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ABSTRACT 

Four trials were conducted each summer (1964 and 

1965) on a ponderosa pine-bunchgrass range on the Vlld 

BUI cattle allotment of the Coconino National Forest 13 

Bile8 north of Flagstaff, Arizona. Purpose of this study 

was to estimate digestibility and intake of certain 

forage nutrients on this range with grazing cattle. Diets 

for grazing animals were estimated by rumen evacuation 

with digestibility being determined by lignin ratio tech

nique* Intake was calculated from digestibility and fecal 

output determined using chromic oxide. 

Three rumen-fistulated, yearling steers were used 

for each 13-day trial: days one through eleven, a chromic 

oxide, purified wood cellulose mixture was placed in the 

rumen via the fistula; days eight through twelve, fecal 

grab samples were taken; and on day thirteen, the rumen 

was evacuated and the animals allowed to graze freely for 

one hour with the forage being recovered as a representative 

sample of the diet. A recovery time of six days was allowed 

between trials. 

Digestibility coefficients for 1964 and 1965» 

respectively, were (in percent): dry matter, 44*0 and 

40.4; gross energy, 47*0 and 41*1; crude protein, 50.7 

lx 
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and 1*2. 5; and acid detergent fiber, 36.2 and 36. k* Since 

both trial times and experimental animals vere different 

each year, statistical comparisons could not be made. No 

differences (P>.03) vere found for trials, steers, or days 

within a trial in any of the data. The steer x trial 

interaction was significant (PC. 05) in all digestibility 

data. Relatively large differences existed at times be

tween trials or steers, but were not significant (P>.05). 

Estimates for animals and days within a trial were 

made from the digestibility data using a confidence 

interval of x * If percentage units (PC.05). Three days 

were sufficient in all the data. Animals necessary 

(using three days) for 1964 and 1965» respectively, were: 

dry matter, 6 and 28; gross energy, 3 and 1*1; crude pro

tein, 3 and 11; and acid detergent fiber, 9 and 22. 

Daily forage dry matter intake was 5.2 and 3*3 

kilograms for 1964 and 1963 respectively. No differences 

(P>.03) were detected between steers either year. Trials 

and days within a trial were different (PC.05) during 

1964, but not during 1965* Day differences during 1964 

were believed due to summation of small, non-significant 

(P>#05) differences in the individual measurements used. 

Using a confidence interval of x * 0.5 kilograms 

(PC.05)» estimates for animals and days within a trial 
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were made from the dry matter intake data. For 1964* five 

days with six animals vere found necessary, while increas

ing days to 10 reduced animals to one. For 1965* one day 

with seven animals was needed, while increasing days to 

three decreased animals to six. 

Based on the previous data, daily Intake of protein 

and energy was calculated on both a total and digestible 

basis. During 196^, intake in kilograms for protein was: 

total, 0.6, and digestible, 0.3; and during 1963 was: 

total, 0.5» and digestible, 0.2. Gross energy intake in 

megacalories was 22. k and 22.7 for 196lf and 1965* respec

tively, while digestible energy was 10.5 and 9*8 mega

calories. 



INTRODUCTION 

The ruminant animal's primary importance is its 

ability to utilize large quantities of roughages in order 

to meet most of its important nutritional requirements. 

A valuable contribution of native range lands is the 

production of forage for maintenance and production of 

ruminant animals. Data are lacking on the chemical compo

sition, digestibility, and intake of forage on the ponderosa 

pine ranges of the Southwest. Information on the quality 

of this range forage would aid in managing ranges for 

maximum sustained returns and in determining the nutritional 

environment of grazing animals in order to improve their 

efficiency when possible. 

Proper nutritional management of freely grazing 

livestock by the animal husbandman is dependent upon his 

being able to estimate accurately the nutritional value of 

the forage being grazed. The determination of forage 

digestibility and intake is dependent upon a knowledge 

of the composition of both the ingested forage and the 

fecal material. Many ranges have a forage cover that is 

heterogeneous in composition and is unpalatable when hand 

fed. This has led to the use of fistulated, either ruminal 

or esophogeal, animals as the agents for collecting repre

sentative samples of the forage being consumed. 

1 



2 

Because the standard procedure for determining forage 

digestibility is very difficult or even impossible to carry 

out under range conditions, alternate methods for estimating 

the digestibility of range forage have been investigated by 

several workers in the field of ruminant nutrition. One 

such method is the measurement of the apparent digestibility 

of the forage grazed by the ratio technique, which requires 

a naturally occurring "internal" indicator in the forage 

with the determination of this indicator in both the forage 

and feces. The indicator most commonly used for estimating 

digestibility of range forages has been lignin, although 

chromogen and silica have been used to some extent. 

'Difficulties associated with total fecal collection 

and the brushy nature of many native ranges that can cause 

damage to the collection apparatus have led to the use of 

some "external" indicator to estimate fecal output of 

freely grazing animals. One of the most widely employed 

external indicators is chromic oxide (Cr20j). 

The objectives of this study were (1) to estimate 

the nutrient content of the diet for steers grazing a 

ponderosa pine range in Northern Arizona, (2) to estimate 

digestibility of the forage dry matter, crude protein, 

energy, and acid detergent fiber with the lignin ratio 

indicator technique, and (3) to estimate dry matter, pro

tein, and energy intake with the chromic oxide (Cr20^) -

lignin ratio indicator technique. 



LITERATURE REVIEW 

A major part of the grazing animals feed supply 

comes from range plants as they are selected in grazing. 

Bohman and Lesperance (1967), Theurer (1969) and Theurer 

(1970) have reviewed methods of determining the chemical 

composition and digestibility of the grazing animal's diet. 

It was pointed out that forage ingested by the animals may 

differ in chemical composition from herbage available to 

the animals. This has led to the use of esophageal or 

rumen fistulated animals to collect naturally grazed samples 

of the forage. The use of internal and external indicators 

with these -animals provides a possibility of determining 

the digestibility and intake of the forage under grazing 

conditions. 

Forage Selection 

Selective grazing or the difference between what is 

available to the animal and what he actually consumes is a 

major obstacle to effective studies of the nutritive value 

of range herbage. As early as 1909, Kennedy and Dinsmore 

(1909) found that sheep, when fed forage collected from a 

range site, did not show what was considered normal selec

tivity for the plants and frequently did not eat adequate 

amounts for a maintenance ration. In commenting on his 

studies on palatability, Jones (1952) concluded that man 

3 



Is unable to judge palatability of plants without reference 

to the animal. Cook ejt al. (1958) concluded that hand 

plucking is totally inadequate in estimating the grazing 

animal*s diet on range sites consisting of a complex mixture 

of plant species. 

Hardison et; al. (195*f) reviewed the subject of 

selective grazing by cattle and estimated the degree of 

selectivity by allowing one group of steers to graze herbage 

from the same source as that which was clipped and hand fed 

to a similar group of stall-confined steers. On the basis 

of this investigation, they concluded that the chemical 

composition of clipped herbage is an unreliable index of 

the chemical composition of the forage selected by the 

animal. They further state that the digestibility of 

clipped herbage is of uncertain value and may even be 

misleading in estimating the value of pasture forage under 

grazing conditions. Selective grazing was demonstrated in 

pasture studies conducted by Lesperance ,et al. (1960). 

Protein decreased and crude fiber increased in the fistula 

samples, with respect to time, even though the chemical 

composition of clipped samples remained fairly constant. 

In work with confined sites on range land, Edlefsen, Cook 

and Blake (1960) found only small daily differences in 

chemical composition of esophageal samples collected with 

sheep for the entire trial. Utilization of available 

forage ranged from zero at the start of a trial to 80 or 



90 percent at its termination. This would indicate that the 

sheep were able to maintain a fairly constant diet by selec

ting from a forage complex that was continually changing. 

The composition of clipped samples of herbage available to 

grazing livestock varied considerably from that of samples 

recovered from rumen or esophageal fistulas in several other 

studies (Weir and Torell, 1959? Ridley <?t al., 1963; and 

Gait et al., 1969). Forage samples collected by esophageal 

or rumen fistulated animals were higher in ash and usually 

contained more crude protein than clipped or plucked samples 

obtained from the available herbage. 

Several workers have found that the proportion of 

plant species as well as parts of plants in the diet of 

grazing animals may be quite different from that of the 

available herbage. Botanical composition of forage collected 

from beneath cages was not related to that of rumen fistula 

samples collected the same day in the work conducted by 

Lesperance, Bohman and Marble (1960). In addition, botanical 

composition of forage selected by cattle changed rapidly 

during a 21-day period while it remained relatively constant 

for the cage-protected forage. Van Dyne and Heady (1965) 

have shown that the botanical composition of the diet of 

sheep and cattle varied with the time of year and that the 

animals grazed selectively. Gait et al. (1969) found that 

marked differences exist between the species composition 
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of a desert grassland range and that of forage collected 

from rumen fistulated steers. Plains bristlegrass (Setaria 

macrostachva) was the predominant species in the fistula 

samples, yet it made up only seven percent of the available 

forage on the range site. In this same work, it was found 

that steer preferences for certain species changed markedly 

throughout the three month grazing period. It has also been 

reported by Cable and Shumway (1966) that the chemical 

composition of clipped samples of herbage available to . 

grazing livestock has varied considerably from that of 

samples recovered from rumen fistulas. 

Gait et al, (1969) found that the crude protein 

content of rumen forage samples was considerably higher 

than the corresponding protein content of any of the four 

major plant species available on a desert grassland range. 

A weighted estimate of percent crude protein of the grazing 

animal*s diet was derived from the protein content of 

clipped whole plants weighted according to the botanical 

composition of the fistula forage samples. This estimated 

protein content of the forage ingested was consistently 

lower than the crude protein value obtained by direct 

chemical analysis of the rumen forage samples. These 

investigators concluded that the higher protein content 

of the rumen forage was largely due to the animal's selec

tivity of specific plant parts, as they noted that leaves 

of the major grass species contained almost twice the 



protein of the stems. It has also been suggested by Bredon 

et al. (1967) that the higher levels of protein and lower 

levels of fiber in esophageal fistula samples could be ex

plained by selective grazing of specific plant parts by 

cattle. An average composition of all grasses analyzed 

showed the percent crude protein of the leaves was 55 per

cent higher than the whole plant value and the percent fiber 

of the leaves was 17 percent lower. 

Fistulated Animals as Sampling Agents 

Recent advances in forage evaluation have indicated 

that fistulated animals are excellent biological agents for 

the sampling of complex plant mixtures. The esophageal 

fistula has been used with considerable success to sample 

the diet of grazing sheep in the range areas of the United 

States and Australia (Cook jet al., 1958; Weir and Torell, 

1959; Weir, Meyer and Lofgreen, 1959; McManus, 1962; 

McManus, Arnold and Hamilton, 1962). Similar success with 

the rumen evacuation technique, utilizing the rumen fistula, 

has been recorded with grazing cattle (Lesperance et al., 

1960; Connor, Bohman and Kinsinger, 1962; Ridlev et al.. 

1963; Shumwav et al.. 1963)* 

It would appear that the rumen fistula techniques 

are more adaptable to complete collection of the samples 

consumed by grazing cattle. Lesperance, Bohman and Marble 
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(I960) and Lesperance et al. (1960) have suggested that 

some of the differences in chemical composition between 

forage samples collected by rumen and esophageal fistulated 

cattle may be due to incomplete collection, particularly 

of fibrous material, with the esophageal fistula. Although 

Campbell jet al. (1968) obtained recoveries of 8^- to 9b 

percent for concentrate type rations, recoveries of two 

clipped grass samples were only 26 and 3k percent with 

esophageal fistulated cattle, indicating incomplete re

covery of the samples. 

Van Dyne and Torell (196^) and Lesperance, Bohman, 

and Marble (1960) found that rumen fistulas were easier 

to establish and maintain than esophageal fistulas when 

working with cattle. On the other hand, collection of a 

forage sample by the rumen evacuation procedure as described 

by Lesperance ,et al. (1960) involves much more work than 

collection with an esophageal fistula. In addition, 

esophageal fistulas are more adaptable to multiple sampling 

procedures such as twice daily for several consecutive days. 

The effects caused by salivary contamination, 

mastication, and sample preparation can only be determined 

by feeding forage of known chemical composition, recovering 

forage samples from esophageal or rumen fistulas, and 

comparing the chemical composition of this sample with 



the known forage. Reports of differences between the offered 

forage and the fistula sample have been made by Blackstone, 

Rice, and Johnson (1965); Bredon, Torell, and Marshall 

(1967); and Lascano (1969). 

An increase in the ash content of fistula samples 

has been noted by Lesperance, Bohman, and Marble (I960) 

and Lesperance and Bohman (1963) v/hich was considered due 

to salivary contamination. They also stated that correc

tions for salivary contamination under grazing conditions 

are difficult if not impossible. 

It has been suggested by Bredon, Torell, and 

Marshall (1967) and Gait et al. (1969) that the higher 

level of protein found in fistula samples of grazing animals 

could be explained by selection of specific plant species 

and plant parts by the animals. Bath, Weir, and Torell 

(1956); Lesperance, Bohman, and Marble (1960); and Shumway 

et al. (1963) reported that salivary contamination did not 

affect the protein content of fistula samples obtained by 

feeding forage of known chemical composition. 

Comparisons of feed and fistula samples of the same 

feed have shown increases as much as 23 percent for the 

lignin content during the sampling process (Connor et al., 

1963). Fiber increases were found to be closely related 

to this increase in lignin. Van Soest (1965) has shown 
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that excessive drying temperatures will increase the appar

ent lignin concentration in forage. Lesperance and Bohman 

(1964) have indicated that the high moisture content (saliva 

contamination) in connection with high drying temperatures 

is responsible for increased fiber and lignin values in 

fistula samples. 

Effect of Fistulation on Digestion and Intake 

While it appears that rumen fistulated animals are 

excellent biological agents for selecting range forage 

samples, the question as to the effect of fistulation upon 

the digestibility of such animals is not easily answered. 

In comparisons between mature milking cows and rumen 

fistulated steers of about 500 pounds, Haynes ejt al. (1955) 

found a difference (PC.01) between the dry matter digest

ibility of these two groups. The difference appeared to 

be due to a reduction of crude fiber and ether extract 

digestibility by the fistulated steers, while the digest

ibility of all other nutrients was essentially the same 

for both steers and cows. These comparisons must be 

considered with the fact in mind that there might possibly 

be a natural digestibility difference between mature milking 

cows and 500 pound steers. 

Drori and Loosli (1959) compared the digestion co

efficients of three rumen fistulated and three intact steers 
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that were fed rations of hay, concentrate, or hay and con

centrates during 18 single digestion trials. They reported 

no significant difference (P>.05) between the digestion 

coefficients for each group of steers with any of three 

basic rations during any of the digestion trials. Hayes, 

Little and Mitchell (196*t) conducted similar studies and 

reported no effect of rumen fistulation upon the apparent 

digestion coefficients of any of the ration components 

studied. One set of dizygous and three sets of monozygous 

twin steers were used in their studies. Comparisons were 

made between twin sets v/ith one fistulated and one intact, 

as well as on a before and after basis with the fistulated 

individual. 

The use of rumen fistulated steers as a means of 

sampling range forages by the rumen evacuation technique 

as proposed by Lesperance, Bohman and Marble (I960) requires 

that the rumen contents be removed during the experimental 

trial. In the previously cited work, the experimental 

animals were not subjected to the removal of their rumen 

contents during the digestion trials. When Connor (1962) 

compared the digestibility of fistulated and intact steers 

under range conditions, where rumen contents were removed 

three different times during a 7-day collection period, 

he found that the intact animals digested significantly 

(P<.05) more dry matter. Lesperance and Bohman (1963) 
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obtained the same results in comparisons made between four 

fistulated and four intact steers consuming both grass and 

alfalfa hays. The greatest effect appeared to be on crude 

fiber digestibility in their studies, while in the studies 

of Connor (1962) the effect appeared to be on the protein 

and organic matter with no noted effect on crude fiber 

digestibility. On the other hand, Ridley .et al. (1963) 

reported the lack of an effect from fistulation on digest

ibility between two rumen fistulated and two intact heifers, 

grazing two types of irrigated pasture mixtures. 

McCann (1967) and McCann et al. (1967) found no 

differences in digestibility for any of the nutrients studied 

when comparing rumen fistulated and intact steers under 

confined conditions or when these same animals were grazing 

on a native ponderosa pine range. In both studies, however, 

the steers were not subjected to rumen evacuation until the 

end of a digestion trial rather than at some time during 

the trial. It was also found in both of these studies that 

the dry matter intake of the fistulated steers was lower 

than the intact steers under both confined and range con

ditions. The same group of fistulated and intact steers 

were used in both studies. 

Use of Lignin as an Internal Indicator 

Cook and Harris (1951) point out that it has long 

been recognized that digestion coefficients could be 
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determined for animals freely grazing range lands if a 

suitable tracer plant constituent could be found. This 

constituent should appear normally in the plant and be 

indigestible so that it can be recovered in the feces. 

Several publications (Anon., 1962; Cook e,t al., 1962; and 

Theurer, 1970) have discussed the development and use of 

various ratio and fecal-index techniques used in measuring 

forage digestibility. These publications point out that 

the lignin-ratio technique appears to be the method of 

choice for most range forage studies.in the western 

United States. 

Cram and Hammond (1959) state that the structure 
* 

of lignin has not been entirely elucidated and that soluble 

"lignins" obtained by digestion with aqueous alkalies and 

alkaline bisulfites are polymers containing a variety of 

chemical groups. This fact would preclude the feasibility 

of isolating or determining a product of uniform chemical 

composition from different materials. Ely ejt al. (1953) 

reported that certain characteristics of crude lignin 

preparations varied considerably depending upon the stage 

of maturity of the hay and the method used for its isolation. 

Several lignin determination procedures have been 

developed (Ellis, Matrone and Maynard, 19^6; Thacker, 

195*f» and Sullivan, 1959) all of which are often referred 

to as the "72 percent sulphuric acid methods of lignin 



determination". Van Soest (1963) developed a method for 

the determination of fiber and lignin that is referred to 

as the "acid detergent fiber and lignin method". The basic 

difference between all of these lignin determinations is 

the manner by which water, ether extract and protein are 

removed from the forage sample. All of the methods depend 

upon the hydrolysis of the other plant constituents with 

72 percent sulfuric acid with the assumption that the 

residue remaining after such treatment is exclusively 

lignin. 

Accuracy of digestion coefficients for feed 

nutrients determined by the lignin ratio technique is 

dependent upon a constant digestibility, or preferably, 

complete indigestibility of the lignin; assuming that 

representative samples of the feed and feces are obtained. 

Studies with the cow, sheep and rabbit conducted by Ellis, 

Matrone and Maynard (1946) indicated that lignin, as 

determined by their procedure, was not digested to any 

significant degree. In a series of seven digestion trials 

with steers, Forbes and Garrigus (1948) found the average 

recovery of lignin to be 102 ± 7 percent as determined by 

a 72 percent sulphuric acid method. Data reported by 

Kane, Jacobson and Moore (1950) showed that the recovery 

of lignin (Ellis, Matrone, and Maynard, 1946) was complete 

in their studies with dairy cows. Richards and Reid (1953) 
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investigated the possibility of lignin digestion in timothy-

nixed grasses at three different growth stages by hand 

feeding the freshly clipped herbage to three steers. Lignin, 

as determined by a 72 percent sulphuric acid method in this 

investigation, was completely indigestible irrespective of 

the growth stage of the herbage. Swift ejb al. (1950) have 

also reported complete recovery of all the lignin (72 per

cent sulphuric acid method) fed in their digestion studies 

with cattle. 

While the studies previously cited reported lignin 

as being indigestible, there are studies reporting lignin 

as digestible under certain circumstances but not others. 

Work with pasture herbage where lignin digestibility was 

determined seven times during the year gave estimates of 

its digestion ranging from zero to as high as 12 percent 

(Crampton, 1939). Forbes et al. (1946) found in digestion 

studies with 22 different forages that lignin (72 percent 

sulphuric acid method) was slightly digested in six forages 

while with the other 16 forages slightly more lignin was 

present in the feces than in the feed. Data presented by 

Pigden and Stone (1952) indicated that lignin (72 percent 

sulphuric acid method) from dicotyledenous plants was not 

digested or modified to any appreciable degree and that 

lignin from monocotyledenous sources was partially digested. 
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There are several studies which imply at least some 

degree of lignin digestion, the amount of digestion differing 

with the different research groups. In a study conducted 

with pea and lima-bean vines, Davis, Miller, and Lindahl 

(19V7) reported that digestibility of lignin as determined 

by a 72 percent sulphuric acid method was 16.2 percent in 

the pea vines and 10.6 percent in the lima-bean vines. 

Milking dairy cows fed orchard grass hay cut at several 

stages of maturity digested as much as 1*t percent of the 

lignin (72 percent sulphuric acid method) in the hay 

samples (Ely, Jacobson, and Kane, 1951). 

It was also found that the lignin prepared from 

the orchard grass hay had a higher methoxyl content than 

the lignin isolated from the corresponding feces, indicating 

degradation of the lignin molecule in the digestive tract. 

Sullivan (1955) reported a considerable degree of digest

ibility of lignin (Ellis, Matrone, and Maynard, 19^6) with 

digestion coefficients exceeding 10 percent in half of the 

38 samples studied. Sheep were used as the test animals 

and the forage under consideration constituted the sole diet 

for a single digestion trial. An average digestion coeffi

cient of 12.9 percent for lignin has been reported by Elam 

and Davis (1961), where cattle were utilized as the test 
; 

animals. Elam et al. (1962) found that with sheep fed 60 

percent ground alfalfa and kO percent ground barley during 



a 10-day digestion trial, there was incomplete recovery of 

lignin, the recovery being 90.2 percent. The lignin deter

mination method of Ellis, Matrone, and Maynard (19^6) was 

used by both Elam and Davis (1961) and Elam et al. (1962). 

Lambeth (1966) and McCann (1967) found approximately a 

mean loss of 12 percent for acid detergent lignin (Van Soest, 

1963) when feeding alfalfa hay to steers. 

Diverse results have been observed when lignin was 

used as an indicator for the determination of digestibility 

coefficients. Kane, Jacobson and Moore (1950) found no 

significant differences (P>.05) between digestion coeffi

cients obtained by the use of lignin and those obtained by 

standard total collection procedures. This held true for 

all nutrients in the rations. Cook and Harris (1951) 

determined the digestibility of dry matter of desert range 

plants with grazing sheep using lignin as the indicator 

substance. Their digestion coefficients were found to com

pare favorably with digestibility results obtained by other 

investigators for similar forages. In other studies (Ellis, 

Matrone and Maynard, 19^6; and Forbes and Garrigus, 1948) 

accurate estimates of digestibility by the lignin ratio 

method for confined ruminants were obtained when the indi

cator from hand-clipped forages and 6-, 8- or 9-day 

collection of fecal samples were utilized for the deter

mination of the digestibility. Using basically the same 
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procedure, Archibald et al. (1958) found what they believed 

were reasonably accurate dry matter digestion coefficients, 

when compared to values obtained by total collection. 

In contrast to the preceding results, Kane et al. 

(1953) noted lower digestibility coefficients using the 

lignin ratio technique in comparison to actual digestibility 

with dairy cattle. Hill et al. (1961) have reported lower 

estimated digestibility with heifers, using the lignin 

ratio technique when compared to the digestibility data 

obtained by total collection of feces. McCann (1967) 

compared digestibilities calculated from the lignin content 

of total fecal collection samples, lignin content of fecal 

grab samples and by the conventional total intake-output 

procedure. Digestibilities estimated by the lignin ratio 

technique for both collection methods were lower than the 

digestibilities determined by the conventional method. 

This was a reflection of the 12 percent apparent digest

ibility of the lignin. 

Utilizing rumen fistulated steers in grazing ex

periments, Connor et al. (1963) reported that dry matter 

digestibility as determined from lignin in rumen evacuation 

samples was extremely low. Some explanation of these results 

might come from the studies of Ridley et al. (1963) where 

it was found that the lignin concentration in the rumen 

evacuation samples was approximately twice the concentration 



found in hand-harvested samples. This same observation 

concerning lignin in rumen evacuation samples has been made 

by Lesperance and Bohman (1963)• McCann (1967) found the 

lignin content of rumen evacuation samples to be 16 percent 

higher than the lignin content in comparable hay samples. 

In comparisons between the available range herbage and 

rumen fistula forage (McCann, Theurer and Pearson, 1967) 

the lignin content of the fistula samples averaged 68 per

cent higher than for the four major grass species. 

Moisture in forages and high drying temperatures 

may induce a non-enzymatic browning reaction in which the 

products of carbohydrate degradation condense with protein 

(Norman and Jenkins, 1934; and Van Soest, 1962). Ellis, 

Matrone and Maynard (1946) stated that one of the factors 

which could increase the lignin yield in their procedure was 

an increase in the temperature at which the sample was dried, 

particularly in the case of succulent or immature grasses. 

It has been pointed out by Van Soest (1962) that the non-

enzymatic browning reaction is not just the result of high 

drying temperatures but that water is also essential for 

this reaction. Connor et al. (1963) indicated that range 

forage samples collected by ruminal fistulated cattle had 

a positive bias due to the non-enzymatic browning reaction. 

Lesperance and Bohman (1964) reported that the addition of 

water, artificial saliva, or saliva added by rumen fistula 



20 

sampling followed by drying at 65° c. increased the acid 

detergent lignin content of forage samples irrespective of 

the moisture source. 

Elam and Davis (1961) reported that in the analysis 

of feces samples collected at three-hour intervals from 

beef heifers fed a mixed ration, only a slight variation 

in the lignin concentration was found during a 2Zf-hour 

period where the lignin was determined by the method of 

Ellis, Matrone, and Maynard (1946). The range in lignin 

concentration was 97.5 to 103 percent of the daily mean 

with a standard deviation of 1.9 percent. On the other 

hand, Kane, Jacobson, and Moore (1952) reported a diurnal 

variation in the excretion rate of lignin with dairy cattle 

utilizing the same lignin determination. They found that 

fecal concentration of lignin had a maximum value at 

8 p.m. and a minimum value at 8 a.m. This agrees with 

results obtained by Kane, Jacobson and Moore (1950) where 

variations in the feces of three cows during 2Zf-hour 

periods v/ere large enough to cause some error in dry 

matter digestibility estimates. 

A single fecal grab sample taken at 7 a.m. was 

found to be as representative in lignin content as the 

total collection sample taken at the same time (McCann, 

1967). In the two trials conducted, there was a signifi

cant difference (PC.05) between days in the lignin content 
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of the grab samples in trial 1, the lignin content in the 

total collection samples in trial 2 and the lignin content 

from both types of fecal samples in the pooled trial data. 

Chromic Oxide (Cr̂ O-*) as an External Indicator 

Difficulties associated with total fecal collection 

and the brushy nature of many native ranges that can cause 

damage of the collection apparatus have led to the use of 

some external indicator to estimate the fecal output of 

freely grazing animals. Meyer, Lofgreen and Ittner (1956) 

found that the average daily gain of steers fitted with a 

fecal collection harness was significantly less than those 

without a harness. It was suggested that the difference 

could have been due to a decrease in forage consumption by 

the steers which were harnessed. The results of Hill est al. 

(1961) indicated that overstimulation of feces production 

may occur when collection bags were used intermittently for 

k-i 6- or 2lf-hour collection periods. 

One of the most widely employed external indicators 

is chromic oxide (CrgÔ ) which was used as early as 1926 

by Edin (1926).. It has been suggested by Corbett et al. 

(I960) that it is unlikely that a better external indicator 

than chromic oxide will be found for estimating the fecal 

output of grazing animals. 

Accurate estimation of fecal output of grazing 

animals is dependent upon a constant or 100 percent recovery 
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Of the external indicator in the feces. Publications and 

reviews on the use of chromic oxide (Anon., 1962; Brisson, 

Pigden and Sylvestre, 1957; Lambourne and Reardon, 1963; 

Kane, Jacobson and Moore, 1952) have adequately documented 

the fact that this substance is excreted in a diurnal 

pattern. Kane, Jacobson and Moore (1952) reported that 

the concentration of fecal chromic oxide increased from a 

low at midnight to a peak at 9 a.m. for mature cows fed 

various forms of alfalfa. The percent recovery of chromic 

oxide was not different with the various forms of alfalfa 

fed. In contrast, Smith and Reid (1955) reported that dairy 

cows on concentrate feeds exhibited a peak excretion of 

chromic oxide at midnight and a low level at 2 p.m. The 

greatest concentration of chromic oxide in the feces of 

twelve cows was found to be at the intervals of 12 noon to 

2 p.m. and 2 a.m. to k a.m. by Linkous et, al. (195̂ ). 

Since it has been established that chromic oxide 

is excreted in some diurnal pattern, attempts have been made 

to determine the best time of day to obtain fecal grab 

samples that would most closely represent 100 percent 

recovery. As a result of experiments conducted with hand-

fed and grazing cattle (Hardison and Reid, 1953; and 

Lancaster, Coup and Percival, 1953) it was found that the 

combining of feces obtained at 6 a.m. and 4 p.m. during 

test periods of five or more days provided adequate 
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samples for accurate estimates of total fecal output by 

the chromic oxide technique. Kane, Jacobson and Moore 

(1952) studied the diurnal pattern of chromic oxide excre

tion of cows confined to stalls and suggested that rectal, 

or fecal grab samples taken during the periods of k a.m. to 

6 a.m. and 1 p.m. to 3 P*m» would, when combined, yield a 

value for chromic oxide concentration similar to the 2Zf-hour 

mean. Subsequent experiments by Brannon, Reid and Miller 

(1954) and Smith and Reid (1955) support these earlier 

findings. 

In reference to the grazing animal, Smith and Reid 

(1955) determined that steers excreted a low concentration 

of chromic oxide at noon and a high value at 7 p.m. Admin

istration of chromic oxide powder in gelatin capsules twice 

daily with collection of fecal grab samples at the same time 

has been successfully employed with cattle grazing forage 

(Lesperance and Bohman, 1963; and Connor et al., 1963)• 

With regards to their data, Lambourne and Reardon 

(1963) concluded that there appears to be no reproducable 

chromic oxide excretion pattern for all animals in a group 

from day to day, even in a well-controlled environment of 

hand-fed stock. This would preclude the selection of any 

given time period during the day as the best for taking 

fecal grab samples. Davis, Byers and Luber (1958) con

cluded that variations found in the chromic oxide content 



of the feces of eight lactating dairy cows made it difficult 

to select a sampling period which would give approximately 

100 percent recovery for all cows on a given day. Troelson 

(1965) reported a diurnal cyclic trend in the concentration 

of chromic oxide was apparent in hourly fecal collections) 

but the concentration varied between animals and with the 

type of hay fed. Based on their work with sheep, Lambourne 

and Reardon (1963) stated that, "It seems unlikely that any 

real advantage is to be gained by painstaking selection of 

a particular time for dosing of chromic oxide and faeces 

sampling in different environments.N 

The frequency of daily administration of the chromic 

oxide and of fecal sampling has been reported by some workers 

to affect fecal concentrations of the indicator. Smith and 

Reid (1955) and Hardison et al. (1956) found that the ex

cretion of chromic oxide by dairy cows was not dependent 

on the time of day the indicator was administered. However, 

Brisson, Pigden and Sylvestre (1957) reported that the 

excretion of chromic oxide by dairy animals was more uniform 

when the indicator was administered twice daily as compared 

to single dosages. It was concluded by Balch, Reid and 

Stoud (1957) that chromic oxide should be administered to 

animals at pasture before the main periods of grazing to 

ensure that the maximum passage of chromic oxide from the 

reticulo-rumen coincides with the maximum passage of 
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dry matter. They found that giving chromic oxide immediately 

before a single daily feeding resulted in more excretion 

of the marker by Holstein steers than when given after 

feeding. 

Several methods of incorporating the chromic oxide 

in some type of carrier has been attempted as a means of 

eliminating as much of the diurnal variation as possible. 

Crampton and Lloyd (1950 found a lower level of variation 

in the concentrations of chromic oxide in the feces of 

sheep when it was mixed in small quantity of ground feed 

as compared to being given in the powdered form. In 

experiments with lambs, chromic oxide was 99 percent 

recovered when administered as one percent of the mixed 

concentrate and roughage, but only 85 percent recovered 

when given in a pure powdered form in gelatin capsules 

(Butcher and Harris, 1956). Corbett et al. (I960) reported 

that the variation of chromic oxide concentrations in fecal 

grab samples was much smaller when the indicator was 

administered to sheep in gelatin capsules as a component 

of shredded paper rather than as an oil suspension or as 

a component of a single sheet of paper. 

Chromic oxide was given to steers as a powder in 

gelatin capsules, as a portion of cottonseed meal in the 

feed, and as a component of purified cellulose fibers in 

gelatin capsules by Wheeler (1962). Fecal output was more 
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accurately estimated with the indicator either in the cotton

seed meal or as a cellulose mixture, rather than as powder 

chromic oxide. Cowlishaw and Alder (1963) gave chromic oxide 

to steers in gelatin capsules either as an oil suspension 

or as a component of shredded paper. No significant differ

ence was noted between the carriers of chromic oxide for 

estimating organic matter excretion, but the paper carrier 

demonstrated 22 and 37 percent less variation in the two 

trials. In similar comparisons with both sheep and cattle, 

Langlands et al. (1963) reported less variation in fecal 

concentration of chromic oxide with the use of shredded 

paper. 

Administration of chromic oxide to grazing steers 

at 7:30 a.m. and to confined steers at 7 a.m. each day was 

found by Hardison and Reid (1953) to give recovery rates 

of 101.2 and 100.2 percent respectively. The chromic oxide 

was given as the powdered form in gelatin capsules. A 

recovery of 102.6 percent was achieved by Nelson, Kromann 

and Green (1966) when they administered the chromic oxide 

in shredded paper to steers once daily under confined 

conditions. Langlands £t al. (1963) administered chromic 

oxide impregnated paper once daily to grazing sheep and 

obtained recoveries of 105.8, 72.2 and 89*8 percent as 

measured by morning, evening and combined morning and 

evening fecal grab samples. The mean standard deviation 
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of the difference between total fecal collection and esti

mated fecal output from the morning samples was ± 2/f. 1 

percent as compared to ± 13»0 percent obtained from the 

combined morning and evening sample. McCann (1967) found 

that administration of a chromic oxide-cellulose mixture 

once daily resulted in a rather constant excretion of chromic 

oxide. Daily recovery expressed as a percent of the daily 

mean ranged.from 94 to 110 percent and 9k to 108 percent 

for two trials. The day-to-day variation was not signifi

cant (P>.05) in either trial. Bohman et al. (1967) 

reported that in three trials conducted with steers grazing 

native range, the variation in fecal chromic oxide recovery 

was reduced by mixing the indicator with cellulose. Chromic 

oxide recovery from total collection samples average 100.2 

percent with a range of 88 to 112 percent when the cellulose 

mixture was administered twice daily in gelatin capsules. 

When fecal grab samples were taken twice daily at the same 

as dosing, estimated fecal output averaged 98.6 percent of 

the actual dry matter excretion. 

Crampton and Lloyd (1951) reported that not less 

than five days were necessary before feces should be 

collected for analysis when chromic oxide was given as 

a powder in gelatin capsules. Reports by Smith and Reid 

(1955)» Hardison et al. (1956) and Corbett et al. (1960) 

indicated a period of approximately one week of preliminary 



chromic oxide dosing is required whether the indicator was 

given once or twice daily either mixed in the feed, as the 

powdered form in gelatin capsules or impregnated in paper. 

Uniform excretion of chromic oxide as a component of paper 

was reached in a 3-day preliminary period with steers 

(Nelson, Kromann and Green, 1966). In work conducted by 

Hardison et al. (1959) three to seven days were required 

for the indicator to reach a stable level in the feces 

when given as the powdered form to dairy animals at 7 a.m. 

and 4 p.m. McCann (196?) found that administration of a 

chromic oxide-cellulose mixture once daily resulted in 

rather constant excretion of chromic oxide from the fourth 

to the twelveth day of administration with hand fed steers. 



PROCEDURE 

The research study for this dissertation consisted 

of two basic parts: (1) field work carried out on a range 

site during the summers of 1964 and 1965; and (2) laboratory 

and statistical analyses completed during the v/inter months 

at the University of Arizona. 

Field Work 

The field work consisted of sampling a range site 

through the use of rumen-fistulated steers and then calcu

lating the intake and digestibility of the forage consumed. 

Plant lignin was utilized as an internal indicator to 

estimate digestibility while chromic oxide was the external 

indicator used to estimate fecal output. 

Range Site 

The range site for this study was a ponderosa pine-

bunchgrass range on the V/ild Bill Cattle allotment of the 

Coconino National Forest approximately 13 miles north of 

Flagstaff, Arizona. Management of this area* known as the 

Wild Bill range, is under the jurisdiction of the Rocky 

Mountain Forest and Range Experiment Station, United States 

Department of Agriculture at Flagstaff, Arizona. An 

excellent description of this range is given by Pearson 

and Jameson (1967)* 

29 
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Arizona fescue (Festuca arizona) and mountain muhly 

(Muhlenbereia montana) are the main forage species found 

on the Wild Bill range. There are other grasses, sedges and 

forbes present, but only in small quantities. The under-

story herbage has two principal growing seasons—one in the 

spring characterized by cool-season grasses, and the other 

following the summer rains, usually starting the first part 

of July, characterized by warm-season grasses. Because of 

this "two season'1 effect, there tends to be green forage 

present the entire summer grazing season if the summer rains 

are sufficient. This situation was very prominent both 

summers that this study was conducted. 

The experimental animals were allowed to graze in 

the holding pasture of the Wild Bill range (approximately 

Zf10 acres) each summer so that excess feed was available at 

all times. Corrals were located within the holding pasture. 

Since there was no natural drainage source on the Wild Bill 

range, watering facilities were also located at the corrals. 

Experimental Animals 

The experimental animals used were rumen-fistulated, 

yearling Hereford steers averaging approximately 550 pounds 

over the entire grazing season. These steers were obtained 

on the local market (Tucson, Arizona) and therefore no 

previous history can be given on them. A different set of 
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four animals was used each summer with three of the animals 

actually being utilized while the fourth animal was held 

in reserve. The initial three animals were used throughout 

each summer as no trouble was encountered that would have 

made any of them unsuitable for the field research. Indi

vidual animal identification was maintained by means of 

neck chains and numbered tags. 

Rumen fistulas were established in the animals by 

the two-phase method much the same as reported by Schalk 

and Amadon (1928). This was done at the University of 

Arizona under the direction of Dr. R. E. Watts, Department 

of Animal Pathology. The operation was carried out early 

enough in the year that healing was complete and the 

animals completely recovered by the first of June. During 

this same period of time the animals were haltered, trained 

to lead and handled in an effort to gentle them in order 

to ease handling problems during the summer trials. 

A vulcanized rubber semi-pneumatic fistula plug 

was successfully employed on the heavily timbered range 

where these fistulated steers were allowed to graze. This 

plug was constructed of butyl rubber with the outside and 

inside flanges formed from truck tire inner tubes and an 

inflatable center core constructed of passenger tire inner 

tube. The flanges were approximately 18 inches in diameter 

and the inner core was four to five inches in diameter and 
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four inches long. A valve stem was located in the center 

of the outside flange so that the center core could be in

flated as needed. Although leakage occurred with these 

plugs it was not considered excessive. 

Experimental Trials 

Four experimental trials, each lasting 13 days, 

were conducted each summer. Each 13~day trial consisted 

of the following sequence: days one through eleven, chromic 

oxide was administered; days eight through twelve, fecal 

grab samples were taken; and on day thirteen, the rumen 

was evacuated and the animals allowed to graze freely for 

a period of k5 to 60 minutes. The forage grazed during 

this time period was recovered and used as an approximation 

of the animal's diet during the experimental trial. A 

recovery period of six days was allowed from the last day 

of one trial until the beginning day of the succeeding 

trial. The inclusive dates for the trials conducted each 

summer are given in Table 1. 

Chromic oxide administration. All the chromic 

oxide (Cr20j) administered to the animals was mixed with 

Solka floe (a purified wood cellulose product of the Brown 

Co., Berlin, New Hampshire) by combining these two materials 

in the following manner. First, small portions of the 

total amounts of the chromic oxide and Solka floe to be 



used were mixed with a mortar and pestle. Secondly, the 

previously mixed portions were combined in a large cardboard 

drum, the drum sealed with masking tape, and the contents 

thoroughly mixed. 

A mixture of two parts Solka floe and one part 

chromic oxide was used for all the trials run in 1964# 

Based on a chromic oxide content of 0.33 grams per gram of 

mixture, between 14 and 15 grams of the mixture was given 

daily to provide a dosage of approximately five grams of 

chromic oxide. 

During 1965 two different mixtures were used. For 

the first trial, a mixture consisting of four parts Solka 

floe and one part chromic oxide was used and for the last 

three trials a two to one mixture as described for 1964 

was used. Approximately 25 to 30 grams of the four to one 

mixture was given daily to provide a dosage of about six 

grams of chromic oxide. A total amount of 30 grams of the 

two to one mixture was used during the last three trials 

in order to provide about 10 grams of chromic oxide per 

day. 

Individual packages of either mixture were made 

up by weighing the desired amount into an 18 cm. filter 

paper, wrapping, and securing with a rubber band. All the 

weighing was done on a Mettler analytical balance. 



3k 

Table 1. Inclusive trial dates for years 1964- and 1965. 

Trial Year 
Number 196U 1965 

1 June 20 - July 2 July 17 - July 29 

2 July 11 - 23 July 26 - Aug. 6 

3 July 31 - Aug. 12 Aug. 13 - Aug. 25 

k Aug. 20 - Sept. 1 Sept. 1 - Sept. 13 
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Weights of the Individual packages were maintained within 

0.01 gram for a given animal within each trial. No attempt 

was made to maintain this degree of accuracy of dosage 

weight between the individual animals in any given trial. 

The individual package or packages making up a daily dosage 

were placed directly into the rumen via the rumen fistula. 

All the packages v/ere placed into the rumen as far as could 

be reached. This complete operation was carried out without 

removing the fistula plug. It was merely folded in a manner 

to obtain enough room to allow passage of the package into 

the rumen. 

The experimental animals were brought into the 

corrals in the holding pasture at 8:00 a.m. each morning 

for administering the daily chromic oxide dosage. They 

were then turned out and allowed to graze freely until the 

next morning. This procedure was carried out the first 

eleven days of the trial. 

Fecal grab samples. Fecal grab samples v/ere taken 

from each steer starting the eighth day of the trial and 

continued for five successive days. These samples were 

obtained rectally from each steer immediately following 

the administration of the chromic oxide. On the fifth 

and last day fecal samples were collected, chromic oxide 

was not given to the animals but the daily time of collec

tion remained the same. 
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Rumen evacuation. The rumen evacuation procedure, 

very similar to that described by Lesperance et al. (I960), 

was used to obtain a sample of forage as grazed by the 

experimental animals. In preparation for rumen evacuation, 

the steers were brought into the corrals the evening pre

ceding the evacuation day of, the trial and held off feed 

and water overnight to make emptying of the rumen-reticulum 

easier the next morning. The evacuation was started at 

8:00 a.m. and finished as soon as conditions would allow. 

The rumen contents were saved to be replaced later, and the 

steers turned out to graze freely for 45 to 60 minutes. 

At the end of this time period the steers were brought back 

into the corrals, and the forage they had eaten was removed 

from the rumen-reticulum. This forage sample, referred to 

as the "rumen evacuation sample" hereafter, was handled in 

the manner described in the laboratory analysis section of 

this procedure. The original rumen-reticulum contents were 

replaced and the animals released from the corrals. 

Laboratory Work 

Sample Prenaration 

Both the rumen evacuation and fecal grab samples 

were frozen as soon after being collected as possible and 

kept as such until they could be dried. Drying was done 

in a forced air oven at a temperature of k5° centigrade 
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for 48 hours. The frozen samples were placed in pans 

(9 x 6 x 3A inch) and placed directly in the oven while 

still frozen. After a period of time in the oven, the 

thawed samples were broken up and spread out evenly in the 

pans to promote more even drying. Thawing time varied from 

four to eight hours. After drying for a period of two to 

four days, the samples were ground in a Wiley mill using 

a two millimeter mesh screen and stored in glass bottles. 

Dry matter content of the "forced air oven" samples 

was based on the moisture loss of a two gram sample dried 

in a vacuum oven at 100° centigrade and 25 pounds per 

square inch vacuum for 12 to 24 hours. All analyses were 

corrected to this dry matter base and used as such in all 

forage digestibility and intake calculations. 

Laboratory Analyses 

The Kjeldahl procedure A.O.A.C., (1960) was used 

to determine crude protein, and gross energy was determined 

according to Parr (1960) for both the rumen evacuation and 

fecal grab samples. Acid detergent lignin and fiber deter

minations were carried out on all samples as outlined by 

Van Soest (1963)» Chromic oxide content of the fecal grab 

samples and the chromic oxide-Solka floe mixture was 

determined using the method proposed by Kimura and Miller 

(1956) with modifications. These modifications consisted 



of using a micro-Kjeldahl apparatus instead of a hot plate 

and volumetric flasks for digesting and oxidizing the 

samples and using a Bausch and Lomb Spectronic 20 instead 

of an Evelyn spectrometer for determining optical densities 

of the sample solutions. Concentrations of chromic oxide 

in the unknown samples were derived from a standard curve 

(see Figure 1) obtained by oxidizing known amounts of 

chromic oxide. McCann (1967) reported essentially no 

difference in the standard curves determined from chromic 

oxide, potassium dichromate, or chromic oxide plus fecal 

material. 

Pi gest ibility and Intake Determinations 

Digestion coefficients reported in this work were 

calculated by the lignin ratio technique as described by 

Ellis et al., (1%6). The following formula can be used 

to determine the digestion coefficient of any constituent 

in the feed and feces. 

Formula 1. 

% Feed Lignin v % Fecal Constituent 
% Dig. s 100 - 100 % Fecal Lignin % Feed Constituent 

Dry matter intake was calculated; based on chromic 

oxide dosage or input, fecal chromic oxide concentration, 

and the digestibility coefficients derived by the lignin 

ratio method; in the following manner. 
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Figure 1. Regression relation between CrpO* content and 
thfe:optical density of the knoTÔ samples. 
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Formula 2. 

Chromic Oxide Administered (g.) 
Fecal Dry Matter Output (g. ) = g. Chromic oxide in Fecal Sample 

g. Fecal Dry Matter 

Formula 3. 
Fecal Dry Matter Output 

Dry Matter Intake (g.) = 100 x inr, % Dry Matter 
luu Digestibility 

Statistical Analysis 

The analysis of variance used can best be described 

as a split plot in time where the individual trials con

stituted the time periods and the steers were the plots. 

Within a trial the steers or plots were then split on five 

days by the individual fecal samples that were taken each 

day. Since both steers and trial dates were different 

each year, it was not possible to combine the results from 

each year into one analysis. In the analysis used (Table 

2), each of the sources of variation was assumed to be a 

random variable sampled from an unknown population. With 

this type of statistical model it is not possible to give 

a fixed error term for testing all the sources of varia

tion as the proper error term is dependent upon the data 

in question. The proper error terra for any test would be 

the significant (using the desired probability level) 

expected mean square containing all the variance components 

except the one being tested. 
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Table 2. Analysis of variance for each year. 

Degrees of 
Source of Variation Freedom Expected Mean Squares 

Trials 3 4* e<si/t *iersi*Bi6tz 

Steers 2 •wj+td-r* 

Steers x Trials 6 «# + d<ret 

Days/trial 16 °#+ 8<0t 
Error 32 <9 

Total 59 



RESULTS AND DISCUSSION 

The results and discussion has been divided into 

two sections; (1) nutrient digestibility of the forage 

consumed as estimated by the lignin ratio technique; and 

(2) nutrient intake as estimated using fecal output as 

determined by the chromic oxide technique and the nutrient 

digestibility. Although these two areas will be discussed 

separately, they are not independent as the intake calcu

lation is dependent upon the digestibility (Formula 3> 

Procedure). 

Apparent Digestion Coefficients by Year 

Four trials were conducted each year, but the 

dates for the trials each year were not the same, as can 

be seen in Table 1 of the procedure. The four trials for 

1965 occurred 12 to 15 days later in the year than did 

the corresponding trials in 1964. At the same time, the 

rainfall pattern was different each year and the summer 

rains affect the forage growth considerably in this test 

area. For these two reasons, comparisons between years 

based on possible forage quality must be as general indi

cations and not as an absolute value. 

Apparent digestion coefficients were calculated 

by the lignin ratio technique for forage dry matter, gross 

*t2 



energy, crude protein, and acid detergent fiber for the 

summers of 196*1- and 1965 (Table 3)« Each of the yearly 

averages in Table 3 was obtained for 60 individual obser

vations (four trials, three steers per trial, and five 

fecal collections for each steer). 

Dry Matter 

An average dry matter digestibility of 44.0 

percent was observed for 1964; with the corresponding 

value for 1965 being 40,4 percent (Table 3)« Determining 

digestibility of annual range by grazing cattle using 

the lignin ratio technique, Van Dyne and Lofgreen (1964) 

found an.~Average dry matter digestibility of 42.6 percent 

with a range of approximately 40 to 46 percent. Cook, 

Mattox, and Harris (1961) reported a range of 38*0 to 

50»4 percent (average of 45*2 percent) dry matter digest

ibility for sheep grazing mountainous summer range in 

Northern Utah, Digestion coefficients in their studies 

were calculated by the lignin ratio technique utilizing 

the lignin determination of Ellis et jl. (1946). Since 

these values were obtained using sheep, they should be 

considered with the fact in mind that sheep and cattle may 

differ in their digestive capacities. 

The dry matter digestibility obtained in this work 

is lower than the 57«6 percent reported by Hill fit al, (1961) 



Table 3. Apparent digestibilities, standard deviations and ranges by-
year for forage dry matter, gross energy, crude protein, 
and acid detergent fiber. 

1964 1965 

Forage Component Average 
Standard 
Deviation :Ranee Average 

Standard 
Deviation Ranee 

Dry Matter 44. oa 5.9 30.2 - 58.8 40.4a 8.8 22.4 - 58.6 

Gross Energy 47.0 5.6 39.3 - 58.7 41.1 9.6 20.0 - 55.1 

Crude Protein 50.7 4.1 32.5 - 57.5 42.5 6.6 28.7 - 54.3 

Acid Det. Fiber 36.2 6.1 20.2 - 47.6 36.4 9.2 19.0 - 60.0 

aAn average of 60 individual observations (4 trials, with 3 steers and 5 days 
per trial). 

•t-
-p-
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or the 61.4 percent reported by Elam et al. (1962). In 

both cases the digestion trials were conducted with cattle 

fed hay under confined conditions. It is very possible that 

the differences in dry matter digestibility values just 

referred to and those in this work could be due to differ

ences in the forages consumed by the experimental animals. 

Gross Energy 

The average digestibility of forage gross energy was 

47.0 and 41.7 percent, respectively, for 1964 and 1965 

(Table 3). These values were slightly greater than the 

corresponding values for the dry matter digestibility. 

Cook, Harris, and Young (1967) found that for cattle the 

gross energy digestibility of a sage type summer range varied 

from 33.2 to 36.9 percent and that of an aspen type summer 

range varied from 48.3 to 48.6 percent for the grazing 

season of June 8th to September 10th. Van Soest (1963) 

lignin was utilized in the ratio technique to determine the 

digestibilities of gross energy reported by Cook, Harris, 

and Young (1967). Also working with cattle, Van Dyne and 

Lofgreen (1964) obtained a 39.0 percent digestibility of 

gross energy in the forage of a dry annual summer range. 

The previously mentioned gross energy digestibilities are 

approximately in the same range of values as those ob

tained in this research work. The digestion coefficients 
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in this work are also in close agreement with the If3* 1 

percent average for sheep on mountainous summer range in 

northern Utah as reported by Cook, Mattox, and Harris 

(1961). 

Crude Protein 

An average digestibility of 50.7 percent was 

observed for the crude protein during 1964 and 42.5 percent 

during 1965 (Table 3). These digestion coefficients are 

higher than the values of 26.1 to 33.1 percent for sage type 

summer range or 37.8 to 39.4 percent for aspen type summer 

range as reported for cattle by Cook, Harris, and Young 

(1967). The lignin ratio technique (lignin determination 

as outlined by Van Soest, 1963) was used by Cook, Harris, 

and Young (1967) to determine the crude protein digesti

bility. Van Dyne and Lofgreen (1964) have also reported 

a crude protein digestibility (24.0 percent) of dry annual 

summer range forage by cattle that was lower than the values 

found in this work. When using sheep on a mountainous 

summer range in northern Utah, Cook, Mattox, and Harris 

(1961) found the crude protein digestibility to average 

43.1 percent for the summer. It is not possible to make 

accurate comparisons of the forage quality in each of the 

references cited in an attempt to explain differences 

between the digestions coefficients. 
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Acid Detergent Fiber 

The digestion coefficients for the forage acid 

detergent fiber in Table 3 are in close agreement between 

years (36.2 versus 36.4 percent). These values are similar 

to the 35.4 percent digestibility of crude fiber by cattle 

under confined conditions receiving a hay ration (Hill 

et al., 1961). Connor et al. (1963) reported crude fiber 

digestibilities of 45#2 percent for desert shrub type range 

and 57.3 percent for sagebrush-grass type range. Rumen 

fistulated steers were utilized as the test animals under 

grazing conditions. A much higher value of 65.7 percent 

was reported by Ridley et al. (1963) tor both intact and 

rumen fistulated steers grazing irrigated pasture. 

Within Year Digestion Coefficients 

Statistical analyses of within year digestibility 

data for each of the nutrients studied appear in appendix 

Table 12. Trials were not significant (P>.05) in either 

year*s data. While a different set of steers was used 

each year, no differences (P>.05) between steers were 

detected either year. Steer averages were more variable 

during 1965 than 1964 (Table 4). The steer x trial inter

action was significant (PC.05) in all digestibility data 

for both years. Days within a trial were not different 

(P>.05) in either the 1964 or 1965 data. No general 



trends could be detected for day one through day five of 

the experimental trial. For these two reasons all tabular 

data is given as an average over the five days. 

Dry Matter 

Dry matter digestibility by trial (Table 4) ranged 

from 41.5 to 47.9 percent during 1964 and 36.4 to 42.0 

percent during 1965- Rumen evacuation sample analysis for 

1964 (appendix Table 14) indicates that there were only 

minor differences in crude protein, acid detergent fiber, 

and acid detergent lignin content between trials. Since 

these analysis values are an estimation of the animals 

diet, it would not be expected that the forage dry matter 

digestibility would vary greatly between trials. This 

agrees with the observed values for trials during 1964# 

However, the numerical differences observed in the crude 

protein, acid detergent fiber, and acid detergent lignin 

content of the rumen evacuation samples during 1965 

(appendix Table 15), which were not significant (P>.05), 

did not appear to be related to the dry matter digestibility 

trends. 

During 1964» steer 62 tended to have the lowest 

dry matter digestion (Table 4)« Both steers 62 and 68 

were reasonably constant in their digestion of dry matter 

from one trial to the next while, on the other hand, 
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Table 4. Percent forage dry matter digestibility 
during 1964 and 1965* 

I 

Trial 

II 

Number 

III IV Animal Av. 

1964 • 

Animal No. 

62 43.6 40.6 41.9 44.0 42.5a 

68 45.5 49.3 46.2 47.3 47.1 

192 35.3 55.5 37.6 52.3 42.4 

Trial Av. 41.5 44.7 41.9 47.9 44.0 

1965 

Animal No. 

1 26.6 36.6 27.5 43.4 33.6 

3 50.2 56.1 33.7 41.3 45.3 

4 46.4 33.5 47.9 41.3 42.3 

Trial Av. 41.1 42.0 36.4 42.0 40.4 

aSee Table 12 for statistical analysis. 
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steer 192 was very irratic (Figure 2) in this regard. As 

is shown in Figure 2, there was no general trend between 

trials in considering all animals. 

Steer 1 had the lowest average dry matter digest

ibility during 1965 (Table 4). The averages for steers 3 

and 4 were 45.3 and 42.3, respectively, indicating the two 

animals were more similar in their digestive capacities. 

There were no general trends from one trial to the next for 

the three experimental trials (Figure 2), 

The significant (P<.05) steer x trial interaction 

for both 1964 and 1965 indicates that each of the steers 

did not react the same from one trial to the next, as is 

clearly shown in Figure 2. It can also be seen in Figure 

2 that the change in ranking of the steers from one trial . 

to the next was much greater during 1965 than during 1964. 

The reason for this is not readily evident. Further dis

cussion of this steer x trial interaction and its relation 

to the general topic of digestion will be given in a 

following section, "General Observations on Digestibility". 

Gross Energy 

The forage gross energy digestibility by trial 

(Table 5) ranged from 43.6 to 50.3 percent during 1964 and 

37.6 to 44.2 percent during 1965# A high degree of relation

ship existed between the dry matter and gross energy 
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196** 

Percent 

Dry Matter 

Digestibility 

Steer 62 

1965 

Percent 
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Digestibility 

Steer 1 

I II III 

Trials 

Figure 2. Apparent forage dry matter digestibility during 
196*t and 1965 for steers averaged over the five 
days within a trial. 
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Table 5. Percent forage gross energy digestibility 
during 1964 and 1965. 

Trial Number 

I II III IV Animal Av. 

1964 

Animal No. 

62 48.7 43.8 43.7 46.9 45.8a 

68 49.8 52.1 47.7 50.8 50.1 

192 40.6 47.0 39.5 53.1 45.0 

Trial Av, 46.4 47.6 43.6 50.3 47.0 

1965 

Animal No. 

. 1 24.4 38.4 26.5 42.5 33.5 

3 '49.1 57.4 37.0 41.6 46.2 

4 47.5 36.8 49.0 42.4 43.9 

Trial Av. 40.3 44.2 37.6 42.2 41.1 

aSee Table 12 for statistical analysis. 
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digestion coefficients and is somewhat to be expected. From 

appendix Tables 14 and 15» it is apparent that there was 

little variation in the gross energy content of the rumen 

evacuation samples each year which were used to estimate 

the grazing animals1 diet. Since the gross energy is a 

combustion value of the dry matter, as long as the dry 

matter does not vary markedly in its composition, the 

energy digestion would essentially be the amount of dry 

matter digested and converted to energy terms. 

Crude Protein 

A range in digestibilities of forage crude protein 

of ̂ 9.1 to 52.5 percent during 1964 and 39»7 to 45«6 was 

observed for trials (Table 6). The trial averages for 

crude protein digestion did not follow the same trend as 

those for forage dry matter or gross energy. The highest 

dry matter and gross energy digestion were observed in 

trial IV during 1964; but for this same trial, crude protein 

digestion was at its lowest. During 1965* much the same 

type of situation was found to exist and is illustrated 

further by comparing Figure 2, dry matter digestibility, 

with Figure 3» crude protein digestibility. 

Crude protein content of the rumen evacuation 

samples (estimate of the animals* diet) varied by little 

during 1964 (appendix Table 14) and a corresponding small 
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Table 6. Percent forage crude protein digestibility 
during 1964 and 1965. 

I 

Trial 

II 

Number 

III IV Animal Av. 

1964 • 

Animal No. 

62 48.7 51.4 50.3 48.1 49.6a 

68 57.3 56.3 50.3 48.7 53.2 

192 49.3 49.6 47.9 50.4 49.3 

Trial Av. 51.8 52.5 49.5 49.1 50.7 

1965 

Animal No. 

1 37.1 44.4 29.7 38.1 37.3 

3 45.5 49.3 45.1 37.8 44.4 

4 50.2 43.2 46.8 43.2 45.9 

Trial Av. 44.3 45.6 40.5 39.7 42.5 

aSee Table 12 for statistical analysis. 
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Figure 3. Apparent forage crude protein digestibility 
during 1964 and 1965 for steers averaged over 
the five days v/ithin a trial. 



variation between trials was observed for crude protein 

digestion between trials. On the other hand, there was 

considerable variation in the crude protein content, of the 

rumen evacuation samples for trials during 1965 (appendix 

Table 15) and a corresponding greater variation in crude 

protein digestion for trials. The trend in crude protein 

digestion as a trial average for 1965 followed very closely 

the trend in crude protein content of the rumen evacuation 

samples; as, the lower crude protein levels were related 

to the lower digestion coefficients. 

The individual animals exhibited the same relative 

positions on a yearly average basis as was observed with 

dry matter and gross energy digestibility, but this was not 

necessarily true within any given trial. This is apparent 

by comparing Figure 3 (average digestion of crude protein 

by steer and trial) with Figure 2 (average digestion of 

dry matter by steer and trial). During 1964 the steer 

averages were similar but during 1965 steer 1 appeared to 

have a crude protein digestibility that was lower than the 

other two steers. 

Acid Detergent Fiber 

Digestion coefficients for forage acid detergent 

fiber (Van Soest, 1963) are given in Table 7. In general 

the acid detergent fiber digestibility data are similar to 
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the preceding forage components. During 196*f» there was 

very little difference between the individual steers or 

trials. Trials were also similar during 1965 but it would 

appear that steer 1 had a lower digestion of acid detergent 

fiber than did steers 3 and 4, 



Table 7. Percent forage acid detergent fiber 
. digestibility during 1964 and 1965. 

I 

Trial 

II 

Number 

III IV Animal 

1964 

Animal No. 

62 43.9 37.6 35.9 28.4 36.5J 

68 31.4 35.8 31.1 41.7 35.0 

192 36.3 37.5 36.5 38.3 37.2 

Trial Av. 37.2 37.0 34.5 36.2 36.2 

1965 

Animal No. 

1 26.9 30.9 27.4 38.7 31.0 

3 47.4 53.2 24.9 36.1 40.4 

4 43.5 28.2 43.0 36.8 37.9 

Trial Av. 39.3 37.5 31.8 37.2 36.4 

aSee Table 12 for statistical analysis 



General Observations on Digestibility 

All the digestibility data gathered during 1964 and 

1965 exhibited two characteristics in common that are best 

considered irrespective of the individual forage components. 

These two characteristics were (1) the lack of any differ

ences (P>.05) between days within a trial, and (2) the 

significant (PC.05) component of variance observed for 

the steer x trial interaction. Both of these characteristics 

become important in evaluating the digestibility data in 

terms of obtaining guides for conducting further work of 

this type. 

The steer x trial interaction was found to be the 

appropriate error term for testing both trials and steers 

(appendix Table 12) in the analysis for all the digestibility 

data. A relatively large value for the steer x trial inter

action required a large difference between trial or steer 

means for significance at the five percent probability 

level. This is best illustrated by the steer averages for 

forage dry matter digestibility during 1965 (Table k)t 

where a numerical difference of 11.7 percentage units 

existed but was not significant. This difference is 

approximately 25 percent of the yearly mean; and therefore, 

can be considered very large in relation to the data. 

59 
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One approach in creating a more sensitive test for 

future work would be to increase the total number of repli

cations used. This can be done by increasing the number of 

trials, steers, or days within a trial. Since there are 

many number combinations that would give the same total 

number of replications, some method must be derived to 

estimate the necessary units of each parameter. 

The total number of trials that can be conducted 

during any one year on a given range site is, in a manner, 

fixed by the time factor involved. Also, it would not be 

reasonable to decrease the number of trials since informa

tion over the entire grazing season would be most desirable. 

Because of this, the evaluation for future work was made 

in terms of the variation associated with a trial mean as 

affected by the number of animals and the number of days 

within a trial. 

To estimate the number of animals and days within 

a trial desired for future work, it is first necessary to 

establish an acceptable level of variation or a desired 

difference to be detected at some given probability level. 

A standard error of the mean (ŝ ), applicable to trial 

means, of "2" was selected as the level of allowable vari

ation. This was done so that a confidence interval could 

be estimated for a trial mean by the formula, x ± t(p)sx> 
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where x is the trial mean in percent, t̂ pj is the tabular 

value of the "t" distribution at the desired lev&l of 

probability and degrees of freedom for error associated 

with x, and s- is the predetermined level of allowable vari-

ation. Although the value of "t" does change with changing 

degrees of freedom, this change is very small for degrees 

of freedom from 10 to infinity and the use of a constant 

value of two makes little difference in the final answer 

and greatly simplifies the calculations. At the 95 percent 

probability level, a standard error of two would give a 

confidence interval of approximately x i if percentage units 

for replications above 10. This yields an interval that is 

approximately plus or minus 10 percent of the yearly mean 

for each of the four nutrient categories. 

The following formula shows the relation between 

the standard error of the mean for trials, the number of 

days within a trial, and the total number of animals. 

s-2 - *£ + + "i/t2 + sx -  ̂+ ¥ d + ia 

Utilizing the variance components given in Table 8, this 

formula was used to estimate the number of days and animals 

to arrive at the standard error of the mean for trials as 

previously stated as desirable. If any variance component 
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was found to equal zero, that corresponding term was 

dropped from the equation. 

Since the equation contains two unknowns, steers 

and days, it cannot be solved in a true mathematical 

sense. Examination of the individual variance components 

used (Table 8) gives some idea as to the relative importance 

of days within a trial as compared to steers in calculating 

a new standard error of the mean (s-) for trials. Remember-A 
p 

ing that s- has been set at a value of two (therefore s-
A 

equals four) only in one case does the variance component 

for days within a trial have to be reduced by division to 

obtain a value of four or lower. 

The statistical analysis indicates the use of only 

one day in seven of the eight sets of digestibility data 

and two days in the set of data for gross energy during 

1965. From a practical consideration, the use of one day 

presents the problem that the loss of that sample is also 

the loss of one steer observation for the trial. The use 

of two or three days would provide insurance against the 

loss of an entire animal observation in any given trial 

because of sample contamination, sample loss, or other 

problems that might arise. Based on the previous discus

sion, three days was considered sufficient from both the 

statistical and practical standpoints. 
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Table 8. Estimates of population variance components 
obtained from forage nutrient digestibility-
data during 1964 and 1965 (error, days within 
a trial, steer x trial interaction, and 
steers). 

Variance Components 

Forage Nutrient "̂d̂ /t °st̂  ' 

1964 

Dry Matter 20.15 0.00 14.19 2.89 

Gross Energy 17.87 0.05 9.56 4.14 

Crude Protein 10.91 0.00 3.55 4.26 

Acid Detergent Fiber 30.16 0.00 24.74 0.00 

Dry Matter 12.40 0.59 88.50 14.61 

Gross Energy 13.86 4.10 .79.24 29.04 

Crude Protein 16.11 0.00 19.90 14.86 

Acid Detergent Fiber 10.71 0.00 81.70 0.00 
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Using the value of three for days the formula was 

then solved for the number of steers necessary to make 
2 s- equal to four. After this had been done, it was found 

that increasing the number of days above three did not 
i 

reduce the number of animals necessary. 

The number of animals estimated to be necessary 

for future work, based on the digestibility data from 196A-

and 1965i respectively, were: dry matter, 6 and 28; gross 

energy, 5 and 41; crude protein, 3 and 11; and acid deter

gent fiber, 9 and 22. From these estimates, it is 

apparent that excessive numbers of animals would be 

needed, except possibly in the case of crude protein 

digestibility, unless a large confidence interval about 

the trial mean were allowed. While the numbers estimated 
d 

from the 196*f data could possibly be handled as far as 

the physical work is concerned, the much larger numbers 

estimated from the 1965 data cannot be ignored. Even the 

11 animals estimated from the crude protein digestibility 

data during 1965 presents problems both in cost and 

physically trying to work with this many animals. Y/orking 

with larger numbers of animals could easily necessitate 

the use of a longer time period for the sampling of both 

fecal and rumen evacuation samples between animals and 

thus possibly introduce even more variation associated 

with animals. 
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Much of the literature in the area of digestion 

studies report the use of 5- to 10-day trials. For example, 

Davis, Byers, and Luber (1958) state that much of the 

variation can be overcome in digestion studies by sampling 

the feces for a 10-day period based on their work with con

fined dairy cows. Smith and Reid (1955) used 7-day trials 

for determining digestibility of pasture forage by grazing 

dairy cows where fecal samples were taken twice daily. 

In contrast to the above reports, Axelsson and 

Kiuimae (1951) have obtained accurate digestibility co

efficients by ratio methods with confined sheep when fecal 

samples were collected for 2-day periods. The small vari

ation between digestion coefficients determined for single 

days as determined by the lignin (Ellis, Matrone, and 

Maynard, 1946) ratio method as found by Elam et al. (1962) 

for confined sheep suggests that accurate results may be 

achieved by using feces collected during short-term periods. 

These same workers found that a 3~day collection of feces 

yielded a standard error (0.64) that would probably be 

acceptable to most investigators. Hardison et al. (1956) 

reported that the amount of variation in the dry matter 

digestion coefficients contributed by animals (different 

at P<.01) was greater than that contributed by day (no 

difference at P>.05). They suggest that in digestibility 

studies more reliable data may be obtained by making 
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observations on more animals over a fewer number of days. 

While not reporting on days in terms of digestibility, 
\ 

Van Dyne and Meyer (196̂ ) found that there were no day-

to-day differences (P>.05) in dietary botanical or chemi

cal composition within an experimental period with livestock 

grazing a dry annual summer range in California. 

Where increasing replication in an experiment may 

not be practical, it might be possible to decrease error 

by changes in the methodology such that the effects of 

variability are reduced. One area that seems to require 

consideration is the acid detergent lignin content of the 

rumen evacuation samples. It can be seen in Tables 14 and 

15 of the appendix that there is considerable variation 

between animals within a trial, with this variation being 

much greater during 1965. V/hile the variation observed 

during 196if might be due to individual selectivity of the 

forage, the variation observed during 1965 does not seem 

to be reasonably explained from this standpoint alone. The 

individual animals grazed very close together during the 

rumen evacuation periods such that the same forage, in 

plentiful supply, was available to each. Also, if this 

difference were due to individual selection, it would be 

expected that the same trend would exist between animals 

for each trial, which was not the case in this study. To 

eliminate the possibility of the high lignin values 
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observed during 1965 being an analytical error, these 

samples were reanalyzed a second time using a completely 

new set of reagents. No difference was found in the lignin 

content of any of the samples between the two analyses. 

Analysis of the pasture forage other than the 

rumen evacuation samples was not conducted, but many of 

the lignin values for the rumen evacuation samples, espe

cially during 1965 (appendix Table 15)» appear to be higher 

than what would be expected in any of the individual forage 

species. It is felt that the high lignin values could be 

due to a lignin artifact in the rumen evacuation samples. 

McCann, Theurer, and Pearson (1967) found an average of 

63 percent more lignin in the rumen evacuation samples than 

in hand-clipped forage samples from the same range site as 

utilized in this study. McCann (1967) has also reported 

a 16 percent difference between the lignin content of hay 

and the content in rumen evacuation samples from this same 

hay. Connor et al. (1963) have observed 23 percent more 

lignin in rumen evacuation samples than in hand-clipped 

forage samples based on 78 observations. These increased 

lignin values may be related to the interaction of moisture 

and heat during the drying process on the high moisture 

evacuation samples (Van Soest, 1965» and Bohraan et al., 

1967). 



Estimated Dry Matter Intake 

Forage dry matter intake was estimated by using 

chromic oxide as an external indicator in combination with 

the digestibility obtained by the lignin ratio method. 

Fecal output was determined according to Formula 2 of the 

procedure from the concentration of chromic oxide given to 

the animals daily and the concentration of chromic oxide 

in the fecal samples collected daily. The actual intake 

of forage dry matter was then calculated with Formula 3 of 

the procedure using the fecal output and the previously 

determined forage dry matter digestibilities. 

Dry matter intake as an average for each steer in 

each trial is given in Table 9 for 1964 and 1965. The 

corresponding analysis of variance for each year is pre

sented in appendix Table 15. An average daily intake of 

5.2 kilograms was found for 1964 and an average of 5.3 

kilograms found for 1965. Since years could not be 

statistically compared, it is not possible to attach a 

statement of probability to a yearly comparison. 

These dry matter intakes are slightly higher than 

the 4.7 kilograms per day reported by Conner et al. (1963) 

with 450 to 600 pound animals during the early part of 

the grazing season, and considerably higher than the 

3.2 kilograms per day reported by these same workers 

for the later part of the summer grazing season. 
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Van Dyne and Meyer (1964) have reported intakes of 3.8, 

4.6 and 5«2 kilograms per day based on 600 pound animals 

for three grazing experiments during the summer months. 

A dry matter intake of approximately 4.9 kilograms per day, 

also based upon 600 pound animals, has been found by Holmes, 

Jones and Drake-Brockman (1961) for cattle grazing pasture. 

An average dry matter intake of 3»2, 4.6, 7.2 and 

5.6 kilograms per day was observed for trials I, II, III 

and IV respectively during 1964 (Table 9)» Appendix Table 

16 shows that trials were different (PC.01) during 1964. 

Use of Duncan's (1955) multiple range test gave the follow

ing separation of the trial means; trial I different 

(P<.05) from trials III and IV, and trial II different 

(P<.05) from trial III as is shown in Table 8. 

The differences observed between trials for dry 

matter intake during 1964 are not easily explained as, based 

on the rumen evacuation sample analysis in appendix Table 

14, it would appear that the forage consumed during the 

entire year was fairly constant in quality from one trial 

to the next. Excess forage was available to the animals 

within the immediate area of the watering facilities during 

the entire summer so that this should not have hampered 

their grazing. Consideration of the forage dry matter 

digestion does not seem to offer an explanation of the 

dry matter intake differences. It can be seen in Table 4 



Table 9. Daily forage dry matter intake during 1964 
and 1965 by steers (kilograms). 

Trial Number 

I II III IV Animal Av. 

1964 

Animal No. 

62 2.9 4.1 8.3 6.1 5.3 

68 3.4 4.4 7.0 5.5 5.1 

192 3.5 5.1 6.if 5.3 5.1 

Trial Av. 3.2a 4.6ab 7.2° 5.6bc 5.2 

Animal No. 

1 2.3 4.3 3.6 5.6 4.0 

3 6.4 6.4 4.1 5.6 5.6 

h 6.7 5.1 6.3 6.8 6.2 

Trial Av. 5.1 5.3 4.7 6.0 5.3 

Ŝee appendix Table 16 for statistical analysis. 

a,b,0Means in the same row with unlike superscripts are 
different (PC.05). 
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that the forage dry matter digestion was not different 

(P>,05) between trials* Secondly, the slight trend in 

dry matter digestion that did occur between trials is not 

the same as the trend that occurred between trials for the 

dry matter intake (Figure 2 as compared to Figure k)» 

Forage dry matter intake during 1965 was estimated 

as 5.1» 5«3» k»7 and 6.0 kilograms per day for trials I, 

II, III and IV respectively. Neither the analysis of 

variance in appendix Table 13 nor Duncan1s (1955) test 

detected any differences (P>.05) between the trial means. 

In contrast to the 1964 intake data, the intake data for 

1965 showed some degree of relationship to the forage dry 

matter digestibility data (Figure 2 as compared to Figure 

4). From formula 3 of the procedure it is apparent that 

a decrease in forage digestibility can cause a corresponding 

decrease in the forage intake value, assuming equal fecal 

output estimates. 

The dry matter intakes for the steers as an average 

for 1964 were very similar, being 5.3» 5.1 and 5.1 kilograms 

per day for steers 62, 68 and 192. Dry matter intake for 

steers during 1965 showed much more variation, being 4«0, 

5.6 and 6.2 kilograms per day for steers 1, 3 and k. It 

should be pointed out that the intakes were not adjusted 

for possible differences in animal size either year. 
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Forage dry matter intake averages for steers during 

1965 (Table 9) give the appearance upon inspection of pos

sibly being different when considering steers 1 and 4 with 

averages of 4.0 and 6.2 kilograms per day respectively. 

Neither the analysis of variance (appendix Table 16) nor 

Duncan's (1955) multiple range test indicated a difference 

(P>,05) between these averages. The appropriate standard 

error of the mean for testing the steer averages is obtained 

from the mean squared term for the steer x trial interaction. 

Since the mean squared term is relatively large for the 

1965 intake data, a large difference between steer averages 

is required to be significant at the 95 percent probability 

level. From a practical standpoint, these values could be 

considered different since the 4.0 kilograms per day would 

not meet the requirement of 5*8 kilograms per day for a 

600 pound animal while the 6.2 kilograms per day would more 

than amply meet this same requirement according to N.R.C. 

(1963). 

The steer x trial interaction, while not signifi

cant (P>.05) during 1964, was highly significant (PC.01) 

during 1965 as can be seen in appendix Table 13. Figure 4 

shows that during 1964 the trend from trial to trial for 

the individual steers was essentially the same, being 

different only in the magnitude of the change. On the 
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Steer 62 

192 

Kilograms 

Dry 

Matter 

I II III IV 

1965 

Kilograms 

Dry 

Matter 

Steer 1 

I II III 

Trials 

Figure Apparent forage dry matter intake during 196̂  
and 1965 for steers averaged over the five days 
within a trial. 
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other hand, it is also apparent from Figure k that there 

was no general trend for the individual steers during 1965. 

Days within a trial were found to differ (P<.01) 

during 1964, hut no differences (P>.05) were detected 

between days within a trial in the 1965 intake data (appen

dix Table 13). The significance of days within a trial 

for the 1964 intake data is of special interest since this 

is the only set of data, both digestibility and intake, 

where the difference between days reached a significant 

level. 

Because days within a trial are important from the 

standpoint of the amount of work that must be done in each 

trial, an effort was made to determine the source of this 

difference observed during 1964# . In the determination of 

forage dry matter intake, there are only two basic sets of 

daily measurements where a day difference can occur. These 

two measurements are the fecal detergent lignin and chromic 

oxide concentrations. Fecal detergent lignin concentrations 

are given in appendix Table 17 and the corresponding 

analysis of variance in appendix Table 18, while the same 

information for fecal chromic oxide is given in appendix 

Tables 19 and 20. No differences (P>.05) were detected 

for days within a trial for either the detergent lignin or 

chromic oxide in the fecal samples. The lack of significance 

(P>.05) for days in the forage dry matter digestibility 
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data (appendix Table 12) corresponds to the lack of such a 

significance in the fecal detergent lignin. Formula 3 of 

the procedure has two variables; the dry matter digestibil

ity and the fecal output. Since variation in fecal output 

for days can arise only from variation in the chromic oxide 

concentration of the fecal samples, this portion of Formula 

3 should also be without a day variation. 

If the daily variation in dry matter intake during 

\9Sk was not a direct result of a daily variation in the 

measurement of fecal lignin or chromic oxide, this leaves 

only one point v/here a day variation could arise. A 

numerical difference, though not significant (P>.05), 

was present in both the dry matter digestibility and fecal 

output estimates. When these two values were combined 

according to Formula 3 of the procedure, there was a sum

mation of the daily variation from each, such that the 

variation for days within a trial for the dry matter 

intake data became a significant (P<.05) value. 

Examination of the fecal detergent lignin and 

chromic oxide analyses for 1965 (appendix Tables 17 and 19) 

reveals that they are very similar to those for 1964 when 

considering the day variation. It is felt that since the 

basic measurements were similar each year, that animal 

performance was similar with regard to days, and that the 
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significance for days during ̂ 96k lies in the mathematical 

method used to determine dry matter intake* 

The number of animals and days within a trial for 

further work can be estimated from the forage dry matter 

intake data in the exact same manner as used with the 

digestibility data. Reference is made here to the section 

"General Observations on Digestibility" for the complete 

procedure used to estimate the number of animals and days 

within a trial. A standard error of the mean, applicable 

to trial means, of "0.71" was selected as the level of 

allowable variation. At the 95 percent probability level, 

this standard error would give a confidence Interval of 

approximately x ± 0.5 kilograms. This gives an interval 

of approximately plus or minus 10 percent of the yearly 

mean for each year's intake data. The appropriate variance 

components are given in appendix Table 13. 

The dry matter intake data for 196̂  presents a 

different problem than the digestibility data. In the dry 

matter intake data, the variance component for days within 

a trial is relatively large and thus control must be with 

the use of days and not animals as was done with the digest

ibility data. The minimum number of days was found to be 

5 with a corresponding 6 animals necessary. If days were 

increased to 10, then only one animal would be necessary 

to meet the requirements as set forth. In contrast, a 



minimum of 1 day with 7 animals will satisfy the require

ments for the 1965 intake data. Increasing the number of 

days to 3 would decrease the required number of animals only 

to 6. Thus it can be seen that the intake data from each 

year gives opposite results as to which parameter to in

crease, animals or days. 

Estimated Protein and Energy Intake 

Using the forage dry matter intakes and the digest

ibilities of the forage protein and energy, daily intakes 

of total and digestible protein and energy were calculated. 

The protein and energy content of the forage consumed was 

assumed to be that of the rumen evacuation samples as given 

in appendix Tables 1/f and 15. 

In order to have a reference point for discussion, 

the intake of forage dry matter, protein and energy were 

compared to the National Research Council's (N.R.C., 1963) 

requirements for beef cattle. The requirements for both 

kOO and 600 pound animals were used, with the 400 pound 

animal representing the minimum value and the 600 pound 

animal representing the desired value. It should be 

pointed out that the N.R.C. (1963) digestible energy 

values used in Tables 10 and 11 are for maintenance only 

while the protein values take into account a rate of gain 

of one pound per day. 
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• The Intake values for both total and digestible 

protein during 1964 are given in Table 10. Neither total 

nor digestible protein intake recorded during trial I for 

all three steers met the requirement for a 400 pound 

animal. This was primarily due to the low dry matter in

take (Table 9) during this trial as it can be seen in 

Table 6 that protein digestibility was not low. During 

trial II all three steers had total protein intakes meeting 

the requirements of a 600 pound animal, with steer 192 

having the highest intake of the three animals. Digestible 

protein intake during trial II was above the required level 

for a 600 pound animal for steers 68 and 192 only. In 

trials III and IV, the intake of both total and digestible 

protein for all three animals was above the required levels 

for a 600 pound animal. 

Digestible energy intake during 1964 exceeded the 

maintenance requirements of a 600 pound animal in trials 

III and IV for all three steers and in trial II with steers 

68 and 192. During trial II the intake of energy recorded 

for steer 62 was below the maintenance level of a 600 

pound animal but above this level for a 400 pound animal. 

Steer 68 had a digestible energy intake above the required 

level for a 400 pound animal during trial I but steers 62 

and 192 had intakes slightly below this level. 



Table 10. Total and digestible daily intake during 1964 
for forage crude protein and gross energy.• 

Trial No. Animal No. 
Total 
Protein 
kg. 

Digest. 
Protein 
kg. 

Gross 
Energy 
Meal. . 

Digest. 
Enersry 
Heal. . 

N.R.C. 
(1963) 

400 lb. 
600 lb. 

an. 
an. 

0.45 
0.49 

0.25 
0.25 ____ 

6.6 
9.0 

I 62 
68 
192 

0.3 
0.4 
0.4 

0.1 
0.2 
0.2 

12.8 
15.1 
15.7 

6.2 
7.5 
6.4 

Av. 0.4 0.2 14.6 6.7 

II 62 
68 
192 

0.5 
0.5 
0.6 

0.2 
0.3 
0.3 

17.5 
18.7 
21.8 

7.7 
9.8 
10.2 

Av. 0.5 0.3 19.3 9.2 

III 62 
68 
192 

0.9 
0.8 
0.8 

0.5 
0.4 
0.4 

36.3 
30.8 
28.2 

15.8 
14.7 
11.1 

Av. 0.8 0.4 21.4 13.9 

IV 62 
68 
192 

0.6 
0.6 
0.6 

0.3 
0.3 
0.3 

26.2 
23.3 
22.7 

12.3 
11.8 
12.1 

Av. 0.6 0.3 24.1 12.1 

1964 Av. 0.6 0.3 22.4 10.5 

Âll values in this table are on a 100 percent dry 
matter basis. 

p 
N.R.C. (1963) digestible energy values are for mainte
nance only while the protein values allow for a gain 
of one pound per day. 



In general, the intakes estimated for both total 

and digestible protein and energy were low during trial I, 

approached a reasonable level during trial II, and were at 

a reasonable or more than the expected level during trials 

III and IV. The steers used in this study had undergone 

fistulation during early spring and were what would be 

considered small yearlings; and thus, using a 600 pound 

animal as the base reference was not believed to be un

reasonable* 

Total and digestible protein intakes during 1965 

were very variable as can be seen in Table 11• Due to low 

estimates of dry matter intake, total protein Intake for 

steer 1 exceeded the requirement of a JfOO pound animal 

only during trial II. It is also noted that steer 1 did 

not have an intake of digestible protein meeting this 

same requirement at any time during 1965. Intake of both 

total and digestible protein for steers 3 and 4 met the 

requirements of a 600 pound animal during I, II and III, 

but not during trial IV. While the forage dry matter 

intake was not low during trial IV for any of the animals, 

the protein content of the forage was low (appendix Table 

14)i resulting in the low protein intake values that were 

observed in this trial. 

There was considerable variation in the digestible 

energy intake values (Table 11) observed during 1965* 



Table 11. Total and digestible daily intake during 1965 
for forage crude protein and gross energy.1 

Trial No. Animal No. 
Total 
Protein 
kg. 

Digest. 
Protein 
kg. 

Gross 
Energy 
Meal. . 

2 Digest. 
Energy 
Meal. . 

N.R.C. 400 lb. an. 0.45 0.25 6.6 
(1963) 600 lb. an. 0.49 0.25 i 9.0 

I 1 0.3 0.1 10.2 2.5 
3 0.6 0.3 27.5 13.5 
4 0.7 0.3 29.0 13.8 

Av. 0.5 0.2 22.2 9.9 

II 1 0.5 0.2 18.5 7.1 
3 0.6 0.3 27.0 15.5 
4 0.7 0.3 21.8 8.0 

Av. 0.6 0.3 22.4 10.2 

III 1 0.3 0.1 15.2 4.0 
3 0.5 0.2 17.8 6.6 
4 0.6 0.3 27.1 13.3 

Av. 0.5 0.2 20.0 8.0 

IV 1 0.4 0.2 24.2 10.3 
3 0.4 0.2 24.5 10.2 
4 0.5 0.2 29.9 12.7 

Av. 0.4 0.2 26.2 11.0 

1965 Av. ___ 0.5 0.2 22.7 9.8 

*A11 values in this table are on a 100 percent dry matter 
basis. 
2 N.R.C. (1963) digestible energy values are for mainte
nance only while the protein values allow for a gain 
of one pound per day. 



Only during trial IV did the intake of digestible energy 

of all three steers exceed the maintenance requirement of 

a 600 pound animal. During trial I, steer 1; trial II, 

steers 1 and k] and trial III, steers 1 and 3 had intakes 

for digestible energy that were below the maintenance 

requirements of a 600 pound animal. Steer 1 in trials I 

and III and steer 3 in trial III had intakes that were 

below the maintenance requirements of a 400 pound animal. 

The intake data for both protein and energy during 

1965 does not seem to show any trend for either animals 

or trials. Steer 1 did have a low forage dry matter intake 

for the first three trials and this combined with a low 

digestibility of energy (Table 5) and protein (Table 6) 

produced quite low intake values for both energy and 

protein. Much of the variation observed in the intake 

values for protein and energy during 1965 are probably 

related to the variable digestibility estimates obtained. 

The problems encountered in estimating digestibility of 

the various forage components are given in the section 

"General Observations on Digestibility" and will not be 

discussed here other than to point out a possibility of 

there being a relationship between intake and digestibility. 

This relationship may be either physiological or due to 

the method used to estimate intake; or possibly, a combi

nation of both. 
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Low intakes of both energy and protein have been 

reported by Cook, Mattox and Harris (1961) for sheep grazing 

summer range. They stated that protein intake the first 

part of the grazing season met the requirements of a 120-

pound ewe in the later stages of lactation (N.R.C., 1957) 

but was slightly deficient during the latter part of the 

season. Only during the first period in the spring did 

the diet of the grazing animals approach the recommended 

energy requirements. It was not felt that a shortage of 

available forage was responsible for these low intakes 

that were observed with the sheep. 

In work with cattle grazing summer range, Connor 

et al. (1963) found that the majority of the crude protein 

and digestible intake values estimated in their work were 

below the N.R.C. (1958) requirements for these nutrients. 

Van Dyne and Lofgreen 096̂ ) observed that rumen fistulated 

animals maintained their weight during three months grazing 

on dry annual range while the estimated digestible energy 

and crude protein consumption was lower than the levels 

calculated or reported in the literature for maintenance 

of such animals under drylot conditions. Although different 

types of feed were compared, Van Dyne and Meyer (1964) 

found that the average forage intake for grazing cattle 

during early summer was 50 percent and in middle and late 



summer was 6k percent of the ad libitum consumption of 

pelleted alfalfa by animals of similar age and size. 



SUMMARY 

A series of four trials were conducted each of two 

summers (1964 and 1965) to estimate the digestibility of 

the forage dry matter, crude protein, gross energy and acid 

detergent fiber and estimate the daily intake of the forage 

dry matter, gross energy, digestible energy, crude protein 

and digestible protein. Two different sets of three rumen 

fistulated, yearling steers were used each year as the 

experimental animals. The diet of the grazing animals was 

estimated by the rumen evacuation procedure with the digest

ibility of this diet determined by the lignin ratio 

technique. Nutrient intake was estimated from the di

gestibility data and the fecal output was determined using 

chromic oxide as an external indicator. 

Digestibility 

The apparent digestibility coefficients in percent 

for 1964 and 1965i respectively, were: dry matter, 44.0 

and 40.4j gross energy, 47.0 and 41.1; crude protein, 

50.7 and 42.5; and acid detergent fiber, 36.2 and 36.4. 

Because both trial times and experimental animals were 

different each year, no statistical comparison could be 

made between years. Neither trials nor steers were found 

to be different (P>.05) during either year in any of the 

digestibility data. A significant (PC.05) steer x trial 

85 
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interaction was found to exist in all the digestibility-

data for both years. Days within a trial were not signifi

cantly different (P>.05) in any of the digestibility 

data either year. 

Although relatively large differences existed at 

times between the individual trials or steers, these 

differences were not significant (P>.05) because of a 

relatively large error term that existed in each case. 

With each set of data the relatively large steer x trial 

interaction was the error term that was used. 

Using a confidence interval of approximately 

x ± k percentage units at the 95 percent probability 

level, estimates of the number of animals and days within 

a trial necessary for further work were made. At no time 

would the use of more than three days have proved advan

tageous statistically in any of the data. The number of 

animals estimated to be necessary for 19&f and 1965, 

respectively, were: dry matter, 6 and 28; gross energy, 

5 and ifl; crude protein, 3 and 11; and acid detergent 

fiber, 9 and 22. 

No direct evidence could be given from the data 

obtained in this study, but some of the acid detergent 

lignin values for the rumen evacuation samples taken during 

1965 appeared to be unreasonably high. 
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Intake 

Daily forage dry matter intake was found to be 

5.2 and 5«3 kilograms for 196if and 1965 respectively. 

Trials were different (P<.05) during 196if, but not during 

1965* No differences (P>.05) were detected between steers 

during either year although they contributed much more to 

the total variation during 1965# Days within a trial were 

found to be different (P<,05) during 196̂  but not during 

1965. The day difference observed during 19&f was believed 

to be due to the summation of small but non-significant 

(PC.05) differences in the individual measurements used 

to estimate intake. 

Using a confidence interval of approximately 

x i 0.50 kilograms at the 95 percent probability level, 

estimates of the number of animals and days within a trial 

necessary for further work were made. With the 19&f intake 

data a minimum number of days was found to be 5 with a 

corresponding 6 animals necessary. If days were increased 

to 10, then only one animal would be necessary to meet 

the requirements set forth. To meet these same requirements 

for the 1965 intake data, a minimum of one day with 7 

animals would be needed, while increasing the number of 

days to 3 would decrease the required number of animals 

to only 6. 
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The intake of protein and energy was calculated on 

both a total digestible basis using the previous digesti

bility estimates, forage intake estimates, and the nutrient 

composition of the rumen evacuation samples. During 1964 

intake values in kilograms for protein were: total protein, 

0.6, and digestible protein, 0.3} and during 1965 these 

same observations were: total protein, 0.5, and digestible 

protein, 0.2, Total energy intake in megacalories was 22.4 

and 22.7 for 1964 and 1965 respectively and the digestible 

energy intake was 10.5 and 9.8 megacalories. The intake 

values observed during 1964 v/ould meet the N.R.C. (1963) 

minimum requirement for a 600 pound animal for each nutrient 

category. During 1965» only the intake of total protein 

and digestible energy would have met this same requirement, 

while the intake of digestible protein v/ould have even been 

below the minimum for a 400 pound animal. 
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Table 12. Analyses of variance for forage dry natter, crude protein, gross energy, 
and add detergent fiber digestibility data (1 964 and 1965)* 

Add 
Dry Crude Gross Detergent 
Matter Protein Energy Fiber 

Source d.f. 1Q64 1Q65 1Q64 1Q65 1964 1Q65 

Trials 3 135.17 110,12 114.51 117.78 52.09 122.24 22.43 156.82 

Steers 2 148.97 748.82 148.74 992.02 92.58 412.76 23.72 474.46 

S x T 6 91.12* 456.69** 65.92* 411.27** 28.67* 115.61** 153.88** 515.64** 

Days/Trial 16 14.51 14.18 18.12 15.09 9.83 12.64 20.94 9.75 

Error 32 20.15 12.40 17.87 13.86 10.91 16.11 30.16 10.71 

•• 
Significantly different (PC.05). 

Significantly different (P<,01). 
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Table 13. Rumen evacuation sample content of crude protein, 
gross energy, acid detergent fiber, and acid 
detergent lignin (1964).J 

Trial No. Animal No 
Crude Gross 

• Protein Energy 
% kcal./g. 

Detergent 
Lignin 
% 

Detergent 
Fiber 
% 

I 62 10.27 4. 47 6.11 47.98 
68 11.53 4.45 6.42 43.28 
192 11.46 4.55 6.97 45.85 

Av. 11.09 4.49 6.50 45.70 

II 62 10.96 4.29 6.24 45.28 
68 10.72 4.24 6.32 44.79 
19 2 11.25 4.24 6.53 43.36 

Av. 10.98 4.26 6.36 44.48 

III 62 11.03 4.38 5.99 46.40 
68 11.69 4.43 5.96 43.39 
192 11.83 4.39 6.66 44.01 

Av. 11.52 4.40 6.20 44.60 

IV 62 10.31 4.33 5.98 43.46 
68 11.17 4.28 6.16 44.99 
192 11.29 4.29 5.68 43.92 

Av. 10.92 4.30 5.94 44.12 

1964 Av. 11.13 4.36 6.25 44.73 

Âll values 
matter. 

in this table are based upon 

/ 

100 percent dry 



Table 14. Rumen evacuation sample content of crude protein, 
gross energy, acid detergent fiber and acid 
detergent lignin (1965)•' 

Trial No. Animal No 
Crude 

>. Protein 
% 

Gross 
Energy 
kcal./g. 

Detergent 
Lignin 
% 

Detergent 
Fiber 
0/ 
/O 

I 1 12.37 4.26 8.41 48.19 
3 9.64 4.27 6.39 46.44 
4 9.60 4.31 5.80 47.36 

Av. 10.54 4.28 6.87 47.33 

II 1 12.11 4.31 7.83 46.39 
3 9.31 4.23 5.78 47.97 
4 12.96 4.29 8.75 46.94 

Av. 11.46 4.28 7.45 47.10 

III 1 9.40 4.27 7.34 47.96 
3 11.97 4.38 9.06 46.38 
4 9.16 4.33 6.63 47.72 

Av. 10.18 4.33 7.68 47.35 

IV 1 6.82 4.34 5.82 45.15 
3 7.81 4.39 7.60 46.39 
4 7.08 4.38 6.52 46.71 

Av. 7.24 4.37 6.65 46.07 

1965 Av. 9.85 4.32 7.16 46.96 

^All values 
matter. 

in this table are based upon 100 percent dry 
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Table 15. Analyses of variance for crude protein, gross 
energy, acid detergent fiber, and acid deter
gent lignin content of rumen evacuation 
samples (1964 and 1965). 

Mean Square 

Item Source d.f. 196*i 1965 

Crude Protein 

Trials 3 0.2175 9.9998 
Steers 2 0.7332* 0.3123 
S x T 6 0.1023 2.8488 

Gross Energy 

Trials 3 0.0328** 0.0058 
Steers 2 0.0004 0.0011 
S x T 6 0.0015 0.0017 

Acid Detergent Fiber 

Trials 3 1.3964 1.1033 
Steers 2 3.3635 0.1630 
S x T 6 2.0718 0.6059 

Acid Detergent Lignin 

Trials 3 0.1736 0.6025 
Steers 2 0.1485 0.1872 
S x T 6 0.0930 3.7876 

*# 

Significantly different (P<.05). 

Significantly different (P<.01). 
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Table 16. Analysis of variance and estimates of the 

population variance components for forage 
dry matter intake data (196*f and 1965)• 

Year 

Item 1964 1965 

Analysis of Variance 

Source Degrees of Freedom Mean Square 

Trials 3 63.55*f** .̂596 

Steers 2 0.29*f 27.856 

S x T 6 2.288 6.760** 

Days/trt. 16 7.1̂ 7** 0.799 

Error 32 0.992 0.833 

Population Variance Estimates 

Trials «t2 

Steers ""s2 

S x T "Jt2 

Days/trt. ffd2/t 

Error 

3.736 0.000 

0.000 1.055 

0.259 1.185 

2.051 0.000 

0.992 0.833 

Significantly different (P<.01). 
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Table 17# Percent concentration of acid detergent lignin 
in fecal samples by steer (1964 and 1965). 

I 

Trial 

II 

Number 

III IV Animal Av. 

1964 

Animal No. 

62 11,23 10.78 10.45 10.91 10.85a 

68 12.11 12.34 11.18 11.95 11.89b 

192 11.06 11.71 10.85 11.95 11.39b 

Trial Av. 11.47 11.61 10.83 11.61 11.38 

1965 

Animal No, 

1 11.47 12.36 10.13 10.29 11.06a 

3 12.89 13.23 13.73 12.94 13.19b 

4 10.86 13.20 12.73 11.23 12.01° 

Trial Av. 11.74 12.93 12.20 11.49 12.09 

a,b,cMeans with unlike superscripts differ significantly 
(PC.05). 
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Table 18. Analysis of variance for acid detergent lignin 
concentration in fecal samples (1964 and 1965)# 

Mean Sauare 

Source Degrees of Freedom 1964 1965 

Trials 3 1.731 6.011 

Steers 2 5.485* 22.833* 

S x T 6 0.696 3.343** 

Days/trial 16 0.624 0.543 

Error 32 0.704 0.547 

*Significantly different (P<.05). 

..Significantly different (PC.01). 
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Table 19* Percent concentration of chromic oxide (Cr20,) 
in fecal samples by steer (1964 and 1965). 

Trial Number 

I II III IV Animal Av. 

1964 

Animal No. 

62 0.332 0.214 0.142 0.147 0.209 

68 0.290 0.232 0.166 0.204 0.223 

192 0.242 0.188 0.149 0.171 0.187 

Trial Av. 0.288a 0.211a 0.153b 0.174b 0.206 

1965 

Animal No. • 

1 0.419 0.382 0.404 0.342 0.387a 

3 0.243 0.372 0.393 0.322 0.333a 

4 0.195 0.307 0.321 0.266 0.272b 

Trial Av. 0.286 0.354 0.373 0.310 0.330 

QL 

* Means with unlike superscripts in the saine row or 
column differ significantly (PC.05). 
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Table 20. Analysis of variance for chromic oxide (Cr20,) 
concentration in fecal samples (1964  ̂
and 1965). 

Mean Square 

Source Degrees of Freedom JSSt. 196? 

Trials 

Steers 

S x T 

Days/trial 

Error 

3 

2 

6 

16 

32 

0.0534** 0.0237 

0,006b 0.0656* 

0.0037 0.0100* 

0.0022 0.0028 

0.0015 0.0017 

Ŝignificantly different (P<.05). 

Significantly different (P<.01). 
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