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ABSTRACT 

The diets of steers grazing a desert grassland were evaluated 

for botanical and nutrient composition on mesquite and mesquite-free 

ranges from December 1966 to September 1967. 

Four rumen fistulated steers were paired and placed on two ad

jacent pastures of the Santa Rita Experimental Range near Tucson, 

Arizona. The pastures were similar in vegetation except for a 177o 

crown canopy of velvet mesquite [Prosopsis juliflora var, velutina 

(Woot.) Sarg,] on one pasture. Forage samples were collected by the 

rumen evacuation method in conjunction with forage intake and digesti

bility trials. Forage collections and digestion trials were made for 

two periods in each of four seasons using a cross-over experimental 

design. A total of 32 forage samples were analyzed for species and 

plant part composition by a modification of the microscope point tech

nique. Digestibility was determined for dry matter, acid-detergent 

fiber, crude protein, and gross energy using the lignin ratio method. 

Forage intake was measured by the chromic oxide-cellulose indicator 

method. 

Masticated forage mixtures of known composition by weight were 

prepared from whole plant species collected from the experimental pas

tures in October 1966 and 196 7. The species were fed and recovered 

from rumen fistulated steers. The known mixtures were analyzed by the 

microscope point technique to determine point-weight, point-volume, and 

density relationships of species. 

xii 
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Species in known mixtures were estimated to within 5% points of 

the mean and plant parts to within 4.37o points of the mean with 400 

microscope points per sample. Application of point-weight regressions 

developed from known mixtures underestimated percent weight of species 

in forage samples collected from grazing animals. The low estimates 

were found to be primarily related to density differences of species 

when the botanical composition of species mixtures were unlike the com

position of the known masticated mixtures. Percent volume was deter

mined to be near a 1:1 ratio with point estimates of species in mixtures 

of different botanical composition. Percent weight of species in rumen 

forage samples was determined by applying a measured density constant 

(weight/volume) to the point estimates of species in forage samples. 

Species composition of the steer diets was usually very differ

ent from the composition of the available species on the experimental 

pastures. Grasses were the predominant plant group in the diets. Ari

zona cottontop [Trichachne californica (Benth.) Chase] was the most 

consistently selected and predominant species in the diets. Large 

amounts of shrub species were selected primarily during spring and 

early summer. Selectivity was also shown for certain plant parts. 

Leaves were the predominant plant part in the diets and increased from 

winter to summer. Stem parts in diets decreased for the same seasons. 

Apparent digestibility of dry matter, acid-detergent fiber, 

crude protein, and gross energy increased significantly during the sum

mer. Forage intake did not change appreciably from winter to early 

summer but was significantly higher during summer. Total crude protein 
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content of diets was adequate for maintenance during all seasons except 

winter and was more than adequate for maintenance and weight gains ob

tained in summer. The higher protein content of the steer diets com

pared to available forage was related to selective grazing by the 

animals for species and plant parts containing higher amounts of pro

tein. 

Botanical composition was a primary factor related to nutrient 

composition and forage intake. The animals consistently selected spe

cies and plant parts of high nutrient quality. The high leaf content 

in the diets contributed to less acid-detergent fiber and more crude 

protein content compared to other plant parts in the forage samples. 



INTRODUCTION 

Demands are being placed on the ranching industry to provide 

meat and fiber to a growing population, and improved range management 

techniques are necessary if optimum production is to be obtained from 

the forage resource, consistent with improvement of this resource. 

Basic to improved range management and animal nutrition is knowledge 

of the botanical and chemical composition of the grazing animals' diet. 

Characterization of the animals' diet is complicated by the selectivity 

of the animal for certain species and plants parts from heterogenous 

ranges. Selectivity of the grazing animal may vary with the species of 

the animal, availability of plants, stage of plant maturity, location, 

and weather conditions. Consequently, much remains to be known about 

botanical and chemical components of the grazing animals' diet or 

their relationships on various types of rangeland. 

Much of the information that has been determined for botanical 

and nutritive components of range animal diets has been based on inade

quate techniques. Methods based on observations, stomach analyses, or 

hand sampling have resulted in analyses of questionable accuracy. Ade

quate methods for determining the botanical and chemical components of 

the animals' diet are being developed. The most accurate and recent 

technique is the use of ruminal or esophageal fistulated animals in 

which the animal is used as the forage sampling agent. Even though the 

fistulated animal was introduced to the field of range nutrition about 

1 
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15 years ago, there have been only a few studies conducted to determine 

both botanical and chemical components of the grazing animals' diet 

(Connor et al. 1963, Van Dyne and Heady 1965b, Gait et al. 1969). 

The purpose of the study presented in this dissertation is to 

evaluate the botanical and nutrient composition of cattle diets by the 

use of rumen fistulated steers on mesquite-fair and mesquite-free-good 

condition desert grassland. Other objectives are to determine rela

tionships of botanical to the nutrient composition of cattle diets and 

to ascertain dietary composition with respect to four seasons of the 

year. 



REVIEW OF LITERATURE 

Land in the western United States is used primarily for-grazing 

and constitutes a wide range of environmental conditions. Range live

stock graze these lands under a wide variety of conditions, and a major 

problem in management of rangelands is the lack of knowledge of the 

botanical and chemical composition of the grazing animals' diet. This 

review of literature describes the methods, techniques, and accomplish

ments that have been made in dietary studies of grazing animals. 

Botanical Composition of the 
Grazing Animals' Diet 

Dietary Sampling Procedure 

Some of the earlier methods used to determine botanical compo

sition of cattle and sheep diets were based on the ability to simulate 

the animals' diet by field observations of the grazing animals or hand-

picking the forage believed to be the same as that selected by the ani

mal (Edlefsen, Cook, and Blake 1960; Halls 1954). Cook, Harris, and 

Stoddart (1948) developed the "before and after" method of plant sam

pling. This method attempts to measure the forage selected by the ani

mal from hand-clipped samples. However, these methods are not a 

reliable estimate of the range animals' diet (Edlefsen et al. 1960, 

Hardison et al. 1954). Torell (1954) devised an esophageal fistula in 

experimental animals so that the animal could be used to collect a 

grazed sample of the diet. Lesperance, Bohman, and Marble (1960) later 

3 
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developed a technique to utilize rumen fistulated steers for the same 

purpose. 

Rumen fistulas are easier to establish and maintain than esoph

ageal fistulas. The constant attention required to maintain esophageal 

fistulated animals is a disadvantage under range conditions. A more 

complete collection of dietary samples is accomplished with the rumen 

fistula, since the more fibrous portions of the bolus by-pass the 

esophageal fistula (Lesperance, Bohman, and Marble 1960; Lesperance, 

Jensen et al. 1960). Incomplete sample recovery from the esophageal 

fistula does not limit its usefulness unless fistula forage samples are 

not representative of the forage consumed. Dietary sampling with the 

esophageal fistula has a definite advantage compared to use of rumen 

fistulas, since repeated sampling for several consecutive days can be 

accomplished without a depressing effect on the animal (Lesperance and 

Bohman 1963, Van Dyne and Torell 1964). 

Selective Grazing 

The forage ingested by the grazing animal has been shown by 

several investigators to differ in composition from forage available on 

the range. Heady and Torell (1959) studied the botanical composition 

of sheep diets on an annual California range using esophageal fistula 

sampling procedures. They noted that the animal diets changed markedly 

through the growing season. During one sampling period, the sheep 

grazed 5% bur clover (Medicago hispida), yet bur clover comprised 30 to 

38% of the available herbage. At another sampling time, the animals 
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consumed 30% bur clover when there was less than 1% of this species 

available on the range. 

Connor et al, (1963) found that the monthly diets of rumen fis-

tulated steers varied from 0.2 to 857o grass on a desert shrub range 

composed of 90% browse. Van Dyne and Heady (1965a) also reported the 

botanical composition of cattle and sheep diets to differ widely from 

the available botanical composition on an annual California range dur

ing a three-month summer period. More selectivity was shown for plant 

leaves than for stems in their study. Gait et al. (1969) also found 

marked differences between the species composition of a desert grass

land range and botanical composition of steer diets over a three-month 

grazing period in the fall-winter season. Rumen fistula samples were 

taken at two-week intervals during a three-month grazing period. Steer 

preferences for certain species changed considerably through the graz

ing period. For instance, plains bristlegrass (Setaria macrotachya) 

composed 57% of the rumen forage samples until mid-November; then Leh-

mann lovegrass (Eragrostis lehmanniana) composed 50% of the forage sam

ples through December. Plains bristlegrass made up only 7% of the 

available herbage during these months and Lehmann lovegrass composed up 

to 69% of the available herbage. Also, higher protein content of rumen 

samples compared with available species appeared to be due to animal 

selectivity for specific plant parts. 

Data presented by Bohman and Lesperance (1967) showed the bo

tanical composition of cattle diets to vary considerably from year to 
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year on the same range. Grass varied from 68 to 93% of the diet, 

browse from 0 to 247o, and forbs from 4 to 17% over a five-year period. 

Jefferies and Rice (1969) used esophageal fistulated steers to 

compare fistula forages with clipped grass samples on shortgrass range 

in Wyoming. Fistula samples were higher in protein content than the 

clipped grass samples in the summer of 1967. The higher protein con

tent of the fistula samples was attributed to grazing of forb species 

with greater protein content than to clipped grasses or sedges. 

Methods of Botanical Analyses 

Several methods have been used to determine the qualitative and 

quantitative botanical composition of forages grazed by fistulated ani

mals as well as stomach contents of wildlife species. These methods 

may be broadly classed into four groups: visual appraisal, manual sep

aration, microhistological techniques, and microscope point analyses. 

Davis (1951) made visual analyses of deer rumen contents taken 

on the King ranch in Texas to determine the botanical composition of 

deer diets. He determined the species composition by percent volume. 

Talbot and Talbot (1963) used a visual method to identify plant species 

and genera in the stomach contents of East African Ungulates. Their 

Btudy showed that some plants remained in the stomach longer than 

others. Serious errors can occur with botanical analyses of stomach 

contents, since varying degrees of plant digestion has taken place that 

would bias the estimate. 

Cook et al. (1958) determined by visual analyses the species 

composition of esophageal fistulated sheep grazing a desert shrub 
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range. Woody browse plants of masticated forage samples could be iden

tified visually; however, grasses and herbaceous plants were frequently 

too fine for identification. Taylor and Deriaz (1963) used a similar 

method to determine the plant parts of rumen samples obtained from a 

rumen fistulated steer on improved pasture. Visual analyses made by 

these investigators only gave a gross estimate of the botanical compon

ents of the diet. Results of this technique are very unreliable, since 

a large part of the samples were too finely masticated or digested for 

identification. 

Manual separation of plant groups or individual species was 

conducted by Dirschl (1962) and Hoehne, Streeter, and Clanton (1965), 

Dirschl (1962) separated rumen contents from antelope with different 

size mesh screens before identification. Fractions remaining on the 

screens were identified by comparison with a reference plant collec

tion. The percent plant composition was determined by volume and dry 

weight, Hoehne et al. (1965) manually separated esophageal fistula 

forage samples collected from steers grazing native range in western 

Nebraska. Samples containing approximately 30 g of dry material were 

manually separated, in duplicate, into forbs or grass groups on a gross 

morphological basis. Species were identified and separated, where pos

sible, and the botanical composition was reported as percentage compo

sition by dry weight. Due to the finely masticated particles, manual 

separation and identification of most species is not possible. Manual 

separation is also tedious and time consuming. 
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Other Investigators have used microhistological techniques for 

identification of plant species in animal diets. Early studies were 

conducted on the food habits of the squirrel (Baumgartner and Martin 

1939) and on the cottontail rabbit (Dusi 1947), In the latter study, 

cuticle fragments of various plant materials were identified from fresh 

fecal droppings. In both of these studies, identification was based on 

certain cellular characteristics and compared with a set of reference 

slides. Croker (1959) used a similar method to identify the cuticle 

fragments in the feces of sheep in Australia. Ward and Keith (1962) 

identified the plant species in stomach collections of pocket gophers 

in Colorado. Plants were identified by comparing cellular character

istics of plant particles with a reference collection of slides and 

photomicrographs. Ten spots on each slide were examined at 100 X mag

nification with a compound microscope. Diets were summarized in terms 

of percent volume and percent occurrence. 

Recently, Sparks and Malecheck (1968) used a microhistological 

technique to determine the dry weight composition of masticated for

ages. Clipped samples of known amounts of grasses and forbs were ar

tificially mixed, oven-dried, and ground through a 1-mm screen to 

reduce all plant particles to a uniform size. Portions of the mixed 

samples were placed on five slide mounts and twenty locations were sys

tematically observed with a compound microscope using 125 X magnifica

tion. Percentage composition by weight was based on frequency 

percentages (number of locations that the species occurred/100 loca-

2 
tions). The coefficient of determination (r ) of regression equations 
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to predict percent composition by weight for four grasses and four 

forbs was 0.97; however, no measure of precision or accuracy of the 

technique was given. 

Vavra, Rice, and Hansen (1970) used esophageal fistulated 

steers to study steer diets on a shortgrass prairie in northeast Colo

rado. Both esophageal and fecal samples were analyzed for species com

position. The samples were ground through a 1-mm mesh screen and 

mounted on microscope slides. Botanical composition was estimated from 

the frequency of individual species in 40 microscope fields. Examina

tion of fecal samples compared to esophageal samples tended to signifi

cantly underestimate occurrence of grasses during the growing season. 

During the winter months, botanical composition of both forage and 

fecal samples were more comparable. Fecal examination was accurate 

only to the extent of determining the key species of the animals' diet. 

No information was given as to the accuracy of the technique. 

The microscope point technique developed by Heady and Torell 

(1959) and illustrated by Harker, Torell, and Van Dyne (1964) is a 

modification of the point method for determining the species composi

tion of pastures (Levy and Madden 1933). Samples of clipped or masti

cated forage were evenly distributed on a tray and passed under a 

binocular microscope (16 X magnification) equipped with a cross hair 

and stage with fixed stops. The first plant particle in focus on the • 

surface of the tray was identified and recorded at each point location. 

Several studies have reported dietary composition on a percent

age point basis (Heady and Torell 1959; Lesperance, Bohman, and Marble 



1960; Lusk et al. 1961; Connor et al. 1963). The studies of Lesperance, 

Jensen et al. (1960) and Connor et al. (1963) were modified to identify 

plant species by placing rumen fistula forage samples in petri dishes 

containing water and recording 100 points per sample. Heady and Torell 

(1959) and Connor et al. (1963) defined the precision of the method, 

but accuracy was not determined. 

Chamrad and Box (1964) used a modification of the point tech

nique to sample the stomach contents from white-tailed deer in Texas, 

These workers reported botanical results on a percent volume basis. 

One hundred points were taken on each sample with the aid of a binocu

lar microscope. Volume of each species was determined by placing hand-

clipped fragments in volumetric containers. Artificial populations 

mixed on a percent volume basis and containing from two to 16 species 

were used to test the accuracy of the method. Analysis of variance 

data showed that there were no significant differences between percent 

points and percent volume or between individual's ability to estimate 

the composition. However, point estimates for certain species were 

higher or lower than percent volume, 

Harker et al. (1964) arrived at percentage weight composition 

of two species in masticated forage mixtures by use of regression equa

tions of point data to known weight of species in a controlled experi

ment. These workers determined that 400 points estimated the percent 

dry weight composition of a species to within 5 to 20% of the mean at 

the 907o confidence level. Reliability of the method declined as per

cent composition by weight of the grass decreased. Gait et al. (1968) 
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estimated the average weight of a species within 5% of the mean and 90% 

confidence with 400 microscope points when the species constituted 30 

to 6CP/0 weight of masticated forage samples. Estimates were only within 

20 to 40% of the mean when the species was 5% of the masticated sam

ples. Other investigators have used a similar technique to estimate 

the percent dry weight of species in more complex mixtures of clipped or 

masticated forages (Heady and Van Dyne 1965, Van Dyne and Heady 1965a, 

Gait et al. 1969). 

Heady and Van Dyne (1965) developed regression equations to 

predict weight composition of clipped plant species from the points ob

served for each species using the microscope point technique of Heady 

and Torell (1959). Clipped plant species were obtained from an annual 

range in California on five dates during the growing season. Ten 

clipped samples for each date were composited and ten subsamples were 

analyzed with 50 points taken with a binocular microscope. Slopes of 

the regressions averaged 0.46 for all grasses and 1.50 for all forbs. 

Their regressions had a high predictive value, as the predicted percent 

weight at the 95% level of probability was within 6.2% for all grasses 

and forbs. The work of Heady and Van Dyne (1965) showed that percent 

points and percent weight of certain annual grasses and forbs were usu

ally different from a 1:1 ratio. Regressions based on hand-clipped 

samples may not give reliable estimates of percent weight when applied 

to fistula forage samples of unknown composition since mastication and 

insalivation of the fistula forage sample markedly alter particle size 

and identifiable characteristics of species. 



Van Dyne and Heady (1965a) presented botanical composition of 

fistula forage samples collected from cattle and sheep grazing a dry, 

annual foothill range. The fistula forage samples were analyzed with 

200 points per sample according to the technique of Heady and Torell 

(1959), Percentage point data for species and species groups were con

verted to percentage weight by use of equations developed by Heady and 

Van Dyne (1965). Their study attempted to arrive at the true popula

tion mean, but hand-clipped, artificial populations were used for a 

comparison to evaluate the true weight of the masticated rumen samples. 

Regressions of percent weight to percent points using the tech

nique illustrated by Harker et al. (1964) were developed from known 

masticated forages by Gait et al. (1968). Five grasses and a half-

shrub species were included in the mixtures. The first mixture con

tained four grass species collected in 1964. Weight-point regression 

coefficients for these grasses ranged from 0.85 to 1,05. The second 

mixture collected in 1965 included a half-shrub species and regression 

coefficients ranged from 0,84 to 1.48 for the grass species and 1,94 

for the half-shrub species. Point-weight relationships were found to 

vary considerably between a given species over two growing seasons. 

The regression coefficients of Lehmann lovegrass varied from 0.85 to 

1,48 over two growing seasons. Heady and Van Dyne (1965) reported that 

regressions of percent weight on percent points varied among species 

and through the growing season. Point to weight relationships may 

change because of varying proportions of plant parts due to different 

growth characteristics. However, other factors may also be involved. 
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In summarizing the literature, it is evident that botanical and 

chemical composition of cattle and sheep diets has been approached by 

several methods, but the use of esophageal or rumen fistulated animals 

is the best known approach for sampling the grazing animals' diet. Ad

vantages and disadvantages of the esophageal and ruminal sampling pro

cedures were discussed previously. 

Selective grazing by the animal markedly alters the botanical 

and chemical composition of forage ingested as compared to the herbage 

available. Botanical composition of the animals' diet may vary consid

erably from month to month or among years on the same range. Cattle 

and sheep also exhibit selectivity for certain plant parts as well as 

species. 

Botanical composition of the diet may be qualitatively deter

mined by visual analyses, manual separation, microhistological methods, 

or by the microscope point technique. The microhistological technique 

appears promising, but data to verify the reliability of the technique 

for quantitative analyses of species are lacking. The precision and 

accuracy of determining quantitative species composition of fistula 

forage samples have been defined with the microscope point technique. 

However, point-weight relationships appear to vary considerably from a 

1:1 ratio for certain species. Plant species used in developing re

gression equations for predicting species composition must be represent

ative of species consumed by the grazing animal. The species composi

tion of plants comprising 30% or more by weight of masticated forages 
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may be estimated within 5% of the species mean at the 907» confidence 

level using 400 point observations per sample. 

Nutrient Analyses of the 
Grazing Animals' Diet 

Estimating Digestibility 

Digestibility or the quantity of ingested nutrients prepared for 

absorption in the digestive tract of the animal is more difficult to 

assess under range conditions than under confined conditions. Since 

conventional digestion trials are laborious and time-consuming, investi

gators have sought an indirect method of determining digestibility. 

Maynard and Loosli (1962) describe the use of an "inert reference sub

stance" that may be used as an indicator for determining digestibility. 

The ideal indicator is totally indigestible and unabsorbable, has no 

pharmacological action on the digestive tract, passes through the tract 

at a uniform rate, can be readily determined chemically, and is prefer

ably a natural constituent of the feed under test. Internal indicators 

that occur in the plant and have been used to estimate apparent digesti

bility include lignin, plant chromogens, nitrogen, normal acid fiber, 

methoxyl groups, and silica. 

Among the several methods for determining digestibility of the 

range animals' diet, the lignin ratio technique appears to be the most 

reliable. Satisfactory results using lignin as an indicator have been 

found by several investigators (Ellis, Matrone, and Maynard 1946; 

Forbes and Garrlgus 1948; Cook and Harris 1951; Van Dyne and Lofgreen 

1964). Other workers have reported diverse results when lignin is used 
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as an indicator. Forbes and Swift (1943) reported lignin to vary in 

digestibility from negative amounts to plus 297... Guilbert and Goss 

(1944) reported lignin digestibility of 14 and 10%, respectively, in 

clipped,mixed annual grasses and filaree. Other amounts of lignin di

gestibility have been reported by Sullivan (1955) and Elam and Davis 

(1961). 

Van Soest (1963) proposed a different method for chemical anal

ysis of lignin in forage and fecal samples than the 72% I^SO^ method 

which was used in earlier studies (Ellis et al. 1946). The method of 

Van Soest (1963) termed "acid-detergent lignin" (ADL) is the most 

widely used and accepted procedure for lignin analysis. 

Apparently saliva contamination and drying temperature of fis

tula forage samples influence the results obtained by the lignin ratio 

technique (Harris et al. 1967). Several investigators have shown that 

fibei* and lignin content usually increased and nitrogen-free extract 

decreased in fistula forage samples as compared to the ingested forage 

(Connor et al. 1963t Lesperance and Bohman 1964, McCann and Theurer 

1967). Van Soest (1965) showed that heat drying of forages at tempera

tures above 50 C results in increased fiber and lignin determined by 

the acid-detergent technique. The increased yield of acid-detergent 

fiber (ADF) and acid-detergent lignin (ADL) was largely accounted for 

by the production of artifact lignin via the nonenzymatic browning re

action. It appears that more reliable ADF and ADL values are obtained 

when fistula forage samples are dried at temperatures less than 50 C or 

by lyophilization (Lesperance and Bohman 1964, Theurer 1970). 
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Estimating Fecal Output 
and Dry Matter Intake 

The determination of forage intake by the grazing animal is 

basic to a nutritive measure of the diet. In range nutrition, the de

termination of forage intake is of much more importance than the diges

tibility of diet (Dohman and Lesperance 1967). Fecal output of the 

grazing animal may be determined by means of harness and collection 

bags (Garrigus and Rusk 1939). Forage intake can then be calculated 

from the apparent digestibility of dry matter. Animals fitted with a 

fecal collection harness may be under considerable distress so that 

grazing behavior and animal performance are affected (Theurer 1970). 

Because of the difficulties associated with total fecal collec

tion under range conditions, many investigators have utilized an exter

nal indicator to estimate fecal output. Presently, the most widely 

used indicator is chromic oxide. A major difficulty with chromic oxide 

has been the variability in fecal excretion of the indicator obtained 

in "grab" samples. Several experiments with grazing animals on im

proved pasture have shown considerable diurnal variation of chromic 

oxide powder administered in gelatin capsules (Brisson, Pigden, and 

Sylvestre 1957; Balch, Reid, and Stroud 1957; Hardison and Reid 1953). 

A diurnal excretion pattern of chromic oxide was also demon

strated under range conditions (Harris et al. 1967), Estimates of 

fecal production varied from 347» underestimation to plus 547« of meas

ured values for steers grazing Agropyron desertorum. In contrast, Les

perance and Bohman (1963) and Connor et al. (1963) found that fecal 

excretion values were essentially the same whether determined by grab 
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samples or total collection. The study of Lesperance and Bohman (1963) 

was conducted with stall-fed cattle and the work of Connor et al. 

(1963) was on a Nevada desert range. These workers administered chromic 

oxide powder in gelatin capsules and collected fecal grab samples at the 

same time twice daily. 

Further efforts were continued with techniques designed to re

duce variation in excretion of chromic oxide. A constant excretion 

rate of chromic oxide was obtained from cattle and sheep grazing im

proved pasture when the indicator was provided six times a day (Brisson 

et al. 1957, Pigden and Brisson 1956). Since several applications 

would be impractical under range conditions, other techniques for re

ducing variability of chromic oxide excretion were studied. Corbett et 

al. (1960) found that incorporation of chromic oxide in shredded paper 

reduced the variability of fecal excretion in sheep fed grass hay under 

confinement as compared to the powdered form given in an oil suspension. 

Nelson, Kromann, and Green (1966) obtained an average of 102.5% recovery 

of chromic oxide over a nine-day period from steers administered chromic 

oxide-impregnated paper daily to steers fed prairie hay and cottonseed 

meal. In similar comparisons with both cattle and sheep grazing on 

pasture, Cowlishaw and Alder (1963) and Langlands et al. (1963) reported 

less variation of fecal chromic oxide with the shredded paper technique. 

However, there is a lack of information on the use of chromic oxide 

paper under range conditions. 

Encouraging results have been reported on studies conducted in 

Oregon in which the variation in fecal chromic oxide recovery was 
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reduced by mixing the indicator with cellulose (Harris et al. 1967). 

In three trials conducted with steers grazing range, recovery from 

total collection samples averaged about 100%, with a range of 88 to 

112%, when the cellulose mix was given twice daily in gelatin capsules. 

Fecal grab samples were taken twice daily at time of dosing. Varia

tions between trials ranged from a minus 0.44 to a plus 0,27 kg between 

actual and estimated daily fecal production. 

In a similar study at the Oregon station reported by Harris et 

al. (1967), the technique was investigated with steers grazing range 

alone and similar steers supplemented with 0.22 kg barley per day. Re

covery of chromic oxide was essentially 1007<> and fecal production was 

estimated within 0.05 kg/day of the actual value, 

Pryor (1966) obtained mean recoveries of 101% chromic oxide, 

when steers grazed native range, using the chromic oxide-cellulose 

technique. The steers were dosed once a day and grab samples were 

taken twice daily. Once or twice daily dosing with chromic oxide-

cellulose did not result in even fecal concentration of chromic oxide 

throughout the day. 

It has been evident from the studies made with chromic oxide 

administered in shredded paper or on cellulose that fecal concentration 

of chromic oxide is more variable in grazing than in hand-fed animals. 

Several investigators obtained essentially 100% recovery of chromic 

oxide administered in shredded paper with cattle and sheep under con

fined conditions (Corbett et al. 1960, Nelson et al. 1966, Streeter 

1966). However, under native range conditions Streeter obtained 
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essentially 90% recovery of chromic .oxide in total collections and only 

837a recovery in continuous grab sample collections. Arizona wcrkers 

(McCann and Theurer 1967) estimated fecal output satisfactorily from 

grab sampling once daily (7:00 AM) at the time of administration of a 

chromic oxide-cellulose mixture, Their experiment was conducted with 

steers fed alfalfa hay. These workers obtained 96% recovery of chromic 

oxide in fecal grab samples. Under range conditions Pryor (1966), using 

the same technique as McCann and Theurer (1967), obtained a recovery of 

84% chromic oxide in fecal grab samples. 

The low recovery values of chromic oxide in grazing studies are 

difficult to determine. Retention or absorption of chromic oxide pow

der in the digestive tract appears to be of minor importance (Carter, 

Bolin, and Erickson 1960). Regurgitation of gelatin capsules contain

ing chromic oxide paper or cellulose mixtures had been noted by several 

workers (Corbett et al. 1960, Streeter 1966, McCann 1967). Nelson et 

al. (1966) did not note regurgitation of shredded paper containing 

chromic oxide that had been wrapped in paper and given orally without 

capsules. Small fecal losses in the total collection methods are to be 

expected and probably account for some apparently low recoveries 

(Theurer 1970). However, the magnitude of this error in grazing stud

ies on rangeland is difficult to determine. 

Variable recovery of chromic oxide in fecal grab samples has 

been a major problem limiting the use of this indicator in grazing 

studies on the range. The introduction of chromic oxide in shredded 

paper and chromic oxide-cellulose has markedly reduced the variation in 



fecal excretion of the indicator. Chromic oxide-cellulose mixtures 

have been used more extensively under range conditions than chromic 

oxide-impregnated paper. Although refinement of the indicator methods 

is needed, meaningful forage consumption values appear possible with 

these techniques. 

Salivary Contamination of Samples 

The magnitude of salivary contamination of forage samples col

lected by fistulated animals is of great importance in range nutrition 

studies. Ash has been found to be the primary contaminant of fistula 

forage samples (Bath, Weir, and Torell 1956; Lesperance, Bohman, and 

Marble 1960; Van Dyne and Torell 1964; Hoehne, Clanton, and Streeter 

1967). These investigations suggest that, because of salivary contam

ination and ash contamination of forage plants with soil or inorganic 

material, the composition of fistula forage samples should be expressed 

on an ash-free basis. 

Differences have also been found in the crude protein content 

of fistula forage samples as compared to clipped forage of known com

position offered to stall-fed animals. Significant changes in protein 

content of esophageal and rumen fistula forage samples have been noted 

when compared to forages ingested, Lesperance and Bohman (1964) fed 

mixed hay samples composed of alfalfa and grass to rumen fistulated 

cattle. These workers noted significant increase in the nitrogen con

tent of the rumen forage samples when compared with the forage offered. 

Blackstone, Rice, and Johnson (1965) fed sheep green grass (Bromus 

jnermis) and dry native grass hay to esophageal fistulated sheep. They 
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found that the nitrogen content in the fistula forage samples was 

greater than the nitrogen content of the forage offered for both types 

of feeds; however, a greater increase was noted with dry grass hay than 

with fresh grass. 

Marshall, Torell, and Bredon (1967) made 29 observations on 11 

tropical grasses and hays fed and recovered from esophageal fistulated 

steers. The esophageal fistula samples were squeezed and crude protein 

content was determined for the solid and liquid portions of the samples. 

Analyses revealed that there was less crude protein in solid portions 

of the fistula sample than in the herbage fed. In contrast, when the 

squeezed liquid portion was added to the solid portion, the crude pro

tein content of the esophageal fistula sample was significantly greater 

(P<0.01) than that of the forage fed. 

Other investigations have shown that the crude protein content 

of fistula samples was not different from that of the forage fed. Bath 

et al. (1956) fed samples of pelleted and ground, immature oat hay and 

ground alfalfa hay to esophageal fistulated sheep. The crude protein 

content of the forage offered was not significantly different from that 

of fistula forage samples. Lesperance, Bohman, and Marble (1960) fed 

62 samples of grass hay, alfalfa hay, and alfalfa-concentrate pellets 

to rumen fistulated cattle. These workers could detect no differences 

in the crude protein content of forage offered and that of fistula for

age samples among all comparisons. 

Shumway et al. (1963) conducted a study to evaluate the possi

bility that saliva nitrogen contamination of the rumen evacuation 
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samples might be responsible for increases of crude protein noted in 

range forages. They found no significant changes in ground alfalfa hay 

or cottonseed hulls after it had been in the rumen for 30 minutes, 

Shumway et al. (1963) concluded that the grazing animals' diet is not 

invalidated by saliva nitrogen contamination. Kiesling, Nelson, and 

Herbel (1969) fed alfalfa hay and tobosa hay, as well as several hay-

concentrate mixtures and concentrates alone, to esophageal fistulated 

steers. Among seven comparisons of feeds offered and fistula feed sam

ples, only in the case of ground milo was the protein content signifi

cantly higher (P<0.05) in the fistula than in the feed samples. 

It is apparent from the literature cited that digestible nutri

ents in the grazing animals' diet are difficult to determine; however, 

the lignin ratio technique is the most widely used and accepted pro

cedure of measuring digestibility. Inaccuracies may occur with the 

lignin ratio technique due to digestibility of dietary lignin. 

Increased fiber and lignin values compared to herbage available 

for grazing are unique with rumen fistulated cattle and appear to be 

primarily due to collection procedures and sampling preparation. Dry

ing methods used in preparing samples for laboratory analyses are more 

critical for rumen fistula forage samples than for esophageal samples. 

It appears that increased fiber and lignin in rumen forage samples are 

due largely to chemical changes taking place within the rumen and the 

high moisture content of the samples. 

Erratic recovery of chromic oxide in fecal grab samples has 

been the major problem limiting the use of this indicator under grazing 
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conditions. The introduction of chromic oxide dispersed on a cellulose 

carrier has markedly reduced variation in fecal excretion of the indi

cator under grazing conditions. Fecal output has been satisfactorily 

estimated with chromic oxide under controlled conditions; however, the 

same technique has overestimated fecal excretion with grazing animals 

on the range. 

The chemical composition of fistula forage samples should be 

expressed on an organic matter basis, since salivary contamination sig

nificantly increases ash content, particularly the level of phosphorus. 

Conflicting results have been found in the literature concerning the ef

fect of salivary contamination on the nitrogen content of fistula for

age samples. However, the nitrogen content of fistula forage samples 

does not appear to be modified by salivary nitrogen. The diverse re

sults found in some studies may reflect differences in sampling proce

dure and preparation. 



DESCRIPTION OF THE STUDY AREA 

The experimental pastures are located on the Santa Rita Experi

mental Range, 35 miles south of Tucson, Arizona, The pastures are near 

the western slope of the Santa Rita Mountains on a transition area be

tween desert shrub and desert mountain range. The study area is typi

cal of desert grassland found throughout southern Arizona, New Mexico, 

and West Texas (Figure 1). Soils of the area include Whitehouse grav

elly sandy loam and Tumacacori coarse sandy loam (Young et al. 1935). 

Both are considered good soils for grasses. Elevation is about 4,200 

ft. 

Preliminary studies were begun in September 1966, but the ex

perimental animals were not placed on the pastures until December of 

the same year. The study was terminated in September 1967. The spe

cific site selected for the study was two adjacent 40-acre pastures, 

and each pasture was enclosed by larger pastures of about 600 acres 

(Figure 2), Four rumen fistulated steers were used in the cattle diet 

study (Figure 3). The steers were paired and each pair placed on one 

of the smaller 40-acre pastures. In order to assure adequate forage 

for the cattle, the pairs of steers were moved to the larger pastures 

when dietary studies were not being conducted. 

The 40-acre experimental pastures had similar vegetation except 

that velvet mesquite^ was the predominant shrub on the south pasture and 

1. Scientific nomenclature for all plants found on the study 
area are given in Appendix A according to Kearney and Peebles (I960). 
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Figure 1. Fenceline contrast between mesquite and mesquite-free desert grassland 
pastures on Santa Rita Experimental Range. 
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Figure 2. Map of study area showing location of experimental 
pastures on Santa Rita Experimental Range. 



Figure 3. Rumen fistulated steers used in steer diet study on Santa Rita 

Experimental Range. 
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the north pasture was mesquite-free. Mesquite on the north pasture had 

been treated with low-grade diesel oil in 1954 and 1955. Percent kill 

was almost 1007= on the area. Mesquite on the south pasture had not 

been disturbed and now is about twice as dense as in 1900 (Martin 

1966). The condition of the range in relation to the site potential 

was classed as fair on the mesquite pasture and good on the mesquite-

free pasture according to recent Forest Service surveys. 

Other shrubs and half-shrubs on the area were catclaw, desert 

honeysuckle, and false-mesquite. A good cover of grasses exists on 

the two pastures consisting primarily of Arizona cottontop, plains 

bristlegrass, spidergrass, slender grama, black grama, sideoats grama, 

Santa Rita threeawn, and bush muhly. 

The major growing season occurs in the summer with some growth 

during the spring. Most of the annual precipitation falls in summer 

and winter, with about 607= falling from late June through September, 

and the remainder from December through April. Average annual precipi

tation is nearly 16 inches, but frequently varies from 65 to 180% of 

the average. Total rainfall in 1966 was 20.8 inches with 10.5 inches 

falling in the summer. Precipitation that fell during the study from 

January to September 1967 was a total of 8.2 inches. Distribution by 

seasons as designated for the study was 0.5 inch in winter, 0.5 inch 

for spring, 0.6 inch for early summer, and 6.6 inches for summer. 

Temperatures are usually favorable for plant growth except dur

ing the winter season. Winter minimum temperatures are usually 35 to 

40 F, although temperatures may range below freezing. Summer maximum 



29 

temperatures range from 80 to 100 F and the minimum temperatures range 

from 60 to 70 F. 



EXPERIMENTAL PROCEDURES AND RESULTS 

Botanical Analyses of Masticated Forage 
Mixtures of Known Composition 

Three techniques are currently being used to determine the 

botanical composition of masticated forages collected by the grazing 

animal. All are based on the laboratory point technique. Chamrad and 

Box (1964) used a wide-field binocular microscope to identify plant 

fragments of artificial populations simulating rumen contents of deer. 

These workers estimated botanical composition by volume and found no 

significant differences for most species between percent points and 

percent volume. Sparks and Malecheck (1968) mounted finely ground for-• 

ages on microscope slides and identified plant species by cellular 

characteristics with the aid of a compound microscope (125 X magnifica

tion). They reported the botanical composition on a weight basis. 

Heady and Van Dyne (1965) and Gait et al. (1968) used a binocular mi

croscope point technique to determine the botanical composition of mas

ticated plant fragments on a weight basis. However, use of these 

techniques has been limited to certain geographical locations, and 

limited information is available concerning the reliability of the 

techniques (Barker et al. 1964, Gait et al. 1968). 

Since plant species vary considerably in growth from season to 

season, year to year, and by location, it is important to test reli

ability of techniques for quantifying masticated forage mixtures for 

each situation. Previous studies on desert grassland vegetation showed 

30 
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that botanical analyses with the binocular microscope point technique 

gave a reliable estimate of percent weight in known masticated mixtures 

(Gait et al. 1968). Regression equations developed from percent points 

on percent weight of plant species, in controlled mixtures, were near a 

1:1 ratio for most species. However, application of the point-weight 

technique for the present study did not give satisfactory results with 

initial masticated forage mixtures because point-weight ratios were of

ten considerably different from 1 to 1. This was found to be primarily 

because of differences between species density. Percent point esti

mates of a given species varied in mixtures when the associated species 

composition was changed, even though the percent by weight of the spe

cies did not change. 

Heady and Van Dyne (1965) established regressions of percent 

weight on percent point composition using clipped herbage from an an

nual California range. Weight-point regression coefficients varied 

from 0.17 to 0.79 for grasses and from 1.00 to 1.99 for forbs. Because 

of point-weight variations, regression equations of percent points to 

percent weight in known forage mixtures cannot be used to determine 

percent weight in unknown rumen samples unless botanical composition 

and stage of growth are the same as the known mixtures. 

Studies were initiated to estimate the botanical composition of 

masticated forage mixtures on a weight basis and in particular to re

solve differences due to point-weight variations. A modification of 

the microscope point technique used by Gait et al, (1968) is presented 

as a result of these studies. 
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Experimental Procedures 

Field Methods. Plant materials used in the study were collected 

at the Santa Rita Experimental Range near Tucson, Arizona, in conjunc

tion with a botanical and nutritional steer diet study. Individual 

plant species, which were believed to be utilized by cattle, were 

clipped at ground level at the end of the summer growing seasons in 

1966 and 1967. Approximately 3 lb. dry weight for each species was 

collected in the field and four 50-g subsamples were selected randomly. 

One subsample for each species was hand-separated into leaves, stems, 

and inflorescence, dried at 50 C for 24 hr and weighed. The remaining 

portions of the field collection for each plant species were individu

ally fed and recovered from rumen fistulated steers, using the evacua

tion method of Lesperance, Bohman, and Marble (1960). The fistulated 

steers rejected the shrub species (mesquite, catclaw, and desert honey

suckle) when fed in stalls. These species were mashed to simulate 

rumen samples. The masticated plant samples were placed in plastic 

bags, frozen, and kept at -20 C until used. 

Laboratory Procedures. Masticated mixtures of known composi

tion by weight were prepared from individual species fed and recovered 

from rumen fistulated steers. The species were dried at 50 C for 24 

hr and then weighed into the desired portions. Six species groups of 

four species each were prepared. Eight mixtures were then made up for 

each species group (Table 1). In species groups A and D the species 

were mixed at 5, 10, 25, or 607» weight of the mixture, and mixtures 1 

through 4 were replicated in mixtures 5 through 8. In groups B, C, E, 
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Table 1, Species composition, by weight, of eight mixtures in six 
species groups for 1966 and 1967. 

Mixtures 
Species 

1 2 3 4 5 6 7 8 

Group A (1966) Percent 

False mesquite 60 25 10 5 60 25 10 5 
Spidergrass 10 5 60 25 10 5 60 25 
Rothrock grama 25 60 5 10 25 60 5 10 
Bush muhly 5 10 25 60 5 10 25 60 

Total 100 100 100 100 100 100 100 100 

Group B (1966) 

Slender grama 5 10 25 60 5 15 35 45 
Arizona cottontop 10 5 60 25 15 5 45 35 
Santa Rita threeavm 25 60 5 10 35 45 5 15 
Desert honeysuckle 60 25 10 5 45 35 15 5 

Total 100 100 100 100 100 100 100 100 

Group C (1966) 

Black grama 5 10 25 60 5 15 35 45 
Plains bristlegrass 10 5 60 25 15 5 45 35 
Sideoats grama 25 60 10 5 35 45 15 5 
Sprucetop grama 60 25 5 10 45 35 5 15 

Total 100 100 100 100 100 100 100 100 

Group D (1967) 

Mesquite 60 25 5 10 60 25 5 10 
Spidergrass 10 5 60 25 10 5 60 25 
Rothrock grama 25 60 10 5 25 60 10 5 
Bush muhly 5 10 25 60 5 10 25 60 

Total 100 100 100 100 100 100 100 100 
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Table 1.--Continued 

Mixtures 
Species 

1 2 3 4 5 6 7 8 

Group E (1967) Percent 

Slender grama 5 10 25 60 5 15 35 45 
Arizona cottontop 10 5 60 25 15 5 45 35 
Santa Rita threeawn 25 60 5 10 35 45 15 5 
Catclaw 60 25 10 5 45 35 5 15 

Total 100 100 100 100 100 100 100 100 

Group F (1967) 

Black grama 5 10 25 60 45 35 5 15 
Plains bristlegrass 10 5 60 25 35 45 15 5 
Sideoats grama 25 60 10 5 15 5 45 35 
Texas timothy 60 25 5 10 5 15 35 45 

Total 100 100 100 100 100 100 100 100 
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and F, mixtures 1 through 4 contained 5, 10, 25, or 60% weight by spe

cies and mixtures 5 through 8 had 5, 15, 35, or 457.. weight by species. 

Each mixture was mixed in water by rotation in a sealed tumbler (15 

rpm) for 15 min. The mixture was then removed from the tumbler and 

spread on absorbent paper to dry at room temperature (20 C). 

Identifying characteristics for the microscope point method 

were developed on a plant part basis for each species (Gait et al. 

1968). These are given in Appendix fl. Each analysis required enough 

masticated material to cover the bottom of the tray to approximately 

3 mm in depth. Analyses of two tray samples were made for each mixture 

as used by Gait et al. (1968) and illustrated by Harker et al. (1964). 

Microscope points were recorded as hits on blade, sheath, stem, inflor

escence, or unidentifiable for each species. The 1966 and 1967 species 

groups were each analyzed by two observers, respectively. Percent 

point estimates for identifiable species were based on total identifi

able points. In this manner the total percent points of identifiable 

species sums to 100%. It was assumed that the unidentifiable points 

for each species were proportional to the identifiable points for each 

species. Percentages of unidentifiable plant species were based on 

total points (400) taken per sample. 

Three mixtures, in addition to the species groups shown in 

Table 1, were prepared to simulate the species composition of forage 

samples collected from fistulated steers grazing on the experimental 

pastures (Table 2). Portions of the masticated plant species used to 

prepare the mixtures shown in Table 1 were also used in these mixtures. 
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Table 2. Estimated species composition by volume for mixtures of known 
composition by weight simulating species composition of steer 
diets on experimental pastures. 

Species 
Mix 1 
% 
wt 

(1966) 

% 
vol 

Mix 2 
% 
wt 

(1966) 
% 
vol 

Mix 3 
% 
wt 

(1967) 
% 
vol 

Arizona cottontop 40. 0 59.5 25.0 38.6 35.0 44.8 

Spidergrass 10.0 8.7 15.0 13.6 25.0 24.6 

Plains bristlegrass 10.0 9.6 5.0 5.0 5.0 4.8 

Santa Rita threeawn 5.0 3.2 5.0 3,3 - -

Sideoats grama 5.0 3.4 5.0 3.5 5.0 2.9 

Black grama 5.0 3.0 5.0 3.2 5.0 2.9 

Slender grama 5.0 2.7 5.0 2.8 10.0 6.7 

Bush muhly 10.0 4.4 5.0 2.3 - -

Rothrock grama - - 25.0 24.0 15.0 13.3 

False mesquite 5.0 1.9 - - - -

Mesquite 5.0 3.6 5.0 3.7 - -

Total 100.0 100.0 100.0 100.0 100.0 100.0 



37 

A particle size and distribution study was made to determine if 

various sized particles of masticated plant species were equally dis

tributed on the sampling tray. This study was made using known mix

tures 1 and 2 as given in Table 2. Tray samples were randomly selected 

from the known mixtures for analyses. Particle size was determined ac

cording to length or width of a particle. Particle sizes were classi

fied into three groups: large, >1.5 mm; medium, 0.5 to 1.5 mm; and 

small, <0.5 mm. The particles were also identified according to three 

depths measured from the surface layer in millimeters. Depths were 0 

to 0.9 mm, 1 to 2 mm, and >2 mm. The sample depths averaged approxi

mately 3 mm. Depths were determined with a vernier (mm) on a binocular 

microscope. Each of 400 microscope points per tray were classed as to 

particle size and depth. One tray sample was selected from mixture 1, 

and two tray samples were analyzed for mixture 2. Chi-square tests of 

independence were made to determine if particle sizes were equally dis

tributed for the three depths. 

3 
Density constants (g/mm ) were determined for each masticated 

species by determining its weight per unit volume. The volume of a 

species was determined by spreading the air-dried, masticated species 

evenly on the bottom of a tray as previously described in the micro

scope point technique procedure. The material was then pressed with a 

small glass roller and 20 measurements of the depth were taken randomly 

for each tray. The depth measurements were determined with a vertical 

vernier (mm) mounted on the base of a binocular microscope. Volume was 

calculated from the area of the tray and thickness of the plant 
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material. Volume measurements were made in triplicate for each species 

collected in 1966 and 1967. The material was weighed to compute den-

3 
sity (g/nrai ) for each species. The density constants were then used to 

calculate percent volume of species contained in rumen mixtures of 

known percent weight composition (Tables 1, 2, and Appendix Table C-l). 

Statistical analyses for these experiments were made according 

to Li (1965) and Snedecor (1956), 

Results and Discussion 

Precision of Laboratory Point Technique. An important part of 

this study was to ascertain the reliability of point sample means of 

the different species. Point sample means and 90% confidence limits 

were computed for the 15 species at weight levels of 60, 25, 10, or 5% 

for mixtures listed in Table 1. Confidence limits for four species are 

shown in Table 3; confidence limits for the other species are given in 

Table C-2. Means and confidence limits were determined based on 120, 

200, 320, or 400 microscope point observations per tray sample. The 

percent point means for identified species were based on total identi

fiable points so that the total percent point means of the four species 

in any mixture was 100%. The percent unidentifiable points ranged from 

1.5 to 23.0% and averaged 11.6% for 96 tray samples. Confidence limits 

for species means were computed from a multinomial population according 

to Li (1965). 

The largest confidence limits among all species of the percent 

point means (Tables 3 and C-2), when a species was 60% weight of a mix

ture, were 8.6, 6.4, 5.1, and 4.6% points, respectively, when the sample 
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Table 3. Mean percent microscope points and 9 07o confidence limits de
termined by four sample sizes for species in rumen samples 
of known composition. 

Tray 
no. 

Species 
% Weight 
of sample 

Number of microscope points taken per tray sample 
120 200 320 400 

False mesquite (Percent points) 

1 60 43.9 ± 7.6 42.0 ± 5.8 40. 7 ± 4.4 40.1 ± 3.9 
2 60 36.8 7.4 38.9 5.8 42.0 4.4 44.2 4.1 
3 60 37.6 7.2 35.2 5.6 38.3 4.4 40.2 3.9 
4 60 37.4 7.4 36.8 5.6 39.2 4.4 38.3 3.9 
1 25 14.7 5.3 14.4 3.9 11.0 2.8 10.1 2.5 
2 25 7.5 3.9 10.1 3.4 12.6 2.9 12.7 2.6 
3 25 11.3 4.8 12.4 3.8 13.0 3.1 13.1 2.8 
4 25 12.2 5.0 11.5 3.8 U. 7 2.9 11.9 2.6 
1 10 7.1 3.9 8.0 3.1 8.4 2.6 7.8 2.3 
2 10 9.8 4.6 8.1 3.1 9.9 2.8 8.9 2.3 
3 10 6.3 3.6 6.0 2.8 5.8 3.0 6.0 2.0 
4 10 10.4 4.8 10.1 3.6 9.7 2.8 8.8 2.5 
1 5 6.9 4.1 6.4 2.9 5.5 2.2 5.0 2.0 
2 5 5.3 3.6 4.9 2.8 4.8 2.2 4.1 1.7 
3 5 7.6 4.2 5.1 2.6 5.3 2.2 5.7 2.0 
4 5 4.0 3.1 3.5 2.3 5.6 2.3 6.6 2.3 

Spidergrass 

1 60 73.5 ±6.7 70.8 ± 5.5 70.9 ± 4.3 72.2 ± 3.8 

2 60 74.1 6.7 76.9 5.0 73.6 4.1 74.6 3.6 
3 60 75.7 6.5 77.3 5.0 74.2 4.1 74.3 3.6 
4 60 73.6 6.9 73.7 5.3 74.0 4.3 74.6 3.6 

1 25 45.1 8.1 42.4 6.1 40.1 4.8 38.1 4.3 
2 25 37.9 8.1 37.0 6.1 39.6 4.8 39.9 4.3 
3 25 41.9 7.9 39.6 4.3 41.8 4.6 41.2 4.3 
4 25 40.0 7.9 40.9 6.1 40.7 5.0 40.2 4.3 
1 10 9.7 4.4 11.4 3.6 11.6 2.9 11.6 2.6 
2 10 14.0 5.1 13.5 3.9 16.2 3.3 15.3 2.9 
3 10 10.3 4.6 11.4 3.6 11.4 3.1 11.4 2.6 
4 10 11.3 4.7 11.9 3.8 12.4 2.9 12.6 2.3 
1 5 8.6 4.3 7.7 3.1 7.8 2.4 7.8 2.2 
2 5 4.2 2.9 4.0 2.3 4.1 1.7 4.1 1.5 
3 5 6.1 3.6 5.2 2.6 5.2 2.0 4.4 1.7 
4 5 2.6 2.3 3.7 1.5 5.5 2.0 4.9 1.8 
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Table 3.--Continued 

Species 
Tray 
no. 

% Weight 
of sample 

Number of microscope points taken per tray sample 
120 200 320 400 

Rothrock Rrama 
(Percent points) 

1 60 72.4 ± 6.7 75.3 ± 5.1 78.0 ± 3.9 77.7 ± 3.4 
2 60 85.8 5.1 82.4 4.4 79.8 3.6 79.4 3.3 
3 60 80.0 6.1 79.8 4.6 79.8 3.6 80.4 3.3 
4 60 79.1 6.1 79.2 4.8 78.0 3.9 78.8 3.3 
1 25 43.0 7.6 43.5 5.8 45.2 4.6 45.0 4.1 
2 25 45.6 7.6 44.0 5.8 38.5 4.4 37.1 3.9 
3 25 47.0 7.6 49.2 4.1 46.8 4.6 45.3 4.1 
4 25 49.6 7.6 50.3 6.0 47.4 4.6 47.5 4.1 
1 10 17.7 6.1 18.0 4.8 19.1 3.8 21.5 3.7 
2 10 16.8 6.3 19.4 5.0 18.7 3.8 19.6 3.4 
3 10 19.1 6.3 20.3 5.1 18.8 3.8 19.5 3.6 
4 10 24.0 6.9 21.6 5.1 19.8 3.9 20.2 3.4 
1 5 8.0 4.1 9.0 3.3 10.4 2.8 10.4 2.6 
2 5 8.0 4.1 8.6 3,3 9.3 2.8 9.2 2.4 
3 5 6.3 2.3 6.5 2.9 8.3 2.6 8.8 2.3 
4 5 10.4 2.9 8.4 3.3 8.0 2.6 8.6 2.3 

3h muhly 

1 60 30.4 7.4 33.1 6.0 35.3 4.6 35.4 4.2 
2 60 40.0 8.6 38.8 6.1 37.0 4.8 36.4 4.3 
3 60 31.4 7.4 35.0 5.8 34.0 4.6 33.6 4.1 
4 60 32.0 7.6 33.9 6.0 34.0 4.6 33.0 4.1 
1 25 11.5 5.0 12.2 3.8 10.4 2.8 9.6 2.4 
2 25 8.0 4.1 6.5 2.9 7.2 2.4 7.3 2.3 
3 25 11.7 5.0 10.3 2.4 11.7 2.9 11,0 2.6 
4 25 5.7 3.6 7.8 3.3 8.3 2.6 8.0 2.3 
1 10 4.3 2.9 2.6 1.8 3.2 1.8 4.4 1.8 
2 10 2.5 2.3 3.5 2.2 3.5 1.8 3.8 1.5 
3 10 2.6 2.3 2.6 1.8 2.0 1.2 2.1 1.1 
4 10 6.1 3.6 5.7 2.6 4.9 2.0 4.4 1.8 
1 5 3.5 2.8 3.1 2.0 2.6 1.5 3.4 1.5 
2 5 3.5 2.8 3.4 1.5 3.2 1.5 3.4 1.5 
3 5 5.1 3.3 4.2 2.3 3.6 1.8 3.1 1.3 
4 5 1.7 2.0 1.0 1.2 1.0 0.8 1.6 1.0 
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sizes were 120, 200, 320, and 400 microscope points for a mixture. 

Confidence limits among all species of the percent point means, when a 

species was 57c weight of a mixture, were to within 5.6, 3.9, 3.4, and 

2.6 absolute percent points when the sample sizes were 120, 200, 320, 

and 400 microscope points for a mixture, respectively. Confidence 

limits were decreased about one-half in progressing from 120 to 400 

points for a mixture. 

A former study showed that confidence limits were reduced about 

50% by a sample size of 800 points compared to 400 points (Gait et al. 

1968). A 400-point sample was analyzed in about 6 hr; 800 points re

quired about twice as much time. Based on the sampling time and the 

reliability of the analyses, 400 microscope points were considered an 

adequate sample for analyses of fistula forage samples in this study. 

With 400-point observations per forage sample, the true mean 

of a species is expected to lie within i 5% points at the 907o level of 

confidence. This confidence is especially true for means that range 

from 40 to 60%. Means smaller than 40% or larger than 60% will have a 

smaller confidence limit than it 5% absolute points. In a multinomial 

g|* g 

population the confidence limits = — and — is estimated by /p(l-p) 
X X 

n 
where p = percent frequency of a species in a mixture 

n = number of microscope points per mixture 

The confidence limit depends on the size of p and n and is a function 

of —. The researcher needs only to select the level of confidence de-
n 

sired for any level of p and then determine the number of points to 

reach his goal. 
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Comparisons were made among tray analyses by the microscope 

point technique of known masticated forage mixtures (Table 1) to deter

mine if frequencies of plant parts of species in a mixture were similar 

among trays. Among tray comparisons were made for species groups A 

(1966) and D (1967). Contingency tables consisting of the frequencies 

of the parts of four plant species for each of four tray analyses were 

arranged for statistical analyses. Two of the eight tables are given 

in Table 4; the others are given in Table C-3. Only one of the chi-

square comparisons in the eight contingency tables was significantly 

different among plant part frequencies of four species and four tray 

comparisons (Table 4). Since this difference could be due to chance, 

tray differences were concluded as not being different, as was the case 

in a previous study (Gait et al. 1968). This is expected, provided 

the parts of the various species in a mixture are uniformly mixed for 

a given sample. However, it is recognized that this study was based on 

a relatively small number of among tray comparisons and a larger sample 

size would be needed for verification of these results. 

The reliability of estimating the parts of a plant species in 

masticated samples was determined in the same manner as for the whole 

plant species. The point sample means and 90% confidence limits for 

the plant parts of the 15 species are shown in Tables 5 and C-4, Val

ues for means of plant parts were determined from 120, 200, 320, or 400 

microscope points per sample (tray) in which whole plants constituted 

60, 25, 10, or 5% weight of a mixture. 



Table 4. Comparisons of tray analyses by 400 microscope points, each consisting of frequencies of 
plant parts in masticated plant mixtures from species groups of 1966 and 1967. 

Group A 
(1966) 

False mesquite 
Blade Stem 
(60% weight) 

Spidergrass 
Blade Stem Sheath 

(10% weight) 

Rothrock grama 
Blade Stem Sheath 

(25% weight) 
Seedhead 

Bush muhly 
Stem 

(5% weight) 

Mixtures 1 and 
(Points) 

Mixtures 1 and 5 
(Points) 

Tray 1 133 22 18 19 7 29 62 52 31 12 
Tray 2 135 35 32 19 8 18 50 46 30 13 
Tray 3 122 33 19 17 7 23 49 60 43 10 
Tray 4 115 31 28 10 10 21 73 49 38 6 

II 32.54; Tabular X2 (0.05) = = 40.11, 27 d.f. 

Mesquite Spidergrass Rothrock grama Bush muhly 
Group D 
/1 NCn \  Blade Stem Blade Stem Sheath Seedhead Blade Stem Sheath Blade Stem Sheath 
UYB / J 

(57. weight) (60% weight) (107. weight) (257® weight) 

Mixtures 3 and 7 
(Points ) 

Tray 1 24 3 120 16 39 39 17 18 22 17 11 4 
Tray 2 8 3 131 22 33 38 10 11 29 21 14 8 
Tray 3 16 2 105 32 44 47 9 14 11 14 9 12 
Tray 4 14 8 96 25 49 48 10 14 19 17 13 12 

II 53.03 significantly different (P< 0.05);Tabular (0.05) = 47.37, 33 d.f, 

•c-
u> 



Table 5. Mean percent microscope points and 90% confidence limits for parts of plant species in 
rumen samples of known composition as determined by four sample sizes." 

Species 
Points observed Plant 
per tray sample part 60 

Weight of species in mixture 
25 10 

Percent points 

False mesquite 

Spidergrass 

120 Blade 31.1 ± 7.1 8.8 t 4.3 6.8 ± 3.9 5.2 ± 3.6 
Stem 7.9 4.1 2.6 2.3 1.6 1.6 0.8 1.3 

200 Blade 30.5 5.4 9.9 3.5 6.7 3.0 4.2 2.5 
Stem 7.8 3.2 2.2 1.6 1.4 1.2 0.7 0.9 

320 Blade 32.1 4.4 9.8 2.8 7.1 2.5 4.7 2.1 
Stem 8.0 2.5 2.4 1.4 1.4 1.0 0.7 0.7 

400 Blade 32.8 3.9 9.9 2.9 6.4 2.1 4.5 1.8 
Stem 7.9 2.2 2.1 1.2 1.5 1.0 1.0 0.9 

120 Blade 45.9 7.8 25.4 7.1 7.0 3.9 3.9 2.9 
Stem 9.9 4.7 6.5 4.0 2.8 2.2 1.1 1.3 
Sheath 16.7 5.8 8.5 4.5 1.4 1.5 0.4 0.5 
Seedhead 1.6 1.6 1.0 1.4 0.2 0.4 - -

200 Blade 44.5 6.0 23.8 5.3 6.6 2.9 3.4 2.1 
Stem 12.2 3.9 7.2 3.2 3.8 2.1 0.9 1.1 
Sheath 16.1 4.5 7.6 3.3 1.6 1.3 0.8 0.8 
Seedhead 1.9 1.6 1.5 1.5 0.1 0.2 0.4 0.5 

320 Blade 43.2 4.8 23.7 4.2 6.3 2.3 3.1 1.6 
Stem 12.7 3.2 7.4 2.6 4.0 1.9 1.5 1.1 
Sheath 15.0 3.4 8.1 2.7 1.8 1.3 1.0 1.0 
Seedhead 2.0 1.3 1.4 1.1 0.1 0.1 0.1 0.1 

400 Blade 43.4 4.2 23.5 3.0 6.3 2.0 2.7 1.3 
Stem 13.3 2.9 7.3 2.3 4.2 1.7 1.4 1.3 
Sheath 15.3 3.4 7.9 2.8 2.1 1.2 1.0 0.7 
Seedhead 2.0 ± 1.1 1.3 ± 1.2 1.2 ± 0.2 0.2 ± 0.4 



Table 5.—Continued 

Species 
Points observed Plant 
per tray sample part 60 

Weight of species in mixture 
25 10 

Percent points 

Rothrock grama 

Bush muhly 

120 Blade 9.7 = t 4.4 7.0 d : 3.8 1.6 ± 1.7 0.7 - 1.1 
Stem 8.1 6.8 14.6 5.3 8.7 4.6 3.0 2.6 
Sheath 21.9 6.3 5.2 5.5 2.7 2.6 1.8 1.8 
Seedhead 19.8 6.0 9.6 4.5 6.5 3.9 2.7 2.5 

200 Blade 11.9 3.8 6.2 2.8 1.8 1.6 0.7 1.0 
Stem 26.5 5.2 16.6 4.4 8.2 3.4 2.5 1.9 
Sheath 20.3 4.7 14.7 4.1 4.1 2.5 1.5 1.3 
Seedhead 20.6 4.8 9.4 3.4 5.9 2.9 3.4 2.2 

320 Blade 11.6 3.0 5.7 2.2 1.7 1.3 0.9 1.0 
Stem 26.9 4.1 5.5 3.4 7.2 2.5 2.4 1.4 
Sheath 20.4 3.8 13.8 3.2 4.9 2.1 1.3 1.2 
Seedhead 20.0 3.7 9.5 2.7 5.4 2.3 4.2 2.0 

400 Blade 12.2 2.7 5.9 2.0 2.0 1.2 1.1 0.9 
Stem 26.9 3.7 15.2 3.0 7.6 2.4 2.7 1.4 
Sheath 20.9 3.4 13.4 2.9 4.9 1.9 1.7 1.1 

120 Stem 31.4 7.6 9.0 4.4 3.7 2.8 3.3 2.7 
Sheath 2.1 2.3 0.2 0.4 0.2 0.4 0.5 1.5 

200 Stem 33.0 5.9 9.1 3.4 3.5 2.1 2.7 1.8 
Sheath 2.2 1.8 0.1 0.2 0.1 0.2 0.3 0.5 

320 Stem 32.7 4.7 9.3 2.8 3.4 1.6 2.3 1.4 
Sheath 2.3 0.5 0.1 0.1 0.3 0.2 0.3 0.3 

400 Stem 32.3 4.2 8.9 2.4 3.4 1.5 2.7 1.3 
Sheath 2.4 ± 1.3 0.1 ± 0.2 0.3 ± 0.3 0.2 ± 0.3 

*. Values are four tray averages. 
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Among all species in masticated mixtures, the means of plant 

parts were estimated to within 7.8, 6.0, 4.8, and 4.3% points, respec

tively, for 120, 200, 320, and 400 microscope points per sample, when a 

species was 60% weight of a mixture. When a species was 57o weight of a 

mixture, plant part means were estimated to within 3,6, 2.9, 2.3, and 

1.97=. points, respectively, when 120, 200, 320, and 400 points per sam

ple were taken. 

Based on intensive tray analyses of two mixtures, various par

ticle sizes of plant species were well distributed and no bias was in

dicated with the microscope point technique (Table 6). Frequencies of 

replicate in mixture 2 were combined to test the particle distribution 

in the sample. Only one tray sample was included in the test of mix

ture 1. Further studies with additional samples would be needed to 

verify these results; however, from my data, various sized particles 

were well enough mixed that larger particles were not selected more 

frequently than smaller particles. 

Further tests of independence were made for individual species 

in the two mixtures. For seven species tested, Arizona cottontop was 

the only species in mixture 2 with particle sizes different (F<0.05) 

among depths. The significant difference of particle distribution for 

Arizona cottontop could have happened due to chance. Most of the plant 

species were identified within the first millimeter on a given tray of 

masticated plant material. Because the sample was dense enough on the 

tray, the first identified hit on a species as the observer focused 

downward was usually near the surface of the sample on the tray. 
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Table 6. Frequencies of particle sizes of plant species by depth in 
two forage mixtures which simulate percent species composi
tion by weight of actual rumen samples,* 

Particle size 
Depth in tray (from surface) 

Particle size 
0-1 mm 1-2 mm > 2 mm 

Mix 1 (Frequency)a 

Large-->1.5 mm 56 12 5 

Medium--! .5 to 0.5 mm 84 15 11 

Small--< 0.5 mm 122 20 6 

2 X *= 4.35; X^O.OS), 4 d.f. = 9.49 

Mix 2 

Large 122 44 23 

Medium 140 61 22 

Small 137 73 32 

x2 - 4.32; X 2 ( 0 . 0 5 ) ,  4 d.f. = 9.49 

*. See Table 2 for species composition of mixtures 1 and 2. 

a. Frequency = number of hits/total identifiable points. 

b. Particle size classes are the same as for mixture 1. 
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Weight Estimation from Laboratory Point Analyses. Initially, 

the point-weight method, previously described by Gait et al. (1968), 

was used for quantitative analysis of rumen samples in this steer diet 

study. Regressions of percent microscope points to percent weight were 

developed from the species groups (Table 1 and Appendix Table C-l) to 

determine the percent weight composition of species in unknown rumen 

samples. The regressions were directed through the origin, since zero 

points equal zero weight. Regression coefficients of percent points to 
* 

percent weight averaged over two growing seasons ranged from 0.54 to 

1.40 for the grass species and 0.65 to 1,04 for the shrub species 

(Table 7). The slopes of regression lines of point-weight for most 

species between years were similar. Tests of homogenity for regression 

coefficients between years for each species show two of the nine spe

cies were different (P<0.05) between years. These data show the vari

ability between percent points, a measure of surface area of a species, 

and weight of a species. Most regressions were not a 1 to 1 relation

ship of points to weight. Regression coefficients with 907» confidence 

limits included a slope of 1.0 for only four of the 24 regressions. 

Regressions for plant species (Table 7) were used to compute composi

tion by weight of species in known mixtures (Table 2) simulating botan

ical composition of rumen samples from fistulated steers. The total 

percent weight, as determined from the regressions for each mixture was 

considerably less than 100% weight (average of 84.87°) (Table 8), Be

cause 1007c. points must equal I007o weight, there is a downward bias of 

percent weight of species in this study. For this reason, modification 
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Table 7. Regression coefficients of percent points to percent weight 
for plant species in 1966 and 1967 species groups.* 

Species 1966 1967 

Arizona cottontop 1.37 ± 0.13 1.20 ± 0.10 

Plains bristlegrass 1.31 0.07 1.17 0.15 

Rothrock grama 1.40 0.09a 0.87 0.08a 

Spidergrass 1.28 0.06 1.22 0.10 

Sideoats grama 1.04 0.07 0.96 0.06 

Santa Rita threeawn 0.98 0.05 0.99 0.05 

Slender grama 0.75 0.04a 0.86 0.07a 

Black grama 0.65 0.04 0.57 0.06 

Bush muhly 0.54 0.04 0.60 0.04 

Sprucetop grama 0.93 0.06 b 

Texas timothy 0,86 0.07 b 

False mesquite 0.65 0.04 b 

Mesquite b 1.04 + 0.04 

Desert honeysuckle b 0.73 0.05 

Catclaw b 0.70 0.03 

*. Number of samples = 16. 

a. Significantly different between years (P<0,05). 

b. No species collected for this period. 
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of the microscope point technique was necessary to determine percent 

weight of plant species in rumen samples. 

The point method has been previously described as a measure of 

basal area of plants when used in range surveys (Levy and Madden 1933). 

Thus, the microscope point method is similarly a measure of the surface 

area of plant species in a forage mixture. The relative surface area 

(plant species area as a percent of total area of mixture) or percent 

point composition of a species in a mixture is related to the weight 

and the volume occupied by the associated species in the mixtures. The 

percent points of a given species will vary with mixtures of different 

botanical composition if the densities of the associated species vary 

3 
with the mixtures. The density (g/mm ) was determined for all of the 

masticated species used in the species groups for 1966 and 1967 (Table 

1). The density constants with 95% confidence limits are shown in 

Table 9. The densities of the grasses for 1966 ranged from 0.126 to 

3 3 
0.308 g/mm ; grasses for 1967 ranged from 0.170 to 0.372 g/mm . Densi-

3 
ties for shrub species, for both years, were 0.265 to 0.485 g/mm . The 

density of a given species depends on the structural characteristics of 

the species, such as the amount of stems, leaves, seedheads, and the 

unit weight per cross sectional area of the parts of the different spe

cies. The densities changed from year to year which varied the surface 

area and, thus, point relationships with weight. Based on the range of 

957. confidence limits of weight/volume for the nine species collected 

both years, eight species were significantly different between years. 
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Table 8, Actual percent weight, percent point composition of species, 
and percent weight composition determined from point-weight 
regressions for mixtures simulating botanical composition 
of steer diets. 

0 . Actual _ . . Wt by 
Species ^ Points „ / 
^ wt pt/wt reg 

Mixture 1 (1966) % • 

Arizona cottontop AO. 0 65.9 48.1 
Spidergrass 10.0 11.5 9.0 
Plains bristlegrass 10,0 7.3 5.5 
Santa Rita threeawn 5.0 1.2 1.2 
Sideoats grama 5.0 1.5 2.3 
Black grama 5.0 1.5 2.3 
Slender grama 5.0 3.9 5,2 
Bush muhly 10.0 1.2 2.2 
False mesquite 5.0 1.5 2.3 
Mesquite 5.0 3.6 3,5 

Total 100.0 100.0 81.6 

Mixture 2 (1966) 

Arizona cottontop 25.0 45.1 32,9 
Rothrock grama 25.0 19.7 14.1 
Spidergrass 15.0 14.5 11.4 
Plains bristlegrass 5.0 3.8 2.9 
Sideoats grama 5.0 3.5 3,4 
Black grama 5,0 3.7 5.7 
Slender grama 5.0 3.4 4.5 
Bush muhly 5.0 0.9 1.7 
Santa Rita threeawn 5.0 1.2 1.2 
Mesquite 5.0 4,2 4.0 

Total 100.0 100,0 81,8 

Mixture 3 (1967) 

Arizona cottontop 35.0 48.9 40.8 
Rothrock grama 15.0 12.0 13,9 
Spidergrass 25.0 25.4 20.8 
Slender grama 10.0 7.0 8.2 
Plains bristlegrass 5.0 4.0 3.4 
Black grama 5.0 1.4 2.5 
Sideoats grama 5.0 1.3 1,3 

Total 100.0 100.0 90.9 
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Table 9. Weight/volume constants with 95% confidence limits for in
dividual masticated species used in species groups." 

Plant sDecies V?t(fi)/vol(mm3) Wt(^)/vol(nun3) riant species iqs7 

Arizona cottontop 0.126 ± 0. 02a 0.170 0. 02b 

Plains bristlegrass 0.195 0.02a 0.228 0.09b 

Rothrock grama 0.203 0.09a 0.246 0.03b 

Spidergrass 0.215 0.03a 0.221 0.02b 

Sprucetop grama 0.272 0.03 - - c - -

Sideoats grama 0.278 0. 02a 0.365 + 0.09b 

Santa Rita threeawn 0.294 0.02a 0.291 0.03a 

Slender grama 0.300 0. 02a 0.326 0. 06b 

Texas timothy 0.301 0.06 - - c - -

Black grama 0.308 0.02a 0.372 + 0. 06b 

Bush muhly 0.427 0. 02a 0.358 0.02b 

False mesquite 0.485 0.06 - - c - -

Mesquite - - c - - 0.265 + 0.03 

Desert honeysuckle - - c - - 0.458 0.06 

Catclaw - - c - - 0.471 0.09 

*. Values are averages of 3 samples per species. 

a,b. Significantly different (P<0.05) between years if differ
ent superscripts. 

c. No species collected for period. 
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Other factors that may affect the percent point estimates of 

species are ease of identification and resistance of species to de

struction by mastication. Shrub species were easier to identify com

pared to grasses; however, little difference in ease of identification 

was noted among the grass species. Ease of identification of grasses 

was primarily attributed to resistance of the species to deterioration 

during mastication. The number of identifiable points of a species ap

peared to be partially dependent on the amounts of certain species in a 

mixture (Table C-l), A larger percent of total identifiable points was 

noted when such species as false mesquite, spidergrass, rothrock grama, 

Santa Rita threeawn, desert honeysuckle, and mesquite made up 60% 

weight of the known mixtures (91 to 987o). On the other hand, for black 

grama, Arizona cottontop, slender grama,and bush muhly at the 60% 

weight level, a smaller percent of total identifiable points was deter

mined (81 to 86%). Since the point estimates of species are based on 

total identifiable points, the unidentifiable species are assumed to be 

proportional to the identifiable species. These data suggest that 

there is probably not a simple proportion of identifiable to unidenti

fiable points because of differences in ease of identification and de-

structibility of certain species. 

The associated effects of plant species on percent point com

position of species occurring at the same percent weight in different 

mixtures are shown in Table 10. Arizona cottontop comprises 25% of the 

weight in mixtures 1 and 2. The percent point estimate is 45.1 in mix

ture 1 and 39.9 in mixture 2. Percent points of Arizona cottontop 
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Table 10. Effects of associated plant species in rumen mixtures on per
cent point composition of species occurring at the same 
percent weight in different mixtures for 1966. 

Species 
Wt 
% 

Vol 
% 

Pts 
7. 

Density 
g/mm3 

Mixture la 

Arizona cottontop 25.0 38.6 45.1 0.126 
Rothrock grama 25.0 24.0 19. 7 0.203 
Spidergrass 15.0 13.6 14.5 0.215 
Plains bristlegrass 5.0 5.0 3.8 0.195 
Sideoats grama 5.0 3.5 3.5 0.278 
Black grama 5.0 3.2 3.7 0.308 
Slender grama 5.0 2.8 3.4 0.300 
Bush muhly 5.0 2.3 0.9 0.427 
Santa Rita threeawn 5.0 3.3 1.2 0.294 
Mesquite 5.0 3.7 4.2 0.265 

Total 100.0 100.0 100.0 

Mixture 2^ 

Arizona cottontop 25.0 44.8 39.9 0.126 
Slender grama 60.0 45.1 47.5 0.300 
Santa Rita threeawn 10.0 7.7 8.8 0.294 
Desert honeysuckle 5.0 2.4 3.8 0.458 

Total 100.0 100.0 100.0 

Mixture 3a 

Rothrock grama 25.0 40.3 43.7 0.203 
Spidergrass 10.0 15.3 12.7 0.215 
Bush muhly 5.0 3.8 2.9 0.427 
False mesquite 60.0 40.6 40.7 0.485 

Total 100.0 100.0 100.0 
/ b 

Mixture 4 

Arizona cottontop 10.0 25.4 28.6 0.126 
Slender grama 5.0 5.3 8.4 0.300 
Santa Rita threeawn 25.0 27.3 22.0 0.294 
Desert honeysuckle 60.0 42.0 41.0 0.458 

Total 100.0 100.0 100.0 

a. Values are averages of two tray analyses. 

b. Values are averages of four tray analyses. 
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remained relatively the same in the two mixtures, since most of the as

sociated species had similar densities or high density species were in 

small amounts. On the other hand, rothrock grama at 25% weight in mix

ture 1 has 19.7% points and in mixture 3 has 43. 7% points. Thus, the 

percent point estimates are widely different even though the percent 

weights are the same in the two mixtures. Mixture 3 was composed of 

60% weight false mesquite, a species with a relatively small volume to 

3 
weight relationship (0.485 g/mm ), Consequently, the percent volume 

and corresponding percent points are larger for rothrock grama in mix

ture 3. Bush muhly and slender grama in mixtures 3 and 4 had consider

ably larger percent points than in mixture 1, for the same percent 

weight, due to the different densities of associated species in the mix

tures. 

Thus, percent weight predicted from percent points for a given 

mixture of plant species may not have the same predicted weight of 

plant species when the botanical composition of the unknown mixture is 

not the same as the known mixture. Regressions developed from known 

percent composition by weight are applicable only to other mixtures of 

the same species composition unless the point to weight ratios approach 

a 1 to 1 relationship. Weight-point ratios for most species in this 

study are different from 1:1 ratios (Table 7) and this difference is 

largely due to species with unlike densities. 

A graphic example of point to weight changes of rothrock grama, 

previously discussed in Table 10, is shown in Figure 4. Rothrock grama 

in species group A (1966, Table 7) has a slope of 1,40 (point to weight) 
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Figure 4. Variation of point-weight relationships for rothrock grama 
in mixtures of unlike botanical composition. 

Upper regression is from species group A (Table 1). 
Lower regression is from mixture 1 (Table 10). 



as determined from the known rumen sample mixtures, whereas the slope 

in mixture 1 is 0.79. The known percent weight of rothrock grama is 

25,0 as shown in mixture 1 of Table 10, The percent points determined 

for this species in mixture 1 is 19.7. If we suppose mixture 1 to be 

an unknown rumen sample and wish to determine the weight of rothrock 

grama by applying the point-weight regression developed for rothrock 

grama from group A, we find the predicted weight to be 14.17° when in 

fact it is 25.07o. 

In order to eliminate point-weight variations and correct for 

density differences among species, a parameter having a 1:1 ratio with 

percent points is necessary. Percent points is a measure of surface 

area, and volume is a measurable parameter closely related to surface 

area. If volume is a reliable measurement of surface area, then per

cent points would have a 1:1 ratio with percent volume. Thus, if the 

weight to volume relationships are known, the percent weight composi

tion of a forage mixture can be determined by applying a density factor 

to the point data. 

Regression equations of percent points to percent volume were 

developed to determine if percent volume will meet the theoretical re

quirements of a 1:1 ratio with percent points. The regressions were 

developed from the species groups previously shown in Table 1 and Ap

pendix Table C-l, Percent volume was determined from application of 

the density factors (Table 9) to the known percent weight of each spe

cies in individual species groups. The regressions were directed 

through the origin. The slopes for the majority of the 1966 and 1967 



58 

species approached a 1:1 ratio of points to volume (Table 11). The re

gression coefficients ranged from 0,83 to 1.11 for 1966, with the ex

ception of black grama and bush muhly which were 0.73 and 0.76, respec

tively. Similarly, slopes for the 1967 species were also 0.83 to 1.11 

except for black grama and bush muhly which were 0.70 to 0.75, respec

tively. Tests of homogenity of regression coefficients show rothrock 

grama to be the only species with different (P<0.05) regression slopes 

for 1966 and 1967. 

Combining over years to calculate point to volume regression 

coefficients, the range was 0.89 to 1.07 for the grass species measured 

for two consecutive years. Exceptions were black grama at 0.72 and 

bush muhly at 0,75. Ninety percent confidence limits were placed on 

the regression coefficients for a measure of variability. The proba

bility is 9 07o that the true regression coefficient, for each species, 

will fall within the confidence limits specified in Table 11. The num

ber of regression coefficients which will include b = 1.0 is six out of 

twelve species shown in 1966 and four out of twelve species for 1967. 

Black grama and bush muhly were the only species with point-volume re

gression coefficients greatly different from 1 to 1. Regression coef

ficients of percent points to percent weight ranged from 0.54 to 1.40 

over the two growing Reasons and were more variable than point to vol

ume relationships (Table 7). These data show that point-volume rela

tionships are much closer to a 1:1 ratio than point-weight comparisons. 

Chi-squares were computed for the point-volume and point-weight 

data for the species in known rumen sample mixtures given in Table C-1. 



Table IX. Regression coefficients of percent points to percent volume with 90% confidence limits 
for plant species in 1966 and 1967 species groups. 

1966a 196 7a Combined years*3 

Pts/vol Pts/vol Pts/vol 

Arizona cottontop 0.91 + 0.03 0.88 ± 0.04 0.89 ± 0.03 
Plains bristlegrass 1.11 0.07 0.95 0.12 1.03 0. 07 
Rothrock grama 1.07 0.03c 0.83 0.07C 0.98 0.05 
spidergrass 1.03 0.03 1.05 0.06 1.03 0.03 
Sideoats grama 1.06 0.08 1.07 0.08 1.06 0.06 
Santa Rita threeawn 0.95 0.05 0.90 0.05 0.93 0.04 
Slender grama 1.04 0.05 1.09 0.08 1.07 0.05 
Black grama 0.73 0.06 0.70 0.07 0.72 0.04 
Bush muhly 0.76 0.03 0.75 0.05 0.75 0.04 
Sprucetop grama 0.95 0.05 d 
Texas timothy 0.83 0.07 d 
False mesquite 1.01 0.05 d 
Mesquite d 1.07 + 0.04 
Desert honeysuckle d 1.11 0.09 
Catclaw d 1.01 0.05 

a. Size of sample = 16. 

b. Size of sample = 32. 
i 

c. Significantly different between years (P<0.05). 

d. No species collected for this period. 

U1 
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The chi-squares were significantly different for all point-weight com

parisons and all but one of the point-volume comparisons for the 15 

plant species. These data indicate that points are not a precise measure 

of weight or volume. From the 24 comparisons, nine of the point-weight 

chi-squares were significantly different than point-volume chi-squares 

(Table 12). Volume was a closer estimate of points in 20 of the 24 

comparisons than was weight; thus volume was more closely related to 

points than was weight for most of these comparisons. 

Percent volume as measured in this study appears to be a close 

estimate of percent microscope points, but not an exact measurement. 

Because the point to volume relationships are close to a 1:1 ratio for 

the majority of species making up the greatest composition of the rumen 

samples in this experiment, the point to volume relationships are within 

reasonable limits of error to predict the percent weight of species in 

rumen samples. 

The slope of regressions for percent points to percent volume 

were considerably less than b = 1.0 for black grama and bush muhly. 

The volumetric measurements for comparable percent weights for these 

species were much smaller than Arizona cottontop, spidergrass, roth-

rock grama,and plains bristlegrass (Table C-l). False mesquite, desert 

honeysuckle, catclaw, and slender grama were comparable in volume to 

black grama and bush muhly. Species such as false mesquite, desert 

honeysuckle, catclaw, and slender grama were close to a 1:1 ratio of 

percent points to percent volume. Black grama and bush muhly are both 

species which have a high stem-to-leaf ratio when compared to all other 
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Table 12. Chi-squares of percent weight-percent points and percent 
volume-percent point comparisons from plant species in 
known rumen sample mixtures, in 1966 and 1967.a»^ 

2 2 
Species X Pt/wt X Pt/vol F test 

1966 

False mesquite 214.3 48.9 
Spidergrass 191.6 19.9° 9.6 
Rothrock grama 517.4 56.0 9.2^ 
Bush muhly 378.9 4.4^ 
Sprucetop grama 33.0 30.2 1.1 
Sideoats grama 64.0 84,0 1.3 
Black grama 199,3 107.3 1.9 
Plains bristlegrass 207.0 95.9 2.2 
Desert honeysuckle 123,0, 74.1 ^"'^b 

Tabular X(0.01), 1 5  d.f. = 30.6 

XZ(0.05); 15 d.f. = 25.0 

F test (0.05), 15 and 15 d.f. = 2.40 

I. I IV14VJ • W1 ' ' • * n 

Santa Rita threeavm 28.9 79.3 2.8, 
Slender grama 103.8 26.5 "^'^b 
Arizona cottontop 617.8 43.9 14.1 

1967 

Velvet mesquite 38.8 36.6 1.1 
Spidergrass 337,0 155.3 2.2 
Rothrock grama 121.3 111.4 
Bush muhly 237.3 96.6 2.5 
Sideoats grama 77.9 156.8 2.0 
Black grama 260.3 112,8 2.3 
Plains bristlegrass 392.7 170.7 
Catclaw 157.4 32,7 4.8 
Santa Rita threeawn 36,5 83.7 2.3 
Slender grama 106.5 103.2 ^*^b 
Arizona cottontop 393.8 69.5 5.7 
Texas timothy 117.3 143.5 1.2 

-2, 

a. Number of observations per sample = 16. 

b. Table values are highly significant (P<0.01) unless noted 
otherwise; superscript b refers to significant at 0.05% level of prob
ability. 

c. Non-significant. 
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species. Stem-to-leaf ratios on a dry weight basis are shown in Table 

13. A large stem-to-leaf ratio is especially noted for bush muhly in 

the winter collection of 1966, Bush muhly and black grama are species 

with small, narrow leaves, and the leaves of bush muhly are early de

ciduous after the growing season. The ratio of stems to leaves for a 

species in a mixture could influence the compactness of the mixture. 

For instance, a low stem-to-leaf ratio results in the measurement of a 

smaller volume per unit weight than would otherwise be determined with 

a high stem-to-leaf ratio. Species such as false mesquite, desert 

honeysuckle, catclaw, and slender grama were observed to compact easily 

and their stem-to-leaf ratios were less than bush muhly and black grama. 

It appears that because of certain characteristics of a species, 

volume may not be equal to percent point estimates of the surface area. 

Chamrad and Box (1964) observed similar results with point and volumet

ric analyses of plant species clipped and mashed to simulate rumen con

tents of deer. They found no differences (P>0.05) between percent 

points and percent volume for the majority of species they measured. 

However, five of the species had consistently lower percent point esti

mates than known percent volumes. The relationship between percent 

volume and surface area should be constant if the particles of the spe

cies are of the same size and shape. The relationship between volume 

and surface area will depend on the characteristics of the species, 

such as the relative percent of leaves, stems and seedheads, their 

structural configuration, and the sizes of these plant parts. 
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Table 13. Ratios of stem to leaf for plant species in species groups 
for 1966 and 1967.* 

Species 
1966 

Stem-leaf 
Month 
clipped 

1967 
Stem-leaf 

Month 
clipped 

Arizona cottontop 0.40 September 0.86 September 

Plains bristlegrass 0.36 October 0.26 September 

Rothrock grama 1.76 October 1.06 October 

Spidergrass 0.61 February 0.17 September 

Sprucetop grama 0.50 October 

Sideoats grama 1.17 October 0.97 Oc ober 

Santa Rita threeavm 2.42 November 1.54 October 

Slender grama 1.24 September 1.09 September 

Texas timothy 1.85 October 

Black grama 4.51 September 2.92 September 

Bush muhly 18.21 February 4.25 October 

False mesquite 0.56 October 

Mesquite - a - 0.48 June 

Desert honeysuckle - a - 0.30 September 

Catclaw - a - 0.34 June 

Ratios on a dry weight basis, 

a. Species not collected. 
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When large amounts of a species such as bush muhly and black 

grama are encountered in animal diet samples, the investigator should 

make point-volume adjustments from regression analyses of known sam

ples. Otherwise, for species that have essentially a 1:1 ratio of 

points to volume, the investigator needs only to apply a density con

stant to convert volume to weight. 

Percent weight was determined for each species in the mixtures 

given in Table 14 by point-weight and point-volume regressions and as

suming percent points equal percent volume. Density factors (Table 9) 

were necessary for each species to calculate the point to volume regres

sions, assuming that percent points equal percent volume in order to 

convert volume to percent weight. The actual percent weight was com

pared with the weight determined by each of the three methods for the 

three mixtures of known botanical composition by weight (Table 14). 

Results of chi-square tests of these comparisons are given in Table 

15. There was a difference (P<0.05) between actual weight and weight 

determined from point to weight regressions for mixture 1. Chi-squares 

were not significant for any of the other calculations as determined 

from these samples. However, chi-squares for the ratio of actual 

weight to weight determined from point to weight regressions were con

siderably larger than ratios of actual weight to weight determined from 

point to volume regressions or direct conversion of percent points to 

weight from density constants. 

The largest error with weight determined from point-weight re

gressions in the species mixtures (Table 14) was the downward bias of 
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Table 14. Comparisons of actual weight in mixtures simulating 

botanical composition of rumen samples from fistulated 
steers with percent weight determined by three methods. 

Actual Wt by Wt by Wt bva „ , Actual Volume points pt/wt pt/vol , by. 
Species wt ™ v v ' pts=vol 

« reg reg r 

/o % % /o 

Mixture 1 (1966) 

Arizona cottontop 40.0 59.5 65.9 48.1 50.9 48.1 
Spidergrass 10.0 8.7 11.5 9.0 13.6 14.3 
Plains bristlegrass 10.0 9.6 7.3 5.5 7.1 8.2 
Santa Rita threeawn 5.0 3.2 1.2 1.2 2.1 2.1 
Sideoats grama 5.0 3.4 1.5 2.3 3.5 3.9 
Black grama 5.0 3.0 1.5 2.3 3.6 2.7 
Slender grama 5.0 2.7 3.9 5.2 6.3 7.9 
Bush muhly 10.0 4.4 1.2 2.2 3.8 3.0 
False mesquite 5.0 1.9 1.5 2.3 4.1 4.2 
Mesquite 5.0 3.6 3.6 3.5 5.0 5.6 

Total 100.0 100.0 100.0 81.6 100.0 100.0 

Mixture 2 (1966) 

Arizona cottontop 25.0 38.6 45.1 32.9 32.7 30.7 
Rothrock grama 25.0 24.0 19.7 14.1 19.6 21.6 
Spidergrass 15.0 13.6 14.5 11.4 16.2 16.8 
Plains bristlegrass 5.0 5.0 3.8 2.9 3.5 4.1 
Sideoats grama 5.0 3.5 3.5 3.4 4.8 5.2 
Black grama 5.0 3.2 3.7 5.7 8.1 6.1 
Slender grama 5.0 2.8 3.4 4.5 5.1 5.5 
Bush muhly 5.0 2.3 0.9 1.7 2.7 2.2 
Santa Rita threeawn 5.0 3.3 1.2 1.2 2.0 1.9 
Mesquite 5.0 3.7 4.2 4.0 5.3 5.9 

Total 100.0 100.0 100.0 81.8 100.0 100.0 

Mixture 3 (1967) 

Arizona cottontop 35.0 44.8 48.9 40.8 41.8 39.5 
Rothrock grama 15.0 13.3 12.0 13.9 15.8 14.1 
Spidergrass 25.0 24.6 25.4 20.8 23.6 26.6 
Slender grama 10.0 6.7 7.0 8.2 9.3 10.9 
Plains bristlegrass 5.0 4.8 4.0 3.4 4.2 4.3 
Black grama 5.0 2.9 1.4 2.5 3.4 2.5 
Sideoats grama 5.0 2.9 1.3 1.3 1.9 2.2 

Total 100.0 100.0 100.0 90.9 100.0 100.0 

a. Percent weight determined from density constants. 
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Table 15. Chi-squares for comparisons of actual weight in mixtures 
simulating botanical composition of rumen samples from 
fistulated steers with percent weight determined by three 
methods. 

1966 mixtures 

Mixture la 

Mixture 2& 

1967 mixture 

Mixture 3^ 

Wt by pt/wt reg Wt by pt/vol reg Wt by pts = vol 

-r2 v2 ~^2 
•**1 -*-2 -*-3 

17.37 

14.92 

12.06 

8.90 

13.55 

6 . 1 2  

6.57 4.05 3.74 

a. 

b. 

C. 

Tabular J? (0,05), 9 d.f. = 16.92. 

Tabular X2 (0.05), 6 d.f. = 12.59. 

Significantly different (P< 0. 05). 



most species, particularly the species comprising 5 to 10% of a mix

ture. There were only small differences among the three methods for 

estimated weight of Arizona cottontop, a predominant species (Table 

14). Differences between actual weight and weight determined by point 

to volume regressions were larger than weight determined by the other 

two methods for this species. Differences between actual weight and 

percent weight, assuming that points equal volume, were generally as 

small as or less than the differences noted with the other methods of 

determining weight for the species in the three mixtures. 

An F-test of chi-squares calculated from the point to volume 

regressions and points equal volume with actual weight of species indi

cated that there was no significant difference at the 95% level of 

probability. Use of point to volume regressions did not improve weight 

estimates over assuming points equal volume for the remaining species 

in the three mixtures. Species which were 5 to 10% by weight of the 

mixtures were estimated more closely to the actual weight with the 

point to volume method. The downward percent weight bias of the spe

cies occurring in smaller quantities appears to be corrected, since 

there are about as many of these species overestimated as underesti

mated. 

All of the experimental data on the quantitative analyses of 

rumen samples of known composition show that percent volume is more 

closely related to percent points than are percent weight and percent 

points. The results further show that the use of point to volume re

gressions has no advantage over assuming percent points equal percent 
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volume. In an earlier discussion., it was shown that by identifying a 

measurable parameter, which equals percent points, the density varia

tions could be removed. Since percent volume is shown to be a close 

approximation of percent points, it is much easier to assume percent 

points equal percent volume and apply density constants to the percent 

point values rather than develop point to volume regressions, Therefore 

percent points are assumed to be equal to percent volume for all of the 

species Identified in this animal diet study, and percent weight is 

calculated by applying a density constant to each species. 

Summary 

Masticated forage samples of known botanical composition by 

weight were analyzed by a microscope point technique. The percent 

points of each species were estimated to within 5°L points of the mean 

with 90% confidence when 400 microscope points were taken per sample. 

Confidence limits were found to exceed 5% points with sample sizes of 

320 points or less. 

Parts of the plant species were estimated to within A, 37® points 

with 907« confidence and 400 points per sample, and to within 4.87o with 

320 points per sample. Since among tray variation was small, sampling 

precision was improved more efficiently by taking additional numbers of 

points per sample rather than using additional trays. Based on sampling 

time of masticated forage mixtures and the precision desired, 400 micro

scope points per sample were selected for analyses of rumen samples. 

Species composition of rumen samples were made by relating 

points to percent weight of species in known mixtures. Point-weight 



regression coefficients varied considerably from an application of 

point-weight regressions to percent point estimates of plants in com

plex mixtures, resulting in less than 10CT/» weight for total composi

tion. Further study showed that percent point estimates of species 

were affected by the botanical composition of the mixtures and that 

this was primarily due to density (weight-volume) variations of spe

cies. Densities of species used in this study were highly variable, 

thus invalidating point-weight regressions. Corrections were made for 

density variations by determining that percent points and percent vol

ume were close to a 1:1 ratio for most species. Bush muhly and black 

grama were exceptions with point-volume regression coefficients of 0,76 

and 0.70, respectively. Percent points were not an exact measure of 

percent volume; however, regression coefficients were close to a 1:1 

ratio for most species. 

Further point-volume studies were made of known mixtures simu

lating the botanical composition of fistula forage samples collected 

from grazing steers. No significant differences were found between 

percent weight estimates of species by point-volume regressions or as

suming points equal volume. The latter methods were at least as accur

ate, if not more so, for estimating weight than were point-weight re

gressions, Thus, percent weight of species in rumen sample analyses, 

for the following sections of this dissertation, is calculated by 

assuming percent points equal percent volume and applying a density 

constant. Quantitative botanical analyses of rumen mixtures by the 

point-volume technique corrected the downward percent weight bias of 
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plant species and brought estimated weights closer to the actual weight 

in known rumen mixtures than would analyses by the point-weight tech

nique. 

Botanical Analyses of Forage Samples 
Collected from Rumen Fistulated 
Steers on Experimental Pastures 

A previous study of cattle diets on the Santa Rita Experimental 

Range showed that steers consistently selected a dietary species compo

sition much different from the available herbage (Gait et al. 1969). 

In addition, seasonal variation of the diet was shown to occur. 

Further studies were initiated to determine the species and 

plant part composition of the diets of grazing steers on a desert 

grassland at different seasons of the year with respect to removal of 

velvet mesquite. Rumen fistulated steers were used to collect forage 

samples by seasons throughout the year. Digestibility and forage in

take studies were also made simultaneously with botanical studies of 

the steer diets. 

Experimental Procedures 

Design of Experiment. The four fistulated steers used in this 

study were grade Herefords, about two years old at initiation of the 

experiment, weighing an average of 690 lb. 

The steers were provided with salt, fed free choice, over the 

period of the study. Each animal was given an injection of one million 

International Units of Vitamin A palmitate on February 25, 1967. 
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A cross-over experimental design was followed for the cattle 

diet study. Treatments were mesquite vs. mesquite-free pastures. The 

botanical composition of the diets were studied on a seasonal basis. 

The pairs of steers always remained the same, rotating the animals be

tween treatments, so that a total of 32 observations were made for each 

botanical component of the diet. The experimental design and analyses 

of variance are shown in Table 16 (Cochran and Cox 1964). 

Duncan's Multiple Range Test was used to test differences among 

sample means (Li 1965). Numbers of animals for a specific degree of 

accuracy were determined according to Snedecor (1956). 

Samples of the diet for botanical analyses were obtained by the 

rumen evacuation method (Lesperance, Bohman, and Marble 1960). The 

steers were penned at daybreak on the days for collections of rumen 

samples before the animals began to graze. The rumen and reticulum 

were cleared of ingeata and rinsed with water prior to turning the 

steers out to graze. The steers were allowed to graze for about 45 min 

before the grazed forage samples were removed from the rumen. Rumen 

forage samples were collected on the 12th and 13th day of each digesti

bility and forage intake trial. The rumen forage samples were placed 

into plastic bags and quick frozen with dry ice in the field. They 

were then stored in a deep freeze at -20 C until analyzed. Rumen sam

ples collected from each steer for two consecutive days were mixed on 

an equal weight basis after thawing. Mixing was accomplished with a 

rotating tumbler previously described in the section on botanical anal

yses of masticated forage mixtures of known composition. 



Table 16. Experimental design and analyses of variance for steer diet study on Santa Rita 
Experimental Range, 1967. 

Winter 

1/10-23 1/24-2/6 

M 

MF 

MF' 

M 

Sampling Dates 

Spring Early summer Summer 

4/4-17 4/21-5/4 6/5-18 6/23-7/6 

Steers 1 and 2 

M 

7/26-8/8 8/10-23 

MF 

MF M 

Steers 3 and 4 

M MF 

MF 

M 

M 

MF 

MF 

M 

Source of variation D.F. Expected 
b 

mean squares 

Seasons 3 
2 

O" + 24 + 4<Vs + 8 Ks 
Dates/Seasons 4 

2 
a + 

laE 
+ 
, 2 
D/S 

Steers (pairs) 1 a2 + >4 + !6a2 A 
Treatments 1 a2 + z4 + 16K£ 

Seasons X Treatments 3 
2 

<T + 24 4 K2 
ST 

Experimental error 3 
2 
a + >4 

Sampling error 

Total 
16 
31 

a2 

a. M refers to mesquite pasture and MF to mesquite-free pasture. 

b. In this mixed model, steers and dates were random; treatments and seasons are fixed. 
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Selected steers also were observed with 7 X 50 binoculars as 

they grazed during the collection period to make an ocular estimate of 

the plant species consumed. 

Botanical Composition of Experimental Pastures and Utilization 

Measurements. Forage production was measured on a weight basis at the 

end of the growing season in October 1966 and again in October 1967. 

2 
Forage production was measured with 9.6 ft quadrats using the double-

sampling method (Wilm, Costello, and Klipple 1944). Foliage above five 

feet on shrubs was not sampled. Crown canopy of mesquite was determined 

by using the line transect method. Utilization checks were made after 

the first four trials on the two pastures and again just before the sum

mer growing season in July, Utilization was determined as percent 

weight removed from the key plant species in each pasture using the 

grazed-plant-count method of Roach (1950). A complete collection of 

plant species growing on the experimental pastures was made and depos

ited with the herbarium at The University of Arizona. 

Botanical Analyses of Rumen Samples. The botanical composition 

of each rumen sample was established by the microscope point method 

previously described for the masticated forage samples of known botani

cal composition. The rumen samples were spread on absorbent paper and 

allowed to air dry after mixing in the tumbler for 15 min. Four hun

dred microscope points were taken for each sample. Each point was 

identified as specifically as possible, progressing successively from 

unidentifiable to plant group (grass, forb, or shrub) to plant part 
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(blade, sheath, stem, or seedhead) and to genus and species. It was 

usually possible to identify the species. 

The species composition by percent points was based on the 

total number of identifiable points. Percent points were converted to 

percentage weight of species in the diet by the percent points equal 

percent volume method previously outlined. The density constants de

veloped in the previous section on known forage mixtures were used to 

arrive at the percent weight of species in the rumen samples collected 

from the grazing fistulated steers. Density estimates were made on 

the less frequently occurring grasses, forbs, or shrubs in the diet 

based on known species densities with similar stem-leaf ratios. Per

cent weight of mesquite pods in samples collected from the steers in 

the summer season was determined by hand separation. 

Results and Discussion 

Composition and Herbage Production of Experimental Pastures. 

Plant composition on pastures was similar between the growing season of 

1966 and 1967 (Table 17). Total herbage production of the pastures was 

greater in 1967 than in 1966 with an average 1,115 vs. 655 lb./acre, 

respectively. Herbage production was greater in the mesquite-free pas

ture than in the mesquite pasture, with an average of 1,039 vs. 730 

lb./acre over the two growing seasons. The major grass species on the 

study area were Arizona cottontop, black grama, spidergrass, and slen-1 

der grama. Arizona cottontop was more abundant on the mesquite pasture 

than on the mesquite-free pasture, over both growing seasons. Other 

grass species of importance were plains bristlegrass, bush muhly, 
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Table 17, Botanical composition and herbage production of mesquite and 
mesquite-free pastures on experimental range for 1966 and 
1967.a,b 

1966 1967 
c i Mesquite Mesquite-free Mesquite Mesquite-free 
peC % lb./ % lb./ % lb./ % lb./ 

acre acre acre acre 

Grasses 

Arizona cottontop 28 160 13 96 26 231 11 147 

Plains bristlegrass 7 40 T T 3 27 2 27 

Spidergrass 7 40 18 133 9 80 15 201 

Bush muhly 3 17 7 52 5 44 2 27 

Slender grama 5 29 8 59 8 71 15 201 

Black grama 33 187 31 229 26 231 33 442 

Sideoats grama 7 40 7 52 7 62 2 27 

Rothrock grama 4 23 8 59 7 62 8 107 

Sprucetop grama T T T T T T T T 

Hairy grama T T T T T T T T 

Santa Rita threeawn 6 34 5 37 4 36 2 27 

Plains lovegrass T T T T T T T T 

Tanglehead T T 3 22 3 27 5 67 

Green spangletop T T T T T T T T 

Texas timothy T T T T T T T T 

Feather fingergrass T T T T T T T T 

Cane bluestem T T T T T T T T 

Witchgrass T T T T T T T T 

Curly mesquite T T T T T T T T 

Total 100 570 100 739 98 871 95 1,273 
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Table 17-Continued 

1966 1967 
,, , Mesquite Mesquite-free Mesquite Mesquite-free 
peC1GS 7. lb./ % lb./ % lb./ % lb./ 

acre acre acre acre 

Forbs 

Trailing four o'clock 

Red spiderling 

Coulter spiderling 

Careless weed 

Melon-loco 

Talinum 

Tetramerium 

Wild buckwheat 

Shrubs 

ONLY TRACE AMOUNTS WERE FOUND FOR THESE FORBS 

False mesquite T T T T 2 18 3 40 

Velvet mesquite 17° —^ 0 0 17C —^ 0 0 

Catclaw T T T T T T 2 27 

Desert honeysuckle 

Burro-weed 

Ocotillo 

Cholla 

Englemann prickly pear 

Barrel cactus 

Total T T T T 2 18 5 67 

TOTAL 570 739 889 1,340 

a. Surveyed in October 1966 and 1967, air dry weight basis. 

b. Trace amounts less than 2%. 

c. Percent crown cover of mesquite. 

d. No weight was determined for mesquite. 
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sideoats grama, rothrock grama, and Santa Rita threeawn. A variety of 

grass species were found on the study area with more of the gramas (six 

Bouteloua species) represented than all other grass genera. Of the 

wide variety of grasses on the experimental pastures (19 species), only 

10 species made up more than 2% of the total herbage production. 

Forb species occurred in only trace amounts on the study area. 

Wild buckwheat and tetramerium were the most dominant forbs with spe

cies such as melon-loco and careless weed becoming more abundant in the 

summer growing season of 1967. 

Herbage estimates were not made for velvet mesquite, since most 

of this species was over five feet from the ground. Crown cover esti

mates using line transects showed mesquite to cover about 177® of the 

mesquite pasture. Grass species of Arizona cottontop, plains bristle-

grass, and bush muhly were commonly found under the mesquites. Mes

quite pods were produced during the early summer of 196 7 and most of 

these fell to the ground during the month of August. Other important 

shrub species were false mesquite, catclaw, and desert honeysuckle. 

Common cactus plants were Englemann prickly pear, barrel cactus, and 

cholla. Shrub species were found in trace amounts throughout the ex

perimental pastures. 

Herbage production of the mesquite-free and mesquite pastures 

was 739 and 579 lb./acre, respectively, in October of 1966 (Table 17). 

Utilization estimates made during early June showed that approximately 

450 lb./acre of herbage yas left on the mesquite-free pasture and about 

360 lb./acre of herbage was on the mesquite pasture. Just before the 

* 
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summer growing season of 1967 in early July, there was 377 lb./acre of 

herbage remaining on the mesquite-free pasture and 308 lb./acre of 

herbage remaining on the mesquite pasture. The overall use of the 

major grass species was an average of 48% of the total herbage produced 

in 1966 for the two experimental pastures. Herbage production in 1967 

began with grass green-up in early July and was 1,340 lb./acre on the 

mesquite-free pasture and 889 lb./acre on the mesquite pasture in 

October 1967. Thus, there was an adequate amount of available forage 

for the fistulated steers throughout this study. 

Percent plant parts of whole, clipped major grass species on 

the experimental pastures are shown in Table 18 with stem to leaf 

ratios. Generally, stem to leaf ratios did not change greatly between 

winter and spring. Some early spring growth during the month of May 

decreased stem to leaf ratios for spidergrass, slender grama, and roth-

rock grama. Less leaf herbage was available during the winter-spring 

period than for the rest of the year. Stem to leaf ratios continued to 

decrease for most major grasses with plant growth again in early summer 

(July). The stem to leaf ratios remained essentially the same for sum

mer as for early summer with Arizona cottontop and black grama continu

ing to decrease. Bush muhly made the most change of all grasses in 

stem to leaf ratios from winter to summer (18.7 to 3.4). Species with 

consistently higher percent of leaf, over all seasons, were Arizona 

cottontop, plains bristlegrass, and spidergrass. Sideoats grama had a 

high percent of leaf during early summer and summer. Percent of leaf 

for slender grama remained relatively constant during the year except 
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Table 18. Plant parts and stem to leaf ratios of major grass species 
collected at four seasons of the year in 1967 from experi-

t. i *. ' * mental pastures. 

Season/species Blade Sheath Stem 
Seed-
head 

St em/11 
rati' 

Winter 
Percent weight - -

Arizona cottontop 12.0 37.8 45.1 5.1 0.9 
Plains bristlegrass 27.8 33.3 33.7 5.2 0.6 
Spidergrass 32.9 26.4 27.6 13.1 0.5 
Slender grama 16.1 21.4 41.8 20.7 1.1 
Black grama 11.2 13.8 63.6 11.0 3.6 
Sideoats grama 7.5 27.1 62.1 3.3 1.8 
Bush muhly 0.0 5.0 93.5 1.5 18.7 
Rothrock grama 13.7 24.2 43.4 18.8 1.1 

Mean 15.2 23.6 51.4 8.6 3.5 

Spring 
Arizona cottontop 10.3 41.8 44.4 3.4 0.9 
Plains bristlegrass 34.6 30.0 32.4 2.9 0.5 
Spidergrass 53.5 20.5 24.6 2.4 0.3 
Slender grama 35.2 19.0 32.9 12.9 0.6 
Black grama 3.6 10.5 80.2 5.6 5.7 
Rothrock grama 15.5 23.8 40.8 8.2 0.4 
Sideoats grama 7.6 21.3 51.7 19.5 1.8 

Mean 22.9 23.8 43.9 7.8 1.5 

Early summer 
Arizona cottontop 41.8 18.5 35.6 4.1 0.6 
Plains bristlegrass 53.0 27.5 17.6 1.9 0.2 
Spidergrass 67.9 20.0 10.1 2.1 0.1 
Slender grama 35.2 19.0 32.9 12.9 0.6 
Black grama 16.3 6.2 77.1 0.1 3.4 
Sideoats grama 65.2 20.6 13.8 0.1 0.2 
Rothrock grama 50.0 16.4 25.5 8.2 0.4 

Mean 47.1 18.3 30.4 4.2 0.8 

Siammer 
Arizona cottontop 30.1 39,9 24.7 4.5 0.3 
Plains bristlegrass 40.4 31.3 15.6 12.7 0.2 
Spidergrass 4 .6 24.8 10.3 19.3 0.1 
Slender grama 29.7 16.6 30.0 23.7 0.6 
Black grama 26.8 14.9 54.4 3.8 1.3 
Sideoats grama 36.6 34.5 21.4 7.4 0.3 
Bush muhly 5.0 12.1 58.6 24.3 3.4 
Rothrock grama 23.2 21.4 27.4 28.0 0.6 

Mean 29.7 24.4 30.3 15.5 0.9 

*. Values on dry matter basis, 
a. Leaf is blade plus sheath. 
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for lower amounts during the winter season. Black grama and bush muhly 

were consistently lower in percent leaf as compared to the other spe

cies. 

Botanical Composition of Steer Diets. Results of botanical 

analyses of the rumen forage samples collected from the grazing fistu-

lated steers are given in Tables 19 and C-5. The botanical composi

tion of the steer diets shown in Table 19 is comprised of the averages 

of four animals for the season X treatment interaction. Table C-5 

gives the species composition of diets of the individual animals for 

the eight trials conducted during 1967. 

Growth conditions were atypical with respect to rainfall be

tween June and the early July dietary sampling period. The early sum

mer season is usually the "dry" period during the year. However, even 

though June was a dry period, early rains during the last of June and 

early July resulted in green-up of herbaceous vegetation for the July 

sampling date. Also the spring period was dryer than average years, 

so that less growth of herbaceous vegetation occurred for this season, 

A total of 28 species were identified in the 32 composited 

rumen samples collected over the period of the study. Fifteen of these 

species were grasses, six were forbs, and seven were shrubs. However, 

only eight of the species occurred in 75% of the dietary samples. The 

unidentifiable plant species ranged from 8.5 to 25.5% microscope points 

of the rumen samples with an overall average of 19,1% points. There 

were less unidentifiable species in the rumen samples collected during 

the summer season than for the other seasons of the year. The 



Table 19. Botanical composition of steer diets for four seasons of the year on mesquite and 
mesquite-free pastures in 1967.a 

S e a s o n s  

S*ecies Winter Spring Earl'r Scrnner 
summer C.L. 

MC MFd M MF M MF M MF 
Grasses 

Arizona cottontop 39.6 46.4 38.6 11.7 27.5 39.6 38.9 23.0 ±34.8 
Plains bristlegrass 11.5 3.7 6.4 3.3 9.8 6.7 10.1 7.6 14.3 

Spidergrass 2.0 9.0 12.8 19.1 11.7 •20.9 20.0 13.6 8.9 

Bush muhly 8.9 18.3 T 2.3 T T T T 15.7 
Slender grama 5.2 5.3 2.1 4.0 7.3 4.0 4.5 25.0 3.3 

Black grama 4.3 4.2 4.7 7.0 T T 0.0 2.7 3.5 

Sideoats grama 2.3 T 7.3 6.5 4.5 3.6 6.8 6.2 5.6 
Rothrock grama T T 16.9 36.6 5.9 15.2 3.9 15.9 10.1 
Sprucetop grama T T 0.0 T T 0.0 T 0.0 e 
Santa Rita threeawn 2.3 T 4.8 T T T 0.0 T e 

Green spangletop T T 3.3 T 0.0 0.0 T T e 
Texas timothy T 0.0 T 0.0 0.0 0.0 T T e 
Feather fingergrass T T 0.0 0.0 0.0 0.0 T 2.0 e 
Cane bluestem 0.0 0.0 0.0 T 0.0 0.0 0.0 T e 
Witchgrass 0.0 0.0 0.0 0.0 0.0 0.0 T T e 

Total 76.1 86.9 96.9 90.5 66.7 90.0 84.2 96.0 ±15.3 

Forbs 

Coulter spiderling 0.0 0.0 0.0 0.0 0.0 0.0 0.0 T e 
Careless weed 0.0 0.0 0.0 0.0 0.0 0.0 T 2.0 e 

Melon-loco T 3.4 0.0 0.0 0.0 T T T e 

Talinum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 T e 

Tetramerium 0.0 0.0 0.0 0.0 0.0 0.0 T 2.0 e 

Wild buckwheat T 0.0 0.0 0.0 0.0 0.0 0.0 0.0 e 

Total T 3.4 0.0 0.0 0.0 T T 4.0 e 



Table 19.—Continued 

Species 
Winter Spring 

S e a s o n s  
Early 
summer 

Summer 907„b 
C.L. 

MC MFd M MF M MF M MF 
Shrubs 

False mesquite 9.3 T T T 26.7 T 0.0 T e 
Velvet mesquite 12.6 0.0 3.1 0.0 6.6 0.0 3.9 0.0 e 
Mesquite beans 0.0 0.0 0.0 0.0 T 0.0 11.9 0.0 e 
Catclaw 0.0 T 0.0 6.7 0.0 10.0 0.0 T e 
Desert honeysuckle 0.0 0.0 0.0 T T T T T e 
Englemann prickly pear 2.0 9.7 0.0 2.8 T T 0.0 T e 
Barrel cactus 0.0 0.0 0.0 T 0.0 0.0 T 0.0 e 

Total 23.9 9.7 3.1 9.5 33.3 10.0 15.8 T +16.7 

TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 -

Other 

Unidentifiable plant^ 
species 20.3 22.7 22.1 24.0 17.9 20.3 9.5 15.8 - z . e  

basis. 
a. T = trace amounts less than 2%, values are average of four steers on a percent weight 

b. C. L. refers to confidence limits. 

c. Mesquite pasture. 

d. Mesquite-free pasture. 

e. Standard error was not determined for the minor species. 

f. Given as percent points from microscope point analyses of 400 hits/sample. 
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unidentifiable material usually consisted of plant fragments too small 

to be identified with any plant group--grass, forb, or shrub. 

The eight plant species which occurred in 75% or more of the 

dietary samples and 24 additional plant categories were selected for 

study by analysis of variance (Table 20). Since the results of the 

botanical analyses were from a multinomial population, data for the 

major grass species were transformed for analyses of variance using 

arcsin transformation as suggested by Snedecor (1956). The transforma

tions did not make any significant changes in interpolation of the 

data, so original data without transformation are presented here. 

There were only significant differences for certain plant cate

gories and a few major species for the main effects of season, date/ 

season, steers, treatments, and season X treatments. Large differences 

in the species means were necessary for a significance (P<0.05) of 

most botanical components because of the small number of degrees of 

freedom in the experimental error term. Data for the major plant spe

cies and plant groups, grasses or shrubs, were based on weight and all 

plant part information remained as microscope point data. Coefficients 

of variation were calculated as measures of the variation for individ

ual species and plant categories in the diet. The coefficients ranged 

from 35 to 2687o for the major grass species in the diets and from 13 to 

2877o for major plant groups and plant parts. The large coefficients of 

variation indicate the extreme variability associated with the botanical 

composition of the grazing animals' diet. 



Table 20. Statistical analyses of various botanical components in the diets of steers on a desert 
grassland.3 

Component Coefficient _ _ . , Steers Mesquite vs. Season X Exper. 
, Season Date/season , . N ^ ~ ...... 
m diet of variation ' (.pairs; mesquite-free treatment error 

Mean squares 

Grasses 15.3 379.3 729.8 642.5 637.9 328.3 170.4 
Shrub s 103.5 391.6 698.0 482.1 888.5 354.0 201.3 
Stems 49.4 715.6 352.2 124.5 100.9 87.3 78.8 
Leaves 12.6 357.2 371.5 158.7 290.0 6.1 96.5 
Grass blades 14.3 1344.8 812.9* 213.4 91.6 60.0 58.5 
Grass sheaths 42.6 562.2* 58.2 1.2 15.8 67.3 94.3 
Grass stems 49.4 357.0* 50.2 45.0 0.7 2.8 33.0 
Grass heads 287.3 82.4 19.9* 2.1 0.3 0.8 1.7 
Shrub leaves 150.9 16.9 31.2 9.0 28.5 14.8 18.2 
Shrub stems 129.8 114.5 154.5 199.1 124.8 97.8 68.4 
Bouteloua species 45.8 1434.5 425.8 741.0 1729.2* 569.3 138.2 
Arizona cottontop 90.5 435.4 763.0 513.2 298.0 691.5 874.4 
Plains bristlegrass 93.0 79.2 489.5 3.3 195.4 67.6 150.7 
Spidergrass 56.9 685.7 638.9 137.0 119.7 290.1 56.5 
Bush muhly 267.7 307.0* 31.1 201.3 49.0 391.5 178.5 
Slender grama 35.2 206.8 41.1 177.3* 182.0* 230.1* 7.3 
Black grama 76.8 46.2 12.2 0.1 7.5 3.7 8.5 
Sideoats grama 89.4 45.8 76.4 16.0 8.2 0.3 23.2 
Rothrock grama 69.3 966.0* 141.8 74.5 850.2* 126.5 75.3 
Arizona cottontop 

Blades 69.0 2 6 3"6* 
805.6 743.8 96.8 333.6 284.1 

Sheath 95.0 551.0 67.0 1.9 53.1 147.8 193.9 
Stems 80.9 94.5* 12.2 13.5 6.0 13.4 26.9 

00 
•c-



Table 20.—Continued 

Component Coefficient _ « - / Steers Mesquite vs. Season X Exper. 
. j. „ . . . Season Date/season / . \ ^ ^ ^ 
in diet of variation ' tpairs; mesquite-free treatment error 

Mean squares 

Plains bristlegrass 
Blades 96.8 19.1 75.2 0.1 66.0 6.3 36.1 
Sheath 79.7 1.9 3.1 9.1 3.2 3.4 2.9 
Stems 70.7 1.0 0.6 1.1 2.2 0.2 1.1 

Spidergrass 
Blades 65.3 201.9 106.9 13.0 28.5 31.1 38.2 
Sheath 60.2 11.3 6.9 2.5 7.1 9.7 4.5 
Stems 36.9 0.8 0.9 0.1 0.1 0.3 0.3 

Bouteloua species 
Blades 40.2 719.9* 97.8 254.6 611.3 197.5 102.2 
Sheath 40.2 57.4 15.1 19.7 75.4* 25.7 3.3 
Stems 106.3 25.0 9.1 26.2 1.0 10.2 11.5 

Unidentifiable to 
genus 11.7 167.3 17.1 10.4 82.1 5.0 5.0 

a. Species and plant groups are calculated on a weight basis; plant parts calculated on a 
microscope point basis. 

*. Refers to significant (P<0.05). 

oo 
Un 
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Grasses were the most predominant plant group in the animal 

diets, ranging from 6 7 to 97% weight of the season X treatment averages 

(Table 19). The eight grass species occurring in 75% or more of the 

dietary samples were Arizona cottontop, plains bristlegrass, sideoats 

grama, spidergrass, bush muhly, slender grama, black grama, and roth~ 

rock grama. 

Arizona cottontop was the most consistently utilized single 

species in the diets, occurring in all of the dietary samples, and was 

50% or more weight in 31% of the steer diets (Table C-5), Animal se

lectivity was greater for this species than for all other available 

plant species. There were no differences (P>0.05) in any of the main 

effects of the analysis of variance (Table 20). The coefficient of 

variation was 91%, indicating the high variation of this species in the 

diets. Arizona cottontop was an overall average of 27% by weight of 

the available herbage on the mesquite pasture and 12% on the mesquite-

free pasture (Table 17). 

Spidergrass was the second most utilized species in all of the 

rumen samples and was 35% or more weight in 97« of all dietary samples 

(Table C-5). Spidergrass was least preferred in the winter on the two 

pasture treatments as compared with the other seasons of the year 

(Table 19). There were no differences (P>0.05) among seasons, between 

treatments, or in the other main effects for spidergrass. The coeffi

cient of variation was 57%, indicating the wide range of variability for 

this species among the dietary samples. This species was an average of 
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8 and 17% weight of the available herbage for the entire study on the 

mesquite and mesquite-free pastures, respectively (Table 17). 

Plains bristlegrass was the next most utilized grass species in 

the steer diets. Plains bristlegrass occurred in 31 of the dietary 

samples and was 15% or more weight in 21% of the samples (Table C-5). 

No differences (P>0.05) were determined for any of the main effects of 

the analysis of variance. This species ranged from 3 to 127. weight for 

the average season X treatment steer diets in the mesquite and mesquite-

free pastures (Table 19) and contributed an average of 5 and 1% weight 

of the available herbage on the pastures, respectively (Table 17). 

Bush muhly was only important in the steer diets during the 

winter season. This species was highly variable in the dietary samples 

ranging from 0 to 49% weight of individual animal diets in winter 

(Table C-5) with an overall coefficient of variation of 268%. Only 

trace amounts were found in the diets during the remainder of the year. 

Consequently, there was a difference (P<0,05) among the season means 

with winter significant from the other season means (Table C-6). Bush 

muhly provided only an overall average of 4 and 5% weight of the avail

able herbage in the mesquite and mesquite-free pastures, respectively, 

thus showing the highly selective nature of the steers for specific 

species during certain times of the year (Table 17). 

Bouteloua was the best represented genus in the animal diets 

with five species identified in the rumen samples. All of the gramas 

on the study area with the exception of hairy grama occurred in the 

diets frequently enough to contribute to the season X treatment means 
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(Table 19). Only two of the gramas were selected to any extent, de

pending on the time of year. Slender grama was noted to increase in 

the dietary samples in the summer when compared to the other seasons of 

the year. Dietary samples collected from steers grazing the mesquite-

free pasture in the summer contained an average of 25% weight slender 

grama. 

Rothrock grama was selected by the grazing animals during the 

spring on both treatments and was from 21 to 47% weight of individual 

steer diets except for a much lower selectivity by the steers on the 

mesquite pasture in early summer (Table C-5). There was significantly 

more (P<0,05) rothrock grama in the spring and early summer diets than 

in the winter and summer diets (Table C-6). The amount of rothrock 

grama in diets on the mesquite-free pasture was significantly higher 

(P<0.05) than on the mesquite pasture. Reasons for the treatment dif

ferences are not readily explainable. There was slightly more rothrock 

grama on the mesquite-free pasture (Table 17) and, because of this, 

selectivity may have been encouraged. 

Together, the Douteloua species furnished a large percent of 

the available herbage with an average of 49 and 55% weight of the vege

tation on the mesquite and mesquite-free pastures, respectively (Table 

17). There were significantly (P<0.05) more Boutelouas in the diets 

of steers grazing the mesquite-free pasture than was found in the diets 

of steers grazing the mesquite pasture, 33 vs. 18% weight, respectively 

(Table 20). These differences are mainly because of the larger amounts 

of slender grama and rothrock grama in the diets of the steers on the 
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mesquite-free pastures during spring through summer. There were no 

other significant differences of Boutelouas among seasons, steers, or 

season X treatment effects. Black grama was a predominant grass on the 

pastures, about 30% weight of the composition; yet the average season X 

treatment composition of this grass in the steer diets ranged from 0 to 

7% weight (Table 19). Most of the black grama was consumed during the 

winter and spring. Slender grama, rothroek grama, and sideoats grama 

averaged about 9, 7, and 6% weight, respectively, of the total herbage 

on the two pastures. Sideoats grama occurred as trace amounts to 7% 

weight of the average steer diet, and sprucetop grama was found in only 

trace quantities of the diet (Table 19). Sprucetop grama made up only 

trace amounts of the available herbage on the experimental pastures. 

Slender grama was found to be significant (P<0.05) between 

pairs of steers, treatments, and seasons X treatments (Table 20), 

Steers 1 and 2 as shown in Table C-5 had an overall mean of 9% weight 

slender grama as compared to steers 3 and 4 with 4% weight. Steers 1 

and 2 were consistently higher in the percent weight of slender grama 

in their diets in seven of the eight field trials. Slender grama was 

significantly higher in the diets of steers grazing the mesquite-free 

pasture. The difference was primarily because of heavy selection for 

this species by the two pairs of steers grazing the mesquite-free pas

ture in the last two trials of the summer season. Slender grama was 

the only species in the diets which had a significant season X treat

ment interaction. Steer diets on the mesquite pasture contained 5.2, 

2.1, 7.3, and 4.57. weight slender grama for winter, spring, early 
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summer, and summer seasons, respectively. Dietary samples from the 

mesquite-free pasture contained 5.3, 4.0, 4,0, and 25.0% slender grama 

for the winter, spring, early summer, and summer seasons, respectively. 

The 257. slender grama in summer was significantly higher than other 

amounts and accounts for the significant interaction. Reasons for 

steer selectivity of slender grama in the summer season are not readily 

explainable, since there was an abundance of green growth of all species 

during this time. Forage production of slender grama was somewhat 

higher on the mesquite-free pasture during the summer season (Table 17) 

and this may have contributed to steer selectivity. 

Rothrock grama was significant (P<0.05) among seasons (Table 

20). Moans are given in Table C-6. There was significantly more roth

rock grama in spring diets than in winter or summer diets. Rothrock 

grama was one of the first grasses that made early growth from winter 

moisture in early April, The steers were probably searching for some

thing green after the winter months to supplement their diets. 

Other species found in the diets at specific times of the year 

were Santa Rita threeawn, green spangletop, and feather fingergrass. 

Overall contribution of these species to the animal diets were very 

small. 

Forb composition of the dietary samples was generally small and 

a minor component of the cattle diets. Melon-loco and wild buckwheat 

were found in the steer diets in winter and early summer usually in 

only trace quantities, except for one steer in February consuming 13% 

weight of melon-loco (Table C-5). Forbs were practically absent in 
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rumen samples collected in the spring season. More forbs were identi

fied in the samples collected from the steers in summer than for the 

other seasons. Five forb species were found in the summer steer 

diets; however, together these species made a minor contribution to the 

diet. Coulter spiderling, careless weed, and tetramerium were forb 

species commonly found in the summer diets. 

Total shrub species in the diet were secondary to grasses and 

ranged from trace amounts to 33% weight for the season X treatment 

means (Table 19). Mesquite occurred in all diets of the fistulated 

steers grazing the mesquite pasture for each season. Velvet mesquite 

was an average of 3 to 13%. weight of the season X treatment means in 

the steer diets and was higher during the winter than the other seasons 

of the year. The weight composition was not determined for mesquite on 

the experimental pasture, but crown canopy of this species was 17% of 

the pasture area. Mesquite beans were selected by the grazing steers 

during early and late August of the summer period. Average diets con

tained 12% weight of mesquite pods in the summer samples (Table 19). 

False mesquite was consumed at certain times of the year, oc

curring in 37% of the dietary samples (Table C-5). This species was 

primarily selected from the mesquite pasture during the winter and 

early summer (June) seasons with trace amounts found in the diets for 

other times of the year. The highest percentage of false mesquite was 

in the diets of the two steers grazing on the mesquite pasture in June 

(Table C-5) with an average of 52% weight. June was a particularly dry 

month with very little green vegetation available and the steers were 
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able to obtain some green leaves from this plant. False mesquite only 

made up a trace to 37o weight of the available herbage on the pastures. 

On the mesquite-free pasture during the June trial, the two 

steers grazed heavily on catclaw, as shown in Table C-5. More catclaw 

plants occurred on the mesquite-free pasture than on the mesquite pas

ture, although these were in small amounts. Catclaw had begun to grow 

new leaves during May and despite the thorny nature of this plant, the 

steers selected the leaves and young twigs of this shrub. Catclaw was 

also grazed in May of the spring season (Table C-5). Dietary quantities 

for individual steers ranged from 7 to 19% weight for this species dur

ing May and June. Only trace amounts were found in the steer diets for 

the remainder of the year. Catclaw accounted for only a trace to 27« 

weight composition on the experimental pastures. 

Only trace amounts of desert honeysuckle and barrel cactus oc

curred in the steer diets and on the study area in the spring, early 

summer, and summer seasons. Englemann prickly pear was the most pre

ferred cactus species and was grazed primarily during February. Prickly 

pear was selected again in the spring (May) by steer number 1 on the 

mesquite-free pasture. Although all four of the steers were noted to 

graze prickly pear during the winter season, it appears that steer num

ber 1 had a preference for this species. Steer number 1 was the only 

animal to graze prickly pear in May and again in June, regardless of 

the pasture treatment. 

Ninety percent confidence limits were calculated for the major 

grass species and plant groups found in steer diets as averaged for the 
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season X treatment means (Table 19). The large variation of a species 

in the diet between the average pairs of steers and within animals re

sulted in wide confidence limits for most components. 

Ninety percent confidence limits were somewhat reduced for 

total percent weight of grasses at 76 i 15% and shrubs 24 ± 17% on the 

mesquite pasture in winter. Accuracy was further improved in estima

tion of unidentifiable species with a 90% probability that the percent 

unidentifiable population mean will be included within 20 ± 3% points 

during the winter season on the mesquite pasture. 

The grazing animals selected certain parts of species as well 

as specific plant species in their diets (Table 21). Statistical re

sults of analysis of variance components are shown in Table 20 and test 

of means is shown in Table C-6. Parts of species are based on percent 

microscope points, since weight was not determined for plant parts. 

Total stems in the steer diets decreased from winter to spring (28 to 

187o), increased in the mesquite pasture in early summer, and then de

creased to about 5% in the summer diets. The increase of stems in the 

cattle diets on the mesquite pasture in early summer was due to large 

amounts of false mesquite in the dietary samples during the June 

collection period. Stem parts averaged 237.. hits in diets for winter 

through early summer compared to only 57» points during the summer 

season. Correspondingly, there was a decrease in the overall average of 

percent weight of stems for the major hand-clipped grass species on the 

experimental pastures from winter to summer (51 to 307o, Table 18). How

ever, only relative comparisons can be made, since the dietary part 
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Table 21. Plant parts of primary botanical components in the diets of 
steers grazing a desert grassland.8 

- - - - - - - - - - - -  S e a s o n s  - - - - - - - - - - - - -
Botanical 

components Winter Spring Early Summer ^°!° b 
' summer C.L, 

Mc HFC M MF M MF M MF 

- Percent points -

Total stems 29.8 26.5 17.6 19.4 26.4 13.4 5.2 5.4 ±10.3 
Total leaves 68.4 71.7 79.9 78.1 72,6 84.5 86.3 86.5 11.4 
Grass blades 32.5 36.2 55.4 59.2 56.0 65.7 63.6 59.9 8.9 
Grass sheaths 32.9 35.2 23.6 18.1 10.0 17.4 21.2 23.8 11.5 
Grass stems 18.6 19.4 15.4 14.0 9.6 10.2 2.8 4.0 6. 8 
Grass heads 1.8 1.8 2.5 2.5 1.0 2.1 8.5 8.0 1.6 
Shrub leaves 3.0 T T 1.1 6.6 1.3 1.4 1.0 4.9 
Shrub stems 8.4 5.5 2.1 4.8 16.7 2.9 2.1 T 9.6 

Arizona cottontop 
Blades 20.4 28.1 23.7 9.5 26.3 34.0 34.3 19.2 ±18.9 
Sheaths 26.6 27.5 17.2 3.5 6.3 12.9 13.6 9.5 15.8 
Stems 7.7 10.4 7.7 5.4 3.6 6.9 1.0 1.0 6.1 
Seedheads 1.0 T T T 0.0 T 1.7 1.0 d 

Plains bristlegrass 
Blades 7.2 1.7 4.5 2.4 7.0 4.7 7.8 6.1 ± 6.8 
Sheaths 3.0 T 1.0 1.0 1.5 1.0 T 1.2 1.8 
Stems 1.4 T 1.0 T T T T T d 
Seedheads T T 0.0 T T T 1.0 T d 

Spidergrass 
Blades 1.0 4.0 7.3 12.2 11.4 14.5 14.8 10.2 ± 7.3 
Sheaths 1.0 1.8 2.1 5.5 1.3 2.5 4.2 2.2 2.6 
Stems T 1.0 T 1.0 1.2 1.0 T T d 
Seedheads T T 1.2 1.0 T 1.0 2.1 1.0 d 

Bouteloua species 
Blades 3.7 1.9 17.2 34.5 11.2 13.7 4.0 21.1 ±12.7 
Sheaths 1.6 7.9 3.5 7.9 1.0 1.3 2.2 9.8 2.1 
Stems 2.4 1.8 4.4 7.1 4.1 1.8 1.2 2.6 4.0 
Seedheads T 1.3 1.1 1.5 T 1.0 2.1 5.4 d 

a. T refers to trace amounts, less than 1%; values are averages 
of four steers. 

b. C. L, refers to confidence limits. 

c. M refers to mesquite pasture and MF to mesquite-free pasture. 

d. Standard error was not calculated for minor quantities. 
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percentages are percent points and the available herbage parts are on a 

percent weight basis. There were no significant differences determined 

for any of the main effects of total stems in the cattle diets (Table 

20). 

Total leaves was the largest plant part component found in the 

dietary samples ranging from 68 to 87% points for the winter and summer, 

season X treatment means, respectively (Table 21). Total leaves in

cluded grass blades and sheaths as well as forb and shrub leaves. Al

though no significant differences were determined for any of the main 

effects of total leaves, an increase is noted in percent of leaves in 

the steer diets as the seasons progressed from winter to summer. 

Total grass blades in the dietary samples were less in winter 

(33% points) and highest in early summer (667a points) compared to the 

spring and summer periods (Table 21). There was no difference (P>0.05) 

among seasons for blades. A reason for a lack of significance is prob

ably due to the significant date/season component (Table 20), Grass 

sheaths were significantly higher (P>0,05) in the winter compared to 

the other seasons (Table C-6), Season X treatment averages ranged from 

35 to lCT/o points for winter and early summer, respectively. Reasons 

for the lowest percent sheaths in the early summer dietary samples ap

pears to be related to availability of grass blades and sheaths as well 

as to animal selectivity. Grasses were just beginning growth during 

the early summer period in July. The mean percent weight of grass 

sheaths for the major grasses on the experimental pastures were lowest 

during early summer compared with the other seasons (Table 18), Even 
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more evident was the availability of grass blades. Blades of major 

grasses in early summer were almost twice the amount of the other sea

sons on a percentage basis. Steer selectivity for grass blades was 

higher in the early July trial than for any other trial (Table 22). 

There were also less sheaths in dietary samples of the early July 

trial. Thus, the high animal selectivity for grass blades in early 

July with more blades available for this period resulted in less grass 

sheaths in steer diets. 

Grass stems in the diets decreased slightly from 197o in winter 

to spring, decreased more in the early summer, and were as low as 37o in 

the summer period (Table 21). There were significantly (P<0.05) less 

stems in summer diets as compared to winter diets (Table C-6). Less 

grass stems in summer were consistent with more grass blades in the diet

ary samples as the seasons progressed. Summer rumen samples were 

higher in grass seedheads than the samples for other seasons of the 

year. There were no significant differences among seasons for seed-

heads. This appears to be the result of a significant (P<0.05) date/ 

season effect (Table 20). Grass seedheads were slightly higher in sum

mer compared to the other seasons, 87» vs. 2% points for the season X 

treatment means (Table 21). The average percent weight of seedheads 

for the major grasses on the pastures ranged from 4 to 167. in early 

summer and summer seasons, respectively (Table 18). There was usually 

less selectivity by grazing steers for seedheads than for the other 

plant parts. 



Table 22. Parts of total grasses in the diets of steers on mesquite and mesquite-free desert 
grassland.3 

Collection Blades Sheaths Stems Seedheads 
dates — — 
1967 M MF M MF M MF M MF 

Percent points 

January 22-23 26.8 34.9 42.1 35.4 14.9 24.0 2.0 2.8 

February 5-6 38.2 37.5 23.6 34.9 22.3 14.8 1.7 0.9 

April 16-17 55.6 61.0 20.9 20.1 16.4 14.3 3.1 2.0 

May 3-4 55.2 57.4 27.8 15.5 14.5 13.7 1.9 3:1 

June 16-17 30.5 53.2 9.9 22.5 13.5 15.7 1.1 1.2 

July 5-6 81.6 78.3 10.2 12.3 5.6 4.7 0.9 2.9 

August 7-8 68.2 66.3 21.7 23.8 1.4 2.8 5.8 4.7 

August 22-23 59.0 53.6 20.7 28.8 4.3 5.3 11.2 11.6 

a. Values are averages of two steers per treatment. 

b. M refers to mesquite and MF to mesquite-free pastures. 
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There were less shrub leaves than stems in steer diets. Hits 

on shrub leaves ranged from a trace to 7%, but hits on shrub stems were 

from a trace to 17% over the year (Table 21). The highest amounts of 

shrub leaves occurred in the early summer season and were primarily 

from false mesquite in the June dietary samples. Likewise, shrub stems 

were higher for this period than for the other seasons as a result of 

false mesquite in the diets. There were no significant differences de

termined for any of the main effects for shrub leaves or stems (Table 

20).  

Plant parts for three of the major grass species in the steer 

diets and for the Bouteloua species are shown in Table 21. There were 

more hits on Arizona cottontop blades over the study than on sheath 

parts. Sheath parts of Arizona cottontop were about as frequent as 

blades in the winter season but constituted only about 30% of the total 

grass leaves for Arizona cottontop in the dietary samples for the re

maining seasons. On the other hand, sheaths of Arizona cottontop on 

the experimental pastures were about 3.6 times the amount of blades 

during the winter and spring seasons (Table 18). Sheaths of Arizona 

cottontop were only about half the amount of blades during early sum

mer and increased to slightly more than blades in the summer. Thus, 

it is evident that there was steer selectivity for Arizona cottontop 

blades over sheath parts throughout this study. There were no differ

ences for any of the main effects for Arizona cottontop blades. There 

was a significant difference (P<0.05) among seasons for sheaths of 

Arizona cottontop with significantly more sheaths in winter as 
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compared to the other seasons of the year (Table C-6). Stem parts of 

Arizona cottontop were also significantly different among seasons with 

more stems in winter and spring than in summer. Hits on Arizona 

cottontop stems ranged from 1 to 10% (Table 21). Stems made up from 

25 to 45% weight of the total clipped Arizona cottontop plants on the 

experimental pastures (Table 18). Seedheads were from 3 to 5% weight 

of this species on the pastures, but only trace amounts of seedheads 

were found in the dietary samples. 

Plains bristlegrass blades ranged from 2 to 8% points for the 

season X treatment means (Table 21) and hits on sheaths and stems of 

this species were only trace amounts. There were about equal amounts 

of blades, sheaths, and stems (30% weight) for plains bristlegrass on 

the study area in winter and spring as shown in Table 18. In early 

summer and summer, blades were about 45%. weight of plains bristlegrass, 

and stems were close to \TU weight of this species on the experimental 

pastures. Percent weight of plains bristlegrass seedheads on the pas

tures was from 3 to 13% for spring and summer seasons, respectively, 

yet only trace amounts were found in the dietary samples. There were 

no significant differences for any of the main effects for parts of 

plains bristlegrass in the dietary samples (Table 20). 

Hits on spidergrass blades were considerably less in winter 

than in the other seasons, increasing to about 15%. points in summer. 

Sheath parts ranged from a trace to 6% points of the dietary samples 

(Table 21). Stem and seedhead parts of spidergrass were only trace 

amounts of the diets. Thus, most of spidergrass was made up of blade 
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and sheath parts in the steer diets as was plains bristlegrass. The 

percent weight of blades for spidergrass on the pastures ranged from 33 

to 68% weight for the winter and early summer seasons, respectively 

(Table 18). Sheaths were about 20% weight of available spidergrass on 

the pastures, and stems made up about 26% weight of the winter and 

spring plants. Percent weight of stems of spidergrass on the pastures, 

for early summer and summer, were about 10% weight of this species". 

All of the Bouteloua species were considered together, since 

only relatively small amounts were contributed by any single species. 

Slender and rothrock grama were the predominant gramas in the steer 

diets with smaller amounts of black grama, sideoats, and sprucetop 

grama. Percent points for blades of Boutelouas were significant 

(P<0.05) among seasons with only 3% for the winter season and 26% in 

the spring (Table C-6). Bouteloua blades for early summer and summer 

were intermediate between winter and spring amounts. Rothrock grama 

was the primary grama in the spring dietary samples. Bouteloua sheaths 

were significantly different (P<0.05) between treatments with more 

sheaths in the steer diets on the mesquite-free pasture. This seems to 

be the result of more rothrock grama in the May dietary samples and 

slender and rothrock in the August samples on the mesquite-free pas

ture. Sheaths only contributed about 25% of the hits on Bouteloua 

leaves. Bouteloua stems were not different (P<0. 05) among seasons or 

pasture treatments. Total percent stem points were generally low and 

averaged 3% for the overall study. 
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Availability of parts of Bouteloua species on the study area 

varied considerably among species and seasons (Table 18), Blades 

ranged from 8% weight, for sideoats grama, in winter to 65% weight in 

early summer. Slender grama blades were 16% weight of this species in 

winter to an average of 33% weight for the other seasons. Rothrock 

grama blades varied from 14% in winter to 50% weight in early summer. 

Overall, Bouteloua blades were in large amounts in the steer diets com

pared to the other parts, with only trace amounts of seedheads. More 

slender and rothrock grama seedheads were available during the year on 

the experimental pastures than were other gramas, with an average of 24 

and 20% weight of these species, respectively. 

Ninety percent confidence limits calculated for the season X 

treatment plant part means are given in Table 21. Generally, confi

dence limits for parts of plant groups were not as wide as for parts of 

plant species. Considering total stems in the steer diets for winter 

on the mesquite pasture, it is with 90% confidence that the true popu

lation mean is included within 30 i 107e points. Total grass blades 

were 33 +. 9% points for the same period. Confidence limits for shrub 

stems were wider with smaller means. 

Confidence limits for parts of Arizona cottontop were wide, as 

shown for the winter season on the mesquite pasture at the 90% confi

dence level, the true population mean of blades is included within 20 

i 19% points, and Arizona cottontop stems were 8 ± 6% points for the 

same period. Parts of plains bristlegrass, spidergrass, and Bouteloua 

species were estimated with about the same accuracy as for Arizona 

cottontop. 
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The number of animals that would be required to estimate cer

tain botanical components of steer diets within 207., of the mean and 90% 

confidence would be excessive for most components (Table 23). To sam

ple major grasses and genus groups of the diets such as Arizona cotton-

top, spidergrass, slender grama, and Bouteloua species would require 

from 9 to 55 animals. Certain plant groups or parts in the diets would 

not require as many animals. Grasses, total leaves, grass blades, 

sheaths, or stems ranged from 2 to 17 animals. Certainly it should be 

recognized that this study is only based on two replications which in 

creased the estimated number of animals in the statistical computation. 

However, Van Dyne and Heady (1965a) determined the number of animals 

necessary to estimate dietary components of animal diets on a Califor

nia range. Based on four replications, they found that as many as 24 

or more animals would be required to estimate major species by genus 

groups within 10% of the mean and 907o confidence. These studies sug

gest that it is impractical to estimate major botanical constituents to 

a close degree of accuracy because of the large number of animals nec

essary to determine botanical composition with any reliability. 

Botanical composition of the steer diets was considerably dif

ferent in this study than for an earlier experiment conducted on the 

Santa Rita experimental range (Gait et al. 1969). However, the avail

able forage composition was extremely different for the two studies, 

and dietary samples on the earlier study were collected from September 

through December 1964 instead of on a year-long basis. For the earlier 

study, the pasture composition was primarily Lehmann lovegrass with 
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Table 23. Relative numbers of animals required to estimate certain 
botanical components of steer diets within 20% of the mean 
and 90% confidence. 

n .. . .. . Number of 
Botanical components , , 

animals 

Based on percent weight 

Grasses 2 
Shrubs 73 
Arizona cottontop 55 
Plains bristlegrass 177 
Spidergrass 22 
Slender grama 9 
Black grama 40 
Sideoats grama 54 
Rothrock grama 33 
Bouteloua species 15 

Based on percent points 

Stems 17 
Leaves 2 
Grass blades 2 
Grass sheaths 13 
Grass stems 17 
Grass heads 6 
Shrub leaves 160 
Shrub stems 113 
Arizona cottontop 
Blades 33 
Sheaths 61 
Stems 45 

Plains bristlegrass 
Blades 64 
Sheaths 44 
Stems 35 

Spidergrass 
Blades 29 
Sheaths 25 
Stems 10 

Bouteloua species 
Blades 39 ' 
Sheaths 12 
Stems 77 
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some black grama, plains bristlegrass, arid Arizona cottontop, Although 

species such as plains bristlegrass and Arizona cottontop were only a 

small part of the available forage, they made up most of the composi

tion in the steer diets from September to November. More preference 

was shown for plains bristlegrass in the former study than for Arizona 

cottontop. The steers changed their species' preference in late Novem

ber to a diet consisting mostly of Lehmann lovegrass. The former ex

periment agrees with the present study in that the composition of the 

steer diets were markedly different from the available forage composi

tion, and the animals not only selected certain species but also spe

cific parts of plants they grazed. 

A second investigation was made simultaneously with this study 

on the behavior and grazing preference of fistulated steers on a desert 

grassland (Zemo 1968). Intensive observations were made of the rumen 

fistulated steers used in this study from June 27 to September 9, 1967. 

The grazing preference study was based on the number of bites taken by 

an animal, per unit of time. This investigator determined an overall 

preference rating for the major grasses, forbs, and shrubs. His rating 

placed the following species in order of preference: Arizona cotton

top, slender grama, plains bristlegrass, rothrock grama, spidergrass, 

sideoats grama, forbs, Santa Rita threeawn, bush muhly, and shrubs. 

Shrubs were the only plant group in the steer diets that was signifi

cant (P<0.05) between pastures. Generally, Zemo's preference ratings 

were very close to amounts of these species in the diets determined in 

the present study from the botanical analyses of rumen samples. 
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However, Zemo did not report quantitative estimates of dietary composi

tion. 

Van Dyne and Heady (1965a) made an intensive animal diet study 

on California annual vegetative type range using five steers and seven 

sheep with esophageal fistulas. Their findings agreed with this study 

in that the diets differed widely from the available botanical composi

tion on the range. The animal diets had less stems and more leaves 

when forage availability was high. The number of animals required to 

sample dietary botanical composition at the 907s level of probability 

within 10% of the mean was excessive for most components. As many as 

nine animals would be required to sample the major plant groups in the 

summer with the accuracy specified above. Coefficients of variation 

for most species and plant groups in the diets varied from 100 to 400%. 

Host botanical constituents analyzed individually showed differences 

(P<0.05) among animals. Van Dyne and Heady (1965a) found no signifi

cant differences in botanical constituents of the cattle and sheep 

diets among five consecutive days in a sampling period. This shows 

stability of the diets for at least short periods of time. These in

vestigators also sampled twice daily with esophageal fistulated ani

mals. Their study showed differences in dietary botanical composition 

between morning and afternoon grazing, 

Connor et al. (1963) studied botanical and nutritional compon

ents of steer diets on two types of desert range in Nevada. Three fis

tulated steers were used to sample the diets at each of two locations. 

One area was designated as desert shrub and a second as sagebrush-grass 
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range. Even though grass cover was less than 10% of the plant cover on 

the desert shrub area, the fistula samples contained from 40 to 85% 

grass in July and August. Heavy browse was found in the diets only 

when the steers were forced to graze it. On the sagebrush-grass range, 

cattle diets were 687o grass, although less than 15% of the pasture com

position was grass. The work of Connor et al, (1963) showed that cattle 

were selective in grazing and diets were much different from the avail

able forage. Species of grasses in the cattle diets or quantitative 

botanical information of diets were not given. 

Other workers have only made observations of cattle while they 

grazed and were unable to make specific determinations of botanical com

position of the animal diets (Cook, Blake, and Call 1963; Edlefsen et al. 

1960). Thus, information on botanical composition of animal diets has 

been primarily limited to only certain vegetative types in studies with 

fistulated animals. These studies have shown that plant composition of 

the animals' diet varies considerably from the available forage compo

sition and that, because of selective grazing by the animal, the diets 

vary among seasons and times of the year. Within animal variation has 

been shown to vary considerably for most botanical components of the 

diet due to the nature of the grazing animal. 

Summary 

Four rumen fistulated steers were used to study the botanical 

composition of cattle diets on mesquite and mesquite-free rangeland 

during the four seasons of 1967. Herbage production was 579 and 739 

lb,/acre on the mesquite and mesquite-free pastures, respectively, in 
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1966. The production was 889 and 1,340 lb./acre in 1967. Adequate 

amounts of forage were available to the animals throughout the study. 

The major plant group on the experimental pastures was grasses, 

and shrubs made up a smaller part of the total herbage production. 

Forbs were only in trace quantities on the pastures. Grasses in the 

steer diets made up from 67 to 97 weight of the season X treatment 

means. Major grass species in the diets varied considerably among sea

sons and often between sampling dates within seasons. Coefficients of 

variation for the major grasses in the diet varied from 26 to 2687®, 

showing the highly variable nature of the grazing animal. Shrub spe

cies in the diets varied with the seasons, Pods of velvet mesquite 

were selected during the summer. False mesquite was grazed primarily 

in winter and early summer. Prickly pear cactus was eaten in larger 

quantities during winter. 

Composition of the available species on the experimental pas

tures was usually much different than species composition of the steer 

diets. Arizona cottontop was the most preferred plant species in the 

animal diets. Overall treatment averages of this species in the diets 

were 30 and 367.. weight on the mesquite and mesquite-free pastures, re

spectively. There was an overage of 27 and 127» weight of Arizona 

cottontop on the mesquite and mesquite-free pastures, respectively. 

Steer selectivity was also shown for several other species on 

the study area. Spidergrass was consistently selected over the year 

and was as high as 35% weight in diets for all seasons except winter. 

This species made up 8 and 177. weight of the herbage on the mesquite 



108 

and mesquite-free pastures. Bush muhly varied from small amounts to 

497c weight in winter diets but was only about 57. weight of the avail

able herbage on the pastures. 

Slender grama made up to 367. weight of individual steer diets 

in summer compared to about 97. weight available on the two pastures. 

Rothrock grama occurred up to 47% weight of the spring diets but was 

only an average of TU weight of the experimental pastures. Black grama 

averaged 307. weight of the available herbage but was not more than 14% 

weight of steer diets in the spring. Although catclaw and false mes-

quite were found in small quantities on the experimental pastures, 

these species made up 18 and 557> weight of steer diets in June, respec

tively. Thus, the composition of the animal diets changed greatly with 

the time of the year and was usually much different from the available 

species composition. 

There was essentially little difference in the overall species 

composition between treatments. The presence of velvet mesquite had 

little effect on dietary composition, but overall herbage production 

was increased an average of 306 lb./acre over two growing seasons. 

Small amounts of mesquite leaves and stems were selected throughout the 

year with mesquite beans being consumed during summer. Significant 

differences were found between pasture treatments for slender and roth

rock gramas, although the species availability of these species was 

about the same between pastures. Total shrub species in the diets were 

not significantly different between pasture treatments. Thus, these 

data show that the presence of velvet mesquite does not necessarily 
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affect the botanical composition of steer diets for species other than 

mesquite but. provides more total available forage for the grazing ani

mal. 

Plant parts of steer diets were determined on a percent point 

basis. Leaves were the largest plant part component of the dietary-

samples and increased in the diets from winter to summer. Diets were 

composed of 68 to 867o points of total leaf parts. Stem parts were 

higher in the winter than in the other seasons and decreased greatly 

during summer when green leaves were more available. Stems made up 237® 

points in winter and only 5% points in summer. 

Grass sheaths were significantly higher in the winter diets 

than during the other seasons. Availability of grass sheaths was about 

23% weight of the major grass species on the experimental pastures. 

Grass sheaths comprised from 35 to 10% points of the dietary samples 

from winter to early summer. Preference for grass sheaths seemed 

greater when blades were less available in winter and as blades became 

more available sheaths decreased in the diets. 

Although seedheads were higher in summer diets compared to the 

other seasons, seedheads were only a minor part of the steer diets. 

Steer selectivity for seedheads was much less compared to the selectiv

ity for the other plant parts. 

Total percent points for three of the major grasses in the 

steer diets—Arizona cottontop, plains bristlegrass, and spidergrass— 

showed blades to be the most predominant part selected. Blades were an 

overall average of 54% points of these three species and sheath parts 
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made up 27%, stems 127o, and seedheads were 7% points. Percentage parts 

of Bouteloua species were comparable to percentage parts of the three 

major grasses. These data suggest that the steers were selecting more 

of leaf parts and less of stems as they grazed these grasses. 

Results of plant part analyses of the dietary samples showed 

that the steers were selective in the parts of plants they grazed. The 

large amount of leaves vs. smaller quantities of stems in the diets 

throughout the year was typical of the diets. Leaf parts increased in 

the steer diets as plants made new growth and leaves were more avail

able. In the spring, leaf content of the diets was increased from early 

growth of rothrock grama. Also, the steers selected shrub species such 

as catclaw and false mesquite in the spring and dry part of early sum

mer. Further selectivity for leaf parts by the animals was shown in 

the early summer and summer periods when total leaves increased to 86% 

points of the rumen samples and stems were only 5% points of the compo

sition , 

The number of animals that would be required to estimate certain 

dietary constituents within 20% of the mean and 90% confidence would be 

impractical for most constituents. Plant groups or groups of plant 

parts could be estimated with fewer animals. There was a high variation 

for most dietary botanical components among steers. Several animals 

would be needed to sample the botanical composition of animal diets to 

a reasonable degree of accuracy. 
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Nutrient Composition of Steer Diets 

Nutrient intake of range animals may vary considerably among 

locations because of the wide variety of plants that grow on different 

ranges, nutrient composition of forage species, site, stage of plant 

maturity, precipitation, and other environmental factors. Besides 

these differences, several investigators have found that forage in

gested by grazing animals may be considerably different in chemical 

composition than the available forage because of selective grazing by 

the animal (Hardison et al. 1954, Connor et al. 1963, Van Dyne and Heady 

1965a). Rumen fistulated steers consistently selected a diet higher in 

crude protein than hand-clipped samples of the major perennial grasses 

on the Santa Rita Experimental Range (Cable and Shumway 1966, Gait et 

al. 1969). 

The study reported in this section of the dissertation was made 

to determine forage intake, nutrient composition, and digestibility of 

steer diets on good and fair condition desert grassland of southern 

Arizona. The study was designed to determine the seasonal variation 

over the period of a year and differences between steer diets on mes-

quite-free and mesquite-infested range. 

Because grazing intensity can affect forage intake and digesti

bility of the diet, the intensity of grazing was regulated so that uti

lization was no more than 50% by weight of the predominant forage 

species. 
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Experimental Procedures 

Field Methods. Four rumen fistulated steers, previously de

scribed in the botanical composition of steer diet studies, were used 

in forage intake and digestibility trials. Eight trials were made ac

cording to a cross-over experimental design to study pasture and 

seasonal differences (Table 16). These studies were conducted as part 

of the botanical composition dietary studies outlined in the previous 

section of this dissertation. Digestibility was determined for dry 

matter, acid-detergent fiber, crude protein, and gross energy of the 

diet using acid-detergent lignin as the internal plant indicator. Fecal 

output was measured using chromic oxide as an external indicator. For

age intake was determined from the digestibility and fecal output data. 

Methods of determining forage intake and apparent digestibility were 

made according to the following calculations: 

g Cr203 administered 
Fecal output = —-——7 

r g / g dry feces 

Fecal output 
Dry matter intake = - —:—T: . ,, .. ' t~~\ — J Percent mdigestibility o f  d r y  matter 

, n n/, n n  % lignin forage %nutrient feces \ 
Percent digestibility = 100-(100 x 0/ , . x — — J b 3 U lxgnin feces /•> nutrient forage 

The data were statistically analyzed by analysis of variance (Cochran 

and Cox 1964). Duncan's Multiple Range Test was used to test differ

ences among sample means (Li 1965). Number of animals necessary for a 

specific degree of accuracy was determined according to Snedecor (1956), 
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Chromic oxide was dispersed on purified cellulose (Solka Floe, 

The Brown Company, Berlin, N. H.) in a ratio of one part chromic oxide 

to two parts Solka Floe. The chromic oxide-Solka Floe mixture was 

pressed and placed into gelatin capsules which were weighed to the 

nearest one-hundredth of a gram for each dose. Beginning with each 

trial, approximately 10 g of chromic oxide was administered with a 

balling gun to each steer daily at 7:00 AM for a period of eleven 

days. 

Five days were allowed for stabilization of the chromic oxide 

output of the steers. Beginning with the sixth day, fecal "grab11 sam

ples were collected for a period of seven days at about the time of 

dosing with chromic oxide. A composite fecal sample was made from the 

seven-day collection of each steer by combining equal amounts of feces 

on a weight basis. 

As previously described in the botanical composition of steer 

diets section, rumen forage samples were collected on the 12th and 13th 

days of each trial from the four rumen fistulated steers. A composite 

sample for nutrient analyses of the rumen forage sample was made for 

each animal by taking about 157® weight for each of the rumen samples 

collected on the two consecutive days and combining them on an equal 

weight basis. The rumen and fecal "grab" samples were quick-frozen 

with dry ice in the field and kept at -20 C in the laboratory. 

In conjunction with the seventh trial, conducted from July 26 

to August 8, 1967, total fecal collections were made to measure the re

covery of chromic oxide. Fecal bags were attached to the steers with a 
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harness attachment, and a two-week adjustment period was allowed for 

wearing the attachment before starting the trial. Chromic oxide was 

administered daily, and beginning with the sixth day of chromic oxide 

administration, "grab" samples were taken from the top of the fecal 

bags each morning. Total fecal and "grab" samples were collected for 

seven consecutive days. Fecal bags were changed twice daily at about 

7:00 AM and 5:00 PM. The fecal bags and contents were weighed with 

spring balance scales in the field to the nearest tenth of a pound. 

The feces were then mixed, and a sample was taken and quick-frozen with 

dry ice. Analyses of chromic oxide were made on a daily morning and 

afternoon basis for total and "grab" sample collections. 

Observations were made of one steer in each pair as the steers 

grazed during the forage collection period of each trial. Species that 

were grazed were hand-clipped at ground level (about 200 g) for crude 

protein analyses by pastures. 

The steers were weighed at the experimental pasture site peri

odically from the time the diet study was begun in January until it was 

completed in August 1967. The animals were weighed at the beginning of 

each trial, at the time the steers were rotated between the pastures, 

and at the end of each trial according to the trial dates presented in 

Table 16. The cattle were penned at daylight before they began to 

graze and were not allowed to drink prior to weighing the steers. The 

cattle were weighed using a portable battery-operated electronic scale 

that was developed for field use at the Santa Rita Experimental Range 

(Martin, Barnes, and Dashford 1967). 
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Field observations of the grazing steers showed that they pre

ferred to graze plants beneath mesquite trees, when grazing in the mes-

quite-infested pasture. A study was made in November 1967 to compare 

the nitrogen content of two principal dietary species beneath the mes

quite trees vs. the same species growing in the open. Plains bristle-

grass and Arizona cottontop were the species studied. The experimental 

design was a randomized block design of five replications and three 

treatments. About 200 g of each of the two plant species were clipped 

at ground level in the mesquite-free pasture and in open areas between 

mesquite trees and beneath the mesquite trees in the mesquite-infested 

pasture. 

An important chemical constituent, considered in this study, is 

the nitrogen content of the forage consumed by the steers. Salivary 

contamination has been suggested as a factor which may change the chem

ical composition of fistula forage samples (Cook 1964). Some investi

gators have shown that the nitrogen content of fistula forage samples 

was higher than the nitrogen content of the forage offered to the ani

mal (Blackstone et al. 1965, Marshall et al. 1967). However, other 

workers found no difference in the nitrogen content between fistula 

forage and hand-fed forage offered to the animal (Bath et al. 1956; 

Lesperance, Bohman, and Marble 1960). 

A study was made at the end of the growing season in October 

1966 and 1967 to determine the amount of nitrogen addition from sali

vary contamination to grass species hand-fed to rumen fistulated 

steers. Nine grass species were hand-clipped at ground level from the 
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experimental pastures. These species were individually hand-fed and 

recovered from rumen fistulated steers, as previously described. Kjel-

dahl nitrogen was determined on the hand-clipped species before feeding 

and after recovery from the steers. 

All forage, rumen, and fecal samples were dried in a forced-air 

ovon at 45 C for-24 hr and ground with a Wiley Mill through a 1-mm mesh 

screen. Samples were stored in glass bottles until chemically analyzed. 

Laboratory Procedures. Chemical analyses were made of the rumen 

forage samples, fecal samples, and plant samples collected during the 

cattle diet study. Dry matter, ash, and Kjeldahl nitrogen were deter

mined according to the Association of Official Agricultural Chemists 

(A.O.A.C. 1960). Gross energy was determined by bomb calorimetry. 

Acid-detergent fiber and acid-detergent lignin were determined by the 

method of Van Soest (1963). 

Chromic oxide concentration of fecal "grab" samples was deter

mined using the method of Kimura and Miller (1957). Two standard curves 

were developed for comparison. In the first standard, chromic oxide 

was oxidized alone; in the second standard, chromic oxide was mixed in 

feces, simulating analyses of fecal "grab" samples. 

For the first standard curve, 2 g of chromic oxide were oxi

dized and diluted to 1 liter. Portions were taken with a pipette, rang

ing in concentration from 2 to 10 mg Cr^O^ per 100 ml, and optical den

sity was determined for the samples. The second standard curve was 

made to determine if chromic oxide mixed in feces changed the standard. 

Fecal samples were taken from a steer on alfalfa hay, dried at 45 C for 
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24 hours and ground through a Wiley Mill. One and 2 g of chromic oxide 

were mixed separately in a liter of distilled water. Several aliquots 

were pipetted, ranging in concentration from 2 to 10 mg of chromic 

oxide. The aliquots were individually added to separate 3-g portions 

of dried feces and a standard curve developed. 

An additional study was made in the laboratory to determine the 

nitrogen content of plant mixtures in the species groups, as previously 

described in the botanical analyses of masticated forage mixtures of 

known composition (Table 1). These mixtures were prepared from the 

hand-fed species recovered from rumen fistulated steers. Total nitro

gen was determined for 24 plant mixtures of the species group collected 

in the fall of 1966, The samples were mixed in a sealed,rotating tum

bler by adding water. The solid was separated from the liquid portion 

and volumetric measure was made from the liquid. Samples were taken of 

the solid and liquid portion of the mixtures to determine total percent 

nitrogen. 

Comparisons were made between the nitrogen content of the known 

rumen mixtures (Table 1) and calculated weighted nitrogen. The weighted 

nitrogen is the sum of the products of each species weight in the mix

ture times percent nitrogen of each species. The data were for whole, 

clipped species. 

Results and Discussion 

Lignin in the Diet. Acid-detergent lignin (ADL) contained in 

the forage and fecal samples are shown in Table 24. Statistical anal

yses of all nutrient constituents in the steer diets are given in 
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Table 24. Acid-detergent lignin values of forage and fecal samples 
from rumen fistulated steers on a desert grassland range.3 

Digestibility Treatments 
trials'3 Mesquite pasture Mesquite-free pasture 
(1967) Steersc Steersc 

Percent of organic matter 

January 2 3  Forage 9 . 5  Cl)  1 2 . 6  C 2 )  8 . 9  C 3 )  9 . 1  C 4 )  
Feces 1 8 . 6  Cl)  1 7 . 6  C 2 )  1 6 . 7  C 3 )  1 5 . 8  ( 4 )  

February 6  Forage 1 0 . 2  C 3 )  1 5 . 9  C 4 )  8 . 7  ( 1 )  9 . 6  ( 2 )  
Feces 1 9 . 1  ( 3 )  1 7 . 8  C 4 )  1 7 . 3  Cl)  1 7 . 1  C 2 )  

April 1 7  Forage 8 . 1  C D  7 . 1  C 2 )  8 . 1  C 3 )  9 . 3  ( 4 )  
Feces 1 5 . 9  C D  1 6 .  7  ( 2 )  1 7 . 3  C 3 )  1 6 . 3  C 4 )  

May 4  Forage 7 . 5  ( 3 )  6 . 4  ( 4 )  1 0 . 6  C D  8 . 8  ( 2 )  
Feces 1 5 . 4  C 3 )  1 6 , 0  ( 4 )  1 6 . 0  C D  1 8 . 3  ( 2 )  

June 1 8  Forage 1 3 . 4  C D  1 2 . 5  ( 2 )  9 . 8  C 3 )  8 . 0  ( 4 )  
Feces 1 7 . 0  C D  1 8 . 1  C 2 )  2 5 . 1  ( 3 )  2 0 . 4  ( 4 )  

July 6  Forage 8 . 3  C 3 )  9 . 5  ( 4 )  7 . 3  C D  8 . 4  C 2 )  
Feces 1 9 . 3  C 3 )  1 7 . 3  C 4 )  1 6 . 9  C D  1 9 . 0  C 2 )  

August 8  Forage 8 . 1  C D  7 . 5  ( 2 )  6 . 8  ( 3 )  6 . 0  C 4 )  
Feces 1 7 . 9  C D  1 6 . 1  C 2 )  1 6 . 1  C 3 )  1 6 . 2  ( 4 )  

August 2 3  Forage 9 . 2  ( 3 )  8 . 1  C 4 )  9 . 1  Cl)  7 . 0  ( 2 )  
Feces 1 9 . 3  ( 3 )  1 8 . 4  ( 4 )  1 9 . 2  Cl)  1 9 . 2  C 2 )  

a. Table values represent percent ADL of composited fistula 
forage samples (2 days) and percent ADL of composited fecal "grab" 
samples (7 days), 

b. Date shown for digestibility trial is last day of trial. 

c. Numbers in parenthesis refer to individual steers and 
correspond to steer numbers in Table C-5. 
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Appendix C. Analyses of variance data were calculated on an organic 

matter basis. There were no significant differences at the 0.057= level 

of probability in ADL of forage or fecal samples among seasons, dates 

within seasons, between treatments, and between pairs of animals. Variation 

of ADL was small among forage and among fecal samples as shown by the 

coefficient of variation (Table C-7), but variation was somewhat larger 

for forage samples than for fecal samples (15,8 vs. 12.9%). 

A basic assumption of the digestion trials is that the forage 

samples collected from the rumen fistulated steers at the end of the 

trial are representative of the animal's diet for the period of the 

trial. Large day-to-day variations in the chemical composition of the 

animal's diet would induce serious error in forage samples collected 

over a short period. Acid-detergent lignin of rumen forage samples 

were usually of about the same magnitude but there were notable excep

tions. For example, the diets of steer 2 in the January trial and 

steer 4 in the February trial contained large amounts of ADL corre

sponding to large amounts of false mesquite and velvet mesquite in the 

forage samples collected from these steers, 31 to 36% weight, respec

tively. Similarly, the ADL content in the forage samples of steers 1 

and 2 in the June trial was larger than for the other diets in this 

trial. Examination of the species composition shows that the forage 

samples of steers 1 and 2 contained an average of 59.9%. weight of 

false mesquite and velvet mesquite as compared to 18.3%. weight of cat-

claw in the diets of steers 3 and 4. Although ADL was not determined 

for individual browse species in this study, other investigators have 
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found that browse consistently contained more fiber and lignin than 

either forbs or grass (Cook, Stoddart, and Harris 1954; Bohman and 

Lesperance 1967). Based on results of these workers, it appears that 

large amounts of browae species are contributors to higher ADL content 

in the dietary samples. ITius, percent ADL in the forage samples did 

not always appear to be representative of the animals' diet throughout 

the digestion trials, since an increase of ADL in the forage samples 

did not necessarily increase the ADL of the corresponding fecal samples 

collected over a longer period. 

Apparent Digestibility Coefficients. Apparent digestibility 

coefficients using the lignin ratio technique are presented in Table 

25, Coefficients for acid-detergent fiber, crude protein, and gross 

energy were calculated on an organic matter basis. Digestibility co

efficients for these parameters were similar, whether calculated on a 

dry matter or organic matter basis, indicating that ash contamination 

from saliva, inorganic residues on forage, or from soil ingested by the 

grazing animals was minimal. Digestibility of organic matter was 

slightly higher than dry matter digestibility because of a somewhat 

higher ash content in the fecal samples as compared to the rumen for

age samples. 

Digestibility of dry and organic matter increased an average of 

13 percentage units from mature, dormant winter to immature summer for

age. Generally, there was an increase in all of the digestion coeffi

cients from winter to summer. There was a greater seasonal change for 

crude protein than for all other coefficients, ranging from an average 
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Table 25. Apparent digestibility coefficients for certain nutrients 
in the diets of steers grazing a desert grassland.3 

Season/ 
treatment 

Dry 
matter 

Organic 
matter 

Acid-
detergent 
fiberb 

Crude Gross 
protein*3 energy^ 

Percent 

Winter 

Mesquite 40 
Mesquite-free 44^ 

Mean 42 

42 
46 

44 

36 
4l_ 

39 

30 

31 

40 
42 

41 

Spring 

Mesquite 51 
Mesquite-free 44. 

Mean 48 

54 
46 

50 

49 
42_ 

46 

45 
47 

46 

51 
42. 

46 

Early summer 

Mesquite 36 
Mesquite-free 56_ 

Mean 46 

39 
59 

49 

30 
50 

40 

42 
50 

46 

35 
56 

45 

Summer 

Mesquite 52 
Mesquite-free 57_ 

Mean 55 

54 
59 

57 

46 
53 

50 

51 
59 

55 

51 

II 

54 

90% confidence limits 
of season X treatment 
means ± 14 t  18 t  17 i  15 

a. Each value is an average of four steers except for three 
animals during winter on the mesquite pasture. 

b. Calculated on organic matter basis. 
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of 31 to 55% from winter to summer, respectively. These seasonal dif

ferences were not significant at the 0.05% level of probability with 

the low sensitivity test for this study (Table C-8). However, digesti

bility of organic matter was significantly different among seasons at 

the 0.10% level of probability. Apparent digestibility of acid-

detergent fiber ranged from 39 to 50% from winter to summer and was 

significantly different among seasons at the 0,10% level of probability 

(Table C-8). 

All digestibility coefficients were consistently lower in the 

mesquite pasture for the early summer season than for the mesquite-free 

pasture. This appears to be the result of unusually large amounts of 

lignin in the forage for steers 1 and 2 in the June rumen samples 

(Table 24). 

The apparent digestibility of gross energy was significant 

(P<0.05) among seasons (Table C-8). Test of seasonal means showed the 

summer season to be significantly higher than the winter season. This 

was expected since the available forage was immature and still making 

growth during the summer. 

Generally, the apparent digestibility coefficients, obtained in 

this study, are reasonable when compared with the limited information 

available on nutrient digestibility of desert forages. The coeffi

cients of digestibility for organic matter, crude protein, and gross 

energy agree reasonably well with the work of Connor et al. (1963) who 

determined the digestibility of some summer range diets of cattle in 

northern and southern Nevada. Their digestibility coefficients were 
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higher, averaging 69, 65, and 66% for organic matter, protein, and 

gross energy, respectively, from June through August in northern Nevada 

and 56, 63, and 53"/0 for the same nutrients in southern Nevada during 

July through September. Digestion coefficients of dry matter and gross 

energy reported by Van Dyne and Lofgreen (1964) on mature, dry annual 

forage in northern California were comparable to this study for the 

winter and spring periods. They obtained values of 42 and 39% for dry 

matter and gross energy using the lignin ratio technique. These work

ers reported average cellulose digestibility values of 51% as compared 

to acid-detergent fiber digestibilities of 39 to 46% in this study. 

Acid-detergent fiber digestibility would be expected to be lower than 

cellulose digestibility because ADF contains the relatively indigesti

ble lignin. Cook, Taylor, and Harris (1962) obtained average digesti

bility coefficients of 38 and 477= crude protein with sheep at two 

locations on good condition desert range in Utah during the winter. 

Digestibility of gross energy averaged 40% for the same study. 

Fecal Output Studies. Results of the two standard curves de

veloped for determining chromic oxide concentrations in fecal "grab" 

samples are shown in Figure 5. There is a high degree of correlation 

2 
between optical density and concentration of chromic oxide with an r 

of 1.0. There were essentially no differences in regression coeffi

cients between chromic oxide oxidized in feces or alone (29.73 vs. 

29.54). Connor et al. (1963) obtained a higher concentration of CrgO-j 

per unit of optical density when the standard curve was based solely on 

chromic oxide. These workers would have overestimated fecal excretion 
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by 14% if fecal matter had not been added to chromic oxide standards 

prior to oxidation. Fecal matter used in preparing the standard in 

this study did not change the standard. An explanation could have been 

due to the technique of determination. Connor et al. (1963) used sul

furic acid to oxidize fecal samples instead of nitric and perchloric 

acid as in this study. It was also noted in this experiment that a 

higher optical density was determined on a given sample if time was not 

allowed for silica and other inorganic substances to settle out in the 

samples following the oxidation procedure. To insure adequate settling 

time, the samples were allowed to remain overnight before optical den

sity was determined. Chromic oxide analyses of the fecal "grab" samples 

and total fecal collections were based on the regression determined 

without feces. 

Chromic oxide content of the fecal "grab" samples and amounts 

of administered daily to the rumen fistulated steers are shown in 

Table C-9. The total grams administered was not constant among the 

forage intake trials so that concentrati-on i-n the fecal "grab" 

samples varied somewhat, depending on the dosage given. Because of 

bulkiness of the Solka Floc-chromic oxide mixture, only enough material 

was prepared for each trial. Total administered in trial 2 was 

lower than that for the other trials, but generally dosage rates were 

about 10 g per day. 

Chromic oxide recovery would be considerably reduced if a steer 

expelled a capsule. The animals were administered the Cr^O^ capsules 

with a balling gun and were watched for a short time before releasing 
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them to the pastures. On three different occasions, one of the steers 

expelled a capsule. Adjustments were made to allow for these instances 

by lengthening the trials. There is a possibility, however, that other 

losses of capsules may have occurred and were undetected. 

Fecal output did not vary (P>0.05) among seasons, dates within 

seasons, between pairs of steers, or between treatments (Table 26). Means 

of seasons did, however, show trends as the fecal output was larger for 

summer than for the other seasons. Seasons were significant at the 10% 

level of probability (Table C-10). The seasonal mean in early summer 

(June) was the lowest value compared to all other seasons. These trends 

are expected, since June was the driest period of the year and forage 

availability of the more palatable species was more limited when com

pared with the winter and spring seasons. In addition, fecal output 

was expected to increase in the summer when forage was green and abun

dant. Variation between pairs of steers was low with a coefficient of 

variation of 11.8%. 

Results of comparing total fecal collection with fecal output 

estimated from chromic oxide concentration in "grab" samples for the 

seventh trial is Shown in Table 27. The "grab" sample estimates of 

fecal output were significantly different from total collections at the 

0.05% level of probability (Table C-ll). In comparing means for indi

vidual animals, only fecal output from steer 3 was different (P<0,05) 

between the two collection methods. The actual fecal output was over

estimated an average of 22% from "grab" sample Cr2^3 concentration. 

The C^O;} concentrations of morning total fecal and "grab" sample 
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Table 26. Fecal output of rumen fistulated steers as determined from 
chromic oxide ratios.3 

Trial No. - Date 
(1967) 

Treatments 
Mesquite Mesquite-free 

kg kg 

Seasonal 
means 

Winter 

Trial 1 - January 23 

Trial 2 - February 6 

Means^ 

Spring 

Trial 3 - April 17 

Trial 4 - May 4 

Means^ 

Early summer 

Trial 5 - June 18 

Trial 6 - July 6 

Means^ 

Summer 

Trial 7 - August 8 

Trial 8 - August 23 

Mean 

2 . 4  C l )  
2 . 0  ( 2 )  

2 . 1  ( 3 )  
2 . 8  ( 4 )  

2 . 3  ±  0 . 4  

2.9 (1) 
2.0 (2) 

2.4 (3) 
2.7 (4) 

2.5 ± 0.4 

2 . 9  C l )  
2 . 2  C 2 )  

2 . 2  ( 3 )  
1 . 8  ( 4 )  

2 . 3  ±  0 . 4  

2 . 4  C l )  
2 . 8  ( 2 )  

3 . 0  ( 3 )  
3 . 0  C 4 )  

2 . 8  ±  0 . 4  

% Organic matter 

2 . 0  ( 3 )  
2 . 8  C 4 )  

2 . 5  C l )  
2 . 3  C 2 )  

2 . 4  ±  0 . 4  

2 . 1  ( 3 )  
2 . 2  C 4 )  

2 . 8  C l )  
2 . 3  C 2 )  

2 . 4  ±  0 . 4  

2 . 3  ( 3 )  
2 . 0  C 4 )  

2 . 2  C l )  
1 . 8  C 2 )  

2 . 1  ±  0 . 4  

3 . 0  C 3 )  
2 . 9  C 4 )  

2 . 9  C l )  
2 . 7  C 2 )  

2 . 9  t  0 . 4  

2 . 4  i 0 . 3  

2 . 5  ±  0 . 3  

2 . 2  ±  0 . 3  

2 . 9  ±  0 . 3  

a. Numbers in parentheses refer to individual steers numbers; 
values are based on composite fecal "grab" samples from 8-day collec
tions. 

b. Season X treatment and season means with 90% confidence 
limits. 



128 

Table 27. Comparison of fecal output of rumen fistulated steers graz
ing experimental range as determined by two fecal collection 
methods.3 

Methods 
Average daily fecal excretion 

Animals 
Mean 

Grab samples (kg) 

Total collection (kg) 

Estimated fecal output 
(7o of actual) 

2.4 

2 . 2 *  

111.2 

2. 8 

2 . 2  

126.5 

3.r 

2 . 3 (  

130.9 

2.9 

2 AL 

119.5 

2 . 8  

2.3 

122 .0  

Percent of C^O^ 
recovery in 
total collection 

77 A 75.9 70.7 80.6 76.2 

a. Values are averages of seven-day total fecal collections and 
"grab" sample estimates calculated on an organic matter basis. 

b,c. Values with different superscripts, if within the same ani
mal, are significantly different (P<0.05). 
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collections were similar (3.73 vs. 3,77 mg/g dry matter). Since the 

concentration in the total fecal samples collected in the morning 

was greater than that in the total collections in the afternoon (3.70 

vs. 3.11 mg/g dry matter), taking "grab" samples in the afternoon would 

not have been advantageous. 

The percent total recovery of chromic oxide in the steer feces 

as determined by days is given in Figure 6. A day began at 6:00 AM and 

the afternoon samples were collected about 5:30 PM. The total percent 

CRgO^ recovered by days ranged from 69.0 to 82,3% of the quantity admin

istered. The lowest recovery was on the second day and the highest was 

on the last day of the trial. An overall average of 76% of the Cr^O^ 

was recovered in the total fecal collections. 

Reasons for the low recovery are difficult to explain. There 

were no observations made of steers losing any of the gelatin C^O^ caP~ 

sules in this trial. Fecal output was large in this trial, since the 

animals were grazing lush green pastures. Some losses of feces could 

have occurred undetected; however, these quantities were minor since 

the animals were being watched by two observers throughout each day 

except from dusk until they arose the following morning. There was 

some occasional leakage from the fistula plugs; however, this was cor

rected whenever detected. McCann (1967) postulated that chromic oxide 

may be retained by the papillae of the rumen-reticulum or the grooves 

of the omasum in passing through the digestive tract of the ruminant. 

Other investigations have shown only traces of 0^0^ absorbed in the 

blood from the intestinal tract. Since total fecal collections were 
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not started at initiation of administration or continued after 

administration ceased, it could not be determined whether was be

ing retained in the digestive tract. In view of the limited data for 

this trial of total fecal collections compared with "grab" sample esti

mates, no modifications or corrections were made for fecal output de

terminations of the other seven field trials. 

The percent recovery obtained in this study is much less than 

the recovery reported by the Oregon workers (Harris et al. 1967) 

where on a cellulose carrier had a mean of 100.2% recovery in 

three trials with steers grazing range forage. In earlier studies by 

the Oregon workers, more variable results were obtained where the esti

mated fecal output overestimated the actual fecal output by 23%. These 

results of chromic oxide recovery have been obtained by several workers 

(Harris et al. 1967). Within steer daily variation of fecal output es

timated by chromic oxide and fecal output determined from total collec

tion for my study was relatively small with a coefficient of variation 

of 12.3% (Table C-ll). 

Forage Intake of Grazing Steers. Forage intake in the summer 

was higher (P<0.05) than in the other seasons regardless of pasture 

treatment (Table 28 and Table C-10), Differences between treatments, 

season X treatments, or among the other effects were not significant. 

Forage intake on both pastures In winter was significantly lower (P< 

0.05) than in spring and summer. 

The coefficient of variation for forage intake (15.070 was 

reasonably small for the overall study with slightly more variation 
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Table 28. Forage intake of rumen fistulated steers grazing on a desert 
grassland.3 

Trial No. - Date 
(1967) 

Treatments 
Mesquite Mesquite-free 

kg kg 

Seasonal 
means 

Winter 
% Organic matter 

Trial 1 - January 23 4.7 
2.8 

(1) 
(2) 

3.8 
4.8 

(3) 
(4) 

Trial 2 - February 6 4.0 
3.1 

(3) 
(4) 

5.0 
4.1 

(X) 
(2) 

Means** 3.7 ±0.9 4.4 ± 0. 9 4.1c±0.3 

Spring 

Trial 3 - April 17 5.7 
4.7 

(1) 
(2) 

4.6 
3.9 

(3) 
(4) 

Trial 4 - May 4 4.9 
6.6 

(3) 
(4) 

4.2 
4.8 

(1) 
(2) 

Means*3 5.5 ± 0.9 4.4 ± o. 9 5.0d t 0.3 

Early summer 

Trial 5 - June 18 3.7 
3.2 

(1) 
(2) 

5.9 
5.2 

(3) 
(4) 

Trial 6 - July 6 

Means*5 

5.2 
3.3 

3.9 

(3) 
(4) 

± 0.9 

5.0 
4.0 

5.0 

(1) 
(2) 

± 0. 9 

ci d. 
4.5 i0.3 

Summer 

Trial 7 - August 8 5.2 
6.0 

(1) 
(2) 

7.2 
7.7 

(3) 
(4) 

Trial 8 - August 23 6.3 
6.8 

(3) 
(4) 

6.1 
7.5 

(1) 
(2) 

b 
means 6.1 ± 0.9 7.1 ± o. 9 6.6e ± 0.3 

a. Numbers in parentheses refer to individual steer numbers. 

b. Season X treatment and season means with 90% confidence 
limits. 

c,d,e. Seasonal means with different superscripts are signifi
cantly different (P<0.05). 
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than for fecal output. Seasonal differences in forage intake were much 

larger than for fecal output. Organic matter digestibility was consid

erably increased during the summer compared to the winter period. Al

though there were no significant differences among seasons in either 

organic matter digestibility or fecal output, there was a definite up

ward trend in the two parameters from winter to spring. Apparently the 

additive effect of the two parameters contributed to significant sea

sonal differences of forage intake. 

Average steer weights that were made with the digestion and 

forage intake trials are shown in Table 29. The four steers only main

tained their weight through the winter-spring and early summer periods. 

All of the animals made considerable gain and growth during the summer 

period. The increased weight gains during the summer period were re

lated to increased forage intake during the same period. The cattle 

grazed 1.4, 1.8, 1.6, and 2.2 kg/100 kg of body weight for winter, 

spring, early summer, and summer, respectively. These values are com

parable to those of Connor et al. (1963) who found forage intake of 

460-lb. cattle to vary from 1.8 to 2.3 Ib./lOO lb. of body weight on a 

sagebrush-grass range and 1.1 to 2.0 Ib./lOO lb. of body weight intake 

on a desert shrub range. These workers used the chromogen technique 

and total fecal collections. Van Dyne and Meyer (1964) found forage 

intake of 706-lb. steers grazing on an annual grass-woodland range in 

California to be 1.6, 1.8, and 1.9 Ib./lOO lb. of body weight for early, 

middle, and late summer, respectively, by using microdigestion tech

niques. Van Dyne and Meyer (1964) cited Elliott and Fokkema (1961) who 
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Table 29. Weights of rumen fistulated steers and forage intake on 
a desert grassland range for the four seasons of the year 
in 1967. 

Seasons 
Steer numbers 

Mean Seasons 
1 2 3 4 

Mean 

Winter 

Initial weight (kg) 
Final weight (kg) 
Weight gain ( + ) or 
loss (-) 

Forage intake (kg) 
Forage intake/body 
weight (7o)b 

326.9 
330.5 

+3.6 

5.4 

1.6 

307.4 
290.6 

-16.8 

3.9 

1.2 

299.2 
316.9 

+17.7 

4.4 

1.4 

310.1 
308.3 

-1.8 

4.7 

1.5 

310.9 
311.6 

+0.7 

4.6 

1.4 

Spring 

Initial weight (kg) 
Final weight (kg) 
Weight gain (+) or 
loss (-) 

Forage intake (kg) 
Forage intake/body 
weight (%)k 

330.5 
335.9 

+5.4 

5.6 

1.7 

290.6 
290.6 

0 

5.3 

1.8 

316.9 
317.8 

+0.9 

5.4 

1.7 

308.3 
299.7 

-8.6 

6.2 

2.0 

311.6 
311.0 

-0.6 

5.6 

1.8 

Early summer 

Initial weight (kg) 
Final weight (kg) 
Weight gain (+) or 
loss (-) 

Forage intake (kg) 
Forage intake/body 
weight (%)b 

335.9 
340.0 

+4.1 

4.9 

1.4 

290.6 
300.6 

+10.0 

4.1 

1.4 

317.8 
326.9 

+9.1 

6.3 

2.0 

299.7 
300.6 

+0.9 

4.8 

1.6 

311.0 
317.0 

+6.0 

5.0 

1.6 

Summer 

Initial weight (kg) 
Final weight (kg)c 

Weight gain ( + ) or 
loss (-) 

Forage intake (kg) 
Forage intake/body 
weight (%)b 

340.0 
383.6 

+43.6 

6.4 

1.8 

300.6 
344.2 

+43.6 

7.8 

2.4 

326.9 
383.7 

+56.8 

7.5 

2.1 

300.6 
340.1 

+39.5 

8.1 

2.5 

317.0 
362.9 

+45.9 

7.5 

2.2 

a. Dry matter basis. 

b. Average body weight for season. 

c. Final weight adjusted to 5% shrink. 
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determined that cows grazing summer veld grassland consumed 1.4, 1.7, 

and 1.9 lb./lOO lb. of body weight for early, middle, and late summer, 

respectively, Oregon workers, however, obtained a much higher dry mat

ter intake with 680-lb. yearling heifers on crested wheatgrass range 

with the chromic oxide technique (Harris et al. 1967). These heifers 

grazed 2.0, 3.6, and 3.1 lb./lOO lb. of body weight during the months 

of June, July, and August, respectively. Crested wheatgrass is a cool 

season grass with a much longer green-growth period compared to the 

shorter growing period of the warm season grasses furnishing the bulk of 

the forage to the animals in this study. Generally, forage intake on 

grassland ranges as reported in the literature compares favorably with 

results of this grazing study. 

Crude Protein Content of Diets vs. Clipped Plant Samples. The 

percent crude protein content of the primary plant species that were 

grazed by the steers for the eight digestion and forage intake trials 

are compared with the protein content of the rumen forage samples in 

Table 30. Crude protein analyses were made by species within each pas

ture. Statistical analyses showed no differences (P<0,05) between the 

percent protein of a given species between the two pastures for the 

first five trials (Table C-12). Significant differences were found in 

protein content of certain species between pastures during the summer 

season. In cases of significant differences, dietary protein was cal

culated on a pasture basis; otherwise crude protein content of species 

was averaged for the two pastures where no significant differences were 

determined. In almost all of the rumen forage samples, the total 



Table 30. Crude protein of whole plant species and rumen forage samples collected from a desert 
grassland.a 

Collection dates (1967) 
source ox rorage 

1-23 2-6 4-17 5-4 6-18 7-6 8-8 8-23 

Clipped plant species 

Arizona cottontop 4.4 3.8 4.1 4.1 4.1 10.9 10.0 9.8 
Plains bristlegrass 6.8 6.9 7.1 7.1 7.1 14.5 15.4 14.3 
Spidergrass 3.6 3.7 3.7 3.7 3.7 10.0 8.5 8.4 
Bush muhly 7.9 6.4 5.6 5.6 5.6 7.8 9.3 13.3 
Slender grama 4.8 4.6 4.5 4.5 4.2 6.9 6.7 6.4 
Black grama 4.6 4.4 4.8 4.8 5.2 - 11.4 8.4 
Rothrock grama - 3.0 4.2 4.1 3.3 10.3 8.6 6.8 
Sideoats grama 3.7 4.0 3.8 3.8 3.8 10.5 9.7 9.6 
Velvet mesquite - 13.7 25.0 - 22.6 14.8 22.6 8.2 
Other shrubsb - - - 21.0 20.3 14.1 18.3 13.9 

Rumen forage samples 

Q 
Mesquite 8.0 6.3 8.8 8.2 9.7 18.0 16.8 13.9 
Mesquite-freec 8.5 9.2 9.6 12.0 7.8 15.5 15.9 15.2 

a. Values are on organic matter basis. 

b. Includes false mesquite, catclaw, or mesquite beans, predominant shrubs in steer diet. 

c. Values are averages of two steers. 
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protein content was higher than the protein content of the predominant 

grass species on the pastures. One exception was in comparing the per

cent protein of the rumen forage samples collected from the steers 

grazing on the mesquite pasture during the month of February with the 

percent protein content of plains bristlegrass and bush muhly. The 

other exception was during the last trial in August when the protein 

content in the rumen forage samples collected from the two steers on 

the mesquite pasture. The high protein content of the rumen forage 

samples shows that selective grazing of the animals provides higher 

protein in their diet than is provided by whole plant samples from the 

range. 

Generally, the shrub species contained a much higher percent 

of crude protein than the grasses. The percent weight of shrub species 

in the rumen forage samples varied considerably among steers and be

tween pastures, but the total percent weight of grasses in the rumen 

forage samples generally made up 16,0% or more of the samples (Table 

31). There was no consistency between quantity of shrub species se

lected and percent protein in the rumen forage samples. During the 

months of January, February, June, and August, the crude protein con

tent of rumen samples collected in the mesquite pasture was usually 

less than for the mesquite-free pasture, even though the shrub content 

of the rumen samples was larger for the mesquite pastures. Shrubs 

(62.77o) identified in the rumen forage samples collected from steers 

grazing the mesquite pasture in June did not appear to increase the 

protein content of these rumen samples appreciably (9.77<>) as compared 



Table 31. A comparison of total weight of grasses in the cattle diets vs. the total weight of 
shrub species. 

„ Collection dates (1967) 
Species/treatments r_23 2_6 4_1? 5_4 &_23 ?_g 8_n g_24 

Grasses in diets 

% weight 

Mesquite 76.1 76.1 94.5 98.8 37.3 94.5 88.6 79.5 

Mesquite-free 95.2 78.7 95.1 82.4 81.5 97.5 , 96.8 90.9 

Shrubs in diets 

Mesquite 22.5 23.9 5.5 1.2 62.7 5.6 11.4 19.6 

Mesquite-free 4.3 15.8 3.7 17.7 18.1 2.6 1.7 3.3 
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to 18,l7» shrub species in rumen samples from the mesquite-free pasture. 

Thus, it appears that plant parts were more important than plant groups 

in altering protein content of the rumen forage samples. 

Rumen forage samples collected during the months of July and 

August contained considerably more protein than rumen samples obtained 

during the winter and spring months. This is as expected, since the 

vegetation was growing rapidly during this time, commensurate with good 

soil moisture conditions. Even though the protein content of the rumen 

samples was greater for the summer period, no differences (P>0,05) 

were detected among seasons or between treatments or pairs of steers 

(Table C-13). The lack of significant differences detected among sea

sons is due to the large date within season mean square term which is 

used to test seasonal differences. 

Another source of protein in the steer diets could have been 

from forb species. Forb species were identified in only minor quanti

ties in all of the rumen forage samples. More of this plant group were 

found in the rumen forage samples collected during the summer period. 

However, the total percent weight of forb species did not exceed 8.0% 

of the rumen samples in the summer period. The percent crude protein 

of two forb species commonly identified in the rumen samples in the 

summer was 18,2% for tetramerium and 15.7% for melon-loco. 

Comparisons were made between a weighted estimate of the pro- . 

tein content of the rumen forage samples with the actual protein con

tent of the rumen samples. The weighted estimate is based on the 

percent species composition of the rumen samples utilizing protein 
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analyses of the hand-clipped plant species collected for each digestion 

trial. The results of this comparison are shown in Figure 7. The pro

tein content of the rumen forage samples was generally higher than the 

weighted protein estimated from whole plant species except for trial 5. 

Most of the protein in two of the rumen samples in trial 5 were from 

large amounts of false mesquite, 50.0% to 54.8% weight. Hand-clipped 

false mesquite samples contained 21.0% crude protein. The percent pro

tein of the rumen samples was underestimated from 2.2 percentage units 

in the winter season to as much as 6,0 percentage units in the early 

summer and summer periods. This difference in percent crude protein 

appears to be due to the additional selectiveness of the animal for 

plants and parts of plants containing more protein than the protein 

content of predominant whole, clipped plant species identified in the 

diet. The difference between the actual and estimated protein also 

points out the complexity of characterizing the grazing animal's diet 

even when botanical and chemical composition is determined on a plant 

species basis. 

The protein content for parts of the four primary grass species 

common to the steer diets is given in Table 32. These four species 

comprised from 28 to 95% weight of the total species of the rumen for

age samples with an overall average of 607® weight. The distribution of 

crude protein varied with the parts of the grasses and the date of col

lection. Blades contained twice as much protein as stems for Arizona 

cottontop and plains bristlegrass. Spidergrass blades contained 1.7 

times as much protein as stems and the ratio for slender grama was 



RUMEN 
ESTIMATED ° 

J I I I 1 I L_ 
JAN FEB APR MAY JUNE JULY AUG AUG 

MONTHS OF FORAGE COLLECTIONS 

Figure 7. Actual crude protein of rumen forage samples (rumen) compared to weighted 
protein based on botanical analyses of rumen samples and protein content 
of clipped plant species (estimated).—Based on average of four steers. 
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Table 32. Crude protein of whole and parts of major grasses utilized 
by fistulated steers on a desert grassland range.3 

/ Date of collection (1967) 
Species/part ^^ g-^ 

Percent 

Arizona cottontop 

Whole plant 4.4 
Blade 6.4 
Sheath 4.2 
Stem 3.3 
Seedhead 3.4 

4.1 10.0 9.8 
7.3 15.4 12.3 
4.4 10,1 7.1 
3.3 4.8 4.7 
3.2 11.3 5.5 

Plains bristlegrass 

Whole plant 6.8 
Blade 8.8 
Sheath 6.5 
Stem 5.7 
Seedhead 9.8 

7.1 15.4 14.3 
9.9 22.7 20.7 

19.2 10.8 
5.7 14.0 7.2 
8.1 - 11.4 

Spidergrass 

Whole plant 3.6 
Blade 4.9 
Sheath 3.1 
Stem 3.0 
Seedhead 3.5 

3.7 8.5 8.4 
6.1 12.1 9.4 

11.1 6.2 
6.3 5.6 

8.9 

Slender grama 

Whole plant 4.8 4.2 6.7 6.4 
Blade 4.9 5.0 7.1 5.4 
Sheath - - 6.6 
Stem 3.9 3.6 4.8 
Seedhead - 3.5 - 8.1 

a. Table values are % of organic matter. 
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about 1.4. Sheaths contained about 1,5 times as much protein as stems 

for all four species. Seedheads were more variable in protein content 

ranging from as much as stems to 2.4 times as great as stems. All spe

cies and parts increased in protein between the dormant winter-spring 

and summer seasons. Protein determined from whole, hand-clipped sam

ples would provide a low estimate of protein content of the diet if a 

relatively large quantity of blades and sheath parts were in rumen sam

ples. Except for slender grama, grass blades were about 1.5 times 

greater in protein than whole plant species. Selectivity by the graz

ing animal for more grass blades or higher protein parts would increase 

the protein in the diet. 

The higher protein content of the rumen fistula samples as com

pared to major grasses available to the grazing animal has been found 

by several other investigators (Jefferies and Rice 1969; Bredon, Torell, 

and Marshall 1967; Cable and Shumway 1966). Jefferies and Rice (1969) 

found that protein levels of fistula samples were very similar to those 

of clipped samples during a dry year on a shortgrass range in south

eastern Wyoming. However, during a year with abundant moisture, the 

protein level of fistula samples was increased significantly over the 

clipped samples; dry matter digestibility was also increased. Bredon 

et al. (1967) compared the crude protein content of fistula samples and 

clipped pasture forage on a tropical pasture in Uganda, Africa. The 

steers selected forage which contained 66.4% more crude protein and 

7.71% less crude fiber than the average composition of the available 

pasture forage. These workers noted that the percentage crude protein 
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of grass leaves in their study was 55.0% higher than whole plant pro

tein levels, These studies clearly show that the animal is the only 

accurate sampling agent and emphasizes the inadequacy of the clipping 

method. 

Nitrogen Content of Grasses under Mesquite vs. Open Areas. The 

percent nitrogen contained in Arizona cottontop and plains bristlograss 

growing in the shade beneath mesquite trees and of the same species 

growing in the open is shown in Table 33. Plains bristlegrass was sig

nificantly higher (P<0.05) in nitrogen than Arizona cottontop during 

early November for all three collection sites. Both species contained 

a significantly higher percent nitrogen when growing under mesquite 

trees with less sunlight than the same species growing in the open 

(Table C-14). Since it was observed that the fistulated steers pre

ferred to graze these species under mesquite trees, there was the pos

sibility that the rumen samples from these animals would have a higher 

percent protein than the steers in the mesquite-free pasture. However, 

this was not the case (Table 30). 

The higher protein content of the plants growing under the mes

quite trees may be due to several conditions. Cook and Harris (1950) 

found that plants growing on aspen areas in northern Utah had a higher 

protein content than those on sagebrush areas. This could not be ex

plained on the basis of nitrogen in the soil, since some areas lowest 

in nitrogen sometimes produced the highest content of protein in the 

plants. These workers attributed the higher protein content in plants 

on aspen types to shade and increased soil moisture. Watkins 
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Table 33. Nitrogen content of two grass species common to steer diets 
on a desert grassland growing in open and shaded condi
tions.® 

Species 
Open area 
between 
mesquite 

Treatments 

Open areas 
mesquite-free 

Under 
mesquite 

Arizona cottontop 

Plains bristlegrass 

Means 

0.75 

1.47c 

1 .11  

% of organic matter 

0. 72b 

1.46d 

1.09 

0.98 

1,6lc 

1.30 

a. Table values are averages of 5 replications, clipped, whole 
plants. Samples collected on November 3, 1967, 

b,c,d,e. Nitrogen values with different superscripts are signifi
cantly different (P<0.05). 
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(1940) found that with increased intensity of sunlight the carbohydrate 

content of plants increased and the protein content decreased when com

pared to plants grown in the shade. Tiedemann (1970) found signifi

cantly higher nitrogen content in soil from beneath mesquite trees as 

compared to soil in open areas on the Santa Rita Experimental Range. 

Thus, the higher protein content of Arizona cottontop and plains bristle 

grass under mesquite trees as compared to open areas appears to be re

lated to several factors. 

Salivary Contamination Study. The percent nitrogen content of 

nine plant species was determined for clipped, whole plants before and 

after recovery from rumen fistulated steers over a two-year period 

(Table 34). The nitrogen content of most species did not change appre

ciably between forage offered and fistula forage samples. An increase 

in nitrogen content between clipped forage and fistula samples of spider 

grass is noted for both years as well as for the black grama in 1966. 

However, there was a decrease in nitrogen content between forage offered 

and fistula samples for Arizona cottontop in 1966 and for bush muhly 

and sideoats grama for both years. Losses of nitrogen content may oc

cur due to leaching from saliva and incomplete recovery of the liquid 

portion from the rumen or absorption from the rumen. It is seen that 

differences between the forage offered and fistula samples were less in 

1967 than for 1966. Overall averages between years and for both years 

show only minor differences, probably due to experimental error. These 

data show that the high protein levels of rumen samples that were found 

in this study as compared to clipped forage are indicative of 



Table 34. Nitrogen in forage offered as compared to forage recovered from rumen fistulated 
steers.a)k 

1966 1967 Average 
Species Forage F istula Forage Fistula Forage Fistula 

offered forage offered forage offered forage 

Arizona cottontop 1.85 1.52 1.01 1.06 1.43 1.29 

Plains bristlegrass 1.76 1.69 1.46 1.48 1.61 1.59 

Spidergrass 0.56 0.80 0.80 0.96 0.68 0.88 

Bush muhly 0.98 0.88 0.92 0.84 0.95 0.86 

Slender grama 1.17 1.11 0.75 0.80 0.96 0.96 

Black grama 0.82 1.01 0.91 0.95 0.87 0.98 

Santa Rita threeawn 1.27 1.19 0.96 0.93 1.12 1.06 

Sideoats grama 1.25 1.09 1.00 0.93 1.13 1.01 

Rothrock grama 1.01 1.10 0.96 0.87 0.99 0.99 

Means 1.19 1.15 0.97 0.98 1.08 1.07 

a. Organic matter basis. 

b. Individual species were fed and recovered, one sample per species each year. 
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selective grazing by the animals rather than to nitrogen additions from 

saliva. 

These results agree with the work of Bath et al. (1956), Les

perance, Bohman, and Marble (I960), and Shumway et al. (1963), who 

found that the amount of protein was essentially the same in rumen fis

tula samples as in the feed offered. Shumway et al, (1963) found that 

crude protein content of alfalfa hay was not changed significantly 

after it had been in the rumen for 30 min, and cottonseed hulls had a 

slightly higher protein content when cleared from the rumen 30 min 

after feeding. Shumway et al. (1963) concluded that the grazing ani

mals' diet is not invalidated by saliva nitrogen contamination. 

The work of Bath et al. (1956) showed no measurable change in 

the nitrogen content of chopped alfalfa hay fed to a fistulated wether. 

Lesperance, Bohman, and Marble (1960) compared 62 fistula and feed sam

ples of alfalfa hay, grass hay, and alfalfa-concentrate pellets and 

found no differences in amounts of nitrogen for all cases. 

In contrast, Lesperance and Bohman (1964) noted significant 

increases in the nitrogen content of mixed hay samples obtained from 

rumen fistulated cattle when compared to controls. Nitrogen content 

of esophageal fistula forage was greater than the forage offered for 

grass hay and green grass fed to sheep in studies by Blackstone et al. 

(1965). In addition, other studies in Idaho, Oregon, and New Mexico 

indicated that saliva apparently increased the nitrogen content of the 

fistula forage (Harris et al. 1967). 
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Results of percent nitrogen of the known rumen mixtures com

pared to an estimated weighted nitrogen are given in Table 35. The 

weighted nitrogen was determined according to the calculations shown in 

the experimental procedure section. The average of estimated weighted 

nitrogen content of the 24 mixtures (1.46%) was essentially the same as 

the actual nitrogen for the mixtures (1.45%). The overall range of 

differences in percent nitrogen between estimated and actual mixtures 

ranged from +0.35% to -0.42%. Only three of the comparisons between 

estimated and rumen protein content differed more than 0.25% nitrogen. 

The small differences obtained between the weighted estimates and of 

the known rumen mixtures show that the total nitrogen can be accurately 

estimated provided that the species composition of the mixture and the 

nitrogen content of the species are known. Weighted estimates of actual 

rumen samples were inadequate because of the selective grazing of plant 

parts by the animal. The weighted estimates of protein content were 

based on whole, clipped plant species rather than plant parts. These 

data indicate that the protein content of rumen samples could be de

scribed if the botanical and chemical composition was determined on a 

plant part basis. 

Animals Needed for Range Diet Studies. Estimated numbers of 

animals necessary to measure certain nutrient parameters within 10% of 

the mean and 90% confidence are given in Table 36. Number of animals 

required for most constituents was large, as seven of the 12 parameters 

would require from 13 to 35 animals to sample diets with this degree of 

accuracy. Fewer animals were needed for sampling lignin in the forage 
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Table 35. Total nitrogen content of known rumen mixtures compared to 
calculated nitrogen values based on percent weight of each 
species in the mixture and nitrogen content of clipped 
plant species.a 

Species mixtures 
(1966) 

Calculated 
nitrogen 
estimate 

Actual 
nitrogen 

% 
Differences 

Group A 

Mixture 
Mixture 
Mixture 
Mixture 
Mixture 
Mixture 
Mixture 

1 
2 
3 
4 
5 
6 
7 

Mixture 8 

Means 

Group B 

Mixture 
Mixture 
Mixture 
Mixture 
Mixture 
Mixture 
Mixture 
Mixture 8 

1 
2 
3 
4 
5 
6 
7 

Means 

Group C 

Mixture 
Mixture 
Mixture 
Mixture 
Mixture 
Mixture 
Mixture 

1 
2 
3 
4 
5 
6 
7  

Mixture 8 

Means 

Overall means 

1.69 
1.29 
0.86 
0.94 
1.69 
1.29 
0.86 
0.94 

1 .20  

2.23 
1.67 
1.74 
1.43 

2.03 
1 . 8 1  
1.57 
1.65 

1.77 

1.38 
1.27 
1.46 
1.14 
1.38 
1.27 
1.34 
1 . 2 6  

1.31 

1.46 

Percent 

1.80  
1.13 
0.80 
0.84 
1.65 
1.23 
0.99 
1.29 

1 . 2 2  

2 .08  
1.51 
1.56 
1.29 
1.78 
1.67 
1.46 
1.23 

1.57 

1 . 2 0  
1.42 
1,42 
1.33 
0.97 
1.02 
1.41 
1.23 

1.25 

1.45 

0.11 
-0.16 
-0.06 
-0.10 
-0.04 
-0.06 
0.13 
0.35 

0.02 

-0.15 
-0.16 
-0.18 
-0.14 
-0.25 
-0.14 
-0.11 
-0.42 

-0.20 

-0.18 
0.15 
-0.04 
0.19 
-0.41 
-0.25 
0.07 
-0.03 

-0.06 

-0,01 

a. Organic matter basis. 

b. Species composition of mixtures in species groups are 
shown in Table 1. 



151 

Table 36. Number of animals required to estimate certain nutrient 
parameters within X0% of the mean with 90% confidence. 

Nutritional parameter 
Estimated 
animals 

Apparent digestibility of protein 

Apparent digestibility of organic 
matter 

Apparent digestibility of acid-
detergent fiber 

Apparent digestibility of gross 
energy 

Organic matter intake 

Protein intake 

Digestible protein intake 

Digestible energy intake 

Fecal output 

Lignin of rumen forage 

Lignin of feces 

Protein of rumen forage 

C%) 

a) 

(7o) 

(%) 

(kg) 

(kg) 

(kg) 

(Meal) 

(kg) 

(%) 

(7.) 

(%) 

30 

17 

35 

21 

7 

8 

23 

13 

4 

7 

5 

27 
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and fecal samples, fecal output, and organic matter consumption (four 

to seven animals). Protein and ADF in the diets were the most variable 

constituents among the parameters. From 17 to 35 steers were needed to 

estimate apparent digestibility coefficients based on the variance com

ponents in this study. 

Van Dyne and Lofgreen (1964) determined the number of cattle to 

estimate apparent digestibility by the lignin ratio to within 10% of 

the mean and 90% confidence during a three-month study on mature, dry, 

annual range. Numbers of steers required for estimating apparent di

gestibility of dry matter ranged from three to five for forage and 

fecal samples. Apparent digestibility of crude protein was higher, 

ranging from four to as many as 62 animals for the entire study. Tor-

ell, Bredon, and Marshall (1967) determined that six steers were needed 

to sample crude protein within 10% of the mean at the 95% confidence 

level on a tropical grassland. Their study was made with 12 steers 

over a 40-day period. Obioha et al. (1970) estimated an average of 

three animals per treatment for four consecutive days was needed to es

timate the nitrogen content of grazed forage by cattle on a Nebraska 

range to within 107., of mean with 85% confidence. They estimated as 

many as 13 animals would be required to estimate lignin in fistula for

age samples for the same conditions. Thus, it appears that large vari

ation may occur in determining the nutritive content of cattle diets on 

various kinds of range forages and conditions. The investigator may be 

required to accept a lesser degree of accuracy in the measurement of 

nutritive dietary components under range conditions. 
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Animal Requirements. Nutrient consumption of the fistulated 

steers were compared with requirements for steers as recommended by the 

National Research Council (NRC 1963, 1970) (Table 37). Since animal 

performance was confounded with mesquite treatment, only seasonal aver

ages of nutrient intake were made. As previously discussed, animal 

weight gains only occurred during summer. Within a two-month period on 

green forage the steers gained an average of 46 kg or 0.77 kg/day. Dry 

matter intake slightly exceeded the maintenance requirement of the 

National Research Council (NRC 1970) during winter through early sum

mer. Daily dry matter consumption (7.47 kg) was slightly below the 

daily requirement (8.0 kg) of a steer gaining 0.75 kg/day for the sum

mer period. 

Estimated total protein or digestible protein consumed met or 

exceeded the NRC (1970) requirements for maintenance in spring and 

early summer and for daily gain, 0.77 kg, in summer. Total protein was 

slightly less than the maintenance requirement for winter, as was di

gestible protein. This appears to be because of the lowered percent 

protein of the forage consumed during this season with little green 

forage available. Total protein (kg) was significantly (P<0,05) 

higher for summer compared to the other seasons (Table C-13). Digesti

ble protein was not significantly different among seasons apparently 

because of a significant date within season main effect. Date within 

season means were different (P<0.05) between trials 6, 7, and 8 in 

early summer and summer as compared with the other trials conducted 



Table 37. Comparison of certain nutrients consumed by rumen fistulated steers on a desert grassland 
with nutrient requirements recommended by the National Research Council.* 

Average 
daily 
gain 

Dry 
matter 
intake 

Digestible energy 

Seasons 
Body 
wt 

Average 
daily 
gain 

Dry 
matter 
intake 

Protein 
Total 
protein 

Digestible 
protein 

For 
mainten
ance 

For 
gain 

Total 
TDNa 

kg kg kg % kg kg Meal Meal Meal kg 

Winter*3 311 0.00 4.84 7.07 0.34 0.12 9.30 0.00 9.30 2.11 

Spring 311 0.00 5.62 8.35 0.46 0.22 10.10 1.02 11.12 2.53 

Early summer 317 0.00 5.03 11.19 0.56 0.29 10.10 0.21 10.31 2.34 

Simmer 363° 0.77 7.47 13.65 1.02 0.57 10.65 7.50 18.15 4.20 

Nutrient ^ 
requirements 

300 
Mainten
ance 

4.50 7.80 0.35 0.19 I0.l0e 0.00 10.10 2.60 

350 0.75 8.00 10.00 0.89 0.49 I0.65e 10.35s 20.00 5.65 

*, Table values represent 4 steers averaged over treatments, calculated on a dry matter basis. 

a. TDN calculated from DE assuming 2,000 kcal/lb. of TDN. 

b. Table values for winter represent 3 steers averaged over treatments. 

c. Animal weights adjusted to 57» shrink. 

d. National Research Council, 1970. 

e. National Research Council, 1963. 
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during the year. This agrees with the grass green-up period in early 

July and summer plant growth. 

Digestible energy met or slightly exceeded the maintenance re

quirement for spring and early summer according to the NRC (1963). In 

winter, digestible energy was somewhat less than the maintenance re

quirements, 9.30 vs. 10.10 Meal. During the summer period, the diges

tible energy needed for 0.77 kg gain was less than the requirement by 

2.85 Meal for a 350 kg steer. It appears that the steers made compen

satory gain during this period. The additional compensatory gain made 

in excess of the nutrient intake may explain in part the digestible 

energy differences. Digestible intake was significant (P<0.05) be

tween the summer and remaining seasons of the year (Table C-14). Also, 

steers 1 and 2 had a higher (P< 0.05) digestible energy intake than 

steers 3 and 4 over the study, 13.47 vs. 10.20 Meal, respectively. In

take of total digestible nutrients (TDN) were somewhat less than the 

requirement for the maintenance for winter through early summer. The 

TDN was also less than the NRC recommendations for the summer period 

(1,45 kg). 

Summary 

Nutrient composition of steer diets on a semidesert grassland 

was studied seasonally over a year on the Santa Rita Experimental 

Range. Dry matter intake and certain digestible nutrients were deter

mined by the lignin ratio and chromic oxide indicator methods. 

Animal differences for acid-detergent lignin of steer diets 

were much the same for each digestion trial. The ADL content did not 
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always appear to be representative of the animals' diet for certain di

gestion trials. These differences were usually attributed to higher 

amounts of shrub species in the rumen forage samples. 

Apparent digestibility coefficients were determined for dry 

matter, organic matter, ADF, crude protein, and gross energy. Digesti

bility coefficients wore about the same magnitude for the winter, 

spring, and early summer digestion trials. Apparent digestibility for 

dry matter during the summer was about 13% higher than during the win

ter season. All digestibility coefficients were higher during summer 

compared to all other seasons. 

Due to a low recovery of (76%) in total fecal collections 

for the seventh digestion trial, "grab" sample estimates were an aver

age of 122% of the actual fecal output. The major reason for the low 

recovery of C^O^ appears to be related to retention of this indicator 

in the animals' digestive tracts. 

Forage intake was 1.4, 1.8, 1.6, and 2.2 kg/100 kg body weight 

of the steers for winter, spring, early summer, and summer, respec

tively. The steers only maintained their weight during the winter 

through early summer, probably because of low forage intake and diges

tibility. These data indicate that forage intake of steers on desert 

grassland was too low for weight gains during the long dormant period 

of range plants. 

The crude protein content of hand-clipped plant species con

tained in the diets was usually considerably less than protein content 

of rumen forage samples. Weighted estimates of the protein content of 
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the diet were considerably less than actual protein content of the 

rumen forage samples. 

Crude protein analyses of plant parts for major grass species 

in the steer diets showed grass blades to contain more crude protein 

(4.9 to 22.7%) than did the other plant parts. Sheath parts were sec

ondary in protein content (3.2 to 19.2%) and seedheads contained from 

3.2 to 11.4% crude protein. The higher protein content of the steer 

diets appeared to be due to selective grazing by the animals for grass 

blades, sheaths, and parts of species containing high amounts of crude 

protein. 

The nitrogen content of Arizona cottontop and plains bristle-

grass was significantly higher (P<0.05) under mesquite trees compared 

to open areas. The steers were observed to spend more grazing time 

under mesquite trees than in open areas on the mesquite pasture. These 

data suggest that the steers grazed under mesquite trees to select a 

higher quality of forage compared to open areas. However, because of 

the selective grazing by the animals, the protein content of the rumen 

samples was not significantly different on the mesquite pasture than on 

the cleared pasture. 

Nitrogen content of forage recovered from rumen fistulated 

steers was essentially the same as that of forage offered the steers. 

Thus, the higher protein content of rumen samples was not due to sali

vary contamination. 

Weighted estimates of the nitrogen content of known masticated 

species mixtures were essentially the same as the actual nitrogen 
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content of the mixtures. These data indicate that the protein content 

of rumen samples could be determined accurately if the composition of 

diets was determined by species and plant part. 

Usually large numbers of animals would be needed to determine 

most nutritive components at the 907o confidence level. Fewer animals 

were needed to sample lignin in forage and fecal samples, fecal output, 

and organic matter intake (four to seven) compared to other nutrients 

in the diet. 

Comparisons were made for certain nutrient constituents of 

steer diets with animal requirements according to the National Research 

Council (NRC 1970). Protein and digestible energy intake was ade

quate for maintenance during winter, spring, and early summer. Excep

tions were found in the winter diets for total percent protein, diges

tible protein, and digestible energy, which were slightly less than the 

NRC requirement. Daily rate of gain during the summer (0.77 kg) was 

somewhat higher than could be expected from dry matter intake and di

gestible energy of the diets. These data suggest that energy is the 

most critical nutrient during periods of grass dormancy. Protein may 

also be limited on some ranges, especially during the winter months. 

Relationships of Botanical Composition 
to Nutrient Composition and Forage 

Intake of Steer Diets 

Interrelations of botanical and chemical composition of the 

grazing animals' diet are difficult to determine and not well under

stood (Cook et al. 1963, Connor et al. 1963, Van Dyne and Heady (1965b). 

Much remains to be learned concerning the preference and selectivity by 
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the grazing animals for certain species and parts of plant as related 

to nutrient composition of the diet. 

This part of the dissertation is a discussion of the relation

ships of species, plant parts, and stage of growth to nutrient composi

tion and forage intake of the steer diets. 

Species Composition vs. Acid-detergent 
Lignin and Fiber in the Diet 

It was shown in the previous section that acid-detergent lignin 

increased with large amounts of shrub species in the cattle diets. A 

linear regression analysis was made between ADL in the fistula forage 

samples and percent shrub species in individual diets by pasture treat

ments (Figure 8). The coefficient of determination (587.) on the mes-

quite pasture was significant (P<0.05); however, no significant cor

relation was determined on the mesquite-free pasture. The lack of a 

significant correlation on the mesquite-free pasture appears to be re

lated to the ADL content of shrub species and their parts in the diet 

and the amount of shrub species in the diet. The shrub species con

sumed by the steers on the mesquite-free pasture was primarily catclaw 

in the May and June trials (Table C-5). The average plant parts by 

volume for this species in the diets was 2.5% leaf and 5.47o stems. The 

total average percent weight of shrubs in the diets of steers on the 

mesquite-free pasture for the May and June trials was 18% (Table 31). 

The animals on the mesquite pasture selected velvet mesquite and false 

mesquite during January, February, and June, The average plant parts 

selected were 4.6% leaf and 9.2% stems, and average shrub content of 
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Figure 8. Regressions of acid-detergent lignin on amounts of shrub species in fistula 
forage samples collected from cattle on mesquite and mesquite-free pastures. 
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diets in June was 63% weight (Table 31). Steer diets composed primar

ily of grasses were about 6% less in ADL than diets containing 30% or 

more shrub species (Tables 24 and C-5). Thus, these data show that the 

high amounts of lignin were usually related to shrub species in the 

animal diets. 

Acid-detergent fiber content of the fistula forage samples is 

shown in Table 38. The ADF did not increase with large amounts of 

shrub species in the diets as did ADL. There was significantly less 

(P<0.05) ADF in the summer rumen samples (Table C-13) compared with 

the other seasons, but no significant differences were determined for 

the other main effects in the analysis of variance. The highest per

cent ADF on the forage samples was in April on the mesquite-free pas

ture. Botanical analyses of these samples showed larger amounts of 

spidergrass (22% weight) and rothrock grama (357» weight) in these sam

ples compared with diets from the mesquite pasture (Table C-5). Acid-

detergent fiber began to decrease with the fistula forage samples 

collected in early July and was slightly less in August. Plant growth 

began in early July and continued until November. The range plants 

were in the immature stage until the last trial when most of the major 

forage grasses were in the pre-bloom to dough stage. 

A high amount of stem parts in the dietary samples contributed 

to high ADF content. Botanical analyses showed that winter, spring, 

and early summer samples contained from 30 to 13% stem parts compared 

to only 5% in the summer samples (Table 21). Grass stems made up an 

average of 65% of the total stems in the diets. The ADF content of the 
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Table 38. Acid-detergent fiber of fistula forage samples collected 
from steers on a desert grassland.3 

Seasons 
trial date 

Treatments 
Mesquite Mesquite-free 

Seasonal 
means 

Winter 

January 23 

February 6 

Means 

- - % of organic matter - -

57.0 

53.5 

55.3 

55.4 

57.8 

56.6 55.9 

sPrinB 

April 17 

May 4 

Means 

54.9 

56.3 

55.6 

61 .0  

54.8 

57.9 56.7 

Early summer 

June 17 

July 6 

Means 

55.5 

50.7 

53.1 

57.5 

50.5 

54.0 53.5 

Summer 

August 8 

August 23 

Means 

45.7 

46.4 

46.1 

45.5 

48.9 

47.2 46.7 

a. Table values are averages of two steers. 
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fistula forage samples appeared to be primarily related to stage of 

plant growth, species, and parts of species selected by the animal 

throughout the study. 

Species Composition vs. 
Forage Intake of Diet 

Forage intake of the animals varied significantly with the time 

of the year; however, as with other nutritive components, several fac

tors appeared to affect the intake. The forage intake in spring was 

significantly higher than for winter, and intake during the summer was 

greater (P<0.05) than the other seasons (Table 28). 

The primary differences in botanical composition of the diets 

between winter and spring was greater selectivity for rothrock grama 

in the spring (27% vs. a trace % weight, Table 19). More animal selec

tivity in the spring was also shovm for sideoats grama, 16 vs. 6% 

weight, and spidergrass, 7 vs. a trace % weight, compared to winter. 

The species which were selected made some early growth as a result of 

winter moisture and warm temperatures. Evidently, the steers were at

tempting to supplement their diets with some green forage. However, 

the amount of green material consumed was not great enough to affect 

the protein content significantly between winter and spring, 7 vs. 8%, 

respectively. The early green-up of certain species was probably a 

primary factor influencing forage consumption in this period. 

Forage intake of the early summer period was intermediate be

tween winter and spring (Table 28). Species composition of the diets 

was much the same in early summer as for spring except that a decrease 
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was noted for rothrock grama, 11 i-s. 27% weight. Important shrubs in 

the diets were catclaw on the mesquite-free pasture in both spring and 

early summer and false mesquite on the mesquite pasture in early summer 

The higher forage intake in the summer period appears to be re

lated to several factors. Probably one of the most important factors 

was stage of plant growth. Species composition of the diets was much 

the same as for the early summer period except for more slender grama 

and mesquite beans in the summer diet. The primary difference in bo

tanical composition between early summer and summer was the amount of 

plant parts selected. The higher leaf composition with less ADF and 

more carbohydrate and protein contributed to a more digestible diet in 

summer than in early summer. The high digestibility of dry matter ob

tained for the summer period (55%) may have enhanced forage consumption 

by the grazing steers. 

Species Composition vs. Total 
Crude Protein in the Diets 

It was discussed in the section concerning nutrient composition 

of steer diets that a weighted protein calculation based on the botani

cal composition of the diet and protein content of hand-clipped plant 

species underestimated the actual protein content of the fistula forage 

samples. This difference between the estimated and actual protein con

tent of the forage samples points out the inadequacy of the clipping 

method and the selective grazing of the animal. Botanical analyses of 

the rumen samples showed major grasses contributing to dietary protein 

were Arizona cottontop, plains bristlegrass, spidergrass, slender grama 
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and rothrock grama. Primary shrub species in the animal diets selected 

intermittently during the winter through the early summer periods were 

false mesquite, velvet mesquite, and catclaw. These species contained 

about three times the protein content as that of the major grasses 

(Table 30). 

Analyses of plant parts in the forage samples showed that 70% 

volume of the samples collected in the winter season was plant leaves 

(including grass blades and sheath). During the spring, 77% of the 

rumen samples was composed of leaves (on a volume basis). Leaf content 

of the diets decreased to 66% during June, the driest month of the 

year. Grass green-up had begun in early July and leaf content of the 

forage samples increased to 917<>. Leaf content averaged 86% during the 

summer season. Linear correlation between leaf content and crude pro

tein of the fistula forage samples was significant (P<0.05) as shown 

in Figure 9. The coefficient of determination was 0.4Q, indicating 

that other factors also contributed to protein in the rumen samples. 

The increase in leaf colume of the diets from 66 to 91% between the 

June and July trials showed the selectivity by the grazing animals for 

new leaf growth. As previously discussed (Table 32), grass leaves con

tained about twice the protein content of stems and would contribute 

significantly to the protein contained in the dietary samples. 

The stage of plant growth was another major factor affecting 

increase in total protein content of the forage samples. The average 

protein of dietary samples increased almost twofold from the winter-

spring period with grass green-up in early July (Table 30). Based on 
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Figure 9. Regression of crude protein on the amount of leaves 
contained in fistula forage samples. 
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these results, it appears that the crude protein content of steer diets 

was dependent on several factors. The most important factors were spe

cies and parts of plants selected by the animal and stage of plant 

growth. 

The digestible dry matter, ADF, protein, and energy of the diets 

depended primarily on the species and plant parts selected by the ani

mal as well as stage of plant growth. Apparent digestibility of these 

nutrients increased with the summer growing season. There was a sig

nificant decrease in ADF and an increase of crude protein of the fis

tula forage samples in summer which was related to abundant leaves se

lected by the grazing animals and primary stage of plant growth. 

Only small differences were noted in the gross energy (Kcal/g 

dry matter) of rumen samples among seasons. The gross energy of rumen 

samples was 4.3, 4.2, 4.3, and 4.5 Kcal/g for winter, spring, early 

summer, and summer, respectively. Total digestible energy intake was 

greater during the summer than for the other seasons. This was at

tributed both to the higher digestibility and the greater dry matter 

intake during this season. 

Summary 

Relationships were determined between botanical composition, 

nutrient composition, and forage intake of steer diets on a desert 

grassland. Botanical composition was a primary factor related to nu

trient composition and forage intake. Stage of plant growth and diges

tibility also affected nutrient composition and forage intake. 
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Acid-detergent fiber of the forage samples was about the same 

during the winter, spring, and early summer periods but was signifi

cantly lower during the summer growing season. The lower ADF in the 

summer was the result of rapid forage growth and the greater availabil

ity of grass leaves which were selected by the grazing animal. 

Several factors were related to forage intake. The most impor

tant of these were species and plant parts of diets, forage quality, 

and digestibility. Species composition of diets were similar among 

seasons except for selectivity of certain grass and shrub species at 

different times of the year. During spring and early summer, species 

selected were plants which made early growth from winter moisture, such 

as rothrock grama, false mesquite, and catclaw. Increase in leaf con

tent of diets corresponded to early growing species selected in spring 

and early summer. Diets were also high in leaves and low in stems dur

ing the summer growing season. Higher leaf content of diets enhanced 

digestibility, primarily due to improved forage quality (less ADF, more 

carbohydrate and protein), thereby increasing forage intake. 

Total crude protein content of the animal diets was related to 

species, parts of plants selected, and stage of plant growth. Protein 

content of the diets was related positively to the amount of leaves 

grazed by the steers. Grass leaves contained about twice as much pro

tein as stem parts and contributed significantly to the total protein 

content of the diet. Shrub species also made an important contribution 

to the total dietary protein. Diets during the summer growing season 

contained about twice as much protein compared to the other seasons of 
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the year. Protein levels of other seasons were low, since high protein 

forage was limited. 

Digestible nutrients of animal diets depended primarily on the 

species and plant parts selected and stage of plant growth. The ani

mals consistently selected species and parts of plants that were high

est in nutrient content throughout the year. Species were selected 

that made early growth in spring or early summer. Also plant parts, 

primarily leaves, were selected which were higher in protein and diges

tibility. Thus, within limits of the species that were available, the 

botanical composition of steer diets was primarily related to quality 

of forage. 
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COMMON AND SCIENTIFIC NAMES OF 
PLANTS IN STEER DIET STUDY 

Grasses 

Arizona cottontop 
Plains bristlegrass 
Spidergrass 
Bush muhly 
Slender grama 
Black grama 
Sideoats grama 
Rothrock grama 
Sprucotop grama 
Hairy grama 

Santa Rita threeawn 
Plains lovegrass 
Tanglehead 
Green spangletop 
Texas timothy 
Feather fingergrass 
Cane bluestem 
Witchgrass 
Curly mesquite 

Forbs 

Trailing four o'clock 
Coulter spiderling 
Red spiderling 
Pigweed 
Melon-loco 
Talinum 
Tetramerium 
Wild buckwheat 

Shrubs 

False mesquite 
Velvet mesquite 
Catclaw 
Desert Honeysuckle 
Burro-weed 
Englemann prickly pear 
Barrel cactus 
Ocotillo 
Choila 

[Trichachne californica (Benth.) Chase] 
[Setaria macrostachya H.B.K.] 
[Aristida ternipes Cav.] 
CMuhlenborflia porteri Scribn.3 
[Bouteloua filiformis (Fourn.) Griffiths] 
[Bouteloua eriopoda Torr.] 
[Bouteloua curtipendula (Michx.) Torr.] 
[Bouteloua rothrockii Vasey] 
[Bouteloua chondrosioides (H.B.K.) Benth.] 
[Bouteloua hirsuta Lag.] 
[Aristida glabrata (Vasey) Hitchc,] 
[Eragrostis intermedia Hitchc.] 
[Heteropogon contortus (L.) Beauv.] 
[Leptochloa dubia (H.B.K.) Nees] 
[Lycurus phleoides H.B.K.] 
[Chloris virgata Swartz] 
[Andropogon barbinodis Lag.] 
CPanicum capillare L. ] 
[Hilaria belangeri (Steud.) Nash] 

[Allionia incarnata L.] 
[Boerhaavia coulteri (Hook.f.) Wats.] 
[Boerhaavia coccinea Mill.] 
[Amaranthus palmeri Wats.] 
[Apodanthera undulata Gray] 
[Talinum paniculatum (Jacq,) Gaertn.] 
[Tetramerium hispidum Nees] 
[Eriogonum wrightii Torr.] 

[Calliandra eriophylla Benth.] 
[Prosopis juliflora var, velutina (Woot.) Sarg.] 
[Acacia greggi Gray] 
[Anisacanthus thurberi (Torr.) Gray] 
[Aplopappus tenuisectus (Greene) Blake] 
[Opuntia engelmannii Salm-Dyck.] 
[Ferocactus wislizeni Engelm.] 
[Fouquieria splendens Engelm.] 
[Opuntia fulgida Engelm.] 
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APPENDIX B 

PLANT KEY FOR CHARACTERISTICS OF MAJOR PLANT SPECIES . 
IN MASTICATED FORAGE SAMPLES DETERMINED WITH A 

BINOCULAR MICROSCOPE (50 X MAGNIFICATION) 

Characteristics of the major plant species identified in masti

cated forage samples collected from rumen fistulated steers are pre

sented in this key. Descriptions of the major plant species are 

described by plant parts. In using this key, the investigator learns 

identifying characteristics of each species by studying whole plant 

specimens. A final comparison is made between the characteristics of 

the known and unknown species in the masticated forage samples. 

The terms ribs and veins used in describing grass blades are 

defined as follows: ribs are the larger prominent, primary veins on 

each side of the midrib of the grass blade; veins are the smaller, less 

prominent strands that are found between the ribs of the blade. In re

gard to ribs and veins used in describing sheath and stems, ribs are 

larger and more prominent in comparison to the smaller veins between 

the ribs. The term vein was used exclusively for stems. References 

were made to Gould (1951) and Kearney and Peebles (1960). 

GRASSES 

Arizona Cottonton 

Blade 

About 2 to 5 mm wide, dark brown or grey; margin narrow, white, 
finely toothed. 

171 



172 

Adaxial, Midrib keeled; 3 narrow ribs each side of midrib with 
2 to 3 smaller veins between the rib pairs, veins crowded; scattered to 
dense, micro-hairs on ribs and veins. 

Abaxial. Glabrous or occasional micro-hairs on ribs and veins; 
Midrib prominent with prickles on edges; narrow ribs and veins crowded, 
usually with short prickle hairs extending laterally from edges of 
veins. 

Sheath 

Glossy, fine surface texture, occasionally granular; ribs nar
row to wide, usually flattened with 2 or 3 smaller veins between wider 
rib pairs, prickle hairs extending laterally from edges of veins, veins 
crowded; ligule membranous, 2 mm or more long, obtuse-lacerate. 

Stem 

Glossy, fine surface texture, pale, straw-colored; veins prom
inent near nodes, medium to wide, grading into smooth stems; nodes oc
casionally ringed with short hairs. 

Inflorescence 

A contracted panicle; primary axis glabrous or with short 
prickle hairs, wavy, with fine, crowded veins; spikelets ovate about 3 
to 4 mm long, flattened, attached to a scabrous pedicel; second glume 
villous with soft, silver hairs; rachis triangular in cross section 
with fine prickles on the edges. 

Plains Bristlegrass 

Blade 

About 2 to 8 mm wide, pale green; margin narrow, finely toothed. 

Adaxial. Midrib keeled; 3 to 4 ribs on each side of midrib 
with 2 to 4 smaller veins between the rib pairs, veins occasionally 
with fine, short prickle hairs; intercostal zone narrow with small, 
oval-like papillae. 

Abaxial. Glossy, pale green; similar to adaxial except prickle 
hairs only on wide, prominent midvein. 

Sheath 

Folded; ribs narrow to medium, straw-colored, variable in 
width, square-like, smooth surface texture, prominent on internodes to 
not prominent near nodes; short, thick prickle hairs attached to ribs 
dorsally on sheath near collar; intercostal zone absent near nodes to 
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narrow near collar; ligule a fringe of straight, stiff hairs, 0.5 to 1 
mm. 

Stem 

Flattened, glossy; veins narrow, rounded, crowded, prominent to 
not prominent, smooth texture, pale straw color; fine, short prickle 
hairs near nodes; nodes usually hairy. 

Inflorescence 

A contracted spicate panicle; primary axis hirsute, fine promin
ent veins, crowded, with prickle hairs; spikelets on a scabrous pedicel 
about 2 to 3 mm long, oval, turgid, wrinkled fruit, often with fine 
transverse ridges, one or more scabrous bristles about 2 to 3 mm long at 
base of spikelets. 

Spidergrass 

Blade 

Approximately 2 mm wide; margin entire or finely toothed. 

Adaxial. Midrib not prominent; 2 prominent, light colored, wide 
ribs each side of midrib with 2 or 3 smaller veins between the rib 
pairs, ribs and veins with dense, short, fine prickle hairs extending 
laterally from edges; intercostal zone narrow, veins crowded; frequently 
breaks down to a single rib in rumen samples. 

Abaxial. Straw-colored surface; ribs prominent with narrow 
veins between rib pairs; intercostal zone distinct; fine prickle hairs 
and papillae on costal and intercostal zones. 

Sheath 

Ribs medium to large, slightly prominent to prominent; short, 
thick prickle hairs attached to ribs on upper one-half of sheath near 
collar; intercostal zone variable in width, with papillae or micro-
hairs, granular near nodal area; ligule hairy, small, 1 mm. 

Stem 

Veins medium to wide, slightly prominent, usually covered with 
papillae or micro-hairs on costal and intercostal zones; intercostal 
zone variable in width; nodes glabrous. 
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Inflorescence 

A panicle; primary axis rectangular, veins variable in width, 
usually with papillae; branches triangular with prickle hairs on the 
edges, usually a swollen, brown pulvinus at junction of first branch 
and primary axis; spikelets long narrow; glumes subequal with narrow 
midvein, usually with small prickle hairs; lemma with hairy callus at 
base, hard, granular surface texture, tapering to a stout, scabrous, 
straight or slightly twisted awn column; lateral awns absent or rep
resented by short stubs, central awn 4 to 12 mm long. 

Bush Muhly 

Blade 

Approximately 0.5 to 2 mm wide; early deciduous in fall of the 
year; narrow margin, finely toothed. 

Adaxial. Midrib not prominent; ribs and veins narrow, 2 
slightly larger ribs each side of midrib with 3 or 4 finer veins be
tween; scattered, short micro-hairs attached to finer veins; inter
costal zone distinct, 

Abaxial. Similar to adaxial except without micro-hairs; mid
rib not prominent, ribs straw-colored; finer veins usually darker. 

Sheath 

Narrow; usually 2 narrow, square-like ribs with 2 finer veins 
between them, uniform in size and arrangement, ribs usually prominent, 
glabrous; intercostal zone as wide as veins to crowded veins; ligule 
membranous, 1 to 2 mm, hyaline, truncate-lacerate. 

Stem 

Narrow; veins fine to narrow, slightly prominent, glossy, uni
form; narrow intercostal zones; usually with distinct papillae on tops 
of veins; nodes glabrous. 

Inflorescence 

A panicle; primary axis narrow, flattened, with fine, crowded 
veins; fine branches; pedicels triangular with short prickle hairs on 
edges, fine, prominent veins; spikelets maturing purple; glumes thin, 
membranous, purple, glabrous, narrowly lanceolate, the second two-
thirds to nearly as long as the puberulous, the body mostly 3 to 4.5 
mm long and the awn 0.5 to 10 mm long; palea awnless, about as long as 
the lemma. 



175 

Slender Grama 

Blade 

Narrow, about 1 to 2 mm wide; margin narrow, finely toothed, 
glandular hairs near collar. 

Adaxila. Granular texture; midrib not prominent; 2 to 3 narrow 
ribs near edge of blade on each side of midrib, with 2 or 3 fine veins 
between the ribs, occasionally with scattered, short prickle hairs on 
finer veins; intercostal zone granular, approximately equal to width of 
fine veins. 

Abaxial. Similar to adaxial except with prominent midrib, 
dull, with granular texture; veins crowded. 

Sheath 

Ribs narrow, prominent, square like, uniform, glossy surface, 
papillae on edges of ribs; intercostal zone narrow, white; stomata 
occasionally distinct, very narrow, rectangular, in rows at base of 
ribs; ligule hairy, small, 0.5 mm. 

Stem 

Fine and narrow veins of unequal size, crowded, slightly prom
inent to not prominent; usually fine papillae on veins near nodes; 
glossy, irregular surface; nodes glabrous. 

Inflorescence 

Primary axis narrow, venation as on stem; spicate branches 4 to 
12, with dense, short, fined, white hairs; several spikelets attached 
to a flattened, narrow, wavy, ciliate rachis; glumes subequal, broadly 
lanceolate, ciliate along midnerve, nerves usually extending into short 
awns with dense, short prickles, one large midnerve awn and two shorter 
awns; glumes and lemma with a fine surface texture; rudiment about as 
long as fertile floret with two lateral, short awned lobes and a large 
central lobe bearing a stout, scabrous awn. 

Black Grama 

Blade 

Narrow, usually less than 2 mm wide; margin entire, occasionally 
fine toothed; occasionally glandular hairs on margin near collar 3 to 
5 mm. 
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Adaxial. Two narrow ribs each side of midrib with 1 or 2 
slightly smaller veins between the rib pairs; ribs and veins crowded 
with scattered, small prickle hairs, 

Abaxial. Granular texture; midrib not prominent; veins narrow 
to medium, uniform. 

Sheath 

A granular surface texture, narrow; ribs narrow, prominent, 
uniformly spaced; intercostal zone narrow; distinct, rather large, rec
tangular stomata in rows at edge of ribs; ligule a row of short hairs. 

Stem 

Slender stems, wooly pubescent on internodes; nodes puberlent 
to glabrous; veins slightly prominent, fine to narrow, glossy, crowded. 

Inflorescence 

Three to 8 spicate branches, slender, moderately pectinate; 
spikelets; primary axis flattened, narrow, crowded veins, glabrous; uni
lateral spikes attached to the main axis by a short, hirsute inflores
cence stalk; spikelets slender with long awns, attached to a flattened, 
narrow rachis with fine, short prickles on the edges; glumes glabrous 
or scabrous; lemma usually with a tuft of short hairs at the base or 
slightly puberlent to glabrous, lanceolate, tapering to a terminal awn 
about 1.5 to 3 mm long, much reduced lateral awn, occasionally with 
slender teeth at the apex; rudiment lemma awnlike with three branched 
awns about 8 mm long. 

Santa Rita Threeawn 

Blade 

Narrow about 1 mm wide; margin with finely toothed edge. 

Adaxial. Rib near edge of blade with 2 or 3 smaller veins on 
each side of midrib, numerous short prickle hairs on veins; intercostal 
zone narrow. 

Abaxial. Glabrous; midrib not prominent; ribs and veins 
slightly prominent to prominent, veins irregular in width; intercostal 
zone distinct, occasionally with scattered hairs. 
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Sheath 

Small; granular texture near nodes, light brownish color; nar
row ribs slightly prominent to not prominent; glabrous; dull intercos
tal zone approximately equal to width of ribs; occasionally papillae on 
edges of ribs; ligule a crown of short hairs, 0.5 to 1 mm. 

Stem 

With small light papillae on veins, usually a mottled purplish 
color, veins narrow to medium, glossy, slightly prominent, crowded, 
rounded edges; nodes glabrous. 

Inflorescence 

A few-flowered, short panicle or raceme; primary branch flat
tened, glossy; veins narrow, round prominent, usually a mottled light 
purple; branches narrow, short, triangular, frequently twisted, prickle 
hairs on edges; pedicels short; spikelets narrow; glumes unequal, the 
second often twice as long as the first, the second 10 to 16 mm long; 
lemma 5 to 7 mm long, purple or mottled at maturity, dense stiff hairs 
on the callus, jointed to a straw-colored awn column, three even length 
awns, about 2 to 4 cm long, widely divergent. 

Sideoats Grama 

Blade 

Two to 7 mm wide; margin narrow, finely toothed, usually gland
ular hairs near collar. 

Adaxial. Midrib not prominent; 2 to 3 narrow ribs on each side 
of midrib with 2 to 4 smaller veins between the rib pairs, ribs and 
veins crowded with fine, short prickle hairs. 

Abaxlal. Surface texture granular, venation same as adaxial; 
short prickles extending laterally from ribs and veins. 

Sheath 

Texture granular or glabrous; ribs medium to wide, prominent, 
usually short prickle hairs on ribs near collar; intercostal zone nar
row to wide, white, frequently with papillae; stomata short, rectangu
lar in rows at edge of ribs; ligule membranous, small, 1 mm, truncate-
lacerate. 
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Stem 

Glossy texture; veins narrow to wide, variable in size, not 
prominent; short rectangular stomata occasionally distinct in rows be
tween the veins; nodes glabrous, usually with a prominent brown ring. 

Inflorescence 

Twenty to 50 short, pendulant apicate branches; primary axis 
rectangular, glabrous, wide veins not prominent, often with short 
prickles on edges of veins; rachis is flattened, short, wavy, broad and 
fringed with ciliate hairs, narrow green veins bordering edges; spike-
lets short awned or awnless; glumes unequal, first glume with prickles 
along midnerve and short prickles over remainder of glume, second glume 
glabrous; lemma and nerves of glumes sometimes extending to short awns. 

Rothrock Grama 

Blade 

Approximately 1 to 3 mm wide; margin finely toothed with scat
tered, glandular hairs. 

Adaxial. Two ribs on each side of midrib with 2 to 3 smaller 
veins between the rib pairs, veins narrow, crowded; numerous fine 
prickle hairs on veins. 

Abaxial. Surface texture granular; midrib not prominent; veins 
narrow to medium width, square like, crowded. 

Sheath 

Glossy, glabrous; narrow to medium width ribs, usually promin
ent; intercostal zone approximately equal to rib width; short rectangu
lar stomata in rows along edge of ribs; ligule hairy, 2 to 4 mm. 

Stem 

Glossy, glabrous; narrow, uniform, crowded veins; occasionally 
micro-papillae on surface of veins; short, narrow, rectangular stomata 
commonly distinct between the narrow veins; nodes glabrous. 
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Inflorescence 

Three to 8 spicate branches; primary axis with a similar vena
tion pattern as stem; spicate branch covered with dense, very short, 
fine hairs, narrow, flattened, wavy, with short prickles on edges, 
bordered with a narrow vein on either side; spikelets alternately at
tached to rachis; first glume short, second glume larger, usually pur
plish with short hairs on mid-vein; lemma pubescent below with long, 
white hairs, broad and lobed above, the three nerves extending from the 
notches as awns approximately 1.5 to 3 mm long; rudiment with somewhat 
inflated lobes, three awned, shorter than the lemma. 

Feather Fingergrass 

Blade 

Approximately 2 to 8 mm wide; margin finely toothed. 

Adaxial. Three narrow ribs each side of midrib usually with 4 
to 6 smaller veins between the rib pairs; intercostal zone slightly 
wider than width of finer veins; veins frequently pale green with scat
tered micro-hairs. 

Abaxial. Occasionally glandular hairs on margin or intercostal 
zone near collar; ribs slightly prominent; venation similar to adaxial; 
intercostal zone with micro-papillae. 

Sheath 

Wide, laterally compressed; ribs fine to narrow, slightly prom
inent, usually 2 or more smaller veins between the narrow rib pairs; 
intercostal zone about as wide as veins, with micro-papillae; ligule 
membranous, small, 1 mm, truncate-ciliate. 

Stem 

Glossy, smooth texture; occasionally flattened veins, narrow to 
wide, prominent, papillae on edges; nodes glabrous. 

Inflorescence 

Several unilateral, verticillate, spicate branches; spikelets 
with one perfect floret, sessile, in 2 rows along one side of continu
ous rachis about 2 to 6 cm long, rachis with short prickle hairs; 
glumes hyaline, one-nerved, lancelate, first glume about one-half as 
long as the second; fertile lemma broad, about 3 mm long somewhat hump
backed on the keel, pubescent on the keel and margins with a tuft of 
hairs below a long, slender scabrous awn; rudiment about 2 mm long, 
truncate at apex with a slender awn attached. 
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Sprucetop Grama 

Blade 

Approximately 2 mm wide; margin finely toothed or entire, usu
ally with scattered glandular hairs. 

Adaxial. Midrib keeled; 4 narrow veins each side of midrib, 
bordered by 1 or 2 wide ribs near margin, ribs with micro-papillae; 
Intercostal zone approximately equal to vein width; scattered, short 
prickle hairs. 

Abaxial. Midrib prominent, granular; wide ribs near margins, 
prominent, with micro-papillae; venation similar to adaxial. 

Sheath 

Glossy; ribs medium to wide, prominent, glabrous or granular, 
papillae frequently on costal and intercostal zone; intercostal zone 
approximately equal to width of rib; short, narrow stomafca along edges 
of ribs; ligule hairy, 0.25 mm. 

Stem 

Granular, glossy surface; veins narrow to wide, slightly prom
inent, usually with micro-papillae; stomata narrow, rectangular, in 
rows along edge of veins; nodes glabrous. 

Inflorescence 

Three to 7 broad, dense, more or less pectinate spicate branches 
primary axis narrow, prominent veins with fine prickle hairs; rachis 
flattened, short, covered with dense hairs; spikelets closely placed, 
usually hairy; fertile lemma 3 cleft, the divisions with short awns; 
rudiment large, long-awned, cleft nearly to the base, the middle awn 
broadly winged below. 

Green Spangletop 

Blade 

Approximately 3 to 5 mm wide, granular surface texture, a dull 
bluish-green; margin white with fine toothed edge. 

Adaxial. Midrib keeled; 2 to 3 narrow white ribs on each side 
of midrib with 3 to 5 smaller veins between the rib pairs, micro-hairs 
on ribs and veins; intercostal zone approximately equal to width of 
veins. 
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Abaxial. Midrib prominent, white; ribs and veins crowded, 
veins usually bluish-green; costal and intercostal zone with numerous 
micro-papillae, intercostal zone usually a lighter color. 

Sheath 

Dull granular to glossy texture; ribs narrow to medium width, 
slightly prominent, not prominent near nodes, usually 2 or 4 smaller 
veins between wider vein pairs; intercostal zone narrow with numerous 
micro-papillae on upper half of sheath near collar; occasionally short 
prickle hairs dorsally near collar; ligule short, membranous, fringed 
and ciliate. 

Stem 

Glossy; irregular surface relief; veins medium to large, prom
inent to not prominent; nodes glabrous. 

Inflorescence 

Two to several spicate branches laterally from main axis; spi
cate branches triangular with short prickle hairs on edges; spikelets 
attached to a short pedicel 6 to 10 mm long, 4 to 7 flowered; glumes 
lanceolate, awnless, the second usually 4 to 5 mm long, the first 
slightly shorter, short prickles dorsally on glumes; lemmas ovate or 
oblong, dorsally compressed and rather broad, the three strong nerves 
usually not quite extending to the thin, broad, truncate or notched 
apex. 

Texas Timothy 

Blade 

Approximately 1 to 2 mm wide, granular surface texture; margin 
wide, white, finely toothed. 

Adaxial. Midrib keeled; 2 or 3 narrow ribs each side of mid
rib with 2 or 3 smaller veins between rib pairs; veins crowded, light 
brown, with scattered to dense hair-like prickles. 

Abaxial. Midrib prominent, white with prickle hairs; ribs not 
prominent; ribs and veins of fine granular texture. 

Sheath 

Folded; wide midrib dorsally covered with papillae; ribs nar
row to medium, slightly prominent, square-like, straw color; inter
costal zones approximately as wide as widths of ribs, granular or 
glabrous. 
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Stem 

Flattened, narrow; veins fine to narrow, prominent; intercostal 
zones approximately equal to width of veins, fine, short prickle hairs 
on costal and intercostal zones; nodes narrow, canescent. 

Inflorescence 

A bristly, spicate panicle; primary axis with prominent veins 
covered with short, fine hair-like prickles; pedicels short, hairy, in 
pairs, remaining on the primary axis when spikelets disarticulate; 
spikelets narrow; glumes membranous, about 2 mm long, the first glume 2 
to 3 nerved with 2 or 3 awns mostly 3 to 5 mm long, the second glume 
similar but one nerved and one awned; lemma 3 nerved, mostly 3 to 4 mm 
long, puberulent, tapering to an awn 0.5 to 3 mm long. 

SHRUBS AND HALF-SHRUBS 

Catclaw 

Leaf 

Bipinnately compound with 2 to 5 pairs of pinnae; leaflets 4 to 
6 pairs per pinna. 

Adaxial. Leaflets obovate or oblong, about 2 by 5 mm, sparsely 
hairy; rachis and rachilla with fine, short, white hairs; narrow veins 
prominent. 

Abaxial. Similar to adaxial except with short, fine, white 
hairs. 

Stem 

Younger stems straw-colored with fine, short, white hairs; veins 
wide, prominent; intercostal zone granular; frequently with curved 
spines, about 6 mm in length; older twigs reddish-brown to brown, gla
brous or with fine short hairs; stems with bark fissured into narrow 
scales. 

Inflorescence 

Flowers in dense clusters, pale yellow; pods often twisted, flat, 
constricted at intervals between the shiny brown seeds, pale brown. 
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Velvet Mesquite 

Leaf 

Blpinnately compound with 1 to 2 pairs of pinnae; leaflets usu
ally more than 9 pairs per pinna, oblong, flat, usually about 2 by 11 
mm, apices rounded, surface sparsely puberlent, pale green, granular 
texture; commonly exposed netted veins in rumen samples; rachis and 
rachilla pubescent, narrow veins prominent. 

Stem 

Younger stems glabrous or sparsely puberlent; punctate; 
straight, stout spines in pairs at nodes; veins prominent; wide inter
costal zone. 

Inflorescence 

Flowers arranged in cylindrical spikes; petals greenish-yellow; 
pod narrow, straw-colored, compressed, apex pointed; seed round or 
oval, flattened, smooth, light brown. 

False Mesquite 

Leaf 

Bipinnately compound; leaflets about 2 by 6 mm. 

Adaxial. Glabrous. 

Abaxial. Moderately dense, appressed, white hairs; base of 
leaflets rounded, apices obtuse to acute; rachis and rachilla light 
brown, veins narrow, prominent, with stiff, white hairs, erect or 
appressed. 

Stem 

Dark brown or light gray; scattered, fine, short, appressed, 
white hairs; punctate; bark irregular, rough. 

Inflorescence 

Spicate or racemose; flowers pubescent, corolla cream-colored; 
stamens about 20 mm long; pods flat, dark brown or gray, oblong, 
densely pubescent. 



184 

Desert Honeysuckle 

Leaf 

Short-petioled,' opposite, lanceolate or ovate-lanceolate, ap
proximately 1 by 4.5 cm,'light green, netted venation. 

Adaxial. Granular texture, scattered, short, appressed, clear 
hairs. 

Abaxial. Hairs fewer than on adaxial; midvein prominent; peti
ole brown with scattered, short, white hairs. 

Stem 

Younger stems light brown with scattered, short, white hairs; 
granular texture; petioles disarticulating at node leaving two oppo
site, blunted appendages. 

Inflorescence 

Corolla normally brick red, sometimes yellow or orange, the 
tube long and slender. 

FORBS 

Melon-loco 

Leaf 

Adaxial. Dull, light green with numerous appressed, short, 
white, glandular hairs; short prickles and dense, white hairs on edge 
of leaf, 

Abaxial. Similar to adaxial; dense, white, appressed hairs; 
netted venation with narrow, straw-colored veins, slightly prominent. 

Stem 

Straw-colored; prominent medium to wide veins; smooth surface 
texture; intercostal zone with irregular width; scattered white hairs. 

Inflorescence 

Corolla yellow; calyx tube 1.5 to 2.5 cm long with white hairs; 
fruit oval, longitudinally ridged, resinous glands and short glandular 
hairs. 
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Spiderling 

Leaf 

Adaxial. Elliptical, about 1 to 2 cm wide and 2.5 to 3.5 cm 
long; green, granular surface with scattered, short, fine, white hairs; 
petiole dense with resinous glands and short resinous hairs; veins 
prominent, fine. 

Abaxial. Light green with resinous glands and scattered, short, 
white hairs; granular surface. 

Stem 

Straw-colored; fine, slightly prominent veins with resinous 
glands and dense, short resinous hairs. 

Inflorescence 

Flowers about 1 by 2 mm in elongate racemes, these forming a 
cymose inflorescence; bracts deciduous; fruit 5-angled. 

Tetramerium 

Leaf 

Adaxial. Opposite leaves, elliptical, dull green with scat
tered, short, clear hairs; netted venation. 

Abaxial. Similar to adaxial; veins fine, prominent, straw-
colored; petiole with scattered, thick, clear hairs. 

Stem 

Light brown, rather dense with papillae, and scattered, thick, 
clear hairs; petioles disarticulating at nodes with short appendages 
remaining. 

Inflorescence 

Flowers in dense, terminal, 4-rowed spikes; corolla slightly 
bilabiate, floral bracts prominently 3-ribbed and often with 2 smaller 
additional veins; corolla limb pale yellow, often tinged or spotted 
with purple. 
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Vflld Buckwheat 

Leaf 

Adaxial. Leaves small, about 2 to 6 mm wide, 10 to 12 mm long, 
elliptical, lanceolate or oblanceolate; surface with dense, fine, wavy, 
white hairs (tomentose). 

Abaxial. Same as adaxial except midvein raised; petiole short, 
tomentose. 

Stems 

Slender, white lanate, tomentose. 

Flowers 

Involucre sessile, lanate, teeth acute, 2 to 3 mm long; perianth 
white or pink, glabrous, about 2.5 to 3.5 mm long. 
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Table C-l. Comparisons of percent weight, percent volume, and percent 
points of plant species in known rumen sample mixtures.3 

Group A (1966) 
Weight Volume Points Total identifiable 
% % % points/sample 

False mesquite 

Spidergrass 

Rothrock grama 

60.0 40.6 40.1 387 
60.0 40.6 44.2 385 
60.0 40.6 40.2 386 
60.0 40.6 38.3 381 
25.0 13.1 10.1 386 
25.0 13.1 12.7 394 
25.0 13.1 13.1 383 
25.0 13.1 11.9 387 
10.0 5.2 7.8 374 
10.0 5.2 8.9 370 
10.0 5.2 6.0 365 
10.0 5.2 8.8 362 
5.0 3.3 5.0 339 
5.0 3.3 4.1 341 
5.0 3.3 5.7 354 
5.0 3.3 6.6 336 
60.0 73.7 72.2 374 
60.0 73.7 74.6 370 
60.0 73.7 74.3 365 
60.0 73.7 74.6 362 
25.0 36.8 38.1 339 
25.0 36.8 39.9 341 
25.0 36.8 41.2 354 
25,0 36.8 40.2 336 
10.0 15.3 11.6 387 
10.0 15.3 15.3 385 
10.0 15.3 11.4 386 
10.0 15.3 12.6 381 
5.0 5.9 7.8 386 
5.0 5.9 4.1 394 
5.0 5.9 4.4 383 
5.0 5.9 4.9 387 
60.0 75.1 77.7 386 
60.0 75.1 79.4 394 
60.0 75.1 80.4 383 
60.0 75.1 78.8 387 
25.0 40.4 45.0 387 
25.0 40.4 37.1 385 
25.0 40.4 45.3 386 
25.0 40.4 47.5 381 

a. Number of observations per sample was 16, 
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Group A (1966) 
Weight Volume Points Total identifiable 
% % % point s/s ample 

Rothrock grama 
(continued) 

Bush muhly 

Group B (1966) 

Slender grama 

10.0 15.6 21.5 339 
10.0 15.6 19.6 341 
10.0 15.6 19.5 354 
10.0 15.6 20.2 336 
5.0 6.2 10.4 374 
5.0 6.2 9.2 370 
5.0 6.2 8.8 365 
5.0 6.2 8.6 362 

60.0 44.4 35.4 339 
60.0 44.4 36.4 341 
60.0 44.4 33.6 354 
60.0 44.4 33.0 336 
25.0 14.8 9.6 374 
25.0 14.8 7.3 370 
25.0 14.8 11.0 365 
25.0 14.8 8.0 362 
10.0 5.9 4.4 386 
10.0 5.9 3.8 394 
10.0 5.9 2.1 383 
10.0 5.9 4.4 387 
5.0 3.8 3.4 387 
5.0 3.8 3.4 385 
5.0 3.8 3.1 386 
5.0 3.8 1.6 381 

60.0 45.1 46.4 326 
60.0 45.1 48.6 321 
45.0 31.4 30.0 323 
45.0 31.4 34.4 317 
35.0 21.8 22.4 312 
35.0 21.8 21.6 310 
25.0 13.9 16.7 317 
25.0 13.9 18.9 338 
15.0 15.7 13.3 353 
15.0 15.7 13.3 361 
10.0 10.1 10.2 353 
10.0 10.1 8.8 363 
5.0 5.3 8.6 359 
5.0 5.3 8.2 365 
5.0 4.7 4.5 358 
5.0 4.7 5.0 339 
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Table C-l. Comparisons of plant species--Continued. 

Weight 
% 

Volume 
% 

Points 
% 

Total identifiable 
points/sample 

Group D (1966) 

Arizona cottontop 60.0 79.6 69.4 317 
60.0 79.6 69.8 338 
45. 0 66.7 62.2 312 
45.0 66.7 61.6 310 
35.0 58.2 57.3 323 
35.0 58.2 52.7 317 
25.0 44.8 40.8 326 
25.0 44.8 38.9 321 
15.0 33.7 29.1 358 
15.0 33.7 32.2 339 
10.0 25.4 23.7 359 
10.0 25.4 33.4 365 
5.0 12.1 7.9 353 
5.0 12.1 9.6 363 
5.0 12.4 6.8 353 
5.0 12.4 11.6 361 

Santa Rita threeawn 60.0 62.1 57.2 353 
60.0 62.1 57.6 363 
45.0 48.0 48.2 353 
45.0 48.0 52.6 361 
35.0 33.7 32.4 358 
35.0 33.7 28.6 339 
25.0 27.3 24.5 359 
25.0 27.3 19.5 365 
15.0 9.5 11.5 312 
15.0 9.5 12.9 310 
10.0 7.7 8.9 326 
10.0 7.7 8.7 321 
5.0 2.8 8.2 317 
5.0 2.8 6.8 338 
5.0 3.6 4.6 323 
5.0 3.6 5.7 317 

Desert honeysuckle 60,0 42.0 43.1 359 
60.0 42.0 38.9 365 
45.0 27.8 34.1 358 
45.0 27.8 34.2 339 
35.0 23.9 31.7 353 
35.0 23.9 22.4 361 
25.0 15.7 24.6 353 
25.0 15.7 24.0 363 
15.0 6.9 8.0 323 
15.0 6.9 7.3 317 
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Weight Volume Points Total identifiable 
% % 7o points/sample 

Group B (1966) 

Desert honeysuckle 
(continued) 

Group C (1966) 

Black grama 

Plains bristlegrasa 

10.0 3.7 5.7 317 
10.0 3.7 4.4 338 
5.0 2.5 4.0 326 
5.0 2.5 3.7 321 
5.0 2.0 3.8 312 
5.0 2.0 3.9 310 

60.0 51.6 45.1 335 
60.0 51.6 37.6 343 
45.0 45.6 28.0 339 
45.0 45.6 26.8 347 
35.0 27.3 19.4 355 
35.0 27.3 24.9 349 
25.0 18.3 13.0 345 
25.0 18.3 11.0 355 
15.0 13.7 13.0 346 
15.0 13.7 13.1 350 
10.0 8.9 7.4 350 
10.0 8.9 3.5 343 
5.0 4.3 2.7 373 
5.0 4.3 3.3 359 
5.0 4.2 2.8 357 
5.0 4.2 4.4 341 
60.0 69.4 73.3 345 
60,0 69.4 73.0 355 
45.0 55.4 63.7 355 
45.0 55.4 56.4 349 
35.0 34.7 48.4 339 
35.0 34.7 47.0 347 
25.0 33.9 43.3 335 
25.0 33.9 43.7 343 
15.0 20.0 18.5 357 
15.0 20.0 15.8 341 
10.0 13.6 10.7 373 
10.0 13.6 9.5 359 
5.0 7.0 5.7 350 
5.0 7.0 6.1 343 
5.0 4.6 8.7 346 
5.0 4.6 8.9 350 
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Weight 
% 

Volume 
% 

Points 
% 

Total identifiable 
points/sample 

Sideoats grama 60.0 59.0 64.0 350 
60.0 59.0 61.2 343 
45.0 45.5 40.5 346 
45.0 45.5 40.6 350 
35,0 ' 32.7 35.9 357 
35.0 32.7 37.5 341 
25.0 23.8 37.5 373 
25,0 23.8 37.3 359 
15,0 13.0 11.8 355 
15.0 13.0 11.1 349 
10.0 8.1 10.4 345 
10.0 8.1 10.7 355 
5.0 4.8 3.3 335 
5.0 4.8 7.0 343 
5.0 4.5 6.5 339 
5.0 4.5 6.6 347 

Sprucetop grama 60.0 58.4 49.1 373 
60.0 58.4 49.9 359 
45.0 43.0 42.9 357 
45.0 43,0 42.2 341 
35.0 36.2 37.9 346 
35.0 36.2 37.4 350 
25.0 25.1 22.9 350 
25.0 25.1 29.2 343 
15.0 15.2 17.1 339 
15.0 15.2 19.6 347 
10.0 9.7 8.4 335 
10.0 9.7 11.7 343 
5.0 4.2 3.2 345 
5.0 4.2 5.4 355 
5.0 4.4 5.1 355 
5,0 4.4 7.4 349 

Group D (1967) 

Mesquite 60.0 58.5 56.1 383 
60.0 58.5 61.7 371 
60.0 58.5 63.6 370 
60.0 58.5 63.3 376 
25.0 24.3 28.9 339 
25.0 24.3 29.3 338 
25.0 24.3 30.6 324 
25.0 24.3 23.0 330 
10.0 11.1 14.0 308 
10.0 11.1 13.7 315 
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Mesquite 
(continued) 

Spidergrass 

Rothrock grama 

Bush muhly 

Weight 
% 

Volume 
% 

Points 
% 

Total identifiable 
points/sample 

10.0 11.1 13.1 320 
10.0 11.0 13.3 323 
5.0 4.7 8.1 333 
5.0 4.7 3.1 328 
5.0 4.7 5.7 315 
5.0 4.7 6.8 325 
60.0 67.7 64.3 333 
60.0 67.7 68.3 328 
60.0 67.7 72.4 315 
60.0 67.7 67.1 325 
25.0 33.4 39.0 308 
25.0 33.4 44.1 315 
25.0 33.4 41.6 320 
25.0 33.4 38.7 323 
10.0 11.7 10.4 383 
10.0 11.7 14.3 371 
10.0 11.7 13.0 370 
10.0 11.7 12.8 376 
5.0 5.8 9.4 339 
5.0 5.8 11.8 338 
5.0 5.8 17.3 324 
5.0 5.8 12.4 330 
60.0 62.7 49.3 339 
60.0 62.7 48.2 338 
60.0 62.7 44.4 324 
60.0 62.7 57.0 330 
25.0 26.2 31.3 383 
25.0 26.2 21.3 371 
25.0 26.2 20.5 370 
25.0 26.2 22.6 376 
10.0 10.1 18.0 333 
10.0 10.1 15.2 328 
10.0 10.1 10.8 315 
10.0 10.1 13.2 325 
5.0 6.0 12.0 308 
5.0 6.0 8.9 315 
5.0 6.0 6.6 320 
5.0 6.0 8.1 323 
60.0 49.5 35.1 308 
60.0 49.5 33.3 315 
60.0 49.5 38.8 320 
60.0 49.5 39.9 323 
25.0 17.4 13.4 328 
25.0 17.4 11.1 315 
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Weight 
7. 

Volume 
% 

Points 
% 

Total identifiable 
points/sample 

Bush muhly 25.0 17.4 12.9 325 
(continued) 25.0 17.4 9.6 333 

10.0 7.2 12.4 339 
10.0 7.2 10.7 338 
10.0 7.2 7.7 324 
10.0 7.2 7.6 330 
5.0 3.6 2.1 383 
5.0 3.6 2.6 371 
5.0 3.6 3.0 370 

Group E (1967) 
5.0 3.6 1.3 376 

Slender grama 60.0 48.9 48.2 365 
60.0 48.9 46.2 355 
45.0 35.1 38.8 363 
45.0 35.1 38.1 367 
35.0 24.7 31.2 359 
35,0 24.7 36.3 350 
25.0 16.4 17.4 345 
25.0 16.4 19.8 353 
15.0 15.1 17.6 375 
15.0 15.1 16.3 374 
10.0 9.6 15.8 361 
10.0 9.6 19.5 374 
5.0 5.3 8.2 377 
5.0 5.3 6.5 385 
5.0 4.8 7.8 370 
5.0 4.8 7.0 383 

Arizona cottontop 60,0 75.4 70.7 345 
60.0 75.4 63.5 353 
45.0 61.0 50.7 359 
45.0 61.0 45.1 350 
35.0 52.4 46.3 363 
35.0 52.4 49.6 367 
25.0 39.1 33.4 365 
25.0 39.1 34.9 355 
15.0 27.6 23.2 370 
15.0 27.6 25.3 383 
10.0 20.5 20.7 377 
10.0 20.5 23.1 385 
5.0 9.2 8.9 361 
5.0 9.2 16.6 374 
5.0 9.7 8.0 375 
5.0 9.7 13.4 374 
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Weight Volume Points Total identifiable 
% % % points/sample 

Santa Rita threeawn 

Catclaw 

Group F (1967) 

Black grama 

60.0 64.6 55.4 361 
60.0 64.6 52.4 374 
45.0 50.8 46.9 375 
45.0 50.8 46.0 374 
35.0 37.7 39.2 370 
35.0 37. 7 36.8 383 
25.0 29.9 26.8 377 
25.0 29.9 26.8 385 
15.0 11.9 13.9 359 
15.0 11.9 15.1 350 
10.0 9.1 14.5 365 
10.0 9.1 13.8 355 
5.0 3.7 6.4 345 
5.0 3.7 9.3 353 
5.0 4.4 5.8 363 
5.0 4.4 5.7 367 
60.0 44,3 44.3 377 
60.0 44.3 43.6 385 
45.0 29.9 29.7 370 
45.0 29,9 30.8 383 
35.0 24.4 27.5 375 
35.0 24.4 24.3 374 
25.0 16.6 19.9 361 
25.0 16.6 11.5 374 
15.0 8.1 9.1 363 
15.0 8.1 6.5 367 
10.0 4.5 5.5 345 
10.0 4.5 7.3 353 
5.0 2.8 3.8 365 
5.0 2.8 5.1 355 
5.0 2.4 4.2 359 
5.0 2.4 3.4 350 

60.0 50.7 35.4 359 
60.0 50.7 28.0 343 
45.0 36.4 27.9 366 
45.0 36.4 25.5 357 
35.0 26.5 20.3 356 
35.0 26.5 25.4 370 
25.0 18.0 10.9 367 
25.0 18.0 9.4 374 
15.0 13.1 16.7 353 
15.0 13.1 13.7 357 
10.0 9.1 5.4 369 
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Weight Volume Points Total identifiable 
Vo % % points/sample 

Black grama 10.0 
(continued) 5.0 

5.0 
5.0 
5.0 

Plains bristlegrass 60.0 
6 0 .0  
45.0 
45.0 
35.0 
35.0 
25.0 
25.0 
15.0 
15.0 
10.0 
10.0 
5.0 
5.0 
5.0 
5.0 

Sideoats grama 60.0 
60 .0  
45.0 
45.0 
35.0 
35.0 
25.0 
25.0 
15.0 

15.0 
10.0 
10.0 
5.0 
5.0 
5.0 
5.0 

Texas timothy .60.0 
60.0  
45.0 
45.0 
35.0 
35.0 

9.1 8.6 359 
4.1 3.8 373 
4.1 3.6 357 
4.2 3.3 361 
4.2 5.4 355 
70.3 67.5 367 
70.3 66.3 374 
55.6 59.8 356 
55.6 54.9 370 
46.2 20.3 356 
46.2 25.4 370 
34.5 38.9 359 
34.5 51.0 343 
20.6 24.8 355 
20.6 29.4 361 
13.5 19.6 373 
13.5 16.8 357 
7.4 9.3 369 
7.4 13.1 359 
7.1 7.4 353 
7.1 10.4 357 
55.5 51.8 369 
55.5 54.3 359 
38.7 42.1 361 
38.7 40.0 355 
31.2 38.2 353 
31.2 38.9 357 
21.1 24.9 373 
21.1 30.8 357 
12.4 13.7 366 
12.4 16.8 357 
7.3 11.7 367 
7.3 12.6 374 
4.3 12.3 359 
4.3 7.6 343 
3.9 6.2 356 
3.9 9.2 370 

61.3 51.7 373 
61.3 48.7 357 
48.6 37.7 353 
48.6 37.0 357 
36.5 25.2 361 
36.5 29.9 355 
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Weight 
% 

Volume 
% 

Points 
% 

Total identifiable 
points/sample 

Texas timothy 25.0 28.0 33.6 369 
(continued) 25.0 28.0 24.0 359 

15.0 14.0 10.5 370 
15.0 14.0 13.8 356 
10.0 10.5 13.4 359 
10.0 10.5 13.4 343 
5.0 4.4 9.8 367 
5.0 4.4 11.7 374 
5.0 5.0 5.7 366 
5.0 5.0 8.4 357 

a. Number of observations per sample was 16, 
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Table C-2. Mean percent microscope points and 90% confidence limits 
for plant species in rumen samples of knovm composition 
as determined by four sample sizes. 

Species 
Tray 
no. 

% Weight 
of sample 

Number of microscope points taken per tray sample 
120 200 320 400 

Sprucetop grama 
(Percent points) 

1 60 59.3 ± 7.6 51.3 ± 6.0 50.7 ± 4.8 49.1 i 4.3 
2 60 40,6 7.7 44.1 6.0 46.9 4.6 49.9 4.3 
1 25 18.8 6.3 21.5 5.1 24.2 4.1 22.9 3.6 

2 25 25.0 7.1 29.6 5.8 28,4 4.4 29.2 3.9 
1 10 11.0 5.1 10.9 3.9 8.2 2.6 8.4 2.4 
2 10 11.9 5.1 14.5 4.4 11.9 3.1 11.7 2.8 
1 5 1.9 2.2 3.4 2.3 3.6 1.8 3.2 1.5 
2 5 5.5 3.4 4.4 2.4 4.2 1.8 5.4 1.8 

Sideoats grama 

1 60 62.4 * 7.9 63.4 * 6.0 61.9 ± 4.4 64.0 * 4.1 
2 60 61.0 7.9 59.2 6.1 62.9 4.8 61.2 4.3 
1 25 29.2 6.9 37.4 5.8 36,2 4.4 37.5 4.1 
2 25 41.5 7.9 41.8 6.1 39.5 4.6 37.3 4.1 
1 10 10.4 5.1 9.1 3.4 11.0 2.8 10.4 2.6 

2 10 10.9 4.6 10.4 3.6 12.3 3.1 10.7 2.6 

1 5 6.0 3.8 5.5 2.8 4.1 2.0 3.3 1.5 

2 5 8.3 5.0 8.7 3.4 7.9 2.8 7.0 2.2 

Black firama 

1 60 43.0 *• 8.1 41.2 * 6.3 44.4 ± 5.0 45.1 ± 4.4 

2 60 42.2 7.7 37.0 6.0 36.5 4.6 37.6 4.3 

1 25 16.0 5.8 17.1 4.6 13.5 3.3 13.0 2.9 

2 25 15.5 5.6 13.2 4.1 11.6 2.9 11.0 2.6 

1 10 10.9 5.0 8.1 3.4 7.5 2.6 7.4 2.3 

2 10 4.0 3.1 4.1 2.4 3.3 1.7 3.5 1.5 

1 5 4.4 3.1 3.7 1.1 3.3 1.7 2.7 1.3 
2 5 4.7 3.3 3.4 2.2 4.2 2.0 3.3 1.5 

Texas timothy 

1 60 52.3 ± 7.7 49.7 ± 6.0 50.0 ± 5.0 51.7 ± 4.1 

2 60 49.1 7.9 47.5 6.0 48.8 5.1 48.7 4.3 

1 25 35.1 7.2 34.4 5.6 33.1 4.8 33.6 3.9 

2 25 23.6 6.7 21.8 5.0 22.7 4.3 24.0 3.6 

1 10 11.6 5.0 15.6 4.4 14.1 3.6 13.4 2.9 
2 10 11.0 5.1 12.9 4.1 13.5 3.6 13.4 2.6 
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Table C-2.--Continued 

Species 
Tray 
no. 

% Weight 
of sample 

Number of microscope points taken per tray sample 
120 200 320 400 

Texas timothy 
(continued) 

1 
2 

5 
5 

9.2 ± 4.4 
15.3 | 5.6 

(Percent points) 

10.6 ± 3.6 
13.0 | 3.9 

9.8 ± 2.9 
14.1 | 3.4 

9.8 ± 2.6 
1 1 . 8  |  2 . 6  

Plains bristlegrass 
1 60 71,7 ± 7.1 70.5 * 5.6 72.0 * 4.3 73.3 ± 3,8 
2 60 68.2 7.2 72.0 5.5 71.9 4.3 73.0 3.8 
1 25 40.0 8.1 42.4 6.3 43.3 5.0 43.3 4.4 

2 25 37.6 7.6 39.9 6.1 43.7 4.8 43.7 4.3 
1 10 7.1 3.9 7.5 3.1 9.9 2.8 10.7 2.6 
2 10 13.2 5.3 10.7 3.8 9.4 2.8 9.5 2.4 
1 5 7.9 4.4 7.0 3.1 6.4 2.3 5.7 2.0 
2 5 10.0 5.0 7.1 3.1 5.5 2.3 6.1 2.2 

Santa Rita threeawn 

1 60 60.4 ± 7.7 58.1 ± 6.1 55.7 ± 4.8 57.2 * 4.3 
2 60 52.8 7.9 58.5 6.0 58.6 4.8 57.6 4.1 
1 25 24,3 6.9 23.3 5.0 25.5 4.3 24.5 3.6 

2 25 18.2 6.0 20.1 4.8 18.2 3.6 19.5 3.3 
1 10 8.4 4.6 6.8 3.1 9.1 2.8 8.9 2.6 

2 10 14.9 6.0 10.8 3.9 8.5 2.8 8.7 2.6 
1 5 4.1 3.3 6.9 3.3 9.1 2.9 8.2 2.4 
2 5 8.8 4.8 7.7 3.4 7.3 2.4 6.8 2.2 

Slender grama 

1 60 48.4 ± 8.4 48.8 ± 6.4 46.2 ± 5.1 46.3 ± 4.4 

2 60 50.0 8.4 48.4 6.4 49.2 5.1 48.6 4.6 

1 25 19.6 7.1 18.1 5.1 17.1 3.8 16.7 3.4 

2 25 16.7 6.1 17.2 4.8 17.2 3.9 18.9 3.4 

1 10 6.6 3.9 8.1 3.4 11.1 2.9 10.2 2.6 

2 10 12.3 5.1 8.2 3.3 7.1 2.4 8.8 2.4 
1 5 10.7 5.0 7.4 3.1 9.2 2.8 8.6 2.3 
2 5 10.9 4.8 7.6 3.1 7.9 2.6 8.2 2.3 

Arizona cottontop 

1 60 68.0 ± 7.7 68.1 ± 6.0 67.5 * 4.8 69.4 ±4.1 

2 60 69.6 7.4 70.4 5.8 70.8 4.4 69.8 4.1 
1 25 40.0 8.4 42.0 6.3 41.3 5.0 40.8 4.4 
2 25 34.0 7.9 36.9 6.3 38.4 5.0 38.9 4.4 

1 10 19.4 6.3 21.6 5.1 21.3 3.9 23.7 3.6 

2 10 32.7 7.2 31.5 5.6 32.9 4.4 33.4 3.9 



200 

Table C-2--Continued 

Tray 
no. 

Species 
% Weight 
of sample 

Number of microscope points taken per tray sample 
120 200 320 400 

Arizona cottontop 
(continued) 

1 
2 

5 
5 

10.4 * 4.8 
6.6 j 3.9 

(Percent points) 

8.6 ± 3.4 
6.6 | 2.9 

8 . 2  ±  2 . 6  
9.2 | 2.6 

7.9 ± 2.3 
9.6 | 2.4 

Desert honeysuckle 

Mesquite 

1 60 45.6 ± 8.1 47.7 ± 6.1 44.0 ± 5.0 43.2 ± 4.3 
2 60 38.2 7.6 49.8 6.0 41.1 4.6 38.9 4.1 
1 25 22.6 6.5 25.3 5.5 25.0 4.3 24.7 3.8 
2 25 28.3 7.1 26.8 5.3 25.1 4.1 24.0 3.6 
1 10 8.3 4.6 6.9 3.3 6.4 2.4 5.7 2.2 
2 10 4.9 3.4 4.7 2.6 4.7 2.0 4.4 1.8 
1 5 3.2 2.9 2.5 2.0 3.4 1.8 4.0 1.8 
2 5 1.1 1.8 3.8 2.4 3.9 2.0 3.7 1.8 

Catclaw 

1 60 48.7 * 7.6 47.6 ± 6.0 46.4 ± 5.0 44.3 ± 4.1 

2 60 37.7 7.4 37.7 5.8 42.1 5.0 43.6 4.1 
1 25 16.7 5.8 19.4 5.6 19.1 3.9 19.9 3.4 
2 25 10.8 4.8 11.7 3.6 12.8 3.3 11.5 2.6 
1 10 1.9 2.2 3.5 2.3 3.3 1.8 5.5 2.0 
2 10 7.0 4.1 8.2 3.4 6.9 2.6 7.4 2.3 
1 5 6.4 3.8 5.5 2.8 5.1 2.3 3.8 1.7 
2 5 5.6 3.6 5.0 2.6 5.2 2.3 5.1 1.8 

1 60 51.7 ± 7.6 55.2 ± 5.8 56.7 ± 5.0 56.1 ± 4.1 
2 60 60.9 7.6 62.0 6.0 59.9 4.8 61.7 4.1 
3 60 62. 7 7.6 59.8 6.0 59.1 5.0 63.5 4.1 
4 60 73.0 6.9 68.1 5.6 64.0 4.8 63.3 3.9 
1 25 27.3 7.2 28.6 5.6 28.4 4.8 28.9 3.9 
2 25 26. 7 7.1 25.9 5.5 29.6 4.8 29.3 3.9 
3 25 28.6 7.7 29.9 6.0 31.8 5.1 30.6 4.1 
4 25 28. 7 7.4 26.4 5.6 24.1 4.6 23.0 3.6 
1 10 12.0 5.5 14.4 4.6 15.2 3.9 14.0 3.1 
2 10 11.2 5.1 10.8 3.9 14.5 3.8 13. 7 3.1 
3 10 11.3 5.3 11.6 4.1 13.5 3.6 13.1 2.9 
4 10 11.3 5.3 11.5 3.9 11.8 3.4 13.3 2.9 
1 5 5.0 3.4 6.6 3.1 8.2 2.9 8.1 2.4 
2 5 2.1 2.4 2.5 2.0 3.8 2.0 3.1 1.5 
3 5 4.3 3.4 4.4 2.6 5.5 2.4 5.7 2.2 
4 5 4.1 3.1 6.1 2.9 7.4 2.6 6.8 2.3 



Table C-3. Comparisons of tray analyses by 400 microscope points each, consisting of frequencies 
of plant parts in masticated plant mixtures from species groups of 1966 and 1967. 

„ ^ False mesquite Spidergrass Roth rock grama Bush muhly 
fTQfifO Blade Stem Blade Stem Sheath Blade Stem Sheath Seedhead Stem 

(25% weight) (5% weight) (60% weight) (10% weight) 

(Points) 
Mixtures 2 and 6 

Tray 1 28 11 16 6 8 42 101 85 73 14 
Tray 2 39 11 6 6 3 48 107 90 68 14 
Tray 3 44 6 12 4 0 48 117 75 68 8 
Tray 4 42 4 8 6 4 52 91 72 90 17 

X2 = 34.83; X2 CO. 05) = 40.11, 27 d.f. 

Blade Stem Blade Stem Sheath , , Blade Stem Sheath , , Stem 
(10% weight) (60% weight) ea (57o weight) ea (257o weight) 

(Points) 
Mixtures 3 and 7 

Tray 1 23 6 147 62 59 2 3 16 7 13 36 
Tray 2 23 10 159 53 53 11 2 9 6 17 25 
Tray 3 20 2 173 36 58 4 6 5 5 16 40 
Tray 4 28 4 158 45 55 12 5 10 6 10 29 

X 2  =  42.89;X2 CO-05) = 43.77, 30 d.f. 



Table C-3.—Continued 

Blade Stem Blade Stem Sheath fe6j Blade Stem Sheath Stem Sheath 
(570 weight) (25% weight) ea (10% weight) ea (607# weight) 

(Points) 
Mixtures 4 and 8 

Tray 1 14 3 78 29 18 4 11 25 21 16 110 10 
Tray 2 11 3 91 18 25 2 7 22 17 21 113 11 
Tray 3 19 1 78 23 37 8 7 30 15 17 114 5 
Tray 4 18 4 75 29 28 3 2 27 14 25 105 6 

X2 = 36.72;X2 (0.05) = 47.37, 33 d.£. 

Mesquite Spidergrass Rothrock grama Bush muhly 

Blade Stem Blade Stem Sheath Blade Stem Sheath fe6j Stem Sheath 
(60% weight) (10% weight) ea (25% weight) ea (5% weight) 

(Points) 
Mixtures 1 and 5 

Tray 1 169 46 30 0 4 6 22 30 65 3 4 4 
Tray 2 189 40 23 6 8 16 9 21 44 5 2 4 
Tray 3 186 49 27 3 10 8 9 24 39 4 4 3 
Tray 4 196 42 27 8 7 6 11 22 49 3 3 1 

X2 = 43.92JX2 (0.05) = 47.37, 33 d.f. 

to 
o 
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Table C-3.—Continued 

Blade Stem Blade Stem Sheath feSj Blade Stem Sheath fe6j Blade Stem Sheath 
(25% weight) (57o weight) 63 (607. weight) 6a (107. weight) ea 

(Points) 
Mixtures 2 and 6 

Tray 1 77 21 14 8 6 4 25 50 82 10 13 11 16 2 
Tray 2 54 15 15 8 11 6 18 56 77 12 7 8 16 5 
Tray 3 86 13 19 21 9 7 19 51 66 8 8 6 10 1 
Tray 4 61 15 12 11 11 7 26 59 85 18 5 11 6 3 

JC2 « 45.92; X2 (0.05) = 54.56, 39 d.f. 

(l07o weight) (257. weight) (57, weight) (607, weight) 

(Points) 
Mixtures 4 and 8 

Tray 1 35 8 65 18 19 18 7 17 10 3 36 39 33 
Tray 2 29 14 74 12 27 26 5 9 13 1 37 36 32 
Tray 3 31 11 59 15 27 32 7 5 8 1 38 55 30 
Tray 4 34 9 63 6 23 33 3 10 12 1 43 46 34 

x2 = 36.27; X2 (0. 05) = 54.56, 39 d.f. 

CO 
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Table C-4. Mean percent microscope points and 90% confidence limits for parts of giant species in 
rumen samples of known composition as determined by four sample sizes." 

Species 
No. of pts/ 
sample 

Plant 
60 

Weight of species in mixtures 
25 10 

Percent points 

Sprucetop grama 

Sideoats grama 

120 Blade 21.0 • 6.4 13.5 ± 5.6 5.8 ± 3.8 1.8 ± 2.0 
Stem 11.8 5.0 2.5 2.4 2.9 2.6 0.5 0.8 
Sheath 11.2 4.6 4.0 3.2 1.9 2.1 - -

Seedhead 6.0 3.7 2.0 2.2 1.0 1.6 1.4 1.3 
200 Blade 20.7 4.9 15.3 4.5 6.6 3.1 1.7 1.5 

Stem 11.0 3.8 3.8 2.4 3.0 2.1 0.9 1.1 
Sheath 10.9 3.7 4.4 2.5 1.8 1.5 0.3 0.5 
Seedhead 5.3 2.7 2.1 1.8 1.5 1.5 1.1 1.3 

320- Blade 24.3 4.1 15.9 3.6 4.8 2.2 2.1 1.4 
Stem 10.0 2.8 4.5 2.0 2.2 1.5 0.9 0.9 
Sheath 9.5 2.8 4.2 2.0 1.7 1.2 0.2 0.3 
Seedhead 5.1 2.1 1.9 1.3 1.5 1.2 0.8 0.8 

400 Blade 24.9 3.7 14.7 3.1 4.7 1.9 2.3 1.3 
Stem 10.0 2.6 4.4 1.8 1.9 1.2 1.2 0.9 
Sheath 9.1 2.5 4.5 1.8 1.8 1.1 0.3 0.5 
Seedhead 5.5 2.0 2.5 1.4 1.7 1.1 0.6 0.7 

120 Blade 15.0 5.8 6.5 3.8 5.1 3.4 0.5 0.8 
Stem 32.8 7.7 21.2 6.4 3.7 2.9 4.8 3.4 
Sheath 9.0 4.7 4.1 3.0 1.4 1.8 0.9 1.1 
Seedhead 5.0 3.6 3.7 2.9 0.5 0.7 1.0 1.2 

200 Blade 15.0 4.5 6.1 2.9 4.6 2.5 1.5 1.4 
Stem 32.0 5.9 22.4 5.1 3.7 4.3 3.8 2.4 
Sheath 8.8 3.6 7.1 3.1 1.4 1.4 0.9 1.2 
Seedhead 5.6 2.9 4.2 2.4 0.3 0.5 0.9 0.9 

*. Values are two tray averages of 11 species. 



Table C-4. Mean percent microscope points and 90% confidence limits for parts of plants.—Continued 

Species 
No. of pts/ Plant 
sample part 60 

Weight of species in mixtures 
25 10 

Percent points 

Sideoats grama 
(continued) 

Black grama 

Plains bristlegrass 

320 Blade 15.4 3.5 6.7 ± 2.9 4.6 ± 2.0 0.9 ± 0.9 
Stem 31.7 4.6" 20.8 3.9 4.8 2.1 4.0 1.9 
Sheath 10.8 3.1 6.9 2.4 2.2 1.4 0.6 0.7 
Seedhead 4.7 2.1 3.6 1.8 0.2 0.3 0.6 0.5 

400 Blade 15.2 3.2 6.6 2.1 4.2 1.7 0.9 0.8 
Stem 32.4 4.1 20.4 3.5 4.6 1.8 3.4 1.6 
Sheath 10.8 2.7 6.8 2.2 1.7 1.1 0.5 0.6 
Seedhead 4.4 1.8 3.7 1.6 0.2 0.2 0.5 0.4 

120 Blade 3.5 2.7 5.6 3.6 1.0 1.6 3.2 2.7 
Stem 16.3 5.9 5.1 3.4 3.5 3.0 1.4 1.8 
Sheath 31.8 5.9 6.5 2.8 4.0 3.2 1.4 1.8 
Seedhead 5.7 3.6 1.9 2.1 3.5 3.0 - -

200 Blade 4.8 2.7 5.1 2.7 0.9 1.2 1.4 1.4 
Stem 16.6 4.7 5.7 2.8 1.8 1.7 2.2 1.8 
Sheath 12.4 4.2 2.9 2.0 0.9 1.1 0.6 0.6 
Seedhead 5.4 2.8 1.7 1.6 0.3 0.5 - -

320 Blade 5.0 2.2 3.9 1.9 1.5 1.2 1.1 1.0 
Stem 17.9 3.8 5.2 2.2 1.5 1.2 1.7 1.2 
Sheath 12.5 3.3 2.2 1.4 1.4 1.1 0.9 0.7 
Seedhead 5.2 2.2 1.4 1.2 1.1 1.0 0.2 0.3 

400 Blade 5.7 2.1 3.3 1.5 3.4 1.5 0.8 0.8 
Stem 18.2 3.4 4.9 1.9 1.8 1.2 1.4 1.0 
Sheath 12.1 2.9 2.6 1.4 1.7 1.1 0.7 0.5 
Seedhead 5.5 2.0 1.3 1.0 0.3 0.5 0.2 0.2 

120 Blade 31.4 7.3 22.1 6.7 6.0 3.7 1.0 1.6 
S tem 11.1 5.0 7.7 4.3 1.4 1.8 3.5 3.0 
Sheath 23.7 6.7 6.3 3.9 2.8 2.4 4.0 3.2 
Seedhead 3.8 2.7 2.9 2.6 - - 0.5 0.8 



Table C-4. Mean percent microscope points and 90% confidence limits for parts of plants.—Continued 

Species 
No. of pts/ Plant 
sample part 

Weight of species in mixtures 
60 25 10 

Percent points 

Plains bristlegrass 
(continued) 

Santa Rita threeawn 

200 Blade 33.2 ± 5.8 22.2 ± 5.3 5.0 ± 2.6 0.6 ±1.0 
Stem 11.2 3.9 7.1 3.2 1.4 2.4 2.4 1.9 
Sheath 22.1 5.1 8.6 3.5 2.8 1.9 3.5 2.3 
Seedhead 4.8 2.6 3.3 2.3 - - 0.6 1.0 

320 Blade 33.7 4.6 22.0 4.1 4.8 2.0 0.9 0.9 
Stem 11.7 3.1 9.2 2.9 1.2 1.0 1.8 1.3 
Sheath 22.3 4.1 8.3 2.8 3.1 1.7 2.8 1.6 
Seedhead 4.4 2.0 4.1 2.0 0.7 0.8 0.6 0.7 

400 Blade 35.4 4.2 21.0 3.6 5.3 1.9 1.3 1.0 
Stem 11.7 2.8 9.2 2.6 1.4 1.0 1.6 2.1 
Sheath 21.6 3.6 8.9 2.5 2.9 1.4 2.6 1.4 
Seedhead 4.5 1.8 4.6 1.9 0.8 0.6 0.5 0.6 

120 Blade 9.5 4.6 0.9 1.1 1.6 2.1 1.5 2.0 
Stem 11.4 5.1 4.8 3.4 2.2 2.4 0.5 0.8 
Sheath 14.2 5.5 3.8 2.9 1.1 1.2 2.0 1.6 
Seedhead 21.7 6.6 11.8 5.1 6.9 4.3 3.0 2.8 

200 Blade 8.8 3.5 1.4 1.5 1.3 1.5 0.6 1.0 
Stem 12.9 4.1 4.4 2.7 1.9 1.8 1.0 0.9 
Sheath 12.7 4.1 4.3 2.0 1.0 1.2 2.8 2.1 
Seedhead 24.0 5.2 11.7 4.2 4.7 2.7 3.1 2.2 

320 Blade 7.9 2.6 1.9 1.3 1.6 1.2 1.4 1.2 
Stem 13.0 3.2 4.2 2.0 1.6 2.2 1.4 0.9 
Sheath 12.4 3.2 3.4 1.7 1.8 1.3 2.5 1.6 
Seedhead 23.9 6.1 12.4 3.2 4.1 2.0 3.1 1.7 

400 Blade 8.0 2.4 3.3 1.6 1.2 1.0 1.4 1.1 
Stem 12.6 2.8 4.6 1.9 1.3 1.0 1.1 0.7 
Sheath 14.0 3.0 3.6 1.7 1.9 1.3 2.2 1.3 
Seedhead 22.9 3.6 12.1 3.0 4.5 1.9 2.9 1.5 



Table C-4. Mean percent microscope points and 90% confidence limits for parts of plants.—Continued 

Species 
No. of pts/ Plant 
sample part 

Weight of species in mixtures 
60 25 10 

Slender grama 

Arizona cottontop 

- - - Percent 

120 Blade 8.5 ± 4.5 2.5 i 2.6 1.4 ± 1.9 1.9 ± 2.1 
Stem 9.0 4.8 3.6 3.0 3.3 2.9 1.4 1.9 
Sheath 8.5 4.7 4.0 3.2 1.0 1.1 3.8 3.0 
Seedhead 23.3 7.1 8.6 4.6 3.8 3.0 3.8 3.0 

200 Blade 9.5 3.7 2.5 2.0 1.4 1.5 1.4 1.4 
Stem 7.8 3.5 3.4 2.3 2.9 2.0 1.1 1.3 
Sheath 7.6 3.4 4.2 2.5 0.6 0.6 2.3 1.8 
Seedhead 23.8 5.0 7.6 3.4 3.4 2.2 2.8 2.0 

320 Blade 9.5 2.9 2.7 1.6 1.6 1.2 1.1 1.0 
Stem 6.5 2.5 3.7 1.9 3.0 1.7 1.8 1.3 
Sheath 12.4 3.2 4.2 2.0 0.9 0.9 2.6 1.5 
Seedhead 24.0 4.3 6.7 2.5 3.7 1.8 3.2 1.7 

400 Blade 9.2 2.6 3.4 1.6 1.7 1.1 1.4 1.0 
Stem 7.7 2.4 3.6 1.7 3.1 1.5 1.7 1.1 
Sheath 7.0 2.3 4.7 1.9 0.9 0.8 2.8 1.4 
Seedhead 23.7 3.4 6.3 2.2 3.9 1.7 2.9 1.5 

120 Blade 13.2 5.5 11.7 5.4 8.4 4.4 4.3 3.1 
Stem 13.0 5.4 4.3 3.4 2.5 1.8 1.4 1.9 
Sheath 32.7 7.7 18.0 6.5 13.8 5.1 2.8 2.6 
Seedhead 10.1 5.0 3.2 2.9 1.4 1.8 - -

200 Blade 16.1 4.7 11.6 4.2 7.8 3.3 3.7 2.3 
Stem 11.5 4.0 4.1 2.6 2.6 1.7 0.9 1.1 
Sheath 32.9 6.0 19.7 5.2 15.5 4.3 2.8 2.0 
Seedhead 8.9 3.6 4.1 2.6 0.8 1.1 0.3 0,5 

320 Blade 15.3 3.7 11.2 3.2 9.9 2.8 3.7 1.8 
Stem 12.4 3.3 5.0 2.2 2.3 1.4 1.1 1.0 
Shea th 34.1 4.8 20.7 4.1 13.9 3.3 3.4 1.8 
Seedhead 7.5 2.7 3.1 1.7 1.1 1.0 0.7 0.8 



Table C-4. Mean percent microscope points and 90% confidence limits for parts of plants.—Continued 

Species No. of pts/ Plant 
sample part 60 

Weight of species in mixtures 
25 10 

Arizona cottontop 
(continued) 

Texas timothy 

Desert honeysuckle 

400 Blade 16.1 ± 3.3 11.5 ± 2.9 10.7 ± 2.6 3.4 ± 1.5 
Stem 13.2 3.1 4.5 1.9 2.7 1.4 1.3 1.0 
Sheath 33.3 4.3 20.3 3.5 14.1 3.0 3.4 1.6 
Seedhead 7.1 2.3 3.7 1.7 1.3 1.0 0.9 0.8 

120 Blade 15.1 5.6 4.5 3.1 2.8 2.6 2.3 2.2 
Stem 17.8 6.0 9.5 4.5 1.9 2.1 2.3 2.3 
Sheath 10.6 4.8 9.6 4.6 5.7 3.7 6.8 3.9 
Seedhead 7.4 4.1 5.9 3.7 1.0 1.2 0.5 0.7 

200 Blade 14.3 4.2 5.7 2.7 4.6 2.5 2.8 2.0 
Stem 14.9 4.3 8.1 3.3 2.0 1.6 1.9 1.6 
Sheath 11.7 3.9 8.7 3.4 6.8 3.1 6.0 2.9 
Seedhead 7.9 3.2 5.7 2.8 0.9 0.8 1.1 1.3 

320 Blade 16.4 3.6 5.4 2.2 4.4 2.1 3.0 1.6 
Stem 14.3 3.4 9.0 2.8 2.2 1.4 2.2 1.4 
Sheath 12.0 3.2 9.6 2.9 6.5 2.5 5.3 2.2 
Seedhead 8.9 2.8 6.5 2.4 0.8 0.8 0.7 0.6 

400 Blade 16.6 3.2 5.5 1.9 3.9 1.7 2.5 1.3 
Stem 14.0 3.0 8.4 2.4 2.3 1.3 1.9 1.2 
Sheath 11.7 2.8 9.1 2.5 6.1 2.1 5.6 1.9 
Seedhead 8.1 2.3 5.9 2.0 1.2 0.9 1.0 0.8 

120 Blade 38.2 7.7 20.3 6.4 5.6 3.7 2.2 1.9 
Stem 4.2 3.2 5.2 3.3 1.0 1.6 - -

200 Blade 38.5 5.9 20.5 5.0 5.2 2.8 3.2 2.3 
Stem 5.9 2.8 5.6 2.8 0.6 1.0 - -

320 Blade 37.2 4.7 20.5 3.9 4.7 2.1 3.3 1.8 
Stem 5.4 2.2 4.6 2.0 1.0 1.0 0.4 0.5 

400 Blade 35.4 4.1 20.6 3.5 4.4 1.9 3.6 1.7 
Stem 5.7 2.0 3.8 1.7 0.8 0.8 0.3 0.4 



Table C-4. Mean percent microscope points and 90% confidence limits for parts of plants.—Continued 

Species 
No. of pts/ Plant 
sample part 60 

Weight of species in mixtures 
25 10 

Catclaw 

Mesquite 

120 Blade 25.4 ± 6.6 7.8 ± 4.2 3.5 ± 2.9 3.3 ± 2.7 
Stem 14.9 5.4 6.0 3.6 1.0 1.2 2.8 2.6 

200 Blade 28.7 5.4 8.7 3.4 4.1 2.5 3.4 2.2 
Stem 14.1 4.1 6.9 3.0 1.8 1.5 2.0 1.7 

320 Blade 30.9 4.4 9.6 3.0 4.0 1.9 2.9 1.6 
Stem 12.4 3.1 7.6 2.6 3.3 1.3 2.0 1.4 

400 Blade 29.8 3.9 9.6 2.5 4.2 1.8 2.5 1.4 
Stem 14.2 3.0 6.2 2.0 2.3 1.3 2.0 1.2 

120 Blade 51.8 7.7 26.1 7.3 8.9 4.8 3.1 2.8 
Stem 10.3 5.0 4.4 3.3 2.6 2.6 0.8 1.0 

200 Blade 49.8 5.7 23.2 5.4 9.1 3.7 4.0 2.4 
Stem 11.5 3.8 4.5 2.6 3.0 2.1 0.9 1.2 

320 Blade 49.0 4.7 22.8 4.2 10.2 3.2 5.4 2.3 
Stem 12.0 3.1 5.0 2.2 3.4 1.9 0.7 1.0 

400 Blade 49.4 4.2 23.2 3.8 10.2 2.8 4.8 1.9 
Stem 11.8 2.7 4.8 1.9 3.3 1.6 1.2 0.9 

N> 
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Table C-5. Botanical composition of individual steer diets on mesquite 
and mesquite-free pastures for four seasons in 1967. a>'3 

Dates collected 
1/22-23 2/5 -6 

Pasture Mesquite Mesquite-free Mesquite Mesquite-free 
Steer 12 3 4 3 4 1 2 

WINTER 

Grasses 
- - rercenc weignc 

Arizona cottontop 65.6 29.0 36.2 43.0 52.1 11.7 56.2 49.8 
Plains bristlegrass 8.3 3.5 3.4 8.8 14.1 21.2 - T 
Spidergrass T 2.8 T 12.5 3.2 T 3.5 17.6 
Bush muhly T 5.7 48.5 15.1 10.5 19.2 6.1 3.1 
Slender grama 2.9 15.5 - 7.4 T T T 11.6 
Black grama 2.9 2.9 3.1 5.9 8.8 3.9 5.1 2.5 
Sideoats grama 3.2 T T - T 3.5 T -

Rothrock grama - - - - - T - T 
Sprucetop grama T 3.8 - ~ - - - -

Santa Rita threeawn 3.4 5.8 T - - - - -

Green spangletop - - - 4.7 T - - -

Texas timothy - - - - 2.6 - - -

Feather fingergrass T T T 2.6 - - - -

Cane bluestem - - - - - - - -

Witchgrass - - - - - - - -

Total 86.3 69.0 91.2 100.0 91.3 59.5 70.9 84.6 

Forbs 

Coulter spiderling - - - - - - - -

Careless weed - - - - - - - -

Melon-loco T - T T - - 13.4 -

Talinum - - - - - - - -

Tetramerium - - - - - - - -

Wild buckwheat T T - - - - - -

Total T T T T - - 13.4 -

Shrubs 

False mesquite 6.2 16.8 3.0 - - 15.0 - -

Velvet mesquite 7.5 14.2 - - 8.7 21.0 - -

a. The four seasons are winter (1/22-23, 2/5-6), spring (4/16-
17, 5/3-4), early summer (6/17-18, 7/5-6), and summer (8/7-8, 8/22-23). 

b. T refers to trace amounts less than 2% weight. 
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Table C-5. Botanical composition of individual steer diets.—Continued 

Pasture Mesquite Mesquite-free Mesquite Mesquite-free 
Steer 12 3 4 341 2 

Shrub s —con tinued 

Mesquite beans - _ - - — - - -

Catclaw - - - - - - - T 
Desert honeysuckle - - - - - - - -

Englemann prickly pear T T 5.8 T - 4.5 15.7 15.4 
Barrel cactus - - - - - - - -

Total 13.7 31.0 8.8 T 8.7 40.5 15.7 15.4 

TOTALS 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Unidentifiable 18.0 25.5 25.3 23.3 17.3 20.5 17.8 24.3 

SPRING 

4/16-•17 5/3-4 
Grasses 

Arizona cottontop 19.2 11.0 13.3 21.9 37.8 86.7 5.9 4.5 
Plains bristlegrass 10.0 10.4 3.0 5.2 T 4.1 2.1 2.8 
Spidergrass 7.6 4.8 13.0 18. 7 37.0 4.4 28.0 16.1 
Bush muhly - - 2.2 T 3.5 - - 2.5 
Slender grama 4.8 2.1 T 4.8 - - 2.2 7.2 
Black grama 10.0 5.3 13.7 3.4 T 2.5 2.7 7.7 
Sideoats grama 8.5 19.2 3.7 9.6 T - 3.6 8.2 
Rothrock grama 20.6 37.8 46.9 28.9 7.3 2.3 28.3 41.6 
Sprucetop grama - - - - - - - 2.1 
Santa Rita threeavm 2.3 T - - 14.4 T T -

Green spangletop 5.3 7.4 2.1 T - - - -

Texas timothy 2.0 - - - - - - -

Feather fingergrass - - - - - - - -

Cane bluestern - - - - - - - T 
Total 90.3 98.0 97.9 92.5 100.0 100.0 72.8 92.7 

Forbs 

Coulter spiderling 
Careless weed 
Melon-loco - T 
Talinum 
Tetramerium 
Wild buckwheat - -

Total - T 
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Table C-5. Botanical composition of individual steer diets.--Continued 

Pasture Mesquite Mesquite -free Mesquite Mesquite -free 
Steer 1 2 3 4 3 4 1 2 

Shrubs 

False mesquite 2.0 - - 2.4 - 2.8 -

Velvet mesquite 7.7 2.0 - - T T -

Mesquite beans - - - - - - -

Catclaw - - - - - - 17.2 7.3 
Desert honeysuckle - - 2.1 2.1 - - -

Englemann prickly pear - - - - 7.2 -

Barrel cactus - - - 3.0 - - -

Total 9.7 2.0 2.1 7.5 T T 27.2 7.3 

TOTALS 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Unidentifiable 25.0 23.8 25.0 24.5 19.8 19.8 24.8 21.5 

EARLY SUMMER 

6/17-18 7/5-6 

Grasses 

Arizona cottontop 4.2 5.4 50.1 28.5 49.0 49. 5 39.3 40.1 
Plains bristlegrass 2.0 T T T 18.0 18. 0 8.4 15.8 
Spidergrass 11.1 18.8 21.7 34.7 7.4 7. 2 17.7 9.2 
Bush muhly - 2.0 - 3.6 2.0 T T 
Slender grama 11.1 3.5 - - 6.2 6. 3 7.6 7.3 
Black grama 2.1 T T 2.0 - - -

Sideoats grama - T T - 11.7 4. 6 10,0 2.1 
Rothrock grama 5.0 5.8 10.4 12.5 3.6 7. 1 17.0 21.0 
Sprucetop grama 2.0 2.0 - - - - -

Santa Rita threeawn - T T - - - -

Green spangletop -- -- - - -
Texas timothy -- -- - - -
Feather fingergrass - --
Cane bluestem -- -- - - -
Witchgrass - - - - - - - -

Total 37.5 37.5 82.2 81.3 97.9 92.7 100.0 100.0 
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Table C-5. Botanical composition of individual steer diets.—Continued 

Pasture Mesquite Mesquite-free Mesquite Mesquite-free 
Steer 1234 341 2 

Forbs Percent weight 

Coulter spiderling 
Careless weed 
Melon-loco 
Talinum 
Tetramerium - - - - - - - -

Wild buckwheat T - - - - - -

Total T - T - - - T T 

Shrubs 

False mesquite 49.8 54.6 - _ — — T T 
Velvet mesquite 7.4 7.9 - - 2.1 7.3 - -

Mesquite beans - - - - T - - -

Catclaw - - 17.8 18.7 - - T T 
Desert honeysuckle - - T - - T - -

Englemann prickly pear 5.3 - - - - - - T 
Barrel cactus - - - - - - - T 

Total 62.5 62.5 17.8 18.7 2.1 7.3 T T 

TOTALS 100.0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 

Unidentifiable 18.3 23.0 19,0 23.3 17.0 13.3 19.3 19.3 

SUMMER 
8/7-8 8/22 -23 

Grasses 

Arizona cottontop 51.2 57.2 39.9 27.4 25.0 20.9 4.6 18.8 
Plains bristlegrass 2.7 17.9 6.4 3.8 15.0 3.5 14.6 4.6 
Spidergrass 13.8 4.0 21.1 7.0 22.7 38,3 10.9 14.5 
Bush muhly 2.0 - - T T - T -

Slender grama 3.4 3.6 14.7 19.4 4.2 5.5 29.2 35.9 
Black grama - - T 2.4 - - 4.4 T 
Sideoats grama 3.4 2.0 T 2.0 5.4 15.2 12.7 7.6 
Rothrock grama T 11.1 10.4 32.8 T T 11.0 8.5 
Sprucetop grama - - - - T T - -

Santa Rita threeawn - - - - - - 2.4 
Green spangletop 3.5 T - - - T 2.9 T 
Texas timothy - - - - - 3.2 T T 
Feather fingergrass T T T 2.8 T - - 2.6 
Cane bluestem - - - - - - - T 
Witchgrass 4.0 T — _ 

Total 80.0 95.8 92.9 97.6 72.3 86.6 90.3 94.9 
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Table C-5. Botanical composition of individual steer diets.—Continued 

Pasture 
Steer 

Mesquite Mesquite-free Mesquite Mesquite-free 
1 2 3 4 1 2 1 2 

Forbs 

Coulter spiderling 
Careless weed 
Melon-loco 
Talinum 
Tetramerium 
Wild buckwheat 

Total 

Shrubs 

False mesquite 
Velvet mesquite 
Mesquite beans 
Catclaw 
Desert honeysuckle 
Englemann prickly pear 
Barrel cactus 

Total 

2 . 8  2 . 1  
14.4 

2 . 8  

2 . 1  
20.0 4.2 

Percent weight 

3.5 

3.5 

2.4 

4.8 
22.9 

3.6 
9.8 

T 
5.0 
T 

2 . 6  

Te 

2.1 

2.4 27.7 13.4 2.1 

2.3 
T 
T 
T 
T 

TJ 

2 . 8  

2 . 8  

TOTALS 

Unidentifiable 

100.0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 

19.5 8.5 17.0 11.8 10.0 9.0 22.0 12.3 

a. The four seasons are winter (1/22-23, 2/5-6), spring (4/16-
17, 5/3-4), early summer (6/17-18, 7/5-6), and summer (8/7-8, 8/22-23), 

b, T refers to trace amounts less than TL weight. 
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Table C-6. Statistical analyses of botanical composition determined 
in dietary samples from rumen fistulated steers.* 

Shortest significant ranges 

Grass blades: 

Date/season: 1/22 2/5 6/18 8/23 5/3 4/6 8/8 7/6 
Means:3 30.9 37.8 41.8 56.3 56.3 58.3 67.3 80.0 

Grass sheaths: 

Seasons: 
Means:' 

.b 3 
13.7 

. 2 
20.9 

4 
22.5 

1 
34.1 

Grass stems: 

Seasons: 
Means:' 

4 
3.4 

3 2 
9.9 14.7 

1 
19.0 

Grass heads: 

Date/season: 6/18 
Means:3 1.2 

2/5 7/6 1/22 5/3 4/16 8/8 8/23 
1.3 1.9 2.4 2.5 2.6 5.3 11.4 

Bush muhly: 

Seasons: 
Means:' 

4 
0.5 

2 
1 . 1  

3 
1 . 1  

1 
13.6 

Slender grama: 

Season X 
treatments:C 2-M 3-MF 2-MF 4-M 1-MF 

" 3 " " 4.0 4.0 4.5 5.3 Means: 2.1 
1-M 3-M 4-MF 
5.2 7.3 25.0 

Rothrock grama: 

Seasons: 1 
Means:8 0.2 

4 
9.9 

3 
10.5 

2 
2 6 . 8  
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Table C-6,—Continued 

Arizona cottontop; 

Sheaths: 

Stems: 

Seasons:*1 2 3 4 1 
Means;a 10.8 9.6 11.6 27.1 

Seasons:*1 4 3 2 1 
Means:0 1. 0 5.3 6.6 9.6 

Bouteloua species: 

Blades: 

Unidentifiable: 

Seasons:*1 14 3 2 
Means:3 2.8 12.6 12.5 25.9 

Seasons:*1 4 3 12 
Means:3 12.7 19.1 21.5 23.1 

*. Mean squares of botanical components are shown in Table 21. 

a. Any two means not underscored by the same line are signifi
cantly different (P<0.05). Means for species are given as percent 
weights; means for plant parts are percent points. 

b. Each number represents a season; 1-winter, 2-spring, 3-early 
summer, 4-summer. 

c. 1-4 represents the 4 seasons, M and MF is mesquite and 
mesquite-free treatments, respectively. 
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Table C-7. Statistical analyses of percent acid-detergent lignin in 
forage and fecal samples from rumen fistulated steers on 
a desert grassland.* 

Source of variation D.F. 
Mean square9 

Source of variation D.F. 
Forage Feces 

Seasons 3 13.54 9.42 

Dates/seasons 4 4.59 5.25 

Steers (pairs) 1 1.67 1.10 

Treatments 1 10.56 1.29 

Season X treatment 3 9.63 5.75 

Experimental error 3 2.04 5.26 

Sampling error 16 2.00 1.45 

Total 31 

Coefficient of variation (%) 15.82 12.92 

Data on organic matter basis, 

a. No significance (P<0.05) was detected. 



Table C-8. Statistical analyses of apparent digestibility coefficients of organic matter, crude 
protein, acid-detergent fiber, and gross energy of steer diets on a desert grassland. 

Source of 
variation 

D.F. 
M e a n  s q u a r e  

Source of 
variation 

D.F. Organic 
matter 

Crude 
protein 

Acid-detergent 
fiber 

Gross 
energy 

Seasons 3 394.lla 1110.38 338.25a 658.16b 

Dates/seasons 4 61.10 717.69 52.62 65.14 

Steers (pairs) 1 98.39 81.73 158.91 227.91 

Treatments 1 397,13 353.51 545.41 575.79 

Season X treatment 3 297.84 19.53 268.38 424.40 

Experimental error 3 148.13 203.55 226.22 163.71 

Sampling error 16_ 87.85 103.08 75.63 129.48 

Total 31 

Coefficient of variation (7.) 24.98 32.77 35.71 27.39 

Shortest significant ranges 

Gross energy: 

Seasons: 1 2 3 4 
Means:c 41.17 46.44 45.42 54.03 

*. Data on organic matter basis. 

a. Significant at the 0.10% level of probability. 

b. Significantly different (P<0.05). 

c. Any two means not underscored by the same line are significantly different at the 0,05% 
level of probability. 



Table C-9. Amounts of chromic oxide administered daily to fistulated steers in digestion trials and 
amounts recovered in fecal "grab" samples.a'^ 

Trials/seasons 
Daily 

dose/steer 

S 

Treatments 
Mesquite 

mg/g dry matter 
Mesqui te-free 
mg/g dry matter 

Seasonal 
means 

Winter 

Trial 1 - January 23 

Trial 2 - February 6 

Means 

10.15 

10.15 

8.06 

8.06 

9.11 

4.26 (1) 

5.03 (2) 

3.80 (3) 

2.81 (4) 

4.00 

5.08 (3) 

3.63 (4) 

3.21 Cl) 

3.48 (2) 

3.85 3.93 

Spring 

Trial 3 - April 17 

Trial 4 - May 4 

Means 

10.01 

10.01 

10.48 

10.48 

10.25 

3.46 (1) 

5.06 (2) 

4.35 (3) 

3.96 (4) 

4.21 

4.69 (3) 

4.48 (4) 

3.72 (1) 

4.58 (2) 

4.37 4.29 

ho 

\ D  



Table C-9.—Continued 

Trials/seasons 
Daily 

dose/steer 

8 

Treatments 
Mesquite 

mg/g dry matter 
Mesqui te-free 
mg/g dry matter 

Seasonal 
means 

Early summer 

Trial 5 - June 18 

Trial 6 - July 6 

Means 

9.68  

9 .68  

9 .94  

9 .94  

9 .81  

3 .34  Cl)  

4 .43  (2)  

4 .46  (3)  

5 .55  (4)  

4 .45  

4 .22  (3)  

4 .77  (4)  

4 .54  (1)  

5 .61  (2)  

4 .79  4 .62  

Slimmer 

Trial 7 - August 8 

Trial 8 - August 23 

Means 

10.33  

10 .33  

9 .94  

9 .94  

10 .14  

4 .34  Cl)  

3 .71  C2)  

3 .32  C3)  

3 .36  C4)  

3 .68  

3 .41  C3)  

3 .63  (4)  

3 .44  Cl)  

3 .63  C2)  

3 .53  3 .61  

a. Table values are on organic matter basis. 

b. Numbers in parentheses refer to individual steers and are the same throughout this study. 
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Table C-10, Statistical analyses of fecal output and forage intake of 
steer diets on a desert grassland. 

Source of 
variation 

D.F. 
M e a n  

Fecal output 
(kg) 

q u a r e 
Forage intake 

(kg) 

Seasons 3 0.61a 10.25 

Dates/seasons 4 0.11 0.10 

Steers (pairs) 1 0.01 1.34 

Treatments 1 0.01 1.97 

Seasons X treatment 3 0.04 2.27 

Experimental error 3 0. 09 0.56 

Sampling error 16 0.11 0.60 

Total 31 

Coefficient of variation (7.) 11.84 15.03 

Shortest significant ranges 

Forage intake: 

Seasons 
Meansc 

1 
4.05 

3 
4.45 

2 
4.95 

4 
6 . 6 0  

*. Data on organic matter basis. 

a. Significant at the 0.10% level of probability. 

b. Significantly different (P<0.05) 

c. Any two means not underscored by the same line are sig
nificantly different (P<0.05). 
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Table C-ll. Statistical analyses of total fecal collection compared to 
fecal output estimated from Cr-0- concentration in "grab" 
samples. 

Source of 
variation 

D.F, 
Mean 
square 

Estimated mean 
squarea 

Between pastures 1.02 tr2 + 7o|())> + + 28 Kp 

Between methods/ 
pastures 

1.86b a • 702(m) + 14 „J 

Between steers/ 
methods 

Within steers 48 

0.20 

0.07 

°2 + 7aS(M) 

Total 55 

Coefficient of variation (%) 12.33 

L.S.D. = 2.78 /(I) (0.20) = 0.66 

7 

*. Data on organic matter basis. 

a. Mixed model; pastures and methods fixed, steers random. 



Table C-12. Statistical comparison of crude protein content of major grass species between mesquite 
and mesquite-free pastures.* 

Pasture means Standard error Tabular 

_ _ (s^p(n1 -f-n,,)^ 
X, -X 1 „ t, (n. -1 )+(n„-l),d.f. 

L  c  1 2  I t  

Arizona cottontop 0.09 0.34 0.26, 6 

Plains bristlegrass 0.53 0.22 2.41, 4 

Spidergrass 0.11 1.69 0.07, 10 

Sideoats grama 0.57 2.21 0.21, 9 

Slender grama 0.54 0.72 0.76, 9 

Rothrock grama 0.17 1.00 0.17, 8 

Black grama 0.05 0.31 0.16, 5 

Bush muhly 0.33 0.95 0.39, 5 

Tabular: 

(P< 0.05) 4 d.f., 2.78; 5 d.f., 2.57. 

*. Data on organic matter basis. 
N3 
CO 
U) 



Table C-13. Statistical analyses of certain nutritive components in steer diets on a desert 
grassland.* 

Source of 
variation 

D.F. 
Total 
ADF 
(70 

Total 
protein 
(%) 

Total 
protein 
( kg) 

r " •• " i ** • 
Digestible 
protein 
(kg) 

Digestibl* 
energy 
(Meal) 

Seasons 3 166.69a 88.76 0. 73a 0.31 158.I0a 

Dates/seasons 4 22.29 34.00 0.07 0.07a 5.61 

Steers (pairs) 1 15.68 0.33 0.01 0.01 85.45a 

Treatments 1 16.73 0.29 0.34 0.36 46.73' 

Seasons X treatments 3 0.72 8.02 0.14 0. 01 48.94 

Experimental error 3 17.68 4.83 0.01 0.01 6.46 

Sampling error 16_ 7.87 1.60 0.01 0.01 11.78 

Total 31 

Coefficient of variation (%) 7.90 31.32 16.61 29.15 21.47 



Table C-13.—Continued 

Shortest significant range 

Total ADF (%) 

Seasons: 4 3 12 
Means:b 46.7 53.5 55.9 56.7 

Total protein (kg) 

Seasons: 12 3 4 
M e a n s 0 . 3 4  0.46 0.56 1.02 

Digestible protein (kg) 

Dates/seasons:^ 1/2 3/1 1/1 2/1 2/2 3/2 4/2 4/1 
Means: 0.09 0.11 0.12 0.21 0.23 0.48 0.54 0.60 

Digestible energy (Meal) 

sasons:, 1 
Means: 9.30 10.31 11.12 18.15 

Seasons:. 13 2 4 
b 

*. Percent total protein, total protein, digestible protein calculated on organic matter 
basis; digestible energy calculated on dry matter basis. 

a. Significant at the 0.05 level of probability. 

b. Any two means not underscored by the same line are significantly different (P<0.05). 

c. The first numeral denotes the season, i.e., winter-1, spring-2, early summer-3, and 
summer-4; the second numeral indicates the first or second trial within the season. 



226 

Table C-14. Statistical analyses of the percent nitrogen of Arizona 
cottontop and plains bristlegrass growing beneath mes-
quite trees and in open areas on a desert grassland.* 

Source of variation D.F. Mean square 

Blocks 4 0,001 

Species 1 3.602 

Treatment 2 0.122 

Species X treatment 2 0.009 

Experimental error 20 0.008 

Total 29 

Shortest significant ranges 

Percent nitrogen of grasses 

Treatments: 12 3 

Means:b 1.09 1.11 1.30 

*. Data on dry matter basis. 

a. Significant at the 0.05 level of probability. 

b. Any two means not underscored by the same line are signifi
cantly different (P<0.05). 
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