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. ABSTRACT OF THESIS

NUTRITIVE VALUE OF COLORADO 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 deficient in at least one of the
elements analyzed at some phenological stages. The nutrient deficient
at more growth stages than any other element was phosphorus. The next
most'deficient, based on nutritive requirement for gestation and
mainteqance wzs digestible protein. To assure that animals are not
subjected tc autrient 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.

>

John Taylor
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- Colorado State University
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April, 1972
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INTRODUCTION

Range forage, unlixe most cultivated crop feeds is harvested
by the zrazing animal in an assortment of species and portions of
plants determined by the selectivity of the animal. This selectivity
way be influenced by kind of animal, intensity of grazing, plant
npecies present, stage of growth, abundance cf forage and general
vlimacic coniditions. As a result of this selectivity, the nutritive
content of tne grazing animals.is difficult to evaluate. Evaluaticn
of range fogage is further complicated by many variables that afrect
chemical cohpoéition of forage plants. This may be affected by
woil tvpe, #ange site, stage of grcwth, climate and degrez of westher-
ing.y In Lhﬁ same way diet may vary widely, thereby exerting a pro-
found intluwnce on the actual intake of nutrients by the grazing
animsl.

To ovnlggte the nutritive intake by grezing animels it is
necesgary to determine the digestibility of the ingested nutrients.
This is necessary to calculate the quaatities of the various plant
constituents azctually availabie for animal vse.

Digestioe coefficients are considered a direct mcans of
determining availability‘of nutrients. They may vary grearly,
however, according to age and species of ariwal, and the nutrient
composition of the feorage or forogeg heing tested. Individual plaunt
specles Jiffer in chemical cowposirion and when eaten in various
combinatl ions their digestibility may be different than when eaten

separatoeiy.



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
can serve as a guide to determining the species of plant to use as

supplemental or alternative forage.



SITE DESCRIPTIONS

The areas selected for the collection of the plants represent
the important species on the principal grazing regions in Colorado.-

Southeastern'Colorado Branch Experiment Station

"This Experiment Station is situated about 12.8 kilométers (km.)
southweét of Springfield, Colorado, on two principal range sites,
Bécca clay loam and Campo.loam range sites (Underwood 1962).

%. The Bacca clay loam is a shallow moderately Heévy

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

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

depfhs to free lime varying from 30-40 cm.

"e topography:is nearly level, usuaily less than 2%, and the
elevaion is near 1,524 m. The area is a sémi—arid, teﬁﬁerate;
cgntinental_type_with irregular raingali patterns between éeasons
and years. The average rainfall from the U.S. weather station which
1s located at the.headquarters is 37 cm. During thé’currént sampling
year there was above_average precipitation bf‘44.3 cm. About 80%
of the annual precipitation normally comeé during the growing season.
Winter Snows are infrequén{ and are of little importance id confri—'
buting t§ soll moisture.

Strong gusty winds are common throughout the year, but are more
ffequent in spring and au;umn. The average annual temperature since
1957 is.11.66C with an anuual maximum near 38°C énd the minimum

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

of April to the last of September.



T  three types pf pastures based on previous use in this area
of the " .eat Plains are: seeded, native, and old field (Beck 1969).

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

sidecat grama (Bouteloua curtipendula) (65%) and blue grama (Bouteloua -
gracili- ; (13%). On the native portion of the pastures blue grama

(38%Z) -~ d buffalograss (Buchloe dactyloides) (41%) occur most fre-

quently. The common grasses on the old field pastufes are buffalo-

grass (27%), sand dropseed (Sporobolus cryptandrus) (38%), and

threeawn (Aristida spp.) (12%). Lambsquarters (Chenopodium album),

koqhia (Kochia scoparia) and fetid marigold (Dyssodia pgpposa) are
thévmore common forBs found throughout each of the thtee'vegetative
types, |

nowledge of the nutritionél value of sideoats grama, blue grama,
‘buffalograss, sand dropseed, threeawn, lambsquarteps and kochia would
prov_.= information on mofe than 80 percent of tﬁe specles on these

range sites.

San Juan Basin Experiment Station

This station is locafed 10 km. soufh of Hesperus'in soutﬁwestern
Colorado at an eievation'of.2,3l9 m. The soils are mainly silt loams
on the surface with clay loaﬁ subsoils.' At varying depths, terrace
cobble -'nderlies the station.

ine average annual precipitation is 47.7 cm. over the period
that records have been kept. Preciéitation is uSuaily irregularly
distfibuted throughout the year for this area. Normally, two-thirds
of the annual precipitation falls dd?ing the winter énd one-third
during late summer. This is typical of southwestern Colorado and

may result in -spring drought.



TI temperatures in 1971 ranged from a high of 33°C in June
to a low of —230C; There was a three-month growing season from mid-
June to mid—Seﬁtember. The rainfall during the yeaf was'és cm.

The stafion 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 the station are western wheatgrass

(Agropyron smithii), neédle—and—thread (Stipa comata), Kentucky

bluegrass (Poa prétensis), mountain muhly (Muhlenbergia moritana),

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

Junegiass (Koeleria cristata) and squirreltail (Sitaniodn hystrix).

' _wedle-and-thread grass, kenﬁucky bluegrass, squirfeltail,
mutton grass, western wheatgrass.and June grass were collected from
the 1 :ushy-loam (monticello) range site which has 3 té 12% slopes
and « .evation of about 2325 meters. This range site has reddish
colored soil Qith a loamy surface and a loam to silty cléy ioam
subsoil. The preéent plant.cémmunity consists of oakersh; rabbit-
brush, sagebrush and the above-mentioned grasses.

Arizona1feécue énd mountain muhly were collected in a ponderosa
pine grazable woodiand site at 2400 metérs elevatioﬁ on 3 to 12%.
slopes. The surface soil is a moderately deep brownish colored.loam
overlying‘rocks and cobbles. The subsqil is a réddish colored clay
or clay loam. Vegetation consists of ponderosa pine, oakbrush,.

native grasses and forbs.,



‘Manitou Zxperimental Forest

The Manitou Experimental Forest is situated on the Pike National
" Forest, 5 km. northwest of Colorado Springs at an‘ele_vation of
- 2359 m. The dry sub-humid climate is .characteristic of most eastern
slope areas in Colorado (Thornthwaite 1941).  Influences of the
distinctly conﬁinentél climate are apparent with wihters coften being
dry and cold for long_periods while the summers are wet and cool.
hnnual précipitation for the area is 39.1 cm. with a range from
19.3‘cm. in 1939 -to 59.5 cm. in 1947.._During 1971 the rainfall was
38 cm. |

" rarly temperatures at Manitou Experimental Forest average
4.506. The mean monthly temperatures have varied from ~5°C in
'Januarv to 15.50C iﬁ July. Assuming the mean daily temperatures
of 4.4°C or higher are required for growﬁh of aerial portions of
most ange grassesl(Chapline and Coqperrider 1941; J. Clarke et al.
1947), the effective gréwing season averages about 180 days from
early April until.late October.

The soils within the area were deveibped primarily.from alluvial
dépdsits of Pikes Peak granite. Principle compoﬁents are quértz,
orthoclase and microcline. Biotite is an accessory minerél (Retzer
1949).

Lirface soils aré normally 12 to 18 cnm. deep. They are reddish-
brown. low in organic matter, slightly acid, loose, and vary from
'Sandy loam t6 loam. Despite gentle topography, surface soils erode
readily'wben disturbed or not protécted by adequate .ground cover.
‘The better developed soils have 6 to 12.cm. thick subsoill with a

modérately developed structure and a sandy clay texture.



Sobsoils are commonly séndy loams that grade into unconsolidated
gravel., parent material at depths of 30 to 40 cm. |
| There are four main rangé types within the experimental ranges:
1. Denée timber —\tﬁis is mostly ponderosa pine with a closéd
canopy and little besidés litter in -the understory. |
2, Open timber - an open forest of pine with a .ground cover
of herbaceous vegetation and pine littef;
¥ Grassland - parks on openings in:thé.forest that are
dominated"by'native bunchgrass, have never been cultiyated,
and have.a minimum diameter of more than 1 chain.
4. Abandoned fields - areas once.éultivated, then abéndoned,
“and now slowly returning to native cover.
The mr“n species of plants grazed by animals here are moﬁntain muhly,

Arizona fescue, blue gram&, Nebraska sedge (Carex nebraskensis),

western wheatgrass and fringed sagebrush (Artemisia frigida). The

samples which were collected for analysis were gathered from a sandy

clay ioam range Site.

Black Hawk

Thurbers fescue (Festuca thurberi) wgs'colleCCed at the Dory
Hill Ceméetery which is locaﬁéd 10 kilometers north.of Black Hawk at
" an elevation of 2900 meters. The average annual precipitation fori
this avca is between 38 to 50 cm. with over half the moisture coming
as snow. Un§6rtunaﬁély, there is no climatic data for this'érea due
to thg remoteness from anj weather station.

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

principally medium textured. Soils are mostly chestnuts and chestnut



‘brown i ergrades, but browns occur at low effective molsture areas
and mountain prairie soils occur where effective moisture is greatest.
The sample of Thurbers fescue was collected on -a mountain loam range

_site.l

This site is located 10 km. west of Maybelle. The average
anﬁual recipitation amounts to approximately 23-24 cm., most of
which falls during the period November through May. There was
28.3 =D of rain in 1971. Occasional summer thuﬁderstorms.occur and
may be very intense, causing rapid runoff. This increases soil
érosieu due to the very sandy soils, which are highly susceptible to
water terces. Temperature extremes have been recorded at the Sunbeam -

and Maybelle weather stations of a high 390C'in the summer and low

o , . ,
-457C In the winter. The mean annual temnperature is approximately

6°C.
The vegetative type at the site is antelope bitterbrush (Purshia
i tridentata) grass type; the soil is very sandy and the topography is

gentle rolling and the elevation is approximately 1900 meters above

sea level. The samples were collected on a sandy slope range site.

Central Plains Experimental Range is about 19 km. northeast of
Nﬁnn, 'oloradorand 40 km. south of Cheyenne, Wyoming. |

The average precipitation varies from 25 to 28 cm. Atout 807%
of the.precipitation falls during the~summer'moﬁths of May through

September. Most of the storms are in the form of light summer

thunderstorms, which ‘on some occasions can be greater than 2.5 cm.



During the twelve month collection period there was 25 cm. of rain-
fall. |

.There are four different soil types in this gently rblling érea.
The Renohill and Shinbe series are formed on shale and_siltstone out-
crops of the Piecne sedimentary formation, while the Ascalon series /
is formed predominantly by fiuvial outwash materials. The coarser
outwash materialé are-from the Vona soil series. Interspersed among
the upland soils aré ailuvial plains of more recent origin.which are
high wn clay content.

he monthly average temperature for ﬁhe area since 1947 (Jameson

'19695 shows that there is a range from -4°C in January to about 30°¢
in J: 7. This sh&r;grass range is basically blue grama and buffalo-

~.

grass supplémented in some ar®as by thfead 1eaf (Carex filifolia)

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

Some 3reas alsoe support western wheatgrass, needle—-and-thread, and

little bluestem (Andropogon scoparius) in conjunction with the short-

grass. The shrubs include fourwing saltbush (Afriplex canescené),'

winterfat (Eurotia lanata), and forbs include scarlet globemallow

(Sphaeralcea coccinea), slim flower scurffea (Psoralea tenuiflora)

and scarlet gaura (Gaura coccinea).

The species studied here were blue grama, fourwing saltbrush,
scarlet globed%llow, and western wheatgrass. The samples were

collected from a sandy loam range site.
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LITERATURE REVIEW

There have beep a number of studies devoted to determining the
dige§tibility of ‘the nutrients in rénge forages. The first work of
this.néture was done in Nevada (Kennedy and Dinsmore 1909). These
authors found that sheep, when fed forage, collected from the range
did not :how normal selectivity for the plants or portions of the
blan;s'and frequently did not aﬁ adequate amounts for a maintenance
ration,

McCall (1940) and McCall et al. (1943) found that animals ate
some forage plaﬁts more readily than others and that épecies differed

materi 1y in digestibility of the various constituents.

Nutrit onal Requirements of Range Livestock
. . "

Range livestock need protein for growth end repairing wern out

tissue’ faté and_éarbohydrates for production of_heqt and energy;
vitémf = for immortant physiological p;écesses; and miﬁerals for
‘general body functions and for bone buildiné. ‘.\

‘Cook énd Harris (1968) found that the mﬁSt important deficiencies
on :‘the range in the western United States are protein, energy, phos-
phuorus and car?teng (vitamin A). .Such“defigiéncies are more apt to
océur w. 'n forage is mature, dﬁring periods of drought, or when
overgrazing occurs. These deficiencies may appear singly or in any
combina ion.

It is not keasible to make recommendations on supplementing

animals until the specific nutrient requirements of the animal (Table

) as well as the nutrient content of the range forage is known.



N

Table' 1. Recommended nutrient requirements for cattle and sheep under range conditions during gestation

n? lactation, on a dry matter basisz.

Percentage of ration or amount/Kilogram of feed
b

Phase of . DP3"1 DE/‘."1 Calcium6 PhOSphorus; Carotenel’5 Magnesium6““
Production (%) . Keallkg. ¢ N ¢} (1.U./kg) (%
Gestation 4 1826 .24 0.17 528 .06
Lactation |

First 8 weeks 5.4 | 2464 ' .32 “ 0.22 1408 .68

Last 12 weeks 45 1936 .30 0.20 1408 .08

1. Cook and Harris 1968

2. Nutrient requirements are slightly higher for sheep

a somewhat higher metabolic requirement per unit of

3. DP represents digestible protein
4. DE represents digestible energy
5. I1.U. represents international units

6. Cook 1972

because smaller animals have

body weight.

11
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‘Th Feed . .take by animals on the range cannot be regulated as

well as €-rm animals. The quant: , of feed consumed by the grazing

animal i influenced by the phys” 'ogical state of the animal, the
plant species present, stage of p snt growth, abundance of forage,
and general climatic conditions. Therefore, the intake and composition

of the 2t varies from day to - 1y and from one range to another

(Cook "and Har is 1968).

The Imj »rtance of Specific Nutrients to Animals

Protein - About 80 percent of the total nitrogen of forages 1is
in the proteins, most owahich are in the cytoplasm but some are in
the c€* . walls. The number of different pfoteins is greét, perhaps
as many as 10,000 in a plant cell (Bonner 1965; Vennesland 1969).

11 leaf proteins conﬁain the so-called essential amino acids
and -a jarently in amounts sufficient for ruminant animals., Specific
‘amino ¢ cid deficiencieé have never beeﬂ demonstrated in ruminants
(ondham)}962); partly because of the difficulty of.compounding

-ratioﬁs for such large animals and also Because of the probability
of synthesis of all necessary amino acids by microorganisms both in
the rumen and in the alimentary tract.

Th~ ability tc maintain ruminants for even a short time on urea -
as a s¢ 2 source of nitrogen is evidence that the syntﬁesis of the
necéssary amino acids'takes place in the rumen (Virtanen 1966). All
natural ly occhring amino acidé,.whether they occur free or in pro-
telns, are metabolized in the rumen, by one or another of the micro-
organ._sms. They are broken down to ammonia and short-chain organic

acids,_whi&h,may be absorbed through the rumen wall into the
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bloodstream, or they are carried from the-rumenrinto the alimentary
tract, « © are synthesized into bacterial bodies, which are in turm
digested (McLaren 1964). As further.evidence that particular amino
aclds are not essential, it has been shown that the amino acid éon—
tents of proteins isolated from rumen bacteria are markedly similar
for all host animals on éll rations; the same is true for the proteins
of rumen protozoa (Me&er-et ¢ . 1967; Purser and.Buechler 1966;

Bergen et al. 1968).

7 ‘uere are other minoF nitrogenous constituents of forages such as
ammonia which occurs as a salt at the carboxyl end of a protein or |
aminQ acid. Amide ﬁitrogen is a constitﬁent of the dicarbo#ylic
amino acids; bo;h of these c%Ptributé to the nitrogei. hetabolism in
the rumen. Other nitrogeﬁqus compounds, §uantitatively_negligible, are
the nucleic acids; glycosides, pigments, nitrétes aﬂd alkalqids:

.he crude ﬁrotein therefore includes protein and noﬁ—ﬁrotein
nitrogen. The non-proteiﬁ nitrogen, expressed in pércentage of total
nitrbgeﬁf shOWS'a.considerable rahgg frpm forage to forage, from 12
up to over 40 pgfcent. High proporfibns of non—protein'nitrogen ére
usually found in plants containiﬁg high levels of total nitrogen aﬁd
in young, rapidly‘growing plants. Digestive;aisturbances have been
Tassociated wi;h high levels of non-protein nitrogen (Greenhill 1936).

Digestible crude prptéin is a more exact measureldf protein
valué to the animai than crude prqtein. The digestion coefficients
of protein are "apparent" because of the presence in the feces of
othef than undigested protein and the presence in the urine of

nitrogen derived from the diet and from body metabolism

and Loosli 1962; Annison and Lewis 1959). The apparent digéstibility

e
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of cru’- rot n sho : a wide r: oaj é typical study showed al: nge

.7 35 tc 30 in the a parent digestion coefficients of crude.protein

of grasses and ofl52 to 80 in alfalfa (Sullivan 1964). The lower

values « re obtained from forages with low crude protein cohtents

and the “igher from forages with high crude protein contents. There-

fore, - -2lal ‘on exists bétwee the pefcéntage of crude prétein and

the di‘ tiqn;coeff'cien;.of crude_protein,_the cofrelatibn having a
' - . _ o .

high s :nificance (French et al. 1967)7

Vitamin A - Known as retinal, is one'of‘the fat-soluble growth
facto~ It is ﬁot présent as such in forages but is produced in
the lfi?r of animals from certain carotenoids that afé présent'in
the ch. roplasts of the forage,plants; Of the carotenoids that have
valﬂe as provitamins, the most important is B—caroteﬁe,.a hydrocarbon
with the general formulae C“:H56; one molecule of it ﬁay theoreti-
cally »v cleavage, givé ¥ise to two molecules of retinal, whereas
gome isomers of B-carotene give rise to only one or to none. For
practical/purposgs, B-carotene and vitamin A are, theréfore5 inter-
chaﬁgeaBle.

Ret inal may be determined biologicz2lly, and eitber_B—carotene
or.the crude éanotene by chemical anélysis. By'definition, 0.6
micrograms of B-carotene is equivalent to one international unit
(IU) of ritamip; Crude carotene has less, but more variable,
activity than,B-carotene. For example, only 72.7 pérceﬁt of the
crude carotene of grass was B-carctene, but the vitamin equivalent

was 77 1 because some of the other carotenoids i.e., alpha carotene,

had'partial‘EE%ivity (Kemmer et al. 1%944).
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Carotene is rel: iwvely high : . young grass plants and decreases
aé thé ; ants age and.become stemmier, a typical decrease being
from about 400 ppm to about 100 ppm.(Moon 1939), This decreasé is
due in part to thé fact that carotene, which 1s a yelloy‘pigment,
-1s unstable in light and is readily oxidized by ‘enzymes -and 15
relatively stable ih the presence of aﬁtioxidants.
é& amin & is required_by.all classes of livestock;:ohe of its
many £ 1ctions is to keep the epithelium of surface tissueé'of-thé
ﬁucoué membfane heaithy and another is to prevent degeneration Qf
the gZ'vous systém. One method of measuring vitamin A requirements
is by . 2:termining the minimum carotene doéage necessary to cause the
disappearance of night blindness in animals from thch vitamin A
store 1s depleted; In cattle, this amount furnished By alfalfa
hay is sufficient to contain between 26 and 33 micrograms of crude
carote..e daily pefikilo of animal weigﬁt‘(Guilbert and Haft 1935).
More recently published, but not significantly different,'rgquife—
ments are/describgd in the bulletins of the.National.Research Council -
(1963, 1968). Assuming a 450 kilo animal (1,000 pounds), the re- |
quirements of 29 micrograms per Rilo, would.bé‘l3;05 mg of carotene.
Ten times this daily reqhirement would be supplied by léss tﬁan 2
pounds of forage containing only 200 ppm of B—carqtene.
N%///Cellulose ~ Like starch, is a polymer of glucdSe (B-1, 4 link-
ége). vThe diéégrence between cellulose and starch is fuﬂdamenfally
of the spatial direction of tHe linkage between glucose units
(Whis?ler and Smart 1953). This difference is suffiéienf_to allow
cellulose to have gréét molecular siée, as thousands of units, and

-

to arrange itself in long fibers that permit'impregnation by other
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subétances, the hemicelluloses lignin. "21lulose occurs : both
primary 1d secondary walls thouzu these differ in degrees of poly-
‘merization and crys. “'linity of the cellulose and in fiber arrange-
ment. 2 migrofibrillar units of cellulose are nonhomogendus and
gllowA§f= interpretation of the two major encruéting substances,
hemicellulose and lignin (Youatt 1958).

Cg;lulose itself amounts o 20-40 percent of thé'dry'Weighf of
forage: (Hansen et al. 1958). Like total cell wall:matter, it is
higher in grasses than in legumes and higher in more mature plapts
than in younger omes. It is readily degraded by microorganisms
under eertaiﬁ.conditions, but it is digested with difficulty in the
raw state becaﬁse of the presencte of lignin.

C> Energy - Is derived from all organic substances that an animal
ingests with the majority coming from carbohydrates."Tﬁe Trumen
microorganisms  ferment the carbohydrate‘changing it into microbial
cells and ﬁgste'products such.as V°1EEEEE,§§EEY aclds, heat and

methane which can be used or excreted. The ruminant absorbs volatile

fatty acids directly from the .rumen to pr0vide'about,20 percent of

the energy requirements of the animal.

Major organic elements are required by animals for the con-
struction of W‘tissue and as sources of energy for.work dope by
the animal. The ability of a foragekfo supbly energy is thus of"
impoftanca in determining its nutrient value (McDonald et‘al. 1966).
C? The gross energy in a forage is measured by converting it into
heat energy and aetermining 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
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'(quonald et al. 196 ). Cbok . Harriqﬁgggggb suggest that metabo-
lizabie energy may be a more meaningful index to the energylvalue of
some pants. This is due to high concentrations of volatile oils in
somé shrubs. These oils are not.usable to the animal and are excfe;ed

-in the urine.

~

Mineral Elements

2"h - The minerals of a forage are found with a few exceptions in
the as obtained by combustion of the forage; the incineration causes

losses in whole or in part of many constituents, such as those of

chlor e, iodiné and organig sulfur. Most forages yiélq_ﬁ—ig_gcfggnt
of crude ash, but its composition'is more important than its amount

és some of the mingfals of the ash are of minor or no impbrtance to
animals. The crude ash may be separated into acid-soluble and acid-
insol »>le fractions; the latter is composed iﬁ large'part_of siliga.
Some silica ma§ belpresent in a forage as a result of céniaﬁination

by soil or/ﬂust,-the quality of crude ash may be mi&leading és a
criterion of minéral.céntent. The soluble fraction contains most

of the nutritdadally important elements and its QUantity is correiated
significantly.with the coﬁtent of some of the major essential minerals,

as has heen chown for calcium and for phosphorus by Sullivan and

Garber ({1947).

g

o compositipn of.the ash resté on a number of factors, the
most important of which are the kind of foragé*and the fertility of
the soil (Beeson 1941).‘ In grasses the individual elehents tend,
with some éxceptions, tc diminish in concentration as the plants

Vapproach‘maturity Q%in Riper and Smith 1959; Pritchard et al. 1964).

K



Leaves ~-nd t- be hiy er than stems in all <‘nerals. The lev(™ of
minerals in forage also rest on the content and availability of
mineral: in the soil (Amon. 1965; Snider 1946).. In forage regrowth
.fluctuations in ash content are irregular and are influenced, in
additig‘ to soil fertility and soil amendments, by season and climate,
the effects of which are diffii 1t to separate. The requirements of
animall nf certain minerals ve y with the kind nf animal aﬁd.with its
condition. Whether a forage furnishes.tﬁe required aﬁounts of a
nutriq t dep-nds not only on the content of that nutrient but also on
its aw'ilability;.a'condition likely to be affected by num- rous intér—
actions.

( lcium - Most of the calclum is in the form 6f salts, both
organic and ihorgahic and about 40 percent of the total is water
soluble. Most of the water soluble is in the leaves rather than in
thé_sﬂeﬁs. Lit le is known of “he quanéitative distribution within
tiésues‘but.a .

A
cell. There #™=ho stable complexes of calcium, though the salts of

considerable amount of calcium is associated with the

the pectins may be considered fairly stable. Calcium neutralizes
organic acids; in legumes that have a higher nitrogen métabolism than
graéses, more calcium is ﬁeéded to neutralize the acids forméd. Most
of the calcium absorbed by the plant is soon immobilized.

'.Calcium is required for maintenance, growth and productivity
of -animals. A ' -~~ge 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



form tt' - can be used. The.availability of caicium has been assumed
to be ¢ out 70%.

| © Mitchell and McClure (193f) summarized the requirements as the
petcentage of calcium in the feed and noted a decreasing requirement
_fér calcium in relation to the total feed as the animal grdws; For
150:énd 400 kilogram animals the fequirements for calcium are 0.43
and 0.11 percent, respectively, for growing beef steers énd 0.33

and 0.(3 percent for gro&ihg dair& cows. During pregnancy the
calcium requirement increases; that of a 400 kilog?am cowiié 0.10
perceét of the feed in the fourth month of gespation 0.19 percent in
the eighﬁh month, and 0.42 percent in the ninth month. Shéep'require
between 0.11 and 0.17 percent “n the feed and horses 0.20 percent;
the requirements are increased by pregnancy and lactation. The
requirements published by.later investigatofs, as those of Mitchell.
(1947)7'Guilbert'and'Loosli (1951), Crampton-(lQSZ) and the Natioﬁai
Research CGG;iil (1963, 1968) do not differ mafefially fromAthose of
Mitchell and McClure but those of J.A:B. Smith et al. (1965) rested
on availabilities that are lower than 70 percent.

(iarge amounts of calcium, éontributing to a high galciu@—
phosphorus ratié, are detrimental to some animals. With 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 ﬁo phosphorus déficiency or to an insufficiency
of vitamin ?;5 |

7 : _
Phosphorus - Occurs as a phosphate linked to organic and inorganic
iqgs. It is a constituent of complexes of nucieié acids, nucledtides,

phosphclipids, proteéins, phytin, and inorganic salts. It participates
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iﬁ near.., . all emic: " reactions .1 the plant cell as synthesis,
hydrolysis, rearrang ment, and ¢ ge of étate} and during-these'
reacﬁiqps it is coml ned tempora. ly, at leaét, with carbohydrate,
 lipids, and nitrogenous compounds .(Albaum 1952). One éf the formé,
phytin, occurs in most seeds and has been reported, but not clearly
established; to be present in fi.iage (Marrese 1958)._
</;hpsphorqs is higher in { ing, rapidly growiﬁg tissue than in

olderf#issue (except for somé seeds); it is thereforé moré.ébundant
“in le%yes thén in étems; and in rapidly groﬁing'aftermath that is
grazed or mowed frequently., Thére are léwer'percentages in the
foliégé'of mature plants (Van Riper and Smith 1959), partly because
some phosphorus has been transivcated to the developing seeds. There
is little and inconsistent seasonal variation because, as stated
above, theﬂ@%ount of available phosﬁhorus in the soil - is the most
important factor_affecting the quaﬁtity?in the plant, particularly
-in the grasses (Ward 1959; Reith et al. 1964),:>

: <fkll forms of phosphorus appear to be availablg to the rpminant,
except perhaps for a minor quantity contained in some nonsaponifiable
lipias which seem to have low digestibility. Its availgbility is
discussed by Smith et al. (1965).- About 90 percent of the phosphorus
of the dietlis available to cattle weighing 110 pounds (50 kilos) and
this availability decreases with indreasing animal size to reach about
55 pércent in an animal weighing 1,100 pounds (500 kilos). Like calci-
~ um, phosphorus is a constituent of bones, and rapidly growing animals
require proportionally larger amounts. Assuming a 70 percent availa-

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

as percentage of the feed are as follows: 130 kilogram and 530 kilogram
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pound g .ing beef ¢ 2ers, 0.35 and 0.17 percent; and for pregnant
cows the requirement increases from 0.17 percent in the fourth month
of gestation to 0.31 in the ninth month. Sheep require between O;ll
and 0.15 percent of phosphorus in the feed and horses 0.20 percentlj
'#L</}hese requirements afe not met on a diet of herbagé alone in
ﬁény areas throqghout the world. In15uch,areas phosphorus deficiency
'disegées are found aﬁd mofe frequently in cattle than inlsheep?
‘partly because the reéuirements of cattle are greater.aﬁd partly
because cattle are less ‘able than sheep to select thoée younger parts
of é;ants which.afe relativel& richer in phospﬂorus,. The symptoms
of-phbsphorus déficiency are complicated by calcium deficiency when
the two deficiencies occﬁ? togﬁ}her. The disgaseé of cattle caused
by a.degzzg;ncy of phbsphqrus or calcium, 6r both; are forms of
6steomalacia, called by various local names because of the different
manifesfgtions.'_ln the United States suc¢h local names are "creeps',
"stiffs", "sweeny", and "loin diseaée”. One symptom is pica or
depressed éppétite, an appetite for things not ordinarily classed as
féod{ _From eating decayed bones of carcasses, botulism may result.
Discussions of.this subject have been offgred by Beeson (1941) and
Hemingway (l967);> -

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 1.0 and 2.0 in the feed has Been shown to be op;imum; ratios
which are higher wili create distufbances. With grazing animais
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
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to pHos,\orus-deficiency or to an-inSufficiency of vitamin D JAth
ef ai. T 55).

: (ﬁégnesium ~ Is required for bone structure but is required in
much smaller amounts than are calcium and phosphorus. Muscle and nerve
tissue also must have appreciable amounfs of magnesium. In general,
animgl requiréments appear to ~ 3 small but”are aétually larger than
the.magﬁesium content.Of anlmal tissues indicates. Magnesium has a

low availability, which varles with the type of foqd and with the

an%?al. Smith et al. (1965) quote data of 18 percent availability

of magnesium in freshly cut herbage fed to cows and 27 percent in

silage fed to steers. The same authors‘give requirements, obtained

by balance trials, of 0.40 gf%ms of magnesium per-day for growing

. L
cattle w_ighing 50 kilos and of 6.65 grams for cattle weighing 400

kilos. The requirements are greater for cattle making rapid weight

gains. As with other elements, pregnanecy and lactation increase the

requirements. _These requirements are met by most forages but never—

the less, such low Jevels are nor adequate for animal health,

_Thg levels of magnesium in the forage and in the blood of
animals have been of great interest in connection with a disease
known .as grass or lactation tetény. This ailment is more intense in
dairy -ows than in other livestock, but it does occur occésionally
in sheep. It is more common in certain areas and at certain times
of the year. Some of fhe symptoms are a low magﬁesium.content of
the blood, loss of appetite, and respiratory aﬁd nervous diéorders
(Réok énd'Rleand 1962; Wilson 1962). This disease bccurs often
but not always with a low magnesium diet; it 1s not definitely

established. that it is caused by a simple magnesium deficiency but
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the op}nipn is that low magnesium is a contributing factor. A low
blood magnesium always accoﬁpanies the disease which may be relieved
by inje tion of magnesiﬁm.and calcium salts; but it is not always
relieved by feediﬂg‘forage of higher magnesium content. /?t often
de?elops when cattle are first turned on to pasture in the spripg;

at this time the magﬁesiﬁm cvngent of the forage may be low but is
rising. It is observed at other times of the year,-paftiCularly
after heavy rainféll, after fertilization, or during winter feeding
of for ge of low magnesium content. It has been obser&ed that the
appliéation of.hitrogen and potéssium.fertilizérs, which reduce the
magnesium content of the forage, is_asséciated in péint of time with
the_écéurrente of tetany, but’it is &ifficult to ﬁroduée tetany at
wil" by thi: means. The quantitative relationship of cations and
ani rs may.be involved (Rahman et al. 1960); a high K/(Ca*Mg) ratio
in tte plants has Been suspécted; over 2.26 is dangerous (Ge Roo
. 1963). A suspecfed role of phytin in causing magnesium deficiency
in_ruminants has'ﬁbt.ﬁeen established (Dutton and Fontenot 1967).

.A hormonal.defiCiency in the animal may be involved (Maynard and -
Loosli 1962). A high histamine content of herbage has 5een broposed
as the cause of the troﬁble, which is aggravated by low magnes ium
and high potaséium (O'Sullivgn 1968). An organic acid,.transacpnitic,
is éus; cted of reducing the avaiiability of both calcium and magnesium
(Stout et al. 1967). Thé exact relaéionship of the composition of
.tﬁe forage to this ailment has not been deterﬁined.

7

Nutrition and Digestion as Affected by the Plant

(’The nhtritive value of plants can be altered by many factors.

Some are: temperature, season, soil, weather, species, insects,



disease and amount t’ 2t they.ar\ Jed in the past. It has been shown
by Cook ad Harris(E:fggﬁ that site conditions and the stage of growth
ave among the important factors affecting the nutritiVe_value of
fange»forage. |

§i;e can seem to make a difference in the stem-leaf ratios,
thereby/affecting the palatagiligy and nutrient content .of. the diet
since leaves are mor; preferr-1 and differ from stems in chemical

compgsition.

‘\ /ﬁ;;erous workers have investigated the effects of season and

+
i

stage of growth on. the nutritive value of plants. From these one
chnc!@des that the nutritive value of forage depends primarily on the
stage.of maturity of the plants (Minson et al. 1960). Stoddard and'
Greaves (1942) indicated ash and pfotein'contént decreaéed as the
summer.éeason progressed Qbile Blaser (1961),indicated a reduction
»

in nutritive value with advanced growth because of decreased con-

sumption and decreased digestible energy due to increased structural

carbohydrates and lignificatior, feduced soluble carbohydrates in
foodé, and reduction in digestible protein when it is used for energy.
Cook et al. (1959) analyzed salt—dese;t grasses and shrubs throughout
the éroﬁing season. They found grasses'decreased in ether éxtract,
protein and other carbohydrates while increasihg iﬁ ligpin and cellu-
lose as the growing season advanced. They also found lignin and ash
to be in higheficoncentrations as the basal portion of stems compared
to stem tips. F,;ther work by Minson et al. (1960) indicated that for
some species of grasses the rate of decrease in digestibility was

small prior to flower emergence but was considerable after this stage



of maturing with nitrogen and structural carbohydrates showing the

most fluctuatio§;>*

Nutrition and Digéétion as Affected by the Animal

<i’The main ways in which an animal may affect nutrient utilization
are by growth, reproduction and lactation which can also iﬁteract
with environmental factors._ It has also been_shOWn ﬁhat age, breed,
previous nutrition have variéd the intake of.sheep (Langlénds 1968).
Raymond et-al. (1954) reported that in sheep there was a trend of_
incfeasing digestibility with increasing age, which is\probably due. ' |
to increased rumen size and numbérs of bacteria and proto?oa there.
Biaﬁter et al. (1962) fodhd that this age affect was not agplicaﬁie
to cattlé. | |
Cook et al. (1961) showed thaf lactéting ewes consumed 26 percent

more forage than those on maintenance. However, pregnancy or lactation

»

does not effect the digestibility of food stuff (Cook et al. 19612L>

’//;;;ermining Digestibility Uéing the IN VIVO Nylon Bag Tecﬁniqgg

The technique of ﬁéing.the nylon bag is a very simple and rapid
method of testing the digestibility of large numbers of foragé_sampies.
The samples after being weighed into a nylon bag are placed in a rumi-
nal fistulated steer and alldwed to digest for a specific time. The
bags are then removed, washed, dried and digestion is calculated‘by
the loss of campbnents during the period of time in the ruﬁén, (Van
Dyne 1962; Sims 1967).

The technique was further standafdized by_Quinton and Siﬁs (1970)

when they compared nylon bag to a conventional.trial and concluded

that there was no significant difference between these two techniques.
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if very defined procedures are .. .owed. They utilized a 5 x 10 cm.

nylon - constructed of parachute material.
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METHODS AND MATERIALS

Collection of Plants

Plants were collected at 2-week intervals during the pefiod of
rapid growth in. the early spripg, then as the growth rate .slowed
down, collections were madg“every 3-4 weeks until the end of. the
summer. Another collection was made'dﬁring the period of dormancy
aroﬁhd:mid-wintgr, Thesé collections wefg based on tbe phendlpgical

Ve

stage of growth of the plant.

Portic . of Plant Collected

| The portion of the plant colleéted simulatéd that.which was
uﬁili-;diby a grazing.animal under a moderate grazing systeﬁ.‘ This
was accomplished by observing grazed plants, or graéed portions of
plants, and then selecting ungrazed material comparéble to'that.

already removed by grazing. L

Drying, Grinding and Storage

About 50 gms.'(&ry weight) were collected and placed in bggs,
The plants were then dried at 50-60°C for 24 hours. They were tﬁen
ground in a Wiley Mill through a 1 mm screen aﬁd then stored for
subsequent analyéié. The only exception to this were the samples
which were used for vitamin A analysis. These samples were éollected

and frozen immediately.

Diges:ion Studies

Once the samples were collected, digestibility studies were run

on m, utilizing nylon bags placed in a fistulated steef. The



samples were placed _ the steer =1 duplicate, along with 4 standards
which w___ used to make corrections for variation between steers and
between trials. The samples were left in the rumen for 48 hours,

taken out, washed, dried and then analyzed.

‘Chemigal Determinations

v

(VOrganic’matter, nitrogen, cellulose, gross energy, calcium,
phosphprus, magnesium and vitamin A were determined on samples before.
they were digested in the steer. After i£_¥izg_nylon bag digestion
organic matter, cellulose, groas energy and the nitrbgen coatent of.
the'samplea were deterﬁined.

ritrogen was determined by the boric acid method (A.0.A.C. 1965).
The apparatus ucod was a modification of the microkjeldahl reported
by Brenner (1965). The Fisher automatic titra;or model DG was used.
Crude protein content was calculated by multiplying the percent
nitfogen by a factor of 6.25. A Parr adiabatic oxygen calapimeter
was used for determiniag groés’energy; |

Cellulose was determined by the procedufe outlined-by Kurschner
and Hanak (1930), with a slight modification as .intro.dur_:ed by Phillips
and Smith (1943), to allevia;e the use of a centrifuge.

Ash was determined by a procedure.outlined in A.0.A.C. (1965) and
the loss in dry matter was regarded as organic matter. A Perkin-
Elmef automic. absorpﬁioh spectrometer model 290 B was usad to de.termine
calcium and magnesium.‘ Samples were prepared using a HNOB—HC1 digest
as outlined in A.0.A.C. (1965). Phosphorus was calculated utilizing

a spectronic 20 and a procedure outlined by Barton (1948). -The method



used to determine carotene was t it outlined in A.0.A.C. (1965).
These samples were analyzed by Industrial Laboratories in Denver,

Colorado.

Computer Program

A computer program to bring all the different digestion trials
in the fistulated steer to a . mmon tfial, was devised by Bonham
(1971). Two observations were ﬁtilizgd to generate sixteen random
numbers. These sixteen generated numbers were actuélly simulated
obsefvations.and were used to complete a correction ééeffiéieﬁt,
which _n turn-gaVe two Eorrected.observations which.Were averaged
and v ilized as the digestion céefficient for ;hat Steer.

Bloéser‘and Tayior (1971) developed a computer progrém_which
calculated all the diéeétion coéfficients of egch sample and then
us® g Bonham (1971) program as a .subroutine, brought evérything to

one commor trial. The program then listed out all the information

which was.available on each samplé.



RESULTS A’ . 3CUSSION

To predict nuti .ent déficien <8 and make practical recommenda-
tions fqr Supplementing the bas ition ! ceived from range forage,
it is important to establish a rae:.mended level for critical
nutrients for optimum productic . end greatest economic returns. Then
the.nutritive content of the f age which.is growing on the range
should be determined to see i it meets these requirements.

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).

Southeastérn_Cdlorado Branch Experiment Station

gkgg_ggéyé; Blue grama is a perennial, warm-season, shoftgfass
which is usually a. bunchgrass under moderate grazing intensities
al ough under héavier grazing it’forms a sod. Blue grama is distri—
buted widely on sandy to heavy textured soils.of the plains, sandhills
and mesas (Heriman et all 1967). At Springfield blue grama was
saﬁpled from clay loam range sites.

_ <ff;1ue grama, although usually low in productivity, is étill the -
primary forage produéing.species on this site and forms a.major portion
of thé diet of livestock_in summer and winter. Blue grama may decrease
under heavy graiing pressure, often giving way to buffalograss. The
chemical composition and diger »ility of blue_grama is shown in
Appendix A - Table 1. The digestible energy, magnesium and calcium
are sufficient to meet the requirements of livestock. However, half-

way through the plant's growth and again when it matures digestible

protein becomes deficient. Phosphorus is deficient in early and late

growth.j)



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

they were collected.

AREA

COMMON NAME

SCIENTIFIC NAME

v

~ Southeastern :Colorado

Branch Experiment

Station

~San Juan Basin

Experiment Station

Manitou Experimental

Forest

Black Hawk

Craig

‘Nunn

Blue grama
Sideoats grama

- Sand dropseed

Buffalo grass
Kochia
Lambsquarters
Yucca

Western wheatgrass
Arizona fescue
Mountain muhly
Kentucky bluegrass
Needle-and—thread
grass
Mutton grass
Junegrass
Squirreltail grass

Arizona fescue
Fringed sagebrush
Blue grama

"Mountain muhly

Nebraska sedge
Western wheatgrass

Thurbers fescue

Fringed sagebrush

Rabbitbrush

Antelope bitter-
brush '

Western wheatgrass

Fourwing saltbrush

Blue grama

Scarlet globe-
mallow

Bouteloua gracilis

Bouteloua curtipendula

Sporobolus cryptandrus

Buchloe dactyloides

Kochia scoparia

Chenopodium album

Yucca glauca

Agropyron smithii
Festuca arizonica
Muhlenbergia montana
Poa pratensis

Stipa comata
Poa fenderiana

Koeleria cristata
Sitanion hystrix

Festuca arizonica
Artemisia frigida
Bouteloua gracilis
Muhlenbergia montana
Carex nebraskeni
Agropyron smithii

Festuca thurberi

Artemisia frigida
Chrysothamus viscidiflorus

Purshia tridentata

Agropyron smithii
Atriplex canescens
Bouteloua gracilis

Sphaeralcea coccinea
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o SIDEOATS GRAMA: Sideoats grama, an erect bunchgrass, is usually
an impbrtan; source of forage in the Southern Great Plains.  This -
warm season perennial is preferred by all classes of liVesfoék,_how—
ever with prolonged heavy grazing if may be replaced by blue gramé..
Sideoats grama usually grows.on less developed. soils as well as in
désert-and semi-desert shrub cwmmunities (Herzmén et ai; 1967). At
Springfield,_sideoats grama i‘ found on 2 rlLay oam range site (Fig.
. | |

The nutritive v lie of sid¢~ats grama s shown in Appendix A -
Table.2, The vitawi. A fu1cent of dUmegl sideocats grama was 62,700

international units, _t:ch is much ! * % r * "-n required. The digesti-

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

nesium and calcium tent are idequate for an animal in gestation;
while phosphorus br :s defi+- nt as the .ant matures. The diges-
~tible protein is de: :“ent all jear round.

SAND DROPSEED: ¢ .d drops «d is ¢ . fted peremnnial which grows

on sandy or gravelly soils. Si~-d dropseed is é prolific seed pro-
dﬁcer and has a high drought t _erance. The uppermost leaf sheath,
partially encloses the seedhead and as it‘weathers awéy, seed is
d;séeminatéd all year. Under some situations when there are fall
rains there is séme regrowth. This new gfowth causes the base of
the stems tc remaia green most of the Wiﬁter, The green material
makeé the planﬁifairly palatable, and under these conditions sand
dropseed is regdily eaten during the winter. When fall regrowth
does ﬁo; océur,'the forage is composed of sfems with fairly small

leaves‘which causes the plant not to be eaten (Cook et al. 1954).

Sand dropséed grows on a clay loam range site at Springfield (Fig. 2).



Fig. 1. Sideocats grama (Bouteloua curtipendula)
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Fig. 2. Sand dropseed (Sporobolus cryptandrus)




Tt chemical composition and digestibility of this plént is
shown in Appendix A - Table 3. The low digestion coefficient of
proteih along with the low protein content cause saﬁd dropseed to
be limiting in digestible pfotein all year round, The digestiblé
enexrgy of sénd dropSeea is barely adequate in the early spfing but
is deficient in the fall. Calcium has a similar trend as digestible
:energy. _However, phesphorus is deficient when the seeds are ripeﬁing

and again when sand dropseed becomes dormant.

B FFALOGRASS : Buffalograss which is a perennial, warm season
shorﬁgrass grovws ﬁainly on medium and fine textured soils.. Buffalo-~
~grass reproduces by means of stolons and usually the ma;é and female
plants are on different plants. In certain pértions of the central
plains; buffalograss can produce an abundant amount of forage,
Buffalograss is grazed by just about all livestock and increases
under heavy grazing pressure. If the aréa is continually overgfazed
any blue grama %here will be replaced by buffalograss (Herzman et
'al. 1967). Buﬁfalogfass was collected from a clay loam range site
. here at Springfield. |

Appendix A - Table 4 shows the chemical composition an@ digesti- v
bility of buffalograss. Tﬁe magnesium and calcium content are
sufficient to meet the requirements as suggested by Cook (1972).
However, the'bhOSphorué content is déficient in early growth and for
a short while as the élant disseminates its seeds and starts tb dry.
The low digestibility of protein along with the low'protein content
make protein deficient for animals in gestation nearly ali year round.

Digestible protein meets the requirements only when the heads come
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out. Tie dig stible energy is deficient in the early spring and when

the seedsnare ripening due to the low digestibility of energy.

KOCHIA? Kochia, also known as fireweed or burning bush, is
found in dry 6pen places as well aé fertile uncultivated.soil (John-
son and Nichols 1970). At Springfield, kochia grows on é-cléy‘loam
.range.site. The nutri;ive value of kochia is shown in Appendix A -
Table 5;. |

Kochia is di: zinct in that it has a very high magneéium and
calcium conﬁént. The magnesium reaches as high as .87%Z and calcium
can-reach over 1%. Phosphorus however seems to be produced in waves.
Duripg early spring growth phosphords is deficient, then at.later
grdwth étages there is sufficient bhosphorus to meet fhe requirements
of an animal'in'gestation. However; when the seeds start ripening
and disseminating, and again when the plant matures, a marked drop
_ océurs. The vitamin A content is sufficient all year round, along
with.the diéestible brotein and digestible energy for livestock

in gestation.

LAMESQUARTERS: Lambsquarters is also known as pigweed and white
goosefoot. This is a pale annual forb which grows at low and medium
‘elevations in fields, along roadsides'énd waste places. Lanbsquarters
grows at Springfield on clay loam range sites. It ygries from péor to
gooﬁ ¢ .1eep feed and as a rule lambsquartefs is grazed by ca;tle at
éome growth stages (Dayton 1960). Thé chemical éomposition and
digestibility of lambsquarters is shown in Abpendix‘A - Table 6.
| The digestible protein, digestible energy, vitamin A, magnesium

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



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‘pn a clay loam range site. Young plants
are offen eaten by sheep and cattle. Livestock eat the ﬁlower>
clusters of both ;ﬁe young ahd_old planté (Johnson and Nichols 1970).
Appendix‘A - Table 7 shows the chemical composition and digestibility
of yucca seed pods.

Yucca pods in ea1r ., growth are very highly digestible, and as
they maturé this decreas-- ™ -y supply enough digestible energy,
digestible protein, magnesium, calcium, and phpsphorus to meet the

requireﬁents of a lactating animal. The pods are deficient in

vitamin A when mature.

San Juan Basin -Experiment Station

WESTERN wﬁEATGRASS; Western whéatgrass is also known as blue-
étem wheatgrass and bluejoint wheatgrass because the foliage is
bl;ish in colof. 'Weétern wheatgrass is a cool season, SOd.forming
gréss with rhizones, hence it grows as Single stems on small tufts.
‘These small tufts are usually not formed under arid or semi-arid
conditions. Western wheatgrass is tolerant to moderately alkaiine
soils and can bé found on soils varying from clay to sand, althdugh
western wheatgrass preférs soils which are relatively fine_textured
(Cook.et al. 1954).’ In the Hesperus area western wheatgrass is
génerally in brushy-loam range t§b§ (Fig. 3).

This grass withstands.grazigg rather weil and animals_stiil

utilize western wheatgrass when it matures even though it becomes



Fig. 3. Western wheatgrass (Agropyron smithii)




stiff and coarse.. The chemical composition and digestibility of
this plant is shown in Appendix A - Table 8. At late stages of
growth, western wheatgrass is defilclent in digestible prctein. The
vitamin A content is very high in the early stages of growth but |
drops off very quickly as the plant matures, however there is étill
enough to meet livestock requirements. Digestible energj’is de-
ficient wheh-;hé vlzatg are < miant before fall regrowth. Calcium
and magnesium are ¢ itficlent ¢ meet an animal in gestation. Phos-
phorus is very def..ient in early and . ages of growth and is

only adequate when e plants start to dry ff.

ARIZONA EEEfrgf A;izona fescue (Fig. 4) 1s a dense bpnchgrass
which broduces\a i .r amount of forage principally during.the summer
months; Arizona fz2scue grows in the mountains from 2,000 to 3,000
meters, on.rocky <1 pes, open parks, mesas and open ponderoéa-pine
types. At Hespeilus . : grows on ponderos; pine grazable wocdiand
range sites. Ar::éna fescue appears to be not as palatable as some
other.grasses alt’iough it is grazed fairly well by livestock in late
spring and early mmer. Heavy grazing over a sustained period will
soon reduce a stand of Arizona fescue (Herzman et al. 1967).

The chemical compoSitiOn and digestibility of Arizona fescue is
showﬁ in Append;x'A — Table 9. The vitamin A content cf.Arizona
fescue runs from 51,480 international units in the early leaf growth
to 10,412 international units in fall regrowth, all of which is above
lactation requirements. The magnesium,calcium and phosphorus content

are deficient in the early and late stage of plant'growth, and at other

times the plant has encugh minarals for an animal in gestation. After



Fig. 4. Arizona fescue (Festuca arizonica)
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the seeds start disseminating, Arizona fescue does not have enough

digestible protein for livestock, however its digestible -energy con-

tent 1s adequate. for a gestating animal.

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.
however its palat: ..lity 88
grows best during iue

» - (o K

grows on ponderosa “n K

1967).

‘Mountain muh.’ S HRCR A R §
of growth and its .g stf' ' @
deficient as the pl:  __ 1 |
animqls require mor¢ caleil- )
species in its lare stages =~ | rowth.
deficient in early and 1éte ste of

of mountain muhly at the anthe: '

of the 1,408 I.U. equired by i o

KENTUCKY BLUEGRASS:

Spo

Kentucky blue:r ..

While young, it is relatively palatable,

‘*y. This midgrass
. At Hesperué_it

sites (Herzman et al.

protein.at all stages

« lines and bedgmes.
«Yle 10). Gestating
1 in is supplied by this

¢ phorus content 1is

: The vitamin A content

.y ' 1 Y. which was in excess
1.
v (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

Hesperus it grows on brushy loam range sites.

a very hardy grass which tends to increase under heavy grazing.

Kentucky bluegrass is

How-

ever, Kentucky bluegrass is not a very heavy producer of forage, but

that which 1is produced is readily grazed by all livestock (Herzman

et al. 1967).



Fig. 5. Kentucky bluegrass (Poa pratensis)




The digestibility of Kentucky bluegrass is very high in its early
stageé‘of growth (Appendix A - Table 11). As a source of.digestible
energy Kéntucky bluegrass is very good and 1t is only déficient in.
digestible protein during the dormant stage of growth. The magnesium .
content exceedé the needs of livestock, while calcium is deficient for
aﬁ animal in gestation at five different stages of growth. Phosphorus
deficienry'in”Kentucky i1 ’g;r has a ¢ '": effect Being deficient

in early,-middié and late stage¢ of '

NEEDLE-AND-THREAD ..ASS: Need.e-ana “read grass (Fig. 6) which

is sometimes referred to as needlegrass ' 8  wgrass is an erect
-leafy Bunchgrass.30 to 60 cm. high. It .: .iracterized by sharp
pdinted seeds which h_.: a long curlinc _m 4-6 cm. long. This cool
season grass which grows on a brushy-Ic¢ Zinge type at Hesperus is -

valuable because of its high palatability 1d frequently produces

new growth for winter grazing following . yrable fall rains. How-
ever, when it is grazed during the time * are bountiful, injury
‘may occur to the eyes, mouth and skin of = 5. Cattle and other

large herbivores are usually unaffer~ 1, When grazing sheep, it is
best to graze it before the awn appear and/or after they are dropped
in late summer (Cook ét al. 1954). |
Table 12 (Appendix A) shows the chemical composition and diges-

tibility of needle-and-thread grass. Protein and energy meet the
requirements of livestock early in the season, as the season pro-
gresses though, these two components of needle;and—thread grass are
deficient. The cellulose in this plant is very highly digasrible,

even in the winter time. Phosphcrus and calcium are adequate for



Fig. 6. Needle-and-thread grass (Stipa comata)
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animals in gestation however, at several stages they are inadequate
for lactating animals. During early growth and in the winter,

needle-and-thread grass is deficient in magnesium.

MUTTON GRASS: Mutton grass i1s a good forage for all livestock

and is grazed mainly from éarly spring to midsummer. This.bunch—
grass gtoWs mainly in the mountains between 1,500 and 3,000 meters
on an open, dry v .ds and rocky hills (Herzman et al. 1967). Mutton
grass grows on a b:uéhy loam range site at H;Sperus.

The nutritive eviluation of mutton gri - 1indicates that the
digestiblé-énergy ¥ d digestible protein content of mutton gréss is
very good, and-beets the gestation requ.rements of livestock (Appendix
A~ Tabie 13). ‘The digestibility of cellulose is very high ranging
from 65 to 80%. TheHQitamin A cbntent for these samples analyzed
was very good, however the mi;crais, calcium, phosphorus and magnesium

were deficient at several stages o_ growth.

JUNEGRASS: Junegrass (Fig. 7) also known as prairie junegrass is
a'coollseason, bunchgrass. It often grows on sandy soils or plains
and open woods. It is a fairly good forage although it does not pro-
duce that much total forage since the leaves are basal and short. It
is desired by all livestock and some wildlife, such as elk, but can
noﬁ withstand intensive grazing (Herzman et al. 1967). At Hesperus
it is found on the brushy loam range site. The proteih content runs
from 9.6 to 4.6 and because of the digestibility of the-p:otein this
makes fhe plant deficient as the plant matures (Appendix A - Table.lé).
The digastible energy, vitamin A, magnesium and phosphorus supply

sufficient nutrients for an animal in gestation. However,. the



Fig. 7. Mutton grass (Poa fenderiana)




calcium content is deficient toward the middle of the growth of the

plant.

SQUIRRELTAIL GRASS: Squirreltail grass is a perenﬁiél bunch-

grass which grows from 10 to 45 ecm. high. It tolerates saline and
alkaline soils but chiefly grows in dry gravelly soils. Before the

‘seed heads are fully developed this is a fair to good forage for

sheep and cattle. owey ot ~"°°° -ppear squirreltail
becomes fairly objecti 1 ™1 + Z.» sck. During late summer or
fall; most of 1, nbdegr An v b ) "} { | from the planﬁ and it
again becomes ' ilatabl ¢ ] "+ all rains can pro-
duce.new growt whach h 4 ®0 s¢ ' 1 ang (Cook et al.
1954).-'At Sar hen ar | 1 abr a0 1+ .nage site (Fig. 8).
Appendix .~ ' b'e 15 shows ti - " 1 composition and diges-
tibiligy of scu’ eltail gror g at v’ Ty The vitamin A, mag-

nesium, calcit .r . digestible energy ot ¢ 1 .rr ltail all meet the
requirements ¢~ | lvestock for gestation. ' wever, as the plant

matures its di, estible protein and phosphorus become deficient.

Manitbu'Experimental Forest

ARIZONA FESCUE: At Manitou, Arizona fescue grows oﬁ a sandy
clay loam range site (Fig. 4); -The growihg characteristics of Arizona
fescue were discussed at the Hesperus collection site.
Nutritive value of Arizona fescue is shown in Appendix A -
Table 16. The orgaﬁic matter digestibility ranges from 70% in
early growth down to 41% when the plant is dormant. The protein

content 1s nearly 12.97% when the flowers are in the boot stage:
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Fig. 8. Squirreltail grass (Sitanion hystrix)



However, as the plaﬁt_matures the protein content drops ﬁarkedly
and.is inadequate to meet:the maintenénce requirements of cattle.
Digestible énergy follows a similar but less marked trend. - As should
be expected, thé cellulose content of the plant increases witﬁ
maturity. |

| The vitamin A content is very high when the plant is young and
declines rapidly during 1 _e s_ mer and .all and is deficient for
éestaﬁion require nts, ‘"1 ¢ - ~ 11 1.y always deficient

in calcium, p/ =p’ "rus anc .a )

FRINGED ‘oushe3a 17 a “* 1 (1g. 9) which is alsb
~known as frin = ' .em + _ i ah “w) v 2 a1 1s found on'dfy
plains éhd hisis. o1 2w 1t is 1 mdy clay loam range
site. .Fringe[ a zb__ ' 18 often g= - ' . 1ttle and is considered
a good forage '7r ¥ p and elk, A v 1ich have been seri§us1y

overgrazed for . “»hng time may become domii. red by this plant (John-
- son and: Nicho.= LJ/J).

The chemical composition and digestibility of this plant is
shown in Appendix A - Table 17. The energy, vitamin A and magnesium
are above what is required for the maintenance of livestock during
gestation and lactation. Howe&er, as the plant gets older the cal-
cium content decreases and it aﬁpears that the plant is deficient
in phosphorus all yéar rouna. When the plant 1s dormant it 1s de-

ficient in digestible energy.

BLUE GRAMA: The characteristics of blue grama were described
earlier at the Springfi=ld collection site. Here at Manitou it

grows on a sandy clay loam site.



Fig. 9. Fringed sagebrush (Artemisia frigida)
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! sendix A - Table 18 shows_the chemical composition ana
.digestibility of this,plant. .Blﬁe grama barely meets the digestible
energy requirements in early lactation when the.plant is young, anq
it becomes deficient_for a cow in gestation when it matures. The
digestible prétein content is adequate in early growth but drops down
to-a very low 1.1%Z in the winter which 1s below maintenance require-

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

fall regrowth of the plant.

Thevvitamin A cdntent { sed t 1 1in constant around 4,000
international units thrC““La"t Lye ..7.r no plant was
analyzed Auring the winter (nr .at . The magnesiumrcontent
and the calcium content appeared to be ~ juate for gestation in the
early part of the plant growth. However ., the plant matured it

‘became deficient in both minerals. A sl .ar trend was noticed for

phosphorus.

MOUNTAIN MUHLY: The growth habits of mountain muhly were

described at the Hesperus collection site. At Manitou, mountain’
muhly grows on a sandy clay loam range site.

The;cellqlose 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 sétisfaétory
throughouﬁ the yéar 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 growth is
sufficient for all forms of 1ivestock. However, when it is winter

dormant it only has 2.5% protein. The digestible energy is readily



- avallable to the 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 deficiéncy for lactating animals
throughout its growing,seaéon. Phosphorus, except for two stages in

early growth, is deficient. Calcium in most cases meets the re-

quirements for . _.u .on, bup'in tk 11y er ir is deficient.
~NEBRASKA £ G el " a - -.". t elevations up to

3,000 meters ir < = ., Th1 I it 1ts * e this sedge occurs

exclusively in ¢ ~ i+ i* , & 18 ' 8a¢ ' 8 .eams, near springs,

in shallow, sv __  a:e 1 { y* at £ .. '9? |, ; 1 wet meadows.

At Manitou it p o nass 7y lewr . = .te (Fig. 10).

The palatal. ™", ¢! .aim 8 I; ... v .. the amount and dis-
‘tribution of 1 .1l " o 108 as » ! A4y '#h {t, Generally it is a
falr forage fo: ‘lLic 4 a sl orge o we le. Its strongly
developed rootz*- s ' - le_1L Ka Be__e¢ . _ adapfed to withstand
agusive érazing. ™€ nu ._tive value of =ebraska sedge can be seen

in Appendix A - Tabl. 20. 1 1 : 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
content is 13.3% in the early spring, however in the fall it drops
down to 2.6% which is not enough to meet an animal's_négds, The
digestible energy, vitamip A, magﬁesium and caicium éoﬁtént of the
forage are sufficient to meet livestock requirements for gestation.

However phosphorus iz deficient towards the end of the growing season.
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Fig. 10. Nebraska sedge (Carex nebraskeni)




-TERN WHEATGRASS: In the Manitou area western wheatgrass is

generally found on saﬁdy clay loam range si;es.(Fig. 3). The growth
habits were discussed earlier at the Hesperus colle;tion 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 wheat rrzss at Manit "™e " gegtiuility of dry matter,

' orgapic matter, e: . I 'fa seis( ) 1 a - _ tion coefficient of
aroﬁnd'85% and in . wint - v = 1 = 8%. This has a
bearing on the f. S ty a1 . adequate in early
spring growth and- Tt a . r " fall. The vitamin
A content appear: .~ ¢ LM A ) 4.1cium! - However,
magnesium is def: ~fent i tF 1 'ml v, s _u~1 1s deficient when
ﬁhe plant is at = e seed Iy 18 8 (=a - the plént ié dormant

before fall regrowth.

Black Havk

THURBERS FESCUE: ' ~ur 8 av W ls a ' List bunchgrass which
.grows in dense tufts 49 . 7. - t 1 _ .ows at elevations from
1,800 to 3,600 meters dur -~ _ e ,ring and summer én hillsides,'open

) pérks and open stands of spruce (Herzman. et al. 1967). It usually
prefers sandy loam soil and at Black Hawk it grows on a sub-alpine
loam range sité (Fig. 11).

The chemical composition and digestibility of Thurbers fescue 1s
shown in Appéndix A - Table 22. Thurbers fescue is adquate in pro-
tein, energy.and vitamin A early in the season. Honger'it is
deficient in calciuﬁ, magnesium and phosphorus. When the biant is

about half way through its phenolcgical development it is deficient



Fig. 11.

Thurbers fescue

(Festuca thurberi)




56

~in protein, however magnesium and calcium are adequate for livestock,
while phosphorus is deficient. When Thurbers fescue matures it is

deficient in all of the nutrients analyzed.

Craig ¢

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

found on a sandy slope range site. The growth habits of fringed

"sagebrush were - ussec =14 it “-e Mar“tou collection site.

" The nutri: . . it 1 ). 18.. .8 shown 1in Appendix
A - Table 23. T “"ge¢ " 'i.ry “pp1e gebrush is low, which in
turn, makes thi - . i <% ¢ st . el . L.able to livestock'
lower than tha! vhic™ : ads 12l 1 + 28 of the plaﬁt
growth; The at »unt .u di; - ‘e wm u y v st ') available is barely
sufficient to 1 1. - :ock n n° {o pge: ~tion, except for
two or three o '.e’ * _° .68 "t

The calci w "age m o, Fan Af [ Tn cagebrush are above
that which is u Aed. For v s is d 7 . nearly all stages
ofjphenology e:ze whel the pla « 4s ¢ . iesl. The vitamin A
céntent'of frirg-¢ sag " was ¢ 'ly -+ "' - -e and this was

when the plant was dormant. At this stage of growth it far exceeded

the requirement.

RABBITERUSH: Rabbitbrush is a bushy plant and is commonly
called rébbitsage, yellowbrush and rayless-goldenrod. Rabbitbrush is
a’characteristiq shrub from sea-level to 3,000 meters and is a con-
spicuous component of the vegetation on élkaline plains and stream

banks throughout the semi-region of the west. Some species of
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Fig. 12. Rabbitbrush (Chrysothamus viscidiflorus)




tabbitbrush grow in mixed fyges in the foothills and mounﬁainé while
at Crailg rabbitbrush growé onﬁa sandy slope range site (Fig. 12).

Most species .of rabbifbrush have little forage value. However,
species C. viscediflorus ranks as a faif to good forage for sheep and
cattle (Daytoﬁ et al. 1932). The chemiéal composition and digesti-
bility of rabbitbrush is shown in Appendix.A - Table 24. The pro-
tein content of_this.specieé of rabbitBrush runs ffom 12.7% down to

‘3.82 which along with its high digestibility for protein make this
plant fulfiil protein requirements for livestock in gestation except
when 1t is 1in ‘full leaf. In early spring, rabbitbrush is barely
adequate in vitamin A,fqr livestock in gestation and is deficient
for any that are lactating. However, as it develops the-ﬁlant far
exceeds the requirements. Upfortunately, no samples were analyzed
for vitamin A when the plant was mature.

Rabbitbrush haé a high magnesium and calcium content, and in
most stages it has a low phosphofus coptent. This leads t§ alhigh
CA:P ratio which can get as high as 12.2:1. The piant seems to supply
.enough energy althoﬁgh when the plant is in full leaf, and'again
!ﬁpen it is dormantAit does not have enough digestible energy for a

cow in gestation.

ANTELOPE BITTERBRUSH: Antelope bitterbrush 1is also known as
quinine-brush, black sage and deerbrush. It grows malnly on well
drained, sandy, gravelly soils on open southerly exposureé at
elévations 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 west, 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
. bifterbrﬁsh is usually good for both sﬁeep and cattle (Dayton et al.
1932). Appendix A - Tabi; 25 shows the chemical coméosition and
digestibility of bitterbrush.

The digestible energy content of fhis 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 geheral description
of Western.wheatgrass was given earlier at the Hesperus collection
si;e.

This grass withstands grazing rather well and animals still
ﬁtilize it when it matures even though it becomes stiff and coarse.
The nutritive value of this plaht is shown in Appgndix A - Table 26.
The digestible protein content of western wheatgrass hardly meets
thé 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 growth when 1t was analyzed. Magnesium was only deficient

during fall regrowth. The digestible energy content meets the



requirements for animals in gestation, however it becomes deficient

for lactating animals after the seeds have been disseminated.

FOURWING SALTBUSH: Fourwing saltbush 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 wildlife in arid areas. It exhibits hardiness to cold, and a

" remarkable abilit to wWiius 1 x ght = = . of its tremendoQS
root develophent which sometimes penetrates to 6 meters (Johnson and

Nichols 1970). At Nunn it grows on a sandy loam range site (Fig. 13).

There is «.° _nce to suggest that occ.. .0 _ly this plant will
cause bloat when eaten too i1.rerally an’ at t¢ . concentrated feeding
of the species ...l cause scours in r rn rer:tgl- Appendix A - Table

27 shows the chemical compositio ami gvgest 'hirity of feurwing
saltbush.

The magnes.um and calcium concent uf fuuswing saltbush are way
above what is required, however . e phuspho. 3 cuatent is-generally
below that recommended. This combination ¢ an¢'vsis gives us a high
‘calcium phosphorus ratio re ~ilng 11.2:1. he vitamin A content is
very high in the spring. ..5 should be expected, the cellulose con-
tent increases with the maturity of the plant and its digestibility
decreases. Eourwing saltbush towards the end of its phenological

development does not supply enough energy and protein for lactation

or enough protein for gestation.

" discussed at the Springfield collection site.



Fig. 13,
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Fourwing saltbrush (Atriplex canescens)

o ——
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- The chemical composition and digestibility of blue grama is
shown in Appendix A - Table 28. It appears that once the seeds start
béing disseminated from blﬁe.grama it becomes deficient in protein.

 THe digestible energy is deficient only at the latter stages of
'groth for an animal that.ig in early lactation. Calcium and

i .
magnesium are in sufficientvamounts for an animél in gestation.
However, magnesi'™ at most ‘ages of phenology déesn‘t meet the
‘requirementé-for a lactating animal nor u es ¢ .cium when the plant

is mature. Blue :ma which grows ¢t NMir . is 1-“icient in phosphorus

all year round.

_ SCARLET GL™ .MALLOW: " wrlet globe. ' w “Fig. 14) which is
al#o khéwn as red falsemallow is usual.. d n dry sites. It is a
low-growing pércunial £« 'b . .¢h grows - ~uu s to 30 cm. tall. At
Nunﬁ, the forb _rows on a « .ly “oam 1 uge sit Scarlet globemallow
1s a.very drought resisr- t rh ¢ et . ° 3 7 1'ty to shed leaves.
. This forb is readily eaten by " i eatock nd ' 2re an area is over-

grazed it will increase in . undance (Johnson and Nichols 1970). The
_chemical.composition and - ._estibility of 5 .a 'Let globemallow 1s
shown_in Appendix A - Table 29.

The high digestibility of scarlet globemallow contributes to
the plants ability to supply the requirements of digestible enerxgy
and digestible protein for livestock. The vitamin A content is high
in early growth which were the only time that it was analyzed. The
magnesium and calcium content faf exceed the requirements, while
phosphorus 1s borderline to being deficient. The extremely high

calcium content, which is over 2% all year round, coupled with 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.
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SUMMARY ANI" "ONCLUSIONS

?7:lis study was undertaken‘fo investigate the nutri;ive value of
the most important forage species grazed by livestock in vérious
areas. of Colorado; The samplés were analyzed for energy, protein,
cellulose, vitamin A, calcium, phosphorus and magnesium. The digesti-
bility coefficients of the plant, protein, energy and celiulose were
also determined by the in vivo nylon bag technique. N

- The plants collected at the Southeastern Colorado Branch Experi-
ment Station are all, except yucca pods, deficilent in phosphorus at
some stage of growth; Blue grama, sideoats grama, sand dropseéd, and
buffalograss are all déficient in digestible protein while sand drop-
seed and buffalograss are deficient in energy at some stage of growth.
Yucca pods are déficient in vitamin A when the pods mature. Sand
d1 pseed becomes deficient in calcium as the plant matures.

A1l plants anal&zed except for needle-and-thread and Junegrass
at the éan Juan Basin Ekperiment Station were deficient in phosphorus
at some stage of growfh. Western wheaGgrass and mutton grass were

- the only two planté which did not have a deficlency in digestible

- protein at some stage of phenology. A calcium, phosphorus- and magnes-
"ium deficiency was noticed in both mountain wuhly and muttén arass.
Magnesium was also deficient in needle-and-thread graés and Arizona
fescue. Calcium was deficient in Kentucky bluegrass and Juﬁegrass.
Western wheatgrass, mountain muhly and needle-and-thread grass were
deficient in digestiﬁle energy at some.stage of phenoiogy.

Plants which were coilected at Manitou Experimental Forest seenm
to Have a protein and a mineral deficiency. All the plants have a

phosphorus deficiency at some stage of growth and all but Nebraska



gedge and western wheatgrass have a calcium deficiency. Magnesiﬁm
was poted to be déficient in / izona fescue, blue grama and western
wheatgrass. VitaminlA and energy were deficient in Ariéona fescue
and mountain muhly; Digestible energy was also deficieﬁt in blﬁe
grama and western wheatgrass. All plants, except for fringed sagé—
. brush which were.collected at Manitou were deficient in protein at
~some stage of growth. Thurbers fescue wﬁich was collected at Black
Hawk was found to be deficient in all nutrients when it matured.
Early in its growth though, it is adequate in protein, energy and.
vitamin A, thle being deficient in the minerals analyzed.

At the Craig collection sité phosphorus and digestible protein
were deficient at some stage of growth in all plants. Rabbitbrush
and antelope bitterbrush are deficient in vitamin A while fringed
sagéﬁrush and rabbitbrush were deficient in digestible energy:

’Phosphonus was again deficient in all samples collected at Nunn,
during some stage of the plant's growth. Magnesium and calcium was
also npted to be deficient in western wheatgrass. Protein was dé—
‘ficient in western wheatgrass, fourwing‘saltbrush, and blue grama.
The.ene;gy cocntent of blue grama and fgurwing saltbrush was also de-
'ficienf'for animals 1n gestation.

In conclusion, 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 folléwed secoﬁdly by a deficiéncy
in digestible protein. To make sure that animals are not subjected'
to these deficiencies, animals should be grazed on séveral species

of plants so that a deficiency in one can be offset by an excess in

another.
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Table 1.

APPENDIXKX

A

Average chemical composition and digestibility of Blue Grgma at various stages of growth,
Range Site in 1970.

Nerted at Sgr'ingf_i_eﬁi_, Colorado on a Clay loam

winter Dormant

]

/ / / /
) Dry - Organic Diges~- Diges~ Vitamin A ) o
Phenological Stage Matter Matter tible tible Digestible in I.U. Magnesium Calcium' Phosphorus Calcil
Grass Diges- Diges- Protein Protein En- _ Ener1,  Cellulose Cellulose -  Per i T in in Phosp! ~us

- tibility tibiliey 2 X Cal/gm Cal/gm b4 - kilogram _Percent Percent Percent: Ratio
“pring Leaf Growth . ) ’ .
1 - 3 Leaves 48 48 9.6 5.6 4650 2579 28.0 11.9 80,030. .060 .38 .15 . 2.5:1

— .
oSpring Leaf Growth :
4 - 5 Leaves 59 60 8.9 5.6 3732 2139 29.0 15,4 =ese-- .052 .43 .16 2.8:1
‘Flowers in Boot 59 73 7.8 5.5 3782 2651 37.3 26,5  o--=-- .096 61 .16" 2.4:1
feeds Fully Out 60 72 4.1 1.7 4819 2977 . 37. 21.5 1 --m-e- .112 Y .17 2.6:1 3
e
‘Sceda Ripening 48 - 72 4.0 ¢ 19 3977 ' 1888 16,1 12.7 - - . 109 .37 729 1.2:1
'I N ) . . . .
- Seeds Being ) S _
Disseninated 44 60 6.0 3.27 4075 2145 38.2 21,2 . mmeene 122 .43 .26 1.6:1
Plaurs Drying 59 59 t7.2 4.81 4050 2433 31.6 8.1 —meee- .066 .41 .27 1.8:1
Flants Dormant 55 56 7.3, 4.6 4195 2213 31.2 17.3 ——— .073 .41 .36 1.8:1
Fail Regrowth 58 50 6.1 2.2 4071 1973 331 17.0 e .066 .43 .21 2,0:1
o 5 S
52 49 5.3 2.0 3716 2019 . 34, 18.8 =em=-- .062 #33 .15 2.1:1



)
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. cAPPENDTITX A : B
Table 2. Average chemical composition -and digestib/ility of Side oats prama at various stu\g'Es of growth, collected at Springfield, Colorado on a Clay Loam .

Kange Site in 1970. ) . )
Dry. - Organic. Diges- _ Diges- - Vitamin A
Phenological Stage’ Matu Matter tible tible - Digestible in I.U. Magresium Calcium Phosphorus Calcium
Grass Diges~— Diges- Protein ~Protein Energy Energy Cellulose Cellulose per in - in in Phosphorusa
tibility tibility b4 % Cal/gm Cal/gm b4 X kilogram. Percent Percent Percent Ratio

=4~ 1 £ Growth 7 } :
T~ 3 ldav 3 -8 56 4.4 2.2 4335 24,1 3.7 wee  mmmees 095 .20 .24 oB4:l

Spriag lLeaf Growth

"4 - 5 Leaves 52 53 7.4 2.6 4216 2301 28.7 15,2 eeeeme 091 40 19 2.0:1
Flowers (n Boot 57 s 4 2.3 4432 2510 34.7 20.2 E— .161 .45 .17 2.5:1
Heads Fully Out 53 53 7.0 3.7 4412 2380 35.2 18.9 . -ee-es .145 47 .18 1.9:1
Flovers at Anthesis . 52 53 4.9 2.4 4765 2552 . 30.2 T15.3 meeeee 114 46 24 1.9:1 &
Seeda Ripening 55 | 62 3.7 1.8 .asso 2538 1.6 13.1 - 112 .38 .20 1.9:1

Seeds Beling

Disseainated 52 56 3.0 L 4661 2150 30.3 15.0 R 142 33 1.8:1
Flants Drying 53 53 - 4.8 1.3 4129 - 2124 28.6 15.9 wres .118 ;47 \ :.15. 3.0:1
Plants Dormant 52 54 4.5 1.5 ;zea _ 2163 33.4 18.0 p— ;lis | S “.24 1.3:1
Fall Regrowth 53 _ 53 . 2.8 1.4 4464 2440 29.7 | 16,1 mmm=es .1122 1- 49 14 4.6:1

Winter Dormant 49 41 2.6 1.2 4830 2054 34.3 15.0 62,700. .107 .22 .15 2,7:1




Table 3.

Range Site in 1970.

APPENDIXK

Average chemical composition and digestibility of Sand dropseed at various stuges of growth, collected at Springfield, Colorado on a Clay Loam

Organic

Dry Diges~ Diges- Vitamin A
Phenological Stage Matter Matter -tible tible Digestible {n I.U. Magnesium Calcium Phosphorus -~ "ipm
Grass Diges- Diges-  Protein Protein Energy Ene |, c""1 Cellulose’ per ) in in . T3
tibiliey tibiliey b4 X Cal/gm Cal/gm 4 )4 kilogram Percent Percent Percent Ratlo
Spring Leaf Growth .
1 - 3 Leaves 47 51 5.4 2.3 4076 2143 28.3 9.2 12,848 .092 .26 .22 6:1
Spring Leaf Growth )
4 -~ 5 Leaves 47 51 6.6 3.9 4362 2612 30.2 9.9 ————— 115 .32 .27 .9:1
Flowers in Boot 50 52 5.9 2.6 4347 2307 30.6 15.5 =me—ee- 125 .38 .39 1.2:1
J : ~
Heads Fully Out 47 47 4.6 2.5 4824 2134 40.0 14.7 ~eeee- .096 .19 .33 61 0
Sceds Ripening 62 52 4.8 2! 4464 2639 30.3 16.2 113 .39 .15 2.5:1
Seeds Being
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 Regrowth 33 31 5.3 2.0 4132 1243 38.3 4.5  ==me-- 079 .19 .26 -7:1
‘Winter Dormant 39 35 3.5 .9 4006 1526 40.6 18.2  ------ .090 .19 .18 1.0:1




Table 4.

Claz Loam Range Site in 1970,

APPENDIX

A

Average chemical composition and digestibility of Buffalo grass at various stages of grdwth, collected at Springfield, Colorado on a

Dry Organic Diges—~ Diges~- Vitamin A )
Phenological Stage Matter Matter tible tible Digescible in I.U. Magnesium Calcium Phosphorus Calcium
Grass Diges- Diges-  Protein Protein Energy Energy Cellulose Cellulose per in An in Phos- us
tibility tibility P4 p4 Cal/gm Cal/gm )4 Z kilogram  Percent Percent Percent RS
Spring leaf Growth
-3 ..ves 43 55 6.5 2.7 4291 1972 27.2 12,6  wemm=-- .050 .30 .15 '
Spring Leaf Growth
& -5 Leaves 45 57 7.1 4.2 4321 2551 28.3 14.2 ememee .063 .35 .18 1.9:1
Flowers in Boot 47 60 6.0 3.0 4523 2211 -27.2 12.2 60,940 071 .38 .21 2.1:1
licads Fully Out 63 63 7.8 4.6 47173 2349 37.9 16.3  ===--- .081 .30 .29 1.0:1 «
™ o
Seeds Ripening 49 34 4.6, 2.0 4522 1615 32.5 12,9 =m-ee- .093 .36 .12 2.9:1
Sceds Beling l
Disscminated 59 46 4.6 2.3 4485 1870 34.2 13,4 mmeme- .087 ._35 .12 2.8:1
Flants DBrying 58 52 5.7 2.2. 4876 2658 33.2 15.0 —————— .091 .30 .14 2.1:1
Plants Dormant 63 64 5.5 2.8 3876 2358 28.8 9.0 ~----- .101 - .45 -30 1.4:1
Fall Regrowth 66 46 S..S 2.7 “ 4274 2206 35.7 11.3  —=-e-- .071 .30 _ .21 1.4:1
Winter Dormant 49 43 6.0 2.6 4114 2663 32.8 2.9,  -To===% .066 .28 .21 1.3:1




APPENDIX

A

Table 5. Average chemical composition aund digestibility of Kochia st various stagesof growth, collected at Springfield, Colorado on a Clay Loam
Range Site in 1971. .
\
Dry Orgaunic Diges- Diges=~ Vitamin A
Phenological Stage Matter Matter tible tible Digestible in I.U. Magnesium Caleium Phosphorus ..
Forbe Dipes~ Clges~ Protein Protein Energy Faec-y Cellulose Cellulose per in in in 1_"
tibility eibiifty 2 4 Cal/gm G = b4 kilogram Percent Percent Percent ™ )
Early weaf Growth 57 85 T14.5 13.5 3265 2972 21.7 18.3 39160 .572 1.08 .16 6 1
Full Leaf Crowrh 57 85 18.0 15.5 3614 3021 21.2 16.8  —=w=- - .870 1.15 .19 . 5.9:1
Flower Stalks
Devaloaning 54 65 19.8 16.9 4016 3303 19.0 16.0 ------ .533 1.08 _.27 3.9:1
Seed Ripening 68 54 17.9 14.3 4025 2314 20.6 17.3 emeee- .379 .94 .03 2.
T T oo
Secd Disseminating 74 69 17.3 13.3 3807 2652 22.8 16.2 17996 L457 .90 .03 - 23.6:1 +
Flants Dry 53 84 16.8 12,2 4336 3693 24.3 18.8  mm=ee- .486 .93 .34 2.9:1
Fali Regrowth 51 71 6.3 10.0 4263 2980 ° 28.6 1.0 =e---- 432 1.55 . .38 3.9:1°
Dry cr Dormant 59 56 12.3 7.9 3597 1908 5808 .278 .93 .03 29.1:1

16.5




APPENDIX A

Table 6. Average chemical composition and digestibilicy of Lambsquarters at various stages of g= *, collected at Springfield, Colorado on & Clay ' am
Range Site inm 1971. '

Dy Organic Diges- : Diges- Vitamin A
Phenolcgical Stage Matter Matter tible tible Digestible in I.U.. Magnesium Calecfum Phospl. Py Tege -
Forbs Diges- Diges- ° Protein Protein Energy Ener;y Cellulose Cellulose per . in in in th= w
rihility tibility 4 X Cal/gm Cal, gm 4 4 kilogram Percent Percent Percent N
Early Leaf Growth 58 90 9.6 8.6 4036 3593 11.9- 10.0 83,600 . 604 1.09 .23 4.3:1
Full lLeaf Growth 54 93 15.1 14.4 4361 4021 o 13.3 . 11.9 . 14,340 .632 1.18 .26 4.4:1
Flower Stalks . oo ) .
2~ ing 76 92 16.3 15.0 4314 4028 17.4 15.8 16,274 «500 .89 - .33 2.7:1
In Bloom 76 81 17.7 - 15.7 4622 3578 16.2 ©11.2 16,060 .496 .98 44 2.2:1
. o
N
Seed Ripening 71 67 18.1 12.7 4511 3121 20.7 12.4 14,124 .188 .76 .16 4.7:1
Sead Disseminating 70 66 17.4 11.8 3886 2513 23.8 ) 14.0 5,786 .497 92 .16 5.4:1
Plants Dry 68 61 © 17,5 11.6 3715 2900 20.5 14.8 =-~--- 465 1.00 .31 3.2:1
Fall Regrowth 53 66 17.2 13.4 3621 2138 22.3 14,2 2,134 .439 - .86 © .20 4,1:1

Dry »r Dormant 57 62 12.3 8.2 3421 2033 24.2 13.9 ————-- 391 1,02 . .10 10.0:1




APPENDIX A

Table 7. Averag cnemical composition and digestibility of Yuccs pods at various stages of growth, collected at Springfield, Colorado on a Clay loam
Range Site in 1971. ' :
Dry Organic Diges~- Diges- Vitamin A -

Phenological Stage Matter Matter tible tible Digestible in I.U. Magnesium Calcium Phosphorus C

Yucca Pods Diges- Diges- Protein Protein Energy Encrry Cellulose Cellulose per in in in a us

—_ _tibiliey tibility 4 4 Cal/gm Calizm 2 1 kilogram _ Percent Percent Percent __
Te-ploon 83 96 9.0 8.7 4321 4171 26.0 25.0 7700 132 42 W31 1.3:1
Bloom 15 88 11.0 9.85 4586 4095 27.3 23.8 1606 .123 W43 .32 1.3:1
Green Pods 60 65 10.2 = .7.3 4573 3036 29.2 17.4 616 .128 Y= .33 1.6:1
Seeds "Disseminating 55 59 9.0 5.4 4558 2592 32.7 15.4 330 .255 1.02 1.17 .9:1

- €8



Table 8. A- 3 u

ATPENDIX

. sicion and digestibilicty of Western wheatgrass - vailous stages of growth, collected at Hesperus, Colorado on a
Brushy loam Range Site in 1971. ‘
Dry Organic ‘Diges- Diges~ Vitamin . B
Phenological Stage Matter Matter tible tible Digestible in I.U. Magnesium Calcium Phosphorus Ca..
Grass Diges- Diges~ Protein Protein Energy -Enexgy Cellulose Cellulose per in in in Pt
tibility - tibiliey 4 b4 Cal/gm Cal’ 2 4 ' ' x_un _Percent Percent Percent L. o
i 31! . .
-=%1 wves 85 73 6.9 S.4 4236 3173 3.5 21.4 56760 .063 .25 .07 3.4:1
Spring lLeaf Growth
4 - 5 Leaves 82 83 10.5 8.9 4124 3412 26.8 21.0 emeeee 074 .24 .08 2.8:1
F1 .+ -3 in Boot 69 78 13.3 - 11.51 4580 3478 J1.8 23.6 57640 .060 .29 .12 2,2:1
Flowers at Anthesis 69 66 9.1 7.0 4290 2838 30.9 19.6 25960 .087 .30 W12 ?
Seeds Ripening 66 70 8.0 6.3 4313 3187 26.6 17.5 = mmeee- .093 .36 16 2.2:1
Sceds Being
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 35.5 24.1 3542 .090 .32 .}9 1.6:1
.Plants Dorwant 44 1_48 6.3 2.4 4131 1783 35.2 10.7 . meeme- .082 WAl .09 4.3:1
- Tall Regrowth 58 - 60 5.3 2.8 4207 2173 32.0 ) T T .078 .38 .08 4.7:1
Wintexr Dormant 66 69 3.1 2.5 4370 2219 39.2 21,9 memeeee 077 .24 “.09 2,31

78



APPENDIX A

Table 9. Average chemical composition and digestibility of Arizona fescue

at various stages of growth, collected at Hesperus, Colorado on a
Ponderosa Pine-Grazable Woodland Range Site in 1971. ’

Dry Organie Diges- Diges- Vitamin A
Phenological Stage Matter Matter tible tible Digestible in 1.U. Magnesium Calcium Phosphorua Calcium
Grass Diges- Diges-  Protein Protein Energy Energy Cellulose Cellulose per in in in Phosphorus
tibiliey eibiliey b4 . Cal/gm Cai/gs z z kilo~ram __ Percent Percent Percent Ratio
Spring Leaf Growth . ) 1:
1 = 3 Leaves 14 67 8.1 6.1 . 4547 3046 20.1 11.5. 51480 .038 710 .09 1.1:1
Sprlng Leaf Growth ) .
4 -~ 5 Leaves 61 65 10.5 8.9 3846 2455 24.9 12.8 ———— .063 .16 .14 1.1:1
Flowers in Boot 68 70_ 10.3 8.5 = 4205 2923 37.7 27.5 = emme—- .085 .21 .2_6 .82:1
. . .88:1
Flowers at Anthesis 58 65 10.0 6.3 39131 2303 35.0 23.8 46640 .059 .29 .33
1.1:1 8:
.2 .20 a3
Seeds Ripening 52 54 6.9 4.4 4400 2479 42.9 26.8 44880 .057 3 .
Sceds Being : o 22 .19 1.2:1
Disseminated 66 65 7.5 4.6 4063 2576 40.5 23.7 — -067 . _
' ' —— .26 .18 1.3:1
Flants Drying 50 54 6.5 3.9 4404 2334 44.1 28.3 -065 _
' ' .24 1.3:1
Plants Dormant 46 51 6.5 2.8 4207 2173 32.0 18.5 69960 .074 -31
: ' . . .13 1.9:1
Fall Regrowth 53 .52 6.0 3.1 4336 2313 40.6 27.5 10912 .080 24

| - ' . Y 1.8:1
Winter Dormany 65 67 5.9 4. 3948 2632 41.4 30.1 - ,043 13 _




APPENDIX A

Table A " 7 1l composition and digestibility of Mountain muhly at various siages of growth, collected at Hesperus, Colorado on a
Ponderosa Pine-Graznble Woodland Range Site in 1971. ’ o
_ Dry Organic Diges- Diges- - Vitamin A
Phenological Stage Matter Matter tible : tible Digestible  in I.U. Magnesium Calcium Phosphorus C-1~¢:
Grass - Diges- Diges- Protela Protein Energy Energy Cellulese Cellulose per in “in in 'h »n
tibilicy ceibflicy 4 % Cal/gm Cal/gm _Z . )4 kilogram Percent Percent Percent ! _
Spring Leaf Growth .
1 - 3 Leaves 45 74 3.0 1.58 4112 2984 31.7 22,9  mmeee- . .078 231 W12 2.4:1
Flowers in Boot 70 59 8.3 4.2 4327 2663 33.0 19.4 14454 - .083 .25 .14 1.7:1
Flowers at Anthesis 57 57 6.3 3.3 4416 2590 40.3 y 22.8 62700 086 .26 .17 1.5:1
Sceds Being
Disseminated 39 43 6.6 2.9 4313 1750 35.6 8.6 ammae= .070 .27 .17 1.6:1
o
[=)]
Plants Drying 61 38 4.0 2.8 4237 1648 - 34.2 7.8 emmee- .088 .32 .13 2.3:1
Fall Regrowth 46 34 6.9 2.8 4377 1318 - 41.8 12.0 ————— 047 .18 .11 1.6:1
Winter Dormant “9 48 2.9 1.4 4240 1434 45.3 27.8 s CW03 1l .07 1.4:1




Table 11.
Brushy-Loam Range Site in 1971.

APPENDIX

A -

Average chemical composition and digestibilfty of Kentucky blucgrass at various stages of growth, collected at Hesperus, Colorado on a

: Dry Organic Diges~- Diges~- Vitamin A
Phenological Stage Matter Matter tible tible Digestible in T.U. Magnesium Calcium Phosphorus Caleium
Grass Diges- Diges-  Protein Protein Energy Fnergy Cellulose Cellulose per . in in in | us
tibility cibiliey Z Z Cal/gm Cal/gm % 2 _kilogram Percent Percent Percent Rario
Spring Leaf Growth .
1 - 3 Leaves 87 84 9.3 1.7 4036 3396 26.9 22,0  =me—e- L35 .26 .07 3.4:1
Spring Leaf Growth ~ . : '
4 =5 Leaves 79 82 8.0 6.7 6174 3438 23.3 18.8 8228 .108 .21 .06 3.2:1
Flowera in.Boot 83 88 14.4 13.7 4258 3745 25.4 21.8 ~mmmm- +159 &2 .28 1.5:1
Flowers at Anthesis 72 - 77 12.3 11.0 4338 3369 27.1 21.5 20548 .112 .22 .25 ’.91:11
. z o]
N <
Seeds Ripening 80 79 12.4 10.1 4421 3560 5.5 FIN 075 .18 .05 3431
Seeds Deing
Disseminated 64 67 8.0 5.7 4154 2822 38.7 27.9 4818 .085 A7 .09 1.9:1
Plants Dormant 55 59 6.5 3.6 3930 2281 37.8 23,7 mmmee- .070 28~ .17 _ 1.6:1
Fall Regrowth 55 59 8.8 5.9 3870 2225 32.5 18.3 54560 .102 .20 .30 .66:1
3.2 4505 2745 67.7 32,1 emmee- .081 .32 12 2.5:1

Winter Dormant 58 60

5.2




APPENDIX A

Table 12. Average chemical composition and digestibility of Needle=and-thread at various stages of growth, collected at Hesperus, cé.lorado on a
3 Brushy~Loam Range Site in -1971. : :

.

Dry Organic Diges- Diges~ Vitamln A
Phenological Stage Matter Matter tible tible Digestible. in I.U. Magnesiuvm Calcium Phosphorus Calcium
Grass Diges~ Diges-  Protein Protein Energy Energy Cellulose Cellulose per in in in pr .
tibility tibility 4 b4 Cal/gm Cal/gm b4 X _kilogram Percent ‘Percent Percent Rat ¢
Spring Leaf Growth : :
4 = 5 lLeaves 74 67 10.3 7.0 4136 2814 26.6 17.2 . 25960 L078 26 . .25 11
Flowers in Boot 73 76 10.6 8.0 4736 3562 28.2 22.2° 38720 .055 .39 .36 1.1l:'1
Flowers at Anthesis 66 71 12.1 9.1 3984 2775 37.1 28,8  memee- 054 .26 .18 1..6:1
Seeds Ripening 56 59 6.9 3.9 4210 2535 42.0 30,1 @ =me=m- 095 .25 .19 1.2:1
Seeds Being <
Disseminated 74 73 7.6 3.4 4021 2871 1.3 23.3 22440 .083 .26 .17 1.4:1
Plants Drying 55 59 7.0 4.7 4133 2394 41.7 28.3 31460 .073 .28 L.18 1.7:1
Plants Dormant 46 55 5.4 2.0 3984 2234 41.9 22,4 mmemee .063 32 ' .18 1.7:1
Fall Regrowth 65 73 8.0 4.0 4210 3043 36.2 28.5. 32120 .076 . 27 .22 1.2:1
Winter Dormant 46 61 1.1 3850 35.9 20.8 S .049 .36 .23 1.4:1

3.8

1974

—

88




APPENDIX A

Table 13. .verage chemical composition and digestibility of Mutton Grass at variéus stages (Ef growth.'colleoted at Hesperus, Colorado on &
Brushy loam Range Site in 1971.

Dry Organic Diges~ Diges- ] . Vitamin A
Phenological Stage  Matter  Matter tible : tible ° pigestible in I.U.  Magnesium Calcium Phosphorus Calclum
Grass Diges- Diges- Protein Protein Energy Energy Cellulose Cellulose per in in. in Phosphorus
tibility cetibility 4 z Cal/gm Cal/gm b4 R kilogram Percent  Percent Percent . Ratio
Spring Leaf Growth . . .
1 - 3 Leaves . 69 77 6.3 4.8 4283 3244 31.6 26,7 eem=—= .075 .19 07 2.9:1
Flowers in Boot 70 ’ 80 6.8 5.4 4416 3485 31.7 25.0 e=m=e- .06 .33 W12 ©2.8:1
Heads Fully Out 51 75 10.4 8.8 4370 3267 35.8 27,9 mmeee- .056 .19 .23 .83:1
Flowers at Antheais 86 75 7.5 6.0 4294 3239 33.9 25.3 25740 ,063 .21 .18 1.1:1
‘ _ e : ~ w
Seeds Ripening 52 70 7.6 5.9 4122 2812 35.5 . 24,3 ————— .072 .19 .21 ©o.68:1 o
Seeds Being . )
Disseminated 39 64 8.0 5.9 4328 2848 36.1 25.0 = =~mee- 049 .13 .21 .62:1
Plants Drying 38 66 7.3 5.6 4661 3170 33.9 22,0 J_'—--- 059 .16 17 .94:1

Fall Regrowth w67 9.9 7.8 74350 2993 135.0 25.4 12540 .043 .12 .12 .99:1




APPENDIX A

Table l4. Average chemical composition and digestibility of Junegrags at. various at-ag 3 of growth, collected at 'HesgAerus, Colorado on a Brushy Loam
Range Site in 1971. ' : :
Dry Qrganic © Diges= Digea- Vitamir. :
Phenological Stage Matter Matter . tible tible Digestible in I.U. Magnesium Calcium Phosphorus Calcium
Grass . Diges= Diges-  Protein Protein Energy Energy Cellulose Cellulose per in in in Ph- [ iorus
tibility tibility 4 4 Cal/gm Cal/gm 4 L kilogram Percent Percent Percent Ty
Spring Leaf Growth . ‘ ) ' .
1 - 3 Leaves 59 79 9.6 7.6 3911 3037 30.1 23.3 e - .083 .31 .20 1.5:1
Flowers in Boot Y/ 83 8.3 6.9 4002 3273 38.6 32.9 sseme- .082 .35 .17 2:1
Heads Fully Out 58 85 . 7.0 5.9 4009 3390 39.7 b e . .088 .29 .17 1.6:1
Flowers at Anthesis 63 73 8.3 6.5 4052 2950 3.4 24.8 8030 .060 .13 .19 7231
Sceds Ripening 58 73 6.8 5.1 4350 3210 313.3 24.6 10274 111 .28 .29 1:1 !
~
Seeds Being :
Disseminated 4l 59 5.5 3.2 4116 2617 43.4 28.9 —————— .065 .18 .18 1:1
Plants Drying 47 57 5.0 2.7 4020 2309 45.5 30.8 R .061 .17 .100 1.7:1
Fall Regrowth 65 . 67 4.6 -3.9 4545 3730 34.5 28.7 29920 .107 - .29 .20 1.4:1




Table 15.

Brushy "Loam Range Site in 1971.

APPENDIX

A

Average chemical composition and digeseibility of Squirreltail Grass at varicus-stages of growth, collected at Hesperus, Colorado on a.

‘ Dry Organdc Diges- Diges- -Vitamin A ] .
Phenological Stage Matter Matter tible tible Digestible in I.U. Magnesium Calcium Phosphorus Calcium
Grass Diges- Diges~ Protein Protein Energy Energy Cellulose Cellulose per in in in Phosphorus
tibilicy tibiliry Z b4 Cal/gm Cal/gm 4 Z kilogram  Percent Percent Percent Ratio
Spring Leaf Growth . .
1l - 3 Leaves 75 76 8.5 7.2 4009 3033 30.8 22.1 29700. .079 .21 .18 1.1:1
Spring Leaf Growth :
6 - 5 Leaves 77 79 11.0 9.0 4903 3209 30.3 23.9 ————— .081 22 .19 1.1:1
Flowers in Boot 44 76 9.9 8.2 4137 3143 30.6 24.2 44880 .063 .26 .20 .81
Flowers at Anthesis 41 68 7.7 5.7 4136 2874 39.6 28.8 a———— .078 .26 .28 9:1
- \D
; B
Seeds Ripening 53 67 . 5.8 3.9 4431 3001 32.7 23.2 20064 .0%0 .31 .21 1.4:1
Seeds Being b 1.5:1
Disseminated 63 67 5.7 3.7 4126 2716 39.4 28,0 -mmees 061 .24 .17 =
Plants Drying 49 61 6.0 4.2 4085 2522 44.0 30.3  em=-e- .072 .29 «15 1.9:1
Fall Regrowth 69 80 5.3 4.2 4021 3153 33.4 25.5 14784. .099 40 .16 2,431




APPENDIX A

Table 16. Average chemlical composition. and digestibility of Arizona fescue at various stages of growth, collected at Manitou, Colorado on a Sandy
Clay Loam Range Site in 1971 . -

Dry 'Otganié Diges- Diges= : Vitamin A
.Phenologlcal Stage Matter Matter tible tible . Digestible in I.U. Magnesium Calcium Phosphorus Calcium
Grass Diges- Diges- Protein Protein Energy Energy Cellulose Cellulose per in in in Phosphorus
tibility tibility T — Cal/gm Cal/gm 2 4 kilogram Percent Percent Percent Ratio
Spring Leaf Growth . . ; }
1 - 3 Leaves 71 63 ; 9.2 6.9 3478 2052 35.1 21.9 78320 .037 .14, -k 1.1:1
Spring Leaf Growth S .
4 - 5 Leaves 73 70 10.9 6.2 3945 2786 32.2 22.3 36200 .041 A5 Jd2 0 T 1.2q1
Flowera in Boot 46 C 43 12.9 3.7 4245 1869 29.5 19.5 20878 .070 .26 .31 .81..:1
Heads Fully Out 64 58 11.0 5.3 4321 2554 36.8 19.6 17666 .080 .27 .32 L8431
. - Ve
Flowers at Anthesis 60 56 9.4 3.9 4526 2494 35.2 19.2 58740 .060 .20 13 L4y .
Seeds Rlpehing‘ 75 69 6.1 4.6 3736 2464 36.4 25.7 32120 .063 .23 .11 2:1
Seeds Being : . .
Disseminated 51 47 5.5 2.5 4150 1842 34.0 19.4 0 meme—- .057 24 .09 2.6:1
Plants Drying . 46 46 5.4 2.3 4103 173 36.2 12.8  ==mmee .053 .23 .09 2.5:1
Plants Dormant 52 47 5.4 2.3 4095 1823 37.3 13.8 1936 . .058 : .23 ..12 1.9:1
Fall Reg.rowth 51 48 4.6 1.5 3914 1638 42.3 23.9 ) 748 .052 .17 .11 1.5:1
Winter Dormant kT I 41 2.4 1.0 3926 1514 51.4 19.3 ————— .035 .15 .11 1.3:1




APPENDIX A

Table 17. Average chemical composition and digestibility of Fringed Sagebrush at various stages : growth, collected at Manitou, Colorado on a Sandy
Clay Loam Range Site in 1971.

Dry Organic 'Diges- Diges- Vitamin A
Phenological Stage Matter Matter tible tible Digestible in I.U. Magnesium Calcium Phosphorus Calcium
Grass Do - Diges- Protein Protein E... - e @Yt na Cellulose per in in in Phosphorus
Lovasavy tibility b4 3 Cal/gm Cal/gm 4 2 kilogram  Percent Percent Percent Ratio
Flower Buds ) . )
Swelled 62 61 - 13.8 9.5 3876 2315 20.3 15.1 65120 079 .36 .10 3.5:1
In Full Bloom . 81 76 . 12.4 10.7 4045 3011 27.6 17;8 11848 .Oéh 49 .11 4.3:1
Fruit Formed 77 70 16.2 13.6 4145 2965 22.6 15.8 12518 .089 .51 .11 ) 4.4:)
Fruit Ripe 61 C6d. 16.6 11.¢ 4473 2865 20.9 13.6 10032 . .173 .30 W12 o 2.3: ©
Fruit Dropped 61 54 15.3. 9.21 4446 2733 29.2 15.1 3212 .150 .30 .12 2,421
In Full Leaf 62 57 12.1 6.3 4321 2516 30.2 13.3 eeeme- - .123 .31 .15 2:1
Leaves Dropping 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 49 .4 15.0 4B080 .099 .25 .12 1.9:1

Fall Regrowth. 68 61 B.3 - 4.6 4465 27 30.6 19.0 11242 .094 .23 11 2.0:1




APPENDIX A

Table 18. Average chemical composition and digestibility of Blue Grama at

various stages [ growth, collected at Manitou, Colorado on a Sandy Clay
Loam Range Site in 1972. .

Dry Organic Diges- Diges- . Vitamin A

Phenclogical Stage Matter Matter tible tible Digestible in I.U. Magnesium Calciuvm Phosphorus Calcium
Grass : Diges- Diges- Protein Protein Ener-—- Energy Cellulose Cellulose per in in in Phosphorus

tibilicy eibiliey % z Calsr ") o H b4 kilogram Percent Percent Percent Ratio
Spring Leaf Growth : ‘
1 - 3 Leaves 64 61 7.7 4.9 3893 2027 33.2 23.9 4806 .06 .25 .23 1.0:1
Flowere in Boot . 68 64 8.8 5.7 4099 2627 31.3 ©20.9 4045 .07 .31 .17 1,7:1
Heads Fully Out 74 68 - 8.6 6.7 4154 2930 33.3 23.6 4840 .08 .20 .15 1.3:1
Flowers at Anthesis 66 65 7.3 4.7 4010 2593 33.9 22.8 .08’ .2 -16 1.3:1
Seeds Being ) ‘4‘_3
Disseuninated 61 57 5.6 2.8 3868 2165 3.3 18.8 ===--= .08 .20 .13 1.4:1
Plaats Drying . 47 46 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 Regrowth 49 49 ° "10.8 8.11 3884 1922 39.6 20.4 memme- .05 .20 .12 1.6:1

-Winter Dormant 33 37 2.6 1.1 4322 1865 40.9 13.5  —--=-- .03 .14 A1 1.2:1




APPENDIX A

Table 19. Average chemical composition and digestibility of Mountain Muhly
Loam Range Site in 1971,

at varlous stages of growth,collected at Manf{tou, Colorado on a Sandv Clay

Dry Organic Diges~ o Diges- Vitamin A e o
Phenological Stage Matter Matter tible tible Digestible in I.U. Magnesium Calcium Phosphorus Calcium
Grass Diges- Diges-  Protein Protein Energy [Cnergy Cellulose Cellulose per in in in Phosphorus
tibility tibiliey Z 4 Cal/gm Callgm Z Z kilogram  Percent Percent Percent Rat io
Spring Leaf Growth '
1 - 3 Leaves 73 70 9.9 6.5 3973 2830 31.3 21.8 ——- .068 .31 .26 1.1:1
Spring Leaf Growth
4= 5 Leaves 68 64 10.1 5.9 4063 2570 3.1 23,4 memme 056 .29 .10 2.7:1
Heads Fully Out 59 54 10.1 6.3 4166 2237 35.2 20.5 5456 .081 .18 .16 1,12:1
Flowers at Anthes{s 57 56 6.5 3.4 420] 2292 35.8 20.6 ——e——- .078 .28 .14 1.89:1 s
- (%)
Seeds Ripening 51 52 4.3 1.7 4053 1984 33.6 14,8 2 sememe .062 .20 .15 1.33:1
Seeds Being .
Disseminuted 47 43 4.6 1.1 - 4079 1561 32.6 6.5 57200 .07 .28 .10 2.8:1
Plants Drying 47 46 4.0 .8 4117 1677 33.6 1.6 -=---- .066 23 .14 1.6:1
Plants Dormant 62 38 3.8 1.3 4023 1050 32.5 8.2 5346 .060 .35 .12 2,7:1
Fall Regrowth .33 34 3.5 1.2 4165 1424 30.2 1.2 meeee- .040 .25 .10 2.5:1
Hintler 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 of Nebraska Sedge at various stages of growth, collected at Manitou, Colorado on a Sandy

Clay Loam Range Site in 1971. - ;

Dry .Organic Diges- Diges- Vitamin A ' ’ -
Phenclogical Stage Matter Matter tible tible Digestible in I.U. Magnesium Calcium Phosphorus Calecium
Graas Diges-— Diges- Protein Protein Energy Energy Cellulose Cellulose per in in in Phosphorus

- tibility tibiliey -2 3 Cal/gm  Cal/gm 2 2 kilogram Percent Percent Percent Ratio
Spring Leaf Growth .
4 -~ 5 Leaves 90 82 14.7 13.3 3473 2767 27.5 22.0 10200 .085 .35 .22 1.6:1
Flowers in Boot 88 83 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 26,3 e-eee- .088 30 .26 1.1:1
Flowers at Anthesis 75 73 11.3 8.8 4273 31l 28.0 19.7 60280 .097 .25 .12 2.0:)
NS i 7
Seeds Ripening 85 81 12.0 10.8 4309 3563 28.3 22.0 77660 .090 40 .20 1.9:1 g
Secds Befng
Disseninated 81 69 9.6 7.2 4321 3030 28.3 17.8 92840 .106 .28 .12 2.,2)
Plants Drying 78 C 66 6.7 4.3 4465 3059 26.7 19.0 21406 .153 .65 .15 4.2:1
Plants Dormant 66 72 5.5 2.2 4173 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 ..114 2.8:1
Winter Dormant 50 40 8.3 2.6 3769 1021 40.8 20.8 1430 054 .29 .15 C1.9:1




Clay iwoam Range Site in 1971,
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akle 21.  Average chemical composition and digestibility of Western Wheatgrass at varlous stages of growth, collected at Manitou, Colorado on a Sandy

Dry Organic Diges~ Niges~ Vitanmin A
Phenolagicai Staye Matter Master tible tidle Digestible in 1.U. Magnesium Calcium Phosphorus Calcfum
Crass Diges- Digus-  Protein Protein Encrgy tneryy  Cellulose Cellulose per in in in Miosphorus
_ tibiliry tibiliey A X Cal/gm  Cul/gm YA p3 kllogram Percent Percent  Percent Ratlo
Spriny Leaf Growth
1= 3 enves 84 85 15.1 11.5 4053 3218 22.3 16.2 30580 .071 .24 .18 1.2:1
Spring Leaf Growth
4 - 5 lLeaves 87 88 16.7 16.5 4273 3777 25.4 21.8 13376 .091 .36 .28 1.3:1
Flewers fn Baut az 87 16.2 5.0 4281 37172 27.6 23.9 25740 .093 .37 .28 1.3:1
ilexgy fullv Out 68 68 1:.C 9.1 4351 2940 30.9 19.9 21406 071 .20 .20 1.2:1
PR O
- ~
Flowers at Anchesis 63 66 11.3 7.7 4316 2651 30.3 18.7 L1463 .27 .21 1.2:)
Secas Ripening 59 61 8.3 [ ] 4512 2591 31.3 15.2 42680 .134 .25 .16 1.551
Flants Drving 60 60 6.8 3.6 4730 2827 32.8 18.3 ---=== .099 .28 .18 1.5:]
Plunts Darment 59 61 5.7 2.3 4523 2745 26.9 12.3 16060 L1111 .27 .13 2.1:
Fall Rey 57 66 7.0 4.9 4456 2877 34.2 2.8 --—m-- .089 G .19 2.3:]
Wititer iecnmang hh 47 3.9 1.6 3934 1728 42.7 25.0 meee—- .055 .24 .17 1.4:1




Table 22. Average chemical composition and digestibility ¢f Thurber Feszue at various stages of growth, collected at BlackHavk, Cclorado on a

Mountain Loam Range Site in 1971.

APPENDTIX
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Dry Organic Uiges - Diges- ~ Vitanmin A
Phenological Stage HMatter Matter tible tible Digestible in I.U. Magnesium Calcium Phosphorus Cajcium
Grass Diges=- Diges- Protein Protein Energy Energy Ccllulose Cellulose per in in in Phosphorus

tibilley «tibility % X Cal/gw Cal/gm X )4 kilogram  Percent Percent Percent Rat lo
Sprang Leaf Growth
1 - 3 Leaves 89 83 17.1 14.3 446] 3750 31.8 26.8 20064. .053 .22 .16 1.3:1
Spring Leaf Growth
4 -5 Leaves 83 79 12.0 10.2 4493 3607 30.7 24.8 37400. .059 .24 .16 1.4:1
Heads Fully Out 78 75 11.3 8.7 4532 3430 31.8 23.7 48180. .059 .22 .37 5.9:1
Flowers at Anthenis 70 58 6.5 3.0 4062 2856 32.3 18.5 60940. .072 .33 .12 2.9:1
Seeds Ripening 73 61 5.6 3.9 4698 3033 34.2 21.3 64240. .080 .32 13 2.4:1
Plants Drying 73 63 5.8 3.9 4321 2662 3.8 22.1 40260. .047 .11 12 1.4:1
Plants Normant 45 49 4.0 1.8 4250 2112 37.3 17.3 12848. .046 .17 .09 1.9:1
Winter Dormant 31 35 2.3 1.0 4171 1301 42.7 18.6 m----- .036 .12 .09 .85:1
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Tovie 23. Average chemical composition and digestibility of Fringed Scpebrush at various stages of growth, collected at Craig, Colorado on a Sandy
Siopes Range Site in 1971,

Dry Organic Diges- Diges- Vitanin A
Fiiennlogical Stage Matter Matrer tible tible Digeatible ian I.U. Magnesium Calclum Thosphorus Calelum
Grass Diges=- Diges-  Protein [rotein Energy . Encrzy Cellulose Cellulose per in in in Phosphortus
tibildiey rcibilicy % 4 Cal/gm Cal/zm Z b4 kilogram Percent Percent Percent Ratio
In Full Blcom 45 44 6.0 2.59 4114 1400 36.1 15.4 ~meeee 24 .361 .09% 3.8:]
Frult Formed S 55 10.5 4.81 4647 2366 31.0 15.1  e-~-=- .102 L1392 .126 1.7:1
Fruit Ripe 50 54 5.0 2.10 4140 2103 32.3 16.6  —---== .091 W451 .164 2.7:1
In Full Leaf 61 57 4.1 2.51 4199 23R4 32.3 16.2 —----- .100 A .203 1.9:1]
i)
\¥o)
Leaves Dropping 43 47 6.7 3.23 4240 1724 38.3 21.8  ------ .0%96 L4331 .190 2.2:1

Dormant 49 45 6.0 2.23 4362 2069 49.4 25.0 32120. .099 .255 .088 2.8:)




APPENDTIX A

Table 2¢. Average chemical composftion and digestibility of Rabbitbrush at various stages of growth, collected at Craig, Colorado on a Sandy
Slopes Range Site in 1971.

Dry Organic Diges- Diges- Vitamin A
Phenclogical Stage Matter Matter tible tible Digestible {n I.U. Magnes{um Calcium Thosphorus Calclium
Grass Diges- Diges- Protein Protein Eunergy Fnergy Cellulose Cellulose per in in in Phosphorus
tibiliety cibiliey % % Cal/gm  Cal/xm 4 x kilogram Percent Percent Percent Ratlie
Fiower buds
Sweiled 83 78 12.7 11.5 4598 3690 20.7 12.5 528. 123 .80 .35 2.2:1
In Full slvom 71 67 9.5 7.8 4730 3426 20.7 1.6  =-e=-- .200 1.14 .10 10.9:1
Frult Forred 67 72 10.18 8.5 4730 3541 23.7 14.5 2244, .181 1.53 .18 8.3:1
rruit Ripe 64 70 8.9 7.4 4849 3314 25.6 16.6 —=e--- .218 1.36 .13 10. @1 —
— [ ]
o
Fruit Dropped 62 60 9.0 5.5 L16Y 2411 26.3 17,3 ==me-- .172 .82 .21 3.8:1
Leaf Buds
Swelled 51 54 8.9 4.9 3662 2793 33.8 11.8 13486. 1.86 1.29 .10 12.2:1
In Full lLeaf 53 54 5.6 3.8 3665 1518 37.5 17.4 20240 .083 .88 .13 6.5:1
Leaves Dropping 56 63 6.9 5.0 3645 2161 30.6 18,6 -~=-=- .160 1.14 .15 7.2:1

Dormant 59 60 6.0 4.8 3422 1793 42.3 29.0  ememe- .107 1.04 .10 10.0:1




APPENDIX A

Table 25. Average chemical composjition and digestibility of Antelope Bitterbrush at various stages of growth, collected at Craig, Colorado on a
Sandy Slope Range Site in 1971.
Dry Organic Diges- Diges- Vitamin A '
Fhenological Stage Matter Matter . tible tible Digestible in 1.U. Magnesium Calcium Phosphorus Calcium
Grass Diges— Digeg- Protein Protein Energy Energy Cellulose Cellulose per in in in Phosphorus
tibility eibiliey. X X Cal/pm Col/gm 4 X kilogram Percent Percent Percent Ratio
Flower Buds
Swelled 65 63 8.4 6.3 3576 2160 21.1 10.0 7700. .100 -89 .23 3.7:1
In Full Bloom 65 68 6.9 5.2 4626 3022 22.0 11.0 12122. . 100 .90 24 3,71
Fruit Ripe 91 84 4.5 3.4 4785 3947 19.9 16.7  m==-- .101 .92 .26 3.431
Frult Dropped 65 65 5.3 3.8 4821 3090 20.0 10.8  ~-=--- .159 .96 .10 9.1:) S
- =
In Full Leaf L8 49 7.1 4.9 4943 2577 36.5 14.C 704 .066 W4l .13 3.1:1
Leaves Dropping 43 49 8.9 5.9 4893 2455 33.2 15.3 | mmm—— L1358~ .99 .17 5.5:1
Dormant 46 49 .8.1 6.0 4135 2425 36,3 21.3 8030. ,094 .52 .19 3.8:1

Fall Regrowth 51 53 8.5 6.5 3719 1920 35.7 19.5  =——--- .108 .71 .22 3,101




APPENDILX A

Table 26. Average chemical composition and digestibility of Western Wheatgrass at various stages of growth, collected at Nunn, Colorado on a Sandy
Loam Range Site in 1971.

Dry Orgunlc Dipges- DLEE;— Vitamin A

Phenological Stage Matter Matrer tible tible Digestible in T.U. Magnesium Calcium Phosphorus Calclut
Crass Diges- Diges- Protein Protein Fnergy Encrgy  Cellulose Cellulose per in in in Phosphorus
tibtliey tibfldiry p4 4 Cal/gm Cailpgm Z Z kilogram Percent Percent Percent Ratio
Spring leaf Growth
1 - 3 Leaves 68 64 8.4 5.9 4055 2675 35.1 22,6 125,180 .083 .20 .10 1.9:1
Spring Luaf Growtin
4 - 5 Leaves 78 72 10.2 7.1 3943 2776 30.4 19.1 39,600 .0B9 .21 .11 ©1.8:1
Heads Fully Out 74 71 9.3 7.4 4037 2801 8.6 20.0 - .090 .22 11 1.9:1
flowers at Anthesis 76 65 6.6 4.2 4185 26134 3J0.5 “17.2 0 e-e=e- .093 .26 .13 1.9:1
: =
— — -— o
N
Heads Nelng
Disscainated 47 49 6.8 4.0 3996 1564 32.6 14,5 —emee .061 21 .15 1.3:1
Plants Dormant ‘ 55 59 7.5 2.8 4017 2264 30.2 16.4 ~-mee= .076 .32 .19 1.6:1
Fall Regrowth 50 55 5.4 4.3 4287 2368 31.2 17.7 —=ee-- L0641 .20 .13 l.6:1

Winter Dormant 46 48 5.2 1.8 4133 1991 31.3 6.6 mmmee= .069 .24 A4 1.7:1
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Table 27. Average chemical composition and digestibility of Fourving Saltbrush at various stages of growth, collected at Nunn, Colorado on a Sandy
Loam Range Site in 1971,
Dry Organic Diges- Diges=~ Vitamin A
Phenological Stage Matter Matter tible tible Digestible in 1.U. Magnesium Calcium Phosphorus Calcium
Grass Diges-~ Diges~ Protein Protein Energy Energy Cellulose Cellulose per in in in Phosphorus
tibility wibiliey b4 X Cal/gm Cal/gm - 4 kilogram Percent Percent Percent Ratio
Flower Buds
Swelled 66 71 15.2 11.2 4016 2877 22. 12.8 19,272 L4601 A9 .16 4,2:)
Fruit Formed 81 77 10.3 7.8 4137 3191 22. 15.0 eme—e- .521 .89 .17 S5.1:1
fruit Ripe 66 61 9.0 7.0 4126 2546 21 8.9 = ==---- .532 .08 .19 5.6:1
Leaf Buds =
Swelled 50 a5 7.6 2.4 4016 2452 33. 9.3 .194 .56 .07 7.6:1 ©
w
In Full Leaf 53 62 7.3 5.9 4123 2386 36. 21,1 ewmeee 367 .79 .22 3.5:1
In Fall Colow 58 60 5.8 3.1 4381 2734 38. 20.7 me—e-- .400 .91 .13 6.7:1
Dormant 41 40 5.2 1.6 4163 1879 36. 12,6 mmm—e- .192 .72 .06 11.2:1
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Table 28. Average chemical cowposition and digestibility of Blue Grama at varlous stages of growth, collected at Nunn, Colorado on a Sandy Loam Range
Site in 1971.

Dry Organie Diges- Dipes- Vitamin A
Phenological Stage Matter Matter tible tible Digestible in 1.U. Magnesium Calcium Phosphorus Calciuom
Grass Diges~ Diges~- Protein rProteln Energy Encrgy Cellulose Cellulose per in in in Phogphorus
tibility tibility % 4 Cal/gm Cal/gm x X kilogram Percent Percent Percent Rat lo
Spring Leaf Growth
1 - 3 lLegves 65 62 4.5 2.9 3927 2299 33.5 22.1 8,030 .078 .37 .09 4.0:1
Spring Leaf Growth
4 - 5 Leaves 80 73 8.3 5.6 4130 2895 27.2 19.4 35,620 .081 .38 12 3.0:1
Flowers at Anthesis 73 68 9.2 7.5 4197 2781 16.0 .123 .37 .12 2.9:1
Seeds Bedng
Nisseminated 56 59 5.5 2.4 4113 2842 20.1 6.1  ememe- .062 .35 .16 2101 5
S
Plants Drying 42 43 5.2 2.1 4179 1842 23.1 4.8  mm=eee .056 .28 14 1.9:1
Plants Dormant 53 - 47 8.4 5.3 4112 1777 20.6 6.3  memme- L1595 .34 W12 2.7:1
Winter Dormant 43 44 4.0 2.5 4105 1824 33.1 12.9  ----—- . 044 .20 .13 1.5:1




Table 29.

Average chemlcal cocposirtion

Loam Range Site In 1971.
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A

and digestibility of Scarlet Globemsliow at varlous stages of growth, collected at Nunn, Colorado on a Sandy

-D—r_\ Crganic T Diges- Dyes- Vitamin A
Phenological Stape Metrer Matter tible tible Digestible in I.U. Magresium Calcfum Thosphorus Calcium
Grass Diges- Diges-  Prcteln FProtein Foergy  Fonergy  Cellulose Cellulose per in in in Phosphorus
——— tibiliey tibildey A [ Col/gm  Cal/zm i b4 kilogram Percent Percent Percent Ratdio
Early Leaf Growth 65 76 8.9 7.2 4045 2975 22.4 15.1 25,740 173 2.06 .15 13.5:1
fn bloem 88 79 9.2 8.1 4394 3426 21.2 15.3 48,180 .182 2.13 17 12,411
Secd Ripening 84 80 12.8 10.7 4401 3496 22.6 16.8 =----- .193 2.13 18 11.7:1
Sced Dissemirating 92 78 12.9 10.1 4574 3625 23.9 21,1 m==m-- .203 2,12 I 19.2:)
———
- _— — e e - =
. e
Fail dewrcwth 71 71 10.1 8.0 4361 3189 35.3 25.9 m=e--= 137 2.31 19 14,5
Gry ov Desmant 71 74 8.0 6.8 4326 3i59 30.4 5.0 c--ee= .197 2.75 .15 17.7:1
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