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Abstract

Native flood meadows in the northwestern U.S.
are typically managed for hay production. However,
management for use by grazing livestock is receiv-
ing increased interest. Irrigation water is primarily
supplied by surface runoff from snowmelt occurring
at higher elevations surrounding the meadows.
This experiment was conducted to compare strip
(SG) and continuous grazing (CG) effects on live-
stock diet quality and subsequent performance. On
May 1, groups of 20 steers (253 kg) were randomly
allotted to two replicates of SG and CG treatment
pastures (5.6 ha each). Animals in SG pastures
were confined by electric fence to an area large
enough to provide approximately 65% utilization
after a 5- to 7-d grazing period. Average strip size
was .5 ha, and varied from .23 to 1.15 ha. Herbage
allowance was between 305 to 1131 kg/AU under
CG, and 72 to 198 kg/AU for SG treatments, as
measured on d 1 in each strip.

Biweekly esophageal extrusa samples and total
fecal collections showed that over the grazing sea-
son, average CP of extrusa samples from CG
tended to be higher than SG (P = .14), at 13.9 and
10.9%, respectively. Crude protein declined signifi-
cantly between May and September. Diet |VDDM
varied between treatments (P = .07), at 64.6 and
60.7% on CG and SG, respectively. Grasses were
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more frequent in extrusa samples from SG than
CG (P = .06), at 49 and 35%, respectively. Meadow
foxtail was the most common grass on the
meadows and was more frequent in SG extrusa
samples (P = .05). Forage intake was similar (P =
42) for both treatments, at about 2.1% of body
weight per day. Steers were weighed biweekly.
Steer average daily gain was greater under CG (P
= .09) (1.16 kg/day) than SG (.77 kg/day).

(Key Words: Grazing System, Beef Cattle, Alopec-
urus pratensis.)

Introduction

Approximately 1.6 million ha have been classified
as mountain meadows in the 11 western states, of
which slightly less than half is privately owned (6).
In eastern Oregon, most of these native flood
meadows (NFM) produce hay and are irrigated by
stream flow. In the Harney Basin, control of water is
minimal, resulting in an uncontrolled flooding sys-
tem (23) which often prevents haying until forage
has become mature. Traditional management of
NFM involves haying in summer, with grazing of
aftermath and regrowth in the fall, prior to winter
hay feeding. Meadows are often fertilized with ni-
trogen in early spring, with hay fields of about 3400
kg/ha. Regrowth potential after haying is low (39, 23)
because soils dry rapidly after surface flooding
ceases in late June.

Meadows in this area were historically domi-
nated by Juncus and Carex species, but have re-
cently shifted to stands dominated by meadow fox-
tail (Alopecurus pratensis), an introduced species.
Meadow foxtail grows early in spring and produces
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high yields; however, it often reaches maturity in
mid-June (10). Inability to control timing and dura-
tion of surface flooding usually prevents cutting for
hay until early to mid-July, resulting in a lower
quality hay.

Meadow foxtail recovers quickly after grazing
(28) and will continue to grow as long as soil water
is adequate. Grazing, therefore, may have consid-
erable potential for improving management of NFM
which contains meadow foxtail. One objective
would be to remove flowering culms and stimulate
development of vegetative ftillers. Short-duration
grazing (SDG) uses elevated stock density to im-
prove distribution of livestock. Savory and Parsons
(25) stated that SDG could be used to realize
increased livestock and forage production; howev-
er, interactions with stocking rate have been re-
ported (20). Highly productive areas appear to be
well adapted to intensive management (29). Strip
grazing is analogous to SDG in that animals are
confined to small portions of the pasture; however,
a movable fence is used with strip grazing which
allows greater flexibility in controlling grazing area
and location. Research in Great Britain (13, 35)
indicated that animal production per ha could be
increased when strip sizes were sufficient to pro-
vide a 1 d supply of forage. In New Zealand, two
strips per day provided similar results (17). In Ore-
gon, hay was harvested and raked into bunches
which were left in place on the meadows (34).
These bunches were then strip grazed on 5-d inter-
vals by beef cattle in winter. Strip grazing manage-
ment provided nearly complete utilization of hay
and excellent animal performance, which suggests
that SG may be an efficient way to harvest stand-
ing forage.

Grazing of meadows containing meadow foxtail
would therefore appear to be a viable alternative to
harvesting for hay only. Objectives of this research
were to determine if diet quality, diet botanical com-
position, intake, and animal performance were simi-

lar under strip (SG) or continuous (CG) grazing
management.

Methods

Study Area. The study was conducted on a
23-ha native flood meadow at the Eastern Oregon
Agricultural Research Center 6 km south of Burns,
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OR, elevation 1230 m. Dominant grasses are
meadow foxtail, saltgrass (Distichlis stricta), reed
canarygrass (Phalaris arundinacea), quackgrass
(Agropyron repens), and Nevada bluegrass (Poa
nevadensis). Sedges (Carex spp.) and rushes
(Juncus spp.) are also important components.
Common forbs include hesperochiron (Hesperochi-
ron pumulus) and common dandelion (Taraxacum
officinale), with arrowgrass (Triglochin maritima)
scattered in small quantities throughout the pas-
ture.

Treatments. In April, the 23-ha meadow was
fenced into four equal pastures of about 5.6 ha.
Treatments were CG and SG, with two replications
each. Steers on CG had access to the entire pas-
ture at all times, while animals on SG treatments
were restricted to subunits of the pasture (strips) by
portable electric fencing. Fences were moved to a
new ungrazed area on 5- to 7-d intervals, when
forage was visually estimated to be 65% utilized.
Strip size was determined as detailed below and
decreased as forage standing crop increased.

Animals. Eighty yearling steers (253 + 17 kg)
were stratified by weight into four groups, with each
group randomly assigned to treatments. In each
group, 15 steers were used to collect performance
data, 3 were used for total fecal collection, and 2
with esophageal fistulas were utilized to collect
extrusa samples. The 15 steers were weighed bi-
weekly after overnight restriction from feed and
water.

At weaning the previous fall, steers had received
clostridials, infectious bovine rhinotracheitis, and
bovine viral diarrhea vaccinations. Prior to placing
animals on treatment, all steers received zeranol
and were revaccinated for the clostridials. Insectici-
dal ear tags were applied, and animals were main-
tained on meadow vegetation for 4 wk prior to
study initiation.

Sampling. Quantity of live standing crop was
estimated by clipping ten .19-m? quadrats to ground
level at biweekly intervals on the CG treatment and
on the first and last days of grazing in each SG
unit. Ungrazed exclosures (10 by 33 m) within each
pasture were sampled concurrently with CG clip-
ping dates using similar procedures. Forage availa-
bility was expressed as herbage allowance (HA)
(kg/AU) and represents the ratio of forage mass
per unit animal demand at any pcint in time (26,
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27). For strip-grazed pastures, HA was calculated
from forage availability on d 1 of each grazing
period.

Diet sampling was conducted approximately bi-
weekly to coincide with the second day of grazing
in each strip. Collections were made in each pas-
ture on two consecutive days. Esophageal fistu-
lated steers were fasted overnight, fitted with
screen bottom collection bags, and released to
graze for 35 to 40 min. Following grazing, bags
were removed and extrusa was stirred and sub-
sampled for determinations of djet quality. Extrusa
was placed in plastic bags and immediately frozen
for later laboratory analyses. Extrusa samples were
later dried at 55 C and ground to pass a 1-mm
screen. After determination of dry matter (DM), ash
was determined by combustion at 500 C in a muffle
furnace (2). Nitrogen percentage was determined
by macro-kjeldahl digestion and reported as crude
protein (CP = N x 6.25) (11). Digestible dry matter
(IVDDM) was determined by 48 h in vitro digestion
(33).

Total fecal collections began the day following
diet collections. Fecal bags were placed on the
animals by 0700 and remained in place for 24 h.
Upon removal, fecal bags were weighed and the
quantity of feces determined. After stirring, two
samples were obtained and used for later determi-
nation of botanical composition and DM. Fecal
samples for DM determination were dried at 65 C
and weighed to the nearest gram at 24-h intervals
until two identical weights were recorded, at which
ime the samples were considered dry. Dry matter
intake was calculated from IVDDM and total fecal
DM output at each sampling date.

Fecal subsamples used for estimation of diet
botanical composition were immediately suspended
in 100-ml sample jars containing 40 ml ethyl alco-
hol. Later, these samples were used to determine
diet composition by microhistological analysis (31).
Ten fields on each of two slides were examined for
each animal at each date. Samples were not
pooled across animals. Plant material was classi-
fied as grasses, sedges, rushes, and forbs. Within
the grasses, meadow foxtail, quackgrass, Nevada
bluegrass, and reed Canarygrass were also quanti-
fied.

Statistical Analysis. The experiment was estab-
lished as a randomized complete block, with block-

ing based on 1988 hay production figures. Data
were analyzed as a split plot in time (32), using
block by treatment as whole plot error. Sampling
periods (n = 9) were subplots, with block by treat-
ment by period as subplot error. Analysis of vari-
ance was conducted using general linear models
procedures (24). Predetermined mean separations
between treatments by period were determined by
nonorthogonal contrast using Bonferroni (Dunn) t
statistics. This procedure does not require a prior
significant difference between means in the main
effects because the total probability of a Type |
error (a) is divided among the number of desig-
nated comparisons (7). Comparisons were made
between the calculated t and tabular critical values
of t, where t = w/C (C = number of contrasts
compared). Nine comparisons were made (nine
collection periods) and tested against tabulated
values of t (8) at significance levels of P < -05/9, .01/
9, .005M8, and .001/9.

Results and Discussion

Forage. Winter snowpack is critical for summer
forage production because irrigation is provided by
surface runoff. Streamflow from snowmelt was
117% above average as of April 1, 1989, Spring
precipitation and above-average flooding resulted
in forage yields 2 to 3 times normal. Forage growth
was extended into August because of rain in late
July and early August. Forage production was slow
in May and early June because of cool tempera-
tures. Live standing crop increased significantly (P
< .05) during the 2-wk period from June 12 to June
26 and peaked at 9300 kg/ha on July 10, at more
than twice the average for this area (Figure 1). Hay
production during average years has ranged from:
about 3400 kg/ha (9) to 2250 kg/ha in early grazing
studies on native flood meadows (4). Standing crop
on the CG treatment peaked about July 1 and then
began to decrease as forage growth rate
decreased. Ungrazed standing crop ranged from
1170 kg/ha the first week of May to 7097 kg/ha on
June 20, 1 wk before returning to regrowth.

Herbage allowance on CG pastures reflected the
increase in standing crop (Figure 2) which occurred
in June and July. This curve is typical for
seasonally grazed pastures, although the magni-
tude was affected by the above-average level of
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Figure 1. Standing crop of ungrazed, strip-grazed, and continuously
grazed native rheadow forage during 1989. Data from strip-grazed plots
are from the last day of grazing in a strip, except for May 1 which was the
first day of the study.

production. By contrast, HA remained relatively
constant through the spring and summer for SG
pastures, which indicates that grazing pressure on
d 1 of grazing in each strip remained relatively
constant. Lower HA in SG pastures resulted in
more uniform removal of reproductive stems during
grazing in each strip from May through early June.
By contrast, steers in CG pastures were able to
select regrowth from areas grazed earlier and con-
sumed relatively fewer reproductive stems. Un-
grazed plants in CG pastures grew to maturity and
were not efficiently utilized later in July and August.

Pasture size and stocking density for this study
were based on average forage production esti-
mates from past year's data and indicated that an
initial stocking density of about 2 AU/ha would be
appropriate. However, above-average growing con-
ditions resulted in understocking of both treat-
ments. By mid-June, standing crop of ungrazed
plots already exceeded typical end-of-season for-
age yields. Additional livestock were not available
to increase rate of demand for forage. As a result,
on June 26 forage in ungrazed portions of the SG
treatment was reaching maturity, and regrowth for-
age in strips grazed in May was flowering. Based
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Figure 2. Herbage allowance (kg/AU) on strip-grazed versus continu-
ously grazed native meadow. One AU represents a forage demand of 12
kg/day.

on these observations, the remaining ungrazed for-
age in the SG treatment was cut for hay, and
steers were returned to the strips grazed on May 1
to begin the second rotation. Data from the hayed
area were not included in later analysis of forage or
livestock production. However, removal of this area
from grazing did decrease the pasture area grazed
by SG steers and was reflected in calculations of
animal production per unit area. lLucas and
McMeekan (17) described a similar situation with
break grazing (strip grazing) on New Zealand
pastures. These researchers believed that break
grazing acted to conserve forage in a portion of the
pasture in quantities suitable for salvage as hay or
silage.

Diet Quality. Dietary CP and IVDDM both
declined significantly (P < .05) over the summer
(Figure 3), which is a typical result of advancing
plant maturity (18, 21, 23). Decreases in forage
quality were likely minimized for CG steers by
greater HA, which allowed animals to select higher
quality regrowth tissues (22). The SG steers did not
have this advantage because HA was maintained
at much lower levels (Figure 2), and access to
previously grazed areas was prevented. Between
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CG and SG treatments, seasonal means for CP
tended to differ (P = .14), at 13.9 and 10.9%, re-
spectively. Likewise, digestible DM was higher in
CG steer diets than SG (P = .07), at 64.6% vs.
60.7%, respectively.

Diet quality of steers on SG was significantly
lower than for CG steers from June 26 to August 7
(Figure 3), because regrowth from strips grazed in
May and early June had matured. Soil water was
still adequate to allow plant growth and probably
enhanced diet quality for steers on CG pastures.
Diet quality did not differ between treatments in late
August. At that time SG steers were grazing forage
that had been previously grazed in late June. That
forage had not reached maturity because
decreased soil water had limited growth during
July.

Botanical Composition of Steer Diets. Strip graz-
ing increased (P = .06) grass percentage in steer
diets (Table 1), which is consistent with other
reports of floristic changes in animal diets under
intensive grazing management (13, 15, 2, 29).

The rush and sedge component of steer diets
tended to be greater for CG animals (63%) than for
SG (49%) (P = .14). Forbs represented only minor
amounts in steer diets (<1%), and no differences
were detected in forb consumption between treat-
ments. Meadow foxtail was significantly greater (P
= .05) in SG (43.9%) than in CG (27.1%) diets.
Holmes et al. (13) reported that strip grazing of
highly productive summer pasture favored the
more vigorous grasses. Regrowth potential of na-
tive sedges and rushes is low (23) but meadow
foxtail has been shown to produce regrowth (28).
Therefore, strip grazing may have increased the
standing crop of meadow foxtail relative to sedges
and rushes, and influenced percentages of grass in
steer diets. However, as strips were moved across
the pasture, relative percentages of meadow foxtail
in the stand changed based on changes in soil type
and flooding depth. This was probably the most
important factor determining changes in botanical
composition of SG diets as steers moved from one
strip to the next. By contrast, CG animals were able
to graze freely among all available plant communi-
ties. Figure 4 illustrates the change in botanical
composition of animal diets at each collection pe-
riod with respect to these vegetation classes. Strips
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in early May were located in an area that was
dominated by sedges and rushes, while later, in
June, strips were dominated by meadow foxtail.

Grass in the_ CG diets remained relatively con-
stant through June, but steers appeared to select
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TABLE 1. Percentages of grass, rush/sedge, or forbs observed in fecal
samples of steers grazing in continuous or strip-grazed pastures from
May 1 to Sept 4, 19689

Treatment
Plant category Continuous Strip SE
% 3
Grasses * 49° 40
Rushes/sedges® 63 49 54
Forbs <1 <1 >0.1
N =16

*PRow means differ when followed by different letters (P<.10).
SGrazing treatment means tended to differ (P = .14).

for sedges and rushes during mid-July, concurrent
with peak selection for those species by SG steers.
Advancing maturity of meadow foxtail during this
period may explain changes in plant preference by
steers in both treatments. Changes in plant prefer-
ence at different times in the grazing season have
been reported by others (5, 12, 15, 30).

Intake and Performance. Daily DM intake was
analyzed as kg DM/d on a percentage of body
weight (BW) basis. There was no difference be-
tween treatment means (Table 2) for daily DM
intake (P = .42), at 2.0 and 2.1% of BW for SG and
CG steers, respectively, which is similar to intake
estimates from other intensive grazing studies con-
ducted on meadow (30) and rangeland (1, 19).
Intake (kg DM/d) increased between May and Sep-
tember as a result of increased body mass and
rumen capacity (3).

Steers in the CG treatment tended (P = .09) to
perform better on an individual basis than SG
steers (Table 2). Mean ADG was 1.2 kg for continu-
ous and .8 kg under strip grazing. Steer perform-
ance under SG was similar to the .78 kg ADG by
yearling steers grazing the same meadows over
the summer of 1954 (4). Increased performance
exhibited by CG steers is likely a result of the
higher plane of nutrition noted previously. Similar
conclusions by other researchers (15, 30) support a
diet-related decrease in animal performance under
intensive grazing management. Despite equal or
reduced individual performance of animals under
intensive grazing management, total production per
unit area is often greater (14, 16, 30). In our study,
superior individual steer performance under CG
was offset by the smaller pasture area grazed un-
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Figure 4. Percentage of grasses (a) or rushes and sedges (b) in fecal
samples obtained from steers grazing native flood meadow vegetation
under continuous or strip grazing during 1969.

der SG management (5.6 vs. 4.4 ha, respectively).
Gain per hectare did not differ between treatments
when compared on a total production basis (P =
.17), at 26 and 22 kg/ha for CG and SG, respective-
ly.
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TABLE 2. Dry matter (DM) intake (percent of body weight), average daily
galn (ADG), and total gain per hectare of steers under strip or continuous
grazing of native flood meadows May 1-Sept 4, 1989.

Treatment
tem Continuous  Strip SEM®
DM intake 21% 20%
ADG (kg) 124 8 2
Total gain® 26.1* 2.1 2

“bMeans within rows differ (P<.10) when followed by different letters.

“Standard error of the mean calculated from treatment by block (error
a) and freatment by block within period (efror b); n = 16.

9Based on total seasonal grazed areas of 5.6 and 4.4 ha for continuous
or strip treatments, respectively.

Conclusions

Strip grazing resulted in consistently lower her-
bage allowance compared to CG and apparently
altered the ability of SG steers to select a diet
equal in quality to the diet of CG steers, especially
in July. Despite lower diet quality, DMI of SG
steers, as a percentage of BW, was similar to that
of CG steers. Strip grazing management tended to
increase grass consumption and contributed to a
39% relative increase of meadow foxtail in steer
diets compared to CG management. Individual ani-
mal performance tended to be greater for CG
steers, which is consistent with the observed plane
of nutrition. However, total animal gain per hectare
was similar between management systems be-
cause pasture area utilized by SG steers during the
study was less than for the CG treatment. The
greatest impact on individual animal performance
on the strip-grazed units was apparently related to
the length of the rest period between grazing peri-
ods. Above-average forage growth lengthened the
rotation interval and allowed regrowth to become
mature. This condition could have been alleviated if
additional livestock had been available to increase
rate of demand for forage. Increases in diet quality
were noted in late August when SG animals were
grazing areas that did not have high levels of
regrowth and had remained vegetative. This might
indicate that if animal demand had been increased
to shorten rotation interval, diet quality might have
improved for SG animals in July. This study
demonstrated that native flood meadow vegetation
containing meadow foxtail can produce excellent
animal performance, and that strip grazing will pro-
vide similar animal gain/ha while reducing the total
land area required. Further research is needed at

several stocking densities to determine the effect of
increased stock density on performance of steers
grazing wet meadows in spring.
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