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ABSTRACT OF THESIS 

NUTRITIVE VALUE OF COLOP~O RANGE PLANTS 

This study was undertaken to investigate the nutritive value of 

some of the more important forage species grazed by livestock in 

various areas of Colorado. The samples were analyzed for energy, pro-

tein, cellulose, vitamin A, calcium, phosphorus and magnesium. The 

digestibility coefficients of the plants, protein, energy and cellulose 

were also determined by the in vivo nylon bag technique. 

All species studied were defici8nt in at least one of the 

elements analyzed at some phenological stages. The nutrient deficient 

at more grO'.olth stages than any other element was phosphorus. The next 

most defici':.nt, based on nutritive requirement f(lr ge.station and 

maintenance ~as digestible protein. , To assure that animals are not 

subjected te- nutrien-:: deficiencies a variety of plant species should 

be available for grazing so that a deficiency in one can be offset 

by an excess in another. 
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INTRODUCTION 

Range forage, unlike most cultivated crop feeds is harvested 

by the grazing nnimal in an assortment of species and portions of 

plants determined by the selectivity of the animal. This selectivity 

IlIdY be influenced by kind of animal, intensity of grazing, plant 

:;I'ecies present, stage of growth, abundance cf forage and general 

,lil:la:ic con.Utions. As a result of this selectivity, the nutritive 

content of t ':1e grazing animals is difficult to evaluate. EvalUi'it;icn 

(If ra:-:.ge [ot9.ge is further complicated by many variables that a[re~t 

('ilemic.al c()r.position of forage plants. This may be affected by 

~;oil type, t~n~~.(;:: site, stage of grc\·lth, cliIT'ate and degree of ~.;es.t:,er­

ing. J In lhE same .. ·lay diet may vary widely, the.reby p.xerting a pr0--

10~nd illflu"nce on the actual intake of nutrients by the g~2ztng 

To 0v~1~tte the nutritivp intake by grazing anim~ls it is 

1l~,:ess3r)' to determine the dige~tibility of the iDgssted nutrients, 

Tltis is nc('('s3zH'y to calculate th,,~ Ciuantlties of r;-,€ vario'J::> plant 

(: onstitue!l t~: ;lCLua} ly avai .1..=d::i.e for animal LlSE:, 

dctermini!I:.c availability \of nutrients. They Play v ,:;,r j' ~re.3 t ly, 

lim"ever, ;Iccordir'.g to age and spec.iEs of ar:i··r.,'l1 ) and th~ nl.ltJ::ient 

composiU,'11 of the forage or fo~og~s being tesltd. lndivi ciual p12nt' 

species ,' i. Efer in C 11CI!lical c '') '',p osj tion and when eaten in various 

combin;1( ions their digestibili.t y way be different than \,·!'1cn e.ateTl. 
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However, information on the availability of nutrients in a 

forage, even if an approximation, is a useful index to the nutritional 

quality of range herbage available to livestock in a given area. 

This should help a rancher and other range managers in planning the 

season of use of important forage species and the type of supplements 

which might be required at various times of the year. This data also 

~an serve as a guide to determining the species of plant to use as 

supplemental or alternative forage. 
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/ SITE DESCRIPTIONS 

The -areas selected for the collection of the plants represent 
'-.,J 

the important. species on the principal grazing regions in Colorado.· 
r" . 

Southeastern Colorado Branch Experiment Station 

·This Experiment Station is situated about 12.8 kilometers (km.) 

southwest of Springfield, Colorado, on two principal range· sites, 
, 4':'· . 

Bacca clay loam and Campo loam range sites (Underwood 1962). 

l. The Bacca clay loam is a shallow moderately heavy 

soil with depths of free lime varying from 0-15 cm. 

2. The Campo loam is a deep, moderately sandy soil with 

depths to free lime varying from 30-40 cm. 

1be topography ·is nearly level, usually less than 2%, · and the 
-' 

elevation is near 1,524 m. The area is a semi-arid, temperate, 

continental . type with irregular rainfall patterns between seasons 

and years. The average rainfall from the u.S. weather stat~on which 

is located at the headquarters is 37 cm. During the current sampling 

year there was above .average precipit2tion of 44.3 cm. Abouc 80% 

0-£ the annual 'precipitation normally comes during the growing season. 
, 

Winter snows are infrequent and are of little importance in contri- . 

buting to soil moisture. 

Strong gusty winds are conunon throughout the year, but are more 

fr~quent in spring and autumn. The average annual temperature since 

. d 
1957 is 11. 6 C with an annual maximuill near 380 e and the minimum 

-22°C. The period between frosts is approxiraately from the middle 

of April to the last of Septeffiber. i. 
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~The three types of p~stures based on previous use in this a rea 

the "reat Plains are: seeded, na_tive, and old f.ield (Beck 1969). 

The two grasses that occur most frequently in the seeded pastures are 

sideoats grama (Bouteloua curtipendula) (65%) and blue grama (Bouteloua 

aracilis ) (13%). On the native portion of the pastures bl,ue grama , 

(38%) and buffalograss (Buchloe dactyloides) (41%) occur: most fr~-, 

quently. The .common grasses on the old field pa~tures are buffalo-

grass . (2 7%), sand dropseed (Sporobolus cryptandrus) (38%)" and , -
threeawn (Atistida spp.) (12%). Lambsquarters ~Chenopodium album), 

kochia (Kochia sc,?paria) and fetid marigQld (Dyssodia p_~pposa)~ are 
.~ 

the more cO!IlIllon forbs found throughout each of the t ll:ee v~get~ti'\{e 

types~ 

Knowledge of , tbe nutritional value of sideoats grama, .blue grama, 

buffalograss, sand dropseed, t hreeawn, lambsquarte~s ,and kochia would 

provide information on mor~ than 80 percent of the species on these 

range sites. 

San .Juan Basin Experiment Station 

This station is located 10 km. south of Hesperus in southwestern , 
Colorado at an elevation 'of 2,319 m. 

-
The soils are mainly silt loams 

l ' 

on the surface with clay loam subsoils. ' At varying depths, terrace , 

cobble underlies the station. 

The average annual precipitation is 47.7 em. over thE: period 

that r ecords have been kepLPrecipitationis usually irregularly 

dist ributed throughout the year for this area. Normally, two-thirds 

of the annual · precipitation falls dU~ing the winter and one-third 

during late summer. This is typical of southwestern Colorado and 

may resul~ in spring drought . 
". 

D 

II 
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The temperatures . in 1971 ranged from a high of ,33
0

C in June 

o :to a, .low of -23 C. There was a three-month growing season from mid- . 

June to mid-September. The rainfall during the year was 46 cm • 

. ----The station includes 2556 hectares, with 2339 hectares in native 

oakbrush (Querecus gambelii) rangeland, 149 hectares of irrigated 

farmland and 18 hectares of dry seeded pasture. The most important 

native species of grasses on t he station are western wheatgrass 

bluegrass (Poa pratensis), mountain muhly .(Muh1enbergia morttana), 

Arizona fescue (Festuca arizonica), mutton grass (Poa fenderiana), 

Junegrass (Koe1eria "cristata) and squirrel tail (Sitanion hystrix). 

!J. 
N'eedle-Cind-thread grass, Kentucky bluegrass, squirreltail, 

mutton ·grass, western wheatgrass and June grass were col 'le~'ted from 

the brushy-loam (monticello) range site which has 3 to 12% slopes 

and elevatio~ of about 2325 meters. This range site has reddish 

colored soil with a loamy surface and a loam to silty clay loam 

subsoil. . The pr'esent plant community consists of oakbrush, rabbit-

brush, sagebrush and the abOo'Ve-mentioned grasses. , . 
Arizona f esc'Ue and mountain muhly were collected in a ponderosa 

pine gr azable woodt~lnd site at 2400 meters elevation on 3 to 12% 

slopes . The surface soil is a moderately deep brownish colored loam 

overlying rocks and cobbles. The subsoil is a reddish colored clay 

or clay loam. Vegetation consists of ponderosa pine, oakbrush, 

native grasses and forbs. 
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'Manitou Experimental Forest 

The Manitou Experimental Forest is situated on the Pike National 

Forest , 45 km. northwest of Colorado Springs at an ' elevation of 

2359 m. The dry sub-humid climate ischara~teristic of most eastern 

slope areas in Colorado (Thornthwaite 1941). ' Influences of the 

distinctly continental climate are appar~nt with w~nters often being 
, " .. ' 

dry and cold for long periods while the sunnners are wet and cool. 

Annual precipitation for the ,area is 39.1 cm. with a range from 

19.3 em. in 1939 to 59.5 cm. in 1947. , During 1971 the rainfall was 

38 cm. 

Yearly temperatures' at Manitou Experimental Forest average 

, 0 
The mean monthly temperatures have varied from-5 C in 

~.... ' yo 

' 0 ' 
January to 15.5 C in July. Assuming the mean daily temperatures 

' 0 , ' I 
of 4 . 4 C or higher are required for growth of aerial portions of 

'" I 
most r ange grasses (Chapline and Cooperrider 1941;J. Clarke et al. 

1947), the effective growing season averages about 180 days from 
I 

early April until late October. 

The soils within the area were developed primarily from alluvial 

deposits of Pikes Peak g~anite. Principle components are quartz, 

orthoclase and microcline. Biotite is an accessory mineral (Retzer 

1949). a 

Surface soils are normally 12 to 1'8 em. deep : They are reddish-

brown , low in organic matter, slightly acid l loose, and vary fro'.li 

sandy loam to loam. Despite gentle topography, surface soils erode 

- " readily w)en disturbed or not protected by adequate ground cover. 
, 

The better developed soils have 6 to 12 cm. thick subsoil with a 

moderately developed structure and a sandy clay texture. 

1\ 
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Subsoils are ' commonly sandy loams that grade into unconsolidated 

gravel1'y parent material at depths of 30 to 40 cm. 

There are four main range types within the experimental ranges: 

5 
I~Dense timber - - this is mostly ponderosa pine with a closed 

canopy and little besides litter in the understory. 

2. Open timber ~ an, open forest of pine with aground cover 

of herbaceous vegetation and pine litter . . 
\' ~ i;a. ~. , . . ~ _. 

y. Gras~land- parks on openings in the forest that are 
. . G . . . 

dominated by native bunchgrass, have never been cyltivated, 

and have a minimum diameter of more than 1 chain. 

4 . Abandoned fields - areas once cultivated, then abandoned, 

-/ . and now slowly returning to native cover. ,.. 
, 

The main species of plants grazed by animals - ,here are mountain muhly, 

Arizona fescue, blue gram3", Nebraska sedge (Carex nebraskensis), 
. _ '- ... . 1 • 

western wheatgrass and fringed sagebru..sh (Artemisia fi"igida). The 

samples which were collectedf:or analysis were ~athered from a sandy 

,..." 
clay loam range site. 

f. • 1 

Black Hawk 

Thurbers -fescue (Festuca thurberi) was collected at the Dory 
" 

Hill Cemetery which is' located 10 kilometers north of Black Hawk at 

an elevation of· 2900 meters. The average annual l'recipitationfor 

this area is between 38 to 50 cm. with over half the moisture coming 

as snow. Ur{i6rtunately, there is no climatic data for this area due 

..... -/ 

to the remoten'~ss from any weather station. 

The soils are fairly' .deep, have good moisture capacity and are 

principally medium textured. Soils are mostly chestnuts and chestnut 
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brown i ntergrades, but browns occur at low effective moisture areas 

and mountain prairie soils occur where effective moisture is greatest. 

The sample of Thurbers fescue was collected· ona mountain loam range -

site. " 

" 
" Craig 

This site is located 10 ,kID. west of Maybelle. " The average 

annual precipitation amounts to approximately 23-24 cm., most of 

which Ealls during the period November through May~ :::c) There was 

28.3 cm. of rain in 1971. Occasional summe·t thunderstorms occur and 

may be very intense, causing rapid runoff. This increases soil 

erosion due to the very sandy soils, which are highly susceptible to 
j 

water forces. Temperature extremes havi:! been recorded at the Sunbeam r-
and Maybelle .... weather stations of a high 390 C in the ~umm~r and low 

1. 
-45 0 C in the winter. The mean annual· t.e,mperature' is approximately 

The vegetative type at the site is ante l ope bitterbrush (Purshia 
" ..-1 

tridentata) grass type; the "soil is very sandy and the topography is 
-J 

gentle rolling and the el~vation is approximaiely 1900 meters above " 

sea leveL The samples· were { ollected 0l1-- a sandy slope range. site. 

Nunn 
o 

/ 11 

Central Plains "Experimental Range is about 19 km. northeast of 

Nunn, Color~do -,and 40 kIIi. sou th of Cheyenne, Wyoming. 

The average precipitation varies from 25 to 28 cm. About 80% 
(l 

of the precipitation falls during the summer months of May through 

September. Most of the storms are in .the form of light summer 
J' " 

thunderstorms, which on some occasio ns can be greater than 2.5 cm. 

'. 
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During t he' twelve month collection period there was 25 cm. of rain-

fall. 

There are four different soil types in this gently rolling area. 

The Renohill and Shinbe series are formed on shale and siltstone out-

crops of thePiecne sedimentary formation, whi~e the Ascalon series 

is formed preqominantly by fluvial outwash materials • . The coarser 
t . . . ~ 

:~ 

outwash , ~te~ials , are from the Von a soil serie~. Inters~ersed among 

the upland soils are alluvial plains of more recent origin which are 

high in clay content. 

The mo~thly av~rage temperature for the area since 19'47 (Jameson 

- . 0 a 
1969:) shows that there is a range from -4 C in January . to about 30 C 

in J u!y . This shortgrass range is basically blue grama and buffalo-
s ,. 

gras's supplemented in some a~as by thread leaf (Carex filifolia) 

and needle leaf (Carex eleocharis) sedges (Klipple and Costello 1960). 

Some areas also support western wheatgrass, needle-and-thread, and 

little bluestem (Andropogon scoparius) in conjunction with the short­
.1 

grass. The shrubs include fourwing saltbush (Atriplex canescens), ' 
L 

winterfat (Eurotia lanata), and forbs include scarlet globemallow 

(Sphaeralcea coccinea), slim flower scu~ffea (Psoralea tenuiflora) 

and scarlet gaura (Gaura .£.£~. ciriea). 

The species studied here were blue grama, fourwing saltbrush, 

scarlet globeJ'allow, and western wheatgrass. The samples were 

collect ed from a ~andy loam range site. 
D 

.. 
J 
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LITERATURE REVIEW 

The re have been a number of studies devoted to determining the 

digestibility 'of the nutrients in range forages. The first work of 

this nature was done in Nevada (Kennedy and Dinsmore 1909). These ~ 

authors found that sheep, when fed forage, collected from the range 

~id not show normal selectivity for the plants or portions of the . . . 
plants and frequently \ d:id not eat adequate amounts for a maintenance 

ration. 

McCall (1940) and McCall et a1. (1943) found that animals ate 

I I 
some f brage plants more readily than others and that species differed 

materi~ly ~ digestibility of the various constituents . 

Nutrita6nal Requirements of Range Livestock 

• 
• " . 

Range livestock lleed protein for growth and repairing worn out 

tissu~; fats and carbohydrates for production_of heat and energy; 
/ 

vitamins for i~portant physiological processes; and mi rierals for 

general body functions and for bone building. 

:Cook and Harris (1968) found that the most important deficiencies 
J -

otlthe ,range in the western 

phorus and carften~ (vitamin 

United States are ,protein, energy, phos-
1 

A) • Such'-defic i encies are more apt to 
\ . 

occur when forage is mature, during periods of drought" or when 

overgrazing occurs. These deficiencies may appear singly or in any 

combina ~ion. 

J' 
I t is not feasible to makerecommcndations on supplementing 

animj.'lls until the specific nutrient requirements of the animal (Table 

L) as well as the nutrient content of the range forage is known. 
o 
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"-
, ~ Recommended nu~rient requirements fpr cattle and sheep under range conditionsdur.:!-ng gestation Table' 1. 

. ' and lactation, on a dry matter basis2. 

; 

~. _ -~-:--~ ----~ ----- --- T ~- ------ ~ -- 7 

--,,- PercEmtage of ration or amount/Kilogram of feed 
'>.. 

Phase of . DP~ " 1 l'E4 , J.. 6 
Calcium Ph08phor~8 

1 '" . - 1 5 
Carotene ' .~ 

< 
-- -1:1agnes ium 

.. '; ,~ 

Production (%) Kca+lkg~ :.> (%) - (%) ';1 (I.U.!kg) 'f't'~. ' (%) "t'! . ~ >. ' - I .... 

--..-....~--~~-;-

4.4 .. , 
1826 '.24 t 0.17 i-:'!!J 

J' 528 ~ .06 ...... . . 
i~ 

Gestation 
'l 

. .., n 
r'l 

~z 

Lactation 

5.4 "': '-' 2464 -1ir- .32 .,-" 0.22 ... ..;..;.r,,...,~ 

1408 .... _"' "'- CfI .08 ~ • " ." First 8 weeks 
.~ .... . 
oJ 

4.5 i: 1936 ... .30 0.20 1408 ~' .08 L Last 12 weeks 
.n 

CodIs and Harris 1968 1.. 
c. 

I" 
• L 

2 . Nutrient re9uireme~ts are slightly higher for sheep because smaller animals have 
.( 

V 
~;"o-

~. {!'-,... a somewhat higher metabolic requirement per unit of body weight. 
.. , 

3. DP represents digestible protein 
1'1 

4. DE represents dige~tib1e .nergy 

5. I.U. represents international units 

6. Cook 1972 
'" 

6 

" 
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' ~e f~ed intake by animals on the range cannot be regulated as , 
'I ) .......... 

wef l a~ farm animals. The quantity of feed consumed by the grazing 

~imal is influ~nced by the physiological state of the animal, the 
o 

plant species present, .stage of plant growth, abundance of forage, 

, and general climatic conditions. Therefore .. the intake and composition 

of the' diet varies from day to day and from one range to another 

(Cook ~ and Harris 1968). 

The of Specific Nutrients to. Animals 

Protein - About 80 percent of the total nitrogen of forages is 
r-

in th:e proteins, most of which are in the cytoplasm but some are in 

the ce'1:l walls • .• The number of differen t proteins is great, perhaps 
." . 

as many as 10,000 in a plant cell (Bonner 1965; Vennesland 1960). 

t , '. <-

All leaf proteins contain the so-called essential amino acids 
.. 

and apparently in amounts sufficient for ruminant animals. Specific 

amino ac id deficiencies have never been demonstrated in ruminants 
, , 

> . 

(Woodh am 1962), partly because of the difficulty of compounding 
. ~ 

-f) 

. rations for such large animals and also because of the probability , 
l 

of sy~thesis of all necessary amino acids by microorganisms both in 

the rumen and in tpe alimentary tract. 
r-

The ability .to maintain ruminants for even a short time on urea 

as a so'le source of nitrogen is evidence that the synthesis of the 
(j 

necessary amino acids takes place in the rumen (Virtanen 1966). All 

naturally occurring amino acids, whether they occur free or in pro­
t' 

teins , are metabolized in the rumen, by one or another of the micro­
(., 

, . r 
organisms. They are broken down to ammonia and short-chain organic 

. - (' 

acids,which~inay be absorbed through the rumen wall into the 
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bloodstream, or they are carried from the ' rumen into the alimentary 

tract~ ' or are synthesized into bacterial bodies, which are in turn 

digested (McLaren 1964). As further evidence that particular amino 

acids are not essential, it has been shown that the amino acid con-

tents of proteins isolated from rumen bacteria are markedly similar 

for all host animals on all rations; -the same is true for the proteins 

of rUmen protozoa (Meyer--et a1. · 1967; Purser and- Buechler 1966; 

Berg~n et a!. ' 1968). 

_ There are other minor nitrogenous constituents of ' forages such as 

ammonia which occurs as a salt at the carboxyl end of a protein or 

amin~ acid. Amide nitrogen is a constituent of the dicarboxylic 

amino acids; both 'of these contribute to the nitrogen metabolism in 
" 

the rumen. Other nitrogenous compounds, quantitatively negligible, are 

the nucleic acids .. glycosides, pigments, nitrates and -alkaloids. 

The crude protein therefore includes 'protein and non-~rotein 

nitrogen. The non:"protein nitrogen, expressed in percentage of total 

nitrbget!. shows a considerable range from forage to forage, from 12 

up to over 40 percent. Hig~ proportions of non-protein' nitrogen are 
-.., 

usually found in plants contai.ning high levels of total nitrogen and 

in young, rapid~y growing plants. Digestiv~· disturbances have been 
/' -

'associated with high levels of non-protein nitrogen (Greenhill 1936) . 

r Digestible crude protein is a more exact measure of protein 
,-
I _ value rio the animal than crude protein. The digestion coefficients 

of protein are "apparent" because of the presence in the feces of 

other than un~igested protein and the presence in the urine of 

nitrogen derived from the diet and from body m~~atolism~ 
and Loos1i 1962; Annison and Le\vis 1959) . --The apparent -digestibility 
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of crude prot-ein shows a wid,e range; a typical study showed a r a nge 

'. 
of 35 ·~080 in t he apparent digestion coefficients of crude protein 

of grasses and of 52 to 80 in alfa lfa (Su~livan 1964). The10wer 
1\ 

values were obtained from forages with low crude protein content!5 ,. 

and the h igher from forages with high crud~ protein contents. There-

fore, a -r elati on eX:.ists between ,the p~rcentage oJ crude protein and 

the d:i,g.e..st,j.o:n " co,eff.ic:ient~ ofcrudepI:oJ:ein" . the corre).,atlon having . a 
.-' ;-.. 

high "f/ gnificance (French et a1. 1967)~ 

Vitamin A - . Known as retinal, is one of "the fat-soluble growth 

factot:'B . It is !lot present as such in forages l:>ut is produced in 

the 1 i,ver of .an ; mais from certain carotenoids that are present in 

the chloroplasts of the forage'p1ants. Of the carotenoids that have 

value a s pr~vit~ins, . ,the most important is B-carotene, . a -hydr.ocarbon 

with the gener-al formulae C
40

H
S6

; one molecule of it ' may theoreti­

cally by cleavage, give rise t o two molecules of retinal, whereas 

some isomers of,· B-.~arot.ene give rise to only one or to none. , For 
~ 

.practica 1 purpos~s, B-carotene and vitamin A are, therefore, inter-
/ 

changeable. 

Ret i naLway be determiried biologically, and either B-carotene 
--' 
'; C 

or the crude carpteneby chemical analysis. By definition, 0.6 

micrograms of B-carotene is \ equ:f,va.1ent to one international unit 

(IU) o~ vitamin~ Crude carotene has less, but more variable, 

activity than.; B-carotene. For example, only 72.7 percent of the 

crude carotene, of grass was B-carctene, but the vitamin equivalent 
, 

was 77.1 because some of the other carotenoids 1. e., i ipha carotene, 

had partial ~ivity (Kemmer et a1. 1944). 
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Car otene is relat i.vely. high i n young gra~s plants art'a decreases 

as the plants- age- and become stemmier, a typical decrease being 

from about 400 ppm to about 100 ppm (Moon 1939). This decrease is 

due in part to the fact that carotene, which is a yellow pigment , 

. is unstable in light and is readily oxidized by enzymes and is 

relatively stable in the presence of antioxidants. 

Vitamin A is required by all classes of~ livestock; one of its 

many fUnctions· is · t~ keep ,the epithelium of surface tissues ' of the 

/ . mucous membrane healthy and another is to prevent degeneration of . 

the nervous system. One method of measuring. vitamin A requirements . 

is .by determining the minimum carotene dosage necessary· to 'cause the 

disappearance of night 'blindn~s in animals from which vitamin A 

store is depleted. In cattle, this amount furnished by alfalfa 

hay is: sufficient t,o contain between 26 and 33 micrograms of crude 

carotene daily per kilo o·f animal weight . (Guilbert and Har.t 1935). 

More recently published, . but not significantly difi'erent,require-
/ - . 

. ments . are described in the bu1letiris oCthe National Research Council 

(1963, 1968). Assuming a 450 kilo animal (1,000 pounds), the re-

quirements of 29 micrograms per kilo, would b~ 13.05 mg of carotene. 

Ten times this daily ' requirement would be supplied by . less than 2 

pound &) of forage containing only 200 ppm of B-carotene. 

~ Cellulose - Like starch, is a polymer of glucoSe (B-1, 4 1ink-

age). The di..tf.{!rence between cellulose and starch is ! undamentally 

of the spatial direction of the linkage between glucose units 

(Whistler and Smart 1953). This difference is suffiCient to allm~ 

,. -
cellulose to have great molecular size, as thousands of units, and 

r / 

to arrange itself in long fibers t~at permit impregnation by other 
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substanoes, the hemicelluloses and lignin. Cellulose occurs i n bo th 

primary, and secondary walls though these differ in degrees of pol,y-

merization and crys tallinity of the cellulose and in fiber arrange-
'.' 

ment. The microfibrillar units of cellulose are nonhomogenous and 

allow ,-the interpretation of the two major encrusting substances, 
r 

hemiceJ,. l ulose and lignin (Youatt 1958). 

Cellulose itself amounts to 20-40 percent of the dry weight of , 
"( ~ . 

forage"s (Hansen et a1. 1958). Like total cell wall matter, it is 

~ 

/ higher in grasses than in leg~mes and higher in more mature plants 

than ~n younger .on~s. It is readily degraded by microorganisms 

under certain conditions, but it is digested with difficulty in the . '. 
~, " -

raw state because of the preseneeof lignin. 

C). Energy -Is derived from all organic substances that an animal 
:) ; ... 

ingests with the majority coming from carbohyarates. nJ The rumen 

microorganisms"",ferment the carbohydrate changing it into microbial 
. -, 

cells and ~steproducts such )~s vo1~i~e fatty add~ ~ hea: ancL 

methane which can be used or excreted. Th~ ruminant absorbs volatile 

f¥ty ac.ids directly from ~en to proviAea~out ,70 percent of 

the eni~rgy ' req~irem~nts of the animal. " r 

Major o~ganii elements ar~ required by animals for the con-

struction ·6f ~, tissue and as sources of energy for work done by 
., 

the ani'ma1. The ability of ' a fo~age to supply energy is thus of ' 
~ 

o 
importance in determining its nutrient value (McDonald et a1. 1966). 

o The gross energy in a forage is measured by converting it into 
c ~ 

heat energy and determining the amount of heat produced. Gross 

energy values are inaccurate estimates of the energy available to 

grazing animals as different foods are digested to different degrees 
i)... 



\ (HcDonal d et a1. 1966 ). Cook ana Harris ___ ~ suggest that metabo-

I 

lizable energy ~y be a more meaningful index to the energy value of 

-, 
some p lants. This is due to high concentrations of volatile oils in 

some shrubs. These oils- are not usable to the animal and are excreted 

. 
-in the urine. 

Mineral Elements l 

~h - The minerals 6f a forage are found with a few exceptions in 

the ash obtained b_ycombustion of the forag_e; the inc-inerationcauses r . ~ 

losses in whole or in par:t of many constituents, such as those of 

chlorine, iodine and organic sul_~ur. Most forages yiel~ 5;1~nt 

of crud e a~h, but its composition is more important than .its amount 

--as some of the minerals of the ash are of minor or no importance to -'" 

animals. l11e ctude ash may be separated into acid-soluble and acid-. . 
insoluble fract;Jons; the latter is comppsed in large part .of silica. 

~ ; " 

Some silica m~- be present in a forage as.,. a resul t of contamination .". - " ~ 

by soil or;au$"t ? _S he quality of crude ash may be misleading as a 

criter~6n of mi,ne!,al content. The soluble fraction contaitu. most 

of the nutrit~lly . import ant elements arid its quantity is correlated 
1"-, 

significantly 'lith the content of some of the major eS3eI~tial minerals) . . . 
~ 

as has been shm·m f9r calcium and for phosphorus by Sullivan and 

Garb~rE)' c 

The composit i on of the ash rests on a number of factors, the 

most important of \"hich are the kind of forage and the fertility of 

the soil (Beeson 1941). j In grasses t h e individual elements tend, 

'( -
with some exceptions~ tc di:ninish in concentration as the plants 

approach maturity ~n ' RiPer and Smilh 1959; Pritchard et a1. 1964). 
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Leaves _~nd to be higher than steJDSin all min.erals. The leve1.s of 

minerals i n forage- also rest on the content and availability of 

minerals. in the soil (Anon. 1965; Snider 1946) ~ :C) In forage regrowth" 

fluctuations in ash content are irregular and are influenced, _in 

'additioll to soil fertility and soil amendments, by season and climate, 

the effects of which are difficult'to separate. The require~ents of 

ani.nlq,l$ ~ of c~rtain .mine!:qLs vary with the k:i.nd ... of anima;!. and -with its 
: . '..... . , ". . - . " ". 

con~ition. Whether a forage furnishes the required amounts of a 

,/ nutri~t depends not only on the content of that nutrient but also on 

its- a~ilability; a1 condition likely to be affected ,~ numerous inter-

actions . 
l 

Gal cium - Mos t of the cal'C1um is in the form or sal.ts, both 

organic and .inorganic and about 40 percent of the total is water 

soluble. 
, , t 

Most . ~f the water soluble is in the leaves rather than in 

tha s tElms. ' Li~~le is known of the qu~ntitpt~ve distribution within 

tissues, but~considerable amol..\ntof calcium is associated with the 

cell. There ~o st;jl.ble complexes of calcium, though the salts of 

the pect ins may be considered fairly s t able. Calcium neutralizes 

organic acids; in iegumes that~ave a highe~ nif'roge!l metabolism than 
(" - d'" 

grasses, more calcium is need,ed to neutralize the acids formed. Most 

of the calcium absorbed by the plarit is soon immobilized. 

Cal cium is required for maintenance, growth and productivity 

of animals. A large part of the calcium of the diet and of phosphorus 

as well, that is retained .by the animal is deposited in the bones; 

this mineral is therefore most important to growing animals. A factor 

in the computation of requirements is the availability of the element" 

that is the percentage of the element present in the diet that is in a 

A.:' 
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form tha t can be used. The availability of calcium has be~n assumed 

. I 
to be ~bout 70%. 

Mitchell an<;l McClure (1937) summarized the requirements as the 

percentage of calcium iIi the feed and noted a decreasing :requirement 

for calcium in relation to the total feed as the animal grows. For 

150 and 400 kilogram animals the requirements for calcium are 0.43 

and 0.11 percent, respectively , for growing beef steers and 0 . 33 
• _ ... .1. ...... r 

and 0. 08 percent for grow~ng dairy . cows. During pregnancy the 
t 

./ calcium requirement increases; that of a 400 kilogr~m cO\I1~) is 0.10 , 
percent of the feed in the fourth month of gestation 0.19~ercent in 

the eighth morith~ and 0.42 percent in the ninth month. Sheep require 
1 

between 0.11 and 0.17 percent~n the feed and horses 0.20 percent; 
4 

the requirements are increased by pregnancy and lactation. The 

requirements published by later investigators-, as those of Mitchell -- ,'\ - .~ 
.-

(1947), Guilbert and Loosli (1951), Cra~pton (1952) and the National 

Research Council (1963, 1968) do not differ materially from those of 

Mitchell and McClure but those of J .A.B. Smith e,t a1. (1965) rested 

on availabilities that are lower than 70 percent. 

(Large amounts of calcium, contributing to a high calcium-
,-

phosphorus ratio, are detrimental to some animals. \Vith grazing 

animals ratios as high as 6.5 have not proved detrimental. If dis-

turbances occur with animals fed forages having a high ratio, they 

may be attributed to phosphorus deficiency or to an insufficiency 

of vitamin Dj . 

~osPhorus - Occurs as a phosphate linked to organic and inorganic 

ions. It is a constituent of complexes of nucleic acids, nucleotides, 
" .~ 

phosphclip~d~, proteins, phytin, ~nd inorganic salts. It participates 
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in nearly all Chemic-al reactions in the plant ' cell as synthesis, 

hydtolys i s, rearrangement, and change of state; and during ,these 

reactio,ns it is combined temporarily, at least, with carbohydrate, 

, , -
lipids, and nitrogenous compounds ,(Albaum 1952). One of the forms, 

, phytin, ' occurs in most seeds and has been reported, but not clearly 

established, to be present in f oliage ~arrese 1958). 

~~osPhorus is higher in young, ~apidlY growing ~?lssue than in 

A • " , f'<. 
older ' tlssue (except for some seeds); it is therefore more abundant 

/ in le~ves than in stems; and in rapidly growing.: aftermath that is 

"" grazed or ·mowed ' frequently"> There are lower 'p:ercentages in ' the -

foliage of mature plants (Van Riper and Smith 1959), ' partly because 

- . ~ III . 

some phosphorus bas been trans ocated to the developing seeds. There 

is little and inconsistent · seasonal variation because, as stated 

ab~ve, -th~ount of available phosphorus in- the soil- is the most 

impoh~nt ' factor affecting the quantity ' in the plan't, 

, in the .$rasse~ _ (Ward 1959; Reith et a1. '1964 ).) 

particularly 

(AI forms of phosphorus appear to be available to the ruminant, 

except perhaps for a minor , quantity contained in some nonsaponifiable 
Q 

lipids which seem to have low digestibility. ~ Its availability is 

discussed by Smith,et- al. (1965). About 90 percent of the phosphorus 

of the diet is avai lable to cattle weighing 110 pounds (50 kilos) and 

" . 
this availability decreases with increasing animal size to reach about 

55 percent in an animal weighing 1,100 pounds (500 kilos). Like caici-

urn, 'phosphorus is a constituent of bones, and rapidly growing animals 

requirep-!:oportionally larger amounts. Assuming a 70 percent availa-

bility, the phosphorus requirement given by Mitchell and McClure (1937), 

( 
as perceDt'age of the feed are as follows: 130 kilogram and 530 kilogram 
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pound growing beef s teers, 0.35 and 0.17 percent; and for pregnant 
,? 

cows the requirement increases f rom 0.17 percent in the fourth month 

of gestation to 0.31 in the ninth month. , Sheep require between 0.11 

and 0.1:5 percent of phosphorus in the feed and horses 0.20 percentJ ' 

+-( These requirements are not met on a diet of herbage alone in 

many areas throughout the world. In such ,areas phosphorus deficiency ' 

, diseaJIes . are found and mor~ fre quently in cattle than in sheep, 

partly because the requirements of cattle are greater and partly 

because cattle are less able than sheep to select those younger parts 
/' I 

of plants whJch are relatively richer in phosp~orus. The symptoms 

of pijos phorus deficiency ' are complicated by calc,ium deficiency v:hen 

the twO defic~encies occu~ toge;her. The diseases of cattle caused 
I ' 

~. ' 

by a deficiency of- phosphorus or calcium, or both, are,.:; forms of 

osteomalacia, called by various local names bec;use of the different ,-
. fl. I h U' d S hI ' 1 'II" man1 estat10ns. ' n t e n1te tates sue oca names are creeps, 

"stiffs", "sweeny II , and "loin disease". One symptom is pica or 

depressed app'et~te, an appetite for' things not ordinarily , classed as 

food. , From eating decayed bones of carcasses, botulism may result. 

Discuss,ions of this subject have been offered by Beeson (1941) and 

Hemingway (1967).) " 

Calcium-Phosphorus Ratio - It has been shown that large amounts 

of calcium, contributing to a high calcium-phosphorus ratio, are 

detrimental to some ,animals. With some animals such as rats a ratio 

between l eO and 2.0 in the feed has been shown to be optimum; ratios 

which are higher '''ill create disturbances. W~th grazing animals 

ratios as high as 6.5 have not proved tO , be detrimental. If distur­
'-'. 

bances""do occur with animals on a high ratio feed, it may be attributed 



22 

• > 

phosphorus deficiency or to an insufficiency of vitamin D (Smi th 

.al. 1965) • . 

(Magnesium - .Is ,required fo ~ bone structure but is required in 

much smaller amounts than are calcium and phosphorus. Muscle and ner ve 

t i ssue ' also must _have appreciable amounts of magnesium. In general, 

animal _requirements appear to be small but are actually larger than 

them~gn~sium content ,of ar\imal tissues indicates. Magnesium has a 

low availability" .wh;lch v~ries with th~ type of fogd and -with the 

animal. Smith et a1. . (1965) quote data of ,18percent . a'!ailability 
/' I . 

of magnesium in freshly cut herbage fed to co~s and 27p,ercent in 

sila'ge ' fed to steers. The same authors give requirements, obtained -- -

by balance ,trials. of O. 4D gtams of IDa gnes ium per day for growing 

~, 

cattle wei ghing 50 kilos and of 6. 65 grams for cattle weighfng 400 

kilos. The requirements are greater for cattl~e making r rapid weight 
,fI 

gains. As with other elements, pregnancy and lactation increase the -
requirements. These requirements are met by most~ forages but never-

t~. 'less. sueh low level s -are not adequate for animal health., 

The levels of magnesium in the forage and in the blood of 

animals have be_en of , great interest in connection with a disease 

known as grass or lactation tetany. This ailment is more intense in 

q~iry cows than in other livestock, but it does occur occasionally 

in sheep. It is more common in certain areas and at certain times 

of the year. Some of the symptoms are a low magnesium content of 

the blood, loss of appetite, and respiratory and nervous disorders 

(Rook and _Rowland 1962; Wilson 196?). This disease occurs often 
f 
but not always with a low magnesium diet; it is not definitely 

estab1islled . that it is caused by a simple magnesium deficiency but 
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the ()opinion is that low magnesium is a contributing factor. A low 

blooj magnesium always acco~panies the disease which may be relieved 

by inj~ction .of magnesium and calcium salts; but it is not always 
. vf 

relieved by feeding forage of higher magnesium content. (it often 

devel<;>ps when cattle are first turned on ·tO pastureip the spring; 

at dd.l? time the magnesium cbntent of the forage may be low but is 

rising. It is opse;rved at othe r times of the year ,particularly 

after heavy rainfall, after fertilization, or during winter feeding 

" of tora ge of low ~gnesium conte!lt. It has been observed that the 

appli,cation of nitrogen .and potassium fertiliz'ers, which reduce the 
.-.0 

magne~ium content of the forage, is associated in point of time with , 
the occurrence of tetany, ,but it is difficult · to produce t,etany at t", ......,. 
will by this means. The quantitative relationship of cations and 

anions , ay be involved (Rahman· et. a1. 1~60 h a hig~\ K/ (Ca4Mg) ratio 

in the plants h~ been suspected; over 2'.26 is dangerous . (de Roo 

1963)., A suSpecte~ple o! p~t~n _~n c~~ing magnes.iu~~e.~_i_c!_ency 
. j . J . 

in ruminants has oot been established (Dutton and Fontenot 1967). 

A ho; monal deficiency in th'e animal may be involved (HaYI1ard and 

Loosli 1962). A high histamine ' content of herbage has been proposed 

as the cause of the trouble, which is aggravated by low magnesium 

and high potassium (O'Sullivan 1968). An organic acid, transaconitic, 

is suspected of reducing the availability of both calcium and magnesium 

(Stout et a1. 1967). The exact relationship of the composition of 

the f orage .} o tnis ailment has not been determined. 

Nutrition and Digestion as Affected by the Plant 

. ~ The n~tritive value of plants can. be altered by many factors . . 

Some are: temperature, season, soil, weather, species, insects, 
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disease a nd amount t hat they a;r e used in the ·past. It has been shown 
. ) . 

by Cook and Harris~ that site conditions and the stage of growth 

are ' am,? 11 g the impor t ant factors affecting the nutritive value of 

range .f qrage. 

Site can seem to make a difference in the stem-leaf ratios, 
" . 

th£rebyl affecting the palatabilitiY and nutrientcontent~ of the diet 

since ~eaves ~re ,more preferre~ and differ from stems in chemical 

~omposition . 

. > > " /~r.ou~ workers have . investigated the effects of season and _ / . \.... " . ' - . 
-> 

stage .,o f gro~th on. the nutritive v.alue of plantS. Fr9m these one 

c~nC\:d~S that the nutrit:i,.ve value of forage depend.s pt:i~arHy on the 

s 1&age 0;; matur} ty of the plants (Minson et al. 1960). Stoddard and 

Greaves (1942) indicated ash and protein content decr~a'sed as the 

summer season progressed while Blaser (1961)- indicated a reduction 
)f . J • 

' t 

in nutritive v:.a l ue ~i thY .advanced . growth because . of .decreased con-

sumption and decreased digestible enE:rgy due to increased structural 

carbohydrates ~and TignificatioE, reaucEd -soluble carbohydrates in 

foods, and r eduction in digestible protein when it is used for energy . 

• 
Cook et al. (1959) analyzed salt'-desert grasses and shrubs throughout 

the growing season. They found grasses decreased in ether e?Ctract, 

protei~ and other.carbohydra~es while increasing in lignin and cellu-

lose as the Erowing season advanced. They rcalso found lignin and ash 

to be in higher(:. concentrations as the basal portion of stems compared 

to stem tips. Further work by Minson etal. (1960) indicated that for 
-"r-

some ' species of grasses the rate of decrease in digestibility was 

small prior to flower emergence but was considerable after this st a ge 
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of -matur ing with nitrogen and structural carbohydrates showing the 

most f).uctuation)~ 
.. 8 

Nutrition and Digestion as Affected by the Animal 

( The main ways in which an animal may (iffect nutrient utilization 

are by growth, reproduction and lactation which can also interact 

with environmental factors. It has also been shown that age, breed, 

previous nutrition have varied the intake of sheep (Lang lands 1968). 

Raymond eta!. (1954) reported that in sheep tllere was a trend of 

increas ing digestibility with increasing age, which is probably due 

to increased rumen size and numbers of bacteri.a and protozoa there. 

Blaxter et ale (1962) found that this age affect was not ap,plicable 

to cattle. 

Cook et a!. (1961) showed that lactating ewes corisumed 26 percent 

more forage than those on maintenance. However, pregnancy or lactation (. . j 
does not effect the dig~stibility of food stuff (Cook et ale 1961). 

~termining Diges tibili ty U~ing the IN VIVO Nylon Bag Technique 

The technique of usirig the nylon bag is a very simple and rapid 

method of testing the digestibility of large numbers of forage samples. 

The samples after being weighed into a nylon bag are placed in a rumi-

nal fistulated steer and allowed to digest for a specific time. The 

~j 
bags are then removed, washed, dried and digestion is calculated by 

the loas of ci;Jmponents during the period of time in the rumen, (Van 

Dyne 1962; Sims 1967). 

The technique was further standardized by Quinton and Sims (1970) 

when they compared nylon bag to a conventional trial and concluded 

that there was no significant difference between these two techniqu.es. 



if very defined procedures are " followed. They utilized a 5 x 10 cm. 

nylon bag constructed of parachute material. 

t, h: 

L ~. 



~THODS AND MATERIALS 

Collection of Plants 
, 

Plants were collected at 2-week intervals during the period of 

rapid growth in the early spring, then as) the growth rate ~lowed 
. ' 

down, .. collections were made' ev~ry 3-4 weeks until the end of . the 

summer. Another collection was made during the period of dorman~y 
. ," .;; 

arou!ld mid-winter • . Th~se collections wer~ based on the pheno t ogical 

stage of growth of the plant. , c· 

Portion~ of Plant Coliected or. 

. -" 
The portion of the plant collected simulated that which was 

. I ' 
utilized by a gr azing animal under a moderate grazing system. This 

was accomplished by observing grazed plants, or grazed portions of 

plants, and then selecting ungrazed material comparable to that 

already removed by grazing. 

, , 
Drying, Grinding and Storage 

About 50 gms. (dry weight) were collected and placed in bags. 

The plants were then dried at 50-600 C for 24 bourse They were then 

ground in a Wiley Mill through a I mm screen and then stored for 
.1' ,-... 

, , 
subsequent analysis . The only exception to this were the samples 

which were used ~or vitamin A analysis. These samples were collected 

and frozen immediately. .~ 

Digestion Studies 

Once the samples were collected, digestibility studies were run 

on tfiem, utilizing nylon bags placed in a fistulated steer. The 
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samples were placed in the st7er in duplicate, along with 4 standards 

which were used to make correct i ons for variation between steers ,and 

between trials. ·The samples were left in the rumen for 48 hours, 

taken o~t. washed, dried and then analyzed. 

cellulose, gross energy, calcium, 
, 

phospHorus, magne~ium and vitamin A were Hete rmin'ed on"samples before 

they were digested i n the steer. After in yivo nyl6n bag dige'stion 
-,.- 7f:-

• I 

organic matter, cellulose, gross energy and the nitrogen content of 

~hesample; were 'determined) -

. Nitrogen was determined by the boric acid method (A.O.A.C. 1965). 

The apparatus used was a modification of the microkjeldahl r eported 

by 'Brenner (1965) : The Fisher automatic titrator model f DG was used. 

Crude protein content was ' calculated by multiplying the percent 

'. 
nitrogen by a factor of 6.25. A Parr.. adiabatic oxygen calorimeter 

F ' , . ' 

was used for determining gross energy. 

Cellulose was determined ' by the procedut'e outlined by Kurschner 

and Hanak (1930) ,with a slight modification as introduced by Phillips 

and Smith (1943), to ,·alleviat e the use of a centrifuge. 
' -~' 

Ash was determined by a procedure outlined in A.O.A.C. (1965) and 

the loss in dr~' -matter was ' regarded as o'rganic matter. A Perkin-

Elmer automic. absorption spectrometer model 290 B was used to determine 

calcium and magnesium. Samples were prepared using a HN0
3

-HCI digest 
J 

as out lined in A.O.A.C. (1965) . Phosphoru$ was calculated utilizing 

a spectronic 20 and a procedure outlined by Barton (1948) . ·The method 
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used to determine carotene was t hat outlined in A.O.A.C. (1965). 

These s amples were analyzed by I ndustrial Laboratories in Denver, 

Colorado. 

Computer Program 

A computer program to ' bring all the different digesti0n trials 

in the t istulated s t eer to a common t r ial, was devised by Bonham 

(l9il) . Two observations- were utilized to generate sixteen random 
..l 

numbers. Tq.ese si~teen generated numbers ~were actually simulated· 
-' 

observations and were used to complete a corre'ction co'efficient, 

/ 
which: i n turn gave two ' corrected observations which were averaged 

and ut ilized as the digestion coefficient for that steer. 

Blosser and Taylor (1971) developed a computer p,rogram which 

calculated all the digestion coe,fficients of each samp,le and then 

using Bonham (1971) program as a subroutine, brought everything to 

one conunoI1 trial. The pI:ogram then listed out all the information 

which was available on each sample. It ,. 

;f ' 

... 



To predict nutri~!lt deficiencies and make practical recommenda-;-

tions for supp1emeniing the basa ation r e ceived from range forage, 

it is important to establish a r ecommended level for critical 

nutrierit~ for optimum productio and greatest economic returns. Then 
. ~, 

the nutritive content of the forage which is growing on the range 

shou1d .:J> e determined to see i it meets these requirements. 

r 

the forages which were collected ' 'and evaluated are discussed . in ' 
""-

regard. ' to their importance to the area of the state in which they' 

were collected (Table 2). 

Southeastern Colorado Branch Experiment Station 

BLUE GRAMA: Blue grama is a perennial, warm-season, shortgrass 

which is usually a bunchgrass under moderate grazing intensities 

although under heavier grazing it forms a sod. Blue grama is distri-
T 

buted widely on~ s<..ndy to heavy textured soils of the plains, sandhills 
-

" -
and mesas (Herzmanet a1. 1967). At -Springfield blue grama was 

sampled from clay loam range s ites. r 

0lue grama, although usually low in prpductivity, is still the ....,. 

primary forage producing species on this site and forms a major portion 
, 

of the diet of livestock in summar and winter. Blue grama may decrease 

under heavy grazing pressure, of ten giving way to buffa1ograss. The 

chemical compositi.on and digest i bility of blue grama is shown in 

Appendix A - Table 1. The digestible energy, magnesium and calcium 

are sufficient to meet the r equirements of livestock. However, ba1f-

way- thro ugh the plant's grm"th and again when it matures digestible 

protein becomes deficient. Phosphorus is deficient in early and late 

growth. ) 
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Table 2. The species of forage and the area of the state from which 

they were collected. 

AREA 

Southeastern Colorado 
Branch Experiment 
Station 

- ( 
,1 . 

San Juan Basin 
Experiment Station 

Manitou Experimental 
Forest 

Craig 

COMMON NAME SCIENTIFIC NAME 

Bouteloua gracilis 
Bouteloua curtipendula 
Sporobolus cryptandrus 
Buchloe dactyloides 
Kochia 3coparia -

Blue grama 
Sideoats grama 
Sand dropseed 
Buffalo grass 
Kochia 
Lambsquarters 
Yucca 

" Chenopodium album 
'Yucca glauca 

Western wheatgrass 
Arizona fescue 
Mountain muhly 
Kentucky bluegrass 
Needle-and-thread 

grass 
Mutton -grass 

Agropyron 'smithii 
Festuca arizonica 
Muhlenb~rgia montana 
Poa pratensis 

Stipa comata 
POa fellderiana 
Koeleria cristata Junegrass 

Squirrel tail grass Sitanion hystrix 

Arizona fescue 
Fringed sagebrush 
Blue grama 

(Mountain muhly 
Nebraska sedge 
Western wheatgrass 

Thurbers fescue 

Festuca arizonica 
Artemisia .:!E.igida 
Bouteloua gracilis 
Huhlenbergia montana 
Carex nebraskeni 

. . . 

Agropyron smithii 

Festuca thurberi 

Fringed sagebrush Artemisia frigida 
Rabbitbrush ' Chrysotham~viscidiflo ru s 
Antelope bitter-

brush 

Western wheatgrass 
Fourwing saltbrush 
Blue grama 
Scarlet globe-. 

,mallow 

Purshia tridentata 

Agropyron smithii 
Atriplex canes c ens 
Bouteloua gracilis 

Sphaeralcea coccinea 
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SIDEOATS GRAMA: Sideoats grama, an erect bunchgrass, is usually 
V""' 

an -important source of forage in the Sou,~hern Great Plains. This 

warm season perennial is preferred by all classes of livestock, how-

ever \vith prolonged ' heavy grazing it may be replaced by blue grama. ' 

Sideoats grama usually grows on less developed , soils as well as in 

desert and semi-desert shrub communities (Herzman et a1. 1967). At 

Springfield, sideoatsgrama is f(;>und on a clay loam range site (Fig. 

1). 

The nutritive value of s i deoats grama i s 'shown in Appendix A -

Table 2., The vitamin A content of dormant sideoats grama was ' 62 , 700 

international units , which is much h ighe r than required. The digesti-

ble energy , meets the requirements of a cow i n gestation. The mag-

nesium and calcium content are adequate for an animal in gest~tion, 

while phosphorus becomes deficient as t he plant matures. The diges-

, tible protein is def i cient all year round~ 

SAND DROPSEED: Sand drops eed is a tufted perennial which grows 

on sandy or gravelly~ soils. Sand dropseed is a prolific seed pro-

ducer and has a high dr ought toler ance,. The uppermost leaf sheath, 

partially encloses the seedhead and as it weathers away, seed is 

disseminated all "year. Under some situations when there are fall 

rains there is some regrowth. This new growth causes the base of 

the stems tc remaia green most of the winter. The green material 

makes the 
~ 

plant fairly palatable, and under these conditions sand 
( 

dropseed is read:i,ly eaten during the winter. When fall regrowth 

doeS not occur, the forage is composed of stems with fairly small 

leaves which causes the plant not to be eaten (Cook et a1. 1954)" 

Sand dropseed grows on a clay loam range ,site at Spr ingfield (Fig. 2). 
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Fig. 1. Sideoats grama (Boureloua curtipendula) 



Sand dropseed (Sporobolus cryptandrus) 
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The chemical composition and digestibility cif this plant is 

shown i n Appendix A - Table 3. The low digestion coeffic'ient of 

protein a long with the low protein content cause sand dropseed to 

be limiting in digestible protein all year round. The digestible 

energy of sand dropseed is. barely adequate in the early spring but 

is deficient in the fall. Calcium has a similar trend as digestible 
~. l 

. ener,gy. , Howeve.r. pho~phorus 'is deficient when the seeds are. ripening 

and again when sand .dropseed becomes dormant. 

I 

,BUFFALOGRASS r B.uf falograsswhich is a perennial, warm season 

" shortgrass grows mainly on medium and fine textured soils. Buffalo-

grass, reproduces by means ~f stolons and usually the male and female. 
(. 

I \ ~~. , 

plants are on different plants. In certain portions of the central ,., 

plains, 'buffalograss can produce an abundant amount of forage. 

Buffalograss isgraz¢d by just about all livestock and increases 

under heavy grazing pressure. If the area is continually overgrazed 

any blue grama E&ere will be replaced by buffalo~rass (H~rzman et 
~, 

a1. 1967). Buf'falograss was collected from a clay loam range site 
/ . 

here at SpringfIeld. 

Appendix A - Table 4 shmvs the chemical composition and digesti- ' '''' 

bility of buffalograss. The magnesium and calcium content are 

sufficient to meit the requirements as suggested by Cook (1972). 

. ~ . 

However, the phosphorus content is deficient in early growth and for 
.' 

a short while as the plant disseminates its seeds and starts to dry. 

The low digestibility of protein along with the low proteip- cont !':nt 

make protein deficient for animal s in gestation nearly aLi. year r ound . 

Digestible protein meets the requirements only wh en the heads co n~e 
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out: THe digestible energy is deficient in the early spring and when 

tHe seeds are ripening due to ' the low digestibility of energy. 

KOCHIA: . Kochi a, also known as fireweed or burning bush, is 

found in -dry open places as well as fertile uncultivated soil (John-
~ 

Son and Nichols 1970). At Springfield, kochia grows on a clay loam 

range site. ~The nutritive value of kochia is shown in Appendix A -
l 

Table 5: 

. 'Kochia "is 'diStinct in that it has a ~~ry '-high magriesium and 

calc~Um con tent. --The -magnesium reaches as high _ as .87% and calcium 

can reach over '1%. - Phosphorus however seems to be produced in waves. 

During early spring ~growth phosphorus is deficient, then at later 

growtl'i stages there is sufficient phosphorus to meet the requirements 

of an animal in gestation. However, when the seeds start ripening 

and disseminating, and again :when the plant matures, a , marked drop ' 
/"ft. _ " r-, 

occurs. The vit,amin A content is sufficient all year round, along 

with the digestible protein and digestible energy for .livestock 
,J 

in gestation. 
-' , .( . 

' ~BSQUARTERS: Lambsquarters is also ~nown as pi~Need and white 
, 

goosefoot. This is a pale annual forb which gro .... Ts at low and medium 

elevations in fi 'r1.ds, along roadsides and waste places. Lambsquarters 

grows at Spr ingfield .on clay loam range sites. It vln'-ies from poor to 

good sheep feed and as a rule lambsqu.arters is grazed by cattle at 

some growth ~ tages (Dayton 1960). The chemical composition and 
~ 

digestibility _ of lSlobsquarters is shown in Appendix A - Table 6. 

The digestible protein, digestible energy, vitamin A, magnesium 

and calcium are far above what is needed by livestock. Phosphorus is 



37 

deficient when the seeds are disseminating and when the plant is 

dormant. 

YUCCA SEED PODS: Yucca, also known as bear grass or small soap-

weed, grows at Springfield on a clay loam range site. Young plants 

are often eaten by sheep and cattle. Livestock eat the f~ower 

clusters of both the young and old plants (Johnson and Nichols 1970). 

Appendix A - Table 7 shows the chemical composition and digestibility 

of yucca seed pods. 

Yucca pod~ in ~arly growth are very highly digestible, and as 

they mature this decreases. They supply enough digestible energy, 

digestible protein, magnesium, calcium, and phosphorus to meet the 

requirements of a lactating animal. The pods are deficient in 

vitamin A when ~ture. 

San Juan Basin~xperiment Station 
/' 

WESTERN WHEATGRASS: Western wheatgrass is also known as b1ue-

stem wheatgras3 and b1uejoint wheatgrass because the foliage is 

bluish in color. Western wheatgrass is a coci1 season, sod . forming 

grass with rhizomes, hence it grows as single stems· on small tufts. 
. j 

r 
These small tuf~s are usually not formed under arid or semi-arid 

conditions. Western wheatgrass is tolerant to moderately alkaline 
c. 

soils and can b~ found on soils ~arying from clay to sand, although 

western wheatgrass prefers soils which are relatively fine textured 

(Cook et al. 195 4). In the Hesp~rus area western wheatgrass is 

generally in brushy-loam range t'~ (Fig. 3). 

- This gra.ss withstands grazilig rather well and animals still 

utilize western wheatgrass when it matures even though it becomes 
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Fig. 3. Weste~n ~heatgrass (Agropyron srnithii) 
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stiff and coarse. The chemical composition and digestibility of 

this pl,.ant is shown in Appendix A - Table 8. At late stages of 

growth, western wheatgrass is deficient in digestible protein. The 

vitamin A content is very high in the early stages of growth but 

drops off very quickly as the plant matures j ' however there is still 

enough to meet livestock requirements. Digestible energy is de-

ficient wheh the F1ants are dormant before fall regrowth. Calcium 

and magnesium ar~ sufficient to meet an animal in gestation. Phos-

phorus is very defic i en t in early and late I tages of growth and 1s 

only adequate when the plan ts start to dry of f. 

,ARIZONA Arizona fescue (Fig. 4) is a dense bunchgrass 

which produces 'a amount of forage principally during the summer 

months. 1 I Arizona fescue grows in the mountains from 2,000 to 3,000 

1 
meters, on rocky slopes, open parks, mesas and open ponderosa pine I . 

types. At Hesperus 1 t grows on ponderosa pine grazable wQcdland 

range sites. Ar:i,zona£escue appears to be not as palatable as some 

other grasses a~though it is grazed fairly well by livestock i~ late 

spring and early summer. Heavy grazing over a sustained period will 

soon reduce a stand of Arizona fescue (Herzman et a1. 1967). 

The chemical compOsition and digestibility of Arizona fescue is 

shown in Appe~dix A - Tabl e 9. The vitamin A content cf Arizona 
I~ 

fescue runs fr~~ 51,480 il~ternationa l units in the early leaf gr0wth 

to 10,412 international units in fall regrowth, all of which is ab0ve 
r,,' 

lactation requirements. The magnes ium,calcium and phosphorus cont ent 

are deficient i~ the early and late stage of plant growth, and at other 

times the plapt has enough minerals for an an im~l in gestation . Af t er 
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Fig. 4. Arizohafescue (Festuca arizonica) 



41 

the seeds start disseminating, A.~izona fescue does not have enough 

digestible protein for livestock. however its digestible energy con-

tent is adequate for a gestating an i mal. 

MOUNTAIN MUHLY: Mountain muhly is an important forage in pon~ 

derosa pine forests. It is a bunchgrass which grows in canyons, 

rocky hillsides and mesas. While young. it is relatively palatable, 
I 

however its palatab ility deer ..... with maturi ty. This midgrass 

grows At Hesperus .it 

grows on sites (Herzman et ale 

1967). 

Mountain muhly 1s defici.n t in diS •• tibl. protein at all stages 

of growth and its di gestible energy cont nt declines and bec~mes 

deficient as the plant matures (Appendix A - Table 10). Gestating 

animals require mor e calcium and magnosium than is supplied by this 

species in its late stages of growth. The phosphorus content is 

deficient 'in early and late stages of growth. The vitamin A content 

of mountain muhly at the anthesis W4S 62 . 700 I. U. which was in exce.ss 

of the 1,408 I.U. nim3l. 

KENTUCKY BLUEGRASS: Kentucky bluegrass (Fig. 5) is a cool season, 

sod-forming grass with many slender rhizomes. It grows at elevations 

from 1,500 to 3,300 meters in open woods , fields and meadows. At 

Hes~erus it gr~ws on brushy loam range sites. Kentucky bluegrass is 

a very hardy gras s which tends to increas e under heavy grazing. How-

ever, Kentu~ky bluegrass is not a very heavy producer of forage, but 

that which is produced is readily grazed by all livestock (Herzman 

et a1. 1967). 
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Kentucky bluegrass (Paa pratensis) 



43 

The digestibility of Kentucky bluegrass is very high inits ' early 

stages of growth · (Appendix A - Table 11). As a source of . digestible 

energy KemtuckY bluegrass is very good and it is only deficient in 

digest~ble protein during the dormant stage of growth. The magnesium 

content exceeds the needs of livestock, while calcium is deficient for 

an animal in ges~ation at five different stages of growth. Phosphorus 

deficiency' in Kentucky bluegrass has a cyclic effect being deficient 

in early,middleand late stages of growth. 

NEEDLE-AND-THREAD GRASS: Needle-and- th read grass (Fig. 6) which 
~. 

is sometimes referred to as needlegrass or apeargrass is an erect I' 

. leafy bunchgrass . 30 to 60 cm. high. It is characterized by sharp 

pointed seeds~which have a long curling awn 4-6 em. long. This cool 

season grass which grows on a brushy-loam rango type at Hesperus is 

valuable because of its high palatability and frequently produces . 
new growth for winter grazing following favorable fall rains. How-

ever, wh~n it is grazed during the time awns are bountiful, injury 

'" may occur to the eyes, mouth and skin of sheep . Cattle and other 

large herbivores are usually unaffected. When grazing sheep, it is 

best to graze it before the awn appear and/or after they are dropped 

in late summer (Cook et ale 1954). 

Table 12 (Appendix A) shows the chemical composition and diges-

tibility of needle-and-thread grass. Protein and energy meet the 

requi1ements of livestock early in the season, as the season pro-

gresses though, these two components of needle-and-thread grass are 

deficient. The ~ellulos e in this plant is very highly digestible, 

even in th e winter time. Phosphor us and calcium are adequate for 
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Fig. 6 . . Needle-and-thread grass (Stipa comata) 
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animals in ,. ·gestation however, at several stages they are inadequate 

forla~tating animals. During early growth and in the w~nter, 

needle-and-thread grass is deficient in magnesium. 

MUTTON GRASS: Mutton . grass is a good, forage for all livestock 

and is grazed mainly from early spring to midsummer. This bunch­
.--' -

grass grows mainly in the mountains between 1,500 and 3,000 meters 

on an open, dry ods and rocky hills (Herzman et a1. 1967). Mut ton 

grass grows on ~ b rushy loam range site at Hesperus. 

The nutritive evaluation of mutton grass indicates that the 
~ 

digestibh\ -" energy and di gestible protein content of mutton grass is 

very good, and meets the gestation requirements of livestock (Ap?endix 

A - Table 13) • _ The digestibility of cellulose is very high ranging 

from 65 ,to 80%. The .,vitamin A content for. these samples analyzed 

was very good, however the mine rals, calcium , phosphorus and magnesium 

. 
were deficient at ' several stages of growth. 

'} 

JUNEGRASS: Junegrass (Fig. 7) also known as prairie junegrass is 

a cool season, bunchgrass. It often grows on sandy soils or plains 

and open woods. It is a fairly good forage although :ft does not pro-

duce that much total forage since the leaves are basal and short. It 

is desired by all live~tock and some wildlife, such as elk, but can 

not withstand intensive grazing (Herzman et al. 1967). At Hesperus 

it is found on the brushy loam range site. The protein content runs 

from 9.6 to 4.6 and because of the digestibility of the protein this 

makes the plant deficient as the plant matures (Appendix A - Table 14). 

The digestible energy, vitamin A, magnesium and phosphorus sUPI:."-y 

sufficient nutrients for an animal in gestation. Hm."ever, the 



Fig. 7. Mutton grass (Poa fenderiana) 
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calcium content 1s deficient toward the middle of the growth of the 

plant. 
. I 

SQUIRRELTAIL GRASS: Squirrel tail grass is a perennial bunch-

grass which grows from 10 to 45 cm. high. It tolerates saline and 

alkaline soils but chiefly grows in dry gravelly soils. Before the 

seed heads are fully developed this i s a fair to good forage for 
I 

sheep and cattle. However, after the awns appear squirrel tail 

becomes fairly objecti onable to liv Itock . Dur ing late summer or 

fall, most ~f from the plant and it 

again becomes fall rains can pro-

duce new grmol t\l: .which hel p' lupplement (Cook etal. 

1954). J uan it srows on a brushy loam range site (Fig. 8). 

Appendix - Table 15 shows the chamical composition and .dige3-

tibility of squirrel.tail growing at Hesparua . The vitamin A, mag-

nesium, calcium and digestible energy ot squirrel tail all meet the 
c 

require~ents of , livestock for gestation . However, as the plant 

matures its digestible protein and phosphorus become deficient. 

Manitou Experimental Forest 

ARIZONA FESCUE: At Nanitou, Arizona fescue grows on a sandy 

clay loam range site (Fig. 4). The growing characteristics of Arizona 

fescue were discussed at the Hesperus collection site. 

Nutritive value of Arizona fescue is Shown in Appendix A -

Table 16. The organic matter digestibility ranges from 70% in 

early grOlvth dmoln to 411~ when the plc.:nt is dormant. The prot e in 

cpntent is nearly 12.9% when the flowers are in the boot stage. 
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Fig. 8. Squirreltail grass (Sitanion hystrix) 
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However, as the plant matures the protein content drops markedly 

and is inadequate to meet . the maintenance requirements oC cattle. 

Digestible energy follows a similar but less marked trend . . As should 

be expected, the cellulose content of the plant increases with 

maturity. 

The vitamin A content is very high when the plant is young and 

declines rapidly during late s ummer and fal l and is deficient for 

gestation requirements . Arizona fescu is near l y always deficient 

in calcium, phosphorus and masn •• 1um. 

FRINGED ~=-= ___ which is also 

known as fringed wormwood. :I.a a halt-shrub which is found on ·dry 

pl!iinsand hUls. At Manitou i t is found on a s/lndy clay loam range 

site. Fringed sagebrush is often grazed by ca t tle and is considered 

a good forage fo r sheep and elk. Areas which hove been seriously 

overgrazed for a l ong time may become domin ted by this plant (John­

son and · Nichols 1970). 

The chemical composition and digest i b il i ty of this plant is 

shown in Appendix A - Table 17. The energy, vitamin A and magnesiu~ 

are above what is required for the maintenance of livestock during 

gestation and lactation. However, as the plant gets older the cal­

cium content decreases and it appears that the plant is deficient 

in phosphorus all year round. When th e plant is dormant it is de­

ficient in digestible energy. 

BLUE GRAMA: The characteris tics of blue grama were described 

earlier at the Springfi~ ld coll ection site. Here at Manitou it 

grows on a sandy ~lay loam site. 
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Fig. 9. Fringed sagebrush (Artemisia frigid a) 
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Appendix A - Table 18 shows the chemical composition and 

digestibility of this. plant. Blue grama barely meets the digestible 

energy requirements in early lactation when the plant is young, and 

it becomes deficient for a cow in gestation when it matures. The 

digestible prot"ein content is adequate in early growth but drops down 

to a very low 1.1% in the winter which is below maintenance require-

ment.- There is however, a surge of protein content to 8.11% in the 
I~ 

fall regrowth ·of the plant. 

The vitamin A content s eemed t o r emain constant around 4,000 

international units throughout the year. howaver no plant was 

analyzed during the winter dormant period . Th. magnesium content 

and the calcium content Rppeared to be ad qua te for gestation in the 

early part of the plant growth. However .1 the plant matured it 

became deficient in both minerals. A similar trend was noticed for 

phosphorus. 

MOUNTAIN MUHLY: The growth habits of mountain muhly were 

desc~ibed at the Hesperus collection site. At Manitou, mountain 

muhly grows on a sandy clay loam range site. 

The ·cellulose content of mountain muhly seems to remain constant, 

however as it gets older its digestibility drops as the plant matures 

(Appendix A - Table 19). The vitamin A content is satisfactory 

throughout the year for animals in gestation. However, when mountain 

muhly is winter dormant, it does not meet the vitamin A requirements 

during lactation. The protein content of 10.1% in early grmvth is 

sufficient for all forms of livestock. However, when it is winter 

dormant it only has 2.5% protein. The digestible energy is readily 
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available to tne animal when the plant is young, however after .the 

.. seeds are disseminated the plant does not meet a gestating cow's 

. requirements. 

Magnesium is bordering on a deficiency for lactating animals 

througnout its growing. season. Phosphorus, except for two stages in 

'earlygrowth, is deficient. Calcium in most cases meets the re-

quirements for ~ac tation, but in the winter it is def i cient . 

( 

)NEBPJ\SKA SEDGE: Nebraska occur s at elevations up to 

e this sedge occurs 

exclusively near springs, 

in shallmol , and wet meadows. .--
At site (Fig. 10). 

Co 
with the amo unt and dis-

tributirin of pa Generally it is a 

fair forage fo r sheep and a good f orage f or cattle. Its strongly 

developed rootstocks make Nebraska sedge well adapted t o withstand 

abusive grazing . The nutritive value of Nebraska sedge can be seen 

in Appendix A - Table 20. Thi s grasslike plant is' 90% digestible 

in the early spring and decreases in digestibility until winter time 

when the dry matter digestibility is 50%. The digestible protein 

contept is 13.3% in the early spring, however in the fall it drops 

down to 2.6% which is not enough to meet an aniI!la l's ne e.ds. The 

digestible energy, vitamin A, magnesium and calcium content of the 

forage are sufficient to meet livestock requirements for gestation. 

However phosphorus is deficient towards the end of the growing season. 
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Fig. 10. Nebraska sedge (Carex nebraskeni) 
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WESTERN WHEATGRASS: In the Manitou area western wheatgrass is 

generally found on sandy clay loam range sites (Fig. 3~. The growth 

habits,'were discussed earlier at the Hesperus collection site. 
'-
This grass withstands grazing rather well, and animals still 

utilize it when it matures, even though it becomes stiff and coarse. 
~ 

Appendix A - Table 21 shows the chemical composition and digestibility 

of western wheatgrass a t Manitou . The diges tibility of dOry matter, 

organic matter, early i n the •••• on have • diges tion coefficient of 
, -' 

around '85% and This has a 

bearing on the adequate in early 

spriF.g grO\o/th and that fall. Thevitamin 

A content appears Hmo/ever, 

magnesium is deficient when 

the plant is at the seed plant is dormant 

be'fore fall regrowth. 

Black Hawk 

THURBERS FES CUE: , r obust bunchgrass which 

grows in dense It grows at elevations from 

1,800 t o 3,600 meters during the spring and summer on hillsides, open 

parks and open stands of spruce (Herzman et al. 1967). It usually 

prefers s~ndy loam soil and at Black Hawk it grows on a sub-alpine 

loam range sit~ (Fig. 11). 

The chemical composition and digestibility of Thurbers fescue is 

showri in Appendix A - Table 22. Thu~bers fescue is adequate in pro-

tein, ener gy and vitami n A early in the season. However it is 

,deficient i n calcium, ma gne sium and phosphorus . When t he plant is 

about hal t way through its ph enol ogical develop~ent it is deficient 
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Fig. 11. Thurbers fescue (Festuca thurberi) 
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in protein, however magnesium and calcium are adequate for livestock, 

whil~ phosphorus is deficient. When Thurbers fescue matures it is 

deficient in all 'of the nutrients analyzed. 

Craig C 0 

FRINGED SAGEBRUSH: At Craig, fringed sagebrush (Fig. 9) is 

found on a sandy s l ope range site. The growth habits of fringed 

' sagebrush were ear lier at the Manito~ collection site. 

. The nutri is shown in Appendix 

A - Table 23. in 

turn, livestock ' 

lower plant 

growth. il available is barely 

a_station, except for 

two or three of Xhe 'early s tages of growth. 

The calci and magnesium content of frinaed sagebrush are above 

that which is needed. Phos phorus is defi cient at nearly all stages 

of phenology except when the plant is i n full l eaf. The vitamin A 

content of fri nged sagebrush was only analyzed once and this was 

when the plant was dormant. At this stage of growth it far exceeded 

the requirement. 

RABBITBRUSH: Rabbitbrush is a bushy plant and is commonly 

called rabbitsage, yellowbrush and rayless-goldenrod. Rabbitbrush is 

a ~haracteristic shrub from sea-level to 3,000 meters and is a con-

spicuous component of the vegetation on alkaline plains and stream 

banks throughout the semi-region of the west. Some species 6f 
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Fig. 12. Rabbitbrush (Chrysotham1.ls viscidiflorus) 
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,r.abbitbrush grow in mixed type1? in the foothills and mountains while , 

at Craig rabbitbrush grows onr a .sandy slope range site (Fig ! 12). 

r Most species (of rabbitbrush have little forage value. However, 

species C. viscediflorus ranks as a fair to good forage for sheep and . c: 
cattle" (Dayt9n et a1. 1932). The chemical . composition and digesti-

bility of rabbitbrush is shown in Appepdix A :.. Table 24. The pro": 

tein content of . this species of rabbitbrush runs from 12.7% down to 

3.8% which along with its high digestibility for protein make this 
(~ 

plant fulfill protein requirements for livestock in gestation except 

when it is in fqll leaf. . In early spring, rabbitbrush is barely 

adequate in vitamin A. for livestock in gestation and is deficient 

for any that are lactating. Howeve( , as it develops the plant far 

exceeds the requirements. Unfortunately, no s~~ples \~ere analyzed 

for vitamin A when the plant was mature. 

Rabbitbrush has a ihigh magnesium and calcium content, and in 

most stages it has a low phosphorus coptent. This leads to a hieh 

CA:P ratio which can get as high as 12.2:1. The plant seems to supply 

.enough energy although when the plant is in full leaf, and again 

'When it is dormant it doe's not have enough digestible energy for a 
? 

cow in gestation. 

ANTELOPE BITTERBRUSH: Antelope bitterbrush is also known as 
, 

quinine-brush, black .sage and deerbrush. It grows mainly on well 

dtained, sandy, gravelly soils on open southerly exposures at 

elevations ranging from sea level up to 2,800 meters. At Craig, 

it grows on a sandy slope range site. 
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In many areas in the wesf, bitterbrush · is regarded as the single 

most important browse species. The leaves and younger twigs are 

. readily utilized by goats, sheep and cattle. The palatability 

bitterbrush is usually good for both sheep and cattle (Day~on et al. 

1932). Appendix A - Table 25 shows the chemical composition and 

digestibility of bitterbrush. 

The digestible · energy content of this browse meets . the re-

quirements of livestock in gestation all year. The digestible pro-

tein is unusual in that it is deficient during the middle stages of 

phenology and adequate at other times. Vitamin A and phosphorus 
. " 

also show this same pattern. The calcium and magnesium content are 

much higher than is required. 

Nunn 

WESTERN WHEATGRASS: In the Nunn area western wheatgrass (Fig. 3) 

.is found generally on a sandy loam range type. A general description 

of western wheatgrass was given earlier at the Hesperus collection 

site. 

This grass withstands grazing rather well and animals still 

utilize it When it matures even though it becomes stiff and coarse. 

The nutritive value of this plant is shown in Appendix A -Table 26. 

The digestible protein content of western wheatgrass hardly meets 

the requirements for gestation or lactation after the heads are 

fully out. Calcium and phosphorus are deficient for lactating and 

:in most instances gestating animals. Vitamin A was sufficient in 

early grm-lth when it was analyzed. Magnesium was only defici £:TI t 

during fall regrowth. The digestible ene rgy content meets the 
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"requirements for animals in gestation, however it becomes deficient 

for lactating animals after the seeds have been disseminated. 

FOURWING SALTBUSH: Fourwing saltb~sh is found in arid and semi­
.') 

arid areas of the west. It is a perennial, shrub which grows to 1 

meter. Fourwing saltbush is a valuable forage for both livestock 

and wildiife in arid areas. · It exhibits hardiness to cold, and a 

remarkable abil ity to withs t and d rought becaus e of its tremendous 

root development which sometimes penetrates t o 6 meters (Johnson and 

Nichols 1970). At Nunn it grows on a sandy loam range site (Fig. 13). 

There is evidence t o suggest that occasional l y this plant will 

cause bloat when eaten too liberally and that too concentrated feeding 

of the species will cause scours in range ca ttle . Appendix A- Table 

27 shows the chemical compos ition and di gest i bility of founving 

saltbush. 

The ma gnes i um and calcium content of f ourwing saltbush are way 

above what is r equired, howeve r t he phos phorus content is · generally 

below that recommended.. This combinat i on of analysis gives uS a high 

calcium phosphorus ratio r eaching 11.2:1. The vitamin A content is 

very h1gh in the spring. As should be expected, the cellulose con-

tent increases with the maturity of the plant and its digestibility 

decreases. Fourwing saltbush totvards the end of its phenological 

development does not supply enough energy and protein for lactation 

or enough protein for gestation. 

BLUE GRAHA: The grovling characteristics of blue grama was 

discuss ed at the Spr ingfield collection site . 
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Fig. 13. Fourwing saltbrush (Atriplex canescens) 
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. The chemical com?osition and digestibility .of blue grama is 

shown in Appendix A - Table 28. It appears that once the seeds start 

being disseminated" from blue. grama it becomes deficient in protein • 

. The digestible energy is deficient only ~ at the latter stages of 
,) 

· growth for an animal that is in early lactation. Calcium and 
) 

magnesium are in sufficient amounts for an animal in gestation. 

" 
Howev~r, magnes ium at most stages of phenology doesn't meet .,the 

requirements for a lactating animal nor does calcium when the plant 

is mature. Blue grama which grows at Nunn is deficient in phosphorus 

all year round. 

SCARLET GLOBEMALLOW : Scarlet g~obemallow (Fig. 14) which is 

also known as .r ed falsemallow i s usually found on dry sites. It is a 

low-growing perennial forb which grows from 7 to 30 cm. tall. At 

Nunn, the for~ grows 6'n a sandy loam range $ite. Scarlet globemallow 

is a very drought resistant 'forb due to its ability to shed leaves . 

. ' _' This forb is readily eaten by l ivestocK and where an area is over-

grazed it will increase in abundance (Johnson and Nichols 1970). The 

chemical composition and digestibility of scarlet globemallow is 

shown in Append i x A - Table 29. 

The high digestibility of scarlet globemallow contributes to 

the plants ability to supply the requirements of digestible energy . . 

and digestible protein for livestock. The vitamin A cOntent is hi.gh 

in early growth which were the only time that it was analyzed. The 

magnesium and calcium content far exceed the requirements, while 

phosphorus is borderline to being deficient. The extremely high 

calcium content, which is over 2% all year round, coupled witb a low 
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Fig. 14. Scarlet globemallow (Sphaeralcea coccinea) 
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phosphorus, give ·calcium phosphorus ratios which reach as high as 

19.2: 1., 

.. 

c 

) 



) 
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SUMMARY AND CONCLUSIONS 

~iS study was undertaken 'to investigate the nutritive value of 

the most importapt Jorage species grazed by livestock in various 
. C 

areas of Colorado. The sainples were analyzed for energy, protein, 

cellulose, vitamin A, calcium, phosphorus and magnesium. The digesti-

bility coefficients of the plant, protein, energy and cellulose were 
t 

also determined by the in vivo nylon bag technique. 

The plants collected at the Southeastern Colorado Branch Experi-

ment Station are all, except yucca pods J deficient in phosphorus at 

. 
some stage of growth. Blue grama, sideoats grama, sand dropseed, and 

buffalograss are all deficient in digestible protein while sand drop-

seed and buffalograss are deficient in energy at Some stage of growth. 

Yucca pods are deficient in vitamin A when the pods mature. Sand 

dropseed becomes deficient in calcium as the plant matures. 
~ . . 

All plants analyzed except for needle-and-thread and Junegrass 

at the San Juan Basin Experiment Station were deficient in phos?horus 

at some stage of growth. Western wheatgrass and mutton ·grass were 

.. the on-l:r, two plants which did m)t have a deficiency in digestible 

protein at some stage of phenology. A calcium, phosphorus and mag~es-

'·ium deficiency was noticed in both mountain tfiuhly and mutton grass. 

Magnesium was also deficient in needle-and-thread grass and Arizona 

~fescue. Calcium was deficient in Kentucky bluegrass and Junegrass. 

WeStern wheatgrass, mountain muhly and needle-and-thread grass ,vere 

deficient in digestible energy at some stage of phenology~ 

Plants which were collected at Manitou Experimental Forest seen 

't ·o Have a protein and a mineral deficiency. All the plants have a 

phosphorus deficiency at some stage of grow.th and all btit N2braska 
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~edge and western wheatgrass have a calcium deficiency. Magnesium 
/' 

was not,ed to be deficient in Arizona fescue, blue grama and western 

wheatgrass. Vitamin. A and energy were deficient in Arizona fescue 

and mountain ,muhly. Digestible energy was also deficient in blue 

grama and western wheatgTass. All plants, except for fringed sage-

. brush which were collected ~t Manitou were deficient in protein at 

some stage of growth. Thurbers fescue which was collected at Black 
'",--, 

Hawk was found to be deficient in all nutrients when it matured. 

Ea:c1,y in its growth ' though, it is adequate in protein, energy and 

vit~in A, while, being deficient in the minerals analyzed. 

At the Craig coll ection site phosphorus and diges'tible protein 

were deficient at some stage of growth in all plants. Rabb.itbrush 

and antelope bitterbrcsh are deficient in vitamin A while fringed 

s~g:b'(~Sh and rabbitbrush were deficient in digestible energy : 

~ .. Phosphorus was again deficient in all samples collected .at Nunn,. 
. ,r 

du;r;ing some stage of the plant's growth. Magnesium and calcium was 

also noted to be deficien.t in western wheatgrass. Protein was de-

ficient in western wheatgrass, fourwing sal.tbrush, and blue grama. 

The energy content of blue grama and fourwing saltbrush was also de-

ficientfor animals in gestation. 

In conclus i on, it can be said that in all species studied at 

least one of the elements analyzed was deficient. Probably the most 

outstanding deficiency is that of phosphorus which was deficient in 

nearly all plants. This would be followed secondly by a deficiency 

in digestible protein. To make sure that animals are not subjected 

to these deficiencies, animals should be grazed on several species 

of plants so that a deficiency in one can be offset by an excess in 

a~other·Y 
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Table 1. Average chelllical cOl!Iposition and d!gestibiUty of Slue GT!J!8 at various stages of growth ;- collected at Sp I' ingf.!..eJ.!!. , Colorado on a Clay ~ 
Range Site in 1970. 

I I I "." I / 

Dry Organic Digcs- DiS\!s- Vita~in A 
Phenological Stag<! l1atte.. Matter tible tiblp. Digestible 1n l.U. 

Crasll D1gC6- Diges- Protein Protein Energy Energy Cellulose CelJulose ' Per 
, tibllHy tibil1t;y % % C31/gm_ Cul/gm %, ' X kilogram 

",,' Sprin, Leaf Crowth 
1 - l Leaves 

Spring L~af Growth " 
4 - 5 Leavea 

, ' rlpwe rs in Boot 

r"1<Jd'l Fully Out 

" 
' Seeds Ripening 

~--

- Se .. us Ildn~ 
. l,Ij ~IH!r.dnBted 

Plnuts DryIng 

Pl:>ntB [)ormant 

t--'!~_, • • --,---,...--

Fa ll Rcgr 9wLh 

... .i Ilt.er Dorman t 

48 48 

~') 60 

59 73 

60 72 

48 72 

44 60 

59 59 

55 55 

58 so 

52 49 

9.6 i 
I 

8.9 

7.S' 

4.1 

4 . 0 ( .< 
I 

I 
6.01 

I 

7.2/ 

7.1. 

6.1 

5.) 

5.6 4(,50 

5.6 3732 

5.5 3782 

1.7 4819 

L2 3977 

3.27 4075 

4.81 4050 

4.6 4195 

2.2 4071 

2.0 3716 

2579 26.0 11.9 80,080. 
.,.-

2139 29.0 15.4 

2651 37.3 26.5 

2977 37.3 21.5 

18M! 36.1 12.7 

2145 38 . 2 21. 2 

24.33 31.6 18.1 

2213 J1. 2 17.3 

1973 33,. 1 17.0 

----~ 

2019 34.6 13.8 

Magnesium Calcium Phosphorus 
'1n (:, in in 

Pet'cent Pe'Tcent Percent : 

.060 .38 .15 

.052 .43 .16 

.096 .41 .16 ' 
r 

.112 .44 .17 

.109 .37 .2~ 

.122 .43 .u, 

.066 .41 .27 

.op .41 .3/? 

.0/\6 .43 .21 
, ) 

.062 / 33 .15 

Calci um 
Phospho t'us 
R-n t10 

2.5:1 

2.8:1 

2.4:1 

2 . 4:1 ::j' 

1.2:1 

1.6:1 

1. B: 1 

1. 8: 1 

2.0: 1 

2.1: 1 
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Table 2. 

, ' / J 
Av:erage cht'I1!~~al comp061t10n' ,a'nd digestibility 
Range $ite 1n 1.970. ' --' ~\ 

Phenological Stage ' 
Gras!! 

Sprin g Leaf Growth 
'1 - , J ,Wave. 

Sl'ri.lg Led Growth 
, 4 - 5 Leaves 

Flowers 1n Boot 

Heads Fully Out 

' Flo~era at Anthesls 

Seeds Ri pening 

Seeds Bein'g 
Dlsseminntfld 

Hants Dry.tng 

Plants Dormant 

Fall Regrowth 

Winter Dormant 

Dry 
Matte r 
Diges­
tibillt~ 

52 

51 

53 

52 . 
5~ 

52 

53 

52 

53 

49 

Organic , Diges~ 

Matter tiblc 
Diges- Prote1ri ~rotein 

t1bilLty % % 

56 4.4 2.2 

53 7.4 2.6 

51 4.4 2.3 

53 7.0 3.1 

53 4.9 2.4 

62 J:7 1.8 

56 3.0 1.5 

53 4·8 1.3 

54 4.5 1.5 

53 2.8 1.4 

41 2.6 1.2 

" ~ APPP;NDIX A '-- . "\' J\ 
of Side oat6~~ at various stages of growth, colle'cted at Springfield, Colorado on a Clay LORlll 

Diges­
tible 

Energy Energy 
Cal/gm ~ Cal/SID 

4335 2471 

4216 2301 

4432 2510 

4412 2380 

4765 2552 

4550 2538 

4661 2150 

4129 2124 

4264 2163 

4464 244q 

4830 2054 

~I 

Cellulose 
'% 

33.7 

28.7 

34.7 

35.2 

)0.2 

31. 6 

30.3 

28.6 

33.4 

29.7 

34.3 

Digest ib Ie 
Cellulose 

% 

U . 8 

15.2 

20.2 

18.9 

15.) 

1). I 

15.0 

15.9 

18.Q 

16.1 

15.0 

Vitamin A 
in I.U. 

--_..:.".-

62,100. 

Magnesium 
in 

,095 

.091 

.101 

.145 

.114 

.112 

.142 

.U8 

.118 

.122 

.107 

:. 
Calcium Phosphorus 

in in 
Percent Percent 

.20 · 

.40 

.45 

47 

.46 

.38 

.33 

'\.. 
.47 ' 

.)4 

.49 

.24 

.19 

.17 

.18 

. 24 

. 20 

. 17 

.15 

.. • 2'" 

.14 

.22 ), .15 

CalciUDI­
Phosphorus 
Ratio 

2.0:1 

2.5:1 

1.9: 1 

1.9: 1 

,1.9: 1 

1.8: 1 

3..0: 1 

1.3:.\ 

4.6.: 1 

2.7:1' 

...... 
00 
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Table 3. Average chemical composition and digestibility be ~ dropseed at various stages of growth, collected at Springfield, Colorado on a Clay Loam 
Range Site in 1970. . 

Dry Organic Diges- Dig .. s- Vitamin A 
Phenological Stage Matter Matter . t ible tible Digestible in I.U. Hagnesium Calcium Phosphorus Cal c:1 UIII 

Grass Diges- . Diges- Protein Protein Energy Energy Cellulou Cellulo·se per in in in Phosphorus 
tibility tibllit;t % % Cal/~ Cal/~ % % kilogram 

, 
Perc.ent Percent' Percent Ratio 

Spring Leaf Crowth " 1 - 3 Leaves 47 51 5.4 2.3 4076 2143 28.3 9.2 12.848 .092 .26 .22 .. 6:1 

Spring Lea t Growth 
4 - 5 Leaves 47 51 6.6 ).9 1.362 2612 30.2 9.9 .115 .32 .27 .9:1 

Flowers in Boot 50 .. 52 5.9 2.6 4)47 2307 
~ 

30.6 15.5 .125 .38 .39 1.2: 1 

.096 . 19 .33 .6: 1 -..I Heads Full y Out 47 47 4.6 2.5 4824 21)4 40.0 14.7 \0 .. 
SeedG RIp ening 62 52 4.8 2.S 4464 2639 30.3 ) 6 . 2 .113 .39 .15 2.5: 1 

Seeds Be ing 
Disseminated 66 56 6.0 2.6 4365 2125 37 . 2 18 . 9 .111 .33 . 18 1.8: 1 

Plants Drying 45 40 7.0 3.5 3789 1279 38.0 18.5 ------ .102 .27 .17 1. 5: 1 

Fall RegroIJth 33 31 5.3 2.0 4132 1243 38.3 14.5 ------ .. 079 .19 .26 .7: 1 "t 
·Winter Dormant 39 35 3.5 .9 4006 1526 40.6 18 . 2 .090 .19 .18 1.0:1 

.. " <-

'I 
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Table 4. Averag~ lchemicai composition and digestibility of Buffalo grass at various stages of grd"Eh, collected at Springfield. Colorado on a 
Clay Loam . Range Site in 1970. - . 

Dry Organic Diges- .... ~ C Diges- '. ''-,' Vitamin A 
Phenological Stage Matter Matter tible tible Digestible in I.U '. · Hagnt!sium Calcium Phosphorui ' Calcium 

Grass Diges- Diges- Protein Protein Energy ,Energy Cellulose Cellulose 1 per in . in in Phosphorus 
tibility tibi1ity % % Cal/gm Ca1/gm % ____ ~ kilogram Percent Percent Percent Rat io 

Spring Leaf Growth 
1 - 3 Leaves 

Spring Le~f Growth 
4 - 5 Lca~cB 

Flowers In 'Boot 

licadr. fully \Jut 

Seed3- Ripen lllg 

Seeds ~e1ng 
Dts s",min a t cd 

!'lants Drying 

Plants Dormant 

Fall Rcgro)Jth 

Winter Dormant 

4) 55 

~5 57 

47 60 

6S 63 

49 34 

59 46 

58 52 

63 64 

66 46 

49 43 

,6.5 

7.1 

6.0 • 

7.8 

'I 

4.6f" 

'f 
4.6{ 

5.7 

5.5 

5.5 

6.0 

2.7 4291 

4.2 4321 

3.0 4523 

4.6 4771 

2.0 4522 

2.3 4485 

2 :2' 4876 

2.8 3876 

2.7 · 4274 

2.6 4114 

1972 27.2 (" 12.6. 

2551 28.) 14.2 

2211 ·27.2 12.2 60,940 

2349 37.9 16.3 

1615 32.5 12.9 

1870 34.2 13.4 

2658 33.2 15.0 
,-

23)8 28.8 9.0 

2206 n.7 11. 3 

2663 32.8 12.3 

I) ' 

.050 

.063 

.071 

.081 

.093 

.087 

.091 

.101 

.071 

.06.6 

.30 .n 1.9: 1 

• )S .18 1. 9:.1 

.38 ;21 2.1: I 
----_._--

.30 .29 1.0: 1 
1 

.36 .12 2.9:1 

..;,1 

.35 .12 2.8: 1 

• )(Y " .14 2 . 1: 1 

. . 45 . 30 1. 4: 1 

.30 .21 1.-4: 1 

.28 ,':n 1. 3: 1 
I , 

ex> 
o 
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Table 5. Average chemical compos it ion and digestib llity of !och1a at various stages of growth. coli e(".ted at Springfield. Colorado on a Clay Loam 
({ilnge Site in 1971. 

------_._ .. -
Dry Organic Dj g .. ,. ... 01g0)9- Vitamin A 

Phenological Slagle M.1t ter MattE:r tible ~ ttb1e Oigestib 1 e in I.U. MAgneslU111 Calc1_ Pho.phoN. Calc1il111 
Forbs O t .~~es- Diges- Protetn Protein EnHgy F.~ll,!rgy Cellulose Cellulose per in in in Phosphorus 

.1 i b i !.!.!:i'_-.!.!:. b i 11 t Y t % Cal/sm .Calip % (' % kilogram Percent Percent Percent Ratio -
Eatly :.eaf Crowth 57 85 14.5 IJ.~ 3265 2972 21.7 16. ) . !9160 .572 1.08 .16 6.1:1 

Full Lc!bf Crowth 57 86 18.0 15.5 36110 J021 21.2 16.8 .870 1.15 .19 5.9: 1 

n""'c r Stalk, 
lkve lo;>ll~g St, 65 19.8 1'>.9 . 4016 ))0) 19.0 16.0 .53) 1.08 .27 3.9:1 

'-- -.---
St'ed Rlpenln~ 68 S4 17.9 110 . ) 4025 2)110 20.6 17 .1 • )79 .910 .0) r. 2' . S: 1 , - --------- . ---------

00 
Seed Disseminating 74 69 17.3 13.3 3807 2652 22.8 16.2 17996 .457 . 90 .0) 2).6:1 .... 

Plants Dry 
~ 

5) 84 16.8 12.2 4336 )693 24.3 18.8 .1086 .9) .)10 "2.9:1 
~ ........... -' -, 

( 

~"a ll Rcg ro\.'lh 51 71 16.3 10.n . 4263 2980 . ' 28.6 21.0 • 4)2 1. 55 . .38 3.9:1 

._-------
l)ry or DOt'Clllnt S9 56 12.3 7.9 )597 1908 B.9 16.5 5808 .278 .93 .03 29.1:1 

\) 
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Table 6. Average chemical composition 'and digestibility 'of 1...nmbsguarte'fS at varfous stages of growth, c'ollected Ilt Springfield, Colorado on 'a 9 & M..!!! 
Rnnge Site in 1971. 

Phel101 c glcal S'tage 

Forbs 

Earl, Leaf Crowth 

Full Lea f Growth 

f l o ... "r Stalks 
Developing 

tn Blunm 

Dry Organ i c Diges- Diges- Vitamin A 
I-:atter Matter tible tible Digestible in I.U. 
D18e5- Digu- Protein Protein Energy Ener gy Cellulos'e Cellulose per 
tibil1ty tibllity % % Callgm Cal / gm ____ \~_~ __ % \(ll.Qgr811 

S8 90 9.6 8.6 4036 3593 11.9 10.0 83,600 

54 93 IS.l 14.4 4361 4021 13.3 11.9 14,340 

76 92 16.3 IS . 0 , 4314 4028 17 .4 15.8 16,,274 

7& 81 17.7 15 . 7 4422 3H8 16 . 2 11.2 16,060 

Haglle&iuJII 
1n 

Percent 

.604 

.632 

.500 

.496 

Calcium 
in 

Percent 

1.09 

l.18 

.98 

Phosphorus 
1n 

Percent 

.23 

.2~ 

.33 

.1.4 

Calc1U11 
Phosphon. 
Ratio 

4.3:1 

4.4:1 

2.7:1 

2.2 : 1 

--,-_._----------------------------------'------'------------------ 00 
N 

Seed Ripen1ng 71 67 18 . 1 12 . 7 4511 3121 20.7 12.4 14,124 .188 .76 .16 4.7:1 

Seed Disseminating 70 66 17.4 11.8 3886 2S13 23.8 14 :0 5.786 .497 .92 .16 5.4:1 

Plants Dry 68 61 17 .S 11. (, 3715 2900 20.5 14.8 .46S 1.00 .31 3. 2:1 

fall Re,growth 5~ 66 17.2 13.4 3621 2138 22.3 14.2 2.134 .439 .86 .20 4.1ll 

~---,--

Dry (I t Do rmant S7 62 12.3 8.2 3421 2033 24.2 13.9 .391 1,02 ,.10 JO.o: 1 

.-J'" 



'-\ 

r 
A P PEN 0 I X A 

Tab le 7. Average c~e'-il. cai composition and digestibility of Yucca pods at various stages of growth, ' collected at Springfield, Colorado on a Clal ~ 
Range Site in 1971. . 

Dry Organic Diges- Digcs- Vitamin A 
Phenological Stage Hatter Hatter tible tible Digestible 1n I.U. Magnesium Calc1ua Phosphorus 

'(ucca Pods Diges- Digcs- Protein Protein Ener,gy Energy Cellulose Cellulose per in in 1n 
. tibility tibility % ~ ___ Callglll Ca i/'E"_~ _____ % % __ 1<.!l~&ralll Percent hrcent ' Percent 

Pre-Bloom 83 96 9.0 8.7 4)21 4171 26 . 0 25.0 7700 .132 .42 .31 

Bloom n 88 11.0 9.85 4586 4095 27.3 23 . 8 1606 .123 .43 .32 

Green Pod II 60 65 10.2 7.3 4573 )036 29.2 17.4 616 .128 .57 .J) 

Seeds 'Dls.eminat ing 55 59 9 . .0 $.4 4558 2592 J2.7 15 . 4 ))0 .255 1.02 1.17 

" 

.. 

Ca~c1U11 
~ho.phoru. 
Ratio 

1.3:1 

1.3: 1 

1.6: 1 

.9:1 

00 
W 
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Tab~e 8. Ava rage chellliea l composl.tion and digestibility of Western wh~atgralls a t .~ar io\l. stages of 'growth, ~ollected at Hesperus, Colo'rado on a 
Brushy Loam Range Site in 1971. 

Dry Organic 'Digcs- Diges- Vitamin A 
Phenological Stage Matter Matter tib1c tible Digestible in J .U. Magnesium Calcium Phosphor'u8 Ca lcium 

Grass Diges- Diges- Protein Protein Energy , Enp.rRY Cellulose Cellulose p,cr in 1n in Phosphorua 
t lbilit~ t1bllit~ % % ClIl/gm Cal!~1II % % ktloara! Percent _ Percent Percent Ratio 

'!;pdna Leaf Growth 
1 - 3 waves 85 73 6.9 5.,4 4236 3173 ~1.5 21.4 56760 .06) .25 .07 3.4:1 

_;"l'p 

Spring Lear Growth 
4 - 5 Leaves 82 83 10.5 8.9 4124 3412 26.8 21.0 .074 .24 .08 2.8: 1 

Flowers in Boot 69 78 13.3 11.51 4'580 )478 ,31.8 23.6 S7~40 , .:060 . 29 ' ,I2 2.2:1 

Flowers at A"thesis 69 66 9 .1 7.0 421)0 2818 30.9 19.6 25960 .087 .30 .12 2 .5: 1 

Seeds Ripening 66 70 8.0 6.3 4313 3187 26.6 J7 .5 .09,3 .36 .16 2.~: 1 00 

"'" 
Seed!! ne ing 
Disseminated 66 69 9.0 7.1 4392 3110 33.4 24.2 41800 .077 .29 .15 1. 9: 1 

Plants Drying 63 66 6. 7 5.0 4192 2670 35.S 24.1 3542 .090 .32 .19 1.6 : 1 

----- --
\ . 

44 48 6.3 2.4 4131 1783 35.2 10.7 .082 • 41 ·Cf9 . 4.3:1 Plants Dorman,t 

" '""" . ,~ 

,,~: fall Regrowth 5S 60 5.3 2. 8 4207 2173 ' 32.0 lS.S .078 .)S .OS 4.7:1 
r ·~ , 

IJinter Dormant 66 69 3.1 2.5 4370 2219 39.~ 21.~ .077 .24 .09 2.3:1 
" . 

~ 
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Table 9. Average chemical composition and digestibility of Ari~ona fcscue_ at various stages of growth, collected at Hesperus, Colorado on a 
Pon~ Pine-Grazable Woodland Range Site in 1971. 

Dry Organic Diges- Diges- Vitamin A 
Phenological Stage Matter M.ltter tible tible Digestible 1n I.U. Magnesium CalciWD Phosplioru!l Calcium Crass Diges- Diges- Protein Protein Energy Energy Cellulose Cellulose per in in 1n Phosphorus 

tib1liC:!': tibil1t:!': % % Cal/gm Call re __ % _ _ % kilogram Percent Percent Pt'reent bUo 

Spring Leaf Growth 
1 - 3 Leaves 74 67 8.1 6.1 4547 3046 20.1 11.5 51480 .038 .10 .09 l.i: l 

Spring Le~f Crowth 
4 - 5 Leaves 61 65 10.5 8.9 3846 2455 24.9 12.8 . 063 .16 .14 . 1.1: 1 

Fluwers 1n Boot 68 70 10·3 8.5 4205 292) 37.7 27.~ .085 .21 .26 .82:1 

Flowers at Anthes1s 58 65 10.0 6.3 39Jl 2303 · 35.0 23.8 4"640 .059 .29 .33 .88:1 

Seeds Ripening 52 54 6.9 -4.4 4400 2479 42.9 
-.... 

26.' 44110 .057 
"f'-

.23 .20 1.1: 1 

Seeds Being 
23.1 .067 .22 .19 1.2: 1 Disseminated 66 65 7.5 4.6 4063 2576 40.5 

Plants Dry ing 50 54 6.5 3.9 4404 2334 44.1 28.3 .065 .24 .18 1:):1 

'Plants Dormant 46 51 6.5 2.8 4207 2173 32.0 18.5 69960 .074 .31 .24 1. 3: 1 

Fall Regrowth ~3 52 &.0 3.1 4336 2313 40.& 27.5 10912 .080 .24 .13 1. 9: 1 

.--~ 

Winter Dormsnl 65 67 5.9 4.4 3948 2632 41.4 30.1 .043 .13 .07 1. 8: 1 

-------. 
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Tab le 10. A~erage chemical compositi,on and digestib !lity of Mo'~ntatn mUhl~ ~" vati~ulI _8 ~ ~g~~ of growth. collect,ed at Hesperus . • Colot:ado on a 
Ponderosa Pine"'Gr'azable Woodland Range Site in 1971. 

Phen~logic31 Stage 
Grass 

Spring Leaf Growth 
1 - 3 Leaves 

Flower" in Boot 

-~ .. '- '. 

Flowers at Anthesis 

Seed:! Being 
Disseminated 

Plants Drying 

Fall Regrowth 

W,in Fer Dormant 

Dry Otganic Diges- Dl ges'" Vitamin A 
Matter Matter ' tible t 'ible Digestible in I.U. Hagoesi\l!l Calcium Phosphorus 
Diges- Diges- Protein Protein ~nergy Energy Cell,ulQse Cellulose per 1n , iii in 
tibili~L..!.!.~ __ X _____ 1= ___ ~aHgm Cal/SIII ' % % kU_o&r~m . l'ercent Percent Percent 

4S 74 3.0 1. 58 4112 2984 31.7 22.9 .078 .31 .12 

70 59 8.3 4.2 4327 2663 33.0 19.4 14454 .083 .25 .14 

'57 51 6.3 3.3 4416 2590 40.3 ': 22 . 8 62700 .086 . 26 .17 

39 43 6.6 2.9 4 ]]) 17~0 )~.6 8.6 .070 .27 .17 

61 38 4.0 2.8 4237 1648 34.2 7.8 .088 .32 .13 

46 34 6.9 2.8 4377 1318 41.8 12.0 .047 .18 .11 

49 48 2 . 9 1.4 424Q 1434 4~.3 27.8 :.,\_---- .035 .11 .07 

,'-

.,. 

Cal d UIII 

Phnlphorus 
Ratlo 

2.4:1 

1. 7: I 

1. 5: 1 
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Table 11. Average chemical composition and digestibility of Kentucky blucgraslJ at varioulJ stages of growth,collected at Hesperus, ·Colorado Iln " 
~rushy-Loam . Range Site in 1971. 

Dry Organic D1ge8- Diges- Vitamin A 
Phenologic~l Stage Mat ter Matter t ib lo tible Digest ib Ie in r. U. Magnesium Cal-riuJD Phosphor\lB Calcium 

Grass Diges- Diges- Protein .Protein Energy F.nergy Cellulose Cellulose per in in in Phosphoru. 
tlbiUty tibUity % t C.al/q Cal/~ % % . kilogram Percent __ Percent Percent Ratio 

-

Spring Leaf Crowth 
1 - 3 Leaves · 87 84 9.3 7 . 7 40)6 3396 26 . 9 22.0 .13S .26 .07 3.4:1 

Spring Leo f Growth 
4 ... 5 Leaves 79 82 8.0 6.7 4174 3438 23.3 18.8 8228 .108 .21 . 06 _}. 2: 1 

Flowers in Boot 8) 88 14 . 4 13.7 4258 )745 25.4 21.8 .159 .42 .28 1.5: 1 

flowers at ,\nthesis 12 77 12.3 11.0 4338 3369 27.1 21.5 20548 .112 .22 .25 ' .91: I 
00 
~ 

Se<!ds Ripen 1 ng 80 79 12.4 10.1 4421 3560 'lS.5 24.0 .on .18 .05 3 . ;:1 

Seeds Being 
Di!lselllinat<!d 64 67 8.0 5.7 4n4 . 2822 38.7 27.9 4818 . 085 . I 7 .09 1. 9: 1 

Plants Dormant 55 59 6.5 3.6 3930 2281 37 . 8 23.7 .070 . 28 .17 1. 6: 1 

Fall Regrowth · 55 59 8.8 5.9 )870 2225 32.5 18.3 54560 .102 .20 .30 .66:1 

Winter Dorma nt 58 60 5.2 3.2 4505 27 45 4 i. 7 32.1 .081 .32 .12 2.5:1 
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Table 12. Average chemical compos·ition and digestibility of Neeale-and-thread at v~riou8 stases of growth. collected at Hesperus., C;olorado on a 
Brushy-Loam Range Site in 1971. 

Dry · Organic ,,," Diges- - Diges- Vitamin A 
Phenological Stage Matter Matter tible tible Dtgestible . in I.U. Kagnes~um , Calc-ium Phosphorus Calcium 

'~' _ Crass Diges- Diges- Protein Protein Ener~}I Energy Cellulose Celll!lose per in in in Phosphorus 
~ tibility tibUity % % Calla.' .. Cal/e-,:'" % % kllogr!! Percent 'Percent Percent Ratio ' 

Spring Leaf Crowth 
4 - 5 l.caves 

flowers in Boot 

Flolo(ers on .Antheeie 

Seeds Ripening 

Seeds Being 
DlsSeQinated 

Plants Drying 

Plants . DOImant 

Fall Regrowth 

W1nte r. Dormant 

74 

73 

66 

56 

74 

55 

46 

65 

46 

67 10.)0 

76 10.6 

71 12.1 

59 6.9 

73 7.6 

59 7,.0 

55 5.4 

1) 8.0 

61 3.8 

7.0 4136 2814 

8.0 ' 4736 · 3S62 

9.1 3984 2775 

3.9 4210 2535 

;.4 4021 2871 

4.7. 41)) 2)94 

2.0 3984 , 2234 

4.0 4210 )04) 

1.1 3850 1974 

26.6 17.2 , 25,960. .• 078 .26 .25 1:1 

28.2 22.2 . 38720 .055 .39 .36 1. ~'h 

37.1 28.8 .054 , .~6 .18. 1.4: 1 

42.0 30 • .1 .095 .25 .19 1.2: 1 

31. 3 23.3 22440 .083 .26 .17 I .4: 1 

41.7 28.) 31460 .073 .28 .18 , "1. 7: 1 

41.9 27.4 .06) .32 .18 1. 7: 1 
'-

" 

36.2 28.5 32120 .076 . .27 .22 1.2:1 

35.9 20.8 .049 .34 .23 1.4: ,1 

/' , 
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Table 13. Average chemical compo5ition ~ and digestibility of' Hutton Guss at various stages ~\f growth. colleoted at llcsperus_. Colorado on it 

Brushy Loam Range Site in 1971. 

Dry Orga.nic Dil\cs- D1ges- Vitamin II 
Phenol ogIcal Stage Hatter Matter tible tible Digestible in I.U. Magnesium Calcium Phosphorus Ca I c:l um 

Grass D1ges- Digcs- Prote in Protein Energy En«rgy Cellulose Cellulose pe,r 1n In , in Phosphoru8 

tibll1t:z: tib1l1t:z: % % Cal Ism Call sm % % kilogram Pet'cent Percent Percent Rado 

Spring Leaf Growth 
1 - 3 Leaves 69 77 ~ 6.3 4.8 4283 3244 )1.6 26.7 .075 .19 .07 2.9:1 

~.",.;;..: .;. 

Flowers in B<'o t 70 80 6.8 5.4 4416 3485 31.7 25.0 .06 .33 .12 2.8: I 

~ 

Heads Fully Out 51 n 10.4 8.8 4370 )267 )5.8 27.9 .056 .19 .23 .8): 1 

Flower. at Antheais 86 n 7. 5 6.0 4294 3239 33.9 25.3 25740 .063 . ~1 .18 1.1: 1 

------- -.,-_._._"- - . -.----- .. . ,- _. -------. 
00 

SeedB Ripening 52 70 7.6 5.9 4122 2812 35.5 24.3 .072 . I ~ .21 .68: 1 \0 

Seeds Bdng 
Dis semina ted 39 64 8.0 5~9 4)28 2848 )6.1 25.0 .049 .13 .21 .62:1 

""" 
Plan tS Dry ing 38 66 7.3 5.6 4661 3170 )3.9 22.0 ------ .059 .16 ,- .17 ~ 94: 1 

Fall 'Regrowth 74 67 9.9 7.8 " 4350 299) 35.0 25.4 12540 .04) .12 .12 .99:1 

:. 
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Table 14 . Average chemical composition and d~ges tibllity of Junesra~s. at . various Itages of growth. collee.ted lit Hesperus. Colorado ana Brushy 1..08111 
Rahge Sit.e in 1971. . 

Phenological Stage 
Grass 

Spring Leaf Crowth 
1 - 3 Leaves 

flowers in Boot 

Heads Fu.l ly· OU.t 

Flowers at Anthes!. 

Seed >! Ripening 

Seeds /leing 
Disseminat ed 

Plants Dry ing 

Fall Re growth 

Dry Organic Diges~ 

Matter Hatter tible 
Diges- Diges- Protein Protein 
tibility tibility % % 

59 79 9.6 7.6 

64 8) 8.3 '6.9 

58 85 7.0 5.9 

6J 73 8.3 6 , 5 

58 73 0.8 5 . 1 

41 59 5.5 3.2 

47 57 5.0 2.7 

65 67 4. o· 3.9 

Energy 
Cal/gIIl 

3911 

4002 

4009 

40S2 

Di ges- Vitamin A 
tible Digestible in l.U. Kagnesium Calcium Phosphorus 
Ene,rgy Cellulose Cel!u1ose per in in ' in 
Cal/gm % ~ _~ralll Percent Percent Percent 

(' 

3037 )0.1 23.) .08) .31 .20 

3273 38.6 32.9 .082 .35 .17 

3390 39.7 34 . 4 . 088 .29 .17 

2950 34.4 24.8 80)0 .060 . ) ) .19 

Calcium 
rhospllorua 
.. tio 

l.S:1 

2:1 

1.6: 1 

.72 : 1 

---.---------------~"----------------' 

43S0 3210 33.3 24.6 10274 

4116 2417 . 43.4 28 .9 

4020 2309 45.5 30.8 

4545 3730 34.5 28.7 29920 

.111 . 28 

J-

.065 .18 

.061 .17 

.107 · .29 

.29 

.18 

.100 

.20 

1: 1 \0 o 

1: I 

1. 7: 1 

1.4: 1 
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Table 15. Average chemical compositi'On and digestibility of Squirrel t ail Gra611 at vadous ')stages of growth. collected at H(!speru~. Colorado on a. 
Brushl ;LoaJ!! Range Site in 1971. --

Dry Organic Diges- Diges- . Vitllmin A 
Ph.enologieal Stage Hatter Hat ter tible tible Digestible in LU. Hagneaflllll Caleium Phosphorus Calcium 

Grass Oiges- Diges- Protein Protein Energy Energy Cellulose Cellulose per in 1n 1n Phosphorus 
tibil ttl tibilit;t % % Cal/gm Call&1ll_ __.!_ % kilogrsDI Percent "Percent Percent R<!t io. 

Spring ~af Growth 
1 - 3 Leaves 75 76 8.5 7.2 4009 3033 30 . 8 22 : 1) 29700. .079 .21 .18 1.1: 1 

Spring L~lIf Growth 
4 - 5 L('aves 77 79 11.0 9.0 4003 3209 30.3 ~3.9 --"-~"=-' .081 .22 .19 .1.1: 1 

Flowers 1n Soot 44 76 9 •. 9 8.2 4132 3143 30.6 24.2 44889 .063 .2·6 .20 .8: 1 

" 
Flowers at Anthesia 41 68 7.7 5.7 4136 2874 39.6 28,8 .078 .26 .28 

.... 
.9: 1 

. . \0 .... 
St!eds Ripening 53 67 5.8 3.9 4431 3001 32.7 23.2 20064 .090 .31 .21 1.4: I 

Seeds Being 
.17 1.:i: 1 Disst![Din"ted 63 67 5.7 3.7 4126 2716 39.4 28.0 .061 .24 

Plants Drying 49 61 6.0 4.2 4085 2522 44.0 30.3 .072 .29 .15 1. 9: I 

Fall Regrowth 69 80 5.3 4.2 4021 3153 33.4 25.5 14784. .099 .40 .16 2.4:1 

.. 

" 
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Table 16. Average ~hemtcal com~osition and digestibility of Arizona fesc ue at varioul stages of growth, collected at Manitou, Colorado on a Sandy 
'~~ Range stte in 1971 ' --- ---' 

, Ph e ~ological Stage 
qrass 

Spring Leaf Growth 
1 - 3 Leaves 

Spring Le~f Growth 
4 - 5 Leaves 

Flowers 1n Boot 

Heads Fully Out 

Flowers Ilt "Anthesls 

Seeds Ripening 

Seeds Bcing 
Disseminated 

Plants Drying 

Plants Dormant 

Fall Regrowth 

Winter Donuant 

Dry 'O'rganic Oiges- Diges- Vitamin A 
Matter I-'.atter tible tihle Digestible in I.U. Magnesium Calcium Phosphorus 
Diges- Diges- Protein Protein Energy Energy Cell u10se Ce llu10se per in 1n 1n 
t1b111ty tib111ty %, % Cal/gII Cal/gm % .% kilogram Percent Percent Percent 

71 63 9.2 6.9 3~78 2052 35 . 1 21.9 78320 .037 .14 .12 

73 70 10.9 6.2 j945 2786 32.2 22. 3 36200 .ou .15 .12 

46 43 12.9 3.7 42~5 1869 29.5 19.5 20878 .010 .26 .31 

64 58 I J, 0 5.3 4)21 2554 3~ . 8 19.6 11666 .080 .27 .32 

60 56 9.4 3.9 ~526 2494 35.2 19.2 58740 .060 .20 .1) 

75 69 b.l 4.6 3736 24f.J4 36.4 25.7 32120 .063 .23 .11 

51 41 5.5 2.5 4150 18~2 34.0 19.4 .051 .24 .09 

46 46 5.4 2.3 4103 1734 36.2 12,.8 .053 .23 .09 

52 47 5.4 2.3 , 4095 18i3 37.3 13.8 1936 .058 .23 .12 

51 48 4.6 1.5 3914 16)8 42.3 23.9 748 .052 .17 .11 

38 41 2.4 1.0 3926 1514 51.4 19.3 ,,-.035 .15 .11 

Calcium 
Phosphorus 
Ratio 

1.1: 1 

1. 2 : 1 

.84:1 

.84:1 

\0 
1.4:1 /'oJ 

2: I 

2.6:1 

2.5:1 

1. 9: 1 

1. 5: 1 

1. 3: 1 
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Table 17. Average chemical composition and digestibility of Fringed ~cbrush at various stages of gr owth, collected at Manitou. Colorado on a ~andy 
Clay ~ Range Site in 1971. 

Dry Organic Diges- Diges- Vitamin A 
Phenological Stage Ma t te r Ma tter tible t ib 1 e Digest ib Ie In I.U. Magnesium Calcium Pl1osphorus Calc1u. 

Gr ass Oi ges- Oi ges- Protein Protein Ene rgy !nerRY c;e,ll ul ose ecHulos! per - in' in in Phosphoru. 
t1bil l t l: tibll1tl: % % Cal Ism Cal/!(lD % % kilosram Percen't Percent Percent Ratlo 

Flower Buds 
Swelled 62 61 13.8 9.5 3876 2315 20.3 1S.1 ,. 65120 .079 .36 .10 3.5: 1 

In Full 8loom 81 76 12 . 4 10.7 4045 3011 27.6 17.8 11848 .084 .49 .11 4.3: 1 

Fruit Formed 77 70 ....... 16.2 13 . 6 4145 2965 n.6 15 . 8 12518 .089 .51 . 11 4.4:1 

--- --- ------'\ ", fI:-".;,'~l 

Fruit Rt;>e 61 63 16.6 11.9 4473 2865 20.9 13.6 J 00)2 .173 .)0 ;12 2.3:1 
\Q 
W 

Fruit Propped 61 54 15.3 9.21 4446 27)3 29 . 2 15.1 3212 . 150 . 30 .1 2 2.4: 1 

In Full Leaf 62 57 12.1 6.3 432] 2516 30 . 2 13.3 .123 ' .31 - .15 2':,1 

Leaves Dropp 1 ng 63 . 60 8.6 4 . 9 4264 2419 31.0 12.7 8030 .100 .31 .15 2: 1 

Dormant 44 45 6.6 2.2 4362 2069 4~.4 15 . 0 48080 .099 .25 . 12 1.9: 1 

Fall Regrowth 68 61 8.3 4.6 4465 2717 30.6 J9.0 11 242 .094 .23 .n 2.0: 1 

,) 
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Table 18. Average chclDical composition and digestibility fof B1ue"'Grama at various stages"'o fgro" tth, co1'iected 'at Manitou. Colorado on a Sandy Clay 
LoalD Range Site in 1972. 

Dry Organic Diges- Diges- Vitamin A 
Phenol ogical Stage Matter Matter tible t ible Digestible in I.U . MagnesiUll1 Calcium Phospho'ruB CalciuDi 

Grass Diges- Diges- Protein Protein ,Energy Ener~y Cellulose Cellulose p'er in in 11'1 Phosphorus 
t i bility tibUity % % Cal/SIII " Cal 7s! . % % kUQgrali ,Percent Percent Percent Ratio 

Spring Leaf Growth 
1 - ) i..1!'lVeB &4 &1 7.7 4.9 3893 2027 33.2 23 . 9 4806 .06 .25 .23 1.0:1 

n owers i a Boot 68 &4 8.8 5.7 4099 2&27 31. 3 ' 20.9 4045 .07 .31 . 17 1. 7 : 1 

Hcad s Fully Out 74 68 8.& 6.7 4154 2930 33.3 23:6 4840 . 08 .20 .15 1. 3: 1 

n()!oi('fS at Azlthe's'h 66 65 7.3 4.7 4010 2593 33.9 22.8 .08 .21 .16 - ... 1. 3: 1 

Se~ds Bdng \0 
~ 

Dlssetllnat.cd 61 57 5.& 2.8 38&8 21&5 ')2.3 18.8 .08 . 20 .13 1.4: 1 

.1alUs Prying" 47 4& 4.3 2.1 4410 2341 37.3 14.2 3652 .04 .20 .07 2.7: 1 

Plants Dormant 47 41 5.2 1. 73 4184 1937 36 . 2 18.3 4004 .07 .29 .16 1.8:-} 

Fall Regro .... th 49 49 ' 10.8 8.11 3884 1922 39.6 20.4 .05 .20 ' .12 1.6: 1 

--.;.._ . 

, winter Dormant 33 37 2.6 1.1 4322 1865 40.9 13.5 .03 .14 . 11 1. 2: 1 

,/ 
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Table 19. Average chemical composition and digestibility of Mountain Kuhly at variou. aJaae& of gr-owth,collected at Manits>u, Colorado on a SandY Clay 
Loom Range Site in 1971. 

Dry Organic Diges- . Digcs- Vitamin A 
Phenological Stage Matter Motter tible tible Digestible in 1. U. Magnesium Calcium Phosphorua ' Calcium 

Grass Dlges- D18es- Protein Protein Energy Energy Cell ulose Cellulose per in in 1n Phoaphorus 
tlb~t~ __ tibility % .% Cal/gm CllliKID % % kilogram Percent Perccnt Percent Rat io ' 

Spring Leaf Growth 
1 - ) LeaYes 73 70 9.9 6.5 3973 28)0 31. ) 21.8 .01>8 . ) I .26 1.1:1 

Spring Lesf Growth 
4 .- 5 Leavcs 68 64 10.1 5.9 4063 2570 34.1 23.4 .0~6 .29 .10 2.7 .. : 1 

lie ads Fully Out 
~-~ 

S9 54 10.1 6.3 4166 2237 35.2 20.5 5456 .081 .18 .16 1.12: 1 

Flowers at Anthe~is 57 56 6.5 3.4 4201 2292 35.8 20.6 .078 .28 .14 1. 89: 1 
\0 
U1 

Seeds Ripening 51 52 4.) 1.7 4053 1984 33.6 14.8 .062 .20 .15 1.33:1 

Seeds Heing 
2.8:1 Dhse01inuted 47 43 4.6 1.1 4079 1561 32.6 6.5 57200 .071 .28 .10 

Plants Drying 47 46 4.0 .8 4117 1677 33.6 11. 6 .Ob6 .23 .14 1.6: 1 

Plants Dormant 42 38 3.8 1.3 4023 1050 32.5 8.2 5)46 .060 .35 .12 2.]:1 

FoIL Regrowth 33 34 3.5 1 . 2 4165 l424 30.2 1.2 .040 .25 .10 2.5:1 

Winte r Dormant 31 35 2.5 .9 4214 1382 32.7 11.7 990 .062 . 13 .11 1.1: 1 
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Table 20. Average chemical composition and digestibility or Nebralka Sedge 4t yariou~ ItaS.' of growth, collected at Manitou, Colorado on a Ssndy 

Clay ~ Range Site in 1971. 

Dry Organic Di&e9- Diges- Vi tamin A 
Phenological Stage Matter Matter t iblc tib1e Digestible in 1. U. l1agnesium Ca1dum Phosphorus CalduiD 

Gt a~s Diges- Diges- Protein Protein Energy Energy Cellulose Cellulose per in in In Phosphorus 
tibll itX tibil ity ,% % Ca1/g1II Cal1 glD~~~~ __ % kilogram Percent Percent Percent Ratio 

- ~- --

Spring Leat Growth 
4 - 5 Leaves 90 82 - 14.7 13.3 3473 2}67 27.5 22.0 10200 .085 .35 .22 1.6: 1 

Flowers 111 Boot 88 63 11.8 10.5 3718 3029 28.0 22.6 25740 . 083 .37 .22 1.6: 1 

Heads Fully Out 93 87 10.1 9.7 4052 3504 28.1 24.3 .088 .30 .26 1.1: 1 

Flowers 8t Anthesis 75 73 ' 11. 3 8.8 4273 3Ul 28.0 19.7 60280 .097 .25 .12 ." 2 .0: 1 
'. 

Seed:! Rip"n 1 ng 85 81 12.0 10.8 4309 3563 28.3 22.0 77660 .090 .40 .20 1.9 : I \0 
, 0\ 

Sef:dB Reing 
Disseminated 81 69 9 , 6 7.2 4321 3030 28.3 17.8 92840 .106 .28 . 12 2.2: t 

Plants Drying 78 66 6.7 4.3 4465 3059 26.7 19.0 21406 .153 .65 .15 4.2:1 

Plants Dom.ant 66 n 5.5 2.2 4113 2356 31.2 18.9 20878 .140 .64 .17 3.6:1 

_.,) 

Fall Regrowth 71 63 5.5 2.7 4152 2538 27.9 12 .8 7040 .165 .40 .14 2.8:1 

Winter Dormant SO 40 8.3 2.6 3769 1021 40.8 20.8 1430 .054 . 29 .15 1. 9: 1 
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Tabl e Zl. Aver,,!:e ~hel!1 ica l r.o"'l->o~ition and dige~tl.bllity of ~~t':.!!!. ':-}1~S.£E_~"~ at various stag('s of growth. collee-ted at Na~.tou. Colorlldo on I.l S3ndy 
~ Loa .. Rar.;;(· Site in 1971. 

------ --- .- -
:.lry Orr. .1n J..; DJ ~.es- ~ir.2S- \'it .'::11n A 

Phcnol o ~ lc ~l StaKe ~!J~t~L !-i.:!: t £:: r t iole t i::> 1 t~ :.l!gcstible in 1. U. ~~agne9illl!\ C.,lcium Phosphorus C"lc1u!!1 
era:;;':; ~iges- !)i(;~~- Protein P~oLe in Energy Ellc'-gy C" 11.~lose Cel lulose p"r in ,n in i'lios;>horus 

--- - t.lbil~0~ 7. ~ C-l1/glll Culiz'" 7. :t kilogram Percent Pcrc:cnr:: PerCl'nt R:t t 10 

S;-r i '~;' :.\.',l[ Gro ..... th 
1 - 3 :~ ·;!"J(· 5 84 85 1:;.1 11.5 4053 3218 22.3 16.2 30550 .071 .24 .18 1. 2: I 

--- '--- " .-----
Spring Leaf Growth 
4 - 5 I.c:.vc& 87 88 16. 7 14.5 42i3 )777 25.4 21.8 13376 .091 .36 .28 1. 3: 1 

._----------
flcw~rs in lYlot fl.7 87 16 .2 ;5.0 4281 3772 27.6 23.9 2,)74() .093 .37 .28 1.): I 

- - -- ------- -------------------_.-
He ·~a!i Fld 1" Out 68 68 1:. C 9 - 1 4351 2'146 30.9 19.9 21'.06 .071 .71, .20 1. 2: 1 

- --_._---------_. ~ 
~ 

Fl o ..... ~ r !J ;ott A~lthe8is 63 64 11. J 7 . 7 4316 26')1 30.3 18.7 . II, 3 .27 .21 1. 2: 1 

-_._--------
Secc~ Ri;'l'r,lng 59 61 8.3 4.:i 4512 2591 31. ) 15.2 42680 .134 .25 .16 1. 5; I 
._----
rl~nts Dryl"c: 60 60 6.B 3.6 4730 28V 32.8 1 B. 3 .099 . 28 .111 1. '): 1 
._._- ._--. 

Pl"ntG Dorm~nt 59 61 5.7 2.3 4523 274':> 26.9 12 .3 16060 .111 .27 .13 2.1: 1 

[ ,111 R,· :;:mJ[ h 57 66 7.0 4.9 4456 2877 34.2 22 .8 .089 ./.4 .19 2.3: J 

-~-'- ' . - -- .--~ 

l.J~:jt~r ij{ 'rT:l3n t ',4 47 3.9 1.6 393'. ]728 42.7 25.0 . 055 .24 .17 1. 4: 1 

- _ .. .. . . . ------_._--_. 

I 
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Table 22. Average chemical com?osi~lon and digestibility of 1nurber ~~ at various stages of growth. collected at BlackHnwk. Colorado on a 
Mountain Loam Range Si~e in 1971. 

Dry Org3nic rJi~f.!s - Di~es - Vi tamin A 
Pheoolo~lcal Stage M"tter Matter tible tiblc Digestible in IoU. Magnesium Cal dum Phosphorus Cn) c ium 

Grass Di&es- Diges- Protein Protein Energy Ene r gy Cell ulose Cellulose per in io in Phosphorus 

tibiiity tlbUity ;( % ~allgtD Cal/~ % % kllogr:l:D Percent Percent Percent Ratio 

Spnng Leaf Growth 
1 - 3 Leaves 89 83 17.1 14.3 4461 3750 31.8 26 . 8 20064 . .053 . 22 .16 1. 3: 1 

S?rJog Lcnf Growth 
4 - 5 L~"vcs 8) 79 12.0 10.2 4493 3607 30.7 24.8 37400. .059 .24 .16 1. 4: 1 

Heads Fu 11 y Out 78 75 11.3 8.7 4532 300 31.8 23.7 48180. .059 .22 .37 5.9:1 

------
Fl(\IJ"rs at Anthe~ls 70 58 6.5 ),0 4662 2856 32.3 18.5 60940. .072 .)3 .12 2 _ 9: I 

".--_._--
\0 

Set'rls Rtpening 7J 61 5.6 
OJ 

3.9 4698 3033 34.2 21.3 64240. .080 .32 .13 2.4: 1 

---_._---- -

Plalit~ DryJnl\ n 63 5.8 3.9 4321 2662 34.8 22.1 40260. .047 .11 .12 1. 4: 1 

l'lofit5 Dormant 45 49 4.0 1.8 4250 2112 37. 3 17.3 12H48. .046 .17 .09 1. 9: 1 

Winter Dormant 31 35 2 . 3 1.0 4171 1301 42. -/ 18.6 .036 .12 .09 .85: 1 

~ __ ~~~~1~-r_ 

~~.-~~ 
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Ta\>ie 23. ,",erase chemical composition and digestibility of Fringed Sr.Eb:-_u-E~ at various stages of growth, collected <1t Cro.!.~. Colorado on a ~ilndy 
S: o~ Ronge 5i~~ in 1971. 

Dry O:-ga'lic Di?,es- Dij1.e s- V1tam!n II 
Phen'Jlogical Stage XaLter futter tibJe t 1bJe Digestible in I.U. M.,gnesium Calcium rhosphorus C"Ic1um 

t;rass lligc s- D1ges- Protein Protein Energy Encl~p.y Cellulose Cellulose per in ·1n 1n Phosphorus 
tlbllity tlbility % % Cal/gm Cal/3m % % kllo-.&ram PE'rcent Percent Percent Ro t 10 

In Full Bleom 45 44 6.0 2.59 4114 1400 36 .1 15.4 .1.24 .361 .091 3. 8: I 

---.-
Fruit forDled 51 55 10.5 4.81 4647 2366 )1. 0 15.1 . 102 .3n .1:>6 1. 7: 1 

Fruit Ripe SO 54 5.0 2.10 4140 2103 )2.3 16.6 .091 ,451 .164 2.7: 1 

-------
In Full. Leaf 61 ,7 4. J 2.51 4199 2 )R4 32.3 16.2 .100 .40] .20) I. <l: ] 

-- '" 
\D 

Leaves Drnpp!na 43 47 6.7 3.23 4240 1724 38.3 21.8 .09& .4 )! .190 2,2: 1 

----
Dormant 49 4, 6.0 2.23 4362 2069 49.4 25.0 32120. . 099 .255 .088 2.R: ] 
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Tc1ble 21.. Average chemic.ll composition and digestibility of Rabbitbrllsh i\t various st~~es of growth. collected at Craig. Colorado on a Sandy 
Slopes rt,ln~e Site in 1971. 

Dry Oq;anic Diges- niS'~s- Vitamin A i I 
Phenological Stage Halter Mat ter tihle ti~le DigeHible in 1. t:. Magn,,~i1Jm Calcium Phosphorus C.:llcium 

I Crass Diges- Diges- Protein Protein Energy F.nergy Cellulose Cellulose per in in in PhOSpIH) rui; 
tibil1t:z: tibilitv % :% C.ll/grn Cal/ilm % % ~ram Percent Percent Percent Rat 10 

;"jc'.Jer ~uds 

SVeU'"d 83 78 12.7 1l.5 4598 3690 20.7 12.5 528. .123 .80 .35 2.2: 1 

In Full ,n 0001 71 67 9.5 7.8 4730 3421> 20.7 11.6 .200 1.14 .10 10 . 9: 1 

Fruit Fon",d 67 72 10.18 8.5 4730 )541 23.7 14.5 2244. • 181 1. 53 .18 8, ): I 

----_.-------.'.- ------- ._-- .. _--- ------_. 
Fruit Hlp" 64 70 8.~ 7.1, 4849 33] 4 25.6 16.6 .218 1. 36 . I ) 10. : 1 

I-' 
---- . ___ __ 0 

0 
Fruit Dropp"d 62 60 9.0 5.5 '169 2411 26.) 1'1.) . 1 7 2 .82 . 21 ). R: 1 

---------. 
Leaf Buds 
S",dlcd 51 .. " .. 8.9 4. ') 3662 2793 33.8 11.8 13486. 1.86 1.29 .10 12.2: 1 

-----
111 Full J.enf 53 54 5.6 3.8 3665 1518 37.5 17 ,4 20240 .083 .88 .13 6.5: 1 

Leaves Oropping )6 63 6.9 5.0 3645 216:' 30.6 18.6 .160 1.14 .15 7. L : 1 

Dormant 59 60 6.0 4.8 3422 179) 42.3 29.0 .107 1.04 .10 )0.0: J 
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Table 25. Average chemical composjtion and digestibility of Antelope Bitterbrus~ at various stages of growth, collected at Craig, Colorado on a 
Sandy Slope Range Site in 1971. 

Dr y Organic Diges- Dl bt!s- Vitamin A 
Phenological Stage Ha t te r Matter tible t ib I e Digelitible in I.U. Magnesium Cnlcium Phosphorus Calcium 

GraSH Digcs- Diges- Protein Pr:J tein Energy En rgy Cellulose Cellulose per in in 1n Phosphorus 
tibilitr tibil1t~ . % % Cal/~ C" 11 Elm % 7- kilogrnlD Percent Pe rcent Percent Ratio 

Flower Buds 
Swel h'd 65 63 B.4 6.3 3576 2160 21.1 10.0 7700. .100 .89 .23 3. 7 : 1 

In Full 11100111 65 68 6.9 5.2 4626 3022 22 .0 11.0 12122. .100 .90 .'24 3.7: I 

fn;~t Ripe 91 84 4.5 3.4 4785 )947 19.9 16.7 .101 .92 .26 ).4: I 

----- _ .. 

Fruit Dropped 69 65 5.3 'j.8 4821 30% 20 . 0 10.8 .159 .96 .10 9. 1 : 1 f-' 
0 

-f-' 

In Full Leaf 48 49 7. 1 i,. q 4943 2577 34.5 !4.C 704 .066 .41 .L) ) , I ; 1 

.---- .--. - .. 

Leaves Dropping I, ) 49 8.9 5.9 4893 2455 33.2 15.3 .135 ~ . .99 .17 5.5: 1 

Dormant 46 49 8.1 6.0 4135 242S 34.3 21.3 8030. .094 .52 .19 3.8 : 1 
i'! 

Fall Regrowth 51 53 8.5 6.5 3719 1920 35.7 19.5 .108 .71 .22 3.2:1 

.. ---
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Table 26. Average chemical Coltpt'silion and dig.,stihlli.ty of \;CHC~ :'-~~iil.t!.:<~~ at various stages of growth, collected at .I'unn. Coloc:ldo on a Sandy 
~ Range Site in 1971. 

. __ ._ .. _---"----
Dcy Oq;dn ic DI&es- DIgo6- Vitamin A 

Phenolo~lcdl Stage H..1tter :-1::1t tc r t ible { ib Ie DIgestIble in 1. U. Haznes1u:n CalciuDl Phosphorus Cal c1u.'t: 
Grass Dlges - ui!'.,,~- Protein Protein Energy Energy CeLlulose Cell ulose per in in in Phosphorus 

tibO i ty tibl~ % % Call ~m C.~ % % ki logram Percent Perc:ent Percent R.,t 10 

Sl'ring L',<l[ Grt·",th 
1 - 3 Lti:lV~;:, 68 64 8.4 5.9 4055 2675 35.1 22.6 125,180 .083 .20 .10 1. 9: 1 

----
Spr I n" I.e" f Gro"'t h 
4 - 5 L~IlVe8 78 72 10.2 7.1 ~94 3 2776 30.4 19.1 39,600 .OR9 .21 .11 1.8: 1 

Heads fully Out 74 71 9.3 7.4 4037 nOl ,8.6 20.0 .090 .22 .11 1. 9: 1 

Fl n"'ers at Anthe918 76 bJ 6.6 4.2 41ti') 21>14 )0.5 17.2 .09) .26 .13 1. 9: 1 
..... ------- 0 
N 

lIe3ds Ilcln3 
Dls!icmroi1tc:d 47 49 6.8 4.0 3996 1664 J2.6 14.5 .06} .21 .15 1. 3: 1 

Plant6 Donnant 55 59 7.5 2.11 4017 2264 30.2 16.4 .076 .32 .19 1. 6: I 

---------------_. 
Fall R~gro"'th SO 55 5.4 4. S 4287 2368 31. 2 17. 7 .041 .20 .13 1. 4: 1 

Winter Don:ant 46 48 5.2 1.8 4193 1991 :;1. 3 14.4 .069 .24 .1/, 1. 7.' 1 

--------
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Table 27. Average chemical cODposition and digestibility of Fourwing Saltbrush at various stages of growth. collected at Nunn, Colorado on a ~ 
Loam Range Site in 1971. 

Dry Organic Diges- Dil';es- Vitamin A 
Phenological Stage Matter Matter t1ble tiblc Digestible in I.U. Magnesium Calcium Phosphorus Cal ci urn 

Grass Digcs- Digell- Protein Prote in Energy Energy Cell u10se Cellulose per in in 1n Phosphorus 
t1bility tibilit;t % % Cal/~ Calf~ :: % ki~ra.m Percent Percent Percent Ratio 

Flower Buds 
SWcll"d 66 71 15.2 11 .2 4016 2877 22.0 12.8 19.272 .~01 .1',9 .16 ~. 2: 1 

.- ----.. -
Fruit formed 81 77 10.) 7. 8 ~l)7 3191 22 .~ 15.0 .521 .89 .17 5.1 : 1 

Frui tRipe 66 61 9.0 7.0 4126 2546 21. 2 8.9 .5)2 )'OR .19 5.6: 1 

_._- -
Leaf Buds f-' 
$wt!ll ed 50 45 7.4 2 <; 1.01 (, ,452 3).1 9. ) .19~ .56 .07 7.6: 1 0 

w 
-------"--_. 

In rull Leaf 53 62 7. ) 5.9 Hn 23136 36.2 21.1 .367 .79 .22 ) . 5: 1 

-"._.,--

l!l F".11 Co l".: 58 60 5.8 3.1 ~ 381 27)4 38.1 20.7 .400 .91 .1 ) 6.7; 1 

-------_. 
P0/.'l;l:1r.t ~l ~O 5.2 1.6 ~16) 1879 36.8 12.6 .192 .72 .06 11.2:1 
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Table 28. Average chemical cOQPosition and digestibility of Blue Gra~ at various stages of groyth. collected at Nunn, Colorado on a Sandy Lo~m Range 
Site in 1971. 

Dry Oq(anic Dlges- Oi r.CS- Vitamin II 
Phenolugica\ Stage Ma t te r Mat tel' tible tibl!! Digestible in 1.U. MagneSium Calcium Phosphorus Calcium 

Gra3s Di!;c 6- Diges- Protein I'roteln Energy Energy Cellulose Cellulose per in in in Phosphorus 
tlbil1ty _~ibUity % % 

- Cal/Rm Cal D:.."JJ. % % kilogram Percent Percent Percent Rat 10 

~?rlnp, Lc~f Growth 
1 - 3 LelJves 65 62 4.5 2.9 3927 2299 33. 5 22.1 8.030 .078 .37 .09 it .0: 1 

Spring I.e.lf Gruyth 
4 - :, Lenves 80 7J 8.3 5.6 4130 2895 27.2 19.4 35.~20 .081 .38 .12 3.0: 1 

Flowers at Anthesis 73 t.8 9.2 7.5 4197 2781 16.0 .123 .37 .12 2.9: 1 

S"clb [letup, 
I-' !It.,seminated 56 59 5.5 2.4 421:> 2442 20.1 6.1 .062 .35 .16 2.1: 1 0 
.t--

Plants Drying 42 43 5.2 2.1 4]79 1842 23.1 4.8 .056 .28 .14 1 .0: 1 

Plants Dormant 53 47 8.4 5.3 4112 1777 20.6 6.3 .155 .34 .12 2.7: I 

Winter Dormant 43 44 4.0 2.5 4106 1824 33.1 12.9 .044 .20 .13 1. 5: 1 

.-~ 
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T3ble 29. Aver3ee ch(·mtc.:\l co!:;:,osition and dip,estibi Hty of Scad~~ Globe"",] iow at various stnges of growth, collt!cted at Nunn, Colorado on a 5nndy 
Loalll Range Si te 1n 1971. ---_. - - _ ___ 0 _ _ _ _ 

Dry 0rsanic 
Phenologic;)] Stace 

Gra.,s 
:-' ... :-: ttcr Matter 
Diges· Dises· 
tib~tibili:y 

Ear]y Leaf Growth 65 76 
- -- .. - -- .-- ---

fn b 1 f)(~m 88 79 

Seed F.ipC'lling 84 80 
----_ .. .. 

S0ed ;)!s~ c mlnatln~ 92 78 
-----_ . . .. ------- -
f.: ~ j :~(·~r .:. '-'th 7 : 71 

-- - - .- . _ ... '----'- - -
Dry O J.: DI.·~-a;ilnt 71 74 
-----_ .. __ ._-------

Digcs· 
t ibl", 

Prctelll Pro l i! in 
i~ 4 

8 . 9 7.2 

9.2 8.1 

12.8 ] 0 _ 7 

12 . 'J 10.1 

10.1 R. O 

'3.0 6.0 

-·SijZ,,·,,-·--o . . V1t3l1lin A 
rihlC! Digestible In I.U. Hagne"lum Calcium rho~phorus C.:\ld'-lDl 

fl:(;q~y Energy Cellulose C .. Ilulose per in in in Phosphorus 
CClliltl_~ • .'.lJzmo _. ____ :: ___ % kilogram Percent Percent Pe rcen t R.:J t 1,) 

4045 2975 22.4 15 . 1 25,740 . ]73 2.06 · I 5 13.5: 1 

-----" , 

~ 394 JG I!(, n.2 ]5 . 3 48,180 .1 R2 2.13 • I 7 12 .4: 1 

4401 3496 le.6 16.8 .193 2. IJ .18 11.7:] 

-~ -.---------------
4574 J"r, 2il.9 2 1.1 .20) 2.11 • JIJ 19 . 2: 1 

--- -I-' 
o 

436] )18') J~_J 2~.9 .117 l.3] .I~ 14. 5 : J VI 

4326 3i;'9 J6. t. L5.0 .1 '.i 7 2.75 .15 ] 7 . 7 : 1 
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