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HETHODS OF DETERMINING RANGE CAPACITY

Laurence A. Stoddart

INTRODUCTION

The commerciel value ot our Colorado range 1s pri-
marily determined by the number ot livestock winich it is
capable of supportinge This value depends upon several
factors that influence the forage. The information aon
these factors, however, is fragmentary and scattered and
there exists a wide diversity ot opinien as to the proper
method of determining forage value and range capacitye

Such factors as the preference displayed by the
animal for certain plant species, the amount of forage
production, the chemical constituents ot the plants and
the digestibility all enter into consideratione Moreover
the physical features of thne plant sucn as gtructure,
accegsibility, method of reproduction, and ability ta
withstand grazing play a part in determining the value of
range plantse

1t is the purpose of this thesis to discuss thesge
factors on which the value of range plants is dependent

and to present data indicating forage values of important

range plants of Coloradaes
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LITERATURE REVIEW

The methods of estimating forage values now in use
are chiefly estimation metnods, based solely on tne pala-
tability of the plant or the actual percentage of an
individual stalk which is grazede. tis, however, doesg not
give a true index to the usefulness ef range plantsge

ETévioua work on determining tne value of range
grasses has been limited. The iforest service has aggsembled
lists of the palatability of all important range plants
within certain forests (Table XV)e Such lists are found
for the following forests and stationss

Ashley - Utah

Boise - Idahe

Cache - Utah

Caribou - ldaha

Coconino - Arizona

Coronado - Arizona

Datil - New Mexico

Lincoln - New iexiea

lledison - Montana

Malheur - Oregon

Nezperce - Idaha

Plumas - California

Powell - Utah

Prescott - Arizona
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Uinta - Utan

Weiser - Idahc

Region two - Colorada, Wyoming, Southh Dakota,

Nebraska, and wegtern Oklahoma

Great Basin Expe Sta. - Utah

Jornada Expe. Sta. - New lMexica

These lists have not been summarized, and have not
teen published except for the informationm of tne local
foregteras. They are used only in the regions where they
were assembled and are not applicable elgsewnere unless
they are adjusted for the new areaes

Thege lists are based on the actual percentage of the
plant which is eaten. Thus an eight incih plant grazed ta
& height of two inches would unconditionally receive a
palatability rating of 75 per cente

4 method of procedure for determining these per-
centages has been briefly outlined by Ve Le Cory (7)e
He gtates that tne actual time the animal spends on each
plant is the determining ractore Thig time 1s obtained
by following the animal in the field for & period of 24
hours, and the time for all aetivity is recordede Corey
also recommends, in thisg paper, fencing a small area
which is not to be grazed. Then, with this area as a
check plot, the plants which are eaten outside the area

can be determined and any resultant vegetational changes
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may also be noiede Furthner data and measurexnents are
given in anotiner paper by Cory (6)e Tuiig paper gives the
detail of an average day's routine ot Texas cattle. The
time spent on various activities and the time of grazing
on four different types oif vegetation is recordeds Rather
than listing the plants grazed, only the grazing time
spent on four major clagsses is givene Tnese classes in-
elude short grass, bunch grasgs, weeds and annualse

J+ H.Shepperd (27) records a method waerehy stack
wag watched by means or tield glasses, and thne time spent
on various quadrats previously located was recorded . The
distance traveled by the cattle in various sized areas
was also notede

Recently some contributions on the methods of deter-
mining range values nave been made kty A. Re.Standing (28)
who has done valuable work on the importance of volume as
a factor influencing plant valuee. This work was done in
the national forests of Utah and has not teen publishede.
Standing meagured the basal diameter of the individual
plants and from this tigure the basal area was computed
for all important range plantse. After the plant was so
measured it was clipped and air dried. The tigures ob-
tained from this process were used to compute the volume
per unit area. This tigure, representing the volume, was

then multiplied by the percentage eaten to give the




-5
volume eatene.

In Colorada, Je. He Hatton (14) nas studied the
relationship between height ot forage and the volumee.
According to tnis work the volume snould vary directly
with the height variation, allowing for ground cover
dengity to take care or all lateral differences. All
plants are grouped according to neights, with 1.0 as an
average and others rated proportionallye. The number ob-
tained is then multiplied by the percentage eaten to give
the volume allowance.

A« W.Sampson (26) has summed up the various factors
to te considered in determining the value o1 a plant, but
has given no key as to what effect each has or how teo
determine and meagure tnis effecte Hb states, “Although
the number of forage species grazed is very large, thage
devoured somewhat elosely in a given region, or in a
vegetative type, are not very numerouse The potential
grazing value of the different species, in general, varies
widely in accordance with a number oi considerationse The
more important of these may be grouped as followss®™
"A« Growth Habits and Growth Reguirements

l. Growth period and growth form

(a) Annual, biennial, perennial
) Woody or herbaceous

Tufted or turf-forming

Eb
c)
(d) Reot system fikrous or tap-shaped, deep,
) gpreading, etce

(¢) Ability to withstand grazing
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2. Distributiom
Ea; Elevational or vertical range
b

l Soils :
(1) Moist, medium moist, or dry
%2 Acid, saline, or neutral
5) Well or poorly disintegrated

3« Adaptation
(a) Ability to occupy various soils and
gsuitability or divergified climatic
conditiona
(b) Occurrence in shaded, partially shaded, or
. sunny, e€xposed hatitatse
B. Life History Performances
le Produection of flower stalks abundant or limited
2. Seed habits strong or weak
S« Establishment oif seedling plants atundant or
limited
4. Extent o1t vegetative reproduction

C. Feeding Value
le Character of nerbage
ga) Harsh or tender when green and wnen mature
b ) Abundant, especially in proportion te
number or seed stalks:
(¢) Deciducus or evergreen

2. Yielding qualities
&) In favorable and unfavorakle seusons
b ) Wnen grazed in varying degrees of intensity
When grazed in the green and in the mature
state

3« Falatability and nutritive qualities

ga Season when most relished
b) Gusto with which eaten before and after seed

maturity

( ; Clags of stock to which best suited

(d) Absence of poisonous or mechanically in-
jurious properties

Ee; Good curing qualities

f) Nutritive value o1 different parts of the

plant

4. Accesgglbility."®
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With this outline as & guide 1or determining valué€,
Sampson has proceeded to clasgiiy tne important Iorage
plantse No attempt was made to give specitic ratings and
the plants are classiried tnrougnout only as bvelonging ta
one ol three groups as, excellent, good, or faire. Plants
are rated as 1ollowsg (1) for cattle, sheep and norses
according to 1orage value, dependent upon tne relisn dis-
played by tne animal; (2) according to abundance and
distribution advantages, (3) according to general value as
forage, all factors concernede

This classitication is,af course, very general witnin
itself and also is necesgsarily very general in comp&rigon
in that it covers no special region and gives no gualificas
tion as to conditions existing where tne data weretakene.
It is, doubtless, an excellent guide Tor making rmnore
complete gtudies within & region and is surely a pianeer
in this tielde

Analytiecal work on range grasses has veen carried on
by the University of Wyoming (10, 16, 17, 18, 20, 21). In
these tulletins all important range grasses were chemi-
cally analyzed and the comparative feeding constituents
noteds Thnis has not been used, however, to compare the
actual value of the plant in relation to otner factorse.
The plants were analyzed for water, ash, ether extract,

crude fiver, crude protein, and nitrogen-iree extract.
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Some analytical work was done as early as 1889 on
Colorado grasses (3). In tnis study the plants were
analyzed tor asn, fat, albuminoid nitrogen, river and
nitrogen-free extracte It compares the culiural values of
different speciesg but it snows no seasonal variation and

the feeding value or range usetulness was not determinede




EXPERIMENTAL METHODS AND DATA

PBlant Value Determinations

The studies on which tnis thesis 1s based were
carried on in the College pastures This pasture is made
up largely oi grass, including snort grasseés as grama
grags and buftalo grass and taller grassés such as wneat
grass and needle grags. It is located at the base of the
foothills as is shown in Kigure le

In figuring capacity of pastures tne value determina-
tion mey be made on each species and this value multi-
plied by tne ground cover of tnat species as is the
present practice, or by actual quadrat measurement of the
percentage eaten during a certain time. These two methods
will te covered in detail in tne tollowing consideratione

In determining the value of range plants palatability
or per cent eaten is now most generally used as the
measuring unite The range management handbook defines
palatability as "the proportion of the aggregate Tulk of
foliage of that plant which is grazed, considering the
forage type as & unit*. In actual practice palatability
is usually considered to be the height percentage of the
individual plant that is eaten upon maximum utilizatione
Thig, however, does not seem to be an accurate basis for
the determination of forage plant value because of the

many influencing factors that it does not considers

4




-10=-

*1N0 PaTIIRD
®IsM YJIOM BTY3 JO squawiIadxas Furzva? 2U3 UDTIUM uodn

axnisnad 83sTT00 ou3 Juimous ydwaZogoud=*TI aaxndtdg




~]lle

The following tactors may iniluence tne value of a
plant on the range.

l. Preterence of animals tor ditterent species

- 2e Yield of forage per unit area

3« Chemical constituents and digestibilities

4. Characteristics uffecting grazing value

5. Palatability or percentage consumed

In the tollowing discussion these factors will &be
considered in their bearing on the determination of
capacity through range plant valueses

l. Preference of animals for dirferent gpecies

Preference is perhaps one of the most important con-
giderations in determining the value of range plantse
Preference will Dbe used to indicate the desire an animal
displays for &a plante Thus the plant upon which an animal
spends most of its time will have the highest preference
figure. The importance of this figure is clear. A plant
can have no value if a range needs to be overgrazed in
order to force the animal to eat that plante One of the
greategt weaknegses of the present palatabllity figure is
that it does not consider preference. In this way two
planta eaten off at the same helght receive the same value
rating regardless ot the ract that 10 times as many nore

stalks are eaten in one case asg in the other.
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Range workers are just beginning to consider this
factore Both Corey (6), (7) and Shepperd (27) nave given
some consideration to prererence by observing the time the
animals spend on certain gpeciese Corey has perhaps done
the most extensive work, and &s a result he concludes that
time grazed ig the determining factor for each plante
Corey did his observations by following a selected animal
for a 24 hour period, keeping traeck of all time spent on
each plante. Tne feed of range stock is divided inta four
classes, namely grazing, browsing, supplementary, and
migcellaneouss Grazing, which may be divided into short
grags, weed, bunch grass, and winter annuals, comprises
more than three-tourths of an animal's feedinge The study
of cattle preference led Corey to conclude that cattle
have a decided preference for grass, weeds being taken
only incidentallye. Of the 56 per cent oi the day which is
spent in feeding Corey tfound the following times and per-

centages to hold true for cattles

Kind of Grazing Minutes spent Per cent of grazing
dail

Short grass 2737 78.18

Weeds 31.8 9.08

Bunch grass 33.1 10.89

Annuals 6.6 1.88

Corey reported no turther division of his groups and
gave no individual species figurese It is evident, now-

ever, from his work that most grasses are considerahly
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higher in preference than weeds, and that snort grasses
are nigher than are tall grassese

Shepperd made his observaiions from a sned top by the
use ot field glasses, taking the time spent on each plante.
The time spent on previously located quadrats was also
recordede. Shepperd outlined a good method of procedure
nere vut he did not publish any report on the individual
cspecieg, his report being more on tne aetion of the
animal than on the value of the speciese

The most accurate method oif determining torage
preference is by quadrat measuremente. To do this a
repregentative number or quadrats saould be set up in
early spring prior to grazing and tnese guadrats conm-
pletely gone over for location and neignt of each plant
within the area. Then by going over thesze gquadrats and
checking the number and height o each species grazed the
actual percentage can be determined and preference
determninations mades. The figure obtained will, of course,
vary almost directly witn variation ofr the site or
accompanying species, so 1s applicable only to similar
areag. Variation also occursg with different seasons so
each area should be studied during the seagon it is to be
grazed. A second method may be applied with greater ease
but somewhat less accurate resultse This method consists

in fencing a smaller but repregsentative plot and confining
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stock on tnat area. In ti1is wal tne time involved 1s cul

e

to & mipimuii end oeservetiong to accompany dala are casily

mades LI tne zrea selected can be grazec Lo capacliy

Lo -, e S v
S oLUie erxoucrin

+
ot

nt can be conciuded in

(
oM

witnin a few d
time and tauvs allow tor ruch more extensive wWork. LI an
animal is contined, ncwever, end vaus rorced to re:;ain
under arcnormal conditions, 1% i1s doubtiul 1i tne results
would be guite so accurate as those obtained freom more
stock ard under more ror el conditions as outlined by the
Tirst methode

Thne second o1 tne zbove descrired meihods was used
in tils wors because no ungrazed reaesture vas obteinacle.
An evperimental Dlot whalch 2&d not teen grazed Ior geveral
years was locuted on tine college casture west cr rort
Collinse Tihls plot was about one hundred by Iifty feet in
3ize and was covered by & typicel mized prairie vegeta-

tion v

ith aboutl four-tentis censity covere Ti& CcOver was
determined bty ocular estimate to te somewhat as followse

Aristida longiseta « . . . o 459

Bulbilis dactyloides « o « o 20

Agropyron Smitall o ¢ ¢« o o 9

Aster hebecladus o« o« ¢ ¢« ¢« o b

Yuccu Zlalca o o o o o o o o 4

Scip& Conla.ta . . . . . Y 'y Y 4

S‘cipa viridula « ¢ « « « o 4
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Helianthus pum iluSe....3%

Stipa Vaseyi' seeessssscel

Bouteloua graciliSeecesel

The remaining four per cent was composed largely of

EBurotia lanata, Comandra pallida, Lva axillaris, Fsoralea

tenuiflora, Qpuntia humifusa, Oryzopsis junceas,

Gutierrezia longifolia, Astragalus albiflorus, Artemisia

gnaphaloides, Argemone intermedia, Liatris ligulistylis,

and Lygodegmia junceas. (See Figure 2.)

Witnin this enclosure were located geven quadrats
eacn one-meter square, the corners ot which were marked
to enable a return to the exact gpot. ZEach quadrat was
mapped and the plants on each located &s to positione
Each plant was measured and its centimeter height recordedd
These quadrats were located so as to show the greategt
variety of plants possible, rather than to show an average
sampling of the area. Some areas gave only one species
wnile in others as hign as 10 gpecies were includede.

An attempt was first made to graze tals area oy leav-
ing 1t open to the stock ig the adjacent pastures. Thege
cattle grazed the area glightly tut it was too small to
offer attraction enough to offset a fear of the unnatural
surroundings, so taey did not returne. oSince it was
degired to have the area grazed closer tnan the pasture

area a 9ingle hereford cow was next confined on tne spote




uoi3myafaa BTYL

*BYeETIUOT BPT4ETIV pu® TTUYTUE UOIAGOXPY ATeB8ael BT
*SBurzead Ie33® 307d swee su) ET YOTUM *C
3INE1Tq 03 axrvdwo)

*Butzexd o3 Jotad Eslpnje sdusxsaad
uy paen j07d Burzexd Juimous ydwifojoyg--+g 2an3 14

-16-




17w

Figure 3.--Photograph of a section of the
grazing enclosure used in preference tegtg after
it had been grazed for a one-week period. Note
the extreme overgrazing and the eroded areas where
fresh soil can be seern between the dried stalks of
previous years growthe
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Her actions were clousely studieds. Tne guadrats were re-
charted after each day and during tne most active uveriod,
twice dailye. This animal, naving come Irom & vetier vasiure
and teing somewna® excited, ate very Little Ior a veriod
of apbout two dayse Alrter tnis tTime ner activities correla-
ted closely wicth tnose o:r stock outside the plote The
animal was lef't on vils area 10r & period o1 geven days
during wnich time all degirable plants were eaten almost tg
tie ground tut certain undegiracle plants were still stand-|
ing untouchede

Tne data obtaired tfrom thne quadrat worx were correla-
ted as tollowset Average helgnt ol all bunch grésses such
as wheat gragsesg,Stlpas, €uCey Was Obtalne€de rorpks were
trezted 1n vné same manneére. The aver: o€ neignt of each
s.ecies in eacih guadrat was cowmputed ror eacn daye aus
tne wwount oi tuae species eaten was cbiswined ratier than
the amount of the individual »lant as 1s done in palatabi-

red to adaing tae

o

lity aeterminetione Thisg might bve couw
neigits of all stalks or a specileg togetier eacih day and
finding the percentage decrease as they ure grazede

Short grasses suciy «s tulfalo and grama were .ueasured
by determining the average height within a square aecineten
by the use of a guadrat frame divided into decimeter
squarese Thus in god forming grasses the average neignt

of a gquare decimeter wasg neasured rotier than the height
of an individual plante The percentage decrease eacn day
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was computed as in bunch grasses and forbse.
Dayl- The plot had veen grazed at will by range here-
fords which remained on the area only during one day. The
grazing was not intense tut snowed marked preferences.

Bulbilis dactyloides was grazed in some spots to a neight

of two centimeters and wag in greet demand. Close to 70
per cent of tne stalks were grazed someéwuat. Bout€loua
gracilis was taken witn somewnat less relish but seemed to

be very favored. Eurotia lanata was grazed more than any

other forb, every stalk having been grazed on the tender

tripse. The leaves of Hdelianthus pumilus were grazed almost

completely leaving only woody stalks. Two awned grasses

namely sArigtida longiseta and Stipa com&ta were grazed

somewhat where no fruits were present on the plant. 3Some

Stipa viridula plants were grazed, atout 80 per cent tut

the gpecies nad no marked preference. Aﬁout 40 per cent
of the leaves had been grazed over in spite of tae fruit
Stalks.

Buffalo grass was tne most nighly preferred, but was
closely followed by grama grasse

Day 2 - A single nereford range cow was confined on
the area. No activity was noticed during the rollowing
24 hours.

Day 3 - A very little grazing could be noticed, the

preference still being markedly for Bulbilis dactyloides

and Bouteloua gracilis. Agropyvron Smitnii was grazed for
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the rirst time rut did not nave & nigh prererence.

Aristida longiseta was grazed somewnaty atout LO bDer cent

=t
.

of tie plants nad truit stalis and leaves grazed of

Stipa comata was grazed consideratbly and wes closely

followed ty Sivipa viridulas Agout 50 per cent -: the

is juncesa

4%

Stipa viridula leaves nad ceen grazede (Oryzog

was grazed to 20 per cent and saowed & nigh oretfererices

Day 4 - Relautively Llittle feedingz wes tuXing place.

mny

Activity snowed marked evidence of scarcity oI desirarle

feeds Practically no RBulkilis dactyloides and but little

Bouteloua gracilis was gvailavle. All the plants ot these

o

two grasses were grazed over bty tnls times Stiva comata

was also grazed almost to ceavacitye Grazing tesan on the
& = J IS =

Arigtida lougiseta wiilch constituted tne ma crity of the

N

bulk of the forage. This grass was grazed to about 70 per

cent in »nlaces, and at least a tourth of tne total volume
weags eatene This doeés not mean that the preference tor
this grass was high, because all desirable forage was
scarces Its preference, nowever, was nigher than that of
western wheat grass wnicn seemed to be almost totally
lgnored at this timee. Tne Arisztida constituted the pulk
of the day's feede

Day O = Aristide longiseta was i1ntensely grazed

during this _eriode About 80 per cent of tihe stalks had

teen grazed down to LO centimeters neighte [T
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constituted far the majority of the reed and seemed to be
preferred above &all that remaineds

Oryzopsis juncea was grazed down to 50 per cent and

displayed only a fair pretference. Agropyron Smithii was

also grazed down to atout 50 per cent volume. The Bulhiliﬁ
dactyloides was again gone over and was grazed this time
extremely low, its height being close to one centimetere.

Bouteloua gracilis was also regrazed and still was very

degirable. It was grazed about 8Q per cente

Stipa comata displayed a very high preference and

was grazed atout 80 per cente Stipa viridula, with a

gomewhat lower preference was grazed to 50 per cent ot its
volume

Day 6 - The Aristida longiseta was all eaten some-

what and was being regrazed. Agropyron Smitnili seemed ta

ke taken with about equal choice,halt of the stalks being
grazed 75 per cente Almost all grama and tuiffalo grass

was entirely eatenes Eurotia lanata had been grazed again

until nothing but woody stalks remained. Stipa viridula

had been heavily grazed but its preference was only faire
The plot was decidedly overgrazed at this time, &ll
degirable plants being grazed too closely tor normal

recovery. Certain plents such as Stipa vaseyi, Yucca

glauca and Astragalus albiflorus, nowever, were untouchedes
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Day 7 - Agropyron Smithii was grazed closely being

eaten to 80 per cent volume. Grama and buitalo grass were
literally grazed to tne grounde. 7Tnree-awn grass was re=-
grazed somewnat closely. Lt was grazed to three centimetersg
in some places and snowed decided effects ot tramplings
It was plainly grazed too closelye. HKeed was tecoming very
scarcea.

Day 8 - The animal was removed from the plot after
seven days of grazinge The area was grazed to capacltye
A£11 plants not protvected by yucca or cactus were grazed,

with the following exceptiomss Yucca glauca, Stipa vaseyi,

Argemone intermedia, Liatris lLigulistylis, Zsoralea tenui-

flora, Opuntia camanchica, Gutierrezia longifolia, and

Astragalus albiflorus. These plants obviously have a

preference of zera for this time or the year and conse-
quently are of no value to the rangee They would therefore
receive a rating oi zero as would any plant ungrazed when
the desirable plants are grazed to capacitye It is eviaent
from these observations that keeping stock on an area atter
degirable plants have been grazed to capacity results in
overgrazing and resultant destruction or tne valuakle
plantse The range within this grazed aree was ruined and

will take years to recovere The ground was badly trampled

and many plants were uprootede
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The general ovseérvavionsg wilch were wmade dalily re-
vealed tne facts snown in Table le ‘Tnereas toeFEaata are
crief it 1s suggestive of consideratle preference veria-

tion among diffcrent gpecies as 1is suswn in

Tavle le-=Daily preiecrence percentage
on seven quadrats

guadrat 1
(1) Buloilis dactyloides
04500 gge centimeters wurea
Day Average “er cent
deight grazed
1 7e2 CIie -
2 4.1 * 43
3 4.1 ™ 43
4 3.8 * 17
9] 3.8 ™ 47
6 2.8 ™ 61
7 25 W 65
8 1.7 " 76
Quadrat 2
(1) 3tipa coumata
785 gye Ciie area
Day Averuge Per cent
Hdeight grazed
1 25 Cille -
< 20 ® 13
3 17 " 26
4 17 " 26
5 14 " 39
6 it 53
7 10 * 57
8 7" 70
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Table le-- Daily preference percentage on
____seven guadrats (continued)

(3) Aristida longiseta
500 sq. cm. area

Quadrat 3. Quadrat 3.

(1) Agropyron Smitnii (2) stipa viridula

13 planfsa 942.5 3g. cme

Day Ave. Fer cent Day Avee Per cent
: Height Grazed Height Grazed
1 24.2 cm. - 1 24.8 cme -
2 2442 " 0 2 24.8 w o
3 24.23 " 0 3 24.8 * 0
4 24.2 " 0 4 24.8 * 0
5 24.2 W 0 8 21.9 % 11.7
6 12.1 ¢ 50.0 6 1l.1 « B5.3
7 12.1 * 50.0 7 g.5 * 6l.7
8 1l.6 * 52.1 8 6.0 ¥ 7548
Quadrat 4. Quadrat 4.

(1) Zelianthus pumilua (2) Agropvron Smithii

3 plantg 21 plants
Day Ave. Per cent Day Avee ZPer cent
Height Grazed Height Grazed

1 20 cme - 1 223 cme -
2 17 » 32.0 a 22.3 % 0
3 17 » 32 3 22.3 ® 0
4 17 - 32 4 22,3 o
5 17 = 32 5 19.5 12.6
6 17 = 32 6 14.2 ¥ 36.4
7 17 = 32 7 10.8 » 81.6
8 16 * 36 8 10.0 ® 5542
Quadrat 4. Quadrat 4.

(4} Bouteloua gracilis
1073 sge Cme area

Day Ave. Per cent Day Ave. Per cent
Height Grazed Height Grazed
1 2643 cme -—— 1 13.3 cme --
2 24.0 ¢ 9.8 2 5.0 ® 63
3 24.0 % 9.5 3 5.0 " 63
4 24.0 = 9.5 4 5.0 * 63
8 9.0 66.1 5 4.1 » 70
6 7.0 " 73.6 6 4.1 ™ 70
7 5.8 0 79.3 7 3.9 " 71
8 5.6 ¢ 79.3 8 3.9 71

(5) Stipa Vageyi - ane plant not grazed

(6) Petalostemon oligophyllus - one plant not grazed.




- seven quadrats

Tatle le--Daily preference percentage on

(continued)

Quadrat Se
(1) Bulbilis dactyloides

925 sg. Cme

Quadrat 5.
(2) Aristida loungiseta

300 sg. Cme area

Day Ave. Per cent Day Ave. Per cent
Height Grazed Height Grazed
1 75 Cle - 1 29.0 cme. -
2 5.0 W 3343 2 29.0 " 0
3 5.0 * 333 3 29.0 ® 0
4 5.0 " 333 4 29.0 * 0
5 3.1 " 58.7 5 19.1 ™ 34.1
6 2.0 " 73.4 6 9.8 W 673
7 2.0 " 73.4 7 9.5 * 673
8 1.6 " 800 8 S.9" 766

quadrat O.
(3) Agropyran Smithii

Quadrat 5.
(4) Helianthus pumilus

3 plants 3 plants

Day Ave. Per cent Day Avee. Per cent

Height Grazed Height Greazed
1 28.6 cme - 1 32¢3 Cme -
2 28.6 " 0 2 32.3 * 0
3 28.6 % 0 3 32.3 ™ 0
4 28.6 " ¢] 4 32.3 W 0
5 22.3 " 22«1 5 15.6 ¥ 81.7
6 22.3 221 6 15.6 % 51 .7
7 11.3 " 6041 7 15.6 " 51.7
8 11.3 " 60e1 8 15.6 " 291.7

(5) stipa Vaseyi

S plants ungreazed
(6) Senecio perplexus

1 plant ungrazed
(7) Yucca glauca

2 plants ungrazed
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Table le.-=Dally prercrence perceniage on
seven guadrats (continued)

quadrat 6 Quadrat 6
(1) Agropyron sSmithii (2) Bouteloua gracilis
36 plants 2513 sy. Cln. &reg
Day Ave. Per cent Day Ave . Per cent
Helght grazed Helgnt grazed
1 26.1 cm -- 1 645 cCrie -
2 25.7 " 1.5 2 37 " 4341
3 24.9 " 4.6 3 3.8 ™ 42 .6
4 24.9 ™ 4.6 4 3.2 46 42
5 20.1 ¢ 23.1 5] 2.7 " 28.C
6 11.9 = 54.4 6 1.9 " 70.8
7 9.9 " 621 7 1.7 ¢ 7349
8 8.6 " 671 3 1.2 " 80.0

Quadrat 6
(3) Aristida longiseta
4375 8Qe. Clis areg

Day Ave. Per cent
Hdeignt grazed

1 28.6 ©m -—-

2 2846 ' 0

3 28.6 " 17.8

4 25.6 * 17 .2

o} 18.8 " 3443

6 9.2 " 6749

7 8.2 ¢ 71l.4

8 6.6 " 773

(4) Commandra pallida - ungrazed

(0) Artemisia gnaphaloides - ungrazed

(6) Petalostemon olizopuyllus - ungrazed

antennaria aprica - uligraczed

(8) Psoralea tenuiflora - ungrazed




Tavle le.--Daily preference oerceniage on
seven guadrats (continued)

Guadrat 7

Guaedrat 7
(2) Burotia lanata

(1) Bulbilis dactyloides

34620 Si:se Clle mTEA 370 g(e« Clle areg
Day AVE o Fer cent Day AVE o Zer cent
Helgnt grazed Heignt grazed
1 12.0 crie == 1 31 cne -
2 4.1 " 659 2 25 " 25.8
3 dpl 6549 3 23 " 25.8
4 4.1 " 6549 4 25 ™ 25«8
5 4ol 65 .9 3 23 238
6 3.0 " 78 6 1g * 39.7
7 2.5 ® 79 7 18.5" 40e1
8 l.6 " 8647 8 9.5 " 09.4
wuadrat 7 “QuadralT? T
(3) Aristida Longiseta (i) SporoTolus crvpiundrus
90 sg. cme. srea 48 sqg. en. area
1 25 cme - 1 39.0 crie 07 o4
2 25 ¢ 0 2 16.6 " 07«4
S 25 n 0 3 le.6 " 97 .4
4 25 = 0 4 16.6™ 374
8 20 " 20 a 16.6 " ST e
6 g ™ 64 6 15.6 *® 874
7 8 = 64 7 16.6 * 57«4
8 7" 78 8 7.1 * 81.8

Juadrat 7
(5) Helianthus

ourillu g

wuzdrat 7

(6) Asrovyron Sumitoii

2 plantsg 6 stems
Day Ave. Per cent Day AVE . Per cent
Helght grazed neight grazed
1 32 Clle == 1 203 cme JRp
2 24.8 224 2 20.3 ™ 0
3 24.8 » 224 3 20.3 " 0
4 24.8 » 22¢4 4 20,3 " 0
3 24.8 ¢ 22.4 3 20.3 *® 0
6 21.5 ¢ 32.8 6 13.3 * 34.5
7 21 .5 " 32 .8 7 l1a.1 *® 3.0
8 21.2 ¢ 328 8 3.7 # 07.2
(7') Argemone intermedia - ungrazed
(8) Tiatris ligulistvlis - ungrazed
(9) Yucca plauca - ungrazed
(10) Arterisiec gnaphaloides - ungrazed




*¢ ®INFTJ Ul UMOYB 3RBY3J BB 3BU3UT BB 30U 3ng JIBTTWIE 80 03 U386
BT axay Furzead syl *B31833 ad0udxaJaxd Ul pssn saneoTdu» syl
ap183no 3enl asanjyewd ayj Fuimoye ydeaBojoud=-+*% 3InITH




-29-

Figure 8.-This photograph shows
one end oi the preference tesgst en-
closure. Note the gsevere grazing on
parts of the area and the untouched
gtalks of Stipa vaseyi and Yucca
glaucae
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Tnig tacle (Table 1) gives the average height
the volume percentagze wnicn was €aten 10r €ach specles on
each gquadrat used in the preterence gtudiess

Wnen the grazing percentsges for each individual
specles trom tne various gquadrats as seen in Tatle [ are
assemtled the rigures tound in Table 2 will Te obtazinede.

“hese gnow the actuel volurme nercentiges eateén on €ach

Tgbtle Z2.-=-Dally vretierence gverages Ior
all species studied

l. Agropyron Smithii

Day 2 S 4 5} 6 7 8
0 a 0 a 9060 SC.0 0Z2.1
0 0 0 1246 3640 ©C1le6 002
0 0 0 2261 22.1 .60.1 60.1
1.5 406 ‘ﬁ‘ﬁ 23¢l 5404 6201 67&1
0 Q C 0 3448 3540 27.2

Z2e Siuipa comata
13e 26 26, 39 53 87 70

3. Stiva wviridula
0 0 0 11e7 D55ed3 61le7 7548

4. Burotia lanata
208 208 295.8 20.8 39.7 40.1 69.4

Se Zouteloua gracilis
63 63 63 70 70 71 71
43 46 46 58 71 74 80

6« Bulbilisg dactyloides
65.9 65.9 659 60.9 756 7Q 87
3343 333 303 D58.7 73 73 80
43 43 47 47 61 65 76




Table 2e.-Daily preference averages I1or
all species studied (cantinued)

7 Helianthus pumilus

Day 2 3 4 a 6 7 8
32 32 32 32 32 a2 36
0 0 0 52 52 52 52
22 22 22 22 33 33 33
8. Aristidal Longiseta
0 4! 4] 20 64 64 78
0 17 17 34 68 7L 77
4] 0] 0 34 67 67 77
g 9 9 66 73 79 79
9. Sporobolus cryptandrus
57 | &7 87 157 57 57 82

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

gquadrat,

Argemone intermedia - O
Liatris ligulistylis - O
Yuceca glauca - ©
Stipa vaseyi - O

Petalostemon oligophyllus - O

Senecio perplexus - 0
Artemisie gnaphaloides - O
Pgoralea tenuiflora - O
Antennaria aprica - O
Commandra paliida - O

Table 2, showing the percentage eaten on each

indicates a very definite trend and shows a

decided variation in preference for various specieas.

gether to
that some

others it

The data from tuese tables were next averaged

obtain a specitic figuree

in view of fthe

quadrats contained many times more plants

is advisable to use a weighted averagee.

-+

GO
fact
than

This

average was obtained by considering the area in tae shart

grasses and the stalk number in the bunch grasses and

forbsge.

Thus if one grama grass patch contains three times
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as much as anotiner 1t is given three times as mucin weight
in the average.

The weighted averages for all species may be found
in Tacle 3 and fhe graph in ¥igure 7.

This tabtle and graph snows the percentage preference
for the common range plants oif a mixed prairie pasture.

Table 3e.--Average preferences ror eacn day

Day 2 3 4 5 6 7 8
Agropyron Smithii 1 2 2 18 47 83 64
Stipa comata 13 26 26 39 53 57 70
Stipe viridula 0 0 Q 12 58 62 76
Eurotia lanata 26 26 26 26 32 40 69
Bouteloua gracilis 48 51 51 61 71 73 77
Bulbilis dactyloides 50 50 52 54 67 71 80
Helianthus pumiiug 28 28 28 37 44 44 45
Aristida longiseta 4 10 10 47 70 73 78
Sporobolus eryptandrus 87 57 57 87 87 57 82
Stipa vaseyi 0 0 0 0 0 0 0
Argemone intermedia 0 4] 0 0 0 0 0
Liatris ligulistylis 0 0 0 Q o} ¢} o
Yucca glauca 0 08 0 (0] 0 0 0
Petalostemon oligopnyllus O 0 Q Q Q Q 0
Senecio perplexus Q Q 0 Q Q 0 Q
Artemisie gnapnaloides 0 Q 0 Q 0 Q a

Table 3 gives the rinal preference iigures of the
volume eatene Lt 1s the purpose in figuring preference to
segregate those plants wnich normally are not eaten unless
the range is overgrazede The percentages obtained on the
eighth day are, obviously, too high since the runge was,
at that time, overgrazed. 'The overgrazing was tirst
markedly evident on the sixth day so in good range menage-
ment grazing would be gstopped on the gixthn day. Kor tais

rezgon the preference figures obtained on the gixth day
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Figure 7.--This graph snows the percentage
preference for the most important plants o1 a mixed
prairie pasture. The pasture was considered to be
properly grazed at the end ol the sixth daye. Tote
the marked preference cattle disgplay 1or grass
speciese




=30

ef, T
1 | - o
s0] i ENNESSSEEEEEEESENEENEEE/ VESEENENE §
gof L L B
510] EEE IEEERET 3
-_ s o oo = o 7 =
f /
! [
0 ”
50 — 1 A -+
{ /
5 ' L - -
( Foo
) J f
40 . T~ :‘A 7 | /r‘ 1
[ o
- 1 711
g L
g EEET |
{ ; 1
30 vk N § SEEY, 1]
 ABaAEEEEEEEE 7 - KEV+
{ ' EREEREEEND 4] =1
, J —— BUBIIS DATYLOIDES
0 n p’ - = AGROFPVRON  SMITHI
20| i y —— STIAA VIRIDUZA ]
i AU =~ = BOUTELOVA | GRACILIS
i " , ———  EUROT/A  LANATA
./ J| = = SPORIBOLUS | ChAPIANDRUS
¢, f ———  ARISTIPA LONGISETA
ol @/ V== mELBNIEUS PombLs
,’ ——— STIPY COMATA
/
: » p
e ‘ = T f— -
0
1 2 3 4 G b 8




l.
2e
Se
4e
5e
Ge
Te
84
S
10.
1l.
12.

13.

36

will be used as a comparative pbasise.

the area may be obtainede.

Bouteloua gracilisg

Aristida longigeta

Bulpvilis dactyloideg

Sporobkolus eryptandrus

3tipa viridula

Stipa comata

Agropyron Smithii

Helianthus Qumilus

Burotia lanata

Stipa vageyl

Argemone inftermedia

Liatris ligulistylis

Yucca glauca

l4.
15.
16e

17

Petalostemon oligopuayllus

3enecio perplexus

Artemisia gnaphaloides

Psoralea tenuiflora

18e.

19.

Antennaria aprica

Commzndre pallida

From column six (Tavle 3) the following tigures,

wnich give the relative preference rating of all plants on

71
70
67
57
55
53
47
44

39

o

o O O o O O
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It must be remenbered that gucn a rating i1s strictly
limited to the season in wnich tne test was made. The

striking reature is the rating ot 70 given Aristida longi-

seta and tne rating or 47 given Agropyron 3mithil. The

geagon gselected wasg immediately after three-zwn grass
dropped 1its seed and obviougly beifore that time its rating
would have Bteen considerably lowere TVestern wical Zrass,
on the otaer hand, hecomes tougn and dry during late
geason and go losgses consideratle value. In early season

n the

[N

itz rating must have Dbeen rwuch nigner. saga
accompanying specles are important consiaerationse Lt 1s

evident that a ocatcn of dry wheat grass woula be

03

practically ignored in a tlue grass meadow because the
blue grags 13 so nmuch more degirarclees 3Such & t€8%, howevelqy
gives a very aefinite relative raiing for the season and
range in waicn 1t 1s carried oute

It is aovoparent from tiuls work tihat there exists a
wide variwtion in the preference animals disgplay ior range
gragses of diftferent speciese IZIxactly similar wWork has noiy
been recorded, all previous mewsurements veing liaited to
the overcentage of individual plants giving no considera-
tion tuo the percentage of the species. Preference as been
very much under-rated in thae ougte [T 13, in reality, a

very important tigure, in that it gives the volume oere




centuge eaten during a season of droper manzgement. It 1is
tnerefore rmucn .more valuable in itselr taan 13 tae nalata-

bility figure used neretoiores. It adds accuracy to
srevious metnods in thzt it is actual measgurcment and not
estimatione Since qguadrat measurement gives an accurate
Tfigure for relative preference, and since prefcerence

figures are nighly valuatle for correct range management

tnis gystem seems to be nignly cracticale

2e Yield of foraze per unit area

Thougn the preference f _gure is an lusortant ractor
in determining the value ot range plants, the voluue of
forage produced by different plants is &lgso an important
consideratione Volume studies give the yield of Iforage
per unit areg whereag preference studles give
tage of this yield wailch is nornelly ewtene

The forage or volume productisn 1s considered to te
the weight of plant materials produced by eacn »lant

pounds

I_J
]

gpecles »ner unit area and aay be expressed
per square foot or in grams ver syuare eterad

Volume yield has not as yet received aaequate attention
tnougn 1t 1s very importants. ZIZxperiments nuve saown that
some ;lants furnish as mucan as 10 times the tforage per
unit area as is furnished by shorter or sparser plantses
The only method whereby volune can be accurately meagured

is by clipping plant sawples from a meagured unit area,
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and welghing these sarplese

It would ve desirable to use a method whereby volume
production can be obtained tor various types or forage
plantse This metnod would also show that volume may vary
during ditferent seasons o1 the years

Ae Re Standing (28), inspector of grazing tor the
United States Forest Service, has, during the pasgt four
yearsg, worked on volume production on tne ranges of Reglon
four of the rorest Service (Utanh, southern ldano, western
Wyoning, Nevadé, and northwestern Arizona)e His report
covering two hundred separate studieg in the region men-
tioned above, gives the data for all major species taat
were clipped, dried, and weighede

Grazing survey work done by the forest service con-
gists of an estimate of the density of forage on the area
or the actual percentage of the ground which is covered by
living v»lantse This is multiplied by a palatability es-
timate in order to obtain a relative capacity tigure. It
wag with a view of allowing for a volume factor tnat
Standing's work was done. TFor this purpose the volume Ior
each species on a given area was computed and a corres-
ponding volume rating givens. These ratings werc used to
determine a weighted average palatability ifor &he type,

and were thus used in calculating the capacity of tine areae.
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The total number of square inches of ground com-
pletely covered bty & plant was obtalined by measuring the
average diameiver of the plant and squaring tne figure so
obtainedes The plants were then clipped, weighed, air
dried, and reweighede Only plants wnich completely
covered thne ground witihin their boundarieg were selected,
that is, plants which show no greound when looked at from
abovee Forage normally not eaten was discardede Such
forage included all woody stems and all browse atove the
reach of an animal. Plants normally somewhat spreading
were bunched up or pulled together until their gstems form-
ed a 60 degree angie with the ground level, prior to
diameter measuremente

Standing also considered tane intluence of site upon
volume. Site may be defined as the condition of the area
with reference to factors influencing growth. 2lants were
measured and weighed on siteés considered poor, average,
and better than averagee. The plants grew taller and more
luxuriantly on better sites, and lower and less luxuriant-
ly on poorer sites. Concerning his results on tals studys
Standing says, "Considering that the go-called 'better
gitea"t or 'poorer giteg' for any given specles are few,
amall and scattered, that a gite that 1s average for one

gpecies will very probably be better or poorer than
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average for another species, and that sites that are
actually better than average ugually support high volume
producing species which give the type a high volume rat-
ing without a site classification,as such, it gseems un=-
necegsary, for all practical purposes to clasgify sites
in grazing survey work.®

Standing further studied regrowtn as a factor in-
fluencing volumes. Plantg were studied to determine whe then
or not the production of forage after it had been repeat-
edly grazed was suificient to give a plant an increased
volume ratinge

Seven typical plots, in meadows, were selected for
the regrowth studiese One plot was clipped in September
only, three in early August and again in September, taree
in late May, early August, and again in Septentere The
yields from these seven plots were weighede It was found
that practically the same total amount of forage voluue
was taken from each, regardless of the time and nunmber
of clippingse This work shows tnat grasses, having a low
point of growth, are not materially effected by grazing
go far as volume production is concernede The results of
this study indicate that accounting for regrowth in meadows
geems unnecessarye

Standing's work shows that "volume-palatavility" may

be obtained as followssz the average volume obtained is




P

given a rating of L.0 for its volume. Other plants are
then given comparative volume ratings by averaging their
volumes between the figures 0.l and 2.0, thus giving an
equal variation on eacn side of the averagee. The local
palatability figure for each species is then multiplied
by its volume ratio to give "volume-palatability'e.
Standing's volume tigures in ounces per 10 gquare feet,

range between 5.0 for HMedicago lupulina and 86.2 for

Elymus condensatus, with an average rigure ot about 38.0

as in Fhleum pratense. Other tigures are rated according

to relative volumes between 0.1 for Medicago lupulina and

and 2.2 for Elymus condensatus with Phleum pratense taking

a value of 1.0 as an averagee. These are based entirely
on relative percentagese

Tegt experiments were cerried out upon areas with
dominante of browse, grass, and weeds in which capacity
computations were made by using the rigures for volume
production and other computations not allowing for volume
productione These tests show that browse and weed types
receive a very much lower capacity rating when volume
is considered, while grass types are not seriously affect-
ed. Standing concludes irom these experiments that "if
the volume method is the correct one then the method now
in use is in error,® and "from the studies wade tc dates

it appears that the volume method ig feagibhle and
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practical.®

Jonn H.Hatton, (l4) assistant regilonal Iorester of
Region two, nas also worked out & gystem in waichn allowance
is made for volume. Tals work was based on tne assumotion
that &ll volume vuariation is in direct proportion to tne
height of the plants because wne lateral diIIerences, or
differences due to area ol ground cover, were taken care of
by the density estimatee Kentucky tlue grass wag used as
the base and was given a reliative volume unit ot L.Ce ALl
other plantsg were rated in proportion to neight, 1. e., a
plant twice as nigh as Kentucky blue grass would have a
unit of 2.0, a plant nalt as nign, a unit of 0.2, €tce
It is assumed that volume will not vary to any grezt aegree
with the difference in localitye. Thus & relative "volume
palatability" may be obtained by multiplying the volume by
the local palatability tactore The method outlined acove
is now being used in Region twae

The me thods worked out and put into use vy Standing
and Hatton show striking ditrterences since withiin tae
gpecies the regults are not constant. 3Standing gives June
grass a volume ol 0.8 and Hatton gives it a volwae of 1.0
Forbs differ even more, 1or exaemple, Standing gives lupine
a volume oI 0.6 while Hatton gives 1t a volume of 3.0« [t
ig evident that the volume tigure for browse will vary €ven

more tnun the two examples cited wtoves Standing's metuod
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gives almogt every browse species a volume below L.0 and by
Yatton's method it is evident that trowse species would,
because o1l their relztive neight, receive volumes ot 3 to
4 times as much as grassese

To rmore detinitely comoare these methods o1 forage
estimation the results ot Standing's and Hatton's work
were averaged individually, i. €., the grasces, weeds and
browse of each were averaged togetner to obteln a comparéa-
tive average figure ror each methode Takle 4 gives the
average volume rigures obtained by Hatton's neight volune
me thods and Standing's measured volume metnodse

Table 4e-=Standing's and Fatton's meinods
compared.

Type Jatton's Standing's
height measured
volume volume

Grass le42 0.98
Browse No figures 0.528
Weed 2614 0.700

It is quite evident from the averages snown in Table
4, that the two methods do not correspond, in that weed
volume increases over grass volume in Hatton's metiod,
while in Standing's method it decreases. 1t is evident
thet browse is, as a rule, nigher than torb growth and that
browse volume would, as a result, be higner than the volume

2.14 listed for forbs, by Hatton's method. This will give

even more ditference in browge comparison by the two
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me thods, for by Standing's method krowse produces but a
04525 volumee.

It 1s evident tnererore tnat one of tnese two metnods
ig in error. 1n view o1 tne tact that Standing's work is
an actual measurement of weignt production, ana that
Hatton's work is based on an agsumption, it seems reason-
atle to guppose tnat 3tanding's metnod 1s tine more accurate

For this reason the neight method will not pe used in the
following experiments on volume produczione Standing's
methods will te followed with slight veriatione

The methods for determining volume nust te limited
to actual volume megsurements ty welgnte Tne volume of
all plaﬁts on the range may be determined in this way, al-
though the methods 1or different types , 1. €4, browse,-
forks, and grass, vary slightly. Two methods ol collect-
ing the plants and assembling the data may be usede

In the first method thne valatability, or percentage
eaten, is taken from local lists and only that percentage
of the plant is clipped for weighinge L1n the second metnod
the plant may be clipped at the grouna and the entire plant
weigheds This weigint is then multiplied by the local
palatability tigures The former ol these two methods seems
to ke more accurate and can be handled with greater easee.
It is more accurate in tiut it considers n.taing except

what the animal normally eats and it i1s the actual ediule
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part wnican 1s weigned. Therefore, by tals method it 1is
not necessgary to assume that tne stalk is homogeneous
throughout witnh regards to weiznt, 1. 2., that a unit
length ot the coarse stem below weighs the same as a
gimilur length o1 tne 11iner leail aboves. Lt orfers greater
€age of nandling because 1t tacilitateg clippinge Clipp-
ing a plant flusn witn the ground 1s oiten diificult,
especially with the shorter gragseses

Tne digadvantages oI clipping at the neight whicn the
plant ig grazed are tirst, thnat a neight{ musgt be either
meggured or egtimated at the time of clipcing, and,
secondly, the volume and palatability are considered as a
unit and not as separate factors; consequently the
palatanility cannot be cnanged in different sites without
making new clippings for the new paletability. The ad-
vantages of the method, nowever, geex to outweigh tne dis-
advantagess. The method of clipving a«t the heigat grazed
will be usged (5)a

Bagsal areas or ground covered should be tne actual
area which 1s covered one hundred per cent by tahe plant in
tne normal statee Thug in determining the area of a shrub
two cross diameters will be measured and multiplied to-
gether to obtain an area figuree If only half tuis area
is shut off from vision - looking down TIrom above - only

half taat area is covered and the above area figure snould
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be divided by twoe Tnls method allows for grass or forbs
that grow below a shrub winere gunlight 1s available to
tiiemes Gragseg and forbg gnould be treated in the same
manner and sihould be given an area eqguivalent to tae area
of ground which they covere. Thnis might ke compared to the
ground area which 1s ghaded oy tane plant at noone.

Two plants ahave been completely treated for volune
production on the mixed grass prairie. The range used is
located four miles west of kort Collins,Colorado. The
vegetation is largely grass and 1s covered gy two domi-

nant species, grama grass (Bouteloua gracilis) (see Figure

9) and buffalo grass (Bulbilis daciyloides) waich are

typical saort grass species. Western whezt grass (see

Figure 8) (Agropyron Smithii) is tne taird most abundant

plant and the 3tipas are also guite numerous. Tne two
plants selected for tnis experiment were grame grass and
western wheat grass wnich offer two extremes of grass
typese. The cliuping work was carried out at two-week
intervals from the kteginning of the grazing season, avout
June 1, 1931, to august 15, 1931l. Tnis time was sufficient
to allow for seasonal volume variatione

Plots of pure grama grass wiaich offered an area of
4,000 sq. cme were chogen at random over the range. 4
frame was placed over tuis area, enavling the clipping of

exactly 4,000 sq. cme All the grass from the area was then
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E Figure 8.--Figure showing a plant of
western wheat grass (Agropyron Smithii). Note
the tall leaf growth and the creeping under-
ground stems or rhizomese




Figure 9.--Figure showing a plant aof
grama grass (Bouteloua gracilis)e. Note the
ghort leaf growth but relatively high in-
florescence, and the short root growthe
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removed by the use or gtrong shears, and was clipped zat a
height ot one centimeter. 1t was found that an average
grama grass height was ten centimeters and local grama
grags h&ag a palatatility of about 90 per cente. This means
that grama grass is eaten, usually, to a height of one
centimeter.

A large cloth nelped in gathering this material and
kept losses at a minimume. All material clipped was :claced
in an individual air-tight container and a number given to
1t. These samples were taken into the laborztory &nd oven
dried at a temperature of 100°C. for 24 nours, vefore they
were weighede Ten such sampdles were taken at each in-
terval of timee.

The waeat grass samples were taken by the numter of
stalks rather than by the area, bvecause stands of a

meggurable density are not to be foundes Firty stal

5

X8

clioped at five centimeter height constituted a samnples. Lt
was found by 1,500 random measurements that wheat grass

has an a§erage height ot 17.0 centimeterse. <1ne observed
palatability ot tals grass is 70 per cent, which means that
70 per cent of the 17.0 centimeters height would ce eaten
and 30 per cent would remzine Thirty per cent of 17.Q
gives a height or 5 centimeters which is normally not
eaten. Hence the sanples were clipped at O cme Thnese

samples were chosen at random, clipped, dried, and we ighed
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in the same manner as the grama gruss samples. The results
are saown 1in Tatle 5 znd 6.

Using the above wmetnods yield data wereaccumulated &as
cregented belowe Table 5 gives the grams weight of oven

dry samples ot grama grass (Bouteloua gracilis) walch were

clipped from a 4,000 square centimeter area at a one

centimeter heighte

Table 5e--Seasonal yield ot grama grass in grams

Sample June 3 June L8 July 2 July 31 August 20
Humber

1 10.5 1647 9.8 10.1 9.8
2 11 .5 2l e3 11.8 15 .8 8.9
3 12.5 18.1 11.8 1543 11.1
4 11.4 20.1 13.0 1344 1l.1
5 10.8 17.1 16.8 17 .6 10.6
6 11.5 23.0 12.8 13«4 9.8
7 14.0 17.1 842 13.5 10.5
8 14.7 14.5 13.7 14.1 9.2
9 11.5 21l .8 13.2 13.4 10.5
10 127 19.3 16«1 10.0 9.0
Averase 12.11 18.90 12.72 13.66 10.10
Standard l.24 243 2.4D 2.22 0.78

Deviation

It will be noted in tiais table that grama grass vol-
ume yields increase in carly season and, arter June, taey
make a steady decline, except at tne end of July «t waich
time gsome good rains caused a renewed growth and conse-
quently a slight volume increages.

Table 6 gives tne grams weight of oven dry samples of

wegtern wicat grass (Agropyron Smithii) of which 50 stalks

were clipped for each sample at a height ot five centi-
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meterge

Table 6e.--Seagonal yield of weagtern wheat
grass in gramse

Sample June 2 June 17 July 1 July 18 July 29 Aug. 17
Number

1 le4 4.2 4.9 , 4.8 4.4 37
2 2e2 369 De6 1493 4.5 3e2
3 Se4 4.4 6ed 7.0 4.1 d.1
4 de3 S.1 Be4 ce'l 340 4.6
) 23 445 73 6ed 3e6 448
6 4.1 D46 762 8e7 5.1 3.0
7 28 5.2 8e2 93 4.0 3.0
8 2.8 Bed 846 7elk 4.1 3.8
9 2.8 6.1 7.5 6ed 5.0 3.6
10 240 5.0 7D 7«6 442 440
Average 2.68 5004 7.15 608 402 3068
Standard +80 <76 1l.14 142 «59 «60
Deviation

In the above table it will be noted that wesiern
wheat grass production follows the same curve as does taat
of grama grass except that no increase is noted during the
late rain periode

The next step in the method of yield determination
used is to put these two grasses into equivalent figures,
nzmely into gram volumes produced per square meteres

Grama grass may be converted as rollowss the I'igures
listed in Takle 5 are volume per 4,000 square centimeters,
waich is only two-fiftns ot one square meter. Tne figure
should, therefore, be multiplied bty 2& to convert it into
terms of one square metere The density estimates of grama
grags show it to give approximately a 70 per cent covering

within tie area measureds The production from one meter
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ghould, tneretore, ve divided by 0.70 to give the sro-
duction from 100 per cent ground COVEr on one sqguare meters

It is not so easy to convert the wheat grass because
of its different growth natite Tne protlem is to Iind out
how many stalks are necessary on a meter gquare to form a
one hundred ver cent ground covers rortunately an €xperi-
ment plot wanich had been .rotected for several years was
found to contain a maximum gtand oI wheat grass which
measured up to all the requirements of a perfeci coveringe
Countings were made on tnis area of the number of stalks
in some 20 meter squarese. lnege were averaged togetier
and tound to consigt of 1,374 gtalks per square meter.
This numpber divided by 50 stalks gives 27.48 as the numver
of samples needed tv make up one meter of grounu covers
The figures listed in Tavle 6 should, then e muliiplied
by 2748 to give the weight produced on one meter of
ground with a 100 per cent covere

Lhe results given in Tables 5 and 6 when trcatea as
explained alove become equivalents, namely grerms yielded
oer gguare meter with 100 per cent ground covere. The se
results are given in Tatle 7. The avercge for the group
is given for each date clippede

Table 7 and KFigure 10 show tne dry weight yiela of

grama grass (3outeloua gracilis) and of western wheat

grass (Agropyron Smitnii) from a meter square with one
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hundrecd per cent densitye

Table 7.--Average yleld oI grzisa grass
and western wne:t grasgsg 1n grams

Grama Grasg
June 3 June 18 July 2 July 31 August 20
Gams 4242 67 60 45.4 48 .8 36el

Western wneat grass
June € June L7 July 1 July 18 July 29 Auge 17
Grams 73.68 1383 19648 18669 1154 101l.1

Taple 7 shows western wheat grass to produce a much

greater voluw€ per unit area taan 1s.produced by grama
graas. LT alzo snows tnat grema grass reacnés 1ls naXimum
volume earlier tnan dces wheat grass and consequently
thet wheut grass is vetter late seasgon grazlng and grama
grass better early season grazing so far as volume 1s con-
cernede For comparztive purposes tne resulis saown 1in
Tatle 7 and Figure 10 give a definite, measured value for
the volume relationship between these two speciese Lt Wilj
be noted tihat volume increases steadily during tne growing
season and decreases correspondingly as the plent dries
out after maturitye.Weight losses were probably due
largely to the action o1 gressioppers walch became e€x-
ceptionally numerous during tne latter part or the season
when these studies were madees

The use ol these data depends uron the gseagon grazed,

hecause they are not pruportional during dirferent seéasonsd
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Thus grama grass will ofter almost as muca volume as wheatl
grass during the early season wnile later in the season 1t
ofters only atout one-tnird as much volumes. Since Stand-
ing's method does not consider tne seasonal variation the
method used in the apove siudles seems LO Le & moTre
accurate measurenente

ine weights tor each plant during the season grazed
may be averaged and the resultant tigure be used Ior
comparisone Thus 1f the area studied were grgzed irom
June L to hAugust 20 tne rigures 1or eacn grass would ge
averaged together to obteln tne average volume exnipited
during tnét periode L1 the pasture studisd ucre grazed
from June L to August 20 the 1igures presented in Takle 7
would all be averaged togetner and the resultant figure Le
used Tor comparisone

When the weights sihown in Table 7 are averaged to-
gether the rollowing tigures are obtaineds 48 grums--
average volume 1or grama grassy 135 grams -- average
volume tor western wheat grasse

From this it is evident that during this season
western wheat grass had a volume approximately 2.81 times
ag great as that of grama grasse Therefore, all otner
factors ©being equal, western wineat grass would have a
value 2481 times as great as grama grass, despite the fact

that grama grass nas a 20 per cent higher palatabilitye.
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I't will be remempered tnat in these calculations the plants
were clipped at & neignt walch &llowed 1or tneir respective
palatatilities and nence tne palatapility need no longer ue
considered as a tactore Using no volume measure theésé IWC
grasses were rated as to value according to palatatility,
nemely grama grass 90 and wne.t grass 70e Krom the volume
gtudies discussed atove it pecomes evident Tnal tnese
palatarility ratings =re 1inadeqguate pecaugé, othner IactoTs
being equal, whezt grass is 2.8L times as valuable as
gTalmé gré8Se

In conclusion it me: be stated thaT iInasmuch as
gsome plant produces more tnan 10 t.més as much volume per
unit area ag other plants, volume must e considered 1n
rating plants as to valuee. Tne method ol determining this
volume is & method ot measuring the yield from a unit area
wiiich hes been clipped at @ proportional neight egquivalent
to its palatakilitye That such a method would be practical
is shown by the fact that western wheatl grass, previously
rated as having a lowers value than grama grass, has in
reality, a value 2.81 times. as greatl as grama grass due to

its excessive volume productione
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3e Chemical constituents and digegtivility

B

It is evident tnat tne volume procuced, or tne vclume

eaten by stock is not the sole deciding factor for
determining the value of a plante It 1s no more reason-
akle to asgume that one range »plant 1g eguivalent to
anotner, voluwe for volume, tnan to assume that Jouna for
pound of alfalfa is equal to oat sirawe. ZXEvery plant has
its owh value ag a feed, wnicn value depends upon its
constituents, namely, crude protein; etner extractg or
fatss; crude fibver, and nitrogen-free extracts, Whicn to-
getner make up tne carbohydrates; and the mineral content
referred to as ashe The amounts of the above constituents
can be only & relative com.aring standard, for actual
feed value depends upon digestitrility, or tae actual
vercentage of thne constituent tuat is utilized vy the
animale

"The analysis is used to give an idea oI the feed
value of the forage and is often usea to confirm work on
stock feedinge The analysis must not bte considered final
vefore feeding tests nave been made with the foragee
Chemical analysis can be used in cowwaring different kinds
of foragee If one plant contains more protein and etner
extract tnan the others it is considered of nigher reeding

value." (10)
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Cheiiical analysis of forage has veen worked on gquite

ct

[N

extensively oty several experimenters. All tne imdortant
cultivated croos and many of tue range plants aave oveen
analyzede

Almost all work on range »slants is deficient,
however, in tnat it does not cover any special season, the
type of growta, site, and habitat arc not given, and no
attention is givern tu digestibilitye

Perhaps tne wmost extensive work 1s tanat of Henry

and Morrisom (21)e Their work covers tue most species and
is tne only workwhich adequately covers digesticilitye.

The most extensive work on western range piants
is that of thne Wyoming Experiucent Station (10), (16),
(17)s (18), (20)s (21)« Work was begun as earliy &s 190D
but includes only tne generucl analysis ard not aigestibi-
litye The seasonal variation mentioned in tals work was a3
followss a definite drop in the percentage oI pr.tein
toward tne end of tne seasoni variations in tae percentage
of carbonydratese These variations show no deiinite

trend as related to season, nowever. Considerabvle

irregularity was found in the ficer content with a general

o
o

tendency toward increas€ as se€ason progresses an
decided variztion in bothn &sn and fats witn a siight
tendency toward increase of fat witn maituritye. This work

indicates that forage plants wre less valuable as feed
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when narvested unduly leatee.
Extensive analysis made ©ty the Colorado experi-
ment station on range and oasture grasses (3) gives a

general figure for many range »nlants tut lacks date and

location figures and so can be used for comarigon onlys

The vpublications listed all offer material for

comparative information Tut a veriation Irom

-
=
o
cl
m
gl
o
Q
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o
m

gseagon to season and do not rate tne plants according to
value from an analytical viewpoint, or accordiung to
digestivilitye.

Wihile cneixical analysis in itself offers no
definite figure of value, it way vce interpreted for soume
indication as follows (4)

le Water - Water 1is o no feeding value tut in-
fluencesg tne palatapility of tiie feed. Liwifed auounts of

water «re, tanen, of some value and are Jdesirablee.

2« Ash - The asgn substances vresent in feed play an

ical processes oI digestion

)¢

important part in the paysiolo
but possess no value as an energy sources. Asn furnisnes
liwme and phosprnorus for bone building, sulfur and plhios-
phorus for cell constituents, etce Host feeds Turnish
gsufficient ashand any increase 1s not necessarily to ad-
vantage o

3¢ Crude protein - Cruae protein 1is made up oI

nitrogenous material rrowm which tane animal derives 1ts
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muscle tissue, ligeuients, nair, and replacement meteriale
The more protein a given feed c.ntzins, the better 1is
its quality as compared with other similar feeds.

4. Crude fiber - The :most incigestitle part of tne

feed, including cell walls and woody material, comes undeér
this head. It is not digested in any consideraile anounts,
but nas a value somewnat gimilar to taat of sugur and
starcnes. The fact that a grass cures well and retains 1ts
nutritive qualities is said to be due to the large amounis
of crude fiver present. It cannot, therefore, e said taat
fiver is objectionable tut it is the least valuacle of tne
constituentse

5« Fat - Fat furnisnes neat and enérgy o tne aniual
and next to protein, is tae most valuable part of tae reed.

6. Nitrogen-free extract - Tae gugars, starches and

non-nitrogenous organic acids, togetner wita scluvle
cellulose meke up tne nitrogen-free extracte It is more
soluble and hence nore digestible tnan fiver, and thus nas
a nigher nutritive valuee.

The work presented Lelow gives the seasonal
analysis of range plants, anda a method whereby comparacle
values may be obtained, by the use of nutritive ratioe
In this way it is vpossible to show wnich of two species is
the more valuable feed and alsc to show wnat season is tae

begt for grazing each species, since cnewical make-up




varies with s€asone

The analysis metaod used in thais worx is tast
outlined by the Association of Officisl ag cricultural
Chewists (2). Hitrogen-free extract was found by sug-
traction. All anslyseés was based on oven-dry weignte
Figureg for digestibility were taken Iroua Hénry 211G
dorrison(15)e

The samples analyzed were collected during thne
summer of 1931, at intervals aporoximating two weekse. The

grasseg were clipped at the heignt normelly eaten ©y 3T0CKae

Analyses weremade on grale grass (Bouteloua gracilis) and

on western wheat grass (Agropyron 3mitnii), wnich were

considered tue two most important grasses on tie colicge

pasture and whicu »ffered two eitremes in tryoe. Teén

separute saples were taken for eaca grass -1 €acn time

interval, each sawuple oeing clip.ed =t rzndom over the

pasture. Tne samples were inclosed in alr tignt cans,
taken to the leaboratory, and welghed immedliatelye Tney
were then oven dried and tne loss of water recorded. Tne
sanples were next stored in covered cans until analysis
wag made. All szmples were ground to a two millimeter
texture and those of the same date were tnorougnly mixede
Analysis was made in duplicate on all samples, and waere
doubt occurred, triplicates were rune. When any apprecia-

tive variation which was not surficient to czuse a recaeck
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occurred vetween duplicate sawunles, the two readings wvere
averaged, to obtain the accepted figures.
The results of the analyses are given in Table 8 and
the accompanying grapna (Figure ll)e Tacle 8 sihcws the

ted

a
(]

chemical analysis of two important range grasses coll
at two-weex intervals during the grazing season oif 1951
The analysis included crude protein, etaer exiruct, crude

fiver, nitrogen-free extract, and ashe All Iigures are

based on oven-dry weigats, and are Listed in perceniagee

')

Tavle 3e--Tune cuenical anuliysis oI frwda
and wheat grags (dry weigat)
Gramre grass

1931 June June July July July Auge Season
Date 3 18 2 25 31 20 Averag

Crude protein 12.65 11406 1043 9430 3.13 7.24 9.8
Ether extract 3.15 2.1 2437 145 1.78 3.2 2e3
Crude fiber 26.0 2042 271 273 22.0 225435 20.8
Ash 7455 10.9 9656 9e2 11.65 1240 10.2
Nitrogen-free

extract 50665 5074 50454 0270 07444 51.71 5241

1931 egtern waeatl grags
Dute June June July July July Auge 3Scas=on
2 17 1 25 29 17  Average

Crude protein 17.49 16421 10e4 7.08 7463 64568 10.9
Etner extract 4,11 4.1 2.8 2.30 3.10 4.62 345
Crude fiver 27e6 28.0 3041 30.45 29.00 323 297
Ash 7e33 8.65 7.15 3.2 8.8 7 .85 8.0
Titro en-free

extrzct 4545 43.04 49455 01.92 5140 48452 43.0

[¢)]
'—l-
W
o

It will be noted in Table 8 that very

regular drop in the crude protein contunt as wae season

N
(

Progreasess 1n view of tue Tact thwt crude wrotein is the
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Figure ll.--Graph showing the chemical
analysis of Agropyron Smithii and Bouteloua

gracilig for various seasons of the year of 1931+

S0lid lines represent Bouteloua gracilis and

dotted lines represent Agropyron Smithii. These

percentages are based on oven dry weighte
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basis of computing the forage value of a feed, 1t snows
that the grasses nzve a definite decrease in value during
the summer season. This drop is protebly closely
connected with the drop in precisitation. Filgure 12 gnows
the rainfall wnich occurred during tne summer of 1931 &t
tne time the samples were takene Figure 13 snows that the
protein drops to a level after August firste. Since
Figure 12 snows late summer rains to oceur also at tais
time it indicates a relationsnip existing between protein
content and rainfalle

Wnile grama grass is lower in crude protein content,
it will be noted that the drop i1s much less than that
shown in western wheat grass, and, for tnis reason, grama
grass 1s a better late season feed and wneat grass & uetter
early season feed, asg far as caemical constituents are
concernede

Ttpner exiract is nigh during early summer but Grops
steadily until midsummer. Tais o»robably is tnae result of
the grass drying oute The reverse, during late summer may
be accounted for by increased precipitation as seen by
comparing Figures 11 and 12 or by the development of seed
wiich is known to have & high fat contents 3Both grasses
ghow a decided fat increase during tne latter part or the

gea 30N e

Roth fiber and asnh seem to nave variation witnin thne
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Figure 13.--Gravn saowing

the couparison
of grama grass and weatern wileat grass

height, volume, succulence,

and protein co
during the summer of 1931.
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samples onlye. No consistant tendency is shown except for
a fibe: increaae in western wheat grass, as the season
progresses. This fiber increase is known to characterize
very dry weather conditionse. The glight rains in early
August probably account for the fiver drop found in grama
grasé during the latter part of the seasone. grama grass
due to its lack of height, reacts very readily to slight
moisture changese. Thisg drop was not noted inm Wheat gr?sa*i

Nitrogen-free extracts show a tendeney to increase
as the geason progresses but agaln a decided drop takes
place in both grasses ag the late ralns appears

The effect of late rains or late seagon maturity can
e noted in all five constituents as Figure 11 snowWge

To summarize these changes duringuthe geagon the
nutritive ratio can be applied. The nutritive ratio is
merely a relative figure walch shows the ratio existing
between crude Jrotein and all other digestible consti-
tuents, offering a simple means of comparing feeding
value. All Tigures used in computing this value are
digestible percentages and not total valuesg.The digeatible
figures used are those of Henry and Morrison(l5) and may
be enumerated as followsgs Western wheat grass - crude
protein 55 per centy fiter, 69 per centy nitrogen-free-
extracts, 63 per cent; fat, 4L per cent. These digestitle

percentage figures are known to vary somewhat in different
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regiong due to nigh altitude, moisture, etce, wanich affect
somewnat tne solubility and hence digestivilitye. Tae
liszted figures are approximately correct and may Dbe used as
a working basis,_since digestirility experi:ents are too
detailed to attempt in every regione

To obtain tine nutritive ratio of wneat grass the
figures listed in Tatle 8 are multiplied by taese di-
gestivle percentages and substituted in tae following

formulasé
s . _ (pigestirnle fat x 2.25)4 digestiblg
Nutritive ratio = carbonydrates

Digestiole crude vrotein

Grams grass has, as yet, never been tested Ifor
digestion percentages, but it aas been a proiimated by
Henry and iforrison (15) to obtain some comparative figsures.
These figures may te listed as followss Crude protein,
50.0 per centy fat, 4l.< per cent, ana carbonydratés
(fiver and nitrogen-free extract coibined ) »54.9 per cente

By substituting thnese figsures and those found in
Takle 8 in the nutritive ratio formula a Tairly exact
figure can be obtained, but it must be rememoered tnat
all available digestion figures are ror grass nays cut at
the end of the season and may not give a wholly accurate
figure for digestitle percentage during otuer seusonge

The nutritive ratios obtained for grama grass and

wegtern wieat grass by this method are given in Teble 9




and Figure 1l4.

the geason progresses and &lso offers &

«7Q=

feeding value of the two grassegs

This tatle shows tne cnange 1m

Table 9.--Nutritive ratios of grama and
wneat grassege

4.
ras

i0 as

means of comparing

Wneat Date Jure 2 |June 17 |July 1 |July 25 JJuly 29 Kuge 17
grasg| Ratio |L:H.2 [L356 1:9.0 [lzl4ed [L213e1 [[3105e5
Grama |Date June 3 gune 18 guly 2 | July 25 [July 31 Wluge 20
grass |Ratiojls7.L[L:7.9 t8.5 12947 1:11.1 L:12eD

A very decided increase as the season progresses mey

Ye noted in these figureses The ratio, tuen, may C€ sala

to pecome wider as the grass maturéese 32oti grasseés aave

a relative narrow nutritive ratio and grama grass one taat

is very constante In general a feed with tTh€ narrow ratio

ig the nore valuakles A ratio 12643 is said to tve

is a

about average for feede Thus during June wacal Zrass

very valuable feed, bveing Tfar above average and better

than some of our common grainse During tne last of July

+

and August, nowever, the ratio nag become so wicde tnet tne

grass is of little value unless supplementea by nitrogenous

feedge It may be said that wheat grass is a very valuacle

feed during tune early season btut losses value rapidly as

it maturese Its value deoends upon tue stocke Thus a

young animal will make best guins at a ratio of l=4, wualle

a mature animal will torive begt at a 1:10 ratioe. A Tratio

of 126 is generally spoken of as & balanced ratio (26)
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Figure l4.--Graph showing width aof
the nutritive ratio exhibited hy Agropyron
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Smithii and Bouteloua gracilis during the

grazing season of 193le.
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The correct time to graze a wneat grass pasture, tnere-
fore depends on tne class and age of stocke Hor young
stock it ofters tne best teeding value during Juné, now-
ever, tor mature animals July will give thne bhest resultse
Atter the 1irst oI August, wWltanout supplementery reedss
the wheat grass pasture is orf little value excepl as
maintainance feede

Grama grass offers a good feed, unsupplemented,
until Auguste It compares very ravorably wlth wi€al grasas,
for, though wheat grass offers the narrower ratio during
June, the grama grass gives a consideratly narrower ratio
for July and Auguste. The wiheut grass ratio widens uuch
more rapidly Qnd much more variation is siowne ¥aor an
averzge figure during the grazing seéason gramé grass
ofters a 1:9.4 ratio while wheat grass offers a 1z10.C
ratio.

Either figure 1s very good as a Lzl0 ratio is
suggested for mature animalse rrom the stendpoint of
nutritive ratio, however, grama grass offers the better
feed for the season as a wioles

The water lost between green and oven dry grasses
may be considered as a constituent ol the grass and on
analysis shown based upon green, ratner than oven dry
weighte When so figured the percentages show wnat 1s

actuslly consumed by tne animsl wien the grass 1s eatene.
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These 11gureg can be round in Taole LQO.

te looked upon as tae actual pounds ol vari

found in 100 pounds ol green grass tor diil

during the seasone

rne

Iigures may
oug constituents

erent times

Tapble LQe~-The chemical anaglysis ol grama
and wheat grass (green weignt)
| Grama grasg
Date Jund June {July July ( July | Auge.
3 18 2 25 31 20

Crude protein| 6¢4 ) 6.31 | 6.79 | 8.24 | 6.9 6e23
Ether extract | le6] 119} L8B4 l.L.28 L.E 275
Crude fiber L3¢l {14436 L7460 24422 (8.7 (2181
Agh 3.8 6.21 | 6423 | 8415 |99 [10.78
Nitrogen-free

extract |20e46 128.93 132698 |46.76 B8 14448
Water 49.5 [42.99 [34.81 [11.34 {L15.22|13.94

Western wneat grass
Date June (June |July tJuly |July Auge
2 17 1 28 29 17

Crude proteln| 7.86] 6.67] Dec6] DZ0| D67 | 4.96
Ether extract! 1.84] 1.69! 1.41 1.761 2430 | 3.45
Crude fiber 124401114831 1023122482121.86 124400
Ash | 3.30] 3.56| 3.62| 6.14| 6.53 ) 5.83
Nitrogen-free

extract |19.87|17.73{20413|38.92]|38.158 [{36.05
Water D5.07(58.86| 49.39120.03|2D5.78 |20 47

It may be seen from takle LO that the wheat grass

protein still
ized oven dry
as the seagon
ke classed as
comes evident

maturity.

shows the consistent drop whicin character-

materiale riber shows & decided increase,

progresses, in both grassese. #iber cannot
a deglirabtle constituent and again it ke~

that the value ot the plants decreases with

Ash and nitrogen-free extracts totn show steady
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increase asg maturity 1s approacnede
Since rain was very scarce during tne entire seasgon
of 1931 the water content or succulence 1is algo seen to
take a steady drop thnrougnout the surmer. Water may bpe

s

considered as a valuable constituent in that it adds to
the succulence and palatability otr the grass. Tne rainfall
during the 1931 season is snown in Figure l=z.

A very important feature can te brougint oul by
combining the results ot volume experimentis listed in Tatle
7 with the analysis experiments listed in Table 8. V.en
the two listed figures, i. e., volume and per cent composi-
tion, are multiplied togetner the actual amount of each
constituent per unit area may bve obtaineds Ln Tatle 11
may be found figures representing tne pounds yielded per
acre of one hundred per cent covere. <‘hese data, becwuse
they present the actual obtainatle nuirlent per unit area,
give the best means of comparisone

In Table 11 the various constituent percentages
vased on dry weight are comtined with the dry weight vol-
ume yield to give tne actual pounds per acre yield of all

congtituents during the seasone.




70

Table 1le~-The volume congtituents yielded
_by grama grass and wheat grass
Grama grasg

Date June June July July Auge Season
3 18 2 31 20 average

Crude protein 47.6 66+6 42.4 B3He4 25e5 43.02
Ether extract 1l.9 126 g.6 77 1003 10042
Crude fiber 9749 15147 109.7 95.8 8l.6 107.54
Agh 2844 65¢6 3847 50.7 4043 44.54
Nitrogen-tree

extract 190.6 305.8 204.6 245.7 166.5 222.58
Total 37664 602.1 40449 430.38 322.0 428.14

Wneeat grass

Date Jumne June July July July Auge Secson
5! 17 1 25 29 17 ave rage

Crude protein 114.9 200.3 182.3 1L7.8 78.8 60e2 1201
L ther extract 27.0 50.6 49.1 39.1 3l.9 41.¢9 39 9
Crude fibver I81le3 34549 527.6 0506.6 299.0 291.3 3084
sh 48.3 106.9 1283 13644 90.6 70.8 96-1
itrogen-free

extraet 285.4 O531.7 868.5 863.9 529.1 437.6 568.0
Total ' 6569 12304 1752.8 1663.8 102%4 901le8 120647

It will be noted in Table L1 that both grasses give
greategt protein production in the middle of Junee. That,
therefore is the ideal time ror grazing such pasture sa

far as volume and constituents ure concernede.

The average of productiom throughout the seasonm gives
. s definite means of comparisom to determine the relative
seagsanal value of the two plants with regard to productione.
Crude protein, wnich, it will be remembered, 1s the basis
of feeding value, is found to nave only 34.2 per cent as
much volume in grame grass as that produced in wheat

grasse. It may, then, be gtated tnat 1or actual feeding
lcongtituent production, wheat grass 1is approximately three

times as valuable as grama grasse
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Chemical analysis indicatesg taut plants vary in
compositionto @ consideraple degree emen witain relatively
gimilar areage Table 12 shows tne variation obtained oy
three difterent workers in tne analysia of wheatl grass
gsamples from regions relatively close togetner. All

figureg are given in average percentagege

Takle 1l2e.--Wheat gragss analyses

Tocal average Average of Colorado
for 1931 all analysis ZZExperiment
seagon vy “{yoming Station
Station 1889
Ash 8.0 7.04 5.74
Ether extract 352 2.36 2424
Crude fiver 29 .7 325.63 2l.14
Crude protein 10.92 7.68 7«10
Witrogen-free

There are very decided fluctustions almong taese
ficuresg listed in Tatle 12, with seemingly no consisténcys
There are several factors waich must be considered. Tne
nitrates 1in ¢ne soil, for example, have been proved tTo e
almost a controlling factor for protein content. It 1is
known that drouth causes increase in fiber and decrease
in protein (21). The Wyoming station has siaown definite
variation in protein content due to altitude, plants of
higher elevetion naving a nigaer protein content (17),
(18). Shading was also found to ve influential in .rotein

production (20).
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In conclusion, tanerefore, it is evident tnat
analysesg can be only relative unless taey are perfcormed
for eacn region in which readinzs are desgired . Strict
attention must re given %o tne season in wnica tne area is
to be grazedes

Without caemical analysis 1t 1s difticult to deter-
xine the actual value of a »nlant 1o0r feed. Digesiion per-
centages should accompany tae analysis rigurese.

Cnemical analysis in itself gives only com.arison
cetween grasses. Witan digestibility figures a nutritive
ratio can be obtained wnicn gives the most usable figure
for determining the feeding value of a plant and for a
comparisgon hetween different gpeciess Seasonal variation
can b€ clearly demonstrated bothh by the use of nutritive

ratio and by the use of volume production of each con-

)

stituente. Volume protein production during the s an

w

o
(=9

)
r

n

ct

snows wheat grass to yleld three times as muci pro
per unit area as 1s produced by grama grasse
Chiemical analysis serves an important part in tae
determination of plant value since it indicates the wmost
nutritious sgpecies and the most productive season. Deg-

-

vite the ditficulties involved in chenical analysis its

importunce more than justifies 1ts considerztione
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4. Characteristics aftecting grazing value

There are certain paysical tactors caaracterisiic
01 some plantsg wnich make tnem uniit Ior stock to eat,
either during a certain seagon or perhaps during all
seasonse It is evidenmt tnat tne value oI a plant on the
range may be seriously lowered by the presence of ob-
jectionable reatures such as snarp awns, stipes, leafl
blades, thorns, etce Plants may be avoided because of
their toughness during late secsong, due to riper develop=-
ment, or due to drying out or tne tissues. navitat of
tne plant may vbe osjectionaple pecause o1 an inaccessible
locatione Such are tne plants cnaracteristic only of
rocky nillsidese. The plant may have roots so short taat
the animal cannot graze witnout pulling the entire plante
Some plants may never attain a heignt wanich can tce grazede
These and many otner factors may decrease the value of a
plant on tne rangees

Practically no work has been done in rating plants
on the basis or tneir physieal factorse. Workers such as
Pammel (23), (24), (25), Long (19), Nelson (22), Durrell
and Glover (11), (12), and narsnberger (13) nave mentioned
mechanical injury attriouted to various plants but this

has not been currelated with grazing valuee
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Plants thus retrerred to are injurious DbE€czuse o

gpines, awns, gharp leaves, exceésg rliger, ctce Taese in-

clude tihe tollowings

le Hordeum jubatum 17. Spartina crynosuroides
2e 3tipa vaseyil 18, Aira caespitosa

3. 3tina viridula 19« Capsella bursa-nastoris
4. 3tiva comata 20 Z.lygonum gviculare

Se. Dtipa spartea 21. Aristida aygometirica

6. Stipa cupellata 22+ Brocdium cicuterium

7. 3tipa setigera 23+ Zosa fendleri

8« Bromus tectorum 24+ Tritulus terrcstiris

@. Cencnrus trituloideg 25« Yucca glauca

10 Aristida longiseta 26e Urtica gracilis

1l. Trifolium incarnztum 27, Zolygonuil convolvulus
12, Opuntia ongelmanil 28+ Sarcobaius vermiculatus
13« Avena fatua 29. Zguisetum arvense

14. Xanthiua canadenge 30« Lappula najor

15. Heteropogon contortus 3le Bidens frondosa
16+ Stellaria media

Some of thege plants are very valuavle range plantss
others are worthless. Plants sucih as tne Stipas aave Very
high value for seasons in which Taelir sharp awns &re ot
present. It can readily ve geer taatihe value of such
plants is not seriously lowered ii tiae animal do€s not
eat thew during the awn-beuring scason. The seriousness
comes when the plants are eaten in spite of tuese features.
Some plants not eaten directly wmay ©e taken awlong witn

e

@

other feede Such are the long awns and dissected raciae
which are blown by the wind and distributea among palziatld
feeds waere they can be taxen up by the animal, causing
serious injury and sometimes deathe Such plants also are

dangerous to the eyes, nose, and even to the bvody of an
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animal. Grasses such as Stipas (See Figures 15 and 16)
may be brusned up against by tae grazing animal, and a
stray fruit with its long jagged awn be lodged in tne wool
of the face. By means oi the long barbed awn it may work
into tne animal's eyee. Serious inflamation and even
blindness may resulte A section of the racnis of Hordeum
( See FTigure 21) whica aas become lodged in the bvlades of
a palatable grass may enter tae nostril of a grazing
animal. Here it mey workx into tae nasal caawmbers and
causge considerable damagee. Stipa awns may become lodged
in tne waol of sheep ana, as the awn absorbs moisture
it will twist and turn, sometimes pushing the gharp
bristled callus ot the fruit into the animal's flesh
caugsing great discomfort to the stock and often ruining
the pelte

Plants waich have a high fiver content may sroduce
balls gsimilar to hair balls in the animal's intestines
This formation may regsult in a mecnanical obstruction
cauging deathe The most common &nd serious disease re-
sulting from mechanical injury onour ranges is the common
actinomycosis or lumpy jawe This disease 1is a swelling
or tumerous growth on tiae head ot tihe animale Actinomyco-
gls is a diseasge ot the bone of the jaw, caused by a ray
bacterium which grows on the plants (9)e It has bveen

definitely suaown that this disease is transmitted to the
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Figure 15.--A plant of Stipa comata
ghowing the long awns and sharp stipes which
characterize it. See also Figure 16




Stipa Comata

1 ca .y T Ty

jigure la.--Drawing snowing highly
magnified seed of Stipa comata with its ab-
normally long awn bearing barhs and stiff
hairs. Note the twist of the awn and the
sharp horny stipe at the basee.
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HERBARIUM ¢

Stwpa Vaseyi Scribn
€Y. e

Foct-1oth

RAL COLLEC

Lers

VU 22

Figure 17.--Figure ghowing the shorter

fruits and awns wnich are

produced hy

~

Stipa

vageyi. This plant is not palatable and has

ne value.
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Figure 18.--Drawing showing a highly
magnified seed of Stipa vaseyi with its long
barbed awne Note the sharp hairy stipe at
the base.
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animal turougn open wounds caused by injury Irom grass
awnse Theége awns penetrate the mucous membranes of the
mouth and carry with taem the orgznism which causes
tumerous growthse

The value ot 3zome olants 1s more taan enough to oftf-
set their objectionapble featuress Suchh are tae 3tipas
which have relatively nigh palatatilities and are con-
gidered valuapkle plantse They act only by seasons so can
e avoided during the dangerous periode The nign pre-
ference value of the 3tipas, however, causes anluals to
egt tnem at all seasons, regardlegss oif the discomfort that
may be encounterede For this reason the 5lants must only
te grazed early, (prior to awn development), or late
(after awn dissemination), so a method of range manage-
ment 1s necessary and fences snould be employed to prevent
grazing at other timese Other awned grasses, the
Aristidas for examvle, (See figure 19) are not grazed
during the ceriod in walich thelr fruit is dangerous, be-
cause of a lower preference. 3Since the plant is not
eaten during dangerous seasons and is grazed extensively
after the awns drop, it is eviaent tuat the value or the
plant 1s not cut down by the production of awns, since it
can he utilized during a late season when 1t will cause
no troublee. Thus the higner the prererence and palatabili 4

ty of a plant the more its value is decreased by the
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pregence of objectionable featurese.
The value of some plants is not high enougn to off-

get the objectionable features. Hordeum jubatum (See

Figure 21) receives an averszge of about 35 for palata-
bility, but the great dam=zge caused By its awns makes it
a nhighly undesiracle nlant on a rangee Hence it 2as no
value to the range even taough it produces good teed
during early s€asone

There are plants whose spines, which are retained
throughout tne year, make it nighly undesirabtle on a
range ratner than desiraple. 3uch a plant as tane common
cacuta has a palatability of zero because sfiock cannot
eat it, whereas it would doubtlesg be a valuable feed
otherwise. >lants whicn retain taeir objectionavle fea-
tureg throughout the grazable season will always be
valuelegs and so receive a zero ratinge

Plants which nave a certain palatability, taerefore,
may be valuelegs, and so not an asset to the range. Any
plant wnich possesses disadvantages in excess of 1ts ad=-
vantages would be go ratede

Factors which lower the value ot the plant because
of mechanical injury are the most important among the
physical factors inrluencing values There are, nowever,
numerous other factors wanlch may lower the palatanility

or preference and so be rated as indirect factorse




-7

Figure 19.--Figure snowing a plant of
Arigtida longiseta. Note the three awns
which characterize the fruite




Brome

Figure 20.--Drawing showing a highly
magnified spikelet of Bromus tectorum. Note
the barbed awns and hairy floretae.
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+ Figure 2l.--Drawing showing a highly
magnified spikelet of Hordeum jubatum.
Note the many stiff barbed awns which
characterize the plante
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Numerous annual grasgses wihose root systems are not develop-
ed enough to witastand grazing would ve so ratede. 3romus
tectorum (See Figure 20) offers a good feed prior to fruit
develooment except for the tact that the plant is uprooted
with the sligntest pulle The animal cannot eat tne roots
with taeir sandy mass of soil, and consequentily the plant
is rejected and so the palatavility is practically zeroce

Other plants are sgser:iously nandicapped kecause of
lack of neight growthe Short grasses such ag Bulgilis
dactyloides (See Figure 22) are very aighly preferred and
highly relished but the animal cannot graze tiae plant
cloger tihan 50 to 60 per cent and tnen there is serious
danger ot too close grazing and a resulting growth nandi-
cape A plant so grazed is also subject to severe injury
due to root exposure. Excesgg height may also effect the
grazing value of a plante Suci shrubs as oak grow atove
an animal's reach and consequently a part or the forage is
uselesse Generally notining above a d2-inch height is re-
garded as accessiblee.

The palatapbility in plants may be low, especially
for sheep, due to excess toughnesse. The value of some
Agropyrons such as western whezat grass ig materially
lesgened by a wiry texture wihlch makes grazing difficulte
This 1s probably the factor wilcn causes palatability for

sheep to ©ve lower in grasses tnan in forbse. There is a
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Figure 22e.--Figure showing a plant of
Buffalo grass (Bulkilis dactyloides) with
its characteristic creeping stolons. Its

low form of growth is a serious handicap
to its acceggibilitye.
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distinct seasonal action nere and plants wiican are too
fibrous to be grazed in late seasons may ofter excellent
early spring forages. Otaer plants &are low in value te-
cause ot woodiness in tne gtem or stalk. Zlanis such as
our ftoothill snrubs necegsarily cannot be eaten &g Com=-
pletely as 1lesny plants cecause oI the tsugnness ol tneir
woody stemse Some rank growing forbs suca as tne taller
butterweeds (Senecio), the stem is lert standing aifter
the leaves are grazed offe

The habit of growth may nave a direct vearing on tne
plant's velue. Certain plants, usually annuals, dry up
and disappear by tne 1irst of July in normal ye€arss
Though suca plants had a palatapility wnlch woulad rate
them very high theywould, obviously, ke of no value to a
fall pasture. Few annual plants nave surficient root
system to withstand any severe grazing. No annuac gives
the stability and .rotection from ervsion that is offered
by perennial plantse In saort, it wight well e gaid that
annual plants are lower in value than perennial vlants,
and, though palatagility may indicate equaliiy beiween
two such plants the perennial wust be given a higher
rating than the annuale

The abundance o growtih ig an imporitant item 1n
rating plantse. Some relatively rare plants anave an ex-

tremely high palatability but due to tielr scarcity can
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never become an importunt part of a range. 1n protected

areas around rort Collins winter fat (ZSurotia leanata)

attains a good growtin and is a fairly dominant olants.
It has a palatability of acout 90 per cent and ig usually
tarzen tetore almost any otner plant when the area 1s sub-
jected to grazinge On areas walcn are commonly grazed
tnis ulant is very rarely, if ever, tfounde. This mzy ue
due to tts nigh preference tigure, or to 1ts inacility to
withstand grazinge 4t any rate 1t can never become an
appreciable part ot the range thougn it is an excellent
teede

The ability oi plantg to reproduce under adverge
conditions 18 also a very important feature. 7Tiis in-
cludes avility to witastand grazing and to witastand
gevere weather conditionse Grasses, as a rule, can with-
stand grazing better than forbs due to their low center of
growthe TForba grow from a bud at the tip of the stalk
and, wnen this bud 1s nipped oft, growth necessarily stops
until lateral buds are forweds. (ragsés grow rom Lelow,
hence wuen thne leaf tips are bitten off the growth is
seldom retarded; indeed, it may even be stimulatede

A plant's ability to produce seed is importante

Grama grass (Bouteloua gracilis) is a short range grass

whichh produces seed only during wet seasons butl wanicn re-

taing its ability to seed, throughout the season. Even
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in late August after a very dry season tinis grass will
seed with amazing vigor arter a single good wettinge. For
this reason tnere is seldom a season in whnich grama grass
fails to broduce a seed crope 3Such a feature must ce
considered in rating tnis plante TVestern waceat grass

(Agropyron Smithii) is a good example of an adapted re-

oroductive systemes Tne seed ot this grass nas a very low
fertility obut the plant is endowed with an unaerground
stem which enables 1t not only to spreaa tut to be one of
the earliegt invaders of an eroded areae. TheE€se under-
ground stems can witastand very severe conditionse The
plant itself may be entircly degtroyed, but shoots from
the turied stems will grow abundantly. [t 1s, therefore,
ditfficult to destroy tals grass by misuse o1 the rangee.
There are oplants whica are not grazed vecauge of the
pregence of objectionable oils, excess bitterness, €tce

Such is probtavly the case in Rhus trilobata wiaica has been

aptly termed '"skunk brusn" because ot the rank volatile
0il found in its stewms and twigse 7The palatability of
this gpecies is practically zero as &a resulte

To sunmarize the study oi ob, ectionable featuresg of
a plant 1t might be saild that any inherent physical factor
which cuts down the value of a glant may be rated as an
objectionable features They must b€ studied and worxed

out on each individual plant, and no general rules cun be
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set down wnhereby their relative importance can te de-
termineds Ln the majority or cases such factors are taxen
care of by palatability tigures. Such is the case in
plants naving volatile oils, short roots, soines pro=-
hiviting grazing, etce

These, then need not be considered as separate
items in rating the plants according to valuee. Jther
cases, thoae in which plants are eaten in spite of okb-
jectionable teatures, must be considerede The relative
damage done must be compared to the value oi the plant as
forages. It objection exceeds value then the plant 1s
rated as zeroe If value exceeds objection then taesir
relative importance nust te compared and correct de-
ductions made on a percentage vasis for each individual

slante

5. Ralatability or percentage consumed

It i3 obvious thet palatakility 1s a factor in
plant value, for though a plant be chemically verfect and
high in volume, it can be of no use it the animal will not
eat ite "You can lead a horse to water but you cannot
make him drink"™ night well ke applied also to feede.
Though one grass has & 20 oer cent nigher volume tiaan a
second grass the second grass will be more valuable 1f its

palatability is 90 per cent as compared to 50 per cent tfor
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first grasse

Tarough past usage palatability has come to mean the
percentage ot the individual plent walcn is consumed Ly
an animal during tne grazing season. Thus & p»lant, nalf
of which is nipped ofr, will receive a palatacility of 50
per cente. Telatability will pe used nere to denote the
percentage eaten and will not refer to tne flavor and
quality as it does in generul usag€e

It is difficult to say just what factors enter in to

[oR

deterriine palatability, 1. €+, just way an &nimal shoul
graze one plant close but not exiensively, wnlle it
grazes another extensively put not close. Tae short
grasses such as buffalo grass &nd gramea grass gré usually
crezed closer to tihe ground than are orher species but
their sihortness pronibits the animel rrom obtaining as
great a sercentage as could Dbe obtainea from a teller
plante

Certain classes ot stock can graze plants closer
than can otaerse Hor €Xaiple gil€ep can graze a Jrark grass
range riuch closer than cattlee Tihe clases of sfocx is also
concerned with toughness of the plante. Cattle for ex-
ample cun graze a woody sirub wuch iore cowpletely than
can sheep because they are more capatle of brezking tne
tough stemse. This probably accounts for the nocted de-

crease in figures listed tor sheep on *the tougher grasses
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in Toitle 13« Time of year also intluences palatatility
because ot the toughness some grasses assume during late
s€asone Thus & plant such as western wneat grass may te
highly wvalatarle in the spring cut in late sezson it be-
comes so tough that stock will seldom graze more than a
few inches &at the tip of the plante

There are certain physical {actors inherent in some
rarts of & plant wnhnicn cause thet part to te refused
though other parts cre eaten. A plant wnich aas a thorny
stém as that of roses is otften ot lower palatakility bee
cause the animal eats only the lez=t. @ather plants are too
high to graze completely. A plant such as sage or skunk
brush is eaten only in small arounts btecause of volatile
0ils which are apparently displeasing to the aninale

There may ve any number of such factors having many
different effects upon palatatilitye

In the past, palatability has teen used aliiost e€x-
clusively as the measurement of plant value. ZIxperimenial
work has keen carried out largely by rores’: Service work-
eérge The grazing examiners, with the help of local rangers
have compiled palatability lists including almost all
plants occurring on national forestse These forest serviced
lists are largely tie result ot the estimation methode
This method is merely a compariéon or heights between

grazed and ungrazed plants of the sawe speciese The ver-
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centage eaten 1s tnen estimatedes Tnere have recently

[ N

been a few methods advenced for determining palatacility
which gseem to be somewnst rore accurate tnan the esti-
mation metnode

Je. HeSneppard (R27) deviged a system waereby cattle
were branded with a serial numger and viere tnen okserved
from a shed top, by the use oif field glasseés. 7Tne time
spent on eacn species was also considered nere to allow
for preference. <wuudrat measurewents were also teken in
Snep.erda's work, wnere the neignt grazecdwas actually
measured to obtain figures ror palatacilitye

A second worker on systems is V. L. Cory (6), (7)
who devised a system somewnat similar to that advanced by
Shepoerds This method regards time grazed on €acia nlant
&s tne deterrnining factore This was cbilained ty tollowing
an indivicdual animel for & 24-hour perioc to determine the
actual time spent on each sveciese Cory alsc fenced a
section of the area studied and, ky comparing the grazed
and ungrazed areas, was able to deterrine wnat plants
were eatenes

These newer systems tend tao overcome the greatest
disadvantages ot tne old system by allowing for the stock
preference and by introducing measurement ratner than
relying upon appraximatione.

Because or their great local importance the
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palatability tables from all forest regionsg doing grazing
work were correlated and placed togetner in one taclee
This tatle gives an excellent means oi comparing tne value
of grasses in ditfterent regions and under diiterent condi-
tiongse The Lists offer tne only means ot ecomparing plant
value on a large scale, with the exception of tne Lists
offered by Ae. WeSampson (26)e ZIEach lList is typlcal onlyv
of its own locality as can be seen by comparing the listed
figures for tne same gpeciege

A1l the palatapbility lists reterred to on page 2
have been collected and the figures for grasses compilede
The result is given in Tauvle 13

Separate lists were included for class ol stock,
namely sheep, cattle, norses, €tce, and 10r varigus
grazing seasgons when such were availablees These classifi-
cations included under the column "use" are cattle (C),
horses (H), goats (G), sheep (S), common use (C.U.),
spring (Sp)s winter (W).

Where no species was given under the genera the
figure used was placed under all species of that genera
which were listed in tnis tabvles This takle is compléte
for all range grasses liste d on the national forests
contriguting listge

Table 13 gives tne patatapility rigures listed oy

the Forest Service in all sections o1 the TUnited Statesgse
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The 1igure Listed 1s percentage palatable or percentage
of the stelk wnich is grazed bty an animale
The inconsistency o1 these rigures clearly dernon-
strates tne inaccuracy oI tne estimarion ne thod o1 deter-

rining palatapilitye. Thus in 3romus t€ciorium ficures

PR

are oresented from O to 85 per cent witi €very gradation
vetween tnese risurese Sinilar veristion is Iounc tarough-
out tnhe chart, a certein wrmount or Ttais varistion is
douktlessly due to variation in tne site and stcck in
ditferent regionse LT 18, NOWcVeEr, &lriCsu inconceivacle
that stock on one correctly malaged rangé would lgnore

o grass wiicn stock on a similar pasture graze to 80 per
cente. The palatability estimate, taerefcre, can at test,
give little rore tnun & relative valuee.

The figures tor all species nave Gceen averuged to
obtazin & relative rigure tor value comparison. This 1s,
of course, a very generwl Ti_ure and cannot be uced
directlys Local varictions and conditions must ce con-
csidered and corresponding allowances made vefore con-
sidering the average figuree A good method of making
comparisons between plants 1s tnat of grouping according
to the average palatacilitye All the gresses appearing in
Colorado were placed in such & ciurte

They were divided into LQO groups, the hignest con-

sisting of all plents having a palatabllity average of 90

LIRRARY OF THE
‘N vt T AIRY IS r
STATE AGRICLLT'L CUOLLEGE

FORT COLLINS, COLO.
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Takle 13.

PALATABILITY T4 IZ5 |a
[0}
. — -
B = -
RAN(E GRASSES @ 53 g & . 5
= + 3 > D - = § 1)}
— o 3 = Q -~ = -~ + O s
OF oy = e m EREE TR = 3 ~ 3 +
) ] €n =y —~ 3 - + O [} = 3
e s e oS - B oS B - B o H s S - S - S«
UNITED STATES 212 3 58 3 5% 92 & 2 Bz SR
= . - g o
1931 glg 5 £ 5 55 5 5 § 5 8 a a
~ — “ ~ H oM ~ ~ “T oy =~ - -~
™ > > ey >, ) > ) > > 3+ +
(o1} [ [N jon fo N Q-i 2y jor oy [on X [£2] N
@] D [®) D D o D 2 D (@) o] o} o
— _ 4 < 20« < € 4 < 2 <4 <4 < <
weecion Forest Uge
1 R-1 iTedison C "80 80 20 30 380 30 30 30 3¢ 30 30 350
. -1 L=dlson S 50 20 20 o0 0 20 20 20 0 0 20 30
. R-1 Nezperce C-3, 80 8C 20 80 80 80 80 80 30 80 80 60
Lo R=1 Wezperce C-W 80 8C 80 86 80 80 80 30 87y 85 80 8¢
o a=1 e zperce 3-8Sp 40 40 40 40 <C 40 40 40 40 40 40 10
Se =1 Nezperce S-W 30 80 80 80 80 80 S0 =0 380 80 80 80
Te R=2 All cC 70 80 80 70 30 30 70
8. R-2 All S 50 50 50 2Q 50 50 o
G R-3 Coconino C.lUe. 65 70
w. R=3 Coronado C.U. 75 78
le R-3 Datil g-C 90 390
les R-3 Datil G-S 90 30
D- =3 Lincoln C 75 75 78
g. R=3 Lincoln S 75 75 75
e R-3 Pregcot CJUe 75 75 75 75 75 75 75 75 73 75 75
16, R-4 Asnley C.Uw 80 75 80 80 85 85 80
17¢ R-4 Boige C 80 15 a0 30
B R-4 Boigse 3 50 10 50 80
9. R-4  Caribou C 7Q 90 90
0. R-4 Caribou S 30 70 80
<l¢ R-4 Powell CeUe 50 60 70 80 85 80
2e R-4 Uinte CeUe 80 75 80 80 90 85 80
“d¢ R-4 VWeiser C 80 80 80
by R4 Weiger CuUe 8Q 80 80
‘E- R=-4 Welser S 40 40 40
“0e D5  Plumas c 70 80
<Te R=D Plumas 3 40 60
:8. -6 Malneur C 80 80 80 80 80 80 30 80 80 80O 80
@‘ n=8 walneur S 30 30 30 30 30 30 30 30 30 30 a0
We Rad Cache CeUe 78 70 7Q 75 75 65
’lo Jornada Exp. Stu.C.U.
9%« Greut Basin Bxp.
) Stae 85 80 80 70 80 85 85
“We Oresat Basin BxXpe
Btas Bs 80 60 80 80

[0}
(8]

Average 66 76 0L 56 687 85 67 70 TS TS ST BT
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or better, the second ot 80 to 89, the taira ot 70 to
79, etce The plants in any commaunity can heé 8o grouped
by reterence to Tatle L3 and a good 1dex of tneir rela-
tive value obtainede All grasses listed for Colorado can
ve tound in Teble l4e This table snows the palatability
groupings 1or plants appearing in Colorado as obteined
from average figures found in Tarcle 13.

Table lde-- Falatapility oi Colorado

gragses ,

Toa pratengis 90=1007%
Bouteloua gracilis 80-89 %
Bouteloua hnirsuta 30-89 %
Agropyron tenerum 70-79
Agropyron violaceum 70-79 2
Alopecurug spe 70-79 /5
Bouteloua curtipendula 70-79
Bromus porteri 70-79
Bromus marginatus 70-79
Bromus ricnardsonii 70-79 =
Tanicularia nervata 70-79 -
Thleum 8sp. 70-79
Z0& 8pe 70-79 -
Agropyron ca&ninum 60-69 t?
Agropyron dasystaciyum 60-689 :°
Agropyron Smithii 60-69 v
Lgropyron 3akeri 60-69 -
Agroovron Scribneri 80-69 .-
Agrostis hienalils 60-69 -
Agrostis alba 60-69 -
Agrostis exarata 80-69 -
Agrostis idahoensis 60-69 -
Alra caespitosa 60-69

Koeleria cristata 60-69

lelica spe 60-69

Oryzopsig nymenoides 60-69

Trisetum spicatum 60-69

Avena spe 50-H9 .

Caluamagrostis canadensis 50-29 .-
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Table l4.--Falatapiligy o1 Colorado

grasses (continued)

Danthonis intermedia
Danthonia parryil
Festucsg ovina
restuca calligera
Festuca caplllata
Festuce minutitlora
Festuca pseudovina
Festuca supina
wegtuca Thurberi
Fzstuca arizonica
Panicularia borealls
Sporobtolus spe
Trisetum canescens

Rlepharoneuron gpe
Bromus tectorum
Cenchrus spe
Muhlenktergia montana
Hordeum nodosum
folypogeon spe
Sitanlon hystrix
Stipa spe

Andropogon spe
Arigtida longiseta
Beckmannia spe
Catatrosa spe
Elymus 8pe

Hordeum Jubatum

Calamagrostis langsdortii

Chaetochloa ape
Echinochloa gpe
Bragrostis spe.
Panicum spe
Scolochloa spe
Sorghastruii spe

Reafieldia spe
Savastana spe

Caluwmovilfa spe
Lunrosa gpe
Schedonnardus gpe
Triplasis spe

50-59%
50-9597
50-5¢%
50-59%
50-59%
50-59%
50-29%
50-59%
50-59%
50-59%
50-89%
50-595;
50-59%

40-49%
40-49%
40-49%
40~ 495%
40-49%
40~ 494
40-49%
40-49%

30-399%
30-39¢%
30-39%
30-39%
30-39%
30-39%

20-295;
20-29%
20-29%
20-29%
20-29:%
20-29%
20-29%

10-19%
10-19%

1
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O 0 0 O

‘oo
s

-

~O N
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Pable 14 shows a great variation in palatarility to
exist among different species witain the Colorado regiofle

From thig table it can te seen tnat 2oz pratensis nas the

highest palatatility average oi &ll plants Llisted oy the
Torest Servicé. A great meny workers, Ior tnls reason,

give Poa pratensis a value or 100 and base the palatapility

of all other plants upon their relative comparison with

Zoa nratensise Foa pratensis can, taerefore, te consider-

ed as a standard and naving tnis plant as an cbjectilive or
ideal facilitates estimatione.
The only practical method of determining tne per-

centage trigure for any plant is by actual field mezsurereny

-

for that plante. 1In tals way the weight of influencing
factors need not te considered. Tatvle 13 will give a
figure which can be used only as a reterenceé or an
approximation since it is not possitle tc have a general
figure bvecause of local variztvionsge

The method of measuring palatacility by estimation
ig not practical, so an attempt was made to deVise an
accurate measuring system wnicih could be of some practical
values Ior tihis purvose an area west ot rort Collins
which had been grazed during the summer months was
selected as & location to be studieds. Lt was desirable to
have an area wihich was falrly well utilized btut not over-

grazede The selected area (See Figure 23) nad a covering
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of grama grass and buftalo grass with a sub-domilnant of
western wneat grass constituting tne main forage plante
Since western wneal grass 1s tnhe most important Iorage
plant on the area and constituteg tne bulk oI tne Iorage
it was cnhosen as an example Ior determining palatacilitye

During the latter part of Septemcer a series or l2-
meter guadrats were laid out at regular 1ntervals across
the pasture. In tnis way an unprejudiced sampling was
made. The method ot procedure was as follows: tne 12
quadrats were carefully gone over and the actual number of
wheat grass stalks in each was determinede Hecords were
made of the number ol tnese stalks wnich nad been grazed,
and the number which nad nat been grazede The height of
each stalk was measured by the use ol a centimeter rule
and the average height ot the grazed plants and of tne un-
grazed planta was determinede« These were, in turn,
averaged togetuoer for all 12 quadrats to abtain the result7
given iIn Table 13

This table snows the results obtained from averaging
togetner the tigures obtained by measuring and counting
all wheat graes plants on 1< meter quadratse

Table 15.--Palatability ficures

Aveé. Nnoe. AvVe. Noe AvVe€. Noe Aves height Ave. height
of stalks ungréazed grazed of un- of grazed

grazed plant plant .
119 31 88 17.0 cme 5.9 cme
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From tnis table the palatavility can easily be come
puted. The aggregate bulk o1 tine plant wnich is eaten may
be obtained as Tollowss 3By taking 17.0 centimeters as an
average neignt 1or all plantg on the area prior to grazings
the centimeters eaten off may te obtained ty subtraciing
the height of the grazed plants (5.9) trom tne hneight af
the ungrazed plants (17.0)« This figure (1l.1 centimeters)
ig the average amount pitten oftf.« To 1ind tne percentage
grazed oft eacn plant (palatacility) tails rigure (11.1)

ig divided by the ungrazed height i1igure (Ll7.0). The

ment andthug is a fairly accurate palatability trigure for
western wheat grass im the area studlieds Tnils Iigure may
be compared to 80 per cent wiich 1s tne accepted
palatability 1or wheat grass in this region as determined
by estimationse It does, nowever, agree very nicely with
the group figure, €60-69 per cent, given 1or Agropyraon
Smithii in Table 14.

lleagurement ol grazed and ungrazed plants will not be
g0 eagy tor the shorter bunch grasses, but in view of its
increased accuracy 1t seems quite practicale Such a
measgsurement is purely local in application but in gimilar
areasg it should be approximately correete Thus in mixed
prairie type pasture with rew or no weedy plants,

having dominants of grama grass, buffalo grass, wheatl




-110=

*paINEBaW a0 UBRD JYIFToY NIB}E pazrIFun pue

PaZBIF UOTUM UITM sB®E aU) E31BIIEBNTIT BTUL <£L31T719®B3BTBd 70 UOTY

-BUTUISY AP SYJ) Ul pasBn aJam BB UYons 1038 An poezBIZ Uda( 9ABY LDTUM
TTU3Twe uoxfdoxd¥ jo exIm3e Fuimoye ydrafojoyd—-+9g 2InITd




-111-

graga and Sﬁigaa, palatapility srhould vary little from
this figure, 65 per cent, provided tne stocking is sginilard
Care must be taken to make measgurements toward tae end of
the grazing season in order to allow for variations waich
may prevall taroughout tne gsewasgone

Palatabllity nas received more attention than has
any other factor iniluencing vlant value; indeed, 1t has
been tne very basgsis ot all previous value aeterminailonse
These determinations are only personal estimates and are
ol no scientiric value andoi put Little practical value,
ecpeclially outside tne region in walch the estimate was
mades For approximate results tne average rigures ror the
western stutes cun be taken from Tabvle 13, and altered to
fit local conditions. For more accurate results a quadrat
measurement of grazed wnd ungrazed piants siould Te usede
The figures so obtained will be accurate and snould be

applicable to otner gsimilar types of gpasture.
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Range Capacity by guadrét Heasurement

The work covered above gives gome idea o1 thne com-
plexity involved in making value determinations Ior each
individual specieg on a range. 1t 18 by such an analysis
that an accurate frigure Ior value comparison can be ob-
tained and without such detailed work it is impossible to
arrive at accurate conclusionse

The ultimate aim or value determinations is compari-
gon with other species to determine wnica plants &are mogt
degirable on the rangee. From such ifigures 1t 18 posgibvle
to decide upon what species to use in reseeding, what
gpecies to graze in various s€asons, what stock class to
uge on various ranges, whetier a range composed of one
specieg is more valuable than & range composed of another
species, how to tell whether the range ig improving or
deteriorating, etce

The greatest use made of plant value at present is in
the determination ot range value &s snown by capacitye
This work has been done by the use of palatability egti-
mates and density, or ground cover estimates. The in-
accuracy of such determination is made evident by the fact
that it is obtained through the use oi two estimated fig-
ures and by the fact that one ol these figures, palatabi-
1ity, is indicative o1 neither plant value nor range

capacitye. For this reason a new and improved method nas
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been deviged whereby tne cajacity of a range can be
determined with both greater accuracy and greater ease
than the palatapility metnod now extensglvely employede
Knowing tais capacity, it is possivle to avoid over-
grazing the range ratner tnan finding out too late that it
has been overstocked, and tanat regtaoration is necegsarye
To ruin a range is easy, out to improve a range is
difficulte

To demongtrate now capacity may be accurately deter-
mined a range west aof Fort Collins was gelected. This
area, wnich had been previocusly grazed somewnat, was
egsentially a wheat grass pasture with extensive cover-
ings of both grama grass and buffalo grass. The wheat
grass, gsince it makes up the bulk oI tnebiorage on tihe
area, was gelected as & basis upon which to make calcula-
tionse Since this plant is the dominant and most important
plant it should not be overgrazed, and hence when it 1is
grazed to capacity the range will be fully utilizede
Having made these conclusions, it 1is evident tnat no
attention need te given as to how much any otaer plant is
grazed, why any otaer plant is grazed, nor indeed the
volume and chemical congtituents of the wneat grasse
Nothing concerns the investigator except how many gtalks
of western wheat grass are now grazed and how many will

be grazed when the range ig properly utilized. Qubviously
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a certainm per cent or tne plants gnould remalin each
season to furnish seed and early feed ior the 1following
gseagone. Various workerg place this percentage at 15 to
25, which means tnat 75 to 85 per cent of the plants can
gafely be grazedes An average tigure ot 80 per cent geems
to be a wise choice, and will be the accepted figure for
capacity grazinge Tnhne gecond tigure needed ig present
percentage grazede To obtain this 12 guadrats were placed
at regular intefvals across the vasture previously
describede These quadrats were czrefully gone over and
the actual number o1 stalks of wheat grass on eacn was
determineds A record was also made of tne number of tnese
gtalks wnich had heen grazede Averages were made of the
12 quadrats to obtain the tollowing figurese

Average number of stalks per meter - 119

Average number of stalks grazed ---- 38

Average number of stalks ungrazed--- 31

The per cent of the plants which had been grazed was
next obtained by dividing the number of plants grazed oy
the total number of plants on tne areae. Tne figure so
obtained was 74 per cente. Seventy-four is 92.5 per cent of
the 80 per cent which can be grazede The utilization then
wag 92.5 per cente

The capacity of this range tnen may be obtained as

followss There nhave been 15 head of cows on the area of
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145 acreg for 5.5 mantnse. Thne cow months per acre, or.the
number ot months which one acre will support one cow 1is
degirede The cow montas used to date is obtained by
multiplying the number of cows by the number of montns
grazede This tigure is divided by the acreg omn the area
and .87 ig obtained as the montas each acre nhas supported
one cowe This ig anly 92.5 per cent or the possible uge
on this range. ultiplying the remaining 7.5 per cent by
«57 already used we get a rtigure .04 caw montias remaininge
Those used (.57) plus those remaining (.04) gives .61
cow monthg per acre. This means that on such a range ane
cow can be grazed on one acre ifor .61 monthse

The analysis oif the range studied would be as
followgt 145 acres X 61 cows gives 88 cow mantas on this
area. The number of stock to graze is 15 so the 88 caw
months divided among 15 cows gives 5.9 months possible to
graze without overgrazing the rangee. There nave been
5.5 months usgsed and so only 0.4 months remaine Thesge

computations and the figures used may be found in Tahle

16
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Table l6.-=-Computations involved in a
quadrat measurement of range capacity

Subject How trigured Result

Average gtalks on eacn meter guadrat Count 119
Average number 2f gtalks grazed Count 88
Average number of stalks ungrazed Count 31
Per cent ot total number of gtalks 88

grazed 1I9 _ 74
Per cent allowed tfor grazing

(20 per cent for geed) ‘ 100-2Q per cent 80
Per cent of tnis allowance ungrazed 100‘;22'1 100} 7.5
Per cent of allowance grazed

(utilization) 100 - 7.5 92.5
Head of stock onm the area 15
Acres area of plot 145
Months it has been grazed _ 5D
Months one acre supported one cow 15 X DHeD

145 0.57

Cow months remaining on each acre DT X 75 % 0.04
Total cow montns on such a type 04 £ 87 0.61
Months possible to graze 15 cowa 145 x .61 -

on 145 acreg 15 5.9
Montns yet to graze on this area 5ed = 5D 0.4

This method is somewhat laborious to use in analysis
of an individual plot but it can, with allowance for
density variation, be applied to any foothill range of
this type with & reasonable accuracye The density on this
area will approximate 70 per cente Other areas of gimilar
type gnould vary in capacliy, in direct proportion to tneir
dengitiese

Such an analysis gives the following advantagess

1. A calculated capacity and consequently a
knowledge before depletione

2. An elimination o:i the guesa element.

3. A greater ease of meagurement .
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This method seems to ofter much more usablility for
capacity determination tnan does tne mectnod or deternining
the value of tihe individual plants, wnich is, at best,
quite involved and detalileds Thus the value of a ranges
meagured directly by carrying capacity, is much eagier to
arrive at by measurement as a unit rataer than by meéasure-
ment oif tne tactors involvedes

CONCLUSIONS

The measurement ot factors controlling plant value 1is
of great importance tor scientific determinations of
relative comparisons and ecological relationships. In the
study of these factors tne determinations were concentra-

ted on Bouteloua gracilis (grama grass) and Agropyron

Smithii (western wneat grauss)e To arrive at the relative
value of these two plants, consideration must ke given to
(1) their preference figure, (2) their volume, (3) their
chemical conatituents, and (4) any physical factors which
may materially decrease thelr uses

The first, and most important oi tnese, the preferencé
figure, is an actual measgurement of the amount oi the
gpecieg eaten and includes palatability variations. Tae
primary consideration of plant value determinations is,

%yill the stock eat tais species and if so, how much of

ige"
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In Tatle 3 the preterence tigures given for thesge
two gragses at maximum usage are grama grass 71 and
western wheat grass 47.

The second consideration ot tne plant value is volume
production per unit areae. Averages from Tavle 7 show an
average volume production ot 48 grams for grama grass and
135 grams for western wheat grass, or a ratio of 1.0 for
grama grags to 281 for western wheat grasse

If the percentage eaten (preference) is multiplied
by the production ratio (volume) the result gives an actual
volume euaten figuree Thus there is a 2.81 greater pro-
duction in wheat grass but only 47 per cent of thnis isg
eaten so 47 per cent is multiplied by 281 to obtain a
figure 1.32 tor wheat grass value as compared to 71 per
cent rultiplied by 1«0 or 0.71 for grama& grass valuee. The
ratio le32 to 0471 1g a final volume eaten figure, and
repregents the actual amount otf each species that an
animal will remove from the pasturee.

The third consideration, the chemical constituents,
determines plant value largely through the amount of
dige stable crude protein present in the speciess This
protein content ig expressed in relationship to carbo-
hydrate content in tne nutritive ratioce. Table 9 ghows an
averége geasgsonal nutritive ratio of 1ls9.4 for grama grass

and 1:10.5 tor western wheat grasse The wider tne ratie
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the legs valuable tne feed nence grama grass pound for
pound is a better reed tnan wneat grass. Thus, consider-
ing 9.4 and 1045 as pounds of digestible protein, 9.4 is
divided by 10.5 to obtain 8938, wnicn means tnat a pound of
wegtern wheat grass is equivalent to .895 pounds of grama
grass as feede Thus the volume eaten for wheat grass,
1.32, is multiplied‘by «885 to obtain a figure 1.18 as
compared with a value of Q.71 for grama grasse

Neither of these two grasses produces awns, nor has
any poigonous qualitiese They both grow in accessahle
locations, are able reproducers, and withstand grazing as
well as could be expectede. Consequently tne fourth
congideration, physical factors affecting palatability,
does not intluence their valuese The final tigures upon
which to base comparison of tne grasseés are theset grama
gragss 71t wheat grass, l.18e

It is evident from these computations tnat for compari
gsonof a great number of grasses, one must be considered as
an -average and its value called one, in all four considera-
tionge Thus in these figures grama grass was cnosen ag
the average plante. lts volume and its nutritive ratia
were tnerefore called one, as an averages Plants with
above average volume and ratio were correspondingly above
one, likewisge plants with below average volume and rétio

were correspondingly lower than onee It 1s apparent

T
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that this individual figure carries no special signifi-
cance otner taan as a means of comparison with gimilarly
treated plants unless some standardization is agreed upon
for method and a species agreed upon ror bagis of compari-
S0Ne

Though this determination ig difficult and somewhat
involved the regultant figures seem to fill a need of exact
means ot evaluating plants and are tneretore of recognized
gcientific valuee

The present method of determining range capacity is
to estimate the percentage of the vegetation that each
gpecies makes upe This figure 1s multiplied by the
palatability ratinge. <This Iigure, wnlch is gpercentage aof
palatable torage, is multiplied by the percentage or the
ground wnich is covered by forage to obtain a forage acre
factor, which may be defined as the acre area aaving a
perfect cover of one hundred per cent palatable foragee.

This same procedure may be followed in determining
"forage acre factor"™ under the new method except that each
species is multiplied by its value rating also. Taus
grama grags would be multiplied by <71 and wheat grass
by 1.18.

Foregt service tests have shown 0.8 forage acres to
gsupport one cow for one month, thus range capacity can

eagily be figured rrom the above datae
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For practical use determining the range capacity is
the ultimate aim, not evaluating species. This capacity
determination can he made by use of a metnod waich is far
more gimple thnan the detailed procedure of rating
individual species. This metnod consists or a guadrat
measurement of the pasture dominants as to location and
heightn vefore the grazing season. Anotner measurement
of the same individuals atter the grazing season is
designed to give the percentage wnich has been grazed
by stocke Figuring from a desired percentage ot 80
enablea the worker to determine percentage utilization at
any time degired and capacity during the seasone

This method is much more simple and conseguently
of much greater practical value to tne ranch mane. A test
on mixed prairie pasture showed an acre to support one
caw for a period of 0.57 monthse

From the data assembled in this paper and from the
me thods experimented upon, it seems highly probable taat
quadrat capacity measurement has an unlimited practical
value and that the method of determining capacity from
the value of individual species is too laborious for any-

thing other than range menagement ana ecological studiese
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SUMARY

The present methods ot determining range capacity are
not accurates Greater accuracy can be obtained by eitner
of two metnods, a system in whnich tae value of each specilesg
ig obtalned, or a system in whicn quadrat measurement 1is
made to determine tne percentage or utilization in a unit
time.

The value tests under the first oi these two metinods
involve animal preference, volume yield, cnemical analysis,
physical characterigtics and palatatllitye

An animal preference is best determined by quadrat
measurement both betrore and after grazing to obtzain the
percentage of the volume of each species which is eaten.
The results obtained from sucih tests on two type plants

showed grama grass (Bouteloua gracilis) to nave a value of

0.71, while western wheat grass (Agropyron Smitnii) aad a

value of 0.47.

Volume yield is Lest determined by clipping and
weighing the yield from & unit area. Such tests showed
wegtern wheat grass, a typical tall grass, to produce
2.81 times as much volume per unit area as is produced
by grama grass, & typical short grasse

Cnemical analysis is most effective wihen coupled
with digestion percentages. Analysis experiments snowed

a decided value drop inm range grasses as the geason
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progresses. Nutrition ratio obtained from tais analysis
coupled with digestion percentages showed 0.895 pounds
of grama grass to be equivalent to 1.0 pounds of western
wheat grass ag a feede

Physical characteristics and their effect on plant
value can best be determined by relative compgarison of
their advantages and disadvantages to the rangee. Factors
such as awns, poisonous qualities,inaccesgibility, €tcCe,
were found to have direct intluence upon plant valuee

Palatability ar pvercentage eaten can best be ob-
tained by quadrat measurcment of grazed and ungrazed plants
An average or all foregt gervice palatability ligsts in the
weatern gtates 1s givene Thig list offers a simple but
inaccurate means of determining the value otf any westernm
range grasse The palatabiliily tigure, at best is of
little practical usee.

The value Tactors used in tne first metnod of deter-
mining range capacity show western wneat grass to nave a
value of 1.18 and grama grass a value of 0.71 as compared
to a factor 1.0 which 1Is considered average tor range
grasasege. Wheat grass range will therefore support l.66
times as much stock as grama grass rangee.

The sgystem of capacity determination by quadrat

meagurement involves a count of the number of grazed
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and ungrazed plants of one dominant speciesg to determine
the per cent that have been grazed witnin a unit time by
a unit number or gtocke From this utilization per cent
the stocking whichn will regult in the desired utiliza-
tion is computede Such a test ghows one acre of a typical
mixed grass prairie range to support one cow for a period
of 0457 monthse

The gpecieg value determination seems to nave the
greater scientific value in determining range capacity
while the quadrat measurement determination aas the
greater practical values. LHitner method is more accurate
than the present metnod, and the quadrat measurement is

more simplees
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