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ABSTRACT: Management strategies designed to
improve grazing animal performance can influence
feedlot performance and carcass traits both positively
and negatively. In spite of the economic relevance of
potential interactions between grazing and finishing
performance, controlled experiments evaluating in-
tegrated production systems are limited in number.
Effects of grazing treatments can result from, or be
overshadowed by, changes in gut fill, thus making it
difficult to assign precise costs to different phases of
production. Published reports have considered the
effects of stocking rate, duration of grazing, forage
characteristics, supplementation, and growth-promot-
ing implants on subsequent finishing performance.
Improvements in cattle performance attributed to
changes in stocking rate generally have been neutral
to positive with respect to effects on finishing perfor-
mance. Comparisons among forages have led to the
suggestion that forage species may contribute to
differences in gastrointestinal fill of grazing cattle,
thereby influencing gain and efficiency during the
subsequent finishing phase. Creep-feeding suckling
calves generally has increased preweaning perfor-
mance but has had relatively little influence on
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performance during the subsequent finishing phase.
Grain supplementation of stocker cattle during the
grazing period has improved grazing performance, but
effects on subsequent feedlot performance have been
inconsistent. Potential carryover effects from protein
and mineral supplementation also have been inconclu-
sive. Lack of congruence among studies is puzzling but
may be the consequence of highly varied production
systems, differences in experimental procedures, and
changes in gut fill or mass of internal organs. Based
on the studies reviewed, the expression or absence of
compensatory growth during the finishing phase
appears to be related to the nutritional quality of
forages utilized in the grazing period, with higher
quality forages tending to yield greater compensatory
effects. The bulk of evidence with suckling cattle and
stocker implants suggests that effects on subsequent
finishing performance are minimal. Attention is
drawn to the noticeable lack of research pertaining to
integrated production systems. A more thorough
understanding of the interactions among grazing
nutrition and management, finishing performance,
and carcass traits is needed to facilitate greater
economic exploitation of these relationships.

Implantation
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Introduction

Beef production historically has existed as a highly
segmented industry, with the various segments being
owned and operated independently of one another.
These segments normally have represented distinct
developmental phases of the beef animal. Profitability
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of one segment of the industry often has occurred at
the expense of another, with little or no attention
afforded to overall profitability of the entire produc-
tion system. Vertical integration, networking, alliance
development, joint ventures, and other forms of
integration all are presumed to have the goal of
increased overall efficiency of beef production and
production of market-specific carcasses. Understand-
ing interactions among various phases of beef produc-
tion is key to identifying the means of fully exploiting
these relationships. This review article emphasizes
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the carryover effects of nutrition and management
factors employed during the grazing period(s) on
performance during the subsequent finishing phase of
production.

Compensatory Growth

Rate of growth generally is not constant from birth
to slaughter. A multiphasic pattern of tissue accretion
in cattle is more the norm, reflecting seasonal
oscillations in nutrient supply. Beef production sys-
tems exploit these characteristic fluctuations in
resource availability, deferring (or dramatically
decreasing) growth until the necessary nutrient
resources become available and(or) economical. Such
is the case with traditional spring/summer grazing
programs that follow wintering periods. Deferred
growing systems also afford certain advantages in
terms of altering phenotypes and(or) time of market-
ing in order to optimize market value.

Compensatory growth is the term coined by Bohman
(1955) to describe the accelerated and(or) more
efficient growth that commonly follows a period of
growth restriction. Usually it is considered in the
context of recovery from nutritional deprivation,
though other environmental stressors that affect
animal growth, such as extreme temperatures, dis-
ease, plant toxins, or parasite infestation, also could
be involved. Effects of previous plane of nutrition on
subsequent growth of domestic livestock have been
documented extensively and are the subjects of several
excellent reviews (Wilson and Osbourn, 1960; Allden,
1970; Moran and Holmes, 1978; O’'Donovan, 1984).

The phenomenon of compensatory growth is of
considerable practical significance to beef production.
The segmented nature of the industry is such that
ownership of an animal may change several times
during its lifetime. Expression of compensatory
growth frequently coincides with change of ownership.
In other words, what is lost by one segment of the
industry is captured by others. Ultimately, this results
in little or no net change in value of the commodity;
rather, it represents a redistribution of value. This
redistribution is an important and common occur-
rence, often representing the margin of profit for
certain segments of the beef industry.

Compensatory growth also can be capitalized on by
allowing its expression to occur when input costs are
greatest, thereby reducing overall cost of production.
This commonly is the case with yearling finishing
programs, in which performance may be compromised
during portions of the grazing (low input) period and

increased during the subsequent finishing (high
input) phase. Changes in overall profitability are
consistent with differences in production costs during
each phase. In order to increase profitability under
this scenario, improvements in efficiency realized
during the high-input phase must be sufficient to
offset higher costs associated with decreased produc-
tivity during the low-input phase. In traditional,
multisegmented systems of production, market value
of the animal at alternative end points must also be
considered. Consequently, the impact of compensatory
growth becomes relative. In the segmented system of
production, the value of compensatory growth is based
on differences in market value and growth efficiency of
compensating vs noncompensating animals. In an
integrated production system, actual input costs for
each phase are considered. Extending the period of
growth restriction decreases the likelihood of enhanc-
ing profitability in integrated systems because main-
tenance costs during the low-input phase become an
increasing proportion of overall costs of production.

Patterns of growth can be altered in order to
manipulate body weight at the point of slaughter. This
is possible because cattle typically are slaughtered at
weights substantially less than mature weight
(Owens et al., 1995). Owens et al. (1993) suggested
that mature weight of an animal could be defined as
the weight at which fat content of the empty body
reaches 34 to 37%. Presumably, body fat content of
28% (low Choice quality grade) could be attained by
an infinite number of discontinuous patterns of
growth.

Accumulation of body fat occurs in proportion to the
excess energy provided beyond that required for
maintenance, skeletal growth, and protein accretion.
During periods of suboptimal nutrition, deposition of
muscle and skeletal tissue proceeds at the expense of
body fat, potentially leading to a lower percentage of
body fat. When animals subsequently are provided
access to additional nutrients, fat deposition resumes.
Cattle producers exploit this mechanism to increase
slaughter weights without substantially affecting the
percentage body fat at slaughter. A wide range of
genotypes thus can be used to arrive at a given
phenotype.

Interpretation of Changes in Body Weight

Accurate assessment of the effects of nutrition on
animal performance is contingent on the ability to
obtain accurate, unbiased estimates of weight. This
becomes particularly important when attempting to
ascertain effects of treatments employed during one
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phase of production on performance during subse-
guent phases. Inaccurate or biased estimates of body
weight can veil effects of treatments, leading to
erroneous conclusions with potentially significant
economic ramifications. Ruminants are predisposed to
large variations in gut fill (Stock et al., 1983);
consequently, live weight often may be an unreliable
indicator of empty body mass. Changes in gut fill may
be inherent with some dietary regimens or manage-
ment strategies and may thereby bias estimates of
body weight and, hence, interpretation of animal
performance.

Rohr and Daenicke (1984) reviewed the effects of
various dietary factors on gut fill, citing a range in gut
fill between 11 and 17.1% of live weight for cattle fed
different types of diets. More recently, Johnson et al.
(1998) measured seasonal changes in ruminal fill of
steers grazing mixed-grass prairie. Ruminal contents
ranged from a low of 9% of body weight in mid-June to
a high of 16.5% in mid-December. Burns et al. (1997)
evaluated digesta kinetics in steers fed switchgrass
hays of varying maturity and determined that ruminal
fill (dry basis) increased linearly with advancing
maturity of the forage. In an earlier study, Burns et
al. (1991) compared ruminal dry matter fill of steers
grazing several grass species, noting only minimal
differences. Ruminal fill values, when expressed on a
dry basis, are of limited utility in interpreting changes
in live weight because they do not consider the
possibility that the moisture of ruminal contents can
vary with diets.

Wet ruminal contents of cattle offered various
forages were estimated by Reid et al. (1990) before
and 6 h after feeding. The amounts of ruminal
contents were different among cattle fed legumes and
cool- and warm-season grasses. Just as important, the
relative ranking changed between the 0-h and
6-h sampling times, reflecting differences in feed
consumption patterns of the different forages. Waldo
et al. (1990) measured gut fill of steers fed alfalfa and
orchardgrass silages at two levels of intake within 10
to 14 h after feeding. At comparable intakes, gut
contents were 28% lower for cattle fed legume
compared with grass silage. Fill, expressed as a
percentage of body weight, was somewhat lower at the
higher levels of intake.

Tolley et al. (1988) provided evidence of the effects
of diet switches on estimation of live weight. Switch-
ing from high- to low-energy diets resulted in signifi-
cant losses of body weight during the 2-wk period
immediately following the diet change, presumably
because of changes in gastrointestinal tract fill. Loest
et al. (1998) observed similar effects when switching

cattle from ad libitum, mixed diets to limit-fed, high-
concentrate diets. These short-term changes in gut fill
can effectively obscure underlying effects of treatment.

Understanding changes in gut fill is prerequisite to
discerning real treatment differences in nutrition
experiments. Comparisons are obscured further by
potential differences in the effects of growing regimens
on mass of various body tissues. Ledger and Sayers
(1977) restricted feed intake to maintain steers’
constant live weights for 12 to 24 wk and observed
that internal organ weights decreased, whereas car-
cass weight increased. Carstens et al. (1991) meas-
ured disproportionate increases in mass of internal
organs relative to total empty body weight during
compensatory growth. Mass of the internal organs is
dynamic, reflecting fluctuations in nutrient availabil-
ity and the necessity for “metabolic machinery” to
process nutrients. Although superior to live weight
estimates, empty body weights do not necessarily
reflect changes in animal value, because they may or
may not correlate with changes in mass of carcass
tissues.

Accurate assessment of the interactions among
various management strategies and phases of produc-
tion is predicated on reliable estimates of animal
performance during each phase. Therefore, valid
estimation necessitates an underlying knowledge of
the manner in which treatments interact with
response criteria used to evaluate them. This can be
likened to a statistical analysis using covariates; the
analysis is inappropriate when values of the covaria-
bles are dependent on treatments. Attempts to stan-
dardize gut fill and weighing conditions are impera-
tive.

Forage Systems and Their Effects on
Subsequent Feedlot Performance

Substantial diversity exists among the major
forage-producing areas in terms of plant species,
annual precipitation, soil fertility, and other environ-
mental factors. Consequently, a variety of manage-
ment strategies have evolved to exploit these differ-
ences, including burning, rotational grazing, intensive
stocking, fertilization, and supplementation. Substan-
tial opportunity exists for interaction between forage
resources, agronomic practices, animal management,
animal performance, and the end product that is
produced. Research pertaining to these interactions
will be the subject of the following discussion.

Studies designed to assess various grazing strate-
gies often are confounded with season of year, animal
age, weight, and numerous other factors. Confounding

J. Anim. Sci. Vol. 77, Suppl. 2/J. Dairy Sci. Vol. 82, Suppl. 2/1999



GRAZING EFFECTS ON FINISHING PERFORMANCE 139

of this sort is inevitable, thus precluding the ability to
ascribe results to a particular factor, such as stocking
density or length of grazing season. This poses a
terrific dilemma when our objective is to define the
precise biological or economic response in each phase
of production. In the absence of accurate, unbiased
estimates of performance during these distinct phases
of production, our comparisons must be confined to one
multiphasic system vs another. Perhaps this is best
achieved by expressing total output as a function of
total economic and(or) biological inputs during the
combined phases of production.

Effects of Grazing Pressure and Duration of the
Grazing Season. The effects of grazing pressure by
cow-calf pairs on subsequent growing and finishing
performance of calves was investigated by Phillips et
al. (1991). Preweaning grazing pressure did not affect
subsequent performance during the receiving, winter
grazing, spring grazing, or finishing periods. However,
feedlot gain and efficiency were greater for calves that
grazed native tallgrass prairie pastures than for
calves that grazed winter wheat. Data in this study
were confounded by season of feeding, initial weight in
the feedlot, average weight during finishing, and other
factors, thus making it impossible to ascribe treatment
differences solely to type of pasture. Gill et al. (1991)
compared feedlot performance of stockers grazing
single- or double-stocked summer pastures (153 and
84 d, respectively) and found no differences in gain,
feed efficiency, or carcass traits. Similarly, Brethour
(1985) noted no difference in finishing performance or
carcass traits among steers that were stocked on
native, mixed-grass prairie at rates of 1.37, 1.75, or
2.13 animals/ha. The absence of compensatory growth
in some, but not all, experiments draws into question
our ability to accurately determine body weight at the
point when animals complete one phase of growth
(grazing) and enter a subsequent phase (finishing).
Data from these studies could be interpreted to
suggest that differences in body weight acquired
during grazing reflect actual differences in tissue
deposition, rather than gut fill.

In a later study by Gill et al. (1992), heifers that
grazed native, tallgrass prairie season long (single
stocked) had poorer feedlot gains and efficiencies than
heifers that were intensively stocked for an
81-d grazing season. Carcass characteristics were not
different, however. Estimations of transit shrink led to
the suggestion that differences in gut fill may have
influenced initial feedlot weights of cattle from the two
treatments; this is consistent with seasonal fluctua-
tions in gut fill reported by Johnson et al. (1998).
Consideration also must be given to the potential

effects of the season during which cattle in each
treatment were finished. In the study by Gill et al.
(1992), short-season cattle were finished by mid-
December, whereas full-season cattle were not slaugh-
tered until mid-February. Brandt et al. (1995)
attempted to minimize differences in gut fill by
feeding designated amounts of a standardized diet
prior to estimating weights at the beginning and end
of the grazing season. During the subsequent feedlot
phase, short-season (intensively stocked) steers
gained more rapidly and more efficiently than steers
grazing season long. Season-long grazing resulted in
heavier (22 kg) carcass weights, but carcass finish
and quality grades were not different between treat-
ments.

Ridenour et al. (1982) evaluated growing and
finishing performance of steers that grazed irrigated
wheat pasture for 133 or 201 d, followed by finishing
periods of 156 or 101 d, respectively. Comparing
systems as a whole, daily gains or carcass characteris-
tics were not different. Feedlot average daily gains
and efficiencies of cattle grazing for 133 d were
superior to those of cattle grazing for the longer
interval, thus compensating for lower gains during the
grazing period. Again, length of the grazing season
was confounded with other factors, such as placement
weights and season of feeding.

Multiphasic Systems. Beef cattle growing systems
frequently employ multiple forage resources, such as
native grass, improved pastures, summer annuals,
crop residues, winter annuals, and harvested forages,
depending on seasonal availability and geographical
location. Wintering programs often are characterized
by relatively high feed costs, prompting considerable
interest in the effects of low nutritional inputs during
wintering periods on performance during subsequent
grazing and finishing periods. This subject has defined
the scope of numerous research trials over the past
five decades. Interpretation of results is subject to
limitations in estimation of weight, as previously
discussed.

Early studies by Connell et al. (1948) and
Heinemann and Van Keuren (1956) assessed the
effects of different levels of gain during the winter
feeding period on performance during subsequent
grazing and finishing periods. In both instances, cattle
held at low rates of gain during the winter period
gained more rapidly during the subsequent grazing
period. Compensation was less than complete,
however; calves maintained at low rates of winter gain
recovered only 58 to 66% of their weight deficit during
the subsequent grazing period. Finishing performance
was not influenced by winter gain. White et al. (1987)
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conducted a similar study and determined that
differences in rate of gain during the summer grazing
season accounted for only about 24% of the differences
in winter gain among treatment groups. The degree of
restriction during the winter period was fairly severe,
ranging from -.23 to .16 kg/d for 98 d. In a more recent
study by Lewis et al. (1990), the degree of compensa-
tion was estimated at 81% for cattle grazing summer
pastures following various degrees of winter growth
restriction. Again, finishing performance was not
influenced by winter gain.

Effects of Forage Type. The prevalence of endophytic
fungus (Acremonium coenophialum) in tall fescue
grazing regions of the United States has prompted
concern over its potentially deleterious effects on long-
term cattle performance. Several studies have com-
pared growing and finishing performance of cattle that
grazed various monocultures or mixtures of different
forage types.

Holloway and Butts (1983) monitored postweaning
growth of calves after cow-calf pairs grazed pastures
containing fescue or fescue-legume mixtures. Calves
raised on fescue pastures were nearly 22 kg lighter at
weaning but exhibited more rapid growth during the
subsequent fall, winter, and spring growing periods.
Feedlot gain and most carcass traits were unaffected
by preweaning treatment. Carcass weights were 11 kg
greater for calves that previously grazed fescue-
legume mixtures, indicating that compensatory
growth during the growing period was far from
complete. Beconi et al. (1995) reported that finishing
gain and efficiency were related inversely to pasture
gain of cattle previously exposed to endophyte-infected
and endophyte-free forages (grazed and harvested).
Likewise, Cole et al. (1987) concluded that the poor
grazing performance associated with high endophyte
infestation was offset partially by improved perfor-
mance in the feedlot phase. Lusby et al. (1990)
compared feedlot performance of steers that grazed
fescue or fescue-clover mixtures. Cattle previously
exposed to higher endophyte levels exhibited compen-
satory growth during the feedlot phase, but carcass
weights still were substantially less at slaughter.
Coffey et al. (1990) conducted a similar experiment
and likewise observed that poor grazing performance
was partially offset by expression of compensatory
growth during the feedlot phase. A significant portion
of the compensation appeared to occur early in the
finishing period, suggesting the possibility that treat-
ments differed in terms of gut fill at the end of the
grazing period. The study of Lusby et al. (1990)
provided further evidence of rapid changes in gut fill
following removal from infected fescue pastures. The

report by Hedrick et al. (1983) provided a rare
glimpse of comparative slaughter data from cattle
backgrounded on different forage systems preceding
feedlot finishing. Cattle that grazed fescue pastures
had lighter carcasses (11 kg less) than their counter-
parts that grazed fescue-legume mixtures. By the end
of the 123-d finishing period, the difference in carcass
weight had diminished to less than 6 Kkag.

Burton et al. (1994) performed an economic
analysis of fescue grazing using production data from
the study of Coffey et al. (1990). This work is
intriguing in that it represents one of the few detailed
comparisons of grazing-finishing production systems.
Cattle grazing on endophyte-infected pastures yielded
the poorest returns on pasture and the greatest
returns during the finishing phase compared with
cattle that grazed fescue-clover mixtures or endo-
phyte-free fescue. However, cattle grazing a mixture of
infected fescue interseeded with clover consistently
yielded the greatest overall profitability.

In general, grazing forages infested with endophyte
reduced stocker gains relative to grazing nonendo-
phyte varieties or grass-legume mixtures. These cattle
also exhibited compensatory growth during the finish-
ing phase, particularly early in the postgrazing period.
Compensatory growth did not appear to be driven by
increases in feed intake during the finishing phase.
Carcass traits reported in these studies generally were
unaffected by previous grazing regimen.

Effects on Sensory Attributes of Beef. Sensory
characteristics of beef from cattle that previously
grazed fescue, fescue-red clover, or fescue-birdsfoot
trefoil were evaluated by Hedrick et al. (1983) after
123 d of high-concentrate feeding. No differences were
apparent among the forages. Larick et al. (1987)
determined sensory traits for beef derived from cattle
backgrounded on different forages and subsequently
fed high-grain diets for O to 112 d. Meat tenderness
was not influenced by pasture treatment, but differ-
ences in concentrations of several volatile compounds
associated with grassy flavor of beef were evident. In a
later study, Larick and Turner (1990) evaluated
flavor of beef after backgrounding the cattle on
different forages and subsequently finishing them for
0 to 82 d. Beef from cattle that previously grazed a
fescue-clover mixture had less “sweet, gamey after-
taste” than that from cattle grazed on pearl millet or
sorghum-sudangrass. Sensory characteristics nor-
mally associated with grass feeding dissipated after
only 54 d on feed. Linolenic (C18:3) acid was key in
distinguishing flavors associated with forage feeding.
Concentrations of linolenic acid were decreased sub-
stantially after 54 d of grain feeding, but levels in beef
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from the different forage types were not markedly
different. Apparently, minimal differences occur
among forages with respect to their influence over
sensory attributes of beef, providing that cattle are
permitted sufficient time on high-concentrate diets.

Supplementation on Pasture and Its Effects on
Subsequent Finishing Performance

Creep Feeding. Provision of self-fed, creep supple-
ments to beef calves is employed commonly as a
means of increasing weaning weights and, hence,
potential profitability of cow-calf operations. Creep
feeding could potentially influence postweaning
growth both positively and negatively. Given their
previous exposure to concentrates, creep-fed calves
might be less disposed to digestive problems during
the transition from pasture to concentrate-based
finishing diets. Creep feeding of animals that other-
wise would be nutrient deficient, such as calves
nursing dams with poor milk production, might
influence satellite cell proliferation during critical
periods of development, thereby altering future
growth potential. Permanent effects of early postnatal
nutrition on growth and metabolism, referred to as
nutritional programming, have been demonstrated in
primates, rodents, ruminants, and other species
(Desai and Hales, 1997). Early postnatal growth
restriction can retard future growth potential (Everitt
and Jury, 1977) as well as the expression of compen-
satory growth (Wardrop, 1966; Drennan and Harte,
1979; Robelin and Chilliard, 1989). Alternatively,
growth restrictions imposed several months after birth
may have no permanent detrimental effects, in which
case the animals could exhibit compensatory growth,
thus ameliorating the benefits of creep feeding.

Finishing performance of creep-fed beef calves has
been the subject of several studies. Myers et al.
(1997) evaluated the effects of creep feeding during
the final 8 wk of suckling on finishing performance of
several biological types of cattle. Creep feeding in-
creased preweaning gains in both years of the
experiment. During the finishing phase, gains and
efficiencies of supplemented calves were equal or
superior to those of calves that did not receive creep.
Fluharty et al. (1996) evaluated creep feeding the last
105 d of suckling and obtained only marginal,
nonsignificant improvements in preweaning perfor-
mance. Likewise, performance and carcass traits
during the subsequent finishing period were un-
affected by creep feeding.

Faulkner et al. (1994) evaluated the use of corn

and soybean hulls as creep feeds for suckling calves.
Relative to unsupplemented controls, creep feeding
decreased forage intake but had no effect on milk
consumption. Calves in the supplemented groups were
heavier at weaning and retained their advantage
throughout the subsequent growing and finishing
periods. Preweaning supplementation did not impact
growing or finishing performance but resulted in
higher quality grades. Differences in quality grade
could be attributed to differences in overall fatness, as
carcasses of creep-fed cattle tended to have more
subcutaneous fat and higher yield grades.

Tarr et al. (1994) conducted a 2-yr study to
evaluate the effects of creep feeding for the final 0, 28,
56, or 84 d before weaning. Gain during the prewean-
ing period increased linearly as days of creep feeding
increased. Creep feeding appeared to have no substan-
tial effects on performance during the finishing phase
and had no effect on carcass quality or degree of
fatness.

In general, increases in body weight acquired
through creep feeding are retained throughout the
subsequent finishing phase. Creep feeding appears to
have no dramatic effects on finishing growth or
carcass characteristics. Berge (1991) similarly con-
cluded that preweaning treatments, in the form of
milk allowance or concentrate level, do not substan-
tially influence subsequent finishing performance.
Consequently, the efficacy of preweaning supplemen-
tation regimens can be evaluated predominantly on
the basis of benefits achieved during the period of
supplementation.

Mineral Supplementation. Relatively few studies
have been conducted to ascertain the effects of mineral
status during the grazing period on performance
during the ensuing finishing period. Greene (1998)
hypothesized that copper, zinc, and selenium are of
greatest practical significance in terms of potential
carryover effects because of their role in immune
function. Deficiencies during the grazing phase could
potentially be manifested as immune failure when
cattle are subjected to the stresses of weaning,
transportation, and introduction to the feedyard.
Stabel et al. (1993) demonstrated the relationship
between dietary copper status and immunocompetence
using a disease challenge model in young dairy calves
(30 d old). Addition of supplemental copper to
semipurified, copper-deficient diets increased immuno-
logical responses in calves.

Sankoh and Boila (1987) observed no change in
grazing performance when calves received injectable
copper at the start of a 113-d grazing trial. During the
subsequent feedlot phase, daily gain and carcass
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weight of the supplemented calves were less than
those of controls. Coffey et al. (1992) compared
grazing and subsequent finishing performance of
yearling steers on fescue-legume pastures with and
without supplemental copper in the form of copper
oxide needles. Although concentrations of copper and
ceruloplasmin increased with copper supplementation,
performance was not improved during the grazing or
finishing periods, indicating that basal copper levels
were not limiting for growth or immunocompetence of
the yearling cattle.

Although little doubt remains that serum consti-
tuents can be altered as a result of mineral consump-
tion, evidence is lacking with respect to the beneficial
or deleterious effects on grazing and subsequent
finishing performance. Defining these effects seems an
almost insurmountable task, given the broad range of
soil types, climatic conditions, fertilization practices,
plant species, maturation processes, grazing systems,
animal requirements, supplementation practices, and
countless other variables that are likely to interact.

Energy and Protein Supplementation. Stocker pro-
grams frequently are complemented by the strategic
use of energy and protein supplements. Immature
forages often contain an excess of degradable intake
protein and presumably could be complemented by
supplementation with readily available forms of
energy or undegraded intake protein. As forages
mature, protein may become limiting, particularly
protein that is readily degradable. Consequently,
supplements containing appreciable quantities of
degradable protein can stimulate microbial digestion
and forage utilization. Supplementation of grazing
cattle has been the subject of thousands of research
studies worldwide. In spite of the enormous emphasis
on supplementation, only a few studies have inves-
tigated carryover effects in the feedlot.

Owensby et al. (1995) conducted a study with
yearlings grazing native, bluestem range to assess the
effects of grain supplementation on performance
during grazing and the ensuing finishing period.
Performance during the pasture phase increased
linearly with grain supplementation but did not affect
gain or efficiency during the finishing period. Carcass
weight and dressing percentage increased linearly as a
result of increasing grain consumption on pasture,
indicating that little or no compensatory growth
occurred in the feedlot. Brethour (1985) observed
similar increases in grazing performance while sup-
plementing ground milo and monensin on native,
mixed-grass prairie. Subsequent feedlot gains actually
were marginally higher for cattle supplemented with
the grain/ionophore mixture.

Lake et al. (1974) fed grain-based supplements to
cattle on irrigated grass-legume pastures and noted
that grazing gain increased in proportion to the
amount of supplement fed. Cattle fed grain on pasture
required fewer days in the feedlot than unsup-
plemented cattle. Feedlot gains, efficiencies, and
carcass traits were unaffected by previous supplemen-
tation. Coleman et al. (1976) reported that increases
in performance attributable to protein-energy sup-
plementation of cattle grazing St. Augustinegrass had
no significant effects on subsequent finishing perfor-
mance or carcass traits. This is in agreement with the
work of Elizalde et al. (1998), in which cattle grazed
infected fescue.

Data from the previously mentioned studies are in
contrast to observations made by Horn et al. (1995)
with supplementation of cattle on wheat pasture. As
in previous experiments, stocker performance was
improved with supplementation on pasture (two
separate studies). However, effects on subsequent
feedlot performance were not consistent between
studies. In one instance, feedlot gain was unaffected
by previous supplementation regimen. In the other
case, cattle that received no supplemental energy
during the grazing period gained more rapidly in the
feedlot phase and had larger carcasses. Feed efficiency
and carcass quality were not influenced by previous
supplementation. Additional evidence of the potential
negative effects of pasture supplementation on subse-
guent finishing performance was presented by Perry
et al. (1971). A concentrate mixture (grain plus
protein supplement) was fed at levels ranging from 0
to 6.7 kg/d to cattle grazing legume-grass pastures.
Daily gain during the grazing period increased
linearly with supplement intake and decreased
linearly during the following feedlot phase. However,
the degree of compensation was far from complete.
Supplements fed at 0 and 2.2 kg/d during the grazing
period compare reasonably well with treatments in the
studies discussed previously. In this comparison,
compensation by the unsupplemented animals was
limited to approximately 20%. A subsequent series of
experiments (Perry et al., 1972) later confirmed these
observations. Denham (1977) evaluated the impact of
supplementing grain to cattle grazing annual ryegrass
followed by grazing on fall blue grama and western
wheatgrass and later monitored performance in the
feedlot phase. Previously unsupplemented cattle com-
pensated during the finishing period, regaining about
80% of the weight deficit that existed at the end of the
grazing period. Additionally, the compensating cattle
were more efficient.
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McCann et al. (1991) fed supplements of various
protein contents to cattle grazing winter annuals and
observed significant increases in pasture gain with
supplementation. When cattle subsequently were
finished, compensation was virtually complete. Den-
ham (1977) evaluated protein supplementation of
cattle grazing fall native pastures. Gain during the
grazing period increased with protein supplementa-
tion in 2 out of 3 yr. Gains during the following feedlot
phase were not altered by previous protein supplemen-
tation.

Considerable lack of consistency exists among
studies evaluating carryover effects of grazing supple-
ments on subsequent feedlot performance. However,
studies showing no effect of previous supplementation
on feedlot performance do appear to have the common
feature of poorer quality forages during the grazing
season. Conversely, studies characterized by a com-
pensatory growth response during the feedlot phase
seem to have in common the use of higher quality
roughages. Initially, this seems contrary to the
concept of compensatory growth, which by definition
requires a period of growth restriction. Cattle in the
studies characterized by compensatory growth were
not restricted severely, even when not supplemented
during the growing period. This may imply that
supplementation has a greater influence over changes
in gut fill with higher quality forages.

Implanting Pasture Cattle and Subsequent Effects
on Finishing Performance

Recent reviews have characterized the benefits and
potential positive and negative carryover effects of
administering various growth-promoting implants to
suckling calves (Mader, 1997) and grazing stockers
(Kuhl, 1998). Although dozens of studies have
documented the growth-enhancing capabilities of im-
plants during the suckling, growing, and finishing
phases of production, relatively few have evaluated
carryover or lifetime effects. Laudert et al. (1981)
showed that implanting suckling calves had no effect
on growing and finishing gains, but implanting during
the growing phase reduced feedlot gain. Conversely,
Mader et al. (1985) reported that implants ad-
ministered preweaning had no influence on growing
performance but reduced finishing gain. In a large
3-yr study, Simms et al. (1988) found that finishing
steer performance was not affected by implants used
during the suckling or growing periods. In a pooled
summary of the three aforementioned studies, all
using Ralgro implants (Ralgro, Pitman-Moore, Terre

Haute, IN), Mader (1997) concluded that implants
used during the preweaning phase improved weaning
weights slightly, positively influenced growing perfor-
mance, and tended to reduce finishing and overall
postweaning growth and feed efficiency.

In subsequent steer and heifer studies, Mader et al.
(1994) explored the use of low-, moderate-, and high-
potency implants during successive phases of produc-
tion. This strategy using Synovex-C and -S or -H
(Synovex-S; Fort Dodge Animal Health, Fort Dodge,
1A) during suckling and growing phases, followed by
Synovex and Finaplex (Finaplex, Hoechst-Roussel,
Somerville, NJ) in the feedlot phase, increased
lifetime weight gain by 50 kg. Additionally, gain and
efficiency during the finishing phase were comparable
to those of control cattle. Other studies of sequential
doses of estrogenic implants have produced similar
results (Mader, 1997). Suckling implants generally
have had little influence on carcass characteristics.

Effects of implants administered during the grazing
season on growing and finishing performance have
been summarized by Kuhl (1998). New Mexico
(Grigsby et al., 1988) and Nebraska (Rush et al.,
1989) researchers, using estrogenic products in both
production phases, found no carryover effects of
summer grazing implants on feedlot performance or
carcass traits. Grazing gains and overall (grazing plus
finishing) gains were improved by pasture implants.
Similarly, Hutcheson and Rouquette (1986) achieved
greater steer and heifer gains with a Ralgro reimplan-
tation program over a 180-d rye/ryegrass grazing
period, but observed no effect on ensuing feedlot
performance. However, pasture-implanted cattle
tended to have higher quality grades at slaughter.
Likewise, McCann et al. (1991) reported that Ralgro-
implanted stockers gained 10 kg more weight over 73
d on wheat/ryegrass pasture, but implanting had no
influence on finishing performance even though steers
were not implanted during the 76-d feedlot phase.
Similarly, Compudose-implanted (Compudose, Elanco
Animal Health, Indianapolis, IN) calves gained 14%
faster than controls on fescue pastures but showed no
advantages in subsequent growing and finishing gains
in drylot without reimplantation (Beconi et al., 1995).
Coffey et al. (1992) also boosted stocker performance
on fescue pasture with two successive Synovex-S
implants. However, in the subsequent finishing
period, during which all cattle received two additional
Synovex-S implants, pasture-implanted steers gained
6% slower.

Researchers have also evaluated the potential
carryover effects of various grazing implants in cattle
receiving estrogen/trenbolone acetate implants in the
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feedlot. In a 2-yr study, Brandt et al. (1995)
demonstrated that implanting stockers with Synovex-
S had no effect on subsequent Synovex/Finaplix-
influenced feedlot performance or carcass traits. Over-
all, pasture implants increased final slaughter and
carcass weights about 9 and 5.4 kg, respectively. More
recently, Fankhauser et al. (1997) compared perfor-
mance of 480 stockers given either no implant, Ralgro,
or Synovex-S on native range, followed by either
Synovex Plus or a Ralgro/Synovex Plus reimplantation
program in the 132-d feedlot phase. Feedlot perfor-
mance was maximized with the reimplantation pro-
gram. Finishing gains and feed intakes were similar
for all stocker-phase treatments. However, pasture-
implanted steers tended to be less efficient than
controls during finishing, especially when the feedlot
reimplantation program was not used. Carcass charac-
teristics were not influenced by pasture treatments.

In a study with 480 stockers receiving either no
implant, Revalor-G, Ralgro, or Synovex-S before grass,
followed by Revalor-S or Synovex-S during the finish-
ing phase, Kuhl et al. (1997) concluded that pasture
feedlot carryover effects were nonexistent. On average,
implanted stockers gained 9.1 kg more on grass and
produced 8.2-kg heavier carcasses, but had no signifi-
cant improvements in quality or yield grades. Simi-
larly, Paisley et al. (1998) evaluated 300 calves dry-
wintered on native tallgrass range with either no
implant or Synovex-C, -S, or Revalor-G. Subsequently,
all calves were implanted with Ralgro during the
grazing period and with Revalor in the feedlot. Winter
treatments had no effect on performance during the
summer grazing period or in the finishing phase.
Steers implanted in the winter averaged 14.1 kg
heavier at slaughter (9.1-kg greater carcass weight).
Unexpectedly, winter-implanted stockers had slightly
higher yield grades and increased skeletal maturities.
Collectively, these pasture/feedlot studies demonstrate
that benefits achieved with grazing implants generally
are retained through finishing when adequate, but not
excessive, exogenous hormonal stimulation is provided
throughout production phases.

Implications

Frequent bias in the estimation of animal weight
severely limits the ability to ascribe true value to
various phases of production in integrated systems.
Management strategies can be used to effect changes
in growth of grazing cattle without detrimental effects
on subsequent finishing performance or carcass traits.
Further characterization of the relative responses to
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pasture supplementation and effects on subsequent
performance in the feedlot may prove useful for
identification of alternative more profitable beef
production systems.
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