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A d-year study was conducted on Kansas Flint Hills bluestem
range to monitor animal gain, grass, and forb standing biomass
following grazing, plant population dynamics, and in 2 years,
subsequent feedlot performance of steers under intensive-early
stocking supplemented with increasing levels of sorghum grain.
Each year from 1988 through 1991, crossbred beef steers were
stocked at 0.24 ha/100 kg of initial steer weight from 5 May to 15
July. Steers in twice-replicated pastures were given no supplementation, 0.91 kg rolled sorghum grain per head daily, or 1.82
kg rolled sorghum grain per head daily, which corresponded to
approximately 0,0.3, and 0.6 % of body weight -1. All steers were
implanted with estradiol 17 beta in 1988 and zeranol in 1989-91
during initial processing and had unlimited accessto a lasalocidlmineral mixture during the entire trial. In 1989 and 1990,
representative groups of steers selected from all treatmentlpasture combinations were subjected to a feedlot finishing phase and
carcassdata were obtained. Grass and forb standing crops were
estimated each year at livestock removal in mid-July and again
in early October. Pretreatment species composition and basal
cover were determined in 1988 and compared to those at the end
of the study. In mid-July, when cattle were removed, residual
standing biomass of grass increased in direct proportion to
increasing level of supplement. Standing biomass of grass at the
end of the growing seasondid not differ among pastures with different supplement levels. Forb standing biomass did not differ
among pastures with different supplement levels in July or
October. Changes in plant populations among treatments during
the course of the study were minimal. During the early portion of
the grazing period, sorghum grain supplementation did not significantly influence steer gains, but average daily gain during the
latter part of the grazing period increased in direct proportion to
increasing level of sorghum grain supplement. Daily gain, feed
intake, carcass characteristics, and gain:feed ratio were not different among treatments during the feedlot phase. Although conversion efficiencies may be economically marginal, low-level
grain supplementation has the potential to increase the daily gain
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Intensive-early stocking (Smith and Owensby 1978, Owensby
et al. 19SS)has become an important livestock grazing system in
the Kansas Flint Hills region. Increased per hectare gains without
reduced individual animal gains and maintenance or improvement of biomass production and desirable plant populations have
been the principal reasons for its acceptance. Furthermore, livestock managed under intensive-early stocking systems in the tallgrass prairie region consume forage at the peak of nutritive value.
Feedlot efficiency also has increased for steers following intensive-early stocking (Posler et al. 1985).
When cattle consume low-quality forages, feeding supplements
with a low protein to energy ratio (e.g., cereal grains) frequently
depresses digestion and may negatively affect voluntary forage
intake (Chase and Hibberd 1987, DelCurto et al. 1990). In contrast, feeding relatively low amounts (~0.67% of body weight-‘)
of similar types of supplements to cattle consuming average- to
high-quality tallgrass prairie forage does not appear to negatively
impact forage use on Flint Hills range (Vanzant et al. 1990).
Thus, one would expect to observe improvement in the daily gain
of cattle grazing Flint Hills grasslands under an intensive-early
stocking program when they receive grain supplements at a rate
of .67% body weight-l or less. However, research validating supplementation response by cattle managed under an intensive early
stocking grazing program is lacking.
In order to determine the appropriate use of supplementation
within intensive-early stocking programs, information describing
effects of supplementation on animal performance as well as pasture characteristics is needed. Furthermore, to assessthe impact
of supplementation on overall system efficiency, it is important to
monitor potential effects on livestock performance during the finishing process. We hypothesized that supplemental sorghum
grain for intensive-early grazed steers on Kansas bluestem range
would not affect biomass production or botanical composition,
nor would the increased animal gain from the supplemental
sorghum grain affect feedlot gain. To test that hypothesis, we
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conducted a j-year study to monitor animal gain on pasture,
grass, and forb standing crop following grazing, plant population
dynamics. and, in 2 years, subsequent feedlot performance for
steers under intensive-early stocking and supplemented with
increasing levels of sorghum grain.
Materials and Methods
The study area was the Kansas State University Experimental
Range Unit located in the northern Flint Hills near Manhattan,
Kan. The warm-season. perennial tallgrasses, big bluestem
(Ankopogon gerurdii Vitman.), and indiangrass (.So~$tasr~rm~
nlltans Nash), were the dominant forage species, and little
bluestem (4. scuporim Michx.). and sideoats grama [Bolrtelond
carfipertcl~rla
(Michx.) Torr.]. both warm-season, perennial
midgrasses. were subdominants. Numerous grass, forb, and
woody species constituted the remainder. Soils were transitional
from Ustolls to Udolls (fine, mixed, mesic, montmorillonitic,
Pachic Argiustolls). The principal range sites in the study area
were loamy upland. breaks, and clay upland (Anderson and Fly
1955). The study pastures had similar amounts of each of the
principal range sites. Precipitation during the study period was
below normal in all years, and only in 1990 approached the 30year average (Table 3).
Each year from 1988 through 1991, crossbred beef steers (a
mixture of British x British and British x Zebu) were assigned
randomly to six. 24.3-ha pastures. Pastureswere stocked at a rate
that allowed approximately 0.24 ha/l00 kg of initial steer weight.
Average initial weights and numbers of steers used were; 198X:
252 kg, n&lo; 19S9: 285 kg, n=210; 1990: 268 kg, n=216; 1991:
23s kg, n=246. This translated into an average stocking rate of
approximately 0.62 ha/animal. Long-term stocking rate studies
with the intensive-early stocking system indicate that stocking
rates in the range of 0.57 to 0.70 ha/animal are acceptable for
steers with weights similar to those used in this study (Owensby
et al. 19SS).All pastures were burned each year during the last 10
days of April, and steers were turned onto pastures when approsimately 5 to 7.5 cm of new plant growth had occurred. The average date when steers entered the pastures was 5 May. The average date when steers were removed from the pastures was 15
July.
Steers were identified individually and weighed at the beginning, middle, and end of each grazing period. Steers were
weighed in the early morning after being held overnight without
accessto feed or water. Pastures were assigned randomly to 1 of
3 treatments (2 pastures/treatment): 1) no supplementation; 2)
0.91 kg rolled sorghum grain per head daily; 3) 1.X2 kg rolled
sorghum grain per head daily on an as fed basis. The sorghum
grain averaged 92% dry matter and 11% crude protein. Given the
average starting weight of the steers and average weight gain, the
supplementation rates corresponded to approximately 0, 0.3, and
0.6% of body weight -t. Pasture treatments were the same
throughout the 4 years of the experiment. Supplemented groups
were bunk-fed daily at approximately 1300-1400 hours. All
steers were implanted with estradiol 17 beta in 1988 and zeranol
in 1959-91 during initial processing and had unlimited accessto
a lasalocid/mineral mixture during each year of the experiment.
Consumption of that mixture was not different (P>O.lO) among
treatments and averaged 77 g/day (approximately 125 mg lasalocid/head daily). The efficiency with which additional gain was
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achieved in response to supplementation was calculated by dividing the amount of gain above that attained by the unsupplemented
steers by the quantity of supplement fed. Following the grazing
phase in 19S9 and 1990. a representative group of steers selected
from all treatment/pasture combinations (n = 192 in l9S9, n =
144 in 1990) were subjected to a finishing phase to measure the
effects of supplementation on subsequent finishing performance.
In each year, rolled corn served as the base concentrate in the finishing diet with corn silage constituting 10% of the diet dry matter. Diets were formulated to contain 12% CP, .7% Ca, .35% P,
.7% K, and 2200 IU of vitamin A/kg dry matter. Diets were fortified with trace minerals and salt. Steers were implanted with
estmdiol benzoate at the initiation of the finishing phase. The finishing phases lasted 116 days in 19S9 and 10X days in 1990.
Immediately following recording of the final weights. steers were
shipped to a nearby slaughter facility and slaughtered upon
receipt. Carcassdata were obtained by trained personnel folloming a 24-hour chill.
Grass and forb standing crops were estimated each year at livestock removal in mid July and again in early October by clipping
ten, 0.5-mz plots to ground level in both loamy upland and breaks
range sites. October standing crop estimates were to determine
regrowth differences among treatments. Clipped samples were
dried until moisture-free and then weighed. Species composition
was determined from basal cover estimates (percent of ground
covered by plant bases) using the modified step-point method
(Owensby 1973). Pastureswere sampled annually during the first
half of June. Within each pasture, 1,500 points were read along a
predetermined grid. Each point was recorded as to range site.
Pretreatment species composition and basal cover were determined in 19S8, and analysis of variance was conducted on the arc
sine-transformed difference between pretreatment percentages
and those at the end of the study.
Plant standing biomass data were analyzed as a randomized
complete block using SAS-ANOVA (SAS 19SS) with pasture,
supplementation rate, range site, and year as the variables. The
sums of squares for supplementation rate were partitioned into
linear and quadratic effects of sorghum grain level with orthogonal polynomials. Plant census data were analyzed similarly
except year was not in the mode1 and means were separated using
least significant difference (&O. 10). Steer data (from the grazing
and finishing phases) were analyzed using the SAS GLM procedure (SAS 19SS)with pasture, supplementation rate, and year as
the variables. Each pasture group was used as a block in the feedlot trial and all treatments were represented within each block.
There were multiple pens available for each treatment within
each pasture group. Becausesteers were group-fed by pasture and
pen during the grazing and finishing phases, respectively, pasture
group and feedlot pen were considered to be the esperimental
units. The sums of squares for supplementation rate were partitioned into linear and quadratic effects of sorghum grain level
with orthogonal polynomials.
Results
Standing Biomass
Standing biomass response to different supplement levels was
consistent among years and across range sites (e.g., no interactions among supplement level, range site, and years were statistically significant, P=O.29). In mid-July, when the cattle were
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Fig. 1. Standing crop of biomass remaining in mid July and early October on pastures stocked from 5 May to 15 July each year from 1988
through 1991 with yearling steers that received no supplement or a daily supplement of 0.9 or 1.8 kg rolled sorghum grain per steer. Means
vr ith a common letter do not differ (July -linear, P=O.OOl; October - linear, PO.12)

removed, biomass remaining increased linearly (P=O.OOl) in
direct proportion to increasing level of supplement (Fig. 1).
Smnding biomass of grass at the end of the growing season tended to increase linearly (P=O.12) with increasing level of supplement. Forb standing biomass did not differ among pastures with
different supplement levels in July (P=O.62) or October @‘=0.X6).

warm-season perennial grassesor forbs, but relative composition
of A. scoparius was lower on all pastures. The reduction was
greater (P=O.O67)on pastures supplemented with 1.8 kg-t grain
than on those with 0.9 kg-t or unsupplemented (Fig. 2). Over the
4-year period, P. pratensis increased (P=O.O62) on unsupplemented pastures and those with 0.9 kg -1 supplement, but
decreasedslightly on pastures supplemented with l.S kg-t.

Plant Census
Changes in plant populations among treatments during the
course of the study were minimal. No significant change occurred
in percent composition or percent basal cover of the dominant

Animal Performance
The total amount gained by steers in all treatment groups differed among years (P~0.01); however, response to supplementa-
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Fig. 2. Change in botanical composition over the 4-year study period for indicated plant species on pastures stocked from 5 May to 15 July
each year from 1988 through 1991 with yearling steers that received no supplement or a daily supplement of 0.9 or 1.8 kg rolled sorghum
grain per steer. Means (averaged over 2 range sites) with a common letter do not differ (P~0.10).
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Table 1. Influence of level of grain supplementation on average daily
gain of gearling steers on pastures stoched from 5 hlay to 15 July each
year from 1988 through 1991.
Su nlemwt Level. ke d.i r-t
Prohabilit Level
0.00
0.91
I s2
SEM Linear Quadratic
Avenge daily gm. Lg day-’
hlav lo earlv-June
1.13
1.1s 1 27 0.19 0.33
0.90
Eariy-June io blid-July
O.S6 1.02 1.08 0.12 0.07
0.53
Slav IO hlidJulv
I .oo
1.10 1.15
0.15 0.16
O.S6
km

tion was consistent throughout the 4 years of the experiment.
During the early portion of the grazing period (May-Early June).
sorghum grain supplementation did not influence steer gains
(PsO.05) (Table 1). In contrast. average daily gain during the latter part of the grazing period (early-June to mid-July) increased
in direct proportion to increasing level of supplement (linear. P
=0.07). Response to supplementation over the entire grazing period displayed a similar trend (P=O.l6). The additional units of
gain attained (above the controls) per unit of supplement fed were
relatively similar for the 9- supplementation rates (0.12 for the
0.91 kg-1 treatment and 0.10 for the 1.X2 kg-1 treatment). This
equates to feeding S to 10 units of grain for each additional unit
of gain above the control group.
Daily gain, feed intake, and gain:feed ratio were not different
among treatments during the finishing phase (Table 2).
Furthermore, the trend (linear, P=O.l 1) for treatment groups to
differ in initial feedlot weight tended to be present at the end of
the finishing period (linear. P=O.l6). Hot carcass weight
increased linearly (P=O.O7)with increasing level of grain supplementation during the pasture phase. Dressing percentage tended
to change in a quadratic (P=O.O7)fashion with increasing supplementation rate. Carcass quality characteristics did not differ
among treatments (130.10).

Discussion
The linear increase in the amount of standing biomass remaining at the end of the grazing period with increasing supplement
rate suggests that forage intake declined in proportion to the
increase in the amount of grain supplement consumed. Horn and
RkCollum (19S7) reviewed research in which “energy” suppleTable 2. Influence of grain level during the grazing period on subsequent
feedlot performance and carcass characteristics of yearling steers from
pastures stochcd from 5 hlay to 15 July in 1988 and 1990.
km
Initial Weight (h$
Final Weight (I.@
Dry hlattcr Intake
(hg day-‘)
Avenge Daily Gain
(kg day-‘)
Gain:Feed Ratio

(kgkg-‘)

Sunnlemenl Level, kc day-1 Prohahilitv Level
0.00
0.91 1.4: SEM Linear Ouadntic
35-l
361
366 4.50 0.11
o.ss
532
540 542 4.50 0.16
0.55
10.10 10.10 10.30 0.09 o.s7
0.51
1.5s

1.59

1.56

0.03

0.65

0.53

0.16

0.16

0.15

0.00

0.61

o.s9

334
61.60
2.99
Sm20

2.70
0.20
0.09
0.09

0.07
0.07
0.95
0.61

0.70
0.07
0.61
0.40

Hot Carcass Weight) (kg) 327
333
Dressing Percentage
61.10 63.80
Yield &de
3.00
3.05
hlarblinc”L
Sm27 Sm33
%Sm= small:smUto sm100= low choice.
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ments (e.g.. cereal grains) were fed to cattle consuming forages
and concluded that large effects on forage intake would not be
expected unless supplement consumption exceeded 30 g/kg body
weight.75. However. Horn and McCollum (19S7) also noted that
substitution ratios generally increase as digestibility of the basal
forage in the diet increases. Results reported by Vanzant et al.
(1990) conform to the proposed threshold of 30 g/kg body
weighp75 in that steers fed early-season bluestem up to 28 g/kg
body weight.75 of sorghum grain did not have a decrease in forage intake. Although the highest level of supplement offered in
our study (approximately 28 g/kg body weight.75) was similar to
that used by Vanzant et al. (1990). forage intake appears to have
been depressed in proportion to increasing supplementation. One
possible explanation for the apparent difference between these
trials may be the quality of the forage consumed. Although the
forage fed by Vanzant et al. (1990) was harvested in the early
summer, it is highly likely that steers grazing similar pastures
would select a diet of higher quality. In light of Horn and
McCollum’s (19X7) observation that substitution rates become
larger with increasing forage digestibility, increased quality in the
forage consumed may translate into a greater likelihood of forage
intake being affected by supplementation. Other studies in which
“energy” supplements have been fed to cattle grazing average- to
high-quality forages have reported depressionsin forage intake at
relatively low rates of supplementation.
For example.
Pordomingo et al. (1991) noted a decrease in the intake of summer-grazed blue grama range when the level of supplemental
corn exceeded approsimately 9.5 g/kg body weighp’s (approsimately 0.2% body weight). Similarly, Adams (19S5) reported a
decrease in the consumption of fall-grazed Russian wild ryegrass
for steers supplemented with corn at a rate of approximately 12.4
g/kg body weight75.
The forage growth that occurred between mid July and October
was apparently greater on pastures with lower amounts of standing biomass remaining in mid July, because no differences
occurred in standing biomass in October among treatments. The
lower herbivory on pastures as supplement rate increased, represented by a greater standing biomass remaining in mid July, may
have increased water use because of greater transpirational tissue,
thereby providing less water for late-season growth. Precipitation
during the study period was below normal in all years, and only
in 1990 approached the 30-year average (Table 3). Because there
were small difcxrences in standing biomass among pastures with
different supplement levels when livestock were removed in July
and no difference occurred among treatments at the end of the
growing seasonin October, the minimal change in botanical composition is not surprising.
The rate of gain for the unsupplemented steers during the pasture phase of this experiment was similar to that reported by
Owensby et al. (1985) for steersgrazing similar pasture and managed under the intensive-early stocking program. The trend for
increased daily gain with increasing supplementation concurs
with a report of increased digestible energy intake by steers
receiving early-season bluestem and increasing amounts of
sorghum grain (Vanzant et al. 1990). Although daily gain during
the pasture phase tended to respond positively to supplementation, the conver$on efficiency was economically marginal for
both supplementation treatments. If forage intake was affected
negatively by supplementation, this would lessen potential treatment differences in digestible energy intake. An effect of this
type could influence conversion efficiency. In addition, changes
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Table 3. Monthly precipitation (mm) and deviation from normal for the
study site.
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grain supplementation has the potential to increase the daily gain

of cattle grazing early-season tallgrass prairie under an intensiveearly stocking program. Provision of grain supplements to cattle
consuming relatively high-quality forage may result in substitution of grain for forage intake. However, little effect would be
espected on the botanical composition of pastures in which cattle
receive low-level supplementation. The level of gain promoted by
low-level grain supplementation of steerson early-season pasture
is unlikely to negatively affect subsequent feedlot performance.
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