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Abstract:

The problem of determining the forage plant composition of the diet, and the protein in the diet, of
livestock on the range has long; eluded answer,- except with very intensive, expensive, and tedious
Sampling. The objective of this study was to find more usable and simply applied methods for
determining plant species and protein in the diet of range ewes. A study was made of cell patterns and
crude protein of certain forage plants eaten, and of fecal material troided, by hand-fed wethers and by
range ewes.

A. direct relation was shown between dietary protein and fecal protein.: Undetermined factors other
than the protein supplement fed to range ewes were more significant, however, in altering fecal protein
than was the protein level of supplementation.

In cell pattern studies, some cell patterns were found to be present in grasses, and sedges which could
be found in fecal material of sheep eating that forage. Some other plants were studied, but no cell
patterns were found in them which could be reproduced in fecal material.
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! ABSTRACT

The problem of determining the forage plant ccmposition of
the diet, ‘and the protein in the dzetq of livestock on the ‘range
has long eluded answer. -except wlth very 1nten5ave. e&pen51ve¢ ‘and
tedious Samplang. The objective of this study'was tovﬁlnd.more
usable and simply applied methods for determlnlng plant Species and
protein in the diet of range ewes. A study was made of cell pattexrns
and crude protein of certain forage plants eaten, and of fecal
material voided, byfhand—fed wethers and By range ewes.

A dlre&t relation was shown between dietary prote1n and
fecal proteln Undetermlned factors other tham the protein supple-
ment fed Lo range ewes were more szgn1f4cant homeverv in altering
fecal protein than was the proteln level of supplementatlon

In cell patiein studiesn some cell patterns were faqnd to bé
present in grasses and sedges which ceuld be found in fecal material
of sheep éating that forage. Some other blants wexre studied,‘bu; no

cell patterns were found in them which could be reproduced in fecal

material.,
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INTRODUCTION .-

The”rangé'1iVest6ck:industry of the West has been built with
native rangé as its fouﬁ&atidn; it thisiindustfy is to contihue éo
command it place in agr1culture as 1t has in the past, the range
must remain 1n a pxoduct1ve cond1t10n* Ihe mQre product1ve<the.range
the higher the position the industry w11i command:

Involved in maintaining or impfoviﬂg this, resource are tech-
nical, educational, economic, soejal, and psychoiogical problems.
Research leading to this thesis Was:piincipally concerned with only
two of the innumerable tédhnical problems that we face today. The
first was that of 11nd1ng a simple and accurate method of determlnlng
what forage was taken by range stock. The second was that of deter-
mining what protein the range stock obtained from the native forage
during Wipter grazing;.

It is important to kuwow whai stdckueéi, This knowlédge is
elemental to manaéement leading fdward‘maintainﬁng and inereasing
those plant specles.whnch aré most product1Ve of stock feed. ‘The
value of a range cannot be adequately Judged if the specles mest
de51red by stock and most productive of stock feed are not known.
Forage species Which are high in protein in the winter are important
because ﬁhey may greatly decrease the neceSSary féeding‘of concenirates.

In the past several years there have béen:iﬂnumerable efforts
to determine. what forage stock take from their ranges, and to what
‘extent thi§ foragé supﬁ}ies a nutritionally adéquate diet.n Most of

the methods for sécuring data on preference and use of range plants




7 ‘ .
have beéﬁ indirect. The cnly.direét method ﬁéw used consists of
observing animals while they are grazing. Since’ﬁhis entails close
watch of animals at all hours of day or ﬁighi{wﬁeﬁvipey mighk graze,
and thrduﬁhxail_kinds of weather, the task is extremely tedious, and
‘accuracy is not assured.

For summer grgzingb‘there are indirect methods which seem to
be adequaie though they are tedious. In winter grazing, om the other
hand, thése methods may not be adequate. There is reason to suspect
that there may be a smail amount of forage taken ff0m plants high in
protein ox other specifiq‘nutrients (50) ¢ This small amount could be
very imp&rtaut in the animal diet; as range grasses are veﬁy‘low in
protein duving the winter months. Indixectymethods may not adequately
sample this type of utilization. |
‘ ft i; apparent fhat‘there‘is an urgent néed_for accurate and
simply aﬁpiied methods of dgfbrmining the extent:té,which forage
species'afe‘ﬁtilized and wﬁat special nutrients any of these plants
supply to livestock:

| A sﬁecific example of‘the need for determining ‘the amount of
protein which stock get from the range is found at Montana Agricultural
EXperimenf'Station@ This,StatiOH is trying to deteimine‘thﬁ mosi'
profitable Ie&el‘of sﬁpplementing rangé~sheephwith protéin»intthe
winter timéa',The results of this'protgin experiment can prbbabiy be
more accuraﬁely applied to otheg ranges if the ameuﬁt of protein
received byfthe'sheep from ‘each range can betdetermiped.°

In this study, these problems have been attacked through analyses
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of fecal materials, first for the~speciés composition of the diet,.
and second for protein in the diet without regard for the species

from which it came. Comparison of these analyses with xange.foiage
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'REVIEW OF LITERATURE

'Fecallmitéﬁeeﬁ

rhema are many wethods of detexmipﬁng tk& ﬁfgestiun‘eeeffici@nts
of feads_aﬁd spproximately Wﬁaﬁ yutrients amimals obiain from ihe feed
they éat. These methivds requipe however, that the feeds be chemically
analyzed before being eonvumed, and the residue, vr undigested portions
be analyzed after being voided: Two ¢f these methiods eve the lignin
rativ teuhnlquc as used by Ellis end otlers £24) and the ckmomsgen
method a5 -used by Redd and co-workers {(54).

Klést@fmdm and co~workers (4&) showed that B low paoteiﬂ diet
iﬂ‘pzegnant ewes caused & : small, but sigﬂ*fxcaﬁi decrease. in the serum
aibﬁmigsianﬂ'ﬁhe oxyhemoglobins. Oxyhemoglobins were Shown to be so
dﬁff@teﬁt‘i@ different ewes. However, that éwss had to be allotted to
test on the basis of theéiz blood oxyhemoglobin content before 5
significant decrease in oxyhemoglobin sould be shown to accompiny &
lowered protein diet. The differences in sevmm albumins WEE@ so small
as to render their use difficult. ﬁowevezu ithe s&gnxfxeance of the
differences seemed to warrant further siddy of the,method in determmin-
1ng the actwal state of pmatean putrition of stack on the ranga. -

Hobbss "et. al, (35) indicated that fegal namzagem was more
closely xeiated 1o dry.matiex 1ntak@ than 1o, the pexcenb~pxote1u in
the diet. Gallup and B&lggs (32) smgges@ed tha& f@cal nitrogen be
used as an indicatom of ‘dry matter intake. Several oyhem experim@mts'

" {3,28,29) have been made on fecal nltfsqen as affegted by theiézy

matter intake and the -protein centen@
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Blaxter and Mitchell (3) .and Forbs (28) showed’an incréasé‘in
total fecal ni;rogen per 100 grams dry matter intake as the pereent'
of dietary protein was increased. In the works of Gallup‘and Briggs
(32) and Forbs (29) an increase in totél digestible nutrientg'was shown
as the percént of protein was increased. Forbs'(2§)? onn the other
hand, showed;that the digestion was more affected by lignin than by
protein. | - |

Any methods based on the digestibility of feed appear to be
equally applicable to both cattle and sheep since several workers
report that cattle and sheep digest most feéds about ' equally well (11,
29,38,57) . ‘

Althbugh Forbs (29) and Cipollbni (11) report ihat sheep digest
the protein of some forages differently tham do cattle, these differ-

ences do not seem to obscure the general rule.

Cell Patterns
For Species Ydentification

Volumes of work (1g6&7;&”9,12@17§18;19,20,30,33.34136,37@88,41,
.42;45.47w48,49¢51@52@53y58) have Been’done in trying té perfect methods
to determine the degree of use of range plants. Measuremént,methcds
include weight, leﬂgth; height of stubble, 1ist coﬁnts of giaééd and

ungrazed pépts,'pereentage estimates, velume estimates; and weight

i &

estimates, Some measurement standards include only an estimate of
whether or not use has been too heavy.. These methods are primarily
based on what the animal has left ungrazed rather than what it has eaten.

Cory (16) in 1930 suggested .close observation of stock ?b determine
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the amohnf of timé spent on grazing different plants. Tﬁé time spent
on each'ébeeies was ghen used as an indexﬂio tﬁe portion.’of the diet”
which each piant sépplied- In 1940‘Frapé and Cory'(3l) follbwédzsﬁock
and attempted to collect- repzesentat1ve amounts of the dlfferent specles
on which they grazed Thls collectlon was then supposed 't0 represent
both the specles and chemlcal compdsition of the diet.

Cassady (10) suggested clnpplng samples before and after ¢grazing
to determjne boﬁh species and chemical‘composition of the diet: C. J.
Cook, C. W. Cook, and Harris (14,15) later developed this method and’
used it in determining species ahd:chemicél‘composition of the diets
" of range ' sheeps Everson (27) 1ndlcated that the txme requlred to get
a statlstlcaily adequate’ sample by this method seemed to prohlblt its
use under most condntlons. He estimated thefm1n1mum time ngcessazylto
collect a representabive-sample wéuld be ;9 hours'before grazing and
97 hours after grazing. ’Thislwould be a total of 21 working &aySa
Some of the areas studied requlred neariy Six tlmes as lomg to get a
-Lepresentatlve sample, while in the case of 1nd1v1dua1 species even more
txme would be reqmred° From Eversons conclusaons then, it appéars that
the full tlme of two workers would be requlred to adequaﬁely sample a
sheep band® s dlet once, every two. weeks, - The use- of thxs meth@d to
l sample the dlet of llvestock which are not herded seems even moze
impractical: The method depends on sampllng a short time before and
after grazing. With unherded stockg theigrea in whlch to take the pre-
grazing_saﬁple would not be Enbwn{ ’

De Nio .(21) and Noxris (46) have used éﬁomaéh analyses as a

-
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method of studying the diet of grazing animals. WNorris reported the
method valuable in determining the speaies‘consumed by sheep; but ;f
no value'in determining either the propertions of the differenmt species
in the diet or the chemical composition of the dieﬁu

~ Baumgatvtner aﬁd Martin (2) and'ﬁusi (23) used micfoScopiﬁ histo-
logical studies as‘aids in determining the diets of squirrels and cotton-
tail‘rabbits respectiVeiya Dusi used photographs of epidepmél cell
structureé while Baumﬁartner and Martin used prepared slides showing
cell wall patterns, stomata, pubescence; and conduétive tissué elements,
The feces were then examined in an apparently successful attempt to
determine the species composition of the diet.

Booth (4) demonstrated several histological differences between

iwe specfé? Qf'Méﬁtzéliéa ;Chéraaﬁétistic'diffeiencés:fa sizes, and
shapes of cells were noted. Subsidiary hair cells-were,§hownfio’hold
their original shapelafterxhurning, It appeared, from this work, that
diffEEenceg in the cell papténné of ashed material of these species
were of such nature that the& might be used, through fecal observation,
to detect those species as having bgen part of the diet. The abundance
of, and differences in, hairs and cells subsidiaryhio the hairs appear
to make these gharaéteis eSpecially well suited to*uses

Metcalfe and Chalk (43) recently have published books on the
anatomy thdicotyledoﬁbUS piants. They studiédAdifferences in hairs,
stomata, epidermal'éélls, veinsé petioles, crystalé, stareh, crystoliths;
lactiferous systems; secietory glands, corxk, endodermis; vascular bundles,

wood rays, fibers; growth rings; phloem, chemical contents of cells, and
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other piaﬁixpérts and'proﬁertieé. Comblnations of eharacte§s ‘were
found to be far better than 31ngle characters in ldentnfzcamlon. Such:
factcrs as cell dlmenslons or hair densxty‘were usually @f little Value.
Qualltatlve dlfferencés were found to be far. superaor mo qwantztatnve
dxfferences. ‘The method was of no consequenge.ln dlstxngu;sh;ug sPecles'
in the same genus becéuse the.différences betwéén species Were*nbt.-
usually qualitative; The value of the method seems to lle in providing
A ev;dence concerning the 1nterxelationshlps of faﬂllles. and to which
families questionable genera belong, This obsemvation on the merlts
of dlatxngulshlng specles ‘when the wnole plant is present wowld seem
to mhraw doubt on ,the Vﬂlldlty of 1ﬂentif10at10n of plants from the
histology- of tne small portlons whlch can be found in the feces of

grazing animals.
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CONDITIONS OF STUDY

This study was conducted with the zange ewes on a nutrition
experiment five miles northeast of Livingston. Groups within a band
of 1083 head were fed dﬁfferent levels of protein supplement during the
winter on this tests All ewes were kebt together in one band at all..
times durlng the experzmental perlad except that they were separated into .
groups, eaeh mornlng thﬁough a five way gwttlng chiste for supplemental
f@ednng,~(if~\« o

The 1evels of supplement fed duramg the W1ﬁter of l@ﬁﬂaal were f!

as followé“

‘:¥:; ' NOa,Shaep ' . ~
Group- - ou Expts 5 Protein Supplement

'6zi}ui- R 55l‘ - Noné ; i
| 1 | 246 s 1b; '10:8% pellets

2' ”f | | 242 " IR V- 15:'1@;&% pellets

3 :.‘:'_: 242 1/3 b 28-7‘% pellets

%;f ’ | 242 BN V£ 1;5.137 Th pellets:

5 e '1/3 ibs 20% pellets; 1/3 by dehy‘&n“ :

rated alfalfa; and full .
‘”eed alfalfa hay. S

QZOMP 5 was desmgned to be a Second @ontrol They weze kept at |
Fi. Fllzs near Bozemano Méntana, and fed hay and cOnc@ntrate. Clxmatle,'
forage. and feedlng ¢ondit10ns there were dlfferent than those on the
range. ‘ ‘ |

Groups 0 mhrough 4 grazed ol the fange durlng the day. They were i
bedded near the feed' pens at nlght, and then were separated lnto feeding

T groups &Me followang mornlng. After feedlng they again went together




into a 31ngle band..

The range land on whxch the sheep. grazed during the W1ntez was
mostly fOOthlll grassland type.A Preézpitation is approx1mately fifteen
.1nches annually. over 609 of whidh falls in the seaSenal perled of April
through Septemher The area offers llttle protectlon from w1nd Snow
covers the range feed for short. periods but wind usually sweeps the

ridges cleér'in a few days.

Vegetatlnn on the area is comparatlvely simple. There is a small

amount of bxg sagebrush (Artemlsxa tridentata) and a vexy. small amoun{

of rabbltbrush (Ghrvsothamuus‘mg) lenged sagewort (Artemlsaa frlglda)
is SparSely scattered ovew most of the .range and a little phlox (Fhlox
5p.) and'clubmoss ( élag1ne11 sp.) tan be found in most places.  The
pr1nc1pal forage specaes found are bluebunch wheatgrass (Agxoggron

- »‘,':

sgacatum}' estern wheatgrass G, Sm1th i), needle~and~thread grass

i ’Jf‘f

(Stipa comata) Junegrass (Koeleria cristata)y and a little Sandberg

bluegra#f

(Poa secunda)a Cheatgxass (Brcmus tectonum) is pravalent on,lgn;

'prevxously plewed areas wh11e crested Wheatgrass {“grOpvran az1statum)
furnlshés a 1imt1e feed 1n some plaees ' '

A llttle green feed was available 1n the fall thh cheatgrass,
femalnlng green and ava;lable through December and 1nto January Sheeé i.;v‘
went 1nto the home -ranch for 1amh1ng before spring growth had atarted
During the wznter fringed sagewort. rabbltbrush clubmbss, and phlox
xemalned mama or less gxeen. These planis are melat1vely scarce howeverv‘
- 4

and Seemed not to have been heavily used.

Gzass hay was,the enly other fnrage availablé to the sheep, This
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hay was fed only when sncw made the vange forage unavailable.

Moze detailed data concerning the weather and farage on the
sampllﬂg‘dates are as follOWS"
December 29: The first fozage sample was taken¥ There was 5o snow.
There weée only a very few green shoots in the centers of perennial
-grasses; Youﬁg.cheatgrasg Waé green, but small.
January.lS;. The first fecal samples were taken. A little cheatgrass
had been available while perennial grasses had a very few green leaves
on them@ixTﬁege was no snow; and @he;weatheﬁ was relatively War@.
January 29: The second fecal and second drass samples were_takén. It
was very ¢old, snow had all but the tops of grasses covered'in most areas,
and no Qﬁeen material was‘available.
February 12: Snow had covered the ground the night before this thixd
fecal éample. Range had been clear of énow'and weather not excessively
cold. The.§héep had been moved to fresh rénge at a diffexent‘camp about
a week before. | .
February 26: The area was partly covered with snow from fhé,ﬁébruary
12th félli Sufflclent ground was clear so that there was llttle inter~
ference with grazing. It was not very cold at thls time. Grass samples
were collected on this date for protein analysis;
Marech 12- Snow had covered all forage for several days. Hay was being

fed to the ewes. U‘*:j'f BRI
' March 26: The last fecal and.grass samples were takea., The whole area
was clear of snow. ground was fairly well thawed out. and a few green

shoots were noted on some of the pevennlal grasses, especlaily junegrass.
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EXPERTMENTAL PROCEDURE

The literature préviously reviewed seemed to indicafe that when
the peréeni of feed protein was increased, both digestib;e dry matter
of the feed and total fecal bro&ein'ﬁere increased. Lignin was shown
however:’to be more ef£eb;ive in altering the digestion of feeds than
was the percent feed protein. From these works then; a hybothesis was
developed that the peréent fecal protein woﬁld increase as the percent
feed protein increased pfo&ided the . lignin content remained relatively
constant. \

In order to obtain.more information ‘regarding this hypothe51s, .
further data were calculated from dlgestlon trlals as reporied by
Schneider (55) and Morrison (44). In these calculations the feed protein
which was n&t apparently -digestible was determined by subiractiing the
apparent digestible protéin“from the total crude protein in the feed.
The amount of feéd voided hs fecal dry matter was similaxly deterﬁined.
The percentage of fecal nltrogen was then calculated for comparison with
the feed proteln In Table I, fecal proteln percenﬁages are given which
were calculated from digestion coefficients given by Schneider (55).
Table IX waé calculated from Morfison (44) and'Tgble IIi from the work
" of Gallup and Briggs (34):. These calculations tended tc bear out the
original hypothesis.

Fecal Pretein Studies

Before studylng fecal proteln of the range ewes, it was deemed
advisable to first study the effect of varying levels of protein

supplementation under more closely controlled conditions. A preliminary

i
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Table I, FEED ,PROTEIN AND CALCULATED FECAL PROTEIN =

{From Schneider (553

' % Appéient Calculaied
% Feed Digestible % Feecal

Feed Protein Protein Protein

Seft brome, Fescue, and

_ oat mixed hay - -0:9 8.8
Soft brome weathered hay’ e T =0.3 9.0
Bluebunéh wheatgrass: o R '

kay-overripe 3.0 0.2 5.0
Barley hay mature 6,2 3.4 8.4
Barley hay milk stage 7.1 3.5 9.0
Bermuda grass hay ) 7.2 3.7 7.1
Timothy hay-full bloom 7.2 3.9 8.4
Barley hay 7.9 4.4 9.6
Bentgrass mixed hay 8.1 4.7 9.6
Timothy hay-1/2 bloom 2.2 5.6 9.9
Atacia pods 11.8 6.1 16.6
Bluegrass. hay 10.0 6.3 11.5

Alfalfa hay under 13% 4 C
protein 12.1 8i0 - 9.4
: Alfalxa hay-overripe 12.4 8.8 9.0
" low ash _ 14.2 16.0 ‘10.4
N v 31-34% fiber 14.1 10.1 2.6
" " - full bloom 13.9 16.4 - 8.8
" " all experiment 15.0 10.8 . 10.2
" " under 25% fiber - 16.4. 12.1 12.1
. " high ash 16.6 12.3 10.8
" " early bloom 16.6 13.0 2.9

" " last cutting-

very immatuve 21.8 15.7 16.3




ﬂfableﬁil, FEED PROTEIN AND CALCULATED FECAL PROTEIN

(From Morrison (43))
Calculated Calculated
A Apparent % Protein Not- % Feed . Calculated
- % Feed Digestible Apparent Voided as : % Feeal
T Feed Protein .~ Protein Digesiible Fecal Dry-Matter . Protéin
Alfalfa “hay black’ 17.5 0.4 - 17.1 66,0 25.91
Bafley straw B 8.7 0.7 . 3.0 - ~-249.8 - 6.02
Grassiustraw il - 4.5 1.8 2.7 -« 47,2 5.72
Betmuda 'grass, poor - 5.8 2.3 035 5.1 . 7.00
Bent.grass hay ' 6.6 2.8 3.8 43.2 8.80
Johnson grass hay ) 2.9 3.6 . 42.4 8.49 .
Bermuda grass hay 7.2 3.7 3.5 48.6 7.20
Barley hay : 7.3 4,0 3.3 - 41.2 8.01
_ Slender wheatgrass hay‘ - 8:0 4.6 3.4 41.4 8.21
_Broimégrass hay, all-analysis” 9:9 5.0 4.9 41,8 11.72
Crested wheatgrass. hay, : - o oo
.U eut early ' 9.2 6.5 2.7 - 41.7 6.47
Alfaifa hay stemmy 12.1 8.1 4.0 -46,1 8:68
"u - "™ past bloom 12:8 9.2 3.6 45,5 7.91
e 0" brown - 17.3 9.2 8:1 45.9 17,65
T " fair 13.5 9.7 3.8 42.8 8.88
- Alfal¥s. meal stemmy . 13.6 2.8 . 3,8 "44.5 8.54
Alfalfa hay 3/4 to full o o L -
~ “bloom 14.1 10.3 - 3.8 42.8 8.88
AlFalfa hay good 14.3 10.3 4.0 42.3 9.46
* all analysis _ 14.8 10.5 4.3 42.7 10.07
" " 1/10 t0.1/2 bloom 15.3 1i.2 4,1 40.8 10.05
n " dehydrated 16:1 11.3 4.8 . 39.6 12.312
" " leafy © 15.8 11.7 4.1 - 41.8 9.81
Alfaifa meal goed . 16.1 11.8 4.3 41,9 13,26
Alfalfa_hay very leafy 17.2 12,6 4.6 41.0 11,22
" before bloom 19.0 . 3.7 5.3 47,5 . 13.69
Alfalfa leaves 22.3 17.4 5.1 36.4

13.46

61




Table IIl: FEED PROTEIN AND CALCULATED FECAL PROTEIN-
IN PRAIRIE HAY AND PRAIRIE HAY, SUPPLEMENTED WiTH COTTIONSEED-MEAL

" H .= - (From Gallup and Briggs (31)

. T Caleulated Fecal . Calculated.Fecal Calculdted Fecal

" Gramg -Dry Percentage ~ ’ Dry Matter Total-Fecal Nitrogen
-~ Matter Com~ % Crude R ) - Total Nitrogen-~ * % of Dy
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test, therefore, was carried out.
In this test, 3 groups of 4 wethers each were fed in individual

crates for a period of 16 days (Tables IV and V).

Table IV. DAILY RATION OF WETHERS ON PRELIMINARY TEST

- Grams Linseced - % Protein in
Group no. Grams Barley 0il Meal © Hay Supplement
I , 152 . Tree 37.1
. , Choice
1 S _ 59 . .93, . Free. . - 20:0
' : Choice
IT1 ‘ . v ' Free -
: ' ' . Choice
Table V. PROTEINS IN FEEDS USED TO

FORMULATE RATIONS FOR WETHERS ON PRELIMINARY TEST

Feed ‘ : % Protein (Dxy Wt. Basis)
Linseed 0il Meal : 37.1
Barley - : | 9.2

Hay - ‘ ) . b - . 8.0

Thé first group was fed a éuppiément‘of‘152 grams.(l/B ib)
per day of 37.1% lihseed 0il meal. The second group received 1/3 1b.
per day'of a 20% supplementi made up of 93 grams of barley plus 59 grams
of linseed oil meal. The thivd group'xeceived no supplement..

The supplement wés fed each morning about eight o'elock
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follawod by an, mn11M1ted feedlng of hay containlng approx1mately 8%
protenn,* The sheep WGre tumned out in the corral befome nobn whare X
water and‘a commerclal salt«mlneral mlxture was available. They were _‘
put in thelx stalls agaln about 4:30 P. M: and allowed to eat hay umtil
approx1mately 8§:30 P. M. when they were turned dut in the c@xral for
the night. . There was no’ straW‘or otber beddnng maternal in the coﬁmal ‘
upoy which they could feed |

Fecal collection bags were used to collect a 12 hour Supply of
feces at the beginning of the experiment, and at the end of 12, and 16
days. Thls materxal was then dzaed in open pans over a steam radlatcm.
Individual " fecal samples. and a QOMposnte sample of tne hay fed were
then ground ‘and analyzed for cxude‘protein; Uneaten portions of hay
were collected each mornlng and were weighed at the end of 5, 10: and
16 days. The total amount of feed consumed.was determined. and peIceﬂt
of ¢rude proteln in the diet was then calculated for each wether. Feed ‘
protein and fecal promexn were then compared (Tahle Vi). The vesults |
of this preliminary test appeared sufficiently promising to warzant
going ahead with ihé test of ﬁhis method on a laEgex sca{g'with the range -
ewes, _ ' o

thﬂanuaﬁvaS-the firsi fecal sampling was made on the;waﬁgegewes.
Sampling was done at two week intervals after that untal Maveh 26. Thé 
' ewes went to the lambing sheds shortlv after thxs date and were not’
avallable for further sampllng ' |

Twenty ewes, randomly selected from each feedmng level gﬁoup were

taken as the basis of cach test. After the groups had been separated
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© Table VI, . CALCULATED FEED. PROTEIN . . "
" "FOR LAST SIX DAYS AND DETERMINED FECAL PROTEIN OF LAST
"' SAMPLE FOR WETHERS ON PRELIMINARY TEST

~ Wether No. , Calculated % Feed Protein % Fecal Protein,
' Group I
1 11.35° 9.7
2 11.36 .10.9
3 E ‘ 11.39 v o : 9.6
4 oo : , .11.58 - 10.3
Mean T 1.4 B 101
Grou’g'__l
5 7 9.52 - 9.8.
6 9.29 8.6,
7 6.36 9.8
8 . 9.33 . 58.1
Mean ' . 9.34 9.3
1 i B G:oup Ii1
9 - 8.0, 9.2
0. e . 8.0 9.1
11 : SR 8.0 8.9
12 8.0 8.6
Mean 8.0 ..o 90
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for their daily supplemehtéi'feeding, moveable panels were set up as
a small corfal into which about twenty-five sheep were driven or lured
with hay; ’Oné person‘would then holé the head of a sheep and mark it
with chalk so that it would not be sampled again. A second person wouid(
hold the. rear of the Sheep agalnst a fence panel and take, by inserting

the 1ndex finger in the rectum. a sample of at least 8 fecal pellets,”

or an eqyivalent amount of unpelleted material,. Thié sample was then

but into a small clean bottle. Individual bottieslwete used so that an
equal port1on of dry material from each ewe could later go 1nto a compos—
ite sample fox the'entire group. A rubber glove was used to proiect the
sheep and to keep the haﬁds relativély clean.

A band of purebred sheep was also on a nutﬁltion experiment durlng
the winter of 1950-51. Two samples were taken from each of the four
f&eding'groupé intovwhich this band was divided. The first sample was
taken on Mafch 12, and the second on March 26. ' |

These samples were not kept indiViduall& as were the range ewe
samples, due to a lack of suitable containers. .An effort was made how-
ever, to get apprcximétely the same smount of matérialrfrom:each of 20
sheep in each feeding group.

A11 fecal samplés were &ried over a steam radiator for a pericd”
of one weekq‘then grbund and ana}yzed for crude proﬁein (Kieldahl Nethod)
and moisture. Unground portions of samples from the range ewes were

. saved for cell pattern studies.

Cell Patiern Studies

Before cell patterns, could be used in species identification work,
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mﬂthod had to be develOped by which both forage spec1es and fecal
material could be treated to show the cells clearly. w1thout excessive
maceration of the material. Numerous methods were investigated in an
attempt to find a suitable oné.

Cencéntrated sunlfuric acid was used on‘fecal and plénf material,
both burned and‘unburned. The material turned black with this procedure
andvfaiied to clear up either upon -boiling oxr étanding for a period of
one week. The Kieldahl digestion mix;uré was similarly tried with. only
a litile better success. Mo clear cell pat@eﬁn groups could be seen.
Ashed and unburned fecal material ﬁere hoth boiled and soaked. in perchloric
acid. The material iemained black and cell pattgfns indistinguishable.
Ashed méterial was both boiled and soaked in hydrogen peroxide, phloral
h&drate éolution. and hjdrogen peroxide with ammonia; Blaek material
still remained among the cell ﬁattern gro&ps-' Chromic acid, either alone
or in cemb1nat10n Wlth other reagentaq caused a deep sta1ming of. the
material, Mak1ng cell pattern groups indiscernible. Nltrzc acid failed
to clear black portions im ashed material.

"Burning in a low flame, or in a tube through which air, or oxygen
was passing, were not found superior to burning with an ordiﬁary flame.
Burning with air or bxygen‘gassing over the material might have been a
Qood procedure except that as soon as any particle became thoroughtf
ashed it was so light that it would blow away befofe other pa@iicles
were suﬁfﬁcienfly.ashed for study. | |

Tgeatment of gyaSsés by burning, wevertheless, gave some goodlk

cell patterns: Treatment of fecal material with nitric acid to macerate
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it followed by burning withﬂéiréat‘fiame‘on slides Qcaasionélly\gave
good patterns. Mast,slides,lHGWEVez, had black portions in them after
buening. | |

T#eatwent with ni;xié acid without buihing was found to be the
best meihod¢§£ treating material to obtain clearly visible céll pattern ‘
groups. Some problems involved in the use of this method were: 1. acid
fumes etcﬁed and damaéed microscope lenses; 2. addition 6f a base to
neutraliée the acid caused salt crystais to form which interferred with
distinguishing the cell patterns; 3. use of too weak acid or too short:
a time failed,to clear the material sufficientiy to see the cell patterans;
4. if treatment was a liitle ‘too long or a¢id a little too %trbng; the '
material became macerated and broken apart too much to see any cell
patiern groups. | | |

_— . ‘The Nitric Acid Method

In preparing fecal material for examihation a concentrated or T2%
nitrie aéid wés used.l Fixst the fecal matevial was mashed and put into
a small beékez. Enough ég;d’to cover, the material was added and then
it was béiled for about thiriy to forty—five saoonds. Water was added
over a siﬁk @agil the evéx£IOW'had taken away the foam. After the matewial
had settled a short time if was stirred 1ight1y with a glass tube and
tﬁen allowed to enter the tube fiom the bottom of the beaker. The mater-

ial was withdrawn by keeping one end of ‘the glass tube closed with a

finger. The first drép,@as allowed to go back into the beaker 55 it
usually contained a small portiom of sand which the sheep had eaten along

with its food. Then, without removing the finger from the glass tube,

¢ i .
’
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two drops of material were put on a glass slide. This slide was dried,
than washed~by'dripping several droppers full of xylene onto it and let-
iing the kyléne *un off siowly. Canada balsam mnﬁnting oil'was adééd '
while the material was still wet with xylene. A cover slip was added,
and the slide then set aside to dry. If temporary slides were desired,

glyeerin was used in place of the mounting oil.

K

Tn preparing réference material for éxaminafjon.;siidgs ﬁete made
from the leaves and sheaths of grasses and sedges. Stems were not use&
as they supﬁlied very few distinguishable cell patterns and ﬁery much
undifferentiated material. '

The reference material was’éut into piécés'about-l/B inch long,
placed in # small beaker, covered with 20 to 30% nitric acid and boiled
two to three minuies or until most of the materiai éppeared clear. Cool
water was then added to>stép the action. Bome of the material was then

removed from the beaker and placed on a slide. Four to five droppers

full of 95% alcohol were dripped onto the slide to wash off the water

and acid., Care was ﬁaken tohsee‘thay the treated material was not washed
from the slide. In a similar manner, four to five droppexs full of-
xylene were used to‘wash off the alcohol. Canada balsam mounting gil
was added while the material was still wet with xylene, a cover slip.
added, and‘the slide set aside to dry. If cieudiness appeared, it
indicated that water was still mixed with the material.

Camera-lucida drawings of cells and cell groups were unsuccessfully
attémptedﬁ Microprojeétor drawings were made qf,mény types. of cells and

cell group patterns, but all drawings were abaﬁdonﬁd‘in‘favér of the use




of twé microscepes. One scope was usgd.to view the fecal materEaI to
locate cell pattern groups, the other to view reference slides to aid

in 1den§1f1;at10n. Familiarity with the dlffereﬁt cell pattern groups
of different\snecies seamed very essential in any identification work.
Even short lnterruptlons of a few days seemed to make refamlllarlzatiOn
studles necessgry. A nuMber of reference slides were found o bé needed
for each Spédies studied in order to include the varlatlon of cell group
patterns that occurred.

Panqe Foraqe Sampl;nq

AR}

& .
Pﬂnge forage samples were tazken monthly for crude proteln analyses.

The forage sampllng areas were marked wzth a post from which S&mpllng
transects started The lodatlons of ﬁhe sampllng areas 1n relatiom to
the feed;ng camps are shown in Tigure 1 Azeas 1 through 5 were sampled
while the sheep were grazing out of the first.feeding camp. Areas 6
through'@-ﬁere sampled whilg the sheep were grazing out of the second
feeding éampf .

In sampling cheatgtas&o f;ve pla@s apprcx1mately 14 1nch@s in
dlqmeter and ‘ten paces apart along a paced transect were used.” 0ld Stems“
of cheatyrass were removed first snd disearded and then the living plants
clipped'wibh.a pair of scissoré,

Bluebunch wheatgrdss was sampled by llpplng approximately one
fourth of each individual bunch nearest the toe on every tenth step &long*
a paced tragsect¢ These_transects starmed &t . the sampllngwarea mezking
posts and were 100 paces long. The hezght of clipping.was" approx1mately

2 incheS'ffom-the groyrd.’ Needle-gnd~chread was sampled iw the same




o---—-First feeding camp

-Second fet ding canp

SCALE 6
| inch - | mile
Figure I.  Sketch Of Winter Range Showing Grass Sampling Areas,

And Winter Feeding Camps Where Fecal Samples Were Taken
From Range Ewes.
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manner g{tﬁ}@ebunch Wheatégass except that a buach was selected at the
end of éwéfy ;ive steps glong the txanﬁécis; and the entire bunéh was
ciipped éﬁ é 1/2 inch stubb;e heigﬁt; Other species WEﬁe sémpi@d; one
at a timé; by taking all individuals encountered along transects at
least 100 paces long. Additional length was added to the transects when
less than 15 gmaﬁs of material was secured along the fizst lﬂﬁ'paceé;

15 gxams was considered a winimum amuuni of materisl necessary to use in
pzepazing'a sample for chemical analysis. Grasses (other tham bluebunch
wheatgrass) and sedges wewe clipped to within 1/2 inch of the grpwné
while fringed sagewort and phlox were sampled by clipping the gmeenr

materizl and the small stems to which the green material was attached.
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RESULTS AND DISCUSSION

Fecal ?notein

In a stwdy of the nalaulat@d feaal prﬂteim pezceﬂtagos @Tables I,

IIa &nd.III), it is net»ceable that the fecal pmouezn and digestible
protein percentages are not‘well correlsted in several cases. Tae general
trend, ﬁ@wavero is a ca@xesﬁonding variation of fgad and- fecal protein.
Cbviously, the use of fecal pwutein'to indicate the level of dietary
ﬂ;gastlble prmtexn cannot work if th@ epparent dig@@tibiiaty of the
protein zm the fornge from the expeuimental mamgev 55 cempared tﬁ the
digestibility of the othex_nutfaants, is large;y different than in the
férage from the range which is to be tested. There is veasen to believe
~ that the relative digestibility of'forage frouw one range &ay ao%~differ.
grestly frou that of snother. The time of testing would be in the winter
- when forgge is eithen Brcwse‘or cured aﬁ@'awied steﬁs of grasses and fombso,
oSt waﬁgas have a vamieﬁy,ﬂf.famage‘aVailable.Jamd:stock sre selective "
(13,15,22,56,62) in thei&lgiaziﬂgm‘ From the vamiabiiity“shoﬁh'in Tables .
I, IT. and III, how@veme it seems safe ;9 assume that the zeiwtiva ‘
digestibilities of the puotesﬂ and the dry mattey would mot be identical.
These pzocesSeﬁ feeds vary greatly in theiw digestibility.. Even these
date, however, show a*definite trend toward inerease in feéal protein

as the feed protein increased. ‘Féeds which were unusuzlly ‘high ox low

1n digestible dzy mwttexe 38 aompﬁred to ‘the protean caﬂtemto gav& fecal “;3
protein values whick tendeﬁ to ba contmary tﬁ the gen@ral trend o

Iu the prelxmlnazy expczlmental work wnth%weth;rga zha initial

' facal protéiﬂ values between the graups were caleuleted to b@ slgnzflu

\‘ ‘
" <
K
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cantly different% (Table VII). The’réaSon for this difference is not
known, The wethers were all in' the Same band at Fort Ellis prior to test,
‘and tﬁeir’feéd was . supposed to- have been the same. Even if some of then
" had had écéesg'to some unusual'feeariit seems strange that.sheep with a
high initial fecal piotein valﬁg should havé been coQCentrated in group
2, The individuals were thought to have heen properly.randomized within
the groups. | | ‘

; The high significance sthnlin,TabletVIII'iuéicatés ihat.fecal
protein percentages were‘posifively gorrelatéd.with the feed'protein.’
ﬁigurgs 2 and 3, which were taken from Table VI, tend to show
this relationship more clean;y: Fecal protein did not increase’in the
same proportion. as the feed‘protein. Thé.rapge of feéd pro;ein‘Was from
8.0% to 11.6% while the fecal protein‘ranged from 8.6% to 10.9%." The
group means ranged fromyaho% to 11.4% and 9.0% to 19.1% respectively.
By charting means (Figure é). ﬁhe feed and fecal proteins were egual ét
: 9.3%. Feed proiein values above anﬂ below 9.3% coincided with a cox~
responding but smallex cﬁange‘in the fecal pfoteiﬁ values. |
Wethers whieh received no suppieﬁent were found to have eaten
more hay than the suppiemented groups in the last six day period. This
difference was significant to the 5% level (Table IX). Differences in‘
total feed consumed were negiigible. Différences in fecal protein,
therefore, are not consiQered to have been affected by differences 'in
the dry matter intake.
#Statistical amnalyses are acco;ding to methods presented in the

following book: Snedecor, G. W., 1946. Statistical Methods, 4th
~Edition. The Towa State College Press, Ames, Iowa. ' - ‘
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FECAL PROTETIN PFRCENTAGES

. OF WETHERS ON PRELIMINARY TEST

{(Dry Weight Busis)

Initisl .

Wether No. - - Afrer 12 Days - &ftm:_'ifs-i}ays
Group I ‘

1 8.7 10.86 9.7

2 8.8 9:6 10.9

3 - 8.4 9.8 9.5

‘& ’8&2 go’ﬁ lee;;
Total 34.1 .- 40,5
Avexage 8.5 - 9.9 10.1

roup IT :

5 8.9 9.0 9.8

& 10.4 8.9 8.6

7 9.6 10.7 9.8

8 10,0 9.3 9.1
Total 38,9 - 37.9 37.8
fverage 9.7 - 9.5 9.3

| \ Group II1 |

9 8.6 - 9.3 9.2

10 8.4 8.7 9.1

i1 7.9 8.9

12 9.7 8.3 3.6
Total . . 26.7 34.2 35.8
hverage - 89 , 8.6 9.0

'ema‘lysi's, of Varience
| (Tritial Protein Values)

Variation D. F. S. . M. 8. -F. Rasie
Treatment 2 299 . Lo 4.96%
Exrox 8 - Z.44 S« .30 \
Total 00 5.3 .

Significant F. at 5% level = 4,46 ..

!

| Ty

.. &
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. Table VIII. . FECAL PROTRIN OF WETHERS
- ON PRELIMINARY TEST APTER 12 AND 16 DAYS ON FEED

'

< Group I co . Group II < Group III

| Dee, 11 Dec. 17  Dec. 1l Dec; 17 Dec. 11 Dec. 17 =

S 10.8 3-n 9.7 9
9.6 . 10.9 8
AT - SN X S
L i Q 'uys 9
7

Sub total~ 39.7 ' 40.5 37.

& ] co~yeno
| N
S| ooow
© O 01— DS

Total .  80.2 75.2 70.0

. -\ Analysis.of Variance

Variancé;ﬁuek Do R, _ S. S._: ”‘ M. S. T Ratio

o . 3 " 9,85
3

R

‘Treatment A
Exrox: .. - 21

N
o UL

(=]
. :‘.m
CQ

Total 23 1

* Siguificant F at 1% level 5.7
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[Figure 2. Individual nd Group Mean Values Of Feed Protein Vs. Fecal Protein Of Wethers On
Preliminary Test
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Table IX.

a7

| GRAWS HAY CONSUMED
BY WETHERS ON PRELIMINARY TEST.
Wether No. = First 5 Days Second S'Dﬁys " Last 6 Days -.Total
Groug No, 1 ‘

1 5910 5475 ' 7275 18660

2 5700 6330 7245 19275

3 7150 6900 ... . 7535 21585

4 5735. 5440 . .. 6755 17930
Total 24495 24145 - 28810 77450
Average - . 6124 6036 . 3 . 7202 19362
' S Group NQ. 2 . : :

5 7120 6065 - 6440 19625 .

6 5885 6635 . CTTTO 20290

7 6135 6340 . 7320 19795

8 6805 6695 - 7485 20985
Total S 25945 25735 29015 80695 -
Average . 6486, 6434 .- . 7254 20174

‘ - Group No. 3

9 ' 6185 6840 - . 8215 © 21240

TV 7255 7540 8875 23670

11 6415 6320 - 7600 20335

12 .. 5905 6920 - 6040 - 20865
Total : 25760 27620 32730 86110
Average 6440 6905 - 8182 21528

‘Analysis of Variance For Last Six Day Period

Source of Variation LF. ' S.85.. WS, F. Ratio
Treatment o Group 2 2434137 121706 5.11%
Error 9 2144669 © 238297
Total

11 4578806

“Significant F. at the 5% lével = 4,26

¥
¢




;ﬁlscusszﬂg the fecal protelns from the range ewes, it mayfw

Al'i
l'.?
‘l")

0 eXEming'the forage analyses (Tableﬁ)

 be desi These data show f“d ‘5”

no great di,ferences 1n fhe cxude protein percentages througﬂcuﬁ\the

'

In general, sllght decreases from Decembex to January and slzght

‘ .
3 o

wmter . -.

el .

1ncreases from February to Maxch were noied _ ‘

b : f;;m'analyses o; the data: secured from the grade ewes (Tables

XI and XII)’xt seems EV1dent that - the fGle protéln percentage is a very fﬂ
good lndicator of dlfferences in the dletary protewn of groups of sheep

when they.ane under~the same envmronmental and forage conditions. ‘The
high szgnlfacance by detes of samplang of ewes under range COndntzons
(Tﬁble XII) ‘indicates- that factors other ‘than the protein supplenént
affected the fecal proteln moxe than did the supplement itsélf; The

factors which might effect a change in fecal protein levels are: 1.

snow cover;

5. fetal growth;

[3

2.

tenperature;

and 6.

3.

wind:

4. fveshness of the range:

other factors.,

If the weather
the dates of sampling

uary 15 was clear and

no precipiiation since the .03 inches whick came on January 2.

reports (59) are studied as they éorzespond to
it is seen that the first sempling daté on Jan-
relatively warm with no smow. There had been

The

feeal uztrogen was hlgh at this txm&,

By January 29, cold, had set in.

Snow had been on the ground since the 23rd with as especislly heavy

cover after the:27th. The fecal nitrogen was low. High fecal nitrogen

on February 12th corresponded to clear ond warmer weather before this
date. Sndw fell during the naght before thxs gqmple wes tdken, how-

ever. FebIUuIy 26th was also preceeded by falm wea%her and ot enocugh




_-{Table X. CRUDE PROTEIN VALUE IN GRASS SANPLES TAKEN ON THE SHEEP RANGE, 1950-51

iz\§ ; ) Sample Area and Date

1] 2 3 4 | B G 7 ] & 9

|Species Dec |Jan |Dec|Jan|Dec|Jan |Dec {Jan|Dec|Jan| |Feb|Har|Feb|Mar|Feb]iar| Feb

|Sampled ‘ 29 |20 1 29| 29].29] 29] 29 | 29| 29| 29| 26] 26| 26| 26| z6| 26| 26

C|Phlox CT 4.5 :
Acheatgrass. - . |11.9[w2.1| ] we.s)T.2
CidWesdern - e T - - -}
cle mheatgrass oo

- Bluébunch Ce
= li"wheatgrass
S Néedle-and--;<

>l thread g;ass
“-|Blue grama ’
g;anegrass -
 |Sheep fescue? -
SR 31ue301nt

“l#readgrassd
7|Threadleaf - . - . k » .. T :
2 sedget 0 - e 4.313.9 | N E 1 |5.4]4.5{3.5
 |Fringed T d ‘ . I i < ‘
‘|- -sagewort - . - B I 6.7 L b.917.7
= {Sandberg o -t I T
=} bluegrass: ' 1 2.4]1.0
" |Slender . .
A~ wheatgrass® : 2:613.2

3.3] - 3.5/3.2

N

=]

)

)
AT
o .
nd
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i

o At
-0 o
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e
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2.8(2.3] | |27]2.9({2.
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L. Bouteloa gracilis 3. Calamogrosiis moutamensis 5. Agquyﬁon
452” Festuca ovinz 4, Carex filifolia T trachycaulum




>f

/ésTéble 1. FECAL PROTEIN LEVELS OF COMPOSITE SAMPLES TAKEN FROM GRABE EWES ON

PFGTEIN’NUT?ITIGR ”ESTv 1950-51

Protein

. Supplement )
Fed Per Bay Group Jam. 15 Jan. 29 Feb. 12 Feb, 26 Mar. 12 Mar. 26 Total - Mean
~None : 0 9.8 8.1 10.0 8.2 9.5 8.8 54.4 9.1
/3 1b. 10:.8% 1 9.6 8.5 10.2 8.7 10.7- 9.3 57.0 9.5
- 1/3 1b. 19.8% . 2 16.1 5.6 16.1 - 8.7 11.1 g.5 58.1 9.7
"~ 1/3 1lb. 28.7% - 3 10.6 8.7 16,3 . 9.1 i1.6. 9.2 58.9 9.8
L 1/3.1b. 37.7% 4 10,8 &.4 10.7. 9.0 11.3 9.5 59.7 10.0
- 1/3 1b. 20%- . B 13.1 12.6 12.6 5.1 13 o 11.6 78.1 13.0
e '1/_3; 1b. dehyd. - , - ‘
~alfalfa~-full :
fEed alf. hay _ _ o N
Toial 64.0 54.9 - 63.9 . 58.9 .66.6» 57.9 366.2 61.1
~ Mean 10.7 9.2 10,6 . 9.8 1.1 9.6  61.0 10.2
; . Anmalysis of Va?iance
) Vafzance-ﬁue TsAn“ B, F. :> S.is, o 'S, F. Ratio
“Dates. 5 16.6 © 3.30 63460
--Treatment & . 61.0 . 12 20 _ 23.462%%
~ Error 25" .- 1301 B oL
Total 35 9.7
*“blgnlflcant ' at 1% level = 3.86 : B "L. 5. B, = 684

" op-




Table XIT. . ' FECAL PROTEIN LEVELS
.o OF COMPOSITE SANPLES TAKEN FROHM RANGE EWES ON PROTEIN NUTRITION TEST, 1950-51
(Same as Table XI except that group 5 is deleted)

Group Jan. 15 Jan. 29 Feb. 12 Feb. 26 Mar. 12  Mar. 26 Total = Mean

[ 2

0 9.8 8:1 16:0 8.2 9.5 8.8 54.4 9.1
1 9.6 8.5 10.2 8.7 10.7 9.3 57.0 9.5
2 10.1 3.6 16.1 8.7 1.1 9.5 58.1 9.7
3 10.6 8.7 10.3 . 9.1 11.0 2.2 58.9 ° 9.8
-4 16.8 8.4 16.7 9.0 11.3 - 9.5 5.7 . 10.0
Total = 50.9 42.3 - 51.4 43.7 53.6 46.3 286.1 46.1
Mean 16.2 8.5 10.3 8.7 .- 16.7 - . 9.3 57.6 9.6
Analysis of Eaﬁiance
SEEAE : ) . .. Significant ¥, ﬁa&iﬁs"
- Yariance Due To: - D, F. 5. 8. M. S. F.'Ratic 5% level 1% level
- ‘Dates | 5 20.9 4.2 52.50%% 2.7 4.10
Treatment - : 4 . - .- 2.8 7 8.75%* 2.87 4,43
. Error 20 1.6 .G8 C E :
< Total 29 25.3

" L. S.-D. by Dates = .534. L. S. B. by Treatment = .38
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 snow telﬁrohibit gxaziné but a highly significant drop in the fecal pro—‘
tein was nb@ed. By~Msxch 12 the fgcal proiein waé up, but this was apbéﬁ-
ently dﬁéﬁte hay which wésrbeing fed. Weather reports show 2 4 inch snow
cover abt that time and for sevsral days preceeding that date. Snow had
gone by Maroh 26. The weather was warm and a little green material was
noted, yéﬁ feeal protein; ihough higﬁet“than oin January ZQ.BEYFebrMary |
26, was still considerabiy lower than on Januzry 15 or Febrmary 12. Snow
cover oxﬁtemperature a&s poted in this study, thereﬁore. do not seem to
have beeﬁ:majém factors in affecting fecal pretein levels.
| Dats on wind are not sufficient to determine its eﬁfect on fecal

proteix.I | |

No general tread is noted in the values over the winter. | Since
fetal gxcwth would, in all probabzlity, have either a steadily increa51ng"
or decreasing effect, it can be listed as of doubiful effect on the fecal
protein levels. ' |

Ffeéhﬁess pf'?ange is the other factor listéd whichrmight affect
fecal proteiﬁvvalues, The first sampling on Jenuary 15 was.on fresh
range. Guéen cheatgrass was available at this ﬁime'and feeal protein |
was high,'.Bf Januaﬁy_?@, fhe‘ra@ge Wés?no longér fresh, Snow amd cold
had sethin.'énd fecal pfotein was low.: On Februaxy 12 the sheep were .
on fresh.range and fecal proteln was high. By February 26 the entire
range hgd;peeq lightly gragedi Fecalmproteln was low again:. Hay was
fed bef&re Mazch 12 aﬁd the fecallpgaﬁéin wésxrather high. The sheep
were on'this range through the March 26 sampiéég@ ‘In this last sampling,

fecal protein wes significantly higher than .at the‘Fébrua#y‘26’samp1ing,
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The few gieéh shoots hofe& in somé of the grasses may have been enough o
to_cause:this rise iﬁ fecal protein, simce the sheep would select any
greehvgrass available to them ét that timé of year. |

.Thevtelégionship between fecal protein and‘range'freshness appears
to be'quite close. Further work will be needed to test the accuracy
.of this’ apparent relatlonshlp

" Evidence is not suffxclent to dlscard any factors, either sxngly
or in combination. Snow cover may well be a factor in lower;ng the
fecal pr&ﬁein because it chérslup,the lower povtions ef larger plamts .
and néarly ali of the smaller ones. The feed that would then be most
available would be the old seed stalks of ggéss. which obéervatibn shows
not to b;‘ordinaiily takeh‘by sheep when softer forage is available.
~On a shrub range. snow cover might have a'différént effect. -

Thexe are probably other clzmatlc factors, and pOSSIbly physio-
10g1ca1 factoxs. which alter the fecal pxoteln. ‘either divectly, or
indirectly by effecting a change in the dlet,

" Some of the problems involved in using fecal protein as an indi~
catoxr of dietéry digestible pfoteih shquld be studiéd before the method
can be ieéommended for use. Feeds with relatively indigesfible proteﬁn
will give a high fecal protein value. : Feeds$ relatxvely hlgh in digestible
pmotein-will give‘é low fecalvprotéin., Manufaotured or processed feeds
are variable in digesilblllty

When manufactured or processed feéds are fed, a standard feed

H

digestion test is pxobably far superior t@;the‘feeal proteln method.

AR

Another ‘problem is that fecal préiein will not give the level
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of the déﬁékcfeed nuixiénts, nor.wiil it indicaté'whetﬁer §r~not;the
animal has suffnclent enexgy in its dlet.. .

?xobably the most amporxant problem 1s to fznd out if thehpern
éentageiy1gld_of fecalvpzotelnv.duelto the relatlve digestibility of -
protein and other nutrients, is sufficiently similax on dﬁffereﬁt range
areas within a given ranQe type, and at different times of the winter,
to.2llow the method to he used'with(confidence. To 'test the method '
further, féﬁées of.other.vege{ative types should-be‘studiedt If the
percéntaée'yiéld‘of fecal protein is found to be relatively similar,
one simgle feéal siendard might be set as optimum. If other vegetative
types were found to supply forage not similar 1n xelutzve fecal proteln
ylelds. protezn fecal st ndaxds might. be set up for each sepaxate major '
range type.

Suggestions for some of the fiikst tests that should now be under-
taken in further study of the method are to take compésite‘saﬁples frou
some of the groups of range éwés on the protein ng};wition expeviment.
The purpose ofithis type{of sampling would be fq~detezmine the approxi-
mate nuiber of sheep which should be Sampled from & band to get a sta-
tistically adequaté sample. Four composite samples from each of three
groups of ewes should be sufficient to geﬂt‘. th‘ié dats. Sampling of .
five ewes for each somposite sample ié suggesied'ﬁntil-ﬁhe nuulber nec~
éssazy tQTSamplé has been detewsined. This iésting probkably need not be
.done on ore than 3 groups, one of which should be gmoUp 0 (control)

& add1txona1 group fed accerdlng to the fecal pmotezn level is -

recomnendedA1n order o study'the adv1sab111ty of the use of the method
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From observing the data (Table XII), an afgitfar& minimm of 8.7% is
prOposeévfor'fecal protein in this study, Tests made weelly would
indicate how’much conceitirate to feed the sheép the f&llewing week.
Results would be measured in lamb and wool production the same as the
0thez~1ots,6f'ewes on thé“pnotein nutrition test. T%is‘pnobosed weekly
sample wogld be-a composite sample from tweniy ewes. |

Some tests of samples collected from sheep\gn other ranches
might reveal valusble informationt A dupllcate sample from each band
sampled ig recommended It s suggested that tWEth sheep be used in
makzng Each coimposite sample Samples may be collected as preV1ously
deseribed, or it may be possible to follow a band of sheep and collect
the material immediately after it has beeén voided. Care must be .used

to prevent Contamination with dirt or other fecal material if this

"follow and collect" method is used.

" Grass Sampling

3

The proteln in grass samples (Table X) did not show any corre- .
sponding varlatlon thh the feeal proteln levels’ obberved This mlght
indicate that the vange forage samp11ﬂg system used in this experiment
is an inadequate indicatox of the protein obtained from the forage by
livestock.

. Purebred Ewe Sampling

The'purebred ewes which were on dehydrated alfalfa nutrition
test at the Chadbourne Ranch were tested in an‘effor; to determine what
differences would be caused by the different supplements fed. The:

rations and fecal protein percentages for these ewesLare‘&hawgﬁin.Tahie
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XITI. Group ! had not been receiving supplement earlier in the winter,
but had been put on the same ration as'gxoﬁp 2 about ten days before
the first fecal samples were tsgken.

The ccgparatiﬁely Low protein percenkégé shown for group 2 on
March 26 is inconsistent with the other values. If this is‘the aciual
fecal protein percentage value, it indicates a serious lack or relis-
bilily in the tesf:J In view of tﬁe’consisteni reiatioﬁshiﬁ‘fouhd in
the other éxperiments~ some external factor or factors.can be suspected
of causing this discrepancy. An error in %he chemical analysis migh;
have occurned.-lﬁ more plausable explanation‘may‘be that the composite
samples, being much largei than the indiviﬁuﬁl samples, dried rather
slowly, allowing organisms to grow in the materigl and decrease the
nitrogen- content of the samples. In amy case, .future samples should be
sprgad ocut so that they will'dxy befoxe midrobial‘aﬁtipn‘caﬁ alter the
crude protein values. | .

| Further analysis of these tests was not attempted due to the
limited data; ,
Gell Pattern Studies‘

Results of studies on cell patterns as a method of identifying
forage species consumed by grazing animals consistied principally of the
development of methods previcusly described under “Experimental
Procedure”. ; |

Drawings of some of the cell group patterns are shown in Figures

4; 5, 6, 7, and 8. Only a few of the cell group patierns for each

species are shown. theroqs drawinqé would be requived to 'show. the cell
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Table XIII. FECAL PROTEIN VALUES OF COMPRSITE SAMPLES TAKEN
FROM PUREBRED EWES ON DEHYDRATED ALFALFA NUTRITI&N TEST AT

CHADBGURNP RANCH

' Fecal Protein

Group - Hay* Supplement Fed Méru 12 Mar. 26
1 Free choice 1/3% 20% pellets = 1.8 11.8.
2 géEf%%-cpoicgél,l/ﬁﬂ 20% pellets lxg‘“;“i1.4 ‘&:féfé‘
lthreé(choioé T 1/3% 1/2 20% pellets :lz  11.8 ' 11.6-

W

Free choice

and 1/2 Dehyd. alf.#®

'L/S# Dehyd. Alf. .. © 12,00 11.1

*The hay was mixed grass—alfalfa

¢“Béhyanated alfalfa contained apprpx1mately 17—19ﬁ ¢rude proteln

-
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-Hair Basal
Cell
Stoma
toma
Epidermal Cell
240X
Sandberg bluegrass
Stoma
Epidermal Cell
Epidermal Cell
-Hair Basal Cell
240X

Green needlegrass

Figure 4. Cell Pattern drawings from grasses.
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—Hair Basal Cell

Epidermal Cell

240X
Slender wheatgrass.

Epidermal Cell

Bluebunch wheatgrass

Figure 5. Cell pattern drawings from grasses.
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Epidermal Cell

toma
-Hair Basal Cell

240X
Junegrass

- Hair Basal Cell

Epidermal Cell

240X
Needle-and-thread grass

Figure 6. Cell pattern drawings froi. grasses.
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Epidermal Hair

Stoma
Epidern al Cell
240X
Blue grama
Epidermal Cell

J-Hair
Basal
Cell

240X

Western wheatgrass

Figure 7. Cell pattern drawings from grasses.
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Epidermal Cell

Epidermal Cell
'w iAlw v t/) ... (Side view)

Epidermal Cell

Xpidermfhl-----
Surface Contofir
(Side ViedO

Stoil.a

Epidermal Cell

Figure 8. Cell pattern drawings from threadleaf sedge.
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group pattern variation within any one species.

0f the plénts studied, distinctivé‘cell patierns were noted for
four-spécieé. Western wheétgmass had nymerous baéal hair cei}s resgﬁul
bling a cog@héel with large irregular teeth. Some pattérné very similar
to ‘these were noted in other species, but were not so abundant;. Blue
grama grass patterns were characteristically small celle@ with numerous
'stomaié in éomé barts. Juﬁegrass had mo¥e smooth marginedﬁcélls than .
other species studied. Threadieaf sedge had some areas in which the
cells appeared similar to the suiface of a greem pine conme. FEach species
however, had large areas of cells"ﬁhich were ind;stimguishable from
those produced by other spécies."Needle»and-thread‘érass gave many
patterns in which the cellledges ﬁere mére\uniform than any othen‘speqieé
studied, yet no certain_iéentification of 'this species was made in any
of the fecal material.

Othei species studiéd in which ﬁo ﬁérticulér identifying
character could be noted in any of the reference slides included blue-
bunch wheatgrass, slender wheatgrass, green needlegrass, and Sandberg
bluegraés° A few patiezné of these species were ﬁentétiveiy identiﬁied
in fecal material by close cﬁmbarison with reference slides; but no
positive identification was made.

Microscopic study of fecal mateziél‘from the range ewes gave
species list counts wﬁich“could not be accuﬁéfély repeated on suhgeqﬁéhi
examinations of the same fecal material. This was due primarily:to the
very small percéntlof’cell pattern'g£OUszwﬁich could be identifiea; -

Difficulty was experienced in determining species from cell pat-

’
H
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terns even when reference slides were keét—uqder microscopic view.
Without referénce slidés, accurate identification of speeies by cell
patterﬁs'WaS hot’achieveﬁ;. A few species have Some distinciive char~.
acteristics, but all species studied have cells so variablé than'éinglésﬂ
cells could not be used in idéntificaticn,Work, Even large groups of
cells did not always kave a character or group of characters that could
definitely sexve to 1dent1fy thenm.

In future woxrl with cell pattcrns as .a means of 1dént1f éatlon
of plants it should be kept in mind that, .on the basis of this work

where a separate leaf or more of a grass or sedge is available, it can

probably be identified. Where apprecnable portlons of the dlet of sheep o

are made up of a particular grass or sedge; it could prebably be detected

in the fecal material. Due to the cell variation w;thln‘Specles However,

\

it appears that ne good estimate could be made of the relgtive amount

contributed to the diet hy this speéies. Furthermore, man§ nohqgrass- ‘
} '.

like plants did not yield cell.patterns which could be used to identify

‘ .
these planis in the fecal material. , T

Thé method may prove valuable in the science of botany i cases

when only small portions of a plant are available and idéﬂﬁificatién}\

is desired. : ‘
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CONCLUSIONS-

Significance in the analysis. of variance shows that, under
31m11ar cond1t1onu. 2 change i uietary pmetein perceniage will cause
a covresponding but smaller change'in the fecal protein percentage. The
possibilities, therefore, seem to ‘be good that fecal protein étgﬁﬁaxds; 1
can be developé& to aid in determining éhé.auount of protein supplement -
tec feed range ewes‘under winter,copditioﬁs.

Under the~ceﬁdition8'of the experiment, some faéior{ or factors;ﬂ
other than the level’ of prote1n vupplementat1on was' the most important
in changlng the level of fecal protein. ‘This is shown by the highly.sig-
n1f1cant:g1£§erence in fecal protein values on:differeht dates.ef'samplnﬂ('
ing: ' | . . .

.Céliépéttern studies lead té the deduc%ion:that cell pafiernsr.:-iv':h
could be’uséd‘aé an aid iﬁ;species-identification where only portions
of Qrasseé‘or sedge§ aré érocuréble and. identification is deéired~
it appeAIS; howeVer, ‘that identifi¢ation of Specles ‘in"fecal macerlal
can be expected only when similar cell patterns of that species can be
seen in. both the Spec1es and fecal materlal. and when. that apGCIGS L

wakes up a magor port1on of the d1et
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