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Abstract:

A study was designed to explore the possibilities of a. correlation between blood level nutrients of
cattle on winter ranges in southeastern Montana and the utilization and chemical composition of some
of the major browse species of the area. The study was conducted near Miles City, Montana, and
continued for two winter grazing seasons.

Previous work had indicated that browse plants were potentially valuable forage species, but little work
had been done on their utilization in the Northern Great Plains.

Utilization was estimated by tagging twig's and measuring the length of these twigs at twenty-eight day
intervals. The four browse species selected for the study were shadscale, big sagebrush, winterfat,, and
greasewood.

After one season studies were discontinued on shadscale, winterfat, and big sagebrush, and a more
intensive study of greasewood was initiated. Sampling was done on pastures under heavy, moderate,
and light rates of stocking.

Browse and blood samples for chemical analyses were collected at about the same time that utilization
was measured. Blood samples were analyzed for phosphorus, carotene, and vitamin A, and browse
samples were analyzed for protein, phosphorus, and carotene.

Phosphorus levels in blood were lower than recommended all during the winter months, but vitamin A
levels were adequate.

Utilization of greasewood, on the study plots, at a distance of about 600 yards from water was slightly
over 50% under heavy stocking, and about 17% under light stocking. Utilization of greasewood under
moderate stocking was about the same as under light stocking the first year, but was about 33% during
the second year. About 10% use was made of greasewood in all pastures at a distance of about 1200
yards from water. Winterfat was used at least as much as greasewood. Most of the greasewood and
winterfat use occurred during one sampling period in the early part of the season.

Utilization of shadscale was uneven and seems to be related to the amount of fruits left on the stems.
Shadscale use may have some relationship to blood phosphorus levels.

Utilization of big sagebrush during one season's grazing was negligible.

Greasewood had an average crude protein content of 8.7%, winterfat and shadscale were about 1%
lower, and big sagebrush more than 2% lower.

Phosphorus content of the species studied was too low for adequate nutrition of cattle.



Carotene in all species increased sharply during January of each year, and then dropped to the lowest
point of the year just before growth began in the spring. Carotene content was adequate for proper
cattle nutrition for most of the winter season.

During the second year, in addition to the analyses of protein, phosphorus, and carotene, greasewood
was analyzed for moisture, ether extract, ash, crude fiber, calcium, magnesium, potassium, sodium,
lignin, and chlorine. A high sodium content of the samples may have been partly responsible for the
rather low salt consumption by the experimental cattle.
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ABSTRACT

A study was designed to explore the possibilities of a correlation be-
tween blood level nutrients of cattle on winter ranges in southeastern Mon-
tana and the utilization and chemical composition of some of the major
browse species of the area. The study was conducted near Miles Clty, Mon— ,
tana, and continued for two winter grazing seasons.

Previous work had indicated that browse plants were potentlally valuable-
forage species, but little work had been done on thelr utilization in the ’
Northern Great Plains.

Utilization was estimated by tagglng tw1gs and measuring the length of:
these twigs at twenty-eight day intervals. The four browse species selected
for the study were shadscale, big sagebrush, winterfat, and greasewood.
After one season studies were discontinued on shadscale, winterfat, and big
sagebrush, and a more intensive study of greasewood was initiated. Sampling
was done on pastures under heavy, moderate, and light rates of stocking.

Browse and blood .samples for. chemical analyses were collected at about
the same time that utilization was measured. Blood samples were analyzed
for phosphorus, carotene, and vitamin A, and browse samples were analyzed
for protein, phosphorus. and carotene. )

Phosphorus levels in blood were lower than recommended all during the
winter months, but vitamin A levels were adequate.

Utilization of greasewood, on the study plots, at a distance of about
600 yards from water was slightly over 50% under heavy stocking, and about
17% under light stocking. Utilization of greasewood under moderate stock-
ing was about the same as under light stocking the first year, but was
about 33% during the second year. About 10% use was made of greasewood in
all pastures at a distance of about 1200 yards from water. Winterfat was
used at least as much as greasewood. Most of the greasewood and winterfat
use occurred during one sampling period in the early part of the season.

Utilization of shadscale was uneven and seems to be related to the amount

of fruits left on the stems. Shadscale use may have some relationship to
. blood phosphorus levels.

Utilization of big sagebrush during one season’s grazing was negllglble

Greasewood had ‘an average crude protein content of 8.7%, winterfat and
shadscale were about 1% lower, and big sagebrush more than 2% lower.

Phosphorus content of the species studled was too low for adéquate nutri-
tion of cattle.

Carotene in all species increased sharply during January of each year,
and then dropped to the lowest point of the year just before growth began
in the spring. Carotene content was adequate for proper cattle nutrition
for most of the winter season.

During the second year, in addition to the analyses of protein, phos-
phorus, and carotene, greasewood was analyzed for moisture, ether extract,
ash, «crude fiber, calcium, magnesium, potassium, sodium, lignin, and chlor-
ine. A high sodium content of the samples may have been partly respon31ble
for the rather low salt consumptlon by the experlmental cattle.




. -7—‘
THE CHEMICAL COMPOSITION AND UTILIZATION OF GREASEWOQOD AND OTHER
BROWSE SPECIES AS RELATED TO SOME ASPECTS OF CATTLE NUTRITION
ON WINTER RANGES IN SOUTHEASTERN MONTANA
INTRODUCTION

Objectives: - This project was established as a part.of a larger, year-long
" range nutrition study. It was'designed'as a preliminary survey to explore
the possibility of a correlation between blood level nutrients of cattle on
"winter ‘ranges in southeastern Montana and the utilization and chemical comp~
osition of some of the major browse species of the area. This sub-project
was intended to provide some basis for more intensive research in the future.
"The ultimate purpose of the project was to help complete the yeariong pie-
ture of cattle nutrition as related to range forage. This-information.mey
be;uséful‘inwpienning ranches .so more adequate'winter forage can. be obteined.
~and in;de;%:mining the supplements needed on winter ranges. -
In., the words of Hurtt (1950):

g "Range use practices have developed with little or no knowledge

of nutritional deficiencies, seasonal variation in nutrients, or

of‘mineral, vitamin, and other obscure characteristics’of range

plants Wasteful, inefficiént management cannot be corrected until

thése characteristics are more fiilly known and used as a basis for

supplemental feeding, seasonal grazing, and other range practices "
‘,Although there has been much speculation of the value of browse as a winter

feed for cattle in the Northern Great Plains region, there has been very

little done in the way of a careful study of the problem.

The:spudy area: This study was conducted at the Lone Pine winter pastures
and adjacent areas of the U. S. Range‘Linestock.Experiment.S£aiion at Milés
City, Montana. Average annual precipitation is 13.2 inches. More than

seveniy percent of the precipitation'comes during thé six ménths\periOd
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starting'April 1 (U. S. D. A.,'1956). During normal winters the snowfall
is slight_and that which fglls réﬁains on iﬁe ground fof only a short time.

The area is considered to be within the mixed prairie assoéiation of the
grassland formation. On ievel'ana gently rolling portions the vegetation

is typical of the grassland type commonly found in the mixed prairie, the

dominant species being western wheatgrass (Agropyron smithii), needle-and~

‘thréad-(Stipa comata), and blue grama (Bouteloua gracilis). On the rough,

- broken wuplands, shadscale (Atriplex confertifolia);'greasewood (Sarcobatus

vermiculétus). big sagebrush (Artemisia tridentata), winterfat (Eurotia

. Ianata). and silver sagebrush (Artemisia cana) are also imporfant specieé.

In addition to the species listed here there are many others.which are pre-
sent but which are less conspicuous. Figure 1 shows a general view of the

area.

Other studies on the area: In 1932 the U. S. Forest Service began a study

to determine the effect of light, moderate, and heavy grazing on Hereford
breeding cows and range vegetation. The study was conducted on.a portion
of the U, S. Rénge Livestock Experiment Station (U. S. D. A., 1950).
Surface acre allowances per cow on a yeaylong basis for the three rates-
of stocking were 38.8 for light.'30.5 for moderate, and 23,i for heavy.
Summer and winter grazing ﬁnits were eétablished and adjusted to the above
rates. of stocking.‘ Each of thé units was divided into six shaller baétures.
two for each rate of grazing. The size of the pastires were.vafied.andAeach
pasture was stocked with ten animal units. The winter .pastures wére‘estabr

lished in rough, broken country to provide protection from storms. The




Figure 1. A general view of the study area, pasture Q in the foreground.
The larger browse plants can be seen protruding through the snow.
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winter‘pastures,wgre,given the collective name of "Lone Pine?, and were
used from mid-November until mid-May (U. 5. D. A., 1950),

The six pastures at both the winter and summér areas weré‘arranged in a
‘more or less cirbular pattern and watered by a centrai well. The winter
pastures wére-designa;ed by the letters Q through V. Pastures Q, R, and S
(Figure.2) were used for this-study.A Pasture Q was heavily grazed, R lightiy
grazed, gnd'S moderately grazed. The other -pastures, T, U, and V were grazed
in a similar manner. Weights of the breeding cows oﬁ-these pastﬁfes were
taken at twenty-eight day intervals (U. S. D. A,, .1950). |

" In 1947 the Montana State Agricultﬁral Experimeni'Station'bégan a project
6h these same. pastures fo‘détermine fhe nutritive value of Montana range
~plants and their influence on'cattlé nutrition. This project inclﬁded sam-
pling and chemical analyses of important range grasses and sampliﬁgzand'
‘6hemical analyses of the cattle blood. The project indicated Within'three
years that-the range graésgs being sampled were deficient in some nutrients,
especiaily phosphorus, during the fall and winte¥ months, while'at the'samé
timé the blood-level counterparts of these same nutrients were not danger-
ously low, and in some cases even increaéed for a shorttfimé. ThisAinfor—
mation iﬁdicated that. the cattle were receiving nutrients from sources other
than the grasses being saﬁpled. The study reported here was launched to
détermine whether or not the sourcé~of some of'the nutrients might be the

shrubby plants which are abundant on the Lone Pﬁne winter pastures. .
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Central Well

Pasture S
Moderate Stocking

Pasture R
Light Stocking

Pasture Q
Heavy Stocking

Control Pasture

Figure 2. A map of the three Lone Pine winter pastures used in the
study. Numbers 1 and 2 refer to the location of plots within the pas-
tures.
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REVIEW OF LITERATURE

Results of previous utilization studies: Clarke and Tisdale (1945) stated

that:

"Many of the broad-leaved herbs and shrubs are higher in nutri-
tive value when in the cured stage than are the grasses. In addi-
tion such species as pasture sage (Artemisia frigida) and sagebrush
(Artemisia cana) which are relatively unpalatable inm the summer are
utilized to a considerable extent in the winter.........Winterfat
(Eurotia lanata),salt sage (Atriplex gardneri), willows (Salix spp.),
pasture sage, and some sagebrush are highly desirable on a winter

range."

This reference also gives relative balatibility.of some browse species as-
folldﬁs; eaten readily ~ winterfat and salt sage; eaten slightly - pasture
sage-and'éagebrush; eaten rarely or not at all - broom weed (Gutierrezia

sarothrae). No other resulis of studies on the use of browse on cattle

ranges of the Northern Great Plains area have come to the attention of the

author. Observations of the use of browse species in this area have been
made, but these observations have not been qualified by experimental evi-
dence.

Nutritive value of browse species: Averages of chemical analyses of shad-

scale, Big sagebrush, winterfat, and greasewood which have been published

are shown in-Table I.

Methods of sampling browse utilization: Five criteria were chosen for the

_selection of a method of sampling utilization of the four major browse

species to be measured. The criteria of selection of the method were: 1)

it should be applicable to ;he'measurement of utilization of browse species;

2) it should provide an actual, quantitative measure of utilization of the

browse species; 3) it would provide this measure of utilization at intervals




~13-

‘Table I. Average winter protein and phosphorus content of shadscale; big
sagebrush, winterfat, and greasewood.l/ .

Species Percent crude protein Percent phosphorus
ShEJSCHié,(ALriplex confertifolia) 7.64 .080
Big'sagébrush (Artemisia tridentata) 10.57 .300
Winterfat (Eurotia lamata) ~ . 9.46 .07

Greaééwédd (Sarcobatus vermiculatus) . —-—--- - .192/

1/ Theﬂabové figures are averages of analyses published by the foliowing:
Bidwell and Wooton (1925), Clarke and Tisdale (1945), Cook and Harris.
(1950), Esplin, et al (1937), Idaho Experiment:Station (1937), McCreary

(1927 and  1939), and Wasser (1945).
2/ '

=/ One analysis.

1
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to allow analysis of correlation of utilization of the browse Spedies with
blood leyel nutrients; 4) it should not require removal of a large-amount
'of matefial from the pastures studied, since these pastures were a part of a
raté';f stocking study; and 5) it should allow sampling time to be held to
a minimum. |

"CaSSady'(l941) developed a method of sampling utilization by clipﬁing.
’Unde;fthis method, a given number of plant units of each of‘the species to
be sémplgd wete clipped by hand immediately béfore grazing by sheep and
again i@mediately after grazing, the time between the two samplings being _
held'poig?ﬁinimum to reduce the influence of growth on the samples. The
.difference in the weight of each sampie was taken as the amount of each
specles which was conSumed by the grazing sheep.

Cook,. Harrls. and Stoddart (1946) later modified Cassady 5 method by add-
ing to the samp11ng procedure the chem1ca1 analysis of both the before and
'after samplg§w~the difference in tbe amounts of nutrients present in the two
samples being taken as the amount of nuﬁfieﬁts consumgd by the gheep. This
modifiéafipn proved to give a more accurate measure of nutritive intake than
determining the nutrient content of the forage by one sample, since the
parts of the plants consumed bylthe sheeb were more nutfitious than the ave-
rage nutrieﬁt content of the entire plaﬁt. The before and after method of
Cook, Harris, and Sto&dart has been used on both winter and summer ranges
with apparent success (Cook, Cook, andAHarris. 1948; Green, et al, 1951) .
Everson (1951) determined that using.the before and after qlipping method of

determining utilization of individual species would require a minimum of 336
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man hours work to ;edubelsampling errbr to 5%.

" Many methods of estimating utilization have been déveloped by various
workers. At least two of these methods have\been'developed especially for
estimating utilization of browse species. Forsling and Storm (1929) esti-
mated browse utilization and checked the estimates against actual measure-
ments of ungrazed twigs. Hormay (1943) estlmated ut111zat10n and measured
actual diameters of browse plants to arrive at an estimate of utilization
weighted by plant diameters.

Pickford and Reid f1948) divided the range into two areas, comparing
clippings from ungrazed areas with clipbings from grazed areas to determine
utilization of the forage. Klingman and co-workers (1943) and'ophers have
protected small areas.with'gages. clipping both -protected énd‘unprbtected.
areas after grazing to determine utilization.

Nelson (1930) determined utiliéation by placing a. numbered tag on each of
oné’io three large representative stems, and taking the measurements of'éll
new groﬁth on the'larger tagged'stemsa"Measuremehts could be repeated at
intervals Qithout damage £o the plants. This method was ﬁsed on long-time.'\
studies of utili;ation of browse plants, and ihcluded a non-grazed control
plot to determine the change in length of twigs due to growth. Thé method
was'modified by Julandef.(l937). In thé modified method each of four twigs
on a plot were marked with numbered aluminum tags. The current growth on
each twig was measured before use of fhe area by deer as winter range, and
the same twigs were remeasﬁred immediately after the deer departed for the

summer range. The difference‘betweeh-the combined total lengths before and
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after browsing represented the linear amount consumed. This modification

needed no control plots if only one. type of animal was grazing, since it was

used in the winter months when no growth was taking place. In addition, if

there obviously had been no utilization on a given plant during the winter,

.no new measurements needed to be taken, since the new measurements would

have been the same as the‘measureménts:taken the previous autumn. This lat-

ter method has

tions.

been used by Aldous (1945) and others with slight modifica-

McKinney (1951) studied the possibilities of determihing species consumed

by examination
“those_patterns

that there was

but that there

of the various

of the silica patterns in the feces of animgis._and comparing
with similar strﬁciures found in the plants. He concluded
some possibility of a qualitative determinétion of the species,
was little possibility of obtaining any quantitative measure

speciés consumed.

Methods gi sampling for chemical analysis of browse nutrients: The chief

criterion chosen for the selection of a method of collecting material for

chemical analysis of nutrients was that of preservation of nutrients until

the samples could be analyzed in the, laboratory. This preservation was

especially important in the. case of carotene, because carotene does deter—

iorate very rapidly following clipping. A very satisfactory method of hand-

ling vegetation samples has been developed by Dr. Leon Johnson of the Mon-

tana Agricultural Experiment Station Chemistry Research Department.

’
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EXPERIMENTAL PROCEDURE

The project:was conducted on a winter cattle range in southeastern Mon-
tana during the 1950—1§51 and the 1951-1952 winter Qrazing seasons; The
study pastures were those of the U. S. Range Livestock Experiment Station
as.described earlier in this paper. Three of the six pastures (Q, R, and
S; see figure 2) were used in the study. 1In adaition an adjacent pasture,
ungrazed during the.winier. was used as é controi. N

Within each of the four pastures, sampling areas were located. Each of
these areas were as nearly alike as possible with regard to gitg potential
and grazing use. | |

The soil fype of the sampling éreas was kept relatively,similar‘by loca;
ting all areas within two similar soil types whicﬁ made up a major bortion
of the study area. These.soil typeé are described as having a surface soil
of brown to light brown friable clay loam underlain by a browﬁ.silty clay
(Giéseker, 1948) .

Each sampling area was locatéd within a similar vegetative type; Three
types were used, these three types making up 55% of the area of the study
pastures. Vegetationél composition of these typeé is shown in Table II.

SIOpe of each sampling'aiea was less than 5%. Exposure was variable, but
it is not believéd‘that this variaﬁce greatly i;fluenced plant growth or
grazing action. Each sampling area, excépt'for the control area, was at
least 550 yards but not more than 720 yards from water, wifh a second afea
established between 1100 and 1240 yards from water during the second year.

Topography in each pasture was rough and broken with an interspersion of
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Table II. Veggtationai composition of the major types in the area embra-
cing pastures Q, R, and S, according to reconnaissance survey. Types 1 and
2 -were dominated by blue grama and western wheatgrass, type 3 was dominated

by western wheatgrass, blue grama, and greasewood..L

+

Percent of total vegetation

Plants Type 1 Type 2 Type 3.
A1l forbs ‘ : .15 5 10
All grasses . 55 75 ' 65
All shrubs . 30 20 . 25
Shrub; by species:'
Greasewood (Sarcobatus vermiculatﬁs) .15 6 8
_ Big éagebruéh'(Artemisia tridentata) - 10 -8 T
Winterfat (Eurotia lanata) ' 2 2 ) . 2I
Fringed sagewort (Artemisia f?igidal Tr. Tf;_ 2.
Broom snakeweed (Gutierrezia sarothrae) 1 B 0 2.
Shadscale (Atriplex éénfertifolia)' 2 - -4 4
Soapweed (Yucca gjauca). | _. ‘ O; 0 Tr.
Rabbitbrush (Chrysothamnus spp.) - . 0 0 | Tr.

Yy, 5. p. a., 1940
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fairly level benches..

Vegetation sampling procedure: At each study area; including the pastufe

used as a control, shadscale (Atriplex confertifolia), big sagebrush (Arte-

misia tridentata), winterfat (Eurotia lanata), and greasewood (Sarcobatus

vermiculatus) were measured for utilization during the first season. These

species wefe selected as befng.the most abundaht (Table III) and as being of
:possible forage value. Gregsewood alone was studied during the éecond sea-
~son. Two replications for each species weré estabiiéhed. the boundaries of
each replication being defined as a measured plot, or, where applicable, as
a natural grouping of plgnts; The location of these replications were
selécted according to the previously discussed factors of soii type, vege-
tational type, slope, exposure, and distance from water, and were not selec-
ted at random. Each replication contained athleast twenty plants of the
species to be sampled in that replication. |

After the first season, studies were discontinued on big sagébrush
because of the very slight amount of use of this species by livestock.
Studies were also discontinued on winterfat and shadscale because present -

methods did not seem to adequately measure the utilization of these species,

Utilization sampling procedure: Two hethods of estimatihg ufilization were
used the first year, these being defivations of those described by Aldous
(1945) and by Cook, Harris, and Stoddart (1948). |

In applying thé first named méthod five plants were éelected at random
within»each replication during the first season, and ten plants were selec-

ted at random during the second year. The basic. measurement unit of each
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Table III. Relative amounts of browse species on the pastures studied.
The figures were computed by multlplylng density times percent composition

times surface acres of each type. i/

U. S. D. A., 1940

Species Amount
Greasewood (Sarcobétus vermiculatus) 9.90 °
Big sagebrush (Artemisia tridentata) 9.68
Shadscale (Atriplex confertifblia) ‘4.82
Winterfat (Eurotia lanata) 1;82
Silver sagebrush (Artemisia cana) 1.35
Broom snakeweed (Gutierrezia sarothrae) 1.19
Rose' (Rosa spp.) 0.48
Fringed sagewort (Artemisia frigida) '0.45
Snowberry (Symphoricarpos spp.) 0.32
. Gardner saltbush (At;iplex gardneri) 0.27
.Cudweed sagewort (Artemisia gnaphéloides) 0.16
Rabbitbrush (Chrysothaninus spp.) ‘Trace
Soapweed kYucca glauca) Trace
.Others 0.09
1/
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plant was called an observation. In the case of winterfat,:an observation
included the entire plant. In the cases of shadscale, big sagebrush, and
greasewood, an observation was a group of at least five twigs on a major
branch which wa§ arbitrari&y selected. Each twig on each observation was .
meésured at the beginning of the grazing season and the length recoxded.
All the observations were marked for future reference. At twenty-eight déy.\
" intervals these observations‘were remeasured to determine their utilization..

In applying the last né@ed-method (Cook, Harris, and Stoddart) fivé.
plants were selecied at random in egch rep1ication except no plants were
selected for winterfat because, due to its growth habit, the entire plant
would have had to be taken. for one observation of thi§ species. At the
beginning, of the grazing season at least eight twigs from one major branch
were clippéd from each plant. These twigs were then air dried‘and weighed
individually. |

AOﬁ February 22, 1951, the clippiﬁg proceduré was repeated o; the same
plants .as were sampled before. Because an inadequate sample had béen clip-
ped previously, the number of twigs clipped per plant waé increased to teﬁ
or more, usuall& to about fifteen. These tﬁigs were also dried and weighed
individually, the difference between the two clippings giving the utiliéa—
tion on the Qample plants. . |

The plan waé to repeat the 61ippings on March 22, 1951, but sihce some
growth had starped on this date, this blan was abandoned. Because a very‘:

large amount of material would have been removed from pastures which are

also used for grazing intensity studies, this method could not be used to
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geterminé d month-by-month utilization measure, and so was not continued
during the second year, .

Collection of material for chemical analyses: From the plants chosen for

the twig length method of measuring utilization, a twelve gram composite
-sample for each study area, except the control, was clipped at each twenty-
eight day interval. .In the case of winterfat, as the entire plant was meas-
ured for utilization, nearby plants were used fbr'qollection of the samples
fbr chemical anal&ses.- These samples‘were.i@mediately packed in dry ice
for preservation and shipped to th; Chemistry Research Deparfmenf of the
Montana Agricultural Experimen£ Station for the determination of proiein.
phosphorus, éﬁd carotene of each sample. During theisécond.seasoﬁ; sample
size was increased to sixty grams of greasewood, and in addition to the
individual analyses of protein, phosphorus, and carotene, a cdmposite anal-
ysis was made to determine the amount of moisture, protein, éther extract,
ash, crude fiber, phosphorus, calcium, carotene, magnesiumv potassium, sod-‘
ium, lignin, and chlorine. Through some mishap, no individual analyses

* were made at two dates for protein and phosphofus.-

Grazithpreference defermination: At éaqh samplihg-date that the.cattle
ﬁere activély grazing (ie., the dates when the cattle were not on feed) the
cattle of pasture S (the pasture of moderate use) were obseived in order to
determine grazing preference. After a period of observation of‘about one-
shalf hourxr, a saﬁple‘wés collected to represent the material beinglgrazed,
both as to the kind of plants grazed and the amount of -each taken. Theée

" samples were usually collected twice during the day, but during severe”
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weathér. when the cattlé spent much of their timé in sheltered locétions.
only one sample waé collected each day. The sampies were then packed in dry
ice and shipped to Chemistry Research for analyses.\ |

Sampling for-blood nutrients: At each twenty-eight day interval the cattle

from thése'study pastures were brought to the central corrals for weighihg.
At thelsaﬁé time, about 40 cc of blood'werg collected froﬁ.the'jugﬁlar yein
of five animalé from each pasture. The same five animals were bled each
month. These samples were packed in wet ice and séwdust and shipped to the
Veterinary Reseaich Laboratory of the Montana Agficulturél Experiment Sta-
tion for analfses of phdsphd;us.{cérotene. vitamin A, magneéiuﬁ. and calcium.

Methods of chemical analyses of browse nutrients: Association of Official

Agricultural Chemists methods (1950) were used for détermination of carotene,
moisture, proteinv ether extract, crude fiber, and ash. Protein detefmina—
tién was with;mecurié.oxide as a catalyst.

‘Phosphorus determination was by the method described by Allen (1940) and
modified by Johnson and Giovanini (1949).

Magnesium determination was by the method described by Young and Gill
(1951),l

Lignin determination was by the methods described- by Peterson, Wélden,
and Hixon (1932); Ritter, Seborg, and Mitchell (1932); and Shervard and
Harris (1932). | | |

Calcium, sodium, and potassium determinatioqs were by a fléhq photometer

method developed by Baker (1951).

Methods of chemical analyses of blood nutrients: Phosphorus determination
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was done by a slightly modified version of the method published by Fiske and

Subbarow (1925) .

Carotene and vitamin A analyses were by the method described by Boyer,

Phillips, and Smith (1944).
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RESULTS AND DISCUSSION

Blood Nutrient Analyses

Phosphorus: -Blood phosphorus levels (Tables IV and V) were in all cases
below thqne observed by Thomas (195i) and most other workers, and were even
as low as the deficient‘lene1s produced by Lewis (1951). In both years
there was é'hignly significant nariation between pastufes (Appendix Tables.
I and IT). Cows under heavy gnd.lignt stocking had higher phosphorus than
cows under moderate stocking. These differences may be influenced by vege-
tation of the pastures, as discus§ed latér.‘ |

The variation of blood phosphdrus lévelsvbetween;dates was highly sig-

nificant for both seasons (Appendix Tables I and II). Each year as the win-

ter grazing season began., phosphorus levels began to drop off, and in 1950

1951, continuéd to drop off until mid-season, and then began to slowly’

increase. In 1951-1952 the pnosphqrus.levels rose in December and then

"began to drop and continued to‘drop until spring. Normally, the phosphorus

levels were higher during the time hay was fed than during the immediately
preceeding period. Analyses of the hay showed it to be higher in phosphorus
than either the range grasses on browse. The phosphorus increase may be.
partly due to an increase in the total feed intake with the beginning of

feeding, as well as an increase in the pencentage of. phosphorus in the feed.

At no time were any of the usual external symptoms of a phosphorus deficiency

observed.

'

Carotene: During the first season the blood carotene level (Table IV) on

November .30 averaged 80 micrograms per.IOO milliliters, and by February 22
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Table IV. Phosphorus, carotene, and vitamin A blood levels in cattle on
pastureés Q (heavily stocked), R (lightly stopked). and S (moderately stocked)
. during: the winter of 1950—1951 _

Sampling ' -

Cp Phosphorus Carotene Vitamin A
, Date Pasture mg/100 ml meg/100 ml mcg/100 ml
" o .
. :11-30 Q 3.3 81 ' -39
: R 3.2 63 39
S 2.7 96 40
Date mean 3.0 80 39
. 12-28 - Q 3.3 57 . 34
‘ o R 2.8 48 . 36
_ S 2.3 46 33
Date mean 2.8 30 - 34
1-24 Q 2.1 45 28 -
: R 2.2 42 33
S 1:9 47 - . 33
Date mean 2.1 44 - -31
2-22 - Q 3.0 44 ) 23
' - R 2.8 38 ' 23
S 2.2 40 27
Date. mean 2.7 41 25
3-22 Q 3.6 33 27
- - 'R 3.0 29 24
S 2.3 36 29
Date mean 3.0 32 : 27
Season-long pasture means: ) ‘) N
Q 3.0 52 30
R 2.8 44 31
S 2.3 53 32
Least significant d1fferences between means:
Pasture means : 5% . .24 . 8.0 t2.9
: Co 1% .32 10.7 3.8
. Date means: 5% .32 8.4 3.7
SR 1.2 5.0

1% 42

L
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Table V. Phosphoius,.carotene. and vitamin A blood levels in cattle on
pastures Q (heavily stocked), B (lightly stocked), and S (moderately stocked)
diuring the winter of 1951-1952. ‘

Sampling Pasture “Phosphorus Carotene " Vitamin A -
Date mg/100 ml mcg/100 ml ~_mcg/100 ml
11-1 Q 4,2 270 33
R 4.1 307 : 34
S 3.4 320 36
Date mean 3.9 299 34
11-29 Q 2.7 125 . 36
R 2.7 . 124 38
S 2.7 160 40
Date mean 2.7 137 38
12-27 Q 4.5 44 B 26
: R 4.0 36 26
S 3.1 4 29
Date mean 3.9 41 27
1-24 Q 3.6 20 20
R 3.5 29 29
S 3.6 37 33
Date mean 3.6 29 27
2-21 Q 3.1 24 . 26
R 3.6 29 25
.S 2.8 29 _ 30
Date mean 3.2 28 ' 27
3-20 . Q . 3.0 52 19
R 3.1 52 19
S 2.2 58 : 23
- Date ‘mean 2.8 54 i 20
Season-long pasture means:’
Q 3.5 89 27
R 3.5 96 29
S 3.0 108 - , 32
Least significant differences: :
Pasture means: 5% .28 - 16.5 2.4
' 1% .38 - . 21.9 3.2
Date means - 5% : .40 23.3 3.4
. 4.5

1% .53 31.0
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had dropped to 41 mcg/lbO ml. -During the second sedson blood level ceroteue
was hidher early in the season (Table V), averaging 137 mcg/lOO‘mi on Novem- -
ber 29, but by February 21 had dropped to 28 mcg/lOO ml. The higher.levels
early in the second season were caused by green forage produced by late
summer rains,
During both seasone there was e highly significant variation in blood
carotene betueeu sempriug detee, but not betweeuEpeetureéwQ{ppendirwxgbles
}Maudlg;lﬁ After early December in bott yeors,-tpe blood'cerotene levels
‘_were‘loweritheuwtuose found byuThomes,{195i}mend other‘workers; but this
probebly.wae not‘importpntlbeceuee vitamin A levels were ededuete\et:all
dates, «Tbe continous drop may have been partly due to steadily decreasing-
body reserves which were built up durxng the summer months, and is not
ent1re1y indicative of current levels of carotene in the feed. Cattle with
the lowest blood phosphorus tended to have the highest b%ood carotene leue;s,
with some‘erceptions, This relationship betweeu phosphorus and cerotene
agrees. with the findings of Tpomes (1951) , | = |
:Vitaminiég‘ The uarietion in vitamin A betweeu-samp;ing dates was highly
significant in.both years (Appendix ?ables I and ;;)? In general, vitamin
A-coutinued to drop throughout.the winter; but did uot become dangerously
low (Thomas;'1951) No external symptoms of vitamin A def1c1ency were obser—
- ved. The vitamin A dec11ne. as that of carotene, was probably due to the

C

dwindling body reserves.
’ \

In both years the vitamin A levels were heaviest in the order of moder-

ate, light, and heavily stocked pastures° Zhe variation between pastures
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was highly §ﬁgnificah}.during';pe second year,“bug not significant during
the first year (ﬁppendix,xab{eé I and Il); Eyeh when highly signifigégg:
the variation bepweeh-gg§gures was much less’ihéh the variation between

sampling dates.
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Utilization of Browse Plapgs,‘19§OL1951

Results of the before and after éliﬁpiné mefhod weréuextremelylerra;ic
becguseIQf inadgguate samp}iqg. The endhgf sggégn clipping§'were iﬁ many
casés heavier ;han those clipped at,the-heginning of the season. Resuits .
~of the.clipping mephod are not reported, qu'the following disdussion is

confined to égsuits of the twig iength method of determining utilization.
Table VI (a partial summary of,Tab;e VII) shows the seasonf;ong utiliza~
.- tion of the four spt;cies__measured° Utilization on the eoptrol pasture was
sﬁbtracted frdm'upilization on the study pastures to account fof twig removal
by factors other than graziné by domeétic livestock.

Winterfat qu greasewood showed heavier use under heavy stocking, with
about equal use under light and modérate stocking. Appreciable use of shad-
scale_occurred.only_under moderate stocking. These results wéuld explain
the highiy significant interaction whiqh was obseryed‘be;weén species and
pastures. ; . |

During the gra;iqg preference qbéervationsu cg@tle were observed to'utif
lize shadscale twigs which still held their fruits, but avoided those which
had shed ;heir fruit§, The qattle'alsq Qere §een-tq eat_shédscq;e fruits
which had fallen ;6 the érédnd, The heavier use oﬁserVed'qn;ghadscale under
ﬁoderate stocking may have been due to a combination of inadequate sampling
and utiliz;tidn in relation to tﬁe amount of fruits on the plants, rathef
than to an oyerall aifference'in use between pastures.

Big sagebrush utilization was negligible, being,no,mofe than 1% in any
of the pastures. For this reason studies wére discéntinued oﬁ this spgcies.

A
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" Table VI. 'Percentage twig length-rémoved‘by cattle during the winter of
1950-1951 from pastures Q (heavy stocking), R (light stocking), and S (mod~-
erate stocking). _ - ‘

Past Speciés .
asture Winterfat Greasewood Shadscale Big sagebrush
Q 63 " B2 0 0
R ' 13 , 16 3 1

s 15 T 22 1
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after the first season.

The differences in utilization between sgecies and between pastures'were
highly 31gn1f1cant (Appendix Table III)

In an attempt to get a picture of differences in utilization of the
species throughout the season, samples were taken at different dates during
the winter. The length of . sampling periods were not- equal in all cases
because inclement weather interfered with some measurements . To overcome
the- differences in length of4samp11ng periods. _each percentage was d1v1ded
by the number of weeks in the sampling period: (Table VID) . |

The wlnter gra21ng season”began October-19. The first-measurements were
taken‘quember 30, but obsérvations on Noyember 2 indicated that no utiliza;
tion‘haq*occurred by that date. - The greatest -part of the:average utilization
. occurred during the aauplinggperiod fromwNOWember 2 to'November 30, and
taperquoff'rapidly for thenrest;of the :season. - ihese-differences,betweeh
saMbling periods were, highlyrsignificanth(Appendix Table III).’ Hdweuer, the
greatest part of the ut111zat10n of greasewood and w1nterfat occurred during
the sampling period from November 2 touNovember 30, while. the maJor amount of
shadscale utilization occurred;from November:30 to Febrmary 22. ..These results
nould'expdain.the highly significant interaction between dates andwspecies
'(Appendix Table I1I), but theireason fox,greater use occurring dur1ng one
particular period is not knowns: |
: Mention was made ear11er that appreciable iise- of shadscale occurred only
under moderate stocking. whiie!w1nterfat‘and?greasewoodnwere utilized ‘the

most under heavy stocklng.gThismdifferenceﬁnrn{connectionyw1th the;dyfference
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Table VII. Average weekly utilization of the browse planfs studied on
and S (heavy stocking)

pastures Q (heavy stocking), R (light stocking),
during the winter of 1950-1951. - '

,_.SPeciés Saggiing - ;:b;n'trc;ll Qpaﬁ't - R S~ 'Sﬁiﬁiﬁs
éﬁadscale | li—30 0.0° 0.0 0.0 0.5
' 1-3 o;d 0.0 ° 0.0 1.7
2-22 0.0 0.0 . 0.0 1.6 -
3-22 0.0 0.0° 0.8 0.1 0.3
Big sagebrush  11-30 0.0 O’O= 0.2 0.5
-3 - ’0.0 - 0.0 0.0 0.0
2-22 0.0 0.0 0.0 0.0
3-22 0.0 0.0 0.0 0.0 - 0.1
Wihterfat 1130 _ '0.0 7.8 1.2 9.0
| 1-3 0.0 5.3 0.2 2.4,
2-22 1.8 4.8 3.2 0.3
3-22 0.9 1.1 1.0 0.0 2.4
‘Greasewood 11—30 0.8 8.5 2.8 5.2
1-3. 0.0 4.7 1.5 1.0
2-22 0.0 1.9 0.2 0.2
3-22 0.0 0,0 0.8 0.2 1.7
Pasture meéns: . 0,2 ’2;1 0.7 1.4

Date means: 11-30, 2.3; 1-3, 1.0; 2-22, 0.9; 3-22, 0.3

Least significant differences for all means: at 5% .83, at l% 1.10
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in time of utilization of the different‘species, would expiain the signifi—
cant intéractiqn between dates aanpasturgs (Appendix:Table 111).

Although winterfat was considered to be an important forage speciés;
studies on this species were discontinued.after the first yeaf because of
difficulties with utilization measurements. A considerable amount of mater-—
ial was removed from three of the ten winterfat plants measured in the con-
trol pasture. The type of removal indicated utilization by small mammals or
natural abscission; It is reasonable to suspect that some material was also
removed by these causes from the éthér pastures as well. A morxe detailed
studi'of Qinterfat is needed td develop mdte efficient methods of measuring
utilization, fully accounting for the various agents of twig removal.

Althougﬁ big sagebrush showed almost no use, it was observed that another

species of sagebrush, silver'sagebruéh (Artemisia cana)l, whiéh is abundant

on the study area (Iabie I11), was utilized to anm appreciable.extenttﬁ Unfor—
tunately‘this species was not included in ;he study.

As a point éf interest, considerable utilization of soépweed (Yucca
glauqa) was qbserved; After ; beriod of heavy snowfali° when animal ;rabks .
coula bé-feadily distinguished, rabbit tracks were seen near rqcehtly eaten
éoapweed-plants in areas where no cattle tracks were seenl Leaves as Qell
as seed pods were eaten. The amount’ of utilizétion of soapweed did not seem

to be greater in ‘areas where cattle tracks were evident.
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Chemical Composition of Browse Plants, 1950-1951

Protein: The average crude protein content of the greasewood samples (Table
VIII) was comparab}e'te the crude protein in good mixed hay as reported‘by
Morrison (1949), ‘indicating the potential protein value of greasewood.
Morrison also gives a.digestion coefficient for salt bush bfotein of .66%.
If we assume a like digestion cqefticient for greasewood proteinY gteasewood
would have a digestible protein content of 5.8%, considerably above the 4.5%
minimum recommen&ed by the National Research Council (Guilbert, et al, 1950).
" There was a highly stgnificant variatien in protein eontent of the browse

between sampling per@ogs (Appendix Iable IV), the highest value occurting on
January 3. and the 1owest on,Februaty 22. There was also a h1gh1y significant
d1fference between pastures° _the shrubs in the lightly stocked pasture hav1ng
the h1ghest;average‘prote1n, and the shrubs in the moderately stoched past-
ure having‘the lowest-average protein,i Th%s suggests that the diffepences
were ngt a result of grazing intensity. |

There was .a highly 51gn1f1cant variation between spe01es (Append1x Table
. Greasewood had an average crude protein content of 8.4%, winterfat
-and shadscale about 1% lessq and big sagebrush the lowest with 6.4% p;oteinz

The first order interactions between species, pastures, and dates were
significant (Appendix Table IV), indicating that these factors do not vary
independently.. The interaction between dates and pastures can be explained,
at least in part, by the low protein content of the samples collected in
Pasture S on February 22. ‘The interaction between species ‘and dates can be

partly explalned by the high proteln content of the greasewood samples wh1ch
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Percent protein in browse‘samplgs during 1950-1951.

" Species ‘Sampling. :u , Pasture . Species
- Date Q —— Re S_f’ . ‘Means
Shadscalg 11-30 ?,4 7.5, 7.7 '
1-3 8.5 8.0 7.0
2-22 8.1 7.8 5.9
22 8.l 7.5 6.6 7.5
Big sagebrush  11-30 6.4 6.7 7.4
1-3 ‘6.4 6.5 7.1
2-22 6.1 6.3 5.4 |
- 3-22 5.7 6.6 6.0 6.4
Winterfat 11-30 6.5 8.8 7.6,
1-3 6.8 8.1 7.1
222 66 . 87 6.1
322 - 8.3 7.5 7.4
Greasewood 11-30 8.0 7.4 8.1 |
s ez 9. 9.5
2-22 8.2 7.7 8.1
3-22 84 87 .87 8.4
Pastdré'means: ' <,7;? 7 ?,? T >?:?'

Date means: 11-30, 7.5; 1-3, 7.8; 2-22, 7.1; 3-22, 7.4

Least signifidant differences for date and species means: at 5% 0.29, at 1%
0,40, Least significant difference for pasture means: at 5% 0.25, at ‘1%

0.35.
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were collected on January 3. The interactign:be;weeh species .and pastures
'is not too clear, but the lowest protein content of shadscale and winterfat,

gqccurred in the pastures where heaviest utilization of these species.
- . LA e E 1 L

occurred, although the lowest protein content of greasewood occurred in thg,

pasture of ligpt use. The reasons for these fesq}§$ are ngg_qngr;gggg;

Ph?ﬁEhOF“S? Phosphorus céﬁteqt,of the browse samples is shown in Table IX.
‘In éq case did the: phosphorus content ggg;qgch'yhe flﬁ%vmiqiqqq recommended
by the National Be§ga%cn Council (éuilbert, gl_gl, 1950) .. |

There Qas a higp}yﬁﬁignificant variation of phosphorus content between
sampling-dates (Appendix Table IV), with the high value occurring Jénuary 3,
and the low value occurring Ma?ch 22,

There was a highly significanghvariapiqg between species. Big sagebrush
was. the highest with an average pﬁbsphofﬁs content of .104%, £he other spe-
cies having about .075% pﬁyspﬂo;us, Alfhoqgh the phosphorus content of big
sagebrush is_con§idgrab1y lower than the average winter phosphorus content

of this species found by other workers (Table I), the relationship of. phos-

-phorus in big sagebrush to phosphorus in other species is the same as repor-

ﬁed in other exper;ments.

The pasturgs of light and heavy stocking showed sigpificantly more phos-
phorus in. the browse samples than did fhe pasture of moderate stocking.
These differences seem to be due mostly to the low phosphorus content of the
shadscale samples from the pasture of moderate Qsé,

The first order inperadtibns_of spéq?esv,dates,'énd pastures were signif-

icant, indicating that these factors do not vary independently. The




Table IX. Percent phosphorus in browse samples during 195Q~1951.

'Specie; Saggiiﬁﬂ 5 — L??séﬂrf' - ;. "Sﬁﬁgigg:‘
Shadscale o il;éd:\“” ”'Nldé“‘t .07 ;Of ) R
1-3 .10 .07 .08
5-22 ‘09 07 o5 o
- 3-22 .09 .06 .06 .04
Big sagebrush 11-30 - .30 A2 11
R - 10 .10
23377 A1 .08:
3-22 .09 12 .09 104
Winterfat . 11-30 .06 .09 .08
1-3 .09 11 09,
2-22 .07 .08 .07
3-22 o .07 .06 077
Greasewoodf .11{—30 .07 07 .07 |
1-3 .08 .06 .08
2-22 .09 .06, .08
3-22 06 .07 .07 .075
Pasture means: " 084 086 .078

Date means: 11-30, .082; 1-3, .092; 2-22, .082; 3-22, .074

Least significant differences for date and species means: at 5% .006, at
1% 009. Least significant difference for pasture means: at 5% .005, at

1% .007.
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importance of these interactions i§rrgt clear.
Carqpené: Carqung q&pteng éf the samp}gs};hqwed grhthly §jgnifigant var-
'iation-between sampling dates (Apéghdix Table IV). Peak csrotene content
occurred in the January 3 samples, being about 20 micrqgrémf Qgr'grgmggTabley
X). This carotene content is cpmparablé_to u._sp no,.g alfalfa (MOrrisqq,'
1949) and well above the 6{7“mgg/qm migimpp recommended by the National
Research Council (Guilpertn et al, 1950). On November 30, the carotene con-
tent was about half that of January 3, but still above the 6.7 mcg/gm mini-
@um,. On February 22 the carotene content had dropped to 5 mcg/gm

Apparently there have been no prev1ous studies on the amounts of carotene.
or other carotenoids in browse plan;s at different dates during the winter
months. Rygg (1949) and earlier workers hare‘made studies on the carotenoid'
content oflstored carrots, and have reported an increase of carotenqids
under certain conditions. Rygg did not have any information as to the somrce
of .the carq;gnoﬁds\formedL bu;“sygggsred precqrsors which take considerable
time to form carotenoids, the reactlon beglnn1ng only when the plants become
otherwxse dormant There seems to be great opportunity for work on the phys-
iological reactions of plants during the -"dorimant" period of the winter
months. It is of particular interest to note that no significant correlatipnﬁ

was observed between temperature changes and carotene content of the browse.
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Table X. Carotene in browse samples. durlng 1950—1951

sed in m1crograms per gram.

Carotene expres-

Speciés

Spesies S Pmgms T eler
Shadscale = 11-30 8.8 8.2 7.1 ‘ '
1-3 14.0 27.0 10.0 -
222 44 sl 4.8
3-22 3.1 3.4 0.4 8.0 "
Big sagebrush 11-30 8.2 . 11.6 8.2 o
1-3 9.0 13.0 29.0
2-22 4.4 5.1 4.1
w2 o4 a1 sa o oa
Winterfat ;1—30 10.2 12,2 11.6 |
| 1-3 29.0 31.0 25.0
2-22 6.5 7.1 5.8
3222 -—- 3.4 3.7 12.4
Greasewood 11-30 8.2 . 8.8 6.8
| 1-3 12.0 22.0 25.0
2-22 3.4 5.4 4.4
3-22 4.8 5.8 4,1' 9.2
Pagpure'meénég t éfi\A‘ IIQ{QN _ ézé
Date means: 11-30, 9.2; ;-3,'2015; 2-22, 5.0; 13-22, 3.3

Least s1gn1flcant d1fference for date means :
other dlfferences were not 51gn1flcant

: at 5% 3.6, at 1% 4.9,

The -
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'Relatioﬁshipsugi Browse Utilization, Browse Nutrients, and Blood Nutrients,
- o 1950-1951 - ' T '

The discussion in this section is drawn largely from the coefficients 6f
correlation listed in Apgqndi§ Table V. . |

Vitamin A, and, to a lesser extent, its p;e@ur;or.carq}pge;xcan be stored
in cattle for considerable %engt?s of time (Ihp@as, 195}). During the winter
stqdy perioq these blqu levels had declined from those obseryeq‘in the sum-
mer: this difference is probably due to the decreaéed supply‘of carotere in
,tbe féed source. The dééline continued until new plant-growth in the sﬁr;ng'
increased the supply of carotene.

Thg cardﬁgne content of -the browse increased sharply in 3éhuarj, This
rise in carotene may héve had some tendency to'reducé the rate of decline
of blood carotene and vitam{n,Ao but ho significant correlations were obser-
ved between these data.

Utilization of greasewood and winterfat was highest at the beginning of
the winter grgzing season énd'declined as the seaspﬁ progressed. The caro~-
tene content of these species, béing highest in mid-season, showed no sig-
nificant correlation with their utilization.

The decline of utilization of greasewood and winterfat through the §eason
was coincident with the decline of blood levei carotene and vitamiﬁ‘A during
the studj period. Therg was:a highly significént correlation of winterfat
and greasewood utilization with blood:carotene'levels and a significant corr-
elation of the ufilization of these species with blood vitamin A'levels;
There &ere also highly significant multiple correiations among greasgwoqd

utilization, greasewood carotene, and blood carotene, and among winterfat
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utilization, winterfa; carotene, and blood carotene, and a significant mpl—
tiple correlation among winterfat utilization, winterfat carotene, and blood
vitamin A. However, it is fei; thét because carotene and vitamin A blood
~levels are not entirely dependeh; on- immediate available supply of carotene,
and because there was no siénificant correlation with greasewood or winterfat
carotene content and the utilization of these species, the utilization of
g;egsewopq and winterfat did not necessarily influence the blood carotene
and.vitamin A levels. | |

Mention was made earlier 9£ the fact that cattle made consideraplg use
of shadscale fruits., Shad§g§19 utilization showed a significant negative
correlation with its protéin content. ngples of the shadscale fruits showed
a protein content of 5t4% on January 3, 1951, considerébly less than the
7.8% protein 6f the composite sémples of twigs, leaves, and fruits collected
on the ;ame date. The shadscale plants’' measured varied qpnsiderably ig.
regard to the ‘amount of fruit i@ft on the ste;'n:s° If we-gssume a ca;bbhydrate
content in iﬂvergé proportion to the pgbtein gonteﬁt iﬁ the sample mqtérial,
the evidence wohld seem to suggest a positive relationship of ;hadscale'pti;
lization with the carbbhydrate content of the plé_nts° Very recently Plice
(1952) showed that plants with a higher sugar‘content'ﬁere selected by live-
stock for grazing. It is probable that the stored caxﬁohydrates in the
shadscale seeds éhanged, at least in part, to sugars with the advent of cold
winter weather.

Shadscale fruits collected on January 3 had an averaée_phosphorus content

of .075%, somewhat lower than the .083% avérage phosphorus content of the
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compoeite sawples collected on the same date. A negative correlation was
observed between shadscale phosphorus and its.utilization, but this value
was not éignificant. . - !

.A signifieant negetive correlation between shaéscale utilization“end
blood level pnosphonus was bbserved° The greatest amount of use of shad-
séale_occurredvin'the pasture of moderate use. The cattle in this pasture
showed lower phosphonus levels'than tbe cattle in.the other two pastures,
the differences.being highly significant.

In view of the negative correlations between shadscale phosphorus and ;ts
utilization and between blood phosphorus and shadscale ut111bat1on. a p051-
tive correlatlon between blood phosphorus and shadscale phosphorus 1s expec—
ted. Such a pos1t1ve eorrelat1on was found to be present. the value being
significant., There was also a significant multible coxrelation among shed—'
scale utilization,‘shadscale phosphorus, and blood phdsphorus, The relation—
ships of shadscale plants to blood nutrients as implied by these data are
not understoedo |

Thene is a correlation (£.= JAT3**, 10 d;f;) between the amount of pro-
tein and the amonnt of phosphorub in the shadscale samples. No measure of
protein in the blood was available; but it is possible that phosphorus might
indicate the reletionships of protein between browselplants and blood nutri--
entsv as well as the phosphorus relationships.

Studies were dnscont1nued on shadscale because no methods were known to

measure the amount of seeds eaten, and these seem to be the main attract1on

of the species to 11vestock, Work on methods of measuring utilization of .
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shadscale and more detailed analyses of the various edible parts of the shad-
scale plants, especially in regard to sugars and other carbohydrates, is

suggested.,
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Utilization of Greasewood, 1951-1952

Duiing the‘second year of study on greasewood, pqus were established on
the same locations as the greasewood plots of the first year (about 600 yards
from water), and, in addition, plots were egtabiished at about 1200 yards \
from water (Figure 2). g |

There was a significant variation of greasewood utilization due to loca-
tion of plots (Appendix Table VI). Average season<long utilization was il%
at location 2-and 36% at.locatibn‘l (Tablé XI). The difference between loca-
tions was probably not dﬁe so much to distancetalone as it was to a combina-
tion of distance, cold, and snow. These(last two factors encourage cattle to
remain near hay, water, and shelter..' | |

Table XI shows that in each pasture utilization was greater nearer water,
but the relat1onsh1p between locations was different for each pasture. An
interaction between locations and pastures is indicated, but was not statis-
tically significant (Appendix Table VI)L However,.the‘heaviest use was in
the heavily stocked'pasture on the plots nearest to water, and the least use
occurred iﬁ thé lightly stocked plots away from/Watef, as would be expected.

Thexre was no sigpificant variation observed between pastures (Abpendix
Table VI). Although Table XTI sﬁows a considerable difference in utilization
between pastures on the'plots closest to water, thesg differences did nof
ﬁold'fo; the plots farthér from water. Establishment of two sets of plots
in each pasture apbarently ?emgvgd the significanf vgriation betweeﬁ pastures;_.
dbserved-the previous yéar. Apparently rate of stocklng is less of a factor .

regard1ng amount of ut111zat1on at some dlstance from water than it 1s nearer
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Table XI. Percentage twig length removed by cattle during the winter of
1951-1952 from pastures Q (heavy stockxng) R (light stocklng), and S (mod-
erate stocking).

Pasture : Location

Location 9 R 5 Means
1 56 | 19 33 36
2 10 - 16 8 11

Pasture means: 33 ’ ) 18 21




g
to water. |

Some differences were cbserved between utilization on the plots nearest
to water in relation to utilization on these same plots the previous year.
The differences under heavnrand light stocking probably were not important.

Utilization under heavy stocking increased from 52% in 1950-1951 to 56% in ‘

A l951--.1§52o Utilization under 1ight stocking increased from 16% to 19%.

. However, the utilization.under moderate stocking increased from 17% in 1950-

1951 to 33% in 1951-1952 The differences between years is probably largely
due to uneven utilization w1th1n the pastures.

The variation between samp11ng dates was hlghly significant (Appendix
Table VI). The cattle went on the winter range October 8. Some utiliza-
tion was observed at the-f1rst.two sampling dates, but the greatest amount .
of utiliZation=was measured on December 27 (Table XII). The period from
December 27 to Jandary-24 was marked by severe cold and deep snows which
limited cattle movement. The only greasewood utilization observed dur1ng
thls month was under the. heavy rate of stock1ng at the location nearest to
water. | |

There was a significant interaction between pastures and dates, indica-
ting that pastures,were utilized differently during the different sampling
per1ods, Greasewood in heavily and moderately stocked pastures was utilized
the most during the sampling period ending December 27, but the greasewood
in the lightly stocked pastures showed the greatest utilization during the’
sampling period ending February 21, with considerable use alsp-occurring,.

in the moderately stocked pasture on that date.




Table XII. Monthly-greasewood utilization on pastures Q (heavy stock-
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ing), R (light stocking), and'S (moderate stocking) during the winter of

1951-1952,
T —
11-1 1 0.4 0.0 0.0
2 0.0 0.0 0.6 0.18
11-29 1 5.8 8.2 2.3
2 3.2 0.3 3.3 3.86
12-27 1 46.7 5.6 1200
2 6.3 0.0 4.6 13.87
1-24 1 1.3 0.0 ‘0.0
2 0.0 . 0.0 0.0 0.22
2-21 1 1.5 5.0 - 10.4
| 2 0.0 14,4 0.0 5,23
1 3-20 1 T 0.0 0.0 0.2
| 2 0.0 1.5 0.0 0.27
Pasture means: 5.45 2.92 3.45
1.90 -

Location means: 1, 5.98; 2,

- Least significant differences
Least significant differences
Least significant differences

for pastﬁre means: at 5% 4.48, at 1% 6.01
for location means: at 5% 3.66, at 1% 4.91
for date means: at 5% 6.34, at 1% 8.50
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There was also a significant'interaction'between locations and dates,
indicating that the_relationship between sampling locatfons was not the.
éame during the different sampling periods. During the sampling perjod end-
ing December 27, utilizatioh'neareilwater waé about seven times as great as
that occurring away from water, but during the other sahpling periods the
differences between éampling 1écations werq'much smaller. During the samp-
ling period ending March 20 uf}lization was slightly greater on the plofs
farther from water than on those nearer water.

Many hypotheses could be formulated expla%niﬁg fhe reasons for the diff—
erenpés in utilization which were observed. The meager data ﬁresented here
should provide leads to further ;esearch,‘but in themselves are not suff-

icient to provide a basis for sound reasoning.
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Chemical Compdsitiou_gg Gr.easewood° 1951-1952
Protein: There was a significant variation in protein eontent between pas-
tures (Appendix Table VII), The greasewood in the heavily stocked pasture
_ had the higbest percent protein and the greasewood in the lightly stocked
pasture had the lowest percent protein (Table XIII), Reference is again--
made to Table VIII which shows that in 1950-1951 greasewood prqtein was high-
est in the moderately stocked and lowestvin the lightly stocked pasture.
The diserepencies in these data suggest that insufficient sampling, rather
than rate of stocking, accounted for the apparent differences in protein
content of greasewood due tokrate of grazing.

Other than between pastures no significant variation of protein in grease-
wood was observed, The highly 51gn1f1cant variation between sampling dates
observed during 1950-1951 was not supported by a similar variation during
1951~ -1952. Protein content of the samples was somewhat higher than the
dreasewood samples of the previous year, being 9.0 as compared to 8.4,
Phospborus: A variation in phosphofus content‘between‘pastures was noted
but it was not sfgnificant (Appendix Table VII). The relationship between
pastures was the same as for protemo being highest under heavy stocking and
lowest under light stocking (Table XIV) Phosphorus, as was true of protelnv
was considerably higher than during the previous season. being ;087 as com- |
pared to .075. The reason for these differences between pastures. and
between years is not known.

‘Caroteue:. There was a s1gn1flcant variation of carotene between sampl1ng

_ dates (Append;x Table VII), 1In general carotene content was about 12
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Table XIII. Percent protein in greasewood samples during 1951-1952,

Sagg%ing Lo;atién .»., -;0 Pangfe - JS g§Z:s
11-1 1 10,2 - 8.4 9.2
2 9.3 9.3 a5 - 9.2
11-29 | . N
Composite sample - 9.4% protein=
12-27 : _
Composite sample - 8.06% proteini/
241 9,0 8.l 9.2
| 2 9.5 8.6 . 8.3 8.8
2-21 1 _ 8.6 8.6 895
2 9.5 8.8 8.3 8.7 .
3-20 1 R 8.4 9.3
2 : 9.9 9.2 9.7 9.4
-Pasture means: 9.5 - 8.7 8.9

Location means: lv'8,9; 2, 9.1

Least éignificant difference pasture means: at 5% 0,52, at 1% 0.79

i/bnly composite analyses for protein were run on these dates.
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Table XIV. Percent phosphorus in greasewood samples during 1951-1952,

4

- Sampling . ' Pasture Date
Date Locatlon. 0 ' R : S - _Means
11-1 , ' y
AP Composite sample - .08% phosphorus
11-29 _ Composite sample ~ .08% phosphorusl/
12-27 1 .09 09 .09
2 .12 .08 09 . .093
1-24 1 09 . .08 .08
2 .07 .08 .08 .080
2-21 1 .10 .08 .07
2 : .10 .08 .08 .085
3-20 S 10 .08 . .08
2 © .10 .09 .10 .092
Pastiire means: , .096 .082 .084

Location means: "1q1.086; 2, .089

i/

1 .
Only composite analyses for phosphorus were run on these dates.
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micrograms per gram from November 1 -to December 27, rising sharply to 21
mcg/gm by January 24, and dropping to 2.5 mecg/gm by February 21 (Table XV),
The trend of carotene content of greasewood throﬁgh.the season was very sim-
ilar to that observed the previous season. Repetition qf this rise in caro-
tene is of special interest. The original thought that temperature change
was a factér seems ﬁnlikely as weather records show no appreciable rise in
iemperatures during the month of January. There has been no plausible e#pla—

nation of this phenomenon suggested from the data available.
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 Table XV. Carotene in greasewood samples during 1951-1952. Carotene
expressed in micrograms per gram, . .

. Sampling

Date Location . . 0 : Paséq#? S _ g::ﬁ;
11-1 1 18.0 5.1 8.2

| 2 " 11.0 26.0 6.1 12.7
11-29 1 10,0 9.7 - 16.0

| 2 120 120  13.0 . 121
©12-27 1 8.7 9.2 13.0

2 9.7 10.0 14.0 : 10.8
1-24 1 29,0 - 29.0 14.0

2 13.0 13.0 28.0 - 21.0
2-21 1 1.5 2.0 . 3.5

2 - 3.5 3.0 1.5 . 2.5

3-20 1 4.0 3.0 4.0 |

| 2 3.5 '3.5 4.0 3.7

.Pasture.means: , >, | 10.3 10,6 10.4

Location means: 1, 10.4: 2, 10.5

Least significant difference between date means: at 5% 9.33, at 1% 13.27

/
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Relationships of Greasewood to Blood Nutrients, 1951-1952

Blood caroteneland vitamin A showed a gradual decline through the winter
season as was the case the previous winter season (Table.V), but in contrast
to the previoué season there_was very little utilization of gfeasewood at
the beginning of the season during 1951-1952 (Table XII). There was an
increase in utilization ddring the third sampling period? followed by a
.decrease during later periods. The appafent correlations observed betweeﬂ
greasewood and blood carﬁtene and vitamin A- levels during the first year
were not supported by similar correlations during the second yeaiA(Appendix
Table VIII). However, .it is.quite possible that utilization of greasewood,
-and other Browse species, was a factor-in détermining the winter lévels of
blood carotene and vitamin A,

No other correlations among gréasewood utilizatiogh Qpeasewood nutrients,

and blood nutrients were observed.
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Miscelleaneous Data

Analyses which weré run on the composite samples of greasewood, although
actually not a part of this study, are presented in Appendix Taple IX for
any interest valuelthey‘may have to the reader. One item of.interest in
this table is the high sodium content of greasewood (.646% average) , which -
may have been a factor in the rather low sait (sodium chloride plus iodine)
cpnsumption by the experimental cattle (.02 pounds pef head per day,'Appendix
Tablg X). Chlorine content of greasewood was no greater tham that commonly
féund in livestock feeds. | .

Another factor influencing éalt consumption might have been the high'sod-
ium content of the Waier supply. The water, from which all lots were watered,
contained about 3550 ppm of soluble salts. About‘97% of the'cations:were
sodium, The anions were mostly sulfates and bicarboﬁétes with a trace of
chlorides. This salt content is near thé upper limit for watér which is
considered fit for livestock consuinption°

Pounds of hay'féd cowé in each pasture each day are shown in Appendix
Tables XI and XII. Each lot.oficows was fed as mwch:hay as was needed dﬁi;
ing the firét.season. but during the second‘seasoﬁ €ach lof waé fed the same
amount regardless of needs. Hay was fed when the cattle under the heavy
rate of stocking required feeding. This feeding continued as long as the

ground was so covered with snow that the cattle were not able to reach grass,
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‘CONCLUSIONS
1, Blood phosphorus levels were lower during the winter months than those
reported as adequate levels by other workers, but none of the usual exter—
nal symptoms usually attributed to phosphorus deficiedcy,werg observed. The
minimum blsod phosphorus levels at which external symptoms of deficiency
occur apparently have not been establisﬁed well enough to cover all'situ%-,
tions, |
20 Oﬁ the study area phosphorus content of the browse plants was lower than
average levels pré&iously repbrted for these species. This'variatibn in
phosphorus ;ndicétes the necessity of analysis of browse plants on a partic=.
ular area before assuming their value.as a soufce of-phosphorﬁs° |
3. Blood carotene and vitamin A levéls“of cows in all pastures declined
throughout the winter grazing season. This decline was attributed to the
decreased intake of carotene and to the steadily decreasing body reserves of
carotene and Qipamin A which were built up during the summer;
.4, Carotene contént,of'£he browse species increased greatly in the January
samples of each year. The iéason.for this rise in not known, but it is not
believed to be due to a change in temperature;' .
9. It is believed that’cafotene content and utiiizationﬁof the browse plants
was high enough during the early part of tﬁe‘grazing season to have an effect
Ipn blood'carétene-and vitamin A leQels° |
6. Win;erfat; greasewood, and shadscale were important as winter feed on the

study pastures, whereas bilg sagebrush had very little use.-

Use of browse on the study pastures was heavier in the areas nearest water
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end shelter. Ip these areas utilization of winterfat and greasewood was
heaviest under heavy stockirg; On sampling areas more distant from.shelter
and water,' utilization of greasewood was not greatly different for the three
rates of stocking.

Shadscale fruits are eaten more readily by cettle than are other portions
of these plants. The amount of fruit left on the stems is more of a factor
governing utiligation of shadscale than is rate‘ef stocking. Shadscale .
fruits are prebably preferred by livestock because of their sugar content.
7. Although protein, unlike phosphorus° was aboverthe minimum recommended"
levels, the veriations in protein and phosphorus were‘correlated Abundant
palatable browse plants on w1nter ranges would reduce the need for prote1n
supplements° B |
8. The ‘many interrelationshipé emong broﬁee'utflizatien; browse hitriénts,
and blood nutrients are compl1cated and only a few of them are understood.

Further studles on these relatlonshlps are greatly needed
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SUMMARY

A study was designed to explore the possibilities of a cqrrelation‘between
blood level nutrients of cattle on winter ranges’ in southeastetn Montana and
the ut111zat10n and chemical compos1t10n of some of the major browse spec1es
of the area. The study was conducted near Miles C1tyv Montana, and contin-~
ued fbr two wiuter grazing seasons;

Previous work~had indicated that browse plants'were*poteutially valuable
forade species, but littlerwork-had been done on their -utilization in the
Norihern Great Plainso

Utlllzatlon was . estimated by tagging. twigs and measurlng the length of
these twigs' at twenty—elghtuday intervalsy. The four:browse species- selected :
for the study were shadscalei:big: sagebrushy .wintexfat, .and greasewood.

‘ After one season studies were: discontinued on shadscalev winterfat,- andtblg
sagebrushv and a more intensive study of greasewood was initiated, Sampltng
was done on pastures under-.-heayy;'moderatev and light rates of stocking.
Browse and blood sampleSrfor%chemicaluanalyses-weue coileeteduat+aboutn
. the same time that utilization was measured.- Bloodssemples were. analyzed -
for phesphofus, carotene, :andi-vitamin A; and-browse samples wereuanalyzed
for proteiuv phosphorus, and cerotenef
| Phosphorus levels iﬁ blood were lower than recommeuded all during the
winter months, but vitamin A -levels were. adequate. _
Utlllzatlon of greasewood “on the study plotso at a distance of about

600 yards from water was slightly over 50% under heavy stocking, and about

17% under light stocking. .Utilization..of greasewood under moderate stocking
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-was ébout.the same as under light stocking the first year, buf.was about
33% during the secona year. About 10% use was made of greasewood in all
pastures at a distancé of about 1200 yards from watér. Winterfat was used
at least as much as greasewood. Most of the greasewood and winterfat use
occurred during one sampling period in the early part of the season.

Utilization of shadscale was uneven and seems to be related to the amount
of fruits left on the stems. Shadscale ﬁse~may have some relationship to
blood phosphorus levels.

Utilization of big sagebrush during’bne seasoh?g'grazing was negligible., -

Greasewood had an average crude protein content of 8.7%, winterfat ﬁnd
shadscale were about 1% Iowerv’and big. sagebrush more than 2% lower.

Phosphorus content 6f the spebies studied wés_too low qu adequate nutri-
tion of cattle. |

Carotene in all species increased sharply during January of each year,
and then drqpped to the lowest point of the year just before growth began
in the spring. Carotene content was adequate for prqpef cattle nutrition
for most of the winter season. |

During the second year, in addition to the analysés of protein;fphos;
~ phorus, and carotene, greaéewood was analyzeq for moisture, ether extract,
ash, crude fiber, calcium, magnesium, potassium, sodium, lignin, énd chlor-
ine. A high sodium content of the samples may have béén paftiy resbonsible

for the rather low salt ¢onsumption by the -experimental cattle.
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Appehdix Téble.l. Analysis of variance of phosphorus. carotene, and

vitamin A cattle blood lévels during the winter season of 1950-1951.

h

Séurce of variation d.f. S.S. M.S. . Ohserved F raééos e
Phosphorus
Total 74 29.26
Dates 4 9.05 2,26 12,16%* 2,52 .65
Pastures o2 7.57 3.76  20,35** 3.15 4.98
Dates X Pastures 8 1.45 0.18  0.97 2.10 .82
- Error 60 . "11.19 0,19
"Carotene
Total ' 74 35742
Dates 4 20273 5068  25.01%% 2,52 - 3.65
Pastures | 2 1185 . 592 2,92 3.15 .98
Dates X Pastures 8 2127 26 1.31  2.10 .82
"Error | ’ 60 - 12157 203
Vitamin A _
Total 73 3868
" Dates 4 2078 519.4  19.99%* 2,52 .66
Pastures 2 66 33.2 1.28 3.15 .99
Dates X Pastures 8 192 24.0 0.92 2.10 .83
Error - 59 1533

26,0_
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Analysis of variance of phosphorus, carotene, and
levels -during the winter season of 1951-1952.

F ratios

.Source of variation d.f. S.S. M.S. Obsérved 57 ‘1% -
'Ph05éhorus
Total 88 ' 52.97
Dates 5 ° 20.17 4.03  13.36%* 2.35 3,29
Pastures 2 5.98 2.99 9.90%* . 3,13 4,92
‘Dates X Pastures 10 5.35 0.54 " 1.77  1.97  2.59
Error 71 ';21.48 0.30
Carotene
Total 86 940247
Dates 5 855034 171007 166.51%% 2.35. 3,29
Pastures 2 5592 2796  2.72 3.13 4,92
Dates X Pastures 10 6703 670 0.65 1.97 2.59 -
Error 71 72918 1027 ' |
Vitamin A
Total 86 5042
Dates 5 2844~ 568.7  26.08** 2.35  3.29
Pastures 2 384 192.0  8.80** 3.13  4.92
Dates X Pastures 10 26 26,6  1.22 - 1.97  2.59
Error 71 1548 21.8
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Appendix Table I111. Analysis of variance of average weekly utilization
of browse plants during 1950-1951.

Source of variation d f S.S. Mc observed F rag%os ”
Total 127 73.24
Dates 3 7.26 2.420 0.05**  2.75 411
Pastures 3 6.60 2.196 6.04**  2.75 4.11
Species 3 12.63 4.210 15.41**  2.75 411
Dates X Pastures 9 5.68 0.631 2.31* 2.02 2.70
Dates X Species 9 6.83 0.759 2.78**  2.02 2.70
Species X Pastures 9 7.01 0.779 2.05**  2.02 2.70
Dates X Species

X Pastures 27 9.74 0.361 1.32 1.65 2.05
Error 64 17.49 0.273
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Appendix Table IV. Analysis of variance of protein, phosphorus, and
carotene in browse samples during 1950-1951.

Source of variation  d.f. S.S. MC Observed F rag%os "

Protein
Total 46 46.64
Dates 3 3.33 1.110 9.49**  3.20 5.18
Pastures 2 2.62 1.310 11.20**  3.59 6.11
Species 3 25.10 6.367 71.51**  3.20 5.18
Dates X Pastures 6 2.80 0.467 3.99* 2.70 4.10
Dates X Species 9 3.14 0.349 2.96* 2.50 3.68
Species X Pastures 6 9.66 1.643 14.04**  2.70 4.10
Error 17 1.99 0.117

Phosphorus
Total 46 .01550
Dates 3 .00185 .000617  11.77** 3.20 5.16
Pastures 2 .00061 .000305 5.82* 3.59 6.11
Species 3 .00755 .002517  46.03** 3.20 5.18
Dates X Pastures 6 .00089 .000148 2.63* 2.70 4.10
Dates X Species 9 .00137 .000152 2.90* 2.50 3.66
Species X Pastures 6 .00234 -000390 7.44**  2.70 4.10
Error 17 .00069 .000052

Carotene
Total 46 2977.2
Dates 3 2149.5 716.5 42.07**  3.20 5.18
Pastures 2 59.3 29.6 1.74 3.59 6.11
Species 3 143.1 47.7 2.80 3.20 5.18
Dates X Pastures 6 77.6 13.0 0.76 2.70 4.10
Dates X Species 9 159.5 17.7 1.04 2.50 3.68
Species X Pastures 6 98.4 16.4 0.96 2.70 4.10
Error 17 289.5 17.0
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Appendix Table V. Coefficients of correlation among browse utilization.
browse nutrients, and blood nutrients during 1950-1951.

Species

Druwsc nilLLicnv  Blood nutrient — \ooeo for Greasewood  Shadscale

I. Correlation of browse utilization with browse nutrients:

Protein -.283 -.087 -.685*
Phosphorus -.021 -.046 -.430
Carotene +.237 +.062 -.151

2. Correlation of browse utilization with blood nutrients:

Phosphorus +.271 +.036 -.686*
Carotene +.881** +_.829** -.151
Vitamin A +_585* +.669* -.119

3. Correlation of browse nutrients with blood nutrients:

Phosphorus Phosphorus -.008 -.401 +.629*
Carotene Carotene +.246 +.082 +.229
Carotene Vitamin A +.524 +.140 +.508

4. Correlation of browse nutrients and utilization with blood nutrients:

Phosphorus Phosphorus +.271 +.401 +.779*
Carotene Carotene +.882** +.030** +.258
Carotene Vitamin A +.707* +.676 +.510

Levels of significance for I, 2, and 3 (simple correlation): 5%, .576;
1%, .708

Levels of significance for 4 (multiple correlation): 5%, 697; 1%, .800
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tion during 1951-1952.

Source of variation

Total

Dates

Pastures

Locations

Dates X Pastures
Dates X Locations
Locations X Pastures

Dates X Pastures
X Locations

Error

.71

Analysis of variance of monthly greasewood utiliza-

a.t. S-S. M.5. " Observed i rag%os 1%
71 7294.(1

) 1700.4 340.1 5.81**  2.48 3.58
2 05.6 42.8 0.73 3.26 5.25
| 298.7 298.7 5.10* 4.11 7.39
10 1227.3 122.7 2.10* 2.10 2.86
5 989.6 197.9 3.38* 2.48 3.58
2 159.7 79.8 1.36 3.26 5.25
10 725.2 72.5 1.24 2.10 2.86

36 2108.1 58.6
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Appendix Table VII. Analysis of variance of protein, phosphorus, and
carotene in greasewood samples during 1951-1952.

- .- Woc F ratios

Source of variation U-le ¢.5. Observed 50 e

Protein
Total 23 7.6
Dates 3 1.7 0.57 3.17 4.76 9.76
Pastures 2 2.7 1.35 7.50* 5.14 10.92
Locations I 0.1 0.10 0.56 5.99 13.74
Dates X Pastures 6 0.7 0.01 0.06 4.26 8.47
Dates X Locations 3 0.4 0.01 0.06 4.76 9.78
Locations X Pastures 2 0.9 0.04 0.22 5.14 10.92
Error 6 1.1 0.16

Phosphorus
Total 23 .00305
Dates 3 .00068 .000227 2.10 4.76 9.78
Pastures 2 .00093 .000465 4.31 5.14 10.92
Locations | .00006 .000060 0.74 5.99 13.74
Dates X Pastures 6 .00044 .000073 0.68 4.28 6.47
Dates X Locations 3 .00022 .000073 0.68 4.76 9.78
Locations X Pastures 2 .00005 .000025 0.23 5.14 10.92
Error 6 .00065 .000106

Carotene
Total 35 2167.72
Dates 5 1371.65 274.33 5.22* 3.33 5.64
Pastures 2 0.55 0.28 0.01 4.10 7.56
Locations | 0.02 0.02 0.00 4.96 10.04
Dates X Pastures 10 137.39 13.74 0.26 2.95 4.65
Dates X Locations 5 67.46 17.50 0.33 3.33 5.64
Locations X Pastures 2 44 .72 22.36 0.43 4.10 7.56

Error 10 525.91 52.59
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Appendix Table VIII. Coefficients of correlation among greasewood utili-
zation, greasewood nutrients, and blood nutrients during 1951-1952.

Coefficients of correlation

Browse nutrients Blood nutrients Observed 59 1%

I. Correlation of browse utilization with browse nutrients:

Protein -.219 .330 424
Phosphorus +.090 2330 424
Carotene +.097 .330 .424

2. Correlation of browse utilization with blood nutrients:

Phosphorus +.331 .466 .590
Carotene -.256 .466 -590
Vitamin A -.025 .468 .590

3. Correlation of browse nutrients with blood nutrients:

Phosphorus Phosphorus +.105 .466 .590
Carotene Carotene +.016 .468 .590
Carotene Vitamin A +.335 .468 .590

4. Correlation of browse nutrients and utilization with blood nutrients:
Phosphorus Phosphorus +.340 .574 .677
Carotene Carotene +.260 .574 .677
Carotene Vitamin A +.345 .574 .677
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Appendix Table IX. Miscelleaneous chemical analyses of greasewood during
the winter of 1951-1952.

Analysis-" 11-1 11-29 12-27 1-24 2-21 3-20 Mean
Moisture 3.0 4.6 4.1 3.0 3.7 2.1 3.6
Protein 9.4 9.4 0.6 0.7 9.1 9.1 9.0
Ether Extract 1.7 1.9 1.7 1.5 1.6 1.6 1.7
Ash 6.0 5.0 5.5 5.0 4.7 5.3 5.4
Crude Fiber 39.2 39.0 37.9 40.1 41.7 40.9 39.8
Phosphorus .00 .00 .10 .00 .10 .09 .09
Calcium .76 .00 .69 .74 .12 .70 .74
Carotene 12.7 13.1  10.0 17.7 2.5 3.7 10.1
Magnesium .15 17 .16 .15 .15 .16 .16
Potassium 1.02 0.90 1.18 0.91 0.90 0.95 0.98
Sodium .87 .67 .66 58 .49 .62 .65
Lignin 21.6 20.9 22.1 22.7 22.6 22.8 22.1
Chlorine .29 .24 .30 21 .26 .21 .25

I/Elarotene expressed 1in micrograms per gram, others in percent.
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Appendix Table X. Periodical salt consumption of experimental cattle
during 1951-1952 expressed in pounds per cow per period.”/

Period Days . PasEure S Mean
Oct. 18 - Nov. 29 42 .60 .60 .50 .57
Nov. 29 - Jan. 10 42 .60 .95/ 1.207 .92
Jan. 10 - Feb. 20 41 .70 1.20n/ 1.3/ 1.07
Feb. 20 - Apr. 3 43 1.20 .40 .90 .83
Total 168 3.10 3.15 .390 3.34

N U, S. D. A 1952. Forest Service.

A These salt boxes contained about three quarts of saturated salt solution

which was not weighed. Each box salted ten cows.

3/ This salt box contained about four quarts of saturated salt solution
which was not weighed. Each box salted ten cows.
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winter of 1950-1951.

Date

Jan. 15
16
17
18
19
20
21
22
23
24

Feb.

10

/0. s. p. A, 1951.
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Bureau of Animal

Date

Feb.

Mar.

Industry.

152

Pounds of hay fed per pasture per day during the
Each pasture contained ten mature cows

Pasture
R

80
150
100
150
116

GO

80
140
140

82
150
150
145
140
150
112
150
150
146
140
150
150
143
140
140
140
140

80

0
140

GO
150
150

80

0
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_ Appendix Table XI1. Pounds of hay fed per pasture per day during the
winter of 1951-1952. Each pasture contained ten mature cows.”y

Period . Pas;ure ‘
Dec. 21 - Dec. 22 140 140 140
Dec. 23 0 0 0
Dec. 24 200 200 200
Dec. 25 0 0 0
Dec. 26 - Dec. 20 200 200 200
Dec. 29 - Jan. | 105 105 105
Jan. 2 200 200 200
Jan. 3 0 0 0
Jan. 4 100 100 100
Jan. 5 - Feb. 12 200 200 200
Feb. 13 - Feb. 10 160 160 160
Feb. 19 - Feb. 26 200 200 200
Feb. 27 160 b0 160
Feb. 26 - Mar. 10 200 200 200
Mar. 19 - Mar. 26 160 160 160
Mar. 27 - Mar. 20 160 0 160

~ U. S. D. AL 1952. Bureau of Animal Industry.
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