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CHAPTER I 

INTRODUCTION 

Providing a valid estimate of botanical and chemical composition 

of the herbage intake of grazing animals is one of many problems en

countered in pasture and range nutrition. The objectives of this study 

were to collect representative samples of forage intake and to determine 

the botanical and chemical composition of the samples. From botanical 

and chemical analysis, grazing preferences for species available and 

nutritive intake of the grazing animals could be obtained. A secondary 

objective was to determine if growth could be obtained by young animals 

under winter range conditions. 

One manner in which an estimate of forage intake may be obtained 

is by the use of esophageal fistulated animals to collect representative 

samples. Van Dyne and Torrel (1964) pointed out that only in the last 

decade has this technique been widely used in rimiinants. However, the 

esophageal fistula technique is not new. French physiologist, Claude 

Benard (1855) was reported to have used this technique. Earlier than 

this, Magendie and Ryer (1847) used the esophageal fistula technique with 

horses. Esophageal fistulated dogs were used by Pavlov (1897). Some of 

these dogs lived for many years on food fed into the stomach by means of 

the fistula. 



CHAPTER II 

LITERATURE REVIEW 

Surgical Technique 

Esophageal fistulation requires surgery in which loss of animals 

due to death often occurs. Animals which survive surgery are often not 

useful. Since surgery is difficult and animal losses generally are high, 

there is much skepticism regarding the technique. Saint (1929) gave the 

following reasons why surgery of the esophagus is so difficult: (1) to 

expose the esophagus in surgery, it is necessary to open the mediastinal 

structures and facial planes; (2) the esophagus lacks a serosa; (3) the 

esophagus cannot be restricted from movement; (4) the esophagus is poorly 

supplied with blood; (5) and the greater omentum is absent. 

Earlier workers often used a two-step operation because of the 

difficulties mentioned. In the two-step operation, the esophagus is 

first exteriorized in the neck. At a later date the esophagus may be 

sectionized without danger of mediastinitis (Van Dyne and Torrel, 1964). 

At the present time, most operations are accomplished in one step, espe

cially on larger animals. Descriptions of surgical techniques for large 

animals have been published by Torrel (1954) and Cook, et^ £l. (1958) . 

Cattle and sheep are usually fed a ration of green forage or pelleted 

feed for a time prior to the operation. Cook, et al, (1958) recommended 

continuation of pelleted feed after surgery, whereas McManus (1962b) 

advocated placing animals on green feed as soon as possible. Whether 

animals are kept on pelleted feed or placed on green grass, care must be 
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taken to prevent the animals from consuming coarse material such as straw 

or wood shavings which could lodge and become impacted in the esophagus 

(Goldman, 1939; Van Dyne, 1960). McClung (1968) successfully used an 

all-concentrate ration both previous to, and after surgery of the fis

tula and encountered no impaction problems. 

Success of the Esophageal Fistula 

Earlier workers often met with little success when attempting to 

put esophageal fistulated animals to use. However, in recent years more 

success has been obtained in the use of fistulated animals. This has 

been due to improved surgical techniques, acquired knowledge about fis

tulated animals, and more knowledge of the health of livestock in general. 

Success has also been due to improved and more efficient closure devices 

for closing the fistula (Van Dyne and Torrel, 1964). 

Greater surgical success has been obtained with young animals than 

with mature animals and fistulation is more successful with cattle than 

with sheep. Still, about 10 percent of the animals fistulated by current 

techniques will not be useful over a long period of time due to various 

operative and post-operative losses. However, most animals are service

able for a period of several years (Van Dyne and Torell, 1964). 

Nelson (1962) established stainless steel cannulae in four steers, 

but all were unsatisfactory over any extended period of time. He listed 

the following complications: (1) loss of cannulae due to pressure 

necrosis; (2) recurrent lack of appetite; (3) and ulceration of the rumen 

and reticulum. Esophageal fistulas were established by Torell and Bredon 

(1961) in 18 head of cattle which survived a six-month study and were 

still usable at last report. Cook et ̂ . (1961, 1962) reported the use 

of fistulated sheep on open range. Several of these animals were used 



for more than one season and some were useful for as long as five years. 

Heady and Torell (1959) stated that an esophageal fistulated wether had 

been used for four years while Rusoff and Foote (1961b) used esophageal 

fistulated dairy cows for as long as two years. 

Closure Devices 

A wide variety of closure devices have been used for closing the 

esophageal fistula when not in use. Types of closure devices are gener

ally divided into two categories: (1) removable; and (2) non-removable. 

There is a disadvantage to the permanent closure device in that it may 

eventually cause a pocket or blind pouch anterior to the fistula and 

eventually be expelled (Van Dyne and Torell, 1964). In removable de

vices this can be avoided by making the plug portion of the device off 

center on the plate which fits into the esophagus. The plate can period

ically be reversed so that the long end is forward half the time and in 

the rear half of the time, thus preventing the development of a pocket 

(Van Dyne and Torell, 1964). Openings in non-removable closures should 

be adequately large to allow passage of forage and to prevent plugging 

of the cannula and compaction of feed within the esophagus. The size 

of opening is important because the size of boluses vary with the 

different types of feed consumed (Baily, 1961). When using removable 

closure devices, it is important to develop a uniform size and shape of 

cannula or plug which can be interchanged among animals to avoid the 

necessity of maintaining individual equipment for each animal (Van Dyne 

and Torell, 1964). The size of fistula may vary greatly and cannulae or 

plugs which are adaptable to variation should be utilized. According to 

studies by Van Dyne and Torell (1964), cattle fistulas should be oval in 

shape, four to five cm. long, and about three cm. wide. Closure devices 



of different types are described and illustrated by Van Dyne and 

Torell (1964). 

Types of Collection Bags 

At present, several types of collection bags are in use. These 

include plastic bags, canvas bags, rubberized canvas bags, plastic bags 

with a canvas cover, screen-bottom bags, and burlap bags. Plastic bags 

were used in studies by McManus (1962a) and Lusk £t̂  al. (1961). Plastic 

bags are usually not suitable for range studies unless supplemented with 

a canvas cover. Rubberized water proof canvas bags have been used by 

Lesperance (1959) while regular canvas bags were successful for Terrell 

(1954), Cook et al. (1958), and Cook £t al. (1961). Waterproof canvas 

bags could become a problem under range conditions because of the weight 

accumulation of saliva and forage which might affect the grazing perfor

mance of the animal (Van Dyne and Torell, 1964). Use of screen-bottom 

bags (Van Dyne and Van Horn, 1959) allowed saliva to drip off the samples. 

Thus, the samples were less affected by contamination due to saliva than 

when other type bags were used. Leaching of the samples by saliva could 

become a disadvantage, but McManus (1961b) demonstrated that leaching of 

nitrogen by saliva was not significant from roughage or succulent materials. 

Collection bags should be constructed to make them easy to attach to the 

animal and remain in place whether full or empty and whether the animal 

is browsing on high shrubs or grazing on low grass (Van Dyne and Torell, 

1964). 

Length of Sampling 

When using the esophageal fistula, the question of sampling time 

inevitably arises. Length of sampling time can be determined by pilot 
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tests. Collection time depends upon the species, size of fistula, rate 

of grazing, and type of forage grazed (Van Dyne and Torell, 1964). Van 

Dyne and Van Horn (1959) found that two hour sampling periods were 

adequate for open foothill winter ranges. Cook ££ al. (1958) found it 

necessary to allow animals to graze two to four hours in order to collect 

adequate samples on winter desert range. A 30 minute maximum collection 

period for irrigated pasture was suggested by Bath ejt _al. (1956) . 

McManus (1962b) stated that collection time should be limited to one hour 

so that normal conditions in the rumen could be maintained. If collection 

periods are too lengthy, extended loss of saliva could possibly cause 

changes in digestive activity by allowing volatile fatty acids to accumu

late. This could lead to abnormally low pH levels and in turn result in 

rumlnalstasis (Van Dyne and Torell, 1964). However, this has not been 

demonstrated in extensive range sampling. 

Frequency of Sampling 

Sampling frequency and procedure varies a great deal according to 

the objectives of the investigation. Samples have been taken from one to 

several times daily and on consecutive and alternate days. Sampling is 

often patterned after the normal grazing activities of the animals 

being used. Animals are often kept off feed overnight prior to collection 

periods (Bath ̂  al., 1956; Cook et al., 1958; and Weir and Torell, 1959). 

Although forage selectivity is affected by holding the animals off feed 

(Arnold £t^jl., 1963), the animals are more likely to graze vigorously 

which reduces the chance of contamination of samples by regurgitated 

material. In some instances, fistulated animals have been allowed to 

run with the herd both day and night (Van Dyne and Van Horn, 1959; 

Van Dyne, 1960). 
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In most research investigations, samples have been taken only 

once in a given day (Van Dyne and Torell, 1964), but in some instances, 

samples were taken in the early morning hours and again in late afternoon 

(Van Dyne and Van Horn, 1959; Van Dyne, 1962). Weir-and Torell (1959) 

collected samples only once a month. Too, samples have usually been 

taken on four or more consecutive days during each month or collection 

period (Cook et ̂ . , 1961; Van Dyne, 1962). Other workers, in order to 

provide an estimate of seasonal changes of qualitative intake, have 

collected for several months on alternate days or every fourth day 

(Van Dyne and Van Horn, 1959; Van Dyne, 1960). Even under fairly uniform 

conditions, significant changes have been shown to occur in the chemical 

composition of the forage sample from day to day; therefore, it would 

seem favorable to make collections over a period of several consecutive 

days or at least staggered over a period of time (Lesperance et al., 1960b; 

Arnold et ^ . , 1963). It has been stated by Van Dyne and Torell (1964) 

that further work is needed to evaluate the influences of fasting, herd 

size, and animal familiarity with the range on sampling frequency. 

Botanical Analysis 

Botanical analysis of forage samples collected from fistulated 

steers is very useful in determining animal preferences for certain species 

of plants, for plant parts, for types of vegetation available, and in 

determining seasonal variation of animal preferences. It is also helpful 

in determining the effects on animal preferences of such things as over

grazing, time of day allowed for grazing, precipitation, and acceptability. 

Plant species and plant parts may be identified in both esophageal and 

rumen fistula forage samples (Van Dyne and Torell, 1964). In a study by 

Cook et al., (1958), browse plants in fistula forage samples were almost 
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completely identified by textural and color differences, whereas grasses 

and herbs from winter desert range frequently were masticated to the 

extent that they were too fine for visual identification. Torell (1956) 

used hand made two- or three species mixtures as a guide to identification 

of samples. When analyzing samples, he recorded the nearest plant 

particle under a crosshair of a scope with a stage of fixed spots. Six 

hundred points were recorded per sample. Heady and Torell (1959) studied 

forage preferences of esophageal fistulated sheep by the microscopic 

point method. Samples were washed and spread in a 5 x 30 inch tray, then 

passed under a microscope by which 400 points were recorded for each 

sample. Different plant parts from various species were obtained by 

Lusk et al, (1961), prior to fistula collections and used in comparison 

with actual collected samples for identification purposes. In this 

investigation, 200 points per sample were taken. In an investigation 

by Lesperance et^ jl. (1960), samples were placed in petri dishes and 100 

points were recorded from each sample. Van Dyne (1963) took 200 micro

scopic points per sample. The samples were identified according to genus 

and species, grasses, forbs, or shrubs. Samples were also identified as 

to plant part which included heads, stems, and leaves. In this study, it 

was also stated that all samples contained at least a small portion of 

completely unidentifiable material. In work by Malechek (1966), botani

cal analysis of each sample was determined by the relative number of 

epidermal fragments of each species recognized on 100 microscopic fields. 

Chamrad (1966) developed a technique for sampling rumen contents of deer 

by the use of a small point-frame similar to ones used in sampling 

vegetation. The rumen samples were placed in a standard lab tray filled 

with water and thoroughly mixed to obtain random distribution of species. 



After the sample was mixed, the water was drawn off by means of a basting 

syringe. One hundred points were taken per sample by placing the point-

frame on the lab tray and individually dropping the pins into the sample 

and recording the plant fragment on which each of the pins touched. 

McClung (1968) used basically the same technique, but left the samples in 

approximately one half inch of water which seemed to make plant fragments 

easier to read. Samples were also placed in the tray in a manner which 

simulated plant cover on the study area from which the samples were 

collected. 

Chemical Analysis 

Chemical analysis of samples from esophageal fistulated animals is 

important in that it can be used to determine the nutritive value of for

age intake. Forage samples from esophageal fistulated animals have been 

chemically analyzed for crude protein, ether extract, total ash, crude 

fiber, nitrogen free extract, lignin, cellulose, other carbohydrates, 

silica, phosphorus, calcium, and gross energy. No special changes have 

been reported in laboratory techniques for analyzing forage samples from 

esophageal fistulated animals (Van Dyne and Torell, 1964). From a sham 

fed esophageal fistulated calf, renet coagulation time, surface and body 

curd tension, pH, and lipolytic activity of milk have been determined 

(Wise £t al., 1940). 

Crude protein is usually the primary factor taken into consideration 

when determining the nutritive level of the diet. In determining seasonal 

diets, the fluctuations in dietary protein cannot be attributed completely 

to changes in forage quality induced by advancing maturity. Animal se

lectivity, as influenced by species and quantity of forage available, 

undoubtedly modifies seasonal trends (Malecheck, 1966). However, 



10 

Malechek (1966) found that chemical analysis of hand clipped, caged 

plots indicated that the protein in forage from these plots declined 

similarly to the decline of protein in samples taken by means of rumen 

fistulated cattle. 

Cook and Harris (1950) reported that phosphorus in certain native 

grass species reached a peak in the spring and declined throughout the 

summer and fall as the plants matured. Malechek (1966) pointed out that 

overall seasonal trends in dietary phosphorus indicated that the decline 

in phosphorus content of plants was due to forage maturity. 

Salivary Contamination 

A problem that arises when chemically analyzing samples taken by 

means of esophageal fistulas is that of contamination of the sample by 

saliva. Fistula forage samples contain differential amounts of salivary 

contaminants, depending on the type of collection bag used (Van Dyne and 

Torell, 1964). Bath et_ al. (1956) stated that the ash content of the 

sample was increased by salivary contamination, but that other constitu

ents were not appreciably affected. The calculations of Lesperance 

et al. (1960a) indicated that ash, phosphorus, and calcium content in the 

forage would be significantly increased by salivary contamination, McManus 

(1961b), reporting on the collection of roughage from fistulated animals, 

stated that chemical composition of the extruded material was similar to 

that fed except for an increase in ash content. It was suggested by Van 

Dyne (1963) that because trampled forage or seeds picked up from the ground 

might be contaminated by the soil, data should be presented on a silica-

free basis. It is also probably advisable to present data on an ash-free 

basis unless a method is devised with which to correct for salivary con

tamination (Van Djme and Torell, 1964). 
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Behavior of Fistulated Animals 

It is impossible to determine whether the esophageal fistulated 

animal has the same or different grazing habits of the intact animal. Ob

servations by Arnold £t al. (1963) indicated that successfully fistulated 

animals graze normally. Some studies have shown that the fistula must be 

established for three months prior to sampling for sheep to establish 

gregaric-social relationships with their colleagues and to become accus

tomed to their environment; yet physiologically the fistula was 

sufficiently well established in two to three weeks (Van Dyne and Torell, 

1964). These data would indicate that psychological as well as physio

logical effects could be caused by fistulation. 

Fistulated cattle can be halterbroken and gentled so that they may 

be caught on open range, greatly facilitating sampling (Van Dyne and 

Torell, 1964). Sheep may be bunched by dogs and caught with a shepherds 

crook, thus eliminating catch pens and facilitating sampling (Van Dyne 

and Van Horn, 1959). 

Accuracy of Samples 

The best estimate of intake of grazing animals is probably obtained 

by use of the esophageal fistula. Accuracy of samples taken by means 

of esophageal fistulated animals, defined as the similarity of the sample 

collected to the true sample grazed, is not known because true grazing 

samples are not known (Van Dyne and Torell, 1964). It was found by Weir 

and Torell (1959) that samples obtained from fistulated animals were 

different from the gross herbage available. Samples taken by hand pluck

ing or clipping while observing the grazing animals were different in 

composition from the herbage available (Hardison, ̂  al., 1954; Edlefsen 

et al,, 1960), 
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Previous research indicates that the type of closure device or 

size of opening can be a factor affecting the accuracy of samples. 

Lesperance et^ al^, (1960b) suggested the possibility that coarse forages 

were not well sampled by non-removable cannuale or by small fistulae as 

compared to the rumen fistula technique. Van Dyne and Torell (1964) 

stated that there was greater opportunity for bias in collection of small 

plant particles with permanently fixed cannulae than with removable cannulae 

or plugs. Rusoff and Foote (1961a) reported that the permanent fistula 

prevented the passage of coarser material. It was concluded by Lesperance 

et al. (1960a) that there was no advantage in making more than one 

collection per animal in any given day. It was also concluded that there 

was more variation between animals than variation between samples for a 

given animal. Malechek (1966) reported that two rumen fistulated animals 

selected range forage quite similar in botanical composition. 

Grazing Preferences 

Grazing livestock are known to prefer certain species of forage 

and certain plant parts over others. This preference is also known to 

cdiange during different seasons of the year and with different stages of 

growth of the plants being grazed. Reppert (1960) found grazing prefer

ences to change from one species to another at various seasons of the 

year. Dwyer (1961) found that cattle showed definite degrees of selection 

when grazing forbs and in many cases certain portions of individual 

plants were preferred. Reppert (1960) pointed out the following items 

as primary factors in determining the preference of grazing animals: 

(1) relative availability of species; (2) stage of development of plants; 

(3) and the onset of winter with resultant ending of the growing season 

which causes preference for any available green species. The percent of 



13 

perennial grasses that were grazed increased progressively each month 

from spring through summer (Dwyer, 1961). He also observed less selec

tivity when plants were wet from rainfall or dew, and during the intense 

grazing periods of morning and evening. When wet from mist, very light 

snow, or any other form of precipitation, certain species have been 

utilized which would otherwise have gone untouched (Dahl, 1968). 

Reppert (1960) concluded that species selected by grazing cattle 

were not necessarily in proportions coinciding with the amount of those 

species available in the pasture and that the nutritive value of the 

forage ingested might be higher than that of the pasture based on re

lative abundance alone. In another study, rumen fistulated steers on 

native bunchgrass and native meadow were highly variable in their se

lectivity of species both in consecutive sampling periods and in samples 

collected within one sampling period on consecutive days. This high 

variability was thought to be a result of the heterogeniety of the area 

rather than being due to changes in grazing preferences (Malechek, 1966). 

Other Methods of Determining Livestock Diets 

Forage preferences and grazing habits have been determined by 

several means other than the esophageal fistula technique. The rumen 

fistula technique is similar and often used. This technique consists of: 

(1) removing the contents of the rumen; (2) allowing the animal to graze; 

(3) taking a sample from the rumen; (4) and replacing the rumen contents 

(Van Dyne and Torell, 1964) , This technique requires more time and may 

not be suitable to range studies where repeated sampling is necessary. 

However, Malechek (1966) used two rumen fistulated steers for a 12 month 

range study and encountered no great difficulties. Lesperance and Bohman 

(1963) found that emptying the rumen as many as three times a week had a 
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depressing effect upon digestibility of forage. Tayler and Deriaz (1963) 

collected samples through the rumen by inserting the hand into the rumen 

through the fistula and catching the boluses of feed as it reached the 

rumen. This would seem objectionable under range conditions because: 

(1) the animal would not have free movement; (2) few animals could be 

used; (3) and selectivity might be altered by keeping the rumen empty 

(Van Dyne and Torell, 1964). 

Observing animals as they graze to determine diets is also widely 

used. The animals are usually observed from a pick-up truck since this 

has been found to be less disturbing than other methods (Reppert, 1960). 

Observations are limited to daylight hours. The animals are followed as 

they graze and species selected and amount of each recorded, Reppert 

(1960), using a herd of bred heifers, observed one particular animal while 

it was in the range of observation, but the observation switched to other 

individual heifers as they moved into range. This was a herd observation 

which tended to average out differences among the animals. The observa

tion method has several variations. The animal diet is sometimes recorded 

as the animal grazes and samples are often plucked or clipped while ob

serving the animals, Reppert (1960) recorded the amounts of species and 

the portion of the plant utilized. He used six-power field glasses to 

get a good view of forage being consimied by bred heifers and valid ob

servations were obtained from as close as six feet and up to distances of 

thirty feet. 

Dwyer (1961) determined grazing preferences of cows with calves 

by means of examining plants along line transects located on different 

range sites. The line transects were checked periodically and perennial 

grasses were recorded as being grazed or ungrazed. Various measurements 
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or estimates of utilization have also been used to determine animal 

preferences by analyzing relative utilization of a species in relation 

to utilization of associated species (Dahl, 1968). 



CHAPTER III 

METHODS AND PROCEDURES 

Four steers and six heifers were utilized in this study. The 

steers were used to obtain samples of forage consumption by means of 

esophageal fistulas. The heifers were used to determine whether animal 

growth could be obtained under winter range conditions, and to assure 

measurable utilization of the forage grazed. On November 29, 1967, the 

animals were weighed and placed on a 160 acre range plot. In addition 

to weight, heartgirth and height measurements were taken. Esophageal 

fistulas had previously been established in the four steers. The steers 

were fully recovered from the surgery and accustomed to the fistulas. 

The surgical technique is described by McClung (1968). The fistulated 

steers were supplied with removable closure devices which could be removed 

and cleaned at two-week intervals. The interior of the fistulae were also 

cleaned at this time to prevent lodging and impacting of forage in the 

esophagus. 

On two occasions during the 123 day study period, supplemental feed 

was given to the animals due to severe weather conditions. Salt was 

supplied at all times. Water was supplied by a storage tank in the south

east corner of the study area and at intervals by a small playa lake located 

approximately at the center of the study area. 

The Study Area 

This study was conducted on the Texas Technological College Animal 

16 
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Husbandry Farm, Lubbock, Texas. The study area consisted of 160 acres 

of native rangeland. The study area was within the broad vegetational 

area known as the High Plains. The High Plains area is a relatively 

level high plateau separated from the Rolling Plains hy the Cap Rock 

Escarpment. Elevation is 3,000 to 4,500 feet, sloping gently to the 

southeast. 

The climate is mild to cold characterized by relatively warm 

temperatures from spring through fall and low temperatures during the 

winter months. Temperatures may range from 100**+ during the summer to 

below O^F. during winter cold periods. The average optimum growing 

season is 205 days. The average date of the last killing frost is April 15 

and November 15 is the average date of the first killing frost. Average 

annual precipitation in the form of rain, snow and sleet is 15 to 21 inches. 

Some years resulted in as little as 12 inches while as much as 45 incihes 

has been recorded in other years. Precipitation is generally low during 

winter months, reaching a peak in late spring, low in midsummer and high 

in September and October. This study was conducted during the winter 

months when precipitation was at a yearly low. 

The topography of the study area was relatively flat with the ex

ception of gentle slopes surrounding a playa lake in the approximate center 

of the area. Elevation was 3,254 feet. The study area was designated as 

a hardland site with a playa lake being classified as bottomland. The 

surface soils were underlain with caliche accumulations at depths of two 

to five feet. The major soil types occurring were Randall clay in the 

playa lake, a narrow strip of Mansker and Portales loams immediately East 

of the lake, and Olton loam South of the lake. The remaining area con

sisted of Amarillo loam. 
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The range sites were in good condition. Species occurring in 

large amounts were blue grama (Bouteloua gracilis), buffaiograss 

(Buchloe dactyloides), and kochia (Kochia scoparia). Other species 

occurring in smaller amounts were vine mesquite (Panicum obtusum), side-

oats grama (Bouteloua curtipendula), threeawns (Aristida sp), sand 

dropseed (Sporoboli:is cryptandrus), and various annual forbs. Mesquite 

(Prosopis glandulesa) was also present in large amounts and formed a 

canopy cover of approximately thirty percent. 

Collection Bags 

Collection bags were constructed from burlap feed sacks 36 inches 

long and 24 inches wide. A 24 inch slit was made down each side of the 

sack. At the lower end of the slit, wire was woven into the sack to form 

a stable opening 12 inches deep with a circumference of approximately 

48 inches. The wire woven around the opening allowed the bags to be 

shaped to fit the animals* necks to prevent loss of forage extruded through 

the fistulae. The bags were attached to the animals' neck by means of the 

broad burlap flaps which were a result of the slit down each side of the 

bags. The bags were held in the proper position by means of a harness 

constructed of nylon cord and leather straps. Construction of the collec

tion bags was patterned after those used by McClung (1968). 

Method of Collection 

The fistulated steers were used to obtain forage samples over a four 

month study period. These samples were collected at approximately one 

month intervals with some deviation due to weather conditions. Samples 

were collected during the months of December, January, February, and 

March. The study was initiated after winter temperatures had killed the 
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green herbage and ended just as regrowth occurred in the spring. During 

each month, samples were taken on four consecutive days from eac:h steer. 

Forage samples were taken during the following collection periods: 

December 5, 6, 7, 8 (1967); January 16, 17, 18, 19 (1968); February 27, 28, 

29, March 1 (1968); and March 27, 28, 29, 30 (1968). The ten head of 

cattle were placed on the pasture several days prior to the first collec

tion period in order to allow the animals to become accustomed to their 

new environment. Both steers and heifers were held off feed overnight 

prior to collection. The heifers were also held overnight to prevent 

possible alteration of the normal grazing pattern of the steers which might 

have occurred if the heifers were already grazing when the steers were 

turned out for collection in the morning. 

A 20 X 20 feet pen was available for holding the animals. As 

a result, each steer had to be roped and haltered in order to attach the 

collection bags to the steers. However, the steers were halter-broken 

and gentle. The steers could be caught and readied for collection in a 

thirty minute period by one person. When the bags were securely in place, 

all the animals were hazed to the center of the pasture and allowed to 

graze freely for one hour. At the end of the hour, the animals were herded 

back into the catch pen. This was usually done on horseback. After the 

animals were penned, the steers were again roped and haltered and the bags 

removed. 

The contents of each collection bag were thoroughly mixed and two 

grab samples were taken from each bag, one for botanical analysis and one 

for chemical analysis. Average weights for the samples were 214 grams 

for botanical analysis and 595 grams for chemical analysis. In order to 

get a fairly uniform estimate of dry matter, the samples were hand-squeezed 
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to remove saliva and then placed in one-pint plastic bags. These samples 

were labeled according to date and steer from which obtained. The samples 

taken for botanical analysis were frozen and stored for later analysis. 

The samples collected for chemical analysis were dried in a forced-air 

oven for 24 hours at 160-180° F. After drying, the samples were passed 

through a Wiley mill with an eighty mesh screen. These specimens were 

then taken to the laboratory for chemical analysis. 

Botanical Analysis 

The sampling technique used for this study was an adaptation of the 

techniques used by Chamrad (1966) and McClung (1968). Each sample was 

thawed and placed in a standard enamaled lab tray which measured 17 x 28 cm. 

The sample was then mixed thoroughly by hand with the aid of needle-nose 

forceps and a dissecting pin. The sample was then removed, leaving a 

portion in the tray which would evenly cover the bottom of the lab tray. 

This portion was thoroughly mixed and spread evenly throughout the tray. 

A point frame was used for species identification purposes which was sim

ilar to the one used by Chamrad (1966). The small point frame consisted 

of a wooden bar 30.5 cm. long which contained five pins equally spaced at 

45 degree angles. The pins were fitted at this angle to aid in determining 

where the pins first touched. Notches were made near each end of the bar 

to fit the top of the lab tray in order to hold the point frame in place. 

Small metal beads were glued to the wooden bar as guides for the pins. 

Species identification was initiated by placing the point frame, 

with pins raised, onto the tray containing the sample to be analyzed. The 

pins were lowered, one at a time, into the sample. The plant fragment 

first touched or the fragment nearest to the pin was identified and re

corded. The fragments which were not readily identified were removed 
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from the tray with the aid of needle-nose forceps and a dissecting pin. 

These fragments were placed under a 7 x 30 power zoom, dissecting mi

croscope for identification. When identification difficulties were 

encountered, the plant fragments were compared to vegetation keys collected 

previously from the study area. Identification was based on the size and 

shape of the leaves and stems, color and texture of the material, vena

tion patterns, surface texture, seed heads, and by the presence or absence 

of pubesence on stems, joints, and leaves. Twenty-five points were taken 

from the contents of the tray and the complete procedure was repeated. 

Thus, two readings of 25 points each were obtained for each field sample. 

Since this investigation was conducted during winter months, the 

difficulty of identifying a large number of species was greatly increased. 

As a result only the major species of the study area were identified. 

The major forage species were blue grama (Bouteloua gracilis), buffalo-

grass (Buchloe dactyloides), and kochia (Kochia scoparia). Other species 

that occurred on the area in smaller numbers and plant portions whicJi 

could not be identified because of extensive mastication, were combined 

to form a fourth category specified as "unidentified material". 

Chemical Analysis 

Chemical analysis for crude protein was carried out according to 

the Association of Official Agricultural Chemists (1960) procedures. Gross 

energy was determined by using a Parr adiabatic oxygen bomb calorimeter 

(Parr Instrument Company, 1960) , Percent dry matter by weight was deter

mined by weighing the samples wet, then oven drying the samples for 24 

hours at 160-180° F, and recording the weights. 

Calcium and phosphorus were chemically analyzed according to 
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procedures outlined by Hunt (1963) and Sumner (1944), respectively, A 

c .posite sample, obtained by combining a portion of each sample from 

all four days for each steer, was used for calcium and phosphorus 

determinations, 

During each collection period, samples of each major species were 

hand plucked to simulate grazing. These samples were chemically analyzed 

for protein and gross energy by the same procedures as those collected 

from the fistulated steers. This was done in an effort to determine the 

chemical composition of forage intake by species. 

Utilization Study 

A forage utilization study was conducted in order to estimate the 

nutritional adequacy of the diet of the animals in this study. The method 

used in this study was actually a combination of the occular estimate 

method, actual weight or difference method, and the cage method. The pro

cedures for these methods are described by the Subcommittee on Range 

Research Methods of the Agricultural Board (1962). Prior to placing the 

cattle on the study area, 39 round cages were constructed and randomly 

placed on the area. The cages were constructed of ten gauge remesh re

inforcing wire and were 15 feet in circumference and 5 feet high. Heady 

(1957) found that yields under cages were greater than those from un

protected areas, but only during the growing season. He found no differences 

in matured grasses. Since this investigation was carried out during the 

season in which most grasses were dormant, no significant differences be

tween the caged and uncaged plots were expected to be encountered. Round 

metal stakes approximately 24 inciies long were used to secure the cages 

against high winds and to prevent cattle from overturning them. Flags 

were attached to each cage, to aid in locating them. 
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The plots were established in pairs. One plot was located randomly 

and the second was selected because of its similarity to the first. The 

two plots were selected on the basis of composition and growth. The two 

plots were located within 20 feet of each other, but vere never closer 

than 10 feet. After the two plots were located, a coin was tossed to 

determine on which of the plots the cage would be placed. A small metal 

stake with a white flag attached was driven into the center of each grazed 

plot to aid in finding the uncaged plots. 

After the cattle were removed from the study area, weight estimates 

were randomly taken from 30 of the 39 paired plots. Each plot had an area 

of 9.6 square feet and was divided into quadrants. The weight of one-

quarter or one-half of each plot, depending on variation within the plot, 

was estimated, then clipped and weighed. The weights were estimated 

prior to clipping as an aid to occular estimation of the remaining portion 

of the plot. Weights were recorded for both grazed and caged plots and 

the percent utilization was determined by difference between grazed and 

ungrazed plots. Pounds per acre of available forage on the ungrazed plots 

and pounds per acre of forage remaining on the grazed plots was calcu

lated by the following method: 

weight (in grams) x 10 = pounds per acre. 

This method is described by the Subcommittee on Range Research Methods of 

the Agricultural Board (1962). The amount of forage which disappeared per 

acre was divided by two to arrive at the amount of forage which was actually 

consumed. It was assumed that one-half the forage removed from the area 

was consumed and the other half disappeared due to unknown reasons. 

Mcllvain and M. C. Shoop (1965) stated that on moderately stocked range, 

animals ate one blade of grass out of each three produced; the second 
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blade was left to maintain plant health and to protect the soil, and the 

third blade disappeared due to unknown causes. The species of vegetation 

occurring on the plots was also recorded and the percent of each was 

estimated. Species occurring in very small amounts on the plots were 

combined to form a single percent figure and were recorded as "other 

species". 

In order to determine individual forage intake of the animals, live 

animal weights were converted to metabolic size because of the weight dif

ference between the heifers and steers. The number of heifer imits produced 

by the total metabolic weight of steers and heifers was determined as 

follows: 

(avg. metabolic wt. of heifers x no. of heifers) + (avg. metabolic wt. 

of steers x no. of 
steers) 

Avg. metabolic wt. of heifers 

It could then be stated that a certain number of heifer units was respon

sible for the total forage intake. The intake for six heifers was then 

calculated and the remainder of the forage was attributed to the consump

tion of the four steers. This method of determining individual animal 

consimiption is fully described by Hyder et^ jil. (1966) . 

A major objective of this study was to determine if an adequate 

nutrient intake would be supplied to the steers and heifers by winter 

forage without supplementation. To accomplish this, daily calcium, 

phosphorus, protein and digestible energy requirements for the steers and 

heifers were obtained from a report by the Nutrition Committee of the 

National Research Council (1963), A fifty percent digestion coefficient 

was used to convert gross energy to digestable energy (Morrison, 1959). 
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The nutrient requirements obtained for the heifers were for maintenance 

and one pound per day gain and those used for the steers were for main

tenance and one-half pound per day gain. These requirements were used 

because exact requirements for the heifers and steers could not be 

obtained. These nutrient requirements were compared to the actual 

nutrient intake of the animals, which was determined by chemically 

analyzing the forage samples collected by means of fistulated steers. 

Climatic Conditions 

General climatic conditions were recorded for each day on which 

forage samples were taken. Specific weather conditions of wind velocity, 

temperature, and precipitation were obtained from the United States 

Weather Bureau. This was done in order to determine the effects, if any, 

of climatic conditions upon grazing preference and chemical composition 

of the forage. 

Statistical Analysis 

All data were subjected to an analysis of variance according to 

procedures outlined by Steel and Torrie (1960). 



CHAPTER IV 

RESULTS AND DISCUSSION 

Animal Growth and Maintenance 

Six heifers were used to determine rate of growth under winter 

range conditions with no supplemental feeding. At the beginning and 

again at the conclusion of the study, weight, height, and heart girth 

measurements were taken. The heifers weighed an average of 551.0 pounds 

when placed on pasture and averaged 566.5 pounds when removed from the 

area. This was an average gain of 15.5 pounds during 123 days of grazing. 

When the study was initiated, the heifers had an average height of 41.75 

inches and grew an average of 3.20 inches to a height of 44.95 inches at 

the termination of the study. During the 123 days on pasture, heart 

girth circumference increased an average of 2.67 inches per heifer. Differ

ences in weight, height, and heart girth measurements are illustrated in 

appendix table I. 

The four esophageal fistulated steers used for collecting samples 

of forage intake were also weighed to determine whether they had maintained 

themselves under winter range conditions. The mean initial weight of the 

steers when placed on the study area was 1,130.2 pounds and at the end of 

the study the steers averaged 1,026.9 pounds. This was an average loss 

of 103.3 pounds per steer. The steers had been on a high level of feed 

consumption prior to being placed on pasture and some loss of weight was 

expected. Individual and mean weights of the steers are recorded in 

appendix table II. 26 
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Botanical Analysis 

Diets of the steers on winter range land was botanically analyzed 

for percent composition by species. Composition of the diet was deter

mined for the complete study period by months. The major forage species 

were blue grama, buffaiograss, and kochia. A fourth category consisted 

of "unidentified material". 

There were no significant differences among the four months in

cluded in the study for percent composition of diets of the steers. 

Composition of the diets showed considerable variation between the first 

two months, but was fairly uniform during the last half of the study. 

The only indications of trends were the increase of blue grama in the 

diet as the study progressed and the tendency toward uniformity during 

the last two months. These data indicated little change in preferences 

of the steers throughout the investigation. It was concluded that blue 

grama was preferred over the other forage species available since blue 

grama made up 60.2 percent of the total diet and 45.55 percent of the 

forage composition by weight of the study area. A preference for kochia 

was also indicated since the diet contained 12.1 percent kochia and the 

study area was estimated to contain 6.05 percent. Total composition of 

the study area by weight was estimated to be 45.55 percent blue grama, 

34.90 percent buffaiograss, 6.05 percent kochia, and 13.5 percent other 

species. The botanical composition of the diet for the complete study is 

shown in figure I. 

Significant differences in forage intake did occur among days of 

the month (appendix table III) . However, the daily differences balanced 

out throughout the study. The differences in forage intake for days 

could have been due to individual animal preference and to the acceptability 
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Figure I, Relative proportions of the major forage species in 
the diet by percent for the four month study period. 
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of the different forage species available to the steers. Chemical compo

sition of the available forage was uniform throughout the investigation. 

Adverse weather conditions did not occur while the samples were being 

collected. It was noted that grazing was not concentrated on any par

ticular part of the pasture but was well distributed over the complete 

study area. However, the animals often grazed only a small area of the 

pasture during one day and in another area the next day which resulted in 

overall distribution of grazing, but could account for the significant 

differences in forage consumption among days. 

During the month of December, blue grama made up a large portion 

of the diet. This was probably due to animal preference and availability 

of the species. A larger amount of kochia was consumed during December 

than any other period of the study. This too, was probably a result of 

availability. Whether kochia was more preferred during December because 

of its nutrient content could not be determined because hand clipped 

samples of kochia were not taken and chemically analyzed for nutrient con

tent. Buffaiograss represented a smaller percent of the composition during 

December than at any other time during the investigation. During the month 

of December, buffalograss was the least occurring forage of the four cat

egories composing the animals* diet. During December unidentified materials 

were near the average for the complete study period. Percent composition 

by species for December is shown in figure II. 

During January, the second period of the study, slightly over one-

half of the forage intake was composed of blue grama, although blue grama 

intake was lower during this period than at any other time. The next 

largest part of the total composition consisted of buffalograss which was 
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Figure II, Relative proportions of the major forage species in 
the diet by percent for the month of December, 
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higher during January than any other period. Kochia made up the smallest 

portion of the forage intake for this period. Consumption of kochia was 

also lower at this time than at any other time throughout the study. The 

high amounts of buffalo grass and low amounts of kochia for January were 

not caused by changes in chemical composition of the forage or by adverse 

climatic conditions. The variation occurring between the fir-̂ t two periods 

was possibly due to large amounts of both species being available and/or 

the acceptability of the forages to the steers. Composition of the diet 

by percent of each species for January is illustrated in figure III. 

y 

Composition of the diet was approximately the same for February 

and March with blue grama making up the major portion of the diet. Buffalo-

grass, kochia, and unidentified material composed the remainder of the 

diet, in that order. The only noticable difference between the last two 

periods was a decrease in the percentage of unidentified material during 

March and a resultant slight increase of glue grama and buffalograss. 

Composition of the diet by percent of each species for February and March 

is shown in figures IV and V respectively. 

Chemical Analysis 

Forage samples were analyzed for content of crude protein, gross 

energy, calcium, and phosphorus. There were no significant differences 

among months for chemical composition. Calcium and phosphorus content was 

uniform throughout the investigation (figures VI and VII). During the 

third month of the study calcium was at a maximum level and phosphorus 

was lower than at any other time. It could not be established that this 

was due to changes in chemical composition of certain species since the 

individual clipped samples were not analyzed for calcium and phosphorus. 
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Figure III. Relative proportions of the major forage species in the 
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Figure IV. Relative proportions of the major forage species in the diet 
by percent for the month of February. 



34 

o 
• H 
4J 
• H 
CO 
O 

a 
i 
u 
•M 

c 
y 
u 
a> 

Pu 

80 

70 

60 

50 

40 

30 

20 

10 

Blue 
Grama 

Buffalo 
Grass 

Kochia Unidentified 
Material 

Figure V. Relative proportions of the major forage species in the diet 
by percent for the month of March. 
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The data indicate that this change was not due to leaching, since the 

phosphorus content was high and the calcium content was low and there 

was little change in overall chemical composition for the following 

month. There were also no significant differences in botanical compos

ition for February. Crude protein content of the forage samples and 

the clipped samples of individual species did not change throughout 

the investigation (figure VIII). Gross energy values were also con

stant throughout the study for forage samples and clipped samples of 

individual species (figure IX). It should be pointed out that the 

gross energy and crude protein composition of kochia was higher than 

the gross energy and crude protein values for blue grama and buffalo

grass. These values would suggest that preferences for certain species 

of forage were not necessarily due to nutrient content, but that other 

factors were also involved. The chemical composition of individual 

species is illustrated in table I. 

The only significant difference in composition which occurred 

among days was in the gross energy content of the diet (appendix table 

IV) . This difference was probably due to the fact that kochia was 

higher in gross energy than the other species and that consumption of 

kochia was exceedingly variable which resulted in high or low concen

trations of gross energy in the diet. 

Percent dry matter by weight was determined to get an estimate 

of forage content and saliva content of the samples. Dry matter con

tent was constant throughout the study averaging 18.2 percent. The 

remainder of the sample consisted of moisture, most of which was saliva. 

Forage Utilization and Animal Consumption 

A forage utilization^study was conducted to determine the consumption 
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TABLE I 

CATTLE WEIGHTS AND MEASUREMENTS 

End 
Weights 

Heifer Weight (lbs.) Heart girth (in.) Height (in.) 

Beginning 
Weights 

f 

057 

702 

089 

094 

719 

067 

Ex 

X 

618 

576 

486 

502 

553 

571 

3306 

551 

057 

702 

089 

094 

719 

067 

Ex 

X 

I n c r e a s e 

640 

582 

498 

519 

577 

583 

3399 

566.5 

15 .5 

60.00 

56.25 

52.50 

53.50 

55.50 

56.50 

334.25 

55.70 

60.00 

60.50 

55,75 

57.25 

57.75 

59.00 

350.25 

58.37 

2.67 

42.0 

42.0 

40.0 

42.5 

42.0 

42.0 

250.5 

41.75 

46.50 

43.25 

42.75 

43.75 

46.50 

47.00 

44.95 

44.95 

3.20 
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of forage for each animal. Upon clipping, weighing, and making weight 

estimates, it was found that 1,539.3 pounds of forage was produced on each 

acre of the study area and 281.3 pounds of forage per acre was removed by 

grazing or unknown causes. A total of 45,008 pounds of forage disappeared 

from the study area in 123 days, one-half of which was assumed to have 

been consumed by the animals. The remainder of the forage disappeared due 

to unknown causes. This resulted in a pasture use of 18.27 percent. 

Through further calculations, it was found that the six heifers consumed 

87.42 pounds of forage per day or 14.57 pounds per heifer. The four steers 

consumed 154.8 pounds of forage daily or 25.8 pounds per steer. This 

amount was consumed by the steers over an average of 114 days. One steer 

was removed from the study area on December sixth due to an inflamation of 

the tissue around the fistula which caused great difficulty in removing 

and replacing the fistula closure device. On January fourteenth, the steer 

was returned to the study area for the remainder of the study, but was not 

used for collection purposes due to continued irritation of the fistula. 

Upon comparison of the daily nutrient requirements with the nutrient 

intake of the heifers and steers, it was noted that daily calcium intake 

by the heifers was adequate throughout the study, whereas phosphorus in

take was slightly below the requirements throughout the period. The daily 

requirement for phosphorus was 10 grams, but the daily intake was 8.2 grams. 

The diet of the six heifers was below the required level for crude protein 

throughout the study. A daily crude protein intake of 1.2 pounds was re

quired, but only a daily average of 0,90 pounds was consumed. However, 

the fact should be accounted for that the nutrient requirement figures used 

were for maintenance plus a daily gain of one pound. Since each heifer 
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gained an average of approximately 0.1 pounds daily, it was concluded 

that the daily intake of phosphorus and crude protein was adequate for 

maintaining the heifers during the winter months. The heifers required 

13,450 kcal. of digestible energy each day and consumed a daily average 

of 13,230 kcal. It should be noted that only 8,450 kcal. were necessary 

for maintaining the heifers and 5,000 kcal. were necessary for one pound 

of daily gain. Digestible energy obtained from the forage consumed by 

the heifers was estimated to be adequate for maintenance. 

Although the four steers were much larger than the heifers, daily 

intake of calcium, phosphorus, crude protein, and digestible energy was 

deemed adequate for each month and for the overall study period. The 

daily requirements for the steers were similar to those for the heifers. 

Therefore, since the steers consumed a larger quantity of forage than 

the heifers without a corresponding increase in the daily nutrient re

quirements, these requirements were easily met. The calcium requirement 

for the steers was 13 grams daily whereas the calcium intake averaged 

31.6 grams per day. The daily requirement for phosphorus was 12 grams 

per day and the steers averaged consuming 14.4 grams daily. Crude protein 

consumption totaled 1.6 pounds daily, whereas only 1.4 pounds per day was 

necessary. Total digestible energy requirements for the steers was esti

mated to be 18,000 to 20,000 kcal. per day. An average of 23,426 kcal. 

of estimated digestible energy were available to the steers in the forage 

consumed each day. Although it was estimated that the four steers received 

adequate nutrients throughout the four months, each steer lost approximately 

0.84 pounds per day or 103.3 pounds per steer for the study period. Prior 

to being placed on the study area, the four steers had been confined in 
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drylot and fed a relatively high-concentrate ration. As a result, the 

steers were in good condition when they were placed on pasture. The 

sudden ration change from a high plane of nutrition to a much lower 

one and the stress due to the environmental change were likely causes 

for the weight loss. It is probable that the steers lost weight rapidly 

after being placed on the study area and that their weight remained 

constant after the animals adjusted to the environment. Daily nutrient 

intake for the heifers and steers and daily nutrient requirements are 

shown in appendix tables V and VI, respectively. 



CHAPTER V 

SUMMARY 

Six heifers and four steers were placed on a 160 acre study area 

for a period of 123 days. Weight, height, and heart girth measurements 

were recorded for the six heifers to determine growth under winter 

range conditions with no supplementation. During each month of the 

study period, samples of forage consumed by the steers were collected 

and botanically and chemically analyzed. A forage utilization study 

was also conducted to determine production of the study area and rate 

of forage consumption. Nutritional adequacy of the diet was also 

determined. 

It was concluded that growth could be obtained by young heifers 

on good winter range. The six heifers showed an increase in body 

weight, height, and circumference of heart girth. 

All nutrient requirements were adequate throughout the study for 

the steers. Weight losses suffered by the steers were probably due to 

the sudden change in environment. 

Samples of forage intake were botanically analyzed and no 

significant differences among months were found. There was a definite 

preference for blue grama over the other species with an increase of 

blue grama in the diet as the study progressed. Botanical composition 

of the diet had a tendency to be more uniform toward the end of the 

study. There were significant differences in forage intake among 

days of the month. The differences among days were probably due to 

44 
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abundance of species, individual animal preferences, and to availa

bility of different forage species. 

There were no significant differences among months for content 

of calcium, phosphorus, crude protein, or gross energy. The chemical 

composition of the forage samples was uniform throughout the four 

months. Crude protein and gross energy content of kochia was higher 

than blue grama or buffalograss, although a higher percent of these 

was consumed. This suggests that preferences for certain species 

were not due to chemical composition alone, but that other factors 

were involved. There was a significant difference among days for 

gross energy which was probably due to daily differences in consump

tion of kochia. 
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TABLE II 

CATTLE WEIGHTS AND MEASUREMENTS^ 

Steer 

1 

2 

3 

4 

Ex 

X 

— t 

11-29-67 
Weigh tt» 

1156 

1177 

1134 

1120 

4521 

1130.2 

3-30-68 
Weight̂ * 

1040 

1025 

976 

1066 

4107 

1026.9 

Average wt. of steers: 

1130.2 + 1026.9 = 2157.1 

2157.1 V 2 = 1078.5 

Average wt. of heifers: 

551.0 + 566.5 = 1117.5 

1117.5 V 2 = 558.75 

Metabolic wts.: Steers = 188.2 

Heifers = 114.93 

Total number of heifer units formed by steers and heifers: 

114.93 X 6 = 689.58 

188.2 X 4 = 752.80 

752.80 + 689.58 = 1442.38 

1442.38 r 114.93 = 12.55 

•L 

Pounds, 
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TABLE III 

SIGNIFICANT DIFFERENCES'AMONG DAYS 

S. V. 

Total 

Months 

Days/Month 

Animals/Days/ 
Months 

Total 

Months 

Days/Month 

Animals/Days/ 
Months 

Total 

Months 

Days /Month 

Animals/Days/ 
Months 

Blue 

D. F. 

47 

3 

12 

32 

Grama Analysis of Variance 

M. S. F 

33.60 1.82 

18.46 3.39 

5.43 

Buffalograss Analysis of Variance 

47 

3 

12 

32 

Kochia 

47 

3 

12 

32 

75.20 6.37 

11.80 5.13 

2.30 

Analysis of Variance 
/ 

41.20 1.72 

23.85 4.41 

5.40 

Table F (.05) 

8.74 

2.47 

8.74 

2.47 

8.74 

2.47 

TABLE IV 

SIGNIFICANT DIFFERENCES AMONG DAYS 

S. V. 

Total 

Months 

Days/Month 

Animals/Days/ 
Months 

Gross 

D. F. 

47 

3 

12 

32 

Energy Analysis o 

M. S. 

8,179.6 

19,126.6 

5,663.2 

f Variance 

F 

.427 

3.380 

Table F 

8.74 

2.47 
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