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Research was initiated at the Squaw Butte Experimental Range in

southeastern Oregon to study the influence of crested wheatgrass

(Agropyron desertorum (Fisch.) Schult. ) herbage availability on rela-

tive dry matter intake (DMI) of yearling steers. Herbage dry matter

production on an 18 ha range and daily fecal production of yearling

steers were measured during April, May and June of 1970 and 1971.

Herbage production was estimated from oven dry samples obtained

by clipping plots to ground level during eight trials in 1970 and four

trials in 1971. Total fecal production, determined from steers

equipped with fecal collection harnesses and bags, was used as an

index of relative DMI. Dry matter digestibility (DMD) of the herbage

was assumed to remain constant with advance in season. The validity

of this assumption was checked using three methods to estimate DMD:

in vitro digestion plus pepsin (IVP), lignin ratio (LR) and in vitro



digestion of cell wall constituents (TD). Dietary samples were col-

lected from esophageally fistulated steers in 1971 to consider the

influence of selectivity on DMD estimates. Dry matter digestibility

estimates from clipped and dietary samples were significantly differ-

ent (P < 0.01) within all trials. Because DMD estimated from the

three methods did not remain constant, quantified estimates of DMI

were calculated using the fecal production to indigestibility ratio.

Although no direct comparisons were made, estimates of DMI from

TD were consistently lower than DMI estimated from IVP or LR; but,

all methods of estimating DMD showed the same relative influence of

herbage availability on DMI of grazing steers. Dry matter intake was

not limited when herbage availability equaled or exceeded 135 or

176 kg/ha during 1970 and 1971, respectively.
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INFLUENCE OF SPRING CRESTED WHEATGRASS PRODUCTION
ON INTAKE OF GRAZING STEERS

INTRODUCTION

Hay feeding during the winter in the intermountain area, as in

most of the western United States, is of considerable economic

importance. Short winter feed supplies and flooding of feeding and

calving grounds in this area necessitates the turnout of grazing live-

stock onto spring ranges earlier than usual in certain years. Other-

wise, turnout date varies among ranch operators. Some ranchers

use only a calendar date for determining time of livestock turnout in

the spring. The concept of range readiness, or the time at which

plants have made adequate growth to replenish root reserves, is used

by others. Range research has established soundness of the latter

form of management through the use of clipping (Cook, Stoddart and

Kinsinger, 1958; Cook and Stoddart, 1963; Hyder and Sneva, 1963) and

grazing (Springfield, 1963; Frischknecht and Harris, 1968) studies.

The requirements of the grazing animal or the readiness of the

range to meet animal needs during the early spring period have

received less attention than plant requirements. Usually, nutrient

content of early-growth herbage on a dry matter basis meets or

exceeds animal requirements for maximum potential production.
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To obtain maximum weight gains or milk production, the

grazing animal must consume its maximum potential intake of

herbage. Knowledge concerning the relationship between herbage

availability and intake of animals grazing arid ranges is scarce.

The purpose of this research was to study the relative influence of

crested wheatgrass (Agropyron desertorum (Fisch.) Schult. ) herbage

availability on the total herbage dry matter intake of grazing yearling

steers.
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LITERATURE REVIEW

Stall feeding studies have shown that many environmental,

dietary and animal factors affect the forage intake of animals. These

and other factors also influence the intake of herbage by grazing

ruminants.

Environmental Factors

Temperature

There appears to be a critical ambient air temperature above

which total forage intake is reduced. Winchester and Morris (1956)

suggested that this critical temperature was 32 °C. In a controlled

environment, Kibler, Johnson and Berry (1961) reported an increased

ad libitum energy intake of dairy cows when temperature was lowered

from 310 to 18oC. Bianca, Findlay and McLean (1965) found steers

consumed significantly more forage at 15° than at 40°C. Depression

of forage intake at the higher air temperatures lowered the heat of

production or heat increment.

Water Availability

Closely related to the influence of air temperature on forage

intake is the accessibility of drinking water. Bianca et al. (1965)

showed a 185% increase in water intake and a 70% decrease in feed
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intake of steers when air temperature increased from 18° to 40°C.

The increased water intake resulted in increased evaporation and

urine excretion.

Phillips (196Q) reported that steers on a restricted water intake

consumed less hay than steers allowed free access to water. Similar

results were reported by Utley, Bradley and Boling (1970) with steers

fed a high concentrate ration and allowed to consume only 60% of the

amount of water consumed on a free choice basis. Wilson (1970)

reported sheep consumed less than 50% of their initial daily feed

intake on the third or fourth day after water deprivation when allowed

access to water only once every four days. Feed intake returned to

the original levels on the days sheep were again watered. Wilson and

Hind ley (1968) showed that when access to water was restricted to

once a day, both feed and water intake of sheep were reduced com-

pared to animals with free access to drinking water.

Stocking Rate

Many grazing studies (Cowlishaw, 1969) have shown that an

increase in stocking rate beyond a critical level led to a reduction in

the weight gain of both cattle and sheep. It could be assumed that the

relationship between weight gain and stocking rate was a reflection of

the relationship between dry matter consumption and stocking rate.

Pieper, Cook and Harris (1959) and Hodgson and 011erenshaw (1969)
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reported that dry matter intake of sheep was reduced by intensive

grazing. Mathematical models (Petersen, Lucas and Mott, 1965;

Owen and Ridgman, 1968) have been presented showing the relation-

ship between stocking rate and animal performance. These models

showed that as stocking rate increased, liveweight gain remained

constant until the total herbage available for consumption equaled the

total herbage intake of the animals. Any increase in the stocking rate

above this level would result in reduced weight gain of each animal.

Fecal Contamination

As stocking rate increases, more of the total herbage may

become unacceptable to the grazing animal because of fecal, urinary

or soil contamination. Tay ler and Rudman (1966) and Greenhalgh

and Reid (1968) found 23 and 35%, respectively, of the total area of

rotationally grazed pastures was rejected by cows because of fecal

contamination. The latter authors reported that this amounted to 13%

of the available herbage. Data of Tay ler (1966) indicated a difference

of 560 kg/ha between overall production and grazed areas in the

same pasture. Some areas were ungrazed because of fecal contami-

nation.

The effects of trampling upon a highly productive pasture are

unknown, but this may be a factor that makes some herbage unavail-

able or unacceptable to the grazing animal. Quinn and Hervey (1970)
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reported trampling losses by cattle varied from 1 to 5% of the total

herbage production on sandhills range.

Animal Factors

Species of Animal

In many instances it is difficult to ascertain whether the results

and observations obtained from sheep on grazing trials can be applied

to cattle and vice versa. The work of Bedell (1968, 1971) indicated

sheep will select a diet different in botanical composition than cattle

when grazing separate but like pastures during the same time of the

year. In his studies, crude protein concentration of sheep diets was

higher than cattle diets. Similar results were reported by Van Dyne

and Heady (1965). In metabolism and digestibility trials utilizing both

sheep and cattle, Leaver, Camp ling and Holmes (1969) and Heany

(1969) reported that cattle consumed more forage per unit of metabolic

body size than sheep. Blaxter and Wilson (1962) stated that the same

relation between intake and digestibility of forage, found with sheep,

applied to cattle. An asymptotic relationship between intake of dry

matter and herbage availability has been reported with both sheep

(Arnold and Dudzinski, 1966) and dairy cattle (Johnstone-Wallace

and Kennedy, 1944).
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Weight, Age and Physiological Status

Body weight has an important affect on intake, as a larger

animal will consume more forage than a smaller animal. In grazing

studies with cows, heifers and calves grazing the same pasture,

Holmes, Jones and Drake-Brockman (1961) and Hodgson and Wilkinson

(1968) reported cows consumed more herbage than heifers and heifers

more herbage than calves. Arnold and Dudzinski (1967a) reported

that dry and pregnant ewes consumed the same amount of herbage

when grazing the same pasture, but intake of lactating ewes was

significantly higher.

It is common practice to express intake as a fractional power of

body weight. Often variance in intake is reduced when intake is

expressed in this manner (Kleiber, 1961).

Rate of Intake and Grazing Time

As long as there is sufficient herbage available to meet the

daily dry matter requirements of the animal, neither rate of intake

nor grazing time alone limits intake. A decrease in the rate of

intake could be compensated for by increasing the amount of time

spent grazing, up to a, point where time also becomes a limiting

factor (Allden and Whittaker, 1970).



8

Dietary Factors

Moisture Content

Percentage dry matter in a forage may be an important factor

influencing the intake of ruminant animals. Numerous authors

(Moore, Thomas and Sykes, 1960; Gordon et al., 1965; Ward et al.,

1966) reported increased dry matter intake of silage by various

classes of cattle as percentage dry matter increased. Jackson and

Forbes (1970) reported no increase in intake when percentage dry

matter in silage increased from 32.3 to 43.2. Gordon et al. (1969)

indicated that above 50% dry matter, intake of silage was variable.

Goering et al. (1969) reported higher, but no significant, dry matter

intake of corn silage when percentage dry matter increased from 23

to 47.8.

Moore et al. (1960) indicated that lower intake of silage at low

percentage dry matter may not have been due to water content.

Addition of water to hay or drying of silage to similar water content

did not influence intake. Ward et al. (1966) and Jackson and Forbes

(1970) also indicated low dry matter concentration may not be the

cause of reduced intake of silage. They postulated that the concen-

tration of volatile organic acids in the silage may have been the pri-

mary factor limiting intake.

Results reported for grazing animals have been quite variable.



9

Baker et al. (1960) found no correlation between herbage intake and

percentage dry matter of herbage ranging from 10 to 30. Holmes and

Lang (1963) showed no increase in intake of steers when percentage

dry matter of fresh cut herbage increased from 16. 6 to 19. 7. Hyder

et al. (1966) reported a one kilogram, decrease in herbage intake by

240 to 320 kg yearling steers for each 10% decrease in herbage

moisture. Percentage dry matter of the herbage ranged from 33 to

69. Streeter, Clanton and Hoehne (1968) also found a close correla-

tion between intake and dry matter concentration of the herbage. They

reported, however, that when dry matter of the herbage increased

above 50% during the later part of the grazing season, dry matter

intake also increased.

Quality

Quality of forage is usually defined in terms of protein concen-

tration and dry matter digestibility. Digestibility and protein con-

centration have been shown to influence the intake of harvested forage

in both cattle and sheep (Crampton, 1957; Blaxter and Wilson, 1962;

Campling, Freer and Balch, 1962; Elliot, 1967). Arnold and

Dudzinski (1967b) showed digestibility of the growing herbage con-

tributed from 11 to 40% of the variability in intake of sheep grazing

different pasture species. Conrad, Pratt and Hibbs (1964) suggested

that digestibility had no influence on intake when coefficients were
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between 0.67 and 0.80. However, Corbett, Lang lands and Reid

(1963) observed a 20% reduction in intake of dairy cows when

digestibility of the herbage decreased from 80 to 68%. When adequate

herbage was provided for the grazing animal, Hodgson and Wilkinson

(1968) suggested that dry matter digestibility influenced intake more

than the amount of herbage available. They observed that cattle spent

the same amount of time grazing a mature award as a leafy aftermath

sward. Herbage intake of the animals was lower on the mature

sward even though the amount of herbage available was more than

three times greater.

Species of Plants

Arnold and Dudzinski (1966) studied intake of sheep grazing

pastures, of different individual herbage species. Their data indicated

that the maximum level of digestible organic matter intake occurred

at different levels of dry matter production on each pasture. Levels

of maximum intake were also different. It would seem difficult to

compare species on this basis because of differences in organic

matter digestibility, tiller length and density of vegetation.

Tiller Length and Density of Vegetation

Arnold and Dudzinski (1967b) reported that leaf length con-

tributed from 9.1 to 17. 4% of the variation in intake of sheep grazing
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pastures of different species. Tay ler (1966) found that rate of gain

of steers decreased when residue height was less than 13.5 cm.

Steers were able to maintain positive rates of gain until herbage was

grazed to the height of 5.1 cm.

An increasing rate of herbage intake by grazing sheep has been

related to tiller lengths up to 15 cm Widen and Whittaker, 1970). At

tiller lengths exceeding 15 cm, little change in the rate of intake was

noted. Allden and Whittaker (1970) stated "that for swards of differ-

ent plant density the rate of intake is not closely related to pasture

dry matter yield per unit area." They reported that rate of herbage

intake became constant at lower herbage availability levels on less

dense pastures than on pastures of higher density.

Herbage Availability

The amount of literature devoted to the measurement of the

influence of herbage availability on the total herbage intake of cattle

grazing in arid regions of the United States is limited. Most of the

research reported has been conducted with dairy cattle or sheep on

highly productive pastures. The plant factors of quality, tiller length

and vegetative density appear to have the most influence on intake

when the amount of herbage available is more than adequate to meet

the needs of the grazing animal.
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An asymptotic relationship between intake of grazing sheep and

the amount of herbage available was shown by Arnold and Dudzinski

(1966). Digestible organic matter intake of mature ewes became

constant at herbage production levels of 1500 to 2000 kg/ha.

Willoughby (1958) also reported an asymptotic relationship between

weight gain of sheep and available herbage. In this study, intake was

constant after herbage availability equaled or exceeded 1570 kg/ha.

This was evidence that the same relationship applied to intake and

herbage availability as applied to weight gain and herbage availability.

Tay ler (1966) found steers made a weight gain of 0.98 kg/head/ day

when organic matter residues exceeded 2500 kg/ha. Wheeler,

Reardon and Lambourne (1963) found no correlation to exist between

herbage availability and digestible organic matter intake of grazing

sheep at dry matter production levels between 170 and 3200 kg/ha.

Work reported by Hyder (1967) indicated that the critical levels

of herbage production measured on highly productive pastures did not

apply to less productive ranges in arid regions. On mature shortgrass

range in Colorado, he showed that the intake of grazing steers was

adequate for gains of one kg/head/day at an average herbage pro-

duction level of 190 kg/ha. He did state, however, that steers were

grazing mainly in low lying areas where herbage production levels

were 280 to 350 kg/ha. His conclusion was that spring grazing

should not begin until herbage production over a sufficiently large
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area exceeded 280 kg/ha of dry matter. Sharp (1970) suggested a

production level of 220 to 350 kg/ha, based on observation, as the

amount of crested wheatgrass herbage required for a lactating beef

cow to consume enough herbage to meet her daily dry matter require-

ments.
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DESCRIPTION OF THE AREA

The study was conducted on the Squaw Butte Experimental

Range located 68 km west of Burns, Oregon. Elevation of the area

is approximately 1400 m. Soils are mostly sandy loams of basaltic

or rhyolitic origin (Eckert, 1957). An impervious layer of calcium

carbonate or siliceous material is found at depths varying from one-,

half to one meter beneath the surface. The vegetation is of the sage-

brush-bunchgrass vegetation type. This study was conducted on an

18 ha bottomland site which had been plowed and seeded to crested

wheatgrass in the early 1950's. These soils previously supported

vegetation of the big sagebrush (Artemisia tridentata Nutt. ) bluebunch

wheatgrass (Agropyron spicatum Pursh) vegetation type (Hyder and

Sneva, 1963).

Precipitation

Average annual precipitation for the 20 year period 1938-1957

was 30.2 cm. Approximately 60% of the annual precipitation falls

during the six fall and winter months. Another 25% of the annual

moisture occurs during the months of May and June (Hyder, 1961).

Effective crop year precipitation is considered on a September

through June basis. Precipitation for the crop years 19 69 -197 0 and

1970-1971 was 24.5 and 29. 0, respectively.
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Temperature

The 30 year mean of monthly maximum temperature ranged

from 29. 3 °C in July to 00C in January. Mean minimum temperatures

during these same two months are 9.3o and -9. 2 °C, respectively.

Temperatures below 0°C have been recorded in every month, but

the average number of days per year with minimum temperatures

above freezing is approximately 50.

Appendix A shows the maximum and minimum daily tempera-

tures recorded during dates of grazing trials in 1970-1971. Precipi-

tation, insolation and weather observations are also included in this

appendix.
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METHODS AND PROCEDURES

Fecal production was used as an estimate of relative intake. It

was assumed that dry matter digestibility (DMD) remained constant

with advance in season of early growing herbage. Because herbage

samples were available, provision was made to test the validity of the

above assumption concerning constant DMD. Digestibility of the forage

was determined using three methods: lignin ratio (Forbes and

Garrigus, 1948), modified in vitro plus pepsin digestion (Tilley and

Terry, 1963; see Appendix B), and in vitro digestion of cell wall

constituents (Van Soest, Wine and Moore, 1966) following the method

suggested by Van Dyne and Meyer (1964). The lignin ratio (LR) and

in vitro + pepsin (IVP) methods gave estimates of apparent digestibility.

In vitro digestion followed by neutral detergent extraction of the fiber

gave estimates of true digestibility (TD).

Intake of dry matter was calculated using the formula

Intake =
Total fecal production

1 - apparent digestibility or

Total fecal production of cell wall constituentsIntake = 1 - true digestibility

Management of the Study Area

Stocking rate was selected to control the effect of direct corn-

petition among animals for the available herbage. According to the
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models of Petersen, Lucas and Mott (1965) and Owen and Ridgman

(19 68), the intake of a grazing animal should not be limited by

stocking rate provided the total herbage available for consumption

equals or exceeds the dry matter requirements of all animals grazing

the pasture.

Animals remained in the study area for the duration of the trials

in 1970, but in 197 1 steers were removed to an adjacent crested

wheatgrass pasture at the completion of each trial and returned three

days prior to the initiation of a new trial. Clean fresh water was

available to the animals at all times.

Yield

Sampling and Sample Preparation

The area was rotobeat in 197 0 and mowed in 1971, before

grazing trials began, to remove the standing vegetation from previous

year's growth and make it less available to the grazing steers. Herb-

age production in kg /ha was estimated during each trial by clipping

sufficient circular plots (diameter = 1.07 m) to estimate the mean

herbage yield within 10% of the mean with a 90% confidence interval.

Herbage samples were dried in a forced air oven at 5 0
o

C. After

drying and weighing, samples were ground in a Wiley mill to pas,' a

20 mesh screen. Representative samples were stored in air-tight

glass jars for later chemical analysis.
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Fecal Samples

In 1970, ten yearling Hereford steers weighing 260 to 291 kg

were selected for the study. Eight of these animals were halter-

broken and accustomed to the fecal collection harness and bag

(Garrigus and Rusk, 1939) before grazing trials began. In 1971,

another group of eight yearling steers weighing 263 to 275 kg was

used. These animals were also accustomed to fecal collection

apparatus.

Total fecal collections were made for four consecutive days in

each of four trials in both 1970 and 1971. Three day collections were

made in four other trials during 1970. Fecal collection bags were

tared before being placed on the animals each morning and were

reweighed after removal from the animals the next morning. Contents

from each bag were emptied into a separate large metal bucket and

thoroughly mixed with an electric mixer. A representative sample

from each animal was placed in a shallow aluminum tray, weighed to

the nearest gram and dried in a forced air oven at 50°C. Dried

samples were removed from the oven, reweighed for dry matter

determination and ground in the same manner as herbage samples.

Samples from each animal were composited over the three or four

days of each trial on a weighted basis and stored in air-tight glass

jars for later chemical analysis.
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Dietary Samples

In 197 0 and 1971, clipped samples were assumed to be repre-

sentative of the diet. In 197 I, esophageally fistulated steers were

utilized to compare digestibility of dietary samples with clipped

samples. Eight weaner steers were esophageally fistulated in January

1971. Steers were equipped with stainless steel cannulas with type C

closure devices (Van Dyne and Torell, 1964). Steers ranged in

weight from 180 to 239 kg at the beginning of grazing trials in April

197 1.

For convenience of handling, animals were fasted from dark of

the evening prior to the day of collection. Collections were made at

dawn each morning. Cannulas and plugs were removed and a screen-

bottomed collection bag strapped to each animal. Steers were allowed

to graze for 20 to 30 minutes, returned to the pen, collection bags

removed and cannulas and plugs replaced. Steers were returned to

the pasture to graze until dark that evening.

Dietary samples were collected on four consecutive mornings,

starting one day prior to the initiation of fecal collections, and

terminated one day prior to termination of total fecal collections.

After collection, excess saliva was allowed to drain from the samples.

Samples were removed from the collection bag, thoroughly mixed by

hand and a representative sample placed in a shallow aluminum tray
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for drying. Samples were dried and prepared as described for clipped

samples. A representative sample from each animal and each day

was composited for each trial and stored for later chemical analysis.

Chemical Analysis

Forage and fecal samples were analyzed for acid detergent

fiber (ADF) and lignin (Van Soest, 1963) and ash (A. 0. A. C., 1955).

Cell wall constituents (CWC) were determined using the method of

Van Soest and Wine (1967), with the exception that one-half gram

samples were used. Forage samples were analyzed for total nitrogen

by the Kjeldahl procedure (A. O. A. C., 1955).

Statistical Analysis

Statistical analysis was by analysis of variance of a completely

randomized design with unequal observations per trial. Because of

unequal observations per trial, least significant differences (LSD)

were used to compare trial means. A paired "t" test was used to

compare intake estimated from clipped and dietary samples within

each trial.
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RESULTS AND DISCUSSION

Yield

The mean herbage production from established crested wheat-

grass seedings on the Squaw Butte Experimental Range for the period

1957 to 19 69 was 793 kg/ha (Sneva, 1970). Total potential herbage

production for 1970 and 197 1, estimated by the method of Sneva and

Hyder (1962), was 690 and 830 kgha, respectively. Data collected froM adjacent

areas showed that ungrazed herbage had higher growth rates than those

measured on the study area. 1 The growth curves for both years on the

study area were similar at the two lowest stocking rates, even though

these stocking rates differed (Figure 1).

Herbage production on the study area ranged from 135 to 262

kg/ha during trials 1 to 5 in 197 0 and 49 to 372 kg/ha during trials 9

to 12 (Table 1). Increasing the stocking rate from 0.56 to 2.5 0 steers/

ha during trials 6 to 8 in 1970 reduced herbage availability from 208

to 82 kg/ha. Herbage production was estimated within 10% of the mean

at the 0. 10 level of probability on all trials except 1 and 9 (Table 1).

Fecal Production

Some problems were encountered with fecal collection bags in

both years. In 1970, broken ties across the tail head of the steer
1 Unpublished data, Squaw Butte Experiment Station, 197 0-197 1.
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400 1 1971 0.89 steer/ha
2 - 1970 0.56 steer/ha
3 1970 2.50 steers /ha

300

200

100

0

0'

I

4-10 4-30 5-20 6-9
Date

Figure 1. Herbage yield in relation to calendar date and
stocking rate.
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Table 1. Trial dates, estimates of herbage production, with
corresponding standard errors of the mean (s;), and
number of plots clipped and required to estimate mean
herbage production.

Trial
Number Dates

Herbage
Production

(kg/ha)
Plots

Clipped
Plots

Required1/ s

1970

1 April 28-30 135 45 46 7.20
2 May 4-7 162 100 58 6.62

3 May 11-14 167 99 49 6.27
4 May 18-21 195 99 48 7.23
5 May 25-28 262 100 33 8.04

6 June 6-8 208 50 30 8.48
7 June 11-13 134 50 39 6.32
8 June 16-18 82 50 42 3.97

1971

9 April 14-17 49 47 92 3.69
10 April 27-30 92 70 48 4.05
11 May 13-17 176 75 41 6.95
12 June 5-8 372 70 41 15.09

1/
n

t2s 2

the tabular "t'' for a 90% confidence level;where t is
2

d

s2 is the sample variance for plots clipped; and d is 1090 of the
mean herbage production.
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allowed the fecal bag to slip down and feces to pass over the top of the

bag. Fecal losses in 1971 resulted from holes in the bottom of

collection bags because of thread deterioration. When fecal losses

were observed, the results for that animal from that particular day

were not used. When an animal had less than three reliable days of

collection during a four day collection trial, results from that animal

were discarded.

The equation given by Obioha et al. (1970) was used to determine

whether an adequate number of days of fecal collection were made to

estimate total fecal production within 10% of the mean, with a 10%

level of significance and 90% level of confidence using various animal

numbers. Error variance was estimated from the animals within days

source of variation (Table 2). Using eight animals, the number of

days required to estimate total fecal production ranged from two to

five. Trial 8 would have required five days of collection to estimate

total fecal production within the defined limits, whereas total fecal

collections were made for only four days. Adequate animal numbers

were used in all other trials. Streeter (1966) indicated total collection

for six consecutive days with nine grazing animals was required to

detect significant differences (P< 0.05) in fecal production of 10% of

the mean with a 90% level of confidence. He attributed a large portion

of the variation in measuring fecal production to fecal losses from

collection bags.
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Table 2. The number of days of total fecal collection required
to estimate fecal production of grazing steers.

Trial
Numberi/

Number of
Animals

Used
2

s a(d)2/

Number of
Days

Requireg/

Actual
Animal Days

Collected

1 7 0.059 3 21

2 8 0.070 3 31

3 8 0.109 3 30

4 8 0.085 3 32

5 8 0.054 2 32

6* 8 0.079 2 24

7 8 0.102 2 24

8* 8 0.147 5 24

9 8 0.136 3 30

10 8 0.132 3 30

11 5 0.071 4 19

12 8 0.079 3 28

1/ An asterisk indicates a three day collection trial.
1970 - trials 1 to 8; 1971 trials 9 to 12.

2/ s2
a (d)

is the animals within days variance.

3/ ± 10% of the mean; 10% level of significance; 90% level
of confidence.
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Fecal production among trials 1, 2, 4 and 5 was not different at

the 10% level of probability (Table 3). The higher fecal production

during trial 3 was not expected, since herbage availability increased

by only five kg /ha from trial 2 to trial 3. Higher fecal production

during trial 3 was partially attributed to a change in weather condi-

tions at the beginning of the trial. In trial 3, fecal collection bags

were put on the steers the day that mean temperatures began to

increase following several days of decreasing mean temperatures

from 15o to 0oC (Figure 2). In the previous two trials, animals had

at least one day to become adjusted to a change in weather conditions

prior to initiation of fecal collections.

Analysis at the completion of the first four trials in 1970 showed

no differences (P> 0. 10) in fecal production at herbage availability

levels of 135 to 195 kg/ha. It was assumed that the critical level of

herbage availability limiting herbage intake was exceeded at 135 kg/ha.

After trial 5, an area of four hectares was fenced in the study pasture.

Three trials (6, 7 and 8) were conducted on this area at decreasing

herbage availability levels. Data from these trials were analyzed

separately from trials 1 to 5.

Fecal production was significantly different (P < 0. 10) among

trials 6 to 8). Higher fecal production during trial 7 than trial 6

was partially attributed to a change in weather conditions. Trial 7

was conducted at lower temperatures than the previous trial (mean
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Table 3. Fecal production, with corresponding standard error
of the mean (s-), measured at various herbage
availability le\i(els.

Trial
Number-1/

Herbage
Production

(kg/ha)

Number
of

Animals

Fecal
Production-2/
(kg/day) s-

a
1 135 7 2.3 0.08

2 162 8 2. 3a
b

0.07

3 167 8 2.9
a

0.11

4 195 8 2.5 0.05

5 262 8 2.5a 0.06

6 208 8 2. 9a 0.09

7 134 8 3. 2b
c

0.09

8 82 8 2. 3 O. 12

9 49 8 2. 6a 0.11

10 92 8 2. 6a 0.12

11 176 5 2.4a O. 08

12 372 8 2. 4a 0.07

1/ Groups of numbers within a column were analyzed separately.
1970 - trials 1 to 8; 1971 trials 9 to 12.

z/ Means within groups followed by the same letter are not
different at the 0.10 level of probability.



20

5

o

0

0

4-21

5
15

° 10
ca

a. 5

a)

(11

2

.3

0
:8

0

.6

o

op
7

Grazing trial period

28

1 1

5-1 5-11 5-21 5-31 6-10 6-20
Date (1970)

Figure 2. Temperature and precipitation recorded during
spring, 1970 and 1971.



o
0

15

a)

4.)
cd

a) 10

Q)

5

ca
a)

0

-re

4-1 4-11 4-21 5-1 5-11 5-21 5-31 6-10
Date (1971)

Figure 2. (Continued)



30

temperature of 6. 0° vs. 16.9°C) (Figure 2; Appendix A). Fecal

production was lower during trial 8 than either trial 6 or 7 and indi-

cated that dry matter intake (DMI) may have been limited at the

82 kg/ha level of herbage availability.

Fecal production among trials 9 to 12 was not different at the

10% level of probability. Assuming DMD of the herbage remained

constant during all trials in 1971, DMI would not have increased when

herbage production increased from 49 to 372 kg/ha.

Digestibility and Intake

No attempt was made to statistically compare results among

the three methods of estimating dry matter digestibility. Dry matter

intake estimates from trials 1 to 5, 6 to 8 and 9 to 12 were analyzed

separately, as were estimates determined from dietary and clipped

samples. Intakes determined from the two methods of estimating

apparent digestibility approximated the NRC (1970) suggested DMI of

2.0 to 2. 7% of body weight, provided adequate herbage was available

(Tables 4 and 5). The true digestibility method of determining DMI

gave estimates lower than other methods (Table 6).

Estimates of the influence of advance in season on DMD were

determined by linear and quadratic response curves. If reduction

sums of squares due to the quadratic variable were not significant at

the 10% level of probability, linear regression was used. A "t" test
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Table 4. Total dry matter intake, calculated from the fecal
production to dry matter indigestibility ratio, at various
levels of herbage availability, with dry matter
digestibility determined from the in vitro digestion +
pepsin method.

Trial
Number-3 /

Herbage
Production

4/ (kg/ha)

Intake!'/-2/ (kg)

Clipped Dietary

1 135 7.1a

2 162 6.6a

3 167 8.4b

4 195 7.0a

5 262 7.0 a

6 208 7.2a

7 134 7.6a

8 82 .3b5

9 49 5.8a 5.4a

10 92 6.8b 5.8a

11 176 7.2b 7.2b

12* 372 6, tab 0b

-11 Digestibility estimated from clipped and dietary samples.

2/ Means within columns followed by the same letter are not
different at the 0.10 probability level.

3/ Groups of numbers within a column were analyzed separately.
1970 trials 1 to 8; 1971 trials 9 to 12.

4/ An asterisk indicates a significant difference (P < 0.01)
between clipped and dietary samples.
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Table 5. Total dry matter intake, calculated from the fecal
production to dry matter indigestibility ratio, at
various levels of herbage availability, with dry matter
digestibility determined from the lignin ratio method.

Herbage 1/2/Intake (kg)
Trial Production

3/4/Number (kg/ha) Clipped Dietary

7.1a1 135

2 162 7.3a

3 167 8.2b

4 195 0b

5 262 7.3a

6 208 8.0a

7 134 7.6a

58 82 .6b

9* 49 5.5a 4.7a

10 92 6.5 5.2b

11* 176 7.3 7.2cc

12 372 7.2c 6.6b

1/ Digestibility estimated from clipped and dietary samples.

2/ Means within columns followed by the same letter are not
different at the 0.10 probability level.

3/ Groups of numbers within a column were analyzed separately.
1970 - trials 1 to 8; 1971 trials 9 to 12.

4/ An asterisk indicates a significant difference (P < 0. 01)
between clipped and dietary samples.
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Table 6. Total dry matter intake, calculated from the fecal
production of cell wall constituents to dry matter
true indigestibility ratio, at various levels of herbage
availability, with dry matter true digestibility deter-
mined from the in vitro digestion of cell wall constituents.

Trial 3/ 4/Number--

Herbage
Production

(kg/ha)

2/Intakel/ (kg)

Clipped Dietary

1 135 5.0a

2 162 4 . 8a

3 167 6.4b

4 195 . 2a5

5 262 5.0a

6 208 5.7a

7 134 6.0 a

8 82 4. 2
b

9 49 5. 2a 5. 2a

10 92 5, 8
b 5.3a

* b
11 176 5. Gab 6. 8

12 372 3. 7c
a

5. 5

1/ Digestibility estimated from clipped and dietary samples.

2/ Means within columns followed by the same letter are not
different at the 0.10 probability level.

3/ Groups of numbers within a column were analyzed separately.
1970 - trials 1 to 8; 1971 - trials 9 12.

An asterisk indicates a significant difference (P < 0.01)
between clipped and dietary samples.



34

was used to determine whether the b. coefficients were different from

zero at the 10% level of probability. Differences among trial means

were tested by least significant differences, using the standard error

of the regression as an estimate of variance.

In Vitro Digestion + Pepsin (IVP)

The slope from the linear regression equation for trials 1 to 5

was significantly different from zero (P< 0. 10) (Appendix D, Table

10). This difference was due to the higher DMD measured during

trial 1, as there was no significant difference (P> 0. 10) in DMD

among trials 2 to 5(Table 7). The slope from the regression equation

for trials 6 to 8 was not different from zero (P> 0. 10). Also, DMD

among trials 6 to 8 was not different (P> 0. 10).

In 197 1 (trials 9 to 12), the bi coefficient of the quadratic

variable was significantly different from zero (P< 0. 10) for clipped

but not dietary samples. The slope from the linear regression equa-

tion for dietary samples was significantly different from zero (P <

0. 10) but that of clipped samples was not. Most of the increase in

DMD was attributed to the low values measured during trials 9 and

10. Even though the area was mowed in 197 1, much of the previous

year's growth was still available to the grazing steers. No attempt

was made to separate mature from green material in clipped samples.

Dietary samples were lower in DMD during trials 9 and 10 than
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Table 7, Apparent dry matter digestibility, estimated by in vitro digestion + pepsin (IV?) and

lignin ratio (LR) methods and true dry matter digestibility, estimated by the in vitro

digestion of cell wall constituents method (TD), of crested wheatgrass during 1970 and

1971,

Dry Matter Digestibility-
1 /

(%)

Trial 2/3/
IVP LR TD

Number Dates Clipped Diet Clipped Diet Clipped Diet

1

2

3

4

5

6

7

8

9

10

11

12

1970

68
a

65
b

b
65

6464b

64b

60a

58a

57a

55a

62b62

66c

62b62

a
51

SS
a

66
b

6666b

68a

68a

64o

68
a

65ab

64a

58a

60a

a
53

60
b

66c

67c

45a

50b

66c

64c

76a

75
b

75
b

74c

73d

70a

67a

66a

69a

74a

78a

70a

70a

72a

82
b

80ab

April 28-30

May 4-7

May 11-14

May 18-21

May 25-28

June 6-8

June 11-13

June 16-18

1971

April 14-17

April 27-30

May 13-17

June 5-8

1 Digestibility estimated from clipped and dietary samples.

2/ Means within columns followed by the same letter are not different at the 0.10 level of

probability.

3 Groups of numbers within a column were analyzed separately.
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clipped samples (Table 7). Lignin and ADF concentrations were

higher in dietary than clipped samples during these trials (Appendix

C, Table 9). Several authors (Robards and Wilson, 1967; Barth and

Kazzal, 1971) reported higher in vitro DMD of dietary samples, even

though ADF and lignin concentrations were higher in the dietary

samples than in available herbage.

Digestibility of dietary and clipped samples was equal during

trial 11, but DMD of the diet sample was higher than the clipped

sample during trial 12. It was evident that selectivity became a

factor influencing DMD at the 372 kg/ha level of herbage production.

Crude protein concentration of the diet sample during trial 12 was

five percentage units higher than that of the available herbage

(Appendix C, Table 8). Numerous authors (High and Hobbs, 1966;

Campbell et al., 1968; Jeffries and Rice, 1969; Bedell, 1971)

reported similar results with grazing cattle. Ash content of the

dietary sample, even with salivary contamination, was only three

percentage units higher than the clipped sample.

Except for the third trial, DMI was not different (P > 0. 10)

among trials 1 to 5 (Table 4). Higher intake during trial 3 was par-

tially attributed to weather conditions, since digestibility of the

herbage was not different (P > 0. 10) from previous trials. In 1970,

DMI estimated from the IVP method was not limited at herbage pro-

duction levels greater than 135 kg/ha.
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Estimated DMI during trials 6 and 7 (7. 2 and 7. 6 kg) was higher

than trial 8 (5. 3 kg) indicating that intake was limited at the 82 kg/ha

level of herbage availability and not at levels above 134 kg/ha.

Dry matter intake estimated from clipped samples was signifi-

cantly higher (P < 0. 01) than DMI estimated from diet samples in

trials 9 and 10 (Table 4). Estimated intakes were equal during trial

11. During trial 12, DMI estimated from dietary samples was sig-

nificantly higher (P < 0. 01) than DMI estimated from clipped samples.

In 1971, DMI estimated from clipped samples was limited at the

49 kg/ha level of herbage production, but not at levels above 92 kg/ha.

However, DMI estimated from diet samples was limited at both 49

and 92 kg/ha, but not at 17 6 or 372 kg/ha.

The IVP method gave reliable DMI results. Because no other

determinations other than in vitro DMD and total fecal production

were required to estimate DMI, this method was simpler to use and

less time consuming than the other two methods used during this

study.

Lignin Ratio Method (LR)

The slopes from the linear regression equations for trials 1 to

5 and 6 to 8 were not different from zero (P> 0. 10) (Appendix D,

Table 10). For trials 1 to 5, DMD of the herbage was significantly

(P < 0. 10) lower in only trial 3 (Table 7). There was no significant
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difference in DMD of the herbage among trials 6 to 8. This showed

that advance in season during 197 0 had no influence on DMD estimated

from the lignin ratio method. A significant (P < 0. 10) linear and

quadratic response in DMD to advance in season was observed on

clipped samples but not dietary samples in 197 1. The higher DMD of

clipped samples compared to dietary samples (Table 7) was attributed

to several factors. Fistulated steers may have been consuming more

mature herbage during trials 9 and 10 than was included in the clipped

samples. During these trials, diet samples were estimated, by

visual observation, to contain 30 to 40% mature material. Dietary

samples for three of the four trials contained a higher concentration

of lignin than clipped samples (Appendix C, Table 9). This higher

concentration of lignin caused estimates of DMD to be lower.

Lesperance and Bohman (1964) and Barth et al. (1970) reported higher

lignin concentration in forage samples collected through rumen and

esophageal fistulas, respectively, than in the forage fed. Barth and

Kazzal (197 1) reported that clipped samples fed to steers and collected

through esophageal fistulas were higher in lignin than control samples.

Hoehne, Clanton and Streeter (19 67), however, found no change in

lignin concentration of forage samples after collection through

esophageal fistulas.

Sample preparation of diet samples may have changed the

chemical composition. Soluble carbohydrates may have been lost by
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leaching with saliva. Hoehne et al. (1967) reported water soluble

carbohydrates were lower in samples collected from esophageal

fistula than the diet. Lesperance and Bohman (1964) reported similar

results with samples collected from the rumen of steers. Van Soest

(1969) reviewed the malliard reaction and artifact lignin as sources of

"determined lignin." Refluxing of the sample with acid detergent

solution prior to lignin determination should remove these complexed

portions (Van Soest, 1963).

Another possible reason for the lower DMD of dietary samples

may have been incomplete collection of consumed herbage. In hand-

fed studies, determination of total collection can be accomplished.

Determination of total dietary collection in grazing studies with

esophageally fistulated steers is not possible. The only way to insure

complete collection in grazing studies would be to block the esophagus

below the fistula in some manner while collections were being made.

Theurer (1969) concluded that if the collected sample was represen-

tative of the herbage consumed, total recovery was not necessary.

The lignin ratio technique appeared to give reliable estimates

of in vivo DMD. Lignin concentration of the herbage samples was

below 5% except for the dietary sample of trial 9 (Appendix C, Table

9). In his review of methods to estimate in vivo DMD of grazed

herbage, Streeter (1969) concluded that for the lignin ratio technique

to be reliable, lignin concentration in the herbage should exceed 5%.
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Lignin has been reported to be partially digested in grazed

herbage (Wallace and Van Dyne, 1970) and in preserved forage

(Porter and Singleton, 1971). The latter authors reported lignin

digestion coefficients of 0. 012 to 0. 102 for sheep. Digestion of lignin

occurred in the stomach. If lignin was partially digested in the pres-

ent study, then DMD was estimated lower than in reality. The

agreement of DMD estimated from LR with that estimated from IVP

indicated that some compensating factors kept the chemically extracted

lignin values in the feces and herbage samples at the same relative

values.

Dry matter intake among trials 1, 2, and 5 was not different

at the 10% level of probability for herbage production levels ranging

from 135 to 262 kg/ha (Table 5). Estimated intakes were higher (P

< 0. 10) for the third and fourth trials. A possible explanation for

the increased DMI during trial 3 was given previously in the IVP

section. Average lignin concentration in the feces decreased from

9. 5% during trial 2 to 8. 5% during trial 3 and then increased to 9. 8%

during trial 4. Lignin concentration in the available herbage remained

constant among all three trials. Other unknown plant or animal

factors probably influenced estimates of DMD by the LR method since

estimates of DMI by the IVP method indicated no differences (P > 0.10)

among trials 1, 2, 4 and 5. Results from this method showed DMI

was not limited at the 135 kg/ha level of herbage production during



41

trials 1 to 5. Intake was not limited above 134 kg/ha of herbage

availability during trials 6 to 8.

Dry matter intakes estimated from dietary samples were

significantly lower (P< 0.01) than DMI estimated from clipped

samples in all 1971 trials (Table 5). Estimates from both diet and

clipped samples showed DMI was not limited at herbage production

levels above 176 kg/ha.

True Digestibility (TD)

In vitro true digestibility declined significantly (P < 0. 10) with

advance in season during trials 1 to 5 but not during trials 6 to 8

(Table 7; Appendix D, Table 10). In 1971 (trials 9 to 12), neither

linear nor quadratic b. coefficients for clipped or diet samples were

significantly different from zero (P> 0. 10). Except for trial 10,

TD of dietary samples was higher than clipped samples (Table 7).

Differences between TD of diet and clipped samples during trials 11

and 12 were attributed to animal selectivity. Digestible cell wall

constituents (DCWC) were higher in all dietary samples than clipped

samples (Appendix C, Table 9). Animal selectivity may have been

an important factor even at the lower herbage production levels of

trials 9 and 10. But it is probable that salivary contamination,

sample preparation, and lignin and cell wall constituent (CWC)

concentrations in the herbage were more important than selectivity
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in contributing to different TD estimates of dietary and clipped

samples within trials 9 and 10.

Except for trial 12, dry matter intake estimated from the TD

method showed the same relationship between DMI and herbage

availability as was shown by DMI estimated from IVP DMD (Tables

4 and 6). Dry matter intakes estimated from diet and clipped

samples were equal at the herbage production level of 49 kg/ha.

Intakes estimated from diet and clipped samples were significantly

different (P < 0. 01) for all other trials. Although TD of the dietary

herbage decreased only slightly from trial 11 to trial 12 (TD values

of 82 and 80%, respectively), DMI estimated from these same samples

decreased by 1.3 kg. Cell wall constituents in the feces decreased,

instead of increasing as would have been expected with this change in

digestibility. This response was attributed to difficulties encountered

with filtering fecal samples. These difficulties will be discussed in

the following section.

Dry matter intakes were comparable to the DMI estimates

reported by Scales, Streeter and Denham (1971) for steers grazing

native range in Colorado. Estimated DMI in the present study, how-

ever, was consistently lower in all trials than DMI estimated from

apparent DMD. The reason for the lower values was attributed to the

filtering difficulties encountered with fecal samples following refluxing

of the sample with neutral detergent solution (NDS). Samples that
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filtered easily were lower in CWC concentration than samples that

were difficult filtering. Because of the difficulties encountered with

filtering larger volumes, a one-half gram sample was refluxed with

only 50 ml of NDS. Results from the 50 ml extraction showed higher

CWC concentrations and gave less repeatable values than the results

obtained by using 100 ml of NDS and a one-half gram sample. Dif-

ferences were also noted between 50 and 100 ml extraction values of

herbage samples, but filtering was not a factor. The mean difference

between the 50 and 100 ml values was 4.5 percentage units for 30

fecal samples and 1.7 percentage units for eight herbage samples.

The relationship between herbage availability and intake esti-

mated from the true digestibility method was comparable to that

shown by the apparent DMD methods. However, the difficulties

experienced in the filtering process suggested that this method

required more refinement before it could be used with assurance for

quantitatively estimating the intake of grazing animals.
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SUMMARY AND CONCLUSIONS

A two-year study was conducted during the springs of 1970 and

1971 to determine the relative influence of crested wheatgrass

herbage availability on the dry matter intake (DMI) of grazing steers.

It was assumed that dry matter digestibility (DMD) of the herbage

remained constant during the early spring period; therefore, fecal

production served as an index to DMI. To verify this assumption,

DMD of the herbage was determined. Methods used to estimate DMD

were: (1) in vitro digestion plus pepsin (IVP), (2) lignin ratio (LR)

and (3) in vitro digestion of cell wall constituents times the concen-

tration of cell wall constituents in the herbage (TD). In 1970, DMD

was estimated from clipped herbage samples. In 1971, digestibility

of available clipped herbage samples was compared to digestibility

of dietary samples collected from steers having esophageal fistulas.

The same pasture was utilized during both years. A total of 12

grazing trials were conducted--eight during 1970 (trials 1 to 8) and

four during 1971 (trials 9 to 12). Herbage production during each

trial was estimated by hand clipping a sufficient number of 1.07 m

diameter plots to estimate production within 10% of the mean at a 90%

level of confidence. Total fecal collections were made in both years

from yearling steers of uniform size and weight. A separate group

of yearling steers was used for dietary collections.
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Herbage availability ranged from 135 to 262 kg/ha during trials

1 to 5 and from 49 to 372 kg/ha during trials 9 to 12. Trials 6 to 8

were conducted at decreasing herbage availability levels, 208, 134

and 82 kg/ha, respectively.

Among trials 1 to 5, fecal production was not significantly

different (P > 0.10) except for trial 3. The higher fecal production

recorded during trial 3 was attributed to weather conditions prior to

the initiation of the trial. Fecal production among trials 6 to 8 was

significantly different (P < 0.10). Higher fecal production during

trial 7 was attributed to weather conditions and the lower fecal

production during trial 8 indicated a limitation of dry matter intake.

Fecal production was not significantly different (P > 0.10) among the

four trials conducted during 1971.

Linear regression analysis of IVP and TD data for trials 1 to 5

showed a significant decline in DMD with advance in season, but there

was no significant difference in DMD among trials 6 to 8. Dry matter

digestibility estimated from LR did not decline in either trials 1 to 5

or trials 6 to 8. In 1971, the b. coefficient of the quadratic variable

was significantly different from zero (P < 0.10) for IVP. The positive

slopes of the linear regression equations for IVP of diet samples and

LR of clipped samples were also significantly different from zero

(P < 0.10). Consumption of mature herbage by grazing steers caused

the estimated DMD values during trials 9 and 10 to be lower than expected.
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The IVP method estimated clipped samples to be higher in DMD

than diet samples except for trial 12 which was conducted at the 372

kg/ha herbage production level. Lignin ratio data showed clipped

samples higher in DMD than diet samples during trials 9, 10 and 12.

Estimates of true digestibility were higher in diet samples than

clipped samples at the herbage production levels of 176 (trial 11) and

372 (trial 12) kg/ha. Selectivity of the diet was not a factor influencing

DMD estimates until herbage production equaled or exceeded 176

kg/ ha.

Because of the changes in DMD observed with advance in

season, the previous assumption about DMD was not justified. There-

fore, intake was quantified using the fecal production to indigestibility

ratio. In 1970, DMI of grazing steers was not limited when herbage

availability levels equaled or exceeded 135 kg/ha. With the

exception of DMI estimated from IVP and TD clipped samples, 1971

data showed that DMI was not limited at herbage production levels

equal to or greater than 176 kg/ha. Using IVP and TD from clipped

samples, DMI was determined to be limited during trial 9 at 49

kg/ha but not at herbage production levels exceeding 92 kg/ha.
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MANAGEMENT AND RESEARCH CONSIDERATIONS

Because of the conditions imposed on this study, management

implications should be restricted to yearling steers grazing crested

wheatgrass pastures during the spring. Crested wheatgrass in south-

eastern Oregon can reach the 135 to 176 kg/ha production level any

time between the first week in April to the first week in May. There-

fore, if short winter feed supplies prevail, the rancher could turn

yearling steers onto crested wheatgrass pastures whenever sufficient

growing herbage was available.

Crested wheatgrass makes rapid root growth during April and

early May. During this same period, a major portion of the carbohy-

drate root reserve replacement takes place. Early spring grazing,

even though the required herbage is available, may be detrimental

to the plant. In combination with limited moisture or cold spring

temperatures, early spring grazing could cause a severe depletion of

plant root reserves. If no regrowth occurred, these root reserves

would not be replenished. However, if grazing is terminated at a

time, approximately May 15, when moisture is available for the plant

to make over 20% regrowth, carbohydrate root reserves will be

replaced. Furthermore, alternate year early spring grazing woul3

allow adequate replacement of roots to sustain the stand. Grazing

management practices that use early spring grazing may require a
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reduction in stocking rate during the early spring period.

Extrapolation of the data from this study to include other graz-

ing seasons, native range and other classes of livestock should be

made with caution. Mixed plant species and density and season of use

of plants may influence the ability of different livestock classes to

graze them. Furthermore, little is known about the influence that site

differences may have on the interactions among the factors previously

discussed. Therefore, research should be continued to determine

the influence of these factors on the intake of animals grazing both

native and seeded ranges.

Research of this nature is particularly difficult under native

range conditions. Rarely are suitable study areas located adjacent to

facilities where animals can be handled. Perhaps the greatest

hindrance to progress in this area is the lack of adequate techniques,

without expending considerable man-hours, to collect data. Some of

the inherent problems might include: (1) estimating the total amount

of herbage available to the grazing animal, (2) measuring selectivity

among various plant species and plant parts, (3) evaluating the

influence of selectivity on estimates of dry matter digestibility and

intake, and (4) measuring or estimating fecal production; as the

current techniques are either impractical or lack the required pre-

cision.
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The difficulties discussed in the preceding paragraph, however,

do not preclude the need for further information in this area. At the

present time it is the policy of federal land management agencies to

allow turnout of livestock onto range as early as late March. It is

assumed that adequate feed is provided from mature regrowth or

deferred growth herbage. Information is required not only on the

influence that mature herbage has on total dry matter intake as the

growing season progresses, but also on the relative proportions of

mature and new-growth herbage in the diet.
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APPENDIX A

WEATHER



Table 7. Climate observations; 1970 and 1971.

Date
Temperature Co Precipitation

mm
Insolation
Cal/cm2 NotesMaximum Minimum

1970 Not
Recorded

4-28 7.2 -6. 1 -
4 -29 7.2 -5.0 -
4 -30 12.8 -1. 1 -

5-4 23.4 6.7 -

5-5 21.7 4.4 - Sunny and warm
5-6 15.0 2.8 - Sunny and warm
5-7 15.0 -3.3 5.6 Rain

5-11 3.3 -7.8 7.6 Snow
5-12 7.2 -5.0 - Cool and cloudy
5-13 10.0 -2. 2 - Cool and cloudy
5-14 16.7 -3.3 - Cloudy

5-18 22.8 7.2 1.0 Rain
5-1-9 18.3 5.0 2.5 Rain
5-20 16.1 1.7 -
5 -21 21.1 2.2

5-25 27.2 5. 6 -
5-26 23.4 8.9
5 -27 16.7 5.6 -
5 -28 17.2 -1.7 -



Table 7. (continued).

Date
Temperature Co Precipitation

mm
Insolation
Cal/cm2 NotesMaximum Minimum

6-6 27.2 20.5 1.3 Thunder showers
6-7 23.9 16.7
6 -8 17.8 13.6 -

6-11 12.2 2.2
6-12 12.8 2.2
6 -13 12.8 6.1 2.0 Showers

6-16 22.8 3.3 - Warm
6-17 24.5 5.6 Warm
6-18 27.2 6. 7 Very warm

1971

4-14 14.5 2.8 -
4-15 10.0 -1.7 Cloudy and cool
4-16 4.4 -2.8 1.3 Rain and snow
4-17 7.2 -3.9 2.5 Snow

4-27 15.0 -1.7 Warm and mostly
sunny

4-28 17.2 -3.3 Warm and mostly
sunny

4-29 17.2 -2.8 - Warm and mostly
sunny

4-30 21.1 1.1 - Warm and mostly
sunny

o,
,--



Table 7. (continued).

Date
Temperature Co Precipitation

Mal
Insolation

Cal/ cm2 NotesMaximum Minimum

5-13 14. 5 0. 6 558 Bright and warm
5-14 18.9 -1.7 682 Sunny and warm
5-15 18.9 1. 1 0. 3 318 Cloudy w/thunder

showers
5-16 6. 1 -1.7 388 Partly cloudy and

cold

6-5 20.0 2. 8 597 Partly cloudy
6-6 22.8 6. 1 682 Sunny and warm
6-7 22. 8 8. 9 465
6-8 21. 1 1. 1 775 Sunny and war m
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APPENDIX B

ARTIFICIAL RUMEN PROCEDURE

(Tilley and Terry, 1963; modified).
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Inoculum

Collect whole rumen contents from a rumen fistulated steer and
transport to laboratory,ina. pre-warmed insulated jug. Squeeze pulp
through four layers of cheese cloth to remove liquid portion. Suspend
pulp in a volume of phosphate buffer equal to rumen fluid. Squeeze
buffer from pulp through cheese cloth and add to the rumen fluid.
Strain mixture through four layers of cheese cloth into a beaker.
Place beaker into a water bath (41-43 C) until particulate matter
rises to the top (20-30 minutes). Siphon liquid from the bottom.
This is the raw inoculum.

Fermentation

Weigh approximately one-half gram air dry sample into a
tared centrifuge tube (50m1). Dry overnight in oven at 100°C, cool
in desiccator and weigh. Steam samples in some manner on the
morning of fermentation. To the raw inoculum, add an equal volume
of previously warmed McDougall's buffer. Mix and gas with CO
continuously. Using a 25 ml pipet, add 20 ml of mixture to each
tube including blanks. Pass CO2 over the inoculum for 15 seconds
and stopper with a rubber stopper with a 1.5-2.0 mm hole. Incubate
in a water bath at 39°C. Swirl tubes occasionally to keep particulate
matter in contact with inoculum. After 48 hours, remove tubes from
the water bath, centrifuge and decant. Add 20 ml of crpsin mixture
to each tube, stopper and incubate for 48 hours at 39 C. Filter con-
tents of tubes through tared sintered glass crucibles, wash contents
from tubes with distilled water. Dry crucibles in oven overnight,
cool and weigh. Report dry matter disappearance.

D1\/172, (:)/0) = 100 X

sample sample residue
weight weight from

_
before after + inoculum
fermentation fermentation blank

sample weight residue from
before inoculum
fermentation blank



Appendix B. (continued).

McDougall' s Buffer

65

g/liter

NaHCO
3

Na
2
HPO4. 12H 20

9. 80

9.30

KC1 0.57

NaC1 0.47

Mg SO4 7H20 0.12

CaC1
2

(add after others are in solution) 0. 04

Phosphate Buffer

Na2HPO4 (anhydrous)

KH2PO4

Pepsin

1:10, 000 pepsin

1 N. HC1

g/liter
1. 059

0.436

per liter

4 grams

100 ml
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APPENDIX C

CHE MICA L ANALYSIS



Table 8. Chemical composition of herbage samples.

Trial
Number-1 /

Water 1Ash' . 1/Protein-- 1/2/ADF- . . 1/ 1/2/
CWC 1/2/DCWC-

1 52. 8 9. 8 13.4 27.8 2. 7 45.3 48. 0
2 60.5 10.7 13.4 30.4 3. 0 49.0 48. 3
3 57.8 10.4 11.6 31.8 3. 0 49.5 48. 2
4 61.8 11.4 12.8 32. 4 3.0 51.1 49.0

5 63.1 11.4 10.9 34.2 3. 1 54.9 51. 5

6 59.3 12.8 9. 4 37. 0 3. 7 57.2 48. 2
7 60.2 13.6 8. 6 39.0 4. 0 59.0 43. 4
8 56.9 13.8 7. 7 40.2 4. 2 59.8 43. 8

9C 65.6 14.2 13.0 40.9 4.5 55.2 44.7
9D 22.6 14.3 47.6 5. 2 63, 2 50. 3

10C 54.0 11.3 15. 2 34. 1 3. 8 50.5 49. 5
10D 23.4 14.2 44.2 4.8 62.9 55.3
11C 69.3 12.2 13.5 31.0 3. 0 46.6 54. 4
11D 18.9 17.7 37. 1 3. 0 53.0 66.2

12C 65.2 10.4 9.9 31.3 2. 8 49.1 43. 8
12D 13.2 14.6 37.9 3. 1 56.6 64. 5

3/

Dry matter basis.

ADF acid detergent fiber, CWC cell wall constituents, DCWC digestible cell wall
constituents.

C clipped samples; D - dietary samples.
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APPENDIX D

STATISTICAL ANALYSIS
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Table 9. Regression coefficients of the response of advance in
season (days after March 31) on dry matter digestibility
during trials 1 to 5, 6 to 8 and 9 to 12, using three
methods of estimating digestibility.

Trial Number
Linear Quadratic

b b
1

b
2

In Vitro Digestion + Pepsin
1 to 5 .129

6 to 8 .300

9 to 12 (clipped) O. 013 4.911 -4. 381

9 to 12 (dietary) 0. 316 2. 666 -1.794

Lignin Ratio

1 to 5

6 to 8

.175

.400

9 to 12 (clipped) 0. 269 3. 106 -2. 230

9 to 12 (dietary) 0. 408 2. 899 -2. 069

True Digestibility

1 to 5 .103*

6 to 8 .400

9 to 12 (clipped) O. 016 5.375 -5. 379

9 to 12 (dietary) 0. 222 2.912 -2. 120

Probability that bi is significantly different from zero at the
10% level.
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Table 10. Analysis of variance :fecal production data.

Source of Variation D. F. Mean Square1/

Trials 1 to 5

Trials 4

Wn/ Trials 34

Trials 6 to 8

0.57

0.04

Trials 2 7.28

Wn/ Trials 21 0.84

Trials 9 to 12

Trials 3

Wn/ Trials 25

0.10

0.08

1/ An asterisk indicates significance at the 0.01 level of
probability.
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Table 11. Analysis of variance:dry matter intake;
digestion + pepsin method.

in vitro

Source of Variation D. F. Mean Square1/

Trials 1 to 5
Trials 4 3.50

Wn/ Trials 34 0.37

Trials 6 to 8
Trials 2 11.85

Wn/ Trials 21 0.47

Trials 9 to 12 Clipped

Trials 3 2. 6 0

Wn/ Trials 25 0.47

Trials 9 to 12, Diet
Trials 3 5.30

Wn/ Trials 25 0.42

1/ An asterisk indicates significance at the 0.01 level of
probability.
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Table 12. Analysis of variance:dry matter intake; lignin ratio
method.

Source of Variation D. F. Mean Square-1/

Trials

Wn/ Trials

Trials
Wn/ Trials

Trials
Wn/Trials

Trials

Wn/ Trials

Trials 1 to 5
4 1.77

34 0.40

Trials 6 to 8
2 13.52

21 1.89

Trials 9 to 12, Clipped

3 5.00

25 0.31

Trials 9 to 12, Diet
3 9.04

25 0.22

1/ An asterisk indicates significance at the 0.01 level of
probability.
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Table 13. Analysis of variance:dry matter intake; true
digestibility method.

Source of Variation D. F. Mean Squarea/

Trials

Wn/ Trials

Trials

Wn/ Trials

Trials

Wn/ Trials

Trials
Wn/ Trials

Trials 1 to 5

4 3.26

34 0.26

Trials 6 to 8
2 7.46

21 0.32

Trials 9 to 12, Clipped

3

25

6. 99*

0.41

Trials 9 to 12, Diet
3 3.02

25 0.45

a/ An asterisk indicates significance at the 0.01 level of
probability.


