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ABSTRACT 

The composition, nutritive quality, and cattle forage preferences 
on three types of western ranges: mixed-prairie, sagebrush-bunchgrass, 
and forest-alpine are reviewed. Livestock production is also considered. 
Some aspects of range supplementation are dealt with, specifically; the 
need for supplemental protein, energy, phosphorus, and vitamin A, and the 
evidence concerning the effects of different planes of nutrition on 
wintering cows. 

The nutritive quality of range forage is affected by many site 
related factors, and perhaps most important, by the stage of growth of 
the plant. Crude protein in all range plants is highest early in the 
growing season, and declines thereafter. Phosphorus generally follows 
crude protein trends. Crude fiber and calcium are usually in inverse 
relationship with protein and phosphorus. 

Browse species generally have an initially lower crude protein 
content than do grasses or forbs, but maintain higher protein levels 
through most of the year. Thus, they may be an important part of a 
wintering cow's diet. 

Cattle seem to be able to select a diet more nutritious than a 
chemical analysis of the whole plant would indicate. However, there are 
instances when supplementing range cattle is desirable. 

Supplementing with energy seems to be counterproductive, because 
this often results in a decreased use of the energy available in range 
forage. The supplemented energy is usually more digestible, and replaces 
rather than supplements rangeland. 

Supplementation with protein has often been shown to increase diy 
matter intake and digestibility, and thus total metabolizable energy 
available to the animal. 

Phosphorus supplementation may be desirable after the green forage 
period, if cattle, are not using browse. Vitamin A supplementation should 
not be necessary in most cases, if the animal was on green grass through 
the summer. 



INTRODUCTION 

Across the western range area there are many different range 

types. Often, two or several of these occur within the confines of a 

single ranch operation. It would be useful for a range manager to be 

aware of the nutritional characteristics of these ranges, which may 

influence the best use to which they can be put. It is the intent of this 

paper to compare three range types, which occur extensively within the 

state of Montana, and in neighboring states and provinces, and to review 

their composition, nutritional characteristics, the use to which they are 

put, and to suggest supplements which may be used to enhance their value. 



Chapter 1 

THE MIXED PRAIRIE 

Introduction 

The Mixed Prairie is part of a large transition zone between the 

true prairie and the Rocky Mountains and western prairie (Costello 19&9)• 

The plant species present on Mixed Prairie ranges are similar, creating 

a biological continuum, although there are shifts in dominance from 

south to north, and from east to west. Blue grama (Bouteloua gracilis) 

appears universally throughout the zone, sometimes as a dominant, some¬ 

times as a part of the understoiy. The presence of associated shrubs and 

forbs is strongly influenced by site related factors and climate. Forbs 

especially are strongly affected by seasonal precipitation, being much in 

evidence during years of high moisture and largely absent during dry- 

years (Hoehne et al 1968). 

Moorefield and Hopkins (19.51) report three vegetative communities 

from the area near Ft. Hays, Kansas. Upland vegetation is dominated by 

buffalo grass (Buchloe dactyloides) and blue grama; hillside vegetation 

by side oats grama (Bouteloua curtipendula), big bluestem (Andropogon 

gerardi), little bluestem (Schizachyrium scoparium), and blue grama. On 

the lowlands, big bluestem is replaced by western wheatgrass (Agropyron 

smithii), which was co-dominant with side oats grama. Here, buffalo 

grass and blue grama formed the understory. 
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In western Nebraska, Hoehne et al (1968) found that needle-and- 

thread (Stipa comafa), prairie sandreed (Calamovilfa longifolia), and 

blue grama are the dominant grasses. The Mixed Prairie in South Dakota 

is reported by Kamstra (1973)» and by Cogswell and Kamstra (1976), as 

being composed of western wheatgrass, green needlegrass (Stipa viridula), 

blue grama, little bluestem, prairie sandreed, needle-and-thread, and 

threadleaf sedge (Carex filifolia). 

Wyoming prairies are often dominated by blue grama, with western 

wheatgrass, needle-and-thread, prairie junegrass (Koeleria cristata), 

Sandberg bluegrass (Poa sandbergii), and threadleaf sedge. On more alka¬ 

line soils, inland saltgrass (Distichlis stricta) and alkali dropseed 

(Sporobolus airoides) are found. Big sagebrush (Artemisia tridentata) 

is often dominant on lower slopes and bottoms with a varying understory 

of Indian ricegrass (Oryzopsis hymenoides), prairie junegrass, wheat- 

grasses (Agropyron spp.), Idaho fescue (Festuca idahoensis), and 

bluegrasses (Poa spp.) (Beath and Hamilton 1952). 

Near Miles City, Montana, Holscher and Woolfoik (1953) report 

the vegetation consisting of western wheatgrass, buffalo grass, blue 

grama, needle-and-thread, threadleaf sedge, and Sandberg bluegrass. 

Mixed Prairie in Saskatchewan is dominated by needle-and-thread, western 

wheatgrass, blue grama, and prairie junegrass (Jahnke 1956). The native 

grasses at Manyberries, Alberta are composed of these same species, along 

with Sandberg bluegrass (Smoliak and Bezeau 1967) • 
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Seasonal Trends of Nutritive Value 

The nutritive value of range forage is affected by many factors: 

stage of maturity, edaphic influences, plant species, climate, range 

condition, and the class of animal using the range. Oelberg (1956) 

believes the stage of growth to be the most important factor affecting 

chemical composition and digestibility of range forages. Many researchers 

have found that the high nutritive value of range forage is restricted to 

the early portion of the growing season (Oelberg 1956; Smoliak and Bezeau 

1967; Kamstra 1973; Cogswell and Kamstra 1976). 

Crude fiber. On South Dakota prairie, the digestibility of the cellulose 

portion of the cool season grasses remained at a higher level than that of 

the warm season grasses through the growing season. Digestibility of 

warm season grasses increased however, following fall precipitation 

(Kamstra 1973)• Warm season species were also found to have faster 

regrowth after fall precipitation than cool season species (Cogswell and 

Kamstra 1976). 

Lignin and cellulose increased in all species with increasing 

maturity (Cogswell and Kamstra 1976), this was also evident on Canadian 

prairies (Smoliak and Bezeau 1967). Sandberg bluegrass was one species 

that remained relatively low in percent cellulose. 

Of seven Mixed Prairie species investigated by Kamstra (1973)> 

and Cogswell and Kamstra (1976), needle-and-thread and prairie sandreed 
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contained high amounts of acid detergent fiber. Needle-and-thread is 

described as being the most highly dignified grass by the end of the 

’growing season, probably due to a genetic predisposition to be so. It 

matured in mid-June, and after the awned seed head developed, it remained 

semi-dormant. Green needlegrass and little bluestem were also highly 

dignified by the end of the season. 

Lignin is not only unavailable itself, but it also adversely 

affects the digestibility of other forage constituents. Lignin diges¬ 

tibility varies from $.1% to 23.7%, occuring primarily in the stomach by 

enzyme action, rather than in the rumen. Most absorbed lignin is 

probably excreted in the urine (Patton and Gieseker 1942). However, the 

most highly dignified forage is not necessarily the least digestible 

since so many factors affect digestibility, such as total content of 

crude protein and of hemicellulose (Kamstra 1973)• 

A high hemicellulose content should enhance digestibility and 

contribute to better animal utilization, since hemicellulose is much more 

digestible than the cellulose fraction. Hemicellulose is composed of 

xylose, arabinose, galactose, and glucose in order of decreasing concen¬ 

tration. Evidently, xylose and arabinose are the major structural units 

of hemicellulose (Kamstra 1973)• 

Cogswell and Kamstra (1976) found that hemicellulose changed less 

than the other fibrous fractions with maturity. All species had dif¬ 

ferent patterns of hemicellulose change, showing individual growth 
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characteristics during the growing season. Kamstra (1973) found that 

western wheatgrass and green needlegrass had high hemicellulose values 

throughout the growing season and were very similar to each other. 

Protein. Although blue grama contained large amounts of cellulose, it, 

along with threadleaf sedge, which exhibited a dramatic increase in per¬ 

cent cellulose through the season, were comparatively more digestible 

than the other species. The degree of digestibility of blue grama may be 

attributable to its higher crude protein content, which had a seasonal 

mean of 8.6% (Cogswell and Kamstra 1976). 

Crude protein of all species declined significantly as the 

growing season progressed. This is a typical characteristic of grass 

maturation. Levels of 5% or less were reached by the end of the growing 

season (Beath and Hamilton 1932; Kamstra 1973; Cogswell and Kamstra 1976). 

Marsh et al (1959) reports crude protein levels varying between 4% and 

6% on eastern Montana rangeland. 

Smoliak and Bezeau (1967) found that crude protein of grasses on 

Canadian prairies was highest at the early vegetative stages and declined 

gradually with maturation. During early growth stages blue grama and 

Sandberg bluegrass contained more digestible protein than other range 

grasses. After heading and during the seed ripe stage, needleleaf sedge 

(Carex eleocharis) was highest in crude protein. 

Blue grama on Wyoming ranges declined from 15.^% crude protein in 
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June to 5.3% by the end of October. Similarly, western wheatgrass 

declined from l4.J$ in June to k.7% by October (Rauzi et al 1969). Marsh 

et al (1959) reported that the crude protein content of western wheat- 

grass and needle-and-thread rose rapidly in late April or early May in 

eastern Montana. Maximum levels reached were between 12% and 18%, 

depending on growing conditions. By June, crude protein had dropped to 

8% to 14%, and by July, it had dropped below 8%. Blue grama was usually 

a month behind the cool season grasses in development. It seemed to stay 

green about two weeks longer than cool season species. 

Rauzi et al (1969) felt that after mid-August crude protein of 

range forage was insufficient to meet the required 7*3% to 8% crude 

protein for a mature beef cow. Smoliak and Bezeau (1967) concurred, 

stating that digestible protein was low in all grasses after heading. 

Blue grama did respond to early fall precipitation, and increased 

its crude protein content as well as its digestibility (Rauzi et al 1969; 

Kamstra 1973)• Crude protein content of western wheatgrass and needle- 

and-thread did not respond favorably to fall precipitation (Rauzi et al 

1969; Cogswell and Kamstra 1976). 
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Phosphorus. Phosphorus content of these range grasses generally followed 

the trend of crude protein and declined with maturity. Phosphorus levels 

of Wyoming grasses dropped sharply in August, hecoming inadequate to meet 

livestock needs. Blue grama declined slightly later than western wheat- 

grass, probably due to its later growth (Rauzi et al 1969)* There seemed 

to be a general, though not consistent, tendency^for western wheatgrass 

to be slightly lower in phosphorus than other grasses (Marsh et al 1959)• 

Smoliak and Bezeau (1967) found that during early growth, Sandberg blue- 

grass surpassed other native grasses in total phosphorus content. 

Calcium. The calcium to phosphorus ratio of native grasses varied from 

1:1 in early vegetative and heading stages, to 5:1 in cured and weathered 

stages. Calcium was generally highest at the early vegetative and cured 

stage, and lowest at heading (Smoliak and Bezeau 1967)• Rauzi et al 

(1969) found calcium in blue grama and western wheatgrass to be adequate 

for grazing livestock throughout the grazing season. Calcium in blue 

grama did decrease slightly with maturity. 

Browse: Protein and phosphorus. Although the protein and phosphorus 

content of browse also decreases as the season advances (Oelberg 1956)1 

Smoliak and Bezeau (1967) found that shrubs contain adequate protein and 

phosphorus to meet range livestock requirements,1 and as such, can be 

valuable components of winter range. 
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Of four shrubs analyzed, silver sagebrush (Artemisia cana), 

fringed sagewort (Artemisia frigida), Nuttall saltbush (Atriplex 

nuttallii), and winterfat (Eurotia lanata), fringed sagewort contained 

the least amount of crude protein at all stages of growth. Nuttall salt¬ 

bush contained the most digestible protein at leaf and flowering (Smoliak 

and Bezeau 196?)• 

Crude fiber. Shrubs had a less digestible cellulose than did the grasses, 

although total cellulose content was similar (Smoliak and Bezeau 196?)• 

This is probably due to greater degree of lignification in shrubs. Di¬ 

gestible nutrients are often rendered unavailable because they become 

enveloped by relatively indigestible lignin. Nitrogen-free-extract was 

found to decrease with maturity also (Oelberg 1956). 

Of four shrubs, silver sagebrush and fringed sagewort had the 

least digestible cellulose. Woody sagebrushes (Artemisia spp.) contain 

essential oils that possess antibacterial properties which decrease the 

rate of cellulose digestion (Smoliak and Bezeau 196?). 

Calcium. Calcium generally increases as the season advances, possibly 

due to the increased amount of cellular material which is composed prin¬ 

cipally of this element (Oelberg 1956). The calcium to phosphorus ratio 

ranged from 3:1 to 5:1* Overall, the shrubs contained three to four 

times as much calcium as grasses (Smoliak and Bezeau 196?)• 
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Vitamins. Vitamins in deciduous shrubs are unstable in dry forage, and 

quickly disintegrate as leaves and stems dessicate. Carotene decreases 

as the season progresses, although not so quickly as in forbs and 

grasses. Carotene content of shrubs in eastern Montana did not exceed 

jju.g. per gram during the winter (Marsh et al 1959). 

Forbs. In some years rangelands contain large amounts of forbs as a 

result of ideal moisture and temperature conditions (Hoehne et al 1968) 

The period of high nutritive value of forbs is restricted to the early 

portion of the growing season. The succulent tissues of forbs are 

subject to dessication during the dry summer months. The rate of 

decrease in protein of most broadleaf forbs is most rapid from early 

leaf stage to the late blossom period. Phosphorus parallels protein 

trends, while calcium increases with maturity as it does in grasses and 

shrubs (Oelberg 1956). * 

In vitro dry matter digestibility of forbs can be high, ranging 

from to 88%. In a high precipitation year, forbs on a Nebraska 

range provided up to 86.6% of the crude protein, 91.3% of the soluble 

carbohydrates, and 82.6% of the dry matter during a summer grazing 

season (Hoehne et al 1968). 
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Climate and Site Effects on Nutritive Quality 

Vavre et al (l9?6) states that seasonal forage quality is related 

to precipitation as well as to the degree of plant maturity. The time of 

peak forage quality in the western United States is influenced by ele¬ 

vation, topography, geographic area, and the amount and pattern of 

precipitation. Most precipitation in the Great Plains occurs in the 

spring and summer when plants are actively growing. 

Rainfall patterns during the April to October period determine 

the actual plant nutrient levels. Below normal precipitation results in 

reduced nutrient content of the forage. On the other hand, high July and 

August rains can maintain grass nutrient content at unusually high levels 

for those two months (Marsh et al 1959). Rainfall tends to increase the 

nitrogen, phosphorus, and ether extract content of range forage (Oelberg 

1956). A possible drawback of high precipitation years may arise if the 

moisture content of the forage becomes too high to allow for adequate dry 

matter intake by grazing livestock. Oelberg (1956) points out another 

detrimental effect of precipitation on plant nutrient content, that is, 

the leaching of nutrients from a plant after it has matured. 

Relative succulence of plants varies by the effects of weather. 

Utilization of shrubs may fluctuate considerably in response to weather 

changes (Holscher and Woolfoik 1953)• 

The mineral composition of the soil is often reflected in the 
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mineral content of the plant. Physical and chemical properties of the 

soil affect a plant's nutrient intake. Phosphorus is most available 

between pH 6 and 7. Plants grown on limestone soils show a high calcium 

content (Oelberg 19J$). 

Site factors also affect a plant's nutritive content. Oelberg 

(1956) found that smooth brome (Bromus inermis) grown in shade had a 

higher protein content and lower carbohydrate values than plants grown in 

full sunlight. Similarly, western forage plants seem to increase in nit¬ 

rogen content with increasing altitude. Altitude may affect a plant's 

temperature and moisture similarly to shade. 

Cattle Forage Preferences 

Cattle show distinct preferences, which change with the seasons, 

in grazing Mixed Prairie ranges. Blue grama is the outstanding forage 

producer on many Mixed Prairie ranges. Costello (1969) observed that 

cattle showed a high degree of preference for this grass. 

On the Missouri river breaks of Montana, degree of cattle use of 

blue grama seems to be related to the range type in which it occurs. It 

received very heavy use during the summer on sagebrush-wheatgrass areas. 

During most of the year, use of blue grama was common but it did not 

account for a large percent of the diet. It was, however, used heavily 

in November (Mackie 1970)• 

At Miles City, Montana, blue grama was not used very heavily 
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during the summer grazing season, and was an undependable source of win¬ 

ter forage, because it is readily covered by snow (Holscher and Woolfoik 

1953)- Similar results were found in grazing studies on Kansas prairie, 

where blue grama and buffalo grass ranked below big bluestem and little 

bluestem in preference. Both of these short grasses compared unfavorably 

with species that are adapted to moist conditions, in hillside and low¬ 

land communities (Tomanek et al 19.58)• Costello (1969) felt that buffalo 

grass would be little used before the first of August, if blue grama 

production was adequate through the early summer. At Miles City, how¬ 

ever, buffalo grass had the highest percent of plants grazed rating on 

moderately stocked summer range, indicating that this grass can be quite 

palatable under some conditions (Holscher and Woolfoik 1933)• 

Evidently, needle-and-thread is used sparingly at first, but as 

the season progresses, use increases, and the stubble is often regrazed 

in preference to ungrazed plants (Costello 1969). Needle-and-thread and 

the short grasses furnish cattle at Miles City with much of their forage 

by late May. Needle-and-thread and western wheatgrass furnish most of 

the fall and early winter forage (Holscher and Woolfoik 1933)• 

Both at Miles City and near Ft. Hays, Kansas, western wheatgrass 

was grazed fairly heavily in the spring and early fall, with use dropping 

off during mid-summer (Holscher and Woolfoik 1933; Tomanek et al 1938)* 

However, on the Missouri river, it was the grass most preferred by cattle 

through all seasons. There appeared to be a preference for western 
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wheatgrass on lowlands and in solid stands. This may have been moisture 

related. Cattle tended to remove about five to six inches of this grass, 

regardless of its initial height, and except on bottomlands, grazed the 

plants only once. This is in contrast to the situation with most Mixed 

Prairie grasses, which are commonly regrazed repeatedly after initial use 

(Mackie 1970). On winter ranges, western wheatgrass was the most used 

grass, often being grazed more heavily on winter than on summer range, 

possibly due to its availability above snow (Holscher and Woolfoik 1953)• 

Of associated species, plains muhly (Muhlenbergia cuspidata) was 

the second most preferred grass during the summer grazing season on the 

Missouri breaks. Green needlegrass was utilized consistently but was 

never an important food item due to its infrequent occurance (Mackie 

1970). 

During the fall, feeding on-Sandberg bluegrass was relatively 

intense, especially in October during years of fall green-up. Plains 

muhly, prairie junegrass, and green needlegrass were also taken, but in 

small quantities. Use of plains muhly and green needlegrass was heaviest 

in September (Mackie 1970). 

While western wheatgrass was the most important grass during the 

winter, bluebunch wheatgrass (Agropyron spicatum) received considerable 

use during periods of complete snow cover. This was evidently due to 

availability rather than preference. Sandberg bluegrass was used during 
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the early winter, as were the other associated grass species (Mackie 

1970). 

Usually, Sandberg bluegrass and threadleaf sedge were ready for 

use by early April in Montana (Holscher and Woolfoik 1953)• Mackie 

(1970) reports that Sandberg bluegrass was used extensively. Some other 

grasses, such as prairie junegrass and green needlegrass, were also fed 

upon frequently. 

Grazing of shrubs is greatest during severe winters. Browse 

species were important for their nutritive value and for the protection 

from snow which they afforded to grasses in their lee (Holscher and 

Woolfoik 1953)* Jahnke (1956) indicated that cattle wintering on the 

Northern Great Plains browse to a considerable extent. Evidently, choke- 

cherry (Prunus virginianus) is used readily by cattle, as are leaves and 

shoots of willows (Salix spp.). • 

Along the Missouri river, shrub use during the winter reached 10% 

of the cows’ diet, the highest use of the year. Complete snow cover was 

evidently necessary before cattle would browse to any great extent. Big 

sagebrush, rubber rabbitbrush (Chrysothamus nauseosus), and greasewood 

(Sarcobatus vermiculatus) were the most important browse species. During 

other seasons, use of browse was minor, being zero in the spring, 

slightly over 1% in the summer, and up to 8% during the fall, when rubber 

rabbitbrush and greasewood were relatively important (Mackie 1970). 

Considering the different availabilities and nutrient values of 
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species through the year, it is desirable to maintain a mixture of 

species to obtain maximum utilization of a range (Cogswell and Kamstra 

1976). 

Many researchers have found that cattle tend to concentrate on 

and overuse bottom areas. Bottom areas have water and abundant forage 

that remains green well into the summer. Ordinarily, bottoms can with¬ 

stand heavier grazing than upland or hilly areas, but too much trampling 

when soils are wet may cause compaction and reduction of soil moisture 

permeability. For these reasons, lowlands are often in poorer range 

condition than are uplands. Often, more time is spent grazing poor past¬ 

ures than good. Ease of travel and continual regrowth of grazed grasses 

make bottoms attractive grazing areas (Moorefield and Hopkins 1951> 

Holscher and Woolfoik 1953; Tomanek et al 1958). 

Animal Production 

Animal production is related to changes in forage quality. As 

forage quality decreases, animal production also decreases. Maximizing 

livestock production means coordinating it to the forage resource so that 

the most efficient use is made of the short periods when forages are at 

their highest quality (Vavra et al 1976). 

On the Northern Great Plains, range cattle derive adequate pro¬ 

tein, calcium, phosphorus, and energy from range forage for four to five 

months, if forage intake is adequate. The seasonal decline in nutritive 
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value of range forage is reflected in lowered cattle gains. Highest 

gains are made during May, June, July, and August. Lower gains are made 

during September and loss of weight occurs during October and November. 

When forage is abundant through the season, quality rather than quantity 

of available forage is responsible (Smoliak and Bezeau 196?)• Grazing 

studies with sheep yielded similar results. Greatest gains were made 

during spring grazing. Daily gains declined with the advancing season, 

corresponding to the decreasing nutritive value of the forage (Smoliak 

1968). 

A diverse range composition may prolong the period of adequate 

nutrition of range forage, if cattle will eat the more nutritious forage 

present. Shrubs commonly contain sufficient phosphorus and protein to 

meet maintenance requirements, and as such, are valuable components of 

winter range (Smoliak and Bezeau 1967)• Jahnke (1956) reported that 

cattle wintered well on river bottom browse in Saskatchewan. However, 

some authors report a reluctance on the part of cattle to eat browse 

unless forced to by severe weather (Mackie 1970)• 



Chapter 2 

SAGEBRUSH-BUNCHGRASS RANGES 

Introduction 

The sagebrush-bunchgrass type, is perhaps the most difficult range 

type, of the three considered in this paper, to define geographically. 

Elements of the sagebrush-bunchgrass association are found overlapping 

into other types of ranges, as along the Missouri breaks of eastern 

Montana (Mackie 1970). There are also areas within the normally accepted 

geographic bounds of this type that lack one or several species normally 

associated with it. Some ecologists hold that much of southern Idaho, 

eastern Washington, eastern Oregon, western Montana, and large areas of 

northern Nevada and Utah belong to this type, although varying serai 

stages may at times mask a fundamental continuity among areas (Stoddart 

et al 1975)• 

Mueggler and Handl (197^) describe two big sagebrush dominated 

communities for western Montana: big sagebrush-bluebunch wheatgrass and 

big sagebrush-Idaho fescue, as well as several types wherein the dominant 

species is a grass commonly associated with big sagebrush. Mackie (1970) 

also identifies a big sagebrush-bluebunch wheatgrass type along the 

Missouri river. 

A sagebrush-Idaho fescue community was described in the Big Horn 

Mountains of Wyoming (Pond and Smith 1971)• Sagebrush-bunchgrass 
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associations described in Utah varied from a mountain community with 

thrity inches of annual precipitation (Cook and Harris 1950)> to one 

becoming a northern cold desert type, with associated desert species 

(Goebel and Cook i960). Bluebunch wheatgrass and Idaho fescue are the 

co-dominant grasses associated with big sagebrush. Other understoiy 

species are more varied depending on location. In several instances 

grass species comprised only 35^ of the total forage available on a sage- 

brush-bunchgrass range (Cook et al 1967; Cook and Harris 1968a). 

In the shrub-steppe region of eastern Washington, growth starts 

with the first soaking rains in fall, then stops with low winter tem¬ 

peratures. In spring, rising temperatures accompany a burst of growth, 

which ceases with summer drought and heat (Saver and Uresk 19?6). 

Some investigations of the fescue grasslands of Canada were also 

considered for this paper. Although these regions are not strictly 

within the sagebrush-bunchgrass association, many of the associated 

species are common to both. Rough fescue (Festuca scabrella), in Canada, 

is associated with Idaho fescue and Parry oatgrass (Danthonia parryi) 

(Johnston 1961; Johnston and Bezeau 1962). 

Seasonal Trends of Nutritive Value• 

Protein. Crude protein in grasses and forbs is high at the start of the 

growing season, but decreases rapidly as the herbage matures, and is low 

by fall. This pattern has been documented by many researchers on a 
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variety of ranges (Cook and Harris 1950; Blaisdell et al 1952; Johnston 

and Bezeau 1962). Not only does the content of crude protein decrease 

with maturity, hut the digestibility of that protein also decreases (Cook 

et al 1956). 

Bluebunch wheatgrass and arrowleaf balsamroot (Balsamorhiza 

sagittata) should supply good livestock forage in the spring, being high 

in crude protein, phosphorus, and ether extract, and low in crude fiber. 

In the fall, the same forage is poor feed, being low in protein, phos¬ 

phorus, and ether extract, and higher in crude fiber, with a wide calcium 

• to phosphorus ratio (Blaisdell et al 1952). 

On sagebrush ranges in Utah, digestible protein was sufficient 

for lactating animals only during the spring (Cook et al 1956). Connor 

et al (1963) had similar results in Nevada, stating that after June, 

digestible protein was below National Research Council recommendations 

for normal growth of cattle. 

Phosphorus. Phosphorus, like crude protein, also showed a gradual 

decline with advancing plant maturity (Johnston and Bezeau 1962). In 

central Utah, phosphorus was adequate for livestock only during the early 

spring. In western wheatgrass it was deficient by seed maturity. Cook 

and Harris (1950) noted a slight increase in percent phosphorus of 

grasses after an. increase in fall moisture. 

Apparently, animals used phosphorus-stored in their bodies during 
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the early spring to carry them over the deficient period of late spring. 

Longer grazing with a phosphorus deficiency may cause a decrease in pro¬ 

duction (Cook and Harris 1968a). 

Vitamin A. The forage carotene content showed a regular decrease as the 

season advanced (Johnston and Bezeau 1962).• Vitamin A is the only 

vitamin that has been found deficient in the diets of range animals. It 

is stored in the liver and requires 90 to 180 days for its depletion. If 

the diet consists of even a relatively small quantity of browse, about 

15%, then there should be no vitamin A deficiency (Cook and Harris 

1968a). 

Crude fiber. Crude fiber increases with maturity of range grasses 

(Blaisdell et al 1952; Johnston and Bezeau 1962). Blaisdell et al (1952) 

found that crude fiber and nitrogen-free-extract increased with maturity 

in bluebunch wheatgrass and associated plants. In Idaho fescue, crude 

fiber also increases with maturity, but nitrogen-free-extract showed an 

irregular pattern, finally decreasing in the winter. Ether extract also 

decreased (McCall 1939)• 

As the cellulose content of range grasses increased through the 

summer, 26% in the Festuca scabrella association, the mean digestibility 

coefficient decreased by 53%* The digestibility of cellulose is directly 

proportional to the overall nutritive value of a forage (Bezeau and 

Johnston 1962). Cook (1956) reported that grasses in central Utah 



22 

increased in percent lignin and cellulose, as well as ether extract, as 

the season advanced. 

Evidently, digestibility of cellulose varies with location of the 

plant. Cellulose in cattle diets on aspen ranges were found to be more 

digestible than on sagebrush ranges. This may be related to the amount 

of direct sunlight on the plant (Cook et al 1967). Oelberg (1956) indi¬ 

cated that grass grown in shade had a higher protein content, and hence a 

higher digestibility, than grass grown in direct sunlight. 

Calcium. Generally, percent calcium increases with grass maturity 

(Blaisdell et al 1952). In bluebunch wheatgrass and Idaho fescue, cal¬ 

cium increased, widening the calcium to phosphorus ratio continually as 

the season progressed (McCall 1939)• In Sandberg bluegrass the percent 

calcium remained constant while phosphorus decreased (Blaisdell et al 

1952). 

Browse: Carotene. The chemical composition of forbs and shrubs of the 

Festuca scabrella association was maintained at a desirable level for a 

longer period of time than that of native grasses. Carotene content of 

forbs and shrubs was always higher than that of grasses. The high caro¬ 

tene content of shrubs at the flowering stage was attributed to rapid 

development of new twigs and foliage. Shrubby vegetation also maintained 

a high level of nutrients during the winter months (Johnston and Bezeau 

1962). 



Protein and phosphorus. Blaisdell et al (1952) found that crude protein 

of shrubs is much lower at the beginning of the season than that of 

grasses, but it decreases more slowly, and is considerably higher than 

that of grasses and forbs in the fall. Calcium appears to be high in 

forbs, intermediate in shrubs, and low in grasses. In general, the pro¬ 

portion of phosphorus is higher in forbs and grasses than in shrubs. It 

is however, more constant in shrubs. The presence of shrubs on fall 

ranges may be helpful to prevent deficiencies in protein and phosphorus. 

Essential oils of sagebrush. Cook and Harris (1968a) found that big 

sagebrush and rubber rabbitbrush are of relatively low palatability for 

cattle during the summer months, on Utah ranges. Connor et al (1963) 

also found that on Nevada ranges, species high in ether extract, such as 

big sagebrush and black sagebrush (Artemisia nova) were consumed in only 

limited amounts. 

Experiments with sagebrush have demonstrated that big sagebrush's 

essential oils contain some antibacterial properties. In vitro, the 

essential oils markedly decrease the rate and volume of gas production 

as well as production of short chain fatty acids. Essential oils can 

inhibit the growth of rumen bacteria and decrease or inhibit the rate of 

cellulose digestion', depending on their concentration (Nagy et al 1963) • 

The introduction of seven pounds of big sagebrush per day into 

the rumen of a fistulated steer on a diet of alfalfa hay resulted in a 
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complete loss of appetite and cessation of rumen motility in three days 

(Nagy et al 1963). In Nevada, feed intake on a sagebrush-grass range 

was less than expected. In June, day matter consumption was less than 

two percent of body weight, and even less was consumed later (Connor et 

al 1963). Cook et al (193^) reported that essential oils are most con¬ 

centrated in sagebrush during the early summer months, at which time they 

can have a depressing effect on appetite and forage utilization. 

Forbs. Forbs, as a class, are equal to or superior to grasses in diges¬ 

tibility of cellulose and percent of digestible protein. Mean cellulose 

content of grasses increased 26% from the first to the last stage of 

growth, and the mean digestibility coefficient decreased by 53%* The 

cellulose content of forbs increased only 4% through the season, and the 

mean digestibility coefficient decreased only 19% (Bezeau and Johnston 

1962). 

During the fall and winter browse plants meet the recommended 

protein requirements of cattle, and are exceptionally high in carotene. 

They are slightly deficient in phosphorus and decidedly low in the energy 

furnishing constituents. Grasses are markedly deficient in protein, 

phosphorus, and carotene but are good sources of energy. Browse species 

are not as good sources of energy as are grasses because of their rela¬ 

tively low content of cellulose and high content of lignin. Therefore, 

a mixture of browse and grass in the winter diet is preferable to either 
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one alone (Cook et al 195^)• 

Cattle Forage Preferences 

Grass provided 68% of the diet throughout the summer on big sage- 

brush-bunchgrass range in Nevada, although less than 15$ of the vegetation 

was grass. The browse content of the diet increased through the summer 

at the expense of forbs, reflecting the amount of antelope bitterbrush 

(Purshia tridentata) consumed. Use of big sagebrush itself was never 

over one percent during the summer, although browse in the diet increased 

from 18$ in July to 37% in August (Connor et al 1963). 

On mountain ranges in Utah, grasses were preferred to forbs or 

shrubs, by cattle, during the early part of the grazing season. Grasses 

decreased in palatability during late summer while palatability of browse 

increased. The palatability of forbs increased for cattle during mid¬ 

summer and remained high. Cattle preference throughout the summer was 

for grasses, forbs, and browse, in decreasing order. An observed lower 

utilization of browse on sagebrush-grass range was due to the large 

amounts of big sagebrush and green rabbitbrush (Chrysothamnus viscidi- 

florus) present (Cook et al 1967). 

On a shrub-steppe rangeland in south-central Washington, the 

botanical composition of steer diets shows that grasses were the major 

food item, followed by forbs and half-shrubs. Cusick bluegrass (Poa 

cusickii) and hawksbeard (Crepis atrabarba) were the most grazed plants 
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in the early part of the grazing season. Both of these declined in im¬ 

portance as the season progressed "because they became less available. 

Bluebunch wheatgrass comprised more of the diet as the season progressed, 

for a season total of of the diet. Sandberg bluegrass was very 

common in the pastures and was only slightly utilized. Cusick bluegrass 

and Thurher needlegrass (Stipa thurberiana) were highly preferred grass 

species (Uresk and Rickard 19?6). 

Cheatgrass (Bromus tectorum) covers considerable areas of inter¬ 

mountain range and supplies a large, but very undependable amount of 

forage. Its nutritive value declines rapidly with maturity. Cattle will 

however, graze mature cheatgrass late into the spring and even into the 

summer if there is little else to eat (Cook and Harris 1968a). On good 

condition sagebrush-grass ranges, "bluebunch wheatgrass and arrowleaf 

balsamroot may furnish half of the total livestock forage of grass and 

forbs (Blaisdell et al 1952). 

The presence of big sagebrush appears to have some influence on 

the palatability of associated species. In Wyoming's Big Horn Mountains, 

Columbia needlegrass (Stipa columbiana) and William needlegrass (Stipa 

williamsii) were preferred in big sagebrush cover, while timber oatgrass 

(Danthonia intermedia) was less preferred when associated with sagebrush. 

Of 45 forb species present on this range, only 19 were utilized. The 

average forb utilization ranged from 6% in sagebrush cover to W% in a 

grass association (Hurd and Pond 1958). 
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In the Missouri breaks area of eastern Montana, the Artemisia- 

Agropyron type seemed to before attractive to cattle than other types 

in the study area. It was used most intensively, and relatively few 

other types received heavy usage. Some monthly and seasonal variation 

reflected water availability and forage abundance as influenced by 

prior grazing. Yearly differences were related to precipitation and its 

influence on plant growth and water supplies (Mackie 1970). 

Selection of plant parts. On summer ranges in Utah, cattle selected 

diets more nutritious than the chemical composition of the grasses 

indicated. This preference became more pronounced as plant maturity 

increased. In general, protein, phosphorus,' cellulose, and gross 

energy were higher in the diets than in standing grasses. The increase 

of lignin content of the forage.with advancing maturity was not so pro¬ 

nounced in the diet as in the total forage (Cook et al 1956). 

The parts of the plant consumed and the condition of the plant 

at the time of consumption are apparently more important in determining 

chemical composition of the diet, than is the species of plant consumed 

(Connor et al 1963)• Nearly all the leaf samples of browse species 

analyzed by Hamilton (1958), in Wyoming, contained adequate crude pro¬ 

tein, 7.8^ to 9.3^, for range cattle. If heavy grazing forced use of 

twigs, percent protein would have dropped. Thus, browse species are 

important elements of rangeland, enabling livestock to increase their 
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protein intake when crude protein of grasses decline (Johnston and Bezeau 

1962). 

Cattle commonly show a preference for regrowth of plants pre¬ 

viously grazed. This is a result of the grazed plant having a higher 

crude protein concentration. It results in a further depletion of the 

plant's carbohydrate reserves, and a reduction in size, but it is bene¬ 

ficial to the grazing animal (Demarchi 1973) • 

In light of these kinds of considerations, Cook et al (1956) felt 

that National Research Council recommendations, containing an ample 

margin for error, may be higher than is necessary, or economically prac¬ 

tical for range livestock operations. With sheep, it was found that ewes 

with lamb performed well and gained weight consuming range forage below 

N.R.C. recommendations. 

Effects of Topography., Weather, and Range Condition 

The seasonal movement of livestock in much of the intermountain 

region from deserts to foothills to mountains, enables animals to main¬ 

tain an adequate level of nutrition through the summer (Cook and Harris 

1968a). In Nevada, this uphill movement helped maintain the large pro¬ 

portion of grass in the diet, as well as the high percent crude protein, 

as the grasses were less mature on the higher slopes (Connor et al 1963)• 

Two important factors which affect a grazing animal's ability to 

select nutritious forage are range condition and precipitation. Animals 
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generally have fewer opportunities to select nutritious forage on heavily 

used ranges, thus their performance is apt to he poorer (Cook et al 

195^). 

A decrease in range condition results in a decrease in pro¬ 

duction and density of desirable forage species and an increase of 

undesirable species. In Utah's northern desert shrub rangelands, areas 

in good condition had a higher percentage of palatable species than areas 

in poor condition. Good forage species accounted for 49% of total pro¬ 

duction on good condition range, and only 26% on poor condition range. 

Shrubs on good condition range produced 429 lb./acre, while on poor 

ranges they produced 314 lb./acre. Similar figures for grass and forbs 

were 1^ lb./acre against 84 lb./acre and 62 lb./acre against 156 lb./ 

acre respectively. Total herbage production was 83 lb./acre higher on 

good range than on poor range (Goebel and Cook i960). 

However, improvement in range condition will not always result in 

nutrient content of the forage being .higher. On Utah's northern cold 

desert ranges, Goebel and Cook (i960), found that on poor condition 

ranges desirable forage species were higher than poor forage species in 

percent protein, ash, cellulose, and other carbohydrates. On good con¬ 

dition ranges, the desirable species were higher only in percent ash and 

cellulose. This is probably due to the fact that desirable species were 

maintained in a grazed condition, and therefore were constantly initi¬ 

ating new growth. This does not mean however, that there is more total 
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crude protein on over-grazed ranges than on ranges in good condition. 

Bluebunch wheatgrass in British Columbia, on fair condition 

range, had higher crude protein values than on good or excellent con¬ 

dition ranges. Grazing appeal's to have a beneficial effect on the 

nutrient content of bluebunch wheatgrass. This can possibly be explained 

by a higher proportion of leaves in the heavily grazed plants. However, 

overgrazed plants were smaller than those which had been lightly grazed 

(Demarchi 1973)• 

Light grazing on the Fescue grassland of southwestern Alberta 

resulted in development of a more varied flora, with greater total basal 

area, than did protection from grazing. A more varied ecosystem could be 

especially valuable during times of climatic stress, both for the plants 

and the grazing livestock (Johnston 1961). 

Any interpretation of a seasonal study of chemical composition of 

range grasses must be tempered by weather records. Idaho fescue is 

apparently rather tough and unpalatable during the summer when it is dry, 

but softens in the fall and becomes fairly palatable. Its initial 

toughness is attributable to its high ligno-cellulose content (McCall 

1939). 

In north-central Washington, most differences between wet and 

dry years occurred with species which normally continue growth during 

warm and dry weather. Bluebunch wheatgrass and Thurber needlegrass 

remained green, to some degree, throughout the wet summer of 197*+» thus 
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prolonging their period of high nutritive content. In 1973. a dry year, 

they were dormant by mid-summer (Saver and Uresk 1976). Cook and Harris 

(1968a) stated that soil moisture is positively related with the protein 

and phosphorus content of range forage. 

Cattle Production Trends 

Liveweight gains of cows with calves tended to follow the sea¬ 

sonal declines of crude protein and phosphorus on ranges of the Festuca 

scabrella association. Calf weight gains did not show a comparable 

decline, since they were largely dependent on their dam's milk, but even 

so, the rate of gain in November was less than that for the period June 

to October (Johnston and Bezeau 1962). 

The same was true on Utah's foothill ranges, where calves showed 

less variation dependent on the nutritive quality of forages than did 

their dams. The cows evidently were able to provide a relatively uniform 

supply of milk, and absorbed the changes of forage value with changes in 

their own weight (Cook and Harris 1968a). . ' 



Chapter 3 

FOREST-ALPINE RANGES 

Introduction 

Several different range types are involved in the broad cate¬ 

gory of forest-alpine; true alpine ranges, mountain meadows, forest 

understory, and logged areas. Because they are summer ranges and 

commonly fill a similar slot in a ranch's grazing scheme, they will.be 

considered together here. Moreover, often several of the types are 

found in the same pasture, because of their topographic proximity. 

Forest and Mountain Grasslands 

. Understory is sparse in the dense timber of Colorado's Front 

Range,’ where a large part of the ground is covered with fallen pine 

needles. Mountain muhly (Muhlenbergia montana) is the most abundant 

grass in the grassland parks, blue grama was the second most abundant. 

Blue grama was uncommon in open timber and absent in dense timber. 

Arizona fescue (Festuca arizonica) was the most important grass species 

found in the dense timber (Johnson 1953)• 

The grassland park type produced much more herbage than tim¬ 

bered areas. In western Colorado, vegetation under aspen canopy 

produced half as much as was produced on grassland. Here, Thurber 

fescue (Festuca- thurberl) was the dominant grass. However, some sites 
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were almost pure hairy goldenaster (Heterotheca villosa) (Paulsen 1969) 

Near Flagstaff, Arizona under an overstory of ponderosa pine 

(Pinus ponderosa), Arizona fescue and mountain muhly dominated the 

understory. Again, production of understory vegetation increased as 

■basal area of the' trees decreased (Pearson 1964). 

In the Wallowa Mountains of northcentral Oregon, soil depth and 

canopy cover were the most important factors influencing production. 

Glearcut forest areas were the most productive type, with Kentucky 

bluegrass (Poa pratensis), salsify (Tragopogon dubius), ninehark 

(Physocarpus malvaceous), timothy (Phleum pratense), and orchardgrass 

(Dactylis glomerata), yielded 513 It* to 565 It./acre. The bunchgrass 

type was the second most productive type, yielding 312 lb./acre. The 

understory was dominated by Sandberg bluegrass, bluebunch wheatgrass, 

and Kellogg onion (Allium anceps). Forested areas produced the least 

amount of forage, only 63 lb. to 125 lb./acre. They were characterized 

by western snowberry (Symphoricarpus occidentalis) and a coniferous 

overstory (Miller and Krueger 1976). 

A study area in the Blue Mountains of Oregon, consisted of 

bunchgrass areas in a forested area. Principal forage species in the 

grasslands were bluebunch wheatgrass, Idaho fescue, onespike danthonia 

(Danthonia unispicata), Sandberg bluegrass, and a mixture of palatable 

forbs. The forest understory consisted of elk sedge (Carex geyeri),- 
l • 

pinegrass (Calamagrostis rubescens), several palatable forbs, and */ 
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two low shrubs, snowbefry (Symphoricarpus alba) and shineyleaf spiraea 

(Spiraea lucida) (Skovlin 1962). • 

Idaho fescue, bluebunch wheatgrass, bearded wheatgrass 

(Agropyron subsecundum), bluegrasses, and big sagebrush are the prin¬ 

cipal forage species at the Vigilante Experimental Range in Montana, in 

the upper Ruby Valley. The area includes mountain meadow and grass¬ 

sagebrush types, as well as aspen and conifers (Schmautz 1953)• 

Seasonal trends of plant nutrients and cattle forage preferences. On 

Colorado mountain range, palatable forbs were nutritionally superior to 

grasses during the first half of the season. Even after they cured, . 

forbs showed crude protein, phosphorus, and calcium levels above the 

minimum requirements for maintenance and normal growth of cattle. 

Most grass and sedge herbage appeared to be deficient after.late 

August. Calcium, however, was adequate in all species throughout the 

grazing season (Paulsen 1969). 

Pearson (1964) found that under ponderosa pine the digestibility 

of individual species varied erratically during the summer, possibly 

in response to growing conditions. At times, one species or another 

was more digestible, but these differences were not consistent. The 

lower portions of plants-of mountain muhly and Arizona fescue were, 

less digestible than the upper. Chemical analysis failed to.show a 

significant correlation between forage digestibility and density 
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of the pine overstory for four species tested. 

Idaho fescue was the primary forage species of grasslands on 

Black Mesa, Colorado, in terms of use and production. Cattle grazed 

Kentucky bluegrass heavily, but it's production was low (Paulsen 1969). 

Kentucky bluegrass was also highly favored on Colorado's Front Range. 

It, along with western wheatgrass, little bluestem, and sedges received 

the most use. In June, cattle preferred Arizona fescue along with the 

above species. Use on mountain muhly gradually increased as the 

season progressed.. Danthonia species were grazed most.readily during 

early to "mid-summer. Cattle seemed to show a preference for the most 

nutritious grasses at any given time (Johnson 1953) • 

Forbs furnish appreciable quantities of forage, and are highly 

preferred by cattle, thus, they are important components of the forage 

resource.' Grasses, however, outproduce them (Paulsen 1969). 

• Within a pasture, use areas occurred in about the same places 

each year. Usually they coincided with range types, but even within 

types', certain areas were grazed more heavily-than the much larger 

timbered areas. Dense timber was practically unused. These areas 

produced only sparse vegetation (Johnson 1953)* 

Similar patterns were evident in northcentral Oregon, where- 
. - ' • . > > 

heaviest cattle use was in clearcut areas. Hie three logged sites 

contributed Gjyo of the forage consumed by cattle, but were only 
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of the study area. Bunchgrass communities provided 29% of the forage, 

where bluebunch wheatgrass and Sandberg bluegrass were the most important 

species, but only 28% of the study area. Forested types were 4l% of the 

study area but provided only 8% of the forage consumed (Miller and 

Krueger 1976). 

Use was undoubtedly biased in favor of the clearcut areas, be¬ 

cause they had been reseeded to introduced forage species and provided a 

nutritious and palatable diet. Nevertheless, it was evident that cattle 

preferred open areas to dense forests (Miller and Krueger 19?6). 

Cattle production. Animal live weight trends through the season were 

similar for all areas considered. Cows gained rapidly to August 22, in 

southwestern Montana, then at a lower rate to October 1. An average of 

42 to 53 pounds were lost during the rest of the season, to October 28, 

despite good weather (Schmautz 1953)• 

Six hundred pound steers in Colorado gained an average of 2.4 lb. 

per day, from July to September, and 1.5 lb. per day from September to 

October (Paulsen 1969). In Oregon's Blue Mountains, cows reached their 

peak summer weight by mid-August. Between mid and late August they lost 

an average of two pounds. To mid-October cows lost 3 lb. per day, then 

gained 2 lb. per day. Calves gained substantially through late August, 

reflecting the late season weight changes of their dams with only mod¬ 

erate weight shifts (Skovlin 1962). Generally, calves are affected much 
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less by changes in range forage quality than are their dams, because of 

the insulating effect of the dams' milk. 

Schmautz (1953) stated that October cattle weight losses were 

attributed to low nutritive value of the cured forage, and in the case of 

calves, to decreased milk production of their dams. Johnson (1953) found 

that the monthly trend of cattle gains on moderately grazed pastures was 

correlated with the monthly trend of crude protein in the forage. . The 

monthly trend of weight gains was a gradual decrease from June to a 

slight gain, or even a loss, in October. 

Skovlin (1962) found that summer precipitation greatly affects 

cattle performance. Although weight trends reflect the decline in 

nutritive value of plants with increasing maturity, precipitation does 

influence when and how fast the rate of gain or loss occurs. Indirectly, 

late summer or fall precipitation can restore the drop off of rate of 

gain brought on by mid-summer forage curing. Enough rain must fall so 

that the moisture can penetrate the dry soil to the depth of effective 

rooting. Shallow rooted species, such as Sandberg bluegrass and onespike 

danthonia, responded first to fall rains. Rainfall of short duration 

often evaporates before it becomes effective. 
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Pinegrass Ranges 

Pinegrass is the primary forage species on many forest ranges 

in the Northwest and western Canada. At Kamloops, British Columbia, 

pinegrass occupies up to 80^ of the ground cover and is 50^ of the 

forage by weight, in the interior douglas fir zone (McLean et al 1969). 

In the Wallowa Mountains of Oregon, pinegrass is the dominant 

grass, .with elk sedge, blue wildrye (Elymus glaucus), and some forbs, 

under a coniferous overstory (Hedrick et al 1969). 

Nutrient composition and digestibility. On forested ranges of north- 

central Oregon, the bulk of the forage comes from pinegrass and 

ninebark, while highest quality forage is Cusicks vetch (Lathyrus 

nevadensis). Accordingly, grazing is arranged to make early use of 

pinegrass and Cusicks vetch (Hedrick et al 1969). 

Crude protein is adequate early and mid-season, but falls below 

accepted levels for growing and fattening in late summer. Shrubs and 

forbs retained a higher crude protein content than pinegrass in the 

seed and cured stages. However, cows can get adequate nutrition for 

maintenance from this type of range in late summer, and can be grazed 

at this time (Hedrick et al 1969). Similar conditions occur in 

British Columbia forests, where range forage is inadequate for-growth 

after mid-August, but remains adequate for maintenance (McLean and 

Tisdale i960). ; - • ■ . 
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Crude protein of pinegrass declines from 20% to Jfo over the 

season. Phosphorus declines from 0.48% to 0.14%. Acid detergent fiber 

increased from the first of June onward. Lignin rose from 2.6% to 5*4% 

over the season. Crude fiber increased early in the season, and then 

decreased towards the end. Calcium varied almost inversely with phos¬ 

phorus. Crude fat content fluctuated considerably throughout the season, 

reaching a peak just past mid-August. Total soluble carbohydrates fluc¬ 

tuated widely, but showed no trend until mid-September, when they dropped 

sharply until the end of the season. In vitro digestibility of dry 

matter of pinegrass declined uniformly from 78% in early May to 39% on 

November 1 (McLean et al 1969). 

The high crude fiber and low crude protein of pinegrass suggest 

that it leaves much to be desired as forage during most of the growing 

season. The presence of forbs in the diet raises the crude protein and 

calcium levels, and improves the calcium to phosphorus ratio above that 

of pinegrass alone (McLean and Tisdale i960). 

Crude protein, digestibility of dry matter, and carbohydrates all 

appeared to increase as a result of late August rains. The occurance of 

spring and fall frosts did not appear to affect the nutritive value of 

pinegrass (McLean et al 1969). 
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Cattle forage preferences. Despite the rapid drop in nutritive value of 

forest range in late summer, livestock do select a diet that is higher 

in crude protein, phosphorus, and energy than the total current growth. 

Cattle grazing mountain ranges can also consume forage of sufficiently 

adequate nutritional value hy moving to higher elevations as the season 

progresses (McLean and Tisdale i960). 

Cattle do not prefer pinegrass, and especially reject it after 

it is mature (Young et al 1967). McLean (1972) found that pinegrass was 

readily accepted by cattle during early summer but became unpalatable by 

mid-August. Dry cows can be forced to utilize it late in the fall. 

However, this poses a danger of overuse of other, more highly preferred 

species, such as elk sedge, growing with it (Young et al 1967). 

McLean and Tisdale (i960) found that pinegrass is more readily 

eaten when growing in full sunlight, and in areas where canopy cover is 

less dense, than under a heavy forest canopy. Shade grown pinegrass was 

slightly higher in sugar and starch than those grown in sun. There is 

no experimental evidence that these differences may explain the animals' 

preference. 

In northeastern Oregon, the blue wildrye-green lupine (Lupinus 

polyphyllus) association of the openings is preferred by cattle to the 

more abundant, pinegrass-Cusicks vetch association of the mixed coni¬ 

ferous forest. The presence of preferred forbs greatly enhances 

livestock utilization of a pinegrass dominated understory. Because forbs 



often complete their reproductive cycles by early July, and rapidly 

weather, leaving pinegrass to provide the bulk of the forage, it may be 

desirable to graze these areas early (Young et al 1967). In dry years, 

Hedrick et al (1969) found that grass production increased at the expense 

of deeper rooted forbs and shrubs, thus making it more difficult for 

livestock to select a nutritious diet. 

Generally, open areas are more subject to overuse than heavily 

timbered areas. It was observed that yearling heifers would graze in the 

mixed-coniferous forest, while it was impossible to keep cows with calves 

in these areas. Also, it was found that first and second calf cows would 

use densely timbered areas while older cows would not. Thus, utilization 

may be improved by separating cows by age class (Young et al 196?). 

Hedrick et al (1969) felt that pinegrass range is most 

effectively used by steers, replacement heifers, cows from which calves 

had been weaned, and cows with calves, in decreasing order of efficiency. 

Steers use rough areas well and should be grazed during the main growing 

season when the nutritive content of forage is adequate, and gains of a 

pound or more per day are realized. About the time of peak production, 

these animals should be moved to better feed, and followed by dry cows. 

If cows with calves must be used, they should-be acquainted with the area 

and be grazed during the periods of succulent forage. 
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Beef production on pinegrass ranges. Maximum animal gains on coniferous 

forest ranges coincide with maximum vegetative development, reached in 

July or August. Poor early season performance may be due to inadequate 

intake of dry matter due to the lush forage (Hedrick et' al 1969)• McLean 

et al (1969) reported a sharp drop in average daily gain of yearling 

heifers grazed on pinegrass, following turnout in June, and again near 

the end of July, as well as a general decline of daily gain throughout 

the grazing period. 

McLean (196?) reported that digestibility of pinegrass in 

British Columbia.dropped from 65% in May to 37^ in September. Food 

quality rather than quantity was considered to be the limiting factor 

in animal performance. 

Evidently, protein content of the forage limited gain after 

August 1. Average daily gain declined sharply when crude protein dropped 

below 10%, and when digestible dry matter dropped below 65%. Inadequate 

phosphorus intake might also have limited gains by late summer. Although 

pinegrass contained 0.24% phosphorus, against 0.20% recommended, its 

availability was reduced due to the maturity of the forage. The calcium 

to phosphorus ratio widened with maturity (McLean et al 1969)• 

Hedrick et al (1969) stated that range animals often realize 

their highest gains when crude protein is declining. The highest carbo¬ 

hydrate content of forage occurs at maximum vegetative development, and 

as long as protein content is adequate, the.nitrogen-free-extract is a 
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more efficient source of energy than excess protein. 

Alpine and Sub-Alpine Meadows 

The summer range in Wyoming's Big Horn Mountains is characterized 

by large parks rimmed by lodgepole pine (Pinus contorta), Engelmann 

spruce (Picea engelmanii), and alpine fir (Abies lasiocarpa). Idaho 

fescue is the dominant grass, associated with needleleaf sedge, blue- 

grasses, wheatgrasses, needlegrasses (Stipa spp.), lupines (Lupinus spp.), 

and other forbs. The average forb production is twice that of grasses 

(Hurd and Pond 19.58) • 

The sub-alpine forest community is not an important livestock 

area. The streambank community outproduces the other types. It is 

dominated by tufted hairgrass (Deschampsia caespitosa), sedges (Garex 

spp.), rushes (Juncus spp.), and willows. However, because of limited 

area, proximity to water, and animal preference for bottomland, this 

community is often reduced to Kentucky bluegrass, dandelions (Taraxacum 

officinale), and other forbs (Pond and Smith 19?l). 

Meadows and open parks of the spruce-alpine fir zone of interior 

British Columbia provide a considerable amount of grazing. About 6% to 

10% of the spruce-alpine fir type is open. These meadows are sometimes 

subject to flooding. They are dominated by a uniformly dense stand of 

sedges, with some rushes and spike rushes (Eleocharis spp.). Grasses, 

bluejoint (Calamagrostis canadensis) and red top (Agrostis alba), provide 



only a small pari of the cover (McLean et al 1963). Cooper et al (1957) 

similarly reported that the native flood meadows of eastern Oregon are 

vegetated primarily by rushes and sedges. 

Nutritive value and digestibility of forages. In the Big Horn Mountains, 

crude protein content of Idaho fescue was generally high from June 

through August. Crude protein was highest in early summer during the 

period of rapid growth, and decreased as plants matured. It was gen¬ 

erally near or above the 8.3% recommended for maintenance of cows and 

calves (Pond and Smith 1971)• 

By early August the crude protein of a composite sample of asso¬ 

ciated grasses was below maintenance level. Calcium was about 0.2^%, or 

above the recommended level for lactating cows. Calcium levels increased 

as the season progressed. • Phosphorus levels varied from year to year, 

sometimes staying above the recommended 0.18% for lactating cows through 

August, sometimes dropping below that level by July. Indications are 

that associated forbs contain adequate protein, calcium, and phosphorus 

to meet the requirements of sheep, and presumably of cattle also if they 

would select nutritious diets (Pond and Smith 1971)• Meadow grasses are 

lower in crude protein, ether extract, phosphorus, and calcium, and 

higher in crude fiber than forbs or browse species in the same stage of 

development (McLean and Tisdale i960). 

The sedges on the mountain meadows of British Columbia are close 
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to maturity "by the end of July. . At this time crude protein scarcely 

meets growing requirements of cattle (McLean and Tisdale i960). McLean 

et al (1963) reported that crude protein levels were never high, and fell 

"below the level required for maintenance "by mid-August. Cooper et al 

(1957) indicated that meadow forage in eastern Oregon maintained a higher 

protein level, 6%, when cured, than dry land range grasses which averaged 

Wfo crude protein. •• . • 

Crude fiber of flood meadows changed little through the grazing 

period. Calcium was adequate at all times and increased steadily. 

Phosphorus decreased as the season advanced. The phosphorus level was 

always below the 0.20% required for yearling growth, but was adequate 

for maintenance until mid-August. The calcium to phosphorus ratio was 

greater than 2:1 even at the start of grazing, and rose to undesirable 

levels by fall (McLean et al 19^3)• 

These meadows provided inadequate diets from about mid-August. 

Low phosphorus may slow growth as early as the end of July. The forage 

of adjacent forests at this time is superior to that of the meadows, 

although forest carrying capacity is less. It is important for animals 

to have access to sufficient forest forage to adequately supplement their 

diets (McLean et al 19&3)• 

Cattle forage preferences. In Wyoming’s Big Horn Mountains a few species 

carried the major grazing load. Grasses and grass-like plants were 



preferred over forbs (Hurd and Pond 1958)* Grasses and sedges made up 

90% of cattle forage. Idaho fescue alone constituted about 75% 'the 

forage taken (Pond and Smith 19?l)• 

Other than Idaho fescue, the most preferred grasses were big 

bluegrass (Poa ampla), pumpelly brome (Bromus pumpellianus), and spike 

fescue (Hesperochloa kingii). Other bluegrasses, wheatgrasses, and 

Columbia needlegrass were of intermediate preference. Prairie junegrass 

and needleleaf sedge ranked low. Preferences did not change much as the 

season progressed. Idaho fescue increased on most soils and Columbia 

needlegrass decreased. Generally, soil and cover types appear to have 

little effect on preferences. Columbia needlegrass and Williams needle¬ 

grass were exceptions, however, being preferred under big sagebrush cover 

whereas timber oatgrass was less preferred under big sagebrush (Hurd and 

Pond 1958; Pond and Smith 1971)- 

Forbs were a minor portion of the diet, furnishing 9% of the 

forage. Silky lupine (Lupinus sericeus) furnished about 67% of the forbs 

taken. Utilization of forbs increased as the season progressed, their 

importance increasing directly as the percent utilization on the grasses 

increased. Forb use in the late season was thus related to a decreased 

availability of preferred species. Although the forbs constituted a 

small portion of the diet, they may be important nutritionally (Hurd and 

Pond 1958; Pond and Smith 1971). 
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Beef production on sub-alpine meadows. Cooper et al (1957) found that 

calves on eastern! Oregon flood meadows gained more than comparable calves 

on native bunchgrass ranges. During the green feed period, the better 

performance of the meadow calves was likely due to greater milk pro¬ 

duction of their dams, resulting from greater forage availability on the 

meadows. Total energy was the main factor affecting the dam's milk pro¬ 

duction and calf gains. The meadow calves outgained the bunchgrass 

range calves by 66 lb. at weaning, even when the latter received sup¬ 

plemental protein. Yearling steers on meadow also outperformed steers 

on bunchgrass range, probably due to a greater quantity of forage of a 

higher quality on the meadows. Total average gains were 244 lb. on the 

meadow, and 180 lb. on the bunchgrass range. 

McLean et al (1963) states that flood meadows of British Columbia 

were not efficient for putting gains on yearling steers. Average daily 

gain over seven years was 1.40 lb. This compared unfavorably with 

Douglas fir forest range in the same district. Furthermore, a downward 

trend in average daily gain, gain per acre, and TDN per acre, over three 

years.suggests that the pastures were either overstocked, or that season 

long grazing was reducing forage production. 

Since both the British Columbia meadows and the Oregon meadows 

mentioned by Cooper et al (1957) are similarly vegetated, with rushes 

and sedges, and are both subject to flooding, the differences in animal 

performance on them may be due to the rate of maturation of the plants 



48 

present. Cooper et al (1957) did not present a detailed analysis of 

forage quality change through the season, hut it may he assumed that 

forage maturation would he quicker in the more northerly areas described 

hy McLean et al (1963). 



Chapter 4 

SUPPLEMENTATION ON RANGELAND 

Crude Protein 

Voluntary intake of roughage by ruminants is related to the rate 

of passage of food through the gastrointestinal tract. Thus, within 

certain limits, there is a positive correlation between the digestibility 

of food and the amount voluntarily eaten by ruminants. Roughages low in 

protein are not readily eaten by ruminants and are slowly digested in 

the rumen-reticulum. It is possible that low, maintenance levels of 

protein in poorly digested diets, may result in an intake of digestible 

nutrients inadequate to meet maintenance energy requirements. The low 

nitrogen content of the digesta is a major factor limiting the rate of 

fermentation in the rumen-reticulum, and the rate of food passage through 

the gastrointestinal tract. When animals are fed sufficient protein for 

maintenance, they will eat enough roughage to satisfy their energy 

requirements for maintenance (Elliot 196?)• 

Researchers on many kinds of ranges have indicated a need for 

protein supplementation at some time, for grazing livestock. Pond and 

Smith (1971) suggested supplementing cattle grazing sub-alpine ranges, 

with protein, in late summer. Smoliak and Bezeau (1967) indicated that 

protein would have to be supplemented during the fall and winter on 

Stipa-Bouteloua prairie. On Colorado shortgrass ranges, Shoop and Hyder 
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(1976) found over winter weight gains of unsupplemented replacement 

heifers inadequate, and indicated that protein supplementation would he 

necessary to insure that these heifers attain adequate weight to breed as 

yearlings and breed back as twos. 

Lusby et al (1973) conducted two trials to determine the effect 

of protein supplement level on roughage intake and digestibility of dry 

matter, crude protein, and acid detergent fiber on 35 lactating, three 

year old cows in dry lot. Cows fed a y)% protein supplement at a rate 

of 2.72 kg./head/day showed a higher dry matter, crude protein, and acid 

detergent fiber digestibility, and a greater intake of roughage, than 

those supplemented at a rate of 1.3^ kg./head/day. 

Similarly, of a group of 400 cattle on desert shrub range, those 

receiving 1 pound of soybean meal supplement showed greater weight gains 

than cattle subsisting on range forage alone. Calves from the sup¬ 

plemental group were heavier at birth, made significantly greater summer 

gains, and had heavier weaning weights (Harris et al 1957)• 

Steers wintered on South Dakota range and fed a supplement of 

O.78 lb. cottonseed meal per day, of 43% protein, made significantly 

greater gains than steers on range without supplementation (Black and 

Clark 1938). Also on South Dakota range, Johnson et al (1952) found that 

cows receiving protein cubes did better than cows receiving only a 

roughage supplement. Of those that received a protein supplement, those 

receiving 1 lb. of 40% protein supplement definitely did better than 
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those receiving 1 lb. of 24% protein supplement. Cows on range alone 

lost the most weight over winter and never did catch up with the others, 

even though all were grazed similarly. Protein was probably the critical 

factor lacking in the range only cattle diets.. Total digestible 

nutrients were probably somewhat deficient for all groups. Although 

grass was plentiful, it was not palatable or digestible enough for cattle 

to maintain weight. 

Yearling steers supplemented with 1.5 lb./head of 4l% protein 

cottonseed meal, in August, September, and October, on shortgrass range, 

gained 20 lb./head more than a control group during August and September. 

They were 46 pounds heavier by November 1. The unsupplemented steers 

lost 18 lb./head during October, while the supplemented group gained 

8 lb./head, accounting for much of the net difference. Addition of cot¬ 

tonseed meal increased steer gains every year but one, a year of nearly 

twice normal precipitation, which favored green forage production the 

entire grazing period. Precipitation may influence forage quality by 

increasing nitrogen, phosphorus, and soluble fat in the growing plant. 

Drought causes a reduction of protein and phosphorus and increases cal¬ 

cium and crude fiber (Launchbaugh and Brethour 1968). 

Scales et al (1974) found that feeding a soybean meal protein 

supplement to wintering calves on sandhill range slightly decreased 

forage consumption, but not significantly. He theorized that while 
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protein supplements have been shown to increase forage consumption, it 

may be that this response might not occur in forages that contain greater 

than to 10% crude protein. However, he reports the range at the time 

of his experiment as ranging from 4.7% to 5*9% crude protein. It would 

have been interesting to know the percent crude protein that the calves 

were able to select from this range. If high enough, then as Scales et 

al (19?4) indicated, there may have been no additional effect from sup¬ 

plemented protein. 

Rittenhouse et al (1970) found that supplemental protein had only 

a small influence on forage dry matter digestibility and intake, indi¬ 

cating that factors other than protein limited intake with mixed prairie 

forages. In some cases, urea or casein has been effective in increasing 

intake and digestibility of extremely low quality roughages. Evidently 

intake was limited by dignified material in the rumen which resisted 

removal from the rumen. In other words, a fill was maintained by lignin. 

Results from this study indicate that any advantage from feeding 

supplements on forage intake or dry matter digestibility is quite 

variable under winter grazing conditions. Weight gain response to 

feeding high protein supplements is probably more directly associated with 

meeting the requirement of the animal at the tissue level, rather than 

as a result of increased release of energy from the carbohydrate fraction 

of the forage (Rittenhouse et al 1970)* 

Possibly much of the variation in response to protein supplements 
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reported by these papers is due to considerable difference in the protein 

content of the diet. Where dietary protein intake is adequate, addi¬ 

tional protein may indeed be wasted, that is, used inefficiently for 

energy. 

Jordan et al (1968) found that there was no significant dif¬ 

ference in aggregate adjusted daily weight change between wintering cows 

receiving and those not receiving linseed oil meal protein supplement. 

It was apparent that feeding linseed oil meal reduced weight loss during 

winter pregnancy, but had no subsequent effect on the ability of the 

animal to recover lost body weight. 

There is a possible detrimental effect of protein supplemen¬ 

tation on reproduction. Of 14 cows culled for reproductive failure, all 

were supplemented with linseed oil meal (Jordan et al 1968). 

Cows wintered on a little bluestem pasture were .fed a modemte 

or high level of protein supplement. Those cows fed the moderate level 

of supplement consumed more forage dry matter and cellulose than cows fed 

the high level. A comparison of digestible energy intakes to theore¬ 

tical requirements showed that cows fed the high level of supplement 

were only 0.1 to 2.5 Mcal/day closer to meeting their digestible energy 
N 

requirements than those fed the moderate level, even though the high 

level females received at least 4.6 Mcal/day more from the supplement 

(busby et al 1976). 

Apparently roughage palatability is an important factor in 
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determining the effect of protein supplements on roughage intake. With 

readily consumed roughages, intake increases with higher levels of pro¬ 

tein supplement, possibly due to improved roughage digestibility. Data 

from these winter trials suggests an opposite response by cows grazing 

less palatable and less available mature winter forage on range. Forage 

consumption decreased with increased supplementation (Lusby et al 1976). 

Cook and Harris (1968b). indicated that supplements that improve 

forage digestibility may increase forage intake by increasing the amount 

of roughage passing through the gastrointestinal tract. They found that 

providing a protein supplement to sheep grazing mature grass increased 

range forage consumption by 0.46 pounds. Similar results were obtained 

on a sagebrush-grass range, but on salt desert shrub range, cottonseed 

meal reduced range forage consumption by 0.44 pounds. 

Cottonseed meal increased digestibility of range forage protein 

in all cases, and digestibility of cellulose, dry matter, and energy on 

sagebrush-grass and salt desert shrub types, resulting in greater amounts 

of digestible protein and metabolizable energy in the combined ration of 

the supplement and range forage. Thus, in spite of the decreased forage 

intake resulting from supplementation on the salt desert shrub range 

total digestible protein and energy still surpassed that of.the unsup¬ 

plemented group (Cook and Harris 1968b). 
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Energy Supplements 

Yearling steers on mixed prairie range near Ft. Hays, Kansas, 

were fed two supplements, a protein supplement of 4l$ protein cottonseed 

meal at 1.5 lb./head, and an energy supplement of 1.5 pounds of rolled 

sorghum. Gains were equal during seven of the ten years. During three 

of these years, the cottonseed meal group gained significantly more 

(Launchbaugh and Brethour 1968). 

Forage crude protein levels alone indicated a need for a protein 

rather than an energy supplement during several years when grain was as 

effective in producing gain. This disparity may be partially explained 

by the selectivity of grazing animals. The three seasons when the pro¬ 

tein supplement was superior to the energy supplement were exceptionally 

favorable years for forage growth during the entire summer. Possibly, 

in years of high summer precipitation and rank forage growth, forage 

protein intake is lower per unit of .dry matter despite selective grazing 

Therefore, supplemental protein towards the end of the season was bene¬ 

ficial. When plant development is limited, protein appears satisfactory 

and energy is limiting (Launchbaugh and Brethour 1968). 

Working in southwestern South Dakota, Black and Clarck (1938) 

reported that steer gains can be materially increased by the feeding of 

a grain supplement during summer grazing. Clanton (1970) felt that sup¬ 

plemental energy may increase gains during the early part of the grazing 

season when forage protein is high. 
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Angus steers in thin flesh, grazing Kentucky bluegrass from 

December to April, when supplemented with I.36 kg. of com showed 

significantly improved gains over steers supplemented with 0.45 kg. of 

50% crude protein soybean meal. The addition of soybean meal to com 

caused a further, though not significant, increase. During the second 

year of trials, the protein and energy supplemented group gained signi¬ 

ficantly more than the other groups. Gains of the energy supplemented 

group were not improved over the steers receiving soybean meal. However, 

they were significantly greater than that of steers receiving no sup¬ 

plement. During the first year of trials, the energy supplement produced 

a greater response. The energy and protein supplemented groups had the 

greatest gains (Boling et al 1971)• 

The relatively unimpressive effect of the protein supplement may 

be partially explained by the crude protein content of the forage. The 

December 19 forage analysis reported a crude protein content of 9*93%* 

A considerable amount of soybean meal may have been used for energy. 

Scales et al (1974) found that on native sandhill range, in the 

absence of sufficient dietary protein, responses to additional energy 

will be small. Evidently, supplemental rations would have to contain at 

least 30% crude protein before energy additions would result in appre¬ 

ciable live calf weight increases. 

As a percentage of their body weight, unsupplemented calves 

consumed more forage than calves supplemented with a ground corn energy 
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supplement. The addition of readily available carbohydrates to roughage 

rations have generally been shown to reduce voluntary intake. There are 

indications that such depressions may not occur unless the concentrates 

are in excess of 2.$% of the total ration (Scales et al 197^) • 

Vavra et al (1976) found that yearling steers on range gain 2.0 

to 2.5 lb./day during May and June and less thereafter. An energy sup¬ 

plement of 1 lb./head was required initially to maintain gains, and was 

gradually increased to 3 lb./head as the season advanced. Levels over 

three pounds resulted in a decline of forage intake and a decreased 

efficiency of the supplement. 

Several investigators have demonstrated a decrease of range 

forage intake with increased energy supplementation. Cook and Harris 

(1967) found that animals receiving 0.22 kg. of supplement per day ate 

0.20 kg. less range forage than unsupplemented animals. Cattle in 

Montana were found to loaf after receiving a grain supplement, rather 

than returning to grazing. This resulted in a decreased forage intake 

when compared with unsupplemented cows. The cows receiving supplement 

were evidently using the grain as a substitute for the range, rather than 

as a supplement to it (Bellows and Thomas 1976). 

Rittenhouse et al (1970) found that forage intake of cattle on 

Nebraska's mixed prairie ranges was depressed when they were supplemented 

with digestible energy greater than 0.04l Mcal/kg. of body weight. This 

is probably related to the amount of indigestible material in the rumen. 
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However, even though forage dry matter digestibility was not altered, the 

total digestible energy of the :diet was improved from about O.O89 to 0.15 

Mcal/kg. of body weight. The amount of forage replaced by the supplement 

averaged 0.35 kg./kg. of supplement. Rittenhouse et al (l9?0) concluded 

that feeding high amounts of energy can be expected to depress forage 

intake. Even though in this study the total digestible energy intake was 

highest at the highest level of energy supplementation, apparently in 

some years, the depression in forage intake is large enough so that there 

is no greater total digestible energy available from high levels of sup¬ 

plementary energy than from low levels; 

Cook and Harris (1968b) found that supplemented sheep on Utah 

rangeland consumed slightly less range forage per day than unsupplemented 

animals. Average consumption was 0.39 pounds less for the group 

receiving 0.5 pounds of supplement, and 0.68 pounds less for the group 

receiving 0.75 pounds. The addition of supplement increased the apparent 

digestibility of total protein in the forage, but depressed digestion of 

cellulose, other carbohydrates, and gross energy. Thus, the supplement 

increased the digestible protein from the range but decreased meta¬ 

bolizable.', energy . The range forage was slightly below energy 

requirements, and the supplement depressed energy digestion to the extent 

that range forage plus supplement furnished no more energy than the range 

forage alone. 

On mature grass range, .0.33 pounds of com supplement per day, 
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for sheep, reduced the digestibility of protein, cellulose, carbohy¬ 

drates, dry matter, and energy. Although the corn decreased the diges¬ 

tibility of range forage, a greater quantity of digestible protein and 

metabolizable energy was consumed per day from range forage plus corn. 

Similar effects on digestibility of the nutrient constituents of salt 

desert shrub range were noted, and in addition, the corn supplement 

decreased range consumption by 0.44 lb./day. In this case, the corn 

supplement plus forage did not surpass forage alone in total digestible 

protein and metabolizable energy. On sagebrush-grass range, corn and 

barley decreased forage protein digestibility as well as digestibility 

of carbohydrates, dry matter, and energy. Supplementing with barley 

caused a 0.51 pound decrease in forage intake. The corn supplement 

actually increased intake slightly, but due to decreased digestibility 

of the forage, digestible protein and metabolizable energy was not 

improved by the supplement. Supplementing with barley actually decreased 
\ 

metabolizable energy below that of the control (Cook and Harris 1968b). 

Research has shown that protein feeds such as cottonseed and 

soybean meal are perhaps better supplements for winter range livestock 

than are energy supplements such as corn and barley, even when energy is 

substantially low in the grazing animals diet. Energy supplements have a 

tendency to reduce the digestibility of cellulose and other carbohydrates 

of the range forage, and therefore, do not increase substantially the 

overall energy intake. The protein supplement actually increases 
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digestibility of most nutritional constituents of range forage. Feeding 

supplements at high levels may detract substantially from the quantity 

of range forage consumed (Cook and Harris 1968a). 

This often observed effect of decreased carbohydrate digestibility 

of range forage caused by energy supplements may be explained on the 

basis that bacteria in the digestive tract first attack the more readily 

digestible carbohydrates in the supplement, before attacking the more 

difficult carbohydrates in the roughage (Cook and Harris 1968b). 

Another explanation may be that the readily available carbohy¬ 

drates of the supplement encourages the growth of bacteria which attack 

the simple carbohydrates rather than those which attack the more complex 

carbohydrates. The digestibility of the complex carbohydrates is thus 

lowered. It may also be that starch supplements inhibit cellulose 

digestion primarily because of competition for rumen nutrients by cel¬ 

lulolytic and amylolytic bacteria (Cook and Harris 1968b). 

A variety of.Vegetation and conservative grazing will generally 

reduce the need for supplements on winter ranges. Diets composed largely 

of one species are more apt to be deficient in some nutrient (Cook and 

Harris 1968a). 
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Phosphorus 

Borderline mineral deficiencies are often most costly to the 

producer, because they are not readily apparent. One of the effects of 

a phosphorus deficiency is that the efficiency of the carotene to vitamin 

A conversion is impaired (Tillman 1962). Several researchers, on a 

variety of range types, have noted the seasonal decline of phosphorus in 

range forage, and the advisability of providing a phosphorus supplement 

(Johnston and Bezeau 1962; Cook and Harris 1968a). The amount of phos¬ 

phorus present in the forage is not the sole criteria of adequate 

phosphorus in the diet, for plant maturity may limit phosphorus 

availability even when, by percent composition, it is adequate (McLean et 

al 1969). The calcium to phosphorus ratio affects phosphorus avail¬ 

ability. Ratios can range from 2:1 to 11:1 through the year. A ratio 

of 7:1 or 8:1 is the upper limit of tolerance for a ruminant, but 1:1 or 

2:1 is most desirable (Smoliak and Bezeau 1967). 

Cook and Harris (1968a) suggest that the composition of the 

grazers' diet influences the need for mineral supplementation. A winter 

diet consisting largely of grass may be markedly deficient in phosphorus, 

but if the diet has appreciable amounts of browse, supplementation may 

not be necessary. Minimum phosphorus levels are generally accepted as 

^.0 mg./lOO ml. of plasma. On eastern Montana rangeland, blood plasma 

phosphorus levels in cattle are high in May, June, and July, dropping in 

late summer and fall, to winter lows. Winter supplement raised the 
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winter phosphorus levels. The plasma phosphorus curve roughly parallels 

the precipitation curve (Marsh and Swingle i960). Marsh et al (1959) 

found that correlations of plant phosphorus and blood phosphorus were 

significant, especially during the summer months. The three year average 

plasma was 3*7 mg./lOO ml., which is near the minimum required. Average 

plasma calcium was 9-8 mg./lOO ml. over the three years. 

Johnson et al (.1952) found that cows did not consume enough bone- 

meal for blood phosphorus levels to be sufficiently over the minimum 

requirement, until it was fed with salt. The salt-phosphorus mixture 

raised the blood phosphorus to a safe level. Harris et al (1957) fed 

phosphorus along with a soybean meal protein supplement, one pound of 

soybean meal with 8 gm. of phosphorus, and increased blood levels to 

4.5 mg. phosphorus/lOO ml. of plasma, compared with 2.9 mg./lOO ml. for 

cattle supplemented with phosphorus or soybean meal alone. 

Vitamin A and Carotene 

Jordan et al (1968) found that supplementing wintering beef cows 

with 84,000 i.u./cow/week of vitamin A had no significant effect on 

weight changes. Marsh et al (1959) found that correlations of plant and 

blood carotene were generally significant. Plasma carotene peaked each 

year in May, June, and July, followed by a very rapid decline, with low 

values in mid-winter. Unseasonal rainfall did change the usual pattern. 

However, the seasonal variation in plasma vitamin A did not follow 
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carotene variations closely, although the three dates when plasma vita¬ 

min A was below 20 u.g./lOO ml. corresponded to the lowest carotene 

levels. A level of 22 u.g./lOO ml. is considered minimal for a 

breeding cow (Marsh and Swingle i960). 

Low winter carotene levels were offset by May. to October ave¬ 

rage carotene levels in grasses which ranged from 62 to 127 u.g./gm. 

Sufficient carotene was available in spring, summer, and fall forage 

to permit adequate storage of vitamin A. There appeared to be ade¬ 

quate vitamin A storage at all times so that plasma vitamin A did not 

fluctuate with forage carotene (Marsh et al 1959)• The three year 

vitamin A average was 30 u.g./lOO ml. of plasma, well over the critical 

22 u.g./lOO ml. Of 1,800 samples only 145 were below the minimum, 43 of 

these were during the winter of 1949 (Marsh and Swingle i960). 

There are wide variations in the time required for depletion 

of’vitamin A among individuals; This is particularly true of older 

animals (Riggs 1940). Taylor et al (1968) felt that genetic effects 

can influence plasma carotene concentrations even under highly variable 

environmental conditions. Normal culling of a breeding herd should 

eventually result in cattle with a genetic predisposition towards 

vitamin A storage. • . . 

The length of time required for winter vitamin A depletion 

depends to a great extent on the condition of the range in late summer 

and fall.. In dry years when only limited amounts of green vegetation 
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is available, the time required.for vitamin A depletion is less than in 

years of more abundant rainfall. The length of time required for a 

steer to show symptoms of vitamin A depletion when placed on a vitamin 

A free diet, after summering on the range, ranges from 128 to 266 days, 

with an average of 180 days (Riggs 1940). 

'Effect of Level of Wintering on Range Cattle . 

On Oklahoma bluestem ranges it was found that over a period of 

about ten years $0% more cattle that received a high level of supple¬ 

mentation (2.5 lb. of cottonseed meal and 3 11D. of oats per day) were 

removed from the herd for failure to calve, than cattle supplemented at 

a low level (l lb. of cottonseed meal per day). Disease loss was also 

nearly twice as high for the high supplement group as for the low 

(Pinney et al 1962a). In an accompanying trial, excessive amounts of 

feed increased calving difficulty, drastically increased feed costs and 

decreased milk production (Pinney et al 1962b). 

Low level cows gained less, or lost more, during each winter 

than the other groups, except that at maturity there was little dif¬ 

ference between low and medium (2.5 lb.^cottonseed meal per day) 

treatments for several years. Low level females were better rustlers 

and more active grazers, hence they may have overcome some of the 

disadvantages of lower supplement levels (Pinney et al 1962a). 

. • • Other researchers,, in Nebraska (Scales et al 1974) and in 
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Montana (Bellows and Thomas 1976) also noted that cattle receiving less 

supplementation were more active grazers. 

Finney et al (1962a) found that cattle receiving low supplement 

levels calved somewhat later than the rest, especially as young cows. 

During the accompanying experiment with three and four year old cows, 

the.' low supplement level groups, fed to lose up to 20% of their fall 

weight .over winter, were in such poor condition that estrus was inhibited 

until the cows recovered on lush spring grass. Calving was therefore 

delayed (Finney et al 1962b). 

Percent calf crop weaned was 6-.5% greater for the low level 

group, based on 11 to 12 calvings. This advantage has been largely due 

to more calves saved from birth to weaning, rather than a greater percent 

calf crop bom. As the cows advanced in age, the low level group 

appeared to wean lighter calves. During most years, however, weaning 

weights differed only slightly (Finney et al 1962a). 

Bellows and Thomas (19?6) found that daily feeding of 3.86 kg. of 

grain to range cows before and during the breeding season did not signi¬ 

ficantly affect weight changes of the cow, or calf growth, or the interval 

from calving to uterine involution and first estrus. The reproductive 

performance of cows receiving range forage only was at or near optimum, 

with a pregnancy rate of 93*8%* The study year was a good forage year 

and the other nutrient requirements of the cattle were met. A high level 

of grain feeding appeared to reduce the pregnancy rate in the supplemented 
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group. This reduced pregnancy rate resulted from an increased number of 

cows failing to conceive when "bred, and an increase in number of services 

per conception. 

In the Oklahoma study, the low level cows produced nearly 2\% 

more total pounds of calf over their lifetime, than the high supplemented 

group (Pinney 1962a). Bellows and Thomas (1976) also found that the 

early calf was influenced by milk intake, and even though the cows were 

losing weight, milk production was not significantly affected. 

Expressed as net returns per cow per year, over all feed, pasture 

and mineral costs, Pinney et al (1962a) found that low level cows 

returned 24% more than medium level cows, and 43% more than high level 

cows. Pinney et al (1962a) concluded that as a cow approaches maturity, 
) 

she no longer needs nutrients for growth, and reproductive performance 

is less affected by levels of winter feeding. Once a beef cow meets her 

nutritional needs, high feed levels are unprofitable and may be detri¬ 

mental to longevity and percent calf crop weaned. 

Jordan et al (1968) stated that cows fed below recommended levels 

over winter, incurred considerable loss of body weight, but regained it 

satisfactorily on summer pasture. He felt that pregnant beef cows can 

lose substantial amounts of weight, up to 0.5 kg./day over winter, and 

recover satisfactorily. Cows which were fed hay and corn silage ad lib 

were excessively fat. 

According to Johnson et al (1932), cows wintered at different 
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levels of energy and protein intake tended to become similar in weight 

and condition at the end of wintering trials. He concluded that a cow 

can take rather severe treatment for one winter without greatly affecting 

her production, if an adequate supply of feed is available during the 

following summer. Production is affected, however, if a poor winter 

ration is repeated for five consecutive years. Evidently, cattle have 

the ability to recover and produce good calves as long as they had plenty 

of grass during the summer and were not continually on inadequate winter 

rations. 

Similarly, Marsh et al (1959) concluded that on eastern Montana 

native range, the range forage provided nutrients necessary to enable 

cattle to develop adequately, maintain health, and reproduce effectively, 

without a supplement of feed or of minerals except for a minimum amount 

of hay when winter conditions make range forage unavailable. This was 

dependent on a stocking rate which allowed cows to obtain sufficient 

forage. Low weight, calf crop, and relatively poor condition of cattle 

on heavily grazed pastures was not associated with any specific nutrient 

deficiencies, but rather with a total lack of all nutrients. 



Chapter 5 

SUMMARY 

The nutritive value of range forage is affected hy many factors: 

climate, range condition, topography, elevation, edaphic influences, and 

associated plants. Probably the single most important variable affecting 

nutritive.quality is the stage of growth of the plant. 

Crude protein in all range plants is at its highest level early 

in the growing season, and decreases thereafter. Generally, crude pro¬ 

tein content of forbs is higher than that of grasses. It also appears 

that grasses of the sagebrush-bunchgrass association, such as bluebunch 

wheatgrass and Idaho fescue, may have initially higher crude protein 

values, and may maintain slightly higher levels through the season, than 

other grasses. 

Warm season grasses initiate growth later than cool season 

grasses, and thereby reach their peak crude protein content at a later 

date. This extends the period when range grasses can provide grazing 

livestock with adequate protein. Warm season species also display an 

ability to regrow in response to fall precipitation. 

Most browse species have a relatively low crude protein content 

early in the season, with a more gradual decline than grasses. Thus, if 

eaten in sufficient quantities, browse could alleviate a possible late 

season protein deficiency. 
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Livestock commonly select a diet more nutritious than an analysis 

of the whole plant would indicate. Thus, nutrient values derived from 

forage analysis indicate a minimum of protein and energy which grazing 

livestock can glean from the range. 

Forest and alpine' ranges seem to be less able to offer forage of 

high nutritive value over a summer grazing season than other ranges, 

unless there is an opportunity for livestock to follow the green forage 

to higher elevations. Pinegrass ranges are especially conspicuous as 

maturing and declining in palatability and nutritive quality early in the 

grazing season. 

Phosphorus content in range forage generally parallels crude 

protein, and may become deficient in cattle diets by late summer. Cal¬ 

cium and crude fiber generally vary inversely with crude protein. 

Because of the increase in crude fiber and because of lignification, 

digestibility of forage dry matter can be assumed to decline with 

declining protein content. 

It is difficult to generalize about cattle forage preferences 

over broad areas, or even often in small areas with a variety of cover 

types and slope exposures. Many factors, which are poorly understood, 

influence palatability. In a general sense, cattle prefer grass and lush 

forbs to browse, which they usually use to only a limited extent, unless 

forced to by severe weather or limited availability of preferred species. 

Big sagebrush, often seems to be particularly avoided. 
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Variations in weather strongly influence the nutritive quality 

of plants. Years' of higher than normal precipitation generally produce 

forage with a greater crude protein, phosphorus, and nitrogen-free-extract 

content. Conversely, it is possible that this may lead to an insufficient 

dry matter intake hy cattle, a common situation on many spring ranges. 

Some reports from Mixed Prairie ranges indicate that forage growth may 

become rank and unpalatable during years of above normal precipitation, 

also causing a decreased intake of crude protein by livestock. 

The evidence of the effects of supplementation on rangeland is 

somewhat contradictory. However, there seems to be ample evidence that 

given a range which provides livestock with sufficient dry matter intake, 

from a variety of species, there should be no major nutritional defi¬ 

ciencies. This is not to say that some temporary deficiencies might not 

occur, especially during the winter, but that range cattle are able to 

withstand and recover from these periods, given ample forage of high 

quality in the spring and summer. 

Care must be taken to distinguish between classes of livestock. 

What may be an adequate diet for a wintering, pregnant beef cow may be 

wholly inadequate to maintain gain on a yearling steer. Fattening, or 

growing animals generally require a higher plane of nutrition than mature 

animals, and may need to be supplemented when the latter are not. 

• Many researchers have indicated that breeding cows can lose 

considerable weight over winter, up to 10% of their body weight, without 



71 

long term detrimental effects, if summer forage is adequate. Data from 

Oklahoma even indicates that cattle wintered on a lower plane of 

nutrition produced more calf pounds per cow, over the life of the cow, 

than cows wintered at a higher level. 

The strategy of a range livestock operator should he to increase 

range forage intake during periods of low.nutritional quality, rather 

than to replace it with supplemented energy. To this end, supplementation 

with protein or non-protein nitrogen may be advisable. Indications are 

that increasing the protein of a diet low in crude protein and high in 

crude fiber, increased crude fiber digestibility and thus dry matter 

intake and total metabolizable energy available to the animal. 

Supplementation of energy, per se, on rangeland, appears to be 

counterproductive, in that the supplemented energy replaces range forage, 

rather than stimulates its use. If the quantity of range forage is 

inadequate to meet the dry matter requirements of livestock, then obvi¬ 

ously, they must be fed harvested forages. This, however, is not 

supplementation of rangeland, it is'feeding. 

Supplementation of vitamin A appears to be unnecessary in most 

instances. Cattle are able to store adequate vitamin A in the liver. A 

possible exception to this statement, may be that of a winter following 

an exceptionally dry year, when green forage was unavailable for much of 

the summer. 

Phosphorus supplementation may be desirable on many ranges, from 
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late spring on. The necessity of phosphorus supplementation will depend 

on the diets of the cattle. If browse is used, phosphorus supplementation 

may not be necessary. 

The range manager should' be aware of what his livestock are 

eating, and supplement or not supplement accordingly. Use of browse may 

make protein and phosphorus supplementation unnecessary. A range with a 

variety of plant species'available to grazing animals is most likely to 

provide them with adequate nutrition. 
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