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Abstract

The efficiency of livestock production in shortgrass steppe may be increased by grazing fourwing saltbush (Atriplex canescens
[Pursh] Nutt)-dominated rangeland in late fall and/or early spring, but there is a paucity of information concerning stocking
rates and animal gains. The objective of this study was to compare the effects of light and moderate stocking rates on weight
gains of heifers grazing twice-replicated 16-ha pastures in late fall (November to mid-January) from 1996 to 1998, and in early
spring (April to mid-May) from 1996 to 1999. Stocking rates for late fall (light: 1.3–1.5 ha � animal unit month�1 [AUM�1] vs.
moderate: 0.8–1.0 ha �AUM�1) and early spring (light: 3.7–4.0 ha �AUM�1 vs. moderate: 2.3–2.5 ha �AUM�1) were achieved
using 5 (for light grazing) and 8 (for moderate grazing) Hereford heifers, with initial average weights of 405 6 5.7 (mean 6 1
SE) kg for the late fall grazing period and 267 6 3.8 kg for the early spring grazing period across the study years. Average daily
gain was 58% greater for light (0.65 6 0.06 kg � head�1 �d�1) compared to moderate (0.41 6 0.05 kg � head�1 � d�1) stocking
rates in the late fall grazing period, and 115% greater with light (0.59 6 0.06 kg � head�1 � d�1) than with moderate
(0.27 6 0.07 kg � head�1 � d�1) stocking rates in the early spring grazing period. Beef production did not differ between stocking
rates for either the late fall (16.4 6 3.9 vs. 17.4 6 4.5 kg gain � ha�1, light vs. moderate stocking rates) or early spring
(9.6 6 2.7 vs. 7.6 6 4.8 kg gain � ha�1) grazing periods. We suggest that land managers employ light stocking rates during both
grazing periods to obtain adequate individual animal gains without sacrificing gains per unit land area. Lengthening the grazing
season in the shortgrass steppe should be economically desirable to land managers because feed costs could be lowered and
animal gains obtained through minimal input.

Resumen

La eficiencia de la producción del ganado en los pastizales de zacates cortos puede ser incrementada con el apacentamiento de
pastizales dominados por ‘‘Fourwing saltbush’’ (Atriplex canescens [Pursh] Nutt) a fines de otoño y/o inicios de primavera, pero
hay una escasez de información concerniente a las cargas animal y ganancias del animal. El objetivo de este estudio fue
comparar los efectos de cargas animal ligeras y moderadas en las ganancias de peso de vaquillas apacentando a fines de otoño
(Noviembre a mediados de Enero) potreros de 16 ha repetidos dos veces, durante el periodo de 1996 a 1998 y a inicios de
primavera (Abril a mediados de Mayo) de 1996 a 1999. Las cargas animal (ha UAM�1) para fines de otoño (ligero: 1.3–1.5 vs.
moderado: 0.8–1.0) e inicios de primavera (ligero: 3.7–4.0 vs. moderado: 2.3–2.5 ha UAM�1) fueron logradas usando 5 (ligero)
y 8 (moderado) vaquillas herford, con pesos iniciales promedio de 405 6 5.7 kg para el periodo de apacentamiento de fines de
otoño y 267 6 3.8 kg para los periodos de apacentamiento a inicios de primavera a través de los años de estudio. La ganancia
diaria promedio fue 58% mayor para la carga ligera (0.65 6 0.06 kg hd�1 d�1, media 6 1EE) en comparación con la carga
moderada (0.41 6 0.05 kg hd�1 d�1), esto para las cargas del periodo de fines de otoño y 115% mayor con la carga ligera
(0.59 6 0.06 kg � hd�1 �d�1) que con la moderada (0.27 60.07 kg � hd�1 � d�1) en el periodo de inicios de primavera. La
producción de carne no difirió entre cargas animal, tanto en los periodos de apacentamiento de fines de otoño, (16.4 6 3.9 vs.
17.4 6 4.5 kg ganacia ha�1, carga ligera vs. moderada) como los de inicios de primavera (9.6 6 2.7 vs. 7.6 6 4.8 kg
gain �ha�1). Sugerimos que los manejadores de pastizales empleen cargas ligeras en ambos periodos de apacentamiento para
obtener ganancias animal individuales adecuadas sin sacrificar las ganancias por unidad de área. Alargar la estación de
apacentamiento en los pastizales de zacates cortos debe ser económicamente deseable para los manejadores del pastizal
conforme los costos de alimentación pudieran ser bajados y las ganancias animal sean obtenidas con entradas mı́nimas.
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INTRODUCTION

Livestock producers in the shortgrass steppe ecosystem have
traditionally grazed their cattle on native rangeland from mid-
May to late October. Unlike the more mesic environments in the
Great Plains region where grazing of crop residues can provide
complementary forage following the summer grazing season,
the wheat-fallow cropping regime prominently used in this
semiarid environment does not provide such an opportunity.
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Therefore, most producers provide supplemental hay, energy,
and protein feedstuffs to livestock from November until the next
summer’s grazing season. The efficiency of livestock production
in shortgrass steppe may be increased by grazing fourwing
saltbush (Atriplex canescens [Pursh] Nutt)-dominated range-
land in late fall and/or early spring. This saltbush-dominated
rangeland would be deferred during the traditional summer
grazing season to extend the grazing season and provide op-
portunities for additional animal gain via grazing. A problem
with the use of saltbush-dominated rangeland in late fall and
early spring in the shortgrass steppe is the paucity of infor-
mation concerning stocking rates and animal gains.

Fourwing saltbush is adapted to semiarid conditions and
produces palatable, digestible, high-protein forage (Rumbaugh
et al. 1982; Otsyina et al. 1984; Cordova and Wallace 1985;
Otsyina and McKell 1986; Garza and Fulbright 1988; Ueckert
et al. 1990). Fourwing saltbush plants typically begin rapid
growth in May, flower during June, and complete seed set by
the end of August. Trlica et al. (1977) determined that the most
detrimental period for defoliating fourwing saltbush is near
maturity (i.e., flower production) compared to defoliations at
quiescence or during early or rapid growth. Furthermore,
Buwai and Trlica (1977) demonstrated that moderate defolia-
tions (i.e., 60% removal of current year’s growth) at rapid
growth, seed set, and quiescence stimulated twig growth, but
heavy defoliations (i.e., 90% removal) could kill plants. These
authors did suggest, however, that use of fourwing saltbush in
either early spring or late fall may not affect plants.

Utilization of fourwing saltbush leaders by cattle is tempo-
rally variable because the percentage of leaders grazed was 2-
fold greater in January compared to April in a shortgrass steppe
(Cibils et al. 2003a). It is currently unclear, however, if these
temporal differences in utilization of fourwing saltbush leaders
are translated to differences in animal performance when
grazed in late fall or early spring. The objective of this study
was to compare the effects of light and moderate stocking rates
on weight gains of yearling heifers grazing rangeland dominated
by fourwing saltbush during the late fall (November to mid-
January) and early spring (April to mid-May) from 1996 to
1999. There is generally a negative response of productivity per
animal with increases in stocking rate, but an increase in
productivity per unit area with increasing stocking rate until
scarcity of forage negatively influences animal intake (Bement
1969; Holechek et al. 1998). Therefore, we hypothesized that,

for both grazing periods, light stocking rates would result in
greater individual animal weight gains, but that moderate
stocking rates would result in greater gains per unit land area.

MATERIALS AND METHODS

Our study site was on the US Department of Agriculture–
Agricultural Research Station Central Plains Experimental
Range, approximately 60 km northeast of Fort Collins,
Colorado (lat 408499N, long 1078479W). We conducted our
research on a floodplain area with Remmit (coarse-loamy,
mixed, superactive mesic Ustic Haplocambids) and Edgar (fine-
loamy, mixed, superactive, mesic Haplocalcidic Haplustepts)
soil series. Fourwing saltbush, blue grama (Bouteloua gracilis
[H.B.K.] Lag. ex Griffiths), and western wheatgrass (Pascopy-
rum smithii [Rydb.] A. Love) are the dominant plant species at
the site (Liang et al. 1989). Mean annual precipitation is 321
mm, and mean annual temperature is 8.68C (Lauenroth and
Sala 1992). Precipitation was above average in all 4 years of
this study: 1996 (387 mm), 1997 (565 mm), 1998 (422 mm),
and 1999 (557 mm).

Hereford heifers grazed twice-replicated 16-ha experimental
pastures during each grazing period: early spring (April to mid-
May, 45 days) for 4 years (1996–1999) and late fall (November
to mid-January, 79 days) for 3 years (1996–1998) (Table 1).
The shorter duration of grazing for the early spring grazing
period is attributable to the transfer of animals from saltbush-
dominated pastures to shortgrass steppe pastures for summer
grazing in mid-May. Grazing did not begin earlier than April 1
for the early spring period to reduce risks associated with
extreme weather events (i.e., blizzards). The experimental
pastures were fenced in summer 1996 and had a prior history
of winter-season use at moderate stocking rates. Aerial pho-
tography in 1996 indicated that the density of fourwing
saltbush across the experimental pastures was 1 646 plants
ha�1 (D. T. Booth, personal communication, October 2004).
Fourwing saltbush plants in pastures adjacent to the study area
with the same grazing history had a maximum crown diameter
of 81 cm and an average height of 66 cm (Cibils et al. 2000).

Light (1.3–1.5 ha � animal unit month�1 [AUM�1]) and
moderate (0.8–1.0 ha �AUM�1) stocking rates for the late fall
grazing period were achieved using 5 (for light grazing) and 8
(for moderate grazing) randomly allocated Hereford long

Table 1. Descriptive parameters for late fall and early spring grazing periods under light (L) and moderate (M) stocking rates on fourwing saltbush
(Atriplex canescens)-dominated rangeland.

Parameter

Late Fall Early Spring

1996 1997 1998 1996 1997 1998 1999

L M L M L M L M L M L M L M

Grazing period (days) 70 84 82 45 43 41 49

Head (no.) 5 8 5 8 5 8 5 8 5 8 5 8 5 8

Entry weight (kg) 405 408 409 398 402 408 256 244 276 287 295 287 247 245

AUE 0.9 0.9 0.9 0.55 0.6 0.6 0.55

Stocking rate (ha � AUM�1)1 1.5 1.0 1.3 0.8 1.3 0.8 4.0 2.5 3.7 2.3 4.0 2.5 3.7 2.3

Stocking density (AUD � ha�1) 19.7 31.5 23.6 37.8 23.1 36.9 7.7 12.4 8.1 12.9 7.7 12.3 8.4 13.5

1AVE indicates animal unit equivalent; AUM�1, animal units per month; AUD, animal unit day.
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yearling heifers with initial average weights of 405 6 5.7
(mean 6 1 SE) kg across the study years (Table 1). These
stocking rates resulted in stocking densities of 19.7–23.6
animal unit days (AUD) � ha�1 for the light stocking rate and
31.5–37.8 AUD � ha�1 for the moderate stocking rate. For the
early spring grazing period, 5 and 8 randomly allocated
Hereford yearling heifers, with initial average weights of
267 6 3.8 kg across the study years were used to achieve light
(3.7–4.0 ha �AUM�1) and moderate (2.3–2.5 ha �AUM�1)
stocking rates, respectively (Table 1). Lower average entry
weights of the Hereford heifers for the early spring grazing
period is due to the younger age of these animals (approxi-
mately 12 months) compared to those grazing in late fall
(approximately 18 months). The light stocking rate achieved
a stocking density of 7.7–8.4 AUD � ha�1 and the moderate
stocking rate a stocking density of 12.3–13.5 AUD �ha�1.
Although body condition scores for the Hereford heifers were
not taken, all heifers were healthy in appearance and had
received good nutrition prior to being placed on study pastures
(M. M. Ashby, personal communication, October 2004). The
stocking rate initially randomly assigned to each experimental
pasture was used for the duration of this study. Pastures
without fourwing saltbush were not included as controls in
this study because of the difficulty in finding comparable pas-
tures on floodplain areas with the same soil series that did not
have fourwing saltbush.

Animals were fed prairie hay ad libitum only when snow
covered the herbaceous vegetation. No protein supplement was
fed during either grazing period. Animal gains of the heifers
were determined by weighing individual animals at the begin-
ning and end of each grazing season period. Beef production
per ha (kg gain � ha�1) was determined by summing individual
animal gains by treatment and replication for each grazing
season period and dividing by the number of ha in the pasture.

Data were analyzed separately for each grazing period (late
fall and early spring) because of different initial cattle weights
and length of grazing periods. We used a 2-factor analysis
of variance (ANOVA) with year and stocking rate (light or
moderate) as the main factors. Means were separated by
Duncan’s multiple range test at the 0.05 level of probability.

RESULTS

Average daily gain (ADG, kg � head � �1 �d�1) of Hereford
yearling heifers was 58% greater for light (F ¼ 16.64, df ¼ 1,
P ¼ 0.0003) compared to moderate stocking rates in the late
fall grazing period, and 115% greater with light (F ¼ 49.72,
df ¼ 1, P , 0.0001) than with moderate stocking rates in the
early spring grazing period over the duration of this study (Fig.
1). Observed ADG tended to be higher for the late fall than for
the early spring grazing period, especially for the moderate
stocking rate. Stocking rate did not interact with year to affect
ADG. Year did affect ADG; 1997 data differed from the other
years for both the late fall (F ¼ 14.52, df ¼ 2, P , 0.0001)
and early spring (F ¼ 61.68, df ¼ 3, P , 0.0001) grazing pe-
riods. For example, in 1997 ADG was approximately 2-fold
greater across stocking rates for the late fall grazing period
compared to the other years, which did not differ from one

another (Fig. 2). Similarly, ADG across stocking rates in 1997
for the early spring grazing period was negative, whereas
the other 3 years were comparable at 0.54 to 0.58
kg � head�1 � day�1. Beef production, expressed as kg gain � ha�1,
did not differ between stocking rates for either the late fall
(16.4 6 3.9 [mean 6 1 SE] vs. 17.4 6 4.5 kg gain �ha�1, light
vs. moderate stocking rates, F ¼ 0.03, df ¼ 1, P ¼ 0.8708) or
early spring (9.6 6 2.7 vs. 7.6 6 4.8 kg gain �ha�1, F ¼ 0.14,
df ¼ 1, P ¼ 0.7254) grazing period.

DISCUSSION

Individual gains of yearling Hereford heifers on fourwing
saltbush-dominated rangeland were influenced by stocking
rate for both the late fall (November to mid-January) and early
spring (April to mid-May) grazing periods, but beef production
was similar for both stocking rates in each of the grazing periods.

Figure 1. Average daily gain (kg � head�1 � d�1) of yearling Hereford
heifers in response to light and moderate stocking rates on 16-ha
fourwing saltbush (Atriplex canescens)-dominated rangeland in late fall
(November to mid-January, upper panel) and early spring (April to mid-
May, lower panel) grazing periods from 1996 to 1999. Error bars are the
standard error of the mean.
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We observed greater individual animal weight gains with light
compared to moderate stocking rates for both of the grazing
periods, supporting our hypothesis. The finding of similar beef
production, or gain per ha, between the 2 stocking rates for each
of the grazing periods did not support our hypothesis that
moderate stocking rates would result in greater gains per unit
land area. Collectively, these findings suggest that land managers
in the shortgrass steppe can effectively extend their grazing
season by utilizing fourwing saltbush-dominated rangeland both
prior to and following the traditional summer grazing season
using light stocking rates which enhance individual animal gains
without sacrificing gains per unit land area.

Our finding that individual animals gained weight while
grazing fourwing saltbush-dominated rangeland, both in the
late fall and early spring, is consistent with the speculation of
Boutouba et al. (1990) in which inclusion of fourwing saltbush
in diets with low-quality grasses will be most beneficial during
the dormant season. Additionally, Ueckert et al. (1990) demon-
strated that ewes grazing a fourwing saltbush–bluestem mixture
maintained weight whereas ewes grazing ‘WW-Spar’ bluestem
(Bothriochloa ischaemum L.) monocultures lost 4.2 kg �head�1

during 2 winter months. The maintenance or gain of weight by

animals grazing fourwing saltbush-dominated rangeland is
likely attributable to the preference of fourwing saltbush plants
by grazing animals, especially during periods when green
herbaceous vegetation is absent (Cibils 1999), because fourwing
saltbush was found in greater proportion in cattle diets than that
on offer at both high (19%) and low (8%) levels of saltbush
frequency (Shoop et al. 1985). Although fourwing saltbush has
a high protein concentration (12–28%) (Rumbaugh et al. 1982;
Garza and Fulbright 1988, Cibils 1999), and goats fed a diet
containing 60% fourwing saltbush leaves retained more nitro-
gen than those fed a 30% ration (Boutouba et al. 1990), the
increased utilization of fourwing saltbush may not fully account
for the greater beef production, because the nutritional value of
this plant is considerably overestimated by standard laboratory
techniques (Ueckert et al. 1990). These authors speculated that
fourwing saltbush forage contains plant secondary metabolites
that may interfere with nitrogen retention (Robbins et al. 1987;
Sanderson et al. 1987).

ADG trended higher for the late fall than for the early spring
grazing period, especially for the moderate stocking rate. This
is consistent with patterns of greater (2-fold) utilization of
leaders on fourwing saltbush (Cibils et al. 2003a), as well as
fourwing saltbush having a greater contribution to cattle diets
(Cibils 1999) in late fall compared to the early spring grazing
period. Differences in ADG between grazing periods may be
attributable to heifers in the late fall grazing period having
greater rumen maturity to efficiently utilize forage on offer
because they were older (18 vs. 12 months) than heifers in the
early spring grazing period. In addition, reduced gains in the
early spring grazing period may be due to lower animal
preference for fourwing saltbush plants, despite similar percent
nitrogen in fourwing saltbush tissues across grazing periods
(Cibils 1999), because most female shrubs shed almost all their
utricles prior to early spring (Cibils 1999). Greater gains in the
late fall than in the early spring grazing period occurred despite
new growth of C3 grasses (e.g., western wheatgrass) and higher
selectivity for grasses than for fourwing saltbush (Cibils 1999)
in the spring, suggesting that the growth of this plant functional
group was insufficient to produce animal gains or that the gains
produced following initiation of growth in the spring did not
compensate for poor animal performance when the heifers were
consuming older accumulated herbaceous standing crop with
lower dietary quality (6.2–7.2% crude protein, Shoop et al.
1978). The importance of weather influences may also impact
animal performance more in the early spring grazing period as
was illustrated by the heavy snowfall during the winter of 1997.
This snowfall likely reduced availability of the herbaceous
understory for the heifers and, as such, can be implicated in
contributing to the decreased animal performance in the early
spring 1997 grazing period.

Annual precipitation during all years of this study was
slightly to well-above average. The much-above-average pre-
cipitation received in 1997 (565 mm) resulted in 34% greater
forage production than long-term (1991–2004) values on adja-
cent upland shortgrass steppe pastures (1 033 vs. 769 kg �ha�1,
J. D. Derner, unpublished data), suggesting greater-than-normal
grass production would also be expected in the saltbush-
dominated pastures. This expected greater production would
have provided an abundant grass residue base for the heifers
during the late fall grazing period in that year. Since understory

Figure 2. Average daily gain (kg � head�1 � d�1) of yearling Hereford
heifers by year for late fall (November to mid-January, upper panel) and
early spring (April to mid-May, lower panel) grazing periods across light
and moderate stocking rates on 16-ha fourwing saltbush (Atriplex
canescens)-dominated rangeland. Error bars are the standard error of
the mean.
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herbaceous vegetation has a higher crude protein concentration
when grown in proximity to fourwing saltbush (Rumbaugh et al.
1982), this implies that not only was there more grass biomass
on offer because of the wet conditions, but that this forage was
of higher quality than that on offer in pastures without fourwing
saltbush. The nutritional status of goats on a low-quality grass
diet, similar to what would be on offer to the yearling heifers in
this study, was enhanced on a diet containing 30% fourwing
saltbush (Nunez-Hernandez et al. 1989). Whether the results we
obtained would differ in below-average precipitation years in
which grass production in these pastures may be limiting is
unknown, but we speculate that both individual animal gain and
gain per unit land area would both decrease. Land managers
would likely respond to dry conditions by reducing stocking
rates or by increasing supplemental feeding of hay or other
feedstuffs under these circumstances.

Similar beef production per unit land area when using both
light and moderate stocking rates, both for late fall and early
spring grazing periods, demonstrates that the increased stock-
ing rate did not compensate for the lower individual animal
gain achieved with the moderate stocking rate. Therefore, there
is not an economic advantage to increasing stocking rates from
light to moderate levels when grazing saltbush in the shortgrass
steppe. The finding of adequate livestock gains with light
stocking rates in both the late fall and early spring grazing
periods, combined with previous findings that fourwing salt-
bush plants clipped in either fall or spring exhibited equal
recovery following clipping (Rumbaugh et al. 1982), suggests
that incorporating light stocking rates not only provides
reasonable beef production, but also is a sustainable land
management practice that should not degrade the rangeland
resource. The use of fourwing saltbush-dominated rangeland in
either late fall or early spring is further supported by previous
findings suggesting that periodic rest is needed to maintain
fourwing saltbush populations (Pieper and Donart 1978),
because continuous grazing results in marginal plant regrowth
(Price et al. 1989), reduced population densities (Schuman et al.
1990), and increased composition of nonflowering plants
(Cibils et al. 2003b).

MANAGEMENT IMPLICATIONS

Land managers in the shortgrass steppe can lengthen their
grazing seasons by using rangeland dominated by fourwing
saltbush in early spring and late fall, prior to and following the
traditional summer grazing period. We suggest that land
managers employ light stocking rates in both the early spring
and late fall grazing periods to obtain adequate individual
animal gains. Producers could expect animal performance in
above-normal precipitation years to be approximately 0.6
kg � head�1 � day�1 with the light stocking rate, but only about
half this level if stocking rates are increased to moderate levels.
Climatic events such as excessive snowfall and years with
below-average precipitation will most likely dampen animal
performance. Lengthening of the grazing season in the short-
grass steppe should be economically desirable to land managers
because feed costs could be lowered and animal gains obtained
through minimal input.
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