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Abstract

The effects of stocking rate and grazing method on perfor-
mance of yearling beef cattle grazing tallgrass prairies in
north-central Oklahoma were evaluated from 1989 to 1994.
Pastures dominated by big bluestem [Andropogon gerardii
Vitman], little bluestem [Schizachyrium scoparium (Michx.)
Nash], and indiangrass [Sorghastrum nutans (L.) Nash], were
allocated to either short duration rotational or continuous
stocking methods and stocking rates ranging from 52 animal-
unit-days (AUD) ha™ to 90 AUD ha™ Steers grazed the units
from late April to late September. Precipitation was above
average during the study period. Live weight gain per head
was higher under continuous stocking than rotational stock-
ing at all stocking rates. At 52 AUD ha™, individual gains
under rotational stocking were 11% less than under continu-
ous stocking. At 90 AUD ha?, individual gainsunder rotation-
al stocking were decreased by 20%. Measurements of steer
dietsand forage standing crop suggest the reduction in weight
gain was due to reduced forage intake under rotational stock-
ing. Live weight gain per hectareincreased with stocking rate
and was higher with continuous stocking at all stocking rates.
Net returns per hectare increased as stocking rate increased
for both stocking methods but were lower for rotational
stocking at all stocking rates. Variable costs per head would
have to decrease by 24 to 34% under rotational stocking to
equalize net returns between the 2 grazing methods. Unless
the decline in gain per head can be reduced or eliminated,
there is no economic incentive to implement rotational stock-
ing under the conditions of this study.

Key Words: stocking rate, grazing method, continuous stock-
ing, rotational stocking, average daily gain

Short duration rotational stocking has been suggested as
a method for increasing stocking rate while maintaining
range condition (Booysen and Tainton 1978, Savory 1978).
Some land managers reported dramatic improvement in
carrying capacity after implementation of rotational stock-
ing (Howell 1978, Merrill 1983). Research studies have
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Resumen

De 1989 a 1994, se evaluaron los efectos de la carga animal
y el método de apacentamiento en el comportamiento de
novillos para carne apacentando prader as de zacates altos en
la regién norte-central de Oklahoma. Los potreros domina-
dos por “Big Bluestem” [Andropogon gerardii Vitam]. “Little
bluestem” [Schizachyruim scoparium (Mitch) Nash] e
“Indiangrass’ [Sorghastrum nutans (L.) Nash] fueron asigna-
dos a los métodos de apacentamiento rotacional de corta
duracién y continuo, con cargas animal que fluctuaron de 52
a 90 unidades-animal-dia (UAD) ha™. Los novillos apacen-
taron las unidades de fines de Abril a fines de Septiembre.
Durante el periodo de estudio la precipitacién fue superior al
promedio. La ganacia de peso vivo por cabeza, en todas las
carga animal, fue mayor en el método continuo que en el
rotacional. Con 52 UAD ha™ las ganancias individuales bajo
el método rotacional fueron 11% menos que las del método
continuo. Con 90 UAD ha* las ganacias individuales bajo €l
método rotacional decrecieron en 20%. Mediciones de la
dieta delosnovillosy deforraje en pie sugieren que lareduc-
cién en la ganacia de peso se debié a un consumo reducido de
forraje bajo el método rotacional. La ganacia de peso por
hectérea se incremento con la carga animal y fue mayor con
el método continuo para todas las cargas animal. En ambos
métodos de apacentamiento los retornos netos por hectarea
se incrementaron conforme la carga animal aumento, pero
fueron menores para el método rotacional en todas las cargas
animal. Para tener retornos netos iguales en los dos sistemas
de apacentamiento, los costos variables por cabeza deberian
disminuir de 24 a 34% en el método rotacional. A menos de
gue la disminucion de la ganancia de peso por cabeza pudiera
ser reducida o eliminada, no hay incentivo econémico para
implementar e método rotacional bajo las condiciones en las
que sellevé a cabo €l estudio.

reported large increases in live weight gain per hectare for
rotational stocking compared to continuous stocking
(Heitschmidt et al. 1982, Sedivec et al. 1990). Such studies
often compared continuous stocking at a moderate stocking
rate and rotational stocking at a rate 50-100% higher.
Changes in stocking method were confounded with
changes in stocking rate. When tested at the same stocking
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rates, the 2 stocking systems have pro-
duced little change in gain per head or
per hectare (Hart et al. 1988, Olson
and Malechek 1988). Hart (1978)
speculated the effect of grazing meth-
ods on livestock performance would
be dependent on stocking rate.

We studied the impact of grazing
method and stocking rate on several
characteristics of a tallgrass prairie-
livestock production system including
herbage dynamics, grazing behavior,
and livestock production. In this paper
we report the effects of continuous
and rotational stocking methods at
severa stocking rates on performance
of yearling beef cattle and net eco-
nomic returns.

Study Area

The study was conducted from 1989
to 1994 at the Oklahoma State
University Research Range, located
approximately 21 km southwest of
Stillwater, Okla. (36°22'N, 99°04'W,
elev. 280 m). The climate is continen-
tal with an average frost-free growing
period of 204 days, extending from
April through October. Average annu-
al precipitation for the areais 831 mm
with 65% falling as rain from May to
October. The mean annual tempera-
ture is 15°C, and ranges from an aver-
age daily minimum of —4.3°C in
January to an average daily maximum
of 34°Cin August (Myers 1982).

Major range sites on the study area
are shallow prairie (33%), loamy
prairie (25%), and eroded prairie
(22%). Sandy savannah dominates the
remaining area. The shallow prairie
sites have Grainola series soils (fine,
mixed, thermic Vertic Haplustalf),
which have a loam surface with silty
clay subsoil. Coyle series soils (fine-
loamy, siliceous, thermic Udic
Argiustoll) comprise the loamy prairie
sites. These soils have fine sandy loam
surfaces with sandy clay loam subsoils.
The eroded prairie sites are on old
fields and have Renfrow (fine, mixed,
thermic Udertic Paleustoll), Mulhall
(fine-loamy, siliceous, thermic Udic
Paleustoll), and Coyle series soils.

Vegetation on the experimental units
was typical of tallgrass prairie in a

high seral state. Dominant grasses
included little bluestem [Schizachyrium
scoparium (Michx.) Nash], big
bluestem [Andropogon gerardii
Vitman], and indiangrass [ Sorghastrum
nutans (L.) Nash]. Secondary grasses
included switchgrass [Panicum virga-
tum L.], tall dropseed [Sporobolus
asper (Michx.) Kunth ], sideoats
grama [Bouteloua -curtipendula
(Michx.) Torr. ], and Scribner’s dican-
thelium [Dicanthelium oligosanthes
(JA. Schultes) Gould]. The dominant
forb was western ragweed [Ambrosia
psilostachya DC]. All units had been
moderately grazed in the 5 years previ-
ous to initiation of the study. The units
had been burned either 1 or 2 timesin
late spring during the same period.

Methods

The experimental treatment factors
were grazing method and stocking
rate. Six of 12 experimental land units
were assigned to a continuous stock-
ing method, and the remaining 6 units
were assigned to a rotational stocking
method. All treatment assignments
were random. The continuous units
consisted of an undivided pasture
while the rotational units were subdi-
vided into 8 paddocks. Experimental
units ranged in size from 14 to 26 ha.
Within each grazing method the units
were randomly allocated to 1 of 6 lev-
els of stocking rate. Stocking rates
ranged from 52 animal-unit-days
(AUD) ha' to 90 AUD ha?, which
represented moderate to very heavy
rates for this range type. Cattle num-
bers per unit ranged from 10 to 22.

Cattle in the rotational units
remained in a single herd and were
moved among paddocks. Grazing
schedules in the rotational units were
originally designed to provide 38 days
average rest for each paddock between
grazing periods. We shortened the rest
and grazing periods in the early por-
tion of the growing season and length-
ened the rest and grazing periods as
the growing season progressed.
Average grazing periods ranged from
3.5 to 6.5 days from the early to the
late season. After the first 2 years, tar-
get rest periods were shortened to 32
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days. Grazing periods ranged from 3
to 5 days. Grazing periods for an indi-
vidual paddock were adjusted for the
relative forage production potentia in
that paddock compared to other pad-
docks in the same grazing unit. Cattle
in the continuously stocked units were
not moved during the grazing season.
All units were burned 1 April 1990
and 20 March 1993.

The experimental animals were
mixed-breed yearling beef cattle (Bos
taurus x Bos indicus; maximum 1/8 B.
indicus) typical of commercia stocker
cattle originating in the southeastern
U.S. Initia cattle weights were 211 kg
(19 kg). Steers were used in all years
except 1989 when heifers were used.
Cattle were weighed at the beginning,
mid point, and end of the grazing sea-
son. Average weigh dates were 26
April, 14 July, and 22 September.
Cattle were gathered in late afternoon,
held off feed and water overnight, and
weighed early the next morning.
Cattle were implanted with Synovex-
S' for steers or Synovex-H for heifers
(Ft. Dodge Animal Health, Princeton,
N.J.) at the beginning and mid point of
the grazing season.

We analyzed the data using linear
regression analysis. The dependent
variable was live weight gain per
head. Independent variables were
grazing method and stocking rate. The
gualitative variable grazing method
was coded as 0 or 1 for continuous or
rotational stocking (Neter and
Wasserman 1974). The quantitative
variable stocking rate was expressed
as animal-unit-days (AUD) per
hectare. Animal units were calculated
as body weight °%/454°™ (Vallentine
1990) using the body weights at the
beginning of the 149 day grazing peri-
od. The initial regression model con-
tained terms for grazing method,
stocking rate (linear), and the interac-
tion of grazing method and stocking
rate. Non-significant variables were
then dropped from the model until all
remaining variables were significant
(P=0.05).

INames are necessary to report factually on available
data; however, the USDA neither guarantees nor war-
rants the standard of the product, and the use of the
name by USDA implies no approval of the product to
the exclusion of others that may also be suitable.

121



120

100 4

Precipitation (cm)

89 90 91 92 93 94

Annual

89 90 91 92 93 94
May-Aug.

Fig. 1. Annual and May to August precipitation received at the Oklahoma State
University Research Range, Stillwater, Okla., 1989 to 1994. Dotted line denotes

long-term aver age, 1893 to 1980.

In these models, the intercept coeffi-
cient was the intercept for continuous
stocking. A significant grazing
method term in the regression model
indicated different intercepts for the 2
grazing methods. The coefficient for
grazing method was added to the
intercept coefficient for continuous
stocking to determine the intercept for
rotational stocking. A negative coeffi-
cient for grazing method meant that
rotational stocking had a lower inter-
cept than continuous stocking. The
stocking rate term was the slope of the
gain versus stocking rate relationship
for continuous stocking. The grazing
method by stocking rate term was the
difference between the slope for con-
tinuous stocking and the slope for
rotational stocking. If the grazing
method by stocking rate term was not
significant, the slope of gain versus
stocking rate was equal between the 2
grazing methods.

Initially, we developed regression
models for each year individualy. We
also averaged the live weight gains
over years and developed a single
regression based on the average gains.
The model based on average gains
was used for subsequent analyses.

Gain per hectare was calculated by
multiplying the regression equation
for gain per head by stocking rate. Net
return per hectare was calculated
using the methods of Hart et al.
(1988). Variable costs for steer pro-
duction were estimated at $70 per
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head based on actual costs from year-
ling cattle enterprises during the study
period. Variable costs were calculated
assuming a 10% interest rate on oper-
ating capital, a 2% death loss, and a
$30 ha land charge. Returns were
calculated using prices of $2.20,
$1.87, and $1.54 kg™ for the purchase
of a204 kg steer calf. Prices for feeder
cattle were then calculated using a
constant value of gain of $1.10 kg™.
This resulted in prices of $1.76, $1.56,
and $1.36 kg* for 341 kg feeder
steers. Net returns were compared
among grazing methods for each of
these 3 price scenarios.

Results and Discussion

Annua precipitation was well above
the long-term average in 4 of the 6
study years (Fig. 1). Precipitation
from May to August, the main portion
of the growing season, was above
average for the entire study period and
was not less than 79% of average for
any single year (Fig. 1). Overall
weather conditions were generally
favorable for forage production during
the study period with cumulative pre-
cipitation above average and spring
and summer temperatures slightly
below average.

Gain per Head

Average gain per head over al treat-
ments was 108 kg or 0.72 kg hd* d™.
Of this total gain, 73 kg (68%)
occurred in the first 79 days (53%) of
the grazing season.

Total live weight gain per head gen-
erally decreased as stocking rate
increased for both grazing methods
(Fig. 2). This decrease (P < 0.05) was
significant in 4 of 6 years for continu-
ous stocking and 5 of 6 years for rota-
tional stocking (Table 1). Thisis a
classical response of individual animal
performance to stocking rate (Wilson
and MacLeod 1991). While there was
a negative linear relationship between
total gain per head and stocking rate,
the slope coefficients were relatively
smal (Table 1).

Table 1. Coefficients and statistics of regression models describing gain per head (kg) for indi-
vidual years. Grazing method was coded O for continuous stocking and 1 for rotational stock-
ing. Stocking rateis AUD ha'™.

Y ear N Intercept Grazing  Stocking ~ Grazing method R CV. MSE

method rate * Stocking rate
1989 12 104.6" -0.188 065 55 5.39
(2.2) (0.044)

1990 12 1739 -27.3 -0.485 089 47 5.95
9.9 34 (0.139)

1991 12 117.7 -0.309 -0.227 078 6.4 5.68
9.2 (0.134) (0.047)

1992 12 107.1 -11.6 050 6.3 6.40
(26) (37

1993 12 156.9 -10.7 —0.448 075 42 5.09
(8.5) (2.9 (0.119)

1994 12 158.3 -0.504 -0.369 080 7.9 8.73

(14.2) (0.206) (0.072)
“All coefficients significant, P<0.05.
Standard error of estimate.
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Fig. 2. Total steer gain (kg head™) under continuous and rotational stocking meth-

odsfor each year, 1989 to 1994.

Total live weight gain per head was
greater (P < 0.05) under continuous
stocking than rotational stocking at all
stocking rates in every year (Table 1,
Fig. 2). The negative effect of stock-
ing rate on live weight gain was more
severe under rotational stocking in 3
of 6 years and equal between grazing
methods in the other years. Only the
size of the difference between contin-
uous and rotational stocking varied
over years. Individual live weight
gains were consistently higher under
continuous stocking.

To simplify further discussion, we
averaged live weight gains over years
within grazing methods and stocking
rates and fit a single regression model
to the average gains (Table 2, Fig. 3a).
Live weight gain for the full grazing
season decreased as stocking rate
increased (P < 0.01). This result was
previously indicated by the individual
year analyses. Comparing the highest
and lowest stocking rates, gain per
head decreased 13-14% as stocking
rate increased 74%. The difference
between the grazing methods

increased as stocking rate increased.
At 52 AUD ha’, gains under rotation-
a stocking were 12.8 kg head™ (11%)
less than under continuous stocking.
At 90 AUD ha', gains under rotation-
al stocking were 22 kg head™ (20%)
less than under continuous stocking.
Digestible organic matter intake of
steers was reduced 19% in the rota-
tional stocking treatment (McCollum
and Gillen 1998). Crude protein of the
diet was 9.0% in the continuous stock-
ing treatment and 7.7% in the rotation-

al stocking treatment. In addition, end-
of-season standing crop across all
stocking rates averaged 20% higher on
the rotational units (Cassels et al.
1995). Findly, a higher proportion of
little bluestem tillers remained
ungrazed over the entire grazing sea-
son under rotational stocking (Derner
et al. 1994). Based on this evidence,
we conclude the lower gains per head
under rotational stocking were a result
of reduced forage intake.

Several previous studies have
reported little or no difference in gain
per head between continuous and rota-
tional stocking when the methods
were tested at equal stocking rates
(Mcllvain and Savage 1951, Pratchett
and Schirvel 1978, Pitts and Bryant
1987, Hart et al. 1988). Heitschmidt et
al. (1982) and Sedivec et al. (1990)
reported no reduction in gain per head
under rotational stocking even when
stocking rate was increased over con-
tinuous stocking. Comparing continu-
ous and rotational stocking on
tobosagrass [Hilaria mutica (Buckl.)
Benth.], a coarse bunchgrass,
Anderson (1988) reported reductions
in gain per head of 33% with rotation-
al stocking. Our results may differ
because potential herbage production
was at least twice as high in our study
than in these previous studies and the
vegetation in our study was dominated
by rather coarse C, grasses. To our
knowledge, no rangeland studies have
reported increases in gain per head
under rotational stocking.

Early season gains were similar to
total gainsin their response to grazing
method (Fig. 3b). Gains were greater
(P < 0.01) under continuous stocking
and the difference between methods
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Table 2. Coefficients and statistics of regression models describing gain per head (kg) averaged
over years. Early period is26 Apr. to 14 July. Late period is 14 July to 22 Sep. Grazing method
isOfor continuous stocking and 1 for rotational stocking. Stocking rateis AUD ha™.

Year N Intercept  Grazing Stocking ~ Grazing method R° CV. MSE

method rate * Stocking rate
Full season 12 136.4 -0.294 -0.244 091 325 350
(5.7 (0.082) (0.029)

Early 12 94.6 -0.240 -0.158 093 283 206
34 (0.049) (0.017)

Late 12 44.9 -5.9 -0.100 071 662 233
3.9 1.3 (0.054)

LAl coefficients significant, P < 0.01, except Stocking Rate in the Late Period which has P = 0.10..

2Standard error of estimate.
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Fig. 3. Average individual steer gain (kg
head™) under continuous and rotation-
al stocking methods, 1989 to 1994. a)
total gains; b) gains during the early
portion of the grazing period, c) gains
during the later portion of the grazing
period.

increased with stocking rate. Late sea-
son gains were still greater (P < 0.01)
under continuous stocking, but the dif-
ference was constant across stocking
rates (Fig. 3c). The regression model
explained less of the variation in gain
per head during the late period, espe-
cialy for rotational stocking (Table 1,
Fig. 3c). Averaged over stocking rate,
gain per head was reduced with rota-
tional stocking by 13.6% in the early
period and 15.3% in the late period.
Gain per head appeared to be more
sensitive to stocking rate in the early
portion of the grazing season com-
pared to the late portion. The slope
coefficient for stocking rate was
greater for the early versus late graz-
ing period (Table 2). This result does
not agree with previous work. Hart
(1978) stated gains should be less sen-
sitive to stocking rate during earlier
growing periods because forage quali-
ty is uniformly higher at that time.
Steer gains in the early portion of the
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grazing season are not affected by
stocking rate under intensive early
stocking (Owenshy et al. 1988,
McCollum et al. 1990). Owensby et
al. (1973) reported steer gain with
deferred rotational stocking was more
sensitive to stocking density in the
later portion of the growing season in
tallgrass prairie.

Gain per Hectare

Live weight gain per hectare
increased (P < 0.05) as stocking rate
increased because the additional ani-
mals offset the reduction in gain per
head (Fig. 4). Maximum gain per
hectare was apparently not reached
within the bounds of the experimental
treatments.

Gain per hectare was higher (P <
0.05) with continuous stocking at all
stocking rates (Fig. 4). Thisis adirect
consequence of the gain per head rela-
tionship. If the 2 lines describing gain
per head for continuous and rotational
stocking do not intersect, the 2 lines
describing gain per hectare will also
not intersect.

Other studies have compared contin-
uous stocking at a moderate stocking
rate and rotational stocking at stocking
rates 50-100% higher (Heitschmidt et
al. 1982, Sedivec et al. 1990). Gain per
hectare is uniformly greater under rota-
tional stocking in these studies. In this
study, gain was 73 kg ha® under con-

tinuous stocking at a moderate stock-
ing rate of 52 AUD ha* and 92 kg ha*
under rotational stocking at a very
heavy stocking rate of 90 AUD ha™.
Thisis an increase in gain of 25% for
an increase in stocking rate of 69%.
However, if the 2 methods are com-
pared at 90 AUD ha, gain was 115 kg
ha® under continuous stocking versus
92 kg ha* for rotational stocking.

Net Return per Hectare

Net return per hectare increased as
stocking rate increased for both graz-
ing methods (Fig. 5). Net returns were
lower for rotational stocking at all
stocking rates, a direct result of the
gain per head relationship in which
continuous stocking held an advantage
across the full spectrum of stocking
rates. Different price scenarios shifted
the net return lines up or down but did
not change the relative positions for
continuous and rotational stocking or
the distance between the lines for the
2 grazing methods. There would be
little economic incentive to increase
stocking rate with rotational stocking
in this situation.

For continuous stocking, the point of
maximum net returns did not occur
within the range of stocking rates used
in the study (Fig. 5). A conservative
stocking rate with continuous stocking
would be 63 AUD ha' based on cur-
rent recommendations from the

120
100 |
"© 80 ..
_C -
2 60
= |
‘© 40 Grazing method:
o 0 T #_Contil-wous
L ---- Rotation
S e e T e o A
50 55 60 65 70 75 80 85 90

Stocking rate (AUD ha'1)

Fig. 4. Average steer gain ha® (kg ha') under continuous and rotational stocking
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National Resources Conservation
Service. This stocking rate would
yield a net return of $19.87 ha'. The
point of maximum net returns did
occur within the range of tested stock-
ing rates for rotational stocking.
Returns were maximized at $7.82 ha*
when the stocking rate was 73 AUD
ha. No stocking rate under rotational
stocking gave net returns equal to
those achieved with continuous stock-
ing at a conservative stocking rate.

These results actually underestimate
the difference in net returns between
continuous and rotational stocking.
Net returns were calculated on the
basis of variable costs of production
only. No costs for additional fencing
or water were included. If such devel-
opments were required for implemen-
tation of rotational stocking, the dif-
ference in net returns between the 2
methods would increase. Rotational
stocking may allow a reduction in
variable production costs if labor and
other resources can be used more effi-
ciently. In this study, variable costs per
head under rotational stocking would
have to decrease by 24% for net
returns to be equal between the two
grazing methods at 63 AUD ha™. At a
stocking rate of 90 AUD ha, variable
costs for rotational stocking would
have to decrease by 34% to equalize
net returns.

Hart et al. (1988) found equal net
returns between continuous and rota-

tional stocking because gain per head
was aso equal between grazing meth-
ods. Heitschmidt et al. (1990) reported
no significant difference in net returns
between continuous and rotational
stocking when the rotational stocking
treatment was stocked at a 60% higher
rate. As with the current study, the
higher stocking did not result in greater
net return because individual animal
performance was reduced under rota-
tional stocking. Thisimplies net returns
would have been lower under rotational
stocking if stocking rates had been
equal between grazing methods.

Conclusions

Rotational stocking reduced gain per
head compared to continuous stocking
a al stocking rates. The difference in
gain between continuous and rotational
stocking increased as stocking rate
increased. This fundamental relation-
ship dictated a reduction in gain ha*
and net return ha' for rotational stock-
ing at al stocking rates. Performance
per hectare was lower under rotational
stocking even when comparisons were
made between a moderate stocking rate
under continuous stocking and a heavy
stocking rate under rotational stocking.

It could be suggested that livestock
performance would eventually decline
under continuous stocking at the heav-
ier stocking rates. This might be
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caused by a deterioration of the vege-
tation, which would eventually result
in lower livestock performance. While
vegetation was not affected by the
heavier stocking rates over the study
period (Gillen et al. 1998), less favor-
able environmental conditions could
result in a downward trend in range
health. It might be further assumed
that rotational stocking, because of the
planned rest periods, would maintain
rangeland health and livestock perfor-
mance at the heavier stocking rates. In
that case, the curves for gain per head
might cross and gain per head for rota-
tional stocking might be higher than
for continuous stocking. This would
lead to higher gain ha' and possibly
higher net return ha, depending on
livestock budgets. Even if this sce-
nario occurred, the manager would
forfeit potential income for several
years waiting for a response. More
importantly, under our conditions, net
returns at a sustainable stocking rate
under continuous stocking would still
be higher than net returns under a
much higher stocking rate under rota-
tional stocking. Greater input would
be required and higher risk would be
assumed for little or no benefit. It
should aso be reiterated that the high-
er herbage standing crop under rota-
tional stocking (Cassels et al. 1995)
was not a reflection of greater plant
vigor but rather reduced forage intake
by the steers.

The key to our responses was the
decreased weight gain per head. This
was related to a decrease in forage
intake. Unless the decline in gain per
head can be reduced or eliminated by
a change in management technique,
there is no economic incentive to
implement rotational stocking under
the conditions of this study.
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