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Research was conducted at the Starkey Experimental Forest and

Range in northeastern Oregon to determine cattle performance, diet

quality, botanical composition of forage ingested, and production

and utilization among rest-rotation, season-long, and deferred

rotation grazing systems. The grazing season lasted from June 20 to

October 10 of each year. Cows equipped with esophageal fistulas

were used to evaluate diet quality and diet botanical composition.

Yearling heifers were used to evaluate livestock performance. The

weight estimate method combined with a double sampling technique

was used to estimate forage production. Utilization estimates

were made by employing the use of the ocular-estimate-by-average-

of-plants method.

Grass was the most important forage class in cattle diets

among the three systems. Grasses made up 67.7 percent of cattle

diets on the season-long and rest-rotation grazing systems when data

were pooled across systems, periods, and years. Forbs and shrubs

contributed 19.7 percent and 11.6 percent of the diet, respectively.



Area collected and vegetation structure appear to influence the

percent by weight of important species found in the diets of cattle

among the systems. More grasses were consumed in the season-long

system during early summer of 1979 than in the rest-rotation grazing

system. Forb consumption decreased from 32.0 percent by weight to

8.1 percent as the grazing season advanced. Shrub consumption

totalled only 13.4 and 17.5 percent during early summer and late

summer, respectively.

Crude protein, acid detergent fiber, lignin, and cellulose

values of diet samples were not significantly different among the

systems when data were pooled across years and periods. Although

values for in vitro dry matter digestibility were different among

the three systems, differences were not great enough to change

animal performance.

Livestock performance data trends were very consistent with diet

quality data trends. However, livestock performance was signifi-

cantly different among the grazing systems when data were pooled

across years and periods even though there was little difference in

diet quality among the systems. Average daily gains were 0.51, 0.61

and 0.65 kg for the rest-rotation, season-long, and deferred rotation

grazing systems. Animals gained significantly more in deferred

rotation than in the other two systems. Cattle gained significantly

less in rest-rotation than cattle in season-long when data were

pooled over years and periods.

When spring rainfall was highest in 1980, production was

greatest. Utilization was heaviest in the rest-rotation pasture



when grazing pressure was heaviest due to animals remaining in

this pasture throughout the grazing season. However, utilization

totalled only 30 percent during 1980 in rest-rotation.
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THE INFLUENCE OF GRAZING SYSTEMS ON THE
PERFORMANCE AND DIET OF YEARLING CATTLE

INTRODUCTION

Range scientists disagree on the benefits of grazing manage-

ment to the range resource and upon the benefits of grazing

systems to livestock performance. Aside from range condition

benefits of grazing systems, livestock producers must also

experience increased benefits from livestock production (Hormay

1956). The responsibility of investigating grazing systems to

determine their benefit or detriment to livestock production is

left to the range scientists.

Box (1978) suggests that livestock grazing for food

production will be the major economic use of rangelands in the

future. Beyond the acceptance of Box's statements, multiple use

concepts are an important consideration. Laycock and Conrad (1981)

point out that while range managers should apply grazing systems

that produce the most red meat in the most economical manner,

preservation of productivity, watershed, open space, wildlife

values, and other attributes of range in optimum condition are of

value. In short, efficiency of harvesting the resource must

occur concurrently with the realization that range scientists

are ecosystem managers, not monospecific leaf area index managers.
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Resources available for red meat production are rapidly

declining (Ward et al. 1977). This implies that by the year

2000, potential for abuse of American resources will be

significantly increased (Council on Environmental Quality and

the State Department 1981). This potential is furthered by

more demand on grazing from forest lands also predicted for

the year 2000 (Forest and Range Task Force 1972, Rummel 1981,

and Cook 1979). Thus, rangeland managers will have an

increasing responsibility to show that efficiency in the

harvest of the products from rangelands is maximized while the

base resource is maintained.

The overall implication found herein is that although

livestock production will be the major economic use of range-

lands, there must be compatibility with multiple use. Further,

this use must be in the form of a grazing system that benefits

the base resource and enhances livestock production while working

with the realization that the amount of rangeland is constantly

declining.

McMeekan (1969) points out that the efficiency of

conversion of forage to animal products depends on three

factors; one, the amount, quality and season of production of

forage; two, the production of forage actually harvested by the

animal; and three, the efficiency of conversion of ingested

forage to liveweight gain, milk, or wool. If any specialized

grazing system is to be more efficient than other grazing
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systems, it must show an increase in the efficiency of at least

one of these factors.

There is a need for a more general understanding of the

applications of deferred and rest-rotation grazing management

systems (Hyder and Bement 1977). The present study was designed

to evaluate the effects of grazing system and advance in season

on livestock performance and diet quality at the Starkey

Experimental Forest and Range in Northeast Oregon. The grazing

systems evaluated were rest-rotation, deferred rotation, and

season-long. Samples collected from esophageal fistulated cows

were used to estimate the quality and botanical composition of

the diet. Cattle were weighed periodically on all pastures to

determine their performance.

The specific objectives of this investigation were:

1. To determine cattle performance, diet quality,

and botanical composition of forage ingested

among grazing systems.

2. To observe the influence of advance in season

on cattle performance and diet factors as

influenced by grazing systems.

3. To estimate forage production and utilization

among grazing systems.
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LITERATURE REVIEW

An excellent review of topics contained in this review has

been done (Holechek 1980). Numerous articles have been published

since the completion of his review and other publications prior

to his review are in existence. The purpose of this review of

published literature pertaining to this project was to locate

articles not contained in Holechek's (1980) dissertation. This

review serves as an update on and a supplement to the prior

review. The wealth of citations contained in both literature

reviews is a reflection of and only a small part of the

voluminous amount of research pertaining to range nutrition.

In general, grazing systems have been looked upon as a

means of improving range condition while still allowing grazing

(Anderson 1967a and 1967b). The ideal system for use on range

in excellent condition may be different than one used for

improving a range from poor to excellent condition (Heady 1970).

Stated another way, it is of prime importance that whatever

management system is used it must be tailored to the specific

requirements of the range resource (Anderson 1967a).

The philosophy of grazing management has been well stated

(Hanley 1979). Based on the philosophy that plants must be

allowed time to recover vigor following defoliation, grazing

management typically involves various combinations of resting

a pasture for one or more years, deferring grazing until after
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seed maturity of specified "key" species, and season-long grazing.

Grazing management is intended to promote the vigor and seedling

success of forage species by rest and deferment, to promote seed

planting of forage species by mechanical action of animal movement

following deferment (Sampson 1913), to reduce ill effects of

repeated overuse of preferred areas (such as near water) that

commonly occur with continuous grazing, and increase animal

productivity as a consequence of increasing forage productivity.

On the basis of this general philosophy many research studies

have been conducted to validate suggested advantages that

specialized grazing systems inflict on the maintenance of the

resource. These studies are numerous and have been extensively

reviewed by other authors. Their reviews will be presented in

this discussion.

To clear confusion over conflicting terminology, adherence

to definitions is a must. Lacey and Van Poolen (1979) have

proposed a dichotomous key to classify all grazing systems over

the option of allowing every locale to develop a similar key.

This proposal would facilitate the ultimate disappearance of

the multiplicity of terms and confusing terminology. Heady

(1970) proposed a similar system of definitions. The grazing

systems researched and reported herein follow his definitions.

In this and in other grazing system studies tester animals

are usually young growing animals. The results obtained with

growing animals may not be applicable to situations where the
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grazing animals are cows and their nursing calves (Petritz

et al. 1980). The herbage quality of a pasture is reflected

in the average daily gain of the grazing animals, and in the

case of growing animals an increase in gain results in an

increase in merchantable products. With a beef herd, however,

the principal output is the sale of feeder cattle. The total

weight of the calves sold is related to conception percentage

of cows and the daily gains of calves during the grazing season.

Herbage quality in these situations may be reflected in cow

weight gain, calf weight gain, and cow conception percentage.

Vavra and Raleigh (1976) reported on early work of Skovlin

(1962) which showed the relationship of herbage quality

reflected in cow weight gain and calf weight gain. While a

cow accounts for a major portion of the herbage consumed, weight

gain is of minor importance and is usually below beginning

weight on summer range (Skovlin 1962). Conversely, calf weight

gain and cow conception percentage are of great importance.

Herbage quality may have relatively little influence on calf

gains early in the grazing season when the calves consume only a

small amount of herbage. This inefficiency is a situation of

double jeopardy because forage quality is usually at its peak on

summer range and calves are at their peak for convertibility of

grass to beef (Vavra and Raleigh 1976). Calf gains at this time

are mainly dependent on the milk production of the cow, which is

influenced by many factors in addition to herbage quality. Later
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in the season, as calves grow and begin to consume more forage

and milk production of the cow has declined, calf gains may be

directly influenced by herbage quality (Petritz et al. 1980 and

Vavra and Raleigh 1976). Therefore, extrapolation of experi-

mental results obtained with growing animals may be difficult

because the beef herd contains the genetic variability of the

cow as reflected in conception percentages and milk production

and not in measurable changes in average daily gain.

The Effects of Grazing Systems
on Livestock Production

Reviewing the literature reveals tremendous variability in

the results reported about the effects of grazing systems on

livestock production (Herbel 1971, Hickey 1969, Sampson 1951,

Pieper 1980, Driscoll 1967, and Gammon 1978a).

In a study of continuous and rotational grazing Walton et

al. (1981) found that in the third and fourth year weight gains

from the rotationally grazed areas were nearly double those

obtained from continuous grazing (218 vs. 119 kg/ha respec-

tively). Measurement of forage nutritional quality revealed that

in the rotationally grazed field forage was more digestible and

contained more calcium, magnesium, copper, and crude protein

than did forage in the continuously grazed area.

Laycock and Conrad (1981) reported that on native sage-

brush-grass range, a comparison of summer-long in alternate

years, summer-long (July-September) grazing every year, and a
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three unit rest-rotation system showed average daily gains of

cattle over the entire period were the same for all systems.

During the period of study on this range in fair to good con-

dition and grazed at moderate intensity, rest-rotation was not

a better system than summer-long grazing. Uniform managerial

practices among systems every year resulted in similar pro-

ductivity on ranges grazed summer-long and on ranges under

rest-rotation management. This was the key to lack of difference

in average daily gains among the systems (Laycock and Conrad

1981).

In an older study, Rogler (1951) showed that steers on

moderately but continuously grazed pasture gained more per head

than animals maintained under a rotational grazing management

system. His comparison lasted for 25 years.

In the Coast Range of Oregon, rotational grazing resulted

in approximately ten percent higher peak lamb live weight gains

than under continuous grazing. Ewe live weights followed the

same trends as lamb weights during the green forage period with

rotationally grazing ewes gaining weight as well as or better

than ewes grazing continuously. In contrast, rotational

grazing tended to depress ewe weights compared to continuous

grazing during the dry forage period (Sharrow and Krueger 1979).

Seligam and Gutman (1978) evaluated livestock and vege-

tational response for ten years and for three years following a

switch of rotational heavy and continuous heavy stocking
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treatments. Prior to the switch there was a slight increase in

liveweight gain per head in continuous vs. rotational but the

difference was not significant on an area basis. After the

switch there was a much smaller liveweight gain per head in the

rotational (previously continuous) than in the continuous

grazing system. Botanical changes in the sward under continuous

grazing during the ten years prior to the switch resulted in

lower grass cover and higher perennial thistle cover. This may

have helped explain the lower gain in the rotational system after

the switch. Additional reporting of this study is provided by

Gutman and Seligman (1979).

With the use of a complex cross-over statistical design to

minimize variation from changes in vegetation or differences in

range improvements Currie (1978) showed cows and calves gained

the same amount of weight whether they grazed pastures season-

long or under a three pasture deferred rotation grazing system.

He suggested that his results continue to cast doubt on the value

of rotation grazing systems on pine-bunchgrass ranges in

Colorado.

Pieper et al. (1978) found weaning weights to be higher for

two pastures grazed continuously at two stocking rates than for

a four-pasture one-herd rotation system on blue grama (Bouteloua

gracilis) range in south-central New Mexico. Livestock response

for the eight-year period was greater under continuous grazing

(P1:0.05) for both stocking rates.
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Ten years of data comparing yearlong grazing to seasonal

suitability grazing have not shown the specialized grazing system

to be superior to yearlong grazing (Beck 1978). Livestock

performance was similar for both systems and conservative

stocking rates and drought were suggested as reasons for lack of

difference between the systems.

On coastal bermudagrass (Cynodon dactylon) Hart et al. (1976)

showed there was no evidence rotation or strip grazing produced

higher average daily gains than continuous grazing at equal

grazing pressures or stocking rates. In Washington, Dillion and

Wallenmyer (1966) found that deferred rotation grazing combined

with early spring use increased cow months of grazing from 1,000

to 2,310. Holechek (1980) reported no significant difference

between continuous grazing and rest-rotation in terms of cattle

performance.

Thetford (1975) thoroughly reviewed effects of varying

stocking rate on livestock performance. He investigated 44

grazing intensity studies and concluded that largest gain per

head was generally realized under light grazing, while largest

gain per hectare was generally realized under heavy grazing.

Sharrow et al. (1981) published the results of Thetford's

(1975) study, showing ewe live weights decreased and lamb

weaning weights decreased as stocking rate increased from 7.4

to 12.4 ewes plus their lambs/ha. However, the large number

of animals carried at the higher stocking rates resulted in more
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kilograms of lamb weaned per hectare in spite of decreased

performance of individual lambs. Results are not inconsistent

with the generality that increasing stocking rate results in

declining individual animal performance but increasing pro-

duction per area.

Conversely, Klipple (1964) found that increasing stocking

rate during May 1 through July 15 did not reduce individual

animal performance on the Kansas Flint Hills range when forage

quality was at its peak. This discrepancy of findings between

Sharrow and Kipple is explained with the realization that

grazing the Tall Grass Prarie May 1 through July 15 with an

increasing number of animals per unit area more efficiently

utilizes excess forage and negates declining individual animal

performance.

Short duration grazing, popularized by Savory (1978), but

perhaps based on the thinking of Acocks (1966) has been and is

being investigated in the United States (Sanders 1975, Leithead

1974, Rittenhouse and Bluntzer 1979, Rittenhouse et al. 1979,

and Heitschmidt and Rittenhouse 1979). Such systems are called

short duration of high intensity-low frequency (HILF) systems

and usually employ from eight to 20 pastures.

Leithead (1974) surveyed four Texas ranches which had

adopted HILF systems with six to eight pastures. From 1970 to

1973, stocking rates on these ranches increased 111, 28, 40,
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and 200 percent, with no change in animal performance. However, it

appears that these ranches were egregiously under-stocked initially.

The ranch on which stocking rate increased 200 percent covered

1250 ha in a 75-80 cm rainfall zone, yet carried only 50 head of

one to two year old cattle before and 150 head after the change to

rotation grazing.

Rittenhouse and Bluntzer (1979) in Texas found nine percent

greater intake per kg body Wt. 0.75 on a five-pasture rotation when

compared with continuous grazing, but three percent greater average

digestibility under continuous. Milk production of cows was

similar under both systems. Gains of cows, heifers, and calves

were slightly less on eight-pasture rotation than on continuous,

and conception rate of cows was lower; but, rotation pastures were

stocked seven percent heavier than continuous pastures (Rittenhouse

et al. 1979). On a ten-pasture rotation system grazed three to

seven days in cycles of 35-42 days, heifer gains were 0.61 kg vs.

0.53 kg on continuously grazed range at half the stocking rate, but

gains on rotation showed greater seasonal variation (Heitschmidt

and Rittenhouse 1979).

Sanders (1975) and Sanders et al. (1980) investigated con-

tinuous and short duration grazing in Texas and found no

difference in gains or diets between the two systems. Stocking

intensity was apparently low because evaluation of utilization

revealed the range was being lightly used. Had utilization been

heavier, the authors suggested that cattle on the high intensity
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system would have shifted their diet from the palatable to the less

palatable species toward the end of each grazing period. Howell

(1978) suggested a whole multitude of improvements in the veld

condition resulting from a combination of nonselective grazing and

short duration grazing practices. The improvements were many,

including overall livestock performance, but no absolute data were

presented.

Comprehensive Reviews of Grazing
System Experiments

Launchbaugh et al. (1978) reexamined many of the fields

covered by McMeekan (1969) and concluded that rest-rotation systems

may expedite range improvement but few improve livestock production.

They also pointed out that the rationale behind rotation grazing

is based on expected plant responses, not livestock physiology.

They indicated that while rotation grazing may force livestock to

consume otherwise unpalatable forage species, this is achieved at

the cost of reduced intake during the latter part of each grazing

period and reduced nutritive quality, palatability, digestibility,

and intake on pastures grazed late in the season. Some proponents

of rotation systems have stated that such systems are not designed

to maximize gain per animal, but gain per unit area. This

attitude, however, ignores economic constraints on low weaning

and yearling weights and possible detrimental effects on reproduc-

tivity efficiency.
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Jefferies (1970) stated a similar view when he suggested

that specialized grazing systems, such as deferred rotation or

rest-rotation, are designed to increase the quantity of desirable

range vegetation and not designed to increase individual livestock

gains. He did postulate, however, that over a period of years and

typically as a result of specialized grazing systems, a producer

will be able to increase his stocking rate and livestock production

per acre with the assumption that stocking rate was correct prior

to initiation of a grazing system. If stocking rate was low in

the beginning, individual animal gains may be large due to more

selective grazing and not due to the specialized grazing system.

Jefferies (1970) also suggested heavier grazing intensity

experienced with the concentration of animals on a small area in

a rest-rotation system may cause lower individual animal gains in

the first years the system is used.

Laycock and Conrad (1981) discussed rest-rotation systems

and suggested that very often range improvements are not due to

rest-rotation but to good range and livestock management. Such

management includes adequate and well-distributed water, good

distribution of salt, and adequate riding at the same intensity

for all systems. They further suggested that the original rest-

rotation study at Harvey Valley, California (Hormay 1970, Hormay

and Evanko 1958, Hormay and Talbot 1961, and Ratliff et al.

1972) contained many inconsistencies and the results are not as

significant as might be expected.
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Sampson (1951), in summarizing a symposium and the literature,

concluded there was little benefit to rotation grazing on sod

forming grasses, but rotation of bunchgrasses increased vigor

and production of healthy stands. Rotation grazing was of little

help in revegetation of depleted bunchgrass stands.

Driscoll (1967) examined 50 reports of which 29 gave

livestock responses (Table 1). Eight showed greater gains with

specialized grazing systems than with continuous grazing. Twelve

studies reported aains in favor of continuous grazing and nine

reported no difference.

Hickey (1969) reviewed 121 papers covering 49 research

studies of rotation (two to six pastures), deferred, rest-

rotation, or deferred rotation grazing. He complained of

poor quality of many studies. None included measurements of

soil fertility, texture of other properties, and only three

attempted to identify soils by type; 18 included no measurement

of animal response; 17 did not identify the dominant plant

species; 26 did not mention precipitation. Many of the studies

lacked statistical control or confounded grazing with stocking

rate, type of grazing animal, or fertility level. Twenty-five

of the studies either: 1) ran out of forage and abandoned

rotation, 2) fed supplemental feed, 3) changed class of livestock,

stocking rate, or grazing period during the study on one or more

treatments, or 4) drew conclusions as to effects without



TABLE 1 REVIEW OF GRAZING SYSTEMS STUDIES COMPARING
CONTINUOUS AND SPECIALIZED GRAZING SYSTEMS 1 /
FROM A LIVESTOCK PRODUCTION STANDPOINT.

16

Percent

of Studies
Showing

Advantage of
Advantage
Specialized

Some Type
of Grazing

Advantage Grazing No Differ- Not System
Source Continuous System ence Reporting Management

Driscoll 12 8 9 21 28%
1967

Hickey 7 13 13 19 25%
1969

Herbel 6 3 3 1 23%
1971

Pieper 14 6 4 0 25%
1980

Gammon 17 10 12 0 26%
1978a

1 / Specialized grazing systems is defined as any system
other than continuous.
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presenting supporting data. Of the 33 reporting on animal response,

25 percent showed an advantage for some type of grazing management

(Table 1).

Nevertheless, Hickey (1969) concluded:

1. The two pasture rotation ("alternate") ("South
African Switchback") system of grazing offers
little or no benefit from the standpoint of
livestock gains or range improvement. Most
authors doubt that the system is economically
justifiable.

2. The three pasture rotation offers a slight
disadvantage to livestock gains and some
advantage to increased pasture yields and
improved pasture conditions. Opinions appear
to be divided on the economic feasibility of
this system.

3. Rotations of four pastures or more--available
literature was insufficient to support definite
statements concerning this system.

4. Deferred rotation and rotational deferment--again
there were too few research papers to support
conclusions. Those reviewed showed an advantage
in livestock gains. However, in recent years
there have been numerous large-scale evaluation
studies which indicate that livestock gains,
pasture improvement in both vegetation and soils,
and net returns are all benefited by these
systems.

5. Rest-rotation--all authors appear to agree that
this is the best long-range grazing system from
all aspects of the livestock industry. This
method appears to offer the greatest net returns
per dollar of investment.

6. Deferred grazing--both research and evaluation
studies of this practice are common. The key to
range improvement apparently lies in the amount of
rest provided the vegetation by deferment of
grazing use during the growing season. Rate of
improvement appears to be related to frequency and
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duration of rest. The fastest way to improve
deteriorated range having sufficient cover for
natural reseeding is through complete growing
season deferment.

Herbel (1971) reviewed research on grazing systems in

nine major rangeland regions of the West. He cited 13 studies

of grazing systems around the United States, of which 23

percent indicated an advantage of a specialized grazing

system in terms of livestock production (Table 1). Pieper

(1980) reviewed 24 studies encompassing the years 1940 to 1979.

Twenty-five percent of the studies he reviewed showed an

advantage for increased livestock production under some

system of rotational grazing (Table 1). Gammon (1978a)

reviewed 39 studies that made some comparison of livestock

production between continuous and some form of a specialized

grazing system. Twenty-six percent of those studies he reviewed

showed an advantage of increased livestock production when

employing some form of grazing management (Table 1).

A feature of the experiments reviewed is the variation in

response from the same or similar systems. There are a number

of possible explanations for this variation. Grass species

differ morphologically, and this, together with physiological

differences in response to defoliation, can result in different

reactions to the same treatment. Species and classes of live-

stock differ in their nutritional requirements, herbage intake,
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and grazing behavior such that their responses to grazing

systems and their effects on the pasture may differ.

Differences in initial pasture condition may account for

conflicting results of some experiments. It has been suggested

that the beneficial effects of grazing systems are most

evident in the reclamation of degraded range and that on range

in good condition little benefit can occur (Sampson 1951, Heady

1961, and Booysen 1969).

A fixed stocking rate across all treatments in a trial

can not measure differences in carrying capacity if such

differences result from the treatments (Mott No date). It is

imperative that the grazing pressure (synonymously called

stocking density and equal to the number of animals per unit of

available forage, Mott No date) imposed on each of the treatments

should be equal except in those trials in which the direct effects

of grazing pressures are being tested (Pieper 1980). Failure of

investigators to use equivalent grazing pressures in a large

measure accounts for the lack of more consistent results in

studies of grazing management systems.

Grazing System Effects
on Vegetation

Forage selection by herbivores may be considered the

results of four general criteria: forage availability, consumer

selectivity, preference, and physiological requirements (Ellis
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et al. 1976). On the basis of this premise, the range manager

may affect forage utilization by manipulating either the class of

herbivore or the available forage (Wilms et al. 1980). Michalk

et al. (1976) effectively used grazing management to make barley

grass (Hordeum leporinum) dominated pastures acceptable grazing

areas.

Influence of grazing or top removal on the plant is depen-

dent upon such important variables as intensity or amount,

frequency, and season of removal (Hedrick 1958). Factors

influencing forage use are: associated species, site, season of

use, kind and distribution of livestock, and compensatory factors

such as fertilization, irrigation, and mechanical harvesting

common to pastures (Hedrick 1958). Since research studies employ

some vegetation measurement to monitor the effects of grazing

systems on the range resource including, but not limited to,

cover, production, density, percent utilization, tiller dynamics,

changes in range condition, and changes in plant vigor--all of

which are influenced by the aforementioned factors--variable

results are, therefore, anticipated.

Examination of the literature for ideas concerning the

impacts of grazing systems on vegetation reveals that not only

is there a great number of grazing systems giving varied results,

but there is a need for further information (Beck 1980). Van

Poolen and Lacey (1979) found that variability in the data
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reported for the Southwest was so great that no concrete statements

could be made about the overall effects of grazing systems on

vegetation. Driscoll (1967) reviewed 50 studies; 39 reported

vegetational response of which 31 found that range condition

declined under continuous grazing. Heady (1970), however, con-

cluded that although it appears range and vegetation respond

differently to manipulation of seasonal grazing this conclusion is

only tentative since range condition was not always recorded at

the beginning and end of grazing system experiments.

Jameson (1962 and 1963) reviewed responses of individual

plants to harvesting. His conclusions concerning variability of

results are not inconsistent with Beck (1980) and Van Poolen and

Lacey (1979). Since his review examined over 420 articles,

presentation of his conclusions is essential. They include:

1. Effects of herbage removal by grazing are
similar to effects of clipping only when the
amount and kind of herbage removed are the
same. (Consistent with Gulley et al. 1933
and White 1973.)

2. Removal of a major portion of herbage will
reduce dry matter yield unless (a) clipped
plants are present in a mixture and clipping
shifts the species composition to a more pro-
ductive mixture, (b) the site is occupied to
a greater than optimum level and clipping
reduces occupancy to a more favorable level,
(c) the site is not completely occupied and
clipping stimulates vegetative reproduction,
or (d) plant senescence is prevented by clip-
ping. There may, however, be a temporary
increase in dry matter yield for one to three
years followed by a reduction in yield.

Detrimental effects of clipping increase when
frequency or degree of clipping is increased.
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3. Legumes appear to be more resistant to cutting
treatments than many grasses. Most forbs other
than legumes are not resistant to cutting.
Shrubs appear to be resistant to grazing when
utilization is expressed in terms of current
annual growth, but these plants might appear
to be less resistant if utilization were
expressed in terms of photosynthetic tissue
removed.

4. For clipping to stimulate tillering, the
growing point or rapidly elongating leaves
must be removed. Removal of leaves alone may
inhibit sprouting species that exhibit apical
dominance.

5. Plant size and form may be changed under grazing
as a result of selection of smaller or more
prostrate genotypes within a species (consistent
with Hickey 1961).

6. Protein content of forage species declines with
maturity, and this decline can be lessened or
prevented by cutting treatments. With clipping
treatments that are not excessive, total protein
yield is often greater from clipped plants than
from unclipped plants.

7. Seed yield is reduced by clipping and grazing
(consistent with Sampson 1913 and Strickler and
Hall 1980). The processes involved may be (a)
removal of the floral primordia, (b) removal of the
flag leaf, awns, or upper leaves which supply most
of the photosynthetic material to the developing
seeds, (c) interuption of the photoperiodic
stimulus received by leaves, and (d) reducation
of plant food reserves. Accumulated carbo-
hydrates contribute only slightly to seed
development.

8. Root weights and root growth are generally
decreased by clipping. Clipping also reduces
the amount of nutrients taken up by roots.

9. In perennial plants there is a decrease in
carbohydrate accumulation with the onset of
spring growth. During the rest of the season
carbohydrates of underground parts of plants may
increase or decrease. The early spring decline
is apparently attributable to utilization of
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carbohydrates in the production of new leaves. The
mid-season decline, when it occurs, is apparently
a temperature response or is the result of fruit-
induced senescence. Only a small fraction of the
mid-season decline can be attributed to trans-
location of carbohydrates to fruits.

10. Severe defoliations result in lowered amounts of
carbohydrates in the underground portions of
herbage plants, and some carbohydrate reserves
are needed for production of new leaves after
defoliation (consistent with more recent research;
McConnell and Garrison 1966, Krall et al. 1971, and
Owensby et al. 1977). White (1973) concluded
that these reserves may not come from roots but
he suggested more research was necessary. Once
the carbohydrate needs for new leaf tissue have
been met, there is little reason to believe that
additional stored carbohydrates will result in
additional growth. Carbohydrates and proteins
may be associated with ability of the plant to
survive drought, freezing, and other adverse
conditions.

11. Although deleterious effects of defoliation on
root growth are generally considered to be
induced by reduced carbohydrates available to
the roots, other substances produced by the
leaves and necessary for root growth, such as
thiamin and other vitamins, may be involved.

12. Since herbage removal reduces root growth, the
smaller root systems may in turn give reduced
top growth. Effects of roots on tops may include
uptake of mineral nutrients and water, and
synthesis of chemical substances needed for
top growth.

13. Grazing ruminants may supply some vitamins to
plants through their saliva.

In view of Van Poolen and Lacey's (1979) and Beck's (1980) regard

for conflicting results, and in view of Jameson's (1962 and

1963) straightforward conclusions it appears that understanding

the plant-animal interaction may still be elusive.
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Specialized Grazing Systems Benefits on the Vegetation

Many workers have shown the need for a rest on rangeland

(Sampson 1913, Smith 1940, Daubenmire 1940, Willard and Mc Kell

1973, Mueggler 1975, Buwai and Trlica 1977, Trlica et al. 1977,

and Strickler and Hall 1980), and the benefits of specialized

grazing systems on rangeland herbage production (Legee et al.

1981, Smith and Owensby 1978, Pieper et al. 1978, Reardon and

Merrill 1976, and Pearson 1965), on ground cover (Gutman and

Seligman 1979, Hickey and Garcia 1964, and Seligman and Gutman

1978), on litter accumulation (Reardon and Merrill 1976 and

Seligman and Gutman 1978), on species compositional changes towards

climax (Galt and Kramer 1978, White and Terry 1979, and Reardon

and Merrill 1976), on vigor (McConnell and Smith 1977, and

Ratliff 1962), on seed production (Sampson 1913, Strickler and

Hall 1980, and Ratliff 1962), and on plant density (Nelson 1934).

Platts (1981a) pointed out the negative effects of sheep

concentrations on riparian-stream ecosystems. He also (1981b)

discussed general grazing impacts on riparian areas. Heavy

concentrated sheep grazing can make streams wider and shallower,

can decrease the slope of streambanks, eliminate undercut banks,

change riparian habitat type, expose the stream to more solar

radiation, and decrease water depths at the stream surface-

streambank interface. These changes tend to decrease fish
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populations (Marcuson 1977 and Duff in press). Extrapolation of

these changes to other areas is difficult and may be invalid

since only an estimate of stocking rate under which these changes

occurred was available. This invalidity is substantiated by

Buckhouse et al. (1981) where streambank degradation on Meadow

Creek was not dependent on grazing systems at a stocking rate of

3.2 ha/AUM.

Deleterious Effects or No Effects on the Vegetation

The controversy concerning grazing system effects on vege-

tation continues. Lacey and Van Poolen (1981) proposed no

difference exists in the total amount of herbage produced on

moderately grazed and ungrazed Western ranges. The hypothesis

was rejected because published literature shows that annual

herbage production averaged 68 + 46 percent higher when plots were

protected from a moderate level of stocking. Also, herbage pro-

duction of individual plants averaged 59 + 50 percent higher when

they were protected, rather than clipped at a moderate level of

use. They did suggest that herbage production will not continue

to increase if nonuse periods of four to seven years are

extended, so there is little justification for advocating

long periods of nonuse. Holechek (1981) cites ten studies he

says show that "Lightly or moderately grazed plants are more

productive than those left ungrazed." This literature was

apparently in direct contrast to Lacey and Van Poolen (1981).

None of the studies these authors cited were the same.
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Johnston (1961) evaluated grazing in the fescue grassland

of southwestern Alberta as an ecological influence by making a

valuable comparison of a lightly grazed area and a protected area.

The study area was located on a site with a history of moderate to

light use and the exclosure used had been in place for 12 years

prior to that evaluation of grazing. His conclusions included

the following:

1. Light grazing resulted in the development of a
richer flora dominated by Danthonia parryi an
edaphic subclimax species on exposed sites
and a disclimax under heavy utilization.

2. Protection from grazing appeared to simplify
the flora with a trend toward a cover con-
sisting largely of Festuca scabrella.

3. There was little evidence of difference in
productivity between the two sites. (Possibly,
as a result of light utilization, 15 to 25 percent
tiller redefoliation was not severe enough to
cause a change in productivity as suggested by
Gammon (1978b).)

4. Cooler and more moist conditions prevailed in
the upper 12 inches of the soil profile of the
ungrazed site as a result of heavy accumulation
of mulch.

5. Considerably more root material to a depth of
54 inches was present on the lightly grazed site.
This is not inconsistent with results of Crider
(1955) and others as reported by Jameson (1963).

6. In light of inconsistent results in the green-
house study as compared to the field study
regarding root and top growth, Johnston suggested
greenhouse clipping tests should be used with
caution when applied to actual grazing studies.

Other workers have shown that grazing season-long does not

cause a decline in the vigor (i.e. vegetative shoot lengths and
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number of flower stalks) of Idaho fescue (Ratliff and Reppert

1974), that various grazing systems or seasons of rest applied up

to seven years produce no significant increases in plant density,

basal area, herbage yields, or beneficial species compositional

changes (Laycock and Conrad 1981, Currie 1978, Clary 1979, and

Martin and Ward 1976), and that clipping treatments have no

effects upon yield (Cooper 1956).

Differential Response due to Grazing Management and Other Factors

Severity of defoliation can cause variable responses in

creeping bluestem (Schizachyrium stoloniferum Nash.) (Kalmtecher

et al. 1981). Thus, it becomes necessary to examine actual

individual plant tiller defoliation dynamics under various

grazing regimes to determine their effect on plants (Hodgkinson

1980). Kothmann et al. (1978) and Van Poolen and Lacey (1979)

have noted that adjustments in livestock numbers have a greater

effect on herbage production than do grazing systems. Norton

(1978) casts doubt on accepted range management theory regarding

changes in vegetation due to grazing. He suggests that vege-

tation changes in dominant and unpalatable species is a function

of grazing pressure as mediated by interspecific competition.

Inherent plant longevity, opportunity for plant replacement, and

differential response to climatic pattern may all be more

influential than grazing stress (Norton 1978, Pitt and Heady

1979, and Kothmann et al. 1978). Very often sampling of
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vegetation may be less intensive than needed to detect any

difference in herbage production improvement (Beck 1978).

Vegetation changes which do occur after protection are not

correlated with changes occuring along the gradient from

relative xeric to relatively mesic sites (Rice and Westoby

1978). Therefore, vegetational changes were not occurring as

they should have been according to the classical concept of range

succession. Anderson and Nolte (1981) support this hypothesis

and propose an "initial floristics/relative stability" concept

of vegetation development.

The philosophy surrounding the development of rest-rotation

at Harvey Valley (Hormay and Talbot 1961, Hormay and Evanko 1958,

and Hormay 1970), the philosophy expressed by Durham and

Kothmann (1977), and that, even with moderate stocking, preferred

species decline in productivity (Martin 1978), have been suggested

to be observations not validated by critical unbiased measurement

(Gammon 1978b, Gammon and Roberts 1978a, 1978b, and 1978c).

Gammon (1978b) suggests defoliation during continuous

grazing is not as great as is commonly assumed. Among the most

palatable species, 5.7 to 11.1 percent of tillers received four or more

defoliations up to early winter (Gammon 1978b). He noted that

other experiments indicated this level of redefoliation could be

expected to reduce vigor of at least some of the important

species. However, since a small portion of the sward would be

affected, it could take many years for range deterioration to be
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measureahly evident. Consequently, in experiments of only a short

time span range deterioration under continuous grazing has not been

evident.

Further, with rotational grazing Gammon (1978b) found no

tillers grazed four or more times and in most species there was

some reduction in the proportion of tillers grazed three times.

Although, the proportion of the sward affected by these differences

was small. Therefore, while the rotational grazing system would

be expected to control loss of vigor and prevent range deteriora-

tion arising from frequent defoliation (i.e. selective grazing),

no areat increase in production could be expected by virtue of the

small differences in the patterns of defoliation. This may explain

why some experiments involving rotational grazing systems have

shown only modest increases in animal production over increases

measured with continuous grazing (Gammon 1978b). Kothmann et al.

(1978) made similar statements regarding the difficulty in

detecting vegetational trends in experiments involving a short

time span.

Reviewing what has been published, it is clear that impacts

of grazing systems on the plant community are not well understood.

Vegetation changes need to be documented over a long period of

time with regard to tiller dynamics on an area basis. Until this

is done, the validity of grazing systems will remain questionable

and there will continue to be conflicting evidence in the literature

as to their merits (Beck 1980).
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Qualitative Evaluation of Forage

Components of Forage Quality

Forage quality is usually expressed in relation to some animal

response such as weight gain or production of milk or wool. Dietz

(1970) gave six characteristics of a high quality forage for

ruminant animals which include the following:

1. High palatability of the forage results in high
feed intake by the animal.

2. Optimum levels of various nutrient components in
proper ratios during the period of animal use.

3. High apparent digestibility of the nutrient
components with an optimum ratio of nitrogenous
components.

4. Volatile fatty acids in optimum proportions for
efficient energy production.

5. Adequate levels of minerals, vitamins and trace
elements.

6. Efficient convertibility into components
necessary for the animal body over sustained
periods.

The range nutritionist utilizes but is not limited to chemical

analysis and estimates of digestibility through the use of in

vitro digestion techniques to estimate nutritional quality.

Protein is considered the most important component of

animal tissue as it is the nutrient in highest concentration in

muscle tissue of animals (Church and Pond 1974). A serious

deficiency results in failure of the body to maintain itself,

while slight deficiencies adversely affect reproduction,

lactation, growth, and fattening processes (Morrison 1957).

Ruminants obtain most of their protein to form new cells essential
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for body maintenance, growth, reproduction, and lactation from

digestion of rumen microorganisms (Church and Pond 1974). The

ruminant needs protein for the rumen microorganisms to effectively

digest and metabolize carbohydrates and fats. If protein levels

fall below a minimum, rumen function becomes severly impaired.

However, very high protein levels are both unnecessary and

inefficient for ruminants.

Both protein and nonprotein nitrogen are represented by the

term crude protein. While it is true the test for crude protein

does not indicate the kinds and amounts of amino acids present,

no evidence indicates that ruminants require particular amino

acids. Digestion in the rumen is a microbial process, and amino

acids are synthesized as needed (Sullivan 1962). But as crude

protein content is significantly correlated to the digestible

protein content, determination of crude protein level of a plant

can give a reasonably reliable estimate of its feeding value

(Sullivan 1962).

All of the various plant substances soluble in ether are

included in the term crude fat. Lipids, plant pigments such as

chlorophyll and carotene, and certain essential oils are removed

from the plant in ether extract (Maynard and Loosli 1956). Rumen

microorganisms synthesize the various fatty acids in the rumen and

sometimes utilize carotene for their vitamin A requirement (Church

and Pond 1974). True fat provides approximately 2.25 times more

energy than carbohydrates and proteins; less than one-half of

ether extract in plants may be true fat (Sullivan 1962).
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A majority of the plant material eaten by range animals

consists of some form of carbohydrates (Dietz 1970). Micro-

organisms in the rumen break down the carbohydrate constituents

in anaerobic fermentation to produce volatile fatty acids (VFA),

mainly acetic, propionic, and butyric, that provide most of the

energy needed by the animal (Annison and Lewis 1959).

Van Soest (1968) proposed dividing forage dry matter into

two fractions based on nutritional availability. This scheme

precludes discussion of carbohydrates as a group because

carbohydrates are not equal in their availability to the

ruminant. Van Soest's first fraction corresponds to cellular

contents and is composed of lipids, soluble carbohydrates, most

protein and other water soluble matter. This fraction is

essentially available, but its digestibility appears incomplete

because of the excretion of fecal non- cell -wall matter, which is

principally of endogenous and bacterial origin (Van Soest 1968).

The second fraction corresponds to the plant cell wall, the

availability of which is controlled by structural features that

link cellulose, hemicellulose, and lignin together. Of the

cell-wall components, hemicellulose is a large and variable

fraction which prevents crude fiber, cellulose, or lignin from

being a good estimator of the content of the plant cell wall

(Van Soest 1968). The plant cell wall corresponds to what can be

nutritionally defined as a total fiber fraction. The nutritive
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availability of the cell-wall fraction is not uniform among forages

(Van Soest 1968).

Cellulose is resistant to weak acids and alkalies but it can

be hydrolyzed by strong acids to form glucose (Dietz 1970). Rumen

bacteria can also break it down into more soluble carbohydrates.

Cellulose is important nutritionally because it provides the body

with a major source of energy (Dietz 1970). Lignin represents

the fibrous indigestible portion of the diet (Maynard and Loosli

1956). The digestibility of a forage is strongly affected by the

lignin content since the more lignified cellulose becomes, the

less digestible it is to the ruminant (Barnes and Marten 1979).

Lignin acts as a physical barrier between cellulose and cellulolytic

rumen bacteria (Dehority and Johnson 1961). Decreasing digesti-

bility, and therefore rate of passage, could result in lower

intake. Lignin can account for a significant portion of the

variation in an intake predictor equation (Hart et al. 1976).

Almost all of the mineral content of plants is recovered in

the ash left after ignition at 600° C(Dietz 1970). Ash indicates

mineral content but it does not indicate individual mineral

content. It is often an advantage to know the ash content of

forages as many measurements of digestibility and of certain

substances which relate to digestibility are made on an ash-free

basis (Sullivan 1962).

On western ranges calcium and phosphorus are the primary

minerals that may cause problems. Calcium supplies are usually
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ample in most range forage, and may be high enough to adversely

affect the metabolism of phosphorus (Morrison 1957). Phosphorus

may be deficient in many forage species on western and southern

ranges during the winter (Dietz 1970). Phosphorus should be

supplemented when animals are on winter ranges since the forage

is usually deficient in this mineral at this time (Cook and

Harris 1968). Phosphorus supplementation is recommended when a

wide calcium-phosphorus ratio may prevent metabolism of

phosphorus.

Other minerals such as sodium, potassium, chlorine,

magnesium, iron, sulfur, iodine, manganese, copper, cobalt, and

zinc are necessary for many bodily processes. These minerals,

although important, are usually supplied in adequate amounts in

common forage plants and are not normally reported in routine

feed analyses (Dietz 1970).

Vitamins are organic compounds which play a catalytic role

in normal bodily functioning (Church 1976). The water-soluble

vitamins - -C and the B complex--can be synthesized by rumen bacteria

from other food constituents and are thus not required in forage

consumed by ruminants. The fat-soluble vitamins - -A, D, and E--must

be present in the forage ingested by ruminants.

Animals can convert plant carotenes to vitamin A (Church 1976).

Although vitamin A is needed in only minute amounts, animals can

store it for relatively short periods. A deficiency may develop

after prolonged periods of feeding on forages devoid of green
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material (Dietz 1970). Unsuccessful reproduction, retarded growth,

death of young, night blindness, eye lesions, and a general

degeneration of the nervous system are symptoms of vitamin A

deficiency (Morrison 1957 and Church and Pond 1974).

Vitamins D and E are typically not a problem on rangelands

(Dietz 1970). The ruminant's need for vitamin D is usually

available in sun cured forage or from the effect of direct sun-

light upon the animal's body.

Energy is a very important measure of the nutritive value

of forage. With the exception of phosphorus and protein

deficiencies, lack of either available energy, digestible energy

or both is one of the most common nutritional deficiencies

affecting range animals (Dietz 1970). On mountain rangelands of

Northeast Oregon digestible energy appears to be the first-limiting

nutrient (Holechek et al. 1981). Overused winter ranges and early

spring ranges are often energy deficient at the time animals

switch to watery green grass and forbs. The schematic breakdown

of energy values has been shown by many researchers. Church and

Pond (1974 p. 85) provide a good display of energy terminology.

Atwood (1948) reported that comparison of the gross chemical

composition of a plant to its ability to combat starvation shows

that a routine feed analysis alone is unreliable as an indicator

of nutritive value, and that this analysis must be supplemented

by digestion trials. Digestion trials have shown that older, more

mature fall and winter forage is less readily digestible than
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newer, tender spring growth; thus, any protein deficiency in the

fall and winter may be much greater than that shown by routine

chemical analysis (Biswell et al. 1945).

Factors Affecting Changes in Forage Quality

Countless observations by generations of people through

research measurements, performance trials, and producer

experience have contributed to the virtually irrefutable recog-

nition and acceptance of the following: nutrient composition of

early plant growth exceeds that of the same plants with advancing

maturity (Kilcher 1981). Evidence of this wealth of knowledge

is presented in recent reviews by Kilcher (1981), Beaty and

Engel (1980), Laycock and Price (1970), and Cowan et al. (1970).

Examination of a few studies is necessary to reiterate the

relationships of factors affecting forage quality. Such an

examination provides the basis for the following discussion.

A multiplicity of factors influence the rate of change in

nutrient composition with advancing plant development and

maturity stages. These factors may include one, or a com-

bination of one of the following: plant type, climate,

season, weather, soil type and fertility, soil moisture, leaf-

stem ratio, physiological and morphological characteristics and

others, and may vary with annuals vs. perennials, grasses vs.

legumes, etc. (Kilcher 1981). Laycock and Price (1970) stated

essentially the same list of factors. They went on to make the

following conclusions summarizing changes in forage quality.
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Many factors affect the chemical composition of plants indirectly by

hastening or delaying plant development. The percentages of many

desirable components such as protein, phosphorus, and carotene, are

high when plants are young. As plants mature, the percentages of

these components decrease and less digestible components such as

crude fiber, lignin, and nitrogen free extract increase. In

temperate climates these changes associated with plant maturity

occur concurrently with an increase in temperature and a decrease

in soil moisture during the growing season. Below normal

precipitation that causes deficient soil moisture hastens these

seasonal changes; cool rainy weather may prolong or reinitiate

the green nutritious stages of growth. Gesshe and Walton (1981)

reported moisture as a major positive influence in forage selection.

Trends in forage quality in the different topographic regions of

the western United States were reviewed by Vavra and Raleigh

(1976). Vellentine and Young (1959) have discussed factors

affecting the chemical composition of forage plants on the

Edwards Plateau.

The chemical composition of plants may be affected by

associated species. Plants grown in pure stands may differ in

form, chemical composition, and digestibility from the same

plants grown in mixed stands. Plants with nitrogen fixing

bacteria in nodules may increase the nitrogen content of the soil

and thereby increase both the amount and protein content of the

herbage produced (Laycock and Price 1970).
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Most shrubs retain higher crude protein content during the

latter part of the growing season and dormancy than do grasses

(Raleigh and Lesperance 1972). Hedrick et al. (1969) reported

shrubs and forbs retained higher crude protein content than pine-

grass (Calamagrostis rubescens) in the seed and cured growth stages.

Maintenance requirements for cattle were met, but available

nutrients were inadequate to maintain a one pound per day gain in

growing steers. Grasses usually have lower lignin values than

shrubs at all stages of maturity (Cook and Harris 1950).

Crude protein content of hays decreased with advancing

maturity and increased with cutting height (Cooper 1956). The

higher values for crude protein with increased cutting height

appear to be due to the larger portion of leaves and seeds occur-

ring in the herbage from the higher cuts. Livestock and wildlife

could thus obtain diets higher in crude protein by selectively

grazing plant tops vs. the whole plant. Cattle select different

plant parts depending on availability of new forage growth (Durham

and Kothmann 1977). Durham and Kothmann noted a significant

(P:e....0.05) increase in the leaf:stem ratio from a low of 1.29 in

January to 5.39 in the last week of March. Forage availability

paralleled this increase.

In the mixed-coniferous forest, degree of light usage and

nonusage increases with increasing overstory cover. This

relationship is probably not simply a preference by cattle for

open areas, but the result of the interactions of several factors
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(Young et al. 1967b). Young et al.(1967b) pointed out the relation-

ship of yield of crude protein per acre and the influence of

increasing overstory on chemical composition of forage is unclear.

However, Young et al. (1967a) reported that percent crude protein

for pinegrass (Calamagrostis rubescens) remained rather constant

across shade classes. However, there was a significant difference

in crude protein yield per acre between logged and unlogged areas

due to a direct negative relationship between increasing tree crown

cover and crude protein yield per acre.

Most western ranges dominated by grasses have sufficient

energy to meet the maintenance requirements of wintering livestock

except during periods of heavy snow (Shepherd and Hughes 1970).

Energy supplementation is, however, recommended for browse ranges

during the winter (Cook and Harris 1968). Southern wiregrass and

bluegrass ranges are deficient in energy during the spring and

winter (Sheperd and Hughes 1970).

Techniques for Determining Chemical
Composition and in vitro Dry Matter Digestibility

The chemical composition of range forage plants has been

studied by numerous investigators. Methods of analysis of crude

protein, gross energy, ash, and dry matter are standardized

(A.O.A.C. 1960). However, several techniques have been used to

determine fiber and lignin values primarily as a result of

inadequacies of previous methods.
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Henneburg and Stohmann (1860 and 1864) developed, from the

earlier studies, the crude fiber analysis and the Wende system

of proximate analysis. These analyses were improved and stan-

dardized by agricultural and feed control chemists such that the

procedures were more precise and compatible to routine analysis,

but with little regard for the nutritive qualities of the proximate

components. These procedures continued as the official method of

analysis of livestock feeds in the United States and other countries

until recent years (Fonnesbeck 1976).

Fiber chemists and botanists have shown that fibrous matter

is from the plant cell wall. Plant cell walls are constructed of

several distinct chemical components, most prominent being

cellulose, hemicellulose, lignin and pectins. Microbiologists and

biochemists have demonstrated that cell wall carbohydrates (i.e.

cellulose, hemicellulose, and pectins) are partially digested

within the rumen of animals by rumen microbial enzymes (Hungate

1966).

Norman (1935) criticized the value of crude fiber and

nitrogen free extract to evaluate feeds as NFE may be only

slightly more digestible than crude fiber in some feeds. Proximate

analysis contains limitations (Fonnesbeck 1976). Crude fiber does

not contain all of the nonnutritive matter and nitrogen free

extract is not entirely nutritive matter; because imperfect

methodology has allowed most of the lignin and hemicellulose to

be extracted into NFE which is supposed to represent available
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carbohydrates (Van Soest 1967). Ether extract is also a mixture of

nutritive and nonnutritive lipids (i.e. essential oils) (Dietz 1970).

Ethyl ether does not extract all of the solvent soluble substances

of plants (Fonnesbeck 1976).

Crampton and Maynard (1938) became concerned with the error of

crude fiber and developed methods to determine cellulose and lignin.

Their methods were never widely adopted. The methods did not solve

all of the objections to crude fiber as the hemicelluloses were

still included in an undetermined fraction they called "other

carbohydrate" (Fonnesbeck 1976).

Van Soest (1963a) made major changes from the usual fiber

analysis by introducing detergent solutions to extract plant cell

contents. The choice of detergents, ph of reagents, and reaction

conditions was based on the ability of the reagents to extract

protein from forage samples. Van Soest's acid detergent fiber

method (1963b) was welcomed by many scientists as a replacement

for crude fiber, though it was intended as the first step in deter-

mining 72 percent H2SO4 lignin. His neutral detergent fiber analysis

demonstrated a pronounced difference between grasses and legumes.

Van Soest suggested the partitioning of forages into cell wall

constituents and cell contents was a close division between the

nutritive matter and the lesser or non-digestible components

(Van Soest 1966). Since the neutral detergent fiber analysis

represents the cellulose and lignin portion of the cell wall of

plants it is the only analysis of a fiber value required for
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nonruminants with little fiber-utilizing capacity (Van Soest and

Wine 1967). Neutral detergent fiber analysis appears to divide

the dry matter of feeds very near the point that separates the

nutritively available (98 percent) and soluble constituents from

those that are incompletely available and dependent on a microbial

fermentation (Goering and Van Soest 1970).

The acid detergent fiber procedure provides a rapid method

for lignocellulose determination in feedstuffs (Van Soest 1963a

and 1963b). The residue also includes silica. The difference

between cell walls and acid-detergent fiber is an estimate of

hemicellulose; however, this difference does include some

protein attached to cell walls (Goering and Van Soest 1970).

The acid-detergent fiber is used as a preparatory step for lignin

determination.

The preparatory step removes protein and other acid-insoluble

material that would otherwise interfere with lignin determination

in the acid-detergent lignin procedures. The ADF residue consists

of cellulose, lignin, cutin, and acid-insoluble ash, mainly silica

(Georing and Van Soest 1970). They outlined procedures for the

determination of lignin by removal of the other substances in the

acid-detergent lignin procedures.

An indirect method to determine lignin was developed that

makes possible the preparation of cellulose and insoluble ash in

the same sample (Van Soest and Wine 1968). The insoluble ash is

an estimate of the total silica content, which in many grasses is

a primary factor in reducing digestibility. The permanganate
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lignin method is an alternative procedure to the 72 percent sulfuric

acid method; each procedure has its own advantages (Georing and

Van Soest 1970).

Advantages of the permanganate method over the 72 percent

acid method include a shorter procedure for lignin while the

residue is reserved for further analysis of cellulose and silica.

The permanganate reagents are much less corrosive and require no

standardization (Van Soest and Wine 1967). The residue requires

no filter aids, and lignin values are not subject to interferences

that affect 72 percent sulfuric acid lignin. Values are less

affected by heat damage artifacts and are closer to a true lignin

figure (Goering and Van Soest 1970).

Theory of the Van Soest and Wine (1968) method, according to

Goering and Van Soest (1970) is:

"Interfering matter is removed by preparing acid-
detergent fiber, which is chiefly composed of lignin,
cellulose, and insoluble minerals. Lignin is oxidized
with an excess of acetic acid-buffered potassium
permanganate solution, containing trivalent iron and
monovalent silver as catalysts. Deposited manganese
and iron oxides are dissolved with an alcoholic
solution of oxalic and hydrochloric acids, which
leaves cellulose and insoluble minerals. Lignin is
measured as the weight lost by these treatments;
whereas, cellulose is determined as the weight loss
upon ashing. The ash residue is mainly silica and
much of the nonsilica matter can be removed by
leaching with concentrated hydrobromic acid."

Some of the problems of lignin analysis were discussed by

Van Soest (1964). Lignin may be partially dissolved when the

pH exceeds seven. The involvement of lignin in the browning

reaction may also confound the percent lignin when forage

samples are dried at high temperatures. Lignin values of
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15.5 and 14.4 percent respectively, were obtained when the sample

was dried at 20 and 100 degrees centigrade for 16 hours.

Barnes and Marten (1979) reviewed recent developments in

predicting forage quality. The most promising new procedure

being tested was infrared reflectance spectroscopy. The

potential exists for this procedure to predict animal nutritive

responses directly, without first predicting chemical composition.

The term Total Digestible Nutrients (TDN) indicates the

sum of all digestible organic nutrients in a feed. The percentage

of digestible fat is multiplied by a factor of 2.25 due to its

higher energy value, and is added to the percentages of digestible

protein, fiber, and nitrogen free extract. Total digestible

nutrients estimate the digestible energy value of the ration

(Dietz 1970).

Digestible energy is calculated from the gross energy

of feed minus the energy in the feces. It represents apparent

digestibility, without correction for fecal constituents of

metabolic origin (Dietz 1970). The digestible energy of feed is

comparable to total digestible nutrients. Techniques are

available for converting DE data to TDN (Morrison 1957).

Digestible energy and TDN are relatively unaffected by the

plane of nutrition, environmental temperature, and physical

activity of the animal. Many nutritionists consider DE as one

of the most practical and meaningful measurements of the

nutritional value of a feed (Swift 1957).
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Pearson (1970) and Rice (1970) reviewed in vitro techniques

which estimate digestibility. The in vitro system includes

fermentation of a substrate with rumen microorganisms in a

buffered nutrient medium under controlled conditions of

anaerobiosis, temperature, and pH.

The in vitro artificial rumen techniques currently in use

may be classified generally into two types: microbial digestion

of dry matter or cellulose, and a two-stage system where

preliminary microbial digestion is followed by an acid pepsin

treatment to remove the effects of microbial or forage protein

(Tilley and Terry 1963). The in vitro or artificial rumen is

very useful for predicting the in vivo digestibility of forages

and complements the collection of diet samples by fistulated

animals. The rate of fermentation in vitro is apparently related

to the voluntary intake of forages (Donefer et al. 1960).

Digestibility data coupled with estimates of fecal excretion

can give reliable estimates of intake of forages. If the botanical

composition of the diet is known, the intake of individual species

of forage may be estimated (Rice 1970). Similarly, when the

chemical composition of the diet is known, nutrient balances may

be determined.

Barnes (1973) has reviewed several methods used in the

prediction of in vivo digestibility and reported that the two-

stage rumen fermentation technique proposed by Tilley and Terry

(1963) was generally found to be superior. Barnes and Marten
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(1979) and Johnson and Dehority (1968) made similar conclusions.

Bowden and Church (1962b) found dry matter digestibility in

vitro to be highly significantly correlated with dry matter

digestibility in all of ten studies examined. Urness et al.

(1977) found that two-thirds of the forage samples fed in

digestion balance trials were higher in fiber than those run

in vitro, yet mean in vivo digestibility was usually higher than

in vitro percentages. They suggested this occurred because the

artificial rumen technique does not duplicate all enzymatic and

mechanical functions found in ruminant digestive systems, or,

oven drying forages at 100° C appears to reduce in vitro

digestibility by increasing content of lignin-like substances

(Van Soest 1965).

Horton et al. (1980) summed their data as indicating that

in vitro digestibility of forages may be affected by the diet of

the sheep or cattle used as sources of innoculum. Furthermore,

they noted in vitro digestibilities are not the same with

innoculum collected from sheep as from cattle. Thus, both

species of donor animal and its diet may affect the in vitro

digestibility of forages. Bowden and Church (1962a) suggested

that variability in digestibility between trials, estimated by

including a standard alfalfa in every trial, indicated differences

in the digesting capacity of rumen liquor collected from the

same steer on different days.
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Urness et al. (1977) found that the two stage rumen method

provided estimates of apparent digestibility that were reasonably

accurate albeit conservative, for deer forages that are digested 35

percent, the lowest value observed, or more in vitro. Sidahmed et al.

(1981) found in vitro digestible dry matter (IVDDM) of esophageal

samples was positively correlated with the content of grass and

forbs and negatively correlated with the sum of the scrub oak

(Quercus dumosa) and chamise (Adenostoma fasciculatum).

Thompson and Dotzenko (1977) developed this equation to

predict in vitro digestible dry matter:

IVDDM = 99.55 + (-1.39)Time + (-.81)ADF + (-.29)HC

The equation includes time of sampling, acid detergent fiber,

and hemicellulose. Acid detergent fiber is usually consistently

and inversely related to digestibility (Van Soest 1966).

Kartchner (1981) found crude protein supplementation on the

Northern Great Plains during the fall-winter period may

enhance forage dry matter digestibility under certain conditions

of forage quality and availability. This was especially true

when animals were forced to select shrubs during periods of

severe weather. Forage intake is positively correlated with

in vitro dry matter digestibility and negatively correlated with

lignin content (P<:0.05) (Horn et al. 1979). In Botswana,

digestibility accounted for more variation in weight gain during

the wet season than in the dry season, which would indicate that
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as crude protein content becomes less of a limiting factor digest-

ibility has more influence on cattle weight change (Pratchett et

al. 1977).

Sample Collection Problems

The problems associated with esophageal fistula collections

have been reviewed (Holechek 1980 and Rice 1970) and need only to

be mentioned. Chemical analysis of fistula samples are complicated

by salivary additions during collection (Rice 1970). Saliva adds

moisture and minerals, and may or may not add nitrogen to the

collected sample. The problems of mineral contamination have been

minimized by presenting data on an ash free basis. The composition

and amount of saliva added to fistula samples varies with the nature

of the diet. Collected samples must be handled carefully as

rinsing, drying, drainage of excess saliva, and other procedures

preparatory to analysis will affect chemical constituents. Scales

et al. (1974) found no difference in crude protein between samples

frozen immediately or those exposed to ambient temperature for one

hour after feeding. Thus, they concluded that changes in forage

crude protein are due to the actual processes of mastication and

salivary contamination per se and not to the period of which

samples are exposed to ambient temperature. Nevertheless, they

also concluded that with the exception of minerals and possibly

crude protein, the chemical composition of extrusa obtained via

the esophageal fistula gave a reasonable estimate of the chemical
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composition of grazed forage. The fibrous analysis appears to be

affected least, whereas the effects of collection and handling on

nitrogen, phosphorus, and soluble carbohydrate analysis may be

considerable.

The primary problems with esophageal fistula sampling are

contamination by rumen contents, low precision for individual

dietary species, incomplete recoveries, and high cost of initial

surgical procedures and continued animal maintenance program

(Holechek et al. 1982). In studies conducted by Campbell et

al. (1968) and Grimes and Watkins (1965) recovery was quite

variable ranging from 34% to 94%. Collection periods of longer

than 30 minutes increase the chance of regurgitation of rumen

contents into the collection bag (Bath et al. 1956). Samples

with this source of contamination cannot be used. Differences in

grazing behavior of fistulated animals of different age and sex

classes have not been reported (Van Dyne and Torrell 1964).

Microhistological Analysis for Botanical
Composition of Fistula Samples

Direct observation, utilization studies, fistula sampling,

stomach analysis, and fecal analysis, have been used for esti-

mating forage representative of the range herbivore's diet

(Holechek et al. 1982). The importance of ascertaining diets

of all classes of animals on a world-wide basis has been demon-

strated (Cook 1977). Knowledge of what plants are consumed is the

first step in a nonlinear programming optimization technique to
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determine the proper mix of animals for greatest biological

efficiency for any particular range area. The significance of

obtaining maximum biological efficiency for rangelands and the

consequences of the alternative have also been demonstrated

(Cook 1977).

Microhistological examination of fecal material or

esophageal fistula extrusa are the two most commonly used

techniques for estimating the botanical composition of the diets

of herbivores. Comparisons of the two methods include Vavra

et al. (1978) and Smith and Shandruk (1979), and review of the

two methods has been done (Holechek et al. 1982). Forbs

appear to be more digestible than grasses and thus occur less

frequently in fecal samples than in esophageal samples (Vavra

et al. 1978). Slater and Jones (1971) warn about the use of

microhistological analysis of feces where legumes usually form

the basis of improved pasture mixtures such as in the Australian

context. They suggest that workers contemplating the use of the

method should be careful to verify that the epidermis is fully

recovered in the feces and that the presence of epidermal hairs

does not overestimate the percentage of certain species.

The histological approach to food habits utilizing

epidermal fragments in feces was first attempted by Dusi (1949)

to determine food habits of rabbits. This was done by adapting a

technique used by Baumgartner and Martin (1939) to analyze stomach

content from squirrels. It has since been used by many researchers
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to ascertain diets of herbivores. Sparks and Malechek (1968)

verified the technique by artificially mixing known amounts of

grasses and forbs which were oven-dried and ground through a

1 mm screen to reduce all fragments to a uniform size. Five

slide mounts of mixed samples unknown to the examiner were

analyzed under a compound binocular microscope. The microscope

field under 125X magnification was considered a location. Only

fragments that were known to be epidermal tissue other than

hairs were recorded as presence of a plant species on the slide.

Frequency percentages were calculated. Dry weight percentages

were predicted directly from the relative density. A 1:1 regres-

sion ratio was observed between estimated dry weight percentages,

a finding which the author stated may not be consistent with

other plant species or maturity stages. If the species are

similar to those they examined, it was concluded that little

accuracy could be gained by a prediction equation. Correlations

have been calculated between observed and expected values for

known mixtures when microhistological analysis was used to

estimate species composition by weight. Denham (1965) obtained

a highly significant value (r=0.97) when the expected and observed

values of six species were correlated. In the study conducted by

Sparks and Malechek (1968), the correlation coefficient between

expected and observed values was 0.99 when 15 mixtures of plants

commonly found in herbivore diets were examined.
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One important assumption of the microhistological technique

is that the percent identifiable material is constant for each

species. Haystad and Donhart (1978) found ratios of identifiable

to nonidentifiable fragments were neither equal to one nor equal

between grass and forb fragments. Their data indicate that

individual values of percent composition for a species in a diet

should be interpreted cautiously. The influence of sample

preparation on microhistological analysis was studied by Vavra

and Holechek (1980): It was reported here that sample preparation

influenced both the ratio of identifiable to nonidentifiable

fragments and the accuracy of the technique. Standard sample

preparation procedures outlined by Sparks and Malechek (1968)

resulted in underestimation of browse and forbs in components of

formulated diets containing equal amounts by weight of grasses,

forbs, and shrubs. This problem was reduced by soaking sample

material in either bleach or a 0.043 M solution of sodium

hydroxide prior to slide preparation (Vavra and Holechek 1980).

The improvement in accuracy by application of either treatment

was attributed to the removal of pigments that make identification

of epidermal material of some plant species difficult. Westoby

et al. (1976) reported that some browse species were underesti-

mated in formulated diets using microhistological analysis

because leaves from these species have a low proportion of

epidermal material in relation to total biomass. For this reason

it was suggested that microhistological analysis may have
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limitations for quantifying herbivore diets high in browse. In

Westoby's investigation the correlation coefficients between

observed and expected values for the dietary species were low,

indicating regression would be an unsatisfactory means of

correcting data. Vavra and Holechek (1980) stated that in any use

of the microhistological technique, synthesized "diets" should be

made up to test the assumption of a one to one ratio.

Holechek and Vavra (1981) estimate that five slides per sample

would estimate all major, minor, and trace species within 30 percent

of the mean at the 80 percent confidence level. If estimations of

the minor and trace species--those compromising 19-15 and zero-four

percent by weight of the species in the sample respectively--are

deemed unnecessary or are not contained in samples under investi-

gation and are thus eliminated, then major species can be estimated

within 10 percent of the mean at the 90 percent level with six

slides per sample. They suggested that conclusions should not be

drawn concerning the relative proportions of major or minor species

in the diet.

Estimation of Herbage Parameters

Sampling is an ever-existent problem in range research. The

evaluation of the effect of experimental range practices on range

forage production, the determination of the extent to which

vicissitudes of climate influence plant growth, and studies of

relationships between plant cover and intensity of erosion require
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measurement of vegetation. Further, it is necessary to estimate

production to measure forage consumption (Clary et al. 1978). It

is seldom economically feasible or practically desirable to

observe, measure, or harvest the herbage from every plant on a

range area. Usually some method of sampling is resorted to whereby

data taken on a small fraction of the area are assumed to

represent the whole (Pechanec and Stewart 1940).

Researchers recognized the need for accurate estimates of

forage production which would correctly assess the number of

livestock an area could support when the Western domain passed

into federal control (Smith 1944). The initial method used was the

point-observation-plot (square-foot density) method of vegetation

survey (Stewart and Hutchings 1936). Researchers and government

personnel continued their search for methods which would accurately

estimate vegetation parameters while at the same time be both

efficient and economical. Reviews of current methods are provided

by Pieper (1978), Brown (1954), and Reppert et al. (1963). This

portion of the literature review provides a limited summary of

aforementioned reviews and additional studies that deal with

double sampling procedures. It is not an exhaustive review of

either production or utilization of range forage techniques.

Herbage Weight Measurement Techniques

Harvesting herbage on plots of known area has been a standard

approach for many years. The method is basically simple, but a

thorough understanding and diligent performance of the several
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tasks in the collection phase are needed to insure accuracy

(Reppert et al. 1963). The steps are:

1. Unbiased sample unit placement within limits
set forth in objectives. The field worker has
some chance in selecting location of sampling
units. A system which eliminates most chance in
selectivity and leaves him with a straight-forward
procedure is most desirable.

2. Correct and consistent procedures for delineation
of plot boundaries. Rectangular plots may be
more efficient (American Society of Agronomy et
al. 1952), but circular and square plots are often
favored, as they minimize the error of "edge effect."
Adequate guides are necessary for objectively
deciding whether a plant is inside or outside the
plot boundary.

3. Clear understanding of species to be sampled.
Study objectives may call for harvest of only
"palatable herbage" (Reed and Peterson 1961).
Therefore, plants in this category must be
easily recognized by the investigator.

4. Definition of portion of plant to be sampled.
This is often "current year's growth." In some
cases plant parts fall off or become shattered
before collections are made. Clear instructions
should be given for handling this kind of plant
material. Tueller and Tower (1979) clipped
grasses and forbs at ground level and shrubs were
clipped of all current year's growth.

5. Selection and adherence to the clipping height.
It is best to clip fairly low if the aim is to
include nearly all herbage available to grazing
animals, or at ground level if the purpose is to
include the entire production (Lommasson and
Jensen 1938, and West 1938). As clipping approaches
ground level fine soil particles are more easily
picked up. Occasionally more than half of the
herbage is below heights of one or two inches.

6. Careful plot identification, weighing, and
recording.
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In most parts of the western United States, production is

limited to one growing season per year. However, herbage weight

changes considerably throughout the year (Box 1960, Brockinton

1960, Cassady 1953, Ratliff and Heady 1962, and Turner and

Klipple 1952) and from year to year (Campbell 1937). At the

beginning of the growing season, herbage weight increases rapidly

as new leaves and stems are being formed. Sometimes during the

rest of the growing season and throughout the dormant season,

standing crop declines (Pieper 1978). Turner and Klipple (1952)

reported a 34 percent decline in herbage weight from August to

October for blue grama (Bouteloua gracilis). These losses have been

attributed to translocation, leaching, oxidation, dropping leaves,

and dissemination of seed.

Where species diversity is large, production for individual

species may reach peaks at different times (Ratliff and Heady 1962).

In their research, Ratliff and Heady showed a 3.4 percent difference

on a total production of 5463.5 lbs/ac when each species was

measured at its peak vs. measuring each species individually.

The weight-estimate method was devised by Pechanec and

Pickford (1937b) to provide an easy, rapid method of determining

forage production. The method requires considerable training and

constant checking on the part of the estimator; but, with careful

work, the method is fairly reliable. Reppert et al. (1963), Smith

(1944), and Reid and Pickford (1944) provide a good discussion on
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the sources of error with this method and necessary training and

checking procedures. Pechanec and Pickford (1937b) suggested the

method consisted of defining a 10, 50, or 100 gram unit and counting

the number of such units in the plot. During the training period

the worker estimates the weight of the unit and then clips it for

comparison. The length of the training period depends on the

number of species encountered. However, Tadmor et al. (1975)

concluded that naturally skilled persons can successfuly make dry

weight estimations without training. Reese et al.(1980) agreed

that naturally skilled persons can successfully make dry weight

estimations without training, and that training in relative weight

estimation appears to be less crucial than has been suggested by

previous workers (Hutchings and Schmatuz 1969, and Haydock and

Shaw 1975). Pieper (1978) pointed out that the fewer the number

of species and the less variable the vegetation, the easier the

task of estimating. Tadmor et al. (1975) concluded that fairly

homogeneous species composition was required for successful dry

weight estimations. Reese et al. (1980) suggested,though, that

high variation among quadrats compensates for the inaccuracies in

dry weight estimation for untrained workers. Nevertheless, during

the actual use of the method frequent checks are made to serve as

an adjustment for the estimator (Pieper 1978). This is easier if

the estimator is consistently high or low.

Shopp and Mcllvain (1963) reported on tests of the weight

estimate method and showed that estimates of production per plot
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were higher than actual clipped values for plots with small yields,

and 16 percent under for plots in the highest 20 percent of the

weights. Consequently, variation was lower for the estimates than

for the clipping. Other studies have indicated similar trends

(Pieper 1978). The weight estimate method may not give an accurate

estimate of population variance of the plots used in sampling.

The main use of the weight-estimate is to improve sampling

efficiency by increasing sample size and not by reducing the

variation of the poWation introduced by the estimation.

If some of the plots are both estimated and clipped, the

estimates can be corrected or adjusted by regression techniques.

This is termed a double-sampling method (Wilm et al. 1944 and

Hilmon 1959). Double sampling appears to be a good method of

increasing precision and accuracy of weight estimates (Pieper

1978). Campbell and Cassady (1949) found they needed only 10-15

9.6 square foot circular plots to adequately sample a type in

southern forest ranges.

Probably one of the most common indirect methods of

measuring production is measuring precipitation and relating it to

production through regression techniques. Over most of the western

range moisture is a major limiting or controlling factor of forage

production. Many studies have shown that variation in precipitation

can account from 80 percent to 95 percent of the yearly variation

in herbage production (Reed and Peterson 1961, Hutchings and

Stewart 1953, Smoliak 1956, and Sneva and Hyder 1962).
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Precipitation alone may be inadequate. Parker (1963) calculated

an index of seasonal precipitation times basal area to predict

herbage production.

Harris (1954) pointed out the importance of spring and early

summer (April 1-June 30) precipitation on forage production at the

Starkey Experimental Forest and Range. In 1948 spring precipi-

tation was 23.77 cm and production on grassland areas totaled

597 kg/ha. In 1949 spring precipitation was 10.97 cm and the

same grasslands produced only 321 kg/ha of herbage production.

Data were not available to calculate a regression equation for

all years in which precipitation was measured. Pumphrey (1980)

suggested September through December and April through May pre-

cipitation measures would be useful for a range manager to use

in estimating future herbage production where moisture is the

primary limiting factor. He also pointed out the much greater

responsiveness of the fertilized grass stands to precipitation

re-emphasizes the need to be aware of those factors which limit

yield when trying to relate a climatic factor to a response from

a biological system.

Overstory crown cover may be the factor limiting production

in some ecosystems. Young et al. (1967a) found a highly

significant negative relationship between tree crown cover and

both herbage cover and yield. Overstory crown cover accounted

for more of the variability in herbage production than either

tree basal area or stems per plot.
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Francis et al. (1972) found that estimates of production from

loop-frequency could be similar in both high-yield and low-yield

years. Production varies within and among growing seasons,

depending upon climatic conditions (Martin 1973). Thus, in a

wet year high yields are experienced while in a dry year low

yields are experienced. Loop-frequency of the plant population

may remain essentially the same, however, provided the absolute

population does not increase or decrease. It is clear, then, that

loop-frequency is not an accurate measure of plant production.

In many cases it is desirable to determine production on

areas which are being grazed. Exclosures are often impractical

since they are permanent and would eliminate the grazing treat-

ments. Consequently, some type of portable cage has often been

used (Tueller and Tower 1979). One drawback to use of cages is

removal of the grazing treatment during the year the cages are

in place (Pieper 1978).

Another drawback of the cage method is the influence of the

cage itself on the microenvironment and subsequently on plant

growth. Heady (1957) found that cages significantly increased

yields in the California annual grasslands during the winter.

However, during rapid spring growth the differences were soon

eliminated. Likewise, species composition was not altered by

the cages.

In the Flint Hills of Kansas, Owensby (1969) found that

herbage production was 717 kg /ha greater under cages than
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outside cages. He attributed the difference to improved micro-

climatic conditions under the cage.

Utilization Measurement Techniques

The object of measuring forage utilization may be simply

ascertaining when a single plant species has been grazed to a

desired height; or as complex as determining the effect of

removing various reproductive organs of photosynthetic tissue at

specific growth stages (Smith et al. 1963).

Hyder (1958) commented that, when emphasis is placed on

percentage removal, primary attention is specifically directed to

methodology, but when emphasis is placed on herbage remaining,

attention is drawn to the ultimate objective of proper use

standards. However, utilization expressed as a percentage

removal is important in evaluation of animal preferences under

specific conditions of species composition, yield, distribution,

availability, and season of grazing.

Another concept emphasizes systems of grazing and minimizes

importance of degree of grazing by permitting "full" use of plants

at certain periods (Smith et al. 1963). This approach to range

utilization was presented by Hormay and Talbot (1961) who described

a rest-rotation grazing system for perennial bunchgrass ranges.

Such a concept virtually eliminates the need for determining

levels of grazing because other objectives of plant and animal

management are overriding; any harmful effects of grazing are
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said to be overcome by allowing plants to regain vigor and

reproduce during rest periods (Smith et al. 1963).

Some methods of utilization measurement require a knowledge

of forage production, both in implementing the technique and in

interpreting and applying the results. This poses some vexing

problems to which attention must be given (Smith et al. 1963).

Should the "production" value needed in the utilization equation

be: 1) herbage production on ungrazed areas measured at the

peak of the growing season; 2) ungrazed herbage measured at the

end of the growing season; or 3) total cumulative growth on

a grazed range?

Translocation of nutrients, weathering, and other "dis-

appearance" factors progressively, but not always uniformly,

reduce weight of herbage after the peak growth period. Lovell

(1961) found that grasses on the sandhills and sandy plains of

eastern Colorado reached maximum air dry weight between late June

and mid-July. Weight loss varied greatly by species. Total

grass production dropped about 15 percent by the seventh of

September and another 33 percent by March 18. Turner and Klipple

(1952) reported reductions of more than 30 percent of the maximum

herbage weight of blue grama during the summer and fall. Additional

losses occurred during the winter.

The affects of time and manner of grazing on herbage produc-

tion must also be considered. Stoddart and Smith (1955) state:

"Although a single harvesting at the end of the growing season
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usually produces the greatest yield possible under dry-range

conditions, there are exceptions to this." Periodic herbage

removal from some plants in summer-rainfall areas may increase

total yields (Lang and Barnes 1942, and Turner and Klipple 1952).

Total production of cool season grasses under drier growing

conditions, however, may be reduced markedly by grazing during the

growing season (Cook and Stoddart 1953). The response of shrubs

to browsing varies tremendously with species, time and level of

use, and climate (Sampson and Malmstem 1926 and Garrison 1953).

The amount of photosynthetic tissue and reproductive parts

that remain after grazing greatly influences production of

individual plants. Branson (1953) illustrates the importance

of the height of growing points and the ratio of fertile to

vegetative stems in determining a plant's resistance to grazing.

Brown (1954) maintains that determining an appropriate utilization

level is fundamentally a physiological problem involving con-

sideration of the plant's opportunity to fulfill the functions of

root growth, carbohydrate storage, and reproduction. Young et

al. (1967b) found forest density and understory vegetation

influenced the distribution of forage utilization in northeast

Oregon. Yet, forest density and understory vegetation indirectly

affected the plant's ability to fulfill the aforementioned

functions (Brown 1954), and utilization measurement was still as

stated by Brown (1954).
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Campbell (1937) stated:

The important point is that range forage utilization
must be measured more accurately and proper utilization
must provide for maintenance of all services of the
land, not only forage for domestic livestock and
wildlife, but also watershed protection and timber
reproduction."

He further suggested that since the same plant may be relished in

one type and not in another utilization standards on western

rangelands should be developed for key species by geographic

regions.

Methods of utilization measurement are well documented

(Smith et al. 1963, Pieper 1978, Brown 1954, Heady 1949, and

Pechanec and Pickford 1937a). The need for more intensive

sampling of range units in the time available has encouraged

development of methods in which forage utilization is determined

by ocular estimation instead of actual measurement. The ocular-

estimate-by-plot method was first used in 1933 (Pechanec and

Pickford 1937a). These authors also discussed a modification

called the ocular-estimate-by-average-of-plants method. By the

former method, utilization of individual species is estimated on

a plot basis. By the latter method, utilization of each plant

within the plot is estimated separately and individual estimates

are averaged.

Ocular-estimate methods generally permit more intensive

sampling per unit time than do methods that require measuring,

clipping, or weighing. Lower sample errors may result, but

personal errors on a given plot may be higher when ocular
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estimate methods are used. A related example was given by Smith

(1944), who compared density estimates made by an eight man crew.

After seven days of training, the estimators still made signifi-

cantly different estimates. Further, an individual estimating the

same plot had significant inter- and intra-daily variations.

Conversely, Reid and Pickford (1941) found the ocular-estimate-

by-plot method and the stubble - height measurement method (height-

weight ratio) to have about equal personal error. Tests conducted

by four men on a 20 plot series showed a standard deviation of

8.86 percent for the ocular estimate method and 8.38 percent for

the height-weight ratio method. In field trials on range grazed

by sheep, utilization estimates were similar across both methods.

Pechanec and Pickford (1937a) concluded that the ocular-

estimate-by-average-of-plants is relatively free from personal

error and is highly correlated with volume removed. Thus it is

particularly adopted to range studies, as it is slightly less

rapid than the ocular-estimate-by-plot method, and numerous

replications can be made. Reid and Pickford (1941) found that

30 plots were sufficient for a fairly uniform area.

To obtain satisfactory results, any of the ocular estimate

methods require adequate training. Accuracy of results and time

required for training depend upon aptitude and experience of the

observer as well as characteristics of the vegetation. To

promote accuracy, observers should check their estimates with

clipped or measured samples at least daily (Smith et al. 1963).
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Collins and Hurtt (1943) applied the use of height-weight

curves to culmed and culmless plants and derived tables explaining

percent utilization based on remaining stubble height for each

respective growth form. Adjusted curves for variable growing

conditions during successive growing seasons were created and

used until new curves for these different growing conditions

could be created. They noted this is an indirect method of

measuring forage utilization. It is based wholly on the

portion of key species remaining on the ground at the close of

the grazing season rather than on the portion actually grazed.
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STUDY AREA

Location

The study area is located on the 11,735 hectare Starkey

Experimental Forest and Range in Union County,Oregon. The

experimental forest and range is located in the Wallowa-Whitman

National Forest which constitutes a large portion of the Blue

Mountains of Northeastern Oregon. Primary access to the study

area is attained by use of Oregon State Highway 244 (Figure 1).

The exact location of the study area lies within Township three

South, Range 31 East of the Willamette Median and occupies portions

of section 19, 26-29, and 32-35. Meadow Creek drains the study

area and empties into the Grande Ronde River, eventually reaching

the Columbia via the Snake River. Elevations range from 1,070 to

to 1,525 m (Skovlin et al. 1968).

Five blocks of streamside habitat designated Phase I, Phase II,

Phase III, Phase IV, and control were delineated and fenced in

1975 (Figure 2). The control area was not adjacent to the main

study area and was furthest upstream. No grazing occurred on the

control for the duration of the study.

Phase II, the study area proper, consisted of five units.

Units one and four served as two units of a four-unit rest-rota-

tion system. Unit three was grazed season-long, and unit two

served as one unit of a two-unit deferred rotation system. Unit

five served as a control pasture for concomitant studies in the
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Meadow Creek project. Although the complete systems were not

available for investigation, grazing treatments were applied to

represent normal livestock management procedures in a rest-

rotation, season-long, and deferred rotation system.

History of Use

Beginning in 1865, cattle (Bos taurus) made light use of this

area; between 1885 and the turn of the century cattle and sheep

(Ovis aries) heavily used the area (Ganskopp 1978). Records

beginning in 1910 show the area was grazed by cattle, horses (Equus

caballus), and sheep at a stocking rate of about 0.61 hectares per

AUM (Skovlin et al. 1976); in 1935 use was converted to moderately

heavy season-long cattle grazing. According to Driscoll (1955) the

allotment was set aside for grazing management research in 1940,

and a two-unit deferred roation system of management was initiated

in 1942 (Harris 1954). Range condition of the Starkey Experimental

Forest and Range varied from fair to very poor condition prior to

this initial grazing management (Strickler 1966). Harris (1954)

reported an improvement in range condition between 1939 and 1947.

Density of Agropyron spicatum increased 252 percent over that period

while Poa sandbergii showed a density reduction of 48 percent. With

the exception of some experimental pastures, the allotment has been

conservatively grazed since 1942 for four months by 835 head of

cattle (Driscoll 1955 and Strickler 1966). This grazing intensity

translates to 3.2 hectares per animal unit month (Strickler 1966).
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The Starkey area also serves as important wildlife habitat for

mule deer (Odocoileus hemionus hemionus) all year long, and it also

provides spring and fall range for elk (Cervis elaphus nelsoni).

Skovlin et al.(1968) reported deer use on the area averages 6.92

days per hectare and elk use averages 3.7 days per hectare annually.

According to Driscoll (1955) logging activity on Starkey began

in 1893. The north portion, including the study area proper, was

logged of all merchantable timber. At the turn of the century,

logs were driven downstream with the aid of splash dams and high

water. Later the original channel was altered in place to accom-

modate a logging railroad which operated on the stream in the

1930's. In the early 1950's an access road was constructed along

a one mile stretch of the Meadow Creek bottom and later old logging

slash was machine piled, burned, and the disturbed area seeded with

grass (Ganskopp 1978). Slash on the remaining portions of the

study area had previously been broadcast-burned (Skovlin et al.

1976). Skovlin (1976) reported no wildfires on the area in this

century, but fires of variable severity have occurred in most of

the forested types at one time or another (Strickler 1966 and

Hall 1976).

Topography

Skovlin et al. (1976) characterized the topography of the

Starkey Experimental Forest and Range as moderately deep canyon

drainages separating broad rolling uplands. McKee (1972) described
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the overall structure of the Blue Mountains of northeastern Oregon

and southeastern Washington as a large, asymmetric anticline with a

steep north flank and a gentle south flank. The Blue Mountains rise

sharply from the Columbia Basin but merge gradually into the high

desert country of southeastern Oregon. The experimental area lies

just south of the Blue Mountain Anticline (Walker 1973).

Phase II is characterized by south slopes rising steeply,

slope > 12 percent, for the preliminary 200 m from the Meadow

Creek drainage, then gradually ascend to the north side of the study

area. The north slopes rise steeply, slope > 12 percent, all the

way to the south side of Phase II. Rugged north slopes and

gradually ascending south slopes characterize the immediate topog-

raphy surrounding the Meadow Creek drainage in Phase II.

Soils

Burr (1960) described the five soil series which occur on the

study area. Two of the series, Tolo and Klicker, are found under

timber, with the remaining series, Veazie, Rock Creek, and Snipe,

being common to upland grasslands and meadows. An abbreviated

description of each series follows (Strickler 1966). Complete

descriptions are found in Appendix A.

Tolo soils are well drained, medium to fine textured regosols

developed from volcanic ash. They are young soils with little

textural or structural development but have color and organic

differentiations. The series is commonly found over older buried

soils on north aspects and on gentle sloping plateaus. The buried
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B2 horizons, generally silty-clay loam in texture, range from five

to 61 cm in thickness and contain numerous roots, primarily of

trees and shrubs.

The Klicker series is a well-drained, moderately fine textured

"Western" brown forest soil (spodosol in new classification system)

developed in residum from basalt and commonly found on moderate

slopes of south aspect. Clay and structural grade increase

gradually with depth. Gravel size fragments of the parent material

occur throughout the profile, and volcanic ash is present in

variable amounts. Average soil depth is 45 cm.

The Rock Creek soils are well-drained, fine textured, and

very stony prairie-like Lithosols developed from basalt. The

series' most prominent characteristics are its shallow depth and

extreme stoniness. Depth to bedrock ranges between seven and

30 cm with stones and gravel often making up 60 percent of the

profile volume. The surface is generally covered with a gravel

"pavement." Frost heaving is very active, causing pedestalling of

plants and hindering seedling establishment.

The Snipe very stony slit loams occur on moderate to very

steep south-facing slopes and are closely associated with the Rock

Creek and Klicker series. These soils are moderately drained,

fine-textured "prairie-like" in character, developed from fragmented

basalt over solid bedrock. They have moderately to strongly

developed textural and structural profiles. Permeability through

the B horizon is moderately slow, and through bedrock very slow.
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Because of their location on steep south aspects, alternate

freezing and thawing is a common occurence in spring and late

fall, resulting in some solifluction and terracing. Depth for

the described profile is 51 plus cm.

The Veazie series is a young alluvial soil on level bottom-

lands along major drainages. Parent materials are sediments of

basaltic, tuffaceous, and acidic rocks. The solum is moderately

to well drained, medium to moderately coarsed textured, and ranges

from 31 to 92 cm in depth to various sand and gravel substratums.

Climate

The overall climate at the Starkey Experimental Forest and

Range is characterized by cold winters and warm summers with a

growing season that averages 120 days, and a potential for frost in

any month. The mean temperature in July is 18° C and in January

-4° C (Strickler 1966).

The 24 year average annual precipitation at Starkey head-

quarters is 52.77 cm, Table 2. Snow during winter months may

account for up to two-thirds of the annual moisture, with rains

in April, May, and June accounting for most of the remaining

precipitation. Total precipitation during 1979 was near normal,

but 1980 precipitation was 12.3 percent short of the 24 year

average. During 1979, June, July, and December were exceptionally

dry while August was exceptionally wet. As a result, forage re-

growth was observed during September 1979. During 1980,
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TABLE 2. SUMMARY OF PRECIPITATION DATA (cm) AT HEADQUARTERS
OF THE STARKEY EXPERIMENTAL FOREST AND RANGE.

Month 24-Year R 1 / 197921 1980

January 6.53 5.21 5.11

February 4.45 6.07 2.79

March 4.52 4.27 4.75

April 4.42 5.84 3.48

May 5.31 5.00 6.66

June 4.42 1.55 6.88

July 1.63 0.74 1.27

August 1.98 6.96 0.48

September 2.77 1.02 2.97

October 4.29 7.85 1.25

November 5.52 6.05 3.91

December 6.93 2.08 6.60

Total 52.77 52.64 46.15

1/ 1951-1974 24 year average

Due to missing data, headquarters precipitation for 1979
is estimated using 1979 data from Ukiah (Climatological
Data 1979) based on: Y (Starkey Hdqs.) = .260 + 1.054X(Ukiah).
R2 = 0.85.
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precipitation occuring during winter months was well below average.

During May and June, however, precipitation exceeded average monthly

precipitation by 25 and 56 percent, respectively.

Vegetation

Vegetation on the Starkey Experimental Forest and Range is

characterized by ponderosa pine (Pinus ponderosa), Douglas-fir

(Pseudotsuga menziesii) forest intermingled with bunchgrass

openings (Driscoll 1955, Franklin and Dyrness 1973, Hall 1973).

A complete description of the vegetation on the Meadow Creek

Experimental Area is given by Ganskopp (1978).

Vegetation types included in the experimental area, Phase II,

include grassland, forest, and meadow. The grassland vegetation

type is primarily a bluebunch wheatgrass and sandberg bluegrass

(Agropyron spicatum/Poa sandbergii) habitat type. The forest

vegetation type consists of ponderosa pine/Idaho fescue (Pinus

ponderosa/Festuca idahoensis), Douglas-fir/snowberry (Pseudotsuga

menziesii/Symphoricarpos albus) and Douglas-fir/ninebark

(Pseudotsuga menziesii/Physocarpus malvaceous) habitat types as

described by Daubenmire (1970) and Daubenmire and Daubenmire

(1968). The meadow vegetation type consists primarily of a com-

bination of introduced and native grasses. Important grass species

in this community are Timothy (Phleum pratense),orchardgrass

(Dactylis glomerata), smooth brome (Bromus inermis), meadow foxtail

(Alopecurus pratensis), Kentucky bluegrass (Poa pratensis), and

several species of bentgrass (Agrostis spp.).
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Principal herbage species on the study site include Idaho

fescue, Sandberg bluegrass, bluebunch wheatgrass, and one-spike

oatgrass (Danthonia unispicata), Elk sedge (Carex geyeri) is an

important sedge on the study area (Edgerton and Smith 1971).

Important forbs include western yarrow (Achillea millefolium

lanulosa), heartleaf arnica (Arnica cordifolia) and several species

of the lupines (Lupinus spp.). Ninebark, snowberry, and spirea

(Spirea betufolia) are the most common shrubs on the study

pastures.

Ganskopp (1978) presented data showing the percent cover of

the primary species found in different plant communities on the

study site in 1976. Holechek (1980) combined these data with data

giving the amount of area of each plant community on the different

pastures to obtain an estimate of the relative percent plant cover

for the primary herbage species found on the different pastures

(Table 3).

In Phase II of the Meadow Creek Study Area 13 plant communities

have been described (Ganskopp 1978). Nine communities occur in unit

one, nine occur in unit two, eight occur in unit three, and ten

occur in unit four (Table 4). Complete descriptions of all

communities are found in Appendix B.
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TABLE 3. PERCENT CANOPY COVER OF THE PRIMARY SPECIES ON THE GRAZING
SYSTEM PASTURES (PHASE II) IN 1976 (Ganskopp 1978,
Holechek 1980).

Species 1/ RR(1) RR(2) SL DR

Bluebunch wheatgrass

Idaho fescue

Elk sedge

10-20

5-10

5-10

5-10

10-20

5-10

5-10

10-20

5-10

10-20

5-10

5-10

One-spike danthonia 1- 5 1- 5 1- 5 1- 5

Western fescue 1- 5 1- 5 1- 5 1- 5

Kentucky bluegrass 5-10 5-10 5-10 5-10

Sandberg bluegrass 5-10 10-20 10-20 10-20

Cheatgrass 5-10 1- 5 1- 5 1- 5

Total Graminoids 50 50 50 50

Heartleaf arnica 1- 5 1- 5 1- 5 1- 5

Balsamroot 1 1 1 1

Lupine 1- 5 1- 5 1- 5 1- 5

Wyeth eriogonum 1- 5 1- 5 1- 5 1- 5

Cluster tarweed 1- 5 1- 5 1- 5 1- 5

Milkvetch 1- 5 1- 5 1- 5 1- 5

Western yarrow 1-5 1 -5 1-5 1 -5

Total Forbs 30 30 30 30

Snowberry 5-10 5-10 5-10 5-10

Ninebark 5-10 5-10 5-10 5-10

Spiraea 1- 5 1- 5 1- 5 1- 5

Twinflower 1- 5 1- 5 1- 5 1- 5

Total Shrubs 20 20 20 20

jJ Only species found on the upland areas are given.
RR = Rest Rotation; SL = Season Long; DR = Deferred Rotation.
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TABLE 4. OCCURRENCE OF PLANT COMMUNITIES IN PHASE II OF THE MEADOW
CREEK STUDY AREA (Ganskopp 1978).

Unit
Grazing

Treatment Aspect
Plant Community,
Index Number _1I Hectares

1 Rest-
rotation

South 12 5.06

17 6.06

15 3.86

4 20.71

14 0.66

11 1.51

subtotal 37.86

North 16 15.48

1 0.68

15 5.96

4 0.82

12 1.25

5 1.74

11 0.67
subtotal 26.60

Unclassified 18 2.09
Total 66.55
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TABLE 4. Continued

Unit
Grazing

Treatment Aspect
Plant Community
Index Number Hectares

4 Rest-
rotation

South 11 4.37

3 15.10

10 2.65

16 4.86

15 9.55

12 3.52

14 2.47

subtotal 42.52

North 16 6.23

5 2.35

4 1.54

15 2.31

subtotal 12.43

Unclassified 18 2.51

Total 57.46
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TABLE 4. Continued

Unit
Grazing
Treatment

Plant Community
Aspect Index Number Hectares

2 Deferred
rotation

South 3 2.84

12 3.48

4 7.19

15 16.41

17 6.41

11 7.92

9 1.94

subtotal 46.19

North 16 13.03

15 7.94

3 0.23

5 3.35

12 0.39

subtotal 24.94

Unclassified 18 3.02

Total 74.15
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TABLE 4. Continued

Unit
Grazing
Treatment

Plant Community
Aspect Index Number Hectares

3 Season-
long

South 15 6.13

12 7.16

3 15.16

11 4.42

17 0.41

subtotal 33.28

North 16 5.50

5 0.62

15 7.84

subtotal 13.96

Unclassified 18 2.88

Total 50.12

1/ Plant community index numbers refer to the following communities

I. Poa sandbergii/Danthonia unispicata

3. Poa sandbergii/Agropyron spicatum

4. Agropyron spicatum/Poa sandbergii

5. Festuca idahoensis/Eriogonum heracleoides

9. Pinus ponderosa/Poa sandbergii

10. Pinus ponderosa/Agropyron spicatum
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TABLE 4. Continued

11. Pinus ponderosa/Festuca idahoensis

12. Pinus ponderosa/Symphoricarpos albus/Carex geyeri

14. Pseudotsuga menziesii/Physocarpus malvaceus

15. Pseudotsuga menziesii/Symphoricarpos albus/
Carex geyeri

16. Pseudotsuga menziesii/Linnaea borealis

17. Abies 9randis/Linnaea borealis

18. Unclassified (Riparian areas)
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METHODS

Grazing and Livestock Management

Yearling heifers provided by Louis Umbarger, private cooperator,

were used as sampling agents to measure livestock performance in this

experiment. Livestock numbers for the rest-rotation system totaled

20, for the season-long ten, and for the deferred rotation 20. Three

animals on each pasture belonged to the Eastern Oregon Agricultural

Research Center. These animals were equipped with esophageal fistulas.

Figure 3 shows the grazing treatment schedule for the first three

years of the study, reported by Holechek (1980), and the last two

years reported in this experiment. Unit three was grazed season-long,

and unit five was not grazed so that concommitant experiments would

have a control area. Table 5 summarizes the AUM's of stocking pressure

applied to each grazing treatment.

The grazing season lasted 112 days and was divided into four

equal periods. Table 6 shows the dates each grazing season began

and the dates of each respective phenological period, late spring,

early summer, late summer, and fall. Cattle were weighed at the

beginning of the study and at the end of each period using a portable

scale and corral. Cattle were not shrunk and each group was weighed

individually at equal time increments after arriving at the corral.

Based on estimates of forage available in 1976, the five

units in Phase II were delineated and fenced. This was done so
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a

b

c

d

Grazing Schedule

Graze

Rest * Graze

Rest

Graze * Rest

*Mid-season

Grazing Treatment Schedules for
Pastures one, four, and two

R 4 (RR 2 (DF

1976
1/c a d

1977 d b b

1978 a c d

1979 b d b

1980

I

c a d

_I/Letters in the grazing treatment schedules for each
pasture refer to the schedule above.

Figure 3. Grazing treatment schedule for pastures one, four,
and two.
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TABLE 5. AUMs OF STOCKING PRESSURE APPLIED TO EACH GRAZING
TREATMENT. YEARLING = .6 AU. SIX AU/PASTURE/SEASON

System
and

1
Pasture--

/
1979
AUMs

1980
AUMs

Total
AUMs

RR-1 24.0 0 24.0

*

RR-4 24.0 48 72.0

SL-3 24.0 24.0 48.0

DR-2 24.0 24.0 48.0

1/ RR-1 = Rest-rotation unit one; RR-4 = Rest-rotation unit
four; SL-3 = Season-long unit three; DR-2 = Deferred
rotation unit two.

Refers to one group of cattle. Twenty head in four until
August 16 and then moved to one.
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TABLE 6. GRAZING PERIODS AND CORRESPONDING DATES FOR 1979
AND 1980.

Phenological
Grazing
Period Period

Corresponding
Calendar Dates
During 1979

Corresponding
Calendar Dates
During 1980

Late Spring 1 6-21 to 7-19 6-19 to 7-17

Early Summer 2 7-19 to 8-16 7-17 to 8-14

Late Summer 3 8-16 to 9-13 8-14 to 9-11

Fall 4 9-13 to 10-11 9-11 to 10-9
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that stocking rate, 3.2ha/AUM, would be identical among treatments

and eliminate stocking rate as a confounding factor. Stocking

rates are addressed in results and discussion.

Esophageal Fistula Collections

Three esophageal fistulated cows per grazing system were used

during both grazing seasons. Techniques of Van Dyne and Torrell

(1964) were used for fistulation. The esophageal opening was

closed with a removable plate and plug similar to that described

by these investigators.

Each pasture was sampled once per week. Collections during

1979 and 1980 were initiated during the week following placement of

animals on the range. This pattern of collection was used during

both years of the study.

After gathering, the fistulated cows were typically held two

to three hours before sampling was initiated. Fistula collections

were rotated between morning and evening on different pastures.

This process was chosen as Van Dyne and Heady (1965) found a

difference in chemical composition of samples collected at

different times of the day. During collection, fistulated animals

were returned as near as possible to the plant community in which

they had been located. This allowed fistulated cows the oppor-

tunity to graze with yearling cattle in the unit. Fistulated

cows required approximately one-half hour to obtain a sample

equal to the size of a football. Sampling time varied according
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to degree of appetite and individual animal iosyncrasies.

Freshly grazed forage was used as an esophageal sample.

Immediately after collection, diet samples were placed in

plastic bags and frozen; or, if the time permitted, were

immediately put into paper bags and placed in the drying oven at

550 C until dry. Those that were frozen were thawed and pro-

cessed according to aforementioned procedures. After drying,

samples were ground separately in a Wiley Laboratory mill with a

20 mesh (1 mm openings) screen to reduce fragments to a uniform

size (Sparks and Malechek 1968). These samples were stored in

plastic bags until preparation for chemical and botanical

analysis.

Laboratory Analysis

Chemical analysis of esophageal samples included the deter-

mination of crude protein, acid detergent fiber, lignin, cellulose,

and in vitro dry matter digestibility. Crude protein was deter-

mined by the methods set forth by the Association of Agriculture

Chemists (AOAC) (1960). Acid detergent fiber, lignin, and

cellulose were determined by the permangante technique of Van

Soest and Wine (1968). A modification of the in vitro digestion

technique of Tilley and Terry (1963) was used to determine dry

matter digestibility. The original technique calls for centri-

fuging the samples at the termination of pepsin digestion. This

was modified by filtering samples through scintered glass crucibles

and determining the final weight.
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The procedure of Sparks and Malechek (1968) was used to

prepare fistula samples for botanical analysis. An additional

step, as reported by Vavra and Holechek (1980), involved soaking

samples for thirty minutes in .043 M solution of sodium hydroxide

(NaOH) after soaking in water for thirty minutes. Following the

NaOH treatment, samples were rinsed on a 200 mesh sieve and

mascerated with an osterizer blender for one minute. The sample

was once again rinsed on the 200 mesh seive and a small portion

used in microscope slide preparation. A small random selection

of material was made and spread over microscope slides and

Hertwig's clearing solution was used on each slide to aid in

identification of fragments. Hoyer's mounting medium was used

to seal the cover slip on slides.

Plant fragments were identified using the technique of

Sparks and Malechek (1968). The frequency of occurence of

individual species of plants in 100 microscope fields was

recorded. Samples collected from each animal were examined

individually, but data were pooled by period as more samples were

needed to gain precision with this technique. Number of fields a

species occurred in per slide was converted to percent frequency per

slide. Percent frequency was then converted to particle density

per species using a table developed by Fracker and Brischle

(1944). The relative density of each species was determined on

a percentage basis using the following formula (Sparks and
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Malechek 1968):

Relative Density = Density of Fragments of a Species
Total Density of Frag. of all Species

Percent dry weight composition of each species was assumed to be the

same as its calculated relative density (Sparks and Malechek 1968).

Production of Vegetation

Production was measured using the weight estimate method

(Pechanec and Pickford 1937b) in conjunction with a double sampling

technique (Hilmon 1959 and Wilm et al. 1944). One-fifth of all

plots within a sampled community were clipped by species. For

grasses and grasslikes total annual vegetative yield was clipped

to a 2.54 cm (1 in.) stubble height. Browse species were clipped

of current years growth. This type of clipping procedure is

similar to that used by Tueller and Tower (1979). All material

clipped in this study was available to the animal.

Clippings were retained and dried in a forced air oven at

55° C for 96 hours. They were then reweighed and used to convert

corrected green weights to dry weights. Dry weights were determined

by species within plots on each day clipping was conducted. This

was done because Hilmon (1959) has pointed out that different

species and even the same species on different days will have a

different ratio of green to dry material. Estimates of green

weights were made on the other four-fifths of the plots in a

community on a species basis. These estimates were corrected using
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regression techniques where X (independent variable) was the esti-

mated weights and Y (dependent variable) was the actual dry weights

(Pieper 1978). Reppert et al. (1963) pointed out that regression

coefficients can vary with time of sampling and between species

or groups. Thus, separate regressions should be calculated by

species for each respective sampling time. Regression equations

were calculated for species on each day sampling was conducted.

Predicted actual dry weights were then converted to kg/ha.

Thirty 0.5 m2 plots per major plant community were sampled.

Major plant communities were defined as those communities where

cattle would remain a greater percentage of the time, and where

herbage production contributes significantly to the diet of the

cattle. Table seven outlines which communities were sampled for

production and utilization in each unit. Movable cages were used

to locate plots to be sampled. Cages were distributed randomly

in the grassland areas and in a random clump design in the forest.

Cages were placed in the pastures, as time permitted, immediately

following application of grazing treatments; around mid-season,

cages were removed and sampled. Cage location was not the same

each year. During the second year, cages were again randomly

located, but area sampled the previous year could not be used

again. This was done to eliminate the effect of protection against

grazing and the effect of improved microclimate due to cage
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TABLE 7. PLANT COMMUNITIES SAMPLED FOR PRODUCTION AND
UTILIZATION OF VEGETATION.

Unit
Grazing
Treatment

Plant Community
Slope Index Number jJ Hectares Sampled

1 Rest-ro-
tation

South 12 5.06 *2,3

17 6.06 *3

15 3.86

4 20.71 *3

14 0.66

11 1.51 *3
subtotal 37.86

North 16 15.48

1 0.68

15 5.96

4 0.83

12 1.25

5 1.74

11 0.67
subtotal 26.60

Unclassified 18 2.09

Total 66.55



TABLE 7. Continued

Grazing Plant Community
Unit Treatment Slope Index Number Hectares Sampled

4 Rest-ro-
tation

South 11 4.37

3 15.10

10 2.65

16 4.86

15 9.55

12 3.52

14 2.47
subtotal 42.52

North 16 6.23 *4

5 2.35 *4

4 1.54 *4

15 2.31 *4

subtotal 12.43

Unclassified 18 2.51

Total 57.46
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TABLE 7. Continued

Unit
Grazing
Treatment

Plant Community
Slope Index Number Hectares Sampled

2 Deferred
rotation

South 3 2.84

12 3.48

4 7.19

15 16.41

17 6.41

11 7.92

9 1.94
subtotal 46.19

North 16 13.03

15 7.94

3 0.23

5 3.35

12 0.39
subtotal 24.94

Unclassified 18 3.02

Total 74.15
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TABLE 7. Continued
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Grazing Plant Community
Unit Treatment Slope Index Number Hectares Sampled

3 Season-
long

South 15 6.13

12 7.16 *

3 15.16 *

11 4.42 *

17 0.41

subtotal 33.28

North 16 5.50 *4

5 0.62

15 7.84 *4

subtotal 13.96

Unclassified 18 2.88

Total 50.12

1/
Plant Community Index Numbers refer to the following
communities (Ganskopp 1978).

I. Poa sandbergii/Danthonia unispicata

3. Poa sandbergii/Agropyron spicatum

4. Agropyron spicatum/Poa sandbergii

5. Festuca idahoensis/Eriogonum heracleoides

9. Pinus ponderosa/Poa sandbergii
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TABLE 7. Continued

10. Pinus ponderosa/Agropyron spicatum

11. Pinus ponderosa/Festuca idahoensis

12. Pinus ponderosa/Symphoricarpos albus/Carex geyeri

14. Pseudotsuga menziesii/Physocarpus malvaceous

15. Pseudotsuga menziesii/Symphoricarpos albus/
Carex geyeri

16. Pseudotsuga menziesii/Linnaea borealis

17. Abies grandis/Linnaea borealis

18. Unclassified (Riparian areas)

Asterisk indicates community was sampled during 1979 and 1980
unless otherwise indicated

_21 This community was not sampled during 1980

_.11 This community was sampled for utilization during 1980 only
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placement (Heady 1957). Unit one was not stocked during 1980 and

no measurements were taken in that pasture.

Utilization of Vegetation

Utilization was measured by the ocular-estimate-by-average-of-

plants on 40 0.5 m2 plots in those communities sampled for produc-

tion with a few exceptions (Table 7). Some communities appeared

not to be utilized by cattle during 1979 and subsequently measure-

ments of utilization were not made. Estimates of utilization were

made after two intensive days of training where individual plants

of the key species were clipped at varying levels and estimates of

utilization were made. The remaining forage of the plants were

clipped and actual utilization was determined and compared to the

estimate. Training proceeded on an individual species until estimates

were consistently within ten percent of the actual utilization.

Ocular-estimate-by-average-of-plants can accurately measure actual

weight removed (Pieper 1978 and Reppert et al. 1963) with equal

variance when compared to a measurement technique (Reid and

Pickford 1941). In a field trial with sheep, estimates of

utilization were the same with the estimate method and the

measurement method. Utilization measurements were made at the

close of the grazing season.
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Statistical Analysis

Diet quality and average daily gain data were analyzed according

to methods set forth by Kirk (1968). A split plot factorial (one

repeated measure) design was used to analyze average daily gain and

diet quality data. Period was used as the repeated measure.

Analysis of covariance was used to determine if a relationship

existed between initial weights at the beginning of each period,

and average daily gain during the period. The procedures of

Neter and Wasserman (1974) were used in covariance analysis.

Simple linear regression and multiple regression and cor-

relation procedures (Neter and Wasserman 1974) were used to

determine if a relationship existed between diet quality and

average daily gain data. Where applicable and where significant

differences were observed, Duncan's New Multiple Range Test was

applied to rank treatment means. Levels of significance for diet

quality data and average daily gain data were set at the 0.05

level and, where differences were significant at the 0.01 level,

this level was used.
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RESULTS AND DISCUSSION

Botanical Analysis

Diet botanical composition was determined under rest-rotation,

deferred rotation, and season-long grazing systems. The deferred

rotation grazing system will be discussed separately because

grazing only lasted half the grazing season in each year.

During the two years of study, 14 grasses, six grasslikes,

27 forbs, 12 shrubs, and one tree were consumed by esophageal

fistulated cattle on the grazing system pastures. Appendix C

contains the alpha code, scientific name, and common name of all

species consumed in each grazing system. The mean percent weights

of all primary species occurring in diet samples in each grazing

system and in both years are listed in Appendix D.

Grasses made up 67.7 percent of cattle diets on the season-

long and rest-rotation grazing systems when samples were pooled

across systems, periods, and years. Forbs and shrubs contributed

19.7 percent and 11.6 percent of the diet, respectively. The mean

percent weight of each forage class and important species in the

diet pooled by grazing system and period are presented in Table 8.

Bluebunch wheatgrass (Agropyron spicatum) and Kentucky bluegrass

(Poa pratensis) made up 9.5 percent and 9.9 percent of cattle diets,

respectively, when data were pooled across grazing systems, periods,

and years. Meadow foxtail (Alopecurus pratensis), Idaho fescue

(Festuca idahoensis), and Timothy (Phleum pratense) all contributed
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TABLE 8. THE PERCENT BY WEIGHT OF IMPORTANT SPECIES FOUND IN
CATTLE DIETS POOLED ACROSS PERIODS AND GRAZING
SYSTEMS

YEAR

Species 1979 1980 3(

Agropyron spicatum 8.0 10.9 9.5

Alopecurus pratensis 9.0 3.9 6.4

Festuca idahoensis 6.0 6.9 6.4

Phleum pratense 7.4 5.7 6.5

Poa pratensis 9.5 10.4 9.9

Poa sandbergii 3.1 4.5 3.8

Carex aquatilis 6.0 4.5 5.3

Carex geyeri 2.8 5.4 4.1

Total grasses 70.6 64.9 67.7

Achillea millefolium 6.1 6.5 6.3

Total forbs 18.7 20.7 19.7

Symphoricarpos albus 4.6 8.0 6.3

Total shrubs 9.5 13.8 11.6
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equally to cattle diets when data were pooled across systems,

periods, and years.

Western yarrow (Achillea millefolium) was the most important

forb; it comprised 6.3 percent of the diets when data were pooled

across grazing system, period, and year. During the spring period,

the number of forbs in the diet ranged from 11 to 18, with the

average being 15. Each individual species did not, however, con-

tribute greater than one percent of the overall diet. As the

season progressed, the number of forbs found in the diet declined

to an average of five in early summer and then to one or two during

late summer and fall.

Snowberry (Symphoricarpos albus) was the most common shrub

found in cattle diets in both the season-long and rest-rotation

grazing systems. Holechek (1980) suggested it was the most

common shrub on the grazing system pastures, and Ganskopp (1978)

found it contributed the most to percent cover in certain

communities where it was present in the understory. It contributed

6.3 percent to the overall diets of the cattle.

Of the grasslikes, water sedge (CEIrexaquatilis) contributed 5.3 percent

to the overall diets, and elk sedge (Carexgeyeri) contributed 4.1 percent

to overall cattle diets. The presence of water sedge in the diets

is a reflection of the contribution of riparian species to cattle

1/
Page 139 and Table 7, page 68.
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diets on Starkey. Over all of the 214 diet collections made during

the two years of study, 129, or 60 percent, were made on riparian

areas of the three pastures. Meadow foxtail and Timothy's presence

in diets also reflect on the importance of riparian species.

However, the data do reflect that on upland areas elk sedge was

always the most important grasslike, and on riparian areas water

sedge was the most prominent in cattle diets. This relationship

could be a function of collection techniques and species availability,

which means that depending upon where samples were collected from,

individual species trends interacted with area collected. Thus,

when species indicative of riparian areas constituted a large

percent of the diet then species indicative of upland areas did

not constitute a large percent of diets. This relationship is

true only when all samples during a period were collected from

riparian areas. The reverse happened when all samples were col-

lected from upland areas. That is, upland species made up the

largest portion of diets and riparian species the smallest portion

when all samples within a period were collected on the uplands.

Usually, however, samples were collected from both riparian and

upland areas.

Grass consumption was slightly higher in 1979 than in 1980.

The difference in grass consumption between years was due to an

increase in consumption of browse during 1980 and a slight increase

in the percent of forbs found in the diets during 1980. Perhaps

because little late summer rains were experienced in 1980 cattle

selected more browse in an attempt to maintain a high quality diet.
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Grass consumption averaged 75.3 percent in the second half of

the grazing season and 60.2 percent during the first half of the

grazing season when data were pooled across years and grazing

systems (Table 9). Holechek (1980) found grass consumption during

the second half to average 71.5 percent and 50.5 percent during

the first half.

Forb consumption declined from 32.0 percent to 8.1 percent as

the grazing season advanced. Holechek (1980) noted a decline from

43 to 4 percent during the three years of his study. Forb consump-

tion during the two years reported herein was lower in the late

spring, higher in the early summer, and equal through late summer

and fall when compared to the first three years of study (Holechek

1980).

Shrubs were found in diets in all periods (Table 9). Con-

sumption of shrubs was highest in late summer. Holechek (1980)

noted a shrub consumption of 28 and 26 percent during early summer

and late summer, respectively. During the two years of this study,

shrub consumption totaled only 13.4 and 17.5 percent during the

same two periods.

Cattle Diets in 1979

Management in the rest-rotation grazing system involved

grazing cattle in pasture four until mid-season and then moving

them to pasture one for the remainder of the season (Table 5 and



TABLE 9. THE PERCENT BY WEIGHT OF IMPORTANT SPECIES FOUND IN
CATTLE DIETS POOLED ACROSS YEARS AND GRAZING SYSTEMS.

Species

PERIOD
Late

Spring
Early
Summer

Late
Summer Fall

Agropyron spicatum 10.2 0.1 12.1 15.3

Alopecurus pratensis 6.0 7.3 5.5 7.0

Festuca idahoensis 8.6 1.9 6.5 8.9

Phleum pratense 11.3 9.0 5.6 0.3

Poa pratensis 6.3 9.1 11.8 12.6

Poa sandbergii 3.0 5.9 6.4

Carex aquatilis 2.1 12.4 5.9 0.7

Carex geyeri 2.6 6.2 7.4

Total grasses 62.4 57.9 71.2 79.4

Achillea millefolium 8.3 6.7 6.5 3.7

Total forbs 32.0 28.7 10.0 8.1

Symphoricarpos albus 3.3 6.4 11.2 4.3

Total shrubs 5.5 13.4 17.5 10.1
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Figure 3). Consequently, grazing pressure was similar for both

systems.

During 1979, grazing behavior between both systems was similar.

In general, the riparian area received heavy use during the early

part of the grazing season. After the more palatable plants on

the meadow had been consumed, the cattle moved on to the south-

facing slope. In the final grazing period, the open grasslands

on the south slopes were preferred areas. During this year, very

little use was made of the north-facing slopes. This nonuse was

probably a function of grazing intensity, greater than average

rainfall during mid-season, and steep slopes.

More grasses were consumed in the season-long system during

early summer than in the rest-rotation system (Table 10). This

difference is due to an increase in forb consumption in rest-

rotation from late spring to early summer. This higher forb con-

sumption may be a result of differences in species availability

among the systems. More forbs could be available in rest-rotation

which is probably the case since more upland communities with forbs

in the understory are present in this pasture. Also, cattle in

rest-rotation selected more forbs in early summer than in late

spring. In early summer, over 45 percent of the forbs consumed

in rest-rotation consisted of common horsetail (Equisetum arvense).

Common horsetail is unpalatable and is very easy to identify under



TABLE 10. THE PERCENT BY WEIGHT OF IMPORTANT SPECIES FOUND IN
CATTLE DIETS UNDER THE REST-ROTATION (RR) AND SEASON-
LONG (SL) GRAZING SYSTEMS IN 1979.
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PERIOD

1/
1-- 2 3 4

Species RR SL RR SL RR SL RR SL

Agropyron spicatum 9.0 11.1 -- 0.5 6.6 18.2 -- 18.4

Alopecurus pratensis 6.2 12.9 5.4 7.5 6.4 5.6 28.0 --

Festuca idahoensis 7.6 7.7 0.8 -- 7.4 9.9 -- 15.1

Phleum pratense 18.7 9.4 4.6 12.8 6.9 5.6 1.0 --

Poa pratensis 7.8 6.6 7.2 8.8 15.4 18.5 2.9 8.8

Poa sandbergii 3.4 4.2 -- 2.4 9.1 -- 6.1

Carex aquatilis 1.4 3.2 15.0 15.2 3.9 6.4 2.9 --

Carex geyeri 1.4 1.1 -- 7.2 -- 2.3 10.1

Total grasses 65.9 71.2 46.9 70.0 70.5 82.5 90.3 67.4

Achillea millefolium 7.7 10.3 4.2 3.8 9.3 6.3 2.9 4.5

Total forbs 31.2 27.2 39.2 15.2 13.2 7.8 9.3 6.3

Symphoricarpos albus 1.5 0.4 3.6 9.6 8.2 8.1 -- 5.3

Total shrubs 2.9 1.6 13.9 14.6 15.4 8.3 0.4 18.7

1/ 1 = late spring, 2 = early summer, 3 = late summer, and 4 = fall.
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the microscope. This ease of identification may result in its

overidentification and correction equations may be necessary.

After mid-season, grass consumption was essentially equal

until fall, when cattle diets in the season-long system showed

less grass consumed than in the rest-rotation system. Forb con-

sumption was not different between systems, but cattle consumed

more browse in the season-long system. In the fall period, cattle

in the rest-rotation increased grass consumption and decreased

browse consumption. This suggests that the pasture move enabled

cattle to select grasses at a higher rate than cattle in the

season-long system.

Cattle Diets in 1980

Management during this year was different than 1979 for the

rest-rotation system. Cattle remained on pasture four all season,

while pasture one was rested. This resulted in double grazing

pressure on the rest-rotation pasture compared to the season-long

pasture.

General trends in cattle diets in 1980 were similar to 1979.

The percent by weight of important species found in cattle diets

under the two grazing systems in 1980 is presented in Table 11.

Grass consumption was lowest in late spring and greatest

during the fall. In the fall, slightly more grass was consumed

in the rest-rotation system than in the season-long.

Forb consumption was highest in late spring and declined

through the season to the lowest percentage during the fall.

Difference between the systems was not substantial during any
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TABLE 11. THE PERCENT BY WEIGHT OF IMPORTANT SPECIES FOUND IN
CATTLE DIETS UNDER THE REST-ROTATION (RR) AND SEASON-
LONG (SL) GRAZING SYSTEM IN 1980.

Species

PERIM

RR

/
r--

1

SL RR

2

SL RR

3

SL

4

RR SL

Agropyron spicatum 11.8 9.3 9.4 14.2 20.1 22.8

Alopecurus pratensis 2.2 2.5 10.3 5.8 7.7 2.4

Festuca idahoensis 9.6 9.7 4.2 2.4 2.4 6.1 6.4 14.1

Phleum pratense 9.0 8.3 10.0 8.7 4.8 5.0

Poa pratensis 7.0 4.0 7.2 8.8 5.2 8.1 25.6 13.0

Poa sandbergii 1.9 2.4 -- 6.3 5.8 11.5 8.2

Carex aquatilis 2.1 1.5 8.4 10.8 4.3 9.1

Carex geyeri 4.6 3.5 -- 10.1 7.6 8.6 8.5

Total grasses 56.6 56.1 57.9 56.7 64.8 67.0 85.2 74.5

Achillea millefolium 9.3 5.8 9.6 9.2 4.8 5.6 1.9 5.4

Total forbs 35.7 34.1 29.1 31.2 10.5 8.6 7.1 9.7

Symphoricarpos albus 5.2 6.0 6.3 6.1 14.2 14.2 3.1 8.7

Total shrubs 7.7 9.9 13.0 12.1 23.0 23.4 6.1 15.1

1/
1 = late spring, 2 = early summer, 3 = late summer, and 4 = fall.
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period of 1980. This suggests that utilization between systems was

light in 1980, although grazing pressure was heavier in rest-

rotation. The more palatable nutritious forbs should have been

consumed and become unavailable in the rest-rotation system. Data

in Table 4 indicate that there are more upland forested communi-

ties on the south-facing slope of the rest-rotation pasture four

than in the season-long system. Holechek (1980) noted this

difference in the proportions of the plant communities found on the

two pastures. This probably greatly influenced cattle diets under

the two systems. Higher availability coupled with increased

grazing pressure probably eliminates the ability to determine any

differences between rest-rotation and season-long grazing systems.

As in 1979, shrub consumption on both pastures was highest

during the middle part of the grazing season. More browse was

found in cattle diets in 1980 than in 1979. The relatively dry

summer and fall in 1980 compared to 1979 is a possible explanation.

Forage matured in mid-July in 1980 on grassland areas. Forage

phenology was less advanced in the forested areas and shrubs were

highly available. Leaves on shrub species remained green while

grasses had matured; which may explain why shrub species were

used more heavily during 1980 than in 1979.
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Cattle Diets on the Deferred Rotation Pasture

Only those periods in which the deferred rotation pasture was

grazed were used in the comparisons to the other systems. The

percent by weight of important species found in cattle diets on

the deferred rotation pasture is presented in Table 12.

Grass consumption was higher and shrub consumption was lower

in deferred rotation than in the other two systems during 1979.

Trends among the systems were very similar in 1980. Since manage-

ment involved late stocking in 1979, cattle were put on the

deferred rotation pasture after mid-season. With the substantial

rainfall in August of 1979, palatability of grasses was probably

improved when cattle were placed in the deferred rotation pasture.

Also, since the pasture had been rested the first half of the

season grasses were highly available. This availability probably

accounts for higher grass consumption in this system compared to

the others.

Livestock Performance

Stocking Rate

Pastures used in this study are unequal in size and in area

utilized per system (Table 4, Table 7, and Table 13). Utilized

areas in the rest-rotation system total 97.41 ha, 49.21 ha in the

season-long system, and 36.16 ha in the deferred rotation.

Without consideration of herbage production and based soley on AUMs

placed in each system, stocking rates were 2.03 ha/AUM in the

rest-rotation system, 2.05 ha/AUM in the season-long system, and



TABLE 12. THE PERCENT BY WEIGHT OF IMPORTANT SPECIES FOUND IN
CATTLE DIETS UNDER THE DEFERRED ROTATION GRAZING
SYSTEM DURING 1979 and 1980.

Species

1979 1980

3--
1/

4 1 2

Agropyron spicatum 25.0 10.1 8.8

Alopecurus pratensis 27.3 -- 3.7 5.8 9.2

Festuca idahoensis -- 11.6 12.2 4.1 7.0

Phleum pratense 14.0 5.9 6.0 6.5

Poa pratensis 2.5 16.3 8.9 3.9 7.9

Poa sandbergii 14.9 2.3 4.3

Carex geyeri 12.8 1.3 3.5

Carex lanuginosa 9.6 3.7 12.1 6.3

Total grasses 86.8 88.2 58.2 54.3 71.9

Achillea millefolium 5.5 4.9 5.5 4.1

Total forbs 11.8 3.1 35.1 36.5 21.6

Symphoricarpos albus 5.7 3.6 4.8 3.7

Total shrubs 1.4 5.7 6.7 9.2 5.8
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1/
1 = late spring, 2 = early summer, 3 = late summer, and 4 = fall.



TABLE 13. OBSERVED AREA UTILIZED BY LIVESTOCK DURING 1979 AND
1980 GRAZING SEASON (HECTARES).

1/ Aspect Unclassified Utilized
Unit South North Riparian Total Area

2/
1-RR 37.86 26.60 2.09 66.55 39.95

4-RR 42.52 12.43 2.51 57.46 57.46

3-SL 46.19 24.94 3.02 74.15 49.21-
2/

2/
2-DF 33.28 13.96 2.88 50.12 36.16
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I/RR = Rest-rotation; SL = Season-long, DF = Deferred Rotation

VExcludes north slope.
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1.51 ha/AUM in the deferred rotation system. These calculations

also assume that topographical limitations and no significant

observations of livestock in nonutilized areas preclude these areas

from stocking rate estimations. Edgerton and Smith (1971) have

shown that in areas excluded from stocking rate calculations,

little palatable herbage exists for either big game or livestock.

Even these stocking rate calculations are different between years

for the season-long system. Exclusion of the north aspect in

rest-rotation unit one and deferred rotation unit three are

advisable since no cattle were observed on these areas during either

year. But in the season-long system little use was made of the

north aspect during 1979 while significant observations of cattle

were noted for the north aspect during 1980. Thus, stocking rate

in the season-long system was 2.05 ha/AUM in 1979 and 3.09 ha/AUM

in 1980. Thus, utilized areas were different among systems and

between years in this study. Holechek (1980) suggested that,

"It is probable that the effect of grazing system is partially

confounded by vegetation and terrain differences between the

pastures." These stocking rate data, based on utilized areas,

suggest that grazing system effect is confounded by terrain,

vegetational, and year differences among systems.

Analysis of Variance

Covariance analysis was used to determine if relationships

existed between weights at the beginning of each period and average
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daily gains on the rest-rotation, season-long, and deferred rotation

grazing system pastures. The regression was not significant

(P 0.05) for any of the periods of study. Therefore, actual

weight gains were used in the analysis of variance.

The only two or three way interaction that was significant

was the year by period interaction (P .c 0.01). Average daily gains

by period were not independent of yearly differences. Data in

Table 14 reflect this interaction. In 1979, highest weight gains

occurred in early summer while lowest gains occurred in late

spring. In 1980, however, highest weight gains did not occur in

early summer but rather in late spring for all systems. In 1980,

the lowest gains occurred in the fall period instead of late spring

as in the previous year.

Average daily gains for the two years of study pooled across

grazing systems and periods for 1979 and 1980 were 0.52 and

0.67 kg, respectively. Average daily gains in 1980 were higher

than in 1979. When data were pooled over years and systems,

average daily gains were higher in late spring than in other

periods. Average daily gains for late spring, early summer,

late summer and fall were 1.03, 0.51, 0.48, and 0.27 kg, re-

spectively.

When data were pooled over years and periods, there was a

significant difference (13.c 0.05) among systems. Average daily

gains were 0.51, 0.61, and 0.65 kg for the rest- rotation,
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TABLE 14. AVERAGE DAILY GAIN (kg) FOR CATTLE ON THE GRAZING
SYSTEMS PASTURE IN 1979 AND 1980.

Grazing Period
1/ 2/

Rest-rotation Season-long Deferred rotation

1979 Grazing Season

Late Spring 0.11

Early Summer 1.05

Late Summer 0.49

Fall 0.40

7 Daily Gain 0.51

0.08

1.31

0.61

0.38

0.60

0.38

0.50

0.44

1980 Grazing Season

Late Spring 1.49

Early Summer 0.10

Late Summer 0.49

Fall -0.04

X Daily Gain 0.51

1.62

0.38

0.51

0.02

0.63

1.57

0.15

0.86

Overall X 0.51c 0.61
b

0.65a

1/Means with different letters are significantly different
(PIC 0.05).

?/Statistical tests apply only across columns.
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season-long and deferred rotation grazing systems. Cattle in the

deferred rotation had significantly (P 0.05) higher gains than

cattle in either of the other systems. Cattle in the rest-rotation

gained significantly (P-c 0.05) less than cattle in either of the

other systems.

With late summer rainfall in 1979, cattle were able to

maintain at least a 0.38 kg weight gain through the fall.

However, in 1980 without this late summer rain cattle lost weight

during the fall period in rest-rotation and gained only 0.02 kg

in season-long.

Cattle management in 1979 involved moving rest-rotation cattle

to a new pasture during late summer. They were moved from rest-

rotation unit four to rest-rotation unit one. Diet quality did

not improve and cattle did not gain better than cattle in season-

long. This is contradictory to research reported by Holechek

(1980) but consistent with research reported by Smoliak (1960)

showing decreased cattle performance after movement. It appears

that research reported by Holechek (1980) and this study are a

direct contradiction. However, in 1977, cattle movements were

just the opposite of movements in 1979. In 1977,cattle were

moved from unit one to unit four, with an increase in performance

and diet quality when compared to the season-long system. In

1979, however, cattle were moved from unit four to unit one, with

a decrease in performance and diet quality after movement com-

pared to season-long. In 1977, winter and spring precipitation
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was much below average. This resulted in a reduction in forage

production during the growing season (Holechek 1980). A pasture

move during this year resulted in improved forage quality and

forage availability for livestock. In 1979, however, 6.96 cm of

rain fell during August, which was the time the cattle were moved.

This moisture accounted for improved diet quality in season-long

and explains why cattle in rest-rotation were not able to select

a diet higher in quality than cattle in the season-long after

movement.

Linear regression and correlation analysis were used to

determine if a relationship existed between the components of

diet quality and average daily gains. Data from the deferred

rotation pasture were used in the analysis. A SAS procedure

which automatically selects the best one variable model was

used in the analysis. This procedure chose the variable crude

protein as the best predictor of average daily gain with the

coefficient of determination equal to r2 = 0.26. The regression

was significant (P < 0.05). Multiple regression was used to

determine the relationship between average daily gain and all the

components of forage quality. The best model is as follows:

Y = 0.64X1 + X20.24 - 12.55X
2

Y = average daily gain
X1= crude protein
X
2
= percent cellulose

The regression was significant (P < 0.05) but only accounted for

0.31 percent of variation of average daily gain.
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Linear regression and multiple regression were unable to

provide an estimator of average daily gain that could account for

more than 31 percent of the variation in average daily gain. This

analysis used only included diet quality parameters and did not

involve the use of predicted digestible energy and crude protein

intake. Holechek (1980) was able to formulate a predictor equation

using these two variables that accounted for 85 percent of the

variation in livestock performance in 1977 and 1978. His equations

were not used in regression analysis contained herein.

Responsibility for other cattle not used in this study, but

in other concurrent Meadow Creek studies, was maintained during

the two years of this study. All animals were weighed at the

same time animals from this study were weighed. Appendix E

contains average daily gain data of all animals not used in the

study but for which this researcher was responsible.

Diet Quality

Crude protein, in vitro dry matter digestibility, acid detergent

fiber, acid detergent cellulose, and lignin data are presented

for the rest-rotation, season-long, and deferred rotation grazing

systems in this section.

Statistical analysis was conducted without data from deferred

rotation and with data from deferred rotation. Regardless of

inclusion or exclusion of said data, analysis yielded identical

results for every diet quality variable.
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Crude Protein

Cattle diets on the rest-rotation, season long, and deferred

rotation did not differ in crude protein content when samples were

pooled by period and year. The average percent crude protein values

on the rest-rotation, season-long, and deferred rotation were

10.1, 10.0, and 10.0, respectively (Table 15). Animals selected a

diet higher in crude protein during 1979 than 1980. Due to late

summer rains and subsequent forage regrowth in 1979, animals were

able to select a diet higher in percent crude protein in the late

summer and fall than animals could in the late summer and fall of

1980. This higher post mid-season crude protein percent average

accounted for the yearly differences.

When samples were pooled across pastures and years, crude

protein values for the late spring, early summer, late summer, and

fall were 11.2, 10.8, 8.9, and 8.3 percent, respectively. Late

spring and early summer values were not different, but late summer

was lower than the first two periods and higher than the fall period.

Diets were lowest in crude protein during the fall period.

The three factor interaction between grazing system, period,

and year was significant at the 5 percent level. Percent crude

protein values for diet samples collected on the grazing system

pastures are presented in Table 15. Cattle movement in the rest-

rotation system did not provide the chance for them to select a

diet higher in crude protein content than cattle in season-long.
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TABLE 15. PERCENT CRUDE PROTEIN IN DIET SAMPLES BY YEAR, PERIOD,
AND GRAZING SYSTEM.

Year Period
Rest-
rotation

Season-
long

Deferred
Rotation

1979 Late Spring 11.7 10.8 -- 11.2

Early Summer 12.0 11.0 11.5

Late Summer 9.1 11.1 8.5 9.5

Fall 10.1 8.7 8.9 9.2

7 11.0 10.6 8.6 10.5

1980 Late Spring 11.2 10.9 11.5 11.2

Early Summer 10.6 10.3 10.2 10.4

Late Summer 8.2 8.4 8.3

Fall 7.1 8.2 -- 7.7

7 9.3 9.4 10.9 9.7

Grazing System
Overall Mean

10.1 10.0 10.0
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During the fall of 1980, the cattle in rest-rotation were forced

to select a diet lower in crude protein than cattle in the

season-long system. Due to the increased grazing pressure during

this year, animals were forced to be less selective in their

grazing preference late in the year.

The M.R.C. (1976) recommends that 320 kg yearling heifers

receive 8.2 percent crude protein in the diet for 0.5 kg daily

gain. Diet samples collected from pastures under the three

grazing systems were below this value during the late summer and

fall of 1980. When percent crude protein was equal to 7.1 in

rest-rotation during the fall of 1980, its lowest value average

daily gains were equal to -0.04 kg, its lowest value (Tables 14

and 15).

In Vitro Dry Matter Digestibility

In vitro dry matter digestibility (IVDMD) values differed

among systems when samples were pooled across years and periods.

For rest-rotation, season-long, and deferred rotation, IVDMD

values were 48.4, 49.7, and 48.0 percent, respectively. Diets

in the season-long grazing system were higher in IVDMD than diets

in rest-rotation or deferred rotation.

When samples were pooled across periods and systems, diets in

1980 were higher in IVDMD than diets during 1979. In 1980, diets

were 49.7 percent digestible and in 1979 they were 47.8 percent

digestible.
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The IVDMD values for late spring, early summer, late summer,

and fall pooled across periods and years were 55.0, 47.4, 47.4,

and 43.3, respectively. The IVDMD values dropped progressively

as the season advanced and most of the drop in IVDMD occurred in

early summer when forage reached maturity. The IVDMD values

during spring were higher than during the other three periods while

values during both summer periods were not different but higher

than fall values. Fall values were lower than spring values

and the values during both summer periods. Holechek (1980)

recorded similar trends in IVDMD values.

The three way interaction between year, period, and system

was significant at the five percent level. The IVDMD values for

each year, period, and system are presented in Table 16.

Pasture changes in 1979 did not allow cattle to select a

diet higher in IVDMD than cattle in the season-long system. As

with crude protein, IVDMD values were lowest in the fall of

1980 in the rest-rotation system when animals were forced to be

less selective in their grazing preference due to the increased

grazing pressure.

Acid Detergent Fiber

The three way interaction among year, period, and system was

significant (P.< 0.01) when data were pooled by year, period, and

system. The percent acid detergent fiber (ADF) in diet samples

collected on the grazing system pastures for 1979 and 1980 is

presented in Table 17.



TABLE 16. PERCENT IN VITRO DRY MATTER DIGESTIBILITY IN DIET
SAMPLES BY YEAR, PERIOD, AND GRAZING SYSTEM.

Grazing System

Year Period
Rest-
rotation

Season-
long

Deferred
rotation

1979 Late Spring 54.2 54.1 54.2

Early Summer 45.9 44.6 45.3

Late Summer 47.5 49.2 43.9 46.9

Fall 44.9 40.6 41.7 42.4

7 49.0 48.3 43.2 47.8

1980 Late Spring 55.3 55.5 56.0 55.6

Early Summer 49.7 50.3 46.1 48.7

Late Summer 47.3 49.0 48.1

Fall 39.3 48.6 44.0

47.9 50.8 51.1 49.7

Grazing System
Overall Mean

48.4 49.7 48.0
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TABLE 17. PERCENT ACID DETERGENT FIBER IN DIET SAMPLES BY YEAR,
PERIOD, AND GRAZING SYSTEM.

Grazing System

Year Period
Rest-
rotation

Season-
long

Deferred
rotation

1979 Late Spring 47.8 47.6 -- 47.7

Early Summer 52.4 51.7 52.1

Late Summer 50.1 52.0 52.2 51.4

Fall 52.0 55.7 55.3 54.3

7 50.3 50.9 53.4 51.0

1980 Late Spring 50.1 48.8 49.6 49.5

Early Summer 51.2 49.5 51.1 50.6

Late Summer 53.3 50.5 51.9

Fall 59.1 52.9 56.0

7 53.4 50.4 50.4 51.6

Grazing System
Overall Mean

52.0 50.7 51.5
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When data were pooled over years and grazing systems, the

ADF values for late spring, early summer, late summer, and fall

were 48.7, 51.2, 51.7, and 55.3, respectively. The ADF values

increased as season advanced with most of the increase occurring

in early summer.

Pooling over periods and year resulted in ADF values for

rest-rotation, season-long, and deferred rotation at 52.0, 50.7,

and 51.5, respectively. Although the values for the systems

appear to be different, the three-way interaction precludes any

interpretation of main effects.

The ADF values for 1979 and 1980 were 51.0 and 51.6, re-

spectively. There appeared to be little difference in ADF values

between years.

The ADF values were highest in the fall of 1980 in the

rest-rotation system when crude protein and IVDMD were the lowest.

Without late summer rains or a pasture change, animals were

forced to select a diet higher in fiber than when either a pasture

change occurred or late summer rains were experienced.

Lignin

The three way interaction among year, period, and system was

significant (P.( 0.01) when data were pooled by year, period, and

system. The percent lignin in diet samples collected on the

grazing system pastures for 1979 and 1980 are presented in Table 18.



TABLE 18. PERCENT LIGNIN IN DIET SAMPLES BY YEAR, PERIOD, AND
GRAZING SYSTEM.

Grazing System

XYear Period
Rest-
rotation

Season-
long

Deferred
rotation

1979 Late Spring 14.1 10.9 12.5

Early Summer 16.2 15.4 15.8

Late Summer 10.9 11.8 12.2 11.6

Fall 12.2 14.7 13.5 13.5

Y 13.8 12.9 12.8 13.3

1980 Late Spring 13.3 10.6 13.3 12.5

Early Summer 14.1 12.1 15.5 13.9

Late Summer 13.8 12.0 12.9

Fall 18.1 10.2 14.2

14.9 11.2 14.4 13.3

Grazing System
Overall Mean

14.4 12.0 13.8
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When data were pooled over years and grazing systems, the

lignin values for late spring, early summer, late summer, and

fall were 12.5, 14.7, 12.2, and 13.9, respectively. Shrub

consumption data were not consistent with lignin content of the

diet when data were pooled over years and systems. Shrubs con-

tributed 5.5, 13.4, 17.5, and 10.1 percent by weight to the diets

during late spring, early summer, late summer, and fall,

respectively. These data indicate that lignin content of diet

samples should have been highest during late summer since Cook

and Harris (1950) have shown that shrubs were higher in lignin

than grasses. Holechek (1980) also found highest lignin values

when shrubs contributed the most in percent by weight of diet

samples.

Lignin values for rest-rotation, season-long, and deferred

rotation were 14.4, 12.0, and 13.8, respectively when data were

pooled over years and periods. Cattle in rest-rotation selected

diets higher in lignin content than cattle in season-long, but not

higher than cattle in deferred rotation.

Highest lignin values occurred in the fall of 1980 in rest-

rotation when crude protein was lowest, IVDMD was lowest, and ADF

was highest. As forage matured and became more lignified, and

without summer rains or a pasture change, animals selected a diet

higher in lignin content.

In the fall of 1980, animals selected a diet which appeared

to contain 18.1 percent lignin. During this same period and in
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the same grazing system, shrubs made up only 6.1 percent by weight

of the diet. A low shrub content and a high lignin content

seems inconsistent until we hypothesize that animals could be

selecting different plant parts. Under the increased grazing

pressure for rest-rotation in 1980, animals may have been forced

to select more stems and less leaves, resulting in the consumption

of more lignified tissue in the grass component of the diet.

This is only a hypothesis and would be evident from a change in

the leaf:stem ratio in the diets if that parameter had been

measured.

Cellulose

The three factor interaction among year, period, and grazing

system was not significant (P > 0.05) for the diet quality parameter

cellulose. The only two factor interaction that was significant

(P -c0.05) was the interaction between year and grazing system.

Values for cellulose during 1979 and 1980 are presented in Table 19.

The main effect of period was significant at the one percent

level. When data were pooled over years and grazing system,

cellulose values for late spring, early summer, late summer, and

fall were 30.4, 29.0, 32.0, and 32.9, respectively. As the season

progressed, percent cellulose increased in diet samples. Early

summer values were significantly (P.< 0.05) lower than the other

three periods. Cellulose values in the fall were significantly

(P < 0.05) higher than values in other periods. Late summer
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TABLE 19. PERCENT CELLULOSE IN DIET SAMPLES BY YEAR, PERIOD, AND
GRAZING SYSTEM.

Grazing System

Year Period
Rest- Season-
rotation long

Deferred
rotation

1979 Late Spring 28.9 30.8 29.8

Early Summer 28.1 28.8 28.4

Late Summer 31.6 32.1 32.7 32.1

Fall 31.7 32.2 32.4 32.1

7 29.6 30.8 32.6 30.6

1980 Late Spring 30.9 31.3 30.6 30.9

Early Summer 29.8 29.8 28.3 29.3

Late Summer 32.1 31.1 31.6

Fall 33.7 33.3 33.5

7 31.6 31.4 29.5 31.1

Grazing System 30.7 31.1 30.7
Overall Mean
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cellulose values were significantly lower (P .c. 0.05) than fall

values, but significantly higher than late spring values which were

significantly (P -4:0.05) higher than early summer values.

Cellulose values for rest-rotation, season-long, and deferred

rotation were 30.7, 31.1, and 30.7, respectively. There appeared

to be no difference among systems but system effect was not con-

sistent between years, as was evident from the significant two

factor interaction between year and system. In 1979 and 1980,

cellulose values were 30.6 and 31.1, respectively, and there

appeared to be no difference between the years.

The values for cellulose pooled across periods are given in

Table 20. There were no differences in cellulose values in 1979

or 1980 in either the rest-rotation or season-long systems. In

deferred rotation, there was a difference but it is explained

by the management difference. Cellulose values were high in

1979 when the deferred system was stocked late, and low in 1980

when it was stocked early. Thus, the difference is due to the

year effect and not the grazing system effect.

Production and Utilization

Appendix F contains production and utilization figures by

plant community within each unit of Phase II during both years.

Table 21 contains the same figures summarized by system for both

years.

Production totaled 146 and 171 kg/ha for 1979 and 1980,

respectively. Harris (1954) has pointed out the importance of

April 1 through June 30 rainfall on summer production at Starkey
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TABLE 20. PERCENT CELLULOSE IN DIET SAMPLES POOLED ACROSS PERIODS.

Grazing System 1979 1980

Rest-rotation 29.64 31.61

Season-long 30.75 31.40

Deferred rotation 32.54 29.47

TABLE 21. PRODUCTION (KG/HA) AND UTILIZATION (PERCENT) FOR ALL
GRAZING SYSTEMS IN 1979 AND 1980

Grazing System Production Utilization

1979

Rest-rotation 157 28

Season-long 163 27

Deferred rotation 106 31

Y 146 28

1980

Rest-rotation 166 30

Season-long 199 14

Deferred rotation 150 11

)7 171 21
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Experimental forest and range. In 1948, spring precipitation was

measured at 23.77 cm and production on grassland areas totaled

597 kg/ha. In 1949, spring precipitation was 10.97 cm and the same

grasslands produced only 321 kg/ha.

In the present study, April 1 through June 30 moisture was

12.39 and 17.02 cm for 1979 and 1980, respectively. Higher spring,

April 1 through June 30, rainfall probably accounted for the higher

production during 1980.

Deferred rotation production was lower than production in either

rest-rotation or season-long during 1979. But during 1980, produc-

tion on the deferred rotation was equal to production in rest-

rotation; both of which were slightly lower than production in the

season-long system. Production increases in 1980 could be due not

only to greater spring precipitation but also to beneficial species

compositional changes which would result in the presence of species

capable of higher production.

When production was lower in 1979 utilization was higher, and

when production was higher in 1980 utilization was lower, except in

rest-rotation. In 1980, management in the rest-rotation system

involved leaving cattle in unit four all season. This increased

grazing pressure resulted in utilization of 30 percent; whereas utili-

zation totaled 14 percent and 11 percent in the season-long and

deferred rotation, respectively. In 1979, utilization totaled 28

percent, 27 percent, and 31 percent for the rest-rotation (average

over both pastures), season-long, and deferred rotation grazing

systems, respectively. When management involved moving cattle to
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another pasture in the rest-rotation system during 1979, utili-

zation among systems was equal.
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SUMMARY AND CONCLUSIONS

The objectives of this investigation were to:

I. Determine cattle performance, diet quality,
and botanical composition of forage
ingested among grazing systems,

2. Observe the influence of advance in
season on cattle performance and diet
factors as influenced by grazing systems,

3. Estimate forage production and utili-
zation among grazing systems.

Said objectives were to be studied during 1979 and 1980 grazing

seasons at the Starkey Experimental Forest and Range in northeast

Oregon. The grazing systems evaluated were rest-rotation, season-

long, and deferred rotation.

Esophageally fistulated cows were used to evaluate diet quality

and botanical composition of the diet. Crude protein, acid

detergent fiber, lignin, cellulose, and in vitro dry matter

digestibility were used to evaluate nutritional quality of fistula

samples. Botanical composition of diet samples was determined

by the microhistological technique described by Sparks and

Malechek (1968).

Yearling heifers were used for cattle performance evaluation

in all three systems during both years of the study. A portable

scale and corral were used to obtain all animal weights. Cattle

were weighed onto the pastures, and weight data were collected

during four periods. Late spring, early summer, late summer, and

fall periods were June 20 to July 18, July 19 to August 15,
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August 16 to September 12, and September 13 to October 10,

respectively.

Precipitation conditions were different between the two

years of study. Spring rainfall, April 1st through June 30,

totaled only 12.39 cm for 1979, while during 1980 it totaled 17.02

cm. During the late summer of 1979, 6.96 cm of rain fell, while

only 0.48 cm fell during the same period in 1980. Consequently,

during 1979, late summer rainfall delayed forage maturation and

senescence and provided some regrowth during this period and

fall. Although the spring of 1980 was much wetter as the season

progressed, little precipitation fell and very little regrowth was

available.

Botanical Analysis

Grasses comprised 68 percent of cattle diets by weight on the

rest-rotation and season-long pastures when samples were pooled

across grazing systems, periods, and years. Forbs and shrubs con-

tributed 20 and 1.2 percent, respectively.

Bluebunch wheatgrass and Kentucky bluegrass made up 9.5

percent and 9.9 percent of cattle diets, respectively, when data

were pooled across grazing systems, periods, and years. Meadow

foxtail, Idaho fescue, Timothy, western yearrow, water sedge,

elk sedge, and snowberry all contributed equally to cattle diets.

The percent by weight of these species in the diets, when samples
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were pooled across years, periods, and systems, were 6.4, 6.4,

6.5, 6.3, 5.3, 4.1, and 6.3 percent, respectively.

The amount of grass in diet samples increased with seasonal

advance when samples were pooled across systems and years. In

contrast, forb consumption decreased with seasonal advance. The

consumption of shrubs was highest during the middle of the grazing

season. When animals selected species indicative of riparian

habitats, upland species were absent from cattle diets.

Diets on the deferred rotation pasture were not compared to

the other pastures during all four periods. However, when it was

grazed, diets on this pasture were very similar to the season-

long and rest-rotation pastures.

During collections, the south slope of the pasture was more

heavily sampled than the north slope because cattle use on the north

slope was light. No utilization data were taken on north slopes

during 1979 since cattle were not observed utilizing this area.

But in 1980, use appeared to be heavy and utilization data were

taken. The Poa sandbergii/Agropyron spicatum and the Pinus

ponderosa/Symphoricarpos albus/Carex geyeri plant communities

appeared to be the most heavily used communities in the season-long

system and the rest-rotation system unit four. In the deferred

rotation and rest-rotation unit one, the Poa Sandbergii/

Agropyron spicatum community was not present. But the Agropyron

spicatum/Poa sandbergii was present and it, along with the



138

Pinus ponderosa/Symphoricarpos albus/Carex geyeri community,

received the most use.

In 1979, when management in the rest-rotation involved a

pasture change, cattle diets in the rest-rotation were different

than diets in the season-long system. More grass and less browse

were consumed in the rest-rotation system during the fall than in

the season-long system. This suggests that the pasture move

enabled cattle to select more grass than cattle in the season-long

pasture.

Livestock Performance

Stocking Rate

In 1979, stocking rate in the rest-rotation, season-long, and

deferred rotation system was 2.03 ha/AUM, 2.05ha/AUM, and 1.51

ha/AUM, respectively. But in 1980, stocking rates changed in the

season-long system because cattle used the north slope. So,

theoretically, in 1980 stocking rate changed to 3.09 ha/AUM in the

season-long system. Due to different patterns of utilization

between years--which is a reflection of different livestock be-

havior between years--stocking rate based on utilized areas was

different among systems and between years.

Analysis of Variance

Average daily gains were 0.51, 0.61, and 0.65 kg for the

rest-rotation, season-long, and deferred rotation grazing systems.
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Differences among all three systems were significant at the five

percent level. The two factor interaction of year by period was

significant (P <0.05) and data reflected this trend. Highest

weight gains occurred during different periods between years.

Average daily gains were highest in late spring and declined

with seasonal advance. The mean average daily gain for late

spring, early summer, late summer, and fall when data were pooled

over years and systems was 1.03, 0.51, 0.48, and 0.27 kg,

respectively.

The movement of cattle to a fresh pasture under the rest-

rotation system at mid-season in 1979 did not result in an increase

in livestock performance or improved diet quality. This effect

is in direct contrast to Holechek's (1980) findings on the same

pastures. However, Smoliak (1966) and Hormay (1970) reported forced

movements of cattle to another pasture can result in weight losses.

In 1977, cattle were moved from unit one to unit four with an

increase in livestock performance. In 1979, cattle were moved

from unit four to unit one with a decrease in livestock performance.

Management and results were opposite during these two years. These

results suggest that grazing system effect may vary among years.

Linear regression and multiple regression analyses were unable

to provide an estimator of average daily gain that could account

for more than 0.31 percent of the variation in average daily gains.

The best two variable models included crude protein and cellulose.
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Diet Quality

When diet samples were pooled across years and periods, crude

protein, ADF, lignin, and cellulose did not differ substantially

among systems. IVDMD values did vary among the systems.

For rest-rotation, season-long, and deferred rotation,

IVDMD values were 48.4, 49.7, and 48.0 percent, respectively.

During the late summer and fall of 1980, diet samples collected

from pastures under the three grazing systems were below the

N.R.C. (1976) 'recommended level for 320 kg yearling heifers to gain

0.5 kg per day.

The movement of cattle at mid-season in 1979 under the rest-

rotation system did not result in substantial change in crude

protein or IVDMD values of diet samples. Crude protein and IVDMD

values were slightly lower in the rest-rotation system than in the

season-long system.

Grazing pressure on the rest-rotation system was twice that on

the season-long pasture. Crude protein percent of diet samples in

the rest-rotation system was not different than crude protein percent

of diet samples in the season-long system in 1980. During this year,

IVDMD values were lower in the rest-rotation system. Utilization

during 1980 in the rest-rotation system was twice as heavy as

utilization in the season-long system. Cattle were forced to select

diets lower in digestibility when grazing pressure was heavier.
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Production and Utilization

Mean production per system was inconsistent among systems

between years. Production was highest in the season-long system

during 1980; but in 1979, production was not different between

rest-rotation and season-long.

When production was lower in 1979, utilization was highest.

Conversely, in 1980 when production was higher, utilization was

lower, except for rest-rotation. When cattle were moved to a fresh

pasture in 1979, utilization among systems was equal. When cattle

remained in the same pasture in rest-rotation during 1980, utili-

zation was twice as heavy as in the season-long grazing system.

Conclusions

Diets were very similar under the two grazing systems although

the pasture change in 1979 on the rest-rotation system allowed

cattle to select diets higher in grass percent by weight. Diets in

deferred rotation were also similar to diets in the other two

systems.

Grazing pressure appears to be equal among systems when kg/ha

of available forage were converted to metric tons of available

forage and used to calculate grazing pressure, or AUM per metric

ton of available forage (Table 22).

Diet quality did not differ among the three systems, except

for IVDMD values. Although the IVDMD values were different

among the systems, the differences were very small.



TABLE 22. GRAZING PRESSURE UNDER THE THREE GRAZING SYSTEMS.

ADG (kg) Grazing
Pooled Pressure
over Metric (AUM/metric

Total Stocking Periods Tons of Ton of
Production Utilization Rate and Available Available

System-
1/

(kg/ha) (Percent) Ha AUM ha/AUM Years Forage Forage)

RR 160 29 124.01 48 2.58 0.51 19.8 2.4

SL 181 19 50.12 24 2.09 0.61 9.1 2.6

DF 128 20 74.15 24 3.09 0.65 9.5 2.5

1/
RR = rest-rotation, SL = season-long, DF = deferred rotation.
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Average daily gains were significantly different among the systems,

with cattle on deferred rotation gaining the best. Cattle in rest-

rotation gained less than cattle in season-long or deferred rotation.

Vegetation structural changes may be taking place due to the system

effect. Thus, significantly higher weight gains could be the

result of improved forage availability among the systems.
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APPENDIX A

Appendix A is a description of the soil series occuring on the
Meadow Creek Study Area (Ganskopp 1978). The exact descriptions
follow Burr (1960). It has been pointed out that the series
originally mapped as Rock Creek by Burr (1960) has suffered a name
change to Anatone. Also, Tolo (volcanic ash over a buried B
horizon) and another volcanic ash derived soil which was originally
included in the Tolo series have been removed and the new series has
not been named. This new series was derived from volcanic ash which
overlies relatively unweathered basalt bedrock (Geist 1971, and
Geist and Strickler 1970). Classification and correlation to series
is in progress and publication of decisions on series reclassifi-
cation is expected in the updated Union County soil survey (Geist
1982).
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APPENDIX A

KLICKER SERIES

The Klicker series consists of well-drained moderately fine-
textured forested soils developed in residuum from basalt bedrock.
These soils occur on gently sloping upland plateaus and steep to
very steep slopes of dissected plateaus under open forest and grass.
The basaltic parent material has weathered in place and small frag-
ments of the parent material occur throughout the solum. Rock
outcrops are common on the dissected slopes. These soils character-
istically have colors of hue 7.5 YR or redder. There is a gradual
increase in clay and structural grade with soil depth. Structure
of the B horizon is blocky or subangular blocky. The soilt are
slightly acid throughout the solum. Surface runoff is medium;
internal drainage is medium; and permeability is moderate.

The Klicker soils are geographically associated with the Rock
Creek, Albee, Tolo, and Couse soils. The Rock Creek and Albee soils
occupy gently sloping to sloping ridges. The Tolo soils occur on
plateaus, below Klicker soils on moderately steep to very steep
slopes with a north aspect, and in places on the toe of slopes with a
south aspect. The Couse soils occur on moderately steep slopes to
gently sloping plateaus. The Rock Creek soils resemble the Klicker
soils but are very shallow, very stony grassland prairie-Lithosols.
The Albee soils are similar to the Klicker but differ in being polygon
mounds develped under grass. The Tolo soils are derived from
volcanic ash and have a hue of 10YR; the Al horizon has values of 4
to 6 when dry. The Couse soils have an ashy A horizon with a

distinct A2 over a B horizon which is mottled and of strong structural
grade.

Klicker soils occur at elevations of 2,800 to 5,500 feet in a

subhumid climate having a mean annual precipitation of 17 to 26
inches with one-third of the yearly precipitation as snow; the re-
mainder as rain in the fall and spring months. The summers are cool
with a July average temperature of 60°F; and an average January
temperature of 200F. No month in the year is frost free. The Klicker
,soils are mapped in-Washington and the Blue Mountains of eastern
Oregon. They are used for timber production and grazing.
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Klicker silt loam, 12 to 35 percent south

The following description of a typical Klicker profile
was taken at Yellow-Jacket Springs pasture, SW1/4,
SW 1/4, Sec. 21, T4S, R34E. The major part of the
vegetation at this site was Douglas-fir, white fir,
ponderosa pine, pinegrass, elk sedge, prairie June,
yarrow, strawberry, arnica, oldmans bears, Spirea,
and pea.

Duff and litter

Dark reddish brown (5YR 3/2) moist, gritty silt loam;
weak thin platy breaking to granular structure; very
friable, slightly sticky, slightly plastic; abundant
roots; clear, smooth lower boundary. 2-8 inches
thick.

Dark reddish brown (5YR 2.5/2) moist, gritty silt
loam; weak fine subangular blocky structure; friable,
slightly sticky, slightly plastic; abundant roots,
few fine pores; pH 6.4; clear, smooth lower boundary.
3-15 inches thick.

Dark reddish brown (5YR 3/4) moist, gritty silty clay
loam; moderate medium and fine subangular blocky
structure; firm, sticky, plastic; plentiful roots;
common fine and medium pores; thin continuous clay
films; pH 6.4. 4-12 inches thick.

Basalt bedrock

Variations: The color of the Al horizon ranges from hue 19YR to
5YR; value ranges from 3.5 to 4.5 dry; chroma ranges from 2 to 4.
Texture in the A horizon ranges from gritty silt loam to silty clay
loam. The A horizon may have volcanic ash mixed in it and the ash
may appear as silicious coatings on the peds in the B horizon. The
color of the B horizon ranges from hue 10YR to 2.5YR; value ranges
from 3 to 4 when moist; and chroma ranges from 3 to 5. Texture of
the B2 horizon ranges from clay loam to clay. The depth of the
solum ranges from 16 to 36 inches. The amount of litter and duff is
dependent upon the vegetative type. There is a variable amount of
stones on the surface and through the solum.
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Inclusions: There are small areas of the associated Rock Creek,
and Tolo soils included in the Klicker mapping units.

Rock Creek very stony silt loam 2 percent
Tolo silt loam 3 percent
Wilkens silt loam trace

400 Klicker silt loam, 0 to 12 percent slopes

This soil occurs in the undulating plateaus with no
dominant exposure. The A horizon is 3 to 4 inches
thicker and slightly darker in color than the modal.
Rock outcrops occur in a few places. Surface runoff
is medium. Typically the vegetation is open ponderosa
pine, Douglas-fir, and pinegrass.

404 Klicker stony silt loam, 0 to 12 percent slopes

This unit differs from the modal and the above phase in
being stony; it has a lower water-holding capacity
than the modal nonstony phase. The predominant vege-
tative cover is open ponderosa pine, Douglas-fir-
pinegrass.

405 Klicker stony silt loam, 12 to 35 percent south slopes

This phase is the same as the modal except it is stony.
It has a lower water-holding capacity than the modal
nonstony phase. This is a ponderosa pine, Douglas-
fir, pinegrass site.

406 Klicker stony silt loam, 35 to 60 percent north slopes

This phase was mapped on the breaks into Bear Creek
that has an azimuth between 2900 and 900 (based on
North as 0 azimuth). There are large areas of rock
outcrop interspersed with soil areas that receive addi-
tional moisture from runoff. This phase has lower air
and soil temperatures than the modal. The vegetation
is white fir, Douglas-fir, and ponderosa pine.

407 Klicker stony silt loam, 35 to 60 percent south slopes

This is the same as modal except it is stony and steeper.
It has less effective moisture than the modal because
of greater runoff and stoniness. The vegetation is
ponderosa pine, Douglas-fir, and pinegrass.
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401 Klicker silt loam, 12 to 35 percent north slopes

This phase differs from the modal by having more
effective moisture as a result of the north exposure.
It has lower air and soil temperatures. The vege-
tation is Douglas-fir, ponderosa pine, and white fir.

403 Klicker silt loam, 35 to 60 percent north slopes

This phase differs from the modal by being steeper
and by facing north. It commonly has more volcanic
ash in its profile. The vegetation is Douglas-fir,
white fir, and ponderosa pine.
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The Rock Creek series consists of well-drained, moderately fine
to fine-textured Prairie-Lithosol soils developed from basalt bed-
rock. They occur on gently sloping to moderately steep upland ridges
and benches under grassland in association with forest soils.
Characteristically, these soils are very stony and very shallow. The
A horizon is a very stony loam, granular and platy with lothochromic
colors of hue 10YR to 2.5YR. The B horizon is weak, very stony
silty clay loam in texture, weak fine subangular blocky in structure.
Rock Creek soils are slightly acid to neutral in reaction; surface
runoff is rapid; moisture holding capacity is low.

The Rock Creek soils are geographically associated with the
Albee, Klicker, Tolor and Couse soils. The Albee soils occur with
Rock Creek in a soil complex. Klicker soils are below Rock Creek
mainly on moderately steep and steep south slopes. The Tolo soils
are below Rock Creek on moderately steep and steep north slopes. The
Couse soils occur on rolling slopes. The Albee soils resemble the
Rock Creek in being derived from basic igneous rock but differ in
being thick polygonal mounds in a complex with Rock Creek. The
Klicker soils are deeper and timbered; their Al horizon has a C/N
ratio of 18 or more. The Tolo soils are derived from volcanic ash.
Couse soils have an ashy A horizon and a distinct A2 over a B
horizon which is mottled and strong in structural grade.

The Rock Creek soils occur at elevations of 3,000 to 5,500
feet in a subhumid climate having a mean annual precipitation of 17
to 26 inches with one-third as snow; the remainder as rain in the
fall and spring months. The summer months are cool and dry. Average
July temperature is 60°F; average January temperature is 20°F; mean
annual temperature is 40 °F; and no month in the year is frost free.
The Rock Creek soils are mapped extensively in the Blue Mountains
of eastern Oregon and they are used for grazing.

430 Rock Creek very stony loam, 0 to 5 percent slopes

The following description of a typical Rock Creek
profile was taken at SW1/4 of NE1/4 section 23,
Township 3 South, Range 34 East, 25 feet north of
the road on the quarter line. Some of the vege-
tation at this site was Sandberg bluegrass, one
spike oatgrass, pearly everlasting, yellow daisy,
tarweed and buckwheat.
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Al 0-3" Brown (10YR 5/2.5) dry, very stony loam, dark brown
(10YR 3/2.5) moist; weak thin platy breaking to
granular structure; hard, firm, slightly sticky,
slightly plastic; abundant roots; pH 6.1; clear smooth
lower boundary. 2-5 inches thick.

B
21 3-6" Brown (10YR 5.5/3) dry, very stony silt loam, dark

brown (7.5YR 3/2) moist, weak fine subangular blocky
structure; friable, slightly sticky, slightly plastic;
plentiful fine roots; thin patchy clay films; pH 6.3;
clear, smooth lower boundary. 2-6 inches thick.

B
22 6-7" Brown (7.5YR 5/3) dry, very stony clay, dark brown

(7.5YR 3/2) moist, moderate fine subangular blocky
or structure; firm, sticky and plastic; plentiful roots;

moderate continuous clay films on peds and in pores;
B2-Dr pH 6.3. 0-2 inches thick.

DR 7" Basalt bedrock.

Rock Creek very stony loam, 0 to 5 percent slopes in many places
has an upper slope limit of 3 percent. After snowmelt in the spring,
this soil remains supersaturated for several weeks. In spite of
this, the soil shows no marks of wetness such as mottling or low
chromas. Little or no bluebunch wheatgrass occurs on this soil.

Variations: The soil colors are lithchromic with hues of 10YR to
2.5YR. The A horizon is a very stony loam to a very stony silt loamin texture. The B horizon is a very stony clay loam to very stony
clay. The B horizon is commonly in an interstitial position between
the fractured bedrock. Total soil depth ranges from 5 to 15 inches,
but most commonly it is 5 to 8 inches.

Inclusions: Along faults there are small inclusions of poorly
drained soils; these soils are characterized by being mottled and
gleyed in the solum with a native vegetative cover of Nebraska sedge,
tufted hair grass and iris. About 90 percent of the area of this
mapping unit consists of Rock Creek very stony loam. The remaining
is estimated to consist of 4 percent Klicker and 6 percent Albee
soils.



174

431 Rock Creek very stony loam, 5 to 35 percent north slopes

This mapping unit is steeper than the modal soil and it
has a north exposure. It remains saturated for shorter
periods than the modal soil. Native vegetation includes
bluebunch wheatgrass and Idaho fescue.

432 Rock Creek very stony loam, 5 to 35 percent south slopes

This soil is steeper than the modal soil and it has a
south exposure. After snowmelt in the spring, this soil
becomes dry in a short time. Inclusions consist of
about 5 percent of the Snipe soils. Native vegetation
includes sparse bluebunch wheatgrass and Idaho fescue.
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The Snipe series consists of well-drained, fine-textured
"Prairie-like" soils developed from residuum from basalt. They
occur on moderately to steeply sloping uplands and normally have a
south aspect. Native vegetation cover is bluebunch wheatgrass,
Sandberg bluegrass, Idaho fescue, with such forbs as yarrow, buck-
wheat, lupine, and pussytoes. These soils have moderately to
strongly developed textural and structural profiles. Their A
horizons are very dark brown, very stony silt loans or loans. The
B horizon of Snipe is dark brown to dark yellowish brown, very
stony silty clay loam to silty clay with strong very fine to
medium subangular blocky structure. The parent material consists
of fragmented basalt over solid basalt bedrock. Loess is probably
the source of some of the surface parent material. Surface runoff
is variable, and may be rapid during moderate to heavy rains, or
during snow melts when soil is near saturation. Permeability
through the B horizon is moderately slow, and through the bedrock
it is very slow.

Snipe soils are geographically associated with Tolo, Rock Creek,
Klicker, and Waha soils. Tolo soils generally occur on slopes
having a northern aspect. Rock Creek soils occur on nearly level to
sloping upland ridges and slopes above Snipe soils. Klicker soils
occur on similar positions as Snipe but under timber. Waha soils
occur on positions with less slope and they are not characterized by
a south aspect. Tolo soils differ from Snipe by being derived
mainly from volcanic ash. Klicker soils differ from Snipe by having
a surface color of hue 7.5YR and a C/N ratio of 18 or more in the
Al horizon. Rock Creek soils are very shallow with the B horizon
occurring between the fractured basalt; total depth is typically
5 to 8 inches. Waha soils are Prairie soils that are derived from
loess and not strongly influenced by residuum from basalt; the
A horizons are thick.

The Snipe soils occur at elevations of 1500 to 5000 feet in a
subhumid climate having a mean annual precipitation of 15 to 26
inches with 1/3 as snow and the remainder as rain in fall and spring
months. The summer months are hot and dry. Average January tempera-
ture is 32°F. Average July temperature is 70°F; mean annual tempera-
ture is 510F; and the average frost free period is 130 to 145 days.
Snipe soils are mapped in Umatilla and Union Counties and occur in
the Blue Mountain region of Eastern Oregon.
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461 Snipe very stony silt loam, 45 to 65 percent south slopes

The following description of a typical profile was taken
in the SW-1/4, NW-1/4, Section 29, T3S, R34E, above
Meadow Creek approximately 1/2 mile south of Meadow
Creek Guard Station. This was on a due west slope with
bluebunch wheatgrass, Sandberg bluegrass and a trace
of Idaho fescue.

Al 0-6" Grayish brown (10YR 5/2) very stony silt loam, very
dark brown (10YR 2/2) when moist; weak, thin platy
breaking to weak fine granular structure; slightly hard,
friable, slightly sticky, slightly plastic; abundant
roots; pH 6.6; clear, smooth lower boundary. 1 to 6
inches thick.

B
1

6-9" Dark grayish brown (10YR 4/2) very stony silt loam,
dark brown (10YR 2/2) when moist; weak fine sub-
angular blocky structure; slightly hard, firm, slightly
sticky, slightly plastic; few thin patchy clay films,
common interstitial pores; abundant roots; pH 6.8;
abrupt smooth lower boundary. 1 to 6 inches thick.

B21 9-13" Dark brown (10/YR 3/3) when moist, stony silty clay
loam; moderate, medium to fine subangular structure;
firm, slightly sticky, slightly plastic; common inter-
stitial pores; plentiful roots; thin continuous clay
films; 40 percent to 50 percent small angular basalt
pebbles; pH 6.8; clear, smooth lower boundary.
3 to 8 inches thick.

B22 13-20" Dark brown (10YR 3/3) when moist, stony silty clay;
very fine blocky structure; hard, very firm, very
sticky, very plastic; common interstitial pores; few
roots; thin continuous clay films on ped surfaces;
50 percent to 70 percent small angular basalt pebbles;
pH 6.8; abrupt irregular lower boundary. 5 to 10
inches thick.

Dr 20"+ Basalt bedrock.

Variations: The color of the Al horizon when dry ranges from
grayish brown (10YR 5/2) to (7.5YR 4/2). This horizon has a
texture of silt loam or loam that is commonly gritty with numerous
1/8- to 1/4-inch basalt fragments. The 821 has a texture range
from a silty clay loam to silty clay. The B22 ranges from a silty
clay to clay. All horizons contain considerable quantities of angular
basalt fragments from fine gravel to cobble size. Loess may account
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for some of the soil parent material in the surface. The depth to
the DR ranges from 10 to 24 inches.

Inclusions: About 85 percent of the mapping unit is made up of
Snipe very stony loam with its variations. The remaining 15 percent
is made up of the following inclusions:

Rock Creek 4 percent
Klicker 4 percent
Basalt Outcrop 7 percent

460 Snipe very stony silt loam, 12 to 45 percent south slopes

This phase of Snipe occurs on slopes of less than 45
percent and it is more accessible to grazing. The
soil profile is similar to the very steep mapping unit.
Most of this unit has a slope range of 30 to 45 percent.
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The Tolo series is a well-drained, medium-textured Regosol in a
forested zone developed from volcanic ash. They occur on slopes
with a north aspect, the lower end of south slopes and on large
gently sloping plateaus, formed under a mixed forest, shrubs,
browse, and grasses. The parent material is volcanic ash which
was ejected from volcanoes and transported by the wind. These
soils have formed over older buried soils and unrelated bedrock,
principally basalt. Morphologically they are young with no textural
or structural development, but they have color and organic differ-
entiations. The A horizon is usually a grayish brown silt loam, soft
and floury-like when dry, and friable moist. The silt loam AC
horizon is typically one chrome greater than the A. The C horizon
is a yellowish brown silt loam. It is underlain by unrelated bedrock
or older buried soils. The entire profile is slightly acid. There
is very little surface runoff, and internal drainage is rapid.
These soils have a very high capacity to hold moisture.

The Tolo soils are geographically associated with the Klicker,
Rock Creek, Albee and Couse soils. The Rock Creek and Albee soils
occupy the shallow ridge tops with the Klicker below on moderate
and steep timbered south slopes, and on large gently sloping
plateaus. The Couse soils occur on rolling slopes generally lower
than the Tolo. The Klicker soils may resemble the Tolo soils where
they have admixtures of ash in the surface, but like the Rock Creek
and Albee they are residual from basalt. The Couse soils have an
ashy A horizon with a distinct A2 over a B horizon which is mottled
and has strong structural grade.

Tolo soils occur at elevations of 2,800 to 5,500 feet in a sub-
humid climate having a mean annual precipitation of 17 to 26 inches
with one-third of the yearly precipitation as snow; the remainder as
rain during the fall and spring months. The summers are cool with a
July average temperature of 60uF; an average January temperature
of 20°F; and a frost-free period of 60 to 120 days. The Tolo soils
are mapped in Washington, Idaho, and Oregon. In the Grande Ronde
Valley, Oregon, a moderate acreage is cultivated; in most other
areas they are used primarily for the production of timber, with
some grazing.

252 Tolo silt loam over basalt, 0 to 5 percent slopes

The following profile description was taken in the
center of Section 28, Township 4 South, Range 34 East.
Some of the vegetation at this site was Douglas-fir,
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white fir, lodgepole, larch, ponderosa pine, bearberry,
prince's pine, lupine, dwarf huckleberry, strawberry,
huckleberry, pine-grass, elksedge, and pullup.

A0 11/2-0" Duff and needles.

A 0-6" Brown (10YR 4.5/3) moist, silt loam, weak thin platy,
breaking to fine subangular blocky structure; friable,
nonsticky, nonplastic; abundant roots; pH 6.4; diffuse,
smooth, lower boundary. 2-6" thick.

AC 6-19" Light yellowish brown (10YR 5.5/4) moist, silt loam;
weak fine subangular blocky structure; friable, non-
sticky, nonplastic; abundant roots; pH 6.6; clear,
smooth lower boundary. 6-24" thick.

C 19-32" Dark brown (10YR 4/2.5) moist, silt loam, weak fine
subangular blocky structure; friable, slightly sticky,
slightly plastic, plentiful roots; pH 6.8. 4-24" thick.

D 32" Basalt bedrock.

Variations: The Tolo soils generally have some litter on the surface.
There are very few areas without duff, and mycelium is generally
present in it. Under dense timber growth with very little under-
story a weak A2 horizon has developed under the duff. The textures
range from a very fine sandy loam to silt loam. Colors in the A
horizon range from a pale brown to a dark grayish brown. The AC
horizon is light yellowish brown to brown. Colors of the C are dark
brown to very pale brown. The underlying material is basalt.

Inclusions: The following inclusions are recognized in the Tolo
mapping units:

Couse 3 percent
Rock Creek 3 percent
Klicker 2 percent

253 Tolo silt loam over basalt, 5 to 35 percent north slopes

This phase is extensive in the Blue Mountain area. It
differs from the modal in its slope and aspect. These
are young soils that show very minor differences in
morphology. This site produces a mixed forest of white
fir, Douglas-fir, and larch.
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Tolo silt loam over basalt, 5 to 35 percent south slopes

Except for a steeper slope and a south exposure, this
soil is similar to the modal soil.

Tolo silt loam over basalt, 35 to 60 percent north slopes

This phase was mapped on the very steep north slopes of
Bear Creek. It differs from the modal in percentage
of slope and aspect. It produces a mixed forest.

Tolo silt loam over buried soil, 0 to 5 percent slopes

The following description was made of Tolo over an
older buried soil in the Northeast 1/4 of the Southwest
1/4, Section 23, Township 3 South, Range 34 East.

Duff and litter.

Light brownish gray (10YR 6/2) dry, silt loam, dark
grayish brown (10YR 4/2) moist; weak thin platy breaking
to granular structure; very friable, slightly sticky,
slightly plastic; abundant roots; few fine continuous
pores; pH 6.2; clear, smooth lower boundary. 2-6" thick.

Brown (10 YR 4/3) moist, silt loam; weak fine sub-
angular blocky structure; very friable, slightly sticky,
slightly plastic; abundant roots; few fine continuous
pores; pH 5.8; clear, smooth boundary. 6-24" thick.

Dark yellowish brown (10YR 4/4) moist, silt loam, weak
medium subangular blocky structure; very friable,
slightly sticky, slightly plastic; abundant roots; few
fine continuous pores; pH 5.8; clear, smooth lower
boundary. 4-24" thick.

Dark brown (10YR 3/3) moist, silty clay, moderate fine
subangular block structure; firm, sticky, plastic;
plentiful roots; common fine continuous pores; thick
continuous clay films and siliceous ash coatings on
peds; pH 6.6; clear, smooth lower boundary. 1-14"
thick.

Dark grayish brown (10YR 4/2.5) moist, silt loam, weak
fine subangular blocky structure; friable, slightly
sticky, slightly plastic; plentiful roots; few fine
continuous pores; pH 6.3; wavy, smooth lower boundary.
2-12" thick.
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Dr 24" Basalt bedrock.

Variations: The main variation is in the 822b and 82113 where the
texture ranges from silt loam to clay. Mottling occurs in a few
places in the deeper soil areas. Iron-manganese concretions are
common in the buried soil.

257 Tolo silt loam over buried soil, 5 to 35 percent north
slopes

This phase differs from the modal principally in
slope and aspect. The vegetation is a mixed forest.

258 Tolo silt loam over buried soil, 5 to 35 percent south
slopes

This phase occurs on south slopes and it has a mixture
of basalt material that has eroded from the Klicker
soils which lie above it. The surface is commonly one
value darker than the modal. Vegetation is a mixed
forest.

259 Tolo silt loam over buried soil, 35 to 60 percent
north slopes

This phase differs from the modal by being very steep.
There are basalt outcrops in many places. The very
steep slope affects logging operations.

260 Tolo-Rock Creek complex, 0 to 12 percent slopes

This is a soil complex with the Tolo occurring as a
biscuit-type formation on 40 percent to 60 percent of
the area. The vegetation is normally Douglas-fir,
ponderosa pine, and pinegrass on the Tolo. The Rock
Creek portion of the complex has bunchgrass, shrubs,
and forbs, with only rare slow-growing, stunted
ponderosa pine.

261 Tolo-Klicker complex, 12 to 35 percent moderate north
slopes
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The Veazie series consists of moderately well to well drained
medium to moderately coarse textured Recent Alluvial soils in the
Chestnut zone developed from mixed alluvium. These soils occur on
nearly level bottomlands under grass vegetation consisting of blue-
grass, clover, sedges, rushes with willows and a few scattered
coniferous trees such as pine, white fir, larch and spruce in the
timbered areas. The parent material consists of sediments from
basalt, tuff and acidic rocks. Veazie soils are characteristically
neutral to slightly acid in reaction and noncalcareous with gravel
and sand substratums at depths of 1 to 3 feet.

The Veazie series is geographically associated with the Tolo,
Klicker, Hall Ranch, Snipe and Rock Creek series. They are similar
to Onyx, Powder, and Metolius series in some respects. The Tolo,
Rock Creek, Klicker, Hall Ranch and Snipe occur in positions above
stream channels and are not derived from alluvium. The Onyx soils
are derived from more silty material with a high amount of loess
redeposited by water and they have a thicker profile. The Powder
soils have a pH of about 6.8 to 8.6 and they are commonly calcar-
eous. The Metolius soils pH have an Al horizon with a dry value of
6 to 5 and the soils are derived principally from pumice.

The Veazie soils occur at elevations of about 3000 to 4000
feet with a mean annual precipitation of 12 to 16 inches with warm,
dry summers and cold winters; an average January temperature of
about 290F; an average July temperature of about 640F; a mean
annual temperature of about 47°F; and an average frost-free period
of 90 to 120 days. The Veazie soils are mapped in Crook County
and the Blue Mountains of eastern Oregon. They are used for range
and irrigated pasture and hay production.

10 Veazie loam - 0 to 4 percent slopes

The following profile description was taken in the SE
1/4, NW 1/4, Section 19, Township 3S, Range 35E,
approximately 1000 feet south of the Junction of
Syrup Creek and McCoy Creek, Union County, Oregon.

Al 0-5" Dark gray brown (10YR 4/2) loam, very dark brown
(10YR 2.5/2) when moist; weak thin platy breaking to
weak fine granular structure; friable, slightly sticky,
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slightly plastic; abundant roots, few to common inter-
stitial pores; pH 6.6; clear smooth lower boundary.
3 to 15 inches thick.

AC 5-24" Grayish brown (10YR 5/2) very fine sandy loam, very
dark grayish brown (10YR 3/2) when moist, with mottles
of (5YR 5/4) dry (5YR 3/4) when moist; weak fine
subangular blocky structure; friable, slightly sticky,
slightly plastic; abundant roots, few to common inter-
stitial pores; pH 6.6; clear wavy lower boundary.
10 to 28 inches thick.

D 24" Grayish brown (10YR 5/2) very gravelly sands, very
dark grayish brown (10YR 3/2) moist; massive, loose,
very friable, nonsticky, nonplastic; few roots;
stratified gravel and sands dominantly with thin layers
of loam and very fine sandy loams in places; pH 6.4.

Variations: Dry colors of the A horizon vary from dark gray to
gray (10YR 4/1 to 4.5/1) and moist colors from very dark gray, very
dark grayish brown to very dark brown (10YR 3/1, 3/2, to 2/2).
Moist colors of the AC and C horizons range from grayish brown to
very dark grayish brown (10YR 3.5/1 to 3/2). Textures of the A and
AC horizons range from loam, gravelly sandy loam, gravelly loam
to light clay loam. Depth to the gravel and sands of the D horizon
vary from about 12 to 42 inches.

Inclusions: About 98 percent of the mapping unit consists of Veazie
loam with its variations; the other 2 percent is made up of actual
stream beds or riverwash gravel and sand.
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The Albee series consists of well-drained moderately fine
textured Prairie soils developed from residuum from basalts. They
occur as polygons on gently to moderately sloping upland ridges and
benches under grassland in association with forest soils. The
parent material is dominantly from basalt with some influence of
volcanic ash and loess. The lithochromic colors are 10YR to 2.5 YR
throughout the solum. These soils have a gradual increase in clay
and structural grade with depth. Texture of the B horizon is
typically a clay loam. Normally this soil is free of stones and
slightly acid. Surface runoff is medium, internal drainage is
medium with moderately slow permeability through the B2 horizon.

The Albee soils are geographically associated with the Rock
Creek, Klicker, Tolo, and Couse soils. They occur in a complex
with Rock Creek soils as polygons. The Klicker soils are below
them on moderate and steep south slopes. The Tolo soils are below
them on moderate and steep north slopes. The Couse soils occur on
rolling slopes. The Rock Creek soils resemble the Albee soils but
are very shallow, very stony grassland Prairie-Lithosols. The
Klicker soils are timbered; they have an Al horizon with a C/N
ratio of 18 or more. The Tolo soils are derived from volcanic
ash. The Couse soils have an ashy Al horizon with a distinct A2
over a B2 horizon which is mottled and of strong structural grade.

The Albee soils occur at elevations of 3,000 to 5,500 feet in
a subhumid climate having a mean annual precipitation of 17 to 25
inches with one-third of the yearly precipitation as snow, the
remainder as rain in the fall and spring months. The summer months
are cool and dry. Average July temperature is 600F; mean annual
temperature is 40°F; and no month in the year is frost free. The
Albee soils are mapped in the Blue Mountain area of Eastern Oregon
and they are used mainly for grazing. The Albee and Rock Creek
soils are mapped as a soil complex in one mapping unit.

440 Rock Creek very stony loam, Albee loam, complex
0 to 12 percent slopes

The following description of a typical Albee profile was
taken at SW 1/4 of NE 1/4 Section 23, Township 3 South,
Range 34 East, 100 feet north of the road, on the
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quarter line. Some of the vegetation at this site was
buckwheat, yarrow, pearly everlasting, tarweed,
Helinthus, June grass, bluebunch wheatgrass, sandberg
bluegrass, and Bromus mollis.

Al 0-4" Brown (10YR 5/3) dry, gritty silt loam, dark brown
(10YR 3/2) moist; weak thin platy structure breaking
to weak fine granular structure; friable, slightly
sticky, slightly plastic, abundant roots; pH 5.8;
clear, smooth lower boundary. 1-6 inches thick.

B
1

4-16" Dark brown (10YR 3.5/3) moist, heavy silt loam;
moderate fine subangular blocky structure; firm,
slightly sticky, slightly plastic; abundant roots;
thin discontinuous clay films on vertical and
horizontal ped surfaces; pH 6.4; clear, smooth lower
boundary. 0-14" thick.

E
21

16-21" Dark yellowish brown (10YR 4/4) moist, silty clay loam;
moderate fine subangular blocky structure; firm,
sticky, and plastic; thin discontinuous clay films on
ped surfaces; abundant roots; pH 6.2. 4-12" thick.

Dr 21"

Variations:
2.5YR. The
increase in
or silty cl

Basalt bedrock.

The soil colors
surface textures
clay with depth.

ay loam to clay.

are lithochromic with hues of 10YR to
are loam to silt loam with gradual
The B2 horizon ranges from a clay loam
Generally, the surface is free of stones.
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APPENDIX B

Percent cover, range of cover, and constancy of species
contributing at least one percent composition of those upland
plant communities sampled for production or utilization in
Phase II are contained in this Appendix. Also, average percent
cover, frequency, and density (density/m2) of all plants sampled
in the aforementioned upland plant communities endogenous to
Phase II are also contained in this Appendix. Data are included
which describe basal area (meters2/hectare), number of stems/
hectare, and constancy of tree species of communities having an
overstory. All data constituting Appendix B are from Ganskppp
(1978) 1/

1/

---Ganskopp, D. 1978. Plant Communities and Habitat Types of the
Meadow Creek Experimental Watershed. M.S. Thesis, Oregon State
University, Corvallis, OR. 162 p.
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APPENDIX B. Continued.

Pinus ponderosa/Poa sandbergii (Index no. nine) and Pinus
ponderosa/Agropyron spicatum (Index no. ten) occur in Phase II.
Although these types are recognized, the sparsity of Pinus within
these communities was inconsistent, and the intensity of sampling
employed in Ganskopp's (1978) study was insufficient for quanti-
fication of the overstory. With Pinus onderosa excluded, these
communities closely resembled the Poa san e gli/Agropyron spicatum
and A ro ron spicatum/Poa sandbergii communities, respectively.
Although plant community no. nine and no. ten occur in Phase II,
they only contribute 4.59 ha to the total area (Table 7) and were
not considered a major community and were thus excluded from
vegetation sampling procedures.
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TABLE B-1. POA SANDBERGII/DANTHONIA UNISPICATA. UPLAND PLANT
COMMUNITY NO. 1. COVER, RANGE, AND CONSTANCY OF
SPECIES CONTRIBUTING AT LEAST ONE PERCENT TO THE
COMPOSITION

Species Cover Range Constancy

Grasses

Poa sandbergii 7.94 5.00 -11.52 100

Danthonia unispicata 3.31 1.16 - 5.56 100

Agropyron spicatum 1.82 .00 - 4.24 78

Forbs

Antennaria luzuloides 1.43 .00 - 5.92 67

Lomatium leptocarpum 1.38 .00 - 4.98 56

Erigeron chrysopsidis .94 .00 - 4.20 78

Sedum stenopetalum .72 .00 - 2.84 44

Camassia quamash .64 .00 - 2.20 33

Grindelia nana .52 .00 - 2.92 67

Eriogonum heracleoides .38 .00 - 3.00 22

Sisyrinchium inflatum .36 .00 - 1.76 67
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TABLE B-1. Continued.

POA SANDBERGII/DANTHONIA UNISPICATA (HABITAT TYPE IS POA SANDBERGII/
DANTHONIA UNISPICATA, * DESIGNATES INDICATOR SPECIES). ---A LIST OF
SPECIES SAMPLED IN THIS COMMUNITY.

Species % Cover Frequency Density

Grasses

Agropyron spicatum 1.82 32.89 4.1
Bromus carinatus .01 .44 .0
Bromus mollis .02 1.33 .3
DiFTEnia unispicata* 3.31 54.00 12.9
Koe eria cristata .19 2.67 .4
Poa sandbergii* 7.94 96.00 183.6

Forbs

Achillea millefolium lanulosa .18 3.33 1.2
Antennaria luzuloides 1.43 15.33 2.9
Camassia quamash .64 15.56 4.9
Erigeron chrysopsidis .94 26.67 7.2
Eriogonum heracleoides .38 1.78 .2
Grindelia nana .52 10.00 1.7
Lomatium grayi .01 .44 .0
Lomatium leptocarpum* 1.38 30.00 7.6
Microseris nutans .08 3.33 .4
Sedum stenopetalum .72 24.44 8.5
Sisyrinchium inflatum .36 16.89 4.5
Sidalcea oregana .07 1.33 .2
Zigadenus venenosus .01 .44 .4
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APPENDIX B. Continued.

TABLE B-2. POA SANDBERGII/AGROPYRON SPICATUM. UPLAND PLANT
COMMUNITY NO. 3. COVER, RANGE, AND CONSTANCY OF
SPECIES CONTRIBUTING AT LEAST ONE PERCENT TO THE
COMPOSITION.

Species Cover Range Constancy

Grasses

Poa sandbergii 9.19 1.52 -20.80 100

Agropyron spicatum 3.78 .32 - 9.72 100

Danthonia unispicata .53 .00 - 2.84 53

Forbs

Erigeron chrysopsidis 1.27 .00 - 4.80 79

Eriogonum heracleoides .65 .00 4.76 47

Sedum stenopetalum .49 .00 - 3.68 32

Lomatium grayi .48 .00 - 2.48 53

Camassia quamash .46 .00 - 1.60 16

Grindelia nana .41 .00 - 3.56 42

Antennarial luzuloides .32 .00 - 2.24 42

Sisyrinchium inflatum .28 .00 - 1.04 68

Lomatium leptocarpum .27 .00 - 1.84 31
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TABLE B-2. Continued.

POA SANDBERGII/AGROPYRON SPICATUM (HABITAT TYPE IS AGROPYRON
SPICATUM/POA SANDBERGII, * DESIGNATES INDICATOR SPECIES). A
LIST OF SPECIES SAMPLED IN THIS COMMUNITY.

Species % Cover Frequency Density

Grasses

Agropyron spicatum* 3.78 56.48 6.4
Bromus mollis .01 .19 .0
Bromus tectorum .01 .19 .1

Danthonia unispicata .53 10.86 2.0
Deschampsia danthonioides .00 .19 .0
Festuca idahoensis .14 2.48 .5

Poa sandbergii* 9.19 91.43 222.5

Forbs

Achillea millefolium lanulosa .11 3.24 .4
/Ilium tolmiei .03 .95 .1

AnTETiaT1671Tabloides .32 4.00 .6
Astragalus reventus .01 .19 .0
Camassia quamash .46 4.95 1.0
Erigeron chrysopsidis 1.27 25.14 6.0
Eriogonum heracleoides .65 4.19 .4
Eriogonum strictum .06 2.29 .3
Grindelia nana .41 8.57 1.5
Lomatlum cous .06 1.33 .2
Lomatium grayi .48 10.48 1.6
Lomatium leptocarpum .27 5.90 1.0
Perideridia gairdneri .11 .57 .1

Penstemon richardsonii .02 .19 .0
Sedum stenopetalum .49 15.43 3.7
Sisyrinchium inflatum .28 12.00 2.4
Tragopogon dubius .01 .19 .0
Trifolium macrocephalum .00 .38 .1

Trifo ium plumosum .00 .19 .0
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APPENDIX B. Continued.

TABLE B-3. AGROPYRON SPICATUM/POA SANDBERGII. UPLAND PLANT
COMMUNITY NO. 4. COVER, RANGE, AND CONSTANCY OF
SPECIES CONTRIBUTING AT LEAST ONE PERCENT TO THE
COMPOSITION.

Species Cover Range Constancy

Grasses

Agropyron spicatum 6.85 4.20 -16.64 100.

Poa sandbergii 4.47 2.80 - 8.68 100

Festuca idahoensis .67 .00 - 3.16 42

Koeleria cristata .22 .00 - 1.84 25

Forbs

Eriogonum heracleoides 1.28 .00 - 7.20 67

Antennaria luzuloides .82 .00 - 2.96 83

Erigeron chrysopsidis .75 .00 - 4.00 50

Lomatium grayi .59 .00 - 2.04 67

Sedum stenopetalum .44 .00 - 2.80 50

Astragalus reventus .33 .00 - 2.80 17

Achillea millefolium .28 .00 - .68 67
lanulosa

Lomatium leptocarpum .24 .00 - 1.00 50

Sisyrinchium inflatum .23 .00 - .60 58
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TABLE B-3. Continued.

AGROPYRON SPICATUM/POA SANDBERGII (HABITAT TYPE IS AGROPYRON
SPICATUM/POA SANDBERGII, * DESIGNATES INDICATOR SPECIES). A LIST
OF SPECIES SAMPLED IN THIS COMMUNITY.

Species % Cover Frequency Density

Grasses and grasslikes

Agropyron spicatum* 6.85 62.33 11.2
Carex geyeri .08 .33 .0

liTabnia unispicata .15 3.67 .8

Festuca idahoensis .67 11.00 1.8
Koe eria cristata .22 3.33 .4

Poa sandbergii* 4.47 77.67 115.2

Forbs

Achillea millefolium lanulosa .28 5.67 .9

ATFIFiFia luzuloides .82 13.67 .9
Astragalus reventus .33 1.00 .1

Balsamorhiza serrata .01 .33 .0

Camassia quamas .03 1.33 .1

Erigeron chrysopsidis .75 16.33 4.1
Ericionum heracleoides 1.28 6.67 .7

Grindella nana .14 4.67 .7

Lomatium Fa-s-yi .59 10.33 1.4
Lomatium leptocarpum .24 6.67 1.1
Lupinus sulphureus .20 .33 .0
Microseris nutans .01 .33 .0

Senecio integerrimus exaltatus .02 .33 .0

TarliiiTtenopetalum .44 13.00 3.3
Sisyrinchium inflatum .23 11.00 2.1

Tragopogon dubius .02 .67 .1

Trifolium macrocephalum .02 .67 .1
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APPENDIX B. Continued.

TABLE B-4. FESTUCA IDAHOENSIS/ERIOGONUM HERACLEOIDES. UPLAND
PLANT COMMUNITY NO. 5. COVER, RANGE, AND CONSTANCY
OF SPECIES CONTRIBUTING AT LEAST ONE PERCENT TO THE
COMPOSITION.

Species Cover Range Constancy

Grasses

Festuca idahoensis 9.36 4.69 -15.92 100

Poa sandbergii 3.96 1.68 - 5.56 100

Agropyron spicatum 3.57 1.36 - 6.32 100

Koeleria cristata 2.07 .00 - 3.64 60

Danthonia unispicata .41 .00 - 1.32 60

Forbs

Eriogonum heracleoides 5.04 .00 -15.00 60

Antennaria luzuloides 2.02 .00 - 6.20 60

Geum triflorum ciliatum 1.36 .00 - 4.80 40

Achillea millefolium 1.18 .40 - 2.48 100
anu osa

Sedum stenopetalum .62 .00 - 1.52 80

Astragalus reventus .61 .00 - 3.04 20

Saxifrage oregana .51 .00 - 2.56 20

Erigeron chrysopsidis .50 .00 - 1.80 60

Capsella brusa-pastoris .46 .00 - 2.32 20

Iris missouriensis .37 .00 - 1.24 40
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TABLE 8-4. Continued.

FESTUCA IDAHOENSIS/ERIOGONUM HERACLEOIDES (HABITAT TYPE IS FESTUCA
IDAHOENSIS/ERIOGONUM HERACLEOIDES, * DESIGNATES INDICATOR STECTETT.
A LIST OF SPECIES SAMPLED IN THIS COMMUNITY.

Species % Cover Frequency Density

Grasses and grasslikes

Agropyron spicatum 3.57 37.60 7.1
Bromus mollis .10 2.77 3.3
Carex geyeri .20 1.60 .6
Da- FIFonia unispicata .41 10.40 1.4
Festuca idahoensis* 9.36 56.00 18.1
Juncus confusus .04 .08 .1

-0757-ia cristata 2.07 32.00 6.1
Phleum pratense .08 .80 .1

.22 4.00 2.415151-Fratensis
Poa sandbergii 3.96 68.80 114.8

Forbs

Achillea millefolium lanulosa 1.18 28.80 7.9
Antennaria luzuloides 2.02 16.80 3.7
Astragalus reventus .61 1.23 .2

Besseya rubra .03 .31 .2

Capse11a-BUT-pastoris .46 4.80 3.4
Camassia quamash .11 5.60 .6

Crepis intermedia .12 1.60 .2

Erigeron chrysopsidis .50 8.80 1.8
Eriogonum heracleoides* 5.04 20.00 2.4
Fragaria virginiana .02 .08 .2

Geum triflorum ciliatum 1.36 11.20 4.2
.19 6.40 1.87-171d-O-TTWEET1

Heuchera cylindrica .26 3.20 .3

Iris .37 4.00 .4

Lomatium cous .02 32.00 6.2
omatium grayi .29 6.40 .9

Lomatium leptocarpum .06 2.40 .3

Lu inus sulphureus .35 4.80 .6

a la glomerata .08 1.60 1.4
MTEFFseris nutans .02 .80 .1
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TABLE B-4. Continued.

Species % Cover Frequency Density

Perideridia gairdneri .08 5.60 .8
Potentilla glandulosa .07 1.60 .2
Potentilla gracilis .08 .80 .2
Saxifraga oregana .51 8.00 6.5
Senecio integerrimus .03 .80 .1

Sedum stenopetalum .62 20.80 4.6
Sisyrinchium inflatum .29 10.40 2.5

Shrubs

Rosa gymnocarpa .80
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APPENDIX B. Continued.

TABLE B-5. PINUS PONDEROSA/FESTUCA IDAHOENSIS. UPLAND
PLANT COMMUNITY ri07117 COVER, RANGE, AND
CONSTANCY OF SPECIES CONTRIBUTING AT LEAST
ONE PERCENT TO THE COMPOSITION.

Species CoVer Range Constancy

Grasses and Grasslikes

Festuca idahoensis 8.34 2.88 -18.12 100
Koe eria cristata 1.90 .00 - 7.80 92
Poa sandbergii 1.43 .00 - 4.04 84
TiFopyron sOcatum .83 .00 - 4.00 62
Carex geyeri .82 .00 - 2.72 77
Poa pratensis .66 .00 - 4.32 46
SFOthus tectorum .26 .00 - 1.20 38

Forbs

Lupinus sulphureus 1.95 .00 - 9.60 54
Lu inus leucophyllus 1.02 .00 - 6.04 38
c 1 ea millefolium .89 .08 - 2.88 100
anu osa

Geum trif orum ciliatum .67 .00 - 4.52 54
AiTi7aga us reventus .36 .00 - 4.72 8
Sedum stenopeta um .33 .00 - 1.68 62
AnTailaria luzuloides .30 .00 - 1.72 46

Shrubs

Symphoricarpos albus 1.02 .00 - 4.56 46
Rosa gymnocarpa .09 .00 - .80 15



198

TABLE B-5. Continued.

PINUS PONDEROSA/FESTUCA IDAHOENSIS (HABITAT TYPE IS PINUS
PONDEROSA/FESTUCA IDAHOENSIS, * DESIGNATES INDICATOR SPECIES).
A LIST OF SPECIES SAMPLED IN THIS COMMUNITY.

Species % Cover Frequency Density

Grasses and Grasslikes

Agropyron spicatum .83 12.31 2.1
Bromus carinatus .02 3.08 .2

Bromus mollis .08 1.54 .0
Bromus tectorum .26 14.66 .0
Carex geyeri .82 11.08 2.2
TiTiiTigrostis rubescens .05 2.15 .2

Danthonia unispicata .04 .62 .1

Festuca ldahoensis* 8.34 57.85 17.5
Koe e a cristata 1.90 26.46 4.8
Poa pratensis .66 11.08 4.0
Poa sandbergii 1.43 40.31 40.5
al-pa columbiana .03 .62 .1

Forbs

Achillea millefolium lanulosa .89 17.26 6.3
Antennaria luzuloides .30 4.62 .7

Arnica cordifolia .13 1.23 .5
TiITFoccidentalis .09 .92 .2
Ts-TFigalus reventus .36 2.15 .3

Balsamorhiza sagittata .02 .31 .8
Capsella brusa-pastoris .18 4.92 1.8
Camassia guamash .02 .92 .1

Crepis intermedia .02 .31 .0
Er'thronium grandiflorum pallidum .02 .92 .1

Erigonum heracleoides .03 .31 .0
Fragaria vesca .14 1.85 .5

Fragaria virginiana .07 1.54 .4
Geum triflorum ciliatum .67 5.23 1.4
RieFacium albertinum .10 2.46 .4
Lomatium grayi .05 1.23 .2

Lupinus leucophyllus 1.02 7.38 .9
Lusinus sulphureus 1.95 10.46 1.1
Madia glomerata .06 2.77 .5
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TABLE B-5. Continued.

Species % Cover Frequency Density

Perideridia gairdneri .01 .92 .1

Potentilla glandulosa .08 .62 .1

Potentilla gracilis .05 .62 .1

Rumex acetosella .07 1.23 .2

Senecio integerrimus .12 1.23 .2
Sedum stenopetalum .33 10.46 2.4
Sisyrinchium inflatum .02 .92 .2
Taraxacum officinale .02 .62 .1

'InV)Mrin plumosum .07 2.15 .3

Shrubs

Amelanchier alnifolia .01

Rosa gymnocarpa .09
-5iThoricarpos albus 1.02
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APPENDIX B. Continued.

TABLE B-6. PINUS PONDEROSA/SYMPHORICARPOS ALBUS/CAREX GEYERI.
UPLAND PLANT COMMUNITY NO. 12. COVER, RANGE, AND
CONSTANCY OF SPECIES CONTRIBUTING AT LEAST ONE
PERCENT TO THE COMPOSITION.

Species Cover Range Constancy

Grasses and Grasslikes

Carex geyeri 6.50 .32 -21.88 100
Calamagrostis rubescens 1.65 .00 - 6.48 75
Koeleria cristata .91 .00 - 3.84 75
Festuca idahoensis .82 .00 - 3.48 81
Poa sandbergii .61 .00 - 2.20 56
Poa pratensis ;31 .00 - 3.88 31

Forbs

Fra aria virginiana .97 .00 - 5.25 56
e um stenopetalum .76 .00 - 4.32 75
Achillea millefolium .62 .00 - 2.00 88

anu osa
Lupinus sulphureus .57 .00 - 7.20 19
Hieracium albertinum .50 .00 - 2.24 63
Arnica cordifolia .45 .00 - 2.12 38
TliTialithella uniflora .40 .00 - 5.92 13
Lupinus leucophyllus .36 .00 - 2.16 25
Aster occidentalis .31 .00 - 2.64 31
ATE-Tgalus reventus .24 .00 - 2.80 13
Balsamorhiza sagittata .23 .00 - 3.40 13
Fra ?aria vesca .19 .00 - 1.40 31
Lupinus polyphyllus .19 .00 - 3.00 6

Shrubs

Symphoricarpos albus 4.13 .00 -31.88 89
Arctostaphylos uva-ursi 1.19 .00 - 5.76 31
Spiraea betulifol a .39 .00 - 2.32 31
Beberis repens .17 .00 - 1.28 25
Rosa gymnocarpa .13 .00 - 1.16 19
Ribes cereum .11 .00 - 1.80 6
AmelanZETiTalnifolia .09 .00 - 1.48 6
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TABLE B-6. Continued.

PINUS PONDEROSA/SYMPHORICARPOS ALBUS/CAREX GEYERI (HABITAT TYPES
ARE PINUS PONDEROSA/SYMPHORICARPOS ALBUS, * DESIGNATES INDICATOR
SPECIES; AND PSEUDOTSUGA MENZIESII/SYMPHORICARPOS ALBUS, +
DESIGNATES INDICATOR SPECIES). A LIST OF SPECIES SAMPLED IN
THIS COMMUNITY.

Species % Cover Frequency Density

Grasses and grasslikes

Agropyron spicatum .15 3.00 .5
Bromus carinatus .06 2.00 .3

Bromus tectorum .01 .50 --
Carex geyer, 6.50 49.00 14.4
ZiFiTrossi .10 1.00 .5
TiTiMagrostis rubescens 1.65 19.50 4.1
Danthonia unispicata .04 1.00 .1

Festuca idahoensis .82 12.75 2.4
Koeleria cristata .91 15.75 2.9
Luzu a campestris .01 .50 .1

Phleum pratense .01 .25 .0
Poa nervosa .16 2.00 .6
Poa pratensis .31 4.75 1.7
Poa sandbergii .61 11.50 16.4
'Manion hystrix .02 .25 .0

Forbs

Achillea millefolium lanulosa .62 16.50 5.1
Antennaria luzuloides .11 3.00 .5
Apocynum androsaemifolium .13 1.75 .2
Arnica cordifolia .45 6.00 .9
ViTiFFia macrophylla .10 2.00 .0
Aster .31 4.25 1.1
AT5Tgalus reventus .24 1.00 .1

Balsamorhiza sagittata .23 .50 .1

Balsamorhiza serrata .05 .25 .0
Capsella bursa- pastoris .07 2.75 .5
Crepis intermedia .01 .25 .0
Erigeron chrysopsidis .05 1.75 .3
Er'thronium grandiflorum pallidum .10 4.25 .6
Eriogonum heracleoides .06 .25 .1
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TABLE B-6. Continued.

Species % Cover Frequency Density

Fragaria vesca .19 3.50 .7
Fraprla 7177giniana .97 15.00 3.4
Callum boreale .01 2.25 .5
giiiiiiTrlf orum ciliatum .06 .75 .2
TEMnthella uniflora .40 1.75 .5
Hieracium albertinum .50 8.25 1.9
Lupinus leucophyllus .36 2.75 .3
Lupinus polyphillus .19 .75 .1
Lu inus sulphureus .57 3.25 .4
lea stauropetala .01 .25 .0
Penstemon confertus .09 1.50 .2
Perideridia gairdneri .02 1.50 .2
Senecio integerrimus .09 1.50 .2
TRTEETtenopetalum .76 20.25 7.4
TETTCtum occidentale .02 .50 .1
Thermopsis montana .28 1.00 .2

Shrubs

Amelanchier alnifolia .09 .25
Arctostaphylos uva-ursi 1.19 4.25 - -
Berberis repens .17 1.13 4110 SM.

Ribes cereum .11 .50
TOTi-gymnocarTa*+ .13 1.00
31-57Faea betulifolia*+ .39 4.00
Symphoricarpos albus*+ 4.13 17.50
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TABLE B-6. Continued.

BASAL AREA (METERS2/HECTARE), NUMBER OF STEMS/HECTARE, AND
CONSTANCY OF TREE SPECIES OCCURRING IN THE PINUS PONDEROSA/
SYMPHORICARPOS ALBUS/CAREX GEYERI COMMUNITY.

Species Basal area Stems/hectare Constancy

Pinus ponderosa 30.20 1537 100

Pseudotsuga menziesii 3.46 87 31
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APPENDIX B. Continued.

TABLE B-7. PSEUDOTSUGA MENZIESII/PHYSOCARPUS MALVACEUS. UPLAND
PLANT COMMUNITY NO. 14. COVER, RANGE, AND CONSTANCY
OF SPECIES CONTRIBUTING AT LEAST ONE PERCENT TO THE
COMPOSITION

Species Cover Range Constancy

Grasses and Grasslikes

Carex geyeri 5.44 1.08 - 8.80 100

Calamagrostis rubescens .63 .20 - 1.28 100

Festuca idahoensis .28 .04 - .56 100

Luzula campestris .13 .00 - .40 33

Forbs

Arnica cordifolia 1.84 .00 - 5.52 33

Fragaria vesca .95 .20 - 1.36 100

Arenaria macrophylla .75 .04 - 1.32 100

Streptopus amplexifolius .36 .00 - .64 67

Shrubs

Physocarpus malvaceus 31.92 17.60 -60.12 100

Spiraea betulifolia .81 .00 - 1.40 67

Rosa gymnocarpa .59 .00 - 1.76 33



205

TABLE B-7. Continued.

PSEUDOTSUGA MENZIESII/PHYSOCARPUS MALVACEUS (HABITAT TYPE IS
PSEUDOTSUGA MENZIESII/PHYSOCARPUS MALVACEUS, * DESIGNATES
INDICATOR SPECIES). A LIST OF SPECIES SAMPLED IN THIS
COMMUNITY.

Species % Cover Frequency Density

Grasses and grasslikes

Bromus carinatus .08 2.67 .3

Carex geyeri 5.44 56.00 12.1
aiiiiiagrostis rubescens .63 10.67 1.5
Festuca occidentalis .28 10.67 1.5
Luzu a campestris .13 5.33 .7

Forbs

Arnica cordifolia 1.84 10.67 3.1
Ti-J5Tia macrophylla .75 21.33 --
ra aria vesca .95 17.33 2.8
a ium Fe-aT a .04 2.67 .3

TigiiTthella uniflora .08 1.33 .1

Mitella stauropeta a .04 1.33 .1

Sedium stenopetalum .05 4.00 .4
Streptopus amplexifolius .36 2.67 .3

Shrubs

Berberis repens .19 -- -
Physocarpus malvaceus* 31.92 29.33
Rosa gymnocarTa .59
Spiraea betulifolia .81 5.33
Symphoricarpos albus .32 1.33
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TABLE B-7. Continued.

BASAL AREA (METERS2/HECTARE), NUMBER OF STEMS/HECTARE, AND
CONSTANCY OF TREE SPECIES OCCURRING IN THE PSEUDOTSUGA
MENZIESII/PHYSOCARPUS MALVACEUS COMMUNITY.

Basal area Stems/hectare Constancy

Pseudotsuga menziesii 12.59 1066 100

Pinus ponderosa 3.11 200 67
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APPENDIX B. Continued.

TABLE B-8. PSEUDOTSUGA MENZIESII SYMPHORICARPOS ALBUS/CAREX
GEYERI. UPLAND L N COMMUNITY NO. 1577OVER, RANGE,
AND CONSTANCY OF SPECIES CONTRIBUTING AT LEAST ONE
PERCENT TO THE COMPOSITION

Species Cover Range Constancy

Grasses and Grasslikes

Carex geyeri 5.35 .00 -13.28 98
TiTiiTiagrostis rubescens 1.39 .00 - 7.40 80
Festuca occideE- .51 .00 - 2.04 85
7a7-5-7Ossi .46 .00 - 3.48 60

Forbs

Arnica cordifolia 1.56 .00 - 6.00 85
Ti.giFia macrop ylla 1.30 .00 -12.96 65
ragaria vesca .77 .00 - 3.68 75

Lu inus p-OTY5hyllus .76 .00 - 7.00 33
ragaria virginiana .49 .00 - 3.96 45

Mitella stauropetala .32 .00 - 1.84 43
1705-aenopetalum .17 .00 - 1.28 40

Shrubs

Symphoricarpos albus 1.62 .00 - 8.32 73
Spiraea betulifFITT 1.34 .00 -12.92 70
Arctostaphylos uva-ursi 1.21 .00 -20.84 35
Vaccinium membranaceum .53 .00 -10.72 20
P7F-TiEtTocarpa .50 .00 - 2.56 43
Berberis repel .30 .00 - 1.76 40
PET7657pus ma vaceus .22 .00 - 8.24 5

Ribes cereum .11 .00 - 2.44 5

Vaccinium scoparium .09 .00 - 2.40 5
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TABLE B-8. Continued.

PSEUDOTSUGA MENZIESII/SYMPHORICARPOS ALBUS/CAREX GEYERI (HABITAT
TYPES ARE PSEUDOTSUGA MENZIESII/SYMPHORICARPOS ALBUS,
* DESIGNATES INDICATOR SPECIES, AND ABIES GRANDIS/PACHISTIMA
MYRSINITES, + DESIGNATES INDICATOR SPECIES737MT OF SPECIES
SAMPLED IN THIS COMMUNITY.

Species % Cover Frequency Density

Grasses and grasslikes

Agropyron spicatum .04 .40 .0

Bromus carinatus .06 1.00 .2

IF-07-ms tectorum .00 .10 .0
Carex geyeri 5.35 56.20 1.4
Carex rossi .46 5.70 1.5
Calamagrostis rubescens 1.39 22.50 3.5
Festuca occidentalis .51 16.20 3.1
Koeleria cristata .02 .30 .0

Luzula campestris .07 2.60 .3

Poa nervosa .07 1.20 .3

Poa pratensis .01 .60 .1

Poa sandbergii .03 1.00 .6

Forbs

Achillea millefolium lanulosa .04 1.80 .3

Antennaria anaphaloides .04 .60 .1

Antennaria luzuloides .02 .30 .1

A uile is formosa .03 .50 .1

mica corTITTOTTii 1.56 20.65 2.9
rr7eniFia macroph,'11a 1.30 24.60 --

Aster occidentalis .01 .40 .1

Capsella bursa-pastoris .02 .90 .1

Erythronium grandiflorum pallidum .04 1.30 .2

Fragaria vesca .77 15.10 2.6
Fra aria virginiana .49 9.50 1.8
Gal ium 6orea le .07 2.40 .3

treTIFFacrophyllum .01 .10 .0
eC triflorum ciliatum .04 .60 .1

Geranium viscosissimum .00 .10 .0
Hieracium albiflorum + .11 3.40 .5
Hieracium albertinum .14 3.10 .6
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TABLE B-8. Continued.

Species % Cover Frequency Density

Lupinus leucophyllus .07 .50 .1

Lupinus polyphyllus .76 4.00 .5
Lupinus sulphureus .01 .10 .0
ite a stauropetala + .32 6.70 1.0

Osmor iza chilensis .03 .20 .0
Potentilla glandulosa .01 .10 .0
Scutellaria angustifolia .00 .10 .0
Sedum stenopetalum .17 5.10 1.0
Streptopus amelexifolius .00 .10 .0
Taraxacum officinale .01 .40 .0
Thalictrum occidentale .11 2.30 .3
Thermoesis montana .13 .70 .1
Trifolium repens .00 .10 .0
Urtica dioica .05 .20 .1
Viola + .10 3.30 .5

Shrubs

Amelanchier alnifolia .02 .40
Arctostaphylos uva-ursi 1.21 9.60
Berberis repens .30 3.30 MN. MP

Chimaphila umbellata .02 .20 Mb MO

Crataegus douglasii .01 .10 Oa.

Linnaea borealis + .14 1.50
P ysocarpus mad vaceus .22 .10 11

Ribes cereum .11 .00
PITTeTITEare + .05 .10
Rosa gymnocarea * .50 1.70
TIFaea betulifolia * 1.34 11.18
ymp oricarpos albus * 1.62 8.90
Vaccinium membranaceum .53 2.60
Vaccinium scoparium .09 1.10
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TABLE B-8. Continued.

BASAL AREA (METERS2/HECTARE), NUMBER OF STEMS/HECTARE, AND
CONSTANCY OF TREE SPECIES OCCURRING IN THE PSEUDOTSUGA
MENZIESII/SYMPHORICARPOS ALBUS/CAREX GEYERI COMMUNITY.

Species Basal area Stems/hectare Constancy

Pseudotsuga menziesii 24.00 1352 93

Pinus ponderosa 8.73 265 48

Larix occidentalis 7.48 135 20

Abies grandis .97 40 5

Pinus contorta .46 5 3

Picea engelmannii .18 10 3
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APPENDIX B. Continued.

TABLE B-9. PSEUDOTSUGA MENZIESII/LINNAEA BOREALIS. UPLAND PLANT
COMMUNITY NOt77TUVER, RANGE, AND CONSTANCY OF
SPECIES CONTRIBUTING AT LEAST ONE PERCENT TO THE
COMPOSITION

Species Cover Range Constancy

Grasses and Grasslikes

Carex geyeri
ZiTaigrostis rubescens
Carex rossi
77itaa occidentalis

Forbs

Arnica cordifolia
77i-iTia vesca
lo a or lailaa

Wililla stauropetala
77-5iFia macrophylla
71Tralorantha
Sri acina stellata
"FriWurm albiflorum
Lupinus polyphyllus

Shrubs

Linnaea borealis
TEETUMnocarpa
TaTanium membranaceum
ViEaTirmscoparium

repens
Phzsocarpus ma vaceus
Chimaphila umbellata
Ribes lacustre
TTlyiToTraiTiF albus
S iraea betulifETTY
e anc ier alnifolia

2.48 .24 - 5.92 100

1.09 .00 - 5.20 90
.62 .00 - 3.32 80

.28 .00 - .84 80

3.85 .00 -10.44 90

1.06 .24 - 2.76 100

1.00 .08 - 2.24 100
.91 .00 - 1.88 70

.86 .00 - 2.96 70

.78 .00 - 2.24 80

.50 .00 - 2.88 30

.42 .12 - .92 100

.36 .00 - 1.20 40

9.21 2.60 -16.88 100
1.77 .00 - 3.36 80
1.58 .00 - 7.60 50
1.02 .00 - 9.28 20

.81 .00 - 5.92 30

.57 .00 - 5.68 10

.31 .00 - 1.88 50

.45 .00 - 4.48 10

.23 .00 - 1.16 30

.21 .00 - .80 30

.08 .00 - .84 10
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TABLE B-9. Continued.

PSEUDOTSUGA MENZIESII/LINNAEA BOREALIS (HABITAT TYPE IS ABIES
GRANDIS/PACHISTIMA MYRSINITES, * DESIGNATES INDICATOR SPECIES).
A LIST OF SPECIES SAMPLED IN THIS COMMUNITY.

Species % Cover Frequency Density

Grasses and grasslikes

Carex geyeri 2.48 32.00 5.4
Carex rossi .62 10.40 2.6
riTiagrostis rubescens 1.09 17.60 3.0
Festuca occidentalis .28 10.40 1.5
uzu a campestris .08 1.60 .2

Forbs

Aquilegia formosa .08 1.20 .1
Arnica cordifolia 3.85 24.00 7.1
TFiTiTia macrophylla .86 22.40 --
Erythronium grandiflorum .01 .40 .0
Fragaria vesca 1.06 23.64 3.8
Fragaria TiliTniana .11 2.00 8.3
Galium boreale .16 3.20 .7

UERTiEra oblongifolia .09 .80 .4
Hieracium albifiorum * .42 10.80 1.2
Lu inus polyphyllus .36 2.00 .3
itM' eila stauropetala .91 16.40 1.9
Osmorhiza chilensis .10 2.00 .2
Potentilla glandulosa .10 .40 .1

Pyrola chlorantha .78 12.40 2.7
Smilacina racemosa .07 1.60 .2
Sri acina ste ata .50 6.00 1.4
Taraxacum officinale .02 .80 .1

Thalictrum occidentale .22 4.80 .6
Thermopsis montana .04 .80 .1

Viloa orbicu ata * 1.00 24.40 3.8
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TABLE B-9. Continued.

Species % Cover Frequency Density

Shrubs

.08

.81

.31

9.21

.57

.45
1.77
.21

.23

1.58
1.02

.40

6.00
3.60

56.00
.40

.00

6.80
1.20
5.00
9.60
4.80

Ma M.

Mb OP

MO I.

Amelanchier alnifolia
Berberis repens
Chimaphila umbellata
Linnaea bores is *
P ysocarTUTFiTVaceus
Ribes lacustre
Rosa gymnocarpa
t1571Faea betulifolia

Symphoricarpos albus
Vaccinium membranaceum
Vaccinium scoparium
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TABLE B-9. Continued

BASAL AREA (METERS2/HECTARE), NUMBER OF STEMS/HECTARE, AND
CONSTANCY OF TREE SPECIES OCCURRING IN THE PSEUDOTSUGA
MENZIESII/LINNAEA BOREALIS COMMUNITY.

Species Basal area Stems/hectare Constancy

Pseudotsuga menziesii 17.47 1080 90

Larix occidentalis 5.67 320 30

Pinus ponderosa .91 20 10

Pinus contorta .60 20 10

Picea engelmannii .11 80 20
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APPENDIX B. Continued.

TABLE B-10. ABIES GRANDIS/LINNAEA BOREALIS. UPLAND PLANT COMMUNITY
NO. 17. COVER, RANGE,-ANDWSTANCY OF SPECIES CON-
TRIBUTING AT LEAST ONE PERCENT TO THE COMPOSITION.

Species Cover Range Constancy

Grasses and Grasslikes

Carex geyeri .47 .00 - 1.80 67
riTiagrostis rubescens .15 .00 - .56 33
Carex rossi .12 .00 - .36 50
ralTica occidentalis .09 .00 - .20 67

Forbs

Arnica cordifolia .81 .00 - 2.16 50
Mitella stauropetala .20 .00 - 1.12 33
ragaria vesca .20 .00 - .64 50

Arenaria macrophylla .15 .00 - .76 33
Viola orbiculata .09 .00 - .52 17
tiiiiiiiiis polyphyllus .07 .00 - .40 17
()rola chlorantha .06 .00 - .36 17
Hieracium albiflorum .05 .00 - .32 17

Shrubs

Linnaea borealis .96 .00 - 2.44 67
Berberis repens .29 .00 - .96 33
ViTie-i-betu ifolia .20 .00 - 1.20 17
Symphoricarpos albus .13 .00 - .80 17
Chimaphila umbOTTET .07 .00 - .40 17
Rosa gymnocarpa .04 .00 - .24 17
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TABLE B-10. Continued.

ABIES GRANDIS/LINNAEA BOREALIS (HABITAT TYPE IS ABIES GRANDIS/
PACHISTIMA MYRSINITES, * DESIGNATES INDICATOR SPECIES). A
LIST OF SPECIES SAMPLED IN THIS COMMUNITY.

Species % Cover Frequency Density

Grasses and grasslikes

Carex geyeri .47 5.33 .9
tiT.i3C-rossi .12 3.33 .5
/57Tigrostis rubescens .15 3.33 .4
Festuca occidenta is .09 4.00 1.1

Forbs

Arnica cordifolia .81 8.67 1.5
ATiiiiRa macrophylla .15 3.33 --

Fragaria vesca .20 2.67 .3

Hieracium albiflorum * .05 1.33 .2
Lupinus polyphyllus .07 .67 .1

Mitella stauropetala * .20 3.33 .5
7o75Chlorantha .06 1.33 .2
Viola orbiculata * .09 2.00 .3

Shrubs

Berberis repens .29 2.67
Chimaphila umbellata .07 .67
Linnaea bores is * .96 9.33
Pachistima myrsinites -- 1.33
Rosa gymnocarpa .04 .67
Spiraea betulifolia .20 .67
Symphoricarpos albus .13 2.00



217

TABLE B-10. Continued.

BASAL AREA (METERS2/HECTARE), NUMBER OF STEMS/HECTARE, AND CONSTANCY
OF TREE SPECIES OCCURRING IN THE ABIES GRANDIS/LINNAEA BOREALIS
COMMUNITY.

Species Basal area Stems/hectare Constancy

Abies grandis 66.33 2066 100

Pseudotsuga menziesii 14.42 267 67

Larix occidentalis 5.30 67 33

Pinus ponderosa 1.58 67 33

Pinus contorta .56 67 17
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APPENDIX C

Appendix C is a list of species found in cattle diets.

TABLE C-1. ALPHA CODE, SCIENTIFIC NAME, AND COMMON NAME OF
PLANTS OCCURRING IN CATTLE DIET SAMPLES COLLECTED
IN THE REST-ROTATION GRAZING SYSTEM.

Alpha
Code Scientific name Common name

Grasses

Agsp

Alpr
Br in

Brte
Caru
Dagl
Daun
Feid
Feov

Ko cr

Phpr
Popr
Posa

Agropyron spicatum
Alopecurus pratensis
Bromus inermis
Bromus tectorum

rubescens
Dact lis glomerata
ant onia unispfcata
Festuca idahoensis
estuca ovina
Koe eria cristata
Phleum pratense
POTWatensis
Poa sandbergii

Grasslikes

Caaq
Cage
Cala
Luca
Scm i

Forbs

Acmil
Ba sa

Eqar
Erhe

Carex aquatilis
Carex geyeri
Carex lanuginosa
ITEM campestris
Scirpus microcarpus

Achillea millefolium lanulosa
Ba samorhiza sagittata
Equisetum arvense
Eriogonum eracleoides

bluebunch wheatgrass
meadow foxtail
smooth brome
cheatgrass brome
pinegrass
orchardgrass
onespike danthonia
Idaho fescue
sheep fescue
prairie junegrass
timothy
Kentucky bluegrass
Sandberg bluegrass

water sedge
elk sedge
woolly sedge
woodrush

small fruited bulrush

western yarrow
arrowleaf balsamroot
common horsetail
Wyeth eriogonum
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TABLE C-1. Continued.

Alpha
Code Scientific name Common name

Forbs (continued)

Frveb Fragaria vesca bracteata
Grna Grindelia nana
Hi al Hieracium iThirtinum
Heun Helianthella uniflora
Logr Lomatium grayi
Lupob upinus polyphyllus burkei
Lusu Lupinus sulphureus
Pogr Potentilla gracilis
Siin Sisyrinchium inflatum
Taof Taraxacum officina e
Trdu TFiRTE51511 dubius
Veca Veratrum caTTTOTTlicum

Shrubs

Aural Amelanchier alnifolia
Bere Berberis repens
Chum Chimaphila umbellata
Libo Linnaea borealis
Phma Physocarpus malvaceus
Rice Ribes cereum
Rogy Rosa gymnocarpa
Spbel Spiraea betulifolia lucida
Syal Symphoricarpos albus
Vame Vaccinium membranaceum

Trees

Pipo Pinus ponderosa

strawberry
low gumweed

one flower helianthella

Washington lupine
sulphur lupine
northwest cinquefoil
blue-eyegrass
common dandyloin
yellow salsify
California falsehellebore

Saskatoon service berry
creeping hollygrape
common prince's-pine
twinflower
Pacific ninebark
wax currant
baldhip rose
spiraea
common snowberry
big whortleberry

ponderosa pine
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APPENDIX C. Continued.

TABLE C-2. ALPHA CODE, SCIENTIFIC NAME, AND COMMON NAME OF PLANTS
OCCURRING IN CATTLE DIET SAMPLES COLLECTED IN THE
SEASON-LONG GRAZING SYSTEM.

Alpha
Code Scientific name Common name

Grasses

Agsp
Alpr
Brin
Brte
Caru
Dagl

Daun
Deca
Feid
Feov

Koc r

Phpr
Popr
Posa

Agropyron spicatum
Alopecurus pratensis
Bromus inermis
Bromus tectorum

rubescens
Dactyl's glomerata
Danthonia unispicata
Deschampsia caesOtosa
Festuca idahoensls
Festuca ovina
YFe75771-a cristata
Phleum pratense
Poa pratensis
Poa sandbergii

Grasslikes

Caaq
Cage
Cala
Caro
Luca
Scmi

Forbs

Acmil
Anlu
Arco
Basa
Eqar
Erhe

Carex aquatilis
TaTiTgeyeri
Carex lanuqinosa
Carex rossi

campestris
Sorpusmicrocarpus

Achillea millefolium lanulosa
AFTFFiFia luzuloides
Arnica cordifolia
17ETTgOrhiza sagittata
Equisetum arvense
Eriogonum TieFiTTIOides

bluebunch wheatgrass
meadow foxtail
smooth brome
cheatgrass brome
pinegrass
orchardgrass
onespike danthonia
tufted hairgrass
Idaho fescue
sheep fescue
prairie junegrass
timothy
Kentucky bluegrass
Sandberg bluegrass

water sedge
elk sedge
woolly sedge
Ross sedge
woodrush
small fruited bulrush

western yarrow
rush pussytoes
heartleaf arnica
arrowleaf balsamroot
common horsetail
Wyeth eriogonum
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TABLE C-2. Continued.

Alpha
Code Scientific name Common name

Forbs (continued)

Frveb Fragaria vesca bracteata
Frvi Fra aria virginiana
Grna rin e is nana
Heun Helianthella uniflora
Hial Hieracium albertinum
Irmi Iris missouriensis
Logr Lomatium grayi
Mist Mitella stauropetala
Pogr Potentilla gracilis
Siin Sisyrinchium inflatum
Taof Taraxacum offriFFiTE
Trdu Tragopogon dubius
Veca Veratrum cafiroTilicum
Veth Verbascum thapsus
Vior Viola orbiculata

Shrubs

Amal

Aruv
Bere
Chum

Phma
Rice
Rila
Rogy
Spbel
Syal

Vame

Trees

Amelanchier alnifolia
Arctostaphylos urva-ursi
Berberis repens
Chimaphila umbellata
Physocarpus malvaceus
Ribes cereum
PiTTsriErsTre
Rosa gymnocarTa
Spiraea betulifolia lucida
Symphoricarpos al bus
Vaccinium membranaceum

Pipo Pinus ponderosa

strawberry
strawberry
low gumweed
one flower helianthella

Rockymountain iris

miterwort
northwest cinquefoil
blue-eyegrass
common dandyloin
yellow salsify
California falsehellebore
flannel mullein
darkwoods violet

Saskatoon service berry
bearberry
creeping hollygrape
common prince's-pine
Pacific ninebark
wax currant
prickly currant
baldhip rose
spiraea
common snowberry
big whortleberry

ponderosa pine
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APPENDIX C. Continued

TABLE C-3. ALPHA CODE, SCIENTIFIC NAME, AND COMMON NAME OF PLANTS
OCCURRING IN CATTLE DIET SAMPLES COLLECTED IN THE
DEFERRED ROTATION GRAZING SYSTEM.

Alpha
Code Scientific name Common name

Grasses

Alpr
Br in

Brte
Caru
Dagl

Daun
Deca
Feid
Feov

Kocr
Phpr
Popr
Posa

Agropyron spicatum
Alopecurus pratensis
Bromus inermis
Bromus tectorum
Ca amarostis rubescens
Dactylis glomerata
Danthonia unispicata
Deschampsia caespitosa
Festuca idahoensis
Festuca ovina
Koe feria cristata
Phleum pratense
Poa pratensis
Poa sandbergii

Grasslikes

Caaq
Cage
Cala
Luca
Scmi

Forbs
Acmil
Anlu
Asoci
Asre
Ba sa

Caqu
Erhe
Grna
Heun
Logr
Lupob
Lusu
Pogr

Carex aquatilis
Carex geyeri
Carex lanuginosa
EaTiTa campeiITTs
Scirpus microcarpus

Achillea millefolium lanulosa
Antennaria luzuloides
Aster occidentalis intermedius
TaTigalus reventus
BalsamorhizrSiiiTtata
Camassia quamash
Erio onum heracleoides
rin a is nana
HeliantheriTiTniflora
Lomatium grayi
Lupinus po yp yllus burkei
Lupinus sulphureus
Potentilla gracilis

bluebunch wheatgrass
meadow foxtail
smooth brome
cheatgrass brome
pinegrass
orchardgrass
onespike danthonia
tufted hairgrass
Idaho fescue
sheep fescue
prairie junegrass
timothy
Kentucky bluegrass
Sandberg bluegrass

water sedge
elk sedge
woolly sedge
woodrush
small fruited bulrush

western yarrow
rush pussytoes
western aster

arrowleaf balsamroot
common camas
Wyeth eriogonum
low gumweed
one flower helianthella

Washington lupine
sulphur lupine
northwest cinquefoil
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TABLE C-3. Continued.

Alpha
Code Scientific name Common name

Forbs (continued)
Sest Sedium stenopetalum
Taof Taraxacum officinale
Trdu Tragopogon dubius
Veth Verbascum fh-F57

Shrubs
Cesium Chimaphila umbellata
Phma Physocarpus ma vaceus
Rice Ribes cereum
Rila Ribes TiC171re
Rogy TEir-gymnocarpa
Spbel Spiraeabetulifolia
Syal Symphoricarpos albus
Vame Vaccinium membranaceum

Trees
Pipo Pinus ponderosa

wormleaf stonecrop
common dandyloin
yellow salsify
flannel mullein

common prince's-pine
Pacific ninebark
wax currant
prickly currant
baldhip rose
spiraea
common snowberry
big whortleberry

ponderosa pine
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APPENDIX D

TABLE D-1. MEANS OF THE PRIMARY SPECIES OCCURRING IN DIET
SAMPLES COLLECTED IN THE REST-ROTATION GRAZING
SYSTEM

PERIOD
Species Year 1 2 3 4

Agropyron spicatum 1979 8.96 6.64
1980 11.84 9.35 20.08

Alopecurus pratensis 1979 6.15 5.43 6.40 27.95
1980 2.23 10.30 7.70

Festuca idahoensis 1979 7.61 T 7.41
1980 9.56 4.18 2.42 6.38

Phleum pratense 1979 18.70 4.57 6.89 1.03
1980 8.97 9.93 4.77

Poa pratensis 1979 7.77 7.21 15.42 2.87
1980 6.99 8.73 5.16 25.58

Poa sandbergii 1979 3.38 2.38
1980 1.90 6.29 11.49

Carex aquatilis 1979 1.40 15.00 3.89 2.88
1980 2.10 8.43 4.03

Carex Russ; 1979 1.35 7.19 2.33
1980 4.62 10.14 8.61

Carex lanuginosa 1979 1.09 8.80 1.60 6.77
1980 1.43 7.08 1.48

Total grasses 1979 65.87 46.92 70.52 90.28
1980 56.63 57.88 64.83 85.25

Achillea millefolium 1979 7.71 4.20 9.34 2.87
anu osa 1980 9.29 9.63 4.79 1.88

Equisetum arvense 1979 17.97
1980 2.35 5.58

11T = Trace amount = .c one percent of diet.
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TABLE D-1. Continued.

Species Year
PERIOD

1 2 3 4

Taraxacum officinale 1979 1.82 2.18 1.72
1980

Tragopogon dubius 1979 5.91 10.11
1980 7.87 6.90

Total forbs 1979 31.21 39.15 13.23 9.32
1980 35.66 29.13 10.45 7.13

Physocarpus malvaceus 1979 T 2.66 6.79
1980 1.29 5.23 2.80

Symphoricarpos albus 1979 1.49 3.57 8.19
1980 5.19 6.31 14.20 3.09

Total shrubs 1979 2.92 13.93 15.36
1980 7.69 13.03 22.97 6.11

Pinus ponderosa 1979
1980 1.82 1.53
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APPENDIX D. Continued.

TABLE D-2. MEANS OF THE PRIMARY SPECIES OCCURRING IN DIET SAMPLES
COLLECTED IN THE SEASON-LONG GRAZING SYSTEM.

PERIOD
Species Year 1 2 3 4

Agropyron spicatum 1979 11.05 T 18.18 18.43
1980 9.28 14.16 22.83

Alopecurus pratensis 1979 12.94 7.5 5.64
1980 2.48 5.76 2.42

Festuca idahoensis 1979 7.65 9.89 15.08
1980 9.65 2.41 6.12 14.13

Phleum pratense 1979 9.39 12.77 5.61
1980 8.03 8.68 4.96

Poa pratensis 1979 6.59 8.84 18.47 8.78
1980 3.97 11.55 8.07 13.02

Poa sandbergii 1979 4.18 9.08 6.08
1980 2.37 5.76 8.17

Carex aquatilis 1979 3.22 15.24 6.44 --
1980 1.47 10.81 9.14 --

Carex geyeri 1979 1.11 10.01
1980 3.49 7.55 8.48

Carex lanuginosa 1979 3.25 9.07 4.83
1980 1.59 8.80 2.27

Total grasses 1979 71.16 70.02 82.48 67.43
1980 56.09 56.71 67.04 74.51

Achillea millefolium 1979 10.29 3.83 6.30 4.52
lanu osa 1980 5.82 9.15 5.45 5.37

Equisetum arvense 1979 T 3.46
1980 1.68 6.10

Tragopogon dubius 1979 3.34 3.12
1980 6.51 8.21

Total forbs 1979 27.22 15.22 7.82 6.30
1980 34.07 31.19 8.59 9.68
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TABLE D-2. Continued.

Species Year
PERIOD

1 2 3 4

Ribes cereum 1979 T 4.78
1980 4.15 3.45 1.28

Symphoricarpos albus 1979 T 9.59 8.13 5.27
1980 5.97 6.13 14.24 8.68

Total shrubs 1979 1.62 14.62 8.29 18.68
1980 9.86 12.12 23.40 15.05

Pinus ponderosa 1979 1.41 7.62
1980 1.00



228

APPENDIX D. Continued.

TABLE D-3. MEANS OF THE PRIMARY SPECIES OCCURRING IN DIET
SAMPLES COLLECTED IN THE DEFERRED ROTATION GRAZING
SYSTEM

Species Year
PERIOD

1 2 3 4

Agropyron spicatum 1979 NS-2/ NS 25.02
1980 10.05 T NS NS

Alopecurus pratensis 1979 NS NS 27.31
1980 3.73 5.8 NS Ng

Festuca idahoensis 1979 NS NS 11.58
1980 12.13 4.09 NS MS

Phleum pratense 1979 NS NS 14.01
1980 5.88 6.02 NS NS

Poa pratensis 1979 NS NS 2.49 16.30
1980 8.87 3.93 NS NS

Poa sandbergii 1979 NS NS 14.87
1980 2.29 NS NS

Carex geyeri 1979 NS NS 12.78
1980 1.33 NS NS

Carex lanuginosa 1979 NS NS 9.58
1980 3.68 12.07 NS NS

Total grasses 1979 NS NS 86.79 88.16
1980 58.22 54.25 NS NS

Achillea millefolium 1979 NS NS 5.46 T
anulosa 1980 4.88 5.51 NS NS

Taraxacum officinale 1979 NS NS 1.83
1980 1.22 4.03 NS NS

Tragopogon dubius 1979 NS NS
1980 5.90 10.08 NS NS

Total forbs 1979 NS NS 11.76 3.05
1980 35.08 36.54 NS NS
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TABLE D-3. Continued.

Species Year
PERIOD

1 2 3 4

Symphoricarpos albus 1979 NS NS T 5.68
1980 3.64 4.83 NS NS

Total shrubs 1979 NS NS 1.43 5.68
1980 6.68 9.24 NS NS

Pinus ponderosa 1979 NS NS 3.12
1980 NS NS
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APPENDIX E

Appendix E is a record of average daily gain data of animals
not used in the grazing systems study reported herein.

TABLE E-1. AVERAGE DAILY GAIN (kg) OF CATTLE IN PHASE I OF THE
MEADOW CREEK PROJECT DURING 1979 AND 1980.

PERIOD
Year 1 2 3 4

1979 0.54 0.54

1980 0.27 0.27 0.27 0.27

TABLE E-2. AVERAGE DAILY GAIN (kg) OF CATTLE IN PHASE III OF THE
MEADOW CREEK PROJECT DURING 1979 AND 1980.

GRAZING SYSTEM
Grazing Period Rest-rotation Season-long Deferred rotation

1

2

1979 Grazing Season

0.59
1.51

0.89
1.22

3 0.41 0.37 0.51
4 0.27 0.06 0.40

1980 Grazing Season

1 1.71 1.64 1.42
2 0.90 0.48 0.76
3 0.45 0.40
4 -0.40 -0.32
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APPENDIX E. Continued.

TABLE E-3. AVERAGE DAILY GAIN (kg) OF CATTLE IN PHASE IV (FOREST
AND GRASSLAND) OF THE MEADOW CREEK PROJECT DURING
1979 AND 1980.

Grazing Period
Plant Community Type

Forest Grassland
1979 Grazing Season

1 0.26 0.51
2 1.84 0.90
3 0.67 0.85
4 0.27 -0.25

1980 Grazing Season

1 1.40 1.64
2 0.41 0.28
3 0.77 0.37
4 0.22 -0.46
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APPENDIX E. Continued.

TABLE E-4. AVERAGE DAILY GAIN (kg) OF CATTLE IN PHASE V AND THE
TRIANGLE PASTURE OF THE MEADOW CREEK PROJECT DURING
1979 AND 1980.

Grazing Period Phase V Meadow Trianglelj

1

2

1979 Grazing Season

0.21

1.38
3 0.12
4 0.16

1980 Grazing Season

1 2.07
2 0.17
3 0.61 0.06
4 0.05 0.27

1/Weights after mid-season (i.e., period 2 in 1980) reflect a move
to the forest pasture containing the major road to Meadow Creek.
This was done to solve lack of water problem in the triangle
pasture
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APPENDIX F

TABLE F-1. PRODUCTION (kg/ha) AND UTILIZATION (PERCENT) IN THE
REST-ROTATION GRAZING SYSTEM UNIT ONE DURING 1979 AND
1980.

Plant Community Index No. 1/ Production Utilization
1979

4 109 59
11 142 45
12 91 26
17 35 6

Overall Pasture Mean 94 39

1980

4

11

12

17

Overall Pasture Mean

A/Plant community names can be found at the end of Table F-4.
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APPENDIX F. Continued.

TABLE F-2. PRODUCTION (kg/ha) AND UTILIZATION (PERCENT) IN THE
REST-ROTATION GRAZING SYSTEM UNIT FOUR DURING 1979
AND 1980.

Plant Community Index No.-1/ Production Utilization

3

11

12

15

16

4 (North Slope)

1979

249
297
128
186

173

29
26
29

17

6

5 (North Slope)
15 (North Slope)
16 (North Slope)

Overall Pasture Mean 207 23

1980

3 202 30
11 241 27
12 137 34
15 159 28
16 88 6
4 (North Slope) 50
5 (North Slope) 48
15 (North Slope) 33
16 (North Slope) 0

Overall Pasture Mean 166 30

1/Plant community names are located at the end of Table F-4.
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APPENDIX F. Continued.

TABLE F-3. PRODUCTION (kg/ha) AND UTILIZATION (PERCENT) IN THE
SEASON-LONG GRAZING SYSTEM UNIT THREE DURING 1979
AND 1980.

Plant Community Index No.-1/ Production Utilization
1979

3 179 47
11 167 14

12 174 29
15 134 12

15 (North Slope)
16 (North Slope)

Overall Pasture Mean 163 27

1980

3 226 22
11 233 11

12 255 22
15 81 15
15 (North Slope) 13
16 (North Slope) 0

Overall Pasture Mean 199 14

1/
Plant community names can be found at the end of Table F-4.
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APPENDIX F. Continued.

TABLE F-4. PRODUCTION (kg/ha) AND UTILIZATION (PERCENT) IN THE
DEFERRED ROTATION GRAZING SYSTEM UNTI TWO DURING
1979 AND 1980.

No.
1/

Production UtilizationPlant Community Index
1979

4 178 52
11 120 34
15 101 22
17 26 2

Overall Pasture Mean 106 31

1980

4 257 3
11 192 16
15 125 16
17 25 2

Overall Pasture Mean 150 10.5

-1/Plant community names corresponding to index numbers.

3. Poa sandbergii/Agropyron spicatum

4. Agropyron spicatum/Poa sandbergii

5. Festuca idahoensis/Eriogonum heracleoides

11. Pinus ponderosa/Festuca idahoensis

12. Pinus ponderosa/Symphoricarpos albus/Carex geyeri

15. Pseudotsuga menziesii/Symphoricarpos albus/Carex geyeri

16. Pseudotsuga menziesii/Linnaea borealis

17. Albies grandis/Linnaea borealis


