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Rotational grazingmethods provide rangemanagers opportunities to alter the timewhen grazing occurs on
pastures in consecutive years. The effect of timeof grazing on subsequent-year standing cropwas evaluated
within four pastures (42± 1 ha) rotated annually within a deferred rotation using amodifiedWilliams de-
sign that included mean times of grazing within different pastures from 16 May to 14 June, 13 June to 20
July, 20 July to 29 August, and 27 August to 7 October (i.e., stages of grazing A, B, C, and D, respectively).
Subsequent-year standing crop of different plant functional groups was collected from 2001 to 2008 at
four topographic positions (i.e., north slopes, south slopes, dune tops, and interdunes) in mid-June and
mid-August harvests. During themid-June harvest, standing crop of subsequent-yearwarm-season grasses
was 51 ± 24 to 117 ± 41 kg·ha-1 greater (P b 0.1) when grazing occurred during stage A compared with
when grazing occurred during stages B and C on north- and south-facing slopes and at the pasture level.
During the mid-August harvest on south-facing slopes, subsequent-year warm-season grass standing
crop was 265± 105 and 341± 113 kg·ha-1 greater (P b 0.03) when grazing occurred during stage A com-
paredwith stages B and C, respectively. Overall, grazing on pastures during stage A tended to provide great-
er amounts of subsequent-year standing crop for warm-season and cool-season graminoids at specific
topographic positions. Given that the effect of time of grazing on subsequent-year standing crop varied
among topographic positions for different functional groups, a deferred grazing rotation provides a viable
management tool to alter the yearly sequence of grazing on pastures to avoid negative effects of grazing
Nebraska Sandhills vegetation at critical times in consecutive years.

© 2015 Society for Range Management. Published by Elsevier Inc. All rights reserved.

Introduction

Time of grazing, along with stocking rate, kind and class of live-
stock, and distribution of grazing animals, is one of the main princi-
ples of proper grazing management (Walker, 1995; Vallentine,
2001). Rotational grazingmethods provide rangemanagers opportu-
nities to annually rotate or adjust the time when grazing occurs on
different pastures during the growing season. Altering the time of
grazing during the growing season can reduce the potential negative
effects of grazing during phenological stages when specific plants or

plant functional groups are at their greatest susceptibility to grazing.
The time when grazing occurs during the growing season has been
shown to influence plant carbohydrate reserves, annual current-
year herbage yields, and plant physiology andmorphology character-
istics (Mullahey et al., 1990, 1991; Reece et al, 1996; Engel et al.,
1998).

Research on the effect of time of defoliation on vegetation charac-
teristics in the Nebraska Sandhills has mainly focused on individual
warm-season grass species. Mullahey et al. (1991) recommended
that sand bluestem (Andropogon hallii Hack), one of the most com-
mon warm-season grasses in the Sandhills, be grazed in June or July
and avoided in August because of reduced bud numbers when
hand-clipped defoliations occurred during this time. Reece et al.
(1996) determined that biomass of etiolated sand bluestem tillers
was lower after 4 consecutive years of grazing by yearling cattle in
mid-July compared with grazing that occurred in June, August, or
October. Prairie sandreed (Calamovilfa longifolia [Hook.] Scribn.),

Rangeland Ecology & Management 68 (2015) 150–157

☆ Research was a contribution of the University of Nebraska Agricultural Research
Division, supported in part by funds provided through theHatch Act and theUniversity
of Nebraska Foundation.
⁎ Correspondence: Mitchell B. Stephenson, University of Nevada-Reno, Dept. Ag,

Nutrition, and Vet. Sciences, 1664 N. Virginia St., Reno, NV 89557, USA.
E-mail address: mstephenson@cabnr.unr.edu (M.B. Stephenson).

http://dx.doi.org/10.1016/j.rama.2015.01.010
1550-7424/© 2015 Society for Range Management. Published by Elsevier Inc. All rights reserved.

Contents lists available at ScienceDirect

Rangeland Ecology & Management

j ourna l homepage: ht tp : / /www.e lsev ie r .com/ locate / rama

http://crossmark.crossref.org/dialog/?doi=10.1016/j.rama.2015.01.010&domain=pdf
http://dx.doi.org/10.1016/j.rama.2015.01.010
mailto:mstephenson@cabnr.unr.edu
http://dx.doi.org/10.1016/j.rama.2015.01.010
http://www.sciencedirect.com/science/journal/
http://www.elsevier.com/locate/rama


another common warm-season grass in the Sandhills, had reduced
rhizome bud development with June, July, and August defoliation
treatments compared with plants defoliated at the end of the grow-
ing season in October (Mullahey et al., 1991). Prairie sandreed also
had reduced biomass of etiolated tillers when single growing season
grazing periods occurred in June, July, or August comparedwith graz-
ing that occurred during plant dormancy in October (Reece et al.,
1996). Individual little bluestem (Schizachyrium scoparium [Michx.]
Nash) plants within a hand-clipped time of defoliation study in the
Sandhills had lower annual dry matter yields, tiller numbers, tiller
weights, and bud numbers when defoliations occurred in August or
multiple times during the growing season compared with single de-
foliation events in June, July, or October after 3 consecutive years
(Mullahey et al., 1990). Generally, studies have indicated that peren-
nial grasses are most detrimentally affected by grazing during the
culm elongation to plant reproductive maturity stages (Vogel and
Bjugstad, 1968; Briske et al., 2011).

Vegetation characteristics at different topographic positions may
affect the grazing selection of certain plant functional groups at dif-
ferent times during the growing season. Topographic positions
(e.g., slopes and dry interdune areas) influence botanical composi-
tion, soil moisture holding capacity, soil texture, evaporation rates,
and soil-surface temperatures in the Nebraska Sandhills (Tolstead,
1942; Barnes and Harrison, 1982; Barnes et al., 1984; Schacht et al.,
2000). Cattle grazing behavior is also affected by topographic posi-
tion, with cattle typically using lowlands in greater proportions
than slopes or ridge tops (Senft et al., 1985; Milchunas et al.,
1989). Because of these factors, time when grazing occurs during
the growing season may affect vegetation differently at different
topographic positions within the Nebraska Sandhills.

Limited research has identified how time of grazing during the
growing season affects subsequent-year standing crop of plant func-
tional groups at different topographic positions or at the pasture level
on mixed-grass prairie. Understanding how time of grazing affects
the amount of plant biomass on pastures in subsequent years pro-
vides important information to livestock producers for developing
grazing management plans that account for the rotation of time of
grazing on pastures in subsequent years. Additionally, grazing man-
agement that provides pastureswith adequate endof growing season
vegetation cover is an important consideration for wildlife habitat
(Reece et al., 2001). The objectives of this studywere to 1) determine
the effect of time of grazing on subsequent-year mean standing crop
of plant functional groups at four topographic positions and 2) evalu-
ate the effect of time of grazing on end of growing season visual ob-
struction of vegetation within the eastern Nebraska Sandhills. On
the basis of research evaluating time of grazing on warm-season
grass species, we hypothesized that grazing early (i.e., May and
June) or late in the growing season (i.e., September and October)
would result in greater amounts of subsequent-year warm-season
grass and total plant biomass standing crop compared with grazing
during the midportion of the growing season. It was also hypothe-
sized that grazing early in the growing season would provide greater
visual obstruction of vegetation because of longer growing season re-
covery periods.

Materials and Methods

Study Site

Research was conducted at the University of Nebraska-Lincoln
Barta Brothers Ranch in the eastern Nebraska Sandhills (42°13′32′′
N, 99°38′09′′W; elevation = 765 m). Climate is typical of a
midcontinental prairie region located within the transition zone be-
tween semiarid and subhumid climates. January temperatures

average −6.8°C, and July temperatures average 22.5°C. The long-
term average annual precipitation is 576 ± 20 mm SE with approxi-
mately 76% of the annual precipitation occurring from April through
September.

Ninety percent of the study area was classified as upland prairie
and the remaining 10% as intermixed, subirrigated meadows and
wetlands (Schacht et al., 2000). Uplands were characterized by
grass-covered sand dunes oriented west by northwest to east by
southeast. Topography of the study area consisted of 15% dune tops,
15% interdune, 34% north-facing slopes, and 36% south-facing slopes
(M. B. Stephenson unpublished data, 2010) with dune heights up to
40m fromadjacent valleyfloors (Schacht et al., 2000). Study pastures
were composedmostly of sands ecological sites with scattered sandy
and choppy sands ecological sites. Soils were in the Valentine series
(mixed, mesic Typic Ustipsamments).

Vegetation within the study area was a mixture of warm-season
grasses, cool-season graminoids (i.e., grasses and sedges), forbs, and
shrubs. Common warm-season grasses included prairie sandreed
[Calamovilfa longifolia (Hook) Scribn.], sand bluestem (Andropogon
hallii Hack), little bluestem [Schizachyrium scoparium (Michx.)],
switchgrass (Panicum virgatum L.), and blue grama (Bouteloua gracilis
[Willd. ex Kunth] Lag. ex Giffiths). Cool-season graminoids included
prairie junegrass [Koeleria macrantha (Ledeb.) J. A. Schultes],
needlegrass species (Hesperostipa comata Trin. & Rupr. and
Hesperostipa spartea Trin.), bluegrass species (Poa compressa L. and
Poa pratensis L.), and several sedge species (Carex spp.). Common
forbs and shrubs included western ragweed (Ambrosia psilostachya
DC.), cudweed sagewort (Artemisia ludoviciana Nutt.), and leadplant
(Amorpha canescens Nutt.) (Kaul et al., 2006).

Topographic position and aspect of dunes at the study area
were reported to affect plant distribution (Schacht et al., 2000).
Most warm-season tallgrasses (i.e., prairie sandreed and sand
bluestem) were more associated with south-facing slopes than
other topographic positions. Little bluestem, cool-season grasses
(i.e., needlegrasses and prairie junegrass), and the shrub lead-
plant tended to be more associated with north-facing slopes.
Plants associated with interdune positions included bluegrasses,
switchgrass, and cudweed sagewort.

Grazing Treatment

A 9-yr study comparing standing crop differences between short
duration and deferred rotation grazing (DRG) methods (Stephenson
et al., 2013) included a determination of the time of grazing effect on
subsequent-year standing crop in pastures grazed within a four-
pasture DRGmethod on upland, Sandhills range. Upland rangewas di-
vided in 1999 to create two replications of a four-pasture deferred ro-
tation grazing method. Implementation of grazing with the DRG
treatment began in 1999 and continued through 2007. Two pastures
from each replication were randomly chosen as study pastures (n =
4). Average size of studypastureswas 42±1ha. Before study, pastures
were continuously grazed during the 5-month grazing season (15May
to 15 October) by cow-calf pairs at moderate stocking rates (about 1.8

Table 1
Mean grazing start date, end date, number of days grazed, and stocking rate (animal
unit months AUM·ha-1) for study pastures grazed at different times (i.e., stage) during
the growing season within a four-pasture deferred rotation grazing method from
1999–2007.

Stage Start date End date Days AUM·ha-1

A 16 May 14 Jun 29 ± 2 1.5 ± 0.1
B 13 Jun 20 Jul 38 ± 1 2.0 ± 0.1
C 20 Jul 29 Aug 40 ± 2 2.1 ± 0.1
D 27 Aug 7 Oct 41 ± 2 2.0 ± 0.1
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animal unit months [AUM]·ha-1). At the initiation of the study, range
condition was classified as good to excellent by the USDA-Natural
Resources Conservation Service (Schacht et al., 2000).

Study pastures were grazed by Angus and Angus cross cow-calf
pairs (1.5 AU equivalent) from 1999 through 2005 (mean: 45 cow-
calf pairs) and by cow-calf pairs and spayed heifers (0.78 AU equiva-
lent) from 2006 through 2007 (mean: 35 cow-calf pairs and 18
spayed heifers) at a mean stocking rate of 1.9 ± 0.05 AUM·ha-1

(Table 1). Cattle within each DRG replication were managed as a sin-
gle herd andmoved through four different pastures during the grow-
ing season (see Table 1 for mean grazing dates of the four stages of
grazing). Time of grazing on the first pasture typically began near
15 May and continued through mid-June (i.e., stage A). Length of
the grazing periods increased as the growing season progressed be-
cause of increased amounts of growing vegetation. Lower stocking
rates during the first grazing periodwere reflective of lower amounts
of standing crop in the Sandhills early in the growing season (Cullan
et al., 1999). Grazing continued on each four-pasture DRG replication
through October 15 in all but 2002 and 2006. Cattle were removed
from the study pastures on 15 September and 1 October in 2002
and 2006, respectively, because of drought in these years. Annual se-
quence of time of grazing on the study pastures was rotated by re-
peating two 4 × 4 Williams (1949) designs with 1 added year
(Table 2). Study pastures were randomly assigned to a stage of graz-
ing treatment in 1999, and stage of grazing in the following years
(2000 through 2007) was rotated so that pastures were not grazed
at similar times in consecutive years and so that each stage of grazing
preceded and followed every other stage at least twice on each study
pasture over the course of the study.

Vegetation Sampling

Effect of time of grazing on subsequent-year standing crop was
determined by sampling standing crop annually in mid-June and
mid-August from 2001 through 2008. Mid-June and mid-August
harvests were chosen to correspond with the approximate time of
peak standing crop of cool- and warm-season grasses, respectively
(Mousel et al., 2011). Three standing crop sampling sites within the
two pastures from each four-pasture DRG replication were selected,
and five moveable exclosures (1.2 × 1.2 m wire panels) were placed
on each topographic position of the dunes (north-facing slopes,
south-facing slopes, dune tops, and interdunes). The design resulted
in a total of 120 exclosures (3 sites × 2 replications × 4 topographic
positions × 5 exclosures). Standing crop data collected within pas-
tures with two study sites were combined, and mean standing crop
values were used for each topographic position within the pasture.
A 0.25-m2 (0.25 × 1.0 m) quadrat was placed within separate ends
of the exclosures during the mid-June and mid-August harvest.
Exclosures were moved before each grazing season to capture
previous-year grazing treatment effect on subsequent-year standing
crop. Standing crop was estimated by clipping all standing

herbaceous vegetation at ground level and separating plant material
into one of the following categories: warm-season grasses, cool-
season graminoids, and forbs. Browse production and current year’s
growth of shrubs (i.e., leaves and new stem tissue) were was collect-
ed from shrubs rootedwithin the quadrats. All separated plant mate-
rial was placed in marked individual paper bags and oven dried at
60°C to a constant weight to determine dry weight.

Year-end remaining herbage visual obstruction was estimated
within the study pastures using a Robel pole (Robel et al., 1970) in
late October of each year of the study. Visual obstructionmeasurements
were taken from various locations within each of the study pastures. A
visual obstruction height of 7 to 10 cm represented 50% to 60% utiliza-
tion. When mean visual obstruction was less than 7 to 10 cm for a pas-
ture, subsequent-year planned stocking rate was reduced by 5% to 10%.
Conversely, planned stocking ratewas increased inpastureswith above-
average visual obstruction to equalize utilization across all treatment
pastures. However, actual yearly stocking rates were variable ranging
from 1.1 to 2.7 AUM·ha-1 because forage production varied as drought
and above-average precipitation years were common during the study
period. Duration of grazing on the individual pastures within each year
was a decisionmade by the ranchmanager and researchers. As a result,
year-end visual obstruction of vegetation in the study pastures was
a function of time and duration of grazing with yearly variations in
pasture management based primarily on growing season precipitation
and the subsequent availability of grass.

Experimental Design and Statistical Analysis

The Williams (1949) design used in this study is a Latin-square
design that 1) balanced out treatments over study pastures and
years and 2) allowed for assessment of residual effects of treatments
applied to pastures 2 years before vegetation standing crop harvest
sampling. Latin-square designs are not commonly usedwithin range-
land research because of the potential to have block-by-treatment in-
teractions (Krysl et al., 1989; Bailey et al., 2008). However, Latin-
square designs provide opportunities to evaluate the overall effects
of different grazing management practices with data collected from
larger-scale studies with few experimental units (Bailey et al.,
2008). As a result, a limitation of this design is that year-by-stage of
grazing interactions cannot be evaluated and only the main effects
of stage of grazing on standing crop data can be assessed.

Effect of stage of grazing on subsequent-year standing crop of dif-
ferent plant functional groups and total plant biomass was evaluated
at two spatial scales, topographic position and pasture level.
Subsequent-year standing crop was first analyzed separately on
north-facing slope, south-facing slope, interdune, and dune top topo-
graphic positions to determine the effect of stage of grazing on differ-
ent topographic positions within the study pastures. Stage of grazing
effect on subsequent-year standing crop was then evaluated at the
larger pasture level. To evaluate the standing cropmeans at a pasture
level, subsequent-year standing crop from each topographic position
wasweighted by the proportion of each topographic position (e.g., 15
% dune top) within the study pastures.

Effect of stage of grazing at both spatial scales was analyzed using
an analysis of variance, general linearmodel procedure (GLM)within
SAS 9.3 (SAS Institute, Inc., Cary, NC). Subsequent-year standing crop
of each plant functional group and total plant biomass was the vari-
able of interest in all analyses. Stage of grazing was treated as the
main effect with blocking factors of year and pasture. The residual ef-
fect of stage of grazing, which occurred 2 years before standing crop
harvest, was also added to the model to account for potential carry-
over effects on the study pastures as a result of the grazing treat-
ments. When significant results were detected, differences between
stages of grazing were separated using an LSMEAN/PDIFF option.

Table 2
Annual rotation of the stage of grazing on study pastures within a Williams design.
Stage of grazing represents mean time of grazing on study pastures from (A) 16
May–14 June, (B) 13 June–20 July, (C) 20 July–29 August, and (D) 27 August–7
October.

Year

Pasture 1999 2000 2001 2002 2003 2004 2005 2006 2007

E2 B A C D B A C D B
E1 A D B C A D B C A
W2 C B D A C B D A C
W4 D C A B D C A B D
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Effect of stage of grazing on year-end visual obstruction of vegetation
within study pastures was also analyzed using a similar GLM proce-
dure. An overall P value less than or equal to 0.1was used to determine
significant differences between stage of grazing on subsequent-year
standing crop and visual obstruction because of the relatively low
number of experimental units, applied nature of the study, and vari-
ability in standing crop between pastures and years.

Results

Precipitation

Mean annual and growing season precipitation during the study
period (1999 through 2008) was below the long-term average
(Figure 1). Growing season (April through September) and total an-
nual precipitation averaged over the study period were 14% and
10%, respectively, below the long-term averages (1950 through
2000). Average monthly precipitation during the study period
was near the long-term average in all months except for June, July,
and August. There was a 28% deficiency in rainfall during this 3-
month period compared with the long-term average.

June Harvest

Stage of grazing did not affect (P N 0.1) subsequent-year total
plant biomass at the pasture level or at different topographic posi-
tions (Table 3). However, subsequent-year mean standing crop of
warm-season grasses at the pasture level was 96 ± 25 (41%), 44 ±
24 (19%), and 55± 24 (23 %) kg·ha-1 greater (P b 0.1) when grazing
occurred during stages A, B, andD, respectively, comparedwithwhen
grazing occurred during stage C (Table 3). Mean warm-season grass
standing crop was 51 ± 24 (18%) kg·ha-1 greater (P = 0.05) when
grazing occurred during stageA comparedwith grazing that occurred
during stage B. No differences (P N 0.1) in warm-season grass stand-
ing crop were detected between stages A and D or stages B and D at
the pasture level (Table 3).

On south-facing slopes, subsequent-year mean warm-season
grass standing crop was 86 ± 38 (28%), 117 ± 41 (43%), and 82 ±
38 kg·ha-1 (27 %) greater (P b 0.05) when grazing occurred during
stage A compared with when grazing occurred in pastures during
stages B, C, and D, respectively (Table 3). On north-facing slopes,
warm-season grass standing crop was greater (P b 0.04) when
grazing occurred during stages A and D compared with stages B

and C. Subsequent-year warm-season grass standing crop on
interdunes was greater (P b 0.08) when grazing occurred during
stage B compared with grazing that occurred during stages C and
D, respectively (Table 3). On dune tops, no differences were de-
tected (P=0.38) in subsequent-year warm-season grass standing
crop between the stages of grazing (Table 3).

Subsequent-year mean cool-season graminoid standing crop was
174±80 (31%), 238±85 (45%), and 327±80 (74%) kg·ha-1 greater
(P b 0.04) on north-facing slopes when grazing occurred during stage
A comparedwithwhen grazing occurred during stages B, C, andD, re-
spectively (Table 3). Cool-season graminoid standing crop was also
greater (P = 0.1) when grazing occurred during stage B compared
with stage D. No other stage of grazing differences (P N 0.1) was de-
tected for subsequent-year cool-season graminoid standing crop at
other topographic positions or at the pasture level. Subsequent-year
mean forb standing crop on dune tops was greater (P b 0.03) when
grazing occurred during stages A, B, and C, respectively, compared
with when grazing occurred during stage D (Table 3). Subsequent-
year new growth of shrubs on interdune positions was greater (P b

0.04) when grazing occurred during stage D than when grazing oc-
curred on study pastures during stages A, B, and C (Table 3). There
was no other stage of grazing differences detected on subsequent-
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Fig. 1. Average study period (1999–2008) and long-term (1950–1998) monthly pre-
cipitation collected at the Barta Brother’s Ranch and the nearby town of Ainsworth,
NE (49 km northwest of the ranch; High Plains Regional Climate Center, 2012).

Table 3
Stage of grazing effect on subsequent-year standing crop of different functional groups
and total plant biomass harvested in mid-June from 2001 to 2008. Stage of grazing ef-
fect was analyzed separately at the pasture level and on south-facing slopes (SS),
north-facing slopes (NS), interdunes (ID), and dune tops (DT).

Stage of grazing1

Plant functional
group

A B C D Pooled
SE

Overall
P value

Warm-season Grasses ——————— kg·ha-1 ————————

Pasture Level 333A 281B 237C 291AB 18 0.02
SS 386A 300B 269B 305B 27 0.06
NS 254A 180B 183B 259A 21 0.03
ID 371AB 446A 246C 312BC 47 0.06
DT 346 303 273 313 27 0.38

Cool-season Graminoids
Pasture Level 634 638 639 543 34 0.19
SS 440 548 592 512 48 0.23
NS 770A 596B 532BC 443C 57 0.01
ID 920 1103 1122 936 130 0.63
DT 489 475 502 445 48 0.83

Forb
Pasture Level 194 147 150 102 40 0.46
SS 115 124 133 66 25 0.28
NS 290 155 145 121 114 0.73
ID 222 195 220 167 44 0.77
DT 125A 137A 131A 79B 14 0.04

Shrub
Pasture Level 137 163 167 159 17 0.66
SS 94 179 111 73 29 0.13
NS 192 248 273 281 48 0.59
ID 13A 24A 43A 85B 13 0.01
DT 244 93 177 159 49 0.12

Total Plant Biomass2

Pasture Level 1297 1230 1192 1095 55 0.12
SS 1035 1151 1106 954 67 0.27
NS 1507 1178 1134 1105 134 0.18
ID 1526 1767 1631 1501 126 0.49
DT 1206 984 1084 995 99 0.35

1 Stage of grazing represents mean time of grazing on study pastures from A) 16
May–14 June, B) 13 June–20 July, C) 20 July–29 August, and D) 27 August–7 October.

2 Combination of subsequent-year warm-season grass standing crop, cool-season
graminoid standing crop, forb standing crop, and new growth of shrub plants.

A Different letters represent significant stage of grazing differences (P b 0.1) on
subsequent-year standing crop.
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year forb standing crop or new growth of shrubs (P N 0.10) at the pas-
ture level or at other topographic positions.

August Harvest

The overall effect of stage of grazing on subsequent-year warm-
season grass standing crop was only significant (P = 0.03) on
south-facing slopes during the August harvest (Table 4).
Subsequent-year mean standing crop of warm-season grasses on
south-facing slopes was 341 ± 113 (64%) and 244 ± 105 (46%)
kg·ha-1 greater (P b 0.03) when grazing occurred during stages A
and D, respectively, compared with grazing that occurred during
stage C (Table 4). Mean standing crop of warm-season grasses was
265 ± 105 (50%) kg·ha-1 greater (P = 0.02) when grazing occurred
during stage A comparedwith stage B. This affected subsequent-year
total plant biomass on south-facing slopes where biomass was 369±
145 (25%) and 423 ± 155 (30%) greater (P≤ 0.02) when grazing oc-
curred during stage A compared with when grazing occurred during
stages B and C, respectively (Table 4).

Subsequent-year standing crop of cool-season graminoids was
only affected by stage of grazing on dune tops. Standing crop was
139 ± 77 (28%) and 212 ± 77 (49%) kg·ha-1 greater (P ≤ 0.09)
when grazing occurred during stage A compared with stages B and
D, respectively (Table 4). Stage of grazing affected subsequent-year
forb standing crop on dune tops and at the pasture level. At the pas-
ture level, forb standing crop was 87± 42 (36%) and 142± 45 (76%)
kg·ha-1 greater (P ≤ 0.06) when grazing occurred during stage B
compared with stages A and D, respectively (Table 4). On dune
tops, standing crop of forbs was 119 ± 55 (52%), 111 ± 55 (47%),
and 181 ± 59 (108%) kg·ha-1 greater (P ≤ 0.06) when grazing oc-
curred during stage B compared with grazing that occurred during
stages A, C, and D, respectively. Subsequent-year growth of shrubs
was greater (P ≤ 0.04) when grazing occurred during stage D com-
pared with grazing that occurred during stages A and B at both the
pasture level and on north-facing slopes (Table 4).

Visual Obstruction of Vegetation

Stage of grazing affected (P b 0.1) year-end visual obstruction of
vegetation on the study pastures (Figure 2). Year-end visual obstruc-
tion of vegetation was greater (P b 0.07) when pastures were grazed
during stage A compared with visual obstruction on pastures grazed
during stages B, C, and D. Year-end visual obstruction when grazing
occurred during stage B was also greater (P = 0.08) than visual ob-
struction of vegetation on pastures grazed during stage D (Figure 2).

Discussion

Stage of grazing tended to affect subsequent-year warm-season
grass standing cropmore than other functional groups at different to-
pographic positions and at the pasture level, especially during the
mid-June harvest. Stage of grazing effect on warm-season grasses
was variable by topographic position, but subsequent-year standing
crop tended to be greatest when grazing occurred early in the grow-
ing season (i.e., stage A) and lowest when grazing occurred during
stages B and C. These results support our hypothesis and other re-
search, which has typically shown that defoliation (hand clipping or
grazing) during July and August tended to have the greatest negative

Table 4
Stage of grazing effect on subsequent-year standing crop of different functional groups
and total plant biomass harvested inmid-August from 2001–2008. Stage of grazing ef-
fect was analyzed separately at the pasture level and on south-facing slopes (SS),
north-facing slopes (NS), interdunes (ID), and dune tops (DT).

Stage of grazing1

Plant functional
group

A B C D Pooled
SE

Overall
P value

Warm-season Grasses ———————— kg·ha-1 ————————

Pasture Level 697 643 575 702 48 0.29
SS 870A 605BC 529C 774AB 75 0.03
NS 453 507 491 537 55 0.73
ID 877 1063 858 855 142 0.71
DT 663 616 595 755 67 0.39

Cool-season Graminoids
Pasture Level 673 620 635 588 29 0.24
SS 647 497 509 569 78 0.57
NS 630 547 590 499 56 0.37
ID 862 1187 1117 990 124 0.33
DT 644A 505B 552AB 432B 55 0.07

Forb
Pasture Level 243BC 330A 296AB 187C 30 0.03
SS 201 260 236 113 54 0.32
NS 210 303 255 173 37 0.15
ID 431 536 586 414 116 0.72
DT 229B 348A 237B 167B 39 0.05

Shrub
Pasture Level 146A 143A 215AB 232B 26 0.08
SS 123 109 144 181 41 0.68
NS 219A 199A 279AB 375B 42 0.06
ID 17 36 82 81 28 0.34
DT 163 204 376 172 63 0.11

Total Plant Biomass2

Pasture Level 1759 1735 1721 1710 46 0.90
SS 1841A 1472B 1418B 1637AB 103 0.06
NS 1512 1557 1614 1584 80 0.85
ID 2188 2823 2642 2341 219 0.24
DT 1699 1673 1760 1526 111 0.50

1 Stage of grazing represents mean time of grazing on study pastures from A) 16
May–14 June, B) 13 June–20 July, C) 20 July–29 August, and D) 27 August–7 October.

2 Combination of subsequent-year warm-season grass standing crop, cool-season
graminoid standing crop, forb standing crop, and new growth of shrub plants.

A Different letters represent significant stage of grazing differences (P b 0.1) on
subsequent-year standing crop.
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Fig. 2. Year-end visual obstruction (VO) of vegetation within study pastures grazed
during stages A) 16 May–14 June, B) 13 June–20 July, C) 20 July–29 August, and D)
27 August–7 October within a four-pasture deferred rotation. Different letters repre-
sent significant differences (P b 0.1) in VO of vegetation between stages of grazing.
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impact on production and other physiological and morphological
characteristics of warm-season grasses (Vogel and Bjugstad, 1968;
Moser and Perry, 1983; Mullahey et al., 1990; Reece et al., 1996).

Engel et al. (1998) foundmultiple and single hand-clipped defoli-
ations on individual sand bluestem plants during the growing season
did not affect total aboveground production compared with control
plants clipped at the end of the growing season in October. However,
subsequent-year root area, root length, and weight of total
nonstructural carbohydrates was lower when defoliation occurred
in mid-July or mid-August compared with defoliations occurring in
mid-June or October of the previous year. Reductions in these root
characteristics may explain the reduced warm-season grass standing
crop when warm-season grasses were grazed during stages B and C
compared with grazing that occurred earlier in the previous-year
growing season. Thiswas especially evident during themid-June har-
vest when subsequent-year standing crop of warm-season grasses
was greater when grazing occurred during stage A compared with
stages B and C at the pasture level and on south-facing and north-
facing slopes.

Greater amounts of subsequent-year warm-season grass standing
crop on specific topographic positions when grazing occurred early in
the growing seasonmay have been the result of cattle grazing on abun-
dant cool-season grasses rather than emerging warm-season grasses.
Cool-season grasses have been shown to contribute a majority
(79.7%) of the forage within cattle diets evaluated in the Sandhills in
late May (Volesky et al., 2007). Limited consumption of warm-season
grasses likely reduced any negative effects of grazing on warm-season
grasses when grazing occurred during stage A. Grazing periods that
occur earlier in the growing season may also allow for longer recovery
periods forwarm-season grasses before plant senescence in the fall. Re-
search in the Sandhills and northern Great Plains has indicated that
early grazing followed by partial growing season rest can provide ade-
quate forage regrowth for important grazing opportunities during the
fall and winter months without causing harm to total production
(Mousel et al., 2011; Smart et al., 2012). Our research suggests that
grazing early in the growing season will generally provide greater
amounts of subsequent-year warm-season grass standing crop than
grazing that occurs during themidportion of the growing season, espe-
cially in mid-June of the following year.

Subsequent-year warm-season grass standing crop on south-
facing slopes was especially affected by stage of grazing. South-
facing slopes were the only topographic position where the effects
of stage of grazing on subsequent-year warm-season grass standing
crop persisted through the August harvest. The effect of stage of graz-
ing on south-facing slopes may be related to spatial grazing patterns
of cattle during the growing season. Livestock grazing behavior on
vegetation selection is affected by forage nutritive quality and forage
quantity at different spatial and temporal scales (Senft et al., 1987;
Bailey et al., 1996). Warm-season tallgrasses typically provide an
abundance of high-quality forage from elongation beginning in June
through the end of the growing season (Gilbert et al., 1979). Some
of these tallgrass species (i.e., sand bluestem, prairie sandreed, and
indiangrass) tend to be found in higher frequencies on south-facing
slopes compared with north-facing slopes and interdune positions
(Schacht et al., 2000). Schroeder (2007) indicated that cattle con-
sumption of warm-season tallgrasses increased as the growing sea-
son progressed and as these grass species became a greater
component of the total available forage. Additionally, Cullan et al.
(1999) indicated that cattle selectively grazed the warm-season
tallgrass prairie sandreed in June and July. Because of the greater
abundance of sand bluestem and prairie sandreed on south-facing
slopes, cattle may have utilized these species in greater amounts on
south-facing slopes compared with other topographic positions dur-
ing stages B and C, when these grasses would have been more

abundant in the available forage. As a result, increased grazing pres-
sure on south-facing slopes may have affected subsequent-year
warm-season grass standing crop more on pastures grazed during
stages B and C thanwhen pastures were grazed at other times during
the growing season. However, it is unclear why similar results were
not observed on dune tops where warm-season tallgrasses were
also common. No annual utilization data were collected at the differ-
ent topographic positions, and more research is needed to verify po-
tential differences in utilization levels at different topographic
positions following grazing at different times of the growing season
on Sandhill rangelands.

Subsequent-year cool-season graminoid standing crop was least
affected by grazing that occurred early (i.e., stage A) in the growing
season of the previous year on north-facing slopes during the mid-
June harvest and dune tops during the mid-August harvest and
most affected by grazing that occurred during stage D. Cool-season
graminoids have a bimodal growing season within the Sandhills re-
gion. Most of the growth occurs early in the growing season (April
through June), but cool-season graminoids also have a residual grow-
ing season when favorable temperatures and moisture occur in the
fall. Mousel et al. (2011) observed a decrease in standing crop of
cool-season graminoids when grazing occurred in October after 5
years of grazing treatments. Koehler et al. (2014) found no difference
in production of the cool-season grass needle-and-thread in June of
the year following grazing when precipitation was normal, but
subsequent-year production of needle-and-thread was reduced by
late-spring defoliations in a drought year under a heavy defoliation
scenario (i.e., hand clipped to 80 % utilization) compared with no de-
foliations or defoliation at 40% utilization. Koehler et al. (2014) also
found that a fall defoliation did not affect subsequent-year produc-
tion of needle-and-thread or threadleaf sedge (Carex filifolia Nutt.).
Our results indicated that fall grazing at specific topographic posi-
tions may be more detrimental to subsequent-year standing crop of
cool-season graminoids than grazing early in the growing season.
However, variability in the effect of stage of grazing on standing
crop between the June and August harvests suggests that there may
be other factors affecting subsequent-year, cool-season graminoid
standing crop at different topographic positions.

Grazing that occurred earlier in the growing season tended to be
more detrimental than grazing during later portion of the growing sea-
son on subsequent-year new growth of shrubs on the interdune topo-
graphic positions during the June harvest and on north-facing slopes
and at the pasture level during the August harvest. Leadplant, the
most common shrub in the Sandhills and on the study site pastures,
is palatable and a common component of cattle diets during the grow-
ing season (Schroeder, 2007). Leadplant commonly flowers in mid-
summer (Hickman and Hartnett, 2002) and sheds its leaves by early
to mid-September. As a result, there was likely little if any browsing
of leadplant on pastures that were grazed during the stage D period.
The lower amounts of subsequent-year shrub growth on north-
facing slopes when grazing occurred early in the growing season but
not on other topographic positions during the August harvest may be
the result of leadplant typically being more associated with north-
facing slopes compared with other topographic positions (Schacht
et al., 2000) and the high palatability and likely selection for leadplant
during the growing season (Hickman and Hartnett, 2002; Schroeder,
2007). Our results differed from research conducted in northern Colo-
rado on the shrub antelope bitterbrush (Purshia tridentata), which
found that plants weremore detrimentally affected by defoliations oc-
curring in the later part of the growing season rather than early in the
growing season (Buwai and Trlica, 1977).

Grazing that occurred early in the growing season (i.e., stage
A) provided 19% to 48% more year-end visual obstruction of vegeta-
tion on the study pastures than grazing that occurred at other times
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during the growing season (i.e., stages B, C, and D). Low amounts of
late summer precipitation, cooling temperatures, and grazing at
later stages of plant maturity likely limited the potential for regrowth
of grasses following grazing that occurred during the later stages of
the growing season. Moreover, June through August during the
study period yearswasdry relative to the long-term average and like-
ly further limited the potential for regrowth of grasses in mid to late
summer. Reece et al. (2001) reported similar levels of visual obstruc-
tion on study pastures grazed at varying stocking rates in June and
July and indicated that the amount of standing crop remaining fol-
lowing July grazing periods was a determinant factor in the quality
of cover available to wildlife later in the fall. Grazing pastures in a
four-pasture deferred rotation may provide a diversity of habitat
structures on a landscape level (i.e., greater cover in pastures grazed
early in the growing season and less cover in pastures grazed later in
the growing season) to potentially accommodate a variety of differ-
ent grassland bird habitat needs during the year (Reece et al., 2001;
Derner et al., 2009).

Overall, our results indicate that time of grazing affects
subsequent-year standing crop of all plant functional groups and
total plant biomass to some extent, but results were variable and
therewas not a consistent response to time of grazing on different to-
pographic positions. Reece et al. (1996) indicated that periodic defer-
ment of grazing until mid-August may be required to maintain
reserves of warm-season tallgrasses in the Nebraska Sandhills. Ste-
phenson et al. (2013) found that standing crop and frequency of
warm- and cool-season graminoids were maintained or increased
on the study pastures used within the current study when managed
within a four-pasture deferred rotation for 10 yr. Although much re-
search has indicated that rotational grazing methods provide little
added benefit to vegetation characteristics compared with continu-
ous grazing (Briske et al., 2008), annually rotating timing of grazing
of pastures within a deferred rotation may minimize the potential
negative impact of grazing on specific functional groups at critical
times during the growing season. Warm- and cool-season
graminoids appear to be resilient in the eastern Nebraska Sandhills
when grazing occurs at moderate levels at different times of the
growing season in subsequent years.

Management Implications

Rotational grazing methods provide an important management
tool for controlling the time of grazing on pastures. When averaged
over 8 yrs within a four-pasture deferred rotation, time of grazing af-
fected subsequent-year standing crop of different plant functional
groups at different times and at different topographic positions in
the eastern Nebraska Sandhills. Although results were variable at dif-
ferent topographic positions and at the pasture level, subsequent-
year warm-season grass standing crop was usually greater on pas-
tures and specific topographic positions when grazing occurred
from 16 May to 14 June (i.e., stage A) compared with when pastures
were grazed during themidportion of the growing season (i.e., stages
B and C), especially when standing crop was measured early in the
growing season of the year following grazing. Cool-season
graminoids tended to have greater subsequent-year standing crop
when grazing occurred early in the growing season compared with
later in the growing season on north-facing slopes and dune tops.
When using a deferred-rotation method, grazing should not take
place on pastures at the same time during the growing season in con-
secutive years to reduce the potential negative effects of grazing at
critical times on Sandhills vegetation. Annually rotating pastures
within a deferred rotation appears to be an excellent grazingmethod
to avoid directional changes of vegetation on Nebraska Sandhills
grazing lands.
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