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Sheep and cattle dietary preferences were determined on tall fes- 

cue-subclover (Festuca arundinacea -Trifolium subterraneum) and 

perennial ryegrass- subclover (Lolium perenne- Trifoliumi subterra - 

nearer) pastures in western Oregon during the spring and summer per- 

iods of 1964 and 1965. Esophageal- fistulated Willamette ewes and 

Hereford and Hereford -Angus yearling cattle were grazed separately 

on each pasture mixture at a low stocking rate in 1964 and both low 

and high stocking rates in 1965. 

Contrasting weather patterns in 1964 and 1965 provided conditions 

for high subclover production in the first year but virtually none the 

second year. Hence, dietary preferences were studied on favorable 

pasture composition in 1964 and under abnormal conditions in 1965. 

Under light grazing and high percentage subclover in 1964, the 



following results were obtained: 

(1) On both pasture mixtures, sheep selected diets containing 

more subclover than grass during spring and early summer. During 

mid to late summer, sheep preferred green tall fescue to dry sub- 

clover on Festuca pasture, but on the dry, perennial ryegrass pas- 

ture, dietary percentage of dry subclover increased. 

(2) Cattle preferred both grasses to subclover, with greater pref- 

erence during summer. 

(3) Both sheep and cattle diets contained more crude protein than 

the forage available, with one exception. Cattle on ryegrass -sub- 

clover during summer selected only ryegrass which contained less 

crude protein than dry subclover. 

(4) Sheep dietary crude protein levels exceeded those of cattle 

at all times. Accordingly, sheep dietary crude protein content was 

nutritionally adequate by accepted feeding standards but cattle diets 

were deficient on ryegrass -subclover and borderline on tall fescue - 

subclover during August. 

(5) Estimated digestibility of forage, expressed as percent dry 

matter disappearance (PDMD) in vitro, was similar for both pasture mix- 

tures, decreasing from approximately 65 in late April to approxi- 

mately 45 in late August. 

In 1965 with two intensities of grazing and negligible amounts of 

subclover, results were as follows: 



(1) Effects of the two grazing intensities were more pronounced 

on forage than on dietary characteristics. Heavy grazing resulted in 

less forage available which contained more crude protein and more 

ash but was not different in PDMD from lightly- grazed forage. In 

contrast, dietary PDMD was greater under light than heavy grazing 

although dietary ash content increased. Dietary crude protein levels 

were unaffected by grazing intensity. 

(2) Sheep dietary preferences were altered in the absense of sub - 

clover; cattle preferences remained unchanged. Annual grasses were 

abundant in 1965, up to 70 percent of the forage in ryegrass pastures. 

Sheep preferred subclover although it occurred in amounts less than 

6 percent of the total forage. In its absence, annual grasses were 

preferred to tall fescue and ryegrass during spring and early sum- 

mer. Annual grass dry matter content increased more rapidly in 

June than tall fescue or ryegrass; sheep preferences switched to the 

perennial grass species at this time. Cattle, as in 1964, selected 

tall fescue and ryegrass in preference to annual grasses except for 

one period in May. 

(3) Both sheep and cattle diets contained more crude protein and 

ash than did the available forage. Dietary PDMD was not greater 

than forage PDMD until late season. 

(4) Sheep diets contained more crude protein and ash than did 

cattle diets. Also, sheep dietary PDMD exceeded that of cattle. 



Dietary crude protein and ash values from tall fescue forage exceeded 

those from ryegrass forage. The pattern and probable amount of sal- 

ivary contamination of esophageal fistula samples varied between cat- 

tle and sheep and between the two pasture mixtures. Dietary crude 

protein deficiencies occurred by late July 1965, one month earlier 

than 1964. Cattle dietary protein levels were higher from tall fescue 

than from ryegrass forage but no differences existed between sheep 

dietary crude protein levels on either pasture mixture. Dietary 

PDMD was greatest on ryegrass. Dietary PDMD values did not 

exceed those of forage until mid -June and thereafter remained slightly 

below 50. Correlation coefficients among and between forage and 

dietary characteristics served to clarify existing relationships. 
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SEASONAL CATTLE AND SHEEP DIETS ON FESTUCA 
ARUNDINACEA- TRIFOLIUM SUBTERRANEUM AND 
LOLIUM PERENNE -TRIFOLIUM SUBTERRANEUM 

PASTURES IN WESTERN OREGON 

INTRODUCTION 

Selectivity of grazing animals has long been a subject of vital 

interest in range and pasture management and animal nutrition. To 

properly manage grazing animals and forage resources requires the 

development and application of knowledge about animal dietary pref- 

erences. Selection of certain plants from the total array of species 

available may profoundly affect both the nutritive value of plants to 

animals and the ecology of the total plant community. Effects of 

grazing on range and pasture vegetation have been studied for many 

years. But, until recently, relatively little has been done to exam- 

ine how certain kinds and amounts of plant species affect the diets 

selected by grazing animals. 

The successful use of esophageal -fistulated animals to obtain 

dietary samples (Van Dyne and Torrell, 1964) has given great impe- 

tus to the study of animal preferences. Increasingly, information 

such as botanical and nutritive makeup of grazing animals' Bets on 

various kinds of range and pasture is becoming available. These 

data should effect more wise and beneficial animal use and success- 

ful manipulation of our forage resources. 

Well- adapted, high- yielding varieties of grasses and legumes 
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have increased the forage- producing potential in most range and 

pasture areas. In western Oregon, many grazing lands can be im- 

proved by the establishment of seeded grasses and legumes. Three 

introduced plants, widely adapted for dryland conditions, are tall 

fescue (Festuca arundinacea Schreb,), perennial ryegrass (Lolium 

perenne L. ), and the annual legume, subterranean clover (Trifolium 

subterraneum L. )- ' ?. Although the two grasses are relatively easy 

to establish, subclover is moderately difficult to start and maintain 

under sub - optimal environmental conditions. Once established, these 

species provide large amounts of nutritious forage. Additional bene- 

ficial characteristics include high persistence under grazing and flexi- 

bility of management. 

The need for knowledge regarding the best use of these two 

grass species growing in mixture with subclover prompted the estab- 

lishment of nine, five -acre dryland pastures of each grass with sub - 

clover at the Adair tract of Oregon State University, approximately 

12 miles north of Corvallis, Oregon. Each pasture was to be grazed 

either by cattle, by sheep, or by both cattle and sheep in three repli- 

cations during the spring- summer grazing season. Major objectives 

1 A complete listing of botanical and common nomenclature is 
found in Appendix A; after initial reference, common names of plants 
are employed in the text. 

2/Subterranean clover is hereafter referred to as subclover. 
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of this study were measurements of animal performance, forage 

utilization, and grazing effects on pasture production and species 

composition. 

In order to take advantage of the opportunity afforded by the 

establishment of these pastures, a study was undertaken with eso- 

phageal- fistulated cattle and sheep on two of the pastures (one five - 

acre tall fescue -subclover and one five -acre perennial ryegrass- 

subclover). This restricted acreage permitted an intensive evalua- 

tion of cattle and sheep diets. The specific objectives of this study 

were to determine the effects of class of livestock, two pasture mix- 

tures, several sampling periods during the season, and grazing in- 

tensity (1965 only) on (1) forage production and botanical composi- 

tion; (2) dietary botanical composition; (3) forage and dietary crude 

protein content; (4) forage and dietary ash content; and (5) estimated 

ruminant digestibility of forage and diets as measured by 24 -hour 

in vitro fermentation of the dry matter. Additional objectives were 

to determine (1) the variability from animal to animal and day to day 

within each sampling period; (2) the numbers of animals needed to 

estimate certain dietary characteristics at 90 or 95 percent proba- 

bility within ten percent of the mean value; (3) interrelationships of 

dietary and forage botanical and nutritive characteristics; and (4) 

effects of three methods (1965) of dietary sample preparation on esti- 

mated crude protein content and dry matter digestibility. 
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AREA OF THE STUDY 

Climate 

The mid - Willamette Valley, a climatically -homogeneous area. 

is described as a mild -subcoastal type with moist, open winters and 

cool, but dry summers (Oregon Agricultural Experiment Station, 

1965). Strong winds, hail, and electrical storms seldom occur. 

Although temperature extremes have been recorded as low as 

-14°F. in December 1919 and as high as 107°F. in July 1946, the 

usual extremes range from 20°F. to 90°F. with brief periods down 

to 10°F. or up to 100°F. Coldest temperatures occur in December 

and January and warmest in August. During the 1931 -1960 period, 

mean yearly temperature was 52.4 °F. with a mean maximum of 

62. 6°F. and mean minimum of 42. 1 ° F. 

For the 29 -year period 1936 -1964, average frost -free growing 

season was 215 days with extremes of 177 days during 1964 to 275 

days in 1940. 

Precipitation consists almost entirely of rainfall; snow seldom 

falls. Average yearly precipitation for the 1931 -1960 period is 40.03 

inches. Extremes as high as 58.06 inches in 1937 and as low as 

23.0 inches in 1944 have occurred. Generally, rainfall is abundant 

through the November -March period, providing ample soil moisture 
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to fully recharge soil profiles. However, low temperatures during 

this period limit growth to the extent that little net accumulation of 

herbage dry matter occurs. Most soils are maintained near field 

capacity by rainfall during April and May. July and August are the 

driest months; rainfall is insufficient in this period to replenish soil 

moisture. 

Temperatures and precipitation data for the 1931 -1960 period 

and the two years of the study are presented on a crop -year basis in 

Table 1 and Figure 1, respectively. Mean maximum and minimum 

temperatures during the March -June 1964 period were approximately 

three to four degrees F. below the 30 -year mean. However, with 

exception of May, monthly precipitation was at least two -thirds of 

normal. During the 1965 spring growing season, both mean maxi- 

mum and minimum temperature were near or above the 30 -year av- 

erage. But monthly precipitation was only near normal in one month, 

April. This followed two low precipitation months and was succeeded 

by months of much less than normal moisture. In both growing sea- 

sons, precipitation during the March to June period was below normal, 

but much more below in 1965 than in 1964, 43 as opposed to 75 per- 

cent, respectively. Thus, weather in the two years was quite 

different. That during the 1964 season could be described as cool 

and relatively moist except during May. For 1965, weather was un- 

seasonally dry with normal spring moisture only approached in one 
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Table 1. Mean maximum and minimum temperature, by months, 
for the study and 30 -year period. 

Month Mean maximum Mean minimum 
30 -year 

Sept. 75.8 

Oct. 64.2 
Nov. 52.2 
Dec. 46.8 
Jan. 44.4 
Feb. 49.5 
Mar. 54.0 
April 61.0 
May 67.7 
June 72.9 
July 81.2 
August 81. 1 

1963 -64 

77.4 
64.3 
52.4 
45.4 
47.0 
49.9 
51. 7 

57.0 
63.0 
69.0 
78. 5 

77.2 

1964 -65 30 -year 
Degrees 

1963 -64 1964 -65 

73.3 48.3 51. 1 43. 9 

66.3 43.0 43.0 40. 7 

48. 1 37. 2 39. 7 35.6 
45.6 35. 1 32.2 34. 8 

44. 1 32. 1 34.6 35.0 
50.5 34. 7 31.9 35. 9 

59.0 36.8 34. 9 35. 8 

61.3 40.5 37. 8 40. 7 

64.6 45.5 40.3 40.8 
72.3 49.2 47.5 46.2 
82.4 51.6 50. 7 50. 5 

79.9 51. 1 50.4 53. 1 

12 
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Figure 1. Monthly precipitation in inches (Sept. -June). 
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month but near -normal mean temperatures except for May. 

Not indicated in the mean temperature data in Table 1 are 

extremes. During mid- December 1964, temperatures fell to 10 °F. 

for two nights, 17°F. a third night, and day temperatures did not 

exceed the freezing level during this three -day period. This cold 

period seriously affected subclover growth and survival, as will be 

discussed. 

Establishment and Management of Pastures 

The experimental site faces northwest on a gentle slope of five 

percent or less. Sanders (1965) has described the soils, native veg- 

etation, and establishment and management of the original pastures 

of which these are a part. 

Of the three soil series reported by Sanders (1965), two ap- 

pear in this pasture area. Profile descriptions are given in Appen- 

dices B and C. The Abiqua -like silt loam occurs upslope from the 

McAlpin -like silt loam. The Abiqua -like series is relatively shal- 

low (< 24 inches) and well- drained, whereas the McAlpin series is 

deeper and moderately to imperfectly drained. In Table 2 are se- 

lected chemical data for soil samples obtained in August 1964. 

Native vegetation on similar, but uncultivated, areas consists 

of Oregon white oak (Quercus garryana Dougl.) which is replaced as 

succession proceeds by Douglas -fir (Pseudotsuga menziesii (Mirb. ) 
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Franco.). Common shrubs are poison oak (Rhus diversiloba T. & G. ) 

and sweetbriar rose (Rosa eglanteria L. ). Some of the herbaceous 

species include blue wild rye (Elymus glaucus Buckl.), bracken fern 

(Pteridium aquilinum L. ), red fescue (Festuca rubra L.), velvet - 

grass (Holcus lanatus L.), and ripgut (Bromus rigidus Roth.). 

Table 2. Chemical analyses of surface soil, August 1964. 

Pasture pH P Organic Me/ 100 g. 
ppm Matter K Ca 

Percentage 
Mg 

Tall Fescue- 6. 0 4. 3 6. 26 . 52 11.4 6. 8 

Subclover 

Per ennial 6. 0 2. 3 5.76 .45 11.4 5. 8 

Ryegrass - 
Subclover 

The experimental area was used to produce ryegrass seed un- 

til 1960. Seedbed preparation for the present pastures consisted of 

plowing and disking. Subclover (Nangeela variety) which had been 

inoculated and treated with ammonium molybdate fertilizer was 

broadcast over the entire area at five pounds per acre. Alta tall 

fescue-3/and common perennial ryegrass- 4/were drilled at 15 and 10 

pounds per acre, respectively, into five -acre pastures. Good grass 

Alta tall fescue hereafter is referred to as tall fescue. 

41-Perennial ryegrass hereafter is referred to as ryegrass, 
unless otherwise specified. 
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stands resulted but subclover establishment was poor. Reseeding 

of subclover in fall 1961 resulted in satisfactory stands in both pas- 

ture mixtures. 

Prior to the 1960 seeding, borated gypsum at 150 pounds and 

ammonium phosphate at 150 pounds per acre (16 pounds nitrogen and 

31 pounds phosphorus) were broadcast -applied. Each fall since 

1960, 200 pounds of single superphosphate per acre (24 pounds sulfur 

and 17 pounds phosphorus) have been broadcast. 

Both pasture mixtures were cut for hay in July 1961. An acci- 

dental fire in August 1962 destroyed that year's forages which had 

not been grazed. In 1963, light cattle and sheep use occurred. The 

tall fescue -subclover pasture was mowed at eight inches in mid -June 

1963 to remove seed heads. Animal use during the experimental 

period was light in 1964 and both light and heavy in 1965; actual use 

figures are reported in results. 

Because grazing animals did not remove an adequate amount 

of forage to be considered proper use in 1964, pastures were mowed 

with a rotary mower in early September and burned. Basal leaves 

of tall fescue were still green but ryegrass was dry as was subclover. 

A clean, fast fire resulted which appeared not to damage either 

The term "forage" implies vegetative material intended for 
use by animals. The term "herbage ", when used, implies vegeta- 
tive material not necessarily intended for use by animals. 
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ryegrass or tall fescue. Burning was intended to remove excess 

ground cover, thus allowing rapid germination and early growth of 

subclover when fall moisture became available. 

Seasonal Pattern of Forage Production 

The three major species in this study are well- adapted to the 

environmental conditions of western Oregon. Although subclover is 

an annual plant, favorable moisture and temperature in most years 

partially compensates for this disadvantage. 

Continuously moist conditions in early fall stimulates subclover 

germination. Growth normally is slow during winter, but rapidly in- 

creases with the onset of warmer temperatures and longer days in 

late winter. In the study area it flowers in late April after petiole 

elongation has occurred. Formation of burrs takes place over about 

a 40 -day period in which maximum growth and yield of dry matter 

occurs (Sanders, 1965). Leaf shattering is not severe in the dry 

plant unless disturbed. Thus, high initial production of dry matter 

may be conserved on the ground. 

In these pastures, tall fescue remains green year around; the 

dry matter of the whole plant was only 55 percent in late August 1964. 

Growth occurs through September and October until low temperatures 

prevail. In contrast, perennial ryegrass is dormant from approxi- 

mately mid -June until both moisture and temperature conditions 
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become favorable in September and October. Perennial ryegrass 

will break summer dormancy in early September when temperatures 

lower, but little growth occurs unless ample soil moisture is avail- 

able. 

Tall fescue grows more rapidly than ryegrass. It achieves 

reproductive status at least two weeks sooner than ryegrass and 

maintains, as a stand, flowering and seed setting over a longer per- 

iod of time. The period of most rapid ryegrass growth occurs be- 

fore heads emerge. From this time until seeds are fully set and in 

the milk stage, there is little additional growth. 

Tall fescue grows rapidly until head emergence, appears to 

maintain slight growth during flowering, but achieves maximum pro- 

duction in the absence of grazing after flowering is complete and 

seed is in the milk stage (Sanders, 1965). Ryegrass achieved a 

higher percent of maximum yield at an earlier date than tall fescue. 

Growth of tall fescue occurred over a longer period with a rapid 

growth spurt during late flowering and early milk stage. Thus, 

until the same time in mid -June when maximum yields occur for 

both grasses, tall fescue produces more early and late growth than 

ryegrass but evidences a reduced growth rate during early flowering. 

According to Sanders (1965), the growth rate of ryegrass is reduced 

during flowering but, unlike tall fescue, no increase is observed 

afterwards. 
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After maximum growth of ryegrass occurs, almost 50 percent 

of its weight in the ungrazed state is lost as shattered leaves and 

seed. With tall fescue this loss is approximately 33 percent. Rye - 

grass is apparently more susceptible to this weathering process than 

is tall fescue and does not have comparable regrowth characteristics. 

Both forage production and species composition varies in these 

pasture mixtures. The growing conditions and seasonal yields dur- 

ing 1964 and 1965 may be contrasted as near -ideal and very poor. 

Fall 1963 was warm and damp, providing good conditions for germ- 

ination and early growth of subclover. No severe extremes occurred 

in winter 1963 -64 to hold back forage growth, although both mean 

maximum and minimum temperatures were below the long -time 

average (Figure 1). Spring growth of both grasses and subclover 

did not appear to be especially rapid, but in ryegrass -subclover 

pastures clover comprised over one -half of the forage production 

(Sanders, 1965). June 1964 rain provided favorable late spring 

conditions for forage growth and total production was high for both 

pasture mixtures. 

Low precipitation in fall 1964 delayed germination of subclover 

until late November. In mid -December as clover seed was still 

germinating, severe freezing temperature occurred, killing all 

young clover. Neither ryegrass nor tall fescue were damaged by 

the freezing temperatures. A small population of subclover plants 
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which had germinated early enough to survive the December freeze 

and those few that germinated in late winter under more favorable 

temperatures composed the clover stand in 1965. Almost no sub- 

clover growth occurred in spring due to shortage of spring rains 

(Figure 1). One pasture that had over 60 percent subclover by 

weight in 1964 produced less than ten percent subclover in 1965. 

Data on the frequency of occurrence of subclover taken in 

1965 indicated that a small increase did occur. On March 31, mean 

frequency (number of plants occurring per one -fourth -square -foot 

observation and based on 100 observations) of subclover in tall fes- 

cue- subclover and ryegrass subclover pastures was 58 and 53, re- 

spectively. On May 12, mean frequency was 74 and 55. Subclover 

plants were present in small amounts but growth conditions were 

poor in comparison with those in 1964. 

It is true that February 1964 rainfall was only 16 percent of 

normal but normal moisture in March and near- normal amounts in 

April of that season provided favorable growing conditions for sub, 

clover. It is possible that the amount of moisture occurring in 

March on the experimental area may be a major factor in determin- 

ing successful growth of subclover. 

Use of Grass -Subclover Pastures by Livestock 

With the exception of spring use, livestock grazing of 
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grass - subclover forage is quite variable and well -established pat- 

terns of grazing are not yet evident in western Oregon. Grazing by 

a single class of animal appears to be more common than with a 

combination of cattle and sheep. However, forage mixtures con- 

taining subclover appear to be well adapted to grazing by both sheep 

and cattle. 

Presently, sheep numbers are four times as prevalent as 

cattle numbers in western Oregon (Figure 2), but cattle numbers 

are increasing and sheep numbers are showing a decrease. Thus, 

the possibility exists that pastures similar to the ones involved in 

this study may be expected to carry more cattle in relation to sheep 

in future years. 

With sheep, grass -subclover pastures are frequently grazed 

year -long in western Oregon. Systems of management are flexible; 

several variations of continuous and rotation -deferred grazing are 

practiced. Lambs are born in late winter and weaned in early June, 

or by the time subclover is ceasing growth and starting to dry. Ewes 

may be maintained on dry pastures throughout the summer. Green 

supplemental pasture is desirable to provide more nutritious forage 

during breeding season which occurs in August and September. How- 

ever, grass -subclover pasture forage which has been deferred after 

early spring use may serve to provide adequate breeding season 

forage. During winter, supplementation with hay may be required 
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Figure 2. Sheep and cattle numbers in western Oregon, 
1940 -1964. 

1964 

Grazing with cattle on grass -subclover is not as common as 

with sheep; patterns of use are less well - established. Calving gen- 

erally occurs in early spring and cows and calves are then put to 

pasture. Maintaining calf weight gains on dry forage in summer 

is difficult and many cattle are removed to greener forage. When 

on tall fescue -subclover, as opposed to ryegrass -subclover, 
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movement may not be necessary to maintain optimum animal growth. 

Following weaning, cattle may be left on grass- subclover pastures 

until wet soil conditions occur. Supplemental feeding of cattle off 

pasture during winter is desirable. 
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REVIEW OF LITERATURE 

Palatability Versus Preference 

Heady (1964) discusses both palatability and preference. Ani- 

mal preference implies selection by the animals, thus is behavioral. 

Preference can vary among animals both within and among species. 

Heady defines palatability as a plant characteristic or characteristics 

which make it pleasing to the animal. 

Tribe ( 1952) states that palatability is a function of the animal 

and that a particular food may or may not be palatable even within the 

same animal and /or plant species. It would be meaningless, in his 

view, to ascribe a particular degree of palatability to any one food. 

In the preliminary evaluation of tropical forages for livestock 

uses, Joblin (1962) developed a palatability index which did not indi- 

cate the degree to which animals were prepared to eat particular 

species but the extent to which they preferred one over another when 

time constraints were imposed. In this discussion, Joblin cites these 

two definitions of palatability: (1) "the readiness with which food is 

selected and eaten ", and (2) "the sum of the factors which operate 

to determine whether and to what degree food is attractive to ani- 

mals " Joblin then modifies palatability to imply "the degree to 

which a food is attractive to animals under defined conditions of 
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choice ". 

Preference and palatability have been used inter changeably. 

Perhaps, as Arnold (1964) suggests, the term "acceptability" would 

be more definitive than is "palatability ". Other reviews (Garner, 

1963; Ivins, 1955) thoroughly discuss factors which bear upon the 

term "palatability ". No clear -cut meaning, however, is rendered. 

Limited knowledge of the reasons for animal preference is 

available. Plice ( 1952) explored the chemistry of preferred and re- 

fused forages affected by manure and urine. Tentative conclusions 

indicated that the amount of phosphorus and sugars contained in 

plants have much to do with their acceptance by cattle. Reid and 

Jung (1965) found similar results with sheep in feeding trials with 

tall fescue hay fertilized with phosphorus, potassium, and several 

levels of nitrogen. Phosphorus -fertilized fescue hay was preferred 

over all other treatments although this hay contained less crude pro- 

tein than unfertilized hay. Thus, animal preference appears to be 

the term of choice and implies relativity of acceptance cf some foods 

over others without implying their degree of "palatability ". 

Factors Involved in the Nutritional Evaluation of Forage 

Although the measurement of forage intake is not a part of this 

study, intake does have an influence on forage evaluation. McCullough 

(1959) expresses the view that forage intake is the beginning point in 
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forage evaluation and that animals contribute at least three sources 

of variation: individuality, their level of production, and their body 

size. The quantity of forage or the density of plants affects intake 

positively. The point is made that a forage mixture can influence 

intake by encouraging excessive selective grazing. In so doing, the 

length of grazing time does not necessarily indicate preferences or 

nutritional value in that an increase in grazing time usually indicates 

short or sparse forage and lower quality. 

Output per animal is the measure of greatest interest in evalu- 

ating forage quality, but variation among animals is the greatest 

source of error (Mott, 1959). Ivins (1960) insists that the yield of 

digestible organic matter is a much -preferred measure of pasture 

output. Inherent variations in animal characteristics are not in- 

volved although the implications of selective grazing, persistency 

of plant species, and botanical changes must be recognized. 

Crampton ( 1957), in discussing nutrient interrelationships, 

determined that forage feeding value is necessarily dependent upon 

the magnitude of its contribution to the daily energy needs of the 

animal. Differences between forage nutritive values, therefore, 

are a consequence of the relative amounts in which they are con- 

sumed. Rate of intake is dependent upon a number of factors, with 

rate of cellulose digestion the primary limiting factor. The amount 

of contained nutrients or completeness of their utilization are only 
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incidentally involved. A significant correlation, however, was found 

between the percent crude protein content and energy digestibility in 

feeding trials with sheep. 

The chemical composition of plant material and the degree of 

utilization of contained nutrients are necessary data in forage evalu- 

ation. Chemical evaluation techniques are only partially effective in 

assessing forage quality (Sullivan, 1962; Van Soest, 1964). 

The nitrogen content expressed as percentage crude protein 

is perhaps the most common chemical constituent determined. Its 

major drawback is the failure of a consistent relationship between it 

and the digestibility of all nutrients. Correlation coefficients of 

percent crude protein and percent digestibility of either dry matter, 

organic matter, or energy are variable depending upon plant species, 

stage of maturity, amount of other nutrients, and environmental 

conditions for plant growth, and thus not always statistically signifi- 

cant. 

Conversely, lignin content appears to be more closely associ- 

ated with degree of digestibility (Sullivan, 1962). Other chemical 

measures such as crude fiber and nitrogen -free extract are not 

consistently related to degree of digestibility. Fractionation of 

plant tissue into cells and cell wall constituents by methods of 

Van Soest (1965) provides a new approach to forage evaluation. 

Some of the numerous investigations of the varying 
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relationship between crude protein and /or lignin content and digesti- 

bility follow. Kivimae (1960) conducted sheep feeding trials and com- 

pared organic matter digestibility of timothy (Phelum pratense)-6Iand 

red clover (Trifolium pratense) with their respective crude protein, 

lignin, and fiber content. Lignin and crude fiber of red clover were 

highly related to organic matter digestibility, but not for timothy. 

Crude protein content of timothy was a good predictor of its organic 

matter digestibility, and also for first cutting red clover but not for 

second cutting red clover. 

Solsulski and Patterson (1961) evaluated several varieties of 

pasture grasses and concluded that lignin content was the single best 

measure of apparent digestibility. Harkess (1963), with highly digest- 

ible (75 -80% dry matter digestibility) white clover (Trifolium repens) 

fed to sheep, found that a relatively large spread in digestibility could 

occur at similar crude protein levels, and vice -versa. Armstrong 

et al. (1964),with 16 artificially dried grasses,related apparent di- 

gestibility and chemical composition to metabolizable and net energy 

for fattening and maintenance. Their conclusions were that lignin 

was the best chemical constituent and crude protein the second best 

constituent with which to predict nutritive value. 

6- ee Appendix A for complete listing of species to which ref- 
erence is made. 
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Forbes and Garrigus (1950) found correlation coefficients be- 

tween digestible organic matter of grazed forages and crude protein 

content to be O. 84 and 0.72 for steers and wethers, respectively, 

and for lignin to be -O. 95 and -O. 93 for steers and wethers, respec- 

tively. Hallsworth (1949) statistically analyzed many feeding value 

data and found a linear relationship between crude fiber and both 

digestibility and starch equivalent. Analyses revealed a significant 

association of crude protein content and starch equivalent of forages 

but this was a reflection of the crude fiber rather than the protein. 

Dry matter percentage of forages has been reported to be 

associated with digestibility. Timothy, smooth brome (Bromus 

inermis), orchardgrass (Dactylis glomerata), alfalfa (Medicago 

sativa), and birdsfoot trefoil (Lotus uliginosus) digestible dry mat- 

ter could be better predicted by dry matter content at harvest than 

by either crude protein or crude fiber content (Meredith, 1964). No 

relationship was found between voluntary intake and dry matter per- 

centage. Animal acceptance and moisture content of forage are ap- 

parently associated. McCullough (1959) reported a positive correla- 

tion coefficient of 0. 69 between moisture content and percent of a 

species in the diet. Springfield and Reynolds (1951) also noted that 

succulence or moisture content was positively associated with animal 

acceptance. That more green or younger plant material will be pre- 

ferred by sheep and cattle is well known (Arnold, 1964). 
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The degree of digestibility or completeness of utilization of 

all nutrients ingested from forages must be accurately measured in 

any evaluation process. Excluding other methods of determining 

apparent digestibility, artificial rumen (in vitro fermentation) meth- 

ods for forage evaluation are reviewed. Bowden and Church (1962) 

determined that correlations between in vivo dry matter digestibility 

and in vitro dry matter digestibility were highly significant. These 

workers also found crude protein to be positively correlated with both 

in vivo and in vitro digestibility. Smith (1963) corroborated these re- 

sults of Bowden and Church using nine forages of known digestibility. 

Baumgardt and Oh (1965) have conducted in vitro fermentation 

procedures for dry matter and cellulose digestibility on 56 forages of 

known in vivo digestibility and chemical composition. Overall corre- 

lation coefficient for in vitro cellulose digestibility was 0.75- and 

for dry matter digestibility followed by pepsin digestion (Tilley et al., 

1960), 0. 88-x'''. Crude protein content was also significantly posi- 

tively correlated with in vitro dry matter digestibility (O. 37 * >!'). 

Comprehensive reviews regarding in vitro fermentation meth- 

ods and results with forages indicate that conclusions regarding a 

particular substrate are similar under like conditions (Barnes, 1965; 

Barnes et al. , 1964; Johnson, 1963). Results of in vitro fermenta- 

tions of any one substrate may be modified by several variables 

which may include amount of substrate per flask, fineness of grind, 
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period (time) of fermentation, method of inoculum preparation, 

amount of inoculum per flask, amount and type of nutrient solu- 

tion, species of donor animal, level of pH, and ration of inoculum - 

donor animals (Barnes, 1965; Church and Peterson, 1960; Mc Neill, 

1963; Van Dyne, 1962). Bezeau (1965) compared the effect of sources 

of inoculum on cellulose digestibility in vitro. Pelleted hay of three 

alfalfa qualities, an all -grass hay, and a native prairie hay were fed 

to two donor dairy cows and inoculum used to digest each substrate. 

Two of the alfalfa hays gave significantly more cellulose digestion 

than the all -grass hay and prairie hay. The grass hay was superior 

to the native hay. The native hay inoculum was most variable. No 

difference existed among the three alfalfa hays as inoculum sources. 

Van Dyne and Weir (1964b) determined the degree of dry mat- 

ter and cellulose digestibility of cattle and sheep esophageal fistula 

forage samples by 48 hour in vitro fermentation and in vivo nylon bag 

digestion. These estimates were correlated with digestibility as de- 

termined by lignin ratio. Over all techniques, the correlation was 

0. 72. These workers also found that digestibility of cellulose in 

cattle -grazed forage was higher than that of sheep but that dry mat- 

ter digestibility was the same. It was suggested this was due to 

basic dietary differences in species selection between cattle and 

sheep, i. e. , the higher grass diets of cattle may contain more di- 

gestible cellulose than sheep forb or shrub diets. 
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Van Dyne; and Weir (1964a) presented data indicating essenti- 

ally no difference in digestive power between cattle and sheep as in- 

oculum donor animals when on the same base feed. Pelleted alfalfa 

as a base teed compared to dry range forage affected cellulose diges- 

tion of the same substrate the same amount for both classes of stock 

as inoculum donors. Significant differences were found among ani- 

mals within a class with respect to cellulose digestion but the vari- 

ability within both classes was similar. 

Le Fevre and Kamstra (1960) indicate no difference in diges- 

tive power of sheep and steer inoculum from each class of animals 

used to digest cellulose in vitro. Significant differences existed be- 

tween 24 and 48 -hour times of fermentation. The correlation coeffi- 

cient L. the 24 -hour period was 0. 778 and for 48 -hour period 0. 918 

between irn_ vivo and in vitro digestion. 

Barnes (1965) in a review on in vitro fermentation results, 

pointed out that the mort, readily digestible substances in forage may 

be preferentially utilized by in vitro microbial populations. If cellu- 

lose digestion in vitro is the criterion of forage value, it could be 

possible that a high ratio of the more readily digestible components 

in an in vitro system could, in effect, reduce cellulose digestion. 

A forage with a high level of soluble carbohydrate or hemicellulose 

could be classified as being lower in nutritive value if cellulose di- 

gestion in vitro were the only measure of quality. 



Reid et al. (1964) report significant correlation coefficients 

between in vivo and in vitro dry matter and cellulose digestibility. 
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Several variables were tested; all showed significant correlation co- 

efficients between in vivo and in vitro characteristics. Samples of 

substrates were freeze -dried, oven -dried, or digested in the fresh 

form with inoculum from either an aftermath timothy hay -fed sheep 

or a sheep fed fresh bluegrass (Poa pratensis) from the digestion 

pens. Ln addition, in vivo digestion coefficients for intact versus 

rumen -fistulated sheep were determined and found not to be signifi- 

cantly different. 

Cellulose digestibility in vitro was different for the two inocula; 

inoculum from the hay -fed sheep had higher digestive power. The 

assumption was made that fresh bluegrass forage was of higher qual- 

ity than timothy hay and that in vitro cellulose digestibility should 

have been greater. No digestibility data for the timothy hay are 

given. Other studies have indicated inoculum from animals fed 

higher quality forage gives higher in vitro digestion coefficients 

(Asplund et al. , 1958; Bezeau, 1965; Reid et al. , 1960; Van Dyne 

and Weir, 1964a). 

Freeze -dried forage samples were digested to a significantly 

greater extent than oven -dried samples. Fresh samples exhibited 

extreme variability; the authors state that difficulty was encountered 

in sample preparation. Correlation and regression analyses indicated 
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that comparable apparent digestibility values were obtained regard- 

less of inoculum source or method of sample preparation because 

the significance of the in vivo -in vitro relationship was so great. 

Prestes et al. (1965) collected alfalfa at one -tenth bloom and 

compared three treatments. Samples were either freeze -dried, or 

oven -dried at 20°C. or 60°C. While no statistical data were pre- 

sented, results of in vitro fermentation indicate increased cellulose 

and dry matter disappearance for the freeze -dried compared to either 

oven -dry treatment. 

Methods Used to Determine Dietary Preferences 

Non -Esophageal Fistula Methods 

Until the successful development and use of the esophageal - 

fistula technique to collect grazed plant samples (Van Dyne and Tor - 

ell, 1964), many approaches have been used to assess dietary pref- 

erences and nutritive value. Non -esophageal fistula methods ap- 

peared to give better estimates of the nutritive value than of the 

botanical composition of the diet (Cook, 1964). Non- esophageal fis- 

tula methods may be divided into those where plant samples are or 

are not collected. 

"Before and after" sampling technique (Cook and Harris, 

1950a; Cook et al. , 1948), hand plucking (Arnold, 1960; Cook et al., 
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1956; Edlefsen et al. , 1960), clipped plant samples similar to grazed 

plants (Moir, 1960), and intensive observations (Cowlishaw and Al- 

der, 1960; Dwyer et al. , 1964; Green et al., 1958; Hurd and Pearse, 

1944; Peterson et al. , 1958; Reppert, 1960; Rogler, 1944; Spring- 

field and Reynolds, 1951) were successfully used to estimate nutri- 

tive value. Only few checks have been made against plants actually 

consumed by animals to verify the results of methods (Achacoso, 

1962; Edlefsen et al. , 1960; Eng, 1963; Ordoveza, 1964). In com- 

paring hand plucked samples of Utah winter range plants to dietary 

samples collected by esophageal -fistulated sheep, Edlefsen et al. 

(1960) found only significant increases in ash and phosphorus per- 

centages in fistula samples. 

Smith et al. (1959) compared nutritive values of hand plucked 

and clipped forage samples from plots on cattle -grazed pastures. 

High variability existed between methods. Plot clipping cannot be 

considered as representative of the composition of the forage grazed 

(Hardison et al. , 1954; Smith et al. , 1959). 

Halls (1954) reported a study of cattle preferences on wire - 

grass range in which two observers, after a short period of training, 

could hand -pluck samples which agreed closely in composition even 

though they worked independently. 

Several attempts have been made to determine dietary prefer- 

ences by examination of feces. Work by B. H. Hercus (1959, 1960) 
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and J. M. Hercus (1963) indicated a high degree of success in deter- 

mining the plants selected by sheep on open range. One may cra stio T 

the point of differential lignification and consequent increased diges- 

tibility of some plants as compared to others. The least digestible 

plant material should make up the bulk of plant epidermal fragments 

in feces. On range which has reached plant maturity, this problem 

may not be so gnat. 

Rumen contents of cattle and sheep upon slaughter have been 

examined for determination of species consumed (Chippendale, 1964; 

Norris, 1943). Although plant species may be recognizable in rum- 

en contents, the rapid mixing of partially digested with freshly in- 

gested material in addition to the differential digestion of plants 

contributes to gross errors. 

Use of Fistulation Techniques 

The use of esophageal and rumen -fistulated animals has been 

greatly expanded in recent years. Van Dyne and Torell (1964) have 

thoroughly reviewed the literature through 1963. 

Work reported in this literature review on the esophageal 

fistula technique is confined to references regarding behavior of 

fistulated animals, variability encountered, characteristics of fistula 

samples, and work not covered in the comprehensive review of Van 

Dyne and Torell. 
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The rationale in using either esophageal or rumen -fistulated 

animals to collect dietary samples is that these samples should 

closely approximate the grazing animal's diet. Detailed work re- 

garding behavior of esophageal- fistulated sheep reported by Arnold 

et al. (1964) indicates that a consistent relationship existed between 

the nitrogen content of esophageal fistula and feces samples; conclu- 

sions were that sampling at one hour per day was reasonably repre- 

sentative of the diet with respect to nitrogen content. 

Reports of dietary research utilizing rumen -fistulated animals 

are scarce (Van Dyne and Torell, 1964). The procedure with the 

rumen evacuation technique requires that the animal's rumen be 

completely emptied of its contents, the animal allowed to graze, 

the ingesta collected from the rumen and the rumen contents re- 

placed. Sampling range or pasture forage is much simpler and less 

time -consuming with esophageal- fistulated animals; the fistula clos- 

ure device is removed, collection bags attached, and the animal is 

allowed to graze. After grazing from one -half to two hours, depend- 

ing upon forage conditions collection bags are removed and closure 

devices installed. Work reported by Lesperance et al. (1960) indi- 

cated that crude fiber content of cattle rumen samples was slightly 

higher than cattle esophageal fistula samples on the same forage. 

No differences in crude protein content of each type of fistula sample 

were observed. 
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Esophageal fistulae can be successfully installed in both cattle 

and sheep; predominant usage appears to be with sheep (Cook, 1964; 

Van Dyne and Torell, 1964). Surgery is described in several refer- 

ences (Blake, 1960; Chapman, 1964; Chapman and Hamilton, 1962; 

Cook et al. , 1958; Hamilton et al. , 1960; Mc Manus, 1962; Mc Manus 

et al. , 1962; Rusoff and Foote, 1961; Torell, 1954; Van Dyne and 

Torell, 1964; Yarns et al. , 1964). Success in fistulation depends 

primarily upon the type of closure device employed; several types 

are described in Van Dyne and Torell (1964) and in Hoehne et al. 

(1965). 

Gross behavioral differences among fistulated sheep do not 

appear to be any greater than those of intact sheep (Arnold et al., 

1964). That variability among animals both within one day and over 

a period of days can be great, commands careful attention (Arnold 

et al., 1964; Van Dyne and Torell, 1964). In a study of dietary pref- 

erences of cattle and sheep grazing Montana winter range, Van Dyne 

et al. (1964) reported no difference in dietary chemical composition 

among animals of the same class but did find that sheep selected 

forage containing more ether extract. 

With sheep, Price et al. (1964) reported significant differences 

for crude protein, ether extract, and crude fiber. Arnold et al. 

(1964) found greater among -sheep than among -day variability for 

crude protein values. On a within -day basis, sheep variation for 
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crude protein content was significant (Arnold et al. , 1964) on 

hardinggrass (Phalaris tuberosa)-subclover pasture. However, 

Montana winter range and on dry California annual range forage, no 

significant differences were found among all sheep within -days for 

crude protein content of dietary samples (Van Dyne and Heady, 1965a; 

Van Dyne et al. , 1964). Botanical composition of dietary samples 

may vary more from animal to animal than from day to day within a 

sampling period (Van Dyne and Heady, 1965b). Also, Van Dyne and 

Heady (1965a) found significant differences among cattle for crude 

protein expressed on an organic matter basis but not on a dry matter 

basis. Eng (1963) showed significant (P< . 05) differences in dietary 

crude protein of individual cattle on perennial grass pastures. 

Esophageal fistula dietary samples contain constituents con- 

tributed by saliva which may significantly affect accurate assessment 

of their nutritive content. The ash content of dietary samples is 

considerably higher than that of forage samples (Bath et al. , 1956). 

Whether or not other constituents such as nitrogen can add substan- 

tially to the values cf crude protein in dietary samples has not been 

firmly established (Blackstone et al., 1965; Lesperance and Bohman, 

1964; McManus, 1961; Weir and Torell, 1959; Wilson, 1963) The 

concentration of chemical constituents in saliva can vary appreciably 

on the same pasture type from season to season (Wilson, 1963). 

c,-- 
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Corrections may be made for salivary constituents (Cook, 19óÁ) but 

assumptions are made which may be difficult to substantiate (Van 

Dyne and Torell, 1964). Unless an accurate procedure can be de- 

veloped to correct for salivary contamination, chemical composition 

of the dietary samples should be expressed on an ash -free silica -free 

basis (Cook, 1964; Van Dyne and Torell, 1964). 

With the exception of hand -separation of species on a gross 

morphological basis, only two methods of assessing botanical compo- 

sition of dietary samples have been proposed (Harker et al., 1964; 

Heady and ' Torell, 1959; Heady and Van Dyne, 1965; Lesperance 

et al., 1960; Van Dyne and Torell, 1964). Both methods involve 

the use of a binocular microscope equipped with a cross -hair in one 

eyepiece. The esophageal or rumen fistula sample is washed and 

placed in a tray or petri dish and a set number of observations made 

per sample. Parts of plant species can be readily recognized (Van 

Dyne and Torell, 1964). 

Both of the above methods yield percent composition on a 

"cover" basis. Heady and Van Dyne (1965) present regression equa- 

tions for the prediction of percent weight from percent points on 

clipped herbage samples. 

Harker et al. (1964) fed pure species of two plants (Brachiaria 

decumbens and Ipomoea batatas) to penned esophageal -fistulated Zebu 

cattle. Extrusa samples were mixed in definite proportions by wet 
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weight after determination of moisture content. Using a microscopic 

point method (Heady and Torsi', 1959), percentage composition was 

determined on a point basis and compared to the composition on a 

dry weight basis. Using 400 points per dietary sample, the micro- 

scopic point method gave a satisfactory estimate of species compo- 

sition on a dry weight basis so that no prediction equation of percent 

weight from percent points was needed. However, in an experiment 

utilizing simulated rumen fistula samples of species mixed in defi- 

nite proportions by dry weight, errors as high as 50 percent have 

occurred (Mc Adams, 1965). 

Dietary samples may be subjected to in vivo and in vitro fer- 

mentation techniques to estimate diet digestibility (Arnold, 1964; 

Blackstone et al. , 1965; Eadie, 1964; Lambourne et al. , 1963; Tay- 

lor and Deriaz, 1963; Van Dyne and Lofgreen, 1964; Van Dyne and 

Meyer, 1964a, 1964b ; Van Dyne and Torell, 1964; Van Dyne and Weir, 

1964a, 1964b). Hand -clipped forage samples may be fermented also 

to examine the differences between diet and available forage to assess 

effects of animal selection and preference. With data on fecal out- 

put, estimates of intake may be made using in vivo or in vitro micro- 

techniques (Van Dyne and Meyer, 1964a, 1964b). 

When data on both botanical and dietary characteristics are 

available, correlations of biologically sound interrelationships may 

be made (Van Dyne and Heady, 1965c). 
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Some Factors Affecting Forage Preferences 

Heady (1964) and Arnold (1964) presented comprehensive re- 

views of factors affecting forage preferences. It is important to 

emphasize effects of grazing management and their influence on 

food preferences. Cook et al. (1953) compared sheep diets on 

desert shrub range and on a mixed range of 50 percent grass and 

50 percent shrub under two intensities of grazing. As forage utili- 

zation increased from less to more than 30 percent, total available 

protein and cellulose decreased and lignin increased. Daily intake 

and digestibility of all nutrients decreased under heavier use. 

As grazing intensity increases, forage preferences change so 

that dietary nutritive content may increase temporarily until plants 

contributing to the increase become depleted (Pieper et al. , 1960). 

However, animal dietary nutritive value can remain considerably 

above that present in the available forage, even under relatively 

heavy use (Van Dyne and Heady, 1965a). These data show that sheep 

on the same forage as cattle exhibit differences in dietary crude pro- 

tein, cellulose, ash, silica, and other carbohydrates and that amount 

and kind of forage available will change the relative values of the di- 

ets of sheep and cattle. Another study with cattle and sheep grazing 

in common showed that sheep diets contained more crude protein 

and phosphorus but less cellulose than cattle diets (Cook et al. , 1963). 
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Digestibility coefficients of cellulose and energy were higher for 

cattle than for sheep. 

Dietary nutritive values of sheep diets as affected by range 

condition were studied on two desert winter range types in Utah 

(Cook et al., 1962). Although equal amounts of range forage were 

available, utilization was never as high on poor as on good range and 

the difference was greater as grazing intensity increased. Dietary 

nutritive content depended upon species composition regardless of 

range condition. Browse in the diet contributed to increased protein, 

ash, lignin, and ether extract values; grass -predominant diets were 

higher in cellulose, other carbohydrates, and energy (Cook et al. , 

1963). Sheep selected diets of like digestibility on different condition 

ranges when intensity of grazing was the same. 

Data in Cook et al. (1964) show diets of sheep on summer range 

to be affected by both range condition and grazing intensity. Chemical 

composition and digestibility of dietary nutrients were very similar on 

both condition ranges. As grazing intensity increased, dietary values 

were reduced slightly more on poor than on good condition ranges. 

Selective grazing allows the anima; to maintain a high quality diet. 

On dry California annual range forage which decreased from 

1490 to 420 pounds o_ dry matter per acre, sheep maintained higher 

digestion coefficients for dry matter, crude protein, other carbo- 

hydrates, ether extract and energy, and lower digestibility of 
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cellulose than did cattle (Van Dyne and Lofgreen, 1964). As herbage 

availability decreased, a slight decrease in dry matter digestibility 

was noted for cattle b,.,t not for sheep; crude protein digestibility was 

greatly decreased, more in cattle than in sheep diets. 

Other studies under a simple continuous grazing system on 

range indicate increased nutritive values of the diets as compared to 

forage available (Conner et al. , 1963; Shumway et al. , 1963). Arnold 

(1964) states, "It appears likely that the animal balances favorable 

and unfavorable chemical and physical characteristics of all available 

material or species to determine relative acceptability of the compo- 

nents or species in the plant community ". Few studies contradict 

this statement. 

Evaluating selectivity in grazing of forage by cattle and sheep 

has long been a subject for investigation (Arnold, 1962, 1964; Hughes 

et al. , 1964; Tribe, 1950). 

Hardison et al. (1954) conducted a trial with cattle in which the 

value of whole -clipped forage fed to penned steers was compared to 

that grazed by steers on the same pasture. Forage digestibility on 

pasture was determined by the plant chromogen technique. Forage 

similar to that selected by cattle contained more crude protein, ether 

extract, and mineral matter, and less crude fiber than whole - clipped 

forage. 

With the progression of the season, Hardison et al. found 
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a decrease in amount of crude protein, ether extract, and digesti- 

bility of dry matter a.-o.d an increase in crude fiber. Differences be- 

tween whole -fed forage and the grazed diet were accentuated with 

time. 

Meyer et al. (1957) matched sheep and steers grazing alfalfa 

and orchardgrass- birdsf cot trefoil pastures with animals in digestion 

stalls fed freshly chopped forage from the same pastures. Digesti- 

bility and forage intake were computed for cattle using chromium 

oxide and plant chromogens, and for sheep, total feces collection. 

Both classes of animals exhibited selectivity for the grazed as 

compared with the fresh- chopped forage. This was reflected in more 

total digestible nutrients (TDN) as calculated by the method of Meyer 

and Lofgreen (1956). Differences were more pronounced on alfalfa. 

Sheep diets contained about ten percent more TDN on alfalfa than 

those of cattle when grazing, due to higher consumption of leaves. 

Differences between sheep and cattle on fresh- chopped forage were 

minor although sheep did select out alfalfa leaves. 

On orchardgrass- birdsfoot trefoil pasture, cattle exhibited 

no selectivity; sheep -grazed diets contained approximately three 

percent more TDN than fresh forage diets. Meyer et al. (1957) 

state that the more dense pasture structure of orchardgrass -birds- 

foot trefoil did not allow the degree of selectivity exhibited by taller, 

less dense alfalfa. 
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Arnold (1962) discusses this point with respect to animal 

movement. Animal movement is horizontal but selection of food is 

in a vertical place. Thus, selectivity on taller, upright plants is 

likely to be greater than on low -growing, dense pasture cover. 

Sheep intake could conceivably be lowered on low- growing, dense 

pasture because of lowered opportunity for selection, although pas- 

ture quality could be high (Arnold, 1962). 

Nutritive value of sheep diets can change abruptly when ani- 

mals are moved from grazed to ungrazed range, as in a rotationally 

grazed system (Arnold et al. , 1964; Torell and Weir, 1959). 

Because sheep prefer green to dry forage (Arnold, 1964), 

liveweight gains are increased when only a small amount of green 

forage is available in relation to dry in hardingrass -subclover pas- 

tures (Willoughby, 1959). The incidence and degree of forage defi- 

ciencies, either < uar-titative or qualitative, depend not only upon the 

current status of a pasture but also upon its past history as well as 

upon the current and past status cf the animal (Willoughby, 1959). 

Advantageous use of animal selective grazing results in maximum 

livestock performance when subclover pastures are continuously 

grazed. 

Blaser et al. (1960) showed that steers selected grass forage 

of about five percent higher dry matter digestibility when given ac- 

cess to fresh pasturage (top grazing) as compared to later grazing 
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(bottom grazing). Hardison et al. (1955) found approximately eight 

percent difference in TDN for top -grazed as compared with bottom - 

grazed alfalfa. Bland and Dent (1964) observed both sheep and cattle 

on several varieties of orchardgrass. Differential rates and stages 

of maturity influenced selective grazing. Cattle selected forage with 

high total sugar content; earlier maturing varieties contained more 

sugars. This work crrob orat.d conclusions of Plice (1952). With 

sheep, no association was found between time spent grazing and 

amount of forage removed per plot. In vitro dry matter digestibility 

of grass sheaths and stems was approximately one to four percent 

greater than that of leaves in the earlier growth stages. Bland and 

Dent (1964) felt that if animals prefer sheaths and stems it may be 

attributable both to somewhat higher sugar content and greater diges- 

tibility, especially before lignification was initiated. The value of 

carbohydrates in forage evaluation was also stressed by Blaser 

(1964). 

Taylor and Deriaz ( 1963) present comprehensive data showing 

that cattle are selective on pure perennial ryegrass pastures. The 

technique of sample collection involved emptying the rumen contents 

of a steer and walking through the pasture with one arm in the rumen 

fistula of the animal collecting each bolus as it passed the cardia. 

Several collections per day were made on a pure ryegrass pasture 

from April to October. Pastures which had been strip- grazed the 
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previous day were compared to continuously- grazed pastures. In 

vitro organic matter fermentation data revealed that except in April 

and early May samples the diet on a strip- grazed pasture decreased 

in nutritive value throughout the day. On the continuously- grazed 

pastures, no consistent within -day differences in organic matter 

digestibility were noted. Digestible organic matter declined through- 

out the season. Crude protein values and in vitro digestible organic 

matter values of the ingested samples were not consistently associ- 

ated. Fistula samples contained up to 14 percent more digestible 

organic matter than samples of clipped forage. 

A further study by Taylor and Rudman (1963) on perennial rye - 

grass indicated that cattle may select diets containing highly diges- 

tible organic matter even on previously strip -grazed pastures. How- 

ever, daily organic matter intake and gain per day were reduced by 

25 and 33 percent, respectively, when cattle grazed ryegrass which 

had been strip -grazed one day previous. The upper portions of the 

pasture did not necessarily contain more digestible nutrients but were 

more readily consumed by cattle. 

Esophageal- fistulated sheep were employed by Leigh and NEIL- 

ham (1964) on two semi -arid range types in Australia. Their data 

indicated that on a range dominated by saltbush (Atriplex sp.), sheep 

selected up to 33 percent of their diet those plants which totaled only 

five pounds per acre. Similarly, in a cottonbush -grassland 
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totaled only 14 percent of the forage, sheep selected up to 75 percent 

of their diets from these two species. 

Animals can show differential forage preferences depending 

upon range site or type differences (Cook and Harris, 1950b; Cook, 

1959). Many plant species did not act similarly from one site to 

another with respect to their chemical composition, leaf -stem ratio, 

and other growth habits. Soil conditions may be very influential in 

determining the acceptability of plants to animals (Cook, 1959). 

Other environmental factors such as shade intensity, type of over - 

story plants, slope, and water runoff pattern appear as major rea- 

sons for differing forage values (Cook and Harris, 1950b). 

Characteristics of Subterranean Clover, 
Perennial Ryegrass and Tall Fescue 

Management Conditions for Growth 

Although subclover originated in the northern Mediterranean 

countries, this plant was not recognized for its great potential and 

adaptability until after it had become naturalized in Australia (Mor- 

ley, 1961; Sanders, 1965). Morley (1961) described in detail its 

origin and development in Australia, in addition to its morphology, 

physiology, ecology, and management as a forage plant. Sub clover 

is a self- fertilizing, autumn -germinating, winter -growing annual 
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with critical light requirements (Black, 1955; Davidson and Donald, 

1958; Mitchell, 1956; Morley, 1961). It is a 10:ß_o -day plant and needs 

low temperatures during vegetative growth to flower. if growing un- 

der increasing dayle.n.gth conditions (Morley, 1961). 

Although light intensity has been proven to be of major concern 

in the overall management of subclover, temperature and dayl ength 

are critical in the early growth stages before a high degree of shad- 

ing occurs (Mitchell, 1956; Morley, 1961). Mitchell (1956) studied 

the effect of defoliation and shading and concluded that greater growth 

can occur at 72°F. if not defoliated or shaded. However when the 

plant was either defoliated, or shaded, to 30 percent of normal sun- 

light, recovery was faster at 53°F. than at 72°F. 

Subclover can effectively fix atmospheric nitrogen for plant 

growth after plant roots have become well- ncdulated. Rhizobium 

strains must be present and soil pH conditions must be favorable 

for effective nodulati.c_' (Morley, 1961). 

Leaf area index (LAI) may be used as a measure of growth 

conditions. Davidson and Donald (1958) found that the rate of leaf 

production (dry matter) of subclover rose to a maximum when the 

LAI was approximately five; however, as more mutual shading of 

leaves occurred, rate of dry matter production decreased by 30 per- 

cent up to an LAI of 8. 7, a point beyond which leaf growth is inhib- 

ited. 
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Maximum subclover growth cannot occur unless defoliation 

occurs prior to the ceiling LAI value., but is not so severe that LAI 

is reduced below the optimum value (Davidson and Donald, 1958). 

If defoliation is severe, subsequent regrowth will be increased under 

a low rather than a high temperature regime (Mitchell, 1956). Thus, 

grazing management to favor subclover requires that defoliation of 

all pasture species in the close proximity to subclover to be such 

that optimum LAI values of subclover be achieved through unimpeded 

entrance of light into the sward (Morley, 1961; Rossiter and Pack, 

1956; Sharkey et al. , 1964). 

Subclover posses the faculty of seed conservation as do many 

legumes. Large percentages of hard seed may be present in addition 

to a high degree of embryo dormancy. Quinlivan (1965) studied cli- 

matic variability in relation to percent of hard seed and germination 

characteristics. Findings revealed that in areas with long growing 

seasons, degree of hardseededness is high. The critical factor may 

be the length of time that adequate moisture is available following 

flowering (Quinlivan, 1965). Breakdown of hardseededness during 

summer is associated with the length and extremes of temperature 

fluctuations. The longer and hotter the dry period following seed set 

becomes, the more rapid the rate of breakdown and the less the resi- 

dual proportion of hard seeds. Quinlivan's (1965) data also show that 

rate of breakdown of hardseededness can be substantially increased 
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by removal or grazing off of dry material while temperatures are 

still high. 

Yates (1958) determined that seed setting in the inflorescense 

of subclover is partially a function of the degree of burr burial in 

soil. Hot, dry, field conditions promote a higher degree of burr 

burial than do cooler, moist, microenvironmental conditions. 

Subclover also can thicken its stand if some environmental con- 

dition should either reduce germination or damage some young plants 

(Davidson and Donald, 1958; Morley, 1961; Willoughby, 1954). Black 

and Wilkinson ( 1963) studied the effect of delayed emergence on sub - 

clover growth and survival. A five -day delay in germination can re- 

duce dry weights of individual plants by 50 percent and an eight to 

nine -day delay precipitated a dry weight decrease of 75 percent. 

This reduction, however, is due entirely to the severity of compe- 

tition from previously emerged plants. Black and Wilkinson (1963) 

concluded that if a reasonable population of subclover exists initially, 

compensatory growth by the early emerging plants will make up for 

the decreased yields of late emergers with no loss in sward produc- 

tivity. 

The basic unit for consideration with ryegrass (Lolium sp. ), 

either perennial or annual, is the tiller (Mitchell, 1954, 1955). 

Perennial ryegrass makes rapid winter and spring growth and is 

considered to be an excellent pasture plant (Sanders, 1965). In 
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studying effects of shading and defoliation, Mitchell (1954, 1955) 

found most rapid growth of perennial ryegrass at 72 °F. when un- 

shaded and not defoliated. When either shaded, defoliated, or both, 

a temperature of 57° F. was more favorable to growth. 

When grazed, temperature levels play a very important role 

in determining the survival and rate of increase in tiller numbers. 

If grazed under high temperatures, development of new tillers is not 

only checked but existing tillers stand more erect, increasing their 

susceptibility to removal by grazing (Mitchell, 1954) Under lower 

temperatures, existing tillers remain closer to the soil surface, and 

if adequate light is present, tiller numbers can increase 70 to 100 

percent per week (Mitchell, 1954). Under close cutting or grazing 

conditions with adequate moisture and soil fertility, perennial rye - 

grass and white clover may produce more herbage dry matter than 

if cut or grazed to greater heights (Appardurai and Holmes, 1964). 

Frequency of defoliation and removal of grass flowering stalks appear 

to influence perennial ryegrass herbage production greatly (Reid, 

1959). Degree and frequency of defoliation and sufficient light and 

temperature conditions appear extremely important in promoting 

rapid tiller increase and growth. 

Tall fescue is a long -lived, high -yielding bunchgrass, adapted 

to a wide range of environmental conditions (Cowan, 1956; Sanders, 

1965). The variety alta was introduced to Oregon growers in 1923 
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Although a bunchgrass, dense sod conditions may develop (Ramp'on, 

1945). Plant roots are numerous, coarse, and may penetrate to 

depths exceeding five feet in soils where deep moisture is available. 

Alta fescue does not possess summer dormancy and leaf material 

will remain green throughout summer. Rapid recovery follows 

autumn rainfall (Rampton, 1945). 

In a series of clipping treatments on alta fescue, Hedrick (195 7) 

found that total herbage production per year was not materially 

changed by the 16 treatments imposed. Maximum herbage and crude 

protein production in both initial and regrowth cuts was produced by 

spring cuttings made in the boot, emergent, and headsout stages 

of growth at stubble heights between three and five inches. When 

cut in the boot stage, regrowth was less desirable to animals be- 

cause alta fescue produces seed heads in regrowth under this cutting 

regime. 

Hedrick (1957) observed that yields the year following spring 

and summer clipping were greatly reduced, although favorable en- 

vironmental conditions existed. Apparently the normal physiology 

of the plant was so greatly disrupted that maximum growth the fol- 

lowing season could not be achieved. Under heavy grazing conditions, 

this situation likely occurs often. 

Jacques and Schwass (1956) have studied the rate of root growth 
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and replacement in perennial ryegrass and tall fescue. Perennial 

ryegrass produces more new roots than does tall fescue and thus 

replaces a high proportion of its root system during the year. Both 

plants have different patterns of root growth. Ryegrass exhibits a 

rapid initiation and increase in root numbers and weight during late 

winter and spring, but also declines rapidly in early summer until 

autumn regrowth. Tall fescue has a relatively uniform and steady 

root growth pattern throughout the entire year. 

Subclover in mixture with ryegrass or other grasses contributes 

greatly to the pasture economy of Australia and New Zealand; man- 

agement studies on these mixtures are prevalent. However, for this 

work only a few studies are reviewed to indicate that contrasting ef- 

fects may occur depending upon environmental conditions. Sanders 

(1965) reported that effects of grazing on alta fescue - subclover mix- 

tures have not been studied. 

Willoughby (1954) discussed the effect that subclover can have 

on a ryegrass population by outcompeting it when soil nitrogen is low. 

As clover roots decompose and release nitrogen, grass has opportun- 

ity to recover and utilize nitrogen for its growth. However, grass 

may exhaust nitrogen and at the same time shade clover, resulting 

in decreased production of both species (Davidson and Donald, 1958; 

Willoughby, 1954). Phosphorous fertility status is highly important 

for maintaining adequate clover populations (Suckling, 1959). Without 
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proper management of grazing, the balance may be tipped in favor 

of either species (Willoughby, 1954). Foliage removal is important 

for maintenance of beneficial light under favorable temperatures 

(Davidson and Donald, 1958; Mitchell, 1954). 

An Australian study reported by Rossiter and Pack (1956) on 

protection of subclover -grass stands from grazing indicated that 

grass was definitely favored over subclover even when the dry resi- 

due was removed each year following seed shedding. With a stock- 

ing rate of three sheep per acre, year round, subclover was main- 

tained at approximately 70 percent of the composition. Bromus 

rigidus and Erodium botrys invaded the stand under grazing protec- 

tion. However, neither of these species could stand the pressure 

of three sheep per acre. 

A study by Sharkey et al. (1964) into effects of stocking rates 

on proportion of subclover in the stand, showed a rate of six sheep 

per acre to be excessive for both clover and annual ryegrass. One 

sheep per acre allowed the stand to be dominated by ryegrass re- 

sulting in continued suppression of subclover. Three sheep per 

acre resulted in a continued balance of subclover and ryegrass in 

the stand. 

Arnold, Mc Manus and Bush (1964) observed on subclover- 

dominant pasture that two, four, and six sheep per acre allowed 

hardinggrass to dominate the subclover. Nine sheep per acre 
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maintained clover. In this trial it is likely that selective preference 

by sheep for subclover over hardinggrass could not be overcome 

until the higher stocking rate was imposed. Nutritive value of the 

forage, in addition to intake, was highest with the heavy stocking 

rate. Johns (1955) also reported that subclover gained dominance 

under heavy grazing intensity by sheep. 

Chemical Constituents and Nutritive Value of Forage 

Subclover leaves and petioles were assayed for carbohydrate 

constituents at growth stages ranging from 83 percent to 10.6 percent 

moisture (Hardwicke, 1954a, 1954b). The percent of free and total 

reducing sugars remained relatively constant in the young plant, in- 

creased rapidly when budding and flowering and at maturity declined 

to a low level. Johns (1955) reported that soluble sugars of pasture 

herbage composed largely of subclover remained at a relatively con- 

stant level throughout the growing season. Cellulose also remained 

constant at 20 percent until the onset of wilting, rapidly increasing 

at that stage to 35 percent. Cell walls of subclover are only slightly 

lignified (2. 3 to 2. 8 percent) until wilting, and then increases to 

about 15 percent. Conversely, crude protein content remains high 

(> 20 percent) until after wilting, and then declines to approximately 

15 percent (Hardwicke, 1954b). Sanders (1965) reported subclover 

in the present study area to contain 21 percent crude protein in late 
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April and fall to slightly more than 10 percent in late June. 

MacKenzie and Wylarn ( 1957) detected no major seasonal trends 

in the total water soluble carbohydrate fraction of perennial ryegrass 

during growth. Fructosan reserve reached 21 percent of the dry 

matter before diminishing in autumn. Deriaz (1961) reported that 

S22 Italian ryegrass contained 37 percent of its dry matter as soluble 

carbohydrates in early May. First cutting forages contained more 

carbohydrates than subsequent regrowth cuttings. 

Increasing maturity of grasses is accompanied by an increasing 

ratio of hemicellulose to cellulose (Waite et al. , 1964). Perennial 

ryegrass organic matter digestibility decreased with advancing ma- 

turity; the decrease was most rapid during flower emergence. Other 

workers (Minson et al., 1960, 1964; Mowat et al., 1965; Pritchard 

et al., 1963; Terry and Tilley, 1964) indicated similar findings. 

Terry and Tilley (1964) investigated the in vitro fermentation 

of leaves and stems of tall fescue and perennial ryegrass in relation 

to stages of maturity. Leaves were more digestible than sheaths, 

which, in return, were more digestible than stems. Although per- 

ennial ryegrass and tall fescue were not sampled in the same year, 

these data indicated that organic matter digestibility of ryegrass is 

approximately three percent higher in late April, eight percent 

higher in mid -May, and declines to approximately a five percent 

differential in mid -June. Because tall fescue heads earlier than 
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perennial ryegrass, its digestibility would decrease proportionally 

sooner (Waite et al., 1964). Minson et al. (1964) presented data 

showing generally higher digestible organic matter to be contained 

in perennial ryegrass than in tall fescue. 

Data of Waite (1963) indicated total soluble carbohydrates of 

stems of both perennial ryegrass and tall fescue to be approximately 

twice as great as that of leaves. Leaves of both species contained 

maximum amounts at flowering, 17 percent and seven percent for 

perennial ryegrass and tall fescue, respectively. Stems of perennial 

ryegrass contained 33 percent soluble carbohydrates just prior to 

flowering and 29 percent at flowering, Tall fescue flowered approxi- 

mately four weeks sooner, and at flowering, stems contained a 

maximum of 12 percent soluble carbohydrates. 

Conversely, Mowat et al. (1965) found with immature brome- 

grass, timothy, and orchardgrass that digestible dry matter in stems 

was higher than that in leaves. With plant maturity, the rate of de- 

cline was greater in stems than in leaves although digestibility of 

stems did not fall below that of leaves until after head emergence. 

Water -soluble carbohydrates are present in both leaf and stem but 

the reserve carbohydrate, fructosan, is more highly concentrated in 

the stem (Waite, 1963). 

Pritchard et al. (1963) reported in vitro fermentation data for 

tall fescue. Between the ten percent head stage and flowering, dry 
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matter digestibility of the whole plant declined 14 percent, but did 

not decrease appreciably after flowering. Grass stems were sep- 

arated into the lower and upper fractions and were subjected to in 

vitro fermentation. Consistently, the basal portion was more highly 

digestible than was the upper portion. Their work supported that of 

Steppler (1951), who found that lignification of cell wall tissue was 

greatest in upper sterns and somewhat less in lower stems. Diges- 

tibility of stem parts was negatively associated with degree of ligni- 

fication. 

Kentucky 31 tall fescue aftermath nutritive values were reported 

(Brown et al. , 1963). Although crude protein content decreased with 

age, dry matter digestibility did not change appreciably. Digestibil- 

ity of crude protein did decrease over a 13 -week period from 72 to 

56 percent. 

Dietary Characteristics 

On a subclover - annual grass pasture in Australia, Wilson (1963) 

found sheep to select grass almost exclusively and to reject the clo- 

ver. Crude protein content of the spring diet was 13. 8 percent, about 

six percent higher than the forage available. But during summer, 

sheep diets and available forage contained the same amount of crude 

protein. Dietary fiber content was consistently less than that con- 

tained in forage. 
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Work reported by Davis (1964) in Australia on an annual rye - 

grass- subclover pasture indicates a different pattern of sheep pref- 

erences than found by Wilson (1963). Davis found subclover to be 

preferred in summer when both species were dry but to be rejected 

in late spring. In early spring selection of subclover by sheep was 

dependent upon whether nitrogen fertilizer had been added and wheth- 

er grazing intensity was moderate (four sheep per acre) or heavy 

(seven sheep per acre). In early summer sheep preferred ryegrass 

when 60 pounds of nitrogen per acre had been applied regardless of 

grazing intensity. Dietary crude protein content was 23 percent 

when sheep selected diets containing 56 percent dry subclover (Arn- 

old et al. , 1964). 

On hardinggrass -subclover pastures, Arnold, Mc Manus and 

Bush ( 1964) found that sheep digested more of the forage organic 

matter in the spring and fall than in the summer. Digestible organ- 

ic matter was also lower under light grazing intensity. In an earlier 

report, Arnold (1960) compared organic matter digestibility of hard- 

inggrass-subclover forage fed to sheep in pens to that grazed by sheep. 

Grazing sheep selected a diet of approximately 80 percent digestible 

organic matter until the time that hardinggrass flowered; digestibil- 

ity of grazing sheep's diets declined rapidly during this period to ap- 

proximately 60 percent and remained at that level through pasture 

dry -up. Diets of pen -fed sheep declined from 80 percent digestible 
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organic matter in early spring at a uniform rate to about 65 percent 

just prior to hardinggrass flowering, and then rapidly declined to 

55 percent, remaining at that level. Dietary nutritive values could 

not be accurately approximated for grazing animals by pen -feeding 

studies (Arnold, 1960). 

Output per steer and per acre were measured for annual rye - 

grass and tall fescue in Texas (Riewe et al., 1963). Ryegrass ap- 

peared to be superior to tall fescue in weight gain per steer, weight 

gain per acre and forage production; however, animal carrying ca- 

pacity was highest on tall fescue pastures. 
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METHODS AND MATERIALS 

Overall Design of the Project 

Adjacent ryegrass and tall fescue pastures with subclover were 

subdivided in 1964 and 1965 as indicated in Table 3. The longitudinal 

split was made in 1964 to accommodate both sheep and cattle grazing 

in each pasture mixture and in 1965 the split was made laterally to 

introduce a change in intensity of grazing. Pens for handling animals 

were constructed in corners of the pastures. Fresh water and trace - 

mineralized salt were continuously available. 

Table 3. Diagram of the pasture layout. 

Tall Fescue 
Sheep 
S -1 

S-1H 

Cattle 
C -1 

e Cattle 

Low Intensity 
(both 1964 & 1965) 

C-1H C-2H 

High Intensity 
(1965 only) 

Sheep 
S -2 

S-2H 

-f-, 165' j- 330' 

o 

Rye rass 

C-2 

ja.--1651 

O 
v7 

I 

I 
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In future reference to pastures and associated treatments symbols 

are used as indicated in Table 3. 

1964 Grazing 

Grazing in 1964 began on April 8 with three esophageal- fistu- 
7/ lated- ewes, each, on S -1 and S -2, and one fistulated yearling steer, 

each, on C-1 and C -2. Tall fescue was approximately 12 inches high 

at this time and growing vigorously. Ryegrass was approximately 

eight inches high. Subclover petioles had not yet begun to elongate. 

Annual grasses, relatively unimportant in 1964 as opposed to 1965, 

were well established, but had not started rapid growth. 

Fistulated animals remained on pastures until September 21; 

no sampling occurred after September 1. Several ,Hereford 

yearling heifers were added to each pasture to remove excess forage 

during the period April 29 to May 18. 

1965 Grazing 

Pastures were not grazed from September 21, 1964 to March 

26, 1965. Tall fescue had made sufficient growth by this time to 

allow grazing; it was approximately ten inches high. Accordingly, 

six and seven fistulated ewes were placed on S -1 and S -1H, 

Esophageal- fistulated will be referred to as " fistulated" 
unless otherwise denoted. 
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respectively, March 26. On April 1 7, three ewes were transferred 

to S -2 and S -2H after one ewe had died. 

Seven fistulated yearling steers and heifers were placed on the 

cattle -grazed pastures April 17. Several adjustments were made 

from pasture to pasture. With the death loss of one heifer and seri- 

ous sickness of a second heifer from early May forward until her 

death in July, cattle were adjusted to one heifer and steer on C -1H 

and one heifer and two steers on C -2H. Except when sampling C -1 

and C -2 pastures, these cattle remained on C -1H and C -2H. 

In order to obtain a heavier degree of grazing intensity, addi- 

tional animals were added to S -1H, S -2H, and C -1H. Three yearling 

cattle on C -2H provided sufficient grazing pressure. Three mature 

Hereford cows and their calves grazed C -1H from April 6 to April 

17. From May 4 to June 1, three mature Hereford cows grazed 

C -1H. Seven Suffolk ewes were added each to S -1H and S -2H en 

April 28 and remained until August 10. Fistulated cattle and sheep 

were removed from pasture September 11. 

Forage Production and Botanical Composition 

1964 Sampling 

Each two and one -half acre pasture was arbitrarily divided 

into an upper and lower block (165' x 330' or 10 rods x 20 rods). 
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Each block was further subdivided into eight, five by five rod plots. 

Sampling was conducted to determine forage production and species 

composition with and without grazing. Within each block, one 5 x 5 

rod plot was randomly chosen and a 16' x 16' permanent woven wire 

exclosure constructed at the beginning of the grazing season. These 

exclosures were left ungrazed and used to calculate total yields. 

Pastures were sampled at eight separate times (April 20, May 

5, May 19, June 3, June 21, July 9, August 1, and August 30) or ap- 

proximately the mid -period of each animal sampling. Within each 

16' x 16' permanent exclosure two randomly selected plots out of a 

total of 16 were clipped at each sampling period. Forage was ob- 

tained within two, 2. 4- square -foot circular sampling rings by hand - 

clipping at each sampling date. Clipping height was approximately 

one -half inch in the ryegrass - subclover pastures and one inch in the 

tall fescue -subclover pastures for the two major grass species and 

near ground level for the subclover. 

One of the remaining seven plots contained a portable, staked 

16' x 16' exclosure. At each sampling date, this portable exclosure 

was moved to another plot. Before moving, four 2.4-square-foot 

areas were clipped both within and outside the movable exclosure to 

determine grazed production and forage utilization (Sanders, 1965). 

At the July and August sampling dates throughout each block, six, 

instead of four, 2. 4- square -foot areas were randomly selected 
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outside the movable exclosure and clipped. 

Botanical composition of pastures was determined 

techniques in 1964. On the 1st, 5th, 6th, 7th, and 8th sampling 

dates, while being clipped, species were hand- separated in the field 

into (1) ryegrass or tall fescue, (2) subclover, and (3) other forage. 

Samples were weighed green and either oven -dried at 100° C. for 24 

hours or subsampled for dry matter determinations. Botanical 

composition of each clipped sample was calculated in percent by 

dry weight. 

On the 2nd, 3rd, and 4th sampling dates when species were 

growing in intimate mixture, the constituent differential method of 

determining percent of legume in the mixture was used (Cooper et al., 

1957). No tedious hand -separation of species is required as long as 

species other than the dominant grass and legume are minor. The 

principle in determining the legume percentage recognized the rela- 

tive differences between grass and legumes in constituents such as 

dry matter or crude protein. The method is useful as long as a 

differential remains in the same constituent for each plant group. 

Dry matter percentage of tall fescue, ryegrass, subclover, 

and a representative composite sample of mixed forage was deter- 

mined for all pastures for sampling periods 2, 3, and 4. Percent 

legume in the sample is determined by the following formula (Cooper 

et al., 1957): X = 100 
(L -G) (H) 

_ 
(H- G)(L), where X is the percent legume in 

h.7 two. 
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the mixture, H is the percent dry matter of the mixture, G is percent 

dry matter of the grass, and L is percent dry matter of the Legume. 

Success in using the constituent differential method requires 

careful selection of representative samples in the field, accurate 

determination of dry matter content, and recognition of the times 

when the constituents in the respective species will not give accur- 

ate results of species composition. 

1965 Sampling 

A study was undertaken to compare the relative merits of four 

methods of determining forage production and species composition 

on the experimental pastures in 1965. The four methods were (1) 

weight estimate, and (2) hand separation of clipped species to obtain 

actual weights for both production and composition; (3) the dry weight 

rank method (Mannetze and Haydock, 1963), and (4) constituent differ- 

ential method for species composition. Data for the 1965 season are 

derived from weight estimates since these figures provided a more 

representative sample from pastures than was available by clipping 

only in 1964. 

Within each pasture on seven sampling dates (April 21, May 6, 

May 20, June 3, June 16, July 7, and July 30), estimates of available 

8/The study to evaluate the four methods was conducted by Mr. 
Rafael Pesott, Range Management graduate student from Austral 
University, Valdivia, Chile. 
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forage green weight by species were made on 25 randomly - located 

2.4- square -foot plots. Five of the plots were clipped and separated 

by species in the laboratory. Dry matter percentage, forage pro- 

duction, and species composition by dry weight were calculated. 

Green weight estimates were converted to dry weight. Weight esti- 

mates by species were related to actual weight by species with linear 

regression analysis for plots which had been both estimated and 

clipped. Prediction equations were developed for each treatment to 

correct weight estimates. Species composition by weight was calcu- 

lated from the corrected weight estimates of forage production. 

Esophageal Fistulation of Cattle and Sheep 

In 1964, six two- year -old open Willamette ewes were selected 

for installation of esophageal fistulae. Ewes had been previously 

shorn and live weights ranged from 97 to 130 pounds. Two yearling 

steers, one Angus and one Angus- Hereford crossbred, weighing ap- 

proximately 800 pounds each, also were selected for fistulation. 

In 1965, ten additional Willamette ewes, ranging in age from 

four to nine years and of similar live weight to those of 1964, were 

selected for the surgery. Except for the surgical area, sheep were 

not shorn until approximately three weeks post- surgery. Yearling 

cattle fistulated in 1965 included two Hereford heifers, one Hereford 

and two Hereford -Angus steers weighing from 490 to 570 pounds. 
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Surgery as outlined in Van Dyne and Torell (1964) was per- 

formed on animals in February and March 1964 by J. F. Bone, 

D. V. M. and in February and March 1965 by K. J. Peterson, D. V. M. 

of the Oregon State University Department of Veterinary Medicine. 

Sheep were maintained on green grass prior to surgery in both 

1964 and 1965. They were removed from forage and water for 24 

hours prior to the surgery, fistulated, and returned to grass. No 

hay, either baled or pelleted, was available. A mixture of small 

grains, mostly wheat and no oats, was fed in small amounts. Sheep 

exhibited no difficulty in swallowing grain one day post- surgery. 

Cattle were adjusted to pelleted alfalfa hay for approximately 

three weeks prior to surgery in both years. In addition, small 

amounts of a concentrate mixture of rolled barley, corn, and dried 

molasses beet pulp were fed in 1965. Both feed and water were un- 

available to cattle during the 24 hours preceding surgery. After 

surgery, cattle evidenced normal behavior when returned to pelleted 

hay, concentrate mixture, and water. Cattle did have access to a 

small lot containing sparse green forage; no grazing difficulty was 

observed. 

Surgery was exactly as described by Van Dyne and Torell 

(1964) with the following modifications. Both cattle and sheep were 

tranquilized in 1965 and cattle only in 1964. One very helpful addi- 

tion in 1965 was the use of an aspirator comprised of a vacuum pump 
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with a hose to a suction flask. An assistant manipulated the aspirator 

constantly in the incision to maintain the surgical area as free as 

possible of blood, saliva, and rumen contents. 

Successful dietary sample collections may be made as soon as 

fistulae become healed. Sutures may be removed in eight to ten days 

post -surgery. Collections should be of short duration until animals 

become accustomed to the procedure. 

Care and management of fistulated animals and problems en- 

countered are discussed in Appendix D. Pictures of the closure de- 

vice and fistulated animals are also included in Appendix D. 

Sample Collection and Treatment 

Forage 

In 1964 one composite forage sample for chemical and percent 

dry matter disappearance (PDMD) analysis was selected per pasture 

per sampling date from the samples clipped for estimates of forage 

production and species composition. The 1965 forage samples for 

chemical and PDMD determinations consisted of the clipped samples 

obtained for hand separation. One composite sample per pasture per 

sampling date was retained. Samples were dried at <100°C. for 24 

hours in a gravity -convection oven, subsequently ground through a 

40 -mesh screen in an Abbe mill, and stored in cardboard containers 

in 1964 and closed paper bags in 1965, 
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Diet 

Canvas bags equipped with screen bottoms as described by Van 

Dyne and Torell (1964) were attached to sheep and cattle to collect 

dietary samples while grazing. Cattle bags were approximately ten 

inches square and sheep bags six inches square. Screen with mesh 

slightly larger than normal window screening was used in some bags 

and allowed a larger amount of saliva to drain off in addition to pro- 

viding additional strength. Van Dyne and Heady (1965a) stated that 

biased samples could be obtained from only morning sampling on the 

basis of a study of preference on dry California annual range forage. 

Their data indicated no time of day differences in dietary chemical 

composition for both cattle and sheep when averaged over the entire 

summer, although the data suggested that animals were more selec- 

tive in the afternoon. Data reported by Taylor and Deriaz (1963) of 

diets selected by cattle on perennial ryegrass indicated no consistent 

time of day differences in organic matter digestibility. In this study, 

late afternoon and evening sampling was employed in both 1964 and 

1965. 

Length of sampling period was at least three days in both years. 

Arnold et al. (1964) suggested that data pooled from only three sheep 

over three days may give an accurate estimate of dietary chemical 

constituents for a flock of sheep grazing during that period. Van 

Dyne and Lofgreen (1965) and Van Dyne and Heady (1965a) presented 
data to show that the number of animals required to collect samples 

to estimate digestibility and chemical composition is quite variable. 
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But, among -day variability may often be less than among -animal 

variability (Arnold et al. , 1964; Van Dyne and Heady, 1965a). 

Upon collection, each dietary sample was inspected for contam- 

ination by rumen contents and accepted or rejected by subjective eval- 

uation. In 1964, samples collected for the first four sampling dates 

were placed in labeled plastic bags and frozen. Samples for the last 

four sampling periods were not frozen but botanically examined the 

day following collection. After thawing, the samples were botanically 

analyzed, dried at <100°C. for 24 hours, and kept for chemical and 

PDMD analyses. Dietary samples in 1964 were bulked on a per ani- 

mal basis by sampling period. In 1965, dietary samples were sepa- 

rated in the field. A larger portion was placed in plastic bags, fro- 

zen, later botanically analysed, and most samples discarded. Be- 

cause washed fistula samples exhibited abnormal properties in PDMD 

in 1964, several washed samples were obtained for comparison to 

oven -dried samples with respect to crude protein, ash, and PDMD 

values. Smaller portions were placed in paper bags and dried im- 

mediately. On the first two sampling dates, samples were dried at 

<70°C. in a gravity convection oven until approximately 90 percent 

dry. Drying was very slow; samples from that period on were dried 

at < 95°C. in a forced -draft oven. In both years, dried samples were 

ground through a 40 -mesh screen in an Abbe mill. Also, both forage 

and dietary samples were re- ground through a 20 -mesh screen in a 

micro -Wiley mill prior to crude protein, ash, and PDMD determina- 

tions. 
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Botanical Examination of Dietary Samples 

A microscopic method of assessing botanical composition of 

dietary samples was adapted from that reported by Heady and Torell 

(1959) and more recently discussed by Harker et al. (1964); Heady 

and Van Dyne (1965); and Van Dyne and Heady (1965b). After thaw- 

ing, dietary samples were washed lightly in water and squeezed be- 

tween two layers of cheesecloth. Each sample was spread in a sheet 

metal tray six inches by 30 inches and pressed down lightly. The 

tray was passed beneath a binocular microscope with a cross -hair 

in one eyepiece. Ingested material was identified by plant species, 

and as parts of species after head development. Two hundred obser- 

vations (points) per sample, in sets of 50, were taken and percent 

species composition on a point basis, computed for each sample. 

After reading 50 points, the sample was thoroughly mixed and pressed 

down again before the next set of observations. 

Preliminary sampling each year indicated that variability among 

sets of 50 points in a 200 -point sample was no greater than in a 400 - 

point sample. Heady and Torell (1959) and Heady and VanDyne (1965) 

reported that a total sample of 400 points was necessary to obtain 

sample means for the major species within ten percent of the popula- 

tion mean at 95 percent confidence. These data were for annual 

range forage consisting of many species. Data in the present study 

were separated into perennial grass and subclover components in 

1964, and perennial grass, annual grass, subclover, and an "other" 

category in 1965. Harker et al. (1965) reported that 400 points per 
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sample were read, but that with two of four observers, 200 points 

were equally precise. In their study, 400 points per sample were 

read in one sequence with no redistribution of plant material between 

sets of points. 

In this study, one observer evaluated all samples both years. 

Periodic checks made by two observers in 1965, when identification 

of plant material was more difficult, indicated that good consistency 

was exhibited between individuals. 

Species composition on a percent point basis was not converted 

to percent weight. Conversion to percent by weight is desirable, es- 

pecially when forage intake data are available. Heady and Van Dyne 

(1965) presented regression equations indicating percent botanical 

composition by weight of clipped samples can be accurately deter- 

mined with the point method for California annual range forage. Ra- 

tios of weights to points changed throughout the growing season and 

grasses were underestimated while forbs and shrubs were overesti- 

mated. Van Dyne and Heady (1965b) converted fistula sample percent 

point data to percent by dry weight data on similar type annual range. 

With only two species, Harker et al. (1964) found a linear re- 

lationship between percent points and percent by dry weight on fistula 

samples. In both 1964 and 1965, clipped herbage samples were read 

with the microscope technique in an attempt to establish the relation- 

ship of percent points to percent by dry weight for these types of 

forage. 
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Experimental Design 

Sampling to estimate forage production in 1964 differed from 

1965. In 1964 these pastures were part of a study by Sanders (1965) 

on seasonal forage production and utilization. There was no physical 

replication of each pasture type. Thus, the four treatments in 1964 

and eight treatments in 1965 are, in effect, four and eight pastures, 

respectively. 

In 1964, each pasture was divided into two blocks and one area 

randomly located within each block per sampling period. Blocks 

were established to determine within -pasture variability. Both 

total and grazed forage production and species composition were 

determined. Production differences were determined by analysis 

of variance employing a factorial design for the grazed forage data 

(Table 4). For total forage production data, samples within blocks 

were considered to be replications and a functional analysis of vari- 

ance employed with sampling periods as groups. Within -period dif- 

ferences among pastures for grazed forage data were further deter- 

mined in a completely random design (Steel and Torrie, 1960). 

For the methods evaluation study in 1965, 25 completely ran- 

dom 2. 4- square -foot weight estimates were made on an individual 

species basis within each pasture at each of seven sampling dates. 

Only grazed forage production and species composition were 
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estimated. 

Table 4. Design for analysis of variance of 1964 data. 

Source of variation Number of treatments 

Class of livestock 
Pasture mixture 

Sampling periods 
Total 

2 

2 

8 

32 

Statistical analysis to determine the significance of differences 

in forage production among treatments and sampling periods was by 

analysis of variance in a factorial design (Table 5). 

Table 5. Design for analysis of variance of 1965 data. 

Source of variation Number of treatments 

Intensity of grazing 2 

Class of livestock 2 

Pasture mixture 2 

Sampling periods 7 

Total 56 

The four -way interaction was used as the error term. Where 

three -way interactions were not significant, three -way and four -way 

interactions mean square values were pooled as the error term (Al- 

der and Roessler, 1961). Each forage production figure is the mean 
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Dietary Sampling Technique 
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Dietary samples obtained from fistulated animals were assumed 

to be completely at random, i. e. , animals had no restriction to move- 

ment within a pasture in either year. Samples of clipped forage for 

chemical and digestibility determinations were also randomly obtained 

in both years. 

In 1964 and 1965 all fistula samples were examined for botan- 

ical composition. Dietary samples in 1964 were pooled on an animal 

basis, across days within a sampling period. In total, 217 dietary 

samples were collected, and when pooled on an animal basis, this 

number was reduced to 76. Arnold et al. (1964) stated that three 

sheep over a three -day period appeared to give a valid estimate of 

diet composition for the immediate time period. Time limitations 

prevented chemical and PDMD analyses on the total number of sam- 

ples in 1964. If pooling is done, a per animal rather than a per day 

basis would be preferred (Arnold et al. , 1964; ° Van Dyne and Heady, 

1965a; Van Dyne and Weir, 1964a). In 1965, 433 dietary collections 

were made and botanical, chemical, and PDMD data obtained on 

most samples. 

With fewer animals in 1964 than in 1965, some variations in 

sampling design existed between years. Only two steers were 
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fistulated in 1964. Dietary samples were collected from each steer 

on C-1 and C-2 for three consecutive evenings and the steers were 

switched between pastures. After a one or two -day interval to allow 

adjustment to different forage, collections were made for three more 

consecutive days. Until sheep numbers were reduced by death to four 

and then three in July 1964, collections were made in each pasture 

mixture simultaneously for separate animals. For the last three 

sampling periods (early July, late July, late August) samples were 

obtained from three sheep for three days in one pasture mixture. 

Sheep were then moved to the other pasture mixture where collec- 

tions were made for three more days following a one or two -day 

interval. In 1965 for the latter part of the season, animals were 

penned at approximately two o'clock P. M. with access to water and 

used to collect samples at approximately six o'clock P. M. During 

1964 and the early season part of 1965, animals were caught just 

prior to sampling. 

Sheep in 1965 were not moved among the sheep treatments (S -1, 

S -1H, S -2, S -2H) as in late season 1964. With the exception of the 

early August sampling period for S -1, every treatment was sampled 

by two or three sheep for three consecutive days. With cattle, three 

and two animals remained on pastures C -2H and C -1H, respectively, 

following the early May sampling period. To sample pastures C -2 

and C -1, animals were removed from C -2H and C -1H for the 
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sampling period. Following the sampling of pastures C -2 and C -1, 

animals were returned to C -2H and C -1H. Forage under the two 

grazing intensities was similar; no time interval was allowed between 

sampling the heavily and lightly -grazed pastures. During the first 

two sampling periods, animal adjustments were made from pasture 

to pasture. 

Assessment of Treatment Differences 

Differences between dietary and forage, among -dietary, and 

among- forage characteristics were tested statistically. Between 

the same characteristic of both forage and dietary samples, analysis 

of the difference was made by paired "t" tests (Steel and Torrie, 

1960). The assumption was made that each animal was randomly 

paired with the forage available to him. Not all comparisons of diet 

and forage were made on a within -period basis. In 1964, as many 

as four sampling periods for some treatments could be tested togeth- 

er if relatively little difference existed between dietary and forage 

values from period to period. 

For the 1964 data, only two major diet -versus -forage compari- 

sons were made; crude protein (dry matter basis) and percent sub - 

clover. Characteristics compared for 1965 data were crude protein 

(dry matter and organic matter basis), ash, PDMD, and percent of 

the major species available. 
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The significance of differences for a constituent among all 

dietary and all forage samples for either year was determined by 

analysis of variance in a factorial design similar to that for the for- 

age production data (Tables 4 and 5) . The four-way interaction mean 

square was used as the error term. If three -way interactions were 

not statistically significant, both three and four -way interaction 

mean squares were pooled for use as the error term. All effects 

were considered fixed rather than random. The three -way inter- 

action mean square was employed as the error term in 1964 analyses 

of variance. 

Because treatment means were used in the analysis of variance 

without true replication, tests of significance among individual 

means were conservative. The least significant difference (LSD) 

test was used to distinguish differences among individual means. 

Conservative tests were made because "n" equals one in the formu- 

la, LSD = t error variance differences in any one sampling a n 

period were large among means but not large enough for significance, 

completely randomized analyses of variance were conducted on a 

within period basis. 

Among -animal and among -day variability was assessed on a 

within sampling period within- treatment basis when data from at 

least two animals and three days were available. This could not be 

done for 1964 chemical and PDMD data, but was done for percent 

If 
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subclover contained in animal diets. For related treatments where 

no significant difference existed between treatment means within a 

sampling period, data of more than one treatment were combined for 

animal and day variability assessment. When necessary, missing 

data were calculated by the formula X = 
T - G 

(r- 1)(t -1)' where r and t 

are the number of blocks and treatments, B and T are the totals of 

the observed observations in the block and treatment containing the 

missing unit, and G is the grand total of the observed observations 

(Steel and Torrie, 1960; p. 139). Analysis of variance was con- 

ducted as in Table 6. 

Table 6. Design for analysis of variance to test among -animal 
and among -day dietary variability. 

Source of variation Numbers d. f. 

Animals 

Days 

Animals x days 

2 -6 

3 -6 

1 -5 

2 -5 

2 -10 

For both 1964 and 1965 data, simple correlation coefficients 

among dietary, among forage, and between dietary and forage char- 

acteristics were determined (Steel and Torrie, 1960; Van Dyne and 

Heady, 1965c). Association of characteristics both within and across 

sampling periods was determined on an individual treatment basis. 

Only biologically meaningful relationships were evaluated by 

rB+ 
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correlation analysis. 

Differences between washed and non -washed dietary samples 

were determined by paired "t" test for crude protein, ash, and PDMD 

of 1965 samples (Steel and Torrie, 1960). 

Chemical Composition Determination 

Both crude protein and ash content were determined by standard 

methods (Association of Official Agricultural Chemists, 1960). Crude 

protein on a dry matter and on an ash -free basis are presented for 

1965 and on a dry matter basis for 1964. All 1964 crude protein 

samples were analysed in duplicate. In 1965, both crude protein and 

ash analyses were on single samples. During each run for crude 

protein, at least two samples were duplicated to determine within - 

run precision and to verify procedure. Samples which exhibited un- 

usual values were re -run. 

In Vitro Fermentation of Forage and Dietary Samples 

All samples in 1964 and 1965 were subjected to in vitro fermen- 

tation to estimate PDMD. It is recognized that perhaps most desir- 

able would be the concurrent digestion of both forage and dietary 

samples with rumen inocula from animals grazing on the same pas- 

ture mixtures from which the samples were obtained. However, be- 

cause of the investigative nature of this study, inoculum from an 
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animal maintained in drylot on good quality alfalfa hay was used with 

all samples in both years. A relative ranking of PDMD for samples 

rather than an estimate of the actual digestibility was attempted. 

Variation among animals' digestive power may be much less when in 

drylot on a single roughage than when on range (Van Dyne and Lof- 

green, 1964; Van Dyne and Weir, 1964a). 

The basic procedure for determining PDMD was similar each 

year. Using apparatus as described by Smith (1963), samples in 

1964 were digested on an "as received" basis, and dry matter per- 

centage determination made to correct for moisture contained in 

samples. In 1965, samples were placed in a gravity convection oven 

at <80° C. for 24 hours prior to weighing into the fermentation flasks. 

The apparatus has a 72, 250 ml. fermentation flask capacity. In 

1964, eight trials of 24 hours duration were made; ten trials were 

conducted in 1965. Determinations in 1964 were conducted in two 

manners . 

(1) Duplicate tubes were fermented within and between trials for 

the first three trials. The average of four values was accepted 

as an estimate of dry matter disappearance. 

(2) For the last five trials, determinations were made in tripli- 

cate on a single -trial basis. 

The 1965 samples were not run in duplicate. Samples that appeared 

to digest abnormally were re -run. Included in each trial were three 

or four tubes of an alfalfa with known in vivo dry matter digestibility. 
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The in vitro data within each trial were corrected by the relationship 

to the standard sample digestion, the ratio of the in vitro to in vivo 

digestibility of the standard sample. Such data are expressed as 

PDMD. 

The same donor animal was used in 1964 and 1965, a monozyg- 

ous twin Hereford steer. The animal was fed straight alfalfa hay for 

at least a week before trials commenced. In 1964, the steer had been 

on another alfalfa hay previous to this trial; in 1965, he was on good 

irrigated pasture. On days when a trial was started, feed and water 

had been removed from approximately six o'clock P. M. to eight 

o'clock A.M. Rumen contents were thoroughly mixed by hand, re- 

moved, and the fluid squeezed into pre- heated thermos bottles for 

transport to the laboratory. A more uniform and representative 

population of microorganisms should be obtained from trial to trial 

by thorough mixing, but recent evidence suggests that a sample 

taken mid-way in the rumen is representative of the total microbial 

population (Davey, 1964). 

In the laboratory, rumen contents were filtered through four 

layers of cheesecloth into large beakers and placed into a water bath 

at 39°C. After separation of the lower layer from the larger -particle 

(lighter) material (approximately a 15 -20 minute process), it was re- 

moved by suction and mixed in the proper proportions with the arti- 

ficial saliva- nutrient buffer solution. Wallace et al. (1965) reported 
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that strained rumen fluid gave less variable in vitro fermentation 

results than did washed suspensions of rumen microorganisms. 

Artificial saliva was compounded the day before each trial. 

Chemicals were mixed with distilled water in the following propor- 

tions (Smith, 1963): 

Grams /Liter 
NaHCO3 4.17 

Na2CO3 8. 30 

Na2HPO4. 12H2O 1.99 

KC 1 0. 48 

CaSO4. 2H2O 0. 04 

MgSO4 0. 002 

Urea 0. 64 

The solution was made up to three liters for each trial and kept at 

room temperature. Prior to preparation of the inoculum, artificial 

saliva was placed in the water bath and carbon dioxide bubbled through 

it to reduce the pH to 7. 1. 

Mixed inoculum was prepared by mixing 1200 ml. strained ru- 

men fluid, 2400 ml. artificial saliva, and 400 ml. distilled water. 

Fifty ml. were added to each 250 ml. fermentation tube with an 

automatic delivery apparatus. Each tube was connected in a series 

of four to the carbon dioxide source and flushed with gas for 30 min- 

utes. Gas was shut off and hoses disconnected but stoppers left in- 

tact. Tubes were shaken periodically to assure thorough mixing of 

contents. 
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Following fermentation for 24 hours, previously weighed and 

dried sintered glass crucibles received the residue by suction. Af- 

ter drying for at least 18 hours at 100° C. crucibles were weighed 

and PDMD calculated. The residue was discarded except for one 

trial in 1965 which was kept for ashing. 
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RESULTS AND DISCUSSION 

Livestock Use of Pastures 

In 1964, grazing use was only light on all pastures. Using con- 

version factors of 0. 7 for yearling cattle 12 to 17 months of age, 

1. 0 for mature cows, and 0. 2 for mature ewes (American Society of 

Range Management, 1964), calculated animal use for pastures in 

both years is presented in Table 7. Use on the heavier -grazed pas- 

tures in 1965 was fairly comparable to that practiced in commercial 

operations. The contrast in forage production and grazing use for 

the two intensities of grazing was readily evident. 

Table 7. Animal use of experimental pastures in 1964 . and 1965. 

Pasture Year Grazing Season Animal Days 
Stocking Rate 
An. Days /Acre 

S -1 1964 4/17 to 9/8 163 65 
S -2 1964 do 155 62 
C -1 1964 do 168 67 
C -2 1964 do 160 64 

S -1 1965 3/26 to 8/10 92 74 
S -1H 1965 do 238 190 
S -2 1965 4/17 to 8/10 50 40 
S -2H 1965 do 206 165 
C -1 1965 do 45 36 
C -1H 1965 do 237 190 
C -2 1965 do 53 42 
C -2H 1965 do 184 147 
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No measures of animal performance were made except check 

weights on cattle in both years. Cattle in 1964 made 1, 52 pounds 

per day weight gain from April 17 to July 13 and 0. 57 pounds per day 

from July 13 to September 21. More general difficulty in fistulae 

malfunction was experienced with the smaller cattle in 1965. Two 

heifers died. One steer lost weight, one heifer maintained weight, 

and three animals gained approximately 0. 6 pounds per day from 

April 17 to September 11. 

Forage Production and Botanical Composition 

1964 Season 

Forage Production 

Information obtained from permanent exclosures in the pastures 

was used to compute total forage production and species composition. 

The pattern of forage growth without grazing is shown in Figure 3. 

Analysis of variance in a functional design showed yield differences 

to exist both among sampling periods and between pasture mixtures 

within a sampling period. Yields of tall fescue - subclover were 

greater than ryegrass- subclover from the June 2 sampling date 

throughout the summer. The difference of 1270 pounds of oven -dry 

matter per acre on June 2 was not statistically significant, due per- 

haps to high sampling variability. On subsequent dates, the 
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differences were significant (.05), Forage production figures, 

standard errors of means and percent species composition are given 

in Appendix E. 
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Figure 3. Total ungrazed seasonal forage dry matter production 
and percent subclover in tall fescue -subclover and 
ryegrass - subclover pastures, 1964. 

Much more subclover was present in the ryegrass - subclover 

than in the tall fescue - subclover pastures when rapid clover growth 

was attained in May. Data in Figure 3 indicate that maximum sub- 

clover dry matter yields occurred at the June 2 sampling date in both 

mixtures. Decrease in yields in late summer is likely due to loss 

of harvestable leaves and seed by shattering. 

Amounts of forage dry matter available for grazing are shown 
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for each pasture in Figure 4. Analysis of variance of mean yields 

in a factorial design showed that significant differences (. 01) in forage 

dry matter yield existed among sampling periods averaged across 

both pasture mixtures and class of stock, and that a significant dif- 

ference (. 05) existed between sheep and cattle - grazed pastures when 

mean yields were averaged across pasture mixtures and sampling 

periods (Appendix F). Cattle grazing pressure on the respective pas- 

ture mixtures was only slightly greater than that of sheep (Table 7), 

two animal days per acre. Yield data show that cattle removed rela- 

tively more forage than did sheep although grazing days do not indi- 

cate this. 
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Figure 4. Seasonal production of forage oven -dry matter from 
grazed tall fescue- subclover and ryegrass- subclover 
pastures, 1964. 
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Table 8 gives mean forage amounts available per acre when data are 

averaged across pasture type and class of animal. Available dry mat- 

ter estimates and standard errors of means are given in Appendix G. 

Table 8. Mean available forage dry matter yields per sampling 
period, all grazing treatments, 1964. 

Sampling Period 
Late Early Mid- Early Mid- Early Late Late 
Apr. May May June June July July Aug. 

pounds per acre 
3140a 3240a 4000b 5380c 5330c 4940d 4000b 3910b 

Means having different letters differ significantly, (P<. 05). 

Botanical Composition 

Subclover occurred in all pastures in varying amounts. Although 

a few minor species were present and are listed in Appendix A, the 

major perennial grasses, tall fescue and perennial ryegrass, made 

up almost all of the non - subclover portion of the composition in their 

respective pasture mixtures. Accordingly, only subclover and its 

respective grass in the pasture mixture are considered. Data are 

presented as percent subclover. 

Figure 5 shows the seasonal pattern of subclover in 1964. Analy- 

sis of variance in a factorial arrangement revealed significant dif- 

ferences (. 01) in subclover percent due to class of stock, pasture 

mixtures, and the class of stock x pasture mixture interaction 

(Appendix H). Significant differences (. 05) were due to sampling 
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periods and a pasture mixture x sampling period interaction. 
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Figure 5. Seasonal percent subclover in grazed tall fescue - 
subclover and ryegrass - subclover forage, 1964. 

Cattle -grazed pastures contained significantly more (. 01) sub - 

clover than sheep - grazed pastures. Average percent subclover in- 

creased during the season until the late June period and then declined 

(Table 9). 

Table 9. Average percent subclover composition during the 
grazing season, 1964. 

Late Early Mid- Early Mid- Early Late Early 
April May May June June July July August 

percent by dry weight 

47ab 47ab 50abc 54bc 61cd 55cd 49abc 43a 

Means having different letters differ significantly, (P< .05). 

ia 
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Significant differences (. 01) existed in subclover content among all 

pastures, explaining the class of stock x pasture mixture interaction. 

The order of decrease in subclover content is C -2, S -2, S -1, C -1. 

Both C-1 and S-1 contained approximately the same percent of sub- 

clover season -long. The significant pasture mixture x sampling 

period interaction is shown in Figure 5 by the relative seasonal in- 

crease in sub - clover in ryegrass pastures as opposed to the corres- 

ponding decrease in tall fescue pastures. 

Comparisons of Botanical Composition of Ungrazed and Grazed 
Forage 

Percent subclover as related in Figures 3 and 5 cannot be 

directly compared because that in Figure 3 is for both fescue - 

subclover pastures (S-1 and C-1) and both ryegrass - subclover pas- 

tures (S -2 and C -2). is both S -1 and C -1, percent subclover of the 

grazed forage was similar to that in the ungrazed forage. Pasture 

.S -2 contained about 13 percent less subclover than did the ungrazed 

forage but C -2 contained approximately the same percentage. Hence, 

light grazing by sheep had a slight effect on botanical composition of 

ryegrass pasture but cattle had no effect on either pasture mixture. 



1965 Season 

Forage Production 
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The seasonal patterns of forage production as affected by the 

various grazing treatments are presented in Figures 6, 7, 8, and 

9. Mean yield data per grazing treatment per sampling period and 

the analysis of variance of these data are given in Appendix I. 

Of the lightly -grazed pastures, S -1 received the heaviest use, 

74 animal days per acre (Table 7). Other lightly- grazed treatments 

received an average of 40 animal days per acre. Both S -1H and C -1H 

were grazed to the same degree, 190 animal days per acre, with 

stocking rates on S -2H and C -2H at 165 and 147 days per acre, re- 

spectively. 

Stocking rates greatly affected grazed forage production, re- 

ducing it significantly (. 01) from a mean of 2110 pounds per acre 

under light grazing, to 930 pounds per acre under heavy grazing. 

Forage yields were significantly greater (. 01) in cattle -grazed pas- 

tures than in sheep- grazed pastures, 1630 and 1410 pounds per acre, 

respectively. Production of tall fescue forage was almost double 

that of ryegrass, 1990 to 1050 pounds per acre. 

Several significant interactions (. 05 and . 01) occurred. Table 10 

presents mean yields which are significantly different (. 05). 
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Figure 6. Seasonal production of forage oven -dry matter from 
tall fescue - subclover pastures grazed heavily (S -1H) 
and lightly (S -1) by sheep, 1965. 
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Figure 7. Seasonal production of forage oven -dry matter from 
tall fescue - subclover pastures grazed heavily (C -1H) 
and lightly (C -1) by cattle, 1965. 
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Figure 8. Seasonal production of forage oven -dry matter from 
ryegrass - subclover pastures grazed heavily (S -2H) 
and lightly (S -2) by sheep, 1965. 
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Figure 9. Seasonal production of forage oven -dry matter from 
ryegrass -subclover pastures grazed heavily (C -2H) 
and lightly (C -2) by cattle, 1965. 
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Table 10. Mean forage dry matter available as affected by 
grazing treatment, 1965. 

Grazing Treatment Pounds of Forage 
per Acre 

Averaged 

Sheep 

Cattle 

across pastures 
Heavily- grazed 
Lightly -grazed 
Heavily -grazed 
Lightly- grazed 

Averaged across class of stock 

Tall fescue Heavily -grazed 
Lightly -grazed 

Ryegrass 

Averaged 

Sheep 

Cattle 

910c1/ 
1905b 

945c 
2320a 

1130c 
2850a 

Heavily -grazed 720d 
Lightly -grazed 1370b 

across intensity of grazing 
Tall fescue 1960a 
Ryegrass 855c 

Tall fescue 
Ryegrass 

2025a 
1240b 

1 - Means not having the same letters differ significantly, (P <. 05). 

Grazing intensity affected both pasture mixtures similarly. Less 

forage was available under heavy grazing in both mixtures. Because 

tall fescue produces more forage than does ryegrass in these pas- 

tures, an interaction of intensity of grazing x pasture mixture was 

evident. Data in Table 10 show that the rank of forage yields per 

acre from most to least was lightly- grazed tall fescue, lightly -grazed 

ryegrass, heavily -grazed tall fescue, and heavily -grazed ryegrass. 

Other significant interactions (. 05) were intensity of grazing (I) 

x sampling period (SP) and pasture mixture (P) x sampling period.. 
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As the grazing season progressed, effects of heavy stocking rates 

were readily evident and caused an I x SP interaction. Also, with 

the progression of the season, forage yields of tall fescue increased 

more rapidly and were of greater magnitude than those of ryegrass 

which explains the P x SP interaction. 

Botanical Composition 

Table 11 contains data on the botanical composition of sheep - 

grazed tall fescue pastures. Subclover made up one percent or less 

of the forage at any time. Sheep grazing in pasture S -1H removed 

the annual grass component by mid -May. In pasture S- 1, even the 

small percentage of annual grasses allowed a large amount of animal 

selection (discussed in a later section). The few broadleaf weeds 

which were present in pasture S -1H were consumed readily except 

for scattered plants of bull thistle (Cirsium vulgare). 

Cattle -grazed tall fescue pastures contained more annual grasses 

than sheep -grazed tall fescue pastures (Table 12). This difference 

appeared to be due to the effect of cattle grazing as compared with 

sheep grazing. Sheep removed more of the annual grass component, 

especially on pasture S -1H (Table 11). A small amount of subclover 

was present in both pasture C -1 and C -1H. Tall fescue in the heavily - 

grazed pasture was uniformly utilized as shown in Figure 10, but 

overall botanical composition was not different. 
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Table 11. Botanical composition in sheep - grazed tall 
fescue - subclover pastures, 1965. 

Species 
Early 
Apr. 

Late 
Apr. 

Sampling Period 
Early 
July 

Early 
Aug. 

Early 
May 

Mid- 
May 

Early 
June 

Mid- 
June 

S -1 percent 
Tall fescue 99 99 98 94 92 93 87 93 

Annual grasses 1 1 2 5 7 6 11 6 

Subclover 1 1 1 1 1 1 -- -- 

Other 1 1 1 1 1 

S -1H 
Tall fescue 99 99 98 98 97 98 98 98 

Annual grasses 1 1 1 1 2 1 2 1 

Subclover 1 1 1 1 -- -- 

Other 1 1 

Table 12. Botanical composition in cattle - grazed 
tall fescue - subclover pastures, 1965. 

Sampling Period 

Species 
Late 
Apr. 

Early 
May 

Mid- Early 
May June 

Mid- 
June 

Early 
July 

Early 
Aug. 

C -1 percent 
Tall fescue 92 89 81 75 76 84 79 

Annual grasses 2 8 15 22 22 15 19 

Subclover 5 3 3 2 1 -- -- 
Other 1 1 1 1 2 

C -1H 
Tall fescue 87 88 86 79 74 92 87 

Annual grasses 10 10 9 17 20 5 10 

Subclover 3 2 4 2 1 1 -- 
Other 1 2 5 2 3 

-- 

-- 
-- -- -- 

-- -- 

-- -- 
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Figure 10. Tall fescue - subclover pastures, heavily -grazed 
(C -1H) picture on the right and lightly - grazed (C -1) 
on the left. Note the relative evenness of utilization 
in pasture C -1H. Photo taken May 21, 1965. 

The proportion by weight of ryegrass decreased with the pro- 

gression of the season in both pastures S -2 and S -2H (Table 13). 

Table 13. Botanical composition in sheep - grazed ryegrass- 
subclover pastures, 1965. 

Species 
Late 
Apr. 

Sampling Period 
Early 
July 

Early 
Aug. 

Early 
May 

Mid- 
May 

Early 
June 

Mid- 
June 

S -2 percent 
Perennial ryegr. 77 65 50 46 23 15 20 
Annual grasses 22 34 45 51 74 80 75 
Subclover 1 1 2 1 1 1 1 

Otherl/ 1 1 1 1 1 

S -2H 
Perennial ryegr. 87 73 59 50 39 19 30 
Annual grasses 12 27 40 49 60 80 69 
Subclover 1 1 1 

Other -- -- 1 1 1 1 1 

1 - Primarily velvetgrass. 
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Less than two percent subclover was present. Percent ryegrass 

declined more rapidly from early June in pasture S --2. This decline 

could be due more to competition from annual grasses than from 

grazing by sheep who were not taking large amounts of ryegrass 

until July (discussed in a later section). 

In pastures C -2 and C -2H, botanical composition was very simi- 

lar during late April and early May (Table 14). By mid -May, the 

annual grass component in pasture C -2 appeared to have obtained a, 

favorable competitive position, with ryegrass being reduced to ap- 

proximately 30 percent of the composition, a proportion maintained 

throughout the season. A similar competitive position by annual 

grasses in C -2H was not achieved until mid -June. 

More subclover was present in pasture C -2 than in C -2H but 

together these had more subclover than all other pastures. Sub - 

clover population in pasture C -2 was the most dense of all pastures 

in 1964, a possible reason for a density in 1965 greater than in 

other pastures. 

Ryegrass in C -2H declined to very low levels in summer. Cattle 

selected ryegrass in preference to annual grasses during this period 

(discussed in a later section). Cattle grazed in a "patchy" manner 

which increased difficulty of sampling for botanical composition. 

The increase in ryegrass from 7 to 15 percent on pasture C -2H 

from early July to early August may be due partially to sampling 
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error and partially to a greater loss of plant material from annual 

grasses than ryegrass through leaf and seed shatter. A higher per- 

centage of plants in the "other" category, most of which was velvet - 

grass, was present in C -2H than in C -2. 

Table 14. Botanical composition in cattle- grazed ryegrass- 
subclover pastures, 1965. 

Species 
Late 
Apr. 

Sampling Period 
Early 
July 

Early 
Aug. 

Early 
May 

Mid- 
May 

Early 
July 

Mid - 
June 

C -2 percent 
Perennial ryegr. 72 58 31 31 29 29 30 

Annual grasses 24 34 57 62 66 69 68 
Subclover 3 8 10 6 3 

Otherl/ 2 1 2 1 2 

C -211 
Perennial ryegr. 71 55 50 42 38 7 15 

Annual grasses 26 40 42 52 56 82 76 
Subclover 3 5 5 5 2 3 3 

Otherl/ 3 1 4 8 6 

-- Primarily /Primarily velvetgrass. 

Comparisons of Forage Production 
and Botanical Composition Between Years 

Lack of subclover in 1965 affected forage production in rye - 

grass pastures more than in tall fescue pastures. Since the aspect 

of all pastures was totally different from year to year, botanical 

composition of the forage cannot be compared between years. 

The amount of tall fescue and ryegrass forage produced in 

both years was calculated. These data are summarized in Figure 11 

-- 

-- -- 
-- -- 

-- 
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and indicate the large yearly differences that may occur. The 

1965 data are from lightly-grazed pastures. 
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Figure 11. Tall fescue and perennial ryegrass dry matter 
yields in 1964 and 1965. 

Yields of tall fescue under grazing were not greatly different 

from 1964 to 1965; in fact, peak tall fescue production in 1965 was 

higher. During the same period in 1964, the subclover component 

made up 45 percent of the total grazable forage and total 1964 pro- 

duction in tall fescue pastures was greater than 1965. Grazing pres- 

sure in 1965 on tall fescue pastures was about 20 percent less than 

1964 which may account for some of the yield differences between 

years. 

z 
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Production of ryegrass in 1965 was much lower than in 1964. 

Ryegrass production alone in 1964 exceeded the total production in 

ryegrass pastures in 1965 for much of the grazing season (compare 

Figures 8, 9, and 11). Total forage yields in ryegrass -subclover 

pastures in 1964 were far above total 1965 yields, approximately 

2 1/2 -fold. Subclover production accounted for 62 percent of avail- 

able forage in 1964. 

Lack of subclover in 1965 contributed to probable lower soil 

nitrogen supply, especially in May and June. The annual grass com- 

ponent, primarily annual fescue and ripgut, occupied most of the 

space utilized by subclover in 1964. Ryegrass is differentially 

favored over annual grasses if a sufficient supply of soil nitrogen is 

present. The possible soil nitrogen buildup occurring from the 

high subclover population in 1964 was likely lost through leaching by 

excessive rainfall in December 1964 and January 1965 (Figure 1). 

Hence, ryegrass was in an unfavorable competitive position with 

annual grasses in 1965 due to inadequate spring moisture, apparent 

low soil nitrogen status, and a high density of annual grasses. 

Dietary Preferences of Cattle and Sheep 

Use of Microscopic Point Technique 

Precision and accuracy are important factors to consider in the 

use of the microscopic point technique to determine botanical 
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composition of fistula samples. 

In both 1964 and 1965, comparisons among sets of 50 obser- 

vations on hand - clipped forage samples indicated that 4 sets of 50 

points (200 points) would give the same precision as 8 sets (400 

points). In making comparisons, the same sample was read first 

with 200 and then with 400 points and the significance of differences 

assessed. The two major categories in 1964 were the respective 

amounts of perennial grass and subclover while in 1965 they were 

perennial grass and all annual grasses. 

Fistula sample species percentage data from the first 100 points 

and those of the entire 200 points were compared by paired "t" tests 

(Steel and Torrie, 1960). Samples from each animal were assessed 

over the entire 1964 season. Differences between 100 and 200 point 

samples were small and insignificant so that it would be possible to 

estimate percent composition on a point basis from only 100 points 

per sample. 

Whereas 1964 samples contained perennial grass and subclover, 

1965 determinations were for perennial grasses and annual grasses 

on four sampling periods. Except for the early April sampling 

period, no significant differences existed in percent when obtained 

from the first 100 points as compared with 200 points for both per- 

ennial grasses and annual grasses. In early April on sheep - grazed 

tall fescue pastures which also contained sparse amounts of ryegrass, 
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percentage tall fescue was significantly greater (. 05) and percentage 

ryegrass significantly less (. 05) from 200 compared with 100 points. 

For annual grasses, no difference in percent was evident. There- 

after, no significant differences between the first 100 and the total 

200 points occurred. Thus, the precision of the binocular microscope 

technique for estimating botanical composition was high. 

In April 1964, 15 clipped samples each of ryegrass - subclover and 

tall fescue - subclover forage were analyzed with the microscopic point 

technique and subsequently hand- separated into percent grass and sub - 

clover on a dry weight basis. The relationship of percent points to 

dry weight is shown for ryegrass and tall fescue in Table 15. 

Table 15. Relationship of percent by dry weight to percent points 
for ryegrass and tall fescue, late April, 1964. 

Mean percent Standard error Coefficient of 
Species Points Weight Equation of estimate determination 

Perennial 
ryegrass 52.5 48.5 Y = -0.75 -0.938 X 7.33 98 

Tall fescue 70.1 70.0 Y= 3.91 -0.942 X 5.22 98 

The 1964 fistula sample botanical data are expressed in uncorrected 

percent point form. Clipped samples later in the season were not 

analyzed with the point technique to determine whether the percent 

point to percent by dry weight relationship changed with plant develop- 

ment. 
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Growth forms of perennial ryegrass and alta tall fescue differ 

and their size posed difficulty when placed in the tray. Subclover did 

not present a size problem. No trials were conducted to feed fistu- 

fated animals pure species, to collect samples, to mix pure species 

fistula samples in set proportions, and to botanically analyze the mix- 

ture with the point technique as done by Harker et al. (1964). This 

would have proven most difficult to accomplish in 1965 since annual 

grasses were more important than subclover. 

In 1965, whole - clipped forage samples from four periods, early 

May, mid -May, early June, and mid -June, were analyzed by the 

microscopic technique and comparisons made between percent by 

points and percent by dry weight of each major species. Analyses 

were not made following the mid -June sampling due to large size of 

grasses at this time and shattering of plant parts when placed in the 

tray. 

In Table 16 are given prediction equations, standard errors of 

estimates, and coefficients of determination for the relationships of 

percent weight to percent points. Data are derived from all treat- 

ments for a pasture mixture for the four periods. 

Standard errors of estimates were much larger for ryegrass 

than for fescue data. Estimating percent by weight from percent 

points overestimated the annual grass and underestimated the 

perennial grass components. This relationship was quite variable 
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Table 16. Relationship of percent by dry weight to percent points 
for ryegrass, tall fescue, and annual grasses, May - 
June, 1965. 

Date of 

Sampling Species 

Mean percent 

Equation 

Standard 
error of 
estimate 

Coefficient 
of 

determination Points Weight 
Ryegrass Pastures 

May 8 Ryegrass 52.3 56.1 Y = 3. 79 + 1.16 X 8. 79 79 

May 19 do 38.9 51.8 = 12.7 + 1.01 X 13.6 56 

June 3 do 34.4 46.8 = 17.05 + 0.87 X 15.81 84 

June 16 do 18.2 19.5 = -1. O5 + 0.97 X 8.22 96 

May 8 Annual grass 48.4 41.2 = -18.08 + 1.22 X 9.9 78 

May 19 do 50.1 42.7 = -2.89 + 0.91 X 14.83 67 

June 3 do 62.9 50.8 = -5.06 + 0.89 X 12.2 80 

Tall Fescue Pastures 

May 8 Tall fescue 82.3 88.4 = 21.46 + 0.81 X 7.0 95 

May 19 do 83.8 85.1 = -0. 44 + 1.02 X 6.38 92 

June 3 do 81.8 84.0 = -S. 15 + 1.09 X 5.4 98 

June 16 do 74.0 79.2 = 23.55 + 0.75 X 11.72 98 

May 8 Annual grass 14.2 10.3 = -1.39 + 0.82 X 4. 25 94 

May 19 do 13.5 14.0 = + 1.12 X 7.91 91 

June 3 do 18.5 17.3 = -2.89 + 1.09 X 5.41 98 
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from period to period. Percent of tall fescue in clipped samples was 

more closely estimated by the point technique than was percent rye - 

grass. 

Analysis of variance of the ratios of percent points to percent 

by weight of ryegrass and fescue data for three periods indicated that 

a significant difference (. 05) existed for ryegrass. The analysis 

showed that the ratio of percent points to weight was significantly 

lower (. 05) for early June ryegrass than the two earlier dates which 

were the same. The percent of annual grasses had increased from 

mid -May to early June and this may have influenced the ratio of 

points to weight for ryegrass as well as for annual grasses. 

Because clipped material did not resemble fistula material, the 

equations derived from clipped material to correct the point data 

may not be any more accurate than percentages derived directly by 

observation, i. e. , a linear relationship between percent points and 

percent by weight. Consequently, no corrections were made of 1965 

fistula point data. 

Dietary Botanical Composition 

1964 Season 

The first dietary samples in 1964 were collected from cattle on 

April 17 and sheep on April 20. The last samples from cattle were 

taken August 30 and from sheep, August 26. Throughout the season, 



104 

April 17 to August 30, a total of 47, 47, 64, and 59 separate dietary 

samples were successfully obtained for pastures C- 1, C -2, S -2, and 

S -1, respectively. 

Sheep- Grazed Tall Fescue- Subclover (S -1) 

At the start of the grazing season, subclover composed approxi- 

mately 46 percent of the forage available to sheep (Figure 5). Sub - 

clover gradually declined to 29 percent by the last sampling period 

in late August. Each dietary percent clover mean is derived from 

two or three sheep sampled over at least a three -day period. For 

the period from mid -April through late June, sheep selected diets 

significantly greater (. 01) in percentages of subclover than in the 

forage available to them (Figure 12). 

Commencing at the late June sampling period, seed heads of both 

tall fescue and subclover were separated in dietary botanical analyses. 

Although sheep selected 73 percent of their diet as subclover in late 

June, they did consume an average of four percent tall fescue seed 

heads with one animal having 17 percent in one sample. In early 

July, sheep consumed 50 percent of diets as tall fescue seed heads 

but this decreased to only 6 percent by early August and to less than 

1 percent in late August. In early August, sheep did eat some sub- 

clover burrs, an average of 4 percent or 40 percent of the clover in 

their dietary samples. 
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Figure 12. Seasonal percent subclover in forage and in diets 
of sheep grazing tall fescue - subclover pasture 
(S -1), 1964. 

By the early July sampling period, sheep exhibited a sharp 

switch in dietary preference (Figure 12). From this period on 

throughout the summer, sheep preferred the green tall fescue to dry 

subclover. At the early July sampling period, subclover and tall 

fescue both contained 50 percent dry matter. Sheep selected signifi- 

cantly less subclover than that available to them in early July (. 05) 

and in early and late August (. 0 1). 

Among -animal within -period and among -day within -period 

variability in dietary preferences for subclover through late June and 

for tall fescue throughout the balance of the summer was not great 

(Table 17). Among - animal percent dietary clover differences ap- 

proached significance in one period, early May. In another period, 

u 60 

a 
40 
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Table 17, Among- animal and among -day variability in sheep 

dietary preferences on tail fescue:- subclover pasture, 1964. 

Mean percent Standard Standard 
Sampling in diet Among- Error Among- Error 
period Subclover Fescue animal % day % 

Variability in dietary s ubclover 
Late April 63 NS 1.0 NS 2. 3 

Early May 77 á 6. 3 NS 2. 3 

Mid -May 80 NS 0.5 NS 5.3 
Early June 87 NS 1.0 NS 3. 3 

Mid -late June 73 NS 4. 0 * 13. 3 

Early July 28 NS 3. 5 NS 6. 7 

Variability in dietary tall fescue 
Early July 72 NS 3. 5 NS 7.0 
Early August 88 NS 2. 3 NS 1.5 
Late August 87 NS 6. 3 NS 4. 7 

1/ 
P < . 10. 

* P<.05. 

late June, among -day differences in dietary percent clover were 

significant (. 05). This may have been due to the wilting feature of 

the subclover at this time. Sheep selected 53 percent subclover on 

Day 1, 94 percent on Day 2, and 72 percent on Day 3. 

Cattle- Grazed Tall Fescue -Subclover (C -1) 

Over the entire grazing season, pasture C -1 contained approxi- 

mately the same percent subclover in the available forage as did 

pasture S -1 (Figure 5), but cattle had much different preferences 

than sheep on this pasture type (Figure 13). Neither fistulated steer 

consumed more than 27 percent subclover in his diet in a sampling 

period. Rare instances did occur when both animals would consume 
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up to 50 percent subclover. Cattle preference for tall fescue in- 

creased during early July, possibly a result of clover drying so that 

they rejected it entirely. Throughout the season, diets contained 

significantly more (.01) tall fescue than did the available forage. 

Apr. May June July Aug. 

Figure 13. Seasonal percent subclover in forage and in 
diets of cattle grazing tall fescue - subclover 
pasture (C -1), 1964. 

Cattle did eat tall fescue seed heads; the greatest amount eaten 

occurred in early July and comprised ten percent of their diet. Only 

four percent was taken in late June and as the summer progressed, 

fewer seed heads appeared in the samples. 

Both steers behaved similarly on tall fescue - subclover pasture. 

No among -animal within -period variability was detected. During one 

sampling period in early May, days were significantly different (. 05). 
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Both animals reacted the same and selected over 95 percent of their 

diet as tall fescue on Day 1 as compared with approximately 65 per- 

cent on Days 2 and 3. 

Sheep- Grazed Ryegrass- Subclover (S -2) 

Figure 14 shows the pattern of sheep preferences for forage in 

relation to forage available. The pasture contained a high proportion 

of subclover by weight throughout the season. Sheep exhibited a 

moderate preference for subclover from initiation of grazing until 

early July; during summer a strong preference was exhibited. 
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Figure 14. Seasonal percent subclover in forage and in diets 
of sheep grazing ryegrass - subclover pasture (S -2), 
1964. 
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Sheep selected significantly more subclover in periods 1, 2, 7 

and 8 (. 01) and in early June (. 05) than was available in the forage. 

Although the mean percentage subclover in diets was more than 

available in the forage in mid -May, late June, and early July, dif- 

ferences were not significant. A mean of approximately ten percent 

more dietary than forage subclover was necessary for a significant 

difference (. 05) to be observed. 

Since some samples contained over 60 percent ryegrass, it can- 

not be said that sheep actively rejected ryegrass during the spring 

and early summer periods. Some animals consumed more ryegrass 

than others but this did not occur consistently. After both subclover 

and ryegrass dried, a strong shift away from grass was evident. 

During the early August sampling period the highest grass content 

of a particular sample was only 11 percent. 

During the summer period sheep appeared to be seeking out burrs 

and seed of subclover. Sampling by the microscopic point technique 

indicated a mean of 20 percent burrs in the early August dietary 

samples. This figure was reduced to 15 percent in late August. 

These are actual hits on burrs or seeds in the sample. Much mater- 

ial was identifiable as subclover but could not be further identified 

into burrs, petioles, or shattered leaves. Figure 15 shows results 

of the sheep's active effort to seek out subclover burrs at ground 

level. Preference for ryegrass seed heads was never strong, 
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Figure 15. Dry subclover in sheep -grazed ryegrass- 
subclover pasture S -2, August, 1964. 
Note the burrowing effort of sheep to 
seek out subclover burrs. 
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although seed heads did compose 15 percent of the diet in late June 

which was 43 percent of the ryegrass taken. In early July, no 

preference was shown either for ryegrass seed heads or subclover 

burrs. Subclover seed was still in the milk to early -dough stage at 

this time; at the early August sampling, seed was almost all mature 

(Sanders, 1965). Selection of subclover burrs coincided with seed 

maturity. 

Among- animal and among -day variability within a sampling 

period could not be effectively assessed during the first five sampling 
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periods because of limited animal numbers. Analyses of variance 

for animal and for day effects have questionable validity for these 

first five periods. For the summer periods, three animals were 

available for three days and a better measure of variability was 

obtained. 

In Table 18 are listed both empirical and statistical estimates of 

variability in subclover preferences for sheep on pasture S -2. 

Table 18. Among- animal and among -day estimates of variation in 
sheep dietary percent subclover on ryegrass - subclover 
pasture, 1964. 

Sampling period 

Among- 
animal 

variability 

Standard 
error 

Among - 
day 

variability 

Standard 
error 

Late April Low 6. 0 Low 3. 0 

Early May NS 3. 7 NS 7. 5 

Mid -May 13. 3 Moderate 5. 7 

Early June High 17. 0 High 10.0 
Mid -late June High 14. 7 High 11.0 
Early July NS 5. 3 NS 3. 3 

Early August NS 1. 0 NS 1. 3 

Late August NS 11. 7 NS 14. 0 

NS = non -significant. 
= P <.01. 

A substantial part of the variability exhibited by sheep on this pas- 

ture was due to poor health of two of three sheep during the spring 

and early summer. These animals did not exhibit consistent prefer- 

ences for subclover, as did the healthy animal. This ewe preferred 

% 
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diets containing more subclover, on the average, than did the other 

ewes during the spring -early summer period. During late August, 

one ewe consumed a high proportion of a green weed (Hypochoeris 

radicata L. ) on one day, accounting for a large range in percent 

between low and high clover preferences. This was not enough to 

cause significant differences among - animals or among -days. Not 

shown in the table are data for clover burrs and seed for the early 

August period which indicate no significant differences among - 

animals or among -days. 

Cattle- Grazed Ryegrass -Subclover (C -2) 

Pasture C -2 contained more subclover than did any other pas- 

ture (Figure 5). Both fistulated steers consistently preferred rye- 

grass to subclover as shown by Figure 16. Throughout all sampling 

periods, cattle selected significantly more (. 01) ryegrass than 

available to them in the forage. Rare instances did occur when 

samples contained up to 40 percent subclover, but subclover grew 

in close association with ryegrass in this pasture; large patches of 

pure clover and /or pure grass were infrequent. 

Leaves of ryegrass shrivel and shatter when dry. Steers' diets 

contained a high percentage of leaves throughout the summer in 

spite of leaf shatter. Although recognition of leaves and stems is 

somewhat difficult under the binocular microscope, more hits were 
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Figure 16. Seasonal percent subclover in forage and in diets of 
cattle grazing ryegrass - subclover pasture (C -2), 1964. 

recorded on material identified as leaves than as stems. Hits on 

dry clover were easily recognizable. Ryegrass seed heads consti- 

tuted approximately 15 percent of the diet during late June and early 

July. Early and late August samples did not contain many ryegrass 

seed heads. This may have been due to the earlier selection of 

most available seed head material by the steers. 

Variability among -animals and among -days within a sampling 

period was not great but some significant differences were observed. 

Table 19 shows the degree of variation exhibited by steers grazing 

pasture C -2 in 1964. 
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Table 19. Among - animal and among -day variation in cattle 
preferences for perennial ryegrass, 1964. 
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Mean % Among- Standard Among- Standard 
dietary animal error day error 

Sampling period Ryegrass variability variability 
Late April 80 8. 5 NS 2. 3 

Early May 73 NS 2. 0 NS 7. 7 

Mid -May 80 NS 4.0 NS 6. 7 
Early June 82 NS 2. 0 NS 2. 7 

Mid -late June 76 NS 0. 5 NS 2. 3 

Early July 77 15.0 NS 4. 7 

Early August 90 NS 4. 0 NS 3. 3 

Late August 91 NS 0. 5 NS 2. 7 

* = P<.05. 
** = P< . 01. 

Dietary Botanical Composition Variability 

Figure 17 shows the relationship of cattle and sheep dietary sub - 

clover on the two pasture types. Analysis of variance of these data 

appear in Appendix J. 

Analysis of variance indicates that a significant difference (. 01) 

existed between cattle and sheep preferences over the whole grazing 

season; it does not indicate that during the summer period sheep 

behaved differently on fescue -clover than they did on ryegrass - clover 

(Figure 17). Hence, data were divided into two periods, 1 through 5, 

and 6 through 8, and analyzed on a completely randomized basis. 

These analyses indicate that sheep behaved similarly on both tall 

fescue and ryegrass during the spring -early summer period but that 

% % 

* * 
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Figure 17. Percent subclover in diets of cattle and sheep 
grazing tall fescue - subclover and ryegrass- 
subclover pastures, 1964. 

diets were significantly different (. 01) during summer. Mean per- 

centage dietary subclover for the several treatments is given in 

Table 20. 

Table 20. Mean percent dietary subclover in 1964. 

Grazing Treatment 
Sampling Sheep Cattle 
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period Fescue Ryegrass Fescue Ryegrass 
percent 

Late April -late June 

Early July -late Aug. 

76. Oa 69. Oa 

17. Oa 74. 7b 

23.4b 21.8b 

6. 7a 14. Oa 

Means having different letters differ significantly within sampling 
periods (P <. 01). 

cu 
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Numbers of Animals Required to Estimate Dietary Botanical 
Composition 

Individual animal means by sampling period were used to calcu- 

late the number of animals needed to estimate dietary botanical 

composition within ten percent of the mean with 90 percent confi- 

dence (Table 21). Each mean was calculated from two to four 

samples from one animal. 

Because sheep behaved similarly through late June, data from 

both pastures S -1 and S -2 are combined. As cattle also behaved 

similarly, data for C -1 and C -2 are combined. Means are calculated 

for a three -day sampling period. 

Table 21. Numbers of animals required to estimate dietary botan- 
ical composition within ten percent of the mean at 90 
percent confidence, 1964. 

Sampling 
period 

Estimation 
of Subclover 

Estimation of 
Perennial Grass 

S -1 & S -2 S -2 C -1 & C -2 C -1 & C -2 S -1 
Sheep Cattle Cattle Sheep 

Late April 
Early May 
Mid -May 
Early June 
Mid -late June 
Early July 
Early August 
Late August 

2 

5 

35 
26 
30 

1/ 14- 

58 
18 

125 
32 

3 

5 

2 

12 
2 

1 

16 
2 

2 

1/ 
8 - -- 

1 - Numbers of sheep required during the early July -late Aug. period. 
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The data in Table 21 are thus restricted to three -day sampling 

periods. 

During the early part of the season, fewer sheep would be needed 

than later in the season to determine the percentage subclover in the 

diet. Many more cattle than sheep would be required to estimate 

subclover composition. But, in estimating the major species com- 

ponent of the diet, fewer cattle would be needed than sheep because 

cattle were more consistent in selecting a high proportion of grass. 

During the lush part of the growing season in mid -May, one steer's 

diet contained only 60 percent grass as compared to other means of 

86, 81, and 78 percent which raised the cattle numbers needed to 12. 

During the summer, more sheep would be needed on ryegrass- 

subclover pastures than on tall fescue - subclover pastures to estimate 

their major dietary components. Two sheep means of approximately 

60 percent dry subclover as compared to a mean of almost 90 per- 

cent clover for all other sheep on pasture S -2 in summer contributed 

to raising the requirement to 14 sheep. This was true for sheep on 

pasture S-1 also, but variability among animals was not as great. 

The mean percentage grass in one steer's diet was lower than other 

mean values in early July to increase numbers required to 16. 

1965 Season 

In 1965, the first dietary samples were obtained from fistulated 



118 

sheep on April 7 and from cattle on April 21. Samples were col- 

lected for three consecutive evenings unless inclement weather forced 

postponement. The last samples were obtained August 4 for sheep 

and August 7 for cattle Data are presented for eight sampling 

periods on sheep -grazed tall fescue - subclover pastures and for 

seven periods on all other grazing treatments. 

Sheep- Grazed Tall Fescue -Subclover (S -1 and S -1H) 

Tall fescue was predominant in both pastures but sheep had 

more opportunity for selection with light grazing. Perennial rye - 

grass occurred in localized areas of S -1 and S -1H but made up only 

a small percentage of the total forage available. 

The percentage dietary botanical composition on a point basis 

is given in Table 22. Not all percentages sum to 100 since broad- 

leafed weeds of minor importance were not included. 

Table 22. Percent botanical composition of sheep diets on tall 
fescue - subclover pastures (S -1 and S -1H), 1965. 

Species 
Early 
April 

Late 
April 

Early 
May 

Mid- 
May 

Early Mid- 
June June 

Early Early 
July Aug. 

Light Grazing (S -1) 
Tall fescue 47 58 30 33 38 53 81 99 
Annual grasses 25 25 45 33 38 39 12 1 

Other grasses 24 14 20 24 16 15 6 0 

Subclover 4 3 5 9 7 2 0 0 

Heavy Grazing (S -1H) 
Tall fescue 54 81 67 72 78 77 93 97 
Annual grasses 36 16 24 26 20 23 7 2 

Other grasses 9 2 6 0 0 0 0 l2/ 
Subclover 1 1 2 1 2 0 0 0 

1 /Predominantly perennial ryegrass. 2 /Velvetgrass (Holcus lanatus). 
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Sheep grazing pasture S -1H consumed significantly more (.05) tall 

fescue in periods 2, 3, and 4 than did sheep on pasture S-1. Except 

for period 7, sheep diets under heavy grazing always contained more 

tall fescue; a 37 percent difference was required between S -1 and 

S -1H percent tall fescue for significance (.05). Since never less than 

87 percent of the total forage was tall fescue in pasture S -1, sheep 

under light grazing on tall fescue may have been no more selective 

than sheep under heavy grazing. 

Under the less restrictive conditions in pasture S -1, sheep pre- 

ferred ryegrass and annual grasses to tall fescue until mid -June. 

Subclover was scarce in both pastures, yet sheep selected up to nine 

percent dietary subclover in pasture S -1 in mid -May when the forage 

contained only 0. 5 percent subclover. 

In pasture S -1H, annual grasses made up approximately one per- 

cent of the total dry matter available (Table 11); diets of three sheep 

ranged from 2 to 57 percent annual grasses. Figure 18 shows the 

effect on pasture composition of sheep selecting annual grasses under 

heavy grazing. At the time the photograph was taken, sheep diets 

averaged 26 percent annual grasses, although only one percent by 

weight was available. 
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Figure 18. Tall fescue - subclover heavily -grazed by sheep (S -1H). 
Note closeness of grazing in interspaces between 
fescue plants and the relatively light use on most 
fescue plants. Photo taken May 21, 1965. 

Annual grasses were dry by mid -June and tall fescue composed 

a larger proportion of sheep diets than in the previous sampling 

period. Sheep consumed tall fescue seed heads in varying amounts 

from early May to early July. Table 23 gives percent dietary tall 

fescue seed heads for sheep on pastures S -1 and S -1H. 

Sheep in pasture S -1H selected a substantial portion of their 

diets as seed heads earlier during the season than did S -1 sheep. 

Animals under heavy grazing had fewer alternative forages and hence 

may have taken more seed heads at an earlier date in the absence of 
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Table 23. Percent tall fescue seed heads in dietary samples from 
tall fescue - subclover pastures grazed by sheep in 1965. 

% dietary seed heads 
% of dietary fescue 

% dietary seed heads 
% of dietary fescue 

Early Mid- Early Mid - 
May May June June 

Light Grazing 
0. 3 0 10.2 28. 7 

1. 0 0 27.2 54. 4 

Heavy Grazing 
3. 6 3. 4 18.9 5. 3 

5. 3 4. 8 24.3 7. 0 

Early 
July 

19. 8 

24. 5 

0. 8 

0. 8 

more preferred foods. Sheep under less forage restriction such as 

existed in pasture S -1 selected tall fescue seed heads closer to seed 

maturity or in mid -June. A few seed heads emerged as early as 

late April but the small amounts of these in dietary samples in early 

and mid -May appear as incidental rather than as major preferences. 

Variability in preferences was high among sheep and statistical 

tests were not made due to lack of subclover. Empirical observations 

on the relationship of tall fescue to annual grass were noted. 

On pasture S -1, one animal consistently consumed more annual 

grass than the other two sheep. Another sheep always had much more 

tall fescue in dietary samples, possibly enough to be significantly 

different from the animal with intermediate preferences in three of 

seven periods. As forage dried, animals behaved more alike. No 

variation can be noted for the early August period as only one sheep 

could be used. This sheep exhibited high consistency in dietary 

preference among -days. However, during the earlier part of the 
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season, among -day variability appeared as great as among -sheep 

variability. 

In pasture S -1H where annual grasses never constituted more 

than 2. 3 percent of the forage available (Table 11), one sheep select- 

ed a much higher percentage of annual grasses than did the other 

two sheep from early May through mid -June. Two ewes behaved 

similarly throughout the season. Physiological condition, animal 

health, and age may affect preferences but no conclusions could be 

drawn in this regard from the above observations. 

Cattle- Grazed Tall Fescue -Subclover (C -1 and C -1H) 

Although the forage composition in pasture C -1 allowed cattle 

more opportunity for selection than in pasture C -1H, data in Table 24 

indicate that little difference existed between cattle diets on the 

same pasture mixture at two grazing intensities. 

Table 24. Percent botanical composition of cattle diets on tall fescue - 
subclover pastures (C -1 and C -1H), 1965. 

Species 
Late 
April 

Early 
May 

Mid- 
May 

Early 
June 

Mid- Early 
June July 

Early 
August 

Light Grazing (C-1) 
Tall fescue 96 60 33 76 64 87 95 
Annual grasses 3 28 12 20 30 4 2 

Other grasses1/ 0 8 51 1 1 2 2 

Subclover 1 2 3 3 4 0 0 

Heavy Grazing (C- 1H) 
Tall fescue 89 85 61 86 79 88 98 
Annual grasses 9 13 34 11 20 12 1 

Other grasses 0 0 0 0 0 0 1 

Subclover 2 2 4 3 1 0 0 
1/ Predominantly perennial ryegrass and velvetgrass. 
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A small amount of ryegrass occurring in pasture C -1 was heavily 

preferred in mid -May. The percent of annual grasses contained in 

diets was not greatly different than the percent available. Except 

during summer and for the mid -May period on C -1 for ryegrass and 

on C -1H for annual grasses, cattle did not appear to select either 

for or against any species available. During summer, cattle did 

prefer tall fescue, selecting leaves primarily. Figure 19 shows the 

effect cattle had on tall fescue - subclover pasture C -1H. Annual 

grasses were not as heavily grazed by cattle as by sheep. Figure 20 

shows the contrast of the same pasture type as affected by cattle use 

on the left and sheep use on the right. Cattle utilized clumps of tall 

fescue much more uniformly than did sheep under the same grazing 

pressure. 

Figure 19. Tall fescue- subclover heavily -grazed by cattle (C -1H). 
Note relative uniformity of grazing on tall fescue. 
Photo taken May 21, 1965. 
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Figure 20. Tall fescue - subclover heavily -used by cattle (C -1H) on 
left and by sheep (S -1H) on right. Photo taken May 21, 
1965. 

From the tall fescue available, cattle on pasture C -1 selected 

15, 8, and 3 percent of their diets as seed heads during early June, 

mid -June, and early July, respectively. Corresponding seed head 

dietary percentage on pasture C -1H was 2, 3, and 4 percent. Dietary 

seed percentage was very low in early August. 

Of the two animals consistently on these pastures, one selected 

a high proportion of his diet as annual grasses in mid -May while the 

other consumed mostly tall fescue. Observations of mature cows 

grazing in pasture C -1H indicated that they preferred tall fescue to 
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the sparse amount of annual grasses present. During all other 

periods, both fistulated animals behaved similarly. Only in one 

period, mid -June, on pasture C -1, was a significant (. 05) among -day 

difference observed. 

Sheep- Grazed Ryegrass -Subclover (S -2 and S -2H) 

Sheep grazing on ryegrass - subclover pastures exhibited no con- 

sistent pattern of preference between ryegrass and annual grasses 

until early June (Table 25). Subclover comprised up to 13 percent 

of sheep diets in pasture S -2 in mid -May, but never exceeded two 

percent of the forage. The extreme scarcity of this species in 1965 

apparently restricted selection to amounts shown in Table 25. 

Table 25. Percent botanical composition of sheep diets on ryegrass- 
subclover pastures (S -2 and S -2H), 1965. 

Species 
Late 
April 

Early 
May 

Mid- 
May 

Early 
June 

Mid- 
June 

Early 
July 

Early 
August 

Ryegrass 
Annual grasses 
Subclover 
Otherl/ 

Ryegrass 
Annual grasses 
Subclover 
Other 

62 
35 

3 

0 

45 
50 

3 

2 

60 
35 

5 

0 

Light Grazing (S -2) 
73 
20 

2 

5 

86 
14 
0 

0 

54 
11 

02/ 283/ 
7- 

75 
3 

02/ 19- 

55 46 42 
30 42 52 
13 8 4 

2 3 2 

Heavy Grazing (S -2H) 
55 
40 

6 

0 

64 
30 

5 

0 

57 
40 

3 

0 

44 
50 

2 

4 

3 

1/ 2/ Miscellaneous broadleafed weeds. 
3/ Velvetgrass. 
- Canada thistle (Cirsium arvense). 
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No strong preference for or rejection of either ryegrass or 

annual grasses occurred until early July. Annual grasses were dry 

at this time (77 percent dry matter) but ryegrass still contained 38 

and 35 percent moisture in pastures S -2 and S -2H, respectively. 

Sheep shifted strongly to ryegrass in early July and were observed 

to prefer this species throughout July when estimated availability of 

ryegrass was less than 200 and 100 pounds of dry matter per acre for 

pastures S -2 and S -2H, respectively. 

The small amount of other grasses, mostly velvetgrass which 

still had some green leaves, influenced sheep dietary preferences in 

late summer. Although sheep did not feed exclusively on velvetgrass 

in early August, substantial amounts appeared in dietary samples. 

Seed heads were not a large component in sheep diets on either 

pasture. Ryegrass seed heads made up nine and eight percent of the 

diets on S -2 and S -2H, respectively, during the early July sampling 

period. Sheep did consume seed heads as early as mid -May; however, 

the amounts eaten in early July were not exceeded on earlier dates. 

Dietary seed heads appeared to be only incidental and not preferred. 

The "other" category of dietary preferences included plantain 

(Plantago lanceolata) and Canada thistle (Cirsium arvense). Plantain 

was noted in diets more frequently than was thistle. Sheep consumed 

flower stalks of Canada thistle in addition to some leaves. These 

are observations; in dietary samples few thistle points were recorded 
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except in the early August period in pasture S -2 (Table 25). 

Among- animal and among -day variability was much greater on 

pasture S -2H than on pasture S -2 (Table 26). Two ewes grazed 

pasture S -2 throughout the season with only one extra ewe involved 

during the first two sampling periods. Both ewes behaved similarly 

except during the early August period when one consumed a substan- 

tial portion of her diet as velvetgrass. Most of the variability on 

pasture S -2H may be attributed to the behavior of one ewe. This 

animal consistently selected a higher proportion of annual grasses 

than her mates. The other two ewes behaved similarly regarding 

dietary botanical preferences. The lack of significance during the 

early July and early August periods may be due to removal of the 

non - conforming ewe by death. This ewe was lacking two incisors 

which conceivably affected her preferences. 

Table 26. Among - animal and among -day variability in dietary per- 
centage ryegrass in pastures S -2 and S -2H, 1965. 

Sampling 
period 

Light Grazing (S -2) Heavy Grazing (S -2H) 
Among 
animals 

Among 
days 

Among 
animals 

Among 
days 

Late April NSJI NS NS 
Early May NS NS NS 
Mid -May NS NS 
Early June NS NS NS 
Mid -June NS NS NS NS 
Early July NS NS NS NS 
Early August NS NS NS 

1/ 
NS, -,, refers to non- significant, 05, and P <. 01, 
respectively. 

- P< 
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Cattle- Grazed Ryegrass -Subclover (C -2 and C -2H) 

The same three cattle grazed both pastures C -2 and C -2H the 

entire season. Botanical composition data of diets are given in 

Table 27. Pasture C -2 was left almost ungrazed; only 42 animal days 

per acre of grazing were utilized as compared to pasture C -2H with 

147 animal days per acre. Forage dry matter per acre was below 

500 pounds only in July and early August in pasture C -2H (Figure 9). 

Table 27. Percent botanical composition of cattle diets on ryegrass- 
subclover pastures (C -2 and C -2H), 1965. 

Species 
Late 
April 

Early 
May 

Mid- 
May 

Early 
June 

Mid- 
June 

Early 
July 

Early 
August 

Light Grazing (C -2) 
Ryegrass 94 74 83 73 70 27 88 
Annual grasses 5 22 13 15 22 13 7 

Subclover 1 3 4 10 6 01/ 0 

Other 1 1 0 2 2 60- 5 

Heavy Grazing (C --2H) 
Ryegrass 87 77 68 58 46 77 85 
Annual grasses 12 21 36 33 52 22 3 

Subclover 1 2 6 8 2 1 02/ 
Other 1 0 0 0 0 1 11 

1/ 2 / Wild cucumber (Echinocystis oreganas). 
Velvetgrass. 

Dietary preferences were similar in both pastures with the excep- 

tion of C -2 in early July. Cattle grazed proportionately more rye - 

grass than available to them. Cattle preferences increased for rye - 

grass as the annual grasses dried although less than 30 and 15 per- 

cent of the total available forage was ryegrass in pastures C -2 and 
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C -2H, respectively (Table 14). 

At one period in the heavier -grazed pasture C -2H, mid -June, 

dietary and forage botanical composition were similar; in all other 

periods cattle preferences differed from the composition available. 

Cattle grazing pasture C -2 in early July exhibited strong preferences 

for a broadleafed perennial plant, wild cucumber (Echinocystis 

oreganas), which was still partially green. The mean of nine dietary 

samples was 60 percent wild cucumber. It occurred sparingly and 

was rejected until early July when animals moved about the pasture 

choosing it in preference to the drier grasses. Apparent nutritive 

value of wild cucumber was higher than other grasses, as discussed 

in later sections. 

Subclover in cattle diets never exceeded a mean value of ten 

percent; rare instances occurred where animal diets contained up 

to 17 percent subclover on pasture C -2 and up to 12 percent on pasture 

C -2H. Animals appeared not to actively prefer or reject subclover. 

Dry matter content of subclover during the periods of its greatest 

dietary abundance was less than that of grasses. At this time grasses 

were flowering and seed heads of annual grasses were drying rapidly. 

Variability in percent ryegrass among - animals and among -days 

was not great in either pasture. No significant among- animal effects 

were observed on pasture C -2 and only one instance on pasture C -2H, 

in early June. Significant (. 05) among -day variation occurred in two 
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instances in each pasture, in early June on both pastures, mid -June 

on pasture C -2H, and in early July on pasture C -2. No individual 

animal consistently ranked above or below any other animal in his 

preference for a particular plant species. 

Comparisons of Dietary Botanical Composition Among Grazing 
Treatments 

To compare dietary botanical composition among grazing treat- 

ments, percentage dietary perennial grass was tested in analysis of 

variance (Appendix K). The four -way interaction was used as the 

error term to test significance of differences. Both sheep and cattle 

selected a significantly greater (. 05) percentage of the major species 

in their diets under heavy as compared to light grazing. Cattle pre- 

ferred a significantly greater (. O1) percentage of the major grass in 

their diets than did sheep, regardless of pasture mixture. Also, 

significantly higher (. 05) percentages of tall fescue occurred in diets 

as compared with ryegrass. 

The percent tall fescue selected by both sheep and cattle in 

heavily -grazed fescue pastures (S -1H and C -1H) was significantly 

greater (. 05) than the percentage dietary perennial grass in all other 

grazing treatments. In both of these pastures, less opportunity for 

selection prevailed. Cattle preferred tall fescue regardless of in- 

tensity of grazing (Table 24) but sheep did not take tall fescue by 

strong preference until early summer (Table 22). Significant effects 
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(. 05) due to sampling period are accounted for by a high dietary per- 

centage of tall fescue in the early season, a decrease during May and 

June, and a pronounced increase in July and early August. 

All data in Table 28 except the two means for class of stock are 

not significant but do summarize the percentages of the major grass 

species of cattle and sheep diets over the entire grazing season. 

Table 28. Mean dietary percentage of tall fescue and perennial 
ryegrass in cattle and sheep diets, 1965. 

Grazing Treatment 
S -1 S- 1H S -2 S -2H C -1 C -1H C -2 C -2H 

percent dietary grass 
56 81 56 61 73 84 73 71 

68 58 78 72 
64a 75b 

Means not having the same letters differ significantly, P <. 05. 

Under light grazing, sheep selected 56 percent major perennial 

grasses in their diets and cattle selected 73 percent. As forage from 

both pasture mixtures was removed by grazing, both cattle and sheep 

preferred tall fescue to a greater extent than ryegrass. Although 

these differences are non- significant due to the large amount of un- 

controlled variation, the trends of preferences are evident. 
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Number of Animals Required to Estimate Dietary Botanical 
Composition 

The numbers of animals required to estimate dietary percentages 

of the major perennial grass species within ten percent of the mean 

at 90 percent confidence are given in Table 29. In most calculations 

animal means from both grazing intensities were used to compute 

numbers of animals for each grazing period. 

Table 29. Numbers of animals required to estimate dietary per- 
centages of either tall fescue or perennial ryegrass 
within ten percent of the mean at 90 percent confidence, 
1965. 

Sampling period 
Sheep Cattle 

Fescue Ryegrass Fescue Ryegras s 

numbers of animals 
Late April -- 1/(28)2/ 17 6 15 
Early May - - 22 45 3 

Mid -May -- 53 -- 203 1 (1) 
Early June - - 38 4 10 
Mid -June 14 10 23 
Early July (1) 5 15 (4) 
Early August 1 3 1 

1 - Indicates excessive numbers of animals required. 
2 

Numbers in parentheses indicate animals required on heavily - 
grazed pastures. 

-3/ Number of cattle required when one low mean removed from 
calculated value. 

Except for rare instances, excessive numbers of animals would 

be needed to estimate dietary botanical composition in 1965. Gen- 

erally, fewer cattle than sheep would be required, due no doubt to a 

- 

-2 

__ 
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more consistent preference for the major grasses by cattle (Table 28). 

With sheep, small numbers would be adequate only during summer 

on tall fescue -subclover pastures. Cattle numbers needed on rye - 

grass- subclover pastures would be fewer than needed to sample tall 

fescue - subclover in early May, mid -May, early July, and early 

August, but not in late April or during June. However, fewer animal 

means were available to calculate numbers for tall fescue - subclover 

pastures. 

Comparisons of Dietary Preferences Between Years 

Valid comparisons of dietary species preferences between years 

are not possible due to the great differences in botanical composition 

of the pastures. However, a number of factors may be discussed. 

Comparisons, of necessity, are limited to preferences on the 

lightly -grazed pastures in 1965 and to all pastures in 1964. Sheep 

preferences for subclover in 1965 were similar to those observed in 

1964, but such small amounts of clover were present in 1965 that 

comparisons involving this component are not valid. 

Cattle preferred grass to subclover in both pasture mixtures in 

1964, and in 1965 preferred perennial grasses to annual grasses most 

of the time. Some cattle expressed dietary preferences for annual 

grasses at times but the overall mean data show a decidedly strong 

preference for either ryegrass or tall fescue. 
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Table 30 summarizes dietary preferences by seasons for cattle 

and sheep on tall fescue and ryegrass in both years. 

Table 30. Percent perennial ryegrass and tall fescue in seasonal 
diets of cattle and sheep, 1964 and 1965. 

Year Season 

1964 Late April- 
1965 late June 

1964 Early July - 
1965 early August 

Sheep Cattle 
Fescue Ryegrass Fescue Ryegrass 

percent 
24 31 77 78 
42 53 66 79 

81 26 90 83 

90 63 91 82 - 

1 Estimate to overcome influence of high selection of wild cucumber 
during the early July period, 1965. 

Sheep behaved similarly during summer in both years on tall 

fescue but not on ryegrass pastures. Sheep actively sought out green 

leaves of tall fescue in preference to dry subclover in 1964 and dry 

annual grass in 1965. Limited amounts of dry annual grasses are 

not believed to have affected this preference for tall fescue. Arnold 

(1964) has stated that sheep are extremely selective for green in 

preference to dry material. Data of Arnold et al. (1964)also bear 

this out; when only small quantities of green grass were associated 

with dry subclover, sheep selected 44 percent of their diets as green 

grass. Further evidence of sheep preferences for green material 

is seen in Table 25. Sheep consumed 20 to 25 percent of their diets 
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as velvetgrass or Canada thistle in early August, 1965. Both of these 

plants were slightly green as compared to dry ryegrass and annual 

grasses. Also, in late summer, 1964, one sheep did prefer a sub- 

stantial portion of her diet as F- Iypochc'e ,is radicata which was very 

rare but still slightly green. 

Nutritive Value of Forage and Diets 

Chemical Constituents 

Dry Matter Content 

Forage 1964 

Figure 21 shows the dry matter percentage values of the avail- 

able forage throughout the season. Although tall fescue forage in 

S-1 and C-1 retained a lower dry matter content in summer, drying 

began sooner than did ryegrass forage in S -2 and C -2. However, 

ryegrass forage dried at a faster rate than did fescue after maximum 

yields were observed at the June 23 sampling date. Ryegrass forage 

remained below 30 percent dry matter until June 26, a point reached 

by fescue approximately June 13, Thereafter, rate of drying of rye - 

grass exceeded that of fescue; forage of both types equalled 50 per- 

cent dry matter on Juiy 12 to 14. Subclover contained more moisture 

than tall fescue until approximately July 1 in the tall fescue pastures. 
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Apr. May June July Aug. 

Figure 21. Seasonal dry matter content of grazed tall fescue - 
subclover and ryegrass - subclover forage, 1964. 

Because ryegrass lost moisture more rapidly than did tall fescue, 

subclover did not become drier than ryegrass until approximately 

July 12 to 16. 

Dry matter content of tall fescue never exceeded 57 percent but 

that of subclover dried to 86 percent in the same pastures. Ryegrass 

dry matter reached 70 percent by the last sampling date. Subclover 

dried more rapidly in association with cattle -grazed fescue where 

grass competition was the most intense. Forage in S -1 contained 

approximately five percent more dry matter than C-1 during the latter 

part of the summer. Although grazing pressure was light, use by 

cattle apparently allowed more leafy regrowth than use by sheep. 
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Forage 1965 

Lack of spring moisture, the grazing treatment, and lack of 

subclover all affected the forage dry matter content in the various 

pastures. The dry matter contents of forage in each treatment are 

given in Appendix L. Analysis of variance of these data (Appendix M) 

indicates that pasture forage grazed by sheep and cattle contained the 

same amount of dry matter at the same time. Otherwise all main 

effects and several interactions were significant (. 05 and . 01). 

Intensity of grazing affected the two pasture mixtures differently 

during the grazing season. Tall fescue forage under heavy grazing 

contained less dry matter than under light grazing. Both contained 

less dry matter than ryegrass forage at either intensity. Heavily - 

grazed ryegrass forage contained only slightly more dry matter than 

under light grazing until early August. Dry matter content began to 

differ during June. From early June to early August, heavily -grazed 

ryegrass dried slightly faster than that lightly -grazed. Heavily - 

grazed tall fescue remained green during this period and did not ex- 

ceed 50 percent dry matter until early August. At this same time, 

lightly -grazed tall fescue, intermediate in drying, had attained 65 

percent dry matter. Table 31 summarizes forage dry matter data 

for 1965. 
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Table 31. Mean percent forage dry matter, 1965. 

Sampling period 

Treatment 
Heavily -- grazed Lightly- grazed 

Tall fescue Ryegrass Tall fescue Ryegrass 
percent 

Late April 21. 3 22. 5 22. 6 19. 2 

Early May 22. 4 23. 6 24. 0 23. 8 

Mid -May 26.0 28.0 27.0 26.4 
Early June 31. 0 38. 1 32. 6 34. 8 

Mid -June 33.2 40. 3 37. 6 41.4 
Early July 40. 5 68. 4 52. 5 64. 5 

Early August 50. 0 86. 8 65. 0 86. 8 

LSD 4. 4% (P{ . 05). 

Discussion 1964 and 1965 

Data on forage dry matter content indicate the large differences 

in environmental conditions between years. Spring moisture was 

much lower in 1965 than in 1964 (Figure 1) which was reflected in 

increased forage dry matter content as well as by botanical compo- 

sition and forage production changes. Data in Figure 22 show dry 

matter content of lightly- grazed forage in 1964 and 1965. 

Ryegrass forage dry matter content did not surpass that of tall 

fescue forage in 1964 until approximately July 10. In 1965, ryegrass 

forage dry matter was not greatly different from that of tall fescue 

through May and surpassed tall fescue from early June onward. The 

rate of drying was not greatly different between years; tall fescue 

forage actually dried slightly faster in summer 1964, probably due 

to the more rapid drying of its subclover component. Larger between- 
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Apr. May June July Aug. 

Figure 22. Percent dry matter content of tall fescue - subclover 
and perennial ryegrass - subclover forage, 1964 and 
1965. 

year differences existed for ryegrass than for tall fescue forage. 

Ash Content 

Because salivary contamination of fistula samples changes the 

ash content and thereby the percent organic matter (Bath et al. , 1956), 

percentage ash values were determined to enable comparisons of 

crude protein on a dry matter and organic matter basis. Knowledge 

of the amounts of the several inorganic constituents is desirable to 

further assess nutritive values. But, the differential contribution 

of some constituents to fistula samples by saliva may contribute 

serious errors (Van Dyne and Torell, 1964). No separate mineral 
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determinations within the ash component of either fistula or forage 

samples were made. The amount of silica contained in ash may 

also be determined, however, the portion contributed by both soil 

and plants cannot be assessed accurately. Silica determinations were 

not conducted. The contribution to the total nutritive value by min- 

eral matter may be beneficial but knowledge of the amount of each 

contained element could further clarify the total effect. 

Forage 1964 

Ash content of the available forage from the several pastures 

is given in Table 32. Analysis of variance of these data shows that 

no significant differences existed among pasture types throughout 

the season. 

Table 32. Ash content of forage available to grazing animals, 1964. 

Sampling 
period 

Grazing Treatment 

Mean 
Sheep Cattle 

Fescue. Ryegrass Fescue Ryegrass 
percent of the dry matter 

Late April 8. 0 7. 5 8. 4 8. 4 8. 1 

Early May 7. 8 8. 0 8. 2 8. 2 8. 0 

Mid -May 7. 7 7.0 7. 9 8. 1 7. 7 

Early June 7. 8 7. 5 7. 4 8. 1 7. 7 

Mid -late June 8. 5 7. 4 6. 9 8. 0 7. 7 

Early July 9. 1 8. 8 9. 1 8. 9 9. 0 

Early Aug. 9. 1 7. 8 9. 2 7. 4 8. 4 

Late Aug. 8. 6 7. 7 10. 2 7. 7 8. 5 

Mean 8. 3 7. 7 8. 8 8. 1 
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Forage 1965 

Data on percent ash in the dry matter of the clipped forage 

samples in 1965 are presented in Table 33. Analysis of variance of 

these data (Appendix N) indicates several significant effects (. 05 and 

.01). The four -way interaction mean square was used as the error 

term in assessing differences. Differences in forage ash content 

within a sampling period are assessed by LSD (P<. 05). 

Table 33. Percent ash in forage dry matter, 1965. 

Sampling Inten. of 
period grazing 

Grazing Treatment 

Mean 
Sheep Cattle 

Fescue Ryegrass Fescue Ryegrass 

Late 
April 

Early 
May 
Mid- 
May 
Early 
June 
Mid- 
June 
Early 
July 
Early 
Aug. 

Heavy 
Light 

Heavy 
Light 
Heavy 
Light 
Heavy 
Light 
Heavy 
Light 
Heavy 
Light 
Heavy 
Light 

10. la - 1/ 

8. 8ab 

9. 8a 
9. 4ab 
7. Ob 
7. 2b 

8. 5a 
8. 7a 

4. 4bc 
6. 5b 

9. 4a 
6. 2b 

10. 3a 
7. lbc 

percent 
8. 5abc 
6. 9bc 

7. lbcd 
5. 5d 

7. 3b 
5. 7b 

5. 2b 
4. 9b 

5. 4bc 
3. 7c 

5. 8b 
4. 2b 

5. 4cd 
4. 3d 

8. 2a?/ 

7. lab 

7. lbc 

6. 7c 

5. 5d 

6. 6c 

6. 6c 

7. 8bc 
6. 5c 

7. 2bcd 
6. 6bcd 
6. 5b 
5. 8b 

5. lb 
5. Ob 

5. 5bc 
4. Oc 

5. 3b 
4. 8b 

6. lc 
4. 5d 

9. 3ab 
7. 6bc 

8. 8abc 
7. Ocd 

10. 6a 
6. 6b 

9. 9a 
6. Ob 

8. 7a 
5. 9bc 

11. la 
5. 8b 

9. 3ab 
6. lcd 

1/ - Means not followed by the same letter differ significantly within 
a sampling period, P< . 05. 

-2/ Means not followed by the same letter differ significantly, P <. 05. 
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Of the main effects, only class of stock was non - significant, 

i. e. , ash content of cattle- grazed forage did not differ from that of 

sheep - grazed forage. Ash content of forage declined until mid -June, 

then rose to 6. 6 percent in July and August. Forage in heavily - 

grazed pastures contained significantly more (. 01) ash than forage 

in lightly -grazed pastures, 7. 7 percent and 6. 1 percent, respectively. 

Mean ash content of tall fescue -type forage was 8. 1 percent, signifi- 

cantly more (. 01) than ryegrass forage, 5. 7 percent. 

The ash contents of forage from each grazing treatment were 

significantly (. 05) different (I x C x P). Lightly -grazed cattle and 

sheep - ryegrass forage contained significantly less (. 05) ash than 

all other treatments and heavily - grazed cattle tall fescue contained 

significantly more (. 05) ash than all other treatments. Sheep -grazed 

tall fescue contained significantly more (. 05) ash than ryegrass 

heavily - grazed by sheep and cattle and lightly - grazed by cattle. 

Table 34 presents mean percent forage ash content of the various 

treatments. 

Table 34. Mean percent ash content of grazed forage, 1965. 

Grazing Treatment 
S -1 S -1H S -2 S -2H C -1 C -1H C -2 C -2H 

percent 

7. 7b 8. 5b 5. 3d 6. 2c 6. 4c 9. 7a 5. Od 6. 4c 

Means not followed by the same letter differ significantly, P < . 05. 
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Significantly less (. 05) ash was contained in lightly -grazed cattle 

forage than in heavily -grazed sheep and cattle forages, 5. 7, 7. 4, 

8. 0 percent, respectively. Heavily -grazed cattle forage contained 

significantly more (. 05) ash than lightly - grazed sheep forage, 8. 0 

and 6. 5 percent, respectively. 

The order of decline in percent ash content for the intensity of 

grazing x pasture mixture interaction was heavily -grazed tall fescue 

(9. 1), lightly -grazed tall fescue (7. 1), heavily -grazed ryegrass 

(6. 3), and lightly -grazed ryegrass (5. 2). 

Ash content of leaves and seed heads of ryegrass and tall fescue 

is different; leaves contain up to double the ash of seed heads. More 

seed heads occurred in lightly -grazed than in heavily -grazed forage 

and relative absence of seeds would tend to increase ash content of 

whole - clipped material. Actively growing plants contain a higher 

proportion of their dry matter as mineral matter (ash) than do plants 

in the dry state. Tall fescue retained a higher proportion of green 

leaves in the total forage than did ryegrass and annual grasses during 

summer as compared with the spring season. Ash content in tall 

fescue forage exceeded that in ryegrass - annual grass forage through- 

out the season but the difference was accentuated in late summer 

(Table 33). 
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Discussion of 1964 and 1965 Forage Ash Content 

The influence of relatively large amounts of subclover and the 

lack of heavy grazing in 1964 may have contributed to maintaining 

the ash content relatively stable throughout that season (Table 32). 

No ash values were obtained for 1964 subclover but several analyses 

of subclover in May 1965 indicated that ash content exceeded that of 

ryegrass and tall fescue by two to three percent for the same growth 

stage. Thus, it is probable that the higher ash content contained in 

subclover masked any differences between grasses in the 1964 data. 

Table 35 contains ash content data for sheep and cattle -grazed 

tall fescue and ryegrass forage in 1964 and 1965. No doubt sub - 

clover in 1964 contributed substantially to forage ash value as more 

subclover was present in pastures S -2 and C -2 than in S -1 and C -1 

(Figure 5). 

Table 35. Mean ash content in forage dry matter, 1964 
and 1965. 

Grazing Treatment 
Sheep Cattle 

Year Fescue Ryegrass 
percent 

Fescue Ryegrass 

1964 8. 3 7. 7 8. 8 8. 1 

1965 8. 1 5. 8 8.0 5. 7 
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Diets 1964 

All dietary samples in 1964 were either frozen, thawed and 

washed lightly, or just washed lightly prior to drying and grinding 

for chemical analyses and PDMD determinations. Ash content of 

washed dietary samples did not differ from that of forage samples 

when compared on a within - sampling period basis. 

Analysis of variance of dietary ash values indicates that sig- 

nificant differences (.05 and .01) existed among samples (Table 36). 

Table 36. Statistically significant differences in 
dietary ash values, 1964. 

Fescue x Ryegrass 
Cattle x Sheep 
Sampling Period 

*) (Fescue)Ryegrass) 
**(Cattle) Sheep) 
*(no trend) 

Fistulated animals normally contribute significantly to the ash 

content of the diet by salivary contamination. As dietary samples 

were not different from forage samples, the increased ash due to 

salivary contamination was either removed by washing or this source 

of contamination was not functioning. It may be concluded that 

washing did reduce the ash value of dietary samples more for dietary 

yes sass - subclovei samples than for tall -fescue- subclover samples. 

;wince sheep samples were masticated more than cattle samples the 

Love, sheep dietary ash values were probably due to the increased 

contact with wash water. 
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Diets 1965 

With only one exception, cattle and sheep dietary samples con- 

tained significantly more (. 01) ash than did forage samples. During 

the mid -May period, cattle samples on fescue pasture C -1 did not 

contain significantly more ash than forage samples. Salivary con- 

tamination of dietary samples may account for much of the increased 

dietary ash values over that of forage (Bath et al. , 1956). But 

animals may select green material in preference to dry, and leaves 

in preference to stems (Arnold, 1962) which could increase ash con- 

tent of the diet as indicated in the previous section on forage. 

The amount of silica contained in forage and in dietary samples 

was not determined. Silica could influence the amount of ash in 

dietary samples if animals consumed much soil material. Van Dyne 

and Heady (1965a) indicated the desirability of expressing dietary 

chemical constituents on a silica -free basis. 

Table 37 contains mean dietary ash values for each grazing 

treatment. Each mean is derived from four to nine dietary samples. 

Differences in ash content among dietary samples were tested by 

analysis of variance using the four -way interaction as the error 

term (Appendix O). 
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Table 37. Mean ash content of dry matter in dietary samples by 
sampling periods, 1965. 

Sampling 
period 

Intensity 
of 

grazing 

Grazing Treatment 

Mean 
Sheep Cattle 

Fescue Ryegrass Fescue Ryegrass 

Late 
April 

Early 
May 

Mid- 
May 

Early 
June 

Mid- 
June 

Early 
July 

Early 
August 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

14. 3a1/ 
15. Oa 

13. 2ab 
15. 4a 

15. 4a 
13. 8ab 

14. Oab 
11. 4cd 

15. 2a 
13. 2ab 

14. 6ab 
11. 9cd 

14. labc 
11. 8cd 

percent 
11. 7c?/ 

11. 8c 

11. 6c 

11. 9bc 

12. 8ab 

12. 5abc 

13. Oa 

10. 4b 11. 4b 10. lb 
11. 3b 10. 6b 10. 4b 

12. Obc 13. Oab 9. 2d 
10. 2bcd 11. 6bcd 9. 5d 

11. 9bc 15. Oa 10. 3cd 
11. lc 7. 0 e 8. 6de 

13. 2abc 15. 6a 11. 6cd 
11. 5cd 8. 9e 10. Ode 

13. 3abc 15. 6a 11. 6cd 
10. 9cd 11. 9cd 10. 6d 

14. 8a 13. 6abc 12. 6abcd 
10. 9cd 10. 7cd 10. 6cd 

16. 4a 14. 4ab 12. 9bc 
12. 8bc 12. Obcd 10. Od 

1 
Means followed by different letters differ significantly within a 
sampling period, P <. 05. 

2 
Means followed by different letters differ significantly, P'(. 05. 

All main effects except sampling period were significant (. 01) as 

was the I x C x P interaction (each treatment averaged across samp- 

ling periods). Significant effects (. 05) were evident for sampling 

periods, intensity of grazing x sampling period interaction, and pas- 

ture mixture x sampling period interaction. Sheep diets contained 

more ash than did cattle diets, 13. 0 percent and 11.4 percent, respec- 

tively. Diets obtained on tall fescue -type forage contained more ash 

(13.0 percent) than those on ryegrass -type forage (11. 4 percent) and 

-2 
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diets from heavily - grazed pastures (13. 2 percent) contained more ash 

than those from lightly- grazed pastures (11. 2). A slight but signifi- 

cant (. 05) increase in dietary ash contents occurred during the mid - 

June to early August period. 

Mean ash values of diets for each grazing treatment differed 

(Table 38). Significant differences (. 05) are expressed in order of 

the decline of dietary ash values as S -1H and C- 1H, S-1 and S -2H, 

S -2 and C --2H, and C -1 and C -2. 

Table 38. Mean percentage ash content for each grazing treatment 
for the total grazing season, 1965. 

Grazing Treatment 
S-1 S-1H S-2 S-2H C-1 C-1H C-2 C-2H 

percent 
13.2b 14.4a 11. 2c 13. lb 10. 4d 14. Oa 10. Od 11.2c 

Means having different letters differ significantly, P<. 05. 

The significant (. 05) intensity of grazing x sampling period inter- 

action is due to lack of differences in dietary ash values during the 

first two sampling periods for heavy versus light intensity of grazing. 

As the effects of heavier grazing became apparent, dietary ash dif- 

ferences occurred between intensities. The significant (. 05) pasture 

mixture x sampling period interaction results from tall fescue cattle 

and sheep diets containing more ash than ryegrass diets during the 

early season through mid -May; thereafter, only small differences 

occurred between diets on the two pasture mixtures. 
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Among- Animal and Among -Day Variability in Dietary Ash Content 

Among - animal and among -day variability within sampling periods was 

determined for each treatment when at least two animals were sampled 

over a three -=day period. Significance of effects are given in Table 39. 

Table 39. Among- animal and among -day variability in dietary ash 
content, 1965. 

Sampling 

Grazing Treatment 
Sheep Cattle 

Fescue Ryegrass Fescue Ryegrass 
S -1 S -1H S -2 S -2H C -1 C- 1H C -2 C -2H 

Early April 
among animals 
among days 
Late April 
Animals NS NS NS 
Days NS NS NS NS 

Early May 
Animals NS NS * NS 
Days NS NS NS NS NS 

Mid -May 
Animals NS NS NS NS NS NS NS NS 
Days NS NS NS NS NS NS NS * 

Early June 
Animals NS NS NS NS NS NS 
Days NS NS NS * 

Mid -June 
Animals NS NS ; NS * * * NS 
Days NS NS NS NS NS NS NS NS 

Early July 
Animals NS NS NS NS NS NS NS NS 
Days NS NS NS NS NS NS NS NS 

Early Aug. 
Animals NS NS NS NS * NS 
Days NS NS NS NS NS NS 

NS, refer to non -significant, P< . 05, and P. 01, respectively. 

rr 

T 

1"1 
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Cattle were much less variable than sheep in dietary ash content. 

Over the season, eight among- animal and four among -day significant 

effects (. 05 and . 01) were observed for sheep. However, fewer cattle 

means than sheep means were available for calculation; hence, larger 

differences were needed for significance. 

Effects appeared to be environmentally related; more significant 

effects were noted in some sampling periods than in others. As an 

example, in only three pastures, S -2, C -1, and C -1H, did no signifi- 

cant effects occur in the early June period. Also more among -day 

than among- animal significant effects occurred in this period. The 

cause is not readily explainable, but rapid drying of forage was oc- 

curring which may have caused some animals to secrete more saliva 

than others (Wilson, 1963). 

Sheep variability was greater on heavily - grazed pastures. With 

cattle, there appeared to be no difference in variability between 

heavily- and lightly -grazed pastures. More cattle variability occurred 

on ryegrass than on tall fescue pastures. This may be a statistical 

interpretation because fewer numbers of cattle on tall fescue required 

larger differences for significance. Tall fescue retained more mois- 

ture and appeared to be more consistently preferred than was rye - 

grass. 

Numbers of Animals Required to Estimate Dietary Ash Content: 

The numbers of animals needed to estimate dietary ash content are 
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given in Table 40. Because the least differences in dietary ash values 

occurred among sampling periods (Table 37), individual animal means 

per treatment per sampling period were used for the whole season to 

calculate numbers needed to estimate dietary ash within ten percent 

of the mean at 90 and 95 percent confidence. Each mean is over a 

three -day period. 

Table 40. Number of animals required to estimate dietary ash 
content on a dry matter basis within ten percent of the 
mean with 90 and 95 percent confidence, 1965. 

Treatment 

Confidence Level 
90 Percent 95 Percent 

Sheep Cattle Sheep Cattle 
Numbers of animals 

Fescue, lightly -gr. 5 11 (3)1/ 8 17 (5)-/ 
heavily -gr. 3 4 4 6 

Ryegrass, lightly -gr. 2 6 (5)?/ 3 9 (7)2/ 

heavily -gr. 9 3 14 4 

1 Numbers in parentheses refer to animals needed from mid -June 
to August when animal variability was least. 

2 Numbers in parentheses refer to animals needed when one abnor- 
mally high value is removed from the calculation. 

More sheep than cattle would be required on lightly- grazed tall 

fescue and heavily - grazed ryegrass except for the spring period with 

cattle on fescue. But fewer sheep than cattle are needed to sample 

heavily - grazed fescue pastures in summer. With ryegrass, much 

less sheep variability was evidenced under light grazing than under 

heavily grazing. With cattle, the reverse was evident. 
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Crude Protein 

Forage 1964 

Forage crude protein content declined with increasing stage of 

plant maturity in all four pastures. Table 41 contains the crude pro- 

tein values on a dry matter basis for the forage available to animals 

in 1964. 

Table 41. Forage crude protein content (dry matter basis), 1964. 

Grazing Treatment 
Sampling period S -1 S -2 C -1 C -2 Mean 

Late April 13. 4a?/ 17. 5b 14. 4a 16. 9b 15. 6a1/ 
Early May 12. la 16. lb 11. 9a 17. 4b 14. 4b 
Mid -May 10. la 14. 6bc 12. 7b 16. 2c 13. 4b 
Early June 11. 8a 12. 4a 10. 7a 12. 3a 11. 8c 
Mid -late June 8. 7a 10. 2a 8. la 10. 4a 9. 3de 
Early July 7. 4a 11. 7b 8. 8a 11. 3b 9. 8d 
Early August 5. 7a 9. 8b 6. 4a 10. 8b 8. 2ef 
Late August 5. 7a 8. 9b 5. 6a 10. 8b 7. 7f 

Mean 9.4aá/ 12. 6b 9. 8a 13. 7b 

1 Sampling period means followed by different letters differ 
significantly, P < . 05. 

2 Individual means followed by different letters differ significantly 
within a sampling period, P. 05. 

3 Treatment means followed by different letters differ significantly, 
P< . 01. 

Analysis of variance (Appendix P) indicated that significant dif- 

ferences (. 01) in crude protein content occurred between tall fescue - 

subclover and ryegrass - subclover forage regardless of class of 
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grazing animal. Significant differences (. 01) occurred among sampling 

periods when data were averaged across pastures. In six of eight 

sampling periods, significant differences (. 05) occurred among treat- 

ments. During the two June sampling periods, no within -period treat- 

ment differences were evident but an among -period significant decline 

(. 01) occurred (Table 41). The significant difference (. 05) between 

C -1 and S -1 forage for mid -May may possibly be due to sampling error 

as this was the only date where a significant difference existed. It is 

possible that the effect of grazing by yearling heifers at that date did 

reduce crude protein value of the S -1 forage to 10. 1 percent. 

Data on crude protein values of pure species are helpful in inter- 

preting nutritive value of dietary preferences. Crude protein analyses 

were conducted by Sanders (1965) on ungrazed forage samples collected 

from the permanent exclosures in each pasture (Table 42). 

Table 42. Crude protein content of single species of ungrazed 
forage, 1964 (From Sanders, 1965). 

Sampling period 

Species of Plant 
Tall 

Fescue Subclover 
Perennial 
Ryegrass Subclover 

Percent crude protein 
Late April 11. 1 22. 1 10. 9 20. 8 

Early May 7. 8 20. 8 9. 9 20. 8 

Mid -May 7. 1 17. 7 8. 6 17. 7 

Early June 7. 2 16. 0 9. 0 15. 8 

Mid -late June 4. 3 12. 5 5. 2 11. 6 

Late July 4. 5 10. 2 5. 2 9. 9 

Early Sept. 4. 8 10. 7 5. 5 10. 6 
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Forage 1965 

Crude protein contents of forage expressed both as a percent of 

the dry matter and of the organic matter appear in Table 43. Analyses 

of variance of data derived both on a dry matter and organic matter 

basis are presented in Appendix Q. Differences among treatments 

were slightly more distinguishable using crude protein based on 

organic matter rather than dry matter. Hence, discussion of results 

is conducted with reference to crude protein on an organic matter 

basis. 

Significant differences (. 01) in forage crude protein content were 

found to result from class of animal grazing a pasture, sampling 

period, and to the intensity of grazing x class of animal interaction. 

A significant difference (. 05) was due to intensity of grazing. When 

all the data were analyzed together, forage in the heavily -grazed pas- 

tures averaged 7. 2 percent crude protein, significantly more (. 05) 

than the 6. 6 percent contained in the lightly- grazed pastures. Cattle - 

grazed forage was significantly higher (. 05) in crude protein, 7. 2 

percent, than was sheep -grazed forage, 6. 6 percent. This was pri- 

marily due to the significant (.01) intensity of grazing x class of stock 

interaction. Heavily -grazed cattle forage contained 7. 7 percent crude 

protein, significantly more (.01) than the other three intensity x class 

of stock treatments, 6. 6 percent. Significant declines (. 05) in crude 



Table 43. Crude protein content of forage available to grazing animals in 1965. 

Sampling Pe riod 

Intensity 
of 

grazing 

Grazing Treatment 

Mean 

Organic Matter Basis 

Mean 

Dry Matter Basis 
Sheep Cattle Sheep Cattle 

Fescue Ryegrass Fescue Ryegrass Fescue Ryegrass Fescue Rye grass 

Late April 

Early May 

Mid -May 

Early June 

Mid -June 

Early July 

Early August 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

11.5a 
12.1a 

9.4a 
9.2a 

7.1b' 
8. lab 

6.2b 
S. 9b 

4.9ab 
4. 4b 

3. 4b 

3. Sb 

3. Oa 

2.7a 

11.2a 
11.9a 

8.8a 
10.5a 

7.4ab 
8.Oab 

S.Ob 
5. Sb 

S. Sab 

S. Oab 

S. Oab 

3. Sb 

3. 7a 
2. 8a 

10.7a 
10.4a 

10.1a 
10.3a 

10.2a 
7.6ab 

9.2a 
6. 6b 

7. la 
4. 8b 

6. 9a 
3. 4b 

4.4 a 

3. 0 a 

percent 
10.3a 
11.Oa 

8.5a 
8.3a 

6.6a2/ 
7. Sabc 

S. 7a 
5.4a 

4.7a 
4.1a 

3. la 
3. 3a 

2. 7a 
2.5a 

10.3a 
ll.la 
8.2a 
9.8a 

6.9ab 
7. Sabc 

4.7a 
S. 2a 

S. Oab 

4. 8ab 

4. 7ab 
3. 3a 

3.Sa 
2. 7a 

9.7a 
9.6a 

9.2a 
9.6a 

9.lc 
7. lab 

8.3b 
6. 2a 

6. Sb 

4. Sa 

6. lb 
3. 2a 

4. Oa 

2. 8a 

10.4a 
10.6a 

9.4a 
8.Oa 

8.6bc 
7.7abc 

5.8a 
6.2a 

S. 2 a 
S. 2 a 
3. 4a 
3. 2a 

3. 6a 
3. 8a 

1/ 10.4a 

8. 9ab 

7. 6bc 

5. 9cd 

S. Ocd 

3. 8d 

3. 2d 

11.4a 
11.4a 

10.1a 
8.4a 

9.3ab 
8.2ab 

6.lb 
6. Sb 

S. Sab 
S.4ab 

3. 6b 
3. 3b 

3. 8a 
4.Oa 

1/ 
11. 3a 

9. 6ab 

8. 2bc 

6. 4cd 

5. 3de 

4, lde 

3. 4e 

1/ 

2/ 
Means followed by different letters differ significantly, P <. 05. 

Means followed by different letters differ significantly within a sampling period, P <. 05. 
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protein due to stage of plant maturity or sampling period are shown 

in Table 43. 

No significant difference existed between tall fescue and rye - 

grass forage protein values averaged across season, 7. 0 and 6. 8 per- 

cent, respectively. Forage crude protein levels declined at approxi- 

mately the same rate throughout the season for all pastures except 

C -1H. Crude protein level in C -1H forage remained relatively high 

and more stable than other pasture forage until the early August 

sampling. Tall fescue was still green at this date with approximately 

53 percent dry matter, compared to 87 percent dry matter for all 

ryegrass pastures. S -1H forage included many coarse stems; C -1H 

forage did not. Cattle had grazed stems as well as leaves; sheep 

consumed only leaves, avoiding the stems. C- 1H crude protein values 

were significantly higher (. 05) than most other pasture values in four 

of seven sampling periods. No difference could be expected in the 

first two periods which were early in the grazing season. The effect 

of heavy cattle use on tall fescue was to increase or maintain crude 

protein values at a higher level over a longer period throughout the 

season as compared to lightly- grazed fescue. In contrast, heavier 

grazing on ryegrass did not contribute to higher crude protein values. 

With the exception of C -1H forage, crude protein contents were ap- 

proaching very low levels at the early June sampling date and in mid - 

June were below levels recommended as adequate for proper livestock 
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nutrition (National Research Council, 1963, 1964). 

Discussion 1964 and 1964 Forage Crude Protein 

Vegetative species composition was markedly different in 1964 

and 1965 as previously discussed. This is reflected in large differ- 

ences in forage crude protein values (Tables 41 and 43). Selected 

data from these two tables (Table 44) show the contrast by years. 

Forage values in 1964 were always adequate to meet minimum live- 

stock nutritional needs. Larger differences among years occurred 

with ryegrass forage than with tall fescue forage because of subclover 

in 1964. Differences in crude protein values between years increased 

with the season but were relatively large even in late April which 

stressed the importance of subclover in forage nutritive quality. 

Table 44. Forage crude protein levels (dry matter basis) during 
1964 and 1965. 

Sampling period 

Grazing Treatment 
Sheep Cattle 

Fescue Ryegrass Fescue Ryegrass 

Late April 

Early May 

Mid -May 

Early June 

Early July 

Early Aug. 

1964 
1965 
1964 
1965 
1964 
1965 
1964 
1965 
1964 
1965 

1964 
1965 

13.4 
10. 6 

12. 1 

8. 4 

10. 1 

7. 1 

11. 8 

5. 6 

7. 4 

3. 2 

5. 7 

2. 6 

percent 
14.4 

9. 6 

11. 9 

9. 4 

12. 7 

8. 1 

10. 7 

7. 3 

8. 8 

4.6 
6. 4 
3. 4 

16. 9 

10. 5 

17. 4 

8. 7 

16. 2 

8. 2 

12. 3 

6. 0 

11. 3 

3. 3 

10. 8 

3. 7 

17.6 
10.7 
16.1 

9. 0 

14. 6 

7. 2 

12.4 
4. 9 

11.7 
4.0 
9. 8 

3. 1 
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Diets 1964 

Sheep- Grazed Tall Fescue -Subclover (S -1): The pattern of die- 

tary crude protein content as compared with forage crude protein 

content is given in Figure 23. Results of paired "t" tests indicated 

that all diet -forage crude protein differences were significant (. O1). 

Dietary crude protein values were high throughout the spring period 

when consumption of subclover was high. The spread between dietary 

crude protein and forage crude protein values was less during the 

summer period although significant (.01). Sheep were consuming 

primarily tall fescue at this time (Figure 12) which could have con- 

tributed to lower dietary protein since it contained less crude protein 

than subclover during these periods (Table 42). 
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Figure 23. Crude protein content (dry matter basis) of forage 
and sheep diets in tall fescue - subclover pastures, 
1964. 
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Cattle -Grazed Tall Fescue -Subclover (C -1): Figure 24 gives 

the trend in crude protein values of cattle diets and available forage 

in pasture C-1. Cattle diets always contained more crude protein 

than did forage. The grazing season was divided into periods one 

through five and six through eight. Dietary crude protein was sig- 

nificantly greater than forage crude protein by 3. 8 percent during 

periods one through five (. 01) and by 2. 0 percent during periods six 

through eight (. 05). The decline in cattle dietary protein values paral- 

leled that of forage protein. Dietary crude protein values fell more 

rapidly during June than did forage values but remained relatively con- 

stant at 10 to 11 percent during summer when forage crude protein 

values decreased to 5. 7 percent. 
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Figure 24. Crude protein content (dry matter basis) of forage 
and cattle diets in tall fescue - subclover pastures, 
1964. 
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Sheep- Grazed Ryegrass- Subclover (S -2): Sheep on pasture S -2 

preferred diets which contained more crude protein than that in the 

forage (Figure 25). The average differences between dietary and 

forage crude protein content were 5. 2, 3. 3, and 4. 1 percent for 

periods one and two, three and four, and five through eight, respec- 

tively. All differences were significant (.01). The crude protein 

value of sheep diets remained the same from mid -June through July 

and August. It is likely that the accelerated preference for subclover 

during summer accounted for maintenance of high summer dietary 

crude protein values. 
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Figure 25. Crude protein content (dry matter basis) of forage 
and sheep diets in ryegrass- subclover pastures, 1964. 
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Cattle- Grazed Ryegrass -Subclover (C -2): Cattle dietary and 

forage crude protein values are presented in Figure 26. A similar 

trend in values continued until mid- to late June. Thereafter, cattle 

dietary values continued to decline; forage crude protein value re- 

mained constant throughout summer. Paired "t" tests showed that 

significantly more (. 01) crude protein was contained in cattle diets 

during late April, early May, and early June, that no differences 

existed for mid -May and mid- to late June, but that significantly less 

(. 01) crude protein was present in summer cattle diets than in the 

available forage. A possible reason for this is that cattle preferred 

the dry ryegrass to dry subclover (Figure 16). Dry subclover con- 

tained more crude protein than dry ryegrass (Table 42). 
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Figure 26. Crude protein content (dry matter basis) of forage 
and cattle diets in ryegrass - subclover pastures, 1964. 
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Dietary crude 

protein data contained in Table 45 were tested by analysis of variance 

in a factorial design (Appendix R). Sheep diets contained significantly 

more (. 01) crude protein than did cattle diets when averaged across 

sampling periods. Pasture mixture had no significant effect on die- 

tary crude protein values. Significant differences (. 01) occurred 

among sampling periods; diets of periods one through four were dif- 

ferent from diets of periods five through eight. 

Table 45. Mean crude protein content of cattle and sheep dietary 
samples, 1964. 

Sampling period 

Grazing Treatment 
Sheep Cattle 

Mean Fescue Ryegrass Fescue Ryegrass 
percent 

/ 5a - lc 17. Late April 22. lbc 23. 20. 2b 20. 7a- 
Early May 23. 5c 21. Obc 16. 2a 18. gab 19. 9a 
Mid -May 20. 8a 16. 6a 14. 8a 16. la 17. la 
Early June 20. 2b 16. la 15. 4a 15. 5a 16. 8a 
Mid -late June 14. la 13. 7a 12. 5a 10. 9a 12. 8b 
Early July 10. 9a 14. 9b 10. 7a 9. 9a 11. 6b 
Early August 11. Ob 15. Oc 8. 6a 8. 4a 10. 8b 
Late August 10. Oab 14. Ob 7. 5a 5. 6a 9. 3b 

Mean 16.6 16. 8 12. 9 13: 2 

16. 7a3/ 13. Ob 

Means having different letters 
sampling period P<. 05. 

differ significantly within a 

2/ Means having different letters differ significantly P< . 05. 

- 3/ Sheep differ from cattle significantly P< . 01. 

Within -period differences were analyzed on a completely random- 

ized basis and significant differences among treatments are shown in 

1 

-2 
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Table 45. Cattle diets on tall fescue (C -1) contained significantly 

less (. 05) crude protein than cattle diets on ryegrass (C -2) in only 

one period, late April. At this same time, sheep on ryegrass (S -2) 

selected diets containing significantly more (. 05) crude protein than 

did cattle on both pasture mixtures but not more than sheep diets con- 

tained on tall fescue (S -1). 

Pasture forage crude protein content in sheep and cattle - grazed 

tall fescue (S -1 and C -1) differed significantly (.05) in one period, 

mid -May (Table 41), but sheep diets on fescue (S -1) contained signifi- 

cantly more (. 05) crude protein than cattle diets in four periods: late 

April, early May, early June, and early August. Pasture forage 

from sheep and cattle - grazed ryegrass (S -2 and C -2) never differed 

significantly in crude protein level throughout the season. However, 

sheep diets in ryegrass (S -2) contained more crude protein than 

cattle diets (C -2) in four periods: late April, and the three summer 

periods. 

Forage in sheep ryegrass pasture (S -2) contained more crude 

protein than sheep fescue (S -1) in late April, early May, and mid - 

May, and again in the three summer periods (Table 41). Yet, sheep 

on fescue (S -1) selected a higher protein diet than did sheep on rye - 

grass (S -2) in mid -May. During early July and early August, sheep 

diets on ryegrass contained significantly more (. 05) crude protein 

than sheep diets on fescue, presumably due to the high percentage 
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of dry subclover in the sheep diets on ryegrass. No significant dif- 

ference in dietary crude protein values of sheep was seen in late 

August between fescue and ryegrass. Sheep in fescue pasture S-1 

only selected diets with significantly more (. 05) crude protein than 

cattle in ryegrass in early May, early June, and early August. 

The ryegrass - subclover forage grazed by sheep contained sig- 

nificantly more (. 05) crude protein than tall fescue - subclover forage 

grazed by cattle up to mid -May and also during the three summer 

periods (Table 41). Sheep diets on ryegrass contained significantly 

more (. 05) crude protein than cattle diets on fescue during these 

same periods. 

A number of non -significant differences in crude protein values 

between cattle and sheep diets were evident within a sampling period. 

In every case, however, crude protein content in sheep diets was 

greater than in cattle diets, a contributing factor to the significant 

difference (.01) in dietary crude protein levels between cattle and 

sheep (Appendix R). 

Sheep grazing tall fescue during late July to late August selected 

diets containing more crude protein than did cattle when both classes 

preferred approximately the same amount of tall fescue in their diets. 

Sheep could have selected younger leaves of tall fescue than did 

cattle. The percent points of leaves in cattle samples were slightly 

greater than that of sheep samples but no data are available on age 



165 

or size of leaves in the respective samples. Perhaps a beneficial 

factor contributing to higher value sheep diets was the small (< 12 

percent) amount of dry subclover in the diet of sheep as compared to 

none in cattle diets. 

Cattle diets on ryegrass (C -2) in late August contained approxi- 

mately two percent less crude protein than those on fescue (C -1). 

Data from Table 42 on composition of single species indicate that rye - 

grass contained more crude protein than tall fescue during summer. 

These data are for ungrazed plants. No crude protein data were 

taken for grazed forage on a single species basis. Steers had access 

to larger amounts of tall fescue than ryegrass during summer although 

in neither case was amount of forage limited. It is probable that 

steers on fescue selected diets containing more protein than could 

steers on ryegrass. 

At all times during the grazing season, sheep diets contained 

adequate crude protein to fully meet their nutritional requirements 

(National Research Council, 1964). Cattle diets contained adequate 

levels of crude protein for maintenance through early August. In 

late August, cattle diets on tall fescue - subclover were somewhat 

low and those on ryegrass - subclover moderately deficient in needed 

crude protein (National Research Council, 1963). 
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Numbers of Animals Required to Estimate Dietary Crude 

Protein Content: For a three -day sampling period, numbers of sheep 

and cattle needed to estimate dietary crude protein content to within 

ten percent of the mean with 90 percent confidence are given in 

Table 46. Sample data from both pasture mixtures were combined 

in order to have sufficient numbers upon which to base estimates. 

This was feasible in the absence of a class of stock x pasture mix- 

ture interaction. 

Table 46. Numbers of animals required to estimate dietary crude 
protein (dry matter basis) within ten percent of the mean 
at 90 percent confidence, 1964. 

Sampling period Sheep Cattle 

numbers of animals 

Late April 2 5 

Early May 5 23 
Mid -May 1 17 
Early June 4 1 

Mid -late June 2 6 

Early July i 1 

Early August 5- 3- 2 

Late August 14 

1 Numbers of sheep on tall fescue - subclover during summer. 
2 Numbers of sheep on ryegrass- subclover during summer. 

Table 46 indicates that more cattle than sheep would be required 

in five of the eight sampling periods in 1964. In all cases, numbers 

of sheep would not be large. Cattle numbers are very high in early 

and mid -May because of low dietary crude protein values from one 
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steer in each sampling period. Cattle numbers for late August are 

large because only two means per pasture were available. High con- 

sistency between steers was evident in both fescue and ryegrass and if 

more means had been available fewer animals would have been re- 

quired. 

Diets 1965 

Ash values of the 1964 dietary samples exceeded those of forage 

samples by varying amounts due to salivary contamination. To mini- 

mize this source of variation, crude protein values of the dry matter 

were converted to an organic matter basis for both forage and fistula 

samples. Comparisons between dietary and forage crude protein 

levels and among dietary crude protein levels are made on an organic 

matter basis. 

Sheep -Grazed Tall Fescue- Subclover (S -1 and S -1H): Pastures 

S -1 and S -1H were grazed from late March through August 1965. 

These pastures were sampled eight times commencing April 7; all 

other pastures were sampled seven times. During the first sampling 

period, means are from six sheep on pasture S -1 and five sheep on 

S -1H. In subsequent periods, means are from three sheep in each 

pasture grazing for three days except for the early August period in 

S-1 and both July and August dates in S- 1 H. The value of diets for 

S -1 at that period was assessed using only one sheep for three days. 
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On S- 1H, means are from two sheep over a three -day period. 

Figure 27 gives dietary and forage crude protein levels through- 

out the 1965 grazing season. Crude protein values of the fescue 

forage available to sheep in pasture S -1 were not different from S -1H 

even though grazing pressure varied by 2 1/2 times (Table 43). In 

both pastures, sheep consistently selected diets containing signifi- 

cantly more (. 01) crude protein than in the forage. Crude protein 

in the diets fell from a high of 17. 7 percent in late April to 6. 0 per- 

cent in early August. 

15 
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S -1 Forage 
S -1H Forage 
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S -1 H Diet 
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Figure 27. Crude protein content (organic matter basis) of sheep 
diets and forage in tall fescue- subclover pastures 
(S -1 and S -1H), 1965. 
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Sheep did select diets containing adequate crude protein to meet 

optimum nutritional requirements except for the early August samp- 

ling date on lightly- grazed tall fescue (National Research Council, 

1964). Ewes with lambs need approximately 9. 3 percent crude pro- 

tein (100 percent dry matter basis) and this level was achieved through 

mid -June on both pastures and into early July on pasture S-1. Lambs 

could have made adequate gains into mid -June on both pastures. 

High dietary crude protein values in pasture S -1 in early July 

may be attributed to the proportion of tall fescue seed contained in 

the diet (Table 23). A mean value of 20 percent tall fescue seed was 

observed to be selected by sheep. Some diets contained over 40 per- 

cent seed. Tall fescue seed on June 25 contained 9. 7 percent crude 

protein while whole leaves from similar plants contained only 6. 4 

percent. 

The effect of heavy sheep grazing was to speed up removal of 

the more preferred plants from the pasture. This did not result in 

lower forage protein values on S -1H but sheep diets on heavily -grazed 

fescue did contain approximately two percent less crude protein during 

May than under light grazing. Sheep on lightly -grazed fescue selected 

4. 6 and 9. 0 percent subclover in their diets during the two May samp- 

ling periods. Subclover contained 20. 6 percent crude protein on 

May 7; the two percent higher crude protein diets of sheep under 

light grazing could be accounted for by this much subclover. 



170 

Sheep diets under heavy grazing in early August contained 4. 6 

percent more crude protein than those under light grazing. Forage 

crude protein values were the lowest for the season in pasture S -1 

at that period whereas pasture S -1H forage was made up entirely of 

tall fescue from which sheep selected all green leaves. A forage 

sample of short, tall fescue leaves obtained August 4 in pasture S -1H 

contained 9. 5 percent crude protein as compared to the whole plant 

at 2. 7 percent. 

Cattle- Grazed Tall Fescue -Subclover (C -1 and C -1H): Grazing 

intensity on pasture C -1H was approximately five times that on pas- 

ture C -1 which affected both forage and dietary crude protein values 

favorably (Figure 28). Forage crude protein values for heavily - 

grazed fescue were higher than lightly- grazed forage from mid -May 

on through the season. Not until mid -June did cattle diets under 

heavy grazing contain significantly more (. 05) crude protein than 

those lightly -used, although diets from the pasture heavily -grazed 

were always higher after mid -May. 

Diets on both pastures were significantly higher (. 01) in crude 

protein than forage. The rate of decline in both forage and dietary 

crude protein values was similar on each pasture but the rate de- 

clined faster under light grazing. Annual grasses, primarily annual 

fescue (Festuca myuros), constituted varying proportions of the diets 

in both pastures. During May, annual fescue contained nine percent 
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Figure 28. Crude protein content (organic matter basis) of 
cattle diets and forage in tall fescue - subclover 
pastures (C -1 and C -1H), 1965. 

crude protein compared with eight percent for tall fescue. Cattle 

diets under light grazing in early May included 28 percent annual 

fescue whereas those heavily -grazed had only 13 percent; diets under 

light grazing contained 1. 3 percent more crude protein. 

Forage crude protein was below five percent after mid -June in 

pasture C -1. Yet cattle diets contained almost ten percent crude pro- 

tein in early summer decreasing to 6. 6 percent in early August. On 

both pasture C -1 and C -1H during early August, dietary crude pro- 

tein fell to suboptimal levels for maintenance of beef cows (National 

Research Council, 1963). The normal growth requirements of 

á 

- -_ 
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yearling steers and heifers for crude protein is 10. 3 percent for a 

600 -pound animal. Diets on pasture C -1H contained this level through 

early July whereas diets on pasture C -1 were suboptimal after mid - 

June. Fescue forage under light grazing (C -1) dried at a more rapid 

rate than when heavily -grazed (C -1H). Annual grasses were entirely 

mature and dry by mid -June and contained only 3. 5 percent crude 

protein by July 10; no samples were taken in mid -June but crude pro- 

tein was likely not greater than 4. 5 percent. Tall fescue, lightly - 

grazed, was of low forage value also; the whole plant on June 17 

assayed four percent crude protein. Cattle did eat green leaves of 

tall fescue on both pastures to bring the dietary crude protein value 

considerably above the forage value. 

In mid -June, cattle under light grazing had diets lower in crude 

protein than those measured three weeks later. A possible reason 

is that 30 percent of the mid -June diet was composed of annual grasses 

which were of low forage value although no reason is apparent for 

their selection. Cattle under heavy use ate approximately 20 per- 

cent annual grasses during the mid -June period, but tall fescue in this 

pasture was over seven percent crude protein as compared with ap- 

proximately 4. 5 percent in annual grasses. Hence, cattle diets under 

heavy grazing were significantly higher (. 05) in crude protein than 

those under light use in mid -June. 
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Sheep- Grazed Ryegrass - Subclover (S -2 and S -2H): Pasture S -2H 

supported approximately four times the grazing pressure of pasture 

S -2. Comparisons between dietary and forage crude protein content 

are graphically shown in Figure 29. Sheep diets always contained 

significantly more (. 01) crude protein than did the forage. Grazing 

intensity did not significantly affect forage crude protein levels but 

heavily - grazed ryegrass forage was lower than that lightly -used 

early in the season and higher later in the summer. 
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Figure 29. Crude protein content (organic matter basis) of sheep 
diets and forage in ryegrass - subclover pastures 
(S -2 and S -2H), 1965. 
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Grazing intensity also had little effect on sheep dietary crude 

protein levels. In one period, early June, sheep diets under heavy 

use contained significantly less (. 05) crude protein than diets of sheep 

from lightly -used ryegrass (S -2). Sheep in pasture S -2 had more 

opportunity to select preferred plants as diets in early June contained 

almost eight percent subclover. In mid -May, sheep diets on pas- 

ture S -2 contained 13 percent subclover which undoubtedly contribu- 

ted to the non -significant increased dietary crude protein level of 

pasture S -2 sheep. No crude protein analyses of subclover plants 

were made in these periods, but other data in Table 42 show that sub- 

clover always contained much more crude protein than perennial rye - 

grass. 

Approximately 8. 9 percent crude protein (100 percent dry matter 

basis) is required for normal maintenance of dry ewes (National 

Research Council, 1964). This level was exceeded in all periods 

except early August on both pastures and early July on heavily- grazed 

ryegrass. Lambs require 10 to 11 percent dietary crude protein. 

In 1965, adequate levels of dietary crude protein could have been 

achieved through mid -June at which time lambs normally would be 

weaned. 

Cattle- Grazed Ryegrass -Subclover C -2 and C -2H): The heavily - 

grazed pasture C -2H received approximately three times as much 

grazing pressure as pasture C -2 (Table 7). Dietary and forage crude 
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protein values are shown in Figure 30. Diets always contained sig- 

nificantly more (.01) crude protein than the available forage. The 

rate of crude protein decline was approximately equal for diets and 

forage in both pastures except for one period. Diets on pasture C -2 

in early July contained 11. 3 percent crude protein, significantly more 

(. 05) than C -2H diets. All three animals in pasture C -2 selected a 

mean of nearly 60 percent dietary wild cucumber in this three -day 

period (Table 27). Cucumber crude protein level was 15. 4 percent 

as compared with adjacent dry forage of 3. 5 percent. 
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Figure 30. Crude protein content (organic matter basis) of cattle 
diets and forage in ryegrass -subclover pastures (C -2 
and C -2H), 1965. 
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Except for the influence of wild cucumber in early July, dietary 

crude protein levels were below minimum requirements from mid - 

June on for dry cows (National Research Council, 1963). For cows 

nursing calves, diets were only adequate through early June on C -2H 

and late May on C -2 although this difference was not significant. 

If yearling cattle were grazed, crude protein levels were only ade- 

quate through mid -May. 

Dietary Comparisons Among Treatments: All dietary crude pro- 

tein mean values (organic matter basis) are shown in Table 47 and 

mean squares of analyses of variance of dietary crude protein on both 

a dry matter and organic matter basis are given in Appendix S. 

Tests of seasonal differences were slightly more sensitive on an 

organic matter basis. Mean dietary crude protein levels (dry matter 

basis) are given in Appendix T. The pooled error term of both three- 

way and four -way interactions was used to test overall differences, 

but mean values within a period were tested on a completely random- - 

ized basis utilizing all individual animal values. 

Significant dietary crude protein differences were indicated for 

class of stock, pasture mixture, and sampling period. A significant 

class of stock x pasture mixture interaction (. 05) existed but no over- 

all intensity of grazing effect was observed. 

Sheep diets contained more crude protein than cattle diets (. 01) 

and diets of both classes on tall fescue - subclover were higher than 
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Table 47. Crude protein content (organic matter basis) in diets of 
sheep and cattle grazing tall fescue -subclover and rye- 
grass- subclover pastures, 1965. 

Intensity Grazing Treatment 
Sampling of Sheep Cattle 1/ 
Period Grazing Fescue Ryegrass Fescue Ryegrass Mean-' 

percent 

Late April 

Early May 

Mid -May 

Early June 

Mid -June 

Early July 

Early Aug. 

Meant/ 

Heavy 17. 6ab / 19. la 15. 6bc 15. 2bc 
Light 17. 7ab 18. 5a 14. 4c 14. 2c 

Heavy 15. lb 15. 6b 14. 5bc 14. 4bc 
Light 17. 5a 14. 5bc 15. 8b 13. 4c 

Heavy 14. 8a 13. 7a 15. 8a 11. 9a 
Light 16. 8a 15.4a 14.4a 11.4a 

Heavy 14. la 12. 5bc 13. 3ab 10. 7cd 
Light 14. 9a 14.4a 11. 8bcd 9. 8d 

Heavy 12. 4a 12. 3a 13. la 9. 4bc 
Light 12. Oa 11. 5ab 9. 8bc 8. 8c 

Heavy 10. 3bc 10. 2bc 12. 2ab 7. Id 
Light 13. 8a 10. 4bc 9. 9c 11. 3bc 

Heavy 10. 6a 10. la 8. 6b 6. 5c 
Light 6. Oc 9. 7ab 6. 6c 6. 7c 

13. 8a 13. 4ab 12. 6b 10. 8c 

16. 5a 

15. lb 

14. 2b 

12. 7c 

11. 2d 

10. 6d 

8. l e 

1 Means followed by different letters differ significantly, P <. 05. 
2 Means followed by different letters differ significantly within a 

sampling period, P< . 05. 

diets on ryegrass -subclover (. 0i). Mean dietary crude protein levels 

declined throughout the season (Table 47). The significant class of 

stock x pasture mixture interaction (. 05) indicates that cattle grazing 

tall fescue selected diets containing more crude protein than did cattle 

brazing- ryegrass but sheep died not behave differently on either pas- 

ture mixture. Cattle diets on tall fescue were not significantly 
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different from sheep diets on ryegrass but were different from sheep 

diets on tall fescue (. 05). 

Within -period differences (. 05) are shown in Table 47. In both 

the late April and early May periods, no significantly different forage 

crude protein levels existed among grazing treatments. However, 

in late April, etude protein levels of sheep- i'yegrass diets whim 

greater than cattle diets but the same as sheep -fescue diets. Dietary 

crude protein levels of cattle on both heavier- grazed pastures were 

not different from those of sheep on tall fescue. In early May, sheep 

diets on lightly - grazed fescue (S -1) were higher than all others and 

cattle diets on lightly - grazed ryegrass (C -2) were lowest; all other 

treatments were intermediate and not different. 

From mid -May, some forage crude protein differences were ob- 

served among treatments; the most consistent was more crude pro- 

tein in fescue forage heavily- grazed by cattle (C -1H). No dietary 

crude protein differences existed in mid -May. In early June, cattle 

diets in C -1H contained similar levels of crude protein to those in 

all sheep diets. Cattle ryegrass diets contained less crude protein 

than both C -1H diets and all sheep diets. Cattle diets in pasture C -1 

contained intermediate levels of crude protein between sheep diets 

and C -2 - C -2H diets throughout the season. 

A similar pattern of differences existed throughout the season. 

Sheep diets on both pasture mixtures and grazing intensities contained 
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similar levels of crude protein except for early July and early Aug- 

ust in pasture S- 1. In early July, sheep diets on lightly -used fescue 

(S -1) were higher than diets in other pastures, due to the presence 

of tall fescue seed heads. In August, S -1 diets were lower than all 

other sheep diets but not different from all cattle diets except cattle 

in C -1H. Cattle dietary crude protein levels were similar on both 

pasture mixtures when lightly grazed. Heavily -grazed tall fescue 

(C -1H) forage provided more crude protein (Table 43) in July than 

other pasture forage. Cattle on C- 1H obtained more dietary crude 

protein than cattle on both heavily and lightly- grazed ryegrass except 

for the influence of wild cucumber in C -2 early July diets. 

Variation in Dietary Crude Protein Levels Among- Animals and 

Among -Days Within Sampling Periods: Variability in the percentage 

crude protein contained in animal diets is assessed within a sampling 

period. In the absence of an intensity of grazing effect for the over- 

all season with all data (Appendix S), intensity treatments are com- 

bined in most instances for these analyses. However, in several 

cases where significant differences within a sampling period occurred 

between diets on heavily versus lightly -grazed pastures, among - 

animal and among -day variability is assessed on an intensity of 

grazing basis within a pasture mixture. Individual animal dietary 

crude protein values on a per day basis were used to assess among - 

animal and among -day variability. 
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Table 48 portrays the patterns of variability in dietary crude 

protein levels during the 1965 season when expressed on both organic 

and dry matter bases. 

Cattle variability during the late April and early May periods 

could not be assessed statistically because animal numbers per 

pasture were not yet stabilized. Variability assessments on both 

dry matter and organic matter bases gave similar results in total; 

dry matter provided two more among -day but two less among -animal 

significant differences than the organic matter basis. However, in 

several instances, variability would approach significance by one 

measure and be significant in the other. Since no real differences 

occurred between comparative methods, discussion is limited to the 

organic matter basis. 

Among - animal variability occurred more frequently than among - 

day variability. Of 30 separate tests in Table 48, 12 significant 

animal effects and only five significant day effects were found (. 05 

and . 01). Much more among-sheep than among- cattle variability 

was evident. Yet among -day variability was about equal for both 

classes. Dietary variation was somewhat greater during the first 

half of the grazing season. 

Individual animal selections for diets either high or low in crude 

protein were more consistent with sheep than with cattle. The range 

in dietary crude protein values among sheep was greater than among 
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Table 48. Among-animal and among-day variability of dietary crude 
protein levels, 1965. 

Sampling Grazing 
period Treatment 

Early April S-1+S-1H 

Late April S-1+S-1H 
S-2+S-2H 

Early May S-1+S-1H 
S-2+S-2H 

Mid-May S-1+S-1H 
S-2+S-2H 
C-1+C-1H 
C-2+C-2H 

Early June S-1+S-1H 
S-2+S-2H 
C-1+ C- 1H 
C-2+C-2H 

Mid-June S-1+S-1H 
S-2+S-2H 
C-1 
C-1H 
C-2+C-2H 

Early July 5-1 
S-1H 
S-Z+S-2H 
C-1 
C-1H 
C-2 
C-2H 

Early August S-1H 
S-2+S-2H 
C-1 

C-1H 
C-2+C-2H 

Dietary Crude 
Organic matter basis 

Protein 
Dry matter basis 

Among Among 
animals days 1/ 

NS 

NS NS 
NS 

NS 
NS 

NS 
NS NS 
NS 

NS 
NS 

NS 
NS 

.NS NS 
NS 

NS NS 
NS 

NS NS 

NS 
NS 

NS NS 
NS NS 
NS NS 
NS NS 
NS NS 

NS 
NS NS 
NS NS 
NS NS 
NS NS 

Among 
animals 

Among 
days 

NS 

NS 

NS 
NS 

NS 
NS 

NS 

NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 

NS 

NS 
NS 

NS 
NS 

NS 
NS 

NS 
NS 

** 

NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 

-1/ NS, '4', refer to non-significant, P<-. 05, and P4. . 01, 
respectively. 
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cattle within a treatment. Sheep with high or low protein diets were 

consistent from period to period in pastures S -1, S -1H, and S -2H, 

but not in pasture S -2, i. e. , the same animal would be high or low 

each time, an animal characteristic. Although among - cattle varia- 

bility was only significant (. 05) in one period, individuals tended to 

select diets of like value but were not always in the same order from 

period to period. 

No pattern existed in dietary crude protein values in the signifi- 

cant among -day treatments. No day of the three days was consis- 

tently low or high. 

Numbers of Animals Required to Estimate Dietary Crude 

Protein Content: Mean animal dietary crude protein values were used 

to determine numbers needed to estimate dietary crude protein to 

within ten percent of the mean value at 90 percent confidence (Table 

49). These data apply to sampling over a three -day period. 

With the exception of the late April period, the same or fewer 

animals would be needed if crude protein values were to be expressed 

on a dry matter basis. Fewer cattle than sheep are necessary to 

estimate dietary crude protein. Insufficient numbers of mean values 

were available from steers grazing on tall fescue during summer to 

estimate numbers needed. Since cattle variability was low (Table 48), 

perhaps a number similar to those needed to sample ryegrass would 

be necessary. 
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Table 49. Numbers of animals required to estimate dietary crude 
protein content within ten percent of the mean at 90 per- 
cent confidence, 1965. 

Sampling period 
Pasture 
mixture 

Crude Protein 
Organic Matter Base Dry Matter Base 
Sheep Cattle Sheep Cattle 

numbers of animals 
Early April Fescue 1 1 

Late April Fescue 3 5 4 5 

Ryegrass 3 2 4 2 

Early May Fescue 8 7 6 2 

Ryegrass 8 2 6 2 

Mid -May Fescue 13 2 11 1 

Ryegrass 13 1 11 1 

Early June Fescue 9 4 8 2 

Ryegrass 9 2 8 2 

Mid -June Fescue 14 14 
Ryegrass 14 2 14 2 

Early July Fescue 36 29 
Ryegrass 4 1 4 1 2/ 7- 7 

Early August Fescue 2 3 

Ryegrass 2 9 (1)3/ 2 7 (1)?/ 

1 For lightly -grazed ryegrass pasture. 
2 For heavily -grazed ryegrass pasture. 
3 Number in parentheses needed when one high value removed 

from calculations. 

Sheep variability increased from early season to mid - season 

and then declined (Table 48). Sheep numbers needed to sample with- 

in ten percent of the mean at 90 percent confidence were higher in 

mid - season than at either end of the season whereas required cattle 

1/ 

-2 
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numbers remained relatively constant throughout the season. 

Comparisons Between Dietary Crude Protein Levels in 1964 and 1965 

Dietary crude protein levels in 1965 were much below those of 

1964 (Table 50). Large differences also occurred in forage crude 

protein values between years (Table 44). Only data from the lightly - 

grazed pastures in 1965 are included. 

The influence of dietary subclover may be observed by compar- 

ing dietary crude protein values in both S-1 and S -2. The difference 

between years is slightly greater on pasture S-1 forage, perhaps 

because S -1 sheep in 1964 selected a high proportion of their diets 

in early season as subclover (Figure 12). Except for early July 

1965 in pasture S -1, all 1964 sheep diets contained 3. 7 percent or 

more crude protein than 1965 diets. 

A similar pattern between years was evident for pasture S -2 

diets. Dietary differences were least from mid -May through mid - 

June. Sheep diets in 1965 contained up to 50 percent annual grasses 

in mid - season but 1964 sheep diets contained high amounts of sub - 

clover season -long. Annual fescue contained 8. 6 percent crude pro- 

tein (dry matter basis) in mid -May as compared to total forage in 

pasture S -2 with 7. 2 percent. Perhaps, annual fescue contributed 

enough protein to 1965 sheep diets to narrow the margin to three per- 

cent difference between 1964 and 1965 (Table 50). Large amounts of 
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Table 50. Dietary crude protein levels (dry matter basis) during 
1964 and 1965. 

Sampling period 
Grazing Treatment 

S-1 S -2 C -1 C-2 

Late April 

Early May 

Mid -May 

Early June 

Mid -June 

Early July 

Early August 

1964 
1965 

1964 
1965 

1964 
1965 

1964 
1965 

1964 
1965 

1964 
1965 

1964 
1965 

22. 1 

15. 0 

23. 5 

14 8 

20. 8 

14. 4 

20. 2 

13.2 

14. 1 

10.4 

10. 9 

12.2 

11.0 
5. 2 

percent 
20. 2 

12. 7 

18. 9 

12. 2 

16.1 
10. 4 

15. 5 

8. 6 

10. 9 

7. 9 

9. 9 

11. 0 

8. 4 

6. 0 

23.1 
16.4 

21. 0 

13. 0 

16. 6 

13. 7 

16. 1 

12. 8 

13. 7 

10. 2 

14. 9 

9. 2 

15. 0 

8. 5 

17.5 
12.9 

16. 2 

13. 5 

14. 8 

13. 2 

15. 4 
10. 8 

12. 5 

8. 6 

10. 7 

8. 9 

8. 6 

5. 8 

dietary subclover in 1964 kept crude protein far above 1965 levels 

during summer on pasture S -2. 

Cattle dietary crude protein content in 1964 was greater than all 

1965 samples except the period when 1965 C -2 diets contained wild 

cucumber. Greater differences between years tended to occur with 

cattle ryegrass diets than with cattle fescue diets. Data in Table 44 

indicate that forage crude protein differences between years were 

greater with ryegrass than with tall fescue. Also, data in Table 42 

show that ryegrass alone maintained higher levels of crude protein 

than the total 1965 forage through early July. 
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Cattle dietary preferences were similar from 1964 to 1965. 

Thus, the differences in dietary crude protein levels may reflect the 

difference in forage crude protein values occurring between years 

for the same species. No crude protein analyses of either u_ ̂ grazed 

perennial ryegrass or tall fescue were made in 1965 to compare with 

data of Table 42. The implied conclusion from comparing single 

species crude protein data in Table 42 with forage crude protein data 

of 1965 in Table 50 may be that larger differences existed between 

years for perennial ryegrass than for tall fescue forage. Cattle diets 

tend to reflect this difference as diet composition in both years was 

predominantly grasses. 

Digestibility of Forage and Diets 

In vitro fermentation results for both years are expressed as 

percent dry matter disappearance (PDMD). The forage material 

employed as a base standard in each in vitro trial was the same in 

both years; it was alfalfa with a crude protein content of 12.0 per- 

cent and in vivo dry matter digestibility of 54. 7 percent as deter- 

mined in a standard digestion trial. No in vitro data on which to base 

a digestibility prediction equation were available. 

For the 1964 samples, eight in vitro fermentation trials of 24- 

hour duration were conducted over a period of seven weeks. Ten 

in vitro fermentation trials over a period of six weeks were conducted 
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for 1965 samples. Alfalfa hay was fed to the inoculum donor steer 

for both sets of trials. PDMD for the hay fed in 1964 was 51. 3 and 

in 1965, 56. 4. The mean 24 -hour in vitro fermentation of the dry 

matter in the standard alfalfa and standard error was 52. 6 + 0. 4 

and 50. 6 + 0. 4 percent for the 1964 and 1965 trials, respectively. 

Forage 1964 

Table 51 contains PDMD of the forage samples in 1964. Analysis 

of variance in a factorial design indicated significant differences (. 01) 

in PDMD due to season but no other significant effects. No difference 

existed between tall fescue - subclover and ryegrass - subclover forage 

PDMD. Forage PDMD remained high through the early June samp- 

ling date, declined rapidly through late June, and became relatively 

stable during July and August. 

Table 51. Percent dry matter disappearance (PDMD) of forage 
samples, 1964. 

Sampling period 

Grazing Treatment 

/ Mean- 
Sheep -Grazed Cattle- Grazed 

Fescue Ryegrass Fescue Ryegrass 
percent 

Late Late April 67 63 65 67 65. 5a 
Early May 59 64 61 60 61. Oa 
Mid -May 62 64 62 62 62. 5a 
Early June 60 61 60 62 60. 8a 
Mid -late June 47 49 53 52 50. 2b 
Early July 49 49 49 47 48. 5bc 
Early August 42 48 46 46 45. 5bc 
Late August 46 43 47 43 44, 7c 

1 Means having different letters differ significantly, P.< . 01. 
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The relatively high PDMD during summer may be attributed to 

the presence of large amounts of dry subclover. Sanders (1965) re- 

ported in vitro dry matter digestibility (IVDMD) data of ungrazed 

forage from the permanent exclosures in the pastures. Until approxi- 

mately June 1, IVDMD of subclover was less than both ryegrass and 

tall fescue. However, throughout the summer, subclover IVDMD 

exceeded that of ryegrass and tall fescue by six to eight percent. 

IVDMD of subclover declined from 53 to 32 percent from late April 

until early September; tall fescue declined from 60 to 28 and ryegrass 

from 61 to 26 percent during the same period. 

The rapid decline in PDMD during June appeared to be associated 

with flowering of both perennial grasses. Little difference in rate of 

decline between forages existed. Waite (1963) presented data to 

show that both tall fescue and perennial ryegrass digestibility de- 

creased during flowering; tall fescue digestibility decrease preceded 

perennial ryegrass by several days because fescue flowered earlier. 

Sanders (1965) indicated that although tall fescue headed earlier than 

perennial ryegrass, both species flowered concurrently. 

Forage 1965 

Table 52 presents forage PDMD values. Analysis of variance 

(Appendix U), with the four -way interaction mean square as the error 

term, indicated significant effects (. 01) in forage PDMD values due 
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to pasture mixture, sampling period, and the class of stock x pasture 

mixture interaction and at the five percent level due to class of stock, 

intensity of grazing x pasture mixture interaction, and intensity of 

grazing x class of stock x pasture mixture interaction. Differences 

in forage PDMD for intensity of grazing were not significant. 

Table 52. PDMD of forage, 1965. 

Intensity Grazing Treatment 
Sampling of Sheep Cattle 
period grazing Fescue Ryegrass Fescue Ryegrass Mean 

percent 
Heavy 48b1' 56a 55a 54a ab1 54.6 Late April Light 52a 59a 54a 59a 

Heavy 48d 68a 51cd 55cd Early May 57. 4a Light 57bc 58bc 57bc 65ab 

Heavy 54a 59a 55a 60a Mid -May 57. 4a Light 56a 60a 55a 60a 

Early June Heavy 47a 59a 50bc 58ab 52. 6b Light 52abc 54abc 48c 53abc 

Heavy 47a 52a 54a 53a Mid -June 50. 4c Light 50a 48a 50a 49a 

Heavy 32c 48a 46a 46a Early July 42. Od Light 36bc 45a 43aó 40ab 

Heavy 25c 38ab 40a 40a Early Aug. Light 32bc 34ab 40a 38ab 35. 9e 

Mean 45.4c2/ 52. 7a 49. 8b 52. la 
1 Means having different letters differ significantly within a sampling 

period, P<.. 05. 
2 Means having different letters differ significantly, P< . 05 

Some PDMD values early in the season appeared to be abnormally 

low; in vitro fermentations were conducted several times on samples 

which fermented poorly. If a value is low, it is either a true 
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phenomenon, due to faulty sample preparation, or to sampling error 

in the pasture. 

Forage PDMD values remained the same through mid -May and 

then declined significantly from period to period until the last samp- 

ling date in early August. PDMD of forage in cattle -grazed pastures 

was significantly greater (.01) than that in sheep - grazed pastures, 

51.0 and 49. 1, respectively. Also, ryegrass -type forage signifi- 

cantly (. 01) exceeded tall fescue -type forage, 52. 4 and 47. 6 PDMD, 

respectively. 

In Table 53 are given significant effects (. 05) of the I x P and 

I x C x P interactions on forage PDMD. 

Table 53. Forage PDMD of the intensity of grazing x class of stock 
and intensity of grazing x class of stock x pasture mix- 
ture interactions, 1965. 

Interaction 

Grazing Treatment 
S-1 S-1H S-2 S-2H C-1 C-1H C-2 C-2H 

PDMD 

I x C x P 47. 8c 43. Od 51. lb 54. 3a 49.6bc 50. lbc 52.Oab 52. 3ab 

I x P (S-1H+C-1H) 46.6b (5-1+C-1) 48.7b (S-2H+C-2H) 53.3a (S-2+C-2) 51.6a 

Means followed by different letters differ significantly, P< . 05. 
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PDMD of tall fescue forage heavily grazed by sheep was significantly 

less (.05) than forage PDMD of all other pastures. Although sheep 

were grazing the green regrowth in S -1H, most of the forage samples 

were composed of a high proportion of refused stemmy material which 

was poorly fermented. PDMD of ryegrass -type forage was greater 

than tall fescue -type forage regardless of intensity of grazing 

(Table 53). 

Except for selected ryegrass -type samples, forage quality as 

expressed by PDMD was low. An overall five percent decrease oc- 

curred from mid -May to early June. Due to the season, both grasses 

were flowering by late May. Grazing by sheep in pasture S -2H was 

severe enough to inhibit flower stalk formation possibly accounting 

for the maintenance of a relatively high PDMD value until mid -June. 

Sheep grazing fescue heavily did allow flower stalk formation but little 

leaf material was present; it is possible that forage carbohydrate 

reserves were lowered by early June, contributing to reduced PDMD 

as compared with forage from other grazing treatments. 

Although no lignin analyses were conducted, the probability of 

this constituent interfering with in vitro fermentation was high. 

Forage material dried early (Appendix L), a relatively high stem to 

leaf ratio existed after early June, and no subclover was present as 

in 1964. Rate of lignification generally parallels stage of plant growth. 

Maturity was substantially complete by mid -June due to unfavorable 
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spring moisture. It is possible that lignin content was great enough 

by mid -June to limit utilization of the plant material by the micro- 

organisms in the artificial rumen apparatus. 

Comparison in Forage PDMD, 1964 and 1965 

Large between -year forage PDMD differences were evident. 

Magnitude, rate, and time of decline in PDMD values for tall fescue - 

subclover and ryegrass - subclover forage are portrayed in Figure 31 

for both years. Data from lightly grazed pastures in 1965 are used 

for comparison with 1964. 
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Figure 31. PDMD of tall fescue - subclover and ryegrass- 
subclover forage in 1964 and 1965. 
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PDMD of 1964 forage was always higher than 1965 forage except 

for early May samples. Very small differences existed between tall 

fescue - subclover and ryegrass - subclover in 1964. Ryegrass -sub- 

clover PDMD in 1965 exceeded tall fescue -subclover PDMD until mid - 

June after which little difference existed. 

Forage PDMD in 1964 declined rapidly during June but little 

thereafter. Considered together, both ryegrass and tall fescue in- 

itiated PDMD decline some two weeks sooner in 1965 than in 1964 and 

continued declining into the summer. 

Sanders' (1965) data on IVDMD of single species closely paral- 

lels the 1965 PDMD trends. Perennial ryegrass IVDMD exceeded 

that of tall fescue until mid -June. After that date, tall fescue IVDMD 

slightly exceeded that of ryegrass but the difference was not great in 

1964. Neither did PDMD of both forage types differ in summer 1965. 

Diets 1964 

Dietary samples did not undergo normal fermentation. Abnor- 

mally low PDMD values occurred for practically all samples as com- 

pared with the forage PDMD. As examples, forage from pasture S -2 

gave PDMD values of 63, 64, 61, and 48 for periods 1, 2, 4, and 7, 

respectively. Dietary samples obtained from sheep grazing on 

pasture S -2 during these sampling periods had PDMD values of 42, 

49, 41, and 33, or a 15 to 20 percent reduction. 



194 

Low PDMD values may have been due to Loss of digestible con - 

stitúents prior to subjection to in vitro fermentation. Trials were 

not conducted until three months following botanical analysis of fistula 

samples. Apparently freezing and subsequent thawing of saturated 

fistula samples (approximately 85 percent moisture) promoted break- 

age of plant cells allowing leaching of readily soluble constituents 

from the samples. Water - soluble carbohydrates are among the first 

constituents fermented in vitro. Washing samples as preparation 

for botanical analysis hastened and accentuated the loss. Also, 

some bacterial fermentation between thawing, washing, and drying 

may have occurred. Some samples were not oven -dried for up to 

12 hours following botanical examination. The masticated nature of 

fistula samples would allow opportunity for both leaching of constitu- 

ents and increased surface area and access for bacterial proliferation. 

Data on effects of washing frozen and non- frozen dietary samples 

are given in a later section. 

Diets 1965 

Most dietary samples in 1965 were successfully fermented in 

the artificial rumen. Wet weights cf fistula samples averaged 450- 

500 g. and 150 -200 g. for cattle and sheep, respectively. Samples 

were placed in ovens within one hour following collection. Drying of 

the early season samples was attempted at < 60o C. Drying was very 
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slow and uneven in a gravity convention oven; the inner part of 

samples did not become dry for some period of time following drying 

of the outer material. Use of higher temperature partially rectified 

the problem. Subsequently, a forced draft oven was employed at 

< 950 C. which effected rapid, more even drying. 

Some depressed PDMD values may have been due to poor sample 

drying technique. Samples which were abnormally fermented re- 

peatedly are not included in mean PDMD figures. The occurrence 

was not frequent. 

Samples of the residue remaining after in vitro fermentation 

were analyzed for ash content to determine whether microorganisms 

might have tended to utilize only the organic matter portion of the 

substrate. If this occurred, PDMD figures could be converted into 

percent organic matter disappearance data. Information of 45 paired 

samples indicated that a small but significantly higher (. 05) amount 

of ash remained in the residue than in the substrate. The difference 

was only 0. 44 percent ash. This was not deemed sufficient to assume 

that microorganisms did not utilize both inorganic and organic matter 

in the same proportions as they occurred in the substrate. To deter- 

mine digestible organic matter, the residue remaining after each 

fermentation must be ashed. Since this increase in residue ash was 

slight, these PDMD data may not be greatly different from digestible 

organic matter for the same samples. 
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In Table 54 are presented comparisons of PDMD of diets and 

forage on an individual grazing treatment and sampling period basis. 

Table 54. PDMD of diets as compared to forage available, 1965. 

Sampling period 

Intensity 
of 

grazing 

Grazing Treatment 
Sheep Cattle 

Fescue Ryegrass Fescue Ryegrass 

Late April 

Early May 

Mid -May 

Early June 

Mid -June 

Early July 

Early August 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

Heavy 
Light 

NS-1/ 
NS- 

More 
More* 

Less* 
NS- 

More** 
More ** 

More 
More 

More ** ** 

More 

More 
More*'* 

NS- 
Less* 

Less* 
NS+ 

NS 
NS+ 

NS- 
More ,,, ,,, 

NS 
More* 

More* 
More 

More** 
More ** 

Less* 
NS- 

NS+ 
Less 

Less* 
More* 

NS- 
More* 

Less 
NS- 

NS+ 
More * 
More 
NS+ 

More ** 

NS 

NS- 
Less* 

Less' 
Less' 
Less ** 
Less * * 

Less* 
More** 

More** 
More 

More* 
More** 

1/ NS, NS +, NS -, *, and * refer to non -significant, non -significantly 
more, non- significantly less, P <. 05, and P <. 01, respectively. 

In most grazing treatments, forage PDMD was equal to or ex- 

ceeded dietary PDMD during the late April to early June period. In 

only one period was tall fescue forage more "digestible" than sheep 

diets on tall fescue. In two periods, ryegrass forage PDMD exceeded 

sheep dietary PDMD on ryegrass. PDMD of tall fescue forage was 

greater than cattle dietary PDMD in four periods but cattle dietary 

PDMD on ryegrass pastures was exceeded by forage samples in six 

** ** 



197 

instances occurring in four periods. During summer, dietary PDMD 

exceeded forage PDMD except for two instances with cattle in mid - 

June (Table 54). 

Sheep- Grazed Tall Fescue -Subclover (S -1 and S -1H) 

Figure 32 presents the trend in PDMD of both diets and forage 

of samples obtained in pastures S -1 and S -1H. Forage PDMD was 

over 65 in early April, declined rapidly through late April and early 

May and rose to 53 and 55 in mid -May before declining to exception- 

ally low levels in early August. Dietary PDMD was never high in 

either treatment and did not consistently exceed that of forage until 

early June and thereafter. 
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Figure 32. PDMD of forage and sheep diets in tall fescue - 
subclover pastures, 1965. 
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PDMD of diets in both S-1 and S- 1H was significantly less than 

forage in early April, and for S- 1H, in mid -May. In vitro fermen- 

tation procedures may not have been able to detect differences that 

actually might have existed during the spring period as a result of 

damage to both forage and dietary samples. Dietary PDMD in pas- 

ture S- 1 averaged approximately four percent above S- 1H in May and 

early June. This difference in early June was significant (. 05) which 

was the only time during the season. Dietary PDMD declined very 

slowly during summer. Selection of green tall fescue leaves by sheep 

in both pastures accounted for this. Both tall fescue leaves and seed 

were readily digestible in early summer; PDMD of leaves and seeds 

on June 25 was 59 and 62, respectively. The very short, green 

leaves of heavily -grazed S -1H tall fescue on August 4 had 45 PDMD, 

comparing favorably with the mean dietary PDMD of 46 for the early 

August period. 

Cattle- Grazed Tall Fescue- Subclover (C-1 and C- 1H) 

The rate of decline in PDMD of both diets and forage was similar 

for both pastures C -1 and C -1H (Figure 33). Fermentation results in 

the artificial rumen were more erratic for C- 1H forage than for other 

samples. PDMD of C -1H pasture forage remained non - significantly 

higher than C-1 forage. 
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Figure 33. PDMD of forage and cattle diets in tall fescue - 
subclover pastures, 1965. 

PDMD of C- 1H dietary samples was significantly less (. 05) than 

forage during the late April, early -May, and mid -June periods, but 

C -1 diets were only significantly less (. 05) than C -1 forage during 

the early May period. Although not high, PDMD of C -1H diets re- 

mained relatively stable through mid -June even though this pasture 

supported 190 animal days per acre as compared to C -1 with 36 

animal days per acre. 

Significant dietary differences (. 05) due to intensity of grazing 

occurred during the late April, mid -May, and early June periods in 

favor of C-1 diets. The mid -May and early June differences may 

have been due to increased opportunity for cattle in C-1 to select 

-- 

q 

q 
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diets of higher actual digestibility as well as apparent digestibility. 

Small patches of ryegrass were grazed by cattle in mid -May which 

accounted for 51 percent of their diets (Table 24). As ryegrass in 

mid -May had higher PDMD than tall fescue (Table 52) it is possible 

that this accounted for the increased value of C -1 diets during this 

period. Differences during late April and early June are not easily 

explained. Late April samples may have been poorly fermented; 

samples of S -1H diets gave similar levels of PDMD (Figure 32). 

During the early June period, cattle on pasture C-1 selected ten per- 

cent more annual grasses in their diets and ten percent less tall 

fescue; this difference may have contributed to the four percent in- 

crease in C -1 dietary PDMD over C -1H PDMD. Opportunity for 

cattle selection was greater in pasture C -1 than in C -1H. 

Sheep- Grazed Ryegrass -Subclover (S -2 and S -2H) 

Both forage and dietary PDMD remained above 50 until mid - 

June except for S -2 forage (Figure 34). Forage PDMD declined 

faster than diet PDMD in both pastures; the forage decline was 

accentuated during summer. 
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Figure 34. PDMD of forage and sheep diets in ryegrass- 
subclover pastures, 1965. 

Dietary PDMD of S -2 sheep was significantly lower (. 05) than 

forage in late April (Table 54). Diets of S -2H sheep were lower 

than forage in early May. During all other periods sheep dietary 

PDMD equaled or exceeded that of forage, especially from mid - 

June on through summer. 

Pasture S -2, grazed lightly with 40 animal days per acre, 

apparently afforded ewes more opportunity to graze selectively 

during May and early June as S -2 dietary PDMD surpassed that of 

S -2H during these periods. Of the limited amounts of subclover 

available, more was contained in S -2 than S -2H diets during mid -May 

and early June. Small amounts of dietary subclover could have 

- -- 
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increased total dietary PDMD. However, during summer, PDMD 

of S -2H of diets exceeded S -2 diets ir two of the three periods, in 

mid -June by a significant amount (. 05). Forage PDMD in pasture 

S -2H was higher than in pasture S -2 (Table 52); reasons for this 

difference were not evident. 

Cattle- Grazed Ryegrass- Subclover (C -2 and C -2H) 

Dietary PDMD between pastures C -2 and C -2H did not differ; 

PDMD of C -2H forage was non -.significantly higher than C -2 forage 

from early June on but lower during the preceding periods (Figure 

35). Cattle dietary PDMD during summer was higher than forage 

except for C -2H in mid -June (Table 54). Forage PDMD exceeded 

dietary PDMD during May through early June except for C -2H in 

early May. 

During early May, C -2 forage PDMD was much higher than that 

of C -2H; this was not reflected in dietary PDMD values. Animals 

on pasture C -2H selected a higher dietary annual grass component 

than the same animals on pasture C -2 from mid -May through early 

July (Table 27) The effect of this preference difference may have 

been to maintain dietary PDMD on pasture C -2H at a higher level. 

Selection by cattle of 60 percent wild cucumber on pasture C -2 during 

early July did not contribute to a difference between C -2 and C -2H 

cattle dietary PDMD as it did to dietary crude protein (Figure 30). 
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Figure 35. PDMD of forage and cattle diets in ryegrass- 
subclover pastures, 1965. 

PDMD of wild cucumber was 54 and for adjacent annual grasses and 

ryegrass, 42. However, cattle dietary PDMD on pasture C -2 was 

48 as compared to forage PDMD of 40 during early July. In pasture 

C -2H; dietary PDMD was 47 as compared to forage PDMD of 46. 

Hence, cucumber did beneficially contribute to both PDMD and crude 

protein of cattle diets. 

Comparisons of PDMD Among Treatments 

Table 55 and Appendix V present the mean dietary PDMD values 

and analysis of variance of these data. The three and four -way inter- 

action mean squares were pooled as the error term. No significant 

-- 
---- - - --_- 

I I 
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interactions occurred but all the main effects were significant (. 05 

and . 01). Dietary PDMD on lightly- grazed and on sheep - grazed 

pastures exceeded that on heavily- grazed and on cattle - grazed pas- 

tures (. 05), respectively. Dietary PDMD on ryegrass forage ex- 

ceeded that of tall fescue diets by 3. 2 (. 01). Dietary PDMD de- 

creased throughout the season after early June (Table 55). 

Table 55. PDMD of diets of cattle and sheep, 1965. 

Sampling period 

Intensity 
of 

grazing 

Sheep 
Grazing Treatment 

Mean 
Cattle 

Fescue Ryegrass 
PDMD 

Fescue Ryegrass 

late April 
Heavy 49 ±1. 7c 1 

55+2. lab 48+2.Oc 58+1. la 
53. 21 

Light 52 +lbc 56+1.9ab 5301. lab 58 +0.5a 

Heavy 52 +1.2cd 57 +1.2ab 53+1.6cd 55 +0.7bc 
Early May 54. 8ab 

Light 51 ±1.Od 59í1.2a 54±1.7bcd 57 +1.5ab 

Heavy 52 +1.4de 59 +0.9ab 49 +1.7e 56 +0.7bc 
Mid -May 56. 2a 

Light 55+1.3cd 60+2.8a 61 +1.8a 56 +0.6bc 

Heavy 50+0.9de 57 +3.Ob 49 +0.8e 53 +1.Ocd 
Early June 53. 8ab 

Light 56+1.Obc 61 +3. 2a 53+1.5cd 51 +0.8de 

Heavy 49 +0.9bc 56+2.7a 50+1.7bc 49 +0.5bc 
Mid -June 50. 8c 

Light 52 +1.Ob 52+2. Ob 48 +_0.6c 50+0. 6bc 

Early July 
Heavy 48+1.Oa 51 +1.2a 47 +O.8a 47+1. 02. 

48. 4cd 
Light 5CH-1. 6a 48 +1. la 48 +0. 8a 48 +0.7a 

Heavy 46+1.2ab 46+0.3ab 44+1.8bc 46+0. 8ab 
Early August 46.2d 

Light 50+2.2a 48+0.9ab 41 +2.Oc 49 +0.9a 

1 

Means having different letters differ significantly within a sampling period, P <. 05. 
2/ 

Means having different letters differ significantly, P. 05. 

Dietary PDMD differences within periods were not large and also 

were not consistent from treatment to treatment or from period to 

period. The range from the lowest to the highest PDMD within a 

- 
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period was greatest in mid -May and early June and lowest in mid - 

June and early July. Cattle and sheep dietary PDMD on tall fescue 

was similar. Sheep dietary PDMD on ryegrass pastures was 2. 4 

percent greater than cattle ryegrass diets and, although not signifi- 

cant, almost five percent greater than both cattle and sheep tall 

fescue diets. 

Variation Among - Animals and Days Within Sampling Periods 

Data on sheep dietary PDMD variability were computed in all 

sampling periods; with cattle, variability was assessed from mid - 

May onward. Table 56 shows the pattern of variability which existed 

in dietary PDMD. Because animal numbers were always small, 

amount of variability required for significance was relatively high. 

Possibly more significant among -animal and among -day differences 

occurred than were actually ascertained. More among - animal than 

among -day variability was evident. Total among -sheep variability 

was slightly less than among- cattle but no differences existed be- 

tween cattle and sheep regarding among -day differences. Much more 

among - animal and among -day variability was encountered on tall 

fescue pastures than on ryegrass pastures. 
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Table 56. Among - animal and among -day variability in dietary 
PDMD within sampling periods, 1965. 

Grazing Among- Among - 
treatment animal day Remarks 

S-1 

S-1H 

S-2 

S-2H 

period 
7 

1, 2, 5 5, 6 

C -1 7 7 

C -1H 4, 7 4 

C -2 and C -2H 

More among -day than 
animal in 2 and 3. 

More among - animal than 
day in 1. 

Reasons for lower variability on ryegrass than on tall fescue are 

not readily apparent. The standard errors of means shown in Table 

55 indicate that PDMD on sheep -grazed tall fescue pastures was no 

more variable than on sheep - grazed ryegrass. When total variability 

is partitioned into among - animal and among -day components, dif- 

ferences must be substantial to be significant. 

Numbers of Animals Required to Estimate Dietary PDMD 

The number of animals needed to collect dietary samples to esti- 

mate PDMD within ten percent of the mean at 95 percent confidence 

is given in Table 57. Data from treatments S -2 and S -2H, C -1 

and C -1H, and C -2 and C -2H were combined to obtain sufficient 

numbers of animal means with which to calculate numbers of animals 

required over a three -day period. Pastures S -1 and S -1H were 

-- 

-- 

-- -- 
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treated separately except for late April and early May. Numbers of 

cattle needed to sample dietary PDMD on ryegrass are less than on 

tall fescue. Except for the mid -June period, fewer sheep would be 

needed to sample ryegrass pastures than tall fescue pastures. In 

general, fewer cattle than sheep are required to sample both pasture 

mixtures, especially with ryegrass. 

Table 57. Numbers of animals required to estimate dietary PDMD 
within 10 percent of the mean at 95 percent confidence, 
1965. 

Sampling period 
Grazing Treatment 

S -1 S -1H S- 2 +S -2H C- 1 +C -1H C- 2 +C -2H 
numbers of animals 

Late April 3 -- 2 1 

Early May 2 -- 1 3 1 

Mid -May 4 2 1 3* 1 

Early June 2 5 2 2 1 

Mid -June 2 5 7 2 1 

Early July 14 1* 2 1 1 

Early August - 2* 1 7 4 

Estimated. 

Interrelationships Among Dietary and Forage Characteristics 

Simple correlation coefficients between several dietary and 

forage characteristics were calculated for 1964 and 1965 data. 

Interrelationships are examined on a grazing treatment basis only. 

Correlation coefficients were determined across sampling periods 

-- 

o 
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with one mean per sampling period. 

The fact is recognized that by compiling data over the entire 

grazing season, serious errors can be incurred. Two constituents 

may change relationships to each other during the season but still 

provide a significant correlation coefficient. Thus, high correlation 

coefficients may be calculated which are meaningless. Van Dyne and 

Heady (1965c) examined dietary chemical and botanical correlations 

within periods only. Insufficient forage data were available in this 

study to permit calculation of correlation coefficients for single 

sampling periods. 

Tables containing correlation coefficients are presented in 

Appendix W. Also contained in Appendix W are detailed explanations 

of relationships and supplementary discussion. Only near - significant 

and significant (. 05 and . 01) effects are reported. 

1964 Season 

Forage characteristics employed in correlation analyses were 

percent subclover, percent dry matter, percent crude protein, and 

PDMD. Percent crude protein and percent subclover were the two 

dietary characteristics. Data for 1964 are reported in Appendices 

W -1 through W -4. 

Percent dry matter of the forage was inversely correlated with 

forage crude protein and dietary crude protein. All correlation 
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coefficients were significant (. 05 and .01) except for forage crude 

protein in pasture S -2. Forage crude protein and dietary crude pro- 

tein were significantly associated (. 01) in every grazing treatment. 

Also, forage crude protein and forage PDMD were significantly cor- 

related (. 01) in all treatments. 

The negative associations of percent subclover in forage with 

forage and dietary crude protein in pastures S -2 and C -2 were due 

to the increasing percentage composition of this plant throughout the 

season at the same time that nutritive value was falling. The associ- 

ation has little meaning in pasture C -2, especially in summer, 

because cattle rejected subclover in their diets. Percentage sub - 

clover in S -1 forage is positively correlated with dietary percentage 

subclover (. 05), dietary crude protein (NS), and forage PDMD (NS) 

because subclover composition was decreasing at the same time the 

other values were decreasing. In pasture C -1, dietary and forage 

subclover percentage were positively associated (NS) because both 

decreased in composition during the season. 

Dietary crude protein and forage PDMD were closely associated. 

Correlation coefficients ranged from 0. 76 in pasture S -2 to 0. 99 in 

pasture C -2. Associations between forage protein and dietary pro- 

tein were higher than forage protein and forage PDMD in pastures 

S -1 and S -2 but lower in C -1 and C -2. In all cases except the S -2 

grazing treatment, the forage PDMD with dietary crude protein 
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correlation coefficients were significant (. O1). 

1965 Season 

Correlation coefficients were calculated for 1965 data from each 

grazing treatment across sampling periods. A. slightly higher co- 

efficient was necessary for significance due to one less degree of 

freedom as compared to 1964 coefficients. Near - significant cor- 

relation coefficients are also presented. Additional factors involved 

in the correlation analyses were forage and dietary ash content, 

dietary PDMD, and the forage and dietary percent of major grass 

species (tall fescue and ryegrass). Forage and dietary percent sub - 

clover data were not included in 1965 calculations. Both forage and 

dietary crude protein contents were on an organic matter basis. 

Data for 1965 are reported in Appendices W -5 and W -12. 

Forage PDMD exceeded dietary PDMD values during the early 

part of the season in some pastures but were lower in late season. 

Calculated correlation coefficients over the grazing season are 

meaningless because although forage and dietary PDMD vary to- 

gether, the association is of statistical, not biological, origin. 

High correlations resulted even though forage PDMD exceeded 

dietary PDMD in early season but was less during late season. 

Hence, the forage PDMD- dietary PDMD correlation coefficients 

are omitted from the tabular data. 
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Of a possible 280 correlations, only 81 or 29 percent, were 

significant (. 05 and . 01). Little difference existed between heavily 

and lightly - grazed, or sheep and cattle - grazed pastures with respect 

to the number of significant correlations. However, 51 correlations 

of ryegrass characteristics were evident as opposed to 30 significant 

fescue correlations. On a single grazing treatment basis, significant 

correlations numbered 15 for S -2H, 14 for C -2H, 12 for S -2, and 

10 for C -2. 

Few significant correlations existed among dietary character- 

istics. In only three treatments, C -1, C -2H, and S -2, were the 

dietary crude protein x dietary PDMD associations significant. Lack 

of more significant correlations may have resulted from the rela- 

tively poor fermentation of some early- season dietary samples. 

Dietary ash with crude protein and dietary ash with dietary PDMD 

were significantly associated only for ryegrass pastures grazed 

heavily by sheep and cattle. Dietary ash content increased with 

progression of the season, due perhaps to the increased salivation 

on dry forage (Wilson, 1963). 

Among forage characteristics, dry matter content was cor- 

related with crude protein and PDMD in all grazing treatments. 

Coefficients ranged from -0. 80 to -0. 97. Higher coefficients existed 

with forage PDMD than with forage crude protein. Meredith (1964) 

reported also that forage dry matter content was highly related to 
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PDMD which could be predicted more accurately by dry matter per- 

centage than by crude protein or crude fiber content. Meredith's 

observations were corroborated in this study as forage PDMD was 

only significantly associated with forage crude protein in five of the 

eight grazing treatments; three treatments did have highly positive, 

but non - significant correlation coefficients. With pasture S -1H 

forage, PDMD decreased more rapidly than did forage crude protein. 

Similarly, in pastures S -2H and C -2H both forage PDMD and crude 

protein levels declined with time but differentially since crude protein 

content leveled off during June and July while PDMD continued to fall. 

Forage percent ash and forage crude protein were significantly 

associated in all treatments except tall fescue heavily - grazed by 

cattle and sheep. The relationship was significant (. 01) for ryegrass 

pasture data and pasture C -1. Although forage crude protein content 

declined continually in heavily - grazed tall fescue pastures, the ash 

content tended to increase with time due to less mature regrowth 

resulting from close grazing. 

The percent of the forage composed of ryegrass was significantly 

correlated (. 05) with crude protein in three of four ryegrass treat- 

ments. No associations existed in tall fescue pastures. As ryegrass 

decreased in abundance during late spring and early summer, so also 

did crude protein content. 

Most of the significant between -forage- and -diet associations were 



213 

either with crude protein or PDMD. Seven instances of significant 

correlations with dietary percent ash and with dietary percent grass 

occurred. 

Forage dry matter content was highly negatively associated with 

dietary crude protein and dietary PDMD. The exceptions were C -1H 

forage dry matter content with dietary crude protein and S -1 forage 

dry matter content with dietary PDMD. Because C -1H forage was 

less mature, its dry matter content was not great; hence, the nega- 

tive r value with dietary crude protein content was not significant. 

With S- 1 forage, dry matter content increased in a normal manner 

with time but dietary PDMD remained high through June and July. 

Forage crude protein and dietary crude protein were significantly 

associated (. 05 and .01) in all grazing treatments. The lower sig- 

nificance level (. 05) with pasture S -1 may be due to a high dietary 

crude protein level in early July as a result of high seed head con- 

sumption. 

In seven of eight grazing treatments, forage PDMD and dietary 

crude protein were significantly correlated (.05 and .01). The non- 

significant coefficient was positive. Significant associations (. 05 

and . 01) were found for pastures S -1, S -1H, and C -2. The coefficient 

for pasture C -2H data was approaching significance. Forage PDMD 

generally declined at a faster rate than did dietary crude protein 

levels, especially near the end of the grazing season. 
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Ryegrass ash values decreased during the season more than tall 

fescue. As a result, forage ash was significantly correlated (. 05) 

with dietary crude protein in all ryegrass pastures as well as for 

pasture C-1. Ash content in the forage of C- 1 H, S-1, and S- 1 H was 

variable throughout the season with a tendency to increase in late 

season (Table 33). Hence, forage ash contents of these pastures were 

not significantly correlated with the declining cattle and sheep dietary 

crude protein levels. 

Percent ryegrass in the total forage was significantly correlated 

(. 05) with percent dietary crude protein in pasture S -2H; a near - 

significant coefficient occurred with pasture S -2 data. In these two 

pastures, a significant coefficient (. 05) existed between forage per- 

cent ryegrass and forage percent crude protein. Forage and dietary 

crude protein levels were significantly associated (. O1); thus, sheep 

dietary crude protein and forage percent ryegrass were significantly 

correlated (. 05). 

In the heavily -grazed cattle ryegrass pasture, forage percent 

ryegrass was significantly associated (. 05) with forage protein but 

dietary crude protein did not bear a significant association with forage 

crude protein unless data for both cattle -grazed ryegrass pastures 

were combined. Thus, the percent ryegrass in the forage was not 

significantly associated with the crude protein level of cattle diets. 
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Effects of Freezing, Thawing, and Washing 
on Cattle and Sheep Fistula Forage Samples 

Difficulty with in vitro fermentation of 1964 dietary samples 

prompted testing of effects of freezing, thawing, and washing during 

1965. Large numbers of determinations were not made; data are 

presented to point out potential problems in assessment of nutritive 

value of fistula dietary samples. 

Crude Protein Values 

Several frozen, thawed, and washed dietary samples for botani- 

cal analysis from all grazing treatments at various times during the 

1965 grazing season were analyzed for their crude protein contents. 

In 30 comparisons of frozen, thawed, washed and subsequently dried 

versus not frozen but dried samples, a mean increase of 0.07 per- 

cent crude protein was found in the frozen washed samples. Data 

were analyzed by paired "t" tests which showed no significant dif- 

ference due to freezing, thawing, and washing. 

A test of frozen, thawed, washed, and dried, versus the same 

treatment without washing versus only oven drying also resulted in 

no significant differences in crude protein levels. It appeared that 

washing of thawed dietary samples had no appreciable effect on crude 

protein values. 
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Ash Values 

Thirty dietary samples from both classes of stock which had 

been frozen, thawed, and washed contained significantly less (. O1) 

ash than when oven- dried. More ash was washed from sheep than 

from cattle samples but the difference between classes of stock was 

not significant. Only five samples were available which had been 

treated three ways as described in the previous paragraph. In each 

case, ash content of frozen, thawed, and washed samples was lower 

than frozen, thawed, and not washed. Freezing and thawing alone 

decreased ash content but washing accentuated the decrease. 

From the data, it appears that serious changes in ash content 

occur when dietary samples are frozen as compared with oven - 

drying. This factor would be of extreme importance if the inorganic 

constituents were to be assayed. 

PDMD Values 

Limited in vitro fermentation work showed that PDMD of dietary 

samples is seriously reduced by freezing, thawing, and washing. 

In a comparison of 21 split samples, (oven -dried versus frozen, 

thawed and washed) frozen sample mean dry matter disappearance 

(DMD) was reduced by 23 percent. 

Six dietary samples were divided three ways. Comparisons were 
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made between samples oven -dried only, frozen, thawed, washed and 

oven- dried, and frozen, thawed, not washed and oven- dried. Results 

of in vitro fermentation indicated 15 percent mean decrease in DMD 

due to freezing alone and an additional 12 percent decrease when 

thawed samples were washed. Data were analyzed in a randomized 

block design with samples as replications. The three treatments 

were all significantly different (.01) 

Decrease in PDMD due to freezing, thawing, and washing ap- 

peared to be more severe for early season dietary samples as op- 

posed to late season samples. No other data are available to verify 

this observation. No evidence could be found to corroborate the in 

vitro fermentation losses incurred in this study. Blackstone et al. 

(1965) subjected frozen and thawed sheep fistula samples to in vitro 

fermentation with no apparent loss of fermentable material due to 

freezing. Blackstone et al. (1965) made no statement on effects of 

freezing for green crested wheatgrass (Agropyron desertorum). 

Studies by Reid et al. (1964) on effects of forage sample prepar- 

ation methods showed that freeze -dried samples were fermented in 

vitro to a significantly greater (. 05) extent than oven -dried samples 

of the same forage. However, oven -dried samples were quite satis- 

factory with which to develop in vitro -in -vivo prediction equations 

for apparent digestibility of cellulose. No data on freeze - drying of 

esophageal -fistula samples were found with respect to PDMD in vitro. 
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Data of Lesperance and Bohman (1964) indicated that fewer changes 

may occur in the carbohydrate fraction when rumen -fistula samples 

are freeze -dried as opposed to oven - dried. Their work indicated 

that heat in drying may effect some chemical changes in wet samples, 

especially those of carbohydrates. A possible mechanism is the 

complexing of the lignin fraction with the more -insoluble carbohy- 

drates which, in turn, decreases the solubility of the more -soluble 

carbohydrates. 
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CONCLUDING DISCUSSION 

Either pasture mixture appeared favorable for both sheep or 

cattle use. Dietary nutritive values were adequate for sheep and 

cattle in 1964 through most of the summer on both pasture mixtures; 

in the absence of subclover, nutritive values selected from grass 

alone were adequate only through early summer 1965. Studies of 

forage utilization in conjunction with animal performance on both 

pasture mixtures supplemented by evaluation of dietary preferences 

remain as major research objectives in subclover -grass management. 

Although several high correlation coefficients were derived and 

distinct relationships exist between some characteristics, it would 

be presumptious to attempt to derive meaningful statistical as well 

as biological interpretations without additional nutritional informa- 

tion on both the more digestible and more indigestible constituents 

of fistula and forage samples. 

It is unfortunate that PDMD of fistula samples was not success- 

fully obtained in the artificial rumen in 1964. Assumptions from the 

forage data indicate that PDMD did not vary greatly from pasture to 

pasture. Forage species composition was vastly different in ryegrass 

and tall fescue pastures, especially in summer. In turn, composi- 

tion of sheep diets but not of cattle was greatly different from rye - 

grass to tall fescue in summer. 



220 

Sheep diets on ryegrass - subclover (S -2) contained large amounts 

of subclover during July and August (Figure 14) which in turn were 

high in crude protein (Figure 25). Davis (1964) found a similar 

pattern of grazing on an annual ryegrass - subclover pasture in 

Australia. Sheep on tall fescue - subclover (S -1) during summer 

selected only tall fescue (Figure 12) and their diets contained signifi- 

cantly less (. 05) crude protein than sheep diets on ryegrass during 

July and early August (Table 45). Data of Sanders (1965) on IVDMD 

during summer would indicate that sheep diets on ryegrass with high 

amounts of subclover could also be more digestible than those of 

sheep on fescue. 

Whether sheep diets on tall fescue pasture (S -1) in 1964 were 

more digestible than cattle diets on either pasture mixture during 

summer cannot be resolved. Data of Table 55 for 1965 would indi- 

cate that sheep diets on fescue pasture were slightly more digestible 

than cattle diets on either pasture mixture during July and early 

August. Because sheep preferences were similar from 1964 to 1965 

on tall fescue pastures during summer, it may be concluded that only 

small PDMD differences existed in summer 1964 between sheep on 

tall fescue and cattle on both mixtures. But, because sheep selected 

diets on tall fescue containing more crude protein than cattle on both 

mixtures during both summers (Tables 45 and 47), the positive associ- 

ation of crude protein and digestibility may indicate that sheep diets 
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would be more digestible. A probable ranking in dietary PDMD 

decrease during summer 1964 could have been ryegrass -sheep (S -2), 

fescue -sheep (S -1) with figures for cattle on fescue and ryegrass 

similar. 

Increased grazing intensity does not necessarily reduce dietary 

nutritive values. In this study few statistical differences in dietary 

crude protein were evident between lightly and heavily - grazed pas- 

tures (Table 47). Other studies tend to substantiate this observation 

(Cook et al. , 1962; Cook et al. , 1963; Cook et al. , 1964; Pieper 

et al. , 1960; Van Dyne and Heady, 1965a). Overall dietary PDMD 

was greater on lightly than on heavily -grazed pastures (Table 55) 

but upon examination of data, few significant differences actually 

occurred. In six examples of class and pasture mixture figures, 

dietary PDMD of heavily -grazed was greater than lightly -grazed 

forage, but only one of these was significant (. 05). Studies indicate 

that animals have a compensating ability to maintain moderate dietary 

nutritive values even under undesirable forage conditions. 

Although dietary nutritive values may not be greatly affected by 

varying grazing intensities, forage intake may be influenced. No 

data were taken on the influence of grazing intensity on intake in this 

study. Sheep may react differently than cattle to herbage availability. 

Van Dyne and Meyer (1964a) reported that forage intake by sheep de- 

creased but intake by cattle increased under decreasing amounts of 
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available forage. Other studies showed similar findings for sheep 

(Cook et al. , 1953; Ccok et al. , 1962). On sagebrush -bunchgrass 

range, Conner et al. (1963) found that forage and TDN intake by 

cattle decreased throughout the summer. In their study, it is evident 

that both increased plant maturity and decreased forage availability 

contributed to reduced intake. 

It is possible that forage intake may vary in lightly to heavily - 

grazed pastures of tall fescue - subclover and ryegrass - subclover. 

Investigation into this phase of research is needed. 

In general, differences in any dietary botanical or chemical 

constituent among cattle were less than those among sheep. One 

exception was crude protein content in 1964. In 1964, when sub - 

clover was available, sheep dietary botanical variability was greater 

than for cattle. Also, sheep variability was greater on ryegrass- 

subclover than on tall fescue - subclover. On fescue, sheep consis- 

tently ate subclover when it was green and fescue foliage after sub - 

clover dried. Other studies have indicated that among -sheep varia- 

bility in dietary botanical, chemical, and digestible constituents is 

greater than among- cattle variability (Van Dyne and Heady, 1965a, 

1965b; Van Dyne and Lofgreen, 1964). 

Sheep diets contained more protein than did cattle diets in both 

years (.01). Cook et al. (1963) also found that sheep selected higher 

protein diets than did cattle on mountain summer range. Sheep diets 
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on mature annual range contained more crude protein than did cattle 

diets (Van Dyne and Heady, 1965a). On Montana winter range, sheep 

diets contained 7. 0 percent crude protein as compared to cattle winter 

diets of 4. 3 percent (Van Dyne et al. , 1964). 

Averaged over all grazing treatments in 1965, ash content of 

sheep diets exceeded that of cattle diets by approximately two percent 

(Table 38). Van Dyne and Heady (1965a) found that sheep diets con- 

tained more silica -free ash than cattle diets in only one of three 

periods on mature annual range but were the same in the other 

periods. Sheep diets in the Cook et al. (1963) study also contained 

non -significantly more ash than cattle diets. Much of the dietary 

ash increase over forage may be due to salivary contamination 

(Van Dyne and Torell, 1964) but the data of Van Dyne and Heady 

(1965a) on silica -free ash indicate that sheep could truly select diets 

containing more mineral matter than cattle. Data of Cook et al. (1963) 

suggest that this is true for phosphorous. 

Sheep dietary PDMD significantly exceeded that of cattle diets 

in 1965 (Tables 55 and Appendix V). Most of the difference was due 

to higher sheep dietary PDMD on ryegrass forage, approximately 

2 1/2 percent higher than cattle ryegrass and five percent higher than 

both cattle and sheep tall fescue diets. Sheep on mature annual range 

digested more dry matter than did cattle in two of three sampling 

periods (Van Dyne and Lofgreen, 1965). But cellulose digestion by 
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sheep was less than that by cattle. Cook et al. (1963) reported this 

same result. 

Although three of eight dietary crude protein x dietary PDMD 

correlation coefficients were significant (. 05 and . O1) when coef- 

ficients were calculated across sampling periods, examination of 

individual animal data indicates that dietary crude protein and die- 

tary PDMD are not closely associated on a within -period basis. 

Consequently, dietary PDMD could not consistently be predicted 

from dietary crude protein and vice - versa. However, high values 

of one constituent tended to be associated with high values of the 

other constituent. 

Data from this study show, in general, that sheep and cattle 

possess definite and different dietary preferences when grazing 

perennial ryegrass - subclover and tall fescue - subclover pastures. 

In most cases, dietary nutritive value, as measured by crude protein 

and PDMD, was different from the total forage available. Measure- 

ment of forage nutritive value would not measure dietary nutritive 

value. The presence of subclover in 1964 and its lack in 1965 af- 

fected nutritive value of sheep diets more than cattle diets. The sub - 

clover component of the forage plays a highly important role when 

in association with either tall fescue or perennial ryegrass. But 

the importance is magnified with sheep grazing compared with 

cattle grazing. 
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RESEARCH RECOMMENDATIONS 

Within the scope of this research project at least five general 

areas of further research are evident. These are (1) effects of 

various types of esophageal fistula sample preparation on the ap- 

parent nutritive value; (2) further exploration of the microscopic 

point technique; (3) further exploration of use of fistulated animals; 

(4) development of improved management for subclover -grass type 

pastures; and (5) further research into animal nutrition and perform- 

ance on pastures similar to those of this study. 

Esophageal Fistula Sample Preparation 

As reported, preliminary work on methods of sample prepara- 

tion indicated no differences in crude protein levels but distinct 

differences in PDMD. The effect of several methods of sample 

preparation on in vitro fermentation should be determined. Some of 

the treatments might include the following: 

(1) Heat - drying to approximately 85 percent dry matter in a 

forced -air oven at three temperatures ranging from 50 to 1000 C; 

(2) Freeze- drying; 

(3) Frozen and 

a) thawed, washed, and dried at three temperatures, 

b) thawed and dried at three temperatures; 

(4) Vacuum - dried. 
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Fistula samples should be collected in early, mid, and late 

season to determine whether the various treatments have a differen- 

tial effect as related to stage of maturity and /or dry matter content 

of forage. The treatments should also be applied to both sheep and 

cattle dietary samples, as preferences such as high proportion of 

dietary subclover or grass may be affected differentially by methods 

of preparation, 

Losses of some constituents in the chemical makeup of fistula 

samples do occur with freezing and thawing. However, the nature of 

the constituents is unknown. Research into the types of compounds 

lost through thawing of frozen fistula samples is needed. Another 

point needing research is to determine if any measure other than 

in vitro apparent digestibility will give comparable results on frozen 

and thawed samples. The use of the cell wall constituent method of 

Van Soest (1965) should be evaluated as well as lignin, cellulose, 

and measures of energy assessment on both frozen and oven -dried 

samples. 

Microscopic Point Technique 

The use of the microscopic point technique in assessing the 

species composition of fistula samples appears to be the simplest and 

most rapid method available. For these pasture mixtures, more 

definitive work is needed on the relationship of composition by points 
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to composition by weight. Several approaches should be taken to 

determine what relationships exist between percent points and per- 

cent weight for grass - subclover mixtures at several stages of matur- 

ity. Relationships should be derived for both clipped plant material 

(Heady and Van Dyne, 1965) and for esophageal fistula samples 

(Harker et al. , 1964). Alternative treatments of clipped material 

should be investigated as a means of simulating fistula samples to 

further evaluate the microscopic point technique. 

Use of Fistulated Animals 

When using fistula samples to assess dietary crude protein 

status, the amount of nitrogen added by saliva may be of importance. 

Estimates of nitrogen added have varied from almost none (Weir and 

Torell, 1959) to 0.19 and O. 45 percent on green and dried grass, 

respectively (Blackstone et al. , 1965). Nitrogen percentage in 

saliva may vary with type of feed, time of day, and many other fac- 

tors. Some work should be conducted to assess the differences be- 

tween and among cattle and sheep on the two pasture mixtures with 

respect to the effect of salivary contamination on nitrogen status of 

dietary samples. An objective should be to determine whether satis- 

factory corrections for salivary contamination can be made. 

Within -day variability of both cattle and sheep on the two pasture 

mixtures should be assessed in relation to stage of plant growth. 
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Also, of interest, would be to determine whether mature animals 

might have different dietary preferences from younger growing 

animals. 

As Arnold et al. (1964) have pointed out, animals withheld from 

range or pasture for a period of time may behave differently than if 

remaining on pasture continuously. Comparisons should be made 

between dietary preferences of animals which have been dry- lotted 

for a few hours (4 -6) preceding sampling and those of animals con- 

tinuously on pasture. Possibility of contamination of esophageal 

fistula samples by rumen contents is lessened when animals are 

held off pasture for a few hours before sampling begins. 

Subclover -Grass Pasture Management 

A few of the many needed researches into management on sub - 

clover -grass pasture types are the following: (1) What are the 

effects on dietary preferences of cattle and sheep grazing in common 

as contrasted to single -use grazing? (2) What are the effects on 

botanical composition and forage production of dual versus single - 

use grazing? (3) What are the effects of different grazing intensities 

both under single and dual -use? (4) What combination of manage- 

ment practices best utilizes subclover -grass on a season -long basis? 

Evaluation should be expressed in terms of animal performance, 

forage production and composition, and dietary nutritive value. 
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Sheep should possibly remain on pasture year around and cattle from 

April to November. (5) What combination of management practices 

results in the most economic gain utilizing animals alone and animals 

in combination with harvest for hay or silage? 

Animal Nutrition on Pasture 

When assessing the apparent digestibility of sheep and cattle 

dietary samples, some differences may occur due to type of inoculum 

used for in vitro fermentation. Although digestive power of cattle 

and sheep inocula was the same on mature annual -type range (Van 

Dyne and Weir, 1964a), work should be done with sheep and cattle 

on these pasture mixtures to determine whether class of livestock 

differences exist in inoculum digestive power. Cattle and sheep 

dietary preferences are different for much of the grazing season 

except on tall fescue - subclover during summer. At each sampling 

period, sheep and cattle dietary samples should be respectively 

fermented in vitro with inoculum taken from grazing rumen -fistulated 

sheep and cattle. The effect of dietary preferences on digestive 

power of the inoculum can thus be evaluated as well as a more ac- 

curate measure of forage digestibility. A comparison should be 

made between inoculum from animals in drylot and on pasture. 

Because animals select parts of plants, their nutritive value 

should be assessed in relation to growth stage. A non -research 
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application might be to aid in deciding when supplemental feeding 

of livestock should be initiated on the basis of nutritive value of plant 

parts consumed by animals. 

Individual animal dietary preferences vary as does performance, 

forage intake, and other animal characteristics. What relationships 

exist between dietary nutritive value and livestock gain, amount of 

wool produced, milking ability, and intake of nutrients ? For example, 

does the animal, whose diet contains less crude protein and is only 

moderately digestible, consume more total forage in order to per- 

form similarly to his mate of the same body size whose diet is 

highly digestible and of higher crude protein status? Use of chrom- 

ium oxide as discussed by Pryor (1966) to determine fecal output 

of grazing animals and use of microdigestion techniques on dietary 

samples as discussed by Van Dyne and Meyer (1964b) should be 

helpful in resolving this problem. The complexity in determining 

the exact reasons for less- than - optimum animal performance on 

grazed forage could be aided by careful evaluation of individual 

animal preferences in relation to food intake, digestibility, and 

animal performance. 
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APPENDIX A. Botanical and common nomenclature of plants. 

Scientific Name Common Name 

Plants in pastures of the study area-1/ real / 
Grasses 

Aira carophylla L. 
Bromus mollis L. 
Bromus ridigus Roth. 
Festuca arundinacea Schreb. 
Festuca myuros L. 
Holcus lanatus L. 
Lolium perenne L. 

Forbs 

Anthemis cotula L. 
Centaurea cyanus L.. 
Chrysanthemum leucanthemum L. 
Cirsium arvense (L. ) Scop. 
Cirsium vulgare (Savi) Airy -Shaw. 
Echinocystis oreganas Cogn. 
Galium parisiense L. 
Geranium dissectum L. 
Hypochoeris radicata L. 
Medicago lupulina L. 
Plantago lancelolata L. 
Rumex acetosella L. 
Rumex crispus L. 
Trifolium subterraneum L. 

Silver Hairgrass 
Soft Chess 
Ripgut 
Tall Fescue 
Rat -tail Fescue 
Velvetgras s 
Perennial Ryegrass 

Dog Fennel 
Bachelor's Buttons 
Ox -Eyed Daisy 
Canada Thistle 
Common or Bull Thistle 
Western Wild Cucumber 
Wall Bedstraw 
Cut -leaf Geranium 
Hairy Cat's Ear 
Black Medic 
English Plantain 
Sheep or Red Sorrel 
Curly- leaved Dock 
Subterranean Clover 

Other plants referred to in the text-2/ 

Trees 

Pseudotsuga menziesii (Mirb.)Franco. Douglas Fir 
Quercus garryana Dougl. Oregon White Oak 

Shrubs 

Atriplex sp. L. 
Rhus diversiloba T. & G. 
Rosa eglanteria L. 

Saltbush 
Poison Oak 
Sweetbriar Rose 



Grasses 
Bromus inermis Leyss. 
Dactylis glomerata L. 
Deschampsia caespitosa (L.) Beauv. 
Elymus glaucus Buckl. 
Festuca rubra L. 
Lolium multiflorum Lam. 
Phalaris tuberosa L. var. 

(Hack. ) Hitchc. 
Phleum pratense L. 
Poa pratensis L. 

Forbs 
Erodium botrys Bertol. 
Lotus uliginosus Schk. 
Medicago sativa L. 
Pteridium aquilinum L. 
Trifolium pratense L. 
Trifolium repens L. 

Smooth Bromegrass 
Orchard grass 
Tufted Hairgrass 
Blue Wild Rye 
Red Fescue 
Italian ryegrass 

Stenoptera 
Hardinggrass 
Timothy 
Kentucky Bluegrass 

.1 Nomenclature of Peck (1961). 

2/ Nomenclature of Peck (1961) or 
source. 

Broadlead Filaree 
Birdsfoot Trefoil 
Alfalfa 
Bracken Fern 
Red Clover 
White Clover 

as referred to by literature 
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APPENDIX B. Soil profile description of Abiqua -like silt loam. 

Horizon 

All 

Depth Description 

0 -2" Dark brown (7.5YR3/3) silt loam; 
brown (7. 5YR4/4) dry; nearly massive; 
hard dry, friable moist, slightly sticky 
and slightly plastic; abrupt boundary. 

Al2 2 -6" Dark brown (7.5YR3/2) silt loam; 
brown (7.5YR4/4) dry: moderate med- 
ium subangular blocky breaking to 
moderate fine granular structure; 
slightly hard, friable, slightly sticky 
and slightly plastic; many medium 
pores; clear boundary. 

B21 6 -15" Dark reddish brown (5YR3/3) light 
silty clay loam; reddish brown (5YR4/ 
4) dry; weak coarse subangular blocky 
breaking to weak very fine granular 
structure; friable, sticky and plastic; 
many fine pores; diffuse boundary. 

B22 15 -24' Dark reddish brown (5YR3/3) medium 
silty clay loam; weak coarse subangu- 
lar blocky breaking to moderate fine 
granular and subangular blocky struc- 
ture; friable, sticky and plastic; many 
fine and medium pores; about 5% cob- 
bles and gravels of partly weathered 
rock; abrupt wavy boundary. 

R 24 "+ Saprolite from basic igneous rock. 

Slope: 7% 
Position: Upper pediment footslope 
Parent material: Alluvium 
Drainage: Good 
Classification: Alluvial, most like Abiqua series but shallow 

and not as fine textured. 
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APPENDIX C. Soil profile description of McAlpin -like silt loam. 

Horizon Depth Description 
All 0 -2" Very dark grayish brown (9YR3/2) silt 

loam; brown (10YR5/3) dry; nearly mas- 
sive; hard dry; friable moist, non - sticky 
and non -plastic; few fine pores; abrupt 
wavy boundary. 

Al2 2 -9" Very dark grayish brown (9YR3/2) silt 
loam; brown (10YR5/3) dry; weak to mod- 
erate medium subangular blockywith some 
fine granular structure; slightly hard, 
friable, non - sticky and non -plastic; com- 
mon worm casts; gradual wavy boundary. 

B1 9 -22" Dark brown (7.5YR3/3) light silty clay 
loam; some (7.5YR3/2) ped coatings; 
weak medium prismatic breaking to mod- 
erate medium subangular blocky struc- 
ture; slightly hard, friable, sticky, and 
plastic; abundant worm casts, many med- 
ium and fine pores; clear boundary. 

Dark yellowish brown (7. 5YR3/4) medium 
silt clay loam; weak coarse prismatic 
breaking to moderate medium subangular 
blocky structure; friable, sticky and plas- 
tic; many fine pores; common grayish 
mottles; clear boundary. 

Brown (7.5YR4/4) light silty clay; mode- 
rate medium subangular blocky structure; 
firm, sticky and plastic; moderate patchy 
clay films; common gray mottles on ped 
surfaces and in pores; gradual boundary. 

Brown (7.5YR4/4) light silty clay; mas- 
sive; firm; sticky and plastic; many large 
grayish mottles. 

B21 22 -34" 

B22b 34 -48" 

Clb 48 -70 "+ 

Slope: 3-4% 
Position: Alluvial fan 
Parent Material: Recent alluvium over a truncated, buried older 

soil developed in alluvium. 
Drainage: Moderate to imperfect 
Classification: Alluvial, most like McAlpin series, but not as 

fine textured in upper horizons. 
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APPENDIX D. Care and management of esophageal - 
fistulated animals. 

Fistula size and location are of importance. With sheep, com- 
pleted fistulae were approximately one to one and one -quarter inches 
in length in both years. The only difference between years was that 
no skin was removed in 1964. Van Dyne and Torell (1964) suggested 
that an oval- shaped flap of skin the size of the fistula be removed. 
This was done in 1965 on both cattle and sheep. From observations, 
this does not appear to be necessary. Cattle fistulae, after surgery, 
were approximately two to two and one -half inches in length. It is 
advisable that cattle fistulae be no longer than two inches. 

Location of the fistulae has an effect on healing and ease of sam- 
ple collection (Hoehne et al. , 1965). These workers installed fistulae 
in cattle in three locations: ventrally, about two inches and about four 
inches from the ventral mid -line on the left side of the neck. Results 
indicated that the ventral location was the most difficult to heal and 

care for and that those further from the ventral mid -line were easier 
to care for and faster to heal. However, the two lower locations 
gave more satisfactory dietary samples. 

Fistulae location in sheep was approximately one and one -half 
inches from the ventral mid -line. Cattle location varied. One 1964 

steer was fistulated ventrally and one about four inches from the ven- 
tral mid -line. Satisfactory dietary samples were obtained at all 
times from both animals but maintenance was more difficult on the 

ventrally -fistulated steer. This may be especially true with beef 
breeds which tend to have excessive skin folding in this part of the 

anatomy. The 1965 cattle fistulae locations were about three to four 
inches from the ventral mid -line. During sample collection, extruded 
forage can pack against the side of the collection bag to an extent that 
it blocks the fistula causing the animal to swallow rather than to 
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extrude any subsequent bolus. Usually, when this situation occurred, 
the bag had already been substantially filled. This does tend to con- 

firm observations of Hoehne et al. (1965). 

A point to consider in fistula location involves the relation of the 

left jugular vein to the incision during surgery. Installation of the 

fistula too high on the neck of either cattle or sheep may force place- 
ment of the jugular below the esophagus prior to suturing the esopha- 

gus to the skin. This problem occurred with both cattle and sheep. 

On at least two occasions, the jugular was placed below the esopha- 

gus. No post- operative difficulty was encountered. Nevertheless, it 

appears advisable to maintain location of the jugular above the esopha- 

geal opening. 

The kind of closure device appears to be quite important. Several 
are described by Van Dyne and Torell (1964) with advantages and dis- 
advantages outlined. The closure devices (plugs) used in animals for 

this study were suggested by D. T. Torell of the University of Cali- 

fornia. Examples of plugs and of fistulated cattle and sheep are il- 
lustrated in Appendix Figures D -1, D -2, D -3, D -4, and D -5. The 

plugs were constructed from hard rubber stoppers ground to shape on 

an electric grinding wheel. Plugs can be fashioned to the size and 

shape of each fistula; it is most desirable to maintain a uniform fis- 
tula size so plugs can be interchanged among animals. 

The backing plate was constructed from plastic pipe; three -quar- 
ter -inch pipe was used for sheep and one -inch pipe for cattle. If cat- 
tle fistulae enlarged or plugs leaked excessively, one and one-quar- 
ter-inch pipe was satisfactory. Pipe was divided longitudinally and 

the edges ground or carved smooth. A stainless steel bolt of five - 

sixteen -inch diameter was attached to the convex side of the pipe 

through two holes with nylon monofilament line of twenty to thirty - 
pound test. Length of the bolt may vary depending upon the thickness 
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Figure D-1. Type of closure device used in esophageal -fistulated 
cattle and sheep in the study. Note that plug is off - 
center in views A and B. 
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Figure D -2. Esophageal -fistulated Willamette ewe, 
three and one -half years of age, closure 
device or "plug" installed. Animal may 
be allowed to graze freely in this condition. 

Figure D -3. Esophageal -fistulated Willamette ewe 
shown in Figure D -2 with "plug" removed. 
With a collection bag installed, this animal 
is ready to obtain a dietary sample. 
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Figure D -4, Esophageal -fistulated heifer, 18 months 
of age, "plug" installed. This heifer may 
be allowed to graze freely. 

Figure D -5. Esophageal -fistulated heifer shown in 
Figure D -4, "plug" removed. Fitted 
with a collection bag, this animal is 
ready to obtain a dietary sample. 
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of the plugs. Stainless steel wingnuts held plugs against pipes. Bolts 

should be attached "off center." The pressure on the pipe from with- 

in the esophagus tends to press it into the esophageal tissue. When 

this occurs, a pouch can develop, especially anterior to the fistula. 

By offsetting the bolt and plug, the pipe may be reversed every few 

days to avoid pouch development or to effect healing if a pouch devel- 

ops. 

The pipe and bolt should have a short (five to six -inch) length of 

small nylon cord attached through the nylon monofilament line. The 

cord passes through the center hole in the rubber plug and assists in 

seating the plug on the pipe at installation of the plug. Perhaps more 
important is to serve as a safety device so the pipe will not be swal- 

lowed before the operator can install the plug and wing nut. 

Hoehne et al. (1965) discussed problems encountered in main- 

taining animals with plugs similar to ones used in this study. A ma- 

jor problem in their study concerned plugging of the esophagus by 

ingested material lodged between the pipe and esophageal tissue. 
This difficulty was not evident in this study. An important considera- 
tion in avoiding this type of plugging is the shape of the plug. It 

should, ideally, seat against the scar tissue surrounding the fistula, 
serving both to prevent leakage of ingesta, water, saliva, and regur- 
gitated rumen contents and also provide the minimal amount of pres- 
sure needed to hold the pipe against the tissue. 

Fistulae may either enlarge or become smaller in both cattle and 

sheep. This appeared to be a non -predictable characteristic. En- 

largement was much more common and may result in death if not cor- 
rected. Upon removal of the plug for sample collection, tissue swells 

easily and difficulty re- installing the same plug following collections 
may be experienced. This situation occurred most frequently when 

the first few samples were collected. Less difficulty was encountered 
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when duration of sample collection was relatively short ( <45 minutes). 

Use of animals fitted with esophageal -fistula cannulae may be an ad- 

vantage when duration of collection on sparse forage is over two hours 

(Cook et al. , 1958). If fistulae do contract following sample collec- 

tion, installation of smaller plugs is necessary because tissue necro- 
sis occurs if the original plug is forced into or over the opening and 

screwed down. Replacement of small plugs with succeedingly larger 
plugs over a period of a few days was successful in overcoming this 

problem on most animals. In one case with a ewe in 1965, the fistula 
was surgically enlarged. No sutures were used before installation of 

a larger plug. One 1964 steer lost his plug in a barn accident approx- 
imately two weeks after surgery resulting in severe swelling before 
the plug could be replaced. Successful surgical enlargement was ac- 

complished although the animal retained a large amount of scar tis- 
sue. 

Fistula enlargement results in excessive leakage of water, sali- 
va, ingesta, and regurgitated rumen contents. This problem was the 

most serious of any encountered in the study. If larger plugs are not 

successful in preventing or satisfactorily suppressing leakage, very 
little can be done to effect animal recovery. Two fistulae of sheep in 

1965 were surgically reduced in size but pressure tore out the su- 

tures. Polyfoam made into "washers" around the plug was used with 

considerable success on some animals. Special care was necessary 
to avoid excess pressure on the pipe which results in pouch develop- 

ment. 

If fistulae do leak excessively or an animal expels a plug, seve- 
ral steps should be taken. Because rapid dehydration may occur, ad- 

ministration of an electrolyte solution to assist retention of body cell 

water is recommended. If the plug has been out for an indefinite 

time period, addition of sodium bicarbonate as a buffering agent 
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serves to overcome low rumen pH due to possible volatile fatty acid 

build -up. Most important is maintenance of appetite. Ward et al. 

(1963) have shown that loss of rumen contents rapidly resulted in loss 

of appetite. The only successful treatment was re- introduction of 

either whole or strained rumen contents. Experience with animals 

in this study corroborated their findings. Addition of rumen fluid 

was not always successful to effect animal recovery, but appetite was 

stimulated in most cases. Ward et al. hypothesized that some pro- 

duct of rumen fermentation by microorganisms is necessary to stimu- 

late appetite. 

Blocking of fistulae, as discussed by Hoehne et al. (1965), may 

lead to enlargement through tissue stretching. The only remedy, 

other than repeated clearing out of the plugged material, appeared to 

be use of a larger pipe. Animals do become plugged in a variety of 

ways. Simple catching of ingested material can occur; this was not 

common. More frequent was the apparent difficulty of insufficient 

esophageal muscle action to pass all regurgitated material past the 

plug to the mouth. If material became caught, it appeared that re- 
peated muscle contractions squeezed enough moisture from the bolus 

to cause severe blockage so that neither swallowing of ingesta or sa- 

liva nor regurgitation could occur. Blockage must be relieved soon 

or the continuous animal effort to swallow and /or regurgitate causes 

tissue stretching. Repeated occurrence of this situation was very 

difficult to overcome. Larger diameter pipes were seldom com- 

pletely successful. 
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APPENDIX E. Total ungrazed forage dry matter yields, standard 
errors of means, and percent botanical composition 
of tall fescue -subclover and ryegrass - subclover 
pastures, 1964. 

Tall Fescue -Subclover Ryegráss- Subclover 
Rye - 

Sampling Yield /Ac. Clover Fescue Yield /Ac. Clover grass 
period -pounds- % -pounds- 

April 14 2740 + 690 34 66 1490 + 190 60 40 

May 5 4800 + 500 42 58 4350 + 390 51 49 

May 19 5490 + 330 47 53 5560 + 480 71 29 

June 2 7960 + 900 50 50 6690 + 450 77 23 

June 23 8080 + 520 37 63 6400 + 310 66 34 

August 1 5700 + 620 28 72 3880 + 270 72 28 

September 1 5630 + 230 33 67 4290 + 290 73 27 

APPENDIX F. Analysis of variance of forage mean yields per grazing 
treatment per sampling period, 1964. 

Source of Variation d. f. Mean Square 

Cattle versus Sheep (C) 1 1247.50* 

Ryegrass versus Fescue (P) 1 129. 60 

Sampling Period (SP) 7 1932.47 ** 

C x P 1 . 01 

C x SP 7 83.22 
PxSP 7 164.50 

C x P x SP (Error) 7 175.94 

* P< .05. 
** P < .01. 
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APPENDIX G. Forage dry matter available for grazing and 
standard errors of means, 1964. 

Sampling period 
Grazing Treatment 

S-1 S-2 C-1 C-2 
pounds dry matter per acre 

Late April 3920 + 260 2700 + 270 3230 + 175 2700 + 500 

Early May 3420 + 505 3380 + 210 3030 + 225 3160 + 420 

Mid -May 3520 + 505 4640 + 150 4360 + 350 3480 + 350 

Early June 5 620 + 270 5860 + 490 4450 +350 5590 + 285 

Mid -June (6/23) 6200 + 395 5560 + 520 5 300 + 300 4270 + 315 

Early July 5190 + 425 5480 + 255 4750 +315 4350 + 255 

Late July 4440 + 300 4160 + 265 3860 + 455 3540 + 245 

Late August 4300 + 325 3510 + 410 3610 + 290 4220 + 240 

APPENDIX H. Analysis of variance of percent subclover composition 
of available forage, 1964. 

Source of Variation d. f. Mean Square 

Cattle versus Sheep (C) 1 318.78 ** 

Fescue versus Ryegrass (P) 1 3806.28** 

Sampling Period (SP) 7 131.82* 

C x P 1 552.78** 

CxSP 7 34. 64 

P x SP 7 80.42* 

C x P x SP (Error) 7 20.21 

P < .05. 
P< .01, 

* 
** 



261 

APPENDIX I. Mean forage oven -dry matter available per grazing 
treatment per sampling period and analysis of 
variance of mean forage yields, 1965. 

Sampling 
period 

Intensity 
of 

grazing 

Grazing Treatment 
Sheep Cattle 

Fescue Ryegrass Fescue 

pounds per acre 

Ryegrass 

Early April Heavy 790 1120 
Light 1150 1030 

Late April Heavy 790 510 720 520 
Light 1280 380 1170 360 

Early May Heavy 1020 510 1000 730 
Light 1900 650 1450 800 

Mid -May Heavy 1440 680 910 870 
Light 2530 1200 2880 1160 

Early June Heavy 1220 890 980 1220 
Light 3020 1700 3060 1950 

Mid -June Heavy 1550 800 1000 1470 
Light 4580 1610 4830 2940 

Early July Heavy 1060 450 1760 470 
Light 2830 1280 3730 2230 

Early Aug. Heavy 1280 510 1120 470 
Light 2940 770 3730 2160 

Analysis of variance of mean forage yields, 1965 

Source of variation d. f. Mean Square 

Intensity of grazing (I) 1 19647301.8 ** 

Cattle versus sheep (C) 1 711001.8 ** 

Fescue versus ryegrass (P) 1 12530716.1** 

Sampling period (SP) 6 2273923. 0 ** 

I x C 1 492187.5* 

I x P 1 4012501.7 ** 

I x SP 6 1088872.7 ** 



262 
APPENDIX I, (Continued) 

CxP 1 363216.0* 

CxSP 6 164972.7' 

P x SP 6 217778.65* 

IxCxP 1 15.4 

Ix CxSP 6 121933.2 

IxPxSP 6 185139.2 

CxPxSP 6 98986.8 

Ix C x Px SP (error) 6 47378. 77 
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APPENDIX J Analysis of variance of the percent subclover in all 
dietary samples, 1964. 

Source of variation d. f. Mean Square 

Cattle versus sheep (C) 1 15487.5** 

Fescue versus ryegrass (P) 1 648.0 

Sampling period (SP) 7 424. 78 

C x P 1 421.0 

C x SP 7 93.86 
P x SP 7 429.64 

CxPxSP(error) 7 265.93 

** P < .01. 

APPENDIX K. Analysis of variance of the percent by points of either 
perennial ryegrass or tall fescue occurring in sheep 
and cattle diets, 1965. 

Source of variation d. f. Mean Square 

Intensity of grazing (I) 1 1321.14* 

Cattle versus sheep (C) 1 1944.64 ** 

Fescue versus ryegrass (P) 1 944.64* 
Sampling period (SP) 6 1067. 14* 

I x C 1 360.08 
I x P 1 911.78* 
I x -SP 6 112.35 
C x P 1 41.15 
C x SP 6 282.27 
P x SP 6 446.68 
IxCxP 1 48.57 
Ix CxSP 6 85.20 
I x P x SP 6 276.66 
CxPxSP 6 174.43 
I x C x P x SP (error) 6 109.70 

* P < .05. 
**P < .01. 
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APPENDIX L. Percent dry matter content of forage from 
all grazing treatments, 1965. 

Sampling Intensity 
period of 

grazing 

Sheep Cattle 
Mean Fescue Ryegrass Fescue Ryegrass 

percent 

Late April Heavy 21.8 22.5 20.8 22.5 21.9a1 / 
Light 22.5 18.9 22.6 19.6 20.9a 

Early May Heavy 22.8 23.9 21.9 23.3 23.0a 
Light 23.7 24.2 24.4 23.4 23.9a 

Mid -May Heavy 27.2 29.7 24.9 26.3 27.Ob 
Light 27.0 26.5 27.0 26.3 26.7b 

Early June Heavy 31. ló2/ 39. Oa 30.9b 37.2ab 34.6c 
Light 32.4b 35.9ab 32.8b 33.6ab 33.7c 

Mid -June Heavy 
Light 

34.3bc 39.4ab 
36.7abc 40.Oab 

32. lc 41.2a 
38.5abc 42.8a 

36.8cd 
39.5d 

Early July Heavy 39.3d 68.5a 41.8d 68.2a 54.4e 
Light 53.2c 61.7b 51.8c 67.4a 58.5f 

Early Aug. Heavy 47.0c 86.8a 52.9c 86.8a 68.4g 
Light 66.Ob 86.8a 64.Ob 86.8a 75.9h 

i/ Means followed by different letters differ significantly, P <. 05. 

Means followed by different letters differ significantly within a 
sampling period, P < . 05. 

2/ 
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APPENDIX M. Analysis of variance of forage dry matter percent 
data, 1965. 

Source of variation d. f. Mean Square 

Intensity of grazing (I) 1 49.03* 
Cattle versus sheep (C) 1 0. 16 
Fescue versus ryegrass (P) 1 1009.80 ** 
Sampling period (SP) 6 2836.55 ** 
Ix C 1 1.14 
I x P 1 161.84** 
I x SP 6 19.68* 
C x P 1 0 

CxSP 6 2,64 
P x SP 6 268. 32 ** 
IxCxP 1 2.75 
I x C x SP 6 2.46 
IxPxSP 6 17.94 
CxPxSP 6 1.73 
I x C x P x SP (error) 6 3. 19 

* P < .05. 
** P < .01. 

APPENDIX N. Analysis of variance of percent ash in the forage 
dry matter, 1965. 

Source of variation d. f. Mean Square 

Intensity of grazing (I) 1 34,57** 
Cattle versus sheep (C) 1 0. 04 
Fescue versus ryegrass (P) 1 76.85** 
Sampling period (SP) 6 5.93= 
I x C 1 7,43** 
I x P 1 2.83* 
IxSP 6 0.85 
C x P 1 0 

CxSP 6 1.22 
PxSP 6 1.23 
I x C x P 1 3,40* 
Ix CxSP 6 0,60 
Ix PxSP 6 1.08 
CxPxSP 6 0.85 
Ix C x P x SP (error) 6 0.45 

P . 05. 
* * P < .01. 

< 
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APPENDIX O. Analysis of variance of percent ash contained in 
the dry matter of dietary samples, 1965. 

Source of variation d.f. Mean Square 

Intensity of grazing (I) 1 54. 6 ** 

Cattle versus sheep (C) 1 36.97 ** 
Fescue versus ryegrass (P) 1 36. 0 ** 
Sampling period (SP) 6 2.64* 
I x C 1 2.62 
IxP 1 2.29 
IxSP 6 3.98* 
CxP 1 0 

C x SP 6 0.99 
PxSP 6 2,78* 
I x C x P 1 8. 09 ** 
IxCxSP 6 1.10 
IxPxSP 6 1.52 
CxPxSP 6 2.0 
I x C x P x SP (error) 6 0.49 

P< .05. 
* * P < .01. 

APPENDIX P. Analysis of variance of forage crude protein 
content, 1964. 

Source of variation 
Cattle versus sheep (C) 
Fescue versus ryegrass (P) 

d. f 

1 

1 

Mean Square 

2.25 
90. 78 ** 

Sampling period (SP) 7 34.75** 
C x P 1 0.05 
C x SP 7 0.67 
P x SP 7 1.58 
C x P x SP (error) 7 0.53 

* * P < .01. 
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APPENDIX Q. Analysis of variance of forage crude protein content 
on an organic and dry matter basis, 1965. 

Source of variation 

Intensity of grazing (I) 
Cattle versus sheep (C) 
Fescue versus ryegrass (P) 

d. f. 

1 

1 

1 

Mean Square 
Organic matter Dry matter 

3.55* 1.79* 
4.87** 4. 35 ** 
0.50 0.01 

Sampling period (SP) 6 68. 63** 56.89 ** 
I x C 1 4.62:4 3.10* 
I x P 1 1.83 1.38 
I x SP 6 0.53 0.86 
C x P 1 1.82 1.38 
C x SP 6 0.98 0.77 
PxSP 6 0.56 0.44 
IxCxP 1 1.68 1.04 
IxCxSP 6 0.34 0.23 
IxPxSP 6 0.20 0.17 
CxPxSP 6 0.62 0.44 
I x C x P x SP (error) 6 0.88 0.72 

(pooled error) 25 0.56 0.42 

* P < .05. 
* * P < .01. 

APPENDIX R. Analysis of variance of dietary crude protein 
values, 1964. 

Source of variation d. f. Mean Square 

Cattle versus sheep (C) 1 106.21** 
Fescue versus ryegrass (P) 1 0.52 
Sampling period (SP) 7 75.1** 
C x P 1 0.02 
C x SP 7 1.26 
Px SP 7 2.74 
C x P x SP (error) 7 5.60 

** P < .01. 
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APPENDIX S. Analysis of variance of dietary crude protein values 
on a dry matter and organic matter basis, 1965. 

Source of variation d. f. Mean Square 
Organic matter Dry matter 

basis basis 

Intensity of grazing (I) 1 0.50 0.02 

Cattle versus sheep (C) 1 53.82 ** 33.33* 

Fescue versus ryegrass (P) 1 16.83 ** 5.92* 

Sampling period (SP) 6 67.56** 53.29 ** 

I x C 1 3.86 1.71 

I x P 1 1.12 0.56 

I x SP 6 2.35 2.41 

C x P 1 6.66* 5.65* 

C x SP 6 1.31 1.01 

P x SP 6 2.25 1.66 

IxCxP 1 3.37 2.09 

IxCxSP 6 1.07 0.74 

IxPxSP 6 1.76 1.32 

CxPxSP 6 0.52 0.68 

I x C x P x SP (error) 6 1.80 1.85 

(pooled error) 25 1.37 1.18 

* P < . 05 . 

* * P < .01. 
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APPENDIX T. Crude protein content of cattle and sheep diets 
(dry matter basis) grazing on tall fescue -sub- 
clover and ryegrass- subclover pastures, 1965. 

Sampling 
period 

Intensity 
of 

grazing 

Grazing Treatment 
Sheep Cattle 

Fescue Ryegrass Fescue 

percent 

Ryegrass Mean 

Early April Light 14.3 

Late April Heavy 15.1 17. 1 13.9 13.6 1 
Light 15.0 16.4 12.9 12.7 7 

14.6 

Early May Heavy 13.1 13.7 12.4 13.0 13. 2b 
Light 14.8 13.0 13.5 12.2 

Mid -May Heavy 12.5 12 0 13.4 10.7 12.5b 
Light 14.4 13.7 13.2 10.4 

Early June Heavy 12.1 10.8 11.4 9.5 
Light 13.2 12.8 10.8 8. 6 11.2c 

Mid -June Heavy 10.5 11.8 11.0 8.3 9.8d 
Light 10.4 10.2 8.6 7.9 

Early July Heavy 8.8 8.6 10.6 6.2 9 9.4d Light 12.2 9.2 8.9 11.0 

Early Aug. Heavy 9.1 8.4 7.3 5.6 
Light , 5.2 8.5 5.8 6.0 7 7.0e 

Mean 11.9a 11.8a 11. Oa 9.7b 

j/ Means having different letters differ significantly, 
P< .05. 
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APPENDIX U. Analysis of variance of forage PDMD, 1965. 

Source of variation d. f. Mean Square 

Intensity of grazing (I) 1 0. 64 

Cattle versus sheep (C) 1 52.07* 
Fescue versus ryegrass (P) 1 320.64);";' 
Sampling period (SP) 6 534.28** 
IxC 1 5.79 
I x P 1 52.08* 
I x SP 6 11.35 
C x P 1 87.50* 
C x SP 6 16.03 
P x SP 6 13,10 
IxCxP 1 60.07* 
IxCxSP 6 10.08 
IxPxSP 6 6.70 
CxPxSP 6 12.54 
I x C x P x SP (error) 6 6.11 

* P < . 05. 
** P < . 01. 

APPENDIX V. Analysis of variance of dietary PDMD, 1965. 

Source of variation d. f. Mean Square 

Intensity of grazing (I) 1 41.14* 
Cattle versus sheep (C) 1 41.14* 
Fescue versus ryegrass (P) 1 144.64** 
Sampling period (SP) 6 105.43** 
I x C 1 0.07 
I x P 1 14.0 
IxSP 6 5.78 
C P 1 7.15 
C x SP 6 7.28 
PxSP 6 7.78 
IxCxP 1 0.07 
Ix CxSP 6 3.10 
IxPxSP 6 4.53 
CxPxSP 6 9.51 
I x C x P x SP (error) 6 7.54 

(pooled error) 25 5.93 

* P < . 05. 
** P<.01. 
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APPENDIX W. Simple correlation coefficients among forage, 
among dietary, between forage and dietary 
characteristics and supplementary discussion. 

1964 Season 

Sheep -grazed Tall Fescue -Subclover (S -1) 

Appendix W -1 shows the patterns of correlation coefficients which 

existed for data collected from pasture S -1. Dietary percent subclo- 

ver was significantly associated (. 05) with the percent subclover in the 

available forage because both declined with progression of the season. 

Dietary percent subclover was also significantly correlated (0. 1). 

Appendix W -1. Simple correlation coefficients for dietary and 
forage characteristics of sheep - grazed tall fes- 
cue-subclover (S -1), 1964. 

Forage Diet 

% Dry % Sub- PDMD % Crude To Sub - 

Forage Matter clover Protein clover 

% Crude Protein -0.95':'* 0.67 0.92** 0.95** 

% Dry Matter -0.85** -0.88 ** 

% Subclover 0.56 0.62 0.82* 

PDMD 0.92** 

Diet 

% Crude Protein 0.85** 

P< .05. 
* * P < 01. 

with dietary percent crude protein. The relationship of dietary sub - 

clover and forage crude protein was not significant because forage 

crude protein content declined steadily throughout the season (Table 
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41) while dietary subclover percent increased until early June and 

then fell rapidly in summer (Figure 12). No significant relationship 

was found for percent dietary subclover and forage PDMD or for per- 

cent dietary subclover and forage percent dry matter. 

The highest correlation coefficients (.01) were forage percent 

crude protein with dietary crude protein (r = 0.95), forage percent 

crude protein with forage percent dry matter (r = -0.95), forage per- 

cent crude protein with forage PDMD (r = 0.92), and forage PDMD 

with dietary percent crude protein (r = 0.92). Other significant re- 
lationships (.01) with forage percent dry matter were forage PDMD 

(r = -0.85) and dietary percent crude protein (r = -0.88). 

The correlation coefficient between forage percent subclover and 

forage percent crude protein was positive but non - significant; percent 

crude protein declined at a faster rate than did the percent subclover 

in the forage. Percent subclover in the forage and forage PDMD also 

declined with progression of the season and varied together but no 

enough for their positive association to be significant. 

Cattle -grazed Tall Fescue -Subclover (C -1) 

Appendix W -2 contains the correlation coefficients derived for 

dietary and forage characteristics in pasture C -1. 

Forage percent dry matter was inversely correlated with forage 

crude protein content and with dietary crude protein content. The lat- 

ter association was very high because 1) cattle selected predominantly 

tall fescue in their diets, especially after late June when the propor- 

tion of tall fescue in the pasture was increasing, 2) the forage crude 

protein level was inversely associated (. 01) with forage dry matter 

content, and 3) forage crude protein level was positively associated 

with (.01) dietary crude protein level. Both forage and dietary crude 

protein were positively associated (. 01) with forage PDMD. 
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Appendix W -2. Simple correlation coefficients for dietary and 
forage characteristics of cattle- grazed tall fes- 
cue-subclover (C -1), 1964. 

Forage Diet 
% Dry % Crude % Sub - 
Matter PDMD Protein clover 

Forage 
% Crude Protein -0.91** 0.96= , 0.95** 

Diet 

% Dry Matter -0.97 ** 

% Subclove r 

PDMD 0.97** 

% Crude Protein 

0.67 

0.&'7:4 * 

**P<.01. 

Dietary percent subclover was positively associated with dietary 

crude protein because both components declined during the season. 

Forage and dietary percent subclover were positively, but not signi- 

ficantly, associated. This seems to be an incidental relationship; it 

did not appear that the small percent subclover in cattle diets bore 

any relationship to the decreasing percentage in the pasture composi- 

tion with the progression of the season. 

Sheep -grazed Ryegrass -Subclover (S -2) 

Only two correlation coefficients exceeded 0.90 in the analyses 

involving pastureS -2 characteristics (Appendix W -3). Forage crude 

protein content was significantly associated (.01) with dietary crude 

protein content and with forage PDMD. Forage percent dry matter 

was inversely correlated with forage crude protein but not significant- 

ly with dietary crude protein. The apparent reason for this non -sig- 

nificant correlation coefficient involves maintenance of a relatively 
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Appendix W -3. Simple correlation coefficients for dietary and 
forage characteristics of sheep - grazed rye - 
grass- subclover (S -2), 1964. 

Forage Diet 
Dry % Sub- PDMD % Crude % Sub - 

Matter clover Protein clover 

Forage 
% Crude Protein -0.76* 

% Dry Matter 

% Subclover 

PDMD 

-0.61 0. 90** 

-0. 30 

0.93** 

-0.56 

-0.77* 
0.76* 

Diet 
% Crude Protein -0. 34 

P< .05. 
* * P < . 01. 

high dietary crude protein level during the time dry matter content 

was rapidly increasing (Table 45). Dietary crude protein and forage 

PDMD were significantly associated (r = 0. 76 *) but not as directly as 

forage PDMD and forage crude protein (r = 0.93**). 

Two unusual relationships involve the pe rcent subclover in the for- 

age. Subclover contributes positively to forage and dietary crude 

protein levels but this relationship cannot be shown by correlation 
analyses. An inverse statistical association existed between percent 
forage subclover and dietary crude protein as well as with forage 

crude protein. Percent subclover in the forage then remained stable 

but forage and dietary crude protein decreased, contributing to an in- 

verse correlation coefficient, when in reality, forage subclover was 

the reason for maintenance of relatively high forage and dietary crude 

protein levels. 

A similar corollary existed with dietary percent subclover and di- 

etary percent crude protein. Sheep selected higher subclover diets 

* 

% 
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as the season progressed, yet dietary crude protein decreased due to 

lowered crude protein levels as plant maturity ensued. No correla- 
tion existed between forage and dietary subclover even though sheep 

consumed a high dietary percentage subclover in summer. Forage 

percent subclover was decreasing in summer but dietary percent clo- 

ver was increasing (Figure 14). 

Cattle - grazed Ryegrass -Subclover (C -2) 

Appendix W -4 contains correlation coefficients between forage and 

dietary characteristics of pasture C -2. 

Appendix W -4. Simple correlation coefficients of dietary and 
forage characteristics of cattle - grazed rye - 
grass- subclover (C-2), 1964. 

Forage Diet 
Dry % Sub- PDMD % Crude % Sub- 

Matter clover Protein clover 

Forage 
Crude Protein -0.69 -0.77* 0.81** 0.92** 

% Dry Matter -0.90** 

% Subclover -0.70* 

PDMD 0.99** 

Diet 
% Crude Protein 0.65 

, , p < . O1 

* P<.05. 

Percent forage dry matter was inversely correlated with forage 

crude protein and dietary crude protein; the association with dietary 

crude protein was highest. Forage crude protein and forage PDMD 

were correlated (.01) as was dietary crude protein with both charac- 

teristics. Forage percent subclover was inversely correlated with 

% 

% 
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forage and dietary crude protein. Forage subclover increased 

throughout the season whereas both forage and dietary crude protein 

decreased (Figures 16 and 26). A high subclover population contribu- 

ted to high forage crude protein levels but not high dietary crude pro- 

tein levels because cattle preferred grass to subclover. 

Dietary crude protein level was associated with dietary subclover 

percentage because both decreased with progression of the season. 

The extremely high (r = 0.99) dietary crude protein and forage PDMD 

correlation coefficient shows that the relative decrease in forage 

PDMD was accompanied by the same relative dietary crude protein 

decrease. 

1965 Season 

Sheep -grazed Tall Fescue -Subclover (S -land S -1H) 

Appendix W -5 contains correlation coefficients obtained when 

data from pasture S -1 are examined. 

Only two significant relationships existed at the one percent lev- 

el. Percent forage dry matter was inversely associated (. 01) with 

PDMD and with dietary crude protein. More factors were significant- 

ly associated (. 05) with forage percent crude protein than with any 

other factor. Forage crude protein was inversely correlated with 

forage percent dry matter and positively correlated with percent for- 

age ash, forage PDMD, dietary crude protein, and dietary ash con- 

tent (. 05). Dietary crude protein and forage PDMD were significantly 

associated (. 05 ). 

Positive but non - significant correlation coefficients were evident 

for percent forage ash and forage PDMD, for dietary percent ash with 

forage PDMD and with dietary crude protein. All other associations 

were non- significant. 
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Appendix W -5. Simple correlation coefficients for dietary and 
forage characteristics of tall fescue -subclover 
lightly -grazed by sheep IS -1), 1965. 

Forage 
% Crude Protein 

% Dry Matter 

%Ash 

PDMD 

Diet 
% Crude Protein 

Forage Diet 
% Dry 
Matter 

-0.86* 

% Ash 

0. 73 

PDMD 

0. 75 

-0.96 
.61 

% Crude 
Protein 

0. 82 

-0.90 * 

0. 81* 

% Ash 

84* 

0. 60 

0. 65 

* P < . 05. 
* * P < . 01, 

Correlation coefficients developed for data obtained from pasture 

S1H are given in Appendix W -6. 

Six of seven significant correlation coefficients were at the one 

percent level of probability. Forage crude protein was associated 
with dietary crude protein (. O 1 ). Forage percent dry matter 

was in y erse 1 y correlated to forage crude protein, forage 

PDMD, dietary PDMD, and dietary crude protein (. 01). Forage 

PDMD was inversely associated with dietary percent grass (.01). In 

this pasture, grass content of the diet increased with the progression 
of the season as forage PDMD declined. Forage PDMD was also cor- 
related with dietary crude protein (. 05). 

Forage crude protein and PDMD were positively but not signifi- 

cantly associated as were forage crude protein and dietary PDMD. 

Dietary ash content tended to remain stable while forage ash content 

was fluctuating to result in a negative association between these two 

characteristics. 
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Appendix W -6. Simple correlation coefficients for dietary and 
forage characteristics of tall fescue- subclover 
heavily - grazed by sheep (S-1H, 1965. 

Forage 

Forage Diet 
% Dry 
Matter PDMD % Crude 

Protein % Ash % Grass PDMD 

Crude Protein -0.94':":' 0.70 0.97 ** 0.59 

% Dry Matter -0.87** -0.93* -0.94 ** 

% Ash -0.71 

PDMD 0.78* -0.92' 

Diet 
% Crude Protein 0. 62 

P < 05. 
** P < .01. 

Cattle- grazed Tall Fescue - Subclover (C -1 and C-1H) 

In the lightly- grazed pasture C -1, ten significant (. 05 and . 01) 

correlations occurred (Appendix W -'7). Two near - significant associ- 
ations were evident but all other associations were non - significant. 

For pasture C -1H, only four significant (. 05 and .01) correlation 
coefficients existed among all dietary and forage characteristics 
(Appendix W -8). In both pastures C -1 and C -1H, percent forage dry 

matter was inversely associated (.01) with forage crude protein, for- 

age PDMD, and dietary percent crude protein (C -1 only). Percent dry 

matter of C -1H forage was less than that of C -1 during the last one -half 

of the grazing season and dietary crude protein levels were higher in 

pasture C-1H than in C -1 at this time to account for the lack of signifi- 

cance between forage percent dry matter and dietary crude protein in 

C -1H. 

The correlation between forage PDMD and dietary crude protein 
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Appendix W -7. Simple correlation coefficients for dietary and 
forage characteristics of tall fescue -subclover 
lightly- grazed by cattle (C -1), 1965. 

Forage 

Forage Diet 
% Dry 
Matter 

% Ash PDMD % Crude 
Protein 

PDMD 

Crude Protein -0.92*' 0.89** 0.90 ** 0.94** 0.70 

Dry Matter -0.96' -0.95** -0.85* 

% Ash 0.71 0.74* 

PDMD 0.94** 

Diet 
% Crude Protein 0.87* 

* P < 05. 
** P < .01. 

on both pasture types was the same, 0.94 and 0.93, for C -1 and C -1H, 

respectively. 
Dietary and forage crude protein levels were significantly corre- 

lated (. 01) in both pastures. The correlation of forage crude protein 

and forage PDMD was greater in C -1 than in C -1H. 

Forage percent ash was positively associated with forage crude 

protein in pasture C -1 but not in C -1H. In addition, forage percent 

ash in C-lwas positively but non - significantly associated with forage 

PDMD and dietary crude protein. 

Percent grass levels in forage and diets were not significantly 

associated with any characteristic. Cattle selected high percentages 

of grass in their diets at all times and a relatively stable proportion 

of the major grass was present in the forage as compared to fluctu- 

ating levels of the other constituents. Hence, there were no signifi- 

cant associations throughout the season. 

% 

% 
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Appendix W -8. Simple correlation coefficients of dietary and 
forage characteristics of tall fescue - subclover 
heavily - grazed by cattle (C, -1H), 1965. 

Forage Diet 
% Dry PDMD % Crude PDMD 
Matter Protein 

Forage 
% Crude Protein -0.96** 0.75* 0.96;,;, 

Diet 

% Dry Matter -0.93** -0.76* 

PDMD 0. 93** 

% Crude Protein 0.69 

P< .05. 
* * P< .01. 

Sheep- grazed Ryegrass - Subclover (S -2 and S -2H) 

Appendices W -9 and W -10 contain correlation coefficients for 

pastures S -2 and S -2H. 

Appendix W-9. Simple correlation coefficients of dietary and 
forage characteristics of ryegrass- subclover 
lightly - grazed by sheep (S -2), 1965. 

Forage Diet 
% Dry % Ash 
Matter 

Forage 

% Grass PDMD % Crude 
Protein 

%Ash PDMD 

Crude Protein -0.86* 0. 9l* 0.78'- 0.84'- 0.91-, * 

Dry Matter -0.97'* -0.87** -0.80* 

% Ash 0. 75* 0.81* 0.59 

% Grass 0. 70 

PDMD 0. 88** -0. 67 

Diet 
% Crude Protein 0. 74* 

P< .05. 
* * P < .01. 

* 

% 

86 
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Appendix W -10. Simple correlation coefficients of dietary and 
forage characteristics of ryegrass- subclover 
heavily -grazed by sheep (S -2H), 1965, 

Forage Diet 
% Dry 

Matter Ash Grass PDMD 

% Crude 
Protein 

% 

Ash Grass PDMD 

Forage 
% Crude Protein -0.80* 0.88 ** 0.81* 0.63 0. 97** -0.91 ** 

% Dry Matter -0. 89 ** -0. 82* -0.91 ** 

% Ash 0.85* 

% Grass 0.72 0. 83* 

PDMD 0.93 ** -0.79* ** 

Diet 
% Crude Protein -0.92 ** -0.71 

% Ash -O. 80* 

% Grass -0.61 

* P <. 05. 
** P<.01. 

The pattern of correlation was similar for data from both pas- 

tures but in the heavier -grazed S -2H more dietary characteristics 

were associated than in pasture S -2. Dietary percent grass in pas- 

ture S -2H was inversely associated with forage PDMD (. 01) and with 

dietary crude protein (NS). Dietary percent grass in pasture S -2 

was not associated with any characteristic. 
Dietary ash percent was inversely correlated with forage and 

with dietary crude protein (. 01) and with forage and dietary PDMD 

(. 05). Salivary contamination of S -2H dietary samples increased 

dietary ash content (Table 37) to result in significant correlation co- 

efficients (. 05 and . 01). 

% % % 
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Forage ash content and forage PDMD were significantly associ- 
ated in pasture S -2 but not in S -2H. Heavier intensity of grazing re- 

sulted in increased forage ash content (Table 33) without a corres- 
ponding change in PDMD. Forage PDMD was significantly correlated 

with percentage grass in the forage in pasture S -2H but not in S -2. 

Forage and dietary crude protein were more highly correlated in 

pastureS -2H (r = 0.97) than in pasture S -2 (r = 0.91). Other correlated 

associations (. 01) were percent dry matter of the forage and forage 

PDMD (r = -0.97 inS -2) and dietary percent grass and forage PDMD 

(r - -0.97 in S -2H.). 

Cattle -grazed Ryegrass- Subclover (C -2 and C -2H) 

More characteristics were significantly correlated for pasture 

C -2H data than for pasture C -2 data (Appendices W -11 and W -12). Di- 

etary percent ash and percent grass were not associated with any 

characteristics in pasture C -2. Dietary ash content in pasture C -2H 

increased (Table 37) while forage and dietary crude protein levels 

decreased (Tables 43 and 47) to account for significant negative (. 01) 

correlation coefficients (r = -0.94 and -0.95), respectively. 

Appendix W-11. Simple correlation coefficients of dietary and 
forage characteristics of ryegrass- subclover 
lightly- grazed by cattle (C --2), 1965. 

Forage Diet 

Forage 
07o Dry 
Matter. 

% Ash PDMD % Crude 
Protein 

PDMD 

% Crude Protein -0.86' 0.93* 0.86* 0.95** 
% Dry Matter -0.95** -0.76* -0. 83* 
% Ash 0.78* 0.90-.* 
PDMD 0.74* 

P < .05. 
* * P < . 01 
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Appendix W -12. Simple correlation coefficients of dietary and 
forage characteristics of ryegrass - subclover 
heavily - grazed by cattle (C -2H), 1965. 

Forage Diet 
% Dry 

Matter 
% 

Ash 

% 

Grass PDMD 

% Crude 
Protein Ash Grass PDMD 

Forage 
% Crude Protein -0. 88 ** 0.90 ** 0. 80* 0.67 J -0.94 ** 0.96 ** 

% Dry Matter 0.65 0.91 ** -0.92 ** 0.90 ** -0.92 ** 

% Ash 0. 82* 0.82* 

% Grass 0.68 

PDMD 0.71 -0.71 

Diets 

% Crude Protein -0.95 ** 0.95 ** 

% Ash -0. 88 ** 

* P <. 05. 
** P < . 01. 

r= 0. 88 ** for C -2 and C -2H. 

Because dietary ash increased with progression of the season, a 

positive correlation with forage dry matter percent existed (r = O. 90). 

On pasture C -2H, forage percent grass was significantly associ- 

ated (. 05) with forage percent crude protein as both decreased 

throughout the season. Dietary PDMD was significantly negatively 

(. 01) correlated with dietary ash in pasture C -2H but not in pasture 

C -2. Other associations with dietary PDMD were similar between 

the two pastures. 

% % 


