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Abstract:

A study was conducted during the summer seasons of 1983 and 1984 to estimate the forage
consumption of free-ranging beef cows differing in milk production potential. Six lactating cows from
Hereford (HH) and 75% Simmental-25% Hereford (3S1H) breeds were used in 1983. In 1984, 3
additional breed types were evaluated: 25% Simmental-75% Hereford (1S3H), 50% Simmental-50%
Hereford (SH), and 50% Angus-50% Hereford (AH). Fecal output was estimated during June, July and
August each year using the chromic oxide dilution technique. Correction factors were derived by
comparing estimated fecal output values to actual measurements using fecal bags. Monthly forage
collections for IVOMD determinations were obtained using 4 to 6 esophageal-fistulated cows. Breed
groups did not differ significantly in body weight (P>.10) in either year. No significant difference in
average mean intake expressed as a percentage of body weight/day (%BW/d) were found between the
breeds in 1983. In 1984, significant breed group differences were detected (P<.07). Average mean
intakes for the 1S3H, HH, AH, BH, and 3S1 H were 2.2, 2.3, 2.5, 2.6 , and 2.8% BW/d respectively.
Milk production accounted for about 60% of. the variation in intake between breeds groups, but body
size and body condition differences within breeds influenced intake as well. Preliminary efficiency data
showed that 3S1H produced an average of 0.98 kg milk per kg OM intake while HH produced 0.77 kg
milk.
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ABSTRACT

A study was conducted during the summer seasons of 1983 and 198%4
to estimate the forage consumption of free-ranging beef cows differing
in milk production potential. Six lactating cows from Hereford (HH)
and 75% Simmental-25% Hereford (3S1H) breeds were used in 1983. In
1984, 3 additional breed types were evaluated: 25% Simmental-75%
Hereford (1S3H), 50% Simmental-50% Hereford (SH), and 50% Angus-50%
Hereford (AH). Fecal output was estimated during June, July and August
each year using the chromic oxide dilution technique. Correction
factors were derived by comparing estimated fecal output values to
actual measurements using fecal bags. Monthly forage collections for
IVOMD determinations were obtained using U4 to 6 esophageal-fistulated
cows. Breed groups did not differ significantly in body weight (P>.10)
in either year. No significant difference in average mean intake
expressed as a percentage of body weight/day ($BW/d) were found
between the breeds in 1983. In 1984, significant breed group
differences were detected (P<.07). Average mean intakes for the 1S3H,
HH, AH, SH, and 3S1H were 2.2, 2.3, 2.5, 2.6, and 2.8% BW/d
respectlvely. Milk production accounted for about 60% of the variation
in intake between breeds groups, but body size and body condition
differences within breeds influenced intake as well. Preliminary
efficiency data showed that 3S81H produced an average of 0.98 kg milk
per kg OM intake while HH produced 0.77 kg milk.
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INTRODUCTION

To effectively manage rangelandé for optimum livestock
production, it 'is necessary to have knowledge of the forage
consumption by the gr'.azing animal. Van Dyne (1960) estimated the
yearly dry matter intake from data summarizing 31 studies of grazing
cattle to be about 1.8% body weight/day (4BW/d). With the increased
use of heavier mature weight; high milk-producing br'eeds. of cattle,
there may be a need to adjust stocking rates based on forage
consumption estimates.

When abundant, good quality forage is available, the voluntary
intake of grazing ruminants is influenced by energy demand (Arnold,
1970). The energy balance of an animal is determined by the
difference between energy input (feed) and the energy expended for
maintenance, milk production, reproduction and activity (Brauingardt,
1970). Because of the buiky and fibrous nature of most range forages,
the physical limitation of intake due to gut £ill usually occurs
before energy satiety (Campling, 1970). The point where physical
distention of the rumen limits intake and metabolic signals begin to
dominate is believed to be when forage digestibility is approximately
62 - 70%‘ (Conrad et al., 1964; McClymont, 1967; Montgomery  and
Braumgardt, 1965), however this range may vary with body size and
stage of production (Conrad et al., 1964). If physical conditions
limit intake on low quality forages, then rumen capacity, fermentation
and passage rate of forage would determine the amount of feed an
animal could ingest. While it is true that the main determinant of

rumen capacity is the size of the animal (Nutt et al., 1980; Van




2

Soest 1982), changes in ruminal volume are not necessarily equal to
changes in body weight. Bines (1971) stated that intake is broadly
related to the liveweight of the animal, which is also related to the
size of the - abdominal cavity. Ruminal hypertrophy has been
documented in lactating ewes (Fell et al., 1964) and dairy cows (Smith
and Baldwin, 1974; Tulloh, 1966) and may élso impact the digestive
capacity of ruminants varyiné in production.

If ruminants consume forages of high digestible energy
concentration, then metabolic signals associated with the energy
balance of an animal may regulate food intake (Bines, 1971). Under
these conditions, breed differences in level of milk production could
cause forage intake differences.

Research was initiated in 1981 at the Northern Agricultural
Research Center,located near Havre, Montana to‘determine the relative
efficiency of grazed fdfage consumed by five beef cow breeds. This
study was conducted during the summers of 1983 and 1984 to (1)
estiﬁéte the daily forage organic matter intake of five beefcow
breeds differing in milk production potential, and (2) provide
information necessary to assess the relative production efficiency of

each breed type on native rangelands.
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LITERATURE REVIEW

Introduction

When grazing cattle of different genetic potentials for dam and
offspring performance are deriving nutrients from the same forage
base, the interaction between energetic demand and sﬁbsequent
productivity may determine their dry matter intake, Metabolic enérgy
demand is a function of several factors including the maintenance
requirement of an animal. Maintenance demands may be increased from
40 to 60% (Havstad and Malachek, 1982) for cattle grazing rangeland as
compared with confined situations. . There are variations in
maintenance requirements based on breeds and physiological age as well
(NRC, 1984). In order to ultimately identify the productive potential
and adaptibility of various breeds to a particular grazing
environment, it is necessary to estimate their forage.consumption. A
br;ef review of the féctors influenéing the intake of grazing

rumihants will help elucidate a complex and interactive system.

Factors Influencing Forge Intake by Grazing Ruminants

There is a vast array of stimuli that affect the foraéing
behavior of grazing ruminants. In addition; the réngeland environment
and its diversity serves to add to the complexity of the animal's
nutritional ecology. To explain the impact of the variables driving
voluntary forage intake, three criteria must be evaluated. They are:
(1) intake regulation inherent to the animal, (2) forage base

characteristics, and (3) environmental factors. These influences
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combine to form a dynamic model, one in which a change in one element
denotes a change somewhere else in the scheme.

Innate regulatory mechanisms are controlled by metabolic balance,
physical limitations and the physiological state of the animal.

McClymont (1967) states that the only intrinsic stimulus
facilitating phagic behavior in the grazing ruminant is total energy
demand.. This demand is a summation of the energy required for -
maintenance, growth, gestation, milk production, exercise and
environmental stresses. When short term demand exceeds metabolic
energy available to the animal, feeding begins. As energy is supplied
beyond the level required, feeding will cease (Blaxter, 1962; Forbes,
1980). This energy balance may be governed by the hypothalamus, which
"senses" various feedback signals such as distention stimuli and
changes in meﬁabolite concentration. As forage digestibility
increases, digestible energy concentration increases, and .the
regulétion of food intake becomes metabolic in nature (Bines, 1971).
This level of digestible energy is believed to be at the point where
forage "digestibility reaches about 62 - 70%., Below this level,
physical distention of the rumen lim;ts intake; above it,/energy
intake becomes the overiding factor inhibiting forage consumption
(McClymont, 1957). Conrad et al. (1964) concluded from their results
with lactating dairy cows that the point where physical limitations on
eating cease and metabolic influehces dominate varies with body size
and produbtion.bknmgomery and Braumgardt (1965a) reported that for
dairy heifers consuming rations of increasing dfy‘matter digestibility

(DMD), intake decreased as a result of energy satiety. Conrad et al.
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(196%) found that with high-roughage rations between 67 and 80% DMD,
intake decreased with increasing digestibility. In contrast, intakes
were lower for cows consuming rations below 60% DMD due to gut fill
(Montgomery and Baumgardt, 1965b%

The major suspected chemical feedback signals regulating energy
intake by ruminants include volatile fatty acid (VFA) concentratation,
rumen pH, and hormonal secretion. Among the products of digestion,
proprionate plays a similar role in controlling the fqod intake of
ruminants much as glucose is thought to do in monogastric animals, by
acting as an index of the rate of absorption of all VFA's (Forbes,
1980). Proprionate is sensed by the portal vein and concentration
signals are transferred via the vagas nerve to fhe hypothalamus.
Ruminal acetate concentration has been found to play a central role in
controlling meél size on range forages'in particular (Waldo, 196§);
It has been suggested that there are receptors sensitive to acetate on
the lpmen side of the rumen (Baile and Forbes, 1974).

Baile and Forbes (1974) state that there is no evidence that
growth hormone (GH)’is a feedback signal for energy balance under
normal conditions, but Forbes (1980) repor£ed that a low insulin:GH
ratio stimulates lipolysis and might be expected to occur around the
time of meai initiation. He suggested a link betweeﬁ a deficit of
energy - yielding metabolites (corrélated by an increased secretion of
‘GH) and the onset of feeding. Estrogens are believed tovdepress
intake during estrus and in late pregnancy (Baile and Forbes, 1974),
but whether this is an iﬁdirect or central action on the satiety

1

center is not known, Balch and Campling (1962) stressed that the
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changes in food intake associated with hormone balance may be related
to changes in induced metabolism.,

Thefe are two ways that adipose tissue contributes to the
homeostatic balance of energy in the ruminant. First, the rate at
which adipose tissue can synthesize triglycerides seems to be limited.
As this limit is approached, receptors sensitive to excess energy will
tend to depress intake. = Secondly, it has been proposed that "leakage"
of fatty acids from adipose cells is positively related to their size.
The fatter the animal the stronger the feedback signal on energy
availability (Forbes, 1980).

The rapid fermentation of immature forages may produce sufficient
acid to cause a drop in rumen pH which delays cellulolytic digestion
of forage cell walls, thus depressing intake (Van Soest, 1982). In
Jones' (1972) review of the chemical control of feed intake, it was
determined that a drop in pH facilitates the ébsorption of VFA across
the rumen epithelium, allowing the activation point of the receptor
signal to be accomplished with lower intakes., Baile and Forbes (197L4)
stated that feed intake is likely depressed when rumen fluid pH falis

below 5.5 because of the resulting rumen stasis.

Physical Limitations

Physical bulk of less digestible forages and capacity of the
ruminant gastrointestinal tract are dominant factors limiting forage
intake by ruminants (Ellis, 1978). Physical regulation of food intake
involves stretch receptors in the rumen wall, but the nature and

precise location of these is not yet known (Bines, 1971). While it is
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true that the main determiﬁant of rumen capacity is the size of the
animal, changes in ruminal volume are not necessarily equal to changes
in body weight. Intake is broadly related to the live weight of the
animal and is determined by the size of the abdominal cavity (Bines,
1971) and b'y the rate of disappearance of digesta from the
reticulorumen. The rate of disappearance depends on the rate of
breakdown in the reticulorumen by microbial and mechanical processes
(Campling, 1970).

Nutt et al. (1980) found no relationship between rumen capacity
and DM digestibility of fescue - legume and fescue pastures although
other researchers found that as rumen voj.ume increased, forage DM
digestibility increased (Purser and Moir, 1966). Nutt ét al. (1980)
found that structurally iarge cows had lar'gér' rumen capacities and
greater intakes than structurally small cows. As a percentage of body.
weight however, rumen capacity was not reiated to structural size
re]‘.‘leeting differences in body composition of the cows examined., Milk
yield was also non-related to rumen capacity. One wa& of relating
intake to cows of- different sizes is to express body size in tef'ms of
metabolic body weight (MBW). Metabolic body weight describes surface
area and therefore maintenance requirements (Kothmann, 1978). The
feed requirement for maintenance becomes proportional to the animal's
MBW when intake is regulated by chemostatic mechanisms. It is
questionable whether an& single expression of live weight can be
adopted for animals of all ages and live weights. The relationship

between intake and body size chahges markedly at weights lower than
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400 1lbs since the rumen develops more rapidly than the overall
development of the body (Holmes et al., 1961).

The amount of body fat also has an effect on abdominal space in
the ruminant. When rumen capacity was expressed in proportion to body
weight, fatter cows had significantly smaller rumen capacities than
did thinner cows (Nutt et ai., 1980). 1Inverse relations between
weight of internal fat and weight of gut contents were reported by
Balch and Campling (1962). Bines (1971) states that extensive
deposition of fat within the abdominal cavity apparently reduces
digestive capacity and therefore roughage intake. He concluded that
since fat cows did not eat enough hay to maintain weight, and thin
cows ate enough of the same hay to gain weight, the existence of a

physical regulator appears likely.

Physiological Stage

Another major determinant of the fofage iﬁtake of grazing
rumihants is the physiological condition of the animal. Lactation,
pregnancy and growth contribute to increase energ& demands and
subsequent need fér additional feed intake. Lactation is an energetic
cost demanding three times the maintenance requirement in high
producing dairy cows (Baile and Forbes, 1974). Journet and Remond
(1976) observed that the DM intake of roughages increased by 2.kg/d
during the first eight weeks of lactation and did not depend greatly
on fhe level of roughage intake before calving. Johnson et al. (1966)

noticed that Holstein cows increased their DM hay intake 50% during

the first one~third of lactation, peaking by the 17th week. Intake
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.differenees averaging about 50% were observed between dry and
lactating twin Jersey crossbred cattle, although peak groés energy
intake was not obtained during peak milk yield, but 15 weeks later,
This time lag may represent a period for repletion of body reserves
used in early lactation (Hutton, 1963). In contrast, Forbes (1971)
stated that food intake reaches a peak about the sixth week of
lactation. He suggests that the expulsions of the fetus immediétely
gives ample room for rumen expansién, so the time lag is most likely
not dependant on an increase in digestive capacity.

An interesting adaptafion to the energy demands of lactation is
an increased digestive capacity due to hypertrophy of the
reticulorumen and intestines. An adaptation of this kind would enablg
a lactating cow to maintain a greater intake without changing the rate
of passége or tﬁe digestibility of the diet (Tulloh, 1966). The first
report concerning hypertrophy described the histologieal,'chemigal and
physical changes occuring in the alimentary canal of lactating rats
(Fell et al., 1963). They observed that the parietal cells in the
stomach of lactating animals became hypertrophied, and by the 16th day
of lactation, the total nitrogen content of the stomach, small
intestine and caecum had inereased an average of 65% over that of the
controls. Inladdition, the average weight of the stomach was 50%
greater than that of non-lactating rats. But the most striking
feature of the hypertrophy waé an increase in the height and thickness
of the intéstinal villi., It was suggested that the results were due

to an adaptive response of the intestinal mucosa to the increased
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energy demands of 1actation rather than the direct effect of physical
distention due to increased food intake.

A similar study performed by Fell et al. (1964) showed many of
the same results in lactating ewes. There was a definite enlargement
of the alimentary canal indicated by weight, total nitrogen gains and
histological comparisons to non-lactating controls. Hypertrophy of
ruminal mucosa has also been confirmed by Fell et al. (1972) and
Weekes (1971). Weight increases were found to occur in the ruminal
mucosa, abomasum and small intestine of lactating cows fed a ration of
approximately 70% dry matter digestibility (DMD). Weekes (1971) found
that in conjunction with increasing rumen mucosal weight, enzyme
activities and in vitro lactate production per rumen also increased.
It was thought that this.could increase the supply of substrate for
gluconeogenesis during lactation. An associated study (Moon and
Cambell, 1973) revealed that hypertrophic changes in the rumen wall
were combined with an increase in the size of individual papilli and a
regreésion of a hyperkeratotic condition. Peak rumen weight was
reached at about 20 days of lactation, when the lambs were weaned. It
was concluded that hypertrophy of the ruminal mucosa is due partially
to increased cell division. Peak values of DNA and RNA occurred
approximately at the time when cell division was greatest., RNA was
used as an index to protein synthesis and may reflect growth processes.
in the cell.

Smith and Baldwin (1974) used mature dairy cows to determine the
effects of pregnancy and 1éctation oﬁ the weights of gastrointestinal

tract organs and tissues. They state that although organ weight is a
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function of body weight, relative changes in organ weights are not
equivalent to relative changes in body weight. Log-Log regression
analysis was used to allow comparisons of tissues and organs between
non-lactating and lactating cattle on a common body weight.basis.
Weights of the gastrointestinal organs for non~lactating and lactating
cows were 3.75 and 4.85% of total body weight respectively,
representing a 30% increase with lactation. The authors sﬁggest that
this increase coupled with increases in the weights of the liver,
heart and mammory tissues during lactation may account for an
estimated 10% increase in maintenance energy requirements for
lactating cows. Tulloh (1966) reported increases in the length of the
small intestine, the internal circumference of the lumina in the small
and large intestine, and the weights of the main parts of the
alimentary tract of lactating versus non—laetéting twin dairy cattle.
Water-filled capacities of the reticulo-rumen were 29% greater for the
lactating twins as well., He suggests that these changes take place
slowly and may be associated with metabolism of abdomindl fat.

The observations reported give evidence to suggest the notion of
organ hypertrophy during lactation. What is not clear is the casual
relationship between intake and hypertrophy. Fell et al. (1963)
of fers three possible causes of hypertrophy. The first is thoughﬁ to
be "work hypertrophy" as a result of prolonged diétention associated
with an increase in food consumption. Secondly, there may be hormonal
stimulation of the gut wall brought about by lactogenic hormones,
lactation itself or by éuckling. Hypertrophy could also be a

functional adaptation not directly due to increased intake, but to the
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increased demands made on the body during lactation. It is possible
that food intake is closely involved in the epitﬁelial hyperplasia
associated with lactation. The most likely mechanisms appear to be
direct stimulation of epithelial cell metabolism during VFA absorption
and metabolism (Fell and Weekes, 1975).

Level of milk production as it affects voluntary intake has been
difficult to determine for the grazing cow. Correlation coefficients
between milk yield and digestible organic matter intake have been as
high as .45 (Curran and Holmes, 1970) but are generally lower (Bines,
1976). Johnson et al. (1966) found that the two variables were
interdependent, to the extent that the coefficient of correlation
between them approached 0.6. The relationship is confused as to which
is the casual mechanism., If the energy requirements for lactation are
met, then milk production would determine the amount of forage needéd;
When intake is restricted by physical factors however, milk yield will
more likely depend on the amount of metabolizable energy the animal
can derive from the feed (Baile and Forbes, 1974). Jones et al.
(1965) estimated summer digestible organic matter intake to be about
2.3% of body weight for high milk production (38 lbs fat-corrected
milk (FCM)/d) and 2.1% for low milk producing (28 1bs FCM/d) Ayfshire
cattle. Mean live body weights did not diffef between yield level
groups. Field (1966) found no relationship between milk production
and dry matter intake as milk yield of lactating dairy cows dropped
markedly from May to October. These results may haﬁe been masked by
herbage availability and 1oﬁ live weight changes. Milk production has

been shown to depend on the amount of digestible energy a cow
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consumes, Diets containing 0 to 25% roughage contain similar amounts
of digestible energy. As roughage increases to 50 or 75%, intake but
not milk yield may become depressed. At 100% roughage, digestible
energy intake becomes low enough to depress milk yield of dairy cows.
The cows examined produced between 12 and 20 kg/d milk and liveweight
changes were generally negative for all rations (Nelson et al., 1968
as cited by Biqes, 1976).

Pregnancy has been shown to have a positive effect on intake in
the early stages but a negative effect later on. Compression of the
digestive tract due to fétal growth is a major influence on intake
during pregnancy (Bines, 1971; Campling, 1966; Forbes, 1971). As the
volume of the uterus plus abdominal fat increases, the volumé of rumen
contents decreases as doeé the voluntary intake of roughage (Forbes,
1971). This is.especially evident during the last five weeks before
parturition. In order to compensate for this decline in intake, the
animal is apparently able to increase the rate of passage of food as
pregnancy advances (Bines, 1971). Intake depression may also be
related to metabolic changes that‘oceur with bre'gna.nc‘y (Campling,
1966). Oestr.ogen depresses food intake and there is a progressive
- increase in oestrogen secretion during the second half of pregnancy in
ruminants (Forbes, 1971). i

It is generally accepted that the cow does not reach mature
physical size until six or seven years of age (Bines, 1976). During
this time, under most conditions, the eneréy cost of a unit weight

gain will be between 1.2 and 8.0 mecal/kg of fat-free body weight (NRC,

1984). Assuming that range forages provide approximately 5 mcal/kg of
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DM (Havstad, 1984).a continuously growing cow would need between .25
and 1.6 kg of forage just to satisfy her growth requirement.
Voluntary intake increases as the animal achieves mature weight but
not in direct proportion to the increases in body weight. For example
Forbes (1971) showed that cattle weighing 225 kg consumed 5.6 kg of
dry matter whereas the same cattle at 425 kg consumed 7.2 kg, an
increase of 28% versus a body weight increase of 89%. Intake
increases when the energy needs for growth are higher, about 1 kg DM
for cows between the first and second lactation over the additional
intake due to increase in body weight (Journet and Remond, 1976). In
mature animals of the same breeding, changes in body weight and visual
rating of body condition has been shown to have liftle relationship to
intake differences (Johnson et al., 1966). Arnold (1970) as cited by
Allison (1985) stated that intake is related to body condition, but
the individual variation of grazing animals makes liveweight changes a
- poor, index of intake even when accounting for differences in

productivity.

Forage Factors

Grazing ruminants exhibit distinect selectivity when presented
with an array of forage choices (McClymont? 1967). Rangélands
typically. produce diverse vegetation, not all of which is preferred by
domestic herbivores. In order to describe how grazing strategy
affects intake, it is necessary to identify those characteristics of
forage that influence preference. There is no evidence that high

palatability per se affects total daily food intake, but
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unpalatability can certainly reduce it (McClymont, 1967). The animal
can recognize plants by senses of sight, touch, taste and smell,
although there is no relationship between odor and palatability (Van
Dyne et al;, 1980). Plant selection depends on the quantity and
quality of forage species, and will change with season and
utilization the species. Among those factors associated with the
quality of forage and hence its digestibility, are.the amount of fiber
and green leaf material. Grazing animals select green in preference
to dry material (Arnold, 1964). The selected material usually is
higher in nitrogen and lower in fiber, signifying that chemical
composition may be associated with physical characteristics of
selected plant parts (Arnold, 1964). Many studies have depicted a
relationship between intake and digestibility. In one study,
digestibility was influenced by forage nitrogen, soluble carbohydrate
content, available dry matter and time of year (Arnold, 1970). Van
Soest (1965) concluded that the interrelationships among intake,
digestiblity and chemical composition are highly plant oriented. He.
reported a positive association between maturity and voluntary intake
of tall fescue, possibly because'of some unpalatable toxic substance
present in the young plant. The only consistent effect for all
forages was found to be fhe total fibrous fraction or cell wall
constituents whih is inversely related to digestibility (Van Soest,
1982). As this fraction increases, voluntary intake declines. The
point at wﬁich this fiber mass becomes limiting occurs when céli walls
make up 50 to 60% of the fdrage dry matter (Van Soest, 1965). On high

quality forages there is some evidence of satiety before rumen fill
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from the fact that intake of cell walls is lower. Osbourn (197%) as
cited by Van Soest (1982) suggested that intake of high quality
immature forages is limited because of the high soluble carbohydrate
content which may cause a drop in rumen pH. Thin cell walls of
immature forages are not only more digestible, but are more likely to
collapse upon rumination (Van Soest, 1982). Corbett et al. (1963)
found DOM intake of dairy cows to fall by 20% as digestibility fell
from 80 to 68% during the‘growing season. Holloway et al. (1979)
showed that the intake of lactating beef cows fell by 1.3 kg DM/d as
forage DMD dropped frém about 61% to 58%. Crude pfotein content is
highly related to the palatabilitj of range forages. The critical
level of protein is commonly in the range of 4 to 6%. Values below
this level may limit digestion (Streeter et al., 1974). Several
chemical constituents such as lignin and tanins afe generally
associated with low palatability, but high'proportions of fats and
ether extract are correlated with high palatability. It may be that a
combination of chemical compounds rather than the individual
constituents affect palatability (Van Dyne et al. 1980).

Quality of plant material is also determined by the degree of use
or availability of preferred vegetation. Pieper et al. (1959) as
cited by Kartchner and Cambell (1979) stated that intake decreases
with heavy grazing as does the digestibility of the nutrients
consumed, Protein, gross energy, ether extract and phosphorous tend to
decrease as well. The grazing bovine moves in a horizontal plane but
selects forage in a vertical plane, choosing leaf in preference to

stem (Arnold, 1964). Availability includes yield as well as the
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physical presentation of feed, The presence of spines, plant
morphology and excessive dead‘growth may inhibit accessibility to
otherwise preferred forage. A study conducted by Arnold (1964) showed
that diets between twé groups of sheep at different stocking rates
were similar in quality and composition, yet intake was signifiﬁantly
less for sheep at the lower stocking rate due to an impenetrable
pasture structure and the inability of the sheep to graze properly.
Intake depression due to decreased forage availability has been shown
by other researchers as well (Alden and Whittaker, 1970; Arnold,
1970). There is little consistency as to the lower limit of adequate
herbage. Hodgson and Wilkinson (1967) as cited by Arnold (1970) found
that intake of cows, heifers and‘calves was unaffected when
availability was reduced from 8,000 to 2,000 kg/hectare. Nastis
(1979) found that only 143 kg DM/hectare was necessary for the optimum
intake of heifers, while Handl and Rittenhouse (1972) as cited by
Havstad et al. (1983) described a decline in intake when forage
availability was l;ss than 176 kg/hectare, Havstad (1981) estimated
tﬂe intake of heifers to be 1.3% BW throughout a forage supply of 880
kg DM/hectare to 284 kg DM/hectare. Under bulk limiting conditions,
where digéétiblity energy content is less than 2.7 kcal/g DM, the
quantity of forage availablé to heifers ma& not affect voluntary daily
intake (Havstad et al., 1983). Other factors such as decline in the
quality of available forage or grazing fatigue may be responsible for
reduction in the voluntary intake of these animals.

Availability may be mbre closely related to plant height rather

than yield which may account for the lack of agreement in the
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literature between intake and herbage availability. In a study
conducted with lambs and yearling sheep, intake increased rapidly with
increasing tiller length up to 15 cm. Thereafter, there was little
change in intake as tiller length increased (Allden and Whittaker,

1970). As. forage becomes scarce, increased grazing time is needed to

maintain the same intake level on pastures of low forage availability.

Intake per hour decreases as grazing time increases, because lower
intake per bite is not fully compensated by increasing bite per minute

(Arnold, 1964).

Environmental Factors

Besides the more apparent components creating the food intake
model in grazing ruminants, there are other stimuli surrounding the
animal which inhibit or enhance its foraging mode. Social interaction.
and environmental temperature are especially important for animals
exposed to a-variety of living conditions., Besides thé instinective
beﬁavior exhibited by young animals, McClymont (1967) discusses four
learning processes that determine selectivity and consequently forage
intake, The first is allelomimetie or mimicing behavior most often
displayed as imitation of the dam. Sheep diets of dams and their
daughters differed less than unrelated sheep as dam/daughter groups
tend to occupy the same home range and hence graze the same plant
communities. - It therefore appears that the numerous groups that
comprise a flock of sheep do not occupy the same nutritional

environment (Hunter and Milner, 1963). Secondly, habit or preference

due to previous experience has an effect on selectivity when animals
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are presented with a diverse forage resource. Arnold and Maller
(1977) as cited by Arnold and Dudzinski (1978) stated that intake of
sheep inexperienced on pasture may be lower by 50% than that of
experienced sheep. A third learned response to grazing is an
avoidance of plants producing a negative response such as
intoxication.' The chances of an animal learning from such an effect
are reduced when the cumulative damagé is slow acting and when a large
selection of plants is available. Lastly, habituation can cause an
animal to reduce selectivity when repeated or continued exposure to a
particular food promotes addiction (Arnold and Maller, 1977).
Habituation can be accelerated by a nutrient deficiency or from a
positive palatability reaction. The fact that grazing ruminants leérn
from previous experiences'lends evidence to a hedaphagic rather than
a euphagic foraéing strategy. -

Grazing ruminants interact socially with others, mutually causing
changes in grazing time and distribution. It is conceivable that
pyschic stress induced by high stocking rates with low forage
availability may reduce intake of animals low in the social order
(MeClymont, 1967); Sheep have shown a graziné hierarchy in which the
weaker ewes are forced to disperse to the poorer patches of vegetation‘
. (Hunter and Milner, 1963). Social interaction plays an important but
variable role in affeéting grazing time, Tribe (1950) reported that
supplemepted sﬁeep grazed longer when mixed with unsupplemented shéep,
an effect regarded as social facilitation. Holder (1962) also noted a
social inhibition effect on mixed unsupplemented sheep, causing them

to reduce grazing time.
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Thermostatic control of feed intake was reviewed by Baile and
Forbes (1974), and Jones (1972). In order to maintain body heat,
animals must eat, but to prevent hyperthermia, eating must cease
(Brobeck, 1948 as cited by Balch and Campling, 1962), Jones (1972)
stated that thermostatic regulation of feed intake in ruminants is a
response to environmental temperature rather than heat generated from
- metabolism of feed|nutrien£s. There is generally a positive
relationship between temperature and intake, but at extremely high
temperatures, intake ishalted (Van Dyne et al., 1980). Continuous
high temperatures depress intake such that zero energy balance cannot
be maintained, and above 40°© C ruminants of temperate climates do not
eat at all (Baile and Forbes, 1974). Increasing the temperature of
rumen contents from 38° C to 41.3° C decreased intake by 15% (Baile
and Forbes, 1974). In order to maintain intake during hot weather,
free-ranging animals will adjust their grazing time by grazing at
night or during the coolest part of the day (Arnold and Dudzinski,
1978; McClymont, 1967).

Increases in food intake due to cold stress are necessary to
maintain energy balance and bodf temperature. The greater the heat
loss, the greater the increase in intake. The food intake rate of
dairy cows increased by about 3 kg as the daily air temperature’
decreased from 4 to 1° C and continued for at least 24 hours after
cold stress (McDonald and Bell, 1958 as cited by Van Dyne et al.,
i980). Typical low critical temperatures, below which the animal is

unable to maintain body heat, are believed to be between -10 and -20 C

for dry, pregnant beef cows. Recent studies have also shown a
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depression in the ability of ruminants to digest feed during cold
stress, independent of their food intaké. Digestibility decreases by
about 2 percentage units per 10 C drop in ambient temperature (Young
1980). After shearing, DOM intakes rose by 42-62% in grazing sheep.
The increase was explained by an accelerated rate of energy metabolism
induced by cold stress (4-27° C) (Wheeler et al., 1963).

The effect of day length on intake is not clearly understood.
One study with sheep showed that animals with 16 hours of light per
day had 6% higher food intakes than those with 8 hours of light
(El-Shahat et al., 1974 as ciﬁed by Van Dyne et al., 1980).

Productive Efficiency of Free-Ranging Cows Varying in Biological
Potential

Information on the feed efficiéney of grazing cows is essentially
nonexistent. bonsidering the difficulty in obtaining reliable
determinations of‘fofage intake for rangeland cattle, efforts to make
conclusive interpretations of the balance.between feed input and
productive output are in the. primitive stages. Although some of the
principles involved in efficiency determinations of stall-fed animals
may apply to the grazing animal, many more factors affect the
efficiency of feed utilization on the range due to the more varied
environment. Confounding the situation further is the energy balance
of the animal, determined by its grazing activities and need for
thermal regulation. After estimating the forage intake and forage
digestibility for free-ranging ruminants, the remaining variation in
animal performance will be incorporated in its efficiency (Van Soest,

1982) .
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In relating phenotype to the efficiency of grazing cows, Holloway
and Butts (1983) noted that efficiency of milk production was
positively related to level of milk production and negatively related
to structural size regardless of pasture quality. Structurally larger
cows grazing fescue-legume pastures consumgd more forage but produced
no more milk than smaller cows. Therefore, they produced milk less
efficiently. In addition, larger cows grazing fescue did not increase
intake in proportion to their size and were again less efficient
producers of milk and calf gain than cows of smaller structural size.
The relationship between structural dimension and efficiency for cows
grazing fescue was confounded by changes in cow weight and fatness
during lactation and calf weaning weight: cow weight rgtios. Fatness
was not significantly related to milk production for cows grazing
either fescue - legume or fescue pastures, But thin cows grazing
fescue tended to be more efficient producers of milk than fat cows.

Results from Nutt et al. (1980) show that structurally large cows
have largerlrumen capacities than small cows. Although cows with
large rumen capacities consumed more forage on low quality pastures
" (DM digestibility of 55%) than cows with smaller rumens, rumen
capacity was not related to either milk production or calf weaning
weight. These results suggest that cows with large rumen capacities
utilize their extra nutrients for functions other than milk
production,

In an effort to determine the influence of season on the
efficiency of cows varying in frame size and fatness, Holloway and

Butts (1984) concluded that much more variation in milk production and
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calf growth was noted for cows grazing fescue legume . during the
spring, Efficiency of conversion of DE above maintenance to milk was
again negatively related to frame size for cows grazing both fescue -
legume and fescue pastures, but was much more pronounced for cows
grazing fescue,

According to Kronberg (1983) lactating Hereford cows grazing
summer foothill range consumed .84 kg OM per kg of milk produced
during June, 1983, while 3/4 Simmental x 1/Y4 Hereford cows required
1.12 kg per kg milk. The Herefords weighed an average of 441 kg and
yielded approximately 11 kg of milk daily while the 3/4 Simmentals
weighed 563 kg and produced about 12 kg per day. The relationship
between efficiency of milk yield and body sizé of dairy cowswas
thoroughly reviewed by Morris and Wilton (1976). The average
correlation befween dairy efficiency (milk yield/feed intake) and
méasufes of body size was found to be -0.18 and genetic correlations
averaged -0.37. In contrast, overall correlations between dairy
efficiency and level of milk yield were 0.81 and genetic correlations
were about 0.89. The overall relationship between milk yield and body
size was 0.33 within breeds of dairy cattle while genetic correlations
averaged 0.14. Holmes (1973) faund no nutritional advantage in
increased body size for milk production, but an apparent advantage for
meat production. Results from Bowden (1981) support a general
conclusion that the conversion of energy consumed'by a cow and calf to
weight of weaned calf during the first lactation does not differ

significantly between biological types of cows under the same
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management. Other measures of efficiency are outside the context of

this literature review although equally important.

Previous Intake Estimates Using Chromic Oxide

When the diet selected by different groups of grazing animals is

. assumed to be of the same digestibility, errors in comparing relative

intakes are created from inaccuracies in estimating fecal output
(Langlands, 1975). Although there are many methods of determining
fecal output in range nutrition, the>use of chromium sesquioxide
(CR203) as an extefnal indicator is considered to be the most
satisfactory (Langelands, 1975).

The use of CR203 has certain limitations, but these have been
thoroughly identified by various researchers (Raleigh et al., 1980;
Kotb and Luckey, 1972; Langlands, 1975). Once these parameters are
defined and the technique is administrated accordingly, reliable
esPimates of fecal output and subsequently forage ihtake can be
obtained. Appendix table 7 is an assembiage of intake estimates and
their corresponding digestibility values for various breeds of cows

using the chromic oxide technique,
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© MATERTIALS AND METHODS
The study site was located about 50 km south of Havre, Montana in
the Bear Paw Mountains., The pasture was 81 ha in size with slopes up
to 40%. Elevation averaged 1300 m with annual precipitation ranging

from 45.7 to 50.8 cm. Upland areas were dominated by rough fescue

(Festuca scabrella), Idaho fescue (Festuca idahoensis), and bluebunch

wheatgrass (Agropyron spicatum) with an open ponderosa pine (Pinus

ponderosa) overstory. Kentucky bluegrass (Poa pratensis) dominated

the lowland vegetation .The area is classified in the Forest-Grassland
complex of the western glaciated plains, and is typical of f‘oothili
rangeland in north central Montana (USDA-SCS 1976).

The cows used in the study were randomly selected as 6 or T year

olds from the Havre Research Station herd. All cows were randomly

. artificially inseminated to either Charlois or Tarentaise bulls. In

1983, 6 dry and 6 lactating cows from straightbred Hereford (HH) and
75\% Simmental-50% Hereford (3S1H) breeds were used. In 1984, 3
additional breeds groups were examined, including 25% Simmental-75%
Hereford (1S3H), 50% Simmental-50% Hereford (SH), and 50% Angus-50%
Hereford (AH). Six lactating cows in each breed were used for a total
of 30 head. To estimate daily forage. organic matter intake (OMI) the
following equation was used: OMI = daily fecal output (OMB) / (1-IVOMD
of the diet). Fecal output for each cow was estimated during Juné,
July and August each year using the chromic oxide (Cr203) dilution
technique. Total fecal collections from dry cows equipped with fecal
bags were also conducted during the 1983 trial to derive a correction

factor for the differences between actual fecal output and predicted
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fecal output using CP203. Fecal collection bags and feces-urine flaps
as described by Kartchner and Rittenhouse (1979) were placed on the
cows for 4 consecutive days each month and bags were changed every 12
hours. Collected fecal material was wieghed then subsampled.
Subsamples were frozen for dry matter and organic matter analysis at a
later date. Beginning 5 days prior to fecal collections, and
continqing throughout the collection period, cows were dosed at
approximately 1800 h with a 10 g Cr203 powder bolus. At the same time,

rectal grab samples were taken from each cow and frozen. To determine

"chromium content, grab samples were thawed, dried at 40 C, ground

through a 2 mm screen, and prepared for atomic absorption
spectrophotometry according to Williams et al, (1962). All fecal
samples were analysed for dry matter and organic matter following AOAC
(1970) procedures. Daily fecal dry matter (DM) output was estimated
using the equation: fecal DM ouput/d = (10 g Cr'203 fed/d / % Cr203 in
df& fecal sample) x 100. |

Forage samples for determination of in vitro digestibility were
obtained over a 3-day period each month using 6 esophogeally
fistulated cows., Extrusa was immediately frozen, then later freeze-
dried prior to laboratory analysis. Organic matter digestibility
(OMD) was determined using the Barnes modification of the Tilley and
Terry in vitro technique (Harris, 1970). Rumen fluid was obtained from
a rumen-cannulated cow on an'ad libitum grass hay diet that was 55%
digestible (IVOMD). This hay was used as the standard in the in vitro

trials to correct IVOMD values for extrusa samples.
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To express intake as a percent of body weight, all cows were
weighed éfter a 12-hr shrink period prior to fecal collections each
month. Hip heights were measured during the final weighing to derive
height: weight ratios (ht:wt) as an indication of body condition.

Milk production for all cows used in 1984 was estimated using the
weigh-suckle-weigh technique following fecal collections each month.

The data were analysed as a split-plot design. Least squares
analysis of variance was conducted using Statistical Analysis System's
(SAS) General Linear Model procedure to determine breed différenees in
intake, milk production, body weight, and wt:ht. ratio. The
iﬁdependent variables included in each model of the above factors
. were: breed, month, a breed X month interaction, sex of calf, sire
breed of calf, and calf age. Least squares mean seperation was

performed using the Least Significant Difference (LSD) procedure,
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RESULTS

Intake Differences Among Breeds — 1983 Trial

Monthly least squares mean intakes, expressed as a percentage of
body wieght per day (% BW/d) for lactating 3S1H and HH cows are given
in table 1. No significant differences were found between the breeds
when averaged over the summer, or within a month. Monthly values
decreased throughouﬁ the study period, but dropped significantly only
* in August compared to June and July. Body weight was not significant
in explaining the variation in intake when added as a covariate, and
no statistical differences in body weight were detected between the
breeds (P>.10) (Tablenu). Milk production data were unavailable for
1983. Intake and body weight analysis of variance tables are given in

Appendix tables 8 and 9.

1984 Trial

" Breed (P<.01) and month (P<.06) influenced intake of the five
breeds in 1984 (Appendix table 10). Intake values between breeds and
months are shown in table 2. When averaged across months, intakes for
1S3H, HH, AH, SH, and 3STH were 2.2, 2.3, 2.5, 2.6, and 2.8% BW/d
respectively. When averaged across breeds, intake in June declined
from 2.9% BW/d to 2.2% BW/d in August. When milk production, body
welght, and wt:ht ratios were added as covariates in the intake model,
milk production accounted for approximately 60% of the variation in
intake between breeds (P<.01). This was determined by designing a

linear contrast using breed deviations from the overall least squares
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Table 1. 1983 Daily forage intake (% BN OMB) for lactating cows.

Breed Junel Julv August Mean
HH 3.1 + .2a 3.0 + .la 2.2 + .2a 2.8 + .la
3S1H 2.8 + .2a 3.1 £ .la 2.3 + .2a 2.7 + -la
Mean2 3.0 + .2a 3.0 + .la 2.3 + .2b

"Means within a column followed by a common superscript are
similar (P<.07) .
2Means within the row followed by a common superscript are
similar (P<.07).

Table 2. 1984 Daily forage intake (% BN OVB) for fivelcow breeds

Breed Junel Julv August Mean
IS3H 2.6 + .2a 2.2 + .la 1.9 + .2a 2.2 + .la
HH 2.7 + .2ab 2.2 + .lab 2.1 + .2ab 2.3 £ .lab
AH 3.0 + .2bc 24 = .lab 2.2 + .2bc 2.5 + .lbc
SH 3.0 + .2bc 2.5 = .lbc 2.2 + .2bc 2.6 + .lcd
3S1H 3.2 + .2C 2.8 + .lc 2.4 + .2° 2.8 = .1d
Mean2 2.9 + .2a 2.4 + |1b 2.2 + .2b

1Means within a column followed by a common superscript are similar
(P<.07).
2Means within the row followed by a common superscript are similar
(P<.05).
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mean for milk production. The sums of squares generated by this
contrast accounted for about 60% of the intake sums of squares for
breed. Body wieght was significant (P<.05) in explaining intake
differences among breeds as well.
Within-breed variation in intake was partially explained by body
weight (P<.01) and wt:ht ratio (P<.05), but milk prodﬁction was

nonsignificant.

Milk Production

Mean monthly milk producfion for all breeds used in 1984 are
shown in table 3. The SH and 3S1H breeds produced 5.5 kg/day more
milk during the summer than the 1S3H, HH and AH breeds. Monthly
values decreased significantly (P<.01) from June to August for all
breeds with the 183H, 3S1H, SH, HH, and AH decreasing by 14.2, 13.8,
1.5, 9.9, and 7.6 kg respectively. The analysis of variancg table for

milk production is given in Appendix table 11.

Body Measurements

Mean body weights and wt:ht ratios .did not‘differ among the
breeds used in 1984 (P>.10) (Table 4). Body weights for the HH, AH,
1S3H, 3S1H, and SH averaged 535, 537, 543, 548, and 564 kg
respectively and wt:ht ratio averaged 4.14 kg/cm for all breeds. Body
weight and wt:ht ratio increased (P<.01) during June, July and August
for all breeds from 528 to 550; and 557 kg and from U4.03 to 4.18, and
4,21 respectively. The analysis of' variance table for body weight and

wt:ht ratio is given in Appendix table 12,




Table 3. 1984 Average

breeds.

Breed June
1S3H 16.2 + 2.1
HH 136 + 1.9
AH 121 + 1.7
SH 19.7 £ 2.3
3S1H 21.2 + 1.9
Meanl 16.6 + 1.5a

9.4
7.4
6.9
14.2
12.6

10.1
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Julv

+ 15
+ 1.5
+ 1.4
+ 1.6
+ 1.4

+ .6b

daily milk production

Aueust
20 +2.0
3.7 +2.2
45 + 2.4
8.2 +.1.8
7.4 + 2.2

52 + 1.7°

(kg/d) for five cow
Meanl
9.2 £+ .9a
8.2 + .9a
7.9 + .9a
141 +1 .0b
13.8 + .8b

1Means followed by a common superscript are similar (P<.01).

Table 4. Body weight (BW) and weight:height (wt:ht) ratios for

breeds used in 1983 and 1984.

1Q81

BN
Breed (ka)
HH 555 + I6a
AH -
| S3H -
3S1H 562 + l4a
SH -

1QR4

BNV

(kg)

535 + 10a

537

543

548
564

+

+

+

+

10a
9a
9a

Ila

AMeans within a column followed by a common

similar (P<.05).

wt:ht
(kg/cm)

4.08

4.22

4.14

4.05
4.21

I+

.06a

.05a

.05a

.05a

.06a

superscript are
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Forage Digestibility

Table 5 is a summation of the average IVOMD for both years.
Average mean forage digestibility in 1983 was higher (P<.05) than
1984 but the month of August was about the same for both years. Low
rainfall coupled with increased air temperatures which typified the
1984 season may have cpntributed to the yearly differences. The
effects of temperature énd water stress on forage quality have been
documenteq by Van Soest (1982). Digestibility decreased throughout the
summer for both years, but dropped significantly (P<L01) only in
August when IVOMD was about 587. Monthly decreases in digestibility
were expected as the forage matured (Kartchner and Campbell, 1979).

The digestibility values reported here are somewhat higher than
those reported by Kronberg (1983), but are similar to those reviewed
by Kartchner and Campbell (1979) and Van Dyne (1980). The discrepenéy
between Kronberg%3(1983) digestibility valﬁes and the values reported
hérein probably lies in the method of extrusa preparation. The
previéus researcher dried extrusa samples in a forced-air dryer at
40 C prior to in vitro analysis. Some mention is given concerning
excessive heat during drying or loss of soluble organic portions of
the forage (Kronberg, 1983). Confirmation of this concern is reported
by Pfister and Burritt (1985) who féund that oven-drying'extrusa at 40
C significantly increased neutral detergeht fiber (NDF), acid-
detergent fiber (ADF), and lignin, compared to freeze-dried samples.
These incréases may be reflected in the lower organic matter
digestibilities'found by Kronberg (1983). Freeze-dried extrusa gave

11% higher (P<.01) OMD values than oven-dried (50 C) when selected
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samples were compared using both drying techniques for both years
(Appendix table 13). Johnson et al., (1962) as cited by Burns (1981)
reported a 7% reduction in IVOMD when alfalfa-bromegrass mixture was
dried at 65 C compared to freeze-drying. Acosta and Kothmann (1978)
concluded that oven drying (60 C) was not a satisfactory method for
drying forage collected from esophogeally—fistulated animals, but that

freeze-dried samples gave better estimates of chemical composition.

Table 5., Monthly forage IVOMD for two years.

Year1 June July August Mean?
1983 70%2 67%2 59%0D 65%2
1984 6472 62%2 5740 6190

TMeans within a year followed by a common superscript are
similiar (P<.01): ’
Means within the column followed by a common superscript are
similiar (P<.05).

N

Comparison of Fecal Output Estimates Using the CP203 Technigue and

Total Collection Methods.

Fecal output fof dry 3S81H and HH cows was overestimated by about
17% using Cr203, in comparison to total collections using fecal bags
(Appendix table 14). Kronberg (1983) also reported a 17%
overestimation of fecal output using Cr203 with 331H and HH cows.
Overestimation of fecal output has been.reviewed by various

researchers including Raleigh et al. (1980), and Corbett (1981).
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DISCUSSION

Factors Affecting Intake Differences Within and Between Breeds

Assuming that the forage consumed by different breeds of cattle
is of the same digestible energy concentration, then animal variation
within and between breeds bgcomes paramount in explaing the variation
in intake.Ruminant differences in milk production, body weight, and
body condition have been shown to affect forage intake (Allison,
1985). In order to explain how these factors impact intake, it must
be realized that they are dynamic and sometimes interrelated.

Level of milk production and its relationship to voluntary intake
has been difficult to quantify for the grazing cow. This association
has not been defined because the cause and effect relationship is not
clear, In addition, fat mobilization to produce milk confounds the
relationship between milk yield and caloric intake. To this extent,
correlation coefficients between milk yield and DOM intake are
generally low (Bines, 1976). In this study, the within-~breed partial
regression coefficient between milk yield and intake was negligible
and non-significant (P>.10). Johnson et al. (1966) found that the two
variables were interdependent while working with lactating Holstein
COWS.

Between breeds of different milk production ability however, milk
production may have a significant effect on forage intake. Lusby et
al. (1976) found that while grazing summer forage, lactating Holstein
cows consumed about 3.5% BW/d while Herefords consumed about 2.5%

BW/d. They attributed the intake differences to an increased milk
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production of 5.0 kg/d for the Holstein cows. Results from this study
show fhat between breeds, milk production accounted for aboug 60% of
the variation in intake. Marsh et al. (1571) stated that 45-75% of
the variation in daily forage intake for cows differing in milk yield
and breeding was attributed to level of milk production and
liveweight. Mean milk production and intake were highest for the SH
and 3S1H compared to the HH, AH, and 13S3H animals (Tables 2 and 3).
Although 1S3H and AH mean milk production was similiar (P<.01), intake
levels differed between these breeds. Conversely; AH and SH
represented the widest range in milk production, yet thier intake
levels were essentially . the same, Other factors including body weight,
fat deposition, rumen volume, and tissue mobilization may also play an
important role in determining intake among breeds,

Although body weight was significant in explaiﬁing within and
between breed variation in intake for 1984, the parial regression
coefficient (~0.003) was too low to be biologically important. Bines
(1976) stated that correlations between body weight and intake are
generally high, but other researchers have found that the two
variables were unrelated (Johnson et al., 1966). Langlands (1968)
suggested that within a breed, intake was more closely related to age
than body weight, and that it seems‘unlikely that any single
relationship exists when differences in live weight result fronm
differences in age, breed or previous level of nutrition. Arnold
(1970) reported that liveweight can be a poor index of intake, even
when accounting for differences in productivity. |

The amount of body fat in ruminants may influence intake either
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chemostatically (Forbes, 1980) or by physically reducing tﬁeir
digestive capacity (Balch .and Campling, 1'962; Bines, 1971). Wt:ht
ratio may be used as an index to body condition (Klosterman et al.,
1979). The within-breed partial regression coefficient between wt:ht
ratio and intake for this study-was -0.31. Negative relationships
between body condition and—intake have also been reported by Arnold
(1964), Balch and Campling (1962) and Nutt et al. (1980).

Nutt et al. (1980) found that for cows grazing low quality
pastures (DMD of 55%), a significant positive relationship existed
between rumen capacity and forage intake (P<.06). However, f‘qr cows
grazing high quality pastures (60% DMD), there was no relationship.
In addition, they showed that rumen capacity was positively related to
structural size, but not when expressed as a percentage of body
weight. Structurally larger cows tended to have larger rumen
capacities than structurally small cows, but fatter cows generally had
sxﬁaller rumens than thin cows. Differences in the amount of total
dissected fat and structural dimensions between various breeds of
cattle have been documented by Charles and Johnson (1976) and the ARS
(1975). If‘\r'eal differences in body composition and/or structural size
do in fact exist between the breeds differing in milk production, then
the associated rumen volume within these groups may impact the amount
of forage that can be consumed as digestibility decreases., Ruminal
hypertrophy during lactation may also have an important influence on
digestive capacity. Fell and Weeks (1975) proposed that hypertrophy
could be a response to some endocrinological stimulus, possibly

lactogenic hormones. It is conceivable that level of milk yield may
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dictate the rate of hormonal secretion thus promoting a particular

hypertrophic response.

Forage Digestibility and Intake

~Mean intaké values for the HH and 3S1H breeds are réviewed across
both years in table 6. When summer forage digestibility was 65%,
intake as a per cent of body.weight between the HH and 3S1H were
similiar, but when forage digestibility declined to 61% the 3S1H
consumed significantly more than the HH (P<.07). Intake for the HH was -
2.3% BW/d in 1984 when OMD was 61%, but in 1983 when OMD was 65%,

their intake increased (P<.07) to 2.8% BW/d. Comparatively, 3S1H

" intake was about 2.8% BW/d for both years.

Table 6. Average daily intake (% BW OMB) for two breeds over
both field seasons.

. Breed?®
Year._ ompl HH 3S1H
1983 65%2 2.82 2.78
1984 61%° 2.3 2.82

1Means within the column folllowed by a common superscript are
similiar (P<.05).

Means within a row or column followed by a common superscript
are similar (P<.07).

Kronberg (1983) reported that when forage OMD averaged 50% in
1982, HH intake was 1.9% BW/d while 3S1H intake was higher (P<.10) at

2.1% BW/d. Across all three years, when monthly forage OMD approached
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57%, intake for the HH and 3S1H breeds was approxiﬁately 2.1 and 2.4%
BW/d respéctively. Kloseterman et al. (1979) indicated that as forage
quality decreased, Charolais type cows ate more per unit of body
weight than Angus type cows. The intake analysis of variance table
for the HH and 331H breeds for both years is given in Appendix table
15.

For diets between 52 and 66% digestibility, Conrad et al. (1964)
as cited by Braumgardt (1970) found that feed intake increased with
increasing digestibility and the factors limiting intake were
bodywieght (reflecting capacity), undigested residue per unit
bodywieght per day (reflecting rate of passage), and dry matter
digestibility. For diets between 67 and 80% digestibility, feed intake
decreased with increasing digestibility (control of energy intake) and
intake appeared to be dependent on metabolic size, production a.hd
digestibility. Montgomery and Bralizr-mgar'dt (1965b) suggested that
f‘o\r'age intake of dairy cows is limited by rumen capacity when they
consume diets with less than 67% DM digestibility. Nutt et al. (1980)
found that physical factors apparently limited intake of léctating
Angus cows when forage DM digestibility averaged 55%, but were not
important for cows grazing pastures averaging 60% DM digestibility. In
addition, the point where physical limitations to intake cease and
metabolic processes begin to dominate may vary with milk production so
that breeds varying in milk yield may have different transition points
(Conrad et al., 1964). Since intake for the 3S1H remained essentially
the same when seasonal forage OMD changed from 61 to 65%, and HH

intake increased from 2.3 to 2.8% BW/d, the 3S1H may reach the
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tr*ansition between gut fill and energy regulation at a lower level of
digestibility. This in contrast to results from Conrad et al. (19614)
which showed that for dairy cows producing 13 kg m:‘lk/d the point
between gut fill and metabolic control wés ét ‘approzcimately 65% OMD,
For cows producing 27 kg milk/d the level was raised to about 70% OMD.

Monthly decreases in forage intake with declining OMD are
evident in both years. In 1983, when forage digestibility deqreased
(P<.01), from 67% in July to 59% in August, mean intake for both the
3S81H and HH cows decreased (P<.07) from 3.0 to' 2.3% BW/d. In 1984,
when forage digestibility decreased from 64 to 62%, average intake for
the five breeds declined (P<.05) from 2.9 to 2.4% BW/d. When
digestibility ;lecreased even further in August to 5I8%, intake
continued to decrease although not significantly. This seems to
suggest that small changes in digestibility may induce significa_nt
differences in intake. Holloway et al. (1979) found that lactating
Ar;gus cows grazing pasture that was 60.8% DMD consumed 1.7 kg/d more
(P<.01) dry matter than cows grazing 58.3% DMD pasture, a difference
of 2.5 percentage units.

Van Soest (1965) suggested that cell wall constituents or the
fiber mass of forages is inversely related to voluntary intake., As a
plant matures, the percent of total fibrous parts increase. When these
constituents increase to more than 55 to 60% of the dry matter, intake
becomes limited., Rather than consuming more forage when digestibility
is low (to achieve a given energy intake), grazing ruminants tend to
consume less forage when digestibility dereases (Wallace 1984).

However, Ellis (1978) cautions that digestibility of the forage does
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not appear to be an absolute predictor of voluntary intake. He
suggested that digestibility is a dynamie process which is the net
result of two rates, digestion and passage of feed énd could affect
voluntary intake in eitﬁer a positive, negative, or independent
fashion. In conclusion he pointed out the need for measuring rétes of
digestion and particle size degredation, bulk volume per unit of total
cell wall constituents comprising fill, and fragmentation properties
of the forage on consumption and subsequent fermentative digestion

relative to that required for passage from the reticulo-rumen.

Preliminary Efficiency Evaluations

A long-term objective of this study is to assess the input/output
efficiency of rangeland beef cows differing in productive potential.
Information on the milk production, calf performance and r-ebreeding'
success of these breed types will continue to be recorded and com pared
with their forage intake to develop an index to their overall
ef‘f‘ic;i.ency. These indices will be used only to depict a relationship
between production and intake, and not as absolute values. Yearly
differences in forage quality or other environmental influences may
have an affect on breed group efficiency such ‘that the relationship
between intake and efficiency may change.

Preliminary data from 2 years has.shown that 351H required an
average of 1.1 kg of forage per kg milk produced and HH required 1.3
kg of forage. Data taken from Kronberg (1983) showed that during the

summer season of 1982, both the 3S1H and HH consumed about 1.1 kg

forage per kg milk. In 1984, milk production ef‘f‘iciency for the 3S1H
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remained unchanged, but the HH consumed .4 kg more forage per kg milk
produced. The limited number of animalsAinvolved in these efficiency
evaluations, combined with yearly environmental aifferences, precludes
conclusions regarding the input/output eff‘iciehcy of the 3S1H and HH
breeds. The tentative information presented here is intended to be
built upon to more fully understand the interaction between year and
breed characteristics. Ho'llow'ay and Butts (1983) noted that
differences in forage quality affected the efficiency of conversion of
digestible DM intake to calf gain‘f‘or' cows differing in strﬁctur'al
size. On high quality fescue~legume pastures, structural size was not
related to efficiency, but on lower quality fescue pastures, smaller
cows tended to be the most efficient.

Appendix table 16 attempts to ill'ustr'ate the relative spread in
intake for the breeds used in 1984 by comparing them to the 1S3H.
Tentative efficiency éata are also provided in terms of milk
préducfion and calf ADG. Milk production and calf gain indices are
simply used to compare each breed's production intake against its
intake. A higher index denotes a greater quantity of output versus
input. Although‘ the 3S1H have a high milk production index, they have
the lowest calf gain index. More research is necéssary to determine
the maintenance demands of these cows in a free-ranging environment in
order to estimate that portion of intake going to milk broduction. In
addition, Ilittle is known about the nutritional requirements of the
calf, and studies are needed to lend insight into calf grazing

behavior in a range setting.




42

SUMMARY

The feed efficiency of various beef cow breed types differing in
milk production, body size or body composition is a concern to
livestock operators wishing to optimize beef production from the range
resource. In ordér to ultimately identify the productive potential
and adaptibility of these various breeds to a particular grazing
environment it is necessary to estimate their forage consumption.
Level of milk yield may account for the majority of the intake
differences between breeds, but measurements of body size, fat
deposition and rumen volume may also be useful in further defining
those factors influencing forage consumption. Differences in seasonal
forage OMD may also affect intake differences between breeds., In 1983
when forage OMD was 65% intake differences per unit of body weight
between HH and 3S1H cows were diminished compared to intake levels at
61% OMD. As forage OMD increases, the factors that control intake may
be different than those controlling intake at lower levels of
digestibility. The transition point between regulating mechanisms may
vary with breed as well.

Milk production, calf performance and reproductive performance
should continue to be tested in relation‘to forage intake to develop
indexing ratios of the overall efficiency of the breed types on native
rangelands.

Future research areas that may be useful in further defining
those factors influencing intake are (1) Measurements of rumen -volume

using the dilution technique with a liquid marker to be correlated
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with linear measurements of structural size. (2) Analysis of forage

cell wall content from extrusa samples.
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APPENDIX




Table 7. Intake values for various breeds of grazing cows using the chromic oxide method for fecal output.

Body Milk
Weight  Production Intake Forage Digestibility/
Reference Breed (ke) kg/d (SBW Technicue
Brumby, 1959 Jersey 397 8.6 3.0 v
Fresian 526 13.1 3.0 M —
Corbett et al., 1963 Ayrshire 430 14.6 1.9 M 4% OVDN
Hills, 1968 Hereford 380 3.0 M 57.9* OVDLR
Santa Gertrudis 441 2.7 M 54.9* OVDLR
Holloway et al., 1979 Angus 457 8.5 1.9 DM 58* DMVDJADL
472 8.3 2.2 DM 61* DVDACL
Hollcway &Butts, 1983  Angus 442 5.4 1.8 M 59* DVDACL
438 5.8 2.2 M 64* DVDADL
Jones et al., 1965 Ayrshire 494 12.7 2.8 M 77 QVDAN
479 17.5 3.0 m 78* OVDFN
Lusby et al., 1976 Holstein 458 - 3.5 M 62* DtWin Vitro
Hereford x Holstein 372 - 25 M 62* DMD/in Vitro
Hereford 360 — 2.5 M 62* DMD/in Vitro
Nutt et al., 1980 Angus 465 6.5 1.7 M 55* DVDADL
496 7.5 1.9 M 59* DMDJACL
Streeter et al., 1974 Brcwn Swiss 474 10.3 3.1 M 59* CWCDin Vitro
Charolais x Angus 375 7.5 3.2 M 59* CWCDYin Vitro
Hereford 371 6.0 2.8 M 59* CWCD/in Vitro
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Table 8. Least squares analysis of variance of organic matter intake

(OMI) 1983.
Mean Squares
oM

Source df (% BWI/d)
Breed I 0.011
Month 2 0.692%**
Breed x month 2 0.124
Sex of calf I 0.008
Sire breed of calf I 0
Regression

Age of calf I 0.006

Body weight I 0.091
Residual 23 0.061
R 0.86
***9<.01

Table 9. Least squares analysis of variance for body weight (BW)

1983.
Mean Squares
om
Source df (% BWI/d)
Breed I 433.2
Month 2 8318.5**
Breed x month 2 33.7
Sex of calf I 4.8
Sire breed of calf I 802.8
Regression
Age of calf I 25526.0
Residual 24 2413.3***
R2 0.49
**«P<.01

*P< .05
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Table 10. Least squares analysis of variance of organic matter intake

(OMI) 1984,
Mean Squares
oM

Source df (% BWI/d)
Breed 4 0.648***
Month 2 0.230*
Breed x month 8 0.032
Sex of calf I 0
Sire Dbreed of calf I 0.338**
Regression

Age of calf I 0.086

Milk production I 0.167
Wit:Ht ratio I 0.434**

Body weight I | .003***
Residual 69 0.078
R2 0.77
F*x9<.01

**P<.05

*P<.06
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Table 11. Least squares analysis of variance of milk production (MP)

1984.

Source

Breed

Month

Breed x month

Sex of calf

Sire breed of calf

Regression
Calf age

Residual
R2
***p< 01

**P<.05
*P<.10

df

—— N

72

Mean Squares
WP
(kg/d)

128.1%**
107.7***
13.2

4 .7*
70.8**

10.6
11.6

0.68

Table 12. Least squares analysis of variance of body weight (BW) and
weight :height ratio (wt:ht) 1984,

Source

Breed

Month

Breed x month

Sex of calf

Sire breed of calf

Regression
Age of calf

Residual
R2

***p<.01

df

—_—— N

72

Mean Squares

BN
(kg)

1355.1
11917.9"***
99.6

1716.9
598.7
368.7

1364.2

0.32

W Ht
(kg/cm)

0.087
0.697***
0.006
0.003
0.014

0.014

0.053
0.36
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Table 13. Comparison of OVD between selected samples of extrusa
using two drying methodsl.

IQR IQRH
Month Freeze-dried Oven-dried Freeze-dried Oven-dried
June 69%a 63%* 71%* 62%b
July 69%* 63%b 62%a 55%b
August 61%a 529th 59%* &6°
Mean* 66%a 59%b 6H @ 56%

1Means within a year within a month followed by a common
superscript are similiar (P<.07).

* PC.01



Table 14. 1983 Fecal output estimates for dry cows using total collection and

techniquesl.

June Julv
Total Cr238 Total
Breed collection collection
HH 0.5 0.7 0.6
3S1H 0.5 0.7 0.6

1 YBN OB

Cr233

0.8

August
Total
collection

0.6

Cr20g

0.6

0.7

chromic oxide (Cr200)
N

Mean
Total Cr2 Qg
collection
0.6 0.7
0.6 0.7
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Table 15. Least squares analysis of variance of organic matter intake
(OMI) for HH and 3S1H breeds 1983 and 1984.

Mean Squares

oM

Source df (% BWI/d)
Breed | 0.624***
Month 2 0.138
Year I 0.025
Breed x year | 0.849***
Breed x month X year 6 0.296***
Sex of calf | 0.104
Sire breed of calf 2 0.078
Regression

Age of calf I 0.450**
Residual 53 0.082
R2 0.79
*«*P<.01

**P<.05



Table 16. Intake differences and efficiency evaluations for breeds used in 1984

BN kg/d/500 Milk production Milk Production Calf ADG Calf Gain
Breed (kg) kg BN (kg/d/500 kg BW Index (kg/500 kg BW Index
1S3H 543 10.9 8.5 .78 1.14 10
H 535 +0.6 7.6 .66 .10 .09
A 537 +1 #6 7.3 .58 1.08 .09
SH 564 +2.1 12.6 .96 1.11 .09
3S1H 548 +3.4 12.6 .88 1.18 °8

Milk Production Index= MPZS8X kg BN
Intake/500 kg BN

Calf Gain Index= Calf ADG/500 kg BN
Intake/500 kg BN



Table 17. Least

61

squares analysis of variance

matter digestibility (IVOMD).

Source

Month
Year
Month x year

Residual
R2

***0< 0]
**p<.05

df

63

of in vitro organic

Mean Squares
MOVD

329.4***
156.5**
25.7

38.7
0.27



Madn
N378
w1238
cop.2

i

Wagner, Matthew Wayne
Forage intake and milk
production of rangeland..

MONTANA STATE UNIVI

N

L

1762 10020900 4

Main
N378
w1238
cop.2



