the center of each plot. Tubes were installed in blocks 1
through 4 (except for WW-535) during March 8 1. The remainder
of the tubes were installed 15 and 16 March 1982. Soil water
content was read on a regular basis by the neutron attenuation
method at the mid-point of 0.2-m increments to a depth of 2.6 m.
A random sampling scheme was generated before the start of the
experiment that identified plants to be harvested from the center 3
rows of each plot for each succeeding harvest date. Plants were
severed at the soil surface to obtain a measure of the aboveground
standing crop of biomass. A plant was used only once during the
experiment. Blocks 5 through 8 were allowed to grow undisturbed
throughout the first cycle. These plots were mowed to a uniform
stubble height of 50 mm on 12 July 1982 prior to initiating the
second growth cycle sampling.
The clipped biomass from all plants harvested within a plot was
bulked and then separated into leaf blades (severed at the collar),
leaf sheaths plus enclosed stems, and exerted stems plus inflorescences (when present). The leaf blade portion of each plot was
further subsampled for determination of nitrogen and SLA and the
residual leaf blade material, plus the other 2 fractions, were lyophilized to determine dry biomass. The subsamples were sealed in

Data Analysis

Measured and calculated parameters (Table 1) were subjected to
analysis of variance and accession differences were determined by
Duncan’s multiple range test. Differences in seasonal trends
(slopes of parameters vs time) among accessions were examined by
combined analysis of regression. Growth parameters (Table 1)
were derived using the growth analysis methods and computer
program described by Hunt and Parsons (1974). These methods
have been fully described more recently by Hunt (1978, 1982). The
program was translated from ALGOL to BASIC for use in this
study. The analysis involves transforming
the independent
variables (biomass, leaf area) to natural logarithms to increase their
homogeneity
with time and then expressing them as polynomial
functions of time. The functions were fit to the data by stepwise
regression (least squares) up to the third order and the 95% confi-

dence interval calculated for each sample date using the methods of
Hunt and Parsons (1974). Overfitting was minimized by selecting
the best fit from an analysis of variance table.
1Hach

Agricultural Division, P.O. Box 907, Ames, IA 50010.

Table 3. Parameter means for four Old World bluestems during two growth cycles.*

Dates
(1982)

Biomass Components
Act

Wag

WW-535
WW-573
WW-604
WW-758
WW-535
WW-573
ww-604
WW-758

255ab
225b
132~
312a
189b
226a
153c
1l9d

Wb
-(

I5 Mar.-6 July
(Cycle 1)

7 July-20 Sept
(Cycle 2)

Wss

Wsi

g m-*)169a 83b 2.7b
143a 76b 5.5a
IOlb
3Oc 1.5b
17la 133a 7.4a
82a 107b O.la
102a 124a O.la
78ab 75~ O.la
51b
68c 0.2a

Partitioning Coefficients
Wsi/ Wag
Wss/ Wag

Wb/ Wag

Lb
(t$mY

0.79b
0.76b
0.86a
0.7Oc
0.43ab
0.45ab
0.5Oa
0.38b

0.2lb
0.22b
0.14c
0.28a
0.57ab
0.54ab
0.50b
0.62a

0.004b
0.0 I3a
0.004b
0.012a
O.OOlb
O.OOlab
0.001b
O.OOla

3.83a
2.5lb
4.37a
1.90b
2.73a
1.56b
1.27b

iSymbols are defined in Table I. Accession means for a particular parameter within a growth cycle arc significantly different (X0.05)
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Nb

SLA

NbjSLA

:;;a_)

(;5J$)

(g m”)
0.74a
0.61b
0.76a
0.65b
0.62a
0.5oc
0.57ab
0.52bc

16:7c
l9.4a
17.4bc
14.0a
13.2a
11.2b
13.8a

26.8a
25.0b
26. lab
22.5b
26.2a
19.5c
25.8a

if not followed by a common letter.
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Results
Biomass Production and Partitioning
Growing conditions varied considerably between the first and
second growing cycles. Temperature averaged about IO0 C higher
during the second cycle compared to the first (Table 2). Precipitation during the first cycle was 458 mm (1.7 1 of normal), but only 43
mm (0.18 of normal) during the second. All accessions showed
visual symptoms of water stress throughout the second cycle and
total forage production during this cycle was only 0.4 of first period
production. However, the drop in production was not uniform
among accessions. Ratios of second period production to first
period production were 0.27, 0.38, 0.43, and 0.57 for WW-535,
WW-604, and WW-573, respectively. These results are consistent
with earlier laboratory and field studies (Coyne et al. 1982) which
clearly showed WW-573 to be more water-use efficient from both a
leaf gas exchange and forage production perspective and to have a
greater capacity to maintain production during drought than WW758 or WW-604. However, during periods of ample water, WW758 frequently produces more forage than WW-573 (Coyne et al.
1982).
Soil water use, and hence ET, did not differ among accessions
during cycle 1 and only slight differences were observed in cycle 2
(Table 2). When growth began (15 March), the surface 2.6 m of soil
contained 0.28 water by volume. At the transition from cycle 1 to 2,
soil water content was 0.29, after which it declined linearly to 0.22
(surface 0.4 m contained<O. 12) by the end of the second cycle.
WUE ranged from 1.6 gm-2mm-’ in WW-535 to a low of 0.8 in
WW-604 during cycle 1 (Table 2). During the dry second cycle,
WW-573 and WW-604 continued to produce forage at the same
WUE as in cycle 1, while a 0.21 and 0.47 loss in WUE was observed
for WW-535 and WW-758, respectively. Although WW-573 and
WW-604 maintained their same average WUE between cycles,
W W-573 used significantly more water than WW-604 in the second
cycle and used this water with greater efficiency.
Total aboveground biomass and leaf blade area (log transforms,
Fig. 1,2), used to derive the growth analysis parameters, increased
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Fig. 1. Seasonalprogression
of the naturallogarithm
of rotaloboveground
biomass during a spring-summer
(left) and summer-fall (right) growth
cycle. The 95% confidence inrervals about the regression lines oreplotted
for each sample dateplus or minus I or 2 days. Note: The offset was used
for clarity in order to show accession differences with dates. Symbolsore
defined in Table 1. The symbols, ‘x”and “o”have no significance other
rhan iakntificorion of aparticular curve wirh the corresponding accession.

throughout cycle 1 when growing conditions were more favorable.
Drought and heat stress during cycle 2 presumably combined to
decrease the rate of biomass and leaf area accumulation. Biomass
and leaf area accumulation started from a higher base value in
cycle 2 than cycle 1 because mowing left the stem bases while
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Fig. 2. Seasonal progression of the natural logarithm of leaf blade area
during a spring-summer (left) and summer-fall (right)growth
cycle. See
explonotory note in Fig. I caption.

burning removed all harvestable

material. The crowndiameter
of WW-758
was smaller than in the other accessions, which explains its comparatively
low values early in cycle 2 (Fig, l,2).
The average standing crop of aboveground
biomass during each growth
cycle and its partitioning
among the measured components
are compared
in Table 3. Slopes of the seasonal responses are given in Table 4. Like total
production
measured at the end of a cycle (Table 2) the mean values (Wag)
based on data from the entire cycle, showed a change in dominance with
respect to dry matter production.
WW-758 ranked among the highest for
Wag during cycle I and was the lowest in cycle 2. WW-573, which was
intermediate
in mean Wag in cycle 1, maintained
its production
level in
cycle 2 and ranked the highest among the 4 grasses. WW-604 also maintained performance
in cycle 2, but it ranked lowest among the 4 grasses
during both cycles. WW-535 was similar to WW-758 in cycle 1, but maintained its production
level better under drought stress. The demonstrated
superiority
of WW-573 for producing forage under suboptimal soil water
conditions
and the inferiority of WW-758 and WW-604 agrees with previously documented
relative differences
among these accessions
with
respect to production
potential and leaf WUE (Coyne et al. 1982).
The average rate of biomass accumulation
(g plant-‘) was two-fold
greater in WW-758 than in WW-604 (Table 4) for cycle 1 and 15-fold
greater in W W-758 and WW-573 than in WW-604 in cycle 2. The high slope
for Wagand SLA in WW-758, during cycle 2, in spite of its low production,
resulted from comparatively
small initial values (Fig. I, 2) which in turn
were related to smaller crown diameters in this accession compared to the
other 3. The relative influence of crown diameter on the standing crop of
biomass and leaf area would be greatest immediately following the mowing
that initiated cycle 2.
Phenology was similar among all 4 of the accessions studied and exposed
stems and inflorescences
(Wsi) constituted
a minor portion of the total
biomass. There were some definite differences in the relative proportions
of
leaf blades and stems plus sheaths as shown by the mean partitioning
coefficients (Table 3). WW-758 tended to partition more of Wag to Wssand
less to Wb, while WW-604 exhibited the opposite strategy. WW-535 and
WW-573 were intermediate
and, by the end of the first cycle, Wb and Wss
were approximately
equal in these 2 accessions. Differences in partitioning
were less evident during the second growth cycle after the first 2 sampling
dates as the plants approached
a more quiescent state due to drought.
Leaf Blade Area and Nitrogen Concentration
Although WW-604 partitioned
a significantly
greater proportion
of its
aboveground
biomass to leaf blades during cycle I, leaf area index (Lb,
Table 3) was significantly less than for the other 3 accessions as a result of its
lower production
of total biomass. WW-573 was most successful of the
three accessions in producing a leafy canopy conducive to maximizing light
energy capture during the more stressful cycle 2. Leaf area index increased
throughout
cycle I (Table 4) in all accessions, but increased only through
sample date 3 or 4 in the second cycle and then leveled off. In the case of
WW-604, Lb actually showed a net decline beyond date 3 of cycle 2
(negative slope, Table 4) as this particular accession appeared to be totally
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Table 4. Comparison

Period
1

of slopes of 11 parameters versus Julian date derived from the combined analysis of regression?

ww-573

Accession
ww-604

WW-758

Parameter

ww-53.5

Wb
wss
Wsi
Wb/ Wag
Wss/ Wag
Wsi/ Wag
Lb
Nb
SLA
Nb/ SLA

Wag

0.7050b
0.3441a
0.3447b
0.016Oc
-0.0069b
0.0066~
0.0003b
0.0846a
-0.3056b
-0.0825ac
-0.0097b

0.2134d’
0.2952~
0.0301 b
-0.0079c
0.0072b
0.0007a
0.0554b
4.2609a
-0.0969bc
-0.0070a

0.2641c
0.1275d
0.0084d
4.0045a
0.0043d
0.0002b
0.0672~
-0.3013b
-0.0684a
-0.0098b

0.3084b
0.4918a
0.0394a
-0.0087d
0.008Oa
0.0007a
0.0818a
-0.3749c
-0.1041b
-0.1009c

Wag
Wb
wss
Wsi
Wb/ Wag
Wss/ Wag
Wsi/ Wag
Lb
Nb
SLA
Nb/ SLA

0.1108b
0.0572b
0.0534b
0.0001d
0.0009a
-0.0009c
0.00001c
0.0073b
-0.0292a
-0.0655a
0.0006a

0.1831a
0.0643b
0.1178a
O.OOlOb
-0.0007d
0.0007b
0.00003b
0.0091b
-0.0728bc
-0.0792a
-0.0014b

0.0126c
-0.0245~
0.0367b
0.0004c
-0.0019c
0.0019a
0.00002b
-0.009oC
-0.0443ac
-0.0483a
-0.0010b

0.1876a
O.I197a
0.0667b
0.0012a
0.0047b
-0.0048d
0.00007a
0.0241a
-0.1383d
-0.1490b
-0.0029~

0.5387~

0.4001d

0.8396a

‘Slope estimateswithina row not followed by a common letter are statistically significant (p<O.OS). Parameters are defined in Table I.

quiescent for the remainder of cycle 2.
Leaf blade nitrogen followed a seasonal trend similar to Lb
during both cycles, but accession differences were less pronounced
(Table 3). Nb was highest at the start of cycle I and averaged about
33 mg g-’ across accessions. WW-573 retained its nitrogen best
during cycle 1, while WW-758 showed the least ability to retain
nitrogen as evidenced by the seasonal slopes (Table 4). Although
Nb increased for the first 3 dates of cycle 2, all accessions had a net
decline for the entire cycle (Table 4).
The reciprocal of SLA and the ratio Nb/SLA (Table 3) are
measures of biomass and nitrogen investment per unit leaf area,
respectively. Generally, leaf blades became more expensive in
terms of biomass investment and less expensive in terms of nitrogen investment as the season progressed during both cycles (Table
4). During cycle 1, WW-535 and WW-604 produced the most
expensive leaves with respect to biomass and nitrogen while WW573 and WW-758 (nitrogen only) invested the least. The drought
and heat stress during cycle 2 was associated with further increases
in biomass investment by WW-535 and especially WW-604. WW604 also continued to invest more nitrogen per unit leaf area than
did WW-573 during this cycle. Differences in strategies that might
be derived from the information in Table 3 are that WW-573 tends
to produce a larger number of less costly leaf blades while WW604, at the other extreme, tends to produce fewer and more costly
leaves. WW-535 and WW-758 are intermediate but probably more
like WW-573. The strategy of WW-573 would seem most appropriate for maximizing light energy capture in a grazing situation.
Growth

Analysis

The growth analysis parameters permit the production efficiency for new growth to be examined and expressed as a return on
invested biomass or leaf area. The relative growth rate of aboveground biomass early in the first growth cycle ranged between 0.05
and 0.07 g g-‘d-’ (Fig. 3). The production efficiency declined linearly through the first cycle to values centering on about 0.02.
During the second cycle, 3 accessions had a constant low rate of
return throughout the period, but WW-758 had a trend similar to
cycle 1. W W-758, in both cycles, had an initial relative growth rate
that was higher than the other accessions, but also had a steeper
rate of decline, so that by the end of the respective growth cycles,
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the relative growth rate of WW-758 was less than the other accessions. The poor performance of WW-604 is readily seen in the cycle
2 data where R remained near zero throughout the period.

Fig. 3. Changes in relativegrowth rate of biomass during a spring-summer
(left)andsummer-fall (right)growth cycle. Seeexplanarorynote in Fig. I
caption.

The relative growth of leaf blade area (Fig. 4) was somewhat
different than for biomass. All accessions had similar magnitudes
in RL during the first growth cycle and slope differences were less
apparent. Like R, RL also declined linearly throughout the first
cycle. Conversely, the production of new leaf blade area in relation
to existing blade area varied considerably among accessions during
cycle 2. WW-758 and WW-573 apparently were more efficient at
supporting new leaf expansion from stored reserves early in cycle 2
than were WW-535 and WW-604, which contributed to the relatively high values of R~for the former at the first harvest. The rapid
decline in RL may reflect depletion of reserve pools and the increasing intensity of drought stress, thereby decreasing the efficiency of
leaf expansion. RL in all the accessions declined to zero and then
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Fig. 4. Changes in relative growrh role of leaf blade area during a springsummer(left)andsummer-fall(right)growthcycle.
Seeexplanatorynote
in Fig. I caption.

became negative midway through cycle 2 meaning that total leaf
blade area actually deceased between successive harvests. The
decrease may have resulted from drought effects on leaf expansion
or from net export of mobile components to belowground parts.
The upturn of RL in WW-573 and WW-758 at the end of the cycle
may not be of any real significance. Although the data merited a
third order fit of this equation, the values were highly scattered and
the confidence limits were large, decreasing the reliability of the
trend. Certainly, there was no relief in water stress associated with
the upturn.
Relative growth rate can be expressed as a product of leaf area
ratio (Fig. 5) and unit leaf rate (Fig. 6), R=FXE. Evans (1972)

0.88’
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40
Days
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s,nce

0

88

first

28

40

68

harvest

Fig. 5. Changes in leaf area ratio during a spring-summer
(left) and
summer-fall (righr)growth cycle. Seeexplanaforynote
in Fig. 1 caption.

described F as a morphological index of plant form and E as a
physiological index related to the photosynthetic activity of the
leaves. Each of these indices has its own ontogenetic drift which
together make up the drift in R. Partitioning R into these components allows dry weight increase, resulting primarily from carbon
assimilation, to be related to the area of those organs most concerned with carbon assimilation (i.e., the leaves). While photosynthetic capacity in grasses is derived from both leaf blades and leaf
sheaths, we have restricted this analysis to the leaf blades because
of logistical problems associated with separating the leaf sheaths
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Fig. 6. Changes in unit leaf rate during a spring-summer (7eft)ond summerfall (right) growth cycle. See explanatory note in Fig. I caption.

and measuring their area.
Like R, F declined throughout the first cycle (Fig. 5). However,
accession differences were more distinct than for R. The relative
leafiness of W W-604 is clearly seen during the second half of cycle 1
and the high initial value of F for WW-758, followed by a steeper
rate of decline, tracks the pattern observed for R and suggests a
possible difference in partitioning strategy of these grasses alluded
to earlier. Except for initial differences, WW-535 and WW-573
converged on almost identical time trends for F which were intermediate between the extremes of WW-604 and WW-758.
Following defoliation and imposition of drought stress, F
behaved much differently (second cycle, Fig. 5). WW-535, WW573, and WW-758 allocated increasing proportions of aboveground biomass to leaf blades during the first 20 to 30 days of the
cycle and then F declined for the remainder of this period. Peak
values of F were similar for WW-573 and WW-758 although
WW-758 started from a much lower value of F and peaked about 1
week later than WW-573. The trend for Fin WW-535 peaked one
week later than WW-758 and the difference in initial peak values
was noticably smaller than in WW-573 and WW-758. Conversely,
WW-604 had its highest value for F at the start of the period and
declined slightly throughout the second period.
Accession differences in E occurred primarily during mid-cycle
between the extremes of WW-758 and WW-573 (first cycle, Fig. 6).
This parameter shows the efficiency of aboveground biomass production in relation to leaf blade area. WW-535 differed from the
other accessions in that the leaf blades continued to show an
apparent increase in biomass production efficiency throughout the
period. WW-573 and WW-604 were essentially flat in trend except
for a slight decline in E observed in WW-573 at the end of cycle 1.
Finally, WW-758 increased to a broad peak in the center of the
cycle where the return on its leaf area investment exceeded that of
the other grasses. However, by the end of the cycle, its efficiency
was among the lowest.
The second cycle was more interesting with respect to differences
in E among accessions. Three patterns were observed (Fig. 6).
WW-604 had a constant trend in E with a magnitude close to zero.
The trends for WW-535 and WW-573 were slightly concave
upward centering on approximately 1 g m”d-‘. In contrast, an
extremely high rate of 14 g rn-‘d-’ was observed for WW-758 at the
first harvest date with rates for succeeding dates dropping rapidly
throughout the cycle. After 60 days, the rates for WW-758 were
among the lowest of 4 accessions.
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Discussion
A resource optimization strategy that would allow forage plants
to capture maximum light energy might consist of attaining maximum leaf number or area with minimum biochemical costs per unit
leaf area. Therefore, a plant which has a relatively high leaf area
index and specific leaf area combined with relatively low nitrogen
content per unit leaf area would conform to this strategy. Caldwell
et al. (1981) compared two Agropyron bunchgrasses differing in
grazing tolerance and found that the grazing-tolerant species had a
lower investment of nitrogen and biomass per unit area of photosynthetic tissues. In this study, the relative degree of conformation
to this strategy of resource optimization strategy could be ranked
as WW-573>WW-758>WW-535>WW-604.
From a grazing management point of view, the retention of
forage quality over time (as estimated by the slope for Nb, Table 4)
may be more important to meeting livestock nutritional needs than
average nitrogen concentration which may be biased by relatively
high values early in the season. WW-573 had the lowest rate of
decline in Nb in cycle 1and WW-758 the highest with WW-535 and
WW-604 intermediate. Differences among these accessions with
regard to maintenance of leaf nitrogen may be exploitable by
proper sequencing of grazing when attempting to design forage
systems that are more nearly optimum with respect to matching
forage availability and quality with livestock requirements.
The amount of leaf blade area in WW-758 was extremely low
compared to the other accessions early in cycle 2, but especially at
the first harvest (Lbz0.2 for WW-758; Mean Lbzl.5 for WW-535,
WW-573, WW-604). It is highly improbable that this limited
amount of leaf blade area could perform at such a high level of
efficiency as RL (Fig. 4) and E (Fig. 6) would seem to suggest.
Therefore, we hypothesize that WW-758 was more effective in the
accumulation and subsequent mobilization of reserves from the
stem bases and/or roots than the other accessions and that the
rapid decline in E represents an increasing depletion of these
reserve resources and perhaps the intensification of drought stress.
The trends in unit protein rates (based on Nb X 6.25) were
similar to unit leaf rates and are not presented in detail here, but
these data tend to support the reserve mobilization hypothesis.
Unit protein rates for WW-758 averaged 6 g of aboveground
biomass g“ crude protein d-‘at day0 of the second cycle, but only 1
g g-l d-‘at the second harvest (day 7). The very rapid decline in both
unit leaf and unit protein rates in WW-758 is indicative of small
labile carbohydrate and nitrogen reserve pools, which agrees with
the conclusions of Caldwell (in press). His detailed synthesis of the
published information on labile reserve pools suggests that the
absolute pool sizes are small in relation to the diurnal input of
carbon as photosynthate. In addition, the contributions of reserves
to regrowth of autotrophic tissues following defoliation or stress
relief has been overemphasized because reserve levels have generally been expressed as a concentration rather than as quantity per
plant. Nevertheless, he points out that reserves must obviously
contribute to initial regrowth following severe defoliation, as hypothesized in our study, but that the reserve pools might better be
thought of as buffers rather than reservoirs.
The shapes of curves relating E to time are suggestive of reserve
use strategies. Eagles (1971) stated that curves which are “U’shaped are indicative of growth based on remobilization
of
reserves and could include regrowth after defoliation and the
commencement of growth after a period of dormancy. In such
cases, the initial slope (b) of the curve (R or RL=b-2ct) for leaf area
(Fig. 4, cycle 2) would be greater than that for biomass (Fig. 3, cycle
2), but the rate of decline (c) in the area curve may be greater. This
phenomena was observed in all 4 accessions, but was particularly
evident in WW-758. Therefore, as Eagles (197 I) points out, the
initial establishment of leaf area could result in a phase of rapidly
declining E followed by a phase of increasing E as the leaves
contribute to the overall growth of the plant. These 2 phases can be
discerned in the data for WW-535 and WW-573 (Fig. 6, cycle 2),
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but the magnitude of the decline and subsequent increase in E is
relatively small, probably reflecting drought stress. The failure of
WW-758 to increase in E after the rapid decline may indicate lower
drought performance potential relative to WW-535 and WW-573.
The general decline in R (Fig. 3, cycle 1) with time was associated
with changes in both F and E. Simple correlation coefficients
between R:F and R:E in the first growth cycle were significant
(WW-535, WW-573, WW-604 at P<O.Ol; WW-758 at KO.05).
Correlation values were higher for R:F average (rzO.99) than for
R:E (average r=0.86). All correlations for this period were positive
except for R:E in WW-535. In this accession, E increased slightly
throughout the first cycle (Fig. 6) while R continually decreased.
For the second cycle, only WW-758 had a variable R. Correlations
for WW-758 (R:F=0.35; R:E=0.75) were not significant.
In a survey of the maximum relative growth rates in controlled,

uniform conditions of 132 species of flowering plants (monocots
and dicots) from a diversity of habitats, Grime and Hunt (1974)
observed a low frequency of potentially fast-growing species in
unproductive habitats. They stated that genetic characteristics
conducive to rapid growth in productive conditions possibly
become disadvantageous when the same plants are subjected to
environmental stress. Both this study and a previous one (Coyne et
al. 1982), plus several years of comparative field observations on
the agronomic characteristics of these grasses, suggest this is true in
the Old World bluestems. For example, WW-758 and WW-604
had the highest R values during cycle 1 (Fig. 3) but the lowest
values during the latter part of the cycle 2 when water stress was
severe. WW-758 was among the highest forage producers during
cycle 1 but had one of the lowest values in cycle 2 as well as the
highest percentage reduction between cycles 1 and 2. Conversely,
WW-573, an accession with relatively high water-use efficiency
(Coyne et al. 1982) but with a low R value under more favorable
growing conditions, had the least reduction in forage production
during cycle 2 as a ratio of cycle 2 to cycle 1. While WW-535 is in
many respects similar to WW-573 in agronomic and physiological
characteristics, its water-use efficiency and relative production
under stress are apparently more sensitive to environment than
these parameters are in WW-573.
Conclusion
Differences in both water-use efficiency, biomass partitioning,
biomass investment per unit leaf area, and maintenance of forage
production potential and quality as the soil dried or as the season
progressed were observed in 4 Old World bluestems. Accessions
having comparatively low values for relative growth rate of biomass may provide a more stable source of forage in the long run. By
conserving stored reserves after severe defoliation or during
drought stress, these plants may gain an adaptational advantage.
This advantage may incorporate a strategy of optimizing leaf
production following severe defoliation in a manner that maximizes leaf area but minimizes biomass and nitrogen investment per
unit leaf area. Accessions with these characteristics will not necessarily be top performers during periods of favorable growing conditions. However, for managers of forage-livestock production
systems attempting to balance livestock numbers with available
forage supply, 1,000 kg ha-’ of extra forage when growing conditions are less than optimal may be of far greater value than 2,000 kg
ha-’ extra forage when growing conditions are more favorable.
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Response of ‘an Irrigated Cool- and WarmSeason Grass Mixture to Nitrogen and Harvest
Scheme
JOSEPH L. PETERSEN AND LOWELL E. MOSER

Abstract
Maintaining a mixture of cool-and warm-season grasses under
intensive management for season-long production is difficult, due
to species shifts, especially to a dominance of cool-season grasses
when heavy amounts of nitrogen(N) fertilizer are used.The objective of this study was to determine if high forage yields could be
produced season long while maintaining a desirable balance of
warm-and cool-season grasses.
The study was conducted near Mead, Nebraska on a Sharpsburg
silty clay loam (Typic Argiudoll). An irrigated mixture of 3 warmseason grasses and 1 cool-season grass, big bluestem (Andropogon
gerardii Vitman), switchgrass (Panicum virgatum L.), and hrdiangrass [Sorghtrum
nutans (L.) Nash] and smooth brome (Bromu~
inermis Leyss.) was fertilized at low (150 kg/ha), medium (250
kg/ha) and high (350 kg/ha) rates of N in split applications. Three
harvest schemes were designed to either produce high quality
forage or to maximize yield.
Herbage yields showed a quadratic response with N level. A late
May/mid July harvest scheme for the first and second cuttings did
not produce as much forage as late May/late August or early
June/late August harvest schemes. Population of smooth brome
and other cool-season grasses declined with the higher N rates.
Populations of warm-season grasses were not greatly affected by N
level. Density of smooth brome increased under all harvest scheme
treatments and the highest increase for other cool-season grasses
was with a May 24/July 13 harvest scheme. Warm-season grasses
maintained a steady density over the 3 years. Forage was produced
from early May until late summer with an irrigated cool- and
warm-season mixture. Fall production of smooth brome was minimal, although stand was generally maintained. Nitrate N accumulated in the soil under the medium and high N treatments.
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Cool- or warm-season grass pastures generally have a relatively
short period of active production in the central Plains states. In
eastern Nebraska, perennial cool-season grasses initiate growth in
April, mature early to mid-June, and produce regrowth in September and October. Growth of warm-season grasses begins about
mid-May and they reach maturity in late August. Since warmseason grasses are dormant until late May, there is little soil water
depletion in the early spring. In order to distribute high quality
forage throughout the grazing season a producer needs both cooland warm-season grasses.
Seeding a mixture of cool- and warm-season grasses generally
has not been recommended. Warnes et al. (197 l), suggested that
the inclusion of cool-season grasses in a mixture of warm-season
grasses would decrease maximum production. Ruminant animals
are selective grazers, and in a grass mixture they have a free choice
of plants, making it difficult to obtain full use of each species in the
proper season (Conard and Youngman 1965). Nitrogen (N) supplied in early spring generally favors cool-season species which
utilize the early season soil moisture and lessen the competitive
ability of warm-season grasses (Owensby et al. 1970, Warnes et al.
1971, Rehm et al. 1976). Therefore, cool-season species will soon
dominate. If water can be supplied to warm-season grasses in the
summer, vegetative composition shifts might be minimized, while
maintaining high yields of the grasses.
Nitrogen fertilizer has increased the yield of both smooth brome
(Bromus inermis Leyss.) (Colville et al. 1963; Paulsen and Smith
1968) and warm-season prairie grasses (Rehm et al. 1972, Hall et al.
1982). Harvesting grasses at early morphological stages generally
results in lower yields than when harvested at later stages. Total dry
matter yields of smooth brome increased when cutting was delayed
until early anthesis and declined when clipped during stem elongation (Knievel et al. 197 1, Kunelius et al. 1974). In a study conducted
in the Missouri Ozarks, harvesting of 3 warm-season grasses at the
seed-ripened stage or later increased yields. Foliage removal when
flowering stalks were starting to form (late July) decreased yields
and stand persistence (Vogel and Bjugstad 1968).
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The objective of this research was to determine if herbage production for a mixture of cool- and warm-season grasses would be
possible for the entire growing season if supplied with nitrogen and
water and harvested appropriately. A related objective was to
determine if warm-season grasses would maintain their density in
the presence of a cool-season grass under high levels of nitrogen
when water was not limiting.

Materials and Methods
The study was conducted on an established mixture of warmand cool-season perennial grasses at the University of Nebraska
Field Laboratory near Mead, Neb., approximately 52 km northeast of Lincoln, Neb. The annual precipitation averages 76 cm with
approximately 75% falling during the growing season. The grasses,
seeded in 1967 on a Sharpsburg silty clay loam (Typic Argiudoll)
included 3 warm-season grasses: big bluestem (Andropogon gerardiivitman), indiangrass [Sorghustrum nurans(L.) Nash], switchgrass (Ponicum virgufum L.), and 1 cool-season grass: smooth
brome. Three N rates combined with 3 harvest schemes (3 X 3
factorial) were replicated 4 times in a randomized complete block
design. Individual plots were 2.75 X 6.10 m (16.8 mr).
Prior to spring growth in 1978, old growth was removed, leaving
a stubble approximately 7.6 cm high. Sixty-seven kg/ ha phosphorus (P&,) was applied to all plots on April 1, 1978. Broadcast N as
ammonium nitrate (NHrNOs) and harvest scheme treatments were
applied in 1978 and 1979 (Table 1). Grass was irrigated during both
Table 1. Nitrogen rates and harvest scheme treatmentsappliedin 1978 and
1979.

at 5 randomly selected positions across each plot. A l-m rod
marked with I-cm increments was inserted into the vegetation
under each ring. Stem base occurrence in a l-cm wide area was
determined along the rods.
A multivariate procedure was used for a mean vector statistical
analysis of the botanical density. Mean vectors were d&err&ted
for 5 groups of vegetation: smooth brome, other cool-season perennial grasses, warm-season perennial grasses, perennial and
annual forbs, and annual grasses. A Wilks’ Lambda Criterion Test
was used to evaluate the change in density over time (Morrison
1976). Total dry matter yields were averaged over 1978 and 1979
because there was no treatment by year interaction. Orthogonal
comparisons were performed to evaluate yields as affected by
harvest scheme w.05) and the nature of the response curve of N
treatments (Steel and Torrie 1980). With 3 levels of nitrogen, the
response must be either linear or quadratic (nonlinear).

Results and Discussion
Forage production was about 1,000 kg/ ha greater (p<.O I) in
1978 than in 1979 when averaged over all treatments. Lorenz and
Rogler (1967) reported there was more initial vigor the first year of
fertilizer application than in succeeding years. In addition, intensive harvest management in 1978 may have lowered the yields of
grasses in 1979.
Harvest scheme (HS) affected yields more than did N treatments. Total dry matter yields for HSl were lower w.05) than the
average of HS2 and HS3. HS3 plots also yielded more dry matter
than HS2 plots (Fig. 1). The primary component for the first
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growing seasons with a sprinkler irrigation system. irrigation
scheduling was based on soil moisture observations and precipitation records at the Mead Field Laboratory. The total amount of
water (precipitation and irrigation water) received by the plots was
102 and 123 cm for 1978 and 1979, respectively. Annual and
broadleaf weeds were controlled by the application of DCPA
dimethyl tetrachloroterephthalate)
at 11.2 kg/ ha and 2,4-D [(2,4dichlorophenoxy)acetic
acid] at 1.2 kg/ ha both years.
Soil samples were taken at the end of the 1978 and 1979 growing
seasons to a depth of 90 cm. Soil nitrate N determinations were
made at 30-cm increments to a depth of 90 cm and estimated for a
180-cm profile as follows: (0.118) (sampling depth cm) (N ppm)
(1.12)/0.7 = kg/ ha (Knudson, personal communciations 1980).
To determine forage dry matter yields, a 0.8 1 X 5.2-meter strip
was harvested in the center of each plot at a 7.6 cm height (Table 1).
A subsample was taken, weighed immediately, and dried to a
constant weight in a 75’C forced air oven to determine moisture
content.
Botanical density was determined during the third week of June
in 1978, 1979, and 1980. The vegetation analysis was conducted
after there was 8 to 25 cm regrowth following the completion of the
spring harvest when the cool-season grasses had matured and the
warm-season grasses had initiated vegetative growth. Estimates of
density were obtained by modifying methods described by Anderson (1942). A line with 6 evenly spaced rings attached was stretched
34
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Fig. 1. Dry matter (DM) yields offorage grasses averaged over 1978 and
1979, as affected by harvest scheme. Yieldsfor each of the 3 harvest dates
and a total are shown. Harvest scheme 1 (cut May 24, July 13. Nov. 7),
harvest scheme 2 (cut May 31, Aug. 28. and Nov. 7). andharvest scheme
3 (cut June 6. Aug. 28. and Nov. 7). Orthogonal contrastsfor totalyields
show that HSI is different than an average of HS2 and HS3. Total yield
for HS2 was less than for HS3.

cutting was smooth brome. The first cut for HS2, (about May 3 I,1
week later than HS I), yielded about 1,100 kg/ ha more than HS 1.
When the first cutting was delayed until June (HS3), first harvest
yields were 2,100 and 1,000 kg/ ha greater than those of HS 1 and 2,
respectively (Fig. 1). Warm-season grasses largely comprised the
second cutting, taken July 13, for HS 1 and August 28, for HS2 and
HS3. The 6-week delay in harvest for HS2 and HS3 compared to
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HS 1 increased yields more than 2,000 kg/ ha for the warm-season
component.
Regrowth for HS I, between July 13 and August 28,
was not large enough to measure in 1978 and was estimated to be
about 300 kg/ ha in 1979.
Yields for a third and final harvest in early November were low
for all treatments both years (Fig. I ,2). Smooth brome was present
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warm-seasonal
perennial grasses, annual and perennial forbs, and
annual grasses. Because weeds respond well to additional N and
water (Huffine and Elder 1960), plots were sprayed with DCPA
and 2,4-D in 1978 and 1979 to control annual grass and broadleaf
weeds, respectively. As a result, forbs were reduced from 1978-80,
and the analysis of variance was not significant for annual grasses
(data not shown). Wilks’ Lambda Criterion Test indicated that the
year by harvest scheme interaction
was significant @<OS) for
smooth brome, other cool-season
grasses, and warm-season
grasses. This demonstrated
that the response of density to harvest
scheme differed among years (Fig. 3). The response of N treat-
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Fig. 2. Dry matter (DM) yields offorage

grasses averaged over 1978 and
1979, as affected by low (150 kg/ ha), medium (250 kg/ha), and high (350
kg/ha) levels of nitrogen. Each N treatment shows yieldsfor 3 harvests
and a total yield. Orthogonal contrasts on rotal yield indicate a quadratic
relationship with N level.

during the autumn but it did not respond to additional N, moisture, and cool temperatures.
However, the herbage was a darker
green color with higher N rates. The intense competition
of the
N-stimulated
warm-season
grasses during the summer may have
caused the smooth brome to utilize reserve carbohydrates
during
summer dormancy in order to survive. Consequently,
the vigor of
the smooth brome was low in the autumn. Evidently, sufficient
carbohydrate
reserves were stored in the fall to initiate spring
growth of smooth brome in 1979 and 1980.
Orthogonal contrasts between the N levels revealed a quadratic
relationship
for total yield (Fig. 2). Dry matter yields apparently
peaked with about 250 kg/ ha N. Application of N in excess of 250
kg/ ha did not increase yields further. The N by year interaction
was not significant for the first cutting of the season. High yields
were obtained all N rates the first year of application,
probably
because the plots had not received intensive management
previously. The heavy rates of N and competition
from vigorous
warm-season
grasses in 1978 may have caused a decline of carbohydrate reserves in the smooth brome (White 1973).
Yields, of the predominantly
warm-season grasses at the second
cutting, increased about 1,000 kg/ ha from the low to the higher N
rates in 1978 and 1979. Since shoot apices were not removed from
the warm-season
species in the first cutting, plants were able to
respond to nitrogen and water. For all N rates summer harvests
which contained predominately
warm-season
grasses were higher
yielding than the spring or fall harvests which contained predominately smooth brome.
Species Density
The vegetation was grouped into 5 categories to be evaluated
with a vector analysis using a Wilks’ Lambda Criterion Test. The
categories were smooth brome, other cool-season perennial grasses,
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Harvest

Scheme

Fig. 3. Densiry of smooth

brome (A), cool-season grasses olher than
smooth brome (B), and warm-season grasses (C) in no. of shootslm2,
over 3 years, as affected by harvest scheme 1 (cur May 24, July 13. No. 7).
harvest scheme 2 (cut May 31. Aug. 28, Nov. 7). and harvesr scheme 3
(cut June 6, Aug. 28, Nov. 7).

ments was similar each year and has been evaluated within each
vegetation group on the 3-year average since there was no interaction with year (Fig. 4).
Density of smooth brome and other cool-season grasses increased
from 1978 to 1980, under all harvest scheme treatments (Figs. 3A

35

so0

Table 2. Soil nitrate nitrogen (kg/ha) present in November of 1978 and
1979, under low (150 kg/ha), medium (250 kg/ha), and high (350 kg/ha)
nitrogen fertilization rates averaged over harvest schemes. Confidence
intervals are indicated at (p<.oS).

“E700
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Soil depth

Year

so0

1978

0
I
v) 300

1979

100
SB

cs

ws

Fig. 4. Average number of shoots/m2 in mid-June for 1978-1980for low

(1SOkg/ha). medium (2.50kg/ha), and high (350 kg/ha) nitrogen levels
for theplant groups: smooth brome (SB), perennial cool-season grasses
other than smooth brome (CS), and perennial warm-season grasses
(WS). Orthogonal contrasts indicated that there is a significant (p<.OS)
linear response of SB to N level and there are no detectable trends
(pC.05) CS or WS.

and 3B). Tiller growth may have been promoted by N, irrigation,
and the removal of several years of accumulated mulch, prior to
initiation of the study. Increases for smooth brome were greatest
from 1978 to 1979 and evidently plateaued as only HS2 had a slight
increase in 1980. Kentucky bluegrass (Pea prutensis L.) was the
main component of the cool-season species group. The population
increased more than I-fold under HS 1 for the 3 years and a 7-fold
increase occurred for HS2 and 3. The shoot apices for some warmseason grasses were possibly clipped with the July 13 harvest under
HS 1, reducing the competitive ability of those plants much earlier
than with HS2 or 3, which were clipped in late August.
Warm-season grass density decreased slightly with HS 1, remained fairly constant or increased with late cutting dates, which agrees
with Conard and Arthaud (1957). Harvest scheme 2 and 3 allowed
nearly full development of the warm-season species, which produced severe competition with the dormant cool-season grasses.
There was a significant @<.05) linear decline in smooth brome
as nitrogen level increased (Fig. 4). No significant trend in density
was detected with the other cool-season grasses. Likewise no significant @<OS) linear or quadratic trend was detected for the warmseason grasses (Fig. 4). Smooth brome makes little summer
growth, preventing a high buildup of the carbohydrate supply.
Excess N may have depleted the carbohydrate reserves before they
could be replenished. McKee et al. (1967) suggested that at high N
rates, stands of spring grown grass were thinned if clipped after
flowering. The drastic change in microclimate at time of cutting
may have killed some brome shoots.
Soil Nitrate Nitrogen
Orthogonal contrasts indicated a linear relationship between the
estimated soil nitrate for a 180-cm soil profile and N fertilizer level
in 1978 and 1979. The highest residual nitrate level was contained
in the first 30-cm increment for all N rates and declined with depth
(Table 2). Thedecline was linear in 1978 but by the end of 1979, the
30-60 and 60-90 cm depths had accumulated almost as much soil
nitrate as the top 30 cm. Residual nitrate for the estimated 180 cm
depth increased slightly between 1978 and 1979 for the low N rate.
However, soil nitrate increased 25 and 21 kg/ ha, respectively,
under the medium and high N rates. The leaching of excess nitrate
to the lower depths was probably hastened by irrigation. The high
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(cm)
O-30
30-60
60-90
180cm estimate
O-30
30-60
60-90
180cm estimate

Nitrate nitrogen (kg/ ha)
Low N
Medium N
High N
8f
4f
3f
21 f
6f
6f
5f
25 f

1.9
3.0
0.3
3.3
0.8
1.7
2.6
3.3

I2 f
9f
4f
31 f
I7 f
I5 f
12 f
56 f

6.9
4.8
1.0
17.3
10.9
8.8
3.2
39.2

28 f 19.3
12 f 8.0
6 rt 2.7
66 f41.5
23 f 8.9
21 f 4.6
I8 f 6.7
87 f 27.0

residual soil nitrates at the medium and high N fertilizer rates were
not surprising. These N fertilizer treatments included a September
1 application of 75 and 100 kg/ha N, respectively. Since little
forage was produced in the fall and soil samples were taken in
November, the applied N accumulated in the profile.
Conclusion
With the application of medium to high levels of N, a hay
harvesting scheme, and irrigation, a mixture of warm- and coolseason grasses was maintained over a 3-year period. Although
spring and summer production could be maintained with mixed
warm- and cool-season grasses, fall growth of smooth brome was
rather weak. This was probably due to severe competition during
the summer in this hay harvesting situation. However, the following spring smooth brome had regained its vigor. Pasture studies are
needed to determine whether putting a warm-season grass component in a cool-season grass mixture would increase livestock production or simplify grazing management compared to maintaining
separate cool- and warm-season pastures under irrigated conditions. In situations where N fertilization causes a shift from warmseason to cool-season species, soil moisture plays an important
role. In this study where soil moisture was maintained during the
summer through irrigation, the warm-season grasses were not
overtaken by cool-season grasses. Repeated applications of N at
250 and 350 kg/ ha may be excessive, since residual nitrogen
accumulated in the soil in the second year under both of these
treatments.
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Proline Concentrations
Grasses

in Water Stressed

U.G. BOKHARI AND J.D. TRENT

Abstract
This study was conducted to screen several warm- and coolseason grasses for their prolme-accumulating ability under water
stressed conditions in the growth chamber. Plants of Old World
bluestems (Bothriochloa spp.), tall fescue (Festuca arundinacea),
western wheatgrass (Agropyron smithii) and weeping lovegrass
(Eragrostis curvuhz) were subjected to water stress conditions at
the vegetative stage. Water stressed plants exhibited a significantly
greater (X.05) increase in proline concentration than the nonstressed and the stress relieved plants. There was also a significant
difference (P<.Ol) in the proline-accumulating ability of various
species. An interdependency was observed between leaf water
potential and proline concentration in all the species under waterstressed conditions.
Free proline accumulates in many plant species during periods
of water stress (Chu et al. 1976, Barnett and Naylor 1966, Kemble
and McPherson 1974, Singh et al. 1973, Stewart et al. 1966, Waldren and Teare 1974). The exact role of proline in water stressed
plants is not known. Singh et al. (1973) suggested that the degree of
proline accumulation in water stressed barley corresponded to
varietal drought resistance. Hanson et al. (1977) cautioned against
using proline-accumulating
potential in plants as an index of
drought resistance in screening methods for cereal breeding programs. Barnett and Naylor (1966) suggested that water stressed
plants use proline as a source of storage for carbon and nitrogen
while Stewart and Lee (1974) reported that some halophytes use
proline to adjust themselves osmotically. In turgid leaves, oxidation of proline occurs to maintain low levels of cellular proline, but
in water stressed plants proline concentration increases because
proline oxidation is inhibited or the rate of proline biosynthesis is
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increased (Boggess et al. 1976, Morris et al. 1969, Stewart et al.
1977). Our study was undertaken to (I) screen 4 different grass
species for free proline accumulation, and (2) determine if a relationship exists between proline accumulation and periods of water
stress under environmentally controlled growth chamber conditions.
Materials and Methods
Seven-year old plants of Old World bluestems (Bothriochloa
spp.) and 30day old seedlings of weeping lovegrass (Erugrostis
curvula, cv. ‘Morpa?, western wheatgrass (Agropyron smithii),
and tall fescue (Festuca arundinacea, cw. ‘Kenhy’) were transplanted into 26-cm diameter X 30cm deep buckets filled with a
local soil. The OWBS grasses included the varieties: Plains (B.
ischaemum) and Caucasian (B. caucasican) and 3 experimental
blends of B. intermedia, var. indica designated as “B,” “L,” and
“T.” There were 4 plants/ pot in each of the 4 replicates of weeping
lovegrass, tall fescue and western wheatgrass while the OWBS
plants consisted of a single sod of 1S-cm diameter in each pot.
Growth chamber conditions for the OWBS and weeping lovegrass plants were 35/25“C, day/night temperature, alternating
with 14h photoperiod at 400 micro Einstein cm-’ set“ (400-700
Nm) photoflux density. Conditions for the other grasses were
20/ 15°C day/ night temperature, 12h photoperiod and the same
light intensity as for the other grasses.
The grasses were acclimatized to their respective growth chamber
conditions for 45 days during which time they were watered regularly to maintain a -80 kPa soil water potential. On day 45,
vegetative tissues were sampled from 4 plants in each of 4 replications, watering was then discontinued for 7 days and vegetative
tissue again sampled from 4 plants of each species. The soil was
watered and after 4 to 6 hours of light, vegetative tissues were again
harvested.
Proline was determined according to the method described by
Bates et al. (1973). Approximately 0.5g of fresh or frozen plant
material was homogenized in 10 ml of 3% aqueous sulfosalicyclic
acid and filtered through Whatman’s No. 2 filter paper. Two ml of
filtrate was mixed with 2 ml acid-ninhydrin and 2 ml of glacial
acetic acid in a test tube. The mixture was placed in a water bath for
37

T8ble 2. Leaf r8ter potentkk (-MP8) in different specks 8t vegCt&ive
st8ge onder stressed 8nd nonstressed conditions. (10 b8r teasioo is equttielIt t0 1 MP8).

I hr at 100°C. The reaction mixture was extracted with 4 ml
toluene and the chromophore containing toluene was aspirated,
cooled to room temperature, and the absorbance was measured at
520 nm with a Bausch and Lomb Spectrometer 7 IO’. Appropriate
proline standards were included for calculation of proline in the
sample.
Water potentials of stressed and nonstressed plants were determined at midday with a Wescor L-5 1 leaf hygrometer/ psychrometer’ and soil water potentials were measured with a Wescor thermocouple psychrometer in conjunction with a Wescor HR-33T
dew point microvoltmeter.’

Species

Results and Discussion
Water stressed plants of all the species accumulated greater
amounts (KOS) of proline than the nonstressed and the stressrelieved plants (Table I), except for Caucasian, which accumulated

stressed

Nonstressed

Plains

2.35++

1.10

Caucasian
“B”
“L”
“T”
Love grass
Western wheatgrass
Tall fescue

2.75+*
I .95**
1.85*+
I .95**
2.35*+
2.60.2
1.95..

I .20
90
.60
I .05
1.35
1.00
7.0

**Significantly different from June nonstressed plants at 1% using LSD.

more rapid biosynthesis of proline from its precursors (Barnett and
Naylor 1966, Morris et al. 1969). Boggess et al. (1976) using I%Table 1. Reline comentration (ml/g dry wt) in d&rent specks under gh&nate showed that proline biosynthesis was predominant in
growth chamber experiment.
water stressed barley plants.
Plants subjected to salinity stress also accumulate more proline
(Stewart and Lee 1970, Chu et al. 1976). Increase in proline concenSpecies
Nonstressed
stressed
Stress-related
: ttition of water stressed plants cannot be used as an index of
Plains
3.30
9.72**
0.43
drought resistance; however, it is a good indicator of the extent of
Caucasian
0.44
0.72’
1.06
water stress exerted on the plants under drought conditions.
“B”
2.86
4.39+*
4.23
+Varm-season grasses are usually efficient utilizers of water
“L”
3.15
5.14**
4.80
under water stressed conditions by maintaining lower water poten“T”
3.33
4.26**
2.32
tial (Downes 1969, Slayter 1970, Hsiao and Acevedo 1974).
Tall fescue
3.94
7.48**
0.30
Whether proline plays any role in imparting arought tolerance by
Western wheatgmss
I .05
16.25**
6.25
these plants cannot be substantiated from these data. The fact that
Love grass
0.49
2.66**
0.60
proline concentration decreased in plants when water stress was
***Significantlydifferentfromnonstressedplants at 5% and 1% level, respectively,
relieved indicates some important role in the adjustment of plants
using L.S.D.
to water stress conditions. This phenomenon was not limited to the
warm-season grasses. Cool-season grasses exhibited similar trends
slightly more proline under stress-relieved conditions. Water
in ,proline concentration under water stressed and stress relieved
stressed plants of cool-season grasses (tall fescue and WWG)
accumulated relatively more proline than the water-stressed plants
conditions.
of warm-season grasses, except for the variety Plains which
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Stand Age, Precipitation,
Effects on Forage Yield

and Temperature

LARRY M. WHITE

Abstnct
The effects of seasonal distribution of precipitation on forage
yield are often confounded by stand age. Forage yields of Russian
wildrye (Psathyrostachys juncag), green needlegrass (S@MIvir*r), createdwhaQrassr(A@vpyrcmdsertorra), and hltermediate
pubesctnt wheatgrass (Agropyron int mnedium-trichophorum)
were determined from 6 separate studies, each of 6 years duration,
from 4 locations in the northern Great Plains. Stepwise multiple
regression showed that forage yield of all 4 species was significantly
(PCO.01)related with April and May precipitation and stand age.
Forage yield of Russian wildrye was significantly (KO.05) related
with April mean monthly temperature and degree days (accumulation of daily mean air temperature above a given threshold temperature) accumulated until the end of May or June; however, yields
of the other 3 species were not significantly related with April,
May, or June mean monthly temperatures nor degree days accumulated until the end of May or June. The highest forage yield per
centimeter of precipitation occurred either the second or third year
after establishment; then yield decreased asymptotically and by
year 5 or 6 was only 75% of maximum for green needlegrass and
40-50% for the other grasses. Economic evaluation of seeding
forages must include the itiuence of stand age on forage yield.
Methods are needed to determine potential forage yield of seed
range grasses without having to test each species for 5 to 10 years at
numerous locations. Kilcher and Heinrichs (1974) found that forage production the first year after establishment was 2 to 3 times
greater than their 7-year average. Except for Russian wildrye
(Psathyrostachys junceus), forage species tested by Currie and
Smith (1970) yielded the most forage during the third year after
establishment. Russian wildrye required 5 years to reach its highest
forage production. Kilcher (1980) suggested that when ranking a
species forage production potential, the first harvest year data be
ignored and only data for the following 5 consecutive years be
used. Six years seems to be an excessively long requirement for
evaluation of forage species.
A number of researchers have found forage production was
highly correlated with seasonal precipitation. Stitt (1958) noted
that forage yield of a number of grass species had higher correlations (r = 0.88) with April through May precipitation than with
April through June precipitation (r = 0.54). Smoliak (1956) found
forage yield of native range had higher correlation (r = 0.86) with
May through June precipitation than with precipitation during
any other period over a 20-year period. However, Thomas and
Osenbrug (1959) reported forage yields of a mixture of bromegrasscrested wheatgrass (Bromus inermis-Agropyron desertorum)for 8
years were not significantly ((m.05)
correlated (r = 0.53) with
April through June precipitation. They found that the range of
daily temperature combined with precipitation was needed to significantly ((X0.05) correlate (I = 0.84) with forage yields. Lawrence and Heinrichs (1968) found, over a 15-year period, that
precipitation received during the previous September (r = 0.55)
Author is a range scientist, USDA-AR& Southern Plains Range Research Station,
2000-18th St., Woodward,. Okla. 73801.
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along with precipitation received during March (r =0.77), April (r =
0.49), and May (r = 0.62) of the current year were significantly
(PG.05) correlated with forage yields of Russian wildrye. Rogler
and Haas (1947) reported soil moisture from the previous fall was
significantly (m.05)
correlated (r = 0.73) with forage yields of
native range at Mandan, N. Dak.
The objective of this report was to investigate the effects of stand
age, amount and seasonal distribution of precipitation, mean
monthly temperature, degree days (accumulation of daily mean air
temperature above a given threshold temperature), and location
effect on forage yield of 4 grass species in the Northern Great
Plains.
Materials and Methods
Two different analysis methods (stepwise regression and analysis of variance) were used separately to determine the effects of
stand age, amount and seasonal distribution of precipitation on
forage yields of Russian wildrye, green needlegrass (Stipa viridula), crested wheatgrass, and intermediate-pubescent
wheatgrass
(Agropyron intermedium-trichophorum) as reported in 6 separate
studies from the Northern Great Plains [Stitt (1958), Clark and
Heinrichs (1957), Whitman et al. (1961 and 1962). Dickinson
Experimental Station Annual Report (1968), Nyren et al. (1980),
and White and Wight (1984)] (Table 1). Only forage yield the
second through the sixth years after establishment was used in this
analysis. Forage yield the first year after establishment was
excluded because they were highly variable due to differences in
stand establishment and to simplify the equations for stand age
effect. Forage yields were averaged in instances where more than
one cultivar of the same species were included in a study. Data for
intermediate and pubescent wheatgrass were combined because
analysis of the two species at Dickinson from 1953 to 1958 showed
no significant differences in forage yield. The forages were generally harvested in early July, except for those in the Sidney study
which were harvested as each species reached anthesis (early to late
June depending upon species and year). Daily air temperatures
from February through June and monthly precipitation from the
previous July through June of the current year were obtained from
each location.
Stepwise Regression
Stepwise (addition and deletion) multiple regression was then
employed across the second through sixth years after each species
was established to determine the months during which precipitation was most highly correlated with forage yield of each species.
Mean monthly temperatures for April, May, and June along with
degree days (accumulation of daily mean air temperature above a
given threshold temperature) base -7, -5, -3, -1, 1,3,5,7, and 9°C
accumulated from the first of February until either the last of May
or last of June were added as variables to the stepwise multiple
regression to determine if they significantly accounted for variation in forage yield. Temperature data, in addition to monthly
precipitation, was run in the following sequence: first, monthly
precipitation and mean monthly temperatures; second, monthly
precipitation and degree days accumulated to the end of May; and
third, monthly precipitation and degree days accumulated to the
end of June.
39

Table1. Summaryof locations,years,speciesand cultivrrsusedto determine the effect of stand age, precipitation, and temperature on forage yieldsof
four grossspecies.
Cultivars

Study years

Row
Width cm

Moccasin, MT

1941-46

Swift Current, Sask.

Location

Crested
wheatgrass

IntermediatePubescent
wheatgrass

Russian wildrye

Green needle grass

35

Common

Green Stipa

1950-54

30

Common

Green Stipa

Fairway

Ree IW

Dickinson, ND

1953-58

15

Common

Green Stipa

Nordan &
Standard

Common IW
Common PW

Dickinson, ND

1959-64

15

2355 & Common

Green Stipa

Summit & Nordan

Neb. 50 IW

Dickinson, ND

1973-78

I5

Vinall

Lodorm &

Nordan

Topar PW

Nordan

Luna PW

PI19537
M24-3
M24-17

Green Stipa
Sidney, MT

1975-80

50

Mayak

Analysis of Variance
Since stepwise multiple regression did not allow for location
differences in forage yield, a two-way analysis of variance of forage
yield (kg/ha) per centimeter of precipitation was performed to
more accurately determine the effects of stand age on forage yield.
For a given species, data from the different studies were considered
replications; years after establishment were used as treatments. A
two-way analysis of variance using only forage yields the second
through sixth years from 6 studies at 4 locations was performed.
The missing data for green needlegrass the sixth year for the third
study at Dickinson were estimated by using a missing-plot technique (Yates 1933).
Forage yields per centimeter of precipitation were calculated
first from April through May, then from April through June,
March through June, February through June, and so on, up to the
maximum period of the previous July through June. April plus
May precipitation was used first because the stepwise multiple
regression showed that precipitation during this period was significantly correlated (r = 0.63 to 0.77, KO.01) with forage yields. I
then determined which period gave the lowest coefficient of variation in yield per centimeter of precipitation over the 5 years and 6
locations for each species. This assumes that precipitation during
the period which produces the lowest coefficient of variation in the
two-way analysis of variance is the period that best relates precipitation, stand age, and location with forage yield. A similar
approach was employed by Arnold (1959) in which the best base
temperature in relating degree days with phenology was the one
which produced the lowest coefficient of variation.
Results and Discussion
Stepwise Regression Method
Stepwise multiple regression of the second through sixth years
over all locations for each species showed that precipitation during
only April and May was significantly (KO.01) correlated with
forage yields of Russian wildrye (RWR), green needlegrass (GN),
crested wheatgrass (CW), and intermediate-pubescent
wheatgrass
(IPW) with respective correlation coefficients of 0.67, 0.77,0.63,
and 0.69. Examination of actual versus estimated forage yields
predicted with April plus May precipitation revealed that the
regression equations consistently under-estimated yield during the
second and third years after establishment and over-estimated
them during the fifth and sixth years.
Since it appeared that stand age affected forage yield of the 4
species, this variable was added in the stepwise multiple regression
analysis. The following equations describe the relationship of
stand age, April and May precipitation (ppt.) to forage yields of 4
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species from the second through the sixth years after establishment:
RWRyield = I120+ 147 Aprppt.+ 114 Mayppt.-242age,
r ~0.76, Syx=
691
GNyield=1196+ 152Aprppt.+82Mayppt.-144age,r=O.SO,Syx=546
CWyield=2135+128Aprppt.+II5Mayppt.-371age,r=0.81,Syx=
656
IPW yield= 1493+ 196Aprppt.+ 145Mayppt. -336age,r=0.79,Syx=

840
where yield = kg/ ha and age = years after establishment. Adding
stand age decreased the variance of yield 12, 5, 34, and 14% for
RWR, GN, CW, and IPW, respectively, over using April and May
precipitation only. Each centimeter of April and May precipitation
increased forage yield 82 to 196 kg/ ha while stand age decreased
forage yield 144 to 371 kg/ ha per each additional year harvested
after establishment. Precipitation during August of the previous
year significantly decreased forage yield of IPW and RWR by 97
and 99 kg/ ha per centimeter of precipitation, but had no significant effect on CW nor GN yields.
The analysis showed that an increase in April mean monthly
temperature by 1°C significantly (P<O.O 1) increased forage yield
of RWR by 114 kg/ ha. Degree days base -3 and -5 C accumulated
until the end of May or June, respectively, were significantly
correlated with forage yields of RWR and accounted for about
10% of the yield variation.
RWR yield = -1275 + 200 Apr ppt. + 121 May ppt. + 3563 (I/age) -105
Aug ppt. + 114Apr Temp. C; r = 0.90, Syx = 471
RWRyield=-2659+ 191 Aprppt.+ 127Mayppt.+3812(l/age)-93
Aug
ppt. + 2.19 DD(-3) until May 3 I; r q 0.9 1, Syx = 455
RWRyield q -2942+ 174 Aprppt. + 125 Mayppt. + 3737(l/age)-82 Aug
ppt. + I .32 DD(-5) until June 30; r = 0.89, Syx = 496
where DD = degree days.

However, forage yields of the other 3 species were not significantly (PX.05) related with April, May, or June mean monthly
temperature nor degree days. The problem in correlating temperature with forage yield is variation among years or locations as to
when growth starts and anthesis is reached. Theoretically, if the
degree day system accurately accounted for all variations of when
anthesis was reached, then the number of degree days to anthesis
would be constant among years or locations and would be of no
value in correlating it with forage yields. A better method would be
to correlate mean daily temperatures between O-30, 30-60, and
60-90 days before anthesis with forage yields. Anthesis dates were
only recorded for the Sidney data and not for data at the other
locations. The degree days base 9°C which best predicted anthesis
at Sidney (White and Wight 1984) could not be used to predict
anthesis at Swift Current. Degree days (base 9OC based on Sidney
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data predicted anthesis for the 4 grasses during July at Swift
Current when they were actually in the seed ripe stage.
of Varianec Method
Stepwise regression did not account for such location differences
as soil fertility, stand density, width between rows, and cultivar
differences. Thus, forage yield was divided by precipitation
received during various periods and a two-way analysis of variance
was used to account for location effects. When location effects was
accounted for, then precipitation during June, in addition to that
received during April and May, greatly reduced the coefficient of
variation (Table 2).
Analysis

Table 2. Coefficient of variation as affected by forage yield per centimeter
of precipitation received during various periods during six studies for the
second through sixth years after establishment.

Green
Russian

Months

wildrye

Intermediate-

needlegrass
wheatgrass
__----------9---_
40.2
37.0
31.5
35.7
36.1
35.2
34.2
39.5
34.9
38.8
40.0
35.8
35.3
39.8
33.8
39.5
32.3
38.9
30.5
37.3
40. I
55.5

July’-June
August-June
September-June
October-June
November-June
December-June
January-June
February-June
March-June
April-June
April-May

46.1
44.4
44.3
44.2
43.4
43.0
44.0
43.0
41.7
38.7
52.3

‘Julythrough December

are in year before current harvest.

pubescent
wheatgrass
50.4
48.9
48.2
53.3
51.5
52.0
51.4
50.0
48.7
47.3
61.9

vious July increased the coefficient of variation for all grasses
except CW. Lawrence and Heinrichs (1968), however, found that
inclusion of precipitation during both March and the previous
September significantly improved correlation of precipitation with
forage yields of RWR. Precipitation from September through
June of the current year produced the lowest coefficient of variation for CW over all locations (Table 2). Forage yield per centimeter of precipitation received from April through June was used to
determine the effects of stand age on all species so that the results
were comparable.
The average forage yield per centimeter of April through June
precipitation reached a maximum in the second or third year after
establishment for all species at all locations with only 3 exceptions
(Tables 3 through 6). Russian wildrye and IPW at Swift Current
and GN during the first study at Dickinson produced low forage
yield per centimeter of precipitation the first few years after establishment, probably because of low stand density, then increased
over the next few years. Currie and Smith (1970) reported a similar
response of RWR.
In general forage yields declined asymptotically, decreasing
most rapidly the third and fourth years and started to level off the
fifth and sixth years. An equation of Y = a + (b/x), whre Y = forage
yield per centimeter of April-June precipitation and x = years after
establishment, had the highest correlation of the 7 equations tested
in relating stand age effects.
RWR yield q 14.2 + (202/age), r = 0.97
GN yield = 5 I .5 + (I 14/age), r = 0.95
CW yield =9.32+(301/age), r ~0.98
IPW yield = 8.44 + (289/age), r = 0.99
where yield kg/ ha/ cm April-June precipitation, age = years after
establishment. Yields of RWR and wheatgrasses appeared to still
be declining the sixth year whereas those of GN appeared to have
leveled off (Fig. 1).
Based on these analysis, GN, CW, IPW, and RWR will produce
only 75,50,50, and 4OYeas much forage per centimeter of April-June precipitation in the sixth year after establishment as in the
q

June precipitation was important in relating precipitation with
forage yields of all 4 species, on contrast to results of Stitt (1958),
and Lawrence and Heinrichs (1968). However, the addition of
precipitation during any of the previous months through the pre-

Table 3. Effects of stand age and study location on forage yields of Russian wildrye per centimeter of April-June precipitation received.

Stand

Study location

Moccasin
Swift Current
Dickinson
Dickinson
Dickinson
Sidney
Av8
Standard Erro = 12

Years

2

1941-46
50-54
53-58
59-64
73-78
75-80

87
34
74
156
192
176
120

3

Age

4

____- _______kg/ha/cm------83
28
25
I8
30
27
52
77
103
88
I67
99
77
56

5

6

50
52
24
66
54
91
56

23
40
54
45
106
63
55

Average
2-6 yrs

54
34
42
79
109
119
73

Table 4. Effects of stand age and study location on forage yields of green needlegrass per centimeter of April-June precipitation received.

Stand

Study location

Years

2

3

_----_--Moccasin
Swift Current
Dickinson
Dickinson
Dickinson
Sidney
Avg
Standard Error
‘Missingdata,
JOURNAL

1941-46
50-54
53-58
59-64
73-78
75-80
q

75
118
70
102
112
161
106

126
81
70
113
107
85
97

Age

4
-kg/

ha/cm--------42
88
35
51
70
148
73

5

6

86
107
38
80
63
85
76

59
57
90
(Z)i
72
70

Average
2-6 yrs
78
90
61
85
84
II0
85

II

estimated
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Tabk 5. Rffecte of stand age and study location on forage yields of crested wheatgrass per centimeter of April-June precipitation received.

Study location

Years

Moccasin
Swift Current
Dickinson
Dickinson
Dickinson
Sidney
Avg
Standard Error = I5

2

1941-46
50-54
53-58
59-64
73-78
75-80

3
-----kg/ha/cm126
62
67
91
143
190
113

153
101
149
255
122
174
159

Stand Age
4

5

6

Average
2-6 yrs

46
40
59
102
1IO
101
76

107
82
52
91
56
102
82

31
48
88
53
69
30
53

93
66
83
118
100
119
97

Table 6. Effects of stand rge and study location on forage yields of intermediate-pubescent wheatgrass per centimeter of April-June precipitation
received.
Stand Age
Study location

Years

Swift Current
Dickinson
Dickinson
Dickinson
Sidney
Avg
Standard Error = 20

00

1
1

2

1950-54
53-58
59-64
73-78
75-80

I
2
YEARS

I
3
AFTER

3
---------kg/
47
63
53
157
173
99

60
99
269
188
159
155

I
4

I
5

I
6

1
7

8

ESTABLISHMENT

Fig. 1. Average effects of standage on forage yieldper centimeter of April
through Juneprecipitation from 6 studies in the Northern Great P&ins.

second year. Forage production averaged over all locations the
second year after establishment per centimeter of April-June precipitation was 1.7, 1.6, 1.6, and 1.2 times the second through sixth
year average for IPW, CW, RWR, and GN, respectively. This is in
contrast with 2 to 3 times greater than the 7-year average annual
forage yield as reported by Kilcher and Heinrichs (1974) for grassalfalfa (Medicago sativu subsp. v&u (Martyn) Arc.) mixtures.
However, they did not adjust their figures for difference in precipitation among years.
The F-Test showed that location had no effect (m.05)
on
forage yields per centimeter of precipitation for either GN or CW
(Tables 4 and 5). Russian wildrye produced more (KO.01) forage
at Sidney and Dickinson (1959-64, 1973-78) than at the other
study locations (Table 3). Russian wildrye probably produced
more forage at Sidney because it was seeded in 50cm rows compared to 15- to 35-cm rows in other studies. Leyshon et al. (1981)
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4
ha/cm56
26
87
114
121
81

5

6

Average
2-6 yrs

64
25
68
82
15
51

60
47
119
122
114
92

-72
21
119
69
100
76

showed that increased distance between rows increased forage
production of RWR more than that of CW. The improved RWR
cultivars, ‘Mayak’and ‘Vinall’, used at Sidney and during the last
study at Dickinson may have been higher forage producers than
the common RWR used at Moccasin, Swift Current, and first
study at Dickinson.
Intermediate-pubescent
wheatgrass produced less (PCO.05) forage per centimeter of precipitation at Swift Current and first
Dickinson study than at the other 3 locations (Table 6). ‘Ree’
intermediate wheatgrass was used in the Swift Current study while
common intermediate and pubescent wheatgrasses were used in
the first study at Dickinson. ‘Nebraska 50’intermediate wheatgrass
was used in the second study at Dickinson, while ‘Luna’ and
‘Topar’ pubescent wheatgrasses were used in the Sidney and last
study at Dickinson, repsectively. However, the differences in cultivars probably did not account for all differences in forage yield of
IPW among studies.
High forage yields the first few years after seeding are probably
partially due to summer fallowing before seeding. Summer fallowing would not only increase the amount of soil water stored but
also available nitrogen in the soil. Black and Wight (1979) reported
that roots in a native range site adjacent to the Sidney site contained 18 1 kg N/ha before it was plowed and seeded. If we assume
that it requires 3 to 4 years for roots to decay and release their N,
then during 2 years of summer fallow plus an establishment year
would mineralize about 135 to 180 kg N/ha.
The high correlations obtained by Stitt (1958) could not have
been obtained if low precipitation had occurred during the first few
years of the study. The effects of stand age on forage yields need to
be removed as a source of variation before monthly precipitation is
correlated with forage yields.
Conclusions
Data presented in this paper demonstrate that for all species
studied except GN, forage production lost during seedbed preparation and deferment during the establishment year was compen-
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sated for by the high forage production during the first 3 years after
establishment. The economics of seeding forages needs to be
reconsidered after taking the effects of stand age onforage production into account. For example, forage production of QW and
IPW per centimeter of April through June precipitation during the
first 3 years after establishment was double that of the next 3 years.
Consequently, forage production during at least the first 6 years
after establishment cannot be accurately correlated with precipitation unless stand age also is considered.
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Effect of Jointworms on the Growth and
Reproduction of Four Native Range Grasses
of Idaho
BRIAN M. SPEARS AND WILLIAM F. BARR

Abstract
A study of jolntworm larvae (TetronrescrWalk.) feeding in 4
native range grasses of Idaho was conducted to determine effects
on their hosts. These insects were responslbk for a decrease In the
length of reproductive culms of red threeawa (Atit& Ion&eta
Steud.), bottlebrush squirreltail (Shdon
hyshk (NM.) J.G.
Smith), sand dropseed (Sporobolus cryptan&us (Torr.) A. Gray),
and needkandthread (St@ comata Trin. and Rupr.) Jointworms
caused a decrease in the number of spikelets produced per innorescence in bottlebush squirreltail and needleandthread, and a
decrease in the inflorescence length of sand dropseed. They caused
a decrease in seed weight, percentage germination, and germhtatlon rate of all 4 grasses. By adversely affecting native grasses, these
insects contribute significantly to the degradation of valuable rangelands, and their control may be desirable.
Many native grasses are important components of Idaho’s rangeland. Sharp and Sanders (1978) reported that 7.5 million ha in
Idaho are covered with sagebrush-grass vegetation and 485.6 thousand ha are covered with bunchgrass vegetation. This totals about
40% of Idaho’s land area. Other vegetation types support valuable
grasses also. Domestic livestock graze at least 65% of Idaho’s total
land area (Sharp and Sanders 1978). Native grasses are valuable as
forage and cover for wildlife. As part of the ecological community,
native grasses are of special significance in building and maintaining watershed stability. Consequently, any insects feeding on these
grasses are potentially of economic importance since they may
adversely affect their growth and reproduction.
Larvae of the genus Tetramesa Walk. (Hymenoptera: Eurytomidae), commonly called jointworms or strawworms, are often
found in culms of many grass species. Peck ( 195 1) listed 65 North
American species of jointworms, and Claridge (1961) listed 33
palaearctic species. These insects are generally host-specific (Claridge 1961). Jointworms attacking small grains decrease grain
production (Webster and Reeves 1909, Doane 19 16, Phillips and
Poos 1918, revised 1940, Knowlton and Janes 1933, Chamberlain
194 1, and Sterling and Maclaren 1964).
Chamberlain (1941) reported that burning was an effective control measure for T. tritici (Fitch), a gall-forming pest of wheat.
However, Webster and Reeves (1909) stated that burning was an
impractical control measure for T. grandis (Riley), which bores
internally in the nodes of wheat. Here, the nodes containing jointworms retained a high moisture content and would not burn.
Phillips (1920) thought that clipping cultivated grasses in the
spring would delay production of reproductive culms, resulting in
no oviposition sites for jointworm adults. He also reported that T.
poae (Phillips and Emery), attacking Kentucky bluegrass (Poa
pratensis L.) had little chance to breed in pastures kept closely
grazed by livestock. Infestations occurred only where the host was
protected from grazing.
Hewitt et al. (1974) reported that little information was available
Authors are range conservationist, Bureau of Indian Affairs, Warm Springs
Agency, Warm Springs, Ore. 97761; and professor emeritus, Department of Entomology, Plant, and Soil Sciences, University of Idaho, Moscow 83843.
Manuscript accepted March 26, 1984.
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for the economic importance of these insects on range grasses.
Therefore, this study was conducted to determine the effects of
jointworms on the growth and reproduction of Idaho native range
grasses.
Methods
The effects of jointworms on 4 host bunchgrasses were studied.
The grasses were: (1) red threeawn (Aristida Iongiseta Steud.), (2)
sand dropseed (Sporobohs cryptandrus (Torr.) A. Gray), (3) bottlebrush squirreltail (Sitanion hystrix (Nutt.) J.G. Smith), and (4)
needleandthread (Stipa comata Trin. and Rupr.). The study site of
the first 2 grasses was 0.8 km N of Slate Creek, Idaho Co., Ida., and
that of the latter 2 was 10.5 km SE of Boise, Ada Co., Ida. These
grasses and their locations were selected for study because of
current
high population-intensities
of jointworms.
The insects involved were identified only to genus because current taxonomic information for making species identification has
not yet been developed for jointworm larvae. However, the larvae
in each grass were believed to be different species because: (1)
jointworms are generally host-specific, and the grasses were
members of different tribes; and (2) they damaged the grasses in
different ways. Jointworms in red threeawn and sand dropseed
bored in the center of culms just above the nodes, those in bottlebrush squirreltail formed shallow galls within culm walls, and those
in needleandthread occupied cells formed end-to-end in the center
of culms. Therefore, the jointworms affecting each grass will be
treated and discussed as separate species in this paper.
Vigorous bunches were selected as the experimental material for
all 4 grasses to insure healthy, homogeneous material. Three replicates for each species-treatment combination were randomly identified in the field. All culms from the previous growing season were
clipped at the base for both treatment and control plants. The
clipped culms were removed from control plants (uninfested), but
were left standing in the treated (infested) plants. Additional
infested culms were added to infested plants to insure high populations of jointworms. Each treatment and each control bunch was
individually caged to: (1) prevent adultjointworms emerging from
the uncaged neighboring plants not used as study material from
ovipositing in controls, and (2) to insure thatjointworms emerging
in treatments would remain there to oviposit in developing culms.
The cages were removed from all bunches following oviposition.
The bunches were allowed to mature, and then taken to the laboratory for analysis. All stems were dissected to confirm the presence
of jointworm larvae in the treatments, and the absence of jointworm larvae in the controls. The number of larvae per infested
culm in treatments varied from 1 to 2 with a mean of 1.1 in red
threeawn, 1 to 16 with a mean of 5.5 in bottlebush squirreltail, 1 to
3 with a mean of 1.4 in sand dropseed, and 1 to 15 with a mean of
5.4 in needleandthread.
The following measurements were made for the total number of
stems and leaves contained in the bunches up to a sample size of 75
per treatment per species: (1) length of reproductive culms (cm), (2)
length (cm) of the innovative leaves (length (cm) of the basal leaves
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on the reproductive culms for sand dropseed), and (3) number of
spikelets in the inflorescence (inflorescence length (cm) for sand
dropseed). Differences between means were determined by t-tests
for unequal sample size (Sokal and Rohlf 1969).
The seeds (inflorescences for sand dropseed) from reproductive
culms were consolidated into lots for each bunch. The seeds (inflorescences for sand dropseed) in each lot were thoroughly mixed.
Seed weight (mg) per 25 seeds (per inflorescence for sand dropseed)
was measured for each control and treatment (3 subsamples from 2
of the bunches and 4 from the third). The seeds were then refrigerated for 6 mo at 1°C and then placed on damp filter paper in petri
dishes (25 seeds per dish). The petri dishes were placed in a growth
chamber at 25°C with a 16-hr day length. Percentage germination
was measured. Germination rate was measured from the 25seed
subsamples and converted to be expressed as seedlings day-’ 100
seeds“ (Maguire 1962). Differences between means for the above
measurements were determined by t-tests (Sokal and Rohlf 1969).
This study was designed to show the effects of jointworms on
grass culms they attack. The effect of these insects on a total grass
population would be variable depending on the number of culms
attacked. Previous measurements have indicated that populationintensities of jointworms vary from cases where no culms are
attacked to cases where all culms are attacked, and also vary from
year to year with the primary controlling factor being parisitization. The treatments in this study are representative of years in
which high jointworm infestations occur. In years of lesser infestation, effects on attacked culms would be similar, but effects on the
total population of a grass would be less.
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Jointworminfested

Jointworm-

Significance

free

level

Culm length
red threeawn
bottlebrush squirreltail
sand dropseed
needleandthread

31.0
30.0
47.3
34.7

50.7
33.7
73.2
76.3

KO.01
Pco.01

Leaf length
red threeawn
bottlebrush squirreltail
sand dropseed
needleandthread

39.7
22.0
19.5
34.5

34.8
23.1
21.2
31.8

Pco.0

Number of spikelets
red threeawn
bottlebrush squirreltail
sand dropseed
needieandthread

17.0
5.0
14.2
16.1

17.0
9.0
26.8
20.3

p<i.oo
Pa. 10
X0.01
p<o.oi

Seed weight
red threeawn
bottlebrush squirreitaii
sand dropseed
needleandthread

63.6
108.2
67.9
48.4

120.4
162.5
126.9
121.2

Pco.0 I
Pco.oi
p<o.oi
p<o.oi

0.4
20.0
13.6
2.4

46.8
66.0
32.8
5.2

PCO.01
p<o.oi
KO.10
PUI.10

0.1

4.6
7.8
I.1
0.2

Pco.01
x0.0 I

p<o.oi
FCO.OI

I

x0.20
Pco.05
x0.0 I

Percentage germination

The effects of jointworms on the growth and reproduction of
their hosts were generally detrimental. However, the grasses were
affected in different magnitudes (Table 1).
Jointworm attack reduced culm length 39% in red threeawn,
35% in sand dropseed, 55% in needleandthread, and 11% in bottlebrush squirreltail. The reduction was significant for all grasses
tested.
Jointworms caused a 14% increase in leaf length of red threeawn,
and an 8% increase in leaf length of needleandthread. They had no
significant effect on leaf length of bottlebrush squirreltail, but
caused an 8% decrease in leaf length of sand dropseed. However,
sand dropseed had no innovative leaves, so the first basal leaf of the
reproductive culms was measured. If further tests were conducted,
it might be shown that jointworm feeding generally causes a slight
but significant increase in the length of innovative leaves of most
grasses and a slight decrease in the leaf length of reproductive
culms. However, more study is necessary to establish this theory.
In any case, the small increase in innovative leaf length shown
statistically does not compensate for the decreased productivity of
reproductive culms, or for the adverse effects of these insects on
seed production.
Jointworms had a negative effect on the number of spikelets
produced per inflorescence for 2 of the grasses studied. They
caused a 44% decrease in the number of spikelets produced per
inflorescence in bottlebrush squirreltail, and a 2 1% decrease in the
number of spikelets produced per inflorescence in needleandthread. However, they had no effect on the number of spikelets
produced per inflorescence in red threeawn. Jointworms reduced
inflorescence length of sand dropseed 47%
The effects of jointworms on seed weight were greatest in needleandthread, which suffered a 60% reduction in seed weight. Seed
weight was reduced 47% in red threeawn and 46% in sand drouseed. Seed weight of bottlebrush squirreltail was reduced 33%.
The effect of jointworms on percentage germination was dramatic on red threeawn, in which a 99% reduction. was recorded.
The effect was less for other grasses, but still considerable. Jointworms reduced percentage germination 59% in sand dropseed,
70% in bottlebrush squirreltail, and 54% in needleandthread.
JOURNAL

Table 1. Mean length of reproductive cuims(cm), length of the hnovitive
leaves (cm)l, number of spikelets per inflorescencti, seed weight (mg 2:
SSSdi’)l
8nd gennirution rate (seediing d8y
, ~rceatrge germhtion,
100 seeds- ) of jointworm-infested and jointworm-free cuims from four
gnsses.
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red threeawn
bottlebrush squirreltail
sand dropseed
needleandthread
Germination rate
red threeawn
bottlebrush squirreltail
sand dropseed
needleandthread

2.8
0.4
0.1

p<o.lO
Pco.10

‘First basal leaf of reproductive culms for sand dropseed.
2lnflorescence length for sand dropseed.
‘Seed weight per inflorescence for sand dropseed.

Percentage germination was low for both the treatment and
control of needleandthread. Some factor was apparently causing
many seeds which appeared viable to remain dormant. If they were
viable, and dormancy was terminated, a much higher percentage
germination would be expected in the abscence of insect damage
since the seeds from these plants contained a higher amount of
heavier seeds than plants damaged by jointworms. However, more
study is necessary to conform this observation.
The effect of jointworms on germination rate was also dramatic.
They reduced germination rate of seeds 98% in red threeawn, 64%
in bottlebrush
squirreltail and sand dropseed, and 50% in needleandthread. Maguire (1962) reported that germination rate provided a means for evaluating the effects of seed size upon seedling
vigor. Based on this observation, one would expect a decrease in
emergence of seedlings from smaller seeds with low germination
rates resulting from jointworm damage.
Since these insects are detrimental to native grasses which are
major components of rangeland vegetation, they contribute significantly to the degradation of valuable rangelands. Therefore, their
control would be desirable in most instances. Chemical control of
jointworms would be difficult because adults are short-lived, small,
and difficult to distinguish from other small Eurytomidae. Larvae
could be controlled only with systemics since they live internally in
grass culms. Cultural control would be more feasible. Two tools
that can be relatively easily manipulated, are compatible with
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livestock management, and which may effectively control jointworms are burning and grazing.
As a group, these insects are very complex from a bionomic
standpoint. It is assumed that all species decrease plant productivity, but all species of jointworms and the host(s) each attack need to
be studied individually since these insects are generally hostspecific and each grass is affected differently. Also, intensive study
of each jojntworm and its host(s) would reveal more about its
lifeqcle, natural controlling factors, and populationfkuctuations~
This information would contribute to the development of satisfao:
tory controI:measures.
A positive aspect of the detrimental effects of these insects on
grasses should not be overlooked. This is in cases where undesirable grasses are attacked by jointworms. Under these circumstances, one may want to enhance or introduce jointworms to increase
their populations as an aide for controlhng undesirable grasses.
conclusiona
The effects of jointworms on their hosts were greatly detrimental. The greatest detriment of their attack was to reproductive
potential of the grasses as evidenced by reduction in seed weight,
percentage germination, and germination rate. The only beneficial
aspect was a slight increase in the length of innovative Ieaves.
However, this does not compensate for the decrease in the length of
reproductive culms, or for the damage to!seed’prodaction
and
viability. Since these insects are detrimental to range grasses, their
control would be desirable. More studjr is necessary for developing
control measures.
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Prescribed Burning in the Loess Hills Mixed
Prairie of Southern Nebraska
WALTER SCHACHT AND 3. .ST.UBBENDIECK

Abstract
Abused rangelands dominated by introduced cool-season gms- method of controlling Kentucky bluegrass (Hensen 1923, Ehrenses and warm-season shortgrasses are common over much of the reich 1959, and Launchbaugh and Owensby 1978), Canada blueMixed Prairie. Native decreaser species are primarily warm-season grass (Curtis and Partch 1950), and Japanese brome (Bromus
and Anderson 1965). In many mesic areas
grasses and are present at only hwigniflcant levels on abused range- japonicus)(McMurphy
land in the Loess Hills of southcentral Nebraska. A single, Iate- of the Mixed Prairie, prescribed burning has been used to control
spring, prescribed fire was evaluated as IImethod of improvement. cool-season grasses without reducing herbage yields or cover of
The study area consisted of 3 tracts of plots located on Holdrege warm-season grasses (Kirsch and Kruse 1972, Gartner and Thompsilt loam soil (Typic Argiustall) with an average annual precipita- son 1972), although total herbage yield has been reduced the first
tion of 550 mm. The vegetation on the tracts was in low range year following the burn (Dwyer and Pieper 1967).
The primarypurpose of thisstudy was to determine the potential
condition, with cool- and warm-season components being present
of a single late-spring prescribed burn in one part of the Mixed
in varying proportions on all tracts. In general, the dominant
cool-season species were Kentucky bluegrass (Poa pratensis) and Prairie as a means to shift species composition from low yielding
annual bromes (Bromus spp.), and the dominant warm-season warm-season shortgrasses and introduced cool-season grasses to
species were blue grama (Bouteloua gracilis) and buffalograss species more indicative of the native Mixed Prairie vegetation,
gerardii), little bluestem
(Buchloe dactyloides). Burning reduced the basal cover and her- such as big bluestem (Andropogon
bage yields of cool-season species. This favored the warm-season (Schizachyrium scoparium), switchgrass (Panicum virgatum), and
component. The increaser short grasses generally exhibited higher sideoats grama (Bouteloua curtipendula).
herbrge yields and basal cover on burned as compared to
Study Area
unburned plots. These results indicate that a single, late-spring,
prescribed bum may have a limited potential as a range improveThis study was conducted in the Loess Hills of southcentral
ment practice in the Loess Hills of south central Nebraska.
Nebraska near Harlan County Lake on land managed by the U.S.
The Loess Hills of Southern Nebraska west of 98” 30’ west Army Corps of Engineers. Three sites (Tracts I, II, and III) of
native rangeland were selected on the southern side of Harlan
longitude were described by Weaver (1965) as Mixed Prairie. The
County Lake. Topography of the study area is characteristic of the
dominant native vegetation was a mixture of primarily warmLoess Hills with upland plains dissected by numerous waterways
season tall, mid, and shortgrasses. Currently, over one-third of the
and streams which have produced considerable relief. All 3 tracts
Loess Hills is classified as native range. Due to mismanagement,
were located on silty range sites, classified as Holdrege silt loam
approximately 60% of this rangeland (1.6 million ha) is in poor to
(fine-silty, mixed, mesic Typic Argiustall). Average annual precipifair range condition (Bose 1977). Improper grazing management
tation is 550 mm with nearly 80% occurring between April 1 and
has caused a shift in species composition from the native warmSeptember 30; climate is a continental type.
season plant community to a mixture of warm-season shortAll 3 of the tracts had a history of overgrazing by cattle, but had
grasses, i.e., blue grama (Bouteloua grucilis)’ and buffalograss
been rested the year prior to the commencement of this study.
(Buchloe dactyloides), and undesirable cool-season grasses, i.e.,
Preliminary data, collected in August 1979, showed a high degree
Kentucky bluegrass (Poapratensis),
Canada bluegrass (Poa comof variability in botanical composition between tracts of plots.
pressa), and annual bromes (Bromus spp.). This species composiTract I was the only site which showed remnants of some of the
tion shift results in a reduction of the quantity and quality of forage
desirable species of the Mixed Prairie, such as big bluestem, sideproduced during the summer months.
oats grama, and little bluestem. Tract I, however was dominated by
There are numerous methods of improving rangeland in low
condition, but one of the simplest and least expensive practices is a warm-season, shortgrass community of blue grama and buffalograss, along with Canada and Kentucky bluegrasses and western
prescribed burning. The ability of prescribed fires to selectively
suppress or promote particular species depends primarily upon the
wheatgrass (Agropyron smithii). Warm-season shortgrasses were
date of the fire in relation to the phenology of the particular
the major species in Tract II, although downy brome (Bromus
tectorum), Japanese brome, yellow sweetclover (Melilotus officispecies. As a general rule, those species actively growing when the
nalis) and bluegrasses were also prominent. Tract III was domiarea is burned are much more susceptible to injury and death than
dormant species or those initiating growth (Anderson et al. 1970). nated by the cool-season species Kentucky bluegrass and western
wheatgrass.
Fire severity, which is closdy related to fuel loading, size and
Materials and Methods
distribution of fuel, weather, and moisture content of soil and fuel,
is also a major factor affecting firedamage to living plants (Wright
Treatments applied in this experiment were fall mowing and
and Bailey 1982). A late-spring fire has been a particularly effectve
late-spring perscribed burning along with a control. Both of the
treatments represented possible improvement practices. At each
Authors are graduate research assistant and professor (range ecology), Department
of Agronomy, University of Nebraska, Lincoln 68583. Mr. Schact is corrently graduTract, each treatment was randomly allocated to a plot within each
ate teaching assistant, Range Science Department, Utah State University, Logan
of 3 blocks. Slope was the blocking criterion. Plots, 8 m wide by 15
84322.
m long, were arranged in a randomized complete block design.
Published as Paper Number 7087, Journal Series, Nebraska Agricultural Experiment Station.
In September 1979 and 1980, all standing vegetation on the
Manuscript accepted March 25, 1984.
mowed plots was clipped to a height of 5 cm with a sicklebar mower
lNomenclature follows Gould and Shaw 1983.
and clipped material was removed from the plots. Prescribed burn-
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Fig. 1. Relative species composition of warm- and cool-season grasses
from 1979 (before treatment) through 1981 on Tract Iin Harlan County,
Neb. Rars within each year andgrassgroup designated by the same letter
not signtjkantly dtfjferent ot the 10% level as determined by Duncan’s
multiple range test.

ing of the designated plots took place on April 25, 1980. The
backfire technique was used. Approximate weather conditions
during burning were lS°C air temperature, 30% relative humidity,
15 to 20 km/hour a wind speed, and 11°C soil temperature at a
depth of 5 cm. Fuel loads were 5,335; 4,68 1; and 7,533 kg/ ha on
Tracts I, II, and III, respectively.
Basal cover and relative species composition was measured
using a IO-point frame (Heady and Rader 1958). Readings were
made in August 1979, prior to application of treatments, and again
in August 1980 and 198 I using 400 points in each plot. During both
the 1980 and 198 1growing seasons, herbage yields of all plots were
determined during the first week in June and during the latter part
of September. Four 0.3 m by 0.6-m quadrats were positioned at
random within each plot, and all plants were hand-clipped at
ground level. Dead plant material was separated from living, and
live plant material was separated by species. Samples from each
plot were then dried to a constant weight at 65 to 70°C in a
forced-air oven.
Soil moisture was determined gravimetrically 11 times during
the 1980 growing season and 6 times during the 1981 growing
season. Soil cores were removed at 0- I5 cm, 15-30 cm, and 30-60
cm depths at numerous randomly selected locations within each
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Fig. 2. Relative species composition of worm- and cool-season grasses
from 1979 (before treatment) through 1981 on Tract Din Harlan County,
Neb. Rars within each year andgrassgroup designated by thesame letter
ore not significantly different at the 10% level as determined by Duncan’s
multiple range test.

plot.
Each of the 3 tracts was analyzed separately since they differed
initially in botanical composition. Data for the 2 years were analyzed separately, and analysis of variance was computed for each
variable. Duncan’s multiple range test @<O. 1) was used to differentiate means (Steel and Torrie 1960). A multivariate analysis
using Wilke’s criterion method was used to determine changes in
species composition by treatment from 1980 to 1981 (Stroup and
Stubbendieck 1983).
Results and Discussion
Precipitation
Precipitation during the growing season (April through September) following the fire was only 57% of the long-term average.
Desirable warm-season grasses showed moisture stress throughout
much of the growing season. Precipitation during the second growing season following the fire was above the long-term average.
Relative Species Composition
Percent basal cover of 55 species was recorded on the 3 tracts.
Species were grouped into the 2 major categories of warm-season
grasses and cool-season grasses for purposes of analysis. Forbs
were not analyzed, because they were usually only minor components.
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Relative species composition in 1980 of the cool-season grasses
on the burned plots of Tracts I and II was significantly lower than
that of the unburned plots (mowed and control, Fig. 1 and 2). By
August 198 1, relative species composition of the cool-season component on the burned plots was similar to that of the mowed plots,
but the differences between the burned and control plots remained
significant. Due to the suppression of the cool-season component,
relative species composition of warm-season grasses was significantly higher on the burned plots of Tracts I and II than that on the
mowed and control plots by August 1980. There was no longer a
significant difference between the burned and mowed treatments in
198 1, but the treated plots were significantly different from the
control. Relative species composition was similar on all plots of
Tract III for both years of this study (Fig. 3).
60

40

1

warm

loaoon

1

iis
=

10

soaoon

Table 1. The effect of burning, mating, and control on herbage yields
(kg/ha) of cool- and wnrm-se8son gmsses (and dombmnt species within
each group) on Tract 1 in Harlan County, Nebraska, for four harvest
dates during 1980 and 1981.

Date of
Harvest

Species Groups and
Dominant Species

Treatment
Bum

Mow

Control

-kg/ha--

burn

cool

Herbage Yield
The initial effect of the fire was to greatly suppress the herbage
yield of the cool-season species on the burned plots (Tables 1, 2,

gra8r.r

L
6

100

midgrass species, was also higher on the burned plots. Basal cover
of decreaser species, such as sideoats grama, was not affected by
either treatment.

mow

control

gram00

1

Warm-season grasses
blue grama
sideoats grama
sand dropseed
Cool-season grasses
bluegrasses
annual bromes
September 1980 Warm-season species
blue grama
sideoats grama
sand dropseed
Cool-season grasses
bluegrasses
annual bromes
June 1981
Warm-season grasses
blue grama
sideoats grama
sand dropseed
Cool-season grasses
bluegrasses
annual bromes
September 198 1 Warm-season grasses
blue grama
sideoats grama
sand dropseed
Cool-season grasses
bluegrasses
annual bromes

June 1980

871al
307a
152a
166a
442a
305a
la
1578a
741a
155a
488a
251a
I36a
la
1336a
635a
19la
23la
650a
226a
66a
2419a
694a
705a
288a
529a
321a
Oa

217a
82a
82b
1864b
890b
484b
1043b
393b
244a
284ab
335a
169a
3a
979b
618a
123a
115a
819a
280a
177a
2059a
947a
59b
578a
912b
506ab
6a

609b
276a
49a
lllb
1869b
1549c
132a
1281ab
760a
164la
77b
228a
21la
5a
472~
169b
16a
75a
891a
445a
139a
2082a
785a
274ab
570a
1151b
960b
la

‘Means within each species and date followed by the same letter are not significantly
different at the 10%level as determined by Duncan’s Multiple Range Test.

3). For the June 1980 harvests of Tracts I and II, herbage yield
of cool-season grasses on the control plots was nearly 7 times and 4
times, respectively, greater than that on the burned plots. As with
relative species composition data, herbage yield of the cool-season
species on the burned plots tended to remain lower for the duration
of the study. This was probably due to the increased competitiveness of the warm-season grasses. For Tract III, the initial effect of
the fire was to reduce herbage yield of cool-season grasses on the
burned plots (Table 3). The effect was short lived, as herbage yield
of cool-season species was similar on all plots by the September,
1980 harvest. A substantial warm-season component was not present to take advantage of the suppression of the cool-season species.
Prescribed burning was effective in practically eliminating the
annual bromes. However, by June 1981 the annual brome had
invaded the burned plots (Tables 1 and 2). The bluegrasses were
damaged by the effects of fire, although they were not eliminated
from the burned plots. They appeared to have regained their vigor
by the second year following the fire, but their herbage yields on the
burned plots remained lower than those on the control plots
(Tables 1 and 2).
Herbage yields of warm-season grasses of the burned plots of
Tracts I and II were generally higher than that of the unburned
plots for both 1980 and 1981 (Tables 1 and 2). Warm-season
grasses of Tract III had similar herbage yields on all plots throughout 1980 and 1981 (Table 3).

and

1979

1980

1981

Fig. 3. Relative species composition of warm- and cool-season grasses
from, 1979 (before treatment) through 1981 on Tract III in Harlan

County, Neb. Bars within each year and grass group designated by the
same letter are not significantly different at the 10% level as determined
by Duncan 5 multiple range test.

For all tracts, multivariate analysis showed the aggregate species
composition did not change by treatment from 1980 through 198 1.
Therefore, initial treatment effects of Tracts I and II carried
through to the end of the study. On Tract III, cool-season grasses
remained dominant on all plots. The change in warm-season
grasses on the burned and mowed plots was not significant.
Relative species composition of the cool-season grasses, Kentucky bluegrass, Canada bluegrass, and annual bromes, was
generally lower on the burned plots than the unburned plots. Blue
grama was the primary warm-season shortgrass which had higher
basal cover on the burned plots than on the unburned plots. Basal
cover of sand dropseed (Sporobolus cryptandrus), an increaser
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Table 2. The effectof burninkraowing, 8nd control on herb8p yields
(kg/h8) of cool- 8nd wm-seaeon gr8sses (4 donihuot species wlthln
erch group) and yellow-sweetclover ow Tract II in Harlan County,
Nebraek8, for four b8rveet &tee during 1984 8od 1981.

Date of
Harvest

Species Groups and
Dominant Species

June 1980

Warm-season grasses
blue grama
buffalograss
sand drqpseed
Cool-season grasses
bluegrasses
annual bromes
Yellow sweetclover
September 1980 Warm-season grasses
blue grama
buffalograss
sand dropseed
Cool-season grasses

bluegrasses
annual bromes
June 1981

Yellow swcetclam
Warm-season grasses
blue grama
buffalograss

sand dropsed
Cool-season grasses
bluegrasses
annual brome
Yellow sweetclover
September 198I Warm-season grasses
blue grama

buffaloglass
sand dropseed
Cool-season grasses
bluegrasses
annual brome
Yellow sweetclover

Treatment
Bum
675a1

204a
134a
lOta
297a
118a
96a
107a
I242a
461a
307a
157a
I25a
39a
Oa
Oa
1018a
549a
I52a
84a
127la
104a
1037a
la
252la
I296a
367a
415a
343a
l81a
113a
12a

Mow

Control

---kg/ha517ab
l98a
241a

20a
1196ab
302a
871a

386b
157a
113a

39a
2034b
123a

1044ab
956ab
374ab
347a
202a
106a
31a
57ab
Oa
837a
290ab
235a
83a
1473a
236ab
1085a
4a
2617a

1895b
2855b
491b
102b
223a
l12a
240b
86a
142b
Oa
215b
85b
77a
39a
2292a
507b
I778a
7a
1441b

876b

525b

496a
498a
236a
76a
93a
l2a

138ab
465a
1203b
707a
405a
IOa

lMeans within each species and date followed bythe same letterare not significantly
different at the 10% level as determined by~Damcan’sMultiple Range Test.

T8ble 3. The effect of burning, mowing, mnd control 8nd herb8p yields
(kg/h8) of cool- and w8nn-seaso11gr8sses (8nd domimnt species within
erch group) on Tract III ln HuLn County, Nebr8sk8, for four harvest
d8tes in 1980 and 1981.

Date of
Harvest
June 1980

Species Groups and
Dominant Species
Warm-season grasses
sand dropseed
Cool-season grasses
bluegrasses
western wheatgrass

1980 Warm-season grasses
sand dropseed
Cool-seasou:grasses
bluegrases
western wheatgrass
June 1981
Warm-season grasses
sand dropseed
Cool-season grasses
September

September

bluegrasses
western wheatgrass
1981 Warm-season grasses
sand dropseed
Cool-season grasses
bluegrasses
western wheatgrass

Treatment
Burn

Mow

-kg/ha77al
119a
76a
17a
665a
1626ab
423a
238a
595a
476a
577a
371a
206a
213a
I76a
1733a

?908a
765a
1433a
882a
1618a
112la
478a

Control
46a
27a
1933b

1161ab
432a
403a
370a
568a
225a
324a

1833b
IOOa
631a
599a
482a
367a

49b
47b
1577a
1222a

28b
5b
1867a

342a

1263a
642a
1981a
1283a
693a

II2a

1620a

I96a
134Oa
623a
l96la
1882a
79a

‘Means within each species and date followed by the same letter are not significantly
different at the 10% level as determined by Duncan’s Multiple Range Test.
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There was an apparent absence of substantial remnants bf midand t#grasses on all tracts. The only decreaser species that showed
significantly higher herbage yields on the burned plots than on the
unburned plots was sideoats grama. This took place on Tract I for
the September harvest following the relatively wet growing season
of 198 I. The prominent warm-season shortgrasses took advantage
of the reduced level of the cool-season species, and increased in
abundance. Blue grama was the principal warm-season shortgrass
that showed significantly higher herbage yields on the burned as
compared to the control plots (Table 2). Blue grama is more
drought resistant than buffalograss, the other relatively abundant
shortgrass on the site. Therefore, during the initial dry growing
season, blue grama was better able to quickly reproduce vegetatively after the fire. Sand dropseed exhibited significantly high
herbage yields on the burned plots of Tract I following the fire
(Table 1). It is a prolific seed producer that is one of the first species
to establish on denuded rangeland, and is drought resistant.
Total herbage yields on the burned plots of the 3 tracts were
generally one-half of that on the unburned plots for the June 1980
harvest (Tables 1.2, and 3). For the following 3 harvests, the total
herbage yields were similar on all plots of each tract. Warm-season
grasses comprised a greater portion of this total herbage yield on
the burned plots of Tracts I and II than on the unburned plots of
these tracts. Composition of the total herbage yield of Tract III was
similar for all plots.
The mowing treatment was not nearly so effective as the burn
treatment in respect to causing significantly higher yields of warmseason grasses. This was due partly to its ineffectiveness in consistently suppressing cool-season grasses (Tables 1, 2, and 3). Therefore, herbage yields and relative species composition of the mowed
plots were similar to those of the control plots.
Soil Moisture
,During the first 2 months following the prescribed burning, soil
moisture of the burned plots tended to be higher than that of the
unburned plots. This was probably due to the reduced amount of
cool-season plant growth on the burned plots. Following this
initial period, the soil moisture of the mowed and burned plots was
generally lower than that of the control plots. The control plots
were well insulated with a cover of litter, whereas the treated plots
had most of their above-ground biomass removed by burning or by
mowing and raking.
Initial suppression of the cool-season grasses on the burned plots
normally led to significantly higher herbage yields and basal cover
of warm-season grasses. Warm-grasses were better able to compete
with the fire-damaged, cool-season grasses. Also, with the reduction of the cool-season component during the first part of the 1980
growing season, the soil moisture of the burned plots was relatively
high at the time warm-season grasses initiated growth.
The type of warm-season species encouraged by the effects of fire
depended upon the composition of the prefire, warm-season vegetation. On Tract 111there were few remnants of any warm-season
grasses. As a result, increases in herbage yields and basal cover of
less desirable warm-season, increaser and invader species became
significant. Tracts I and II had substantial populations of warmseason shortgrasses, and therefore, herbage yields and cover of
shortgrasses increased significantly. Remnant populations of
decreaser, warm-season mid and tallgrasses were present on Tract
I, but they did not increase to a prominent level. This group may
have shown higher herbage yields and cover on the burned plots if
1980 had been an average to wet year. Instead, due to the very dry
1980 growing season, the shortgrasses and less desirable midgrasses were better able to compete than the decreaser, mid and
tallgrasses.
Fall mowing proved to be an ineffective method of producing
the desired species composition shift within the time allowed by
this study. The mow treatment failed to significantly affect the
relative composition of the dominant species.
It appears that prescribed burning in the form of a single, late-
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spring fire has a limited potential as an improvement practice on

abused rangeland in the Loess Hills. A species composition shift
frqm the low-yielding, warm-season shortgrasses and introduced
cool-season species to the native mid and tallgrasses is dependent
upon the presence of remnants of these decreaser species. The
abused rangeland in this study had few remnants present and the
desired shift was not obtained.
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Vegetational Traits of Patch-grazed
land in West-central Kansas
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CHARLES B. RING II, ROBERT A. NICHOLSON,

AND JOHN L. LAUNCHBAUGH

Abstract
Indices of vegetation abundance, composition, and grazing were
monitored for the grazing seasons of 1980-81 at Hays, Kans., in 2
pastures. One pasture was moderately grazed with yearling steers
season-long, while the other was triple-stocked for only the fmt
half of the season. Some areas were grazed repeatedly throughout
the grazing seasons, resulting in overgrazed patches, which increased in number as seasons progressed. By the end of each
grazing period, more than 799$1of each pasture was grazed, but
only 2346% of the areas consisted of overgrazed patches depending on the year and treatment. Grazing treatment also influenced
whether the locations of patches remained the same from year to
year. Species composition of overgrazed patches was different
from the surrounding vegetation, but soil properties were not.

Free-ranging herbivores selectively graze rangeland because of
differences in soil, vegetation, or topography, resulting in a diet
with a floristic and nutritive composition unlike that of the range
average (Bedell 1971, Arnold and Dudzinski 1978, Kiley-Worthington 1977, Stoddart et al. 1975. Stobbs 1973, Wallace et al. 1972,
Galt et al. 1969, Cook and Harris 1968, Cook 1959, Cook et al.
1956). At the beginning of the grazing season, some areas are
grazed lightly to moderately, while others are ignored (Weaver and
Tomanek 1951). This results in differentially grazed patches.
Because grazing animals prefer fresh growth more than mature
Authors are former graduate student, associate professor and range scientist at Fort
Hays State University, Hays. Kans. 67601. Charles Ring is presently range conserva-

forage (Arnold and Dudzinski 1978, Heady 1975, Stobbs 1973,
Van Dyne and Heady 1965, Dwyer 1961, Reppert 1960, Cook et al.
1956, Cook et al. 1953), previously grazed patches are repeatedly
grazed. As the grazing season progresses, vegetation of such
patches is eventually “over utilized” while the remainder of the
range becomes “rank” with accumulation
of mature growth
(Moorefield and Hopkins 195 1). Stoddart et al. (1975) referred to
this as “spot overgrazing.” Launchbaugh and Owensby (1978)
stated that properly stocked pastures are grazed in “small to large
patches.‘*
Although the phenomenon of patch-grazing is generally recognized, it has not been described quantitatively. The purpose of this
study was to characterize patch-grazing by: (1) estimating the area1
proportion of the range consisting of patches; (2) monitoring
changes in size, number, and location of patches both seasonally
and annually; (3) describing possible differences in vegetational
and edaphic traits of patches.
Study Area
This research was conducted in native mixed-grass prairie at
Hays, Kans. The range, described by Launchbaugh (1957). is dominated by 2 warm-season grasses, blue grama [Boutelouu gracilis
(H.B.K.) Lag. ex Steud.]’ and buffalograss [Buchloe dactyloides
(Nutt.) Engelm.]. The remainder of the vegetation consists predominately of 2 cool-season grasses, western wheatgrass (Agro-

Table 1. Percent floristic composition of the season-long stocked (SLS) pasture and intensive-early stocked (IES) pasture.

SLS

IES
1980

1981

1980

II

1

19
act

1
May

6
June

8
July

18
Aug

Ott

mean

blue
gramal
buffalograss

32.6
35.3

30.7
25.7

38.2
29.5

39.6
31.7

42.4
36.3

46.4
33.5

western wheatgrass’
Japanese brome
sedges
red three-awn
other species

14.7
14.2
0.7
1.0
1.5

20.3
19.7
2.0
0.7
0.9

11.8
12.1
3.0
1.2
4.2

12.9
8.8
3.9
0.7
2.4

11.8
5.7
1.6

10.8
4.1
2.2
13
I:7

A:;

1981

Ott

2
May

19
May

10
June

30
June

mean

38.3
32.0

45.0
31.5

49.9
30.1

13.7
10.8
2.2

12.6
6.5
2.1
09
114

47.9
31.5
8.9
4.5
3.3

44.6
37.4
7.0
3.4
4.6
16
1:4

50.2
35.3
6.9
2.7
3.5
08
0:6

47.5
33.2
8.4
4.7
3.1
I5
1:6

::8

6.7
6.5
2.2
25
212

:::

‘Under H.: ES-SLS=O, p=O.OZES

pyron smithii Rydb.) and Japanese brome (Bromus japonicus
Thunb.), and several miscellaneous grasses and forbs. Except for
occasional shallow, poorly drained depressions, the topography is
nearly flat to gently sloping. Soils are deep, well-drained silt-loams
(Harney series: fine, montmorillonitic,
mesic, Typic Argiustolls)
formed from calcareous,
medium-textured
loess (Glover
et al. 1975). The climate, although highly variable, is characterized
by generally moist, cool springs; hot, often dry summers; mild
autumns; and mild to cold winters. Yearly average precipitation is
57.7 cm (22.7 in.) with most of it received in spring and early
summer. Extremes in weather frequently occur, thus greatly altering the growing season. The summer of 1980 was hotter and drier
than average, and the beginning of spring 1981 was earlier than
average. In general, there was adequate soil water for plant growth
each spring and early summer, followed by mid-summer drought.
The research area consisted of two 12.6%ha (31.25acre) pastures with contrasting treatments of grazing by yearling steers
(stocked 1 May 1980 and 15 April 1981). One treatment was
season-long stocked (SLS) at the normal, moderate rate of 1.42ha
(3.50 acres) per head for approximately 150 days. The other treatment was intensive-early stocking (IES) similar to treatments described by Owensby and Smith ( 1975). Grazing was the first 75 days
only, at 3 times the normal rate [0.47 ha (1.17 acres) per head].

Materials and Methods
Data were collected during the grazing seasons of 1980 and 198 I
using several methods to quantify patch-grazing characteristics.
The step-point technique developed by Evans and Love (1957) was
modified to record, at each pin placement, plant species, plant
height, grazed or ungrazed condition of the plant, and overgrazed
or undergrazed condition of the vegetation. Areas that contained
virtually no residue from the previous year and with nearly all
available forage consumed defined overgrazed patches, whereas
areas that were ungrazed to moderately grazed were called undergrazed patches. Points were placed systematically and were examined on 6 occasions in the SLS pasture and on 5 occasions in the
IES pasture. The Kruskal-Wallis test (Sokal and Rohlf 1981) was

used to estimate statistical significance of differences. A twosample t-test, independent for each species, was used to estimate
the statistical significance of plant height differences between overgrazed and undergrazed patches.
To estimate the size, variability and proportion of patches under
season-long grazing, intercept lengths of overgrazed and undergrazed patches were recorded at the end of both grazing seasons,
on 35 temporary, systematically located 15-m line transects. To
allow for yearly comparison between treatments, intercept lengths
of patches also were recorded on permanent line transects (12,
15-m transects in the IES pastures; IS, 15-m transects in the SLS
pasture). These were located in selected patch-grazed areas, then
after livestock were removed each year, locations of overgrazed
patches were recorded. Chi-square contingency analysis was used
to assess association between location of patches in both years.
Cole’s index (Cole 1949) was calculated to indicate whether the
association was positive or negative. To characterize seasonal
changes, intercept lengths of overgrazed patches were recorded
periodically throughout the grazing season on an additional 15,
15-m transects placed systematically in each pasture. Analysis of
variance was used to estimate statistical differences in the size,
number, and location of patches among sampling dates and transects during the grazing periods. An area that appeared typical of
patch grazing (15 X 15m) in the SLS pasture was mapped at the end
of the 198 1 grazing season to depict configuration of overgrazed
and undergrazed patches.
Residual standing crop on overgrazed and undergrazed patches
in the SLS pasture at the end of grazing in 1980 was estimated with
25 paired, I/8-m* clipped plots. A paired t-test was used to assess
statistical differences.
Soils of selected adjacent overgrazed and undergrazed patches
were sampled with a hydraulic probe to a depth of I .2 m (4.0 ft.).
Cores from contrasting patches were composited by horizon (A,
BP, Bs, C) for standard textural (sand, silt, clay)and chemical (P, K,
OM, NH4, NOs, pH) analyses. Chemical tests were performed by
the Soils Testing Laboratory, Kansas State University, Manhattan. Bulk density of the first 7.6 cm (3.0 in.) of topsoil was mea-

‘hbk 2. Percent flork4iC composition of overgrazed patches (OP) and undergrazed patches (UP) in the season-long stocked (SLS) and intensive-early
stocked (IES) pastures.

SLS
Species
blue grama
buffalograssl
western wheatgrassl
Japanese brome
other species

IES
8 Aug 1980

I Ckt 1981

I9 Oct. 1980
OP

UP

OP

UP

OP

UP

29.4
54.7

34.7
22.5
18.7
22.2
1.9

39.0
44.7
5.7
5.7
4.9

48.6
30.2
12.3
3.6
5.3

48.4
39.2
8.5
1.6
2.4

40.7
21.7
18.0
12.9
6.7

‘Ho: UP-OP=O, p=O.O49S
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sured in both overgrazed and undergrazed patches. Multivariate
analysis of variance was used to assess statistical differences.

Results
Floristic composition of the 2 treatments differed significantly,
with the IES pasture having more blue grama and less western
wheatgrass than the SLS pasture (Table 1). Floristic composition
of the patches also differed significantly (Table 2), with overgrazed
patches having more buffalograss and less western wheatgrass than
undergrazed patches. The amount of Japanese brome was less in
the overgrazed patches, but not statistically significant.
Area grazed increased throughout the 198 I grazing season until
75% of the IES pasture had been grazed at least once by the time
livestock were removed (Fig. 1). Surface configuration of an area
in the SLS pasture was typical of patch grazing at the end of the
1982 season (Fig. 2). Transect data (Fig. 3) showed that the propor-

50.
40.
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B

/

20.

.
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1 YAI

1 JUNE

1 JULV

1AiJQ

1 sbr
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Fig.1. Proportion

of the range being grazed to some extent in the seasonlong stocked (SLS) and intensive-early stocked (IES)pastures during the
1981 grazing season.

Fig. 2. A typicalpatch-grazedarea
the season-long
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Fig. 3. Changes in proportion

(A), size (B), and number (C)of overgrazed
patches in a selected area of the season-long stockedpasture
during the
1981 grazing season.

tion of the range consisting of overgrazed patches increased gradually throughout the growing season. Number of intercepts differed
significantly among both transects (P=O.OOOI) and sampling dates
(p=O.OOOl). Intercept length (size) differed significantly among
transects (p=O.OGOI)but not among sampling dates. Mean intercept lengths of overgrazed patches derived from 35 temporary line
transects in the SLS pasture were 137 and 185 cm at the end of the
1980 and 1981 grazing seasons, respectively. Mean intercept
lengths derived from permanent transects in the IES pasture were
55 and 88 cm. Thus, mean intercept lengths in SLS were 82 and 97
cm greater than IES in 1980 and 198 1, respectively.
By the end of the 1980 growing season, essentially all available
forage was utilized (overgrazed) on 56% of the IES pasture, 7% was
selectively grazed to a lesser extent (lightly to moderately), and the
remainder not at all. Data from permanent transects suggested that
the same proportion was overgrazed in 198 I. In the SLS pasture,
the manner in which the livestock utilized the forage varied considerably between 1980 and 198 I, as shown by estimates from steppoint sampling. Livestock overgrazed 40% of the area and lightly
to moderately grazed an additional 8% in 1980; however, they
overgrazed only 23% and lightly to moderately grazed an additional 53% in 198 I. Transects also showed that more of the pasture
consisted of overgrazed patches in 1980 (34%) than in 198 1 (27%).
but the difference was less than estimates from step-points.
Contingency analysis (Table 3), revealed the influence of grazing
treatments on patch-grazing. Of the 10,623 intercept intervals that
were in the overgrazed category at the end of the 1980 grazing
season in the SLS treatment, 6,039 (57%) were overgrazed at the
end of the 1981 season. Of the total intercepts that were undergrazed in 1980,86% remained undergrazed in 198 1. Less than 28%
[(4,584+ I ,609)/ 22,500-j of the intercepts changed category from
1980 to 1981. Locations of patches in 1980 and in 1981 were
significantly associated as shown by a very large Chi-square value;
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Table 3. C&square (X*)contingency analysisand Coles index (C)of locations of overgra-d patches (0P)aml undergrazed patches (UP)on transects in
the season-long stocked (SLS) and iateasive-early stocked (IES) pastores at the end of the 1984 and Ml grazing season.

SLS

1981

::
total

IES

OP

UP

total

OP

6039
4584
10623

1609
10268
11877

7648
14852
22500

3677
4425
8102
x1

c=o.fxl

X = 4686.0
p < 0.005

q

UP

8119
9881
18000

9898

c

0.4699

wason.

buffalograss

western wheatgrass

Japanese brome

other species

4.5
13.3

4.4
9.4

4.1
21.1

6.1
13.8

4.8
13.0

0.001

0.001

0.001

0.020

0.020

p (H&P-OP=O)

0.005

q

blue grama

overgrazed
undergrazed

q

p 0.5029

Table 4. Average height (cm) of pIant species in patches in the season-long stocked (SLS) pasture at the end of the 1981 pdng
patches

total

ZZ

Table 5. Selected soil properties for overgrazed and undergrazed patches in the season-long stocked pasture. No differences (p>o.OS) for ail properttes
between patches.

overgrazed patches

kg/ha

kg/ ha

P

K

%
NHa

%

pH

%
O.M.

%

horizons

NO3

sand

%
silt

%
clay

A1

7.17
7.30
7.35
8.00

18.12
15.69
45.93
31.74

1073.3
1231.2
1203.2
1176.7

3.20
1.53
0.90
0.63

5.00
4.70
4.15
2.90

1.77
0.97
1.00
0.77

5.11
3.44
4.00
4.89

54.56
47.89
52.16
52.27

48.67
43.84
43.34

7.13
7.20
7.35
7.93

15.69
12.69
43.13
29.13

1112.5
1185.0
1177.5
1197.3

3.60
1.37
0.95
1.10

5.33
4.40
3.40
2.77

2.53
1.80
1.00
1.07

5.44
3.22
5.00
5.33

52.78
47.78
50.00
52.33

41.78
49.00
45.00
42.34

B2
B3

C
Al
undergrazed patches

&

BS

’

c

a positive Cole’s index indicated that most patches were found in
similar locations. In contrast, most patches in the IES pasture were
not maintained in the locations from 1980 to 1981 (Table 3).
Average height of plants in the SLS pasture differed significantly
between overgrazed 4.6 cm (1.8 in.) and undergrazed 13.0 cm (5. I
in.) patches at the end of the 198 I grazing season (Table 4). These
estimates helped define the contrasting terms of overgrazed and
undergrazed. Biomass of overgrazed patches [701.2 kg/ ha (625.7
lb/acre)] and undergrazed patches [2459.0 kg/ ha (2,194.9 lb/acre)]
also differed significantly (p=O.OOl). Bulk density of soils of overgrazed patches was 1.13 g/cmr, and 1.10 g/cm3 for undergrazed
patches. No significant differences in selected soil properties were
found between overgrazed and undergrazed patches (Table 5).
Discussion
At the beginning of the grazing season, the steers grazed only
certain areas simply because there was more forage available than
they could consume. Patches that were grazed at the beginning of
the grazing season were regrazed repeatedly whereas the remainder
of the range was virtually ignored by the steers. Persistent grazing
of patches resulted in overgrazed patches where nearly all available
forage was consumed. Because the remainder of the range was
growing rapidly, patch-grazed areas became conspicuous as the
season progressed. This represents a positive feedback system,
where the lack of vegetative residue and presence of succulent
regrowth encourages reutilization of the overgrazed patches.
Whether areas became overgrazed or not depended mostly on which
areas were grazed at the beginning of the grazing season. This in
turn, was influenced most by the grazing history of the pasture.
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Undergrazed patches discernible at the end of the grazing season
in the SLS pasture were reestablished the following year, whereas
those in the IES pasture were not. That was because the IES
pasture had a more uniform vegetative cover at the beginning of
the grazing season that the SLS pasture, due to late-season rest the
previous year. Uniformity resulted in grazing behavior of steers
being less affected by the distribution of patches of the previous
year. Eventually, this results in the utilization of the range being
more evenly dispersed under intensive-early stocking.
Seasonal differences in vegetation cause changes in availability
of preferred forage, (Hanley and Brady 1977, Uresk and Rickard
1976, Kamstra 1973, Sims et al. 1971), which, in turn, cause livestock to modify their grazing behavior (Holechek et al. 1982,
Arnold and Dudzinski 1978, Willms and McLean 1978, Chacon
and Stobbs 1976, Galt et al. 1969, Cook and Harris 1968, Arnold et
al. 1966). Regrowth on overgrazed patches early in the season was
apparently adequate to meet livestock requirements, but as productivity of regrowth on overgrazed patches slowed, the steers
were forced to graze elsewhere. They did this in 2 different ways, by
grazing only the tops of the plants in previously ungrazed areas and
by starting additional overgrazed patches rather than enlarging
those already established. Weaver and Tomanek (1951) likewise
found that under season-long use, the tops of undergrazed patches
were grazed later in the season, but that overgrazed patches were
enlarged and eventually merged together 1eaving”roughs and relict
bunches” (undergrazed patches) occurring only occasionally. In
our study, it was primarily in the IES pasture that overgrazed
patches eventually became so interconnected that only isolated
patches of undergrazed forage remained.
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Studies of animal performance on season-long grazing show a
predictable decline in daily gains in mid-summer (J_aunchbaugh
1957, Klipple 1964). The incipience of this decline coincides with
the shift in grazing preference away from overgrazed patches. The
diminished amount of regrowth on overgrazed patches and mature
state of plants on undergrazed patches reduces the overall quality
of available forage. This implies that it is important to manage
rangeland in a manner that accommodates the grazing preference
of the animal. Intensiveearly stocking does that, while maintaining productive range and improving animal performance (Launchbaugh et al. 1983).
We suspect that floristic differences between overgrazed and
undergrazed patches were caused by differential tolerance of species to close grazing. Buffalograss was the most tolerant to close
grazing, blue grama was intermediate, while western wheatgrass
and Japanese brome were intolerant. Weaver and Tomanek (195 1)
observed similar floristic differences between preferentially grazed
patches.
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Response to Tebuthiuron by Utah Juniper
and Mountain Big Sagebrush Communities
WARREN P. CLARY, SHEREL GOODRICH, AND BENTON M. SMITH

Abstract
The herbicide tebuthiuron was applied aerially in replicated
parallel strips at rates of 0, 1.3, 2.0, and 2.7 kg/ha a.i. (active
ingredient) in 40% pellets on a Utah juniper stand, and at rates of 0,
0.6, 1.0, and 1.3 kg/ha a.i. in 10% pellets on a mountain big
sagebrush stand. Crown kill on Utah juniper was nearly 100% at
application rates of 2.0 kg/ha or greater. Control of mountain big
sagebrush was obtained at rates of 0.6 kg/ha and above. Antelope
bitterbrush, hairy low rabbitbrush, and gray horsebrush responded
to the herbicide similarly to Utah juniper. Rubber rabbitbrush was
not controlled by tebuthiuron. Total understory production had
changed little 3 years after application, although compensating
decreases in production of perennial plants and increases in production of annual grasses occurred.
Seldom does rangeland offer an array of plants that is ideal for a
particular purpose (Stoddart et al. 1975). The species mixes are
often changing as part of successional trends and such changes are
often not in the direction that the land user desires. In pinyonjuniper and sagebrush ecosystems, the trend is often an increase in
woody plants at the expense of herbaceous plants useable as ruminant forage. Such a trend may occur as a result of some action by
man or his grazing animals or may be part of a normal progression
toward a climatic climax. If a rangeland is to be held at a particular
stage, periodic manipulation of vegetation may be required to reset
the successional clock.
Tebuthiuron (N_ES-(1, ldimethylethyl)-1,3,4-thiadiazol-2-yl]-N,N'dimethylurea) has shown promise for controlling many woody
plants. South Texas mixed brush (Scifres et al. 1979), blackjack
oak (Quercus marilandica Muenchh.) and winged elm (Ulmus
alata Michx.) (Shroyer et al. 1979), sand shinnery oak (Quercus
havardii Rydb.) (Pettit 1979), and various other hardwood species
(Nolte et al. 1982) have been successfully controlled by tebuthiuron. Control of woody overstory species often has resulted in
substantial increases in forage plants about 2 years after application of tebuthiuron (Scifres and Mutz 1978, Scifres et al. 198 1b,
Jones and Pettit 1982). Generally, the junipers have been unresponsive to tebuthiuron. Negative results have been reported on
western juniper (Juniperus occidentalis Hook.) (Britton and Sneva
198 I), eastern red cedar (J. virginiana L.) (Scifres et al. 198 la), and
redberry juniper (J. pinchotii Sudw.) (Ueckert and Whisenant
1982). However, tebuthiuron has been shown to be effective in
controlling Utah juniper (J. osteosperma (Torr.) Little) at rates of
2.2-4.5 kg/ha (Johnsen 1977, 1979). Sand sagebrush (Artemisia
filijiolia Torr.) has been effectively controlled (Jones and Pettit
1982). Control of big sagebrush has been obtained at rates of 1.1 to
2.2 kg/ha (Britton and Sneva 1983, Klauzer and Arnold 1975).
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Cool-season herbaceous plants typical of the Intermountain region
appear to be sensitive to tebuthiuron and may be strongly
repressed by rates of 2 kg/ha (Britton and Sneva 1981, 1983).
The pinyon-juniper zone, dominated by Utah juniper, and the
sagebrush zone, dominated by big sagebrush (Artemisia tridentata
Nutt.), are major plant types in the Intermountain region. Combined, they occupy 34% and 4.5% of’Utah and Nevada, respectively
(USDA Forest Service 1972). These plant types, whose historic use
has been dominated by the grazing of livestock, have experienced
increases in amounts of woody plants and diminished amounts of
herbaceous forage plants. In an effort to reverse this trend, managers have tried fire, mechanical, chemical, and biological means to
manipulate vegetation.
The objectives of this study were to determine the effectiveness
of tebuthiuron in controlling woody plants on Utah juniper and
mountain big sagebrush (Artemisia tridentata ssp. vaseyana
(Rydb.) Beetle) dominated sites and evaluate response of herbaceous species.
Methods
The test sites were located in the northeastern portion of Millard
County, Utah, on the Fishlake National Forest. Annual precipitation on the study area was estimated to average 36 cm. Precipitation falls predominantly
in the cool portion of the year. The
months of June through September each average less than 2.5 cm
of rainfall. Weather records from nearby communities of Oak City
and Scipio show that the 3 years after herbicide application (fall
1979) were wetter than usual. Water year 1980 (Oct.-Sept.) was
54%above the long-term mean, 198 1 was 1% above the mean, and
1982 was 62% above the mean.
Surface soils were gravelly sandy loams to cobbly silt loams.
Profile depths often approach 150 cm. The soils have developed on
alluvium from the south end of the Canyon Mountains. Quartzite
and some limestone were the parent rocks.
The juniper stands were dense with relatively little understory
vegetation. The sagebrush area had been cabled and seeded
approximately 25 years before the herbicide application, and it
supported a good stand of Fairway wheatgrass (Agropyron cristaturn (L.) Gaertn.) within the sagebrush community.
Tebuthiuron pellets were applied aerially in parallel strips 5 1 m
wide and 0.4 km (sagebrush area) or 0.8 km (juniper area) long in
October 1979. Buffer zones 30 m wide were located between the test
strips. Application rates of 40% pellets on the juniper area were 0,
1.3,2.0, and 2.7 kg/ ha a.i. (active ingredient), each replicated twice
for a total of eight strips. Application rates of 10% pellets on the
sagebrush area were 0,0.6, 1.O,and 1.3 kg/ ha a.i., each replicated 3
times for a total of 12 strips. A randomized block experimental
design was used for both areas.
Each juniper strip was sampled by 30 sets of nested temporary
plots. A set consisted of 3 concentric circular plots-a 250-rn2 plot
for sampling tree kill, a 100-m* plot for sampling shrub kill, and a
0.9-m* plot for sampling herbaceous vegetation and shrub leaf and
twig production. Species, height class, and percent crown kill were
recorded for individual trees, while only species and crown kill
were recorded for individual shrubs. Established shrubs and shrub
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seedlings were recorded separately. Herbage production was
determined by estimating wet weight. Herbage on every fifth plot
was clipped, ovendried, and weighed as a basis for calculating dry
weight from wet weight. The herbicide application strips in the
juniper area (0.8 km long) crossed several sequences of ridgedrainage topography. This provided the opportunity to evaluate
the relation of topographic position to herbicide effectiveness.
Each plot was classified as a ridge, a slope, or a drainage bottom.
The number of plots were 100,98, and 42, respectively. An analysis
of variance with nonadditivity
was conducted to determine if a
herbicide rate-slope position interaction existed.
Each sagebrush strip was sampled with 2 clusters of four IO-m2
permanent plots. Individual shrubs were evaluated for crown kill,
distinguishing between seedlings and mature plants. Herbage production was determined on 0.9-mz plots centered within each of the
IO-m2 plots. No distinction of topographic position was made
because the sagebrush treatment areas were primarily in shallow
drainage bottoms.
Vegetation evaluations on both sites were conducted in the
growing seasons of 1980, 1981, and 1982. In 1982, evaluation of
crown kill on woody species other than sagebrush was expanded to
include individual plants occurring throughout the entire strips.
These were used to augment the number of treated plants used as a
basis to graph response curves. All observations and measurements were completed by midsummer each year.
Results
Control of Woody Species
Juniper
Utah juniper responded rather slowly to tebuthiuron.
Few
symptoms were visible early in the first growing season; however,
by midsummer the average percent of crown kill had exceeded 50%
under the heavy rate (Table 1). By the second growing season, the
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Fig. 1. Interaction

of tebuthiuron
I982 Utah juniper crown kill.

1980
1981
1982

Oat
0”
0”

1.3

2.0

2.1

39.0b
62.2b
80.1b

41.2b
73.6’
91.7”

52.F
91.3*
99. I’

Pco.05.

proportion of dead crowns had nearly doubled. Crown mortality
of Utah juniper continued into the third growing season. The
application rates of 2.0 and 2.7 kg/ ha achieved almost total control
of Utah juniper, while the 1.3 kg/ ha rate resulted in 80% crown
control.
A highly significant interaction (KO.01) occurred between
application rate and topographic position (Fig. 1). At the I .3 kg/ ha
application rate crown kill was considerably greater on ridge tops
than in drainage bottoms. Apparently, the more highly developed
soils in lower slope positions have a greater ability to adsorb the
active ingredient and therefore to reduce its effectiveness (Chang
and Stritzke 1977).
A possible trend of reduced crown kill was noted in Utahjuniper
trees of less than 0.5 m in height, as compared to all other tree
height categories (up to 4.5 m). Even though the highest application rate in the sagebrush area was similar to the lowest rate in the
juniper areas, this apparent effect of less mortality in small trees did
not occur in the sagebrush area. A contributing factor to this
difference was that the juniper area was treated with 40% a.i. pellets
while the sagebrush area was treated with 10% a.i. pellets. Ten
percent pellets were applied at 4 times the number of pellets per
unit area to achieve the same herbicide rate as 40% pellets. Very
small trees with their smaller root systems would have less chance
of encountering soil herbicide where fewer pellets of higher concentration were applied.
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Table 2. Percent mountain big sagebrush crown kill by tebuthiuron.

Year

0

1980
1981
1982

.1
0
0”
0”

Kg/ ha active ingredient
0

RATE (KG/ HA)

Sagebrush
Mountain big sagebrush responded relatively quickly to tebuthiuron. The symptoms were evident early in the first growing
season. Up to 79% of the sagebrush crown volume was damaged
midway through the summer (Table 2). Crown mortality con-

Table 1. PercentUtah juniper crown kill by tebutbiuron.

YtXr

1

27

1985

0.6

1.0

1.3

59sb
75.2b
79.9b

64.4be
84.0”
91.2b

79.4’
92.3’
92.6b

‘Values not followed by similar letters in the same row are significantly different at

KO.05.

tinued through the third growing season. A high proportion of
control was obtained at the 0.6 kg/ ha rate (-80%) and nearly
complete control of the original sagebrush plants occurred at the
1.3 kg/ha rate (-93%). Sagebrush seedlings appeared to be less
affected than established plants; perhaps their smaller root systems
were less likely to encounter the soil herbicide. The average number
of seedlings per IO-m2 plot in the third growing season was:
Tebuthiuron rate

No. se@ings/ IO-m*

0

1.3
1.3
1.0
0.6

0.6
1.0
1.3

Combined data 1982:
Several species of woody plants occurred in both the juniper and
sagebrush treatment areas. This provided an opportunity to graphically evaluate the control success for these species across the entire
range of application rates for the 2 areas by combining all available
data. The additional survey of the entire sagebrush strips in 1982
facilitated these comparisons by increasing the number of plants
evaluated for crown kill.
The amount of Utah juniper crown kill increased in a nearly
linear fashion with increasing rates of tebuthiuron up to 2.0 kg/ ha,
reaching nearly 100% control (Fig. 2). This result is quite different
from that reported for several other Juniperus spp. (Britton and
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Sneva 198 1, Scifres et al. 198 la, Ueckert and Whisenant 1982), but
roughly similar to that reported for Utah juniper in Arizona
(Johnsen 1979).
Mountain big sagebrush was more easily controlled by tebuthiuron than Utah juniper; control occurred at application rates of
about one-half that required for Utah juniper (Fig. 3). Similar rates
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tebuthiuron application rates. Numbers in parentheses indicate number
of plants evaluated.

species often difficult to control with herbicides (Stoddart et al.
1975), was not controlled by tebuthiuron at rates up to 1.3 kg/ ha
(Fig. 4). The few plants present on the highest rate juniper strip
were dead, suggesting that rates above 2 kg/ha may have some
success in controlling rubber rabbitbrush. However, too few plants
were encountered to provide a reliable basis-for conclusion.
Two other woody species occurred in the sagebrush strips in
sufficient numbers to be evaluated (average >50 plants per species
per treatment). Hairy low rabbitbrush (Chrysothutnnus viscidiflrus ssp. puberulus (D.C. Eat.) H.M. Hall and C. Rem.) and gray
horsebrush (Tetrudymiu cunescens DC.) were successfully controlled by 1.3 kg/ha of tebuthiuron (Fig. 5). Britton and Sneva

(116)

r
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‘/

ray Hormbrush
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Fig.3. Response of mountain big sagebrush in 1982 to tebuthiuron application rates. Numbers inparentheses indicate number ofplants evaluated.

of big sagebrush mortality were reported by Britton and Sneva
(1983) and Klauzer and Arnold (1975). Sand sagebrush has been
successfully controlled at rates of 0.4 kg/ ha (Jones and Pettit
1982).
Crown mortality of antelope bitterbrush (Purshia tridentatu
(Pursh) D.C.) at varying rates of herbicide was similar to Utah
juniper (Fig. 4). Comparison of Figures 3 and 4 suggests that most
antelope bitterbrush (a browse species usually desired by land
managers) could be retained while most big sagebrush could be
removed if rates of 0.5-0.6 kg/ha of tebuthiuron were applied.
Such a manipulation of shrub composition may be a management
goal on sagebrush-dominated
range, particularly if the sagebrush
is a subspecies or accession of low palatability (Welch et al. 198 1).
Others have reported similar possibilities of herbicide applications
to manipulate compositions of Intermountain shrub ranges (Blaisdell and Mueggler 1956).
Rubber rabbitbrush (Chrysothuntnus rtuuseosus (Pall.) Britt.), a
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Fig. 5. Response of hairy low rabbitbrush and gray horsebrush in 1982 to

tebuthiuron application rates. Numbers in parentheses indicate number
of plants evaluated.
(1981) also found C. viscidiflorus(Hook.)
tebuthiuron.

Nutt. to be controlled by

Response of Undcrstory Species
Juniper urea

Total yield of understory plants was depressed in 1980 and 198 1
by application rates of 2.0 and 2.7 kg/ ha (Table 3). By 1982, the
third growing season after treatment, total production in all treatment strips was similar to the control strips. Understory vegetation
usually increases significantly by the second year after control of
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Tabk 3. Production (oven-dry wei@Q by pknt group fortbe Ubb Juniper

tebutiliuron tre&lKnt 8ra.

Table 5. Production (oven-dry weight) by plant group for the mountain
big qebrul

tebuthiuron treatment area.

Tebuthiuron application rate
Kg/ ha active ingredient

Tebuthiuron application rate
Kg/ ha active ingredient

Plant group

Year

0

1.3

2.0

2.7

Annual grasses

1980
1981
1982

37al
Ila
68a

25b
49b
l53b

IIC

8a
l39b

l2c
6a
l5lb

Perennial grasses

1980
1981
1982

48a
2la
5la

88b
7b
28b

44a
5b
l2b

43a
2b
l6b

Forbs

1980
1981
1982

8a
3a
29a

Shrubs

1980
1981
1982

9a
6a
40a

1980
1981
1982

lO2a
47a
l88a

Total

3b
Ob
4b

2b
Ob
4b

2b
Ob
3b

Ila
Ob
4b

2a
Ob
lb

5a
Ob
3b

59b
l3b
l56a

62b
8b
l73a

l27a
56a
l89a

‘Values not followed by similar letters in the same row are sigaificantly different at

Plant group

Year

0

0.6

I.0

I.3

Annual grasses

1980
1981
1982

7a1
5Oa
69a

4a
31a
l49a

8a
20a
254a

la
34a
l43a

Perennial grasses

1980
1981
1982

361a
347a
768a

219ab
420a
993a

249ab
359a
881a

l5lb
230a
704a

Forbs

1980
1981
1982
1980
1981

la
Oa
68a
252a

5a
la
38a
46b

IOa
Oa
55a
48b

1982

274a

1980
1981
1982

649a
ll79a

Shrubs

Total

lValues

3b
498a
l213a

4s
Oa
31a
-

74b

13b
47b

427a
1264a

277a
925a

not followed by similar letters in the same row are significantly different at

Iyo.05.

P<o.os.

Utah juniper (Clary et al. 1974, and data on file at the Shrub
Sciences Laboratory, Provo, Utah 84601). Since total understory
production had not responded by the third growing season, the
release from Utah juniper overstory dominance was apparently
still counteracted by the phytotoxic effects of the herbicide.
Broad composition shifts, as measured by production. did occur
as a result of tebuthiuron application (Table 3). Annual grasses
initially declined, then increased by 1982 in relation to the control
strips. Perennial grasses in the treated strips were lower than the
controls in 1981 and 1982. Herbicide application reduced forbs
each year, and reduced shrubs in 198 I and 1982.
Approximately 60 plant species were present, but most produced little more than trace amounts of production. The largest
decrease in production of an individual species following herbicide
application occurred in bluebunch wheatgrass (Agropyron spicaturn (Pursh) Scribn. and Sm.) and largest increase was in cheatgrass brome (Bromus tectorum L.) (Table 4).
Sagebrush Area
Total production of herbage (including leaf and twig growth on
shrubs) on the treated strips was not significantly different
(DO.05) from the control strip in the third growing season after
sagebrush control (Table 5). There appeared to be some increase in
Table 4. Production (oven-dry weight) of the rnosl abundant specks ln the
juniper 8nd sagebrush areas.
Utah juniper area-tebuthiuron
Species

Year

Bluebunch
wheatgrass

1980
1981
1982

42a’
27a
25a

1980
1981
1982

36a
Ila
65a

Cheatgrass brome

0

(kg/ ha)

1.3

2.0

2.7

75b
2b
20b

33a
2b
4c

31a
2b
4c

23b
49b
l52b

I la
8a
l36b

I la
6a
I5Ob

Big sagebrush area-tebuthiuron
0

Fairway wheatgrass

1980
1981
1982

321a
319a
622a

(kg/ha)

0.6

I.0

1.3

205b
352a
948a

l97b
234a
773a

lO9b
Ma
628a

‘Values not followed by similar letters in the same row are significantly different at
KO.05.
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annual grasses in the herbicide treated area such as occurred in the
juniper area, but the trend was not significant (DO.05). The most
prominent change was a reduction of shrubs. Although a large
reduction in mountain big sagebrush occurred, other shrubs such
as broom snakeweed, rubber rabbitbrush, and antelope bitterbrush were more resistant to the effects of the herbicide. Fairway
wheatgrass, which was present in the sagebrush area before herbicide application, was initially depressed by tebuthiuron (Table 4).
By the third year Fairway wheatgrass had recovered, and the 0.6
kg/ ha rate plots appeared to be moving ahead of the control plots
in production although this apparent developing trend was not as
yet significant (00.05).
Most other individual plant species were
present in such low amounts that meaningful evaluations of their
response could not be made.
Cattle grazing also may have affected the response of herbaceous
vegetation following herbicide application. Late in the growing
season of 1980 and 198 I, cattle on the local forest grazing allotment
were moved into the general area of this study. The cattle were
strongly attracted to the vegetation in the tebuthiuron application
strips and made extremely heavy use of the Fairway wheatgrass in
these strips, while only moderately grazing surrounding wheatgrass. In 1981, a single-wire electric fence was constructed to
protect the strips; however, the cattle quickly pushed through the
fence to graze the herbicide-stressed forage. Scifres et al. (1983)
found a similar attraction to cattle of tebuthiuronaffected
forage,
but the effect lasted only I year in their study. Crude protein
appears to be increased in the affected forages, which probably
accounts for some of the attraction to cattle (Masters and Scifres
1981).

Summary
Tebuthiuron
effectively controlled the target species Utah
juniper and mountain big sagebrush. Crown mortality continued
to increase through the third growing season.
Antelope bitterbrush. hairy low rabbitbrush, and gray horsebrush were controlled at similar application rates as for Utah
juniper. Control of mountain big sagebrush required approximately one-half the application rate as did the other major woody
species on the study sites.
The application of tebuthiuron at rates of 0.6 kg/ha a.i. and
higher decreased production of most shrub species. Application
rates of 1.3 kg/ ha and higher changed the herbaceous composition
in the direction of fewer perennials and more annuals. On both the
59

Utah juniper and mountain big sagebrush study areas the total
understory production in the treated strips had not significantly
increased beyond the control strips after 3 growing seasons.
The heavy grazing use of herbicide-stressed Fairway wheatgrass
points up the need to protect tebuthiuron-treated
areas from grazing for 1 or more years if residual forage plants are to have an
opportunity to respond.
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Nutritive Value of Tree Leaves m the Kansas
Flint Hills
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JR. FORWOOD AND C.E. OWENSBY

Abstract
Leaves from bur oak (Qucrcus macrocorpo Mkhx.), a bur oak
hybrid (bur oaku), red elm (Ubnus rubra Muhl.), Osage orange
(Mach-a ponifaa (Raf.) Schneid.), and cottonwood (Pop&s
deitoides Marsh.) were analyxed for crude protein, in vitro dry
matter digestibility (IVDMD), and tannic acid equivalents (TAE)
from mid September through late October during 1979 and 1980.
Samples were taken biweekly from the trees and from the ground
after leaf fall. Cottonwood was significantly lower over the season
in crude protein than all other species except bur oak. Crude
protein content declined with advancing season in all species
although not significantly. Leaves on the trees were considerably
higher in crude protein than True Prairie understory vegetation or
leaves on the ground although leaves on the ground had equal or
greater crude protein levels than True Prairie understory vegetation. Sample date and species significantly affected digestiblity.
Digestiblity generally increased during middle sample periods and
returned to initial levels in late October. Averages over all dates
showed digestibility of Osage orange > cottonwood > red elm >
bur Oaku > bur oak. Leaves on the tree were generally more highly
digestible than those on the ground. Red elm, Osage orange and
cottonwood leaves on the tree were more digestible than True
Prairie understory vegetation. Osage orange and cottonwood
leaves on the ground were more digestible than True Prairie understory vegetation. Tannic acid equivalents of bur oaku = bur oak >
red elm and cottonwood > Osage orange. TaMic acid equivalents
generally increased during the middle sample periods and returned
to initial levels in late October. There were no TAE differences
between leaves on the trees and those on the ground. Overall
quality ranking based on the constituents measured showed Osage
orange and red elm to be the highest quality leaves of the group,
bur oak poorest, and cottonwood and bur o&H intermediate. On
the basis of these limited tests, Osage orange and red elm would
provide the best roughage source in times of severe drought or as a
roughage substitute in cattle finishing rations.

Tree products such as aspen sawdust (Mellenberger et al. 1971),
aspen bark silage (Hanke et al. 1978), oak sawdust (El-Sabban et
al. 1971), and poplar bark (Enzman et al. 1968) have been investigated as ruminant feed sources. Methods of determining and modifying their digestibility have also been studied (Mellenberger et al.
1969, Millet et al. 1970).
The use of tree products for ruminant feed has been focused on
residues probably because industry and researchers are concerned
with finding a use for the waste and a cheap roughage source at the
same time.
Leaves might also be considered a tree residue. In True Prairie
areas such as the Kansas Flint Hills, the tons of tree leaves that fall
to the ground each autumn are largely ignored by producers as a
ruminant roughage source.
Authors are research agronomist, USDA-AR& Crop Production Research Unit,
Univ. of Missouri, Columbia 6521 I; and professor, range management, Kansas State
Univ., Manhattan 66506.
Authors appreciate the assistance of Barbara Oskroba. Dept. Range Science,
Colorado State University, in laboratory analysis.
Contribution No. 9483. Cooperative investigation of USDA-AR&
Univ. of Missouri, Columbia, and Kansas State Univ., Manhattan.
Manuscript accepted April 30, 1984.
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We have observed cattle grazing Flint Hills rangeland in the fall
selecting tree leaves from the ground almost to the exclusion of the
herbaceous or understory vegetation traditionally thought of as
ruminant forage. Esophageal samples from steers at these times are
noted to be composed largely of tree leaves. Past studies indicate
that some tree leaves are nutritionally desirable for their crude
protein (Bissell and Strong 1955, Hagan 1953, Hilgard 1903,
Oldemeyer et al. 1977, McHargue and Roy 1932, McLeod 1973,
Sampsonand Samisch 1935, Tarrant 1950, Tew 1970), digestibility
(Bissell and Weir 1957, Joshi and Ludri 1966, McLeod 1973, Mia et
al. 1960, Oldemeyer et al. 1977, Sampson and Samisch 1935,
Wilson 1977), and intake (Joshi and Ludri 1966, Mia et al. 1960,
Wilson 1977).
In an effort to explain livestock preference for tree leaves and to
compare leaf quality of different trees, we determined crude protein, in vitro dry matter digestibility, and tannic acid equivalents of
tree leaves commonly found in the Flint Hills area.
Study Site and Methods
The study area is near Manhattan on the Kansas State University pastures in the northern Flint Hills. Botanical census of the
area shows it to be typical True Prairie with big bluestem (Andropogon gerardi Vitman) and indiangrass [Sorghastrum nutans (L.)
Nash] comprising over 50% of the total vegetation. Numerous
other warm-season grasses, forbs, and woody species constitute the
remainder. Groves of deciduous trees fill the loamy lowlands
between the hills.
Leaf samples were collected from bur oak (Quercus macrocarpa
Michx.), red elm (Ulmus rubra Muhl.), Osage orange (Maclura
ponifera (Raf.) Schneid.), and cottonwood (Populus deltoides
Marsh.) at biweekly intervals from mid September to late October
in 1979 and 1980. Samples were also collected from trees originally
thought to be white oak (Quercus alba L.) but later determined to
be a bur oak hybrid (bur oakn). We chose these late dates because
this is the time when leaves would most likely be harvested for
forage or found on the ground and consumed by cattle. Samples
were selected randomly from many locations on the tree and
combined. Two or more trees were sampled from each species
except for Osage orange and cottonwood, where only one tree of
each was sampled. Leaf samples from each species were collected
from the ground (if present) directly below the sampled trees at the
same time trees were sampled. The length of time they may have
been on the ground was not known, although they were current
year’s leaves. After collection, all leaves were dried in a forced-air
dryer (60°C), ground through a I-mm mesh screen, and stored in
sealed containers for analyses.
Micro-kjeldahl nitrogen (N) was determined calorimetrically
and crude protein estimated by N X 6.25. In vitro matter disappearance (IVDMD) was determined via the NC-64 two-stage
direct acidification method (Marten and Barnes 1980). Tannic acid
equivalents (TAE) were determined by the Folin-Denis method
(Burns 1963) using a Chour extraction period and are reported on
a dry matter basis. Experimental design was completely randomized. Data were analyzed by analysis of variance. Crude protein,
IVDMD and TAE least squares means were separated at P < .05.
61

Species
Bur Oak-H
Bur Oak
Cottonwood
Elm
Os8ge

orange

Date means

Mid
Sept.

Early
Oct.

Mid
Oct.

Late
Oct.

Species
Mean

10.9 Aa
10.3 Aa
9.8 Aa
11.3 Aa

11.0 Aa
9.5 Aa

8.1 Aa
9.0 Aa

8.7 Aa

6.2 Aa

10.3 Aa

9.3 Aa

1.9 Aa
6.3 Aa
4.9 Aa
8.8 Aa

9.5 A
8.8 AB
7.4 B
9.9 A

ll.Oh

11.6 Aa

10.0 Aa

9.1 Aa

10.6 a

10.2 a

8.5 ab

7.4 b

‘loner fnble least squares means are separated at KO.05. Means within individual

columns for dates followed by similar

10.4 A

uppercase kttersand witbin individualrows follow&

by smular hver case letters arc not significantlydifferent (KO.05).

Youdens’ method (1967) was used to rank the trees for forage
quality.
RamIts md Discussions
Crude Protein Content
Overall mean leaf crude protein in our study declined (Table 1)
with time. Others (Bissell and Strong 1955, Hagan 1953, Tew 1970)
have reported declining protein levels; however, McLeod (1973)
showed a significant seasonal effect in only 1 spies of 7 in Australia. Withdrawal of protein from leaves to the branches shortly
before leaf abscission may explain the leaf protein decline.
Leaves on the tree compare favorably in crude protein content
with Flint Hills True Prairie vegetation. Understory vegetation
samples taken over the same 2-year period averaged 4.7,3.9, and
2.5% crude protein during mid September, early October, and late
October, respectively (Forwood 1982). That.is considerably lower
than the 2-year intact leaf average overall tree species of 10.6,10.2,
and 7.4% crude protein for similar dates (Table 1). That cattle may
select recently fallen tree leaves over True Prairie understoryvegetation is not surprising as protein content of the latter often falls
below the subsistence level required by cattle about mid-July (Rao
et al. 1973). The crude protein content of fallen tree leaves (Fig. 1)
remains practically the same if not greater (3.7%) than understory
vegetation in early or late October (3.9 and 2.5%, respectively). We
found fallen leaves to contain significantly lower crude protein
than leaves on the tree (Fig. 1). Sampson and Samisch (1935)
reported similar results.
Digestiblity
Significant differences were found among main effects for date
and species (Table 2). Means over all species show the first and last
sample dates were not different, although digestibility increased
during the 2 intermediate sample dates. A similar trend has been
documented in other trees and, like our study, some species show
no differences between sample date (McLeod 1973).
Means over all dates showed significant differences in the diges-

TREE GRND

TREE

GF4ND

TAE

IVDMD

Fig. 1. Crude protein, in vitro dry matter disappearance (IVDMD) and
tannic acid equivalents (TAE) of haves from 5 Flint Hills tree species
sampled while on the tree attd after leaffall. Values are averagesfrom 2
years (1979-80) over aNspecks and dotes. Significant d@Terences(PC.05)
between leaves on trees or on groundfor a quality parameter are indicated by an mterisk.

tibility of the species studied (Table 2). The range of species means
over all dates in our study was between 42.6 to 73.1%. Others have
shown digestibility of tree foliage in the 40-60% range (Oldemeyer
et al. 1977, Joshi and Ludri 1966, Mia et al. 1960, Wilson 1977). Of

Table 2. Two-yew (197%1!X3@)
mean in vitro dry matter digestibility percentages of bur oak, cottonwood, elm, and Osege orange leaves hervested from
treenin the Kaome FM HiW
Mid

&fiY

Sept.

Oct.

Mid
Oct.

Late
Oct.

Species
Mean

Bur Oak-H
Bur Oak
Cottonwood
Elm
Osage orange

40.3 Da
36.1 Ea
57.7 Ba
48.2 Ca
72.0 Aa

46.5 Da
39.3 Da
63.0 Ba
53.8 Ca
75.0 Aa

44.3 Ca
38.6 Da
62.8 Ba
50.7 Ca
74.5 Aa

39.5 Ca
33.9 Ca
57.0 Ba
49.8 Ba
70.9 Aa

42.6 A
36.9 B
60.1 E
50.6 C
73.1 D

Date means

50.8 a

55.5 b

54.2 b

50.2 a

Species

‘Inner table least squares means an separated at KO.05. Means within individual columns for dates followed by similar uppercase lettersand within individual rows followed
by similar lower case letters are not significantly different (KO.05).
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Gustine 1973), (2) in vesicles inside organelles within the the cytoplasm (Swain 1965), and (3) in larger cells surrounded by insoluble
sacs (Thatcher 1921). Any of the above combined with the inhibition of cellulolytic and pectinolytic enzymes by tannins (Bell et al.
1965) may explain the similarity in TAE between fallen and
unfallen leaves.
Nutritive Value of Falkn Leaves
Over the 2-year study period, species differences in IVDMD and
TAE but not crude protein were apparent in leaves on the ground
(Fig. 2). Leaves from these trees showed high digestibility values
associated with low TAE levels. Donnelly and Anthony (1969)
reported similar results with sericea lespedeza.
Determining which of the tree leaves studied would be the better
forage is probably not possible. However, using the method of
Youden (1967), we ranked the trees from best (rank 5) to worst
(rank 1) for each date. The totals for each tree species in each
analysis were added and a rank assigned (Table 4).
Fig. 2. In vitro dry motter disappeoronce (IVDMD). tonnic acid equivalent
(TAE). and crudeprotein from bur oak, elm, Osage orange, ond cottonwood leaves ofter leoffoll in the Konsos Flint Hills. Volues are averages
from 2 yeors (197940) over 011dotes. Bars with common letters are not
signt@antly different (PC.05).

T8ble 4. Point toMa and forrgc qtulity nnking of le8vea by Youden’e
method of 5 tree species found in the K8ns8~Flint EMSb8eed on crude
protein, in vitro dry nmtter digestion 8nd t8nnic 8cid equiv81ente.1
Tree soecies

the species we studied, 60% were above 50% digestibility (Table 2).
McLeod (1973) stated 68% of the species he studied were below
50% digestibility while all species sampled by Oldemeyer et al.
(1977) after July were below 43%. Differences in digestiblity
between the oak species and others may be explained by high TAE
levels in the oaks and known inhibition of cellulolytic and pectinolytic enzymes by tannins (Bell et al. 1965).
Fallen leaves were significantly less digestible (42.1%) than those
on the tree (52.7%) (Fig. 1).
Digestiblity of understory prairie vegetation is 42.0 and 39.0%
during September and October (Rao et al. 1973) making elm,
Osage orange, and cottonwood leaves still on the tree (Table 2) and
Osage orange and cottonwood leaves on the ground (Fig. 2) considerably more digestible than understory vegetation. The rate at
which their digestiblity declines is unknown, but it does not appear
to be extremely rapid.
Tannins
Comparison of the lowest average oak TAE level was 8.8 percentage points above the greatest average TAE level of non-oak species (Table 3).
Hilgards’ ( 1903) study of 6 California oak species showed tannins to be about 10% during fall and winter. Samples of sand shin
oak (Quercus havardii) show tannin levels of 7.7 and 4.2% in
August and October, respectively (Pigeon et al. 1962).
Leaves on the trees did not differ from fallen leaves in TAE
content. This may be due, in part, to the location of tannins within
the plant. Several theories are that tannins reside (1) in vacuoles
and are released only by breaking cell walls or membranes (Barnes and

cws

Elm
Cottonwood
Bur Oak-H
Bur Oak

Point total

Forage quality ranking

59**
41**
35
27
188

2
3
4
5

I

Iyou&n’smethod
specifies that for this number of tests and species, species with Point
totals over 40 or under 20 are significantly superior and inferior, respectively, at the 5%
level.
*inferior forage quality.
**Superior forage quality.
Osage orange clearly had highest quality forage in the group.
Based on the analyses, Osage orange accumulated 59 of 60 possible
ranking points. Although cottonwood ranked highly in IVDMD
and TAE analyses, its low crude protein level resulted in a mediocre final quality ranking. Bur oak received the poorest quality
ranking due to low digestibility and high TAE levels. Interestingly,
the bur oakn ranked significantly higher in forage quality than bur
oak.
Browse eaten sparingly in feeding trials is sometimes observed to
be eaten readily in the field (Wilson 1977). Single species are rarely
eaten in the field as opposed to tests conducted in feeding or
laboratory trials. In addition, components resulting in enhancement or inhibition of digestion may be accentuated in a single
species test. Generally, however, leaves from these Flint Hills trees
and from other areas are grazed by livestock in the presence of
other available forages. This study indicates that leaves from these
trees contain desirable quality components and at times may be of
higher quality than True Prairie understory vegetation. Nutritional value of tree leaves is useful not only to those interested in
browse for wildlife but also when severe drought conditions or

T8ble 3. Two-ye8r (1979-1980) mea bnnic 8cid equialent percent8gs of bur olik, cottonwood, elm, 8nd Osqe omnge le8veeiurvested from treesin the
K8ns8a Flint HiW

Species
Bur Oak-H
Bur Oak
Cottonwood
Elm
Osage orange
Date means

Mid
Sept.

Early
Oct.

Mid
Oct.

Late
Oct.

Species
Mean

15.5 Aa
16.6 Aab
4.9 BCa
6.6 Ba
3.6 Ca
9.4 b

16.1 Ba
19.3 Aa
6.6 Ca
6.9 Ca
5.4 Ca
10.8 a

14.5 Aa
16.1 Ab
6.1 Ba
6.9 Ba
5.7 Ba
9.9 ab

15.1 Aa
14.4 Ab
6.5 Ba
5.5 Ba
3.9 Ba
9.1 b

15.3 A
16.6 A
6.0 B
6.5 B
4.6 C

‘Inner table least squares meansare separated at KO.05. Means within individual columns for dates followed by similar uppercase lettersand within individual rows followed
by similar lower case letters are not significantly different (KO.05).
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other factors warrant
substitute in finishing
tion of producers or
considerable amounts

additional roughage supplies, a roughage
rations is needed, or for the general informaresearchers who observe livestock ingesting
of tree leaves.
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Nutritional and Physical Attributes of Seeds
of Some Common Sagebrush-steppe Plants:
Some Implications for Ecological Theory
and Management
MICHAEL

IRA KELRICK

AND JAMES A. MACMAHON

A study was conducted to identify seed attributes which might
influence granivore preferences. Physical and chemical characteristics were estimated for seeds of 7 common sagebrush-steppe
species (Artemisia tridentata, Bromus tectorum, Oryzopsis hymenoides, Pascopyrum smithii, Purshia tridentata, Stipa comata and
Stipa viriduia) and 1 sacrifice food species (Panicum miliaceum).
Seed-weights and caloric contents were determined, as well as %
composition contributed by 5 organic, 3 inorganic and 5 synthetically defined fractions (including crude protein, solvent extract,
structural and soluble carbohydrates and lignin). Results indicate
that 70 soluble carbohydrate may be a good predictor of granivore
seed preference. The generality of this or any other predictor is
unknown, since sufIiciently detailed seed attribute data are unavailable for most species. For management scenarios involving seeds
subject to predation, such data would help effectively translate
ecological understanding of granivory into more efficient management practices.
In any land management effort involving direct seeding or
depending upon the natural input of seeds, the manager must
consider those biotic and abiotic factors which may ultimately
affect the successful establishment of the desired vegetation. While
abiotic influences such as seedbed characteristics, germination
requirements, and soil nutrient levels have been routinelyacknowledged and manipulated, biotic interactions affecting the seeds
have often been ignored.
One biotic factor which may limit plant establishment is granivory, the consumption of seeds by animals. Since the publication
of Janzen’s (1971) pivotal review of seed predation by animals,
awareness of the potential importance of granivory in the structure
and functioning of many ecosystems has expanded and matured.
Yet despite the considerable research already conducted, relatively
little attention has been devoted to the integration of ecological
studies of granivory with vegetation management. Rangelands
may be particularly appropriate systems for attempting such an
integration, since they occur in relatively xeric habitats, where
seeds may be an important food resource “. . .coupling primary
production to the infrequent, unpredictable precipitation that limits the productivity of most arid ecosystems” (Brown et al. 1979).
Insects (especially ants), birds, and small mammals consume large
quantities of seeds on native rangelands (Nelson et al. 1970, Pulliam and Brand 1975, Goebel and Berry 1976, Everett et al. 1978,
Whitford 1978) and manipulative field studies have demonstrated
that granivores, via their seed selection, can affect the species
composition of their plant community (Inouye et al. 1980). It
follows, then, that understanding patterns of granivory might conAuthors are graduate student and Professor of Biology, Department of Biology and
Ecology Center, Utah State University, Logan 84322.
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tribute significantly to the success of a rangeland management
scheme employing seeds.
Our interest in granivory dates from 198 1, when we conducted
an experiment in which seeds of 6 common indigenous range plant
species were offered to granivores at a sagebrush-steppe site near
Kemmerer, Wyo., in order to determine granivore seed preferences
(Kelrick et al., submitted). One objective of our studies was to
examine possible correlations between the observed seed preference hierarchies and some commonly measured attributes of food
items-e.g.,
calories per item, 940crude protein, or ‘% available
carbohydrate. However, barring our ignorance of some particularly pertinent literature source, it appears that few data on native
seeds are available beyond estimates of numbers of seeds per
pound. Therefore, we generated the seed data, which include estimates of seed weight, calorimetric content, and % composition of
the seeds as contributed by the major classes of organic compounds
(proteins, lipids, and carbohydrates) as well as several other relevant organic subclasses and inorganic compounds. We present
these data below.
In addition to being of some documentary value, these seed
attribute data have promising potential applications. Knowledge
of the factors which cause an animal to choose one seed species
over another would allow the development of a powerful predictive
management tool. If one could elucidate a relationship between
seed chemical characteristics and the preferences of various seed
predators, then such a predictor would be available for evaluation
in a variety of field situations, including managed lands. Thus,
quantitative seed data such as those presented below may serve to
extend studies of the ecological relationships of granivory into the
realm of management practice.
Materials and Methods
Seeds of these plant species were studied: big sagebrush (Artemisia tridentata), cheatgrass (Bromus tectorum), Indian ricegrass
(Oryzopsis hymenoides),
millet (Panicum miliaceum), western
wheatgrass (Pascopyrum [Agropyron] smithii), bitterbrush (Purshia tridentata), needle-and-thread (Stipa comata), and green needlegrass (Stipa viridula). All seeds were obtained from Native
Plants of Utah, Inc. (Salt Lake City, Utah) except those of cheatgrass and some seeds of needle-and-thread, which were collected
near Kemmerer, Wyo., at the site described in Parmenter and
MacMahon (1983), and those of millet, which were purchased at a
local grocery.
The native species examined were selected to satisfy 3 criteria
defined by goals of the preference study (Kelrick et al., submitted):
(1) the species were present on or near our study site, (2) the set of
seeds provided a large range of sizes, and (3) the seeds were available from a commercial supplier. Since we expect that both physical
characteristics and nutritional/chemical
attributes vary among
individual parent plants and parent populations, as well as between
years, using purchased seeds collected from areas other than our
study site had unknowable effects on granivore seed choice. In
acknowledging this uncertainty, we also identify a need to quantify
85

such variability in order to more fully understand future manipulations of seed resources.
In this paper, the term “seed” is not employed in the strict
botanical sense. Propagules of all 8 plant species studied include a
variety of nonovarian tissues, thus they are fruits (Fig. 1). The

Fig. 1. Depiction of “‘seeds”as offered to granivores and as used for
analyses described in the text. Species (tissue descriptions) are, I. to r.:
top row (shrubshpurshia tridentata (bareachene), Artemisia tridentata
(bare achene); middle row (grasse+Oryzopsis hymenoides (caryopsis
and indurate palea and lemma), Panicum miliaceum (bare caryopsish
bottom row (grasses)-Bromus tectorum (caryopsis and palea and
lemma, with persistent awn), Pascopyrum smithii (caryopsis andpalea
and lemma), Stipa comata (caryopsis andpalea and lemma, long awn
usually absent or incomplete, sharp callus), Stipa viridula (caryopsis and
palea and lemma, awn not persistent).

distinction between fruit and seed is presumably a significant factor influencing granivore preference because the tissue which differentiates the 2 may enhance or detract from the “seed’s”desirability as a food item. Seed size and shape may also play a role in
granivore recognition and/ or selection (e.g., see Harper et al. 1970,
Pulliam and Brand 1975). Therefore, clear characterization of the
tissues constituting the food items being consumed is important for
understanding granivore seed selection.
A literature search provided data on seed weights for all 8
species. In addition, we produced our own estimates by averaging
the weights of 5 groups of 100 seeds each for each seed species
except sagebrush, for which 10 groups of 100 seeds each were
measured to improve the precision of the estimate for these relatively small seeds.
Calorimetric measurements were obtained using a Phillipson
microbomb calorimeter, according to guidelines proposed by
Paine (1971). The average of 2 consecutive determinations was
accepted as the caloric estimate if the individual deviations of the 2
66

determinations from the mean value were <2% of that value.
Determinations of % ash were obtained by averaging the results of
3 replicate ovendry subsamples ashed at 500°C for 3 hrs.
We encountered published values for only certain of the chemical attributes we wished to know for a subset of the seeds of
interest. Values of % of oven-dry weight of protein (N X 6.25) and
oil (ether extract) were, respectively: for Bromus tectorum, 14.1
and 1.2 (Barclay and Earle 1974); for Oryzopsis hymenoides, 11.9
and 2.2; and for Stipa viridulu, 30.6 and 3.1 (Earle and Jones 1962).
Extensive data describing millet seeds (e.g., Ellis 1939, Atlas of
nutritional data on U.S. and Canadian feeds 197 1) are more generally available than those for native seeds because the former are
used as commercial feeds. Our literature search did not provide
data sufficient for conducting the planned correlation analyses.
Furthermore, since the jargon and techniques used and/or the
particular chemical fractions measured may differ among literature sources, the data we found are not necessarily comparable.
Even a comparatively well-defined attribute such as % ash can vary
in value according to temperature and duration of the combustion
process (Paine 1971). The contents of a fraction labeled “lipids*’
may be much less comparable, varying both biochemically (with
the use of different solvents) and nutritionally (e.g., Are phosphoand glycolipids included?). To solve these problems, we sought to
produce a methodologically consistent set of nutritional/chemical data for all 8 seed types.
Our seeds were analyzed by the laboratory of the International
Feedstuffs Institute, Utah State University, Logan, Utah. Except
for the determination of % crude protein (estimated by % kjeldahl
N X 6.25), techniques used are described in Fonnesbeck (1976).
Duplicate analyses were performed on each of 2 subsamples for
each seed type. For 4 seed types, means of % solvent extract were
calculated from only 3 of the 4 determinations because 1 measurement in each set was deemed unreliable by laboratory standards.
These particular laboratory analyses provide information on
several chemical components which are not routinely measured in
studies of seeds. However, Fonnesbeck (1976) suggests that the
components measured with this analytical procedure allow a more
realistic appraisal of the value of a food item to its consumer than
those previously measured; thus, they should facilitate an examination of the appeal of particular seeds to granivores. Some of the
components were measured directly in the laboratory, while others
are derived by linear combinations of the laboratory values. The
list below contains the names, definitions and explanations of the
attributes we examined. Those attributes derived by algebraic
combination have the appropriate calculation shown in parentheses after the attribute name.
Dry mutter-The
weight of the sample expressed as a % of the
weight of the original sample in the airdry state, after the sample
has been in a 105’C oven for - 16 hr. Except for the estimate of %
free water, all attribute values are expressed on the basis of dry
matter, i.e., dry weight = 100%.
Free water- (100% - dry mutter) -This water corresponds to the
weight loss of the sample during the drying process at 105°C and
represents the free water directly available to a granivore upon
consumption of a seed, as contrasted with that water which is
metabolically derived.
Ceil w&-Structural
carbohydrates (largely cellulose and hemicellulose), lignin, and acid insoluble ash constituents such as silica
comprise this fraction. Ideally, and in this analysis practically, this
fraction should be protein-free for an accurate estimate to be
obtained. It is largely nonnutritive for most consumers (exceptions
are taxa with appropriate gut microflora).
Structural Carbohydrates-This
cellulose and hemicellulose fraction probably includes some variable quantity of assimilable carbohydrate, depending on the consumer organism.
Lignin-This
is a plant secondary cell wall component which is
normally considered to be nonnutritive, or even a deterrent to
consumption.
Acid insolubleash-Primarily
silica, this is the portion of the total
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ash (= inorganics) which does not dissolve in a strong acid. It is
especially prevalent in the tissues of monocots. Although of no
nutritive value, its abrasive properties may deter some granivores
and herbivores.
Ash-This represents that ?$cof the dry matter remaining after the
sample has been heated to -600°Cfor -8 hr, a mixture of soluble
inorganic salts and insoluble compounds like silica.
Crude protein-(Kjeldahl
N X 6.25).
Solvent extract-This
fraction contains both nutritive and nonnutritive material. Its ye contribution routinely exceeds the widely
used ether extract value, since the former includes lipids separated
from molecules, e.g., lipoproteins, by a dehydrating solvent
(methanol).
Soluble ash-(ash
- acid insoluble ash) -This represents that
portion of the total ash considered to be of nutritive value.
Cell contents-(
100% - cell walls).
Soluble carbohydrate-(cell
contents - [crude protein + solvent
extract + soluble ash]) -This fraction is that portion of the cell
contents which is not crude protein, solvent extractable lipids or
soluble inorganics and which presumably corresponds to carbohydrate which is assimilable by a granivore.
Nonnutritive matter-(lignin
+ acid insoluble ash) -Both lignin
and silica are here considered to be of no nutritional value.

considered one of the least phenotypically plastic attributes of a
particular plant species (Harper 1977), one would have predicted
good agreement among the various literature values and those we
obtained. While this was generally the case, certain species (Artemisia tridentata, Oryzopsis hymenoides, and Stipa viridula) display considerable variability. This may be due in part to the inconsistency among the sources cited of the entity being weighed.
(Again, we stress the need to clarify whether the seed was used, or
rather the seed plus some investing structure[s] which in nature
form the propagule shed from the parent plant.) Additionally,
some species do exhibit the production of a relatively wide range of
seed sizes by an individual parent or an entire population (Harper
1977).
Calorimetric values for the 8 species of seeds are listed in Table 2.
Values for calories per seed (ash-free) were obtained using this
study’s estimates of seed weights. Also included in this table are 2
sets of calculated values estimating the daily seed demand exerted
by a single granivorous rodent, based on the caloric content of
seeds of each species.
The complete set of chemical analyses of seeds from our laboratory determinations is presented in Table 3.

Results

A number of ecological insights can be obtained using these
data. For example, given an estimate of the daily energy requirement of a particular granivore species, the number of seeds of a
particular plant species necessary to provide that amount of energy
can be calculated. In Table 2 such calculations are presented using
the deermouse (Peromyscus maniculatus), a common rangeland
granivore. Data are calculated from the daily energy budget of
Peromyscus as estimated by Parmenter et al. (1984). Numbers of
seeds were estimated on the basis of both total seed caloric content
and calories generated by the soluble carbohydrate fraction alone.
These are conservative estimates, since a deermouse cannot be
expected to extract calories as efficiently as a calorimeter. The
group of estimates based on the soluble carbohydrate fraction may
more realistically reflect the seed demand of a strictly granivorous
deermouse, since, at least for some domestic and laboratory animal
taxa (sheep, swine, and rats), the YOsoluble carbohydrate of a food
item is highly positively correlated with the digestible energy of
that item (Fonnesbeck 1976).
By making the simplistic assumption that granivores choose
food items strictly to maximize calories acquired per item, the
estimates of seed numbers in Table 2 can serve to formulate predictions of granivore seed preference. Combined with plant speciesspecific estimates of seed handling times (see Kaufman and Collier

Table 1 presents the seed weight data. Since seed weight is
Table 1. Literature and authors’ values of number of seeds per g. of 8
species.

No.

Species

Literature values’

Artemisia tridenrata

5437 (A), 5619 (B)

Bromus tectorum
Oryzopsis hymenoides

459 (C), 385 (D)
311 (C), 417 (E),
310 (F), 355 (G)
181 (C), 180 (F),
243 (C), 235 (F),
34 (A), 34 (W
254 (C)
399 (C), 556 (E),

Panicum miliaceum
Pascopyrum
smithii
Purshia tridentata
Stipa comata
Stipa viridula

seeds/g.
This study2
4346 (146)

(B)

491 (6)
261 (5)

185 (G)
250 (G)

172 (4)
217 (5)

370 (G)

37 (1)
178 (3)
308 (6)

415

‘Letters in parentheses indicate sources: (A) U.S. Forest Service, USDA (1974). (B)
Plummeretal. (1968),(C) USDA Yearb. Agric. (1948),(D)Barclayand
Earle(1974).
(E) Earle and Jones (1962), (F) Ellis et al. (1939). (G) Association of Official Seed
Analysts (198 I).
2Means rounded to nearest whole numbers and the standard error (SE) of groups of
100 seeds (n 5 for all species except A. rridenroru, for which n = IO).
q

Discussion

Table 2. Estimates of 1) the caloric content of seeds of 8 species on a per g. seed basis, both unadjusted and adjusted for seed ash content, and on a
per seed basis and 2) numbers of seeds of those species providing approximately 7.56 kcal (an estimate of the daily energy requirement of an individual deermouse).

Calculated
Calorimetric
Species

Calories
per g. seed’

Artemisia tridentata
Bromus tectorum
Oryzopsis hymenoides
Panicum miliaceum
Pascopyrum smithii
Purshia tridentata
Stipa comata
Stipa viridula

4348.8 (.13)
3743.2 (1.57)
4058.0 (.24)
4218.0 (.36)
4288.3 (.75)
5598.3 (1.83)
4181.154697.1 (.43)

data

Calories
%

ash2

5.3 (.02)
4.3 (.12)
3.6 (.14)
1.2 (.08)
6.1(.04)
2.3 (.42)
5.8 (.46)
4.6 (.Ol)

per

ash-free g. seed
4592.2
3911.4
4209.6
4269.2
4596.2
5730.1

4438.5
4923.5

Calories

per

seed (ash-free)3
1.1
8.0
16.1
24.8
21.2
154.9
24.9
16.0

number of seeds to provide
7.56 (kcal)

Total caloric

Soluble carbohydrate

content basis

fraction basis4

7132
949
469
305
357
49
304
473

130027
2175
1230
411
1279
134
880
1541

‘Mean (% deviation); n 2.
*Mean (SE); N = 3.
‘Based on this study’s number of seeds per g. (Table I).
Wzdoric content of soluble carbohydrate is taken as 4.10 kcal per ash-free g. (Paine 1971).
‘Based on 1 sample only.
q
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Table 3. Estimates of the contribution (as % of total weight) of various chemical components of the seeds of 8 species (<O.OS%= TR).

strucmatter’p3

Species
Artemisia

tridentato

Bromus tectorum
Oryzopsis

hymenoides

Panicum miliaceum

93.1
(0.13)
92.1
(0.12)
92.6

Free

water’
6.3
1.9
7.4

(0.11)
90.5

9.5

smithii

Purshia tridentata

92.5
(0.19)
91.7

37.4
(1.66)
43.2
(1.93)
43. I
2.2

12.2
(0.41)

7.5
8.3

Stipa comata

92.1
(0.14)

7.9

Stipa viriduia

92.3
(0.12)

7.7

Solvent

proextein2’3 tract”

25.1

(1.24) (09:O)

(o’.o”s)

$:;3)

;&

36.3
(1.57)
32.2

4.8
(0.23)

2.0
(0.28)

$8)

;kl9)

(::O)

(0.85)
(d?7)

$7)
$4)

$2)
TR

(::5)
1.5

;1?:9)
13.8

(o’.‘l”;,

(0.08)
11.1
(0.09)

$6)

4.1
(0.07)

(0.05)
7.0
(0.05)

(0.21)

(0.06)

51.2
(0.81)
10.9

39.3
(0.70)
6.8

(1.39)

(0.34)

35.7
(0.72)
40.0
(0.15)

26.0
(0.55)
27.6
(0.15)

7.9
(0.26)

$8)

TR

5.2

62.6

6.2

25.3

2.8

56.8

41.4

6.8

2.0

56.9

39.0

10.9

1.4

97.8

77.0

0.5

2.9

48.8

31.2

12.0

(I!%)

14.8

21.4

2.3

89.1

50.6

4.1

(0.45)
4.F
(0.85)

3.2

64.3

37.1

9.7

1.7

60.0

36.8

12.4

;Z7)

(03:07)

3.3
(0.11)

(fE3)

$3)

$7)

1981), these data also provide a basis for comparing observed
granivore seed selection hierarchies with an optimal foraging
scheme as suggested by Pyke et al. (1977). Additionally, with
population density estimates of granivore taxa, these data might be
used to predict the potential granivore impact on the seed resource
of a given plant community.
Such theoretical queries have numerous management counterparts. Estimates of granivore seed demand (Table 2) along with
estimates of granivore density enable a vegetation manager to
account for potential pregermination seed losses due to predation.
To accommodate predicted seed losses, seeding rates could be
adjusted to exceed potential granivore demand or sacrifice food
items could be offered with the introduced seeds of the desired
vegetation (Everett et al. 1978). Although foresters have explored
this latter tactic (Sullivan and Sullivan 1982), it appears that range
managers have not (Everett et al. 1978).
Our attempt to identify a predictor of granivore seed preference
from among several of the seed chemical fractions (Table 3)
resulted in the choice of soluble carbohydrate. We used Spearman’s rank correlation (Conover 1980) to analyze the relationship
between granivore seed preference hierarchies among 6 indigenous
seed species (A. tridentata, B. tectorum, 0. hymenoides, P. smithii,
P. tridentuta and S. viridulu) and 9 seed attributes (free water,
structural carbohydrates, crude protein, solvent extract, cell contents, soluble carbohydrate, nonnutritive matter, total calories/ashfree g and calories/ seed [ash-free]), Percent soluble carbohydrate
was the seed attribute with the largest value of Spearman’s correlation coefficient for the preference hierarchy of all granivores
(rodents, birds and ants) combined (r. ==.829, P<.OS; Kelrick et al.
[submitted]).
This indication that % soluble carbohydrate could be considered
a predictor of seed appeal is supported by several independent
data. Comparisons of granivore consumption of millet seed versus
seeds of indigenous plants at a variety of arid sites in the southwestern U.S. showed that millet seeds were unequivocally preferred
over even the most highly preferred among the indigenous seeds
(Parmenter et al. 1984, Kelrick et al. [submitted]). The former are
markedly higher in % soluble carbohydrate than the seeds of any of
the range species studied herein (Table 3), and although chemical
attribute data are presently unavailable for the hot desert seed
mixture used by Parmenter et al. (1984), we expect that none of
these seeds demonstrate TOsoluble carbohydrate values exceeding
that of millet seeds. The strong positive correlation between %

Soluble conash2
tents*

Soluble nutricarbo- tive
hydratelmatter*

(0.25)
19.3
(0.19)

6.4
(0.27)

q

Cell

2.3
(0.04)
6.5
(0.15)

‘Expressed as 70 of airdry weight.
*Expressed as % of ovendry weight.
‘Means, with SE below in parentheses; n = 4 except for asterisked solvent extract values. for which n
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NonCrude

Cell
carbohyuble
walls2” drates2” Lignin2V3ash2.3 Ash’”

(0.29)

(0.16)
Pascopyrum

Acid
insol-

tura1

Dry

3.

soluble carbohydrate and digestible energy mentioned earlier
(Fonnesbeck 1976) also corroborates the results of our correlation
analyses. Serve110 et al. (1983) investigated the digestibility of the
natural herbaceous diet of pine voles (Mcrotus pinetorum), and
reported a similar positive correlation between the digestible
energy of the voles’forage and a “cell solubles”fraction containing
“* * *lipids, soluble carbohydrates, most protein and other watersoluble matter” (Van Soest 1967). We believe it reasonable to
suspect that % soluble carbohydrate would be the best predictor of
digestible energy among the fractions composing “cell solubles”,
even though the data of Serve110et al. (1983) describe the consumption of the plant parts other than seeds. Finally, Everett et al. (1978)
have reported that the ubiquitous deermouse, by far the most
abundant granivore in our study area (Parmenter and MacMahon
1983), prefers the seeds of P. tridentata, which have the highest v.
soluble carbohydrate among those indigenous seeds we offered to
granivores (Table 3).
Having identified a predictor of granivore preference and
assumed its validity, it is straightforward to choose seeds which
might be appealing sacrifice foods or to predict which seeds of
desired vegetation risk the highest predation losses before plant
establishment. Field tests are then needed to define the utility of
such a predictor. Such a study was conducted by Sullivan and
Sullivan (1982) in which sunflower seeds were provided to rodents
during a lodgepole pine seeding operation. After 3 weeks, rodents
(mainly deermice) consumed -85% of pine seeds sown in plots
where no sunflower seeds were introduced, but when a ratio of 2
sunflower seeds to 1 pine seed was used, pine seed survival was
42-72s after 6 weeks. Based on the reasoning and results described
in this paper, we would propose as a naive working hypothesis that
sunflower seeds are higher in % soluble carbohydrate than lodgepole pine seeds. Verification of this prediction or the elucidation of
some other predictive relationship depends on the availability of
adequately detailed seed attribute data like those presented herein.
Manipulations such as providing a sacrifice food (Sullivan and
Sullivan 1982) show considerable promise for managing certain
rangelands of small area1 extent such as the revegetation of mined
lands. We assert, in addition, that with further knowledge of the
factors which cause an animal to choose one particular seed species
over another, we could improve our management efficiency.
In conclusion, we submit that the same lack of data which
originally inspired our studies precludes assessing the generality of
the seed data presented in this paper. Thus, similar analyses of
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these same species may be necessary to understand
patterns of
granivory in environments
other than the one we studied. Moreover, it seems clear that accurate tissue characterization
of seeds
studied as well as detailed, species-specific
quantitative seed attribute data are valuable for interpreting
observed patterns of granivory and developing the predictive capability sought by ecologists
and managers alike.
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Nutrient Removal Rates from Ruminoreticula of Cattle Grazing Kansas Flint Hills
fcange
n

J.R. FORWOOD,

C.E. OWENSBY, AND G. TOWNE

Abstract
A Hereford steer and heifer were used to compare rumen removal rates of forage nutrients from Kansas Flint Hills range over a
2-year period. Rumens were emptied after an overnight fast and
the contents sampled, weighed, and returned to the mmen. The
cattle were then fed a known amount of range forage and fasted for
12 hours, at which time the rumen evacuation procedure was
repeated. Removal rate calculations were based on change in
rumen contents during the It-hour fast. All nutrients studied
passed the rumen more rapidly during spring and summer months
than fall and winter months. Fibrous fractions were removed more
rapidly than cell solubles and crude protein, which may indicate
that optimum utilization of native Flint Hills range forage is not
being achieved. Methods which increase microbial attack of plant
cell wall contents may significantly improve livestock production
on native rangeland.

Nutrient removal rate is the rate at which nutrients are removed
from the ruminoreticulum due to digestion, absorption, and passage of undigested residues to the omasum (Yadava and Bartley
1964). Alfalfa diets have shown more rapid removal of soluble than
fibrous fractions (Kick and Gerlaugh 1935, Silver et al. 1935,
Burroughs et al. 1946, Hale et al. 1947, Radisson 1955, Yadava and
Bartley 1964). Krzywanek and Quitteck (1936) (pasture grass and
clover); Hamilton et al. (1955) (grass mixture); Stallcup et al.
(1956) (clover silage and grass hay); and Jacques (1981) (native
range forage) show slower removal of soluble than fibrous fractions.
ObJecttves of the present study were to determine rumen removal rates of nutrient fractions as range forage quality changed and
to compare removal rates among those fractions.
Study Area and Methods
The study area was 5 km northwest of Manhattan, Kans. Vegetation was largely Andropogon gerardi (big bluestem), Sorghastrum nutans (indiangrass), and Andropogon scoparius (little
bluestem).
Experimental animals were a ruminally fistulated Hereford steer
and heifer 2 to 3 years of age grazing Flint Hills range from May,
1979, to August, 198 1. Winter supplementation, when necessary,
ceased 10 to 14 days prior to the sample date.
Samples were taken biweekly from May through October and
monthly from November through April. Cattle were penned and
fasted overnight with water prior to the sample day. The following
morning total contents of the rumen were removed as described by
Yadava and Bartley (1964). Digesta was placed in a large tub,
mixed thoroughly by hand for 3 to 5 minutes, quickly sampled with
a 600-ml, 12-cm diameter container and weighed. Digesta was then
returned to the rumen.
This method was employed because its successful use at Kansas
Authors are assistant professor
and research agronomist, USDA-AR&
Crop Production Research Unit, University of Missouri, Colombia 6521 I; professor of range
management and research associate, Department of Agronomy Throckmorton Hall,
Kansas State Univeristy, Manhattan 66506.
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State University and other institutions and its acceptance in a
variety of scientific journals supports its validity for measuring the
parameters of interest (Reid 1965).
Forage offered to the cattle was cut with a sickle-bar mower
either on the sample morning or the evening before. When cut the
evening before, it was refrigerated overnight. Cattle were offered a
known amount of forage for I hour or until they ceased eating.
Refused forage was collected, weighed, sampled for water loss and
subtracted from the total amount offered. After feeding, the cattle
were fasted with access to water for 12 hours. Then their rumens
were emptied, and the contents mixed, weighed, and sampled.
Rumen and “forage-fed”samples were weighed, dried in a forcedair oven at 38”C, and weighed again to determine dry matter
(DM). They were ground through a Wiley mill (l-mm screen) and
cell solubles (CS), cell walls (CW), cellulose(C), and hemicellulose
(HC) were determined (Goering and Van Soest 1970). Microkjeldahl nitrogen (N) was measured calorimetrically and crude
protein (CP) estimated by N X 6.25. We used a randomized complete block type of design with animals as replications. Data were
analyzed by analysis of variance with time as treatments. Means
were separated using Duncan’s new multiple range test (K.05,
Duncan, 1955).
Results and Discussion
Forage Fed Characteristics

Greater CP and CS percentages and lower CW, C, and DM
percentages were observed during periods of traditionally high
forage quality. Crude protein and CS decreased and CW and C
increased with maturity. Hemicellulose content varied little with
maturity. Our forage quality observations support quality aspects
of harvest recommendations for Flint Hills native hay (Launchbaugh and Owensby 1978) which state the best quantity-quality
relationship came from mid-July harvesting.
Soluble Fraction Removal among Dates

Removal of soluble fractions (CS, CP) was more rapid (K.05)
during periods of high forage quality than low quality periods. Cell
soluble removal rates (Fig. 1) represent that phenomenon. Slowest
removal rates often occurred during the latter portion of the dormant period. That may have been due to advanced weathering of
standing forage and absence of cool-season selection in harvested
forage fed to cattle.
Fibrous Fraction Removal among Dates

Removal rates of CW showed the same trend of more rapid
removal (x.05) during higher quality periods than low quality
periods (Fig. 2). Figures (not shown) for DM, C and HC are similar
to that for CW.
Increases in forage fibrous fractions (Allinson 1971, Wilkins
1972) and decreases in soluble fractions (Terry and Tiley 1964,
Akin et al. 1977) are linked to decreases in digestibility (Connor et
al. 1963, Allison 197 1, Duble et al. 197 1). Since greater digestibility
results in increased intake and rate of passage (Blaxter et al. 1956,
1961) and reduced rumen retention time (Balch and Campling
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significantly different (P<.O5).
1965), nutrient removal rates from ruminoreticula
were more rapid
during periods of high range forage quality. Flint Hills studies
(Smith and Owensby
1978) showing lower average daily gain
(ADG) for July 15 through October 30 than for May I through
July 14 demonstrate
the animal response to forage maturity and
removal rate differences. Forage maturity and rates of removal are
ma_jor reasons why the intensive early stocking system has shown
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Table 1. Kansas Flint Hills harvested range forage composition (% dry matter) fed to cattle and cattle rumen ingesta composition after It-hours digestion.

Crude protein
diet
rumen

Cell solubles
eiet

rumen

Cell walls
diet
Year

Growing season
SE
(June - Ott)
(Apr - June)
Dormant season
SE
(Nov - Mar)

(Apr - June)
Dormant season
SE
(Nov - Mar)

Hemicellulose

rumen

diet

rumen

5.64
f1.22

15.0
M.68

29.3
f5.63

40.8
f 4.44

--(%t-71.2
f5.25

59.2
f3.45

31.8
f5.20

17.6
f6.95

28.4
f1.94

19.8
f6.94

2.06
f1.41

8.7
M.83

18.0
f6.50

31.0
f5.44

82.3
f6.43

63.7
f4.22

41.7
f6.00

28.3
f7.87

27.4
f2.19

21.9
f7.87

5.78
f1.08

12.3
M.73

27.9
zt4.93

38.9
k3.61

72. I
f4.68

60.8
zt3.61

32.9
f1.38

19.3
f4.26

29.9
rt4.47

22.4
f1.45

3.1
f1.52

7.03
M.90

21.6
f6.6

30.0
f4.42

78.4
Zt5.59

70.0
f4.42

39.3
fl.69

26.7
f4.83

26.7
f4.78

21.1
f1.65

tive of the others. Average percentages of fibrous fractions were
lower and CP and CS percentages higher in ruminoreticula 12
hours post feeding than in harvested forage fed (Table I) indicating
faster removal of fibrous and slower removal of CP and CS
fractions.
Past work showed more rapid removal rates of soluble fractions
such as CP and nitrogen-free extract (NFE) compared to fibrous
fractions (Burroughs et al. 1946, Radisson 1955, Yadava and Bartley 1964) and I2-hour post-feeding rumen contents higher in crude
fiber (CF) and lower in CP and NFE than that of the feed (Silver et
al. 1935, Kick and Gerlaugh 1935, Hale et al. 1947, Yadava and
Bartley 1964). Work using *4Crevealed a removal sequence (fastest
to slowest) of soluble sugar, pectin, protein, lipid, cellulose, hemicellulose, and lignin (Alexander et al. 1969). The authors mentioned above fed alfalfa hay with the exception of Radisson (1955)
who fed a brome and alfalfa hay mix with grain (2: 1).
Hamilton et al. (1955) fed a grass hay (largely timothy) plus a
mixed grass and clover silage while Krzywanek and Quittex (1936)
fed an unknown pasture grass and clover hay. Both studies showed
increased rumen CP and CF percentages compared to the feed as
digestion progressed over 12 hours. Stallcup et al. (1956) compared
nutrient removal rates of sericea lespedeza (Lmpedezu cuneutu), 3
Korean lespedezas, and upland prairie hay. Upland prairie hay and
most of the lespedezas had faster removal rates of DM and C than
CP. Jacques (1981), feeding Kansas Flint Hills range forage,
showed faster removal over 12 hours of HC and C than CS.
French’s (1957) review of tropical grass nutritional value reveals
quite a number of in vivo digestibility studies confirming the higher
digestibility of crude fiber than nitrogen free extract and protein in
tropical species.
Differences in the sequence of removal of fractions from the
rumen in our study compared with previous studies may be due to
species microanatomical
differences in leaf tissue undergoing
microbial attack and leaf structures inhibiting attack. Comparison
of tropical and temperate grasses show differences in microanatomy to affect digestion. More rigid parenchymal bundle sheaths
and their slower digestion in tropical grasses, a greater percentage
and more rapid degradation of easily digested mesophyll and
phloem in temperate species, and a greater percentage of slowly
digested tissues in tropical species have been reported (Akin and
Burdick 1975, Hanna et al. 1973). Our study indicates that in
Kansas tropical grasses, large amounts of CW constituents may
have to be degraded first before fractions such as CP and CS can be
digested.
Alfalfa leaf and stem cuticle, digestive inhibitors, are rapidly
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diet

I (1979-80)

Year 2
Growing season
SE
(June - Ott)

Cellulose

rumen
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sloughed (Monson and Burton 1972, Monson et al. 1972) increasing exposure of more rapidly degradable material to microbial
attack (Brazle and Harbers 1977) whereas tropical species such as
big bluestem show cuticular layers, spongy mesophyll and vascular
tissue remaining after 72 hours exposure time to rumen microorganisms (Brazle et al. 1979). Legume cell walls are more highly
lignified and less digestible but are digested more rapidly than grass
CW (Smith et al. 1972), which indicates faster microbial leaf entry
and tissue degradation. Large intercellular leaf spaces and thin
epidermal cuticle found in legumes likely explain the apparent
anomaly.
Jacques (198 1) explained faster removal of C and HC than CS as
the result of inadequate protein levels in Kansas Flint Hills prairie
hay fed to cattle. She suspected this resulted in decreasing rates of
energy digestibility followed by lower intake and rate of passage.
Low protein content plus the inaccessibility of protein due to
warm-season internal leaf structure may interact to effectively
lower performance on native grasslands.

Conclusions
This study indicates optimum utilization of native Flint Hills
range forage is not being achieved. Methods of improving utilization such as proper season of use (early intensive grazing) or forage
manipulation methods which would expose plant cell contents to
rumen microbial attack may significantly improve livestock productivity on Kansas Flint Hills range.
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Quality of Water for Livestock in Man-made
Impoundments in the Northern High Plains
MARK A. RUMBLE

Abstract
Twenty-seven water quality parameters were measured in coal
surface mine impoundments,
bentonite surface mine impoundments, and livestock ponds in the Northern High Plains. Most
impoundments were safe for use as a source for livestock drinking
water. Eight water quality parameters were different (60.05)
among the types of impoundments. Sulfate concentrations in some
coal and bentonite surface mine impoundments were higher than
recommended for safe livestock use. Total dissolved solids in bentonite surface mine impoundments may be higher than considered
safe. Lead concentrations in some coal surface mine impoundments and Livestock ponds exceeded the recommended safe levels

NORTH DAKOTA

X BEULAH

X

FIRESTEEL

for livestockdrinking water.
Surface mining in the Northern High Plains left depressions that
later filled with water. The use of these surface mine impoundments for livestock watering represents a potential benefit; however, little information is available pertaining to such a use. The
quality of water in some coal surface mine impoundments may not
be of suitable quality for watering livestock (Gilley et al. 1976).
Livestock ponds in the Northern High Plains were created by
damming drainages. Usually, they have been found to contain
water of suitable quality for livestock (Alsayegh et al. 1966, Soiseth
1975). This study investigated the quality of water in coal and
bentonite surface mine impoundments and livestock ponds in the
Northern High Plains as related to livestock drinking water. Whereas assessment of water quality can ensure a safe source of drinking
water for livestock, other problems, such as animals becoming
stuck in the mud of bentonite impoundments, still need to be
solved.
Study

Area and Methods

Three types of water impoundments were selected for this study
in northeastern Wyoming, western South Dakota, and western
North Dakota (Fig. 1). Twenty coal surface mine impoundments,
12 bentonite surface mine impoundments, and 9 livestock ponds
were selected for study. The coal surface mine impoundments were
near Beulah, N. Dak.; Gascoyne, N. Dak.; Firesteel, S. Dak.; and
Sheridan, Wyo. Bentonite surface mine impoundments
were
located near Colony, Wyo. One or 2 livestock ponds were selected
at each of these locations.
Twenty-seven water quality parameters were compared among
impoundment types. During 1978, single grab samples from each
surface mine impoundment and livestock pond were analyzed for
aluminum, arsenic, cadmium, chromium, cobalt, copper, iron,
mercury, lead, manganese, selenium, silica, and zinc by the U.S.
Geological Survey Laboratory in Arvada, Colo. Nitrate, total
Kjeldahl nitrogen (TKN), phosphorus, potassium, magnesium,
sodium, calcium, sulfate, chloride, total dissolved solids (TDS),
depth of 0.5% light penetration, pH, bicarbonate, and carbonate
samples were collected over a 3-year period ( 1976- 1978) and the
results of the analyses were averaged. Nitrate samples were filtered
through a 0.45-p filter, and chilled to 4OC. TKN samples were
The author is a research wildlife biologist with the Rocky Mountain Forest and
Range Experiment Station, Rapid City, S. Dak., in cooperation with the South
Dakota School of Mines and Technology. The Station’s headquarters is in Fort
Collins, in cooperation with Colorado State University.
Manuscript accepted April 3, 1984.
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Fig. 1. Locations of water impoundments selectedfor this study.

acidified with sulfuric acid. All laboratory analyses were done by
methods specified by the American Health Association (1975).
Bicarbonate and carbonate were measured by titration, and depth
of 0.5% light penetration was measured with an underwater photometer. Age of the impoundments was included in the analyses for
interpretive purposes.
Data were subjected to one-way analysis of variance by the type
of impoundment (Nie et al. 1975). Tukey’s test and/or linear
contrasts were used to determine where differences among impoundment types existed (Steel and Torrie 1960). All analyses were
considered significant at og.05.
Results
Impoundment

Differences

Age of the impoundments and 8 water quality parameters were
different among the 3 impoundment types (Table I). Age of the
impoundments was different among all 3 impoundment types.
Livestock ponds were the oldest, followed by coal surface mine and
bentonite surface mine impoundments, respectively. Statistically,
differences in the 8 other parameters between and among the 3
impoundment types were significant ((~10.05), but not consistent.
Total Kjeldahl in the 2 types of surface mine impoundments was
similar but lower than levels in livestock ponds. Phosphorus levels
were higher in livestock ponds than coal surface mine impoundments. Potassium was highest in the coal surface mine impoundments and lowest in the livestock ponds. Phosphorus and potassium concentrations in bentonite surface mine impoundments
were not different from levels found in the other 2 types of
impoundments. Bicarbonate concentrations were higher in coal
surface mine impoundments and different only from levels found
in the bentonite surface mine impoundments. The highest concen-
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Table 1. Water quality parameters that were significantly different ~60.05) among surface mine impoundments
High Plains.’

Parameter
(Units of measurement)
Age of Impoundment
Total Kjeldahl
Phosphorus
Potassium
Bicarbonate

Coal surface
mine impoundments
Fk
(Range)

Bentonite surface
mine impoundments
X&SE
(Range)

24.85 f 2.58’
(I 1.0 - 55.0)

I 1so f 2.20b
(4.0 - 26.0)

41.22 f 6.22”
(12.0 - 69.0)

0.36 f 0.30’
(0.18 - 0.69)

0.33 f 0.02’
(0.18 - 0.47)

0.66 f 0. 15b
(0.34 - 1.3 1)

0.05 f 0.01’
(0.00 - 0.24)

0.12 f 0.07”.b
(0.01 - 0.93)

0.26 f 0.11 b
(0.01 - 1.10)

NA

22.75 f 2.04’
(11.0 - 48.0)

17.50 f 2. IOa.b
(10.0 - 34.0)

15.78 f l.61b
(10.0 - 23.0)

NA

(years)

nitrogen

(mg/l)

(mg/l)
(mg/l)
(mg/ 1)

Recommended
Maximum

source

NA2
See nitrate

in Table 2

105.75 f 17.41b
( 16.0 - 200.0)

188.80 f 55.82’*b
(16.0 - 450.0)

3,600 mg/ 1

Weeth (1973)

1.22 f 0.15”
(1.0-2.0)

50.0 /.Ig/l

EPA (1972)

(pg/ 1)

2.20 f 0.75”
(0.0 - 16.0)

10.58 f 3. 19b
(3.0 - 32.0)

Carbonate

(mg/l)

91.85 f 16.96’
(0.0 - 281.0)

30.00 f 7.55b
(0.0 - 76.0)

Depth of 0.5% light (m)
(mg/ 1)

Livestock ponds
?&SE
(Range)

255.25 f 38.69’
(50.0 - 650.0)

Selenium

Magnesium

and livestock ponds on the Northern

96.OOf22.80*
(20.0 - 225.0)

NA

4.15 f 0.44”
(0.3 - 9.9)

1.96 f 0.48b
(0.0 - 4.7)

2.50f0.56b
(0.1 - 5.5)

NA

98.15 f 23.04”
(5.0 - 365.0)

26.91 f 12.00b
(3.0 - 154.0)

23.67 f 4.94b
(10.0 - 60.0)

1,712 mg/l

‘Means with the same superscript letter for a given parameter are not different from each other (60.05)

Ballantyne

(1957)

as determined by Tukey’s test.

*NA indicates a standard was not available.

trations of selenium and lowest carbonate concentrations were in
bentonite surface mine impoundments. Both of these values were
different from those of coal surface mine and livestock watering
ponds, which did not differ. Depth of 0.5Yo light penetration and
magnesium concentration were similar in bentonite surface mine
impoundments and livestock ponds, and lower than coal surface
mine impoundments.
The mean and range of concentrations of the 19 other water
quality parameters measured were not different in the analyses of
variance (Table 2). Although significant differences were not
found, concentrations
of some of these parameters exceeded
recommended safe standards for livestock and/ or wildlife drinking
water. The maximum concentration of TDS in the bentonite surTable 2. Mean and range of measurements
Northern
High Plains.

face mine impoundments was twice the recommended safe limit,
whereas, the highest concentration in coal surface mine impoundments was at the recommended safe tolerance level (Olson et al.
1978). However, the average TDS concentrations for all 3 types of
impoundments were considered acceptable for livestock drinking
water. The highest concentration of sulfate found in bentonite
impoundments was almost 4 times the recommended safe limit of
2,500 mg/ 1 (Digesti and Weeth 1976). Sulfate levels twice the safe
limit were found in some coal surface mine impoundments. However, average sulfate concentrations in all 3 types of impoundments
were less than the recommended safe level. Maximum lead concentrations in all 3 types of impoundments exceeded the recommended safe level of 100 c(g/ 1for livestock water (EPA 1972, Dyer

of water quality parameters from two types of surface mine impoundments

Parameter
(Units of measurement)

Coal surface
mine impoundments
X (Range)

Bentonite surface
mine impoundments
X (Range)

Aluminum (pg/ 1)
Arsenic (pg/ 1)
Cadmium (pg/l)
Chromium (rg/l)
Cobalt (pg/ 1)
Copper @g/l)
Iron (rg/ 1)
Lead @g/l)
Manganese (mg/ 1)
Mercury (pg/ 1)
Silica (mg/ 1)
Zinc (mg/ I)
Nitrate (mg/l)
Sodium (mg/ 1)
Calcium (mg/ 1)
Sulfate (mg/ 1)
Chloride (mg/ 1)
TDS (mg/Y
PH

46.50
1.60
10.80
4.00
0
4.00
90.00
166.00
0.03
0.01
3.55
0.02
0.04
433.65
100.80
1246.00
14.60
2188.50
8.63

60.00 (O-530)
9.60 (I-100)
5.60(1-10)
12.50 (o-120)
0.50 (O-6)
4.50 (O-2 1)
90.00 (10-590)
93.00 (6-220)
0.32 (o-3.60)
0.10 (O-1.0)
4.89 (0.2-18.0)
0.03 (0.0 I-0.05)
0.27 (0.01-1.50)
765.83 (60-3950)
66.42 (6.227)
1788.00 (120-9100)
25.25 (3-156)
2706.67 (340-14000)
8.32 (6.92-9.18)

(o-660)
(l-4)
(3-50)
(O-10)
(l-22)
(IO-I 100)
(27-490)
(O-O. 13)
(O-O. 1)
(0.1-19.0)
(0.01-0.07
(0.01-o. 16)
(32- 1340)
(14-314)
(290-4900)
(3-49)
(660-7100)
(7.78-9.39)

Livestock
ponds
Y( Range)
17.80 (O-l 10)
3.40 (I-13)
8.10 (2-28)
2.20 (O-IO)
0
2.60 ( l-9)
52.00 (10-120)
12 1.OO (22-350)
0.35 (O-3.00)
0.06 (04.2)
3.16 (0.4-14.0)
0.01 (0.01-0.03)
0.26 (0.01-2.10)
250.67 (L-t-600)
49.44 (19-136)
529.00 (28-920)
8.00 (3-19)
2071.11 (180-2100)
8.56 (8.03-9.00)

Recommended’
Maximum
for livestock
5000.0 ccg/ 1
200.0 ccg/ 1
50.0 /.&g/1
1000.00 pg/l
1000.0 pg/l
500.0 pg/ 1
No limit
100.0 /.&g/l
500.0 mg/ 1
1.0 fig/l
48.0 mg/ 1
25.0 mg/ 1
300.0 mg/ I
3933.0 mg/ 1
1000.0 mg/ 1
2500.0 mg/ 1
6030.0 mg/ 1
7000.0 mg/ 1
9.03

and livestock ponds on the

Source
EPA ( 1972)
EPA (1972)
EPA (1972)
EPA(1972)
EPA(1972)
EPA (1972)
Dyer gnd johnson (1976)
Dyer and Johnson (1976)
Weeth (1973)
EPA (1976)
Stephenson (1973)
EPA (1972)
Olson et al. (1980)
Weeth (1973)
Hart (1974)
Digesti & Weeth (1976)
Weeth (1973)
Olson et al. (1978)
EPA ( 1972)

11 mg/lisequalto
1000&l.
2TDS = total dissolved solids.

‘This value for pH was recommended for protection of the aquatic environment.
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and Johnson 1976) and the average concentrations of lead in coal
surface mine impoundments and livestock ponds also slightly
exceeded this limit. The highest concentration of cadmium found
in coal surface mine impoundments was equal to the safe maximum reported for this element (EPA 1972).
Otherwise, concentrations
for all other elements and compounds tested for in this study were within the limits considered
safe for livestock drinking water (Ballantyne 1957, EPA 1972,
Stephenson 1973, Weeth 1973, Hart 1974, Dyerand Johnson 1976,
Olson et al. 1980).
Discussion
Age of impoundments was not related to the differences in the
water quality from this study. Based on Tukey’s test, the similarities among impoundment types of water quality parameters which
were different, were not the same nor consistent with differences in
ages of impoundments. However, age of impoundments could not
effectively be separated from type of impoundment, so the importance of age should not be dismissed. Age of impoundments in this
study reflects the history of surface mining activities in the Northern High Plains. Gilley et al. (1976) could not identify trends in
water quality in coal surface mine impoundments less than 4 years
in age nor more than 25 years of age.
The use of surface mine impoundments for livestock watering is
of considerable interest in the arid Northern High Plains. Coal
and/ or bentonite surface mine impoundments and livestock ponds
in this region usually contain water suitable for drinking by livestock and wildlife. With few exceptions, the sources of water in this
study met or did not exceed most of published tolerance limits for
water quality for livestock and/ or wildlife.
Depth of 0.5% light penetration was used as an indicator of
turbidity in this study. Turbidity in livestock waters is in itself not
generally a problem, although livestock could conceivably be
affected by drinking muddy water (Soiseth 1975). Bentonite surface mine impoundments were the most turbid, although all 3 types
included some impoundments that were very turbid.
Excess salts in livestock drinking water can cause death to
livestock. Guidelines have been developed (Soiseth 1975, Olson et
al. 1978) which indicate that TDS less than 4,000 mg/ 1 (mg/l
approximately equals ppm) should be acceptable for livestock; less
than 7,000 mg/l may cause temporary diarrhea, or animals may
temporarily refuse to drink. Concentrations of higher than 7,000
mg/ 1TDS can impede growth and milk production, and may cause
death in all classes of livestock (Olson et al. 1978). Specific conductivity (SC), which is easy to measure, can be converted to approximate TDS. Soiseth (1975) reported that for southeastern Montana
TDS = 0.819 (SC) - 86.9; the results of this study indicated TDS
1.Ol (SC) - 299, (Rr = 0.95). Because of the high TDS levels reported
for some surface mine impoundments, these waters should be
tested before they are used for livestock.
Digesti and Weeth (1976) reported that sulfates in water for
livestock can cause changes in the blood composition and renal
function of cattle and that 2,500 mg/ 1was close to a safe tolerance
for sulfates in livestock water. Paterson et al. (1979) and Anderson
and Stothers (1978) have reported safe consumption of water
containing over 3,000 ppm sulfate by pigs. The recommendation of
Digesti and Weeth (1976) was based on data from their research on
cattle, and so was accepted here. Sulfate levels above this limit were
found in this study. However, since other anions are also present
with sulfate, it would be likely that TDS would become a problem
to the quality of drinking water for livestock before sulfates (O.E.
Olson, Brookings, S. Dak., personal communication) for impoundments in the Northern High Plains. Both types of surface mine
impoundments should be evaluated before they are used for livestock drinking water.
Excess concentrations of lead in drinking water can cause lead
poisoning. Documented cases of lead poisoning in animals have
occurred in water containing 2,400 pg/l of lead Pierse (1938). The
highest level of lead reported here was 0.490 mg/l (490 pg/l).
q
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However, some impoundments of all 3 types contained lead concentrations which exceeded the recommended level (100 pg/ 1Dyer
and Johnson 1976). Therefore, it might be prudent to test livestock
waters in this region for lead. Although concentrations of some
elements in impounded water sources can be related to concentrations in the atmosphere (Frasier 1983), concentrations of elements
in waters from mine impoundments were related to spoil characteristics (McWhorter et al. 1975) or to the ground water (Wangsness
1977).
Cadmium in this study only reached the recommended maximum safe concentration in coal surface mine impoundments.
Cadmium concentrations in one coal surface mine impoundment
near Coalstrip, Mont., exceeded the recommended levels for livestock in only one sample (Goeringand Dollhopf 1982). Therefore,
it is unlikely that cadmium concentrations
in livestock waters
would be a problem.
Conclusion
Of the 27 water quality parameters evaluated in this study, 8
showed significant differences among impoundment types. These
differences could not be related to age of the impoundments.
Concentrations of 4 parameters-sulfate,
TDS, lead, and cadmium-were
equal to or exceeded the recommended safe levels
reported in the literature for livestock drinking water. Because
other anions are present in these waters, TDS is probably the best
indicator of water quality and should be tested for in water from
surface mine impoundments prior to use for livestock. Specific
conductivity can be used to estimate TDS by the formula TDS
1.01 (SC) - 299. Lead concentrations might also be above the
recommended safe levels in some impoundments, but these concentrations should not be enough to cause severe health problems
to livestock.
q
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Changes in Diets of Wapiti during a Hunting
Season
LUIGI E. MORGANTINI

AND ROBERT J. HUDSON

Abstract
This study was conducted to assess the impact of hunting on
diets of a wapiti (Cervus elaphus) population in west-central
Alberta, Canada. During special winter hunts, consumption of
rough fescue (Festuca scabrella) decreased from 86.9% to 34.3%,
while browsing increased. The contribution of wild rye (Elymus
innovatus) and wheatgrass (Agropyron subsecundum), mostly
growing in forested areas, increased 15-18%. After the hunting
seasons, animals returned to the same diet they had selected previously. Browse had signifkantly higher crude protein contents,
but lower dry matter digestibility than grasses. In spite of submaintenance crude protein contents of grasses, undisturbed wapiti
appeared to prefer grazing to browsing.
The potential
impact of human activities on wapiti (Cervus
eluphus) has received considerable attention. Several authors have
reported changes in distribution,
habitat selection, and behavioural patterns
caused by recreational
or industrial
activities
(Ward et al. 1973, Perry and Overly 1976, Lyon 1979). Attempts
also have been made to relate levels and types of human disturbance to energy expenditures
(Ward et al. 1976). However, an
assessment of the impact of human activities on welfare and productivity of ungulate populations
is still limited to approximate
determinations
of habitat loss and to general statements
about
consequences
of altered distribution
patterns.
Morgantini
and
Hudson (1979) reported the avoidance of traditional
ranges by
wapiti during winter hunting seasons. This report documents
a
major change in food habits accompanying
this redistribution.

Study Area and Methods
The study was conducted on the Ya Ha Tinda Ranch, a traditional winter range in west central Alberta, Canada. The area, 35
km*, is located in the foothills of the Rocky Mountains, approxiAuthors are respectively, president, Wildland Resources Consultants, and associate
professor, Department of Animal Science, University of Alberta, Edmonton, Canada,
T6G 2P5. At the time of the study, the senior author was graduate research assistant
with the University of Alberta.
We thankfullv acknowledne the financial sutmort of the Alberta Fish and Wildlife
Division and tbk cooperatio;
of Parks Canada.’
Manuscript accepted April 17, 1984.
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mately 10 km east of Banff National Park. It consists of a rolling
open rough fescue (Festuca scabrella) grassland surrounded
by
aspen (Populus tremuloides) and lodgepole pine (Pinus contorta)
forests. Willows (Salix spp.) and dwarf birch (Betula glandulosa)
are abundant in the grassland-forest
ecotone. Due to the surrounding mountains,
the area is subject to mild winter weather while
westerly winds keep grasslands largely snow-free.
At the time of the study, 1976-77 and 1977-78, approximately
400 animals wintered in the valley. Most were cows and calves with
a few young bulls. These animals comprised a major portion of the
wapiti inhabiting the northern half of Banff National Park.
Between 1969 and 1975, in response to presumed overgrazing,
special hunting seasons (either sex) were held during the first 2
weeks of January and February. Hunting was allowed only 3 days
a week. From 1976 to 1978, the special season was restricted to
males. Every winter 200 licenses were issued, 50 for each week of
the hunt.
This study focused on food habits prior, during, and after the
hunting seasons of 1977 and 1978. Diet composition was estimated
by identification
of plant cuticular fragments in feces (Hansen et al.
1973, Dearden et al 1975). Every month, 20 samples of fresh wapiti
pellets were collected. During the hunting season, pellet collection
was restricted to the last day of the hunt to allow sufficient time for
forage passage through the digestive tract (Uden 1978). During the
winter of 1977, the late arrival of animals on winter range in
December did not allow fecal collection before hunting. Also,
samples could not be collected during the February hunts of 1977
since high hunting harassment
forced animals to abandon the
entire area and seek refuge on alpine ranges and in Banff National
Park.
Approximately
5 g from each oven-dried sample were combined
into one composite sample representing monthly diets. These were
sent to the Composition
Analysis Laboratory,
Colorado
State
University, for analysis at 100 microscope fields per sample.
To assess forage quality, composite grassland forage samples
were collected during the winter of 1977-78 from 10 randomly
distributed 20 X 50-cm plots. Composite samples were considered
adequate for this study because of the homogeneous
plant composition of the winter range (McGillis, J.W. 1977. unpublished

77

report) and the uniform grazing pattern of undisturbed wapiti
(Morgantini and Hudson 1979). Willow samples were collected
along the edge of the open range and were limited to current annual
growth.
Crude protein (CP) was assessed using the macro-Kjeldahl
method (AOAC 1965). In vitro digestible dry matter (IVDDM)
was determined following Tilley and Terry (1963) and Minson and
McLeod (1972). The technique was modified by placing vials with
forage samples and rumen inoculum in an incubation room maintained at 38’C. Constant stirring was achieved with a flask shaker
(160 rpm). Monthly samples were combined into one composite
sample on which one IVDDM trial was conducted in triplicate.
Rumen inoculum was obtained from a fistulated wapiti steer maintained on a diet consisting of a pelleted aspen-barley concentrate,
chopped alfalfa, and browse. The animal had access to tame grass
pasture ad libitum.
Results and Discussion
The contribution of major plant groups to the diet of wapiti
during mid-winter hunts is compared with results before and after
hunting in Table 1. During the winter of 1976-77, consumption of
Table 1. Diets of wapiti during hunting (January 1977 and January and
February 1978) and non-hunting periods (February and March 1977,
December 1977 and March 1978). Percentage fecal composition.

Hunting periods
X
SE

Non-hunting periods

Total grasses
Sedges
Carex spp.
Others
Total sedges

Shrubs & Trees
Salix spp.
Pinus spp.
Others

Total shrubs & trees
Forbs
‘Valueswithin rows followed

range samples

and willow

twigs during the winter of

Grasses %
IVDDM
December
January
February
March
xfSE

68.5
67.0
67.2
67.3
67.5a f 0.331

CP
December
January
February
March
x f SE

3.6
3.7
3.5
3.1
3.5a f 0.13

Willow %
50.7
50.0
54.2
51.3
5 I .6b f 0.92
8.4
8.9
8.5
9.2
8.Jb f 0.18

lValues within rows followed by different letters are significantly

Dietary protein requirements for wapiti in winter are believed to
range between 7% and 5% (Hobbs et al. 198 1). Even though wapiti
wintering on the Ya Ha Tinda Ranch may select for parts of plants
with a higher protein content, it is unlikely that selectivity fully
compensates for a forage species that is such a poor source of
nitrogen. The shift to wild rye and wheatgrass, observed during the
hunting seasons, did not significantly increase the intake of nitrogen per unit of dry matter. Crude protein content of hairy wild rye
and wheatgrass at a weathered stage is reported to be 2.08% and
2. IO%, respectively (Johnston and Bezeau 1962). In the winter of
1982-83, crude protein content of wheatgrass near the Ya Ha Tinda
Ranch area averaged 3.1% (Morgantini and Russel 1984, unpublished report).
Crude protein content of willow twigs ranged from 8.4% (M. 15)
in December 1977 to 9.2% (50.3) in March, 1978 (Table 2). During
winter, browse species generally retain higher amounts of digestible protein than grasses (Cook 1972). Therefore, a significant
increase of willow in the diet of wapiti might appear to be nutritionally beneficial. However, in view of the significantly lower
IVDDM of willow twigs, the shift to browsing decreased the
concentration of digestible energy.
The feeding behaviour of wapiti on the Ya Ha Tinda ranch does
not conform to the feeding strategy of wapiti in Colorado where
animals shifted to browse in response to low nitrogen content of
grasses (Hobbs et al. 1981). In spite of the low nitrogen content of
grasses on the Ya Ha Tinda Ranch, willow did not make up a major
portion of the diet outside the winter hunting seasons. Higher
IVDDM content of grasses in our study area (67-68s) than in
Colorado (4445%; Hobbs et al. 1981) may explain the absence of
such compensatory feeding behavior.
According to Ammann et al. (1973), most ruminants have difliculty consuming enough forage to meet energy requirements when
digestible dry matter falls below 50%. In this study, willow twigs
barely met requirements, whereas IVDDM values of grasses exceded this approximate criterion by a significant margin. The
observed preference by undisturbed wapiti of grasses over browse
suggest that digestibility is more critical to wintering wapiti than
nitrogen. Nitrogen requirements may be partially met by either
increased intake and/ or more efficient nitrogen recycling (Mould

1.5
7.5
2.1

.8b
86.9b
I.lb

.3
1.9
.6

57.9a

4.7

88.8b

1.7

10.2a
1.1

7.4

3.5b

.4

.J

.2

.1

11.3a

1.8

3.Jb

.4

16.Oa
5.8
6.4

5.8
2.9
4.5

1.9b
1.8
1.0

.J

28.3a

4.8

4.Jb

.8

2.2

.9

.2J

1.5

.5
.4

different at KO.05.

grasses increased after the hunting season from 66.0% to 85.6%.
The following winter, grasses decreased from 84.7% to 50.5%
during hunting and increased again to 88.2% afterwards.
Further insight is obtained from examination of the dietary
contributions of individual species. Use of fescue during the January hunts was substantially less than the month preceding or
following. During both winters, consumption of hairy wild rye
(Elymus innovatus) and bearded wheatgrass (Agropyron subsecundum), increased from about I%, outside the hunting seasons, to
15 and 18% of the diet during hunting.
These results reflect the pattern of animal distribution and habitat selection described by Morgantini and Hudson (1979) for the
winter preceding this study. The significant decrease in dietary
contribution
of fescue reflects avoidance of open grasslands.
Greater utilization of wild rye and wheatgrass is associated with
increased use of surrounding aspen forests, where the winter herbaceous layer is composed mostly of hairy wild rye and bearded
wheatgrass. The higher level of browsing during hunting is related
to increased utilization of edge habitats supporting dense stands of
willow (Morgantini and Hudson 1979).
On the Ya Ha Tinda winter, range grasses, specifically rough
78

of composite
1977-78.

SE

18.3a
34.3a
5.3a

by different letters are significantly

Table 2. In vitro dry matter digestibility (IVDDM) and crude protein (CP)

X

Grasses
Elymus-Agrop.
Festuca spp.
Others

fescue, normally dominate wapiti diets. However, rough fescue is a
nutritionally poor forage in winter. Crude protein content at a
weathered stage is reported to be 4.2%, well below minimum
maintenance requirements of range cattle (Johnston and Bezeau
1962). Crude protein content of rough fescue in the study area in
December 1982 was 2.6% (Morgantini, L.E. 1983. unpublished
data). Crude protein content of composite range samples collected
during this study (1977-78)averaged between 3.1 (fO.14) and 3.7%
(M. 16) of dry matter (Table 2).
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and Robbins 1981).
We conclude that special winter hunting seasons cause a major
shift in diet selection and that this shift resulted in lower diet
digestibility. Crude protein content in the diet increased but the net
effects of the increase are unclear. Nonetheless, it is reasonable to
assume that during severe winters, when digestible energy is probably most limiting, a decrease of its dietary concentration would
have a negative impact on the welfare of wapiti populations in
west-central Alberta.
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Effect of Forage Depletion on the Feeding
Rate of Wapiti
R.J. HUDSON AND M.T. NIETFELD

Abstract
We evaluated forage intake rates of wapiti (Cervus elaphus
nelsoni) during the depletion of a grass sward over a 7-day period.
Bite sizes increased linearly with forage biomass and plant height
within the range of our data. Maximum foraging rates of 45
cropping bites per minute declined exponentially at bite sizes
greater than 0.2 g. Consumption rates increased asymptotically
with forage biomass to a predicted asymptote of 17.6 g/min
although the highest value observed was 12.6 g/min at a biomass of
2367 kg/ha. Average daily forage removals through grazing and
trampling (not distinguished) were 9.5 kg per animal and did not
decline as biomass was reduced from approximately 2,400 kg/ha
to 800 kg/ha.
Wapiti forage extensively on grass openings which are interspersed
throughout the aspen boreal forest (Gates and Hudson 1981).
These grasslands usually develop following disturbance by fire, or
mechanical removal of the aspen-dominated forest cover.
The modest productivity of these grasslands belies their high
grazing value. Forage growth begins soon after spring snowmelt
and forage quality in winter is protected from weathering by a
protective snow cover (Nietfeld 1983). Wapiti prefer grass uplands
even whey they have been grazed to short uniform lawns and
forage availability would be expected to limit intake. This study
documents the effects of declining forage biomass on forage intake
and foraging behavior of wapiti.
Methods
Study Area and Animals
We conducted the experiment in a grassland enclosure at the
Ministik Field Station, 30 km southeast of Edmonton, Alberta. A
0.15ha enclosure protected by a 4-strand electric deer fence was
established on a representative grassland. The main vegetation
components of the grassland were bluegrass (Poo pratensis),
smooth brome (Bromus inermti), white clover (Trifolium spp.) and
dandelion (Taraxacum officinale). The enclosure was left ungrazed
until it had matured in late August.
Two tame adult non-lactating females and 2 yearling (1 male, 1
female) wapiti were placed in the enclosure to defoliate vegetation
over a 7-day period (Aug. 3-9, 1983). Heavy stocking and a short
trial period on mature pasture was used to minimize the complicating effects of pasture growth. The animals grazed the area surrounding the enclosure prior to the trial thus an adjustment period
was not considered necessary.
Vegetation Measurements
Vegetation was sampled each day of the experiment using 10
randomly distributed 0.5 X 0.25-m plots. Within each plot, 10
measures of plant height were taken. Plant density was measured in
a IOO-cm2 subplot every second day. Plots were then clipped to
ground level for an estimate of biomass. Samples were oven-dried
Authors are associate professor and research technician, Department of Animal
Science, University of Alberta, Edmonton, Canada, T6G 2P5.
Research was supported by Farming for the Future and the Natural Sciences and
Engineering Council of Canada.
Manuscript accepted April 3, 1984.
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at 60°C to constant weight and expressed as kg dry matter/ ha.
Foraging Behavior
The wapiti were confined to the enclosure throughout a 7day
trial. We recorded the foraging sequences of each animal on a tape L
cassette during a regular foraging bout each morning. The number
of cropping bites was recorded, as were the number of steps and
feeding stations (location an animal grazed without moving either
forefoot). Data analyses were based on a sample 3-10 minute
session for each animal each day, using the determined rates:
bites/ min, steps/ min, and stations/ min.
Diet samples were collected by following each animal and hand
picking 50 “bites” to duplicate as closely as possible the amount
and species composition ingested. Samples were dried at 60°C to
constant weight, and bite size was estimated on a dry weight basis
as an average for all animals. Consumption rates (g/min) were
estimated by multiplying bite rate by bite size. Diet samples for
each animal each day were analyzed for crude protein by the
macro-Kjeldahl method.
Relationships were tested by linear regression except for the
asymptotic regression of consumption rate against forage biomass
which was fit by nonlinear asymptotic regression (Dixon 1981).
Results
Daily changes in range characteristics and foraging behavior are
summarized in Table I. Declines in biomass, tiller length and plant
density accompanied declines in forage moisture and dietary crude
protein. The depletion of biomass was variable but daily decrements were unrelated to trial day (IQO.05). Each animal removed
9.5 f 2.4 kg/day through grazing and trampling (not distinguished), a value which probably is specific to this set of experimental circumstances.
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Fig. 1.

Consumption rate of wapiti in relation toforage biomass on boreal
grasslands.

As estimated bite sizes declined linearly from 0.36 g to 0.1 I g
with depletion of forage biomass (p<O.OOS), foraging rates (bites/ min) increased in partial compensation. Nevertheless, consump-
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Table 1. Range cbaraderlstics

Biomass
(kg/ ha)
2367
(f161)
2158

Day
1
2

5

(-06)
1654
(f223)
1367
(fl91)
1324

6

(f2l5)
(f9p:8)

3
4

7

and foraging parameters of wapiti during progressive

Tiller
Length
(cm)
16.0

Plant
Density
(No/cmz)
51.7

(* .9)
13.3
(f2.2)
II.8
(f2.0)

(fz.1)
1
51.1
(f2.4)

$0)

I
24.8

&?7j

W.0)
I.4
(f1.4)

16.9
(fl.3)

823
(f69)

Dry
Matter
(%)
28.8
(M.9)
29.9
(fo.7)
30.3
(fo.6)
34.1
(M.8)
37.0
(f2.1)
31.7
(f1.5)
38.9

Protein
Cone
(%)
15.9
(M.2)
15.0
(fo.3)
14.1
(M.2)
14.1
(fo.0)
13.7
(f0.l)
13.5
(M.2)
13.5

Intake
Rate
(gl min)

Cropping
Rate
(bites/min)

Bite
Size
(g)

Feeding
Stations
(No/min)

Steps
(No/min)

12.6
(fo.5)
11.0
(M.2)

35.0
(fl.2)
36.1
(M.7)
39. I
(fl.2)
43.1
(fl.3)

0.36
0.30

(2.1)

(G:)

(G.2)

($5)

(5d.2)

(E)

(5$.2)

(Z)

(Z.3)
5.6
(fo.2)

&?6)

(fl.1)

(fo.1)

(fo.1)

(4.4)

$1)

tion rate (g/ min) declined from 12.6 g/ min to 5.0 g/ min as forage
biomass declined from 2367 kg/ ha to 823 kg/ ha (Fig. 1). Asymptotic regression gave:

g/min = l7.6* (l-e -O”IxdXma)

r2 =

0.94

This relationship predicts a maximum consumption rate of 17.6
g/ min on grasslands supporting over 2,500 kg/ ha. At 1,000 kg/ ha,
consumption rates are reduced by one half.
Number of steps/ min and stations/ min tended to increase with
bite rates as the pasture was depleted. Over the range of conditions
studied, foraging behavior (bites/step or bites/station) did not
change. The animals simply foraged more quickly.
Bite sizes were linearly related to both forage biomass (r* = 0.96,
p<O.OOl) and tiller lengths (r* = 0.88, F<O.OOl). For grassland
forages, bite rate declined with bite sizes exceeding 0.20 g (Fig. 2).
The highest rates observed were 45 cropping bites/ min.
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Fig. 2. Foraging rate of wapiti in relation to bire size.

Discussion
The maximum consumption rate of wapiti on boreal grasslands
during summer was between 12.6 (observed) and 17.6 (asymptote
of nonlinear regression) g/min. This is consistent with data
obtained for wapiti using similar bite-weight estimate methods
(Collins et al. 1978) and a less subjective technique using fistulated
animals (Wickstrom et al. in press). Smaller species such as reindeer (Trudell and White 1981), mule deer (Collins and Urness
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(&!3)
(&?3)

0.25
0.21
0.20

(iY2)
(212)
5.0

c”fiYl,

-

43.9
(M.9)
45.3

0.17

(fl.1)

-

10.0
(M-6)

0.11

1983) and domestic sheep (Allden and Whittaker (1970) have lower
maxima. Large grazers attain intake rates of approximately 18
g/ min for cattle (Chacon and Stobbs 1976) and 23 g/ min for bison
(our unpubl. data). Clutton-Brock and Harvey (1983) reasoned
that maximum foraging rates should be related to incisor row
width and that this scaled allometrically to body weight (BWoB).
In this study, consumption rates of wapiti declined rapidly below
1,500 kg/ ha. Limiting thresholds for grasslands swards probably
are also related crudely to body weight. Maximum intakes of
caribou occur at less than 1,000 kg/ ha (White et al. 1975) whereas
cattle continue to increase intake rates even when forage biomass
exceeds 3,000 kg/ ha (Chacon and Stobbs 1976).
Biomass is a good correlate of feeding rates only within a forage
class. Widely dispersed clumps are more available at an equivalent
biomass. Hence, intake relationships on mixed or shrub ranges are
expected to be generally higher (White et al. 1975, Collins et al.
1983).
To compensate for smaller bite sizes on depleted or unproductive ranges, animals may increase foraging rates (cropping bites/min) and grazing time. Assuming that a 220 kg nonlactating young
female requires 4,400 g dry matter/day (2% of live weight), foraging times would have to increase from 5.8 to 14.7 hr over the 7day
trial in order to maintain the same level of intake. During summer,
wapiti forage for about 9 hr daily at the field station where the
study was conducted (Gates and Hudson 1981). Like other ruminants (see Trudell and White 1981), wapiti rarely extend grazing
times beyond 13 hr (Gates and Hudson 1983). Therefore, to maximize productivity of wapiti, summer grassland ranges within the
boreal aspen zone probably should be stocked such that forage
biomass is not depleted to less than 900 kg/ ha.
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Factors Influencing Patterns of Cattle Grazing Behavior on Shortgrass Steppe
R.L. SENFT, L.R. RITTENHOUSE, AND R.G. WOODMANSEE
Abstract
Factors hzfluencingdistribution of free-roaming cattle were studied on shortgrass steppe in northeastern Colorado. Spatial units
selected for grazing were plant communities (soil-plant associations) and a stock-watering area. Regression models of grazing
patterns were derived for growing- and dormant-season grazing
patterns. Seasonal-grazing distribution was correlated with proximity to water (l/distance) and site-quality indicators. Internal
validation of seasonal-grazing models indicated a good flt of predicted to observed patterns. Because ad hoe regression models lack
wide applicability, relationships between spatial preference and
vegetation properties were investigated. Combined relative measures of forage quality and quantity were good predictors of community preference. Measures of relative biomass or frequencies of
forage species were poor predictors of spatlal preference. The high
correlation between preferenceand properties of plants composing
the bulk of the diet suggests an interaction between diet selection
and selection of grazing areas. The highest correlation occurred
between relative community preference and relative aboveground
standing nitrogen (crude protein).

Animal distribution is considered an important component of
livestock management. We have only generalities, no quantitative,
predictive knowledge about what factors influence grazing-animal
distribution, how those factors change over time, or how distribution is related to nutrition. Systematic investigation of mechanisms
behind distribution of range livestock is lacking. Because distribution is traditionally described in terms of use of predetermined
zones, areas actually selected by animals for grazing are often not
known.
Predicting livestock distribution requires precise quantification
of behavior and contributing environmental variables. This paper
describes a study of spatial patterns of cattle grazing on shortgrass
steppe. The objectives of this research were to determine (1) which
spatial components of the landscape are selected as grazing habitat
by cattle, (2) what factors influence spatial patterns of seasonal or
Authors are former graduate student and professors, Range Science Department,
Co!orado State University, Fort Collins 80523; Senft is currently ass+ant,professor,
An4n2d, Dairy and Vetermary Sciences Department, Utah State Unwerslty, Logan
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subseasonal grazing, and (3) if selection of grazing areas is related
to (nutritional) properties of the vegetation.
The Study Area
This study was conducted on the USDA-ARS Central Plains
Experimental Range (CPER) in northeastern Colorado. The climate at CPER is semiarid with an average annual precipitation of
3 10 mm. Normally, 70% of precipitation falls during the growing
season; peak monthly precipitation occurs in May (Jameson,
1969).
The shortgrass steppe vegetation is dominated by blue grama
[Bouteloua gracilis (H.G.K.) Lag.] and buffalo grass [Buchloe
dacryloides (Nutt.) Engelm]. Other plant species are western
wheatgrass (Agropyron smithii Rydb.), sedges (Curex spp.), pricklypear cactus (Opunria polyacantha Haw.), spreading buckwheat
(Eriogonum e&urn Nutt.), fringed sagewort (Artemesia frigida
Willrd.), broom snakeweed [ Guterrezia sarothrae (Pursh) Britt. &
Rusby], and rabbitbrush [ Chrysothamnus nauseosus (Pallus)
Britt.]. Annual forbs are important constituents in wet years.
Grazing behavior was studied on a 125ha pasture with a ridge
running diagonally through its center (Fig. la), and two intermittent drainages parallel to the ridge. Relief was approximately 24 m.
A closed basin, or playa, was situated southeast of the center, an
exclosure in the center, and a stock-watering tank in the center of
the north fenceline.
Six plant community types were identified (Fig. lb) based on
floristic composition, soil characteristics, and topographic position:
(1) Buda-Bogr (15.6% of the study area) was predominantly
composed of buffalo grass (Buda) and blue grama (Bogr). Vegetation was uniformly low (less than 10 cm). Sedges compose about
15% of the herbage. Scarlet globemallow [Sphaeralcea coccinia
(Pursh) Rydb.] was moderately abundant and occurred on broad,
flat lowlands with poorly developed drainage channels. Soils were
sandy clay loams of moderate depth.
(2) Buda-Agsm-Carex (11.8% of the study area) consisted of a
dense understory of buffalo grass and sedges and an overstory of
western wheatgrass (Agsm). Some patches contained rabbitbrush
and/ or fringed sagewort. This type occurred in bottoms of intermittent drainages and in closed basins. Soils were deep (60 cm or
greater) with a clay loam or sandy clay loam texture.
(3) Agsm-Dist (8.0% of the study area) had an overstory of
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Fig. 1. (A) Topography of the 125-ha srudy area, showing IO-fi contour
intervals. Location of the stock-watering area is indicated by the asterisk
r*).
(B) Plant communities were delineated on the basis of botanical composition, soil texture, topographic position and productivity.
Community
rypesarenamedfordominantplantspeciesand/orsite
indicatorspecies:
Bogr = Bouteloua gracilis, Buda = Buchloe dactyloides,
Agsm = Agropyron smithii, Carex = spp., Oppo = Opuntia polyacantha,
Eref = Eriogonum effusum, Dist = Distichlis stricta, and Yucca = Yucca glauca.

western wheatgrass and saltgrass [Disrichlis stricta (Torr.) Rydb.]
western wheatgrass, and a sparse understory of blue grama, buffalo grass, and sedges. This type occurred in swales with saline soils
adjacent to drainage channels. Soils were sandy loams of moderate
depth.
(4) Bogr-Oppo (37.7% of the study area) was dominated by blue
grama and pricklypear cactus (Oppo) and was characterized
by
low productivity
and patchy cover. Scarlet globemallow
and
fringed sagewort were relatively abundant. This type occurred on
ridgetops and upper slopes and was the most widespread community on the area. Soils were shallow sandy loams.
(5) Bogr-Eref-Oppo
(8.9% of the study area), an upland type,
had a patchy understory of blue grama and pricklypear cactus, and
an overstory of spreading buckwheat (Eref) and sand dropseed
[Sporobolus
cryptandrus
(Torr.) Gray]. This type was found on
shallow, coarse soils on upper slope and ridgetop positions. Important inclusions were patches where blue grama had been destroyed
by unknown disturbances.
During the growing season, disturbed
areas were occupied by peppergrass
(Lepidium
denstji’orum
chrad.) and beggarstick [Lappulu redowskii
(F. & M.) Guerke].
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Fig. 2. Observed spatialpatterns of grazing on the study area.
(A) growing season (April through October);
(B) dormant season (November through March).
(6) Bogr-Eref
(18.0% of the study area), a lowland sandy soil
type, occurred adjacent to or directly above drainages or basins
and was similar to the upland sandy soil type. Several differences
warranted
classification
as a separate community,
however: (a)
cactus was both less frequent and less abundant in biomass, (b)
western wheatgrass and sedges were more important, (c)density of
spreading buckwheat was higher, and (d) snakeweed was replaced
by rabbitbrush.
Soil texture was coarse and soils were deeper than
in the upland type.

Methods
Observations of Cattle Behavior
The study pasture had been lightly to moderately stocked (8 to
12 yearling heifers) before this study. Number of animals in the
pasture was adjusted at the beginning and end of the growing
season to maintain moderate stocking.
Cattle were tracked on foot for one composite 24-h period each
month for 12 months. Each 24-h period was divided into six 4-h
observation
periods randomly assigned to days of the month.
Time, location, and type of activity of the entire herd were recorded
on topographic
maps of the study area at 15-min intervals. If 2 or
more subsets of the herd were engaged in different activities or had
split into subherds, location, activity, and size of each group were
recorded. Paths of movement between points were also recorded.

a3

If type of behavior changed, the location of the transition was
noted. Grazing was defined as any feeding behavior, either standing or moving. Movement without feeding was considered to be
travel and not included in the analysis.
Analysis of behavior data
The study area was divided into 0. l-ha cells, and grazing time
was summed monthly for each cell. Paths between location points
were assigned a total weight equal to that of one location point.
Seasonality was determined by cluster analysis of monthly plant
community use. Horn’s R. was used as the criterion of similarity
(Horn 1966). Seasonal grazing models were derived by multipleregression analysis (Senft et al. 1983). A pool of independent
variables was assembled, and values for each variable were
assigned to each cell. Variables in the pool included topographic
factors, frequencies of 22 plant species, and percent cover of dominant perennial grass species. Values of topographic variables were

obtained from an enlarged USGS topographic map (Fig. la). Plant
frequency and cover data were obtained from detailed surveys
taken during the US/ IBP Grassland Biome Study.
Biomass and nitrogen (crude protein) content data provided
additional independent variables. Aboveground biomass was
sampled by harvesting on 4 dates (June, July, September, and
November, 1981). Herbage was clipped within five 0.5mz circular
plots on 4 sites in each plant community. Vegetation was separated
into 6 categories: (1) blue grama and buffalo grass, (2) sedges, (3)
western wheatgrass, (4) scarlet globemallow, (5) other grasss, and
(6) other forbs and half-shrubs. All vegetation samples were oven
dried at 60°C for 48 h, weighed, and ground in a Wiley mill with a
2-mm-mesh screen. Nitrogen content was determined by a modified micro-Kjeldahl method.

Table 1. Breakdown of obzerved grazing time by plant community (percent).
Plant Community1
Month

Buda-Bogr

Buda-Agsm-Carex

Bogr-Eref-Oppo

Bogr-Eref

Agsm-Dist

Bogr-Oppo

9.3
11.1
4.1
7.0
K

3.9
7.5
8.3
3.6
3.8
13.5
3.3
0.0
13.1
31.6
1.4
16.3

34.4
19.1
29.3
29.8
17.9
14.1
8.0
6.9
4.1
4.0
26.8
17.8

June
July
August
September
October
November
December
January
February
March
April
May

13.8
24.8
13.1
19.8
30.4
20.3
32.0
40.1
21.0
7.4
12.6
5.3

16.2
14.9
17.2
23.9
14.8
4.1
16.2
8.6
14.1
12.4
27.0
24.5

0:o
9.9
13.4
5.1
9.6
12.4

22.4
22.6
28.0
15.9
24.7
48.0
40.5
34.5
34.3
39.5
22.6
23.7

Annual Mean

20.0

16.2

7.5

29.7

8.9

17.7

17.1

19.8

8.9

22.8

6.4

25.0

April-October

Mean

November-March
Mean

24.2

11.1

5.6

39.4

12.3

7.4

Percent pasture area

15.6

11.8

8.0

37.7

8.9

18.0

Species symbols are defined in text.

Table 2. Breakdown of observed grazing time by topographic zone (percent).

Topographic Zone
Month
June
July
August
September
October
November
December
January
February
March
April
May
Annual Mean
April-October

Mean

November-March
Mean
Percent pasture area

84

Ridgetops

South
facing slopes

Northfacing slopes

Draws
Lowlands

Fencelines

Watering Area

3.6
1.5
7.4
0.0
2.3
15.9
17.7
10.9
16.6
6.4
6.3
3.9

32.1
23.2
32.4
18.9
31.9
34.0
32.0
13.8
26.2
65.4
21.7
31.0

4.9
20.3
25.3
36.6
16.9
37.1
27.6
53.0
17.4
12.8
29.7
29.8

37.2
22.1
15.6
37.0
26.8
8.1
14.6
15.1
33.9
15.4
40.2
32.0

16.5
20.9
16.9
5.6
19.6
0.6
4.9
3.3
2.6
0.0
0.5
3.3

5.7
12.0
2.4
1.9
2.5
4.3
3.2
3.9
3.3
0.0
1.6
0.0

7.7

30.2

26.0

24.8

7.9

3.4

3.6

27.3

23.4

30.1

11.9

3.7

13.5

34.3

29.6

17.4

2.3

2.9

27.2

21.7

11.3

1.9

8.4

29.5
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Results and Discussion
Observed Grazing Areas
A fine spatial resolution (i.e., 0.1 ha) was used in the study of
cattle distribution to avoid bias from arbitrary division of the study
area. The 2 breakdown schemes most frequently used in previous
research have been plant communities (soil-plant associations or
range sites) and topographic zones (e.g., ridgetops, slopes, bottoms). Since these categories are not independent in many areas,
there is some uncertainty as to whether or not the zones reported
were actually the zones selected by grazing cattle. Our data indicated that plant communities were the spatial units cattle selected
for grazing, especially during the summer months, when cattle
highly preferred the Buda-Agsm-Carex community. In addition, a
zone immediately surrounding the watering area was preferred at
all times of the year.

Seasonal Patterns of Grazing
Cluster analysis of monthly patterns of community use revealed
2 seasonal patterns of grazing (Tables 1 and 2). The first seasonal
cluster consisted of the growing season months (April through
October). Mean similarity among monthly community use patterns was 95.6%. The second seasonal block was the dormant
season (November through March).
Intermittent drainage channels and adjacent communities were
heavily grazed during the growing season (Fig. 2a). Lowland plant
communities (38% of the pasture area), received 54% of growingseason grazing (Table I). Because grazing was intense near the
watering tank (Table 2), the surrounding plant community (BudaBogr) was heavily grazed. However, a fouled zone with a radius of
60 m around the stock tank was virtually ungrazed.
With the onset of the dormant season, grazing preference shifted
to uplands and ridgetops (Fig. 2b). During this period, upland
plant communities (Bogr-Oppo and Bogr-Eref-Oppo) and the
community near water (Buda-Bogr) accounted for 66% of observed
grazing time (Table 1). The portions of total grazing time allocated
to different communities displayed greater month-to-month variability during winter than during the growing season.

bl

Analysis of Seasonal Grazing Patterns
Consistent seasonal grazing patterns suggested some underlying
cause. The first step in analyzing of factors contributing to distribution was construction of predictive models. Significant predictors of seasonal patterns of grazing and the mathematical form and
coefficient for each variable are listed in Table 3. Each seasonal
grazing pattern had its own set of predictors. Except for proximity
to water (l/distance),
predictors for each season consisted of a
series of site-quality indicators. During the growing season, percent frequency of western wheatgrass was an important predictor.

hsctsti’. mOtItti’

hours.

r-J

cl0

@$j

IO-SO

Fig. 3.Redicted seasonalpatterns of grazing on rhe study area:
(A) growing season:
(B) dormnt season.

This species was abundant in drainage channels
Carex community) and on saline sites (Agsm-Dist
Frequency of spreading buckwheat, an indicator
sandy soils, was also positively correlated to grazing.

(Buda-Agsmcommunity).
of sites with
Frequency of

Table 3. Coefficients in the seasonal grazing models.

lndepcndent variable’
Proximity
Season

Growing (Apr-Ott)
Dormant (Nov-Mar)
Mathematical
express in model*

Oppo

Agsm

to water

freq.

freq.

Eref
freq.

438.0
350.0

-.I04
-

.316
-

X2

x3

I
xi

‘Species symbols are dctined in text.
2 XI = distance from stock tank (meters)
x2 to x5 = percent frequency to plant species
xs = biomass of blue gram8 (Bogr) in community (g/m2)
xv = biomass of all plant species in community, exluding pricklypear (g/ m2)
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Sihy

Bogr

freq.

rel. abund.

.039
-.OIO

-

-

X4

X6

-.I09

.014
loo

x(X$

Constant

S

4.30
0.50

.460
.269

C

pricklypear cactus was negatively correlated to grazing, but results
did not indicate clearly whether pricklypear was an indicator of
poor sites or if it only interfered with grazing (Bement 1968).
The dormant-season grazing pattern was strongly related to the
relative abundance of blue grama in the herbage, expressed as the
ratio of blue grama biomass to total standing biomass multiplied
by 100%. Because cattle avoided plant communities with sandy
soils during the dormant season, grazing was negatively related to
buckwheat frequency. Cattle also avoided sites with relatively high
frequencies of red threeawn (Artistida longiseta Steud.) and bottlebrush squirreltail [Sitanion hystrix (Nutt.) J.G. Smith], probably because of low vegetative cover.
Coefficients of determination for the grazing models (Table 3)
were within the range of values found in previous studies (Cook
1966). All coefficients in the models were significant at the 0.001
level of probability.
Models were validated by comparison of observed and predicted
patterns of grazing (Fig. 3). The predicted summer grazing pattern
was very similar to the observed pattern. The winter grazing model,
however, merged local areas of upland grazing into a single block
on the central ridge. Both seasonal models accurately predicted
plant-community use (Table 4). This result is not surprising, since
Table 4. Comparison of observed and predicted season4 grazing by plant
commonity (percent).

Plant
communityr
Buda-Bogr
Buda-AgsmCaRX

Agsm-Dist
Bogr-Oppo
Bogr-Eref-Oppo
Bogr-Eref
Chi-square*

Dormant season

Growing season
Obs.

Exp.

Obs.

17.1

16.5

24.2

21.5

19.8
8.9
22.8
6.4
25.0

20.3
12.3
25.4
6.4
19.1

11.1
5.6
39.4
12.3
7.4

11.0
5.4
41.3
8.5
12.3

3.06

Exp.

4.09

‘Species symbols are defined in text.
ZTabular value, 5 df, 0.01 level of probability = 15.09.

the models were dominated by plant-community variables. Predicted use of topographic zones (Table 5) was acceptable for the
growing season but marginal for the dormant season. Winter
predictions differed from observed behavior in that grazing was
evenly partitioned among slopes and ridgetops, rather than being

Table 5. Comparison of observed and predleted seasonal grazing by topogmpbic zone (percent).

Growing season
Obs.
Exp.

Topoggraphic
zoner
Ridgetops
South-facing
slopes
North-facing
slopes
Draws and
lowlands
Fencelines
Watering areas

Dormant season
Obs.
Exp.

3.6

8.8

13.5

21.2

27.3

21.6

34.3

22. I

23.4

19.8

29.6

28.1

30. I
11.9
3.7

34.8
13.1
1.9

17.4
2.3
2.9

16.4
9.7
2.5

Chi-squarer

7.68

15.32

‘Tabular value, 5 df, 0.01 level of probability = 15.09.

in favor of south-facing slopes (Table 5). The model
smoothed observed patchy use into a diffuse pattern of upland use
(Fig. 3). The observed patchiness was likely an artifact of sampling
frequency rather than a reflection of actual grazing patterns.
Because blue grama was the main dietary component, cattle grazed
upland areas, where this species was plentiful. Since forage was not
being replenished by plant growth, cattle moved to new areas after
depleting initially preferred sites. Thus, as the dormant season
progressed, a pattern of general upland use would have emerged.
Our sampling may have recorded only parts of that pattern.
Both seasonal models predicted heavy grazing near water. Actually, a fouled and trampled zone around the stock tank discouraged grazing. The model was modified to exclude this fouled zone.
A factor not incorporated into the winter grazing model was
snow cover. Because winter 1980-8 I was mild and dry, observation
periods never fell on a day with more than 10% snow cover. Light,
patchy snow apparently did not affect winter grazing patterns.
Qualitative observations during the following winter indicated that
under a thick (IO-15 cm), even blanket of snow, cattle graze areas
with the tallest vegetation. On the study pasture, these areas were
the upland sandy sites and yucca patches. Low stature of the
Bogr-Oppo community, normally preferred in winter, prevented
its use until significant snowmelt had occurred.
A serious deficiency of the seasonal grazing models was that
spatial preference was not expressed as a function of forage quality
weighted

Table 6. Grazing preference for plant communitiesl.

Period

Buda-Bogr

Buda-Agsm-Carex

Plant Community1
Agsm-Dist
Bogr-Oppo

Bogr-Eref-Oppo

Bogr-Eref

Growing season
(April-October)

1.10

1.68

1.11

0.60

0.72

I .39

Dormant season
(November-March)

1.55

0.94

0.70

1.05

1.38

0.4

‘Relativepreference was computed as the ratio of percent grazing time to percent pasture area.
*Species symbols are defined in text.

Table 7. Grazing preference for topographic zones.’

Period
Growing season
(April-October)
Dormant season
(November-March)

Ridgetops

Topographic Zone
Draws
and lowlands

Northfacing slopes

Fencelines

Watering area

.43

.93

.86

I .39

I .05

1.95

1.61

1.16

1.09

.80

.20

1.53

‘Relativepreference was computed as the ratio of percent grazing
86

Southfacing slopes

time to percent pasture area.
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Table 8. Relationship of relative community preference with plant community vuiebksl

Normalized variable
Standing
Biomass,
Standing
Standing

Regression model

Correlation w/community
preference

Intercept

Coefficient

Signif.

,745
.712
.707
.694

.0023
-.I604
-. 1809
.0879

9442
1.0635
.9393

<.001
<.OOl
,022
.026

.586
.530
.521
.45 I

.I338
.3al4

.7338
.6305
.8949
.6120

.007
.016
.Ol9
.046

N, preferred species
preferred species
N, live plants2
live biomass*

Total standing N
Standing N, blue grama
Blue grama biomass
Total biomass

.I075
.2665

1.0863

‘Datafrom 5 plantcommunitiesfor June.July, September,and November.
*Dataavailablefor Juneand July only.
quantity. This type of regression model has a limited predictive
range and must be treated as an ad hoc model (Senft et al. 1983).
New regression models are necessary to describe grazing patterns
under new conditions. General models with wide applicability
could be developed if vegetation properties attractive to grazing
cattle were known.
or

Spatial Preference and Vegetation Properties
We had values for several potential factors that influence selection of grazing areas: (I) percent frequency of various plant species;

(2) nitrogen content of various plant species; (3) aboveground
standing biomass (g/ m2), by species and by live and dead categories; (4) ratio of standing-live biomass to standing-dead biomass;
(5) standing nitrogen (g/mZ) of different plant species; and (6)
standing nitrogen (g/ m2) in live plant tissue. Standing nitrogen was
defined as the product of percent nitrogen and biomass (g/ m2) and
is an estimate of crude protein available to grazing animals in a
given community. Data for aboveground plant nitrogen and bio-

mass were available at the plant-community
level for June, July,
September, and November 1981. Data for 1ive:dead ratios were
available for June and July 198 I.
Quantity and Quality of Forage Changes over Time
For grazing models to be general across time and space, independent and dependent variables must be converted to dimensionless numbers. Relative community preference (RCP) was defined
as the ratio of the proportion of total grazing time spent during
month t in plant community i (Git) to the proportion of total
pasture area covered by plant community i (A$
Git

RCPit

q

Ai

Preference values for plant communities and topographic zones
are shown in Tables 6 and 7, respectively. Relative community

preference was the dependent variable used in the analysis. Relative value of vegetation property (FC) in plant community iat time
t was calculated as the absolute measured value for community iat
time t (FCit) divided by the mean level of the variable across the
entire pasture. Mean pasture level of the independent variable was
calculated as an area-weighted (A) mean of values across all communities. This type of model assumes that cattle seek the same
property at all times when selecting grazing sites. Also, it assumes
that cattle select grazing areas on a relative basis.
We derived relationships from data for 5 plant communities.
The Buda-Bogr community was excluded from the analysis
because preference was strongly influenced by proximity to water.
Four relatively good predictors (rQO.4) and four poor predictors
(rXO.4) of community preference were found (Table 8). Standing

community preference was biomass of preferred plant species,
followed by standing nitrogen (g/m2) of live plant tissue and standing biomass of live plant tissue.
Except for the second independent

variable in Table 8 (which
was strongly correlated with the first), the best predictors of community preference were measures of both forage quantity and
quality. Standing nitrogen is the product of the two, while measures of standing live tissue are measures of the abundance of high
quality plant material. Thus, (1) both quantity and quality of the
forage are important, (2) properties of species actually consumed
are more important than properties of all species taken together,
and (3) relative quantity or quality of forage in a plant community
is more important than absolute quantity or quality in determining
cattle preferences for grazing areas. Diet selection and selection of
grazing areas are related. This relationship expresses itself through
only a portion of the total herbage in the selection of grazing areas.
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nitrogen (g N/m2) in preferred plant species was most highly
correlated (r q .745; p<.OOl) to community preference. Plant spe-

cies considered as preferred were blue grama, buffalo grass, western wheatgrass, and sedges for the growing season (June, July,
September) and blue grama for the dormant season (Kautz and
Van Dyne 1978). The variable second most highly correlated with
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A Modified Procedure for Esophageal Fistulation of Sheep
EJ. STEVENS, G.G. THOMSON,

AND K.F. O’CONNOR

Abstract
Esophageal fistulation provides a well-documented standard for
herbivore dietary composition studies against which other methods
may be calibrated. Modified surgical procedures and animal husbandry practices are described which enabled esophagealfistuhs
to be fitted and maintained in free ranging sheep grazing improved
mountaln land pastures in New Zealand.
Surgical techniques for esophageal fistulation in sheep were first
described by Tore11 ( 1954) and Cook et al. (1958) then subsequently
improved by Hamilton et al. (1960), McManus et al. (1962), and
Bishop and Froset (1970). Esophageal fistulation has subsequently
become widely accepted in herbivore diet composition studies as a
standard against which alternative analytical methods should be
compared (Holechek et al. 1982a, Mclnnis et al. 1983). Reviews on
the development and use of esophageal fistulas include those of
Van Dyne and Tore11 (1964), Theurer (1970), Rice (1970), and
Holechek et al. (1982b). The success rate of early techniques was
low, with numerous reports of post-operative infection and ill
thrift among research animals. Refinements in surgical procedures, pre and post-operative care, and cannula types have been
reflected in improved animal health and life expectancy.
The anatomy of the esophagus and surrounding structures is
such that surgery will always be demanding and the possibility of
post-operative infection and the formation of scar tissue high.
Contamination
of the operation site during surgery by rumen
reflux and saliva potentially increases the risk of post-operative
infection. Improved surgical procedures for establishing esophageal fistulas in sheep have generally relied upon the introduction of
instruments down the esophagus to assist with its location superficially. This has precluded the use of closed circuit anesthesia
machines which can provide excellent control over general anesthesis, thereby reducing the probability of rumen reflux and the
possibility of subsequent infection.
This article describes a modified procedure utilizing a closed
circuit anesthesis machine to maintain anesthesia while fitting
esophageal fistulas in sheep. Advantages over published procedures included: (1) excellent control of rumen reflux and saliva
contamination during surgery, (2) minimal tissue devitalization
and post-operative swelling, (3) ease of locating and suturing the
esophageal mucosa, and (4) rapid recovery of animals facilitating
diet collection during the fifth post-operative week. Excellent
animal health was maintained throughout an intensive 4-month
collection schedule and the following 2 years during which animals
were utilized periodically in diet studies. Corrective surgery was
employed where necessary to maintain an optimal fistula length
with respect to leakage and the recovery of extrusa. Subsequent to
their development, procedures described in this article have been
used repeatedly with sheep at Lincoln College during the past 10
years.
Authors were, at the time of research, graduate student, Tussock Grasslands and
Mountain Lands Institute (TGMLI); veterinary surgeon, Veterinary Science Dept.
and director TGMLI; Lincoln Colfege, University of Agriculture, Canterbury, New
Zealand. Stevens is presently a Ph.D. Candidate, University of Nebraska-Lmcoln,
Lincoln NE 685834915.
The authors wish to thank Dr. J.F. Amend, Dr. R. Britton, Dr. S.S. Wailer, S.J.
Stevens,and R.N. Gates (University of Nebraska-Lincoln) for reviewing this manuscript. Support provided by the Tussock Grasslands and Mountain Lands Institute\
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Materials and Methods
Pre-operatlve Management
Six experimental animals were selected at random from a flock
of 400 two and three-year old free ranging (Halfbred) nonlactating
ewes grazing an 80-ha mountain land pasture near Springfield,
New Zealand. Previous management of this flock involved human
contact 3 or 4 times each year.
Immediately after selection sheep were subjected to 15 hr of
pre-operative training for a 7-day period during which they were
penned daily with the aid of a trained sheep dog. A conscious effort
was made to maintain animals in an extensive management mode
of behaviour throughout the 4-month trial period. Prior to surgery
wool was removed from the neck and brisket using a shearing
machine and then animals were fasted with water available for 24
hr.
Surgical Technique
Surgical procedures after Bishop and Froset (1970) were evaluated on the first experimental animal during which the following
modified procedures were developed. The recovery and performance of this animal subsequently provided a standard for modified procedures.
Surgical anesthesia was induced with pentobarbital sodium
administered intravenously. Appropriate doses for induction varied from animal to animal, but in general a dose from 15 to 25
mg/ kg given slowly proved adequate. Barbiturate anesthetics are
short lived in ruminants and often supplemental dose8 of 5 to 15
mg/ kg were needed. Surgical anesthesia was maintained with an
oxygen halothane mixture delivered through a close fitting mask
using a closed circuit anesthetic machine with halothane vaporized
at a concentration not ordinarily exceeding 2 %. The level of
anesthesia was monitored clinically as acceptable when palpebral
reflex was minimal and cornea1 reflex was strong.
The left side and midline region of the neck was clipped and
prepared for surgery by multiple scrubs with a tamed iodine disinfectant. The sheep was then placed in right lateral recumbency and
positioned on an inclined operating table so that the operating area
in the middle third of the neck was in the highest position. The head
hung over the edge of the table while the rest of the body was
supported on the table, being inclined toward the anterior at
approximately 30° from horizontal. This position ensured that no
saliva or rumen contents flowed toward the operation site, which
remained dry throughout the operation.
In the middle third of the neck a longitudinal incision of about
7.5 cm was made through the skin and subcutaneous fat about 2.5
cm below the jugular groove. Bleeding was controlled by electrocautery. The underlying muscles, the sternothyoideus and the
omohyoideus, were separated by blunt dissection to expose the
esophagus. In later practice insertion of an ebony rod through the
esophagus facilitated its precise identification and did not preclude
the use of a closed circuit anaesthetic machine.
A 2-cm long longitudinal incision was made through the wall of
the esophagus, sufficient to allow the insertion of the two halves of
the split-rubber-T esophageal plug diagrammed in Figure I. Plugs
were previously sterilized by prolonged soaking in tamed iodine
disinfectant solution. After both halves of the esophageal plug had
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been inserted and held together by a rubber ring, a purse string
suture of number two catgut was applied to the skin for support 1
cm distant from the edges of the incision. The incision was then
closed using an uninterrupted suture of number three catgut. Care
was taken to retain the mucosa membrane of the esophagus and
close it completely with the muscular layer of the esophagus and
skin for complete healing. An atraumatic needle was used to prevent cutting and tearing the mucosa membrane.

Fig. 1. Schematic illustration of esophagealplug assembly includingperspexplate and ‘elastrator ring”.

The surface area of the wound was then treated with topical
antibiotic powder and the perspex plate shown in Figure 1 placed
over the stem of the esophageal plug and retained in place with a
rubber ‘elastrator’ ring. Anesthesia was stopped just prior to the
completion of suturing. The animal recovered within 30 minutes,
was able to swallow normally, and resumed feeding within 30
minutes after recovery.
Post-operative

Care

Intramuscular penicillin and streptomycin were given at a dose
rate of ICC/kg liveweight for 3 days while animals were confined in
separate stalls and hand fed alfalfa meal. Sheep were then returned
to a mountain land grazing environment where completely healed
esophageal fistulas were established in all 6 experimental animals
by the fourth postoperative week.
For 3 weeks after surgery, fistulas were examined every second
day and the wound treated with topical antibiotic powder. During
this period only the rubber ring and perspex plate were removed
and cleaned while the esophageal plug remained in position. Thereafter plugs and accessories were rotated on a weekly basis and the
surgical area cleaned using running water and a soft brush, then
swabbed with tamed iodine solution. Finally, after the plug assembly had been replaced, the surrounding area was treated with a
regular household pyrethrin base insect spray. Plugs, rings and
plates not in use were scrubbed free of esophageal deposits using a
harsh nail brush and hot water containing dishwashing detergent,
then air dried and stored in tamed iodine solution. Two spare plug
assemblies were maintained per fistulated animal together with a
range of perspex plates, each having a different outside diameter.
Formation of scar tissue on the skin surrounding fistulas was
prevented by weekly rotation of the outer diameter of perspex
plates fitted to the esophageal plug.
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Technique Evaluation
A fistula length of 50 to 60 mm (measured with the plug removed
and the Estula closed) provided a functional compromise between
conflicting objectives of recovering extrusa and controlling leakage. Surgery as described by Bishop and Froset (1970) proved
unnecessarily complicated by rumen reflex and generated a tistula
of less than 50 mm which shrank considerably during a 20-minute
collection period. Persuasion needed to replace the esophageal
plug after collection created additional stress to this animal and a
reluctance to comply with sampling routines developed. The control of leakage was, however, excellent, as was animal health. The
dimensions of fistulas established using modified procedures
remained constant throughout the half-hour collection periods,
and esophageal plugs were easily removed prior to and replaced
after collection without stressing animals. A sampling routine was
more easily established and maintained within these animals in the
absence of stress associated with handling the esophageal plug.
Behavioural differences between animals after the initial 7 days of
collection were so marked that collections were thereafter restricted to those animals supporting fistulas established using the
modified procedure.
Corrective Surgery
Esophageal Bstulas established using modified procedures occasionally became enlarged after several months of regular use,
necessitating corrective surgery to reduce fistula dimensions to
within recommended size specifications. This was achieved by
preparing animals for surgery as described previously. The perspex
plate was removed and the rubber ring replaced to retain the plug
in position. Depending on the degree of enlargement, toward the
animal’s head a fresh l-cm longitudinal incision was made in the
skin originating at the fistula. Skin was then removed from adjacent margins of the fistula back to the region in contact with the
esophageal plug. A purse string suture of number two catgut was
applied to the skin for support 1 cm distant from the edges of the
fistula before closing the wound with an uninterrupted suture of
number three catgut. The operation was completed and postoperative care administered as described previously.
Discussion and Conclusions
Properly healed esophageal fistulas, functional by the fourth
postoperative week, were established using modified procedures
and, with the aid of corrective surgery, remained functional for 2
years following surgery. Excellent animal health was attributed to:
(1) the lack of infection and/ or failure of the fistula, and (2) sound
practices of hygiene and husbandry generally reflected in procedures orientated toward minimizing animal stress.
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Evaluation of Pedometers for Measuring Distance Traveled by Cattle on Two Grazing
Systems
JOHN W. WALKER, R.K. HEITSCHMIDT, AND S.L. DOWHOWER
Abstract
The precision and accuracy of pedometers for measuring distance traveled by cattle on production size grazing systems were
studied. Pedometer calibration factors were similar among~cattle,
but varied because of differences in the sensitivity of pedometers to
movement and/or the tightness of the case around the animal’s leg.
Adjusting pedometer readings by their individual calibration factor provided a precise and accurate measure of travel distance.
Cattle on a short duration grazing system tended to walk farther,
and travel distance was more variable than with animals on a
continuous grazing system.
Travel influences the energy requirements of free grazing cattle.
The energy cost of travel may increase the maintenance energy
requirements of grazing livestock by IO to 24% compared to stall
fed animals (Ribeiro et al. 1977, Havastad and Malecheck 1982).
Anderson and Kothmann ( 1980) and Gammon and Roberts ( 1980)
showed that distance traveled by cattle varied among grazing
systems. Thus, animal performance may be influenced because of
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Center, P.O. Box 1658. Vernon 76384.
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differences in energy expended for travel in different grazing systems. However, information pertaining to the effect of grazing
systems on travel is scarce.
Livestock travel distance has usually been estimated by charting
animal movements on paper, which is a laborious and subjective
procedure. Pedometers have been investigated as a low cost alternative for measuring travel distance. Powell (1968) evaluated
“Suprex”pedometers on sheep and reported that pedometers must
be individually calibrated to each animal and that accurate calibration could not be obtained for some animals. Anderson and Kothmann (1977) reported that digital pedometers provided a precise
and inexpensive method for monitoring distance traveled by cattle.
However, they did not evaluate the accuracy of pedometers and
used only 2 animals to estimate precision.
The objective of this series of experiments was to evaluate the
reliability of pedometers for estimating distance traveled by cattle
on production scale short duration and continuous grazing systems. The study was designed to identify sources of variation
associated with both calibration and the measurement of distance
traveled by grazing cattle.
Methods

and Materials

Five experiments were conducted to test the accuracy and precision of pedometers for measuring distance traveled by cattle. The
study was conducted at the Texas Experimental Ranch located in
the Rolling Plains Resource Region. The cattle used in this study
were mature Hereford X Angus cows, except for Exp. 2 where 3
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Hereford cows and 2 Hereford X Simmental steers that had been
esophageally list&wed were used and Exp. 5 where a horse was
used.
The instruments
used in this experiment
were “Digi-Meter”
mometers
(manufactured
by Edge Mark, Japan) and were the
same model pedometer
evaluated by Anderson and Kothmann
(1977). Vertical movement of the pedometer activates a pendulum
mechanism that is mechanically
linked to a digital readout. The
pace length adjustment was standardized among pedometers using
a mechanical shaker. The setting was maintained by securing the
pace length adjustment screw with silastic (silicon sealant, General
Electric, USA).
Pedometers were enclosed in a case constructed of 4.8-mm thick
acrylic plastic (Fig, I). The case was attached around the metacarpus of the forelee with a 37.mm wide elastic
lee band to mevent
.
I

Fig. 1. Pedomerer enclosed m r? plexi&Is
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slippage on the animal’s leg. The inside surface of the leg band and
case were padded with foam rubber to prevent abrasion.
Calibration
factors were calculated by dividing the travel distance measured on the pedometer by the actual distance walked.
Animals were walked I.6 km along a fence to determine the calibration factor. Pedometer readings and the time of reading were
recorded daily in Exp. I and 2 and at the beginning and end of Exp.
3 and 4. Average daily travel distance was calculated by dividing
the difference between the beginning and ending pedometer reading by the individual calibration
factor and then adjusting this
distance to a 24-hr basis.
Experiment l-Ten
cows were equipped with I pedometer on
eachfront leg.The studyareawasa39-hapasturethatwaspart
ofa
l6-pasture shortdurationgrazingcell.
Pedometers were calibrated
once a day on 3 consecutive days beginning on the first day of the
experiment; distance traveled was recorded daily for 2 days. Three
cows were not included in the analysis because their pedometers
were either lost or broken during the study. Calibration factors and
travel data were analyzed for the effect ofanimals, and pedometers
nested within animals (pedometers/animals)
with both factors
considered as random effects and days considered as replications.
Analvsis of variance for this and subseauent
experiments
were
perfdrmed using the general linear model; procedire
of statistical
analysis system (Helwig and Council 1979).
Experimenf 2-Five
docile esophageally
fistulated animals (3
Hereford cows and 2 Hereford X Simmental steers) were equipped
with a pedometer on each leg. The study area was a 6-ha pasture.
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Pedometers were calibrated on Zconsecutivedays.
Calibration was
replicated 3 times the first day and 2 times the second day. Pedometer readings were recorded both days. Calibration
factors were
analyzed for the random effects of animal, pedometer/animal,
day, and all two-way interactions.
Travel data were analyzed for
the random effects of animal and pedometer/animal
with days as
replicates.
Experiment 3 and 4-These
experiments
were conducted
to
evaluate thereliabilityof
pedometersforestimatingtraveldistance
in production scale grazing systems. Travel was monitored concurrently in both treatments.
Grazing systems studied were short
duration(SDG)andcontinuousgrazing(CG).TheSDG
treatment
contained I6 pastures fenced in a cell design on 450 ha and stocked
with I25 cows. Pastures ranged in size from IO to 30 ha. The CC
pasture was 242 ha and was stocked with 41 cows. During both
experiments,
the cattle in the SDG treatment were rotated through
the same 5 pastures (two 30.ha pastures and three IO-ha pastures)
that were selected previously to monitor other animal and vegetation parameters. Exp. 3 lasted 6 days and Exp. 4 lasted 9 days. The
length of the experiments
was determined by the time required to
rotate through the SDG pastures, whichvaried
inaccordance
with
the growth rate of the vegetation (V&in 1959).
Ten cows in each treatment were equipped with I pedometer on
their right foreleg. A different set of cows was used for each
experiment. Pedometers werecalibrated
2 times beforeand 2 times
after each experiment except for the pedometers on the SDGcattle
in Exp. 3, which were calibrated only at the end of the experiment.
Pedometers were read at the beginning and end ofeach experiment
as well as between pastures in the SDG treatment. Travel in each
pasture was averaged to determine daily travel for the SDG cattle.
Calibrationfactorswereanalyzed
foronlyfor6ofth.z
CGcattle in
Exp. 3 due to incomplete data caused by lost or broken pedometers. Likewise calibration factors were available from 7 and 5 of the
SDG and CG cattle, respectively,
in Exp. 4. Calibration
factors
from Exp. 3 were analyzed with a mixed model for the effects of
animal (random), time (i.e., beginning vs end, fixed), and their
interaction. The analysis of the calibration factors for Exp. 4 was
also a mixed model with treatment
and animal nested within
treatment(animal/
treatment)as
randomeffectsand
timeas a fixed
effect. The effect of grazing treatment
on average daily travel
distance was tested using a f-test for independent
samples with
unequal variances (Sned&
and Cochran i967).
Observations
of cattle locations were used to provide an indication of the accuracy of the pedometer
measurements
for the CG
cattle in Exp. 3 and 4. The location, activity and number of animals
in each subherd were recorded hourly during daylight on topographical maps. Travel distance was estimated
by measuring the
change in each subherd location between successive observations.
The only estimate of nighttime travel was the change in location
between the last observation before dark and the first observation
of the next day. This estimate of travel was used only for the CG
cattle because the high density of the SDG cattle rendered such
measurements
impractical.
Experiment S.-This
experiment was conducted to estimate the
effect of an animal’s gait on the calibration factor. Because it was
considered impractical to keep cattle in any gait other than a walk
over the distances necessary to obtain reliable pedometer readings,
a horse was used for this experiment. The horse was ridden for 1.6
km at a walk, a trot, and a lope with one pedometer attached
around the metacarpal
of each front leg. Calibration
was only
performed once and the data were not analyzed statistically,

In Exp. I and 2 variation in the calibration factor could not be
attributed
to differences in animals, day of evaluation, or their
interaction (Table I). The only significant source of variation for
pedometer
calibration
was caused by the pedometer/animal
source. There were 2 possible causes for this variation: (I) pedome91

Table 1. Sources of variation, mean squaresand aasoctated probabilities of
greater F-value in 4 experiments evaluating correction factors for calibrattng pedometers on cattle.

Source of variation

d.f.

MS

P

Experiment I (Random Model)
Animal
Pedometer/ Animal
Residual

6
7
28

.099
.I17
.020

Table 2. Sources of variation, mean squares and associated probabilttks of
greater F-values for random model analyses of variance of average datly
travel distance of cattle in experiments 1 and 2.

.57
.OO

Experiment 1
Source of variation
Animal
Pedometer/animal
Residual

d.f.

MS

P

6
7
12

2.307
0.402
0.766

.02
.80

Experiment 2
d.f.
4
5
10

MS

P

2.123
0.159
2.983

.Ol
.99

Experiment 2 (Random Model)
Animal
Pedometer/ Animal
Day
Animal X Day
Day X pedometer/animal
Residual

4
5

.014
.014

1

.ooo

4
5
30

.004
.002
.002

.49
.04
.83
.27
.40

Experiment 3 (Mixed Model)
Animal’
Time*
Animal X Time
Residual

5
1
5
II

445
.139
.035
.150

.06
.lO
.94

Experiment 4 (Mixed Model)
Treatment’
Animal/ treatment’
Time*
Treatment X Time
Residual

1
10

I
I
10

.121
.506
.657
.024
.I45

.63
.03
.I2
.60

‘Random effect
ZFixedeffect (beginningvs end)

ters may have differed in their sensitivity to movement, and/ or (2)
differences in tightness of the pedometer case around the animal’s
leg may have caused differences in the amount of free movement.
Spurious movement by the pedometer would be registered as
additional travel.
The calibration factor was significantly affected by animals and
animals/treatment
in Exp. 3 and 4, respectively (Table 1). The
animal and animal/ treatment source represented not only variation in stride among animals but also variation caused by instruments and attachment as discussed for Exp. 1 and 2. Because
variation among animals was not significant when instrument and
attachment variation were isolated from animal variation in Exp. 1
and 2, the animal variation found in Exp. 3 and 4 was probably
caused by differences in the pedometers and/or their attachment.
Furthermore, the calibration factor was similar (D.63) between
treatments in Exp. 4 (Table I), which indicated that, on the average, the factor or factors causing significant variation due to animals were equal and represented a random effect on calibration.
The calibration factor was similar (IP.83) between consecutive
days in Exp. 2 (Table l), but it increased from the beginning to the
end of Exp. 3 (CG cattle only) from 1.83 to 1.96 (p<.lO) and in
Exp. 4 (CG and SDG cattle) from 1.24 to 1.57 (K.12). This
increase appeared to be caused by increased free movement of the
pedometer due to a change in the tightness of the pedometer
attachment around the leg. The change in tightness resulted from
compression of the foam rubber padding on the back of the
pedometer cases during the evaluation period. Examination of
pedometer cases on cattle in the SDG treatment as they rotated
between pastures indicated that most of the change in tightness
occurred during the first 48 hr of the experiment. Thus for evaluation periods spanning several days, calibrating pedometers at the
end of an experiment would be more accurate than calibrating at
the beginning of an experiment.
Experiments 1 and 2 showed that daily travel varied among
animals but not among pedometers/animals
(Table 2). Thus,
adjusting the daily change in each pedometer reading by its individual calibration factor removed pedometer variation that occur92

red during calibration and provided a similar estimate of travel
distance for each leg. These results are in contrast to those of
Anderson and Kothmann (1977), who reported that travel distance
varied between treatments but not between animals within a treatment. However, they did not use individual calibration factors to
calculate travel distance and the herd size was small, which probably resulted in a cohesive herd that behaved similarly.
Cattle on the SDG treatment walked farther than did cattle on
the CG treatment in Exp. 3 and 4 (Table 3). Observations on the
Table 3. The effect of short duration grazing (SDG) and continuous grazing (CG) during Experiments 3 and 4 on daily travel distance estimated
from pedometers, and the daily movement of subherds in the CG pasture
determined by observation.

Travel Distance (km l d-’ f SD.)
SDG
CG
Pedometer
Observation
Pedometer

Experiment
3”
4b

10.1 f 3.31
7.1 f 1.53

7.5 f 1.13
6.2 f .57

3.8
3.5

‘Pedometer

estimates

of mean daily travel

distance

differed

between

treatments

Pedometer

estimates

of mean daily travel

distance

differed

between

treatments

6p<,c7).
(X.1 1).

location and movement of the SDG animals when they were
rotated between pastures showed that travel caused by the rotation
averaged 1.6 km/ rotation. Because of differences between experiments in the length of graze, rotation accounted for 1.3 and .9
km/day in Exp. 3 and 4, respectively. Thus, movement between
pastures would account for the additional travel estimated for the
SDG cattle in Exp. 4. Gammon and Roberts (1980) reported that
travel was greater in rotational grazing systems than continuous
grazing systems while Anderson and Kothmann (1980) reported
that it was less.
The variance of daily travel distance was greater (PC.004 and
X.007) in the SDG treatment compared to the CG treatment in
Exp. 3 and 4, respectively. Greater variation in travel by the SDG
cattle may have resulted from the combined effects of high animal
density, proximity between subherds, and social interactions.
Animals in the CG treatment tended to stay in cohesive subherds
and travel as a group. However, subherds were less distinct in the
SDG treatment and the majority of travel appeared to be within
and between subherds rather than by the general movement of the
subherd. Greater variance of travel distance in the SDG treatment
may have resulted from frequent movement by some cows in an
attempt to maintain their individual animal space. Leyhausen
(1971) postulated that this distance varied as a partial function of
social rank. If crowding and social rank caused the individual
animal space of only some COWS in the SDG treatment to be
continually violated, greater variation in daily travel distances
would be expected.
The sample size needed to detect a l-km difference (az.05,
l-/3=.90) in daily travel distance was calculated from a pooled
estimate of the within treatment variance (Keppel 1982). These
estimates varied from 12 to 3 animals per treatment for Exp. 3 and
JOURNAL OF RANGE MANAGEMENT 38(l), January 1985

4, respectively. About 30% of the pedometers were lost during Exp.
3 and 4. Most of the losses occurred because the pedometer case
struck the lower portion of the head gate as the cows exited the
squeeze chute. In more recent experiments (unpublished data) we
have reduced the loss rate to 15% by removing the squeeze chute
and attaching and reading pedometers in the lead up chute.
Evaluation of the accuracy of pedometers for measuring travel
distance is difficult because methods involving observation are
subjective and thus an absolute measure of this parameter is not
easy to obtain. In this study travel distance estimated with pedometers was compared to the general daytime movement of subherds
(which were being monitored as part of another study) to determine if pedometer estimates of travel distance were reasonable.
Travel distance based on the movement of subherds in the CG
treatment was less than the distance measured by pedometers.
Subherd movement accounted for 51% and 58% of the travel
recorded by pedometers during Exp. 3 and 4, respectively (Table
3). The observation data should have underestimated actual travel
distance because it did not account for animal movement within a
subherd, or nighttime movement of subherds even if cattle movement at night is limited (Johnstone-Wallace
and Kennedy 1944,
Dwyer 1961).
Pedometer estimates of travel distance may also be biased if the
calibration factor varies because of the type of activity or gait that
is associated with movement, since a pedometer will register any
leg movement as a step even if it is not associated with walking.
Experiment 5 indicated that the calibration factor generally varied
less than 10% between a walk, a trot, and a lope (Table 4). The low
Table 4. Calibration factors (pedometer measurement
traveled) of a horse traveling at different pits.

+ actual distance

Gait

Lee
Left
Right

Walk

Trot

Lope

2.4
2.0

2.5
2.1

2.3
1.4

calibration factor for the right pedometer at a lope was probably
caused by the effect of rather severe concussion associated with this
gait on the sensitivity of the pedometer. Activity that results in leg
movement being registered on the pedometer when cattle are presumably standing idle may represent an expenditure similar to
walking. This type of minor activity may not be accounted for by
observation and the recording of it by pedometers may be considered an advantage for determining energy budgets of grazing
cattle.
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Conclusions
Because the differences between pedometer estimates of travel
distance and the distance traveled by subherds was not excessive
and was in the expected direction, and because calibration factors
for different gaits were similar, we conclude that pedometers estimate travel distance with relatively high degree of accuracy when
properly calibrated. It appears that the major problem with this
technique is mechanical malfunction of the pedometers and loss of
instruments during experiments. Thus the use of 2 pedometers per
animal would be desirable to avoid losing data because of lost or
broken pedometers. Although calibration factors may vary slightly
between consecutive calibrations on the same day, and between the
beginning and the ending of an experiment, we believe that calibrating twice at the end of an experiment provides a reasonable
compromise between accuracy and the amount of effort used for
calibration.
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Technical

Notes:

A Tool for Sampling Flat Jointed Opuntia
ANTHONY

H. HUFFMAN

AND PETE W. JACOBY, JR.

Recent studies involving plains pricklypear (Opunriapolyacant/u HOW.), Texas pricklypear
(0. lindheimeri Engelm.), and
brownspine
pricklypear
(0. phaeacantho Engelm.), presented a
problem of collecting plant material of a uniform sire for analysis.
Studies involving chlorophyll,
carbohydrates,
moisture percentage, and wax accumulation
led to developing a tool which would
quickly and easily remove a section of the cladophyll having a
uniform area. This report describes a device that fills these
requirements.
Methods
A section of automobile exhaust pipe with an outside diameter
of 3.8 cm (1.5 in) and an inside diameter of 3.5 cm (1.4 in) was cut
into lengths ofapproximately
20.3 cm (8 in). These short sections

were chucked into a metal lathe. The pipe end was then machined
smooth to remove any unevenas
caused by cutting the pipe into
smaller pieces. Because exhaust pipe is manufactured
by rolling
flat metal into a cylinder and welding the seam, it was necessary to
machine the inside and outside surfaces of the pipe back several
inches from the end. This removes any ridges caused by welding
and also makes for a perfectly round tube. Next, the end of the tube
was beveled to make a sharp edge on end of the pipe (Fig. I). The
sharp edge may be maintained by using a small fine cut metal file.
Results

and Discussion

Samples of the pricklypear cladophyll were taken by pressing the
sharp edge of the tool into the pad and twisting the tool, using a
wood block as a backstop, This method resulted in a cylindrical
plug with an area or volume that could be mathematically
calculated (Fig, 2). The cored sample was removed by using a wood

dowel inserted in the opposite end of the tool pushing the plug out
into a container. This method eliminated handling the sample and
being injured by the spines or small glochids.
In summary,
the tool provided a quick and easy method to
obtain samples with identical surface areas. Samples were taken
from both field and greenhouse grown plants with similar ease and
consistency.
Automobile
exhaust pipe was selected because of
availability; however, other materials such as aluminum tubing,
plumber’s pipe, or electrician’s thin wall pipe may be used with
similar results. The area of the sample may be varied by selecting
tubing with smaller or larger inside diameters.
This allows for
individuals to select the optimum surface area for their sampling
needs.
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Book Reviews:
Introduction to Plant Population Ecology. By Jonathan W.
Silvertown.
1982. Longman,
Inc., 1560 Broadway, New
York, NY 10036. 209 p. $17.95.
In recent years, plant ecologists have focused much attention at
the population level. They have realized that the basic population
processes, birth, death, and migration, can provide insights into
the distribution of plants which are otherwise unobtainable. John
Harper’s 1977 tome Population Biology of Plants provided an
eminently readable synthesis of the subject. However, that volume’s
length (892 pages) has limited its usefulness as a classroom text or
reference book for less advanced students. Instructors wishing to
devote more attention to plant population ecology in advanced
undergraduate or beginning graduate courses have not had a suitable book which would serve as a supplement to one of the standard ecology texts or as one of several more specialized texts. Range
scientists wanting to broaden their horizons in plant population
ecology have likewise lacked a book to introduce the subject.
Silver-town’s well-written book provides such a resource.
Silvertown’s initial chapter introduces a number of important
terms as well as matrices which can be used to model population
growth. The next chapter deals with life tables and fecundity
schedules with considerable attention given to the fate of seeds.
Silvertown discusses some of the problems in using life tables to
analyze plant populations. However, he does not mention newly
emerging techniques developed from maximum likelihood theory
which allow rigorous testing of hypotheses concerning survival.
The third chapter discusses a number of published studies grouped
according to plant life history and growth form. This organization
highlights the differences in recruitment and survival among
annual and perennial herbs, shrubs, and trees. The fourth chapter
deals with reproduction and discusses topics such as the relative
advantages of one-time versus repeated reproduction, reproductive allocation, and reproductive value. The fifth chapter discusses
population regulation. Silver-town believes that plant populations
are regulated via density-dependent reproduction and/ or mortality. He promotes a life table analysis borrowed from Varley,
Gradwell, and Hassell’s Insect Population EcoZogy (1973). To his
credit, Silvertown acknowledges that data necessary for this type
of analysis are extremely difficult to obtain and that life table
analysis is largely restricted to annuals. The sixth chapter addresses
vegetative propagation and clonal growth, a relatively neglected
area of plant population ecology. Population level studies need not
be confined to entire genetic individuals (genets), but can be profitably applied to tillers, shoots, or subunits thereof. Chapter Seven
considers interspecific interactions, mostly using greenhouse and
field studies employing the replacement series design. Silvertown
concludes that the outcome of most such experiments is determined not so much by the species used but is primarily governed by
the particular environmental conditions extant in the study. This is
the same message that occurs in David Tilman’s 1983 monograph
Resource Competition and Community Structure wherein Tilman
proposes that soil fertility is a major factor governing the long-term
outcome of interspecific interactions. The last chapter explores
ways in which different plant species can coexist. Silvertown gives
attention to nonequilibrium coexistence, emphasizing the role of
disturbance, which appears to be critical in maintaining plant
species diversity on a landscape scale.
Silvertown shows how plant population studies can help range
scientists understand why community level changes occur. For
example, the invasion of crested wheatgrass pastures by big sagebrush is common knowledge. However, the changes in plant species births and deaths which give rise to such vegetation change
have barely been considered. Understanding the mechanisms by
which undesirable plants invade pastures aivaits careful study and
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experimentation at the plant population level. Silvertown’s book
will be valuable for range scientists who need an introduction to
ZI Carpenter, Logan, Utah.
plant population ecology.-Man
Herbivory: The Dynamics of Animal-Plant Interactions.
Studies in Ecology, Volume 10. By Michael J. Crawley.
1983. University
of California
Press, 2223 Fulton St.,
Berkeley, California 94720. 437 p. $45.00.
Range scientists thinking about herbivory tend to focus their
attention solely on large animals which either graze or browse.
However, this represents only a small portion of the realm of
herbivory. It seems short-sighted to neglect concepts and theories
which have been developed for, say, leaf-eating insect populations
and their food plants. The transfer of ideas from one domain of
herbivory to another should improve understanding of the entire
field. To date there has been no volume which has treated the broad
scope of interactions of plant and animal populations on an
advanced level. M.J. Crawley’s book fills this void most admirably.
The book is organized in six chapters. The first is an introduction which outlines questions discussed more fully later on. Crawley conveniently references sections in the later chapters where
these discussions are located. The second chapter considers plant
population dynamics, focusing on recruitment, mortality and
growth and how herbivory affects these processes. As is true of the
rest of the book, this chapter is not just a well-organized presentation of facts or even concepts; what makes it especially stimulating
is Crawley’s continual weighing of the potential effects of herbivory on plant structure and function given various plant, animal,
and environmental
conditions. Few hard and fast statements
appear here, but that is appropriate because virtually any statement one can make regarding effects of herbivores on plants
requires qualification. For example, reports have recently appeared
regarding compensatory response of plants to herbivory, some
even suggesting that herbivory is good for plants. Crawley carefully analyzes the situations wherein one would expect a compensatory response to occur and where it would not. Testable ideas
abound. The next chapter deals with animal populations and how
their demographic parameters are affected by the plants which the
animals eat. Basic concepts in animal population dynamics, e.g.,
preference and selection of food, are clearly defined and illuminated with examples. Crawley goes to considerable lengths to
caution readers about simplistic interpretations of data and points
out the potential for or evidence of significant interactions between
animals and plants. The fourth chapter is a synthesis of the earlier
portions of the book. The first half of the chapter is largely qualitative, centering on various concepts in population ecology such as
insect outbreaks, animal population cycles and exploited herbivore populations. These concepts are examined critically with an
eye toward separating conventional lore from experimentally
established propositions. The second half of the chapter discusses a
number of deterministic models which Crawley uses to assess the
effects of various factors, e.g., plant compenstation ability, on the
stability of plant and animal populations. The principal message
here is that herbivore effects on plants are mostly indirect; thus,
Crawley finds that changes in the competitive milieu are more
important than direct alterations of fecundity or survival. Range
scientists will probably find the section on population models the
least useful part of the book. The models may be interesting to
entolomogists who deal with organisms of short generation time,
but they seem less relevant to large animals or long-lived plants. In
the fifth chapter, Crawley considers plant community properties
like species richness, vegetation structure, and plant succession and
how they are affected by herbivores. The last chapter is a summary
of the book. The discussion of 51 points is intended to stimulate
critical experiments which will test Crawley’s assertions.
This book will be of great interest to range scientists involved
with many aspects of grazing or browsing. Livestock and wildlife
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grazing have not often been considered as part of a larger field of
study, namely plant-animal population dynamics. The amalgamation of ideas on herbivory from a wide variety of locations and
situations cannot help but enrich the range scientists’ perspectives
on grazing.-Alan T. Carpenter, Logan, Utah.

Intermountain Flora: Vascular Plants of the Intermountain
West, USA. Volume Four: Subclass Asteridae except
Asteracea. By Arthur Cronguist, Arthur H. Holmgren,
Noel H. Holmgren, James L. Reveal and Patricia K.
Holmgren. 1984. The New York Botanical Garden, Bronx,
N.Y. 10458.573 p. $77.50 U.S. (Orders), 79.00 (Non-U.S.
Order).
This volume is the third of a planned six-set series covering
vascular plants of the Intermountain Region. Volume One (1972)
covered the geological and botanical history of the region, its plant
geography, a glossary, the vascular cryptogams and the gymnosperms. Volume Six (1977) covered the monocotyledons. This
volume (Volume Four) treats the subclass Asteridae with the
exception of the Asteraceae family, which will be published later. It
includes a key to the orders, families, genera, species, and varieties.
All volumes are illustrated with well-done drawings of important
taxonomic features for each taxon. These illustrations serve as
back-up to the keying process. They are especially useful to many
users who keep themselves marginally conversant or familiar with
botanical nomenclature and taxonomy in general.
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The book is 20 X 27 cm (8X 10 inches), is clothbound, and has a
solid binding. However, because of the heavy weight of the 573
pages, the light cloth covering is only marginally durable. Those
sets with moderate use already are beginning to show tearing of the
cover.
The volume is arranged phylogenetically (based on natural evolutionary relationships) as compared to alphabetical within families as in several other floral treatments. The phylogenetic arrangement has the advantage of placing similar species toegether for
easier comparison but makes them a little more difficult to locate
without using the index when the reader is not familiar with
evolutionary relationships. The index is arranged alphabetically by
both scientific and common names and includes a list of synonyms.
The set is designed to cover essentially the dryland region
between the Sierra Nevada on the west and the Rocky Mountains
on the east, and between the moister country of the Pacific
Northwest on the north and the warmer drylands to the south. It
includes all the state of Utah, most of Nevada, the southeastern
quarter of Oregon, the southern two-fifths of Idaho, and small
parts of Arizona, California, and Wyoming. It replaces several
older floras and is a welcome update of species distributions, new
taxa, and current nomenclature. When the remaining volumes are
completed, the set will comprise the most comprehensive flora of
the Intermountain Region yet assembled.-AX.
Winward, Ogden,
Utah.
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