Measuring Consumption and Digestibility
Winter Range Plants by Sheep’
C. WAYNE
Associate

of

COOK

Research Professor

L. A. STODDART
Research Professor,

Department

of Range Management

and
LORIN
Chairman, Institute

of Nutrition,

E. HARRIS

Utah Agricultural

Experiment

Station,

Logan, Utah

REVIEW OF LITERATURE’

E

XTENSIVE areas of desert range in
the intermountain area are the sole
source of forage for sheep during the winter grazing season. The diversity in soil,
climate, and topography
provides a
variety of native forage for grazing animals, and the nutritive content of the diet
varies widely depending upon environmenteal conditions, and animal selectivity
for various species and parts of plants.
Thus, a knowledge of the nutritive
qualities of native forage plants is of extreme importance for a better understanding and appraisal of the animal’s diet
under range conditions.
Most studies of the nutrients supplied
by range forage have dealt with chemical
analyses of bulk samples of herbage collected from the range. However, chemical
content is not a reliable index to availability of the various nutrients and is of
limited value unless accompanied by
digestibility determinations or balance
trials.
For this reason a method for determining digestibility of native forage under
range conditions was developed and tised
in obtaining the data, presented in this
paper.
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Little attention has been devoted to
digestibility determinations of the separate nutrients in range forage. Kennedy
and Dinsmore (1909) in their early work
on digestibility of range forage found that
feeding native forage plants to animals in
digestion crates did not adequately evaluate the diet under range conditions. They
found that sheep when fed in crates did
not show the normal selectivity for plants
or portions of plants and frequently they
did not eat adequate amounts for a maintenance ration.
Feeding trials in California (Hart et al.,
1932), dealing with digestibility of range
forage in the late stage of maturity,
showed negative values for crude protein
digestibility and lambs ate only one pound
of the forage daily, indicating a low palatability of the collected material.
A limited number of digestion trials
dealing with mature range forage (grasses
and forbs) indicate that this type of herbage is much inferior to alfalfa and grass
hays in feeding value (Catlin, 1925; Guilbert et al., 1944).
It has long been recognized that digestion coefficients could be determined and
feed intake calculated for animals grazing
on the range if an indicator plant constituent could be found. This indicator
constituent should appear normally in t,he
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plant and be indigestible so that it may
be recovered in the feces. Animals can
then be equipped with fecal bags and
allowed to select their forage in a normal
manner.
For practical purposes, lignin meets this
requirement as shown by Ellis et al.
(1946), Forbes and Garrigus (1948), and
Forbes et al. (1946). However some controversy has arisen over the validity of
the assumption that lignin is not digested
(Bondi, 1948; Crampton et al., 1938;
Csonka et aZ., 1929; Davis et al., 1947;
Forbes et al., 1948). Reports by Ellis et al.
(1946) and Forbes et al. (1946) stated
that many of the discrepancies concerning
the digestibility of lignin might be attributed to the chemical procedures used
to isolate it from the feeds and feces, and
failure to analyze material comparable to
that actually being consumed by the
animal. In the studies by Ellis et al.
(1946) ; Forbes et al. (1946) ; and Chi (1951)
it was shown that the digestibility of lignin fluctuated slightly above and below
zero and the average approached zero.
Gallup (1929) and Gallup et al. (1931)
suggested that naturally occurring silica
in feed could be used as an indicator or
tracer substance for determining digestibility of nutrients by grazing animals.
However Knott (1936) found that silica
was unsatisfactory because of the dirt that
may be incorporated in the feed. The use
of naturally occurring iron substances as
an index for determining digestibility also
was found t!o be subject to considerable
error.
Reid et al. (1950) suggested that chromogens (plant pigments absorbing light
at a wavelength of 406 millimicrons) could
be used as indicator substances for certain
plant species. However, studies in Utah
(Cook et aZ., 1951) have shown that this
method is unsatisfactory for desert range
plants, especially those high in ether extract and essential oils. Fecal material

from these plants contained considerably
less chromogen substance than the original plant which in turn indicated a negative digestion coefficient for all nutrients.
Although the recovery of forage lignin
in the feces shows a slight variability, the
lignin-ratio technique is sufficiently accurate to make it .of practical value for
determining digestibility of range forage.
Digestion coefficients for any part,icular
species varies with environmental conditions, stage of plant maturity, animal
selectivity, site and soil conditions, species
of animal, age of animal, plane of nutrition and nutritive balance of the diet. In
spite of these variabilities, digestion coefficients are considered the most feasible
means of obtaining information on nutrient value of native forage plants and
predicting nutritive deficiencies of range
forages. Knowledge of the plants from
the standpoint of nutrition is important
to the land manager so that he can point
his management toward maintaining desirablc species in a productive state of
vigor. In addition, such information is
useful in compounding supplements best
suited for various range types.
METHOD AND PROCEDURE
Since there is no standard method for
direct determination of nutrient digestibility in range forage, it was believed that
a sound approach to measuring the nutritional value of the native forage plants
was to allow the animals to select the
forage normally and, by the lignin-ratio
technique, to determine digestion coefficients.
Hence, such determinations were made
during the winter grazing season of 195051 on desert ranges in nort’hwestern Utah.
The area receives approximately nine
inches of precipitation annually and supports typical northern-desert shrub vegeplant species are tation. Dominant
shadscale (A triplex confertifolia),
n’ut’tall

saltbush
(Atriplez
nuftallii),
winterfat
(Eurotin lam/a), big sngrbmsh
(Artcmisia
~ritlenfntn), black sage (.4 rtemisia nova),
hystrix).
and squirr&ail
grass (Sitanion
The diversity
in soil types, topography,
and salt contrnt of the soil solution causes
great, ariid~ility
of nntive forage even on
local areas. Forage t,ypes vary from LLfew
acres dominated
by a single species to
large arcits of complex mixtures.
Digestion trials WWP conducted on both
pure species and mixtures
of various
species. The procedure
consisted of collecting
feces from seven wethers
that
grazed temporary
enclosures. These are&s
nvernged approximately
four acres in siee
(Fig. 14). The wethws mere of liambouillet and Columbia
breeding
and were
raised on the range from b&h.

tion period. Thus one t,rial was completed
in a two week period. However, 2 graoing
areas and 2 groups of sheep were operated
simultaneously
so that one trial was being
completed
each week. Suffirient, fencing
material was available so that one pasture
could bc moved and established while tro
&hers xere being grazed.
When trials wx
being conducted
on
types eomposcd of a single species, forage
samples were taken by observing individual animals
and hand plucking
forage
comparable t,o the material actually being
consumed by the sheep. Many small random plucks were taken over the area as
sheep vere ‘normally
grazing.
Samples
were taken one day previous to the time
feces collections
RW~ to be started and
continued
at alternate
days until the tcr-

Kinc IO-rod rolls of triangle mesh fence
vere used to enclose each area gmaed by
the experimental
sheep. A power driven
wire roller was mounted on B Dodge army
truck to facilitate moving fence from one
grazing arra to snot,hrr
(Fig. 1H). The
fence ~v-;ts tightened
by zigzagging
the
steel posts alternately
on opposite sides
of the fence.
The w&hers, varying from 3 to 4 years
of age, were alloved an X-day preliminary
feeding period folkwed by a F-day collec-

mination
of the R-day collection period.
Forage samples for chemicnl analyses wre
cornposited
in duplicate
for t,he entire
period.
When
d&ermining
digestibility
of
mixed floral cover, the botanical
and nutritive composition
of the grazing sheeps’
dirt IV&S determined
by the “before and
after method” its presented by Cook et al.
0948; 1050). Each plant species was sampled bot,h before and after grazing and
each sample WLS vrighed and chemically
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analyzed.
The difference
in weight hetween the before-grazing
sample and the

for protein
(nitrogen
extract, lignin, cellulose,

after-grazing sample served as a. quantitative measure of the foragr actually caten

hydrates
(by difference),
and gross energy.
The
plant
samples
mere also

and the chemiral composition of the aftergrasing sample subtracted from the analy-

analyzed for calcium and phosphorus. Nitrogen mas determined
by the Gunning

sis of the before grazing sample served as
8. measure of the chemical content of the
ingested material. Each species included

m&hod
as outlined
by the A.O.A.C.
(1045) except that nmmonia was collected

in the diet was weighted by the degree of
use and its abundanre
on t,he area.

The sheep WIY equipped with specially
const,ructrd
fecal bags (Fig. 2) and allowed t,o graze in the pastures in a normnl
manner.
The bags vwe empt,ied twice
daily and plnccd in 5 gallon jars with
t,ight lids. The feres xere weighed nt, the
end of the collection period nnd n composite
sample
was taken
for
chemical
analyses. The samples were preserved by
freezing until dried. They rere dried at
65%
and ground through a Willey mill
to pass through a one millimeter screen.
Plant and feral samples \vere analyard

X 6.25),
ether
ash, other csrbo-

in boric acid as outlined by Scales and
Harrison (1920). Et,her extract was determined with a Goldfisrh
extraction
ap-

par&us

using

an extraction

period

of 8

hours. Lignin w,zs d&rminrd
by the
method Suggested by Ellis et al. (IWG),
cellulose by the m&hod of Mntrone vt al.
(194G), ash and ralcium by the .LO.A.C.
method (1045), phosphorus by t,he method of Koenig
rt al. (1942)
and gross
energy
by a Parr
oxygen
bomb adiabatic

calorimeter.
R~srnns

.<x~ DISCUSSION

In order to manage grazing lands properly it, is important
to know t,he nut%
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tional qualities and deficiencies of the
major forage species. For instance mature
grasses are high in energy, yet they are
generally deficient in protein and phosphorus on winter ranges. Some browse
species may furnish ample amounts of
protein and phosphorus, yet be deficient
in meeting the energy requirements (Cook
et al., 1950). Still other browse plants
may appear to meet all of the nutritional
requirements from the standpoint of adequate nutrients, yet may be so low in
palatability that animals do not consume
sufficient quantities for even a maintenance ration.
For these reasons palatability of the
various species and weight changes of the
sheep during each digestion trial were
observed in order to obtain a more adequate appraisal of the forage plants found
in each area.
Nutrient Requirements
The National Research Council (1949)
has presented recommended nutrient allowances for sheep based upon feed lot
practices. These allowances may not be
applicable to range animals since more
energy is expended to secure feed and to
maintain body temperatures. However,
they are generally considered standard
recommendations for animals to produce
efficiently. These allowances are helpful
in appraising range forage diets furnished
by various species. When these recommendedallowances are consumed, expected
daily gain for a 140-pound ewe during
the first 100 days of pregnancy is 0.12
pounds per day with a dry-matter intake
of 4.3 pounds. The diet should supply
0.18 percent phosphorus, 0.23 percent calcium, 5.5 percent digestible protein, and
56 percent total digestible nutrients (energy) on a moisture free basis. With the
exception of total digestible nutrients,
these allowances may be applied to most
range forage with reasonable accuracy.
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Total digestible nutrients are determined by multiplying the digestible ether
extract by 2.25 because fats composed of
fatty acids suppIy two and one-quarter
times more energy than do carbohydrates
and proteins. This product is then added
to other digestible organic substances in
the forage to obtain the total digestible
nutrients. However, this cannot be relied
upon for range plants having a high content of ether extract since, in some species,
from 25 to 40 percent of this fraction is
composed of materials other than true
fats. These materials, generally, are readily absorbed but may not yield energy
for body processes (Maynard, 1947).
Other measures sometimes used for presenting energy values of forages are: digestible dry matter, digestible organic
matter, digestible energy, and metabolizable energy.
Digestible dry matter is not a reliable
index for energy because of the inclusion
of ash which is not a source of energy.
Digestible organic matter appears more
suitable as a measure of energy-yielding
capacity of range forages. This determination does not give emphasis to the ether
extract fraction since fat is not multiplied
by 2.25. Neither does it include ash. Although there is no recommended allowance for this determination, an adequate diet should contain approximately
52 percent as compared to 56 percent for
total digestible nutrients.
Digestible energy is calculated by determining gross energy values on both forage
and feces by the bomb calorimeter and
the difference represents digestible energy.
This determination is a direct and accurate method for calculating energy
values, but is subject to considerable error
when plants are high in ether extract
material other than true fats.
Metabolizable energy appears to be the
best criterion for evaluating the relative
nutritive energy of forage (Swift et al.,
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1950). Rletabolizable energy differs from
digestible energy since it considers the
energy lost in the urine and gasses in
addition to the amount lost in the feces.
This method of calculating energy values
is sound but the determination requires
colle&ion of urine as well as feces and the
collection of methane or the estimation of
TABLE
Chemical

PERIOD*

composition

FORAGE

Forage Plants Studied
Big sagebrush
Extensive areas throughout the Great
Basin area are covered with big sagebrush and associated species. Sheep graze
many winter ranges composed of almost
pure stands of big sagebrush and these
animals receive little forage other t,han
1

of the forage plants constituting the yraxinq sheep’s
trial periods on a dry weight basis

diet

during digestion

GROSS

SPECIES

Eh‘ERGY

Percent

x’

I .21

.on0 3706

32.7

25.0

1.24

. l-48

19.8

39.7

22.2

1.39

.093 3586

9.7
11.8
10.7

21 .o
18.6
19.8

29.6
35.8
32.7

28.7
5.1
16.9

1.25
0.26
0.75

.130

;:;

8.7
11.9
11.1

29.7
15.9
18.9

30.6
35.5
34.5

20.3
26.8
25.4

1.16
1.24
1.22

.118
.091
.097

10.9

11.9

17.5

37.3

4.9

Shadscale

100

2 5

7.6

12.4

16.1

36.1

Winterfat

100

2 5

9.8

8.1

21.9

100

1 6

6.6

10.1

49
51
100

2 2
16 2
9 2

8.8
12.5
10.7

22
78
100

2 7
2 2
2 3

8.0
3_

saltbush

Winterfat

7

25.3

17 5

1 Hig s:tgel,rush
i

.237

100

Suttall

6

Tal./kg.

0.24

Big sagebrush

Winterfat
Shndsc:tlc

Black

sage

1 Squirreltail
alfalfa

ha)

grass

5181

3575

3146

.255 5106
.192 4126
3677
3191
3532

100

11.1

8.2

16.1

25.4

34.1

5,.2

0.32

.152 5160

100

2.2

3.1

8.3

40.4

29.0

17.0

0.37

.057

100

3.2

15.4

7.9

30.6

32.6

10.3

1.51

.210 5010

n’ov.

10, whereas,

period

eight started

* Period one started on Oct. 29 and terminated
16 and tcrminat,ed Dec. 28.

losses through gas by appropriate formulas.
Also corrections should be made for nitrogen balance. The authors have collected
urine from sheep grazing on the range
and it is not considered an insurmountable obstacle in the evaluation of energy
in range plants. A method is now being
developed to determine metabolizable
energy of forage plants under range condltlons.

3785

Dec.

sagebrush for 5 to 7 months during the
winter. Therefore, information concerning
the nutrients furnished by this species is
of great importance. As shown in Table 1,
big sagebrush is high in protein, phosphorus, gross energy, and ether extract
material.
The apparent digestion ’coefficients in
sagebrush are rather high for most nutrients (Table 2). The quantity of et)her
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extract in big sagebrush is extremely high
and in addition is highly digestible. However it is known that a large percentage
of the ether extract is composed of essential oils which are readily digested
(Guenther, 1948; 1949). It is generally
believed that these oils do not represent

PERIOD

digestibility
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energy for big sagebrush are comparatively high (Table 3). These high figures
are perhaps due to the high content of
essential oils and therefore, are unreliable
as indexes to energy.
Thus ether extract material should be
broken down into its various constituents

TABLE
Apparent

RANGE

2

and limit of error for nutrients in alfalfa and winter range plants as determined
by the lignin-ratio technique*

FORAGE SPECIES

STHER EXTRACT

TOTAL PROTEIN

CELLULOSE

CARB;g;HYED;ATES

GROSS EKERGY

I-

Percent

digested

1

Big sagebrush

91.2
0.8

72.9
2.4

37.8
4.3

65.1
2.2

61.2
1.5

2

Shadscale

37.0
3.1

61.2
0.9

26.1
5.8

62.4
2.2

41.1
0.2

3

Winterfat

38.4
10.7

64.9
3.3

43.6
5.7

52.9
3.4

15.3
0.4

1

Nut,tall

-75.2
3.1

36.7
3.3

63.2
7.1

52.4
3.6

36.0
0.3

5

Winterfat and
Big sagebrush

82.4
1.8

70.7
2.4

46.0
3.5

53.8
5.1

51.4
0 .2

6

Winterfat
Shadscale

41.3
5.2

61.7
2.8

22.0
1.1

60.0
2.7

37.8
0.6

7

Black

68.2
3.9

54.1
3.3

45.7
3.1

56.0
3.1

41.9
2.8

39.1
2.8

-1.9
3.0

75.6
1.6

57.9
2.7

53.4
1.0

70.0

54.7

85.0

55.1

’
8

saltbush

and

sage

*
Squjrreltail

Alfalfa

hay

grass

31.0
_____

* The limit of error is sometimes

I
-___

expressed

energy for animal use and are suspected
of being toxic when consumed in rather
large quantities over extended periods of
time. Many of the essential oils are esters,
aldehydes, and ethers that yield energy
when ignited in a bomb calorimeter which
gives a high gross energy value for this
species (Table 1).
Total digestible nutrients and digestible

as &* the 95 percent

confident

interval.

before most energy values for range forage
can be placed upon a comparable basis
with domestic feed crops.
Big sagebrush from the standpoint of
nutrient content appears to furnish an
adequate diet for pregnant ewes on winter
range and compares favorably with alfalfa as shown in Tables 1 and 2. However,
it was noted that sheep never preferred
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a diet of any single range shrub for extended periods of time as evidenced by
their tendency to graze closely any occasional inferior plant which occurred in
pure types. Big sagebrush was perhaps
the least palatable of the species studied
but was considered a good feed when
occurring in minor quantities with other
forage piants.

which was 33.4 percent compared to alfalfa hay which furnishes 57.5 percent.
The 4.6 percent digestible protein contained in shadscale was lower than the
accepted standard of 5.5 percent and less
than one-half the amount furnished by
alfalfa which was 10.7 percent. In spite
of these deficiencies and the fact that
sheep consumed less dry matter than for

TABLE

3

Dry matter consumed daily and digestibility of alfalfa and various winter range plants found
foraging sheep’s diet as determined by the lignin-ratio technique

FORAGE

WEIGHT
GAIN OR
Loss*

SPECIES

DRY
MATTER
CONSUMED

DIG.
ENERGY

T.D.N.
IN DIET

DIG.
ORGANIC
MATTER

DIG.
PROTEIN
IN DIET

Pet.

Cal./kg.

151
150
147
157

+0.5
+1.5
-1.0
+1.5

3.28
2.93
3.16
3.79

50.4
48.6
33.5
26.7

3352
1522
1618
1290

74.7
33.4
35.0
35.5

54.8
32.3
33.8
35.5

8.0
4.6
6.3
2.4

141
158
138
160
140

-1.5
0.0
-1.0
+1.5
+1.0

3.60
4.50
3.24
4.36
3.65

40.1
43.7
40.7
48.7
62.3

2273
1335
2315
2021
2761

51.3
31.8
51.9
49.3
57.5

41.8
30.6
42.5
48.2
56.2

7.5
4.8
4.4
0.0
10.7

Pounds

Big sagebrush. . . . . . .
Shadscale.
..
..
Winterfat
. ... . . ...
.. .
Nuttall saltbush..
Winterfat and Big sagebrush.
.
Winterfat and Shadscale
.
.
Black sage..
Squirreltail grass.
. .
Alfalfa hay..
.
.

DIG. DRY
MATTER

,

in

Percent

* This represents pounds lost or gained during the last 7 days of a 14-day period while feeding
upon the plants tested in each period, respectively.

Shadscale

This plant is a dominant species of the
salt-desert shrub association and is abundant on Utah deserts. It is a spiny browse
plant of moderate, size and produces an
abundance of seed and foliage which furnishes considerable forage for sheep especially during early winter.
This species contained only moderate
amounts of most desirable nutrients (Table 1). It furnished only about one-half
the
phosphorus
requirement
recomResearch
mended
by the National
Council (1949). Cellulose was not highly
digested which may account for the rather
low digestible energy furnished by this
species (Table 3). This was likewise reflected in the total digestible nutrients

any other species, they gained an average
of 1.5 pounds during the collection period.
Winterfat

Winterfat is a small, half-shrub found
in various amounts on most desert ranges
of Utah and is generally considered a
valuable forage plant both from the standpoint of palatability and nutrient content. However, as shown in Table 1, it
was not outstandingly high in any particular nutrient and, as shown in Table 2,
most constituent,s were only average in
digestibility.
The low digestibility of dry matter (Table 3) for this species resulted from the
high ash content which was only slightly
digested. The values, 35 percent t,otal
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digestible nutrients and 33.8 percent digestible organic matter, are considered
low but winterfat forage compares favorably with t)he recommended allowances
in other respects. However the animals
lost an average of 1 pound during the
‘I-day collection period and consumed only
3.16 pounds of forage per day. There is
no apparent explanation for weight loss
during this period since similar animals,
on shadscale at approximately the same
time, consumed less forage of comparable
nutritive value, yet, gained an average
of 1.5 pounds.
Nuttall Saltbush
This small browse species is abundant
on Utah deserts on heavy, alkaline soils.
As shown in Table 1; this species is
moderately high in carbohydrates
and
low in protein and phosphorus. In addiCon the digestibility
of protein (36.7
percent) is low resulting in only 2.4 percent digestible protein in the diet. Nuttall saltbush had a high content of ash
which was only slightly digested. This
accounted for the low digestibility of
dry matter. Total digestible nutrients
which were 35.5 percent are likewise
considered low; however, animals consumed almost 4 pounds of this species
daily and gained an average of 1.5 pounds
during the 7-day collection period.
Nuttall saltbush was highly relished
by grazing sheep, and range managers
should be concerned in maintaining this
plant in a high state of vigor and production. It should, however, be mentioned
that the feces from all sheep became soft
before the grazing period was terminated.
Animals grazing this plant for extended
periods will become scoured and may develop physiological disturbances.
Black Sage
This species is sometimes considered
a variety of big sagebrush but leaf char-
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acteristics and general habitat are sufficiently different to consider them as
separate forage plants. The chemical
composition shown in Table 1 is similar
to that of big sagebrush; however, the
coefficients of digestibility for the various
nutrients are markedly different. The
digestibility of dry matter (40.7 percent)
was lower than big sagebrush (50.4 percent) and about the same comparison
existed between all other digestion coefficients except for cellulose (Tables 2 and
3). Black sage contained about 8 percent more cellulose than big sagebrush
and likewise had a much higher digestion
coefficient for cellulose.
Because of the lower digestibility for
most nutrients, black sage yielded less
total digestible nutrients and less digestible protein than big sagebrush (Table
3). Black sage meets most nutrient allowances except for digestible protein which
is slightly lower than recommended.
Digestible energy and total digestible
nutrients are comparatively high which
indicate high energy values; however,
the ether extract fraction of this species
contains considerable quantities of essential oils which are not considered energy
supplying substances
to the animal.
Therefore, this plant, like big sagebrush,
actually may not be a good energy feed.
Black sage generally is considered a
good forage plant. It is used rather
readily by sheep, especially in mixed
stands, and is relatively high in most of
the required nutrients.
Squirreltail Grass
This grass is widely distributed on
desert ranges of the Great Basin area
and is considered a valuable forage plant
because it generally furnishes some green
growth during the winter season. However, the late summer of 1950 was dry
and green growth was not available during
the present trials.
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Even though this grass appeared to be
dry and worthless the animals ate itI
readily. The average daily consumption
was 4.36 pounds of dry material and sheep
gained an average of 1.5 pounds for the
7-day collection period. As shown iv
Table 1, both protein and phosphorus
were extremely low, being only 3.1 percent and .057 percent respectively. However this species was high in cellulose
which was highly digestible thus furnishing a large quantit,y of energy (Tables
2 and 3).
Digestible energy and total digestible
nut’rients were comparatively high, and
in the case of this species, can be considered a reliable index to energy available
to the animal because of the low content
of ether extract. The energy values (digestible energy, total digestible nutrients,
and digestible organic matter) for squirreltail grass are only slightly lower than
alfalfa hay and approach the recom;
mended allowances.
However protein
and phosphorus are seriously deficient
and would require supplements for adequate nutrition if animals were to graze
this type of forage over extended periods
of time.

Diets composed of mixtures of various
species gave digestion coefficients which
were about average for the species when
grazed individually except for cellulose
(Table 2). This explains variability in
digestible energy,, total digestible nutrients and digestible
organic matter
(Table 3). During periods 5 and 6 (Table
1) the weather was moderately cold and
two light snows covered considerable
amounts of winterfat for a day or so.and
sheep consumed the taller browse species,
big sagebrush and shadscale, in each
period. Sheep grazing the sagebrushwinterfat area were not satisfied with
a sudden change in diet from a mixture
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of the two species to a pure diet of sagebrush. Therefore during these two brief
periods while snow covered winterfat,
sheep lost weight. Winterfat was considerably more palatable than big sagebrush but because of restricted use during periods when covered by snow it
constlituted only about the same proportion as sagebrush in the diet.
During period 6, sheep were grazing
winterfat and shadscale and when winterfat was covered with snow they adjusted
rather readily from a mixed diet to shadscale alone. Winterfat was more palatable than shadscale but, because of
snow, the diet for this period was composed of 78 percent shadscale and only
22 percent winterfat (Table 1). Sheep
grazing this mixture maintained their
weight and remained in a good state of
vigor compared to sheep grazing sagebrush and winterfat at about the same
time. Sheep on the sagebrush and winterfat mixture lost weight and appeared
restless and in a lowered state of vigor.
SUMMARY
A method for determining digestibility of native forage under range conditions was developed and used on desert
ranges in northwestern Utah during the
winter grazing season of 1950-51. Briefly
the method consists of glazing wether
sheep equipped with fecal bags in temporary enclosures on both pure and mixed
stands of native forage plants.
Forage was sampled both before and
after grazing and by difference in weight
and chemical analyses the degree of
utilization and nutrients ingested were
calculated.
By the use of the lignin-ratio technique,
daily consumption of dry matter and
digestion coefficients’ were determined.
Big sagebrush furnished an adequate
diet for pregnant ewes and compared
favorably with alfalfa. However, this

CONSUMPTIONOF ITINTER RANGE PLrZNTS
species is high in essential oils which yield
high energy values that are not indicative
of digestible energy available to the
animal. This species was considered the
least palatable of the species studied
but was believed a good feed when occurring in only minor quantities with
other forage plants.
Shadscale fvas slightly deficient in
digestible protein and en.ergy and markedly deficient in phosphorus. However
sheep ate the plant readily on all areas
and gained weight, during the grazing
trials.
Winterfat was not outstandingly high
in any particular
nutrient and most
nutrients were only average in digestibility. However this species was considered
deficient only in energy supplying substances. Winterfat was highly preferred
by sheep in all plant mixtures and was
readily eaten throughout the season.
Nuttall saltbush was highly relished
and animals consumed an average of
about 4 pounds per day. This plant was
markedly low in phosphorus, furnished
less than one-half the protein requirement, and was seriously deficient in
energy material. Yet, all animals gained
weight during this grazing trial.
Black sage was comparable to big sagebrush in chemical composition but most
constituents were not as highly digested.
Black sage furnished most of the recommended nutrient allowances except possibly digestible protein which was slightly
low. Black sage was moderately palatable
and sheep consumed an average of 3.24
pounds of dry matter daily. However,
sheep began to tire of a pure diet of this
species before the grazing trial end&d.
Squirreltail grass was highly relished
and sheep consumed an average of 4.36
pounds of dry matte;_ daily. It was extremely low in both digestible protein
and phosphorus but comparatively high
in energy supplying substances particu-
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larly cellulose which yielded a high digestible energy value. In spite of the deficiencies in protein and phosphorus,
animals gained weight during the grazing
trial.
Diets composed of mixtures of various
species gave digestion coefficients which
were about average for the species \vhen
grazed individually except for cellulose.
Animals prefer mixtures to pure diets
but when plants vary materially in palatanimals will graze the more
ability,
preferred species to the extent that both
animal and plant welfare are affected.
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