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Abstract

Variability of crude protein concentration in crested wheatgrass
(Agropyron desertorum (Fisch. ex Link)Schult) is an important
consideration in the development of grazing programs. Crude
protein (CP) concentration in crested wheatgrass was monitored at
specific stages of phenology for § years. During that time Sep-
tember through August precipitation varied from 68 to 1429 of the
37-year mean. Vegetation was clipped once at 10 phenological
stages beginning in April. At the last clipping date, in mid-August,
regrowth accumulated after prior clippings was collected. Over the
S-year period, CP of vegetation clipped during mid vegetative
growth in late April varied 35%, relatively, from 14.7% in 1983 to
9.5% during 1985. Even though 1984 crop year precipitation
exceeded 1983 by 84 mm, maximum topgrowth biomass was 449
kg/ha lower in 1984. Also, CP percentage of vegetative growth in
April was 1.8% lower in 1984 than in 1983. Regrowth CP was
positively correlated (r=0.98) with June precipitation, and with the
number of rain events in July (r=0.97). Plants clipped in the boot
stage had greater forage CP in August than plants clipped prior to
boot stage. However, regrowth biomass was affected by soil water
availability and was highly variable. Crude protein in vegetative
growth was marginal for growing steers in 1985. Although growing
stock are often supplemented in late summer, these data are inter-
preted to show that spring supplementation may be needed some
years.
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Recent reviews (Malechek 1986, Mayland 1986) discussed fac-
tors that affect yield and nutritional quality of crested wheatgrass
(Agropyron desertorum (Fisch. ex Link)Schult) and implications
for management. One significant factor that affects its manage-
ment and use is the rapid decline in digestibility and nitrogen
content of aerial portions of the plant as the growing season
progresses. Crested wheatgrass produces forage high in digestible
nutrients in the vegetative stage, but mature, ungrazed plants are
deficient in crude protein (CP) (Cook and Harris 1968). Various
grazing systems may affect both quantity and quality of forage
produced, although increases in quality are often uncertain
because of environmental conditions such as soil moisture, temper-
ature, and fertility. Soil nitrogen and water are typically the factors
most limiting to plant production in semiarid environments (Char-
ley 1972, Sneva 1977).

Decreased forage quality is expected as plants mature and leaves
senesce, however, potential changes in forage quality within a
given stage of phenology are not often considered. Variability in
nutrient content becomes more important as management inten-
sity increases and forage quality approaches maintenance level for
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the class of livestock at pasture. Determination of year to year
variation in protein concentration will aid refinement of livestock
management programs and result in improved ranch profitability.

Our objectives during this 5-year study were to determine
whether changing growing conditions would cause significant
variation in CP of crested wheatgrass at 10 defined phenological
stages, and to determine, across a range of growing conditions, the
CP content of growth produced after clipping at each phenological
stage. Crested wheatgrass is well adapted to intensive grazing
management; however, if protein concentration varies widely,
nutritional deficiencies some years might limit liveweight gains of
growing animals.

Materials and Methods

The study was conducted on the Squaw Butte Experimental
Range, 67 km west of Burns, Oregon. Squaw Butte is located in the
northern Great Basin and is characterized as a sagebrush-steppe.
The 37-year mean annual precipitation is 284 mm (Table 1), with
most precipitation occurring as snow. The study was conducted on
crested wheatgrass pasture which had been moderately grazed in
spring since establishment in the late 1960%. Plots were grazed in
late August of 1982 and 1983. Plots have not been grazed since
1983, but were mowed in late August to prevent accumulation of
standing dead. Soils are coarse-loamy, mixed, frigid Orthid Durix-
erols, approximately 55 cm deep (Lentz and Simonson 1986).

The study was established in fall 1982, as a randomized complete
block (RCB) with 10 treatments in 10 blocks. Ten 3 X 3 m plots
were located in each block. Within each block, 1 quadrat (1.2X1.8
m) was clipped in the center of each plot to a 2-cm stubble height at
1 of 10 phenological stages (Table 2). This material is referred to as
“initial growth”. Harvested material was dried at 60° C ground to 1
mm particle size and stored in closed plastic bags for laboratory
analysis. After quadrats were clipped, the remainder of the 3 X3-m
plot, which served as a buffer, was mowed. In mid August, at the
last clipping date, any available regrowth was harvested from the 9
previous treatment plots in each block. Regrowth forage was pre-
pared for analysis as described above. New plots were established
each year of the study.

Weather data were recorded daily at a station 0.5 km from the
study site. Precipitation received from September through the
following August is reported as crop year precipitation. Samples
were analyzed to determine dry matter (DM) after drying at 100° C
for 24 hr, ash after combustion at 500° C, and kjeldahl nitrogen
(AOAC 1980), expressed as crude protein (CP) (6.25 X %N; DM
basis).

Split-plot analysis of variance (ANOVA) was used for initial
growth and regrowth data, using years as main plots and clipping
as subplots (Steel and Torrie 1980). Product-moment correlation
coefficients were obtained, using mean CP values from the last 4
clipping dates (anthesis through summer quiescence) of each year,
to test whether frequency or amount of precipitation might be
related to late summer forage quality. Regression lines for 1987
and pooled data from 1983-86 were compared following proce-
dures of Neter and Wasserman (1974). Statistical significance was
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Table 1. Monthly precipitation (mm) received during the 5-year clipping study, and the 37 year mean and median amounts for the Squaw Butte
Experimental Range. Data from 1981-82 are for the crop year just prior to the study.

Crop

Year Sept. Oct. Nov Dec. Jan. Feb. Mar. Apr. May June July Aug Total
1981-82 11 38 68 80 19 18 12 26 6 35 26 11 350
1982-83 49 20 16 37 12 37 53 19 32 10 19 17 320
1983-84 15 27 45 86 4 11 66 27 17 37 15 53 404
1984-85 2 45 35 5 22 12 13 12 27 4 7 8 194
1985-86 38 12 15 32 26 9 30 10 36 8 3 i 291
1986-87 41 8 19 8 20 25 25 28 34 28 41 8 286
Median 11 20 26 31 28 18 23 17 27 19 6 9 274
Mean 14 23 31 35 34 23 24 20 31 24 9 16 284

Table 2. Crude protein (%) in crested wheatgrass clipped once between
early vegetative and summer quiescence stages from 1983 to 1987 at the
Squaw Butte Experimental Range.

Approx.
Trt. clip Year
no. date Phenology 1983 1984 1985 1986 1987
--------- (CP%) - - - == ----
mid Apr. early veg. 144 129 106 10.7 109
late Apr. mid veg. 147 119 95 11.2 122
mid May late veg. 136 11.6 94 105 11.1
late May earlyboot 109 105 86 93 9.2

early June late boot 78 85 70 78 88

O WO NN E W -

late June flowering 64 72 55 60 83

early July anthesis 49 51 43 48 69

late July seed form. 36 39 38 42 69

early Aug. seed set 33 35 36 37 68

1 mid Aug. summer 31 31 33 36 65
quies.

Standard errors: year, 0.07; clipping date, 0.11; year X clipping date, 0.24.

accepted at P<0.05.
Results

Crop year (September through August) precipitation varied
from 68% to 1429% of normal (Table 1), with 1983 and 1984
receiving 1149 and 142% of the 37-year average. Additionally,
crop year precipitation in 1982, just prior to the study, was 1249% of
average. The 1985 crop year was only 68% of average, and ended a
3-year period of above-average precipitation. Precipitation in 1986
and 1987 was 102 and 101% of average, respectively. The summer

of 1987 was unique because July precipitation exceeded 40 mm.
That is the greatest amount on record for July, and approximately
4 times the average. Soil water potential in the 2-20 cm depth was
near -0.03 MPa in mid April except in 1985 and 1987. Those years
soil water potential was about -0.2 MPa (Miller et al. 1990).

Initial Growth

Clipping date by year interaction was significant. This indicated
that changes in CP concentration associated with any given phe-
nology were affected by environmental conditions each year.
Summer precipitation allowed plants to retain green tissue through
August in 1987. That year, forage quality in July and August (seed
formation to quiescence) was almost twice that observed in all
previous years: approximately 7%. Additionally, forage quality
was high in April 1983, when plants clipped at the mid vegetative
stage in 1983 contained 14.7% CP (Table 2). We were not able to
identify specific environmental effects which caused this variation
in quality of early growth; however, precipitation and yield data
from 1983 and 1984 may provide insight. Crop year precipitation
was 84 mm greater in 1984 than 1983; however, peak standing crop
was 449 kg/ha lower in 1984 (2,338 vs. 1,889 kg/ha) (Table 3).
Also, CP percentage in April was 12.9% in 1984 vs. 14.7% in 1983.

Forage protein declined rapidly at each clipping from early boot
to flowering, until seed formation in late July. Such a decline is
typical (Bedell 1973, Hyder and Sneva 1963, Malechek 1986), but
in the present study, significant interaction with years occurred in
response to changing environmental conditions.

Linear regression analysis of pooled data (1983-86) showed a
strong linear relationship between phenology and CP (R2=0.88), as
did data from 1987 (R2=0.89) (Fig. 1). However, the 2 regression
models were significantly different (P<.01), and the slope of the

Table 3. Crested wheatgrass yield (kg/ha) when clipped at the indicated phenological stage (1st clipping), and regrowth (kg/ha) accumutated between that
clipping and mid August (2nd clipping). Plants clipped during summer quiescence were clipped only once.

Year
1983 1984 1985 1986 1987
Phenological stage Ist 2nd Ist 2nd Ist 2nd Ist 2nd Ist 2nd
Early vegetative 273 1839 87 1239 227 496 423 765 374 607
Mid vegetative 276 1524 290 1365 382 430 498 616 456 402
Late vegetative 388 1540 375 916 444 430 677 376 580 235
Early boot 755 568 646 230 487 319 819 125 814 216
Late boot 1219 269 1090 118 913 85 1102 5 691 164
Early flowering 1709 217 1008 74 1002 6 1227 0 818 102
Anthesis 2338 72 1505 43 972 0 1177 0 775 75
Seed formation 2240 0 1755 1] 972 0 1150 0 787 44
Seed set 2133 0 1889 0 835 0 1204 0 730 0
Summer quiescence 1966 — 1704 — 725 — 1130 — 731 —

First clipping standard errors: year, 18.9; phenology, 23.89; y X phen., 53.3.
Regrowth standard errors: year, 33.6; phenology, 31.6; y X phen., 70.6
Regrowth data adapted from Miller et al. (1990).
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Fig. 1. Regression analysis of the relationship between phenological stage
at clipping and mean CP content (n=10) of crested wheatgrass top-
growth. Phenology is on a scale from 1 to 10 as per Table 2. Regressions
for pooled data and 1987 data are different (P<0.01), and have different

slopes.

1987 model was less than for the pooled model (P<.05). Second
and third degree polynomials did not significantly improve fit for
either model. Summer precipitation in 1987 promoted growth and
delayed loss of quality in crested wheatgrass.

Early to mid summer (June or July) total precipitation was not
significantly correlated with plant CP from anthesis to quiescence
stages. However, the number of rainy days in July, was correlated
with CP concentration at those phenological stages (r=0.96, n=5).
Rain occurred on 7 days in July 1987, 1 of which exceeded 26 mm.
Fisher et al. (1987) and Charley (1972) have discussed the potential
of small precipitation events for stimulating nitrogen mineraliza-
tion in surface soil, thereby increasing nitrogen availability for use
during periods of effective rainfall. If rain events are assumed to be
separated in time by at least 1 day, there were 6 events in June and
July, 1987, of which only 2 exceeded 10-mm.

Regrowth

Regrowth of crested wheatgrass after clipping once during the
growing season was highly variable (Table 3). Regrowth CP in
plots clipped on the first 4 dates were analyzed by ANOVA and
main effects were highly significant. However, interaction between
year and clipping date was also significant. Summer, 1987, precipi-
tation promoted growth and allowed plants to maintain green
tissue in August, even for plants clipped prior to elevation of apical
meristems in May. Plants clipped on the first 3 dates in 1983 and
1984 contained less than 4% CP, while those clipped in 1985-86
averaged 4%, and topgrowth from 1987 averaged 8.4%.

Regrowth occurred after 7 clipping dates in 1983 and 1984 and
after 8 dates in 1987. Stepwise regression analysis indicated that
data from 1983 and 1984 was best described by a cubic polynomial
(Fig 2). Data from 1987, however, was best described by a simple
quadratic equation after linear and cubic terms were determined to
be nonsignificant (P<.05). The first 2 years, crop year precipita-
tion was above normal, while 1987 had a drier than average winter,
followed by normal to above-average growing season precipitation.

Regrowth yield in August for plants clipped in spring or summer
was also highly variable (Table 3). The first year (1983) was not the
wettest year of study, but regrowth was substantial. Below-average
precipitation in the 1984-85 crop year limited regrowth even on
plots clipped during early vegetative growth. Winter precipitation
in 1985-86 allowed more regrowth on plots clipped in April and
May; however, below-average June rainfall apparently limited
regrowth on plots clipped later in the growing season.
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Fig. 2. Regression analysis of crude protein concentration of crested
wheatgrass in mid August for regrowth accumulated after clipping once
between early vegetative and seed formation stages. Phenology is on a
scale of 1 to 10 as per Table 2.

Plants clipped during or after boot stage initiated new tillers if
soil water was sufficient, and CP in August was at least 5.4% (Table
4). Although plants clipped during or after boot stage increased CP
of regrowth clipped in August, the effect was variable, apparently
being influenced in part by available soil water. The high CP

Table 4. Crude protein concentration of crested wheatgrass in mid-August
after a single clipping at the indicated phenology.

Year

Phenology 1983 1984 1985 1986 1987

---------------- (CP %ESE!)-=-=vae--noccmo--
early veg.  3.31£0.08 3.2+0.08 3.6+0.07 4.1+0.10 7.7+0.35
mid veg. 3414004 3310.13 4.0+0.13 4.2+0.04 8.71+0.38
late veg. 341005 3.7£0.09 45x+0.11 5.11+0.08 8.8+0.55
early boot 5410.07 631023 7.4%0.19 7.0£0.10 9.310.19
late boot 7.8£0.20 8.710.60 nr? nr 10.410.45
flowering  9.11+0.63 11.61+0.49 nr nr 15.84+0.53
anthesis 8.910.63 10.2+1.09 nr nr 18.0£0.25
seed form. nr nr nr nr 17.91£0.43
n=10

2No regrowth occurred after clipping on these dates.

concentrations observed in 1987 are noteworthy; however, they are
associated with a small regrowth biomass (Table 3). Although
regrowth from plants clipped during anthesis in 1983 and 1987 was
similar (72 and 75 kg/ ha, respectively), CP of regrowth in 1987 was
99 greater than in 1983.

Sneva (1977) found that precipitation received between July and
the following June, along with early spring temperatures, was
highly correlated with regrowth dry matter accumulation. We
found CP content in regrowth to be positively and highly corre-
lated with occurrence of effective rain (10 mm) in June (r=0.98;
n=5) and with number of rainy days in July (r=0.97; n=5). Crop
year precipitation showed a weak, negative correlation to regrowth
quality (r=-0.3; n=5).

Discussion

Crude protein in actively growing crested wheatgrass varied
significantly within defined phenological stages over a 5-year
period. Peak CP observed in vegetative growth varied 28%, rela-
tively, from 14.7 in April 1983 to 10.6%in April 1985. In an earlier
study at Squaw Butte, crude protein in crested wheatgrass top-
growth was 12.5% on May Ist (Daugherty et al. 1982). Results
from the present study indicate that CP can be as much as 25%
lower than the value reported by those authors.
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The only crop year with below-average precipitation was
1984-85, and it followed a 3-year period in which crop year precipi-
tation averaged 319 above normal. Changes in available soil nit-
rogen are reported to occur in response to precipitation fluctua-
tions (Fisher et al. 1987, Sneva 1973a,b). In the present study, some
combination of environmental factors apparently reduced nitro-
gen in topgrowth during 1985. Possible explanations include fluc-
tuations in forage yield, changes in available soil nitrogen, differing
soil water availability, and changes in production of root exudates.
Further research is needed to determine how environment relates
to changes in soil nitrogen mineralization processes and how these
changes relate to protein concentration in rangeland forages.

Crude protein decreases during the growing season were consist-
ent, except in 1987, when precipitation was above normal in July.
Above-average summer precipitation prolonged growth, and
improved the quality of feed for grazing livestock, as evidenced by
forage CP in 1987. It is interesting to note that in 1984, growing
season precipitation was above average in June, July, and August;
however, late July forage protein was 3% less than in 1987.

Precipitation in July, 1987, was the greatest amount recorded
since 1936. However, since soil water availability was greatest
during 1984 (Miller et al. 1990), precipitation alone may not have
caused the high levels of protein measured in July, 1987. This study
indicates that rates of change in crested wheatgrass crude protein
are generally consistent as growing season advances, but that CP
concentration at a given phenological stage is variable, especially
in spring. Further research designed to determine the relationship
between precipitation, available soil nitrogen, and forage nitrogen
concentration is being initiated at this location.

Crested wheatgrass can be managed to produce high quality
spring and fall forage if grazed during the boot stage. Crude
protein in crested wheatgrass regrowth fluctuated each year, but
usually provided greater than 6% CP if clipped during boot stage.
Clipping just after flowers emerged increased average CP to 12%;
however, in 2 out of 5 years no regrowth occurred after the boot
stage.

Even though clipping at boot stage enhanced quality, our
results, similar to those of Hyder and Sneva (1963), demonstrate
that when soil moisture is limited, forage availability in fall may be
insufficient to support livestock. Also, in the present study, maxi-
mum forage yield did not occur in the year with the greatest
precipitation, illustrating that precipitation alone is not always an
adequate predictor of rangeland forage yield or quality.

Medium-frame steers (227 kg) gaining about 1.0 kg/day require
11.4% protein in the diet (NRC 1984). Yearling steers will typically
gain 0.9 kg/day or more during May and June, and supplementa-
tion programs have been developed for this area, based on normal
seasonal declines in forage quality (Raleigh 1970). Lower crested
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wheatgrass CP concentration in 1985 and 1986 indicates that in
some years protein may be inadequate for this class of livestock,
even in April and May. Clipping before meristem elongation pro-
duced regrowth which was lower in protein and usually below
requirements for mature cattle.
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