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Abstract

Managers often deal with the problem of herd replacement of
one animal class by snother. A preliminary study suggested that
steers could be substituted for cow-calf pairs on shortgrass steppe
on a weight:weight basis. This ratio was tested on 2 pairs of
pastures, one dominated by native shortgrass steppe and the other
by a seeded stand of sideoats grama (Bouteloua curtipendula
(Michx.)Torr.). The pasture sizes were set so the cow-calf pastures
were 1.8 times larger than the steer pastures to allow equal herd
sizes for the 2 classes of animals. Adequacy of stocking was deter-
mined by equalizing utilization. The actual stocking ratios of 1.79
steers to 1 cow-calf pair on the native pastures and 1.78 steers to 1
cow-calf pair on the seeded pastures resulted in no significant
differences in utilization or standing crop of remaining forage after
the grazing season ended. Season-long, the 90% confidence bounds
of the steer-weight:pair-weight ratio was 0,.981-1.035 and 0.968-
0.985 for native and seeded pastures, respectively. This ratio pro-
vides an acceptable initial stocking rate guide for those wishing to
change from cow-calf to steer operations, or vice versa, on the
shortgrass steppe.
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Western cow-calf ranchers are considering alternative enter-
prises with 1 possibility being replacement of cow-calf pairs by
yearling steers. Advantages of a yearling enterprise include elimi-
nation of need to maintain the cow all winter, lower labor inputs,
and a shorter time period for carrying of production loans by an
operator. A yearling operation in conjunction with cow-calf pairs
would increase the economic flexibility of a ranch by providing for
the purchase or retention of yearling cattle during favorable years
and their liquidation during less favorable ones.

When converting from a cow-calf operation to one involving
yearlings, a substitution ratio must be chosen that allows for
proper range use by the new class of livestock. The objective of this
study was to establish such a ratio for the shortgrass steppe. The
substitution ratio could be valuable in forage allocation aspects of
ranch planning and decision-making.

Traditionally, substitution ratios have been calculated between
species rather than classes of livestock. This study is a special case
of the common use problem in that classes of livestock are being
substituted rather than species.

It can be assumed that subtle differences in behavior do exist
between yearling steers and cow-calf pairs in dietary selection,
grazing patterns, and forage consumption. Behavior of cattle,
which can be confounded with demand, is dependent upon pasture
size, location of water, topography, spatial distribution of nut-
rients, social interactions, and a number of other factors (Roath
and Krueger 1982, Senft, Rittenhouse and Woodmansee 1985).
Scarnecchia and Kothmann (1982) recognized 4 variables in
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animal-pasture relationships; i.e., pasture area, forage dry matter,
duration of grazing, and animal demand. Only 1 major factor,
animal demand, is considered in this study by holding the others
reasonably constant,

The proper substitution ratio for supplanting cow-calf pairs with
steers on shortgrass steppe must be verified by evaluating forage
consumption by the 2 classes. Under field conditions, there are 2
approaches to carrying out such an evaluation: (1) estimating
consumption using indirect in vivo methods (Van Dyne 1969), or
(2) estimating utilization of forage produced during the grazing
season (Cook and Stubbendieck 1986). Although the latter
approach is not suited for intensive diet studies, it is adequate to
compare overall consumption rates of livestock herds.

Study Area

The study was conducted at the Southeastern Colorado Research
Center (SECRC) (37°23'N latitude and 102°44’W longitude) 11
km west of Springfield, Colorado. The Center is situated on the
Comanche National Grasslands, administrated by U.S. Forest
Service. Elevation is 1,400 m and topography is flat to slightly
rolling. Climate of the study is typical of shortgrass steppe with hot
summers, irregular precipitation events, and windy conditions dur-
ing the growing season. Average annual precipitation recorded at
SECRC from 1957 to 1985 was 385 mm (Peel 1986). In 1985 and
1986, annual precipitation was 352 and 429 mm, respectively, with
about two-thirds occurring between 1 May and 30 September.

Vegetation in native pastures was primarily warm-season species
(Forero 1987). Ninety-two percent of the vegetation, by weight,
consisted of about equal proportions of blue grama (Bouteloua
gracilis (H.B.K.)Lag.) and buffalo grass (Buchloe dactyloides
(Nutt.)Engelm.) with the remaining 8% consisting of sand drop-
seed (Sporobolus cryptandrus (Torr.)Gray), western wheatgrass
(Agropyron smithii Rydb.), and red three-awn (Aristida longisita
Steud.). Six-weeks fescue (Vulpia octoflora (Walter)Rydb.) was
abundant early in 1985. Seeded study pastures were planted to
sideoats grama (Bouteloua curtipendula) about 40 years ago.
About 3879 of the vegetation was sideoats grama. The area also
supported buffalo grass (16%), palatable forbs (129), red three-
awn (9%), sand dropseed (9%), bottlebrush squirreltail (Siranion
hystrix (Nutt.)J.G. Smith) (8%), and some western wheatgrass,
blue grama, sand dropseed, and other miscellaneous forbs and
grasses.

Methods

Pilot Study (Estimation of Substitution Ratio)

A pilot study was conducted in 1985 on native and seeded
pastures at the SECRC. Our objective was to ascertain an initial
estimate of a cow-calf pair to yearling steer substitution ratio.
Seeded areas consisted of two 130-ha pastures. Average stocking
rate (145 days) was 0.242 steers or 0.132 cow-calf pairs per ha
(Table 1). Native pastures totaled 65 and 93 ha. Average stocking
rate for the same period was 0.241 steers or 0.134 cow-calf pairs per
ha. The major criterion used to establish stocking rates was total
animal weight.

Stocking rates assumed equal forage productivity in paired pas-
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tures. We further assumed additional requirements for mainte-
nance and lactation in cows would be about the same fraction of
body weight as additional requirements for growth in yearlings.
Standing crop was monitored monthly throughout the grazing
season. The objective was to end the grazing season with equal
residual forage in paired pastures. Trials began on 1 June 1985and
ended on 24 October 1985.

Grazing pressure was equalized between opposing pastures by
adjusting cattle numbers, thus changing the cow-calf:steer ratio.
Decisions regarding the additional or removal of animals were
made based upon 2 criteria: (1) comparison of standing crop, and
(2) individual animal performances. Cow-calf pair to steer weight
ratios were calculated for each sampling period and for the season
(Table 1). Means reflected the average cow-calf to steer weight
ratio for the season,

Procedures for the second part of the study were dependent on
results from the pilot study. Analysis of the preliminary data
indicated that a steer to cow-calf replacement ratio of 1:1.8 would
result in equal utilization (or 1:1 on a weight:weight basis). There-
fore, this substitution ratio was subsequently tested.

Test of Ratio

The same pasture types were used in 1986, The hypothesis was
tested by adjusting the pasture sizes to equalize the number of
cow-calf pairs and steers to achieve a 1:1.8 ratio (steers:pairs) of
available forage per animal. Stocking rates were set at the start of
the grazing season, 1 June, and remained constant until its end, 20
October. If the hypothesis was correct, grazing pressure within the
sets of paired pastures would remain equal and total steer weight
per ha would equal the total weight of cows and calves per ha over
the grazing season.

Native pastures A (61 ha) and B (109 ha) were stocked with 13
yearling steers and 13 cow-calf pairs, respectively. The seeded
pastures C (68 ha) and D (121 ha) were stocked with 15 steers and
15 cow-calf pairs, respectively. Vegetation and topography were
essentially the same between paired pastures.

Grazing pressure was monitored across season by estimating the
palatable standing crop of forage every 28 days. Given the assump-
tion of equal forage production and ratios of utilization, then
residual standing crop would also remain equal.

Estimates of standing crop were made using a double sampling
approach (Wilm et al. 1944). Based on initial observations, a ratio
of 5 plots estimated by eye per each plot clipped was used to
minimize total variance (Cochran 1963). Plot size differed for the 2
study sites, with 0.25m? plots used on native pastures and 0.5m?
plots on seeded pastures. Transects were placed at random inter-
vals across the long axis of the pastures. Five to 6 plots (estimated
plus clipped) were read along each of 8 to 10 transects per pasture.
Both transects and plots were randomly allocated in each sampling
period. Plot location was weighted by soil type. Sample size was
sufficient to estimate mean standing crop (total) within 10%, with
90% reliability.

Vegetation biomass, estimated by species, included only current
year’s growth measured from ground level. Unpalatable vegeta-
tion, such as red three-awn, bottlebrush squirreltail, and various
forbs, was subtracted from total vegetation to give an estimate of
total palatable biomass. Samples were oven-dried at 55° C for 48
hours prior to weighing.

Cattle used in the experiment consisted of Brahman crossed
steers and Angus-Hereford crossed cows with 1/2 Brahman calves.
Animals were weighed at initiation of the experiment and every 28
days thereafter until the end of the grazing season. Animals were
gathered the evening prior to the 28th day and allowed 12 to 16
hours for shrink (no food or water) before weighing.

A t-test was used to compare the standing crop means between
the sets of paired pastures. Pastures were deemed similar if no
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Table 1. Season-long cattle statistics from the preliminary study at the
Southeast Colorado Research Center, 1985.

Vegetation type
Class or ratio Native® Seeded”
Average stocking rate®, steers-days/ha 349 35.1
Average stocking rate, pair-days/ha 19.5 19.2
Average steer weight, kg 316 317
Average cow weight, kg 398 409
Average calf weight, kg 166 152
Average pair weight, kg 564 562
Average kg-days/kg, steers 11028 11127
Average kg-days/ha, pairs 10998 10790
Ratio steers-days/ha:pair-days/ha 1.79 1.83
Ratio steer kg-days/ha:pair kg-days/ha 1.00 1.03

*The steer pasture and cow-calf pastures were 65 and 93 ha, respectively.
*Both the steer and cow-calf pastures were 130 ha
“The grazing season was 145 days

significant difference was noted at P greater than or equal to 0.10.
A t-test was also used to compare steer weight per ha to cow-calf
pair weight per ha throughout the season. The 90% confidence
interval of the ratio was calculated according to Schaeffer et al.
(1986). Variance was estimated from variation among ratios as the
season progressed. Population size (N of Schaeffer et al. [1986])
was 141 days (grazing season); sample size (n) was 5 (sampling
periods).

Results and Discussion

Mean weight of steers and cow-calf pairs per ha was similar
(P>.10) for both native and seeded pastures (Table 2). The ratios of
steers to cow-calf pairs were consistent over the entire grazing
season. The bounds of the 90% confidence interval for cow-calf
pairs to steers ratios were 0.981 to 1.035 and .968 to 0.985 for the
native and seeded pastures, respectively. That the 90% confidence
interval for the seeded pastures failed to include thevaluel is of
little practical consequence, because weights of steers and cow-calf
pairs per ha were not significantly different.

Forage biomass in either the native or seeded pastures was not
different (P>.10) between steers and pairs at any time during the
1986 grazing season (Table 3).

This work indicates a weight:weight substitution ratio is appli-
cable on shortgrass steppe. Weight of steers per area can be substi-
tuted for a similar weight of cow-calf pairs during a growing
season. Many interacting factors may affect the value of this ratio,
including animal type, weight, production, and environmental

Table 2. Animal response on native and seeded pastures + one standard
error at the Southeast Colorado Research Center, 1986.

Vegetation type
Class or ratio Native® Seeded®
Steers/ pasture 13 15
Pairs/ pasture 13 15
Average steer weight, kg 35+14 345+11
Average cow weight, kg 431112 431£10
Average calf weight, kg 195113 201+13
Average pair weight, kg 626120 632119
Steer days per ha® 30 31
Pair days per ha 17 18
Average Kg/ha, steers 75.1£2.9 76.51+2.4
Average Kg/ha, pairs 74.51+2.5 78.3123
Ratio steers-days/ha:pair-days/ha 1.79 1.78
Ratio steer kg-days/ ha:pair kg-days/ha 1.008+.027  .976+.008

“The steer pasture and cow-calf pastures were 61 and 109 ha, respectively.
bSteer and cow-calf pastures were 68 and 121 ha, respectively.
°The grazing season was 142 days.
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Table 3. Residual standing crop (kg/hs) of palatable, herbaceous dry
matter plus or minus the 80% confidence interval on native and seeded
rangeland, 1986.

Month
Class June July Aug. Sep. Oct.
Native
Steers 613136 394128 807156 908143 840136
Pairs 539443  398+15 719160  921+42  839%35
Seeded
Steers 570184 315134 716161 639149 656174
Pairs 437143 344131 757165 698165 632170

aspects. The ratio should be applied with caution if animals of
extreme type are replaced by animals of opposite extremes. How-
ever, this study does provide baseline data with typical animals
used in yearling/ pair substitutions on the shortgrass steppe.

Additional work is needed to test sensitivity of the substitution
ratio in environments where behavior and distribution of steers
and cow-calf pairs may differ substantially.
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