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Summary

Cattle performance and diet quality on
forest and grassland range in the Blue Moun-
tains of eastern Oregon were evaluated over a
3-year period. Esophageally fistulated cows
were used for the evaluation of dier quality.
Pregnant yearling heifers were used for the
evaluation of livestock performance. Dara
indicated that forest and grasslands offer
diverse environments in terms of forage quality
and beef cattle producrion. Forest diets con-
tained more crude protein in early and late
summer. [n vitro organic martter digestibility
of cattle diets was lower on the grasslands than
on the forest pasture in early and late summer
but was superior on the grasslands in the fall,
provided that summer precipitation and fall
regrowth occurred. Cattle gains were similar
for both types in late spring, but greater for
forest cattle in early and late summer. Cattle
on grasslands gained more in the fall if pre-
cipitation occurred in late summer. Crude
protein and digestible energy intake analyses
revealed that digestible energy was the first-
limiting nurtrient. Grasslands may be most
efficiently utilized in the spring, while use of
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forests between mid-July and mid-September
should be advantageous because of higher
quality forage. In years with late summer
precipitation, cattle gains might be improved by
returning cattle to the grasslands in mid-
September. This type of grazing strategy has
the potental to improve beef production over
that obtained from the grazing of each type
separately throughourt the grazing season.

(Key Words: Forest Grazing, Crude Prorein,
Digestible Energy, Daily Gain.)

Introduction

Mounrain grassland and forest vegetation
types occupy large areas throughour the Rocky
Mounrtains from Arizona and New Mexico to
Canada. Historically, little management has
been applied to these ranges. Grazing units are
large and wusually grazed season-long. The
demand for red meat production on these
lands is increasing, but, at the same time,
various environmental quality standards are
being imposed that restrict grazing (Forest-
Range Task Force, 1972).

One such restriction is a change from season-
long grazing to systems designed to provide
periods of nonuse. As grazing- systems are
initiated, the possibility exists to incorporate
into the plans mixes of specific vegeration types
with different potentials for beef production.
Conceivably, a land area so managed would
vield more beef per hecrare than an area
managed by conventional grazing.

Nurtritional differences exist among various
vegeration types (Cook and Harris, 1968). The
efficiency of livestock production could be
improved if grazing were conducted on specific
vegetation types in a way that took advantage
of differing peaks in forage quality.

Informartion dealing directly with the inte-
gration of vegetation types so as 1o increase
efficiency of livestock production is inadequate.
The few studies reporting such data indicate

291

JOURNAL OF ANIMAL SCIENCE, Vol. 53, No. 2, 1981



292

that livestock performance can be increased by
correct timing of grazing for each vegetation
type. Complementary grazing studies of differ-
ent vegetation types have been reported by
Long and Landers (1960), Valentine (1967),
Cook and Harris (1968), Smoliak (1968),
Currie (1969) and Smoliak and Slen (1974).

The objectives of this study were (1) to
measure quality changes in cattle diets and
the average daily gain of animals throughout
the three grazing seasons, and (2) to determine
whether forest and grassland ranges could be
incorporated into a complementary grazing
system to increase livestock production.

Experimental Site and Procedure

The study site was located on the Starkey
Experimental Forest and Range 48 km south-
west of La Grande, Oregon. The topography of
the Starkey Range is characterized by moder-
ately deep canyon drainages separating broad
rolling uplands (Skovlin et al., 1976). Elevations
range from 1,080 to 1,525 meters. The soils
of the study area have been described by
Strickler (1966). The average annual precipita-
tion is approximately 53 cm, and comes as
snow and rainfall in the winter and spring. In
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approximately 1 year out of 2, there is suffi-
cient summer rainfall to result in fall regrowth
on grassland areas.

A complete description of the vegetation
in the study area has been given by Ganskopp
(1978). The grassland vegetation is primarily a
bluebunch ~ wheatgrass-Sandberg  bluegrass
(Agropyron sipcatum-Poa sandbergii) habitat
type. The forest vegetation consists of ponder-
osa pine-ldaho fescue (Pinus ponderosa-Festuca
Idahoensis), Douglas fir-snowberry (Pseudo-
tsuga menziesii-Symphoricarpos albus) and
Douglas fir-ninebark (Pseudotsuga menziesii-
Physocarpus malvaceus) habitat types, as
described by Daubenmire and Daubenmire
(1968) and Daubenmire (1970). Holechek
(1980) reported the percentage canopy cover
and the average percentage by weight of the
primary forage species in cattle diets on the
forest and grassland pastures (tables 1 and 2).

Grazing was conducted in 1976, 1977 and
1978 on two forest and two grassland pastures
with similar capacities. A rest rotation grazing
system was used with each vegetation type.
This rotation involved the grazing of one
pasture all season in 1976 and resting of the
other. In 1977, cattle were grazed on the

TABLE 1. PERCENTAGE COVER OF THE PRIMARY FORAGE SPECIES ON THE
GRASSLAND AND THEIR PERCENTAGE BY WEIGHT
CONTRIBUTION TO CATTLE DIETS

% % in
Species cover? dietb
Bluebunch wheatgrass (Agropyron spicatum) 25 28
Cheatgrass brome (Bromus tectorum) 1 1
Idaho fescue (Festuca Idaboensis) 15 29
Prairie junegrass (Koeletria cristata) 3 3
Sandberg bluegrass (Poa sandbergii) 30 8
Western needlegrass (Stipa occidentalis) 1 1
Total grasses 80 80
Western yarrow (Achillea millefolium lanulosa) 1 3
Arrowleaf balsamroot (Balsamorbiza sagittata) T¢C 2
Wyeth eriogonum (Eriogonum beracleoides) 6 2
Lupine (Lupinus spp.} 1 1
Mules ear wyethia (Wyethia amplexicaulis) T¢€ 1
Total forbs 16 14
Common snowberry (Sympboricarpos albus) 3 4
Total shrubs 4 6

a
Cover data were pooled across pastures.

b ’
Diet samples were pooled across years and periods.

T = trace.
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TABLE 2. PERCENTAGE COVER OF THE PRIMARY FORAGE SPECIES ON THE
FOREST AND THEIR PERCENTAGE BY WEIGHT CONTRIBUTION
TO CATTLE DIETS
% % in
Species coverd dietb
Bluebunch wheatgrass (Agropyron spicatum) 3 5
Elk sedge (Carex geyeri) 6 12
Pinegrass (Calamagrostis rubescens) 3 4
One-spike danthonia (Danthonia unispicata) 3 1
Idaho fescue (Festuca Idaboensis) 17 23
Western fescue (Festuca occidentalis) 3 6
Kentucky bluegrass (Poa pratensis) 2 4
Sandberg bluegrass (Poa sandbergii) 3 1
Total grasses 47 61
Western yarrow (Achillea millefolium lanulosa) 2 2
Heart-leafed arnica (Arnica cordifolia) 2 4
Wyeth eriogonum (Eriogonum beracleoides) 2 TC
Lupine (Lupinus spp.) 3 1
Cluster tarweed (Madia glomerata) 3 o
Total forbs 28 16
Bearberry (Arctostapbylos uva-ursi) 1 T¢
Ninebark (Physocarpus malvaceus) 8 5
Wax current (Ribes cereum) 1 1
Spiraea (Spivaea betulifolia lucida) 2 5
Common snowberry (Symphoricarpos albus) 10 11
Total shrubs 25 23

a
Cover data were pooled across pastures.

hDiet samples were pooled across years and periods.

C,
T = trace.

pasture rested in 1976 until midseason, when
they were moved to the second pasture. In
1978, cattle were grazed all season on the
pasture rested in 1976. The grazing season
lasted 120 days in each year of the study.
Cattle were placed on the pastures on June 20
and removed on October 10. The forest and
grassland pastures were delineated so thart
approximately the same amount of forage was
available on each. The stocking rate (3.2
ha/AUM) and the grazing system used were
similar to National Forest allotments in the
immediate area and represented a degree of
forage utilization recommended for most
National Forest land in the west. The perform-
ance of animals on the pastures was evaluated
in late spring (June 20 to July 18), early
summer (July 19 to August 15), late summer
(August 16 to September 12) and fall (Sep-
tember 13 to October 10). Livestock perform-
ance on each pasture was measured with 18
pregnant yearling heifers. Heifers were weighed

without shrink at the onset of grazing and at
the end of each period.

Diet samples from each pasture were col-
lected from four cows fitted with esophageal
fistulas. Additionally, four steers were grazed
for the determination of total fecal output for
intake estimations (Holechek, 1980). All
experimental animals grazed continuously
throughout the grazing season as part of the
stocking rate on each pasture. This number of
animals was considered adequate for deter-
mining diet quality with 95% confidence (Van
Dyne, 1968). Diet samples from each cow on
each pasture were collected twice every other
week during all 3 years of study. Collections
on the forest and grassland were always made
during the same week. This resulted in the col-
lection of 16 samples from each pasture for each
period. Cows were moved to preselected areas
and allowed to feed uninhibited until at least
1 kg of grazed forage was acquired. Samples
from the esophageal fistulas were dried in
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a forced-air oven at 40 C for 7 days and then
ground through a 40-mesh screen. Crude pro-
tein was determined by AOAC (1970) meth-
ods. Because of differences (P<.05) in ash
content between various samples, data are
presented on an organic matter basis. In vitro
organic matter digestibility (IVOMD) was
determined by the technique of Tilley and
Terry (1963) as modified by Vavra et al
(1973). Acid detergent fiber (ADF) and lignin
were determined by the permanganate method
of Van Soest and Wine (1968).

Digestible energy (DE) values were predicted
from IVOMD with the following regression
equation developed by Rittenhouse et al
(1971): kilocalories DE/kilogram dry matter —
.039 (organic matter digestibility ) — .10.
DE and crude protein were expressed on an
actual intake basis with the values of Holechek
(1980), and were then compared to the DE and
crude protein requirements for growing yearling
heifers gaining .3 kg/day (NRC, 1976). Metab-
olizable energy (ME) listed by the NRC (1976)
was converted to DE by the NRC conversion:
DE in megacalories/kilogram = ME in mega-
calories/kilogram x 1.22,

Statistical comparisons were made between
the forest and grassland pasture data within
each period and year. A completely randomized
design with a one-way classification model and
a standard F-test were used for all comparisons
(Steel and Torrie, 1960). Covariance analysis
was used to adjust average daily gains for
initial weights at the beginning of each period.

Results and Discussion

Crude protein concentrations in cattle diets
showed no seasonal variation during any year
of the study (table 3). Skovlin (1967) reported

HOLECHEK ET AL.

that bluebunch wheatgrass and ldaho fescue,
two of the primary forage species consumed in
this study (tables 1 and 2), exhibited consider-
able seasonal and annual variation in crude pro-
tein content, which he attributed to amount
and distribution of precipitation. With the
exceptions of the early summer of 1977 and
late summer of 1978, precipitation was ade-
quate during the 3 vyears of this study to
promote regrowth of grasses on the grassland
and to provide enough immarture actively grow-
ing plant tissue to sustain acceptable crude
protein levels in the diets.

In six of the seven comparisons in which
significant differences between dietary crude
protein concentrations were found, forest
diets contained more crude protein than grass-
land diets. On the grassland, maintenance of
crude protein concentration in the diet was
linked to precipitation and forage regrowth.
Precipitation did not cause substantial re-
growth of forage in the forest. This was noted
earlier by Skovlin (1967), who found that tree
overstory intercepted the moisture so that
little reached the soil and, consequently, lit-
tle regrowth occurred. Other factors also
contributed to the production of forage with
higher crude protein content under a forest
canopy than on grassland. Cattle in the forest
were able to select a diet that contained shrubs
and elk sedge (table 2). Shrubs are reported to
maintain relatively high levels of crude protein
after reaching maturity (Cook and Harris,
1950). Skovlin (1967) noted that elk sedge
maintained its crude protein content later in
the grazing season than grasses did and showed
less seasonal and annual variation. Also, plants
growing in the shade usually have greater crude
protein concentrations than the same species

TABLE 3. AVERAGE PERCENTAGE CRUDE PROTEIN ON AN ORGANIC MATTER
BASIS IN CATTLE DIETS FROM THE FORESTS AND GRASSLANDS
IN 1976, 1977 AND 1978

1976 1977 1978
Sampling Grass- Grass- Grass-
period Forest land Forest land Forest land
Late spring 12.82 14.7b 12.2 11.1 13.62 11.4b
Early summer 10.7 10.4 10.42 8.7b 12.13 10.4b
Late summer 14.4 12.8 11.0 10.0 10,92 8.2b
Fall 12.6 11.5 10.8 10.1 11.3 10.5
ab

Means within sampling period and year with different superseripts differ (P<.05).
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TABLE 4. AVERAGE PERCENTAGE ACID DETERGENT FIBER ON AN ORGANIC MATTER
BASIS IN CATTLE DIETS ON THE FOREST AND GRASSLAND
IN 1976, 1977 AND 1978
1976 1977 1978

Sampling Grass- Grass- Grass-
period Forest land Forest land Forest land
Late spring 48.9a 57.1b 57.0 58.3 54.3 55.0
Early summer 50.44 46.9b 58.4 584 58.7 56.7
Late summer 61.9 59.8 56.42 62.9b 57.52 61.8b
Fall 64.2 66.3 59.92 66.4b 59 .22 64.1b

a,b

growing in the sun (Roberts, 1926; McEwen
and Dietz, 1965), because stage of development
is often retarded.

ADF content of the diets differed (P<.05)
between pastures (table 4) in the late spring and
early summer of 1976 and in the late summer
and fall of 1977 and 1978. Higher (P<.05)
ADF content on the grassland in the late
summer and fall of 1977 and 1978 indicated
that the forage present was more mature than
that on the forest, supporting the previous
discussion.

Cattle diets on the forest contained more
lignin (P<.05) during the late summer and
fall of 1976, early summer and fall of 1977 and
early and late summer of 1978 (table 5). Diets
of cattle grazing the forest also showed the
greatest seasonal variation in lignin concentra-
tion. We hypothesized that shrub consumption
increased lignin content of the diet. However,
quantification of this factor is difficult. Current
year’s growth of shrubs does not contain ex-
cessive quantities of lignin. As cattle consume

Means within sampling period and year with different superscripts differ (P<.05).

shrubs, current year’s growth is taken first
and becomes less available as the season pro-
gresses. Cattle on the forest consumed shrubs
continually during all periods and in all years
(Holechek, 1980), from a low of 10% in late
summer of 1977 to a high of 47% in late
summer of 1978, with an overall average
consumption of 23% (table 2). Skovlin et al.
(1976) reported annual shrub production on
the Starkey Range to be 12.3 kg/ha. Con-
sumption at the level reported herein would
mean that, by the second half of the grazing
season, cattle were forced to consume older,
more mature shrub material. Also, lignin con-
tent in the diets was greatest in 1976 and 1978,
years when pasture changes did not occur and
utilization was heavier.

Generally, IVOMD of cattle diets (table 6)
was superior on the forest in early and late
summer. In the falls of 1976 and 1977, cattle
on grassland selected diets that were signifi-
cantly more digestible. Precipitation in these 2
years was sufficient to produce enough re-

TABLE 5. AVERAGE PERCENTAGE LIGNIN IN CATTLE DIETS ON AN ORGANIC MATTER
BASIS IN CATTLE DIETS ON THE FOREST AND GRASSLAND
IN 1976, 1977 AND 1978

1976 1977 1978
Sampling Grass- Grass- Grass-
period Forest land Forest land Forest land
Late spring 14.5 12.9 13.0 12.1 13.0 11.6
Early summer LA 14.4 16.82 11.7b 13.32 10.4b
Late summer 18.82 13.9b 13.3 13.1 19.72 13 .4b
Fall 20.22 16.4b 15.52 11.0b 14.5 16.1

ab

Means within sampling period and year with different superscripts differ (P<.05).
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TABLE 6. AVERAGE PERCENTAGE IN VITRO ORGANIC MATTER DIGESTIBILITY
OF CATTLE DIETS FROM THE FOREST AND GRASSLAND
IN 1976, 1977 AND 1978

1976 1977 1978
Sampling Grass- Grass- Grass-
period Forest land Forest land Forest land
Late spring 64.42 60.2b 593 57.5 59.7 58.8
Early summer 61.1 58.5 52.72 47.1b 62.08 56.6P
Late summer 58.6 57.1 55.12 44.8b 53.0 51.0
Fall 49.73 57.5b 48.82 54.1b 52.62 45.8b
a,b

growth to influence the percentage IVOMD.
Forest cattle also consumed diets that were
significantly higher in lignin during the same
periods in 1976 and 1977. On the forest, low
IVOMD values were associated with the larger
lignin values; this pattern was not apparent on
the grassland.

When data were pooled by pasture type
within year, cattle on the forest gained more
(P<.05) in 1978, but there were no pasture-
related differences in gain in 1976 or 1977
(table 7). On a per period basis, data indi-
cated that, during late spring, cattle performed
equally well on the forest and on grassland.
Cattle on the forest generally gained more
during the early and late summer, except
during the early summer of 1977. Diet qual-
ity on the forest surpassed that on the grass-
lands during these two periods (tables 3 and
6).

The relationship between actual amount of
nutrients consumed (table 8) and requirements

Means within sampling period and year with different superscripts differ (P<.05).

(NRC, 1976) reflects the differences noted by
period and pasture in average daily gain. The
NRC (1976) states that a 300-kg yearling heifer
requires .63 kg of crude protein and 18.06 Mcal
of DE daily for an average daily gain of .30
kilograms. With these figures used as a standard,
crude protein consumption was less than re-
quired during six of the various periods over the
3 years of study, and DE was deficient during
14 of the periods. On mountain rangelands
similar to those studies, DE appears to be the
first-limiting nutrient.

Our results indicate that a grazing system in
which both forest and grassland pastures are
used would be most productive. The system
would include grazing on the grassland in the
late spring, followed by a move to the forest
during early and late summer. Precipitation
or lack of precipitation in the late summer or
fall would determine whether cattle should be
moved back to the grassland. Management of
cattle in this way should improve the efficiency

TABLE 7, AVERAGE DAILY GAIN (KILOGRAMS) FOR CATTLE ON THE
FOREST AND GRASSLAND IN 1976, 1977 AND 1978

1976 1977 1978 -
Sampling Grass- Grass- Grass-
period Forest land Forest land Forest land
Late spring —.06 +.22 +.63 +.50 +.67 +.80
Early summer +.613 +.43b 008 +.33b +1.102 +41b
Late summer +.51 +.41 +.722 +.08 —.37 —.40
Fall +.38 +40 +.33 +.29 +.468 +.28b
Mean daily gain +.38 +.40 +.33 +.29 +474 +.27b

ab

Means within sampling period and year with different superscripts differ (P<.05).
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TABLE 8, AVERAGE DAILY INTAKE OF CRUDE PROTEIN (KILOGRAMS) AND
DIGESTIBLE ENERGY (MEGACALORIES) ON THE FOREST AND
GRASSLAND IN 1976, 1977 AND 1978
1976 1977 1978
Sampling Grass- Grass- Grass-
period Forest land Forest land Forest land
Crude protein intake
Late spring 454 66D .84 .76 .85 .80
Early summer .68 .60 632 .51b 722 .63b
Late summer 872 .78b 662 47D 508 .38b
Fall 72 .66 67 .70 848 63b
Digestible energy intake
Late spring 11.42 13.7b 20.6 19.9 18.82 21.3b
Early summer 19.92 17.1b 16.12 14.4b 18.72 17.3b
Late summer 18.2 17.6 17.22 12.6b 12.4 12.1
Fall 14.78 19.9b 16.02 19.3b 19.92 14.3b
a,b

of beef production over exclusive use of either
vegetation type. Rotation between the two
types of vegetation should also improve beef
production in areas where cattle are given free
choice of both types. As noted by Harris
(1954), cattle are reluctant to use forested areas
except during drought or extremely hot periods
or as an escape from insects.

Literature Cited

AOAC. 1970. Official Methods of Analyses (9th Ed.).
Association of Analytical Chemists, Washington,
DC.

Cook, C. W. and L. E. Harris. 1950, The nutritive
value of range forage as affected by vegetation
type, site and stage of maturity. Utah Agr. Exp.
Sta. Bull, No. 344,

Cook, C. W. and L. E. Harris. 1968. The nutritive
value of seasonal ranges. Utah State Univ. Agr.
Exp. Sta. Bull. No. 472.

Currie, P. O. 1969. Use seeded ranges in your manage-
ment. J. Range Manage. 22:432.

Daubenmire, R. 1970. Steppe vegetation of Washing-
ton. Washington Agr. Exp. Sta. Tech. Bull. 62.

Daubenmire, R. and J. B. Daubenmire, 1968. Forest
vegetation of eastern Washington and northern
Idaho. Washington State Univ. Agr. Exp. Sta. Tech.
Bull. 60.

Forest-Range Task Force. 1972, The nation's range
resources — A forest-range environmental study.
Forest Resource Rep. 19, USDA Forest Serv.,
Washington, DC.

Ganskopp, David C. 1978. Plant Communities and
habitat types of the Meadow Creek Experimental
Watershed. M.S. Thesis. Oregon State Univ,,
Corvallis.

Harris, Robert W. 1954. Fluctuations in forage utiliza-

Means within sampling period and year with different superscripts differ (P<.05).

tion on ponderosa pine ranges in eastern Oregon,
J. Range Manage. 7:250.

Holechek, Jerry L. 1980. The effects of vegetation
type and grazing system on the performance, diet
and intake of yearling cattle. Ph.D. Thesis. Oregon
State Univ., Corvallis.

Long, Robert and Leland Landers. 1960. Beef produc-
tion and grazing capacity from a combination of
seeded pastures versus native range. Wyoming Agr.
Exp. Sta. Bull, 370,

McEwen, Lowell C. and D. R. Dietz. 1965. Shade
effects on chemical composition of herbage in the
Black Hills. J. Range Manage. 18:184,

NRC. 1976. Nutrient Requirements of Domestic
Animals, No. 4. Nutrient Requirements of Beef
Cattle. Fifth Revised Ed. National Academy of
Sciences — National Research Council, Washington,
DC.

Rittenhouse, L. R., C. L. Streeter and D. C. Clanton.
1971, Estimating digestible energy from digest-
ible dry and organic matter in diets of grazing
cattle. J. Range Manage. 24:73.

Roberts, E. N. 1926. Wyoming forage plants and their
chemical composition studies No. 7. Effects of
altitude, seasonal variation, and shading experi-
ments. Wyoming Agr. Exp. Sta. Bull, 146,

Skovlin, Jon M. 1967. Fluctuations in forage quality
on summer range in the Blue Mountains. Pacific
Northwest Forest and Range Exp. Sta., USDA,
Pacific Northwest 44.

Smoliak, S. 1968. Grazing studies on native range,
crested wheatgrass and Russian wildrye pastures.
J. Range Manage. 21:47.

Smoliak, S. and Sydney Slen. 1974, Beef production
on native range, crested wheatgrass and Russian
wildrye pastures. J. Range Manage. 27:433.

Steel, R.G.D. and ]J. H. Torrie. 1960. Principles and
Procedures of Statistics. McGraw-Hill Book Co.,
Inc., New York.

Strickler, G. S. 1966. Soil and vegetation on the



298

Starkey Experimental Forest and Range. Soc. of
Amer. Foresters Proc. 1965.

Tilley, J. M. and R. A. Terry. 1963. A two-stage
technique for the in witro digestion of forage
crops. J. Brit, Grassl. Soc. 18:104,

Valentine, K. A. 1967. Seasonal suitability, a grazing
system for ranges of diverse vegetation types and
condition classes, J. Range Manage. 20:395,

Van Dyne, G. M. 1968. Measuring quantity and
quality of the diet of large herbivores. In
F. G. Golley and H. K. Buchner (Ed.) A Practical

HOLECHEK ET AL.

Guide to the Study of Productivity of Large
Herbivores.  Blackwell Scientific Pub., Oxford,
England.

Van Soest, P. J. and R. H. Wine. 1968. Determination
of lignin and cellulose in acid-detergent fiber with
permanganate. J. Assoc. Official Agr. Chem, 51:
780.

Vavra, M., R. W. Rice and R. E. Bement. 1973.
Chemical composition of the diet, intake and gain
of yearling cattle on different grazing intensities,
J. Anim. Sci. 36:411.



