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Abstract:
Fecal output (FO) of range cows from three biological types, Tarentaise (TT), Hereford (HH), and
Hereford x Tarentaise or Tarentaise x Hereford (HT), was determined during five periods in a
production year: pregnant, nonlactating, fall grazing (Pd I) ; pregnant, nonlactating, winter
supplemented (Pd II); nonpregnant, lactating, spring supplemented (Pd III); lactating, peak nutrition
summer grazing (Pd IV) ; and lactating, late summer grazing (Pd V) . FO for each period was
determined using a constant release intraruminal Cr2O3 bolus. Cows were weighed and body condition
(BCS) was scored (1-9) for each sample period. Milk production (MP) was determined during each
lactation period by the weigh-suckle-weigh method. Data were analyzed by period using the least
squares analysis of variance. Main effects included in the model were breed and cow age. Calf sex was
tested as a main effect, but was found to be nonsignificant, so it was eliminated from the model.
Covariates tested were cow weight (WT) , BCS, calf weight (CALFWT), calf age, and MP. Covariates
were found to be nonsignificant during nonlactating periods and were deleted from the model. During
period III, WT, CALFWT, and BCS were included as covariates and in period IV, WT and BCS were
included in the model. Cow age was important (P < .10) during all sample periods except Pd IV.
Differences in FO by breed occurred during Pd III (P < .01) and Pd IV (P < .05), but BREED*BCS and
BREED*CALFWT interactions in Pd III and the BREED*BCS interaction in Pd IV were significant.
Our results indicate that while breed differences in FO exist during lactation, biological types
responded differently to the demands of MP. Fecal output of HH and HT cows during lactation
decreased with greater BCS, but FO of TT cows with greater BCS did not decrease. Significant
genotype x environment interactions may occur as cows gain or lose body condition causing reranking
of breed groups. 
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ABSTRACT

Fecal output (FO) of range cows from three biological 
types, Tarentaise (TT), Hereford (HH), and Hereford x 
Tarentaise or Tarentaise x Hereford (HT), was determined 
during five periods in a production year: pregnant, 
nonlactating, fall grazing (Pd I) ; pregnant, ndnlactating, 
winter supplemented (Pd II) ; nonpregnant, lactating, spring 
supplemented (Pd III); lactating, peak nutrition summer 
grazing (Pd IV) ; and lactating, late summer grazing (Pd V) . FO 
for each period was determined using a constant release 
intraruminal Cr2O3 bolus. Cows were weighed and body condition
(BCS) was scored (1-9) for each sample period. Milk production 
(MP) was determined during each lactation period by the weigh- 
suckle-weigh method. Data were analyzed by period using the 
least squares analysis of variance. Main effects included in 
the model were breed and cow age. Calf sex was tested as a 
main effect, but was found to be nonsignificant, so it was 
eliminated from the model. Covariates tested were cow weight
(WT) , BCS, calf weight (CALFWT), calf age, and MP. Covariates 
were found to be nonsignificant during nonlactating periods 
and were deleted from the model. During period III, WT, 
CALFWT, and BCS were included as covariates and in period IV, 
WT and BCS were included in the model. Cow age was important 
(P < .10) during all sample periods except Pd IV. Differences 
in FO by breed occurred during Pd III (P < .01) and Pd IV (P 
< .05), but BREED*BCS and BREED*CALFWT interactions in Pd III 
and the BREED*BCS interaction in Pd IV were significant. Our 
results indicate that while breed differences in FO exist 
during lactation, biological types responded differently to 
the demands of MP. Fecal output of HH and HT cows during 
lactation decreased with greater BCS, but FO of TT cows with 
greater BCS did not decrease. Significant genotype x 
environment interactions may occur as cows gain or lose body 
condition causing reranking of breed groups.



I

\
INTRODUCTION

Introduction of the different continental breeds during 
the 1970's resulted from an emphasis on growth potential while 

in large part ignoring the energy cost of extra growth which 

may result when supporting crossbred females in the cow herd. 
Therefore, it is important to determine the forage intake of 
different biological types of beef cattle in a range 
environment. Moderate frame, moderate milk production range 

cows may have an advantage in biological or economic 

efficiency over larger framed, high milk production cows in 

forage limiting environments (Doornbos et al., 1987).

Although research on forage intake with lactating females 
of different genotypes in a drylot system has been conducted 

(Davis et al. , 1983a; Davis et al. , 1983b; Ferrell and

Jenkins, 1985; Ferrell and Jenkins, 1987), forage intake by 

different biological types of cows grazing rangelands is 

sketchy. Climate and plant communities can be quite diverse 

from area to area and experiments should be conducted in 

different regions to evaluate forage intake and biological 

efficiency of different genotypes. Genotype x environment 

interactions are known to exist (Frisch and Vercoe, 1984) and 

these interactions should be identified in order to make 

recommendations to producers.

CHAPTER I
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Producers are often operating on a low profit margin and 

every available opportunity to improve profits should be 
utilized. By identifying forage intake of different genotypes 

and calculating biological or economic efficiencies, producers 

could use this information to fine tune stocking rates and 

custom design crossbred cows for a particular environment. 

After monitoring the forage availability of their particular 
operation and knowing the forage requirements of their cows, 
additional income could be realized during surplus forage 

production years by utilizing stocker cattle in addition to 

the cow herd. During drought years, knowing the forage intake 

of Iactating and nonlactating cows, the producer would know if 

there is a need to adjust to the forage base by early weaning 

of calves.
The objectives of this study were:

1. To determine if breed type affects forage consumption 

patterns during the production year.
2. To evaluate the effect of differing levels of milk 

production on forage consumption.

3. To contribute to an evaluation of overall biological 

efficiency of each breed type in a larger project; 

Genetic Evaluation of Beef Maternal Efficiency.

To monitor background levels of Cr2O3 on a previously 

utilized pasture in grazing studies which used Cr2O3.
4.
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CHAPTER 2

LITERATURE REVIEW

Methods for Estimating Forage Intake

Forage consumption is expressed as organic matter intake 

(OMI) or dry matter intake (DMI) . This is expressed as 

kilograms consumed or as a percentage of body weight. Forage 

intake is estimated by either the ratio technique or the index 

procedure as described by Cordova et al. (1978):

Ratio techniques involve the calculation of 
digestibility and fecal output data through their 
ratio to an 'indigestible1 indicator or marker. 
Indicators may occur naturally in the forage 
(internal indicator) or may be administered in 
known amounts (external indicator). Internal 
indicators are more frequently used for estimating 
digestibility, while external indicators are used 
more in fecal output estimates..If digestibility 
and fecal output is known, intake is calculated 
from the equation:
OMI = Fecal organic matter output________ :_____

% organic matter indigestibility /100

Most workers prefer to use the organic matter 
because of the relatively high ash content in 
range and pasture forage.
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If expressed on a dry matter basis, intake would be 

expressed according to the formula advocated by Pond et 

al..(1987) : (

Voluntary intake = Dry Matter Output of Feces (g/d)
I-(Dry Matter DigestibiIity/100)

Index Procedures

Cordova et al. (1978) stated, "Index procedures generally 

relate level of intake or digestibility to some component in 

the feces through a regression equation."

Fecal Nitrogen Index

The most commonly used index has been the fecal nitrogen 

index. Cochran et al. (1987) listed several problems which 

reviewers have identified in using this procedure, namely:

1. Fecal nitrogen index is most appropriately applied 
to prediction of digestibility rather than intake. 2

2. The relationship between fecal nitrogen and 
digestibility is not constant. It may be 
influenced by aspects such as pasture species, 
stage of maturity, level of intake, parasite 
infection, animal species, nitrogen fertilization, 
and fiber content in the diet. Therefore, 
restricted regression equations should be 
developed for each specific application rather 
than attempting to use generalized equations.
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3. Development of separate regression equations is 

extremely labor intensive and requires uniform 
swards ( e. g. , sown pasture) in order to avoid 
large differences between the diet offered in 
confinement and that selected under grazing 
conditions. Forage availability and terrain must 
be amenable to mechanical harvesting."

4. Extrapolation of data from pen feeding trials to 
grazing conditions may introduce bias into 
predictive activities. However, verification of 
potential bias is difficult.

5. Error associated with regression equations may be 
of such magnitude as to preclude demonstration of 
digestibility differences among treatments, except 
in situations where differences are extreme.

Because of problems like these, index procedures have 

largely been abandoned and the. ratio technique of in vitro 

digestion and measured fecal output as advocated by Cordova et 

al. (1978) have been adopted as the norm in forage intake 

studies.

)
Internal vs External Markers in Ratio Techniques

As related before, there are two pieces of necessary 

information required in estimating intake; fecal output and 

digestibility.
Fecal output has been determined by total fecal 

collection of free ranging animals, but this is a very labor 

intensive method. Fecal grab bag sampling following 

administration of an external marker such as chromium has 

largely replaced total collection. Types and methods of 

external markers shall be discussed later. Fecal output (FO)
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is calculated by the equation:

FO (OM Basis) = wt. of external marker /day * %OM/100
wt. recovered in feces /day

Digestibility has been determined in situ with nylon bags 

in rumen cannulated cows or by artificial rumen digestion of 

hand clipped samples. There are some misgivings with these 

artificial techniques as they may not accurately portray the 
diet of experimental animals. The test animals may not select 

a diet similar to the researcher (selecting more forbs and 

less grass) and each individual cow's metabolism is different 

from the fistulated cow or in vitro digester. Some of this 

selection bias is eliminated by collecting grazing samples 

from esophageal cannulated cows running with the herd, and 

then analyzing these samples for digestibility by one of the 

two previous methods (nylon bags or in vitro digestion).

In regard to metabolism bias, attempts have been made to 

find a suitable internal marker (a constituent of the plant* 

itself) that would not break down in passage through the 

digestive tract and be indicative of the total forage intake 

of the experimental animals. Then each animal's diet could be 

analyzed for digestibility via a fecal grab sample. 

Supposedly, each animal's diet could be analyzed for 

digestibility by comparison of indigestible components in the 

fecal grab sample to the fresh diet. However, once again the 

problem of selection arises. The fecal sample still has to be
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compared to a standard base diet. Is the pasture sufficiently 
homogeneous enough to allow the researcher (or esophageal 
fistulated cow) to make an unbiased estimate of the standard 

components for the base diet that will apply to all test 

animals?

Still, efforts have been made to find an accurate 

internal marker.

Internal Markers

The major internal markers investigated to date have been 

lignin, chromogen, acid insoluble ash, and indigestible fiber.

Chromoqen

As reported by Cochran et al. (1987), chromogen was 

originally proposed by Reid et al. (1950) . These are plant 

pigments, chiefly chlorophyll, but studies by Troelsen (1961) 

showed variation in fecal recoveries from 80 to 213%. 

Therefore, this internal marker has been discarded as 

unsuitable. 1

Acid Insoluble Ash

The general consensus on using acid insoluble ash as 

explained by Cochran et al, (1987) is that this marker has 

successfully ranked forages in digestibility, but that there
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has been considerable variation among different labs for the 

same plant species. Another consideration is that this method 

cannot be used on plant forages lower than .75% acid insoluble 

ash without adding acid insoluble ash to the diet. Cochran et 

al. (1987) also suggested that there is a problem with soil 

ingestion corrupting results. There does appear to be some 

promise for this marker with more research.

Indigestible Fiber

Cochran et al. (1987) said.

Van Soest et al. (1966) reported that 
undigested dietary residues in ruminant feces 
are largely of cell wall origin and true 
digestibility of non cell-wall material is 
typically not less than 98%. These findings 
established a basis for the contention that 
fecal cell wall material could potentially 
serve as an indicator of digestibility (Van 
Soest et al., 1966).

However, in an evaluation of indigestible fiber by both 

acid detergent fiber (ADF) and neutral detergent fiber (NDF) 

procedures, Cochran et al. (1986) showed considerable 

variation, especially with mature prairie hay and fresh 

immature tall fescue. There have also been problems when 

supplementing grain to the forage diet, as this has led to 

conflicting results (Cochran et al., 1987).

Olson and Sunvold (1991) found indigestible acid 

detergent fiber (IADF) to be 4 more accurate internal marker
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when compared to lignin. They agreed with Cochran et al. 

(1987) in saying that the type of forage "affects accuracy of 

the marker" and recommended the use of "laboratory standards 

of known marker concentration in each run". t
In their review of indigestible fiber, Cochran et al. 

(1987) stated that there is too much variation among 

experimenters and labs with this technique. Therefore the use 

of indigestible fiber as an internal marker is not advised at 

this time.

Lignin

Lignin is generally assumed to be indigestible , so this 

potential marker has received considerable attention over the 

years. However, significant variation occurs in digestibility 

of lignin with age of plant (Wallace and Van Dyne, 1970). 

Wallace and Van Dyne found that each lignin ratio had to be 

validated by an accompanying digestion trial of esophageal 

extrusa.
Problems exist in lab recovery of lignin from the feces. 

Sometimes, more lignin is recovered than what the diet is 

presumed to have in the beginning. Fahey et al. (1979) 

hypothesized that low molecular weight phenols in the vacuoles 

of the plant may polymerize while passing through the acidic 

part of the digestive system and form compounds which would be 

read as lignin artifacts.
Cochran et al. (1987) suggested an additional problem
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with reading lignin values could be that some lower molecular 
weight lignins might be excreted in the urine. They also 

alluded to problems in lab techniques, particularly in the 

recovery of lignin by filtration, as smaller particles may be 

lost.
Experimentation with refining of lignin markers will 

probably continue for some time, despite the problems of 
accuracy due to the great value it could have as a marker. 
Cochran et al. (1987) related an improved procedure using 

alkaline hydrogen peroxide to pretreat and postreat acid 

detergent samples before the ADF step of the procedure which 

showed improvement in preliminary studies for lignin recovery.

Summary of Internal Markers

Problems exist in range intake studies relating to 

selection bias by the experimenter and metabolism bias by the 

in vitro techniques of digestion, internal markers have been 

expounded as a method for reducing metabolism bias, but due to 

limitations of the present techniques available, most 

researchers fall back on the standard esophageal fistulated 

cow or representative grass clipping diet combined with nylon 

bag or artificial rumen digestion.
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Types and Methods of External Markers

Estimating fecal output with an external marker has 
proven to be relatively trouble free. There are two methods 

which have been employed: (I) daily feeding of a marker (or
daily release of a constant release bolus) to achieve steady 

state conditions in the rumen; and (2) pulse dosing. Paterson 

and Kerley (1987) stated,
i/

The first technique gives only an estimate of fecal 
output, while the second technique can predict 
fecal output, rate of passage, mean retention time 
in the gut, and fill of undigested dry matter by 
employing the appropriate model.

Paterson and Kerley (1987) stated that pulse dosing 

required constant sampling over four to six days in order to 

fit a curve against marker concentration over time. These 

samples must be taken every few hours and may adversely affect 

grazing unless using very gentle animals. Because of the labor 

intensiveness of pulse dosing, most larger scale grazing 

trials have used steady state dosage methods.

Rare Earth Markers

The rare earth elements, primarily ytterbium (Yb) have 

been used to mark fiber. However, this is not practical with
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grazing animals which are not usually supplemented on a daily 

basis except when forage quality is limiting.
Recently, constant release boluses have been developed 

with ytterbium (Hatfield et al., 1991a).

Chromic Oxide

The most common external marker that has been used is 

chromic sesquioxide powder (Cr2O3) , often called chromic oxide. 

As related by Paterson and Kerley (1987), it is relatively 

cheap and can be analyzed by atomic absorption

spectrophotometry. Its chief disadvantage, as related by 

Paterson and Kerley (1987), is that Cr2O3 does not flow with 

either the solid or fluid fraction of the digesta and so is 

subject to diurnal (daily) variation. Pond et al. (1987), in

citing Ellis et al. (1982), related this to the sedimentation 

in the rumen and sporadic transfer through the

 ̂ gastrointestinal tract (GIT). Pond et al. (1987) recommended 

that steady state markers such as chromium be given five days 

prior to sampling to allow for steady state conditions to 

occur and that samples be taken over 3-7 days at different 

times of the day and then averaged to a mean fecal 

concentration value.
Methods of administering Cr2O3 have included the 

following: mixing in with a feed concentrate; gelatin capsules 

of powder administered daily; paper impregnated with Cr2O3 

inside a gelatin capsule; constant release pellets and
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boluses; and mordanting to fiber at 6% as suggested by Pond et 

al. (1987). Of these methods, the last three are attempts to 

reduce diurnal variation in marker concentration (variation 

throughout - the day and from day to day in the excretion 

pattern of Cr2O3 ) .

History of Work with Cr2O3

Chromic oxide has been used in estimating fecal output 

since the early 1950's (Coup, 1950; Hardison and Reid, 1953). 
Fecal output on an organic matter basis is calculated by the 

equation:
FO = Cr2O3 da. dosage or bolus daily release rate * % OM/lOO

Cr2O3 weight in feces
One of the main problems encountered with the use of 

chromic oxide is diurnal variation, especially when using grab 

sampling instead of total collection. Because of this, forage 

intake may be overestimated or underestimated, depending upon 

the time of day of sampling.
In a classic study by Hardison arid Reid in 1953, steers 

were administered 10 g of Cr2O3 daily in a gelatin capsule for 

ten days prior to fecal sampling to allow for gut steady state 

conditions. Then, hand fed animals on clipped forage were 

compared to grazing animals for total collection and grab bag 

sampling.
With the hand fed group, Hardison and Reid (1953) found 

a correlation coefficient of .981 between measured forage
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intake and estimated intake combining plant chromagen 

indicators of digestibility and fecal grab sampling .

With the grazing steers, excretion of Cr2O3 / unit of 
fecal dry matter varied with the time of day (Figure I).

« 170

u 2 150
0  0 140
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w 0

GRAZING

6 8 10 12 2 4 6 8 10 12 2 4
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T I M E  OF SAMPLING FECES

Figure I Relative recovery of Cr2O3 from feces of steers hand- 
fed and grazing pasture herbage. From: (Hardison and Reid, 
1953)
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Chromium recoveries of the animals were either higher or lower 

than the hand fed cattle, depending upon time of day of 
obtaining the grab sample. These patterns followed the grazing 

patterns of the cattle with most of the grazing time of cattle 

in this study being between 1800 and 800. h. As very little 

grazing was done between 1200 and 1800 h, chromium 
concentrations in this time period tended to be quite high as 
there was less dilution effect due to less rumen turnover of 

forage.

Diurnal Variation

Rosiere et al. (1980a) related:

The diurnal pattern of Cr2O3 is .... considered a major 
drawback. However, Blaxter et al. (1956) showed that 
rates of fecal production and expulsion are inconstant 
and exhibit a diurnal pattern due to a diurnal pattern of 
feed intake. They concluded that concentrations of inert 
markers in feces merely reflected these patterns. The 
problem to be overcome in using indicators such as 
chromic oxide is to determine the proper sampling time(s) 
at which concentration of mar,ker in feces is most near 
its mean level. This of course > varies with feeds 
consumed and their rate of passage through the 
gastrointestinal tract.

Variables that Hardison and Reid (1953) identified that

may play a role in Cr2O3 excretion patterns were,

degree of uniformity and time of forage intake, 
time of Cr2O3 administration , plant species and 
stage of growth, climatic conditions, management 
practices affecting grazing habits. Water intake, 
factors affecting the motility of the 
gastrointestinal tract, and sex of the animal.



Figure 2. Diurnal Variation in Cr203 
Moran et al (1987)
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In a study by Moran et al. (1987) it was found that
lactating cows in metabolism cages dosed with gelatin capsules 

of Cr2O3 had much more diurnal variation than nonlactating cows 

and wethers (Figure 2).
Time of day of fecal sampling has been found to vary 

considerably in different studies (Hardison and Reid, 1953; 
Kiesling et al. 1969; Raleigh et al., 1980). Using gelatin

capsules, each study will probably have a different optimum 

sampling time. This would vary with the forage, seasonal 
grazing patterns, terrain, water availability, temperature, 
wind, individual animals, pregnancy status, and other factors. 

The identification of optimum grab sampling times would be a 

study within itself and complicates range intake studies 

utilizing chromic oxide.
As a result of this variation, forage intake or fecal 

output is often overestimated. In a study by Rosiere et al*. 

(1980), intake was overestimated by combining fecal grab 

samples with in vitro digestion by 2.9% in cows and 28.6% in. 

heifers. Their study was done with shredded paper impregnated 

with Cr2O3 and loaded in gelatin capsules' administered daily.

Raleigh et al. (1980) stated that Theurer (1969) and 

Wheeler (1962) reported an overestimation in most of their 

trials when using a fecal grab sample as opposed to total 

collection.
There have been studies in which fecal grab samples have 

agreed well with total collections. Connor et al. (1963)

17
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showed good agreement with grab sampling vs total collection. 

Lesperence and Bohman (1963) found a correlation coefficient 

of .920 between grab samples and total collections. Both of 

these studies were done with grazing cattle.
The inconsistencies which have been reported in 

recovering chromium led Raleigh et al. (1980) to conclude.

When grab sample chromic oxide was actually used to 
estimate fecal production or forage intake, the 
disparities between measured and estimated values 
suggest that good agreement between any given 
measured and estimated quantity is fortuitous, 
rather than the result of superior technique.

Attempts to Solve the Problem of Diurnal Variation

As mentioned earlier, attempts to eliminate diurnal 

variation included the use of paper impregnated with Cr2O3, 

constant release pellets or boluses, and chromium mordanted 

fiber.
Paper impregnation of Cr2O3 was tried as it was felt that 

by so doing, the paper would flow more evenly with the digesta 

and less sedimentation would occur. Most commonly, daily doses 

of gelatin capsules enclosing the paper were given. Nelson et 

al. (1966) found this method to be successful, but Kiesling et 

al. (1969) found paper to be no better than Cr2O3 gelatin 

capsules in reducing variation of fecal grab samples.
More recent attempts at controlling diurnal variation 

have been applied to develop a constant release Cr2O3 bolus.
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The first attempts at this as reported by Raleigh et al. 
(1980) were by Robertson in 1966. Robertson tried to find a 
suitable sustained release pellet but could not find one 
suitable for grazing animals.

Later attempts which have been shown to be somewhat 

successful are the constant release bolus developed by R. H. 

Laby (Harrison et al., 1981) and marketed under the trade name 

"Captec Chrome", Nufarm Ltd., Auckland, NZ (Figure 3).

1*5 cm

Figure 3. Cr2O3 constant release bolus. C = chromic oxide 
mixture. P = plastic plunger. D = daily measurement of 
plunger movement. S = sealed rubber plunger. N = nylon 
threads. From: (Harrison et al., 1981)
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Cr2O, Constant Release Bolus

The constant release bolus developed by Laby (Harrison 
et al, 1981) has been evaluated by several researchers for 

accuracy of dosage and success in eliminating diurnal 

variation.
Laby et al. (1984) performed experiments with penned 

sheep and one experiment with grazing cattle. They reported 

correlation coefficients greater than or equal to . 997 for the 

sheep comparing projected and actual daily release rates. In 

the sheep, diurnal variation associated with twice daily 

dosing of gelatin capsules was removed and estimated fecal 

output equalled actual fecal output within + 4 %.
Furnival et al. (1990a) compared twice daily dosing with 

gelatin capsules to the "Captec Chrome" bolus for sheep. They 

found gelatin capsules to be more accurate when pooling fecal 

samples together over several days. However, when a single 

fecal grab sample was taken in a.particular time period and 

compared to a composite fecal sample in the same time period, 

it was found that the constant release device (CRD) was more 

reliable than the gelatin capsule (Figure 4). The CRD was 

found to greatly reduce diurnal variation with the gelatin 

capsules having a diurnal variation of + 29.2 % and the CRDs 

having a variation of + 12.6 %.

Parker et al. (1989) also found diurnal variation with

V



Figure 4. Short Term Fedal Sampling 
Furnival et al (1990)
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the CRD to be minimal, having a coefficient of variation (CV) 

of 8.3 %'. This corresponds to the 6.2 % CV reported by Ellis 
et al. (1981) on days 3-15 of their trial.

Brandyberry et al. (1.991) found little diurnal variation 

with the CRD using penned cattle, but found/it to overestimate 

total fecal output by 25 to 35 %.

Butinx et al. (1990) evaluated the CRD with grazing sheep 
and did not find it to be a good predictor of fecal output due 
to overestimation of the actual fecal output.

Hatfield et al. (1991b) evaluated penned sheep either 

dosed twice daily with Cr2O3 gelatin capsules or administered 

"Captec" CRD boluses. They did not compare single grab samples 

individually as did Furnival et al. (1990a), but composited 

two rectal samples across time and day for each animal in the 
trial. The bolus was found to be inaccurate in I of 3 trials 

in estimating total FO (P=.03) and the gelatin capsules were 

inaccurate in 2 of 3 trials (P=.04 and P=.02). They concluded 

that neither method was consistently accurate in feeding 

trials and recommended that usage of the CRD in grazing trials 

should be accompanied by verification of fecal outputs by 

doing total fecal collections on a subsample of animals.

Adams et al. (1991) found composite fecal samples to vary 

more from total fecal collections than rectal grab samples. 

Given the diurnal pattern of grazing, one period of the day 

may be much more variable than another, so mixing of fecal 

samples may not be as accurate as single grab bag sampling.
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Adams et al. (1991) recommended that due to steer and day 

effects, multiple days and steers be used with the "Captec" 

bolus. They suggested that variable effects of forage movement 
in the rumen of different animals may cause inconsistencies in 

the flow of chromic oxide from the rumen.

CRD Release Rate

Barlow et al. (1988) did not perform total fecal 

collections to validate their study using the CRD in a study 
with 287 Hereford and first-cross cows. However, they 

validated the release rate of the CRD by utilizing 73 Hereford 

steers on three different pasture types. They found the 
release rates to be accurate across all pasture types (high, 

medium, and low nutritive value) .
Barlow et al's. (1988) findings disagree with those of 

Furnival et al. (1990b). Furnival et al. (1990b) stated there 

were significant differences in plunger movement of the CRD 

used between pastures varying in herbage mass and between 

individual grazing sheep. Their data suggested a statistical 

relationship between plunger movement of the CRD and fecal dry 

matter, and they hypothesized that plunger rate may increase 

as fecal dry matter increases. Liquid flow through the rumen 
was the rumen variable with the highest statistical 

correlation to the rate of plunger movement.
These results disagree with studies by Kiesling et al. 

(1969), wherein they found shredded paper recovery of Cr2O3 was
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about 10 % greater for green forages.

Adams et al. (1991) found no difference between FO 
estimates from the CRD and total collection on green immature 
native tall wheatgrass with grazing steers, but FO was 

overestimated with dormant native range.
Parker et al. (1989) also studied the effects of 

different herbage types fed to CRD bolused and crated sheep. 

They found CRDs used in a common environment to. perform 

similarly. However, they found that as dry matter 

digestibility decreased, plunger travel of the CRD increased. 
This is in direct contradiction to Barlow et al. (1988). 

Perhaps the contradiction may be explained in part by a 

physical massaging effect on the orifice of the CRD by some 

more fibrous feeds, which would cause more dissolution of the 

Cr2O3 matrix in the capsule.

Failure of the CRD

Several authors have alluded to failure rates due to 

malfunction of the CRD bolus (Kattnig et al., 1990; Pond et 

al., 1990) . Kattnig defined the optimum window for collection 

of fecal samples to avoid bolus failure as being from day 6 to 

14 of the bolus life cycle.
There is a problem associated with cattle regurgitating 

boluses, especially when on fibrous, bulky diets such as 

winter range. This can be alleviated to some degree by fasting 

cows for a few hours before administering CRD boluses



25
« (personal communication, Robert M. Kattnig).

Expiration of chromium from "Captec" boluses can be 

detected by collecting fecal samples near the expected 

expiration of the device and monitoring for equilibrium, values 
(Ellis et al., 1988). When chromium concentrations fall 50 % 
below the steady state equilibrium value, then the bolus can 

be assumed to be expired.

Conclusions Relating to the Use of the CRD

It appears that the CRD is quite effective in eliminating 

diurnal variation, while overestimating fecal output in most 
cases. Despite the problem of not accurately estimating fecal 

output with precision in some trials, it is a good tool that 

can be used to make breed group comparisons of FO on similar 

forage. Limitations are apparent in making actual definitive 

.. estimations of fecal output for each cow. In trials needing 

accurate measures of fecal output, the boluses would need to 

be calibrated for each trial, possibly with rumen cannulated 
cows, and actual total fecal collections would need to be 

obtained on a subsample of cows.
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Animal Factors

Maintenance Requirements; Size 
and Body Condition

Dickerson (1978) stated, "Biological adaptation of body 
size to climatic, seasonal grazing and feed resource 

environments, and to specialized crossbreeding systems can be 

important."
Ferrell and Jenkins (1985), citing Turner (1974), 

reported that Charolais and Hereford maintenance requirements 

increased proportionally to metabolic body weight (MBW). 

However, when they compared several different studies 
(Table I) and scaled back milk production at a value of 1.06 

Meal Metabolizable Energy (ME) / kg milk, variation in 
maintenance requirements were found to exist beyond those of 

size or milk production. Breed differences in maintenance 

requirements were found to exist. This would indicate that one 

could not blindly make extrapolations for maintenance 

requirements of efficiency from one breed to another. Notice 

that while Maine Anjou crosses would be larger and growthier, 

their maintenance requirements / unit of MBW are less than 

many of the traditionally smaller, more moderate growth 

breeds. Some confounding of maintenance estimates can occur 

from some observations that large animals eat less forage / kg 

of body weight than some small animals (Zoby and Holmes, 1983; 

as reported by Kattnig, 1991).
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TABLE I. ESTIMATES OF METABOLIZABLE ENERGY REQUIRED FOR MAINTENANCE OF VARIOUS BREEDS OR BREED CROSSES
Breed or breed cross Physiological state, Maintenance, kcal »kg-.75 ,-I

Angus-Hereforda
Charolais X
Jersey X
Simmental X
Angus
Hereford
Simmental
Charolais
Angus
Hereford
Simmental
Hereford
Simmental

Nonpregnant, nonlactating, 9-10 yr

Nonpregnant, lactating, 5-6 yr

Nonpregnant, nonlactating, 5-6 yr

Growing-finishing, 9-15 months

130
129
145
160
149
141
166
165
118
120

134
106
126

Angus-Hereforda Pregnant, lactating, 8-9 yr 151
Red Poll X 157
Brown Swiss X 156
Gelbvieh X 158
Maine Anjou X 146
Chianina X 174

aCrossbred cows produced by mating Angus, Hereford, Charolais, Jersey, Simmental, Red Poll, Brown Swiss, Gelbvieh,' Maine Anjou or Chianina bulls to Angus or Hereford cows. (Ferrell and Jenkins, 1985)

There does seem to be general agreement that increasing body 

condition scores are inversely related to milk production, 

calf weaning weights, and forage intake / unit of body weight 

(Morris and Wilton, 1976; Kress et al., 1986).

Ferrell and Jenkins (1985), citing Russell and Wright 

(1983), reported that maintenance / unit of size decreased 

with increasing body condition score.

In studies with pigs and rats it has been shown that 

leaner animals are less efficient than obese animals. Tess et 

al. (1984) showed that faster growing, leaner pigs had greater
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fasting heat production than slower growing fatter pigs.

Species differences in maintenance requirements may 
exist. For example, Ferrell and Jenkins (1985) cited Vermorel 
et al. (1976), where they found double muscled Charolais bulls 
did not differ from conventional Charolais bulls in 

maintenance requirements. Ferrell and Jenkins (1985) also 

cited the research of Garrett (1980) ; with lean steers having 

similar maintenance requirements to fatter heifers at the same 

age or weight.
Miner and. Baile (1991) stated that long term forage 

intake must rely on a system for monitoring body fat. They 

said, "This hypothesis is supported by the fact that animals 

adjust feed intake to achieve desired body fat content (Harris 

et al., 1986)." They also advanced the theory of an adipocyte 

satiety factor as proposed by Hulsey and Martin (1991).
Fecal output has been shown to vary with body condition 

(Lee et al. , 1990). Barlow et al. (1990) found that with 

lactating cows on high and medium quality pastures, body 

condition score (BCS) regressions bn fecal output were 

negative. This demonstrated that the more body condition a cow 

had, the less she ate. They did find a slightly positive value 

of the BCS regression on FO for the low quality pasture. The 

thinner animals on the low quality pasture may have been in a 

much more energy deficient state, allowing less energy for the 

long periods of grazing required.
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Maintenance Requirements:

Pregnancy

Genotype differences in forage intake among pregnant cows 
are not generally observed (Barlow et al., 1988). Rosiere et 

al. (1980) found that nonpregnant 2-yr-old cows ate 

essentially the same amount as pregnant cows on a % body 

weight basis.
In a feedlot study by Hunter and Siebert (1986), the 

amount of feed consumed by pregnant heifers increased with 

increasing liveweight in late pregnancy, but intake / unit of 

body weight remained constant.
Kress et al. (1986) found that when subtracting for calf 

weight from precalving weight, cows actually lost weight 

during winter (advancing gestation).
This is not unusual considering the depressed forage 

intakes that have been reported due to winter grazing and/or 

late winter feeding conditions (Cordova et al., 1978; 

Rittenhouse et al., 1970). Most researchers agree that winter 

forage intakes on winter grazing during late pregnancy is 

often inadequate to meet energy requirements. Cow intake is 

depressed by decreased availability ■ and decreased 

digestibility (McCollum and Galyean, 1985) of the late season 

dormant forage. This increases retention time in the rumen and 

decreases passage rate of the forage from the rumen (McCollum 

and Galyean, 1985; Hyer et al., 1991a). This causes increased 

rumen fill and distension; thereby having a negative feedback 

on the hypothalamus. Compounding factors in the gestating
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female during late pregnancy are increased fetal size and 

decreased rumen space.

Coupled with the distension and rumen passage rate, are
I '

the effects of winter temperature. Adams et a!. (198 6) 

reported that decreased temperatures and increased snow cover 
both decreased grazing time.

In a study by Rittenhouse et al. (1970), winter intakes 

of cattle were only 50 to 58 g dry matter intake (DMI) / kg 

MBW. This is less than National Research Council (NRC, 1984) 

maintenance requirements and is less than the average summer 

grazing DMI on standard forage proposed by Cordova et al. 
(1978) of 80 g DMI / kg MBW. Cordova also proposed a standard 
OMI at 74 to 76 g OMI / kg MBW when the forage contained 8 % 
ash. Cold temperatures not only affect grazing times, they 

also affect the digestibility of the forage. Cristopherson 

(1976) stated that dry matter digestibility of the feedstuff 

fed to outdoors steers decreased . 08 % for each degree C 

decrease in temperature below the 18.4° C of housed animals.

Hyer et al. (1991b) observed that the rate of fiber 

digestion may be changed when crude protein is limiting. They 

also hypothesized that there were "post ruminal controls of 

intake in a protein limiting state." Winter forage is often 

adequate in energy while being limited in crude protein. Some 

producers supplement protein to cattle on winter forage to 

increase digestibility and use of forage. A more recent trend 

is to furnish bypass, protein to cows in a negative energy
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state to reduce weight loss and increase postpartum 
reproductive performance (Petersen, 1991).

Maintenance Requirements: Previous 
Plane of Nutrition

The previous plane of nutrition has been found to affect 

maintenance requirements with high planes of nutrition 

increasing maintenance requirements dramatically over low 

planes of nutrition with rats and sheep (Ferrell and Jenkins, 
1985). Casebolt (1984) stated that underfed cows entering 

lactation will sacrifice milk production to maintain weight 

later in lactation. It has been found that much of the 

compensatory gain in previously stressed animals is due to 

decreased maintenance requirements due to shrunken organ size 

(Hogg, 1989). Fifteen to 33 % of the realized weight gains in 

compensatory gain cattle are in increased gut fill, a direct 

indicator of increasing organ size (Hogg, 1989).

Ferrell and Jenkins (1985) found the weights of heart, 

lung, liver, and kidney to be greater in ad libitum vs 

restricted or control diet cows in a drylot experiment.

Lomax and Baird (1983.) found blood flows of lactating 

cows to increase curvilinearIy with increasing ME intake / kg 

MBW. They attributed the increased blood flow of lactating 

cows to the increased ME intake accompanying lactation, rather 

than to lactation alone.
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Physiological Changes

Physiological changes in the producing cow are dynamic 

and change with pregnancy, lactation, and forage status. Some 

-x observed changes which occur are cited below from the studies 

of Forbes (1984).
Late pregnancy:

1. Estrogens decrease intake
2. Reduced fill size decreases intake

Lactation
1. Increased fill size due to birth of calf, 

involution of uterus, and decreased abdominal 
fat.

2. Hypertrophy of ruminoreticulum, liver and 
intestine increases intake.

3. Faster passage rate
4. Gluconeogenesis
5. Mammary gland drawing from pool _ of

metabolites decreases those metabolites
negative feedback on hypothalamus (Bines and 
Davey, 1978), and since control of the
hypothalamus . is due to the additive
influences of several afferent receptors, it 
allows for greater stretch tolerance for the 
distension receptors in the rumen.

Other
I. Thinner cows eat more (Garnsworthy and Topps, 

1982)

Sanchez and Morris (1984) followed the energy 

expenditure of Hereford cows throughout the year. On very 

highly digestible (> 75%) pasture, early lactating cows 

expended 1124 + 14 kJ / MBW • d'1. While on average pasture 

(digestibility = 60%) at the end of lactation, they expended 

752 + 17 kJ / MBW • d'1. This dropped to 541 ± 26 in
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postweaning and was 468 + 6 kJ / MBW • d"1 several weeks before 

lactation. Two to eight weeks after parturition, energy 

expenditure increased 22 % over the precalving level of 468 

kJ / MBW • d"1.
Hunter and Siebert (1986) observed a 35 % increase in 

roughage intake by lactating cows and they concluded that this 

increase would have to cause major changes in either rumen 
fill and/or passage rate. Weston and Cantle (1982) found rumen 

fill and passage rate to increase in lactating sheep.
In a review by Allison (1985), most researchers have 

found reticulo-rumen fill, rate of passage, and digestibility 

to be the primary mechanisms of forage intake. This agrees 

with work done by Ellis (1978).
Because of the drive to furnish sufficient metabolites to 

the mammary gland, dairy breeds and dairy breed crosses have 

been found to have a greater amount of offal components than 

beef crosses (Ferrell and Jenkins, 1985). These differences 

have been found to be heritable (Ferrell and Jenkins, 1985). 

Ferrell and Jenkins also cited research by Lomax and Baird

(1983) , wherein they found 50 to 60 % greater portal and 

hepatic blood flows in lactating vs nonlactating cows.

Ferrell and Jenkins (1985) also estimated 37 % of the 

fasting heat production of pregnant and nonpregnant Hereford 

heifers was due to the liver, heart, and kidney.
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Lactatina vs Nonlactatinq. Morris and Wilton (1976) 

reported that energy requirements for lactation range from 
10 to 40 % greater than for dry cows. Havstad et al. (1986)

reported lactating females to have 53 % greater intake than 

nonlactating females. In a drylot study by Ferrell and Jenkins 

(1985) , lactating cows ate 35 % more than nonpregnant,

nonlactating cows.
Ferrell and Jenkins (1985) stated that increasing 

maintenance requirements were more an effect of increased 

genetic potential for milk yield instead of weight. Dairy 

crosses have been found to have increased maintenance 

requirements as opposed to beef crosses. Much of this may be 

due to increased organ size (Ferrell and Jenkins, 1985; 

Forbes, 1984).
Rosiere et al. (1980b) also found lactating cows to have 

more forage intake than nonlactating cows. Nonlactating two- 

yr-olds only consumed 67 % as much forage as did lactating 2- 

yr-olds. Nonlactating 2-yr-olds had 1.4 % of body weight (BW) 

OMI and lactating 2-yr-olds had 2.1 % of BW organic matter 

intake.
With increasing forage quality, forage consumption has 

been as high as 3.2 % of BW with lactating cows. (Streeter et 

al., 1974) .
Forage intake increases with increasing milk yields. 

Rosiere et al. (1980b) found that at 90 days postpartum, 

lactating cows ate 2.5 % of BW compared to 1.7 % of BW at 150
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days postpartum when milk yields have dropped. Dry matter 

digestibilities of forage during these times were 75% at 90 

days and 78% at 150 days postpartum.

For differences in forage intake to be expressed during 
lactation, adequate forage quality must be available. Barlow 
et al. (1990) found no significant differences in fecal 
organic matter output between lactating and noniactating 

females on low quality (46 to 49% digestibility) pasture 

during late and mid-lactation. However, differences were found 

between lactating and noniactating cows all during lactation 

on high quality pasture and during early and mid- lactation on 

medium quality pasture.
Rosiere et al. (1980b) suggested that replacement heifers 

be regarded as 2/3 of a similar sized cow unit (cow and small 

calf) when stocking pastures. They also said that range 

requirements' should be adjusted for lactating or noniactating 

conditions for cows. A sound suggestion was made for early 

weaning of calves during drought years.

Milk Production. In 1984, Casebolt reported milk 

production to decrease linearly beginning 60 days postpartum, 

with milk production and calf age being inversely related. 

These lactation curves are similar to results, reported by 

Ferrell and Jenkins (1987) and Streeter (1974). Lactation 

curves from Casebolt1s thesis are provided in Figure 5.
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Figure 5 Daily milk production for different breed and 
breed crosses (Least Squares) From: (Casebolt, 1984)

Lathrop (1985) found grazing time (GT) for lactating 

females to increase .05 h / day for each kg of added milk 

production while each additional day of calf age decreased GT 

by .02 h/d. Funston (1987) did not find increased grazing time 

differences between breed groups differing in milk production, 

reporting only some differences in bite size.
Year differences in the quality of the forage can exist 

and influence grazing behavior. Wagner et al. (1986) found 

decreased forage values and decreased milk yields to reduce 

forage intakes from 3.1 % BW and 2.8 % BW in June to 2.2 and 

2.3 % BW in August for Hereford (HH) and 3/4 Simmental x 1/4 

Hereford (3S1H), respectively. The following year, the same 

trend was observed, but there was a change in ranking with
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3SIH eating significantly more than HH in June and August (3.2 

and 2.4 % BW vs 2.7 and 2.1% BW). In the year previous, the 
breed differences were nonsignificant. Differences in year 

were explained by differences due to digestibility of the 

forage with the first year having high digestibility (65 %) 

and the second year having a more normal digestibility value 

for the forage (61 %).

Wagner et al. (1986) stated,

When physical conditions limit intake, however, 
milk yield will more likely depend on the amount of 
metabolizable energy the animal can derive from the 
forage or mobilize from fat stores (Baiie and 
Forbes, 1974). Fat mobilization to produce milk 
confounds the relationship between milk yield and 
caloric intake. To this extent, correlation 
coefficients between milk yield and daily OMI 
intake are generally low (Bines, 1976).

Holloway et al. (1979) reported that lactating cows on 

higher quality pastures had 2.8 mm more subcutaneous fat and 

gained 18 kg more BW than cows grazing low quality pastures.

Age of calf probably affects milk production and forage 

intake of the cow. Hunter and Siebert (1986) found the intake 

of drylot lactating Brahman x Hereford (BH) cows to increase 

from I month lactation to 3 to 4 months lactation. Intakes for 

cows 7 months pregnant were 2.58 % BW; 2.8 % BW at 8 months 

gestation; and 2.69 % BW at 9 months gestation. At one month 

lactation, intake was 2.94 % BW . At 3 months, intake was 3.18 

% and at 4 months lactation, intake was 3.25 % BW.
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It may seem strange that intakes are sometimes greater 

during the times when milk production is dropping. Forbes

(1984) reported that peak forage intake occurs several weeks 
after peak milk yield. However, Forbes (1984) also reported 

voluntary intake in cows to peak at 10 weeks (Mowatt, 1973), 
which would be at about the same time as peak milk production 
in most beef breeds. Energy driven metabolic pathways caused 
by decreased body condition in lactating cows could be 

expected to increase forage intake beyond projections for milk 

yield.
'

Energy

Some energy definitions as they apply to grazing animals 

are defined as follows(Havstad, 1981; NRC, 1984; Havstad and 

Doornbos, 1987; Jurgens, 1988):

Gross Energy (GE) = heat in forage

GE - energy in feces = Digestible Energy (DE)

DE is approximately = % digestibility of forage

DE - energy in urine and gas (methane & CO2) = ME

ME (Metabolizable Energy) = .82 * DE

Basal Metabolic Rate (BMR) = 81 kcal*MBW

BMR is defined as comfort zone (no energy expended to 
maintain temperature); post absorptive, resting state.

Maintenance is usually 1.15 to 1.5 * BMR, depending on 
temperature and age.
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Values that have been assigned for various cow 

activities are found in Table 2.

TABLE 2. ENERGY COSTS FOR DIFFERENT COW ACTIVITIES
AVG TIME OR AMT ACTIVITY ENERGY EXPENDED

Basal Req. 
(Resting)

81 kcal*MBW

5 km Walking 82 kcal/IOOkg BW/km
9 h Grazing 78 kcal/100 kg BW/h
5 h Ruminating 24 kcal/100 kg BW/h
2 h ' Stands Idle 34 kcal/100 kg BW/h
Last Trimester Fetal Growth 400 kcal/d
.33 kg/d Growth .33kg*4200kcal/kg 

new tissue
Lactation 25-35% > than basal

From: (Havstad, 1981)

Ferrell and Jenkins (1984) estimated ME required to 

maintain dry, nonpregnant cows at energy equilibrium to range 

from 129 . to 160 kcal * MBW / d, depending upon milk 

production. This study was with drylot animals. If lactating 

females have 25% greater requirements of energy / d and if the 

daily energy expenditure of free roaming livestock is 25 % 

greater (Osuji, 1974), then this would raise basal 

requirements from 81 kcal * kg MBW / d to 284 kcal * kg 

MBW / d. Havstad and Doornbos (1987) calculated a figure of 

greater than 200 kcal* kg MBW/d as being adequate.
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Havstad and Doornbos (1987) found ME of lactating cows to 

range from 91 kcal * kg MBW / d in a drought year [43 % in 

vitro organic matter digestibility (IVOMD)] to 315 kcal *.kg 

MBW / d in a high forage quality year (65 % IVOMD). No breed 

type differences in forage intake for lactating cows were 
detected in these years. In more normal years (IVOMD of 50 % 
and 61 %) , there were breed group differences for forage 
intake. In 1982 (50 % IVOMD), ME ranged from 141 to 168 kcal 

* kg MBW / d, and in 1984 (61 % IVOMD), ME intake ranged from 

243 to 299 kcal * kg MBW / d.
These values correspond to the intake model calculated by 

CO2 production as specified by Morris and Sanchez (1987). They 

found total heat production or ME of lactating cows to range 
from approximately 122 to 273 kcal * kg MBW / d. They also 

found values during mid and late pregnancy to be 12 2 kcal * kg 

MBW / d. At this ME intake, cows gained weight during the mid

trimester of pregnancy (nonlactating), but loss weight during 

the last trimester.
Increasing forage - availability during mid-lactation 

caused - cattle to gain weight and increase daily energy 

expenditure. During late lactation, cows continued to gain 

weight while decreasing daily energy expenditure.
NRC (1984) requirements put mid-trimester energy 

requirements for a 450 kg cow (the size of cows used in Morris 

and Sanchez's study) at 61 MJ / d or 149 kcal * kg MBW / d. 

This seemed to overestimate requirements according to the
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Morris and Sanchez data. Last trimester NRC requirements for 

ME are 176 kcal * kg MBW / d 'and requirements for lactating 

cows with average milking ability are 193 kcal * kg MBW / d.
During grazing, cows may travel from 3 to 5 km / d. Less 

forage availability can increase this to 12 km / d (Morris and 

Sanchez, 1987). Havstad et al. (1986) found cattle in their 
study to travel 4.2 to 5.0 km / d. If pasture ground is hilly, 
then energy expenditure for traveling the same distance as on 
level ground can be exceeded ten fold (Morris and Sanchez, 

1987) .

Calculation of ME. Havstad and Doornbos (1987) calculated 

ME of cows by the following method:

OMI g * 4.5 kcal/g OMI * % IVOMD/lOO (equiv. to DB) *.8
(ME intake = .8 DB) = kcal of ME

kcal of ME was then divided by MBW in kg to determine
kcal / kg MBW /d.

Example:
HH cow had 7.8 kg OMI and weighed 460 kg

7800g OMI * 4.5 kcal/g OMI*.50 IVOMD *.8= 14040 kcal ME

14040 = 14040 = 1 4 1  kcal * kg MBW/d
4 6 0'/5 99.327

Havstad and Doornbos (1987) proposed that for breed 

type differences in OMI to be exhibited in range conditions, 

the forage would need to provide around 3.0 kcal ME/ gram. 

They reported their forage to have < 2.5 kcal ME /g and so
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they stated that the expression of production potential by 
breed types large in frame and greater in milking ability 
could be expected to be suppressed in some years.

Grazing Conditions

Coefficients of variation for forage intake by grazing 
cows are much higher than for drylot fed animals (Rosiere et 
al. 1980). Also coefficients of variation for cows during 
early season grazing are much more variable than for grazing 

heifers. Coefficients of variation for cows at 90 d postpartum 

were 60.32% compared to 49.5% for heifers. Values at 150 days 

postpartum were comparable to the heifers. As mentioned 

earlier, diurnal variation in lactating females can be 

important.
Differences in forage intake as compared to drylot 

conditions can be significant for lactating females stressed 

by rapidly growing calves in peak to mid-lactation.

Energy expenditures due to grazing can be substantial 

(Scarnecchia et al., 1985; Havstad et al., 1986). Osuji (1974) 

estimated that grazing ruminant grazing animals should expend 

25 to 50 % more energy than housed animals.

Digestibility

It has long been recognized that forage intake increases 

with the digestibility of the forage (Huston and Pinchak,
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1991). Wagner et al. (1986) found that increased digestibility 

of the forage increased forage intake (p < .10). In 1983, 

forage digestibility was 65% and forage intake for HH cows was 
2.8 % BW / d. In 1984, forage digestibility for the same cows 
was 61 % and forage intake was 2.3 % BW / d. These results 

agree with those of Barlow et al. (1988).
There is a point at which increasing digestibility of 

available forage decreases forage intake (Allison, 1985) due 

to increased available nutrients . Allison (1985), in citing 
Hutton (1963), defined this point of decreasing forage intake 

as forage exceeding 70 % digestibility.

Production

Minson (1980) stated that at least 1500 kg DM/ha of 

forage is required for intake of cows not to be limited. This 

amounts to each cow consuming .3 g DM / bite.
Huston and Pinchak (1991) , in a review of literature, set 

a value of 1000 kg DM / ha with temperate native grasslands of 

North America, but cited higher values (1000 - 4000 kg DM /ha) 

for improved plant species.

As forage availability drops, animals increase grazing 

time in an effort to compensate. There is a point at which the 

interaction between amount of forage ingested and energy 

expended for grazing becomes important. Funston (1987), in 

citing Stobbs (1975) , reported this value at 12 hi / d. This 

would seem to be the physical time limit of grazing and
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animals will lose weight rather than increase grazing time 

beyond this period.

Compensatory Changes in Diet

Grazing cows generally show a preference for grass 

(Stuth, 1991). If grass becomes limiting in quantity, cattle 

will shift to forbs first, and finally to browse (Stuth, 
1991).. Also, if digestibility of grass drops, cattle will 

increase forb consumption to try to compensate and maximize 
digestible OMI (McCollum and Galyean, 1985; Lippke, 1986). 
Kattnig (1991), citing Krysl et al. (1987), reported that 

"grass consumption dropped from 75% to 47% and forb 

consumption increased from 25 to 53% as grasses approached 

maturity."

Forbs are generally higher in digestibility and protein 

than grasses, so this is why this response is exhibited in 

grazing cattle.

Cattle can consume legumes and some forbs with a greater 

degree of gut fill than grasses due to greater fragmentation 

(Galyean, 1987). Coupled with greater digestibility, this 

results in greater forage intake.

Intake of greater leaf fractions will result in greater 

intake and digestibility than with stem fractions. This is due 

in large part to a decreased retention time in the rumen 

(Galyean, 1987) .
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Animal Factors

Animals also differ in their ability to utilize forage. 

Brahman crosses utilized poor quality forage more efficiently 

than British breeds (Hunter and Siebert, 1986), but when 
available forage quality improved, British cattle ate more and 
gained more than Brahman cattle. The higher fasting heat 

production (FHP) of British cattle requires a higher quality 

forage in order to express their increased growth potential 

(Frisch and Vercoe, 1984). Much of the difference in intake 

may be due to digestive tract size (Huston and Pinchak, 1991).

Efficiency

Efficiencies of different biological types of cattle can 

be expected to vary from one environment to another.

The results of Ferrell and Jenkins (1985) suggested that 

animals with high productivity may have less advantage in a 

suboptimaI environment. Rankings of breed groups for 

efficiency could change when changing environments as it did 

with studies done on shortgrass prairies and parkland grazing 

in Canada (Smith et al., 1987a; Smith et al., 1987b).

Environmental adaptation for specific breeds exist which 

give them advantages in a particular environment. Frisch and 

Vercoe (1984) found fasting metabolism, maintenance 

requirement, voluntary feed intake (pen conditions) , and daily 

gain to be highest for Hereford x Shorthorn (HS) steers and
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lowest for Brahman (BB) steers in an optimal environment. 

However, due to the BB ability to withstand stresses like 
ticks, parasites, and heat, and coupled with its lower FHP, it 

was able to out gain the HS and Brahman x HS crosses in a 

grazing environment exposed to all stressors mentioned. Only 
in an intermediate environment (parasites controlled, grazing) 

were the BB x HS crosses able to express greater growth rate 

than both the BB and HS cattle. The higher FHP for the HS 

cattle would require greater intake per day of available 

forage of sufficient quality, while the BB would be more 

drought tolerant.
Studies similar to this one led Ferrell and Jenkins

(1985) to state.

Selection for increased growth rate in a high stress 
environment results in decreased fasting heat production 
and selection for growth in a low stress environment may 
raise fasting or maintenance energy expenditure and 
increase cow size.

A four year study by Doornbos et al. (1987) found that 

breed differences in OM intake disappeared in a high quality 

(65% IVOMD) or a low quality (43% IVOMD) forage year. This 

study was conducted in the foothill ranges of northern central 

Montana and the study site precipitation ranged from 20 to 41 

cm annually during the study. Breed types used were Hereford 

(HH) , Angus x Hereford (AH), 1/4 Simmental x 3/4 Hereford 

(1S3H), Simmental x Hereford (ISlH), and 3/4 Simmental x 1/4
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Hereford (3S1H). During an average year, significant breed 

type differences for OMI■ were detected among lactating cows, 

with higher producing ISlH and 3SIH types consuming more 

forage than lower producing HH cows.

Greater milk yields result in greater forage intakes of 

beef cows (Kronberg et al. , 1986) . Anderson et al. (1986) 
found crossbred cows to have greater persistency in lactation 
than straightbred cows while displaying 21 % heterosis for 

this trait.
The greater milk yields associated with crossbred cows 

have resulted in greater DMI for crossbred cows during 

lactation (Barlow et al., 1988) . Conversely, it has been shown 

that there is little or no difference in OMI among grazing 

nonlactating genotypes (Havstad et al., 1986; Barlow et al., 

1988).

However, when evaluating maintenance requirements in a 

drylot experiment, Ferrell and Jenkins (1987) found higher 

milk production potential biological types to have greater 

maintenance requirements than lower milking biological types 

even when nonlactating and nonpregnant. These results agree 

with a drylot experiment by Montano-Bermudez and Nielson 

(1990), where they found lower milk production biological

types to be more biologically efficient than high milk
r

production biological types when considering feed requirements 

for cow and calf to calf slaughter.
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Due to the much greater energy expenditures in grazing 

animals (Sanchez and Morris, 1984; Havstad et al. , 1986) 

researchers should be cautious in blindly applying drylot 
(Marshall et al., 1976; Davis et al., 1983a; Ferrell and 

Jenkins, 1987; Montano-Bermudez and Nielson, 1990) conclusions 
to grazing studies. Also calves were creep fed in the study by 

Ferrell and Jenkins (1987) , thus not allowing cows to be fully 

stressed as they would in a more extensive operation.

• Ferrell and Jenkins (1987) also suggested in their study 
that " maintenance requirements increased about 9.6 kcal/kg-75 
per day for each kg of additional milk at peak lactation." 

They also attributed 40 % of the observed variation . in 

maintenance requirements to variation in milk production 

potential. Lactation demands as a percentage of yearly energy 

requirements (drylot) were assigned a value of 18.6 to 22 % of 
the yearly requirement. Gestation was calculated at 6.4 to 

7.7% and maintenance was 71 to 75 %..
Wagner (1985), as expressed by Havstad et al. (1986) 

stated that 60 % of the variation in forage intake in their 

study among 5 different biological types was explained by milk 

production.
Lathrop (1985) found that calf age and cow milk 

production had an effect on grazing time, with greater grazing 

times being associated with greater milk production. He found 

GT to increase .05 h/d for each kg of added milk production, 

while each additional day of calf age decreased GT by .02 h/d.
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However, in a follow up study by Funston (1987), higher 
milking biological types were not found to differ in grazing 
time from the lower milking biological types. However, some 
differences in bite rate were reported for the higher milking 

biological types when compared to the lower milking HH types.

More efficient cows have been shown to produce calves 

with increasing weaning weights while decreasing their own 

body condition (Morris and Wilton, 1976; Davis et al. , 1983b). 

This has been coupled to milk production, as these cows would 

convert fat stores to production. Todd et al. (1968), as 
expressed by Morris and Wilton (1976), reported that the 

correlation between calf gain and increasing cow weight gain 

during lactation was -.35. However, if an environment is too 

limiting, cows can be expected to be negatively impacted in 

production outputs.

Changes in rankings of different breed types for DMI were 

reported by Barlow et al. (1988) with changes in pasture 

productivity. They reported that higher, milking beef 

(Simmental x Hereford) and dairy crosses (Holstein x Hereford) 

excelled in DMI on high productivity pastures, but on low and

medium productivity pastures, these crosses were surpassed by
t

Brahman x Hereford crosses.

They also found medium quality pasture to show no 
genotype fecal organic matter output differences during early 

and late lactation. Only during mid-lactation were there 

significant genotype differences. This is different from the
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nesults on high and low quality pasture, where there were 

significant differences in genotype fecal organic matter 

output in all periods of lactation. The medium quality pasture 

description was as follows: early lactation (9.5 % protein, 
58.5 % digestibility); mid-lactation (8.2 % protein, 61.3 % 
digestibility); and late lactation (4.4 % protein, 52.5 % 
digestibility). The lack of significant differences during 
late lactation could be due to two factors: I) decreased 

protein and increased fiber decreasing the rate of passage and 

increasing ruminal fill; and 2) decreasing levels of milk 

production during late lactation. The pasture system may not 

have sufficiently stressed cows to make differences show up or 
on the other hand may not have been of sufficient quality to 

increase intake and raise milk production. The lack of 

genotype differences during early lactation could have been 

due to reduced calf size, not sufficiently stressing the milk 

output of the cow; and also to insufficient quality in the 

pasture to allow high milking breeds to express their 

potential sufficiently. Although not specifically stated by 

Barlow et al. (1988), there appeared to be a milk output x 

pasture quality interaction.
Barlow et al. (1988) concluded that crossbreds have a 

greater nutrient requirement than HH, but they concluded it to 

be more a function of higher milk yields, than of cow weights.

Holloway and Butts (1984) compared large and small frame 

cows on different quality pastures. They found large frame
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cows to excel in milk production, calf weight, gain, and DE 
intake on a higher quality fescue-clover mix pasture while 

smaller framed cows excelled in these traits with the lower 

quality fescue pasture. Also, fatter cows were less efficient 

on the higher quality pasture and were more efficient on the 
low quality pasture. They concluded that cows should be 
matched to' the respective forage environment.

It appears that there are still differences in forage 

intake due to factors that may not be directly measured by 

milk production (haircoat, rumen and organ size, fasting heat 

production, adaptability to stress). These factors contribute 
to the energy driven lactation system which in turn can cause 
breed group differences in forage intake to be expressed when 

the system is stressed sufficiently. However, severely 

limiting environments or highly productive environments may 

cause genotype differences In forage intake to not be 

significant if the breed groups are not widely divergent in 

their respective ability to adapt to the environment.

Cow size as it relates to efficiency has been shown to 

have different interpretations depending upon the environment 

of the study and how efficiency is calculated (Davis et al., 

1983a; Doornbos et al., 1987). If one merely looks at pounds 

of total production without evaluating reproduction or organic 

matter intake, rankings may change considerably. Economic 

efficiencies often favor larger cow sizes (Morris et al., 

1976). In a biological efficiency model (some measure of
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output divided by a measure of forage or feed intake) by 

Morris and Wilton (1976), there was no difference in 

efficiency of cow sizes . if all management criteria were 

included (replacement heifer feed requirement, salvage size of 

cows) unless reproduction performance changed. Linear program 

models (Armstrong et al. , 1990) can make adjustments in 
economic efficiencies for different environments and expected 
reproduction rates and sometimes favor lower production 

potential cows.
Biological efficiency equations are often of the type 

proposed by Kattnig (1991) in which:

Production efficiency = Adjusted Calf Weaniriq Weight
Mean daily OMI

If biological efficiency equations are coupled with a 

reproduction measure as proposed by Doornbos et al., (1987), 

they can be quite effective in matching breed resources to a 

particular environment. Doornbos et al. (1987) used the 

equation:
I

Biological eff = Adj. Calf Weaning Wt. per cow exposed
OMI

Using this particular equation, Kress et al,. (1986) 

stated that for the north central Montana foothill ranges 

region, the biological type favored was the intermediate



53
weight,, intermediate milk, and early sexual maturity crossbred 

cow. The Simmental x Hereford was the intermediate biological 

type which excelled, especially in longevity, expressing 
maternal heterosis of 116 % for this trait.

Clearly, genotype x environment interactions exist as 

reported by Smith et al. (1987a) and Smith et al. (1987b), and 

as simulated by Armstrong et al. (1990). To advise producers 

which mating systems to use in a particular environment, it is 

necessary to conduct forage intake research in a similar 

environment, designed so that it measures cow productivity and 

biological efficiency. With this information, beef cows can be 

matched to their particular environment.
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MATERIALS AND METHODS 

Sampling of Cows

Fifty-one 2-, 3-, and 4-yr-old producing range cows from 
the Northern Agricultural Research Center herd near Havre, 

Montana were randomly selected from three biological types: 
Hereford (HH), Tarentaise (TT), and Tarentaise x Hereford or 

Hereford x Tarentaise (HT), with 17 cows in each group. Each 

breed group contained five 2-yr-old, six 3-yr-old, and six 4- 

yr-old cows. Following calving, three 2-yr-old cows were 

eliminated from the study due to loss of calf in two cases and 

one failure to milk. The two cbws which lost calves were from 

the HH and TT groups, and the cow which failed to milk was 

from the HH group.
Daily fecal output (FO) was measured during five periods 

of a full year starting the fall of 1990 and ending the fall 

of 1991: pregnant, nonlactating, fall grazing (Pd I); 

pregnant, nonlactating, winter supplemented (Pd II); 

lactating, spring supplemented (Pd III); lactating, peak 

nutrition summer grazing (Pd IV); and lactating, late summer 

grazing (Pd V) . Each cow was bolused with a "Captec" bolus 

(llCaptec Chrome", Nufarm, Auckland, NZ) during each period and 
FO was determined following a I O d  equilibration period. Three

CHAPTER 3
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fecal grab samples, 3 d apart, were obtained at approximately 

900 h, frozen and analyzed later for Cr2O3 concentration. From 

this, FO was estimated by the formula:

FO = Cr2O3 release rate_______  * organic matter/100
Cr content in feces

Cows that lost a bolus during a sample period were 

eliminated from that period. Cows were determined to have lost 

a bolus by either finding a regurgitated number coded bolus or 

by an unreasonable fecal Cr2O3 concentration reading during 

laboratory analysis. Unreasonable Cr2O3 concentrations were 

defined as having a spectrophotometric absorbance less than 

.018, which would be equivalent to . 0001703 g of recovered 

Cr2O3. This is the equivalent of a dry matter intake for the 

heaviest cow in the experiment (639 kg) of 3.5 % of body 

weight. Large fluctuations of absorbance between samples and 

steady decreases from sample to sample within period were also 

considered. For the winter and spring supplemented periods (Pd 

II and III) in which there should be less daily intake 

variation, samples which fluctuated by .020 absorbance were 

eliminated. There were 2, 8, 16, 8, and 8 cows which were 

eliminated for periods I to V, respectively.

Table 3 lists the number of cows used in the final 

analysis in each period and the sampling dates. Fasting cattle 

for at least 6 to I h before administering boluses was found 

to help alleviate bolus regurgitation.
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TABLE 3. NUMBER OF COWS BY PERIOD

Pd I Pd II Pd III Pd IV Pd V

Sampling dates Nov 11, 
14.17

Feb 5, 
8.11

May I, 
10.13

Jun 11, 
14.17

Sep 10, 
13.16

Breed3
TT 16 12 11 12 15

HH 17 17 13 13 12

HT 16 14 8_ . 15 13
Total 49 43 32 40 40

Cow age
2 17 15 10 10 11

3 17 14 11 15 12

4 15 14 11 15 17 '
Total 49 43 32 40 40

aTT= Tarentaise; HH = Hereford; HT = Hereford x Tarentaise.

Management of Cattle

Grazing

During periods Iz IV, and V, cattle grazed range forage 

in a pasture in the Bears Paw mountains characteristic of the 

foothill range of North Central Montana. The area is 

classified in the Forest-Grassland complex of the western 

glaciated plains. Pasture elevation averaged 1300 m with 

slopes ranging from 0 to 40 %. Annual precipitation averages 

46 cm and was 45 cm during this, study. Upland areas were 

dominated by rough fescue (Festuca scabrella), Idaho fescue 

(Festuca idahoensis), and bluebunch wheatgrass (Agropyron
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spicatum) with an open ponderosa pine . (Pinus ponderosa) 

overstory. Kentucky bluegrass (Poa pratensis) dominated the 

lowland vegetation.

Feeding

Two- and 3-yr-old cows were group fed barley hay and 
grass hay at 9 kg/d and 4-yr-old cows were group fed 9 kg/d of 

grass hay during Pd II. Two-yr-old cows were group fed 13.6 

kg/d of second cutting alfalfa hay during Pd III while 3- and 

4-yr-old cows were group fed 13.6 kg of first cutting grass 

and alfalfa mix hay.

Breeding and Calving

While on summer grazing, cows were bred by artificial 

insemination in a 45 d breeding season with heat being checked 

by a vasectomized bull and by twice daily visual inspection.

Calves were born from February 25 to April 18 with the 

average calving date being March 27.

Measurements on Cattle

Cows were weighed at each sample of each period and body 

condition (BCS) was scored (Table 4) in the middle of each 

sample period. The average weight of the three weights within 

each period was used in analysis of data.
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TABLE 4. SYSTEM 
CATTLE

OF BODY CONDITION SCORING (BCS) FOR BEEF

Group BCS Description
I EMACIATED - Cow is extremely emaciated with no palpable fat detectable over spinous processes, transverse processes, hip bones or ribs. Tail-head and ribs project quite prominently

Thin Condition 2 POOR - Cow still appears somewhat emaciated but tail-head and ribs are less prominent. Individual spinous processes are still rather sharp to the touch but some tissue cover exists along the spine.
3 THIN - Ribs are still individually identifiable but not quite as sharp to the touch. There is obvious palpable fat along spine and over tail-head with some tissue cover over ribs, transverse processes and hip bones.

Borderline Condition 4 BORDERLINE - Individual ribs are no longer visually obvious. The spinous processes can be identified individually on palpation but feel rounded rather than sharp. Some fat cover over ribs, transverse processes and hip Bones.
5 MODERATE - Cow has generally good overall appearance. Upon palpation, fat cover over ribs feel spongy and areas on either side of tail-head now have palpable fat cover.

Optimum Moderate Condition 6 HIGH MODERATE - Firm pressure now needs to be applied to feel spinous processes. A high degree of fat is palpable over ribs and around tail-head.
7 GOOD - Cow appears fleshy and obviously carries considerable fat. Very spongy fat cover over ribs and around tail-head. In fact, "rounds" or "pones" beginning to be oBvious. Some fat around vulva and in crotch.
8 FAT - Cow very fleshy and over-conditioned. Spinous processes almost impossible to palpate. Cow has large fat deposits over ribs, around tail-head and below vulva. "Rounds" or "pones" are obvious.

Fat Condition 9 EXTREMELY FAT - Cow obviously extremely wasty and patchy and looks blocky. Tail-head and hips buried in fatty tissue and "rounds" or "pones" of fat are protruding. Bone structure no longer visible and barely palpable. Animal's motility may even be impaired by large fatty deposits.
From: (Richards et al., 1986)
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During Pd III, IV, and V, milk production (MP) was 

determined by the weigh-suckle-weigh method (Williams et al., 

1979) and was converted to a 24 h basis following a 6 to 7 h 
separation interval.

Lab Procedures

Forage Sampling and Analysis

Table 5 lists the forage sampling and analyses for each 
sample period.

TABLE 5. FORAGE SAMPLING BY PERIOD
Period Tvoe Analysis

Late fall ( I ) None Collected None

Winter
supplemented ( H )

Barley Hay & 
Grass Hay

DMa, PROTa, ash, 
ADFa, NDFa, and 

■ IVOMDa

Spring
supplemented ( H I )

2Cb Alfalfa Hay 
(2 yr. olds)

Il

ICb Alfalfa- 
Grass Hay Mix 
(3 & 4 yr. olds) ,

Il

Peak summer 
grazing (IV)

Grass & Forb Clip 
(8 sites)

DM, PROT, ash, 
NDF,.and 
IVOMD

Late summer 
grazing (V)

Il It

aDM = dry matter; PROT = protein; ADF = acid detergent 
fiber; NDF = neutral detergent fiber; IVOMD = in vitro 
organic matter digestibility. 

bIC = first cutting; 2C = second cutting.
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Representative forage samples were obtained during Pd II 

to V and analyzed as described below.
The forage samples in Pd IV and V were hand clipped from 

eight sites from the bottom, lower, middle, and upper slopes 

of a north and south facing aspect of a typical slope within 

the pasture described previously. Five random .5 m2 hoops were 
collected from each site and forage was separated into grass 

and forbs prior to laboratory analysis.

Hay samples from Pd II and III were analyzed for DM, 

ground through a I mm screen, and analyzed for Kjeldahl N and 
OM according to AOAC (1980) procedures. Acid detergent fiber 

(ADF) was determined using procedures by Goering and Van Soest 

(1970) and neutral detergent fiber (NDF) utilized the method 
described by Robertson and Van Soest (1981). In vitro organic 

matter digestibility (IVOMD) was determined using the Barnes 

modification of the Tilley and Terry in vitpo technique 

(Harris, 1970) with the exception that digestibility was 

determined on an OM basis instead of DM by filtering samples 

through glass crucibles with room temperature water after the 

pepsin digestion step, drying overnight at IOO0 C, and ashing 

at 500° C overnight. Rumen fluid used during the IVOMD 

procedures was from cows on similar diets to the experimental 

cows.
Samples from Pd III and IV were analyzed for DM after 

drying at 60° C for 48 h, ground through a I mm screen, and 

Kjeldahl N, NDF, and IVOMD were determined using procedures



61
described above. Three droplets of termamyl 12OL (Novo Nordisk 

Bioindustrials, Inc., Danbury, CT) enzyme were added to each 
sample during the filtering process of the IVOMD procedure to 

aid filtering. Organic matter was determined by ashing samples 
at 450° C and Cr2O3 content was determined using the acid 
digestion and spectrophotometric procedure of Fenton and 

Fenton (1979) .

Fecal Sample Analysis

Fecal samples were analyzed for dry matter (DM) and 

organic matter (OM) according to AOAC (1980) procedures. Fecal 
samples were ground through a I mm screen and chromium content 
was determined using the Fenton and Fenton (1979) procedure. 

This procedure has been shown to have good repeatability from 

batch to batch with no need of laboratory standards (Dr. Nancy 

Roth, personal communication), and agrees with ICP atomic 

absorption spectrophotometric procedures. Two g of feces were 

digested in 50 ml erlenmeyer flasks and diluted to 50 ml due 

to the reduced amount of Cr2O3 dispensed daily by the constant 

release bolus (1.68 g/d for boluses I to 100 and 1.74 g/d for 

boluses 101 to 247). Fecal samples were analyzed by sample 

within period. Each sample time was digested on a different 

day. During sample I, Pd I, high absorbances were obtained for 

seven samples so these samples were rerun and found to have 

more normal absorbances. These high readings were caused by a 

failure to let the spectrophotometer properly settle during
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the reading. Following this initial laboratory session, 
subsequent samples showed good accuracy with duplicate 
spectrophotometric readings being within .003 of each other 
and most absorbances being within .001 or .002 of each other. 

Also, duplicate fecal samples were analyzed for some cows. 

Table 6 lists the absorbances obtained for the duplicate 

samples. Following Pd I, all fecal digestion procedures used 

an indicator consisting of Cr2O3 in a flask of the acid 

digestion mixture, which was placed on the coolest part of the 
hotplate. This was used as a determinant of the color change 

accompanying oxidation in order to properly cook all samples.

TABLE 6. ABSORBANCE READINGS FOR DUPLICATE SAMPLES
Pd Cow ID Absorbance Run on same dav or different
III 8171 .013 & .018 same day

IV 7119 .096 & .095 same day

IV 7112 .051 & .057 same day

V 7112 .033 & .036 different

V 9194 .034, .031, same day

& .035 same day

V 8098 .023, .030, same day

& . 035 different

V 8183 .023 & .037a same day

aThis absorbance 
being equal to

rejected based 
. 026.

on Pd V, sample 3 absorbance
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CrvO3 Background

The Cr2O3 background levels in forage were evaluated 

during summer grazing (Pd IV and V) by two methods: (I) 

laboratory analysis of Cr2O3 in the forage samples; and (2) 

Cr2O3 analysis of prebolus fecal samples from control cows and 

experimental cows during Pd IV and V. During Pd IV, Cr2O3 
background was observed in the prebolus fecal samples of the 

three control cows and three experimental cows tested, so in 

Pd V, all cows were sampled prior to bolusing. The three 

control cows were also sampled with the experimental cows 

during the other three samples during both periods IV and V.

Spectrophotometer Regression Line

An ultraviolet visible spectrophotometer was used to 

determine Cr2O3 weights in grams per gram of fecal material. 

A regression line (Figure 6) was established using known 

concentration standards of .0012, .0025, .0050, .0100, .0200, 

and .0250 g Cr2O3 in an acid digestion mixture diluted to 100 

ml. The regression line was calculated using the Beer-Lambert 

Law:

A a • b • c
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where A = measured light absorbance of the species tested 

a = a constant depending on the species tested 
(with Cr, 440 nm)

b = path length of light in cm (always = I cm with our 
machine)

c = concentration of the species in solution
(the unknown we were trying to find, except for 
known standards concentrations)

With our standards, we knew A, a, b, and c and were able to 

calculate a linear regression line of the type:

A  "

y = bo + bix

with y = measured absorbance and
b0 = the calculated y intercept and 
b1 = slope of the regression line and 
x = Cr weight

bq was equal to . 0009 and b1 was equal to 25.10 with the 

calculated regression line. With these values, the unknown 

Cr weights could be determined by the equation:

Y - b0 = x  or x = A - .0009_________
b1 25.10 * sample wt.

We must account for sample weight, and in our case 

25.10 * sample weight was multiplied by 2 because we only 

diluted our digested fecal samples to 1/2 the amount of the 

standards dilutions. In most cases, a 2 g fecal sample was
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used for each cow, so the final formula was:

Cr2O3 weight = (A - .0009)
100.4 g

Organic Matter Intake

Organic matter intake (OMI) was determined during Pd II, 

III, and V by the formula:

OMI = Fecal organic matter output_________
% organic matter indigestibility/100

Organic matter intake was not determined in period I since no 

forage sample was taken and OMI was not determined during Pd 

IV due to the elevated Cr2O3 background in the fecal samples.

Statistical Analysis

The average of all three fecal output samples for each 

period were analyzed by period using the GLM Procedure of the 

Least Squares Analysis of Variance (SAS, 1987) . In addition, 

data were compared with the Repeated Measures Analysis of 

Variance (SAS, 1987) (Appendix A, Tables 19 to 21). 

Probability values for the average FO model and the repeated 

measures model probability values for between subjects effects 

were found to be identical. Fixed main effects during all
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periods were breed and cow age. Calf sex was tested as a main 
effect, but was never significant, so was eliminated from the 
model. Fecal output least squares means for breed and cow age 

using this simple model were obtained for all periods. In 

addition, expanded models were tested for covariates including
t

body condition score (BCS), cow weight (WT), calf jweight 

(CALFWT), calf age, and milk production (MP). Appropriate 
quadratic effects and all two way interactions were tested. 
Nonsignificant covariates (P > .05) and interactions (P > .05) 

were removed from the model for each period. Covariates were 

found to be nonsignificant (P > .05) for nonlactating periods 

and no quadratic effects were important in any periods 

(P > .05). Least squares means for MP, BCS, WT, and CALFWT 

were obtained for Pd III, IV, and V using the General Linear 

Model Procedure of SAS (1987) with breed and cow age as main 

effects. Least squares means for BCS and WT during Pd I and II 

were obtained using the General Linear Model Procedure (SAS, 

1987) with breed and cow age as main effects.
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CHAPTER 4

RESULTS AND DISCUSSION

Description of Cows

Table 7 lists the cow weights by breed and cowage for 

periods I to V. Three-yr-old cows were heavier than 2-yr-old 

cows (P < .10) during all periods and 4-yr-old cows were

heavier than 2- and 3-yr-old cows (P < .10) in all periods. 

There were no differences by breed during Pd I for weight, but 

all the other periods had significant (P < .10) differences 

for weight by breed. The general trend was for HH to be equal 

to or heavier in weight than HT and TT. Hereford and HT cows 

were heavier than TT in Pd IV.

TABLE 7. COW WEIGHTS (kg) BY PERIOD FOR BREED AND COW AGEa
Period

Breedb [ II III IV V
TT 490 ± 13° 495 ± 14° 449 ± 13° 470 ± 13= 523 ± 10=
HH 521 ± 13° 529 ± 12d 495 ± 12d 511 ± 13d 580 ± 12d
HT 509 ± 13° 523 ± 13cd 459 ± 15= 505 ± Ilde 544 ± 11=
Cow age
2 436 ± 14° 444 ± 12° 400 ± 14= 434 ± 14= 486 ± 12=
3 512 ± 13d 532 ± 13d 477 ± 13d 497 ± Ild 562 ± 12d
4 573 ± 13e 572 ± 13e 525 ± 13® 556 ± 11® 600 ± 10® '
3Least-Squares means ± SE.
bTT= Tarentaise; HH= Hereford; HT= Hereford x Tarentaise.
c,d'emeans in column without a common superscript differ (P < .10).
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Table 8 presents differences in BCS by period for breed 

and cow age. Differences in BCS were important in all periods 
(P < .10) except Pd I. In Pd II, HH and HT had greater (P < 
.10) BCS than TT. During early lactation (Pd III) , HH had more 

body condition (P < .10) than TT and HT and in mid-lactation 

(Pd IV), HH and HT had greater body condition (P < .10) than 

TT. During late lactation (Pd V), HH cows were fatter 

(P < .10) than HT and HT were fatter (P < .10) than TT cows. 

Differences in BCS by cowage were observed in all periods. 

Four yr-olds had greater (P < .10) BCS than 2-yr-olds in all 

periods and greater (P < .10) BCS than 3-yr-olds during all 

periods except Pd II. Three-yr-olds had greater BCS (P < .10) 

than 2-yr-olds during Pd II and V.

TABLE 8. BODY CONDITION SCORE (1-9) BY PERIOD FOR BREED AND 
COW AGEa

Breedb I II
Period

III IV V
TT 5.96 ± .21° 5.06 ± .20° 4.27 ± .18° 4.64 +1 5.26 ± .12°
HH 6.43 ± .20° 5.76 ± . 17d 5.07 ± . 16d 5.55 ± . 17d 6.05 ± .13d
HT 6.39 ± .21° 5.61 ± . 19d 4.61 ± .21° 5.33 ± . 15d 5.62 ± . 12e
Cow aqe
2 6.10 ± .22° 4.83 ± .18° 4.34 ± .18° 4.76 ± .19° 5.20 ± .14°
3 5.97 ± .20° 5.60 ± . 19de 4.50 + .18° 5.03 ± .15° 5.61 ± .Ild
4 6.70 ± . 21d 6.00 1+ E 5.11 ± . 18d 5.74 Ln+1 6.11 ± . 138
^Least-squares means ± SE.TT= Tarentaise; HH= Hereford; HT= Hereford x Tarentaise. c ’ ’6Hieans in column without a common superscript differ (P < .10).
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Table 9 presents differences in MP by period for breed 

and cowage. Tarentaise and HT had greater MP than HH in Pd III 
(P < .10) , and TT had greater MP than HH and HT in Pd IV 

(P < .10). These least squares means by breed during early and 

mid-lactation follow the trends observed for BCS (Table 8) 

during these periods with fatter cows having less MP. There 

were no significant differences in MP by breed during late 

lactation (P > .10). There were no significant differences 

(P > .10) in MP by cow age except during Pd IV with 4-yr-olds 

having greater (P < .10) MP than 3-yr-old cows.

TABLE 9. MILK PRODUCTION (kg) BY PERIOD FOR BREED GROUPS AND 
COW AGEa

Period
III IV V

BRDb MPc' ,kg NP, kg NP, kg

TT 10.9 ± . 8d 13.7 ± 1.2d 9.3 ± 1.6d
HH 8.2 ± . 7e 8.6 ± I. Ie 10.0 ± 1.6d
HT 11.4 ± . 9d 10.7 ± I. Oe 10.9 + 1.5d
Cow age
2 9.3 ± . 8d 11.2 ± 1 .3de 11.1 ± 1 .8d
3 10.3 ± . 8d 9.5 ± I. Od 10.9 ± 1.4d
4 10.9 ± . 8d 12.3 ± I. Ie 8.3 ± 1 .4d
^Least-squares means ± SE.
d BRD= breed:TT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise dMP = milk production.emeans in column without a common superscript differ (P < .10).

Table 10 presents breed group and cow age differences in 

CALFWT by period. There were no significant differences 

(P > .10) in CALFWT by breed in Pd III or IV but calves from
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TT and HT cows were heavier (P < .05) than HH calves in Pd V. 

There were no significant differences (P > .10) in CALFWT by 

cow age except during Pd III with calves from 4-yr-old cows 
being heavier (P < .05) than calves from the younger cows.

TABLE 10. CALF WEIGHT (kg) BY PERIOD FOR BREED GROUPS AND 
COW AGEa

Period
III 7 V

BRDb CALFWTc,kg CALFWT, kg CALFWT,kg
TT 68.6 ± 2.3d 120.8 ± 4. Id 229.9 ± 4.8d
HH 66.1 ± 2.2d 114.1 + 4.Od 207.4 ± 5.06
HT 68.6 ± 2.3d 117.3 + 3.6d 229.9 ± 4.6d
Cow age
2 62.5 ± 2.5d 119.1 ± 4.5d 216.7 ± 5.5d
3 66.8 ± 2.4d 113.0 ± 3.6d 218.7 ± 4.5d
4 74.9 ± 2.4* 120.1 ± 3.7d 224.7 ± 4.5d
^Least-squares means ± SE.„BRD= breed:TT = Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. °CALFWT = calf weight.’emeans in column without a common superscript differ (P < .05).

Forage

Table 11 presents the results of forage analyses by 

period. Production / ha was adequate according to Huston and 

Pinchak (1991) , exceeding the 1000 kg / ha requirement for 

native grasslands.
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TABLE 11. FORAGE ANALYSES BY PERIOD
Pd Type DMa Ash PROTa NDFa ADFa DIGa PRDDa

II Grass Hay 93.11 9.47 8.37 69.47 44.86 29.20
Barley Hay 93.35 10.65 8.51 63.19 35.67 43.13

III ICb Alfalfa-Grass Hay 92.47 11.18 13.81 45.54 35.14 41.07
2Cb Alfalfa Hay 92.41 10.68 16.27 40.64 31.41 48.60

IV Grass Clipping 43.63 15.66 10.32 61.15 60.09 770
Forb Clipping 28.38 14.71 14.87 38.68 59.52 486

V Grass Clipping 79.63 10.93 5.96 63.23 57.13 775
Forb Clipping 75.13 11.60 7.82 45.87 57.58 397

aDM = dry matter; PROT = protein; ADF = acid detergent fiber; NDF = neutral detergent fiber; DIG = in ,vitro organic matter digestibility; PROD = kg DM production / ha. d IC = first cutting; 2C = second cutting.

Figure 7 and Figure 8 illustrate forage digestibility and 

forage protein, respectively, for periods IV and V. Protein in 

Pd IV was adequate, exceeding the 9.6 % requirement for 

lactating cows (NRC, 1984). Protein in Pd V was adequate for 

dry cows (« 7 %), but was not adequate for the lactating cows 

in the study. Forage during the peak summer grazing had some 

standing dead material, so was not greatly different in 

digestibility from late summer grazing forage. Period IV was 

characterized by greater than normal precipitation with 29 cm 

of rainfall occurring from April I to June 30.

Figure 9 presents the NDF values for the forage during 

periods IV and V.
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Cr^O, Background

The forage during Pd IV was found to contain background 

chromium of 55.7 jug / g of forage (.28 to .56 g / d • cow'1) 

or from 16 to 32 % of the daily release rate of Cr2O3 by the 

constant release bolus. This is not surprising, since the 

pasture used in this study has previously been used for forage 
intake studies with treated animals receiving a 10 g / d dose 

of Cr2O3 in a gelatin capsule in those years. Because of this 

contamination, FO least squares means during Pd IV are 

depressed below normal levels.

Background chromium for the forage tested during Pd V was 

38.3 /ig / g of forage (.19 to .38 g / d • cow"1 of additional 

chromium) or an overdosage of Cr2O3 from 11 to 22 % daily. 

Although Pd V background Cr2O3 was not statistically different 

from Pd IV (Pd V mean absorbance = .00475, s = .002; Pd IV 

mean absorbance = .0065, s = .003), Pd V FO least squares 

means were not depressed to the same levels as in Pd IV.

Fecal samples from control cows and experimental cows 

during the prebolus sample (mean absorbance = .027) and sample 

I (control cows = .028, .056, and .027 absorbance) of Pd V 

appeared to be high in background Cr2O3. By sample 2, Cr2O3 

concentrations had dropped to levels of .002, .034, and .010 

absorbance for the control cows and absorbances were .008, 

.006, and .013 for control cows during sample 3. Normal Cr 

contents for grass should be .6 jug / g (Dr. Frank Munshower,
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personal communication), so by determining Cr molecular 

weight, the forage contained 32 times the amount of Cr it 
should have for Pd IV and 22 times the amount of Cr it should 
have in Pd V. Barlow et al. (1988) had background fecal Cr 

readings of 4, 6, and 9 mg / kg of feces for high, medium, and 

low quality pastures, respectively. Control cows for period IV 

had approximately 289.8 mg / kg of feces or 32.2 times the 

amount of background as Barlow et al. (1988) reported. Based 

on the figure of 9 mg of background Cr per kg of feces (Barlow 

et al., 1988), the highest absorbance we should have observed 

for control cow fecal samples would have been .002.

Data I (Appendix B) provides supplemental data relating 

to Cr2O3 background in Pd IV and the equations used in deriving 

normal chromium absorbances and forage intake on a % of body 

weight basis. Attempts were made to adjust Pd IV absorbances 

by subtracting the Cr2O3 weight in the forage (divided by 

indigestibility) from the Cr weight in feces and by 

subtracting the average control cow background Cr2O3 from the 

Cr weight in the feces. Neither method proved satisfactory as 

very large positive (23554.84) and very large negative 

(-111.50) % of body weight intakes were obtained. Therefore,it 

was decided that the best recourse was to use unadjusted data 

for fecal outputs and accept the depressed least squares means 

which occurred. Figures 10 and 11 show the Cr2O3 contamination 

by site which was observed during period IV and V, 

respectively. Codes for sampling sites are as follows: the
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Figure 11. Period V C r B ackground in Forage
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last two characters signify Pd IV or Pd V grass or forb, 

e.g. , IG = Pd IV grass, 2F = Pd V forb; the first two 

characters denote sampling sites, IA = bottomland, IB = 

bottomland, 2L = North (N) aspect lower slope, 2M = N aspect 

mid-slope, 2U = N aspect upper slope, 3L = South (S) aspect 
lower slope, 3M = S aspect mid-slope, and 3U = S aspect upper 

slope. There does not appear to be a clear pattern with the 

small number of forage sampling sites chosen. From literature 

reports, lowland areas would be expected to have a greater 

amount of Cr2O3 background due to a preference for lowland 

resting sites during summertime (Senft et al., 1985). Cattle 

may have had different grazing patterns in utilizing the 

upland topography in this study.

Researchers have found Cr uptake by plants to be mostly 

confined to the roots (Shewry and Peterson, 1974; Lahounti and 

Peterson, 1979). However, plants exposed to Cr VI have much 

greater uptake of Cr to the shoots than plants exposed to Cr 

III (Lahounti and Peterson, 1979). Forage intake studies at 

the summer pasture in the past utilized Cr2O3 with Cr in the 

Cr III state. It is possible that oxidizing agents existed in 

the soil which oxidized the Cr III to Cr VI and caused a 

greater amount of Cr uptake to the leaves of plants in this 

study (Lahounti and Peterson, 1979; James and Bartlett, 1984). 

Plants vary in their ability to transport Cr to the shoots of 

the plant (Lahounti and Peterson, 1979).
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Period IV forage may have had greater Cr2O3 content than 

Pd V due to the increased rainfall. The moisture may have 
indirectly affected Cr2O3 background due to more soil splash 

on the forage or by more oxidizing ions being available in a 

more active soil profile. Also, cows may have consumed more 

root material when grazing due to the softer soil. Forage 

samples for Pd IV did have greater ash content than Pd V 

(Table 11).

Fecal Output

Table 12 lists cows eliminated by sample period and the 

Cr2O3 absorbances observed. As mentioned earlier, cows with 

absorbances less than .018 and cows which regurgitated a 

number coded bolus were automatically eliminated from that 

sample period. Large absorbances after a low reading are 

probably due to a defective bolus which came apart and dumped 

Cr2O3 in the rumen. Some regurgitated boluses which were found 

had come apart.

Table 13 presents.FO least squares means by period for 

breed and cow age using the simple GLM (SAS, 1985) model with 

no covariates present in any period.
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TABLE 12 . COWS ELIMINATED FROM SAMPLE PERIODS.

Cow II) Pd ABSa I ABS 2 ABS 3 Reason for Elim.

7019 I 2 samples with same #
7109 I II
8185 II . 013 .030 .023 Lost bolus
7149 II .055 .048 .037 Il
8055 II . 050 .048 . 013 Il
7043 II .030 .019 .011 Low absorbance
7204 II .045 .044 .024 Large drop
8132 II . 066 .046 . 025 Steady drop
7039 II .057 .049 .033 Steady drop
8059 II . 051 .015 .015 Low absorbance
7019 III . 013 .011 . 013 Lost bolus
7108 III . 033 .045 . 020 Large drop
9107 III .009 .010 . 010 Low absorbance
8183 III . 037 .016 .020 IV
8161 III .023 .010 .009 Il
8063 III . 025 . 010 .015 Il
7043 III .011 . 009 .014 Il
7112 III .019 .009 .014 Il
7204 III . 037 . 013 .012 Il
8132 III .009 . 011 . 017 II
8185 III . 009 .009 .018 Il
7141 III . 028 .018 .015 Il
8171 III .011 .013 .011 Il
7039 III .005 . 006 . 010 11
8059 III .010 .012 . 066 Il
9194 III .070 . 047 .015 Il
7191 IV . 025 .026 .045 Lost bolus
7204 IV .037 .031 .063 it
9229 IV . 020 .079 .051 Il
8058 IV .063 .059 . 030 it
9233 IV . Ill . 086 Not sampled for I sample
8225 IV .037 .051 Il
7067 IV . 015 .073 .032 Low absorbance
8059 IV . 043 .070 . 014 Il
8165 V .081 .036 .018 Low absorbance6
7149 V .021 .009 .011 Low absorbance
8058 V .059 .004 . 008 Il

8099 V .062 .005 . 015 Il

8115 V . 049 .011 .022
8161 V .049 .014 .011 Il

8171 V . 035 .015 .023 Il

9107 V . 080 .033 .016 Il

aABS = absorbance.
b.018 absorbance for this cow = 4.47 % of body weight dry 

matter intake
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TABLE 13. FECAL OUTPUT (g) LEAST-SQUARES MEANS BY PERIOD FOR
BREED AND COW AGE (SIMPLE MODEL)a

Period

Breed*3 I II i n IV V

TT 3042 ± 172° 3339 ± 234° 3852 ± 204° 3083 ± 265° 3711 ± 124°
HH 2739 ± 167° 2936 ± 196° 4194 ± 189° 2273 ± 260d 3710 ± 141°
HT 2791 ± 172° 3119 ± 216° 4312 ± 239° 2626 ± 235°d 3880 ± 133°
Cow Aee
2 2485 ± 178° 2736 ± 208° 3757 ± 214° 2422 ± 293° 3391 ± 145°
3 2988 ± 162d 3124 + 218°d 3960 ± 208° 2490 + 235° 3964 ± 139d
4 3100 ± 172d 3534 ± 217d 4641 ± 205d 3069 ± 237d 3946 + 116d
^Least-squares means ± SE.tiTT = Tarentaise; HH - Hereford; HT - Hereford x Tarentaise. 
c'cTneans in column without a common superscript differ (P < .10).

Table 14 contains the probability values for the 

different variables and the R-Squared and residual mean 

squares for each full model by period. There were no 

significant differences (P > .10) by breed during nonlactating 

periods. This agrees with research done by Rosiere et al. 

(1980b) and Barlow et al. (1988). Reduced digestibility, 

reduced fill size, and decreased passage rate are factors 

which may act in preventing FO differences to be expressed 

(Forbes, 1984; McCollum and Galyean, 1985; Cristopherson,

1976). Differences in FO by breed were important during early 

(P < .01) and mid-lactation (P < .05), (Pd III and IV, 

respectively), but there were significant interactions with 

breed during those periods. There were no significant 

differences (P > .10) in FO by breed during late lactation, 

agreeing with reports of different breed types during late 

lactation on medium quality pasture (52.5 % IVOMD; 4.4 %



84
protein) by Barlow et al. (1988). The decreasing forage 

protein quality (« 7 %) in our study during late lactation may 

have slowed rumen passage rates compared to peak summer 

grazing. Also, there were no significant differences in MP 

during Pd V (Table 9) by breed. These two factors may have had 

a contributory effect in preventing breed FO differences from 

being expressed. FO differences by cow age were important 
(P < .10) during all periods except during Pd IV peak

lactation, when other factors may have overshadowed the 

effects of cow age.

TABLE 14. P VALUES, R-SQUARED, AND RESIDUAL MEAN SQUARE VALUES 
FOR VARIABLES INCLUDED IN STATISTICAL MODELS FOR FECAL OUTPUT
Main effects df Pd I Pd II Pd III Pd IV Pd V
Breed 2 .500 .431 .001 .011 .586
Cow age 2 .025 .014 .079 .371 .009
Covariates3
WT I .016 .004
BCS I .873 .002
CALFWT I .002

Interactions13 
BRD*C0W AGE 4 .056 .015
BREED*BCS 2 .038 .006

BRD*CALFWT 2 .007
R-Squared .33 .42 .77 .53 .25
RMS0 (e) 415951 509633 210037 545144 229559
aWT == cow weight; BCS = body condition score; CALFWT = calf weight. 
bBRD*C0W AGE = breed*cow age; BRD*CALFWT = breed*calf weight. 
cRMS = residual mean square from FO average models.
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Table 15 presents FO least squares means by period for 

breed and cow age for each full model by period. Breed was 

significant only for Pd IV (P < .10) with TT having greater FO 

than HT. Period III least squares means were not different for 

breed due to the BREED * BCS and BREED * CALFWT interactions. 

Fecal outputs by breed for Pd III were adjusted to the overall 

cow herd means for BCS and CALFWT by the statistical model 

instead of using breed means.

TABLE 15. FECAL OUTPUT (g) LEAST-SQUARES MEANS BY PERIOD FOR 
BREED AND COW AGEa

Period

Breed*3 I II III IV V

TT 3015 + 162° 3312 ± 211° 4269 ± 186° 3402 ± 294° 3711 ± 124°
HH 2768 ± 157° 2953 ± 174° 4209 ± 157° 2774 ± 257cd 3710 ± 141°
HT 2797 ± 162° 3082 ± 192° 4205 ± 178° 2701 ± 193d 3880 ± 133°
Cow Ase
2 2485 ± 167° 2736 ± 184° 4667 ± 257° 2917 + 319° 3391 ± 145°
3 2988 + 152d 3045 ± 199° 3965 ± 158d 2749 ± 225° 3964 ± 139d
4 3107 ± 162d 3567 ± 194d 4051 ± 217°d 3210 ± 251° 3946 ± 116d
^Least-squares means ± SE.tiTT — Tarentaise; HH = Hereford; HT = Hereford x Tarentaise. 
c1dTneans in column without a common superscript differ (P < .10).

Cow age was significant during all periods (P < .10) 

except Pd IV. Cows in Pd IV were in peak lactation status and 

so other physiological factors such as milk production and 

body condition may have been important enough to overshadow 

the effects of cow age. Two-yr-old cows probably had greater 

FO than older cows during Pd III because they were fed a 

better quality supplement; 48.6 % IVOMD and 16.3 % protein for
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2-yr-old cows vs. 41.0 % IVOMD and 13.8 % protein for older 

cows. Two-yr-old cows had less FO than older cows during 
periods I, II, and V. This is probably because of smaller body 
size, smaller rumen capacity, and less experience in grazing.

BREED * COW AGE interactions (P < .10) were observed 

during periods I and II (Figure 12 and 13, respectively). 

There was less variation among cow ages with Hereford cows 

than with the other breed groups. Two-yr-old HH cows nearly 

equalled or surpassed older cows in FO.
Figure 14 shows the effects of BREED * CALFWT interaction 

on FO during Pd III. There was little response to increasing 

calf weight with the HH group and this was probably related to 

an inability to respond with increased MP with increasing 

demand by the calf. The HT cows may be expressing maternal 

heterosis and responding more acutely to calf weight than the 

other two groups.
Table 16 presents regressions of FO on covariates by 

period. Increases in cow weight and calf weight increased FO. 

As body condition increased, FO decreased, especially when the 

cows were on early summer grazing (Pd IV) . These results agree 

with mechanisms reported by Miner and Baile (1991). However, 

body condition impacted the breed groups differently for PO. 

There were significant BREED * BCS interactions during Pd III 

(P < .05) and Pd IV (P < .01).
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TABLE 16. REGRESSION OF FECAL OUTPUT (g). ON 
COVARIATE_____________________________________

Covariates
Period Cow BCSa Calf
__________Weight, kg______________Weight ,kg
I
II
III
IV

_V__
aBCS = body condition score; .1 unit 
increase

Figure 15 and Figure 17 illustrate the effect of BREED * 

BCS on FO during period III and IV, respectively. Fecal output 

for HH and HT breed groups responded in a manner similar to 

literature reports (Harris et al. , 1986; Barlow et al. , 1990; 

Lee et al., 1990; Miner and Baile, 1991) with increasing BCS 

decreasing FO. The effects of BCS on FO for the TT group did 

not respond as expected, with fatter cows having more FO than 

thinner cows in PD III. In Pd IV, fatter TT cows had as much 

FO as thinner cows. Thompson et al. (1983) found that 

increased BCS during winter decreased intake with Angus x 

Hereford cows but did the opposite with Angus x Holstein cows. 

They stated that the greater internal fat of the Angus x 

Holstein cows may be more metabolically active and thus be 

more energy expensive to maintain than subcutaneous fat. 

Visual appraisal of TT for BCS may not be correctly monitoring 

the physiological responses of the TT group. Dairy cattle are

7.73 -11.04 120.74
10.99 -101.67
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known to have more internal fat than beef cattle (Koch et al. , 

1976) and greater internal organ size (Ferrell and Jenkins, 

1985) . Anderson et al. (1986) did not find any significant 
differences in kidney or back fat when comparing Tarentaise 

and Charolais crosses at slaughter, but differences in 

internal organ mass and possibly internal fat may develop 

later with lactation. Forbes (1984) found that with lactation, 

hypertrophy of the ruminoreticulum, liver, and intestine 

occurs and Ferrell and Jenkins (1985) stated that internal 

organ mass differences have been found to be heritable. 

Maternal traits have been emphasized in the Tarentaise breed 

and they may mobilize more internal fat than subcutaneous fat 

to help meet the demands of lactation. In both Figure 15 and 

Figure 17, the HT group was intermediate to TT and HH, further 

validating this hypothesis. These data indicate that with some 

breed groups, drylot forage intake data (Davis et al, 1983a; 

Ferrell and Jenkins, 1987) may not accurately reflect breed 

group differences in more stressful environments where BCS is 

likely to be less and changes in rank of breeds can occur with 

changes in BCS.
Table 17 shows the distribution of the different breed 

groups for BCS during Pd IV summer grazing when breed 

responses were most sensitive to BCS. Tarentaise had less BCS 

than HT and HH (Table 8) and Table 17 illustrates that the 

distribution of TT was different from that of HH and HT.



95
TABLE 17. DISTRIBUTION OF BODY CONDITION SCORES 
AMONG BREEDS_______ :____________ __________________

Breed3
BCSb TT HH HT
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5 
7.0

I
0
I
4
5 
0 
I 
0 
0

0
0
0
0
4
4
I
4
0

0
0
2
0
5
4
2
2
0

3TT = Tarentaise; HH = Hereford; HT = Hereford x 
Tarentaise.

bBCS = body condition score; (I = thinnest; 9 = fattest).

Figure 16 illustrates the BREED * CALFWT interaction on 

FO during Pd III for the different breed groups when effects 

of covariates were adjusted to individual breed groups means 

for BCS and CALFWT instead of adjusting to overall BCS and 

CALFWT total herd means as did the statistical model. These 

regression lines were calculated with the statistical output 

regression solutions to determine why FO was not significant 

for breed during Pd III. Fecal output means for the different 

breed groups became more divergent as calf weight moved from 

the total herd calf weight means of 68 kg (compare to Figure 

14) . Fecal output least squares means changed from 4269 to 

4010, 4209 to 4060, and 4205 to 4413 g for TT, HH, and HT, 

respectively. An approximate test of differences among means
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was calculated by adding or subtracting two standard errors 

between means. Using this approximation, FO least squares mean 

for HT then becomes different from TT and approaches being 

different from HH when subtracting two standard errors (Table 

14) from the HT mean. By evaluating models with or without 
overall average means for BCS and CALFWT, it was determined 

that Pd III FO least squares means for HH and TT were most 

sensitive to changes in BCS., while HT was most sensitive to 

changes in CALFWT.
Period V was evaluated using samples 2 and 3 since 

greater Cr2O3 background was noticed in sample I. The overall 

FO least squares mean for Pd V with 3 samples was 3798 g, and 

4598 g for 2 samples. Time effects P values for the repeated 

measures analysis of variance changed from .0001 to .0654 when 

changing from 3 samples to 2 samples, respectively. The time 

* cow age P value for 3 samples was .0049 and for 2 samples it 

was .3283. Overall breed group means ± SE were obtained for Pd

V for 2 and 3 samples using the FO average model. The least 

squares means ± SE by breed for 2 samples were 4482 ± 162, 

4432 ± 183, and 4714 ± 174 for TT, HH, and HT, respectively. 

The least squares means ± SE by breed for 3 samples were 3711 

± 124, 3710 ± 141, and 3880 ± 133 for TT, HH, and HT, 

respectively. Therefore, it would appear that more accurate FO 

herd and breed means to use in calculating OMI would be the Pd

V means for 2 samples.
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Orcranic Matter Intake

As mentioned previously, OMI could not be determined for 
Pd I and IV due to no forage sample being collected in Pd I 
and to Cr2O3 contamination of forage depressing FO least 

squares means in Pd IV.

Organic matter intakes for each breed group were obtained 

for periods II, III, and V in the following manner:

1. FO (OM basis) least squares means for breed type 

were divided by the forage indigestibility (100 - 

digestibility)/100 for each period. This gave kg 

OMI.
2. OMI was divided by the overall % OM to give kg 

DMI.

3. DMI was divided by breed average weight and 

multiplied by 100 to determine % of body weight 

DMI.

Table 18 lists the % of body weight DMI by breed for periods 

II, III, and V.
Although the calculated intakes for period II are in 

agreement with cattle on winter grazing (Rittenhouse et al. , 

1970), they are somewhat low for cattle being fed hay. This 

may have been due to the high % indigestibility as determined 

from laboratory analysis. The sample of forage analyzed may
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TABLE 18. DRY MATTER INTAKES BY BREED

Pd Brda bj O Ql INDIGa OMIa OMa DMIa WTa
DMI 

% BWTa
DMI
cr/kcr

II TT 3312 . 66b 5.02 .85 5.90 488 1.21 12.1

II HH 2953 . 66b 4.47 .85 5.26 534 .99 9.9

II HT 3 082 . 66b 4.67 .85 5.49 519 1.06 10.6

III TT 4269 . 56c 7.62 .82 9.30 444 2.09 20.9

III HH 4209 . 56c 7.52 . 82 9.17 506 1.81 18.1

III HT 4205 . 56c 7.51 .82 9.16 458 2 . 00 20.0

V TT 4482 .43d 10.42 .80 13.03 526 2.48 24.8

V HH 4432 .43d 10.31 .80 12.88 590 2.18 21.8

V HT 4714 .43d 10.96 .80 13.70 547 2.50 25.0

aBrd = breed: TT=Tarentaise,HH=Hereford,HT=Hereford x 
Tarentaise; FO = fecal output, g; INDIG = % in vitro organic 
matter indigestibility / 100; OMI = organic matter intake, 
kg; OM = % organic matter / 100; DMI = dry matter intake, 
kg; WT = average cow breed weight, kg; BWT = body weight. 

bAverage of 2/3 of cattle receiving (1/2 grass hay and 1/2 
barley hay) and 1/3 of cattle receiving grass hay. 

cAverage of 2/3 of cattle receiving first cutting alfalfa 
hay and 1/3 of cattle receiving second cutting alfalfa hay. 

dAverage of grass and forbs indigestibility.

not have been representative of the forage. Lab procedures 

should have been correct as hay sample standards ran with the 

forage samples had correct IVOMD percentages. It is also 

likely that the very fibrous forage irritated the CRD and 

caused Cr2O3 to be dispensed beyond the manufacturer's daily 

dose level (Parker et al., 1989; Adams et al., 1991). Period 

III DMI are reasonable , although they are below the 12.6 kg of
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hay fed daily on a DM basis. The cattle probably wasted some 

hay and the constant release bolus probably underestimated 

intake also. Period V DMI intakes are slightly more than 

expected for late lactation and late season forage. However, 

the digestibility of the forage was still high at this time. 

It is possible that the different forages interacted 

differently with the CRD (Parker et al. , 1989; Furnival et 

al., 1990b)..
Herefords appeared to require less forage than the other 

two breed types. Crooker et al. (1991) stated that lean body 

mass is more costly to maintain than fat with protein 

requiring " 9.3 times more energy than fat (192.9 vs 20.7 

kcal/kg)11. Herefords consistently had greater BCS and thus 

more fat than the other two breed types. Reid and Robb (1977) 

stated that the accumulation of fat in the abdominal cavity 

may reduce intake in a manner similar to the developing uterus 

during late lactation on a forage diet. This may be the case 

for HH, as they tended to have greater BCS than the other 

breed groups and lower OMI intakes.
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CHAPTER 5

SUMMARY

The CRD performed adequately for comparing relative fecal 

output of breed groups that were on the same forage base. 

Based upon the results obtained during this experiment, it 

does not appear that the CRD would perform well in absolute 

ranking of forages without further validation, either by 

determining the daily dosage rate of the CRD in a subset of 
cannulated animals or by total fecal collection on a subset of 
animals. These results agree with those of other researchers 

(Parker et al., 1989; Furnival et al., 1990b; Lamb, 1990).

Chromium contamination is a potential problem with 

previously used pastures in Cr2O3 studies due to the reduced 

dosage rate of the CRD. It will be interesting to see how 

rainfall patterns influence Cr2O3 background on the same 

pasture used in this study during future years.

Suggested laboratory procedures to be implemented with 

this type of research are:
1. Retest all fecal Cr2O3 absorbances between .017 and 

.025 by running another sample during another batch to

determine if the reading is accurate.

2. With large numbers of samples to run where cost is a 

consideration, run a subset of duplicate samples in 

each batch. It is suggested for a study of this type
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with 51 samples within each sample time within 
period, that 7 samples be ran as duplicates for 

each batch of 51 samples. This would not require 

the use of more than the one large hotplate used and 

would provide further validation of laboratory 

analysis.
Forage consumption patterns during this study agreed with 

literature reports with no FO breed group differences 

occurring during nonlactating periods (Barlow et al., 1988). 

These results agree with those of Barlow et al. (1988) on 

medium quality pasture where FO differences among breeds were 

important during mid-lactation. However, no differences were 

obtained in our study and theirs during late lactation. Our 

results indicate that differences in FO (and thus forage 

intake) are related to the demands of lactation.

Although there were not significant differences in FO 

during any periods except Pd IV, FO trended higher for TT in 

every period except Pd V. This would indicate that there is a 

maintenance cost associated with improved milk production 

which producers should consider beyond the direct cost of 

lactation (Ferrell and Jenkins, 1985; Ferrell and Jenkins, 

1987). Different breed groups respond differently to the 

challenge of milk production and mobilization of body fat is 

important during lactation.

Genotype x environment interactions can occur during a 

production year, with milk production and body condition being
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important factors in breed group differences. During peak 

lactating periods, higher milking genotypes (TT) will probably 

have greater fecal output (and thus greater forage intake) 

than low milk production genotypes (HH) provided forage 

resources are adequate to meet the demands of lactation. As 

forage quality and availability increases or decreases, milk 
output will change along with cow body condition. With 

changing forage, reranking of breed groups or of fat vs. thin 

cows can occur (Holloway and Butts, 1984; Doornbos et al. , 

1987; Barlow et al. , 1988) . It would be advantageous to 

determine fecal output responses of different genotypes to 

changing external or internal fat levels. Traditional British 

breeds which appear to respond predictably to changing BCS 

(external fat) could possibly be evaluated with visual BCS 

evaluation and ultrasound. Dairy crosses or strong maternal 

breeds which may mobilize internal fat during lactation are 

more difficult to monitor. A more effective method of 

measuring body composition and fatty acid breakdown needs to 

be developed to apply to all genotypes grazing rangelands.

Milk production and body size are important 

considerations in matching cow resources to the environment, 

but important BREED * BCS interactions may exist which also 

make some biological types more adaptable to some environments

than others.
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TABLE 19. REPEATED MEASURES ANALYSES OF VARIANCE FOR FECAL
OUTPUT (a) FOR PERIODS I AND II

Pd I Pd II

Mean Mean
Source df Souare P df Souare P

Breed 2 879667.1 .500 2 1320211.7 .431
Cow age 2 5061146.7 .025 2 7464669.9 .014
BREED * 
COW AGE

4 3148044.1 .056 4 5493859.7 ,015

Error 40 1247853.7 34 1528901.0
Time (T) 2 10835131.1 .000 2 4270684.8 .000
T* BREED 4 1348863.0 .085 4 395039.6 .436
T* COW AGE 4 136779.2 .929 4 1163366.0 .032
T* BREED * 
COW AGE

8 714695.0 .354 8 251753.3 .766

Error (T) 80 633568.3 68 412343.9
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TABLE 20. REPEATED MEASURES ANALYSES OF VARIANCE FOR FECAL
OUTPUT (Cf) FOR PERIODS III AND IV

Pd III Pd IV

Mean Mean
Source df Scruare P df Scruare P

Breed 2 6506465.7 .001 2 8527717.3 .011
Cow age 2 1819391.4 .079 2 1676672.7 .371
WTa I 4334938.0 .016 I 16302941.4 . .004
BCSa I 16523.9 .873 I 19069104.9 .002
CALFWTa I 8093386.9 .002
BREED * 
BCS

2 2440260.0 .038 2 9821359.0 .006

BRDb * 
CALFWT 2 4036532.9 .007
Error 20 630111.2 31 1635432.4
Time (T) 2 394884.3 .370 2 2821684.5 .071
T* BREED 4 385963.7 .421 4 1839813.9 .140
T* COW 
AGE

4 707049.3 .143 4 2428733.6 .062

T* WT 2 590298.7 .230 2 4968170.5 .011
T* BCS 2 1203510.4 .056 2 1059396.9 .361
T*
CALFWT

2 1694643.1 .019

T* BRD* 
BCS

4 1299778.8 .019 4 2038344.3 .107

T* BRD* 
CALFWT

4 1317517.6 .017

Error (T) 40 387272.2 62 1022725.1
aWT = cow weight; BCS = body condition score; CALFWT = calf weight. 
bBRD = breed.



120
TABLE 21. REPEATED MEASURES ANALYSIS OF VARIANCE FOR FECAL
OUTPUT fcr) FOR PERIOD V

Source df
Mean

Scmare P

Breed 2 374214.1 .586
Cow age 2 3779314.8 . 009

Error 35 688677.2

Time (T) 2 69996075.6 .000

T* BREED 4 728238.7 .228

T* COW 
AGE

■ 4 1730700.0 . 005

Error (T) 70 438041.0
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TABLE 22. LEAST SQUARES ANALYSES OF VARIANCE FOR FECAL OUTPUT
(cn FOR PERIODS I AND II_______________________________:_______

Pd I Pd II

Mean Mean
Source df Souare P df Souare P

Breed 2 293222.4 .500 2 440070.6 .431
Cow age 2 1687048.9 .025 2 2488223.3 .014
BREED * 
COW AGE

4 1049348.0 .056 4 1831286.6 .015

Error 40 415951.2 34 509633.7

TABLE 23 . LEAST SQUARES ANALYSES OF VARIANCE FOR FECAL OUTPUT
(s'* FOR PERIODS III AND IV

Pd III Pd IV
Mean Mean

Source df Sauare P df Sauare P
Breed 2 2168821.9 .001 2 2842572.4 .011
Cow age 2 606463.8 .079 2 558891.0 .371
WTa I 1444979.3 016 I 5434313.8 .004
BCSa I 5508.0 873 I 6356368.3 .002
CALFWTa I 2697795.6 ,002
BREED * 2 813420.0 .038 2 3273786.3 .006
BCS
BRDb *
CALFWT 2 1345511.0 .007
Error 20 210037.1 31 545144.1
aWT = cow weight; BCS = body condition score; CALFWT = calf weight. 
bBRD = breed.
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TABLE 24. LEAST SQUARES ANALYSIS OF VARIANCE FOR FECAL OUTPUT
(Cf) FOR PERIOD V________ ;_______________________________________

Source df
Mean

Scmare P

Breed 2 124738.0 .586
Cow age 2 1259771.6 . 009

Error 35 229559.1
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TABLE 25. LEAST SQUARES ANALYSES OF VARIANCE FOR MILK
PRODUCTION fkcrl FOR PERIODS III AND IV .______________________

Pd III Pd IV

Source df
Mean
Scruare P df

Mean
Scruare P

Breed 
Cow age

2
2

70.4
14.1

018 2
403 2

174.0
63.3

.016

.165

Error 27 15.0 34 33.3

R-Squared .28 .28

TABLE 2 6. 
CONDITION

LEAST SQUARES 
SCORE (1-9) FOR

ANALYSES OF 
PERIODS III AND

VARIANCE FOR BODY 
IV

Pd III Pd IV

Source df
Mean
Scruare P df

Mean
Scruare P

Breed 
Cow age

2
2

18.9
17.3

. 001 2

.013 2
27.8
32.8

.001 

. 000

Error 27 3.4 35 3.3

R-Squared .47 .53

TABLE 27. LEAST SQUARES ANALYSES OF VARIANCE FOR CALF 
Cka) FOR PERIODS III AND IV

WEIGHT

Pd III Pd IV

Source df
Mean
Scruare P df

Mean
Scruare P

Breed 
Cow age

2
2

73.2
918.9

.580 2

. 004 2
307.5
461.3

.503

.360

Error 27 131.5 35 438.8

R-Squared •35 •09
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TABLE 28. LEAST SQUARES ANALYSIS OF VARIANCE FOR MILK
PRODUCTION fka) FOR PERIOD V__________________ ________________

Source df
Mean

Scruare P '

Breed 
Cow age

2
2

23.6
87.5

.738

.331

Error 41 77.0
R-Squared •07

TABLE 29. 
CONDITION

LEAST SQUARES 
SCORE (1-9) FOR

ANALYSIS OF VARIANCE FOR BODY 
PERIOD V

Source df
Mean
Scruare P

Breed 
Cow age

2
2

24.0
30.6

. 000 

. 000

Error 43 2.3

R-Squared •53

TABLE 30. LEAST 
tkcr) FOR PERIOD

SQUARES ANALYSIS OF VARIANCE FOR CALF WEIGHT 
V

Source df
Mean
Scruare P

Breed 
Cow age

2
2

4490.5
599.1

.007

.477

Error 43 794.7

R-Squared .23
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TABLE 31. LEAST SQUARES ANALYSES OF , VARIANCE FOR BODY
CONDITION SCORE (1-9) FOR PERIODS I AND II__________________

Source df

Pd I

Mean
Souare P df

Pd II

Mean
Scruare P

Breed 2 11.3 .212 2 17.5 .039
Cow age 2 25.4 .036 2 50.5 . OOO

Error 44 7.1 38 Ul O

R-Squared L9 .44

TABLE 32 
Hco) FOR

. LEAST SQUARES ANALYSES 
PERIODS I AND II

OF VARIANCE FOR COW WEIGHT

Source df

Pd I

Mean
Scruare P df

Pd II

Mean
Souare P

Breed 2 19387.7 .258 2 20982.4 .161
Cow age 2 354392.5 . 000 2 300920.7 . 000

Error 44 13877.7 38 10937.6

R-Squared .55 . 62

TABLE 33. 
fko) FOR

LEAST SQUARES 
PERIODS III AND

ANALYSES
IV

OF VARIANCE FOR COW WEIGHT

Source df

Pd III

Mean
Scruare P df

Pd IV

Mean
Souare P

Breed 2 33685.1 .036 2 29820.4 .056
Cow age 2 198768.4 . 000 2 210995.4 .000

Error 31 8922.0 35 9502.8

R-Squared . 68 .61
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TABLE 34. LEAST SQUARES ANALYSES OF VARIANCE FOR COW WEIGHT
(kg) FOR PERIOD V___________________ ____________________________

Source df
Mean
Square P

Breed 2 54248.1 .003
Cow age 2 210772.2 . 000

Error 35 7916.1

R-Squared .67
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Data I
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DATA I

PERIOD IV (PEAK SUMMER GRAZING) 
Cr Absorbance Reading

Cow # Prebolus Sampl. I Sam. 2 Sam. 3
5/31/91 6/11 6/14 6/17

Control Cows
7173 .028 .016 .030 .042
8037 . 035 .017 . 066 .018
5505 . 047 .013 .050 . 022

Test Cows That Have Prebolus Sample
8225 . 040 .037 .051 NONE
9233 . 049 .111 . 086 NONE
7043 .040 . . 052 .064 . 018

Rainfall Data
Date Amt.

5/20/91 2.60 in.
5/27/91 1.20 in.
6/06/91 1.62 in.
6/07/91 0.14 in.
6/11/91 0.25 in.
6/19/91 0.40 in.
6/20/91 0.88 in.
6/21/91 0.40 in.

Forage Sample was taken on June 21, 1991 and the average 
background chromium absorbance reading on 16 samples was 
.0065, with a range of .003 - .016 . This amounts to an
additional daily dosage of . 0000557 g of Cr/g of forage eaten. 
Using the standard release rate of the Captec bolus (1.74 
g/da), and the average fecal organic matter outputs of 2000 to 
4000 grams, this amounts to an overdosage of 16 - 32% more 
chromium each day (.28 g - .557 g) .

EXAMPLE OMI = Fecal output (PM basis)_____________
% indigestibility (PM basis) /100

4000 = 10000 g OMI 
.40

10000 g OMI * .0000557 background Cr = .557 g of Cr

This does not account for selective grazing during which some 
cows may intake considerably more chromium than the calculated 
average. (See the above readings for the unbolused blank 
cows.)

EXAMPLE CR203 WT = A B S . - .0009
2 g sam * 50.2
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.066 - .0009 = .000648 Cr wt. in feces (g/g basis) 
100.4

FO = Cr Rel Rate_______  * % OM /100
Cr Wt in feces

Chromium weights in feces for Pd I and II were running on the 
order of .00032 to .00052 gram/gram of feces, (4259 g and 2700 
g fecal output respectively). This is for a more indigestible 
ration and for a cow eating less. However, if you use these 
conservative figures and add background chromium weights on 
summer forage to this:
1.74_____________  * .79 = 1420.04 g fecal output (CM basis)
.000648 + .00032

Fecal outputs change dramatically.
This fecal output would amount to an organic matter intake of 
3550.1 grams of OMI. For an 1100 # cow, this would amount to 
an intake of 9.9 # of DM or a % BWT of .9 %.

1420.04 =3550.1 g OMI= 3.550 kg= 7.828 lb. OMI 
.40

7.828 lb. OMI / .79 OM= 9.9 # DM

On the data page I supplied, the first column is the cow 
ID number and the second column is the cow's body weight. The 
milk production is listed in the next column in pounds/ day. 
The next three columns are the observed absorbance readings
for each cow. Cows which are known to have lost boluses
somewhere through the sample period have their ID number 
underlined. Readings of less than .018 I also believe we can 
safely assume lost their boluses. The remaining columns are 
the result of using the formulas listed above to calculate a 
normal expected absorbance reading with no chromium background 
for intakes of 2 %, 2.5 %, and 3 % of body weight for each
cow. Following each normal reading are the projected levels
for 140 and 180 % chromium dosages. The formula used to
calculate the normal readings on the spread sheet was:

Abs = 155.47944 / [(Bwt * % intake * .79) / 2.205 * 400] + 
. 0009

On the data page 2 supplied, the first column is the cow 
ID number and the next three columns are the cow's body 
weights. The milk production is listed in the next column in 
pounds/ day. The next columns are the observed absorbance 
readings for each cow, % fecal organic matter, calculated 
organic matter intake, dry matter intake and % of body weight
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intake for each sample. Cows which are known to have lost 
boluses somewhere through the sample period have their ID 
number underlined. Readings of less than .018 I also believe 
we can safely assume lost their boluses.

PERIOD V
Forage samples taken on Sept. 9 show a chromium 

contamination of .0000383 g/g of forage ingested or an 
overdosage of 11 - 22 % . Prebolus samples were taken for each 
experimental cow during Period V and also for 3 blank cows. 
Contamination was evident for prebolus sample (8/29/91) and 
for sample I (9/10/91). However, with the drying forage and 
having the pasture previously grazed during Period IV, 
chromium absorbances appeared fairly normal for sample 2 
(9/13/91) and sample 3 (9/16/91).

Absorbance Reading

Cow # Prebolus Sampl. I Sam. 2 Sam. 3

Blank Cows ..

7173 .035 . 028 . 002 . 008
8037 . 025 .056 .034 . 006
5505 .039 . 027 .010 .013

Test Cows (A Cross section of Test Cows)
8225 .015 .049 .040 .041
9233 .019 .063 .038 .034
7043 .039 . 074 .027 .028
7078 .012 . 054 . 025 .029
8161 .035 .049 .014 .011
8115 .024 .049 .011 .022
8132 .044 .073 .027 .039
7090 .023 .049 . .025 .040
7210 .025 .067 .025 .040

Rainfall
Date Amt.

8/28/91 .05 in.
9/14/91 .48 in.
9/16/91 . 06 in.
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Period IV - BATA PAGE I

Cow Vt Milk Abs I Abs 2 Abs 3 2: swt 140: 180% 2.5% Swt 140% 180% 3% Swt 140% 180%
7011 1232 1 5 .4 0 .0 9 6 0 .0 5 9 0 .1 1 3 0 .045 0 .0 6 3 0.081 0 .0 3 6 0 .051 0.065 0.030 0 .042 0 .0 5 4
7019 1164 29.1 0 .0 6 4 .0 .0 6 6 0 .0 3 7 0 .0 4 8 0 .0 6 7 0 .0 8 6 0 .0 3 8 0 .0 5 3 0 .0 6 9 0.032 0.045 0 .0 5 8
7039 1121 2 2 .3 0 .0 4 4 0 .046 0 .035 0 .0 4 9 0 .0 6 9 0 .0 8 9 0 .0 4 0 0 .0 5 5 0.071 0.033 0 .046 0 .0 6 0
7043 1338 3 8 .0 0 .0 5 2 0 .064 0 .0 1 8 0.041 0 .0 5 8 0 .075 0 .0 3 3 0 .0 4 7 0 .060 0.028 0 .039 0 .0 5 0
7067 1086 3 0 .0 0 .0 1 5 0 .073 0 .0 3 2 0.051 0 .071 0 .092 0.041 0 .0 5 7 0 .0 7 4 0.034 0 .048 0 .0 6 2
7076 1250 1 8 .9 0 .0 7 0 0 .0 8 2 0 .096. 0 .0 4 4 0 .0 6 2 0 .080 0 .0 3 6 0 .0 5 0 0 .0 6 4 0 .030 0 .042 0 .0 5 4
7078 1265 2 4 .0 '0 .025 0 .0 3 0 0 .021 0 .0 4 4 0 .061 0 .0 7 9 0 .035 0 .0 4 9 0 .063 0 .029 0.041 0 .053
7088 1137 3 2 .0 0 .0 7 4 0 .0 8 9 0 .0 4 8 0 .0 4 9 0 .0 6 8 0 .0 8 7 •0 .0 3 9 0 .0 5 5 0 .0 7 0 0 .033 0 .046 0 .0 5 9
7090 1081 0 .0 2 4 0 .0 2 7 0 .0 5 6 0.051 0 .0 7 2 0 .0 9 2 0.041 0 .0 5 7 0 .0 7 4 . 0 .034 0 .048 0 .0 6 2
7108 1350 15 .4 0 .0 4 6 0 .0 5 3 0 .0 3 2 0 .041 0 ,0 5 8 0 .0 7 4 0 .033 0 .0 4 6 0 .0 5 9 0 .028 0 .039 0 .050
7109 1161 4 4 .0 0 .0 6 7 0 .0 7 8 0 .0 2 7 0 .0 4 8 0 .0 6 7 0 .0 8 6 0 .0 3 8 0 .0 5 4 0 .0 6 9 0 .032 0 .045 0 .0 5 8
7112 1129 4 0 .0 0 .0 2 8 0 .0 3 4 0.051 0 .0 4 9 0 .0 6 9 0 .0 8 8 0 .0 3 9 0 .0 5 5 0.071 0 .033 0 .046 0.0 5 9.
7119 1263 10 .3 0 .0 7 6 0 .0 5 8 0 .0 9 6 0 .044 0 .061 0 .0 7 9 0 .035 0 .0 4 9 0 .0 6 3 0 .030 0.041 0 .053
7141 1232 8 .0 0 .111 0 .0 9 6 0 .0 6 3 0 .045 0 .0 6 3 0 .081 0 .0 3 6 0 .051 0 .065 0.030 0 .042 0 .054

7149 1257 3 6 .0 0 .0 2 8 0.051 0 .0 5 6 0 .044 0 .0 6 2 0 .0 7 9 0 .0 3 5 0 .0 5 0 0 .0 6 4 0.030 0 .042 0 .053
7191 1127 3 2 .6 0 .0 2 5 0 .0 2 6 0 .045 0 .0 4 9 0 .0 6 9 0 .0 8 8 0 .0 3 9 0 .0 5 5 0.071 0.033 0 .046 0 .0 5 9
7204 1179 3 6 .0 0 .0 3 7 0.031 0 .063 0 .0 4 7 0 .0 6 6 0 .0 8 4 0 .0 3 8 0 .0 5 3 0 .0 6 8 0 .032 0 .044 0 .0 5 7

7210 1342 29 .1 0 .0 5 0 0.081 0 .0 8 9 0.041 0 .0 5 8 0 .0 7 4 0 .033 0 .0 4 7 0 .0 6 0 0 .028 0 .039 0 .050

8050 1049 1 6 .0 0 .0 6 2 0 .0 5 8 0 .0 4 8 0 .0 5 3 0 .0 7 4 0 .0 9 5 0 .0 4 2 0 .0 5 9 , 0 .0 7 6 0 .035 0 .050 0 .064

8055 1105 2 2 .3 0 .031 0 .0 4 4 0 .0 2 2 0 .0 5 0 0 .0 7 0 0 .0 9 0 0 .0 4 0 0 .0 5 6 0 .0 7 2 0 .034 0 .0 4 7 0.061

8058 1139 4 8 .0 0 .0 6 3 0 .0 5 9 0 .030 0 .0 4 9 0 .0 6 8 0 .0 8 7 0 .0 3 9 0 .0 5 5 0 .0 7 0 0 .033 0 .046 0 .0 5 9

8059 951 3 0 .0 0 .0 4 3 0 .0 7 0 0 .0 1 4 0 .0 5 8 0 .081 0 .1 0 4 0 .0 4 7 0 .0 6 5 0 .0 8 4 0 .039 0 .054 0 .070

8063 1265 29 .1 0 .0 5 7 0 .0 5 4 0 .0 2 7 0 .0 4 4 0 .061 0 .0 7 9 0 .035 0 .0 4 9 0 .0 6 3 0 .029 0.041 0 .053

8098 992 17.1 0 .0 7 3 0 .0 9 2 0 .0 7 8 0 .0 5 6 0 .0 7 8 0 .1 0 0 0 .045 0 .0 6 3 0 .0 8 0 0 .0 3 7 0 .052 0 .0 6 7

8099 1174 .1 4 .0 0 .061 0 .0 3 6 0 .0 5 3 0 .0 4 7 0 .0 6 6 0 .085 0 .0 3 8 0 .0 5 3 0 .0 6 8 0 .032 0 .044 0 .0 5 7

8115 1021 1 8 .0 0 .0 5 5 0 .0 7 4 0.081 0 .0 5 4 0 .0 7 6 0 .0 9 7 . 0 .0 4 3 0 .061 0 ,0 7 8 0 .036 0.051 0 .065

8132 936 2 6 .0 0 .0 4 0 0.061 .0 .044 0 .0 5 9 0 .0 8 2 0 .1 0 6 0 .0 4 7 0 .0 6 6 0 .085 0 .040 0.055 0.071

8158 961 2 8 .0 0 .051 0 .0 8 4 0 .061 0 .0 5 7 0 .0 8 0 0 .1 0 3 0 .0 4 6 0 .0 6 4 0 .0 8 3 0 .039 0 .054 0 .0 6 9

8160 1409 2 0 .6 0 .0 6 6 0 .0 6 2 0 .0 6 7 0 .0 3 9 0 .0 5 5 0 .071 0 .0 3 2 0 .0 4 4 0 .0 5 7 0 .027 0 .0 3 7 0 .0 4 8

8161 1079 2 0 .0 0 .0 7 2 0 .1 0 3 0 ,0 9 3 0.051 0 .0 7 2 0 .0 9 2 0.041 0 .0 5 8 0 .0 7 4 0 .034 0 .048 0 .062.
8165 1055 2 0 .6 0 .0 7 3 0 .0 4 8 0 .0 7 4 0 .0 5 2 0 .0 7 3 0 .0 9 4 ■ 0 .0 4 2 0 .0 5 9 0 .0 7 6 0.035 0 .049 0 .063

817 1'1067 2 5 .7 0 .041 0 .0 6 0 0 .0 6 3 0 .0 5 2 0 .0 7 2 0 .0 9 3 0 .0 4 2 0 .0 5 8 0 .075 0.035 0 .049 0 .0 6 3

8183 1086 1 0 .3 0 .0 7 0 0.061 0 .0 5 7 ' 0.051 0 .071 0 .0 9 2 0 .041. 0 .0 5 7 0 .0 7 4 0 .034 0 .048 0 .0 6 2

8185 1009 3 8 .0 0 .0 7 2 0 .0 7 0 0 .0 6 3 0 .0 5 5 0 .0 7 7 0 .0 9 3 0 .0 4 4 0 .061 0 .0 7 9 0 .0 3 7 0.051 0 .0 6 6

8194 973 8 .6 0 .041 0 .0 8 7 0 .0 7 7 0 .0 5 7 0 .0 7 9 0 .1 0 2 0 .0 4 6 0 .0 6 4 0 .0 8 2 0 .0 3 8 0 .053 0 .0 6 9

8225 1300 2 2 .3 0 .0 3 7 0 .051 0 .0 4 3 0 .0 6 0 0 .0 7 7 0 .0 3 4 0 .0 4 8 0 .0 6 2 0 .029 0 .040 0 .0 5 2

9083 1018 2 2 .0 0 .0 9 3 0 .1 1 6 0 .0 6 8 0 .0 5 4 0 .0 7 6 0 .0 9 8 0 .0 4 4 0 .061 0 .0 7 8 0 .036 0.051 0 .0 6 6

9107 1145 2 0 .0 0.-103 0 .045 0 .0 3 0 0 .0 4 8 0 .0 6 8 0 .0 8 7 0 .0 3 9 0 .0 5 4 0 .0 7 0 0 .032 0.045 0 :058

9115 868 17 .1 0 .0 5 2 0 .0 9 0 0 .0 4 2 0 .0 6 3 0 .0 8 9 0 .1 1 4 0.051 0 .071 •0 .092 0 .043 0 .060 0 .0 7 7

9194 1002 3 4 .3 0 .0 7 6 0:071 0 .0 6 4 0 .055 0 .0 7 7 0 .0 9 9 0 .0 4 4 0 .062' 0 .0 8 0 0 .0 3 7 0 .0 5 2 0 .0 6 7

9197 913 4 0 .0 0 .041 0 .0 7 8 0 .0 3 9 0 .0 6 0 0 .0 8 4 0 .1 0 9 0 .0 4 8 0 .0 6 8 0 .0 8 7 0.041 0 .0 5 7 0 .0 7 3

9212 976 1 2 .0 0 .0 8 9 0 .0 3 3 :0 .0 4 7 0 .0 5 6 0 .0 7 9 0 .1 0 2 0 .045 0 .0 6 4 0 .0 8 2 0 .038 0.053 0 .0 6 8

9225 970 2 2 .3 0 .0 9 7 0 .095 0 .0 3 0 0 .0 5 7 0 .0 8 0 0 .1 0 2 0 .0 4 6 0 .0 6 4 0 .0 8 2 0 .038 0.053 0 .0 6 9

9229 965 1 8 .9 0 .0 2 0 0 .0 7 9 0 .051 0 .0 5 7 0 .0 8 0 0 .1 0 3 0 .0 4 6 0 .0 6 4 0 .0 8 3 0 .038 0 .054 0 .0 6 9

9233 914 2 8 .0 0 .111 0 .0 8 6 0 .0 6 0 0 .0 8 4 0 .1 0 8 0 .0 4 8 0 .0 6 8 0 .0 8 7 0 .040 0 .0 5 7 0 .073

9247 848 2 2 .0 0 .0 7 3 0 .063 0 .085 0 .065 0 .091 0 .1 1 7 0 .0 5 2 0 .0 7 3 0 .0 9 4 0 .044 0.061 0 .0 7 8

9248 911 2 4 .0 0 .0 4 5 0 .0 6 3 0 .025 0 .0 6 0 0 .0 8 5 0 .1 0 9 0 .0 4 9 0 .0 6 8 0 .0 8 7 0.041 0 .0 5 7 0 .073

9256 874 3 8 .0 0 .0 6 7 0 .091 ,0 .0 9 3 0 .0 6 3 0 .0 8 8 0 .1 1 3 0.051 0 .071 0 .091 0 .042 0 .059 0 .0 7 6 ^
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P e r i o d  IV UNADJUSTED 

C o h  '  NTl NT2 N T:

-  DATA PAG: 2 

H ilk  Abs I I  OH O H l(k g ) D H i( Ib ) Z BNT A bs 2 Z OH O H K k g ID H I(Ib )  Z BNT Abs 3 Z OH DHKkgI D H I( lb ) Z BNT
7011 1 20 3  1265 1232 1 5 .4 0 .0 9 6 0 .7 7 9 3 .5 7 ?  . 1 0 .1 3 0 .0 4 2 0 .0 5 9 0 .7 7 8 5 .8 5 2 1 6 .5 6 1 .3 0 9 0 .1 1 3 0 ,7 6 7 2 .9 8 6 6 .4 5 0 .6 3 6
7 0 1 ?  1 202  1 106  1164 2 9 .1 0 .0 6 4 0 .8 1 0 5 .6 0 3 1 5 .8 6 1 .3 1 9 0 .0 6 6 0 .7 8 8 5 .2 8 6 1 4 ,9 6 1 .2 6 1 0 .0 3 7 0 .7 7 8 9 .4 1 2 2 6 .6 4 2 .2 8 9
7 03 9  1 156  1130 1121 2 2 .3 0 .0 4 4 0 .7 5 7 7 .9 7 5 2 2 .5 7 1 .9 5 3 0 .0 4 6 0 .7 3 0 7 .5 5 5 2 1 .3 9 1 .3 7 ? 0 .0 3 5 0 .7 5 5 9 .6 7 0 2 7 .3 7 2 .4 4 2
7 0 4 3  1361 1 310  1330 5 8 .0 0 .0 5 2 0 .7 9 4 6 .7 8 4 1 9 .2 0 1 .4 1 1 0 .0 6 4 0 .7 7 4 5 .3 5 8 1 5 .1 7 1 .1 5 8 0 .0 1 8 0 .7 7 8 1 9 .8 7 3 5 6 .2 5 4 .2 0 4
7 0 6 7  1001 1066 1006 3 0 .0 0 .0 1 5 0 .7 7 8  2 4 ,0 8 6 6 8 .1 8 6 .3 0 7 0 .0 7 3 0 .7 6 2 4 .7 3 5 1 3 .4 0 1 .2 5 7 0 .0 3 2 0 .7 7 8 1 0 .9 2 8 3 0 .9 3 2 .8 4 8
7 07 6  1301 1 263  1 250 1 8 .9 0 .0 7 0 0 .7 9 7 5 .0 3 6 1 4 .2 5 1 .0 9 6 0 .0 8 2 0 .7 6 9 4 .1 4 2 1 1 .7 2 0 .9 2 8 0 .0 9 6 0 .7 8 0 3 .5 8 0 1 0 .1 3 0 .8 1 1
7 0 7 8  1281 1262 1 265 2 4 .0 0 .0 2 5 0 .7 7 1 1 3 .9 6 5 3 9 .5 3 3 .0 8 6 0 .0 3 0 0 .7 7 5 1 1 .6 2 9 3 2 .9 2 2 .6 0 8 0 .0 2 1 0 .7 3 1 1 6 .9 6 8 4 8 .0 3 3 .7 9 7
7 00 0  1 204  1 150  1137 3 2 .0 0 .0 7 4 0 .7 6 7 4 .5 8 3 1 2 .9 7 1 .0 7 7 0 .0 8 9 0 .7 7 0 3 .3 1 7 1 0 .8 0 0 .9 1 6 0 .0 4 8 0 .7 6 5 7 .0 9 2 2 0 .0 6 1 .7 6 6
7 0 9 0  1 125  1069 1081 0 .0 2 1 0 .7 7 7  1 4 .6 9 6 4 1 .6 0 3 .6 9 7 0 .0 2 7 0 .7 7 3  1 2 .9 4 1 3 6 .6 3 3 .4 2 6 0 .0 5 6 0 .7 7 3 6 .1 2 5 1 7 .3 4 1 ,6 0 4
7 10 0  1 416  1 304  1350 1 5 .4 0 .0 4 6 0 .7 9 6 7 .7 0 4 2 1 .8 1 1 .5 4 0 0 .0 5 3 0 .7 7 8 6 .5 2 5 1 8 .4 7 1 .4 1 6 0 .0 3 2 0 .7 8 3 1 0 .9 9 0 3 1 .1 ! 2 ,3 0 4
7 1 0 9  1 160  1090 1161 4 4 .0 0 .0 6 7 0 .7 5 3 5 .0 0 9 1 4 .1 8 1 .2 2 2 0 .0 7 8 0 .7 7 1 4 .3 6 8 1 2 .3 6 1 .1 3 4 0 .0 2 7 0 .7 7 3 1 2 .9 3 8 3 6 .6 2 3 .1 5 4
7 1 1 2  1 13 4  1 107  1129 4 0 .0 0 .0 2 8 0 .7 8 0  1 2 .5 7 4 3 5 .5 9 3 .1 3 9 0 .0 3 4 0 .7 6 1 1 0 .0 4 6 2 8 .4 4 2 .5 6 9 0 .0 5 1 0 .7 6 5 6 .6 6 6 1 8 .3 7 1 .6 7 1
7 1 1 9  1 319  1291 1263 1 0 .3 0 .0 7 6 0 .7 8 7 4 .5 7 9 1 2 .9 6 0 .9 8 3 0 .0 5 8 0 .7 8 4 5 .9 9 6 1 6 .9 7 1 .3 1 5 0 .0 9 6 0 .7 7 0 3 .5 3 6 1 0 .0 1 0 .7 9 3
7141 1221 1230 1 232 8 .0 0 .1 1 1 0 .7 8 2 3 .1 0 2 8 .7 8 0 .7 1 9 0 .0 9 6 0 .7 9 5 3 .6 5 1 1 0 .3 3 0 .8 4 0 0 .0 6 3 0 .7 3 3 5 .5 1 0 1 5 .6 0 1 .2 6 6
7 1 4 ?  1 265  1 252  1257 3 6 .0 0 .0 2 8 0 .7 5 0  1 2 .5 6 3 3 5 .5 6 2 .3 1 1 0 .0 5 1 0 .8 5 8 7 .4 7 7 2 1 .1 6 1 .6 9 0 0 .0 5 6 0 .7 7 0 6 .1 0 1 1 7 .2 7 1 .3 7 4
7191 1 13 8  1171 1127 3 2 .6 0 .0 2 5 0 .7 5 7  1 4 .2 6 4 4 0 .3 7 3 .5 4 8 0 .0 2 6 0 .7 7 1 1 3 .4 1 2 3 7 .9 6 3 .2 4 2 0 .0 4 5 0 .7 8 8 7 .8 0 1 2 2 .0 8 1 .9 5 9
7 20 4  1194 1171 1179 3 6 .0 0 .0 3 7 0 ,7 3 5 9 .5 0 2 2 6 .0 9 2 .2 5 3 0 .0 3 1 0 .7 7 7 1 1 .2 7 2 3 1 .9 1 2 .7 2 5 0 .0 6 3 0 .7 7 5 5 .4 4 9 1 5 .4 2 1 .3 0 8
7 2 1 0  1 428  1368 1342 2 9 .1 0 .0 5 0 0 .8 0 0 7 .1 1 6 2 0 .1 4 1 .4 1 1 0 .0 8 1 0 .7 9 3 4 .3 2 3 1 2 .2 4 0 .3 9 4 0 .0 8 9 0 .7 9 5 3 .9 4 2 1 1 .1 6 0 .6 3 2
0 05 0  1 052  1061 1049 1 6 .0 0 .0 6 2 0 .7 5 9 5 .6 3 9 1 5 .9 6 1 .5 1 7 0 .0 5 3 0 .7 3 0 5 .9 6 5 1 6 .8 8 1 .5 9 1 0 .0 4 8 0 .7 8 3 7 .2 6 0 2 0 .5 5 1 .9 5 9
6 0 5 5  1 09 7  1 094  1105 2 2 .3 0 .0 3 1 0 .7 7 1 1 1 .1 8 4 3 1 .6 6 2 .8 8 6 0 .0 4 4 0 .7 7 9 7 .8 9 4 2 2 .3 4 2 .0 4 2 0 .0 2 2 0 .7 3 7 1 6 .2 9 7 4 6 .1 3 4 .1 7 5
6 05 8  1 174  1 140  1139 4 8 .0 0 .0 6 3 0 .7 9 3 5 .5 7 9 1 5 .7 9 1 .3 4 5 0 .0 5 9 0 .7 9 2 5 .9 5 1 1 6 .8 5 ' 1 .4 7 8 0 .0 3 0 0 .7 9 6 1 1 .9 3 9 3 3 .8 0 2 .9 6 7
8 05 9  9 9 7  9 94  951 3 0 .0 0 .0 4 3 0 .7 7 8 8 .0 6 9 2 2 .3 4 2 .2 9 1 0 .0 7 0 0 .7 7 6 4 ,9 0 5 1 3 .8 9 1 .3 9 7 0 .0 1 4 0 .7 6 0 2 5 .3 2 6 7 1 .6 9 7 .5 3 8
8 0 6 3  1 303  1 282  1 265 2 9 .1 0 .0 5 7 0 ,7 5 2 5 .8 5 2 1 6 .5 6 1 .2 7 1 0 .0 5 4 0 .7 5 2 6 .1 8 4 1 7 .5 0 1 .3 6 5 0 .0 2 7 0 .7 5 6 1 2 .6 5 7 3 5 .8 3 2 .8 3 2
8 09 6  9 9 2  9 90  992 1 7 .1 0 .0 7 3 0 .8 0 3 4 .5 6 7 1 3 .7 8 1 .3 8 9 0 .0 9 2 0 .7 7 3 3 .7 0 7 1 0 .4 9 1 .0 6 0 0 .0 7 8 0 .7 6 3 4 .3 2 5 1 2 .2 4 1 .2 3 4
8 09 9  1 166  1185 1174 1 4 .0 0 .0 6 ! 0 .7 6 3 5 .5 4 5 1 5 .7 0 1 .3 2 3 0 .0 3 6 0 .7 7 5 9 .6 4 9 2 7 .3 1 2 .3 0 5 0 .0 5 3 0 .7 5 9 6 .3 5 9 1 8 .0 0 '1 .5 3 3
8 1 1 5  1 039  1 045  1021 1 8 .0 0 .0 5 5 0 .7 8 4 6 .3 2 9 1 7 .9 2 1 .7 2 4 0 .0 7 4 0 .7 6 9 '4 . 5 9 7 1 3 .0 1 1 .2 4 5 0 .0 8 1 0 .7 5 9 4 .1 4 0 1 1 .7 2 1 .1 4 8
8 13 2  1021 991 936 2 6 .0 0 .0 4 0 0 .8 0 2 8 .9 5 5 2 5 .3 5 2 .4 8 3 0 .0 6 1 0 .8 0 3 5 .8 3 8 ' 1 6 .5 2 1 .6 6 7 0 .0 4 4 0 .8 0 2 6 ,1 2 2 2 2 .9 9 2 .4 5 6
8 1 5 0  1 094  1 033  961 2 8 .0 0 .0 5 1 0 .7 7 1 6 .7 1 8 1 9 .0 1 1 .7 3 8 0 .0 8 4 0 ,7 8 1 4 .1 0 7 1 1 .6 3 1 .1 2 5 0 ,0 6 1 0 ,7 7 6 5 .6 3 6 1 5 .9 5 1 .6 6 0
6 1 6 0  1411 1417 1409 2 0 .6 0 .0 6 6 0 .7 4 2 4 .9 7 6 1 4 .0 8 0 .9 9 0 0 .0 6 2 0 .7 6 8 5 .4 9 1 1 5 .5 4 1 .0 9 7 0 .0 6 7 0 .7 4 9 4 .9 4 6 1 4 .0 0 0 .9 9 4
8 161  1 11 8  1 128  1 079 2 0 .0 0 .0 7 2 0 .8 0 3 4 ,9 3 4 1 3 .9 7 1 .2 4 9 0 .1 0 3 0 .7 9 1 3 .3 8 1 9 .5 7 0 .8 4 9 0 ,0 9 3 0 .7 9 5 3 .7 7 0 1 0 .6 7 0 .9 8 9
3 1 6 5  1 112  1131 1055 2 0 .6 0 .0 7 3 0 .7 8 9 4 ,7 8 1 1 3 .5 3 1 .2 1 7 0 .0 4 8 0 .7 8 4 7 .2 6 8 2 0 .5 7 1 .8 1 9 0 .0 7 4 0 .7 8 3 4 .6 7 ? 1 3 .2 5 1 .2 5 5
8171 1 10 8  1 054  1067 2 5 .7 0 .0 4 1 0 .7 8 0 8 .4 9 0 2 4 .0 3 2 .1 6 9 0 .0 6 0 0 .7 5 6 5 .5 8 9 1 5 ,8 2 1 .5 0 1 0 ,0 6 3 0 ,7 5 6 5 .3 1 6 1 5 .0 5 1 .4 1 0
8 1 8 3  1 124  1 146  1 086  • 1 0 .3 0 .0 7 0 0 .7 6 5 4 .8 3 6 1 3 .6 9 1 .2 1 8 0 .0 6 1 0 .7 8 3 5 .6 8 7 1 6 .1 0 1 .4 0 5 0 .0 5 7 0 .7 9 7 6 .2 0 7 1 7 .5 7 1 .6 1 8
8 1 8 5  1 0 1 8  9 3 3  1 009 3 8 .0 0 .0 7 2 0 .7 7 3 4 .7 4 6 1 3 .4 3 1 .3 2 0 0 .0 7 0 0 .7 8 8 4 .9 8 2 1 4 .1 0 1 .5 1 1 0 .0 6 3 0 .7 6 6 5 .3 9 1 1 5 .2 6 1 .5 1 2
8 1 9 4  1 018  9 45  973 8 .6 0 .0 4 1 ' 0 .7 8 2 8 .5 2 1 2 4 .1 2 2 .3 6 9 0 .0 8 7 0 .7 6 8 3 .8 9 6 1 1 .0 3 1 .1 6 7 0 .0 7 7 0 .7 7 1 4 .4 2 5 1 2 .5 3 1 .2 8 7
8 2 2 5  1 34 3  1 28 3  1 300 2 2 .3 0 .0 3 7 0 .7 5 6 9 .1 5 1 2 5 .9 0 1 .9 2 9 0 .0 5 1 0 .7 7 9 6 .7 8 8 1 9 .2 1 1 .4 9 7 0 .0 0 0 0 .0 0 0 0 .0 0 0.000
9 0 8 3  1 056  9 93  1013 2 2 .0 0 .0 9 3 0 .7 8 6 3 .7 2 8 1 0 ,5 5 0 .9 9 7 0 .1 1 6 0 .7 8 5 2 .9 7 8 8 .4 3 0 .8 4 9 0 ,0 6 8 0 .7 8 3 5 .1 0 0 1 4 .4 3 1 .4 1 8
9 10 7  1 207  1 173  1 145 2 0 .0 0 .1 0 3 0 .7 3 4 3 .3 5 4 9 .4 9 0 .7 8 6 0 .0 4 5 0 .7 6 2 7 .5 4 5 2 1 .3 6 I . '821 0 .0 3 0 0 .7 8 7 1 1 ,3 1 2 3 3 .4 4 2 .9 2 0
9 1 1 5  8 7 3  851  8 68 1 7 .1 0 .0 5 2 0 .7 7 1 6 .5 8 7 1 8 .6 5 2 .1 3 6 0 .0 9 0 0 .8 5 5 4 .1 9 0 1 1 .3 6 1 .3 9 4 0 .0 4 2 0 .7 8 0 8 .2 8 9 2 3 .4 6 2 .7 0 3
9 19 4  9 8 7  9 73  1 00 2 3 4 .3 0 .0 7 6 0 .7 8 0 4 .5 3 4 1 2 .8 3 1 .3 0 0 0 .0 7 1 0 .7 5 3 4 .6 9 2 1 3 .2 8 1 .3 6 5 0 .0 6 4 0 .7 8 7 ' 5 .4 4 5 1 5 .4 1 1 .5 3 8
9 19 7  9 33  8 90  913 4 0 .0 0 .0 4 1 0 .7 5 8 8 .2 5 5 2 3 .3 7 2 .5 0 4 0 .0 7 8 0 .7 5 2 4 .2 5 9 1 2 .0 5 1 .3 5 4 0 .0 3 9 0 .7 7 3 8 .8 5 9 2 5 .0 7 2 .7 4 6
9 2 1 2  1 0 1 2  9 6 9  9 76 1 2 .0 0 .0 8 9 0 .7 9 1 3 .9 2 3 1 1 .1 0 1 .0 9 7 0 .0 3 3 0 .7 9 3  1 0 .7 8 9 3 0 .5 4 3 .0 8 8 0 .0 4 7 0 .7 8 8 7 .4 6 7 2 1 .1 3 2 .1 6 5
9 2 2 5  9 4 3  9 2 9  9 70 2 2 .3 0 .0 9 7 0 .7 5 0 3 .4 0 9 9 .6 5 1 .0 2 3 0 .0 9 5 0 .7 7 0 3 .5 7 2 1 0 .1 1 1 ,0 8 8 0 .0 3 0 0 .7 5 4 1 1 .3 1 7 3 2 .0 3 3 .3 0 3
9 g 9  1 00 6  9 79  9 65 1 8 .9 0 .0 2 0 0 .7 7 9  1 7 .8 0 2 5 0 .3 9 5 .0 0 9 0 .0 7 9 0 .7 7 3 4 .3 2 5 1 2 .2 4 1 .2 5 0 0 .0 5 1 0 .7 4 6 6 .5 0 5 1 8 .4 1 1 .9 0 6
9 2 3 3  9 60  891 9 14 2 8 .0 0 ,1 1 1 0 .7 8 9 3 .1 3 1 8 .8 6 0 .9 2 3 0 .0 8 6 0 .7 9 8 4 .0 9 6 1 1 .5 9 1 .3 0 1 0 .0 0 0 0 .0 0 0 0 .0 0 0.000
9 24 7  9 4 3  9 07  8 48 2 2 .0 0 .0 7 3 0 .7 8 ? 4 .7 7 7 1 3 .5 2 ' 1 .4 3 4 0 .0 6 3 0 .7 6 2 5 .3 6 2 1 5 ,1 8 1 .6 7 3 0 .0 8 5 0 .7 9 0 4 .1 0 5 1 1 .6 2 1 .3 7 0
9 2 4 8  9 5 0  9 26  911 2 4 .0 0 .0 4 5 0 .7 7 1 7 .6 3 1 2 1 .6 0 2 .2 7 4 0 .0 6 3 0 .7 7 3 5 .4 3 4 1 5 .3 8 1 .6 6 1 0 .0 2 5 0 .7 6 8 1 3 .9 2 4 3 9 .4 1 4 .3 2 6
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