INTRODUCTION

TO PART IV

Nutrition is one of the fundamental relationships between animal and
range. Nutrients provide the materials for matebalosim, with growth being
the result of the conversion of nutrients into new body tissue, and activity
the result of the release of energy from the forage. The characteristics of
animals that determine amounts of forage needed include the physical
characteristics of the animals, discussed in CHAPTERS 1 and 2, the activity
and behavioral characteristics of the animals, discussed in CHAPTERS 3, 4,
and 5, and basic physiological characteristics and efficienciencies,
discussed in CHAPTERS 6, 7, 8, 9, and 10.

The material in the first 10 chapters is essential for when evaluating
range relationships of wild ruminants, discussed in this PART IV, and
weather and thermal relationships, discussed in PART V, in relation to the
concept of carrylng capacity, discussed in PART VI. An understanding of all
of these baslc biological relationhsips 1s essential to understanding the
basis for management decisions (PART VII).

Free-ranging wild ruminants interact with range forage in a very
fundamental way, ecologically. They not only eat forage, but they function
as 1individuals, metabolizing nutrients, producing new tissue, and
reproducing new individuals. Each animal survives wultimately as an
individual, and the analyses thus far have focused on the individual. They
also import the ragne as a group; that will be discussed in PART VI.

This PART IV focuses on range forage. The smallest unit describing
forage has often been the plant as a member of a species. In this PART, the
smallest unit used to describe forage is the cell and its parts. This level
of analyses enables one to understand the basis for digestion and for
changes 1in digestion through the annual cycle (Chapter 11). Food habits
and forage preferences are also discussed (CHAPTER 12), followed by
discussions of primary production and forage production (CHAPTER 13).

The 1lists of references that follow provide essential bibliographic
information for gemneral books and serials on several biological character-
istics. These general references will be helpful in many of the UNITS that
follow, but they are not listed agaln after each UNIT as the UNIT lists are
limited to more specific articles of direct application to the material
discussed in each UNIT.
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GLOSSARY OF CODE NAMES, PART IV

Code names (CODEN) of Serials are definmed in a GLOSSARY OF CODENS at
the end of each CHAPTER. The GLOSSARY below includes the CODENS listed as
Serials in this PART IV. It is a miniature version of the lists given at
the ends of CHAPTERS.

AMNAA American Midland Naturalist

AZWBA Arizona Game and Fish Department Wildlife Bulletin (US)

‘BPURD Biol. Pap. Univ. Alaska Spec. Rep.

CAFNA Canadian Field Naturalist (Canada)

CFGGA California Department of Fish and Game, Game Bulletin

CGFPA Colorado Division of Game, Fish, and Parks Special Report
CWRSB Canadian Wildlife Service Report and Management Bull. Series
JOMAA Journal of Mammalogy

MDCBA Minnesota Deptartment of Conservation Technical Bulletin
MDCRA Michigan Department of Conservation Game Division Report
NATUA Nature (England)

NCANA Naturaliste Canadien, Le

UABPA Proceedings of the Utah Academy of Sciences, Arts and Letters
UCPZA University of California Publications in Zoology

WCDBA Wisconsin Department of Natural Resources Technical Bulletin
WGFBA Wyoming Game and Fish Commission Bulletin

WLMOA Wildlife Monographs

WMBAA Wildlife Management Bulletin

XNFSA U S Nationmal Park Service Fauna of the National Parks of the

United States, Fauna Series
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CHAPTER 11. FORAGE CHARACTERISTICS AND THE DIGESTIBILITY OF PLANT TISSUE

Life on earth depends on the process of photoshynthesis. Plants are
called primary producers, using light energy to synthesize carbon dioxide,
water, and minerals into new plant material. Animals that eat plant

materials are called primary consumers, and animals that eat the primary
consumers are called secondary consumers. They are also dependent on plants
even though they do not eat plant material directly.

The nutrients in forage are the substrate for metabolic processes. The
annual pattern of ecological metabolism reflects the timing and costs of
metabolic processes that result in maintenance, growth, and reproduction in
relation to the changing nutrient characteristics of the range forage over
the annual cycle.

Metabolic patterns were discussed in CHAPTER 7. An understanding of
these patterns 1is essential for an understanding of animal-range inter-
actions. How can nutritive relations between animal and range be understood
if the metabolic characteristics of the animals and nutritive characterist-—
ics of the range are not both known?

The nutrients 1n 1Ingested food are partitioned into several pathways
as food traverses the gastro-intestinal tract and nutrients are extracted
and metabolized. This 1is so because mechanical, chemical, and metabolic
processes are not 100%Z efficient. The idea of a process being less than
100% efficient implies a "waste,” but that is not a good term for describing
pathways in biological systems. Heat energy, for example, is part of the
"waste" by microflora involved in rumen fermentation, but the heat dis-
sipated by the microflora is useful to the host in the regulation of body
temperature.

The efficiencies of nutrient pathways are related to specific
nutrients and their specialized roles 1n physiological functions. There is
a general pattern, however, beginning with the gross amount ingested, to the
amount present in the urine and feces. Some of the forage is digested and
metabolized, converted to body tissue, and then broken down and incorpora-
ted into urine and feces. Some of the fecal material is undigested forage
residue, left intact from ingestion to defecation. Thus some 1ingested
nutrients go through the gastrointestinal tract without being broken down
and assimilated, and others are assimilated into new tissue that is broken
down later and its constituents eliminated.

The major nutrient pathways of energy and protein are illustrated in
the diagrams pages 2 and 4. Note that the basic format is very similar for
the pathways of energy and protein breakdown from gross to net.

\
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Definitions of the four-letter symbols are given below,

1———GREN ——1

APDE, UFOR— —
| oy
L. > MFEN — — — > FEEN
TRDE — —— —>HEFE— —
i |
e | — > AUUE
!
| |
MEEN | ! |
| MUEN — — — > UREN — ————
!
|
1
| L
MAIN ACTI PROD-- |, |
L I | i
“REGU - |

and the

categories on the upper left side of the flow diagram are discussed in the
paragraphs that follow.

GREN
APDE
UFOR
MFEN
FEEN
TRDE
HEFE
. AUUE

Gross energy

= Apparent digestible energy .

MEEN =

MUEN
UREN

NEEN =
= Heat of nutrient metabolism
= Maintenance

= Activity

PROD =

HNUM
MAIN
ACTI

REGU

ENERGY

Undigested forage residue

Metabolic fecal energy

Fecal energy

True digestible energy

Heat of fermentation

Absorbed but unused urinary energy
Metabolizable energy ‘
Metabolic urinary energy

Urinary energy

Net energy

Production
Regulation

Energy is a very basic nutrient that is necessary for all of the life
functions. The pathways of energy partitioning from gross to net are dis-
cussed in the paragraphs that follow.
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Gross energy. The gross energy in any combustible material can be ex-
pressed in kcal per unit weight or kcal per unit volume. Firewood is sold
on the basis of volume, where one cord = 128 cubic feet, equal to a stack 8
by 4 by 4 feet. Ther energy in this cord varies. A cord of white oak, a
very dense wood, gilves off 7,700,000 kcal when burned, and of white pine, a
light porous wood, 4,100,000 kcal when burned. :

The gross energy in a forage 1s the amount of energy released when
that forage 1s completely oxidized in a bomb calorimeter (See Moen 1973:
172). It is an initial nutritive measurement of the energy in the product
of primary production. The energy content per unit dry weight, or kcal per
kg, is not widely different for different forages: 4500 KCAL PER KG is a
good approximation of gross energy in many forages. Complete oxidation and
the yield of gross energy is not necessarily related to the nutritive energy
as a result of the biochemical functions in the gastrointestinal tract. The
amount of energy available as a result of digestion is dependent on the ef-
fectiveness of the rumen microflora in breaking down the forage ingested and
releasing the nutrients.

Apparent digestible energy. The apparent digestible energy 1is the
gross energy in ingested food minus the energy in the feces. It is easily
determined by measuring fecal energy and subtracting it from the gross en-
ergy, but it is of limited value since feces also contain tissues of
metabolic origin. These tissues have been assimilated and broken down, and
are not the same as undigested food residue. These 'two sources of fecal
energy-—undigested forage residue and metabolic fecal energy-—-must be
separated before nutritive pathways can be quantified properly.

Apparent digestibility, expressed as a percent, may be calculated with
the formula:

Apparent digestibility =
[(Intake energy - Fecal energy)/In;ake energy] 100

True digestible energy. True digestible energy is determined by sub-
tracting metabolic fecal energy from fecal energy, and subtracting that from
gross energy. Metabolic products in the feces include such things as mu-
cous, digestive julces, intestinal cell walls, bacteria, and protozoa. True
digestibiligy, expressed as a percent, may be calculated with the formula:

True digestibility =
ﬂIntake energy - (Fecal energy -~ Metabolic fecal energy)]/Intake energy} 100

Numerically, true digestibility 1s greater than apparent digestibility.

Metabolizable energy. Metabolizable energy is that which is available
for the nutrient metabolism that supports maintenance, activity, and produc-
tion. It is the energy left after true digestible energy, heat energy of
fermentation, energy 1in the methane, and wurinary energy have been
partitioned out of the gross energy. Methane, plus a few other gases in
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trace amounts, are produced 1n the digestive tract as a result of rumen
fermentation.. They are elimnated by eructation. The heat energy of
fermentation is due to the exothermic metabolic reactions of rumen micro-
flora. Thls heat energy contributes to the regulation of body temperature,
and indirectly, at least, affects levels of activity and production.

Net energy. Net energy for malntenance, activity and heat production
is the metabolizable energy less the heat of nutrient metabolism. It is a
high-level distinction in the series of energy pathways, surpassed only by
the further division into net energy for specific body functions, such as
‘contraction of heart muscle, net energy for the muscular contraction neces-—
sary for walking, net energy for the growth of fetal tissue, and many other
specific functions. These distinctions are beyond the considerations for
wild ruminants 1in this book® metabolizable energy is the finest division
division that will be applied directly to ecological situations.

PROTEIN

Ingested protein is partitioned into different sequences of metabolic
processes just as energy is. Some 1s left dintact as 1t traverses the
gastrointestinal tract. Digested protein is broken down into amino acids
and synthesized into new protein tissue. Some of this 'new tissue is in the
form of rumen microflora, and some is new host tissue. The pathways are il-
lustrated below.

CRPR— — —
\
APDP PIUF
|
->MFNT— — — — — — ->FEPR
TDIP
ABUP— — — — —
EURN—“——————URNI'
\
MNIC -4 :
'
——- NENS

Definitions of the four-letter symbols are given on the next page, and
the categories on the upper left of the flow diagram are discussed in the
paragraphs that follow. '
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CRPR = Crude protein

APDP = Apparent digestible protein
PIUF = Protein in undigested forage
MFNT = Metabolic fecal nitrogen
FEPR = Fecal protein

TDIP = True digestible protein

ABUP = Absorbed but unused protein
EURN = Endogenous urinary nitrogen
URNI = Urinary nitrogen

MNIC = Metabolizable nitrogenous compounds
NENS = Net nitrogen synthesized

Crude protein. Crude protein 1s the gross protein content of forage.
It is an expression of the total protelin in the forage, whether or not it
may become metabolically available to a primary consumer.

Apparent digestible protein. The apparent digestible protein is the
crude protein minus the protein in the feces. The feces, however, contain
some protein of metabolic origin. Epithelial 1linings of the
gastrointestinal tract, for example, are found in the feces. Thus the ap-
parent digestible protein fraction of the crude protein is higher than the
true digestible protein fraction.

True digestible protein. The true digestible protein fraction
includes not only the undigested protein in the forage but also the fecal
nitrogen of metabolic origin (MFEN). The true digestible protein fraction

of the crude protein is higher than the apparent digestible protein,
indicating that more protein was digested than at the apparent digestible
protein level.

Metabolizable nitrogenous compounds. The nltrogenous compounds that
actually end up being metabolized are available for synthesis, with some of
the nitrogen ending up as endogenous urinary nitrogen (EURN) and some as net
nitrogen synthesized (NENS) as new tissue. Endogenous urinary nitrogen is
eliminated, though some is subject to resorption and recycling.

Net nitrogen synthesized. The nitrogen in the metabolizable nitrogen-
ous compounds that actually ends up in new tissue represents the net
nitrogen synthesized, becoming part of the protein tissue in the body.

FORAGE ANALYSES

An understanding of the nutrient pathways begins with an understanding
of digestion. Food ingested must first be broken down into chemical forms
that can be absorbed, metabolized, and synthesized. Since forage
characteristics are very important in determining digestion, forage analyses
are of definite interest.

What factors determine the digestibility of a forage for a ruminant
animal? How does forage quality change as the range goes from the dormant
winter condition, through various stages in phenology during the growing
season, and back to the dormant winter condition? The nutritive use of the
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range by consumers ultimately occurs at the cellular and molecular Ilevel.
Digestibilities are affected by the molecular structure of plant cell walls.
Their complex molecular structure 1s hard to break down; the cell walls are
often quite indigestible. Materials within the cell have fairly simple

molecular structures, however, and are usually very digestible. Visualize
the structure and volume of the cell wall in relation to the volume of
intracellular space as the growing season passes. Cell walls of emerging

plant tissues are thin, and as the tissues mature, the cell walls become
thicker. The cell walls of mature tissues, especially structural tissues,
are thick. ‘

L] [

Tissue maturation — — =

As the cell walls increase 1in thickness, the amount of intracellular
material decreases. Since highly 1lignified thick cells walls provide
structural support to the plants, they also are an effective barrier to
structural and chemical breakdown by rumen microflora. Since thicker cell
walls are more resistant to chemical breakdown than thinner ones, the
digestibility pattern over the annual cycle follows lplant maturation pat-
terns; the general pattern of plant development at the cellular level is the
basis for variations in digestibility.

A method of nutrient analyses called "Proximate analysis"™ has been
used for over 100 years. Unfortanately, the results of this chemical method
are not always closely aligned with the biological processes going on in the
ruminant animal. Short (1966:163) states: "The proximate analysis of
important species of deer browse has many times been shown to have little
value in predicting how a deer digests a particular forage item."” Why is
this statement true? Because proximate analysis is an analysis of the
chemical characteristics of forages, and these chemical characteristics are
not always related to the digestion process of living organisms. These con-—
siderations are discussed further in Moen (1973:136-139).

How, then, should forage analyses be conducted to be of greatest value
in evaluating nutritive relationships of wild ruminants? What factors de-
termine the digestibility of a forage for a ruminant animal? How:does for-
age quality change as. the range goes from the dormant winter condition,
through various stages in phenology during the growing season, and back to
the dormant winter condition? Cell characteristics and digestibilities are
considered in TOPIC 1. Chemical characteristics, sorted according to
nutrients, genus and species of plants, and different plant parts are given
in TOPIC 2. Diet digestibilities, determined by in vivo, in vitro, and
calculations are given in TOPIC 3. o o
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TOPIC 1. CELL CHARACTERISTICS AND DIGESTIBILITIES

What does a primary consumer, or herbivore, ingest? Forage, at the
macroscopic level, but at the chemical level where digestion occurs, cells
composed of many complex chemical compounds. The basic structural unit of
the plant 1s the cell, and of the cell, the cell wall. The chemical com-
pounds lending structural support to the cell wall include lignin, cel-
lulose, hemicellulose, fiber-bound protein, and lignified nitrogenous com-
pounds. These are often quite indigestible due to their complex molecular
structures. Within the cell, bounded by the cell membrane and cell wall,
there are 1lipids, sugars, organic acids, other water-soluble materials,
pectin, starch, soluble proteins, and non-protein nitrogenous compounds cal-
led cell solubles. These are essentially 100% digestible.

Highly lignified cell walls, characteristic of mature and decadent
plants, are quite indigestible. Thin cell walls, characteristic of young,
growing plant tissue, are much more digestible. The ratio of cell wall:
cell solubles forms the basis for forage digestibility, with other physical
and chemical variables further influencing it. This basic relationship is
discussed in UNIT 1.1: CELL COMPONENTS AND DIGESTIBILITIES.

Chemicals with inhibitory effects on digestibility are discussed in UNIT
1.2: CHEMICAL INHIBITORS OF DIGESTIBILITY. Then CELLULAR AND DIGESTIBILITY
DIFFERENCES BETWEEN PLANT GROUPS such as herbaceous and woody plants, and
between different kinds of herbaceous and woody plants, are discussed in
UNIT 1.3.

Different plant parts serve different functions. Some parts are
structural (stems), some are decorative (flower), etc. Their functions are
reflected in their structures, which in turn, affect digestibilities. These
are discussed in UNIT 1.4.
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UNIT 1.1: CELL COMPONENTS AND DIGESTIBILITIES

Cell structure 1s a basic determinant of digestibility. The divi-
sion of plant cells into the less-digestible cell wall and the more digest-
ible protoplasm, called cell solubles, provides a suitable basis for es-
timating digestilibity based on the cell wall: cell solubles ratio, and by
the realtive quantities of lignin-cutin and hemicellulose-cellulose in the
cell wall.

Cell characteristics are determined with detergent analyses (Van Soest
1963a and 1963b and Fonnesbeck and Harris 1970) that partition plant cells
into cell solubles and cell wall. Neutral detergent treatment removes cell
solubles, leaving the cell wall and its hemicellulose, lignin, cutin, and
cellulose intact. Acid detergent treatment removes the hemicellulose from
the cell wall, leaving lignin, cutin, and cellulose which, as a group, are
frequently referred to as acid detergent fiber (ADF). Lignin and cutin are
determined by further chemcial analysis of the ADF, and cellulose by
arithmetical difference.

Cellulose and hemicellulose in pure form are entirely digestible by
rumen bacteria; lignin and cutin are not digestible and apparently inhibit
cellulose and hemicellulose digestion (Robbins 1973: 110). The protoplasm,
composed of sugars, soluble carbohydrates, starch, pectin, protein, non-
protein nitrogen, lipids and other components, is 98% digestible in mule
deer (Short and Reagor 1970), and sheep and cattle (Van Soest 1967). Since
it is the cell wall that varles in digestibility, its characteristics de-
termine the overall digestibility of forage consumed.

CELL WALL CHARACTERISTICS

A predictable relationship exists between dry matter digestibility and
cellulose content of many deciduous browses. Dominant winter twigs from the
previous *summer's growth of eighteen species of deciduous browse plants were
evaluated by Robbins and Moen (1975) for their cell wall characteristics and

-digestibilities. As the percent lignin content of the acid-detergent fiber
increased, cell wall digestibility decreased. The equation expressing this
relationship, modified slightly from Robbins and Moen (1975:340), is:

CWDP = 155.04 - 38.77 1n LGNC; R = -0.92

where CWDP = cell wall digestibility in percent, and
LGNC lignin content of the acid-detergent fiber.

An equation was also devised for the relationship between cell wall
digestibility and the lignin—-cutin content. The equation, modified slightly
from Robbins and Moen (1975:340), is:

CWDP = 139.97 - 33.15 In LGGCC; R = -0.93

where LGCC = lignin-cutin content of the acid-detergent fiber.
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The predictibility of CWDP based on the lignin-cutin content of ADF is
slightly better (R = -0.93 compared to -0.92) than that based on lignin con-
tent alone. Either equation could be used to estimate cell wall digestibil-
ity, depending on the information available.

These equatlons are for deciduous browse species, and should not be

used for other plant groups, or for other plant parts. These effects are
discussed in UNITs 1.3 and 1.4.

CELL SOLUBLES

Cell solubles are approximately 98% digestible in the ruminant's
digestive tract (See Van Soest 1967, Short and Reagor 1970, and Robbins and
Moen 1975). This can be written as:

CSDP = 0.98
where CSDP = cell soluble digestibilities in percent

OVERALL DIGESTIBILITY AS SUM OF CWDP AND CSDP

Overall digestibility can be considered to be the sum of the
digestibilities of 1its parts. Thus the sum of the cel wall digestibility
and cell soluble digestibility 1s an estimate of overall digestibility,
providing that the relative contributions of the cell wall and cell soluble
components are considered. Thus a weighted mean procedure is used, with the
digestibilities of each component multiplied by the fractions of each com—
ponent. The formula is:

TDMD = (CSFF) (CSDP) + (CWFF) (CWDP)

where TDMD = true dry matter digestibility in percent,
CSFF = cell soluble fraction of the forage, .
CSDP = cell soluble digestibility in percent, ‘

CWFF = cell wall fraction of the forage, and
CWDP = cell wall digestibility in percent,.

The equations given above for CWDP and CSDP may be combined into a
single equation for calculating TDMD.

TDMD + (CWFF) (139.97 - 33.15 1n LGCC) + (CSFF) (0.98)

All of the symbols have been defined. Simply substitute the appropriate
numbers and an estimate of TDMD will be derived.

The basic relationships between cell structure and digestibility has
been discussed thus far. The arithmetic is simple; the biochemistry is not.
The next UNIT includes brief discussions of chemical inhibitors of diges-
tion, compounds which may cause departures from the cell wall - cell soluble
predictions of digestibility. Then discussions of the difference between
cell wall characteristic of plant groups and plant parts in relation to
digestibilities are discussed in UNITs 1.3 and 1.4.
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The references listed in the SERIALS list were selected on the basis
of key words such as cell components, cell wall, 1lignin, and other
indications of cell structure in relation to digestibility. References on
other 1lists in this CHAPTER 11, especlally the Genus-species 1list (UNIT
2.4), should also be consulted for a more thorough literature search.
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CELL COMPONENTS AND DIGESTIBILITIES
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UNIT 1.2: CHEMICAL INHIBITORS OF DIGESTIBILITY

Chemical analyses of foods have been done for over 100 years.
Specific groups of compounds are 1solated in the proximate analysis ap-
proach, and chemical composition data given for specific foods. Early
studies of the digestibilities of forages for wild ruminants yielded results
that were not always explained by chemical analyses. Feeding trials of
sagebrush (Artemisia tridentata) were conducted by Smith (1950), for ex-
ample, who concluded that "In spite of the high volues of digestible
nutrients all animals lost weight. This may have been due to. . . some
quality of the sage brush not expressed by standard chemical analysis.”

The quality of the sagebrush which Smith speculated on was discribed
by Nagy et al. (1964) as a result of research on the effects of essential
olls on the growth and metabolism of rumen microorganisms of mule deer.
Sagebrush essential oils inhibited the growth of deer rumen microorganisms.
Appetite and rumen movements ceased completely when 7-pound daily portions
of sagebrush were introduced through the rumen fistula of a steer. A sage-
brush extract had been found to inhibit certain bacteria in 1946 (Carlson et
al. 1946). Maruzella and Lichtenstein (1956) demonstrated that the majority
of over 100 volatile oils exhibited some kind of antibacterial action. Thus
the evidence for chemical inhibitors of digestion in plants has been avail-
able for over 30 years. Knowledge of the effects of different inhibitors on
diet digestibilities are not yet well understood, however.

Fraenkal (1959) called attention to the role of secondary plant com-—
pounds as defense mechanisms of plants against herbivores. Such compounds
afford a chemical protection, which is much more subtle and difficult to re-
cognize than thorns and spines which afford a mechanical protection.
Secondary substances include such things as glucosides, saponins, tannins,
alkalolds, essential oils, and organic acids. Those substances, apparently
not involved in the basic metabolism of a plant, do reduce herbivory. It
must also be poilnted out that wild ruminants make up a very small portion of
the worldl's herbivores; insects, though much smaller, have the potential
for greater practical import In the entire vegetation than wild ruminants
do.

The subject under consideration here is not the roles of chemical
inhibitors as defense mechanisms in plants, but the effects of chemical
inhibitors on digestion. The presence of inhibitor-containing plants on the
range makes it possible for them to be included in the diet. The foraging
pressure on the range has a part in determining whether such plants will be
consumed. Generally speaking, they are not consumed if there is an ample
supply of other forage plants available, or consumed in small enough
quantities that the inhibitors have 1little or no effects on overall diet
digestibility.
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REFERENCES, UNIT 1.2

CHEMICAL INHIBITORS .OF DIGESTIBILITY

SERIALS
CODEN VO-NU BEPA ENPA SCSB*KEY WORDS-———--—- R AUTHORS——~-—————— YEAR
alkd

CODEN VO-NU BEPA ENPA SCSB*KEY WORDS——--———-—=——————— —— AUTHORS---—————-~ YEAR
APMBA 15--4 777 784 esol odhe, dosh,fir,rumn microb oh,hk; sakai,t; / 1967
APMBA 15--4 819 821 esol rumi antibacter, sagebrush nagy, jg, tengerdy 1967
APMBA 16--1 39 44 esol odhe,rumen microb inhibitn oh,hk; jones,mb;/ 1968
APMBA 16-——3 441 444 esol odhe sagebrush, antibacter nagy, jg; tengerdy 1968
CJFRA 2---3 250 255 esol odhe,d fir genot,brws pref radwan,ma 1972
FOSCA 16——1 21 27 esol odhe,d fir, microb fermnta oh, jh; joneé,mb;/ 1970
JPHAA 45--6 378 381 esol rumi in vitro, antimicrobi maruzzella, jc; 1/ 1956
JWMAA 14--3 285 289 esol sagebrush as a winter feed smith,ad 1950
JWMAA 28--4 785 790 esol odhe sagebru, rumen microb nagy,jg; steinho/ 1964

JWMAA 44--1 107 113 esol odvi, juniper, terpenoi con schwartz,cc; nag/ 1980
JWMAA 44--1 114 120 esol odhe, junipr, volatile oil schwartz,cc; reg/ 1980

*SCSB = Secondary Substances
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dosh, nutr val, soybn meal’

seas var, cont,lespedz ser
lucern tan, infl dig enzym

tann, role in forage quali

continued on the next page

Chapter 11 - Page 19

jones,lhp; handre
van soest,pj; jo/

kubota, j; rieger/

AUTHORS—————————-
levin,da

haslam,e
perez-llano,ga
hillis,we;

swain,

loomis,wd; battai

AUTHORS-——~—————

wilkins,hl; bate/
donnelly,ed
burns, jc; cope,wa

cope,wa; burns, jc
schaffert,re; le/

feeny, p

driedger,a; hatfi
clarke,id; frey,/
milic,bl; stojan/

mcleod,mn

YEAR

1971

1974

1944

1959

1966

YEAR
1953
1954
1976

1971

1974

1970

1972

1939

1972

1974



CODEN

PYTCA
PYTCA
PYTCA
PYTCA
PYTCA

PYTCA -

PYTCA

SCIEA.

CODEN
AMEBA
AMNTA
APMBA
BSECB
BTBCA
CRPSA
ENDEA
JDSCA
JRMGA
JWMAA
PNASA
PYTCA

ZTTFA

VO-NU
2--—4
4——-1
Y
8--11
12'..
15--9
16--9
193—-
VO-NU
28---
108-—-
15--4
5---3
72-—-
16--2
10--4
40-10

29--5
44—--3
30--9
14--4
24--4

BEPA
371
185
871
2119
1809
1407
1421

1137

BEPA

268
954
177
157
225
95
1945
356
613
250
1107

200

ENPA
383
192
880
2126

1409
1426

1138

ENPA
82
289
996
183
164
229
99
1946
363
622
255
1113

204

SCSB*KEY WORDS———=======m= ===

tann
tann
tann
tann
tann
‘tann
tann

tann

SCSB
otss
otss
otss
otss
otss
otss
otss
otss
otss
otss
otss
otss
otss
*SCSB
alkd
esol

flvd
glcs

mnrl =
otss =

phnl
tann

chnges in ripening fruits goldstein, jl; swa
inhibitn of enzymes by tan goldstein, jl; swa
seas change, tan, oak leav feeny,pp; bostock
oak leaf inhib prot hydrol feeny,pp
tan, hebaceous leguminosae bate~smith,ec
condnsd, pastur legume spp jones,wt; broadh/
astringent tanni, acer spp bate-smith,ec
microb degréd, condens tan grant,wd
KEY WORDS-————m====——m=—=mm AUTHORS—=—=—=--——~
rata antibiot eff, lich, s vartia,ko
mamm, herb, plnt sec compn freeland,wj; janz
rumi bac grwth,tetrzl slts tengerdy,rp: nag/
seas var,palata, pteridium cooper-driver,ga/
rata antibioti activ, lich burkholder,pr; ev
‘suppr in vitro, crwn vetch buras, jc; cope,w/
rata antibact substn, lich bustinza, f
inhi rumn cellulas, sericea smart,wwg,jr; be/
ruml, maj plant toxi, w us james,1lf; johhson
rata diges, rangifer forag person,sj; pegau/
rata antibiot activ, lichn burkholder,pr; m/
phytochm,proanthocyaﬁidins bate-smith,ec
ceel,doca, rumn cllys,bark prins,ra; geelen,
= Secondary Substancé
= alkaloids**
= essential oills
= flavonoids
= glucosldes**

minerals

other secondary substances
= phenols, phenolic compounds
= tannins

1963
1965
1968
1969
1973
1976
1977

1976

YEAR

1950

1974

1967

1977

1945

1976

1951

1961

1976

1980

1944

1975

1968

**These were not used in the serials lists; additional publications may be
available on these substances.
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UNIT 1.3: CELLULAR AND DIGESTIBILITY DIFFERENCES BETWEEN PLANT GROUPS

Herbaceous and woody plants are differentiated on taxonomic bases, and
they also have distinct differences in their cellular characteristics and
digestibilities. The major difference is the larger quantity of crude fiber
in the woody plants; the larger quantity of fiber is what makes the plants
woody. This difference affects forage availability as woody browse is often
the only forage available to deer and moose living in the northern forests
in the winter when snow covers herbaceous material from the previous growing
season.

There are differences 1n the cellular characteristics and
digestibilities of different kinds of herbaceous plants too. Grasses and
legumes have been studied because of their importance to domestic animals,
with considerable emphasis on the time of cutting as well as the taxonomic
groups of these forages.

Digestibilities may be calculated with regression equations having
cell characteristics as the independent variable. A single relationship,
however, cannot be used for all forages. Rather, regression equations need
to be derived for different plant groups. Equations need to be derived for
different groups of plants such as grasses, legumes, etc., because the
slopes of the regression lines appear to be related to taxonomic groups.
Equations have not yet been derived for sufficiently large numbers of
species 1in all groups; grasses and legumes have been evaluated most
thoroughly because of their importance as forages for domestic animals.

LICHENS

Very limited amounts of research have been conducted on the cellular
characteristics of 1lichens 1in relation to digestibility. Person et al.
(1980) give data on two species, which is not enough to derive generalized
equations for 1lichens as a group. Simple regression equations for the
relationships between digestibility and fiber composition of different
arctic forages 1in four different groupsg (lichens, shrubs, grass-like
plants, and forbs) are given by Person et al. (1980); some of their results
may be useful when evaluating material in the rest of this UNIT.

GRASSES

A wide range in the cell wall components of grasses exists for dif-
ferent species (See Van Soest 1965: 837; and Moen 1973: 169). They are
generally less digestible than legumes, but a wide range in the phenology of
different species results in grasses being available at different stages of
growth throughout much of the growing season.

LEGUME S

Legumes may be generally more digestible than grasses because of: their
lower cell wall component. Alfalfa had about 40-60% cell wall compared to
45-72% for different grasses (Van Soest 1965: 837; and Moen 1973: 169).
Legumes are much more important as forages for domestic ruminants than wild
ones; they are raised and harvested for their high nutritive values.
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FORBS

The forbs analyzed by Whittemore and Moen (1980) were highly digest-
ible. Deer need high quality forage during the summer to meet their
increased metabolic requirements at that time and to build up fat reserves
to survive the winter period of low quality forages (Moen 1978). It is
often difficult to detect evidence of selective grazing on forbs and other
summer foods, and their importance to the animal is easily underestimated.
There is a need for more detailed observations of foods consumed on the sum-
mer range and their relationship to the winter survival of white-tailed deer
(Whittemore and Moen 1980).

DECIDUOUS BROWSES

The current annual growth (CAG) of deciduous browse is the part of
woody plants preferred by browsing animals. The distal portions of the CAG
is more digestible than the proximal portion. In fact, Whittemore and Moen
(ms in preparation) suggest that it 1s necessary to know the length inter-
vals of the twig before a digestibility estimate can be given. Digestibili-
ties decrease from the distal to the proximal portion as less meristematic
and more structural tissue is found along that length gradient.

There 1s a predictable relationship between browse dry matter
digestibility and cell soluble content, but this is not enough to ‘estimate
dry matter digestibility because of variations in cell wall content (Robbins
and Moen 1975). The cell walls of browse species tend to be relatively low
in diggestibility due to the high 1lignin-cutin content. An equation
expressing this relationship from Robbins et al. (1975:72) is:

CWDG = 146.59 — 34.61 1n LCUC
where CWDG = in vivo cell wall digéstibility, and

LCUC lignin-cutin content expressed as percent of the acid-detergent
fiber.

The predictability of this relationship and the estimated cell-soluble
digestibility (0.98) form a basis for general prediction of forage true dry
matter digestibility (TDMD):

TDMD = 0.98 (CSCP) + (CWCP) (139.97 - 33.15 1n LGCC

where 0.98 = digestibility of cell solubles,
CSCP = cell soluble content in percent of forage,
CWCP = cell wall content in percent of forage, and

LGCC = 1lignin-cutin content as a percent of the acid-detergent
fiber.
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CONIFEROUS BROWSES

The current annual growth of coniferous browse is the part preferred
by browsing animals. Again, the distal portions of the CAG is more digest-
ible. The range in digestibility from the distal end for 2-year-old growth
in hemlock was as great as the range in average digestibilities of preferred
foods to starvation foods (Moen, unpublished data).

OTHERS

A fungus (Polyporus squamosus) and a moss (Atrichum sp.) were analyzed
by Whittemore and Moen (1980), and digestibilites found to be 41 and 39%,
respectively. These are quite low. Digestibilities of other fungi and
mosses have not been measured.

The references in the SERIALS 1list were selected on the basis of key
words such as cell components, cell wall, lignin, and other indicators of
cell structure in relation to digestibility of forages in different plant
groups. References in other 1lists in this CHAPTER 11, especially the
Genus-species 1list (UNIT 2.4), will provide additional information for

nutritive analyses.

LITERATURE CITED

Person, S. J., R. G. White, and J. R. Luick. 1980. Determination of
nutrituve value of reindeer-caribou range. Pages 224-239 1In:
Reimers, E., E. Gaare, and S. Skjenneberg (eds.). Proc. 2nd
Reindeer/Caribou Symp., Roros, Norway, 1979. Direktoratet for vilt og
ferskvannsfisk, Trondheim. ‘

Robbins, €. T. and A. N. Moen. Composition and digestibility of several
deciduous browses in the Northeast. J. Wildl. Manage. 39(2):337-341.

Robbins, C. T., P. J. Van Soest, W. W. Mautz and A. N. Moen. 1975. Feed
analyses and digestlon with reference to white-tailed deer. J. Wildl.
Manage. 39(1):67-79.

Whittemore, S. and Moen, A. N. 1980. Composition and in vitro
digestibilities of various summer foods of white-tailed deer. Can. J.
Anim. Sci. 60:189-192. '

Van Soest, P. J. 1965. Symposium on factorsg influencing the voluntary
intake of herbage by ruminants:voluntary intake in relation to
chemical composition and digestibility. J. Animal Sci.

23(3):834-843.
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CODEN
JANSA
JRMGA
JWMAA
JWMAA

JWMAA
JWMAA

CODEN

JWMAA
JWMAA

PCGFA

ZEJAA

CODEN

CNJNA

CODEN

JANSA
JANSA

CODEN

JWMAA

*PLGR

REFERENCES, UNIT 1.3

CELLULAR AND DIGESTIBILITY DIFFERENCES BETWEEN PLANT GROUPS

VO-NU
16-—-2
18--2
35--4
36--3

39--1
39--2

VO-NU

31--3
32--1

10-—-

VO-NU

38—-1
39--2

VO-NU

31--3

SERIALS

BEPA ENPA PLGR*KEY WORDS-———-———————————~

476
139
732
885

67
337

BEPA

448
162

53

54

BEPA

189

BEPA

149
423

BEPA

443

480
144
743
891

79
341

ENPA

454
171

58

62

ENPA

192

ENPA

153
434

ENPA

447

= Plant group

dest
dest
dest
dest

dest
dest

PLGR

evst
evst

evst

evst

PLGR

frbs

PLGR

gras
gras

PLGR

hedi

digestib live oak, chamise
fecal cellulo,esti pl tiss
limit, wint aspn brws,mich
dig, est metabl aspn brows

feed analysis, digestion
comp, digest, decidu brows

KEY WORDS—~-—~~=——=—=—==m-

dig cedar, jack pine brows
dig cedar, balsam fir brow

nutri probl, sou pine type

[on digest fresh fir bark]

KEY WORDS——————==—————————

compos digestib herb forag

KEY WORDS—————=———————————

compar,dig, grasses, niger
intk, digest, napier grass

KEY WORDS——~———=—~———=—==——

previous diet, dige alfalf
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bissell,hd; weir,
short,hl; remmeng
ullrey,de; youat/
ullrey,de- youat/

robbins,ct; soes/
robbins,ct; moen,

AUTHORS-—————~—--—

ullrey,de; youat/
ullrey,de; youat/

lay,dw

ueckermann,e; har

AUTHORS~——-—————-

whittemore,s;moen

AUTHORS-——~—=—~~——

olubajo,fo; van /
grant,rj; van soe

AUTHORS~———-=-——-—

nagy, jg; vidacs,/

1957
1965
1971
1972

1975
1975

YEAR

1967
1968

1956

1963

YEAR

1974
1974

YEAR

1967



CODEN

JWMAA

CODEN

CODEN

AZOFA

CODEN
CAFGA
JWMAA
JWMAA
JWMAA
JWMAA

NEZFA

XFPSA

CODEN

CNJNA

VO-NU

12--1

VO-NU

VO-NU

8--3

VO-NU

41--1

16--3
28--4

35--4
36--1
40-—4
13--3

136—--

VO-NU

60~-—

BEPA

109

BEPA

BEPA

385

BEPA

57

309
791

698
174
630

591

BEPA

189

ENPA PLGR

110 hemo

ENPA PLGR

lgms

ENPA PLGR

389 1lich

ENPA PLGR
78 many

312 many
797 many

706 many
177 many
638 many
604 many

11 many

ENPA PLGR

192 othr

*PLGR

dest
evst
frbs

grss =

hedi
hemo
lgms
lich
many
othr

select most nutrit forages swift,rw 1948
KEY WORDS=--==m=mmmmmmmmmmmn AUTHORS—~~——=~—=—— YEAR
KEY WORDS——-——~=—=—-—————— AUTHORS——=~—————= YEAR
nutr val, lichens, lapland pulliainen,e 1971
KEY WORDS———-—=======—m—mm AUTHORS--—-————~-— YEAR

diges, naturl, artif foods bissell,hd; harr/ 1955

diges, some native forages smith, ad 1952
digest cedar, aspen browse ullrey,de; youat/ 1964

forage dige, diet s upland short,hl 1971
qual, wint fora, ark ozark segelquist,ca; s/ 1972
dig,rel nutr, 7 n brows sp mautz,ww; silver/ 1976

crbhyd, lign, grass, legum bailey,rw; ulyatt 1970

habi, pine-hardwd, louisia blair,rm; brunett 1977

KEY WORDS-—--—————====—m AUTHORS~—~=~—=~—~ YEAR

compos digestib herb forag whittemore,s;moen 1980

= Plant Group

= deciduous shrubs and trees
= evergreen shrubs and trees
= forbes

grasses

= herbaceous dicots

= herbaceous monocots

= legumes

= Jichens

= two or more plant groups

= others :
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CHAPTER 11, WORKSHEET 1.3a

Cell wall percents and predicted digestibilities

The relationship between percent cell wall and in vitro digestibility
may be demonstrated with data in Table 1 of Whittemore and Moen (1980). The
percents cell wall and measured in vitro digestibilities given below may be
used to calculate linear regression equations for digestibilities, the
dependent variable, of stems and leaves and of the floral parts in relation
to percents cell wall (the independent variable).

Calculate linear regression equations for the two sets of data below.
PTCW = percent cell wall, and DMDP = dry matter digestibility in percent.

Floral parts Stems and leaves
Scientific name PTCW DMDP PTCW DMDP
Anaphalis margaritacea 48.1 83.1 46.7 77.4
Aster novae-anglicae 33.1 85.8 51.0 67.9
Chrysanthemum leucanthemum 43.7 79.8 55.8 69.8
Daucus carota 26.7 91.2 59.1 70.8
Eupatorium maculatum 50.1 72.2 45.5 72.5
Impatiens biflora 30.9 87.2 40.3 79.2
Linaria vulgaris 27.1 86.3 49.8 73.7
Plantago major 54.1 67.7 32.2 82.7
Solidago graminifolia 39.2 76.1 43.1 74.6
Solidago juncea 45.6 72.0 57.5 62.9
Taraxicum officinale 32.6 87.1 34.7 91.3
Trifolium pratense 41.8 79.9 51.6 72.0

The calculated equations are, for the floral parts:

DMDP = + PTCW
and for the stems and leaves:
DMDP = + PTCW.

Similar analyses may be made for other species reported in the
literature- Non-linear regressions may result in best fits for different
sets of data.

Plot the data on the grid on the back of this page. Note how similar
the slopes (b) are; all the data were combined and a single linear

regression used to express the relationship between percent cell wall and
digestibility in the published paper. The equation is:

DMDP = 113.7 - 0.8 PTCW; R2 = 0.93
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UNIT 1.4: CELLULAR AND DIGESTIBILITY DIFFERENCES BETWEEN PLANT PARTS

It is desirable to consider the cellular characteristics of the parts
of a single plant before considering several species, since variations be-
tween some of the plant parts may be greater than differences between
species. Unfortunately, many published data on nutritive characteristics of
different species are not accompanied by identification of the plant parts
analyzed. Differences in cellular characteristics of different plant parts
are related to their functions.

STEMS

Stems provide structural support for most plants, and therefore one
would expect their cell walls to be rather rigid and firm. This suggests
that the stems are highly 1lignified, with complex molecules of high
molecular weights. The older parts of the stems are expected to be more
highly lignified than the younger, growing parts.

Most lignified CAG Least lignified
0 = To

Equally lignified

Current annual growth (CAG) is the one part of a stem that is often an-

alyzed in wild ruminant nutrition. Differences in cell structures are ex—
pected for different lengths of current annual growth and at different times
during the growing season, however. Data on cell characteristics of stems

or parts of stems are scarce; there 1s a need for many more laboratory an-
alyses of growth and time effects on these characteristics of importance in
nutritive analyses. .

LEAVES

Leaves of annuals and deciduous plants go through an annual cycle of
emergence, maturation, and decadence. Cell walls are expected to become
thicker and more lignified as the leaves mature, of course. Decadent annual
and deciduous leaves also lose nutrients through translocation, so their
nutritive contents change as cell structures change through time.

Two-year old and older leaves are present on evergreens. Cell

structural changes are expected to be less after the first year of rapid
growth and maturation.
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FLOWERS

The delicate petals, anthers, stamens, and other floral parts of
flowering plants are expected to have thinner cell walls than the supporting
structures. The figure below shows that the floral parts of herbaceous
specles tend to have lower percents cell wall than the stems and leaves
tabular data in Whittemore and Moen (1980). The rigidity of the petals is
due more to turgid cells as a result of a high free-water content than to
rigid cell walls.

100 o

@ Floral parts
e Stems and leaves

40 o Y¥=109.00-0.72X, R=0.89

% JN YITRO TRUE DRY MATTER DIGESTIBILITY

T
4] 10 20 30 40 50 60 70 80 20 100
% CELL WALL

FRUITS AND SEEDS

Fruits and seeds show considerable wvariation in their structural
characteristics. Fruits are often fleshy with a high water content. Seeds
are often covered by rigid protective structures, and have pericarps that
are often quite strong. Materials 1nside of the protective structures may
be structurally quite weak.

' LITERATURE CITED

\

Whittemore, S. and A. N. Moen. 1980. Composition and digestibility of
various herbaceous forages of the white-tailed deer. Can J. Anim.
Sci. 60(1):189-192.
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CODEN

CNJNA

CODEN

CODEN

CNJNA

PYTCA
PYTCA

CODEN

ECOLA

CODEN

CNJNA

ZEJAA

CODEN

JWMAA

*PLPA

CELLULAR AND

VO-NU

60--1

VO-NU

VO-NU

60~-1

Toow.
8—-11

VO-NU

49~--5

VO-NU

60—-1

VO-NU

40--4

BEPA ENPA

189 192

BEPA ENPA

BEPA ENPA

189 192

871
2119

880
2126

BEPA ENPA
956 961
BEPA ENPA
189 192
177 184
BEPA ENPA

630 638

= Plant part

REFERENCES, UNIT 1.4

DIGESTIBILITY DIFFERENCES BETWEEN PLANT PARTS

SERIALS

PLPA*KEY WORDS——==—===—==—m—mmm

flwr compos, diges summer foods whittemore,s; moe 1980

PLPA

frut

PLPA
leav

leav
leav

PLPA

seed

PLPA
stem

stem

PLPA

twig

KEY WORDS-=—====-====———m=mm

KEY WORDS——=—-———=——=————mm
compos, diges summer foods

seas changes, tannin contn
inhib eff tann prot hydrol

KEY WORDS————=~—=~—m——— -

caloric val, 4 sites, kans

KEY WORDS———-——~—=======mm

compos, diges summer foods

[on digest fresh fir bark]

KEY WORDS———=--—====——=—mmm

dig, rel nutr, 7 n species
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feeny,pp; bostock 1968
feeny,pp 1969

AUTHORS—~——————-~~

johnson,sr; robel 1968

AUTHORS-————————-
whittemore,s; moe 1980

ueckermann,e; har 1963

AUTHORS———-——--~-—-

mautz,mm; silver/ 1976




CODEN VO-NU BEPA ENPA PLPA
CPLSA 49--4 499 504 many
JWMAA 35--2 221 231 many

XFPSA 136-- 1 11 many

*PLPA

flwr
frut
leav
many

seed =

stem
twlg

KEY WORDS-————=——=====—~=- AUTHORS—~-——~==~-—~ YEAR
ligni, in vitr dig, pl prt mowat,dm; kwain,/ 1969
cellulo dig, chem, missour torgerson,o; pfan 1971

habi, pine-hardwd, louisia blair,rm; brunett 1977

= Plant part

= flowers

= fruit

= leaves

= two or more plant parts
seeds

= gtems

= twigs

Chapter 11 - Page 30



TOPIC 2. CHEMICAL CHARACTERISTICS

Cell characteristics and digestibilities were discussed in TOPIC 1,
with the relationships between cell structure, plant parts, and

digestibilities considered. Plants have changing chemical profiles as
photosynthates are produced and then metabolized or stored in different
plant parts. Translocation occurs too; soluble nutrients move from the

leaves to the stems just prior to leaf fall, for example. Some plants may,
at different stages, contain digestion inhibitors, and these may reduce
digestibilites of other forage ingested. All of these changing functions,
combined with the changes in animal metabolism over the anunual cycle, make
nutritive relationships between animal and range very dynamic.

Wild ruminants are selective feeders, choosing certain plant parts
rather than simply consuming the entire plant or the most accessible parts
of the plant. The overall digestibility of the mass of ingesta is dependent
on the combined effects of changes In forage characteristics over time and
in the selection of plant parts by the animals. ‘

This TOPIC contains four wunits of 1nformation on chemical
characteristics of forages and range plants. Many of the references contain
information based on proximate analysis. They are valuable references as
long as the limitations of proximate analysis are recognized. The
information is organized with UNIT 2.1 listing the references on the basic
nutrients (ENERGY, PROTEIN, MINERALS, AND VITAMINS), followed by information
on CHANGES 1IN CHEMICAL CHARACTERISTICS OVER TIME (UNIT 2.2), CHEMICAL
COMPOSITION OF DIFFERENT PLANT PARTS (UNIT 2.3), and finally, CHEMICAL
COMPOSITION BY GENUS AND SPECIES (UNIT 2.4). The last UNIT contains several
thousand references in the SERIALS 1list, and should be consulted whenever
nutritive evaluations are being made in other units in this CHAPTER, and in
other chapters too.
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UNIT 2.1: ENERGY, PROTEIN, MINERALS, AND VITAMINS

The four categories of nutrients that make up the title of this UNIT
2.1 represent the nutrients used by animals for metabolism. Since nutrients
in these categories are required for metabolism, it 1is reasonable to
evaluate forages for these nutrients. Publications resulting from nutritive
analyses generally reflect the techniques in vogue at the time. Some
nutritionists have suggested standardizing techniques and output formats so
more direct comparisons of results from different laboratories may be made.
Styles and standardizations are fine, providing they are conceptually
correct and biologically useful for years to come.

A major decision was made by the NRC Committee on Animal Nutrition in
1958 when 1t passed a resolution to start using the caloric system to
describe the energy values of feeds. This decision was important concep-
tually because it allows for the use of internationally defined units when
evaluating both forage and animal, permitting research on fundamental
biological processes without masklng the results in index-type outputs.

Brief discussions of the four categories of nutrients follow.
References in the SERIALS 1list have been identified because of their
nutrient information and the time of year the plant material was collected.

ENERGY

The energy value of forages may be described by a sequence of values
from gross to digestible to metabolizable to net energy, with the last three
values dependent on the animal's efficiencies in extracting and using the
potential energy in the forage. The energy levels from gross to net are
discussed in the first few pages of this CHAPTER 11.

Published data on the energy use of forages 1is often limited to
digestible energy. Apparent digestible energy is quite easily determined by
feeding trials and fecal collections. Gross energy may be measured in a
bomb calorimeter or calculated from chemical composition (See UNIT 2.2 aund
WORKSHEET 2.2a). Metabolizable energy determinations require urine and
methane collections, and net energy determinations require measurements of
the heat increment.

The references listed 1n the SERIALS list are sorted into the four
nutrient categories, with the energy category being rather short. Be sure
to consult the Genus-species list in UNIT 2.4 for additional references that
contain energy information.

PROTEIN

The amount of protein in forage is generally represented is a percent
of the dry weight of the forage. This results in a value for the crude
protein in the forage. It 1s a gross protein estimate, indicating the
amount present in the forage. The amount useful to the animal is dependent
on the total concentration of protein in the forage, the animal's ability to
digest protein, and the amino acids making up the protein.
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The references to protein in the SERIALS 1list include information on
the time of year when the forage was collected. This enables one to compile
a proteiln profile over the annual cycle, illustrating the changing amounts
of protein as plants go through their different phases of growth and
maturation.

MINERALS

The mineral composition of forage plants has been given some attention
in recent years, with calcium and phosphorous being the two most commonly
measured minerals. Little detailed analysis may be done on animal-range
relationships, simply because so little is known about the mineral
requirements of wild ruminants. It is easy to conclude that if the energy
and protein needs of a free-ranging ruminant are being met, the mineral
needs are also being met. However, large differences in the sizes of
antlers of white-talled deer, for example, indicate that mineral metabolism
and subsequent antler growth may be a good indicator of general nutritional
status. Further, antler growth of yearling whitetails and female
reproductive rates also appear to be correlated (See PART VI). The
usefulness of this relationship for management purposes suggests that more
attention should be given the mineral composition of the forage, the
productivity of the range, and mineral metabolism of the animals.

VITAMINS

The vitamin compositions of forages consumed by wild ruminants have
been given practically no attention. The B-complex is unimportant since
they are synthesized in the rumen. Other vitamins are apparently supplied
in sufficient quantities since reduced productivity ~due to vitamin
defficiencies has never been mentioned for wild ruminants. The evaluation
of forages should always be from the animal's perspective, and the domestic
animal scientists have been moving in this direction in recent years.

Crampton and Harris (1969) include good discussions of the four
categories of nutrients in relation to domestic animals, and many of their
concepts may be applied ¢to free-ranging ruminants. As good  Dbasic,
biologlcally-sound analyses are completed on the nutritive relationships of
domestic ruminants, information will be available for aplication to domestic
ruminants as well.

The references in the SERIALS list are not the only ones available
with information of value in this UNIT. Check the Genus-species 1list in

UNIT 2.4 for additional references of importance to the nutritive evaluation
of forages. i

'LITERATURE CITED

Crampton, E. W. and L. E. Harris. 1969. Applied animal nutrition. W. H.
Freeman and Co., San Francisco. 753 pp.
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CODEN
ECOLA
ECOLA
ECOLA
ECOLA
JRMGA

JWMAA
JWMAA

TWNSD

CODEN
AGNSA
BOREA
CJBOA
CJBOA
CJBOA
CPLSA

HLTPA
HLTPA

JECOA
JRMGA
JWMAA
JWMAA
NEXAA

NFGJA

*NUTR

VO-NU
42--3
49--5
51--6
52~-5
20--3

32--4
36--3

31-—-

VO-NU
46
40--3
36--2
51--2
51-11
53--2

29--1
30--2

64—-3
11--5
34--3
41--2
41--3
246--

14--1

REFERENCES, UNIT 2.1

ENERGY, PROTEIN, MINERALS, AND VITAMINS

SERIALS

BEPA ENPA NUTR*KEY WORDS-—=——===———==—-=-

581
956
1094
923
179

162
885

113

BEPA
309
347
209
421
2037
263

43
245

965
247
565

330
533

76

= nutrient

584
961
1097
926
180

171
891

122

ENPA
310
394
220
427
2046
268

51
247

974
248
569
331
542
75

78

ener
ener
ener
ener

ener

ener
ener

ener

NUTR
mnrl
mnrl
mnrl
mnrl
mnrl

mnrl

mnrl
mnrl

mnrl
mnrl
mnrl
mnrl
mnrl
mnrl

mnrl

mnrl

energy valu, plant materia
caloric val, 4 sites, kans
caloric value of pine, var
seas calor val, wdlnd, eng

gross energ val, alpine pl

dig cedar, blsm fir browse
dig, est metabl, aspn brow

odvi, nutr, physiol resear

KEY WORDS————=~=—=——=—==—m
saltbush, mineral composit
minerl status, foliar anal
mineral conte, leav, humus
trace elements, yukon, nwt
mnrl comp, stand prod,utah

forage pl, reindeer presrv

fall-out pluton, lich, swe
radiocesium, lichn, alaska

minerl nutri accum, cyclin
minerals, nutr, louisi for
mnrl comp, herbage, alaska
minrl cont, volc, tree ash
browse quality, kenai popu
calci, phospho cont, range

minrl cont, browse, n york

continued on the next page
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golley,fb
johnson,sr; robel
madgwipk,hai
hughes, mk
smith,dr

ullrey,de; youat/
ullrey,de; youat/

mautz,ww

AUTHORS————~————-
benjamin,ms

vanden driessche,
gagnon,d; lafond/
doyle,p; fletche/
harner,rf; harper

scotter,gw; milti

holm,e; persson,/
hedlund, jd

turner, j; cole,d/
duncan,da; epps,e
kubota, j; rieger/
franzmann,aw; fly
oldemeyer, j1; fr/

watkins,we

bailey, ja

1961
1968
1970
1971
1967

1968
1972

1974

1935
1974
1958
1973
1973
1973

1975
1976

1976
1958
1970
1977
1977
1937

1967




CODEN

NCANA

PLSOA

SWNAA

WUAPA

XAMPA

CODEN

AGJOA
AGJOA

CAFGA
CAFGA

CJZOA
JANSA
JASIA
JECOA
JFUSA
JONUA
JWMAA
JWMAA
JWMAA
JWMAA

NAWTA
NAWTA

NFGJA

SWNAA

XAGCA

XFPNA

VO-NU
101-1
45——1
24--2
14——~
369--
VO-NU
46--5
69--3
38--3
41--2
48--5
25--2
94—-1
51--3
72--5
42--3
27--1
31--1
31--3
36--1
11---
21-—
15-~2
24--2
796--
b=

BEPA ENPA NUTR

291 305
17 26
297 310
1 27
1 164
BEPA ENPA
233 237
497 501
285 293
145 155
905 913
593 593
47 56
555 566
282 285
525 535
81 93
188 190
437 442
174 177
309 312
141 158
155 164
297 310
1 27
1 20

manrl
mnrl
mnrl
mnr 1

mnrl

NUTR

prot
prot

prot
prot

prot
prot
prot
prot
prot
prot
prot
prot
prot

prot

prot
prot

prot
prot
prot

prot

KEY WORDS-——-—-—-----—————————
mineral comp, moose forage
nutrit elem, forest plants
botan comp, nutr cont diet
mnrl cont, nativ plnt, wis

mineral comp, crops, soils

KEY WORDS———————~—————————-

legume nitrog vs fert nitr
time, qual fora, wdlnd clr

pronghorn food habil, calif
crude protein varia, calif

seas chan ener, nitrg intk
est, nrc feed comp tables
util, nitrg, five herbages
nitrog, decompos, sess oék
logging, forage val, color
dosh nitrog dig, poor hrbg
food habits, saskatchewan
prot, phosph, sprng growth
samplng brows, crude prote

qual wint forag, ark ozark

deer food
cont, brw

crude prot det,
prot, phosphorus

soil frtl, crude prot, brw

botan comp, nutr cont diet

forg utiliz, sum rang, ore

fluc forage qual, blue mts
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AUTHORS-——-~—~————
kubota, j

langille,wm; macl
everitt, jh; gonza
gerlogg,ge; moor/

beeson, ke

AUTHORS~—————-~ -

wagner, re
kalmbacher,rs; wa

ferrel,cm: leach,
bissell,hd; stron

mcewan,eh; whiteh
knight,ad; harris
egan,ar; ulyatt,m
bocock,kl
regelin,wl; wall/
macrae,jc; milne/
dirschl,hj
blair,rm:

bailey, ja
segelquist,ca;

epps,ea
s/

einarsen,a
swank ,wg

bailey, ja ‘
everitt, jh; gonza

pickford,gd; reid

skovlin, jm

YEAR
1974
1976
1979
1964

1941

1954
1977

1952
1955

1970
1966
1980
1963
1974
1979
1963
1967
1967
1972

1946
1956

1968
1979
1948

1967



CODEN VO-NU BEPA ENPA NUTR KEY WORDS———————; ————————— AUTHORS———————~—- YEAR
CNRDA 28--5 249 271 vtmn forst succ, nutr val, brws cowan,imct; hoar/ 1950

JWMAA 13--3 271 274 vtmn vit a, carotene, wldlf foo nestler,rb; derb/ 1949

CODEN VO-NU BEPA ENPA NUTR KEY WORDS—-——-—-———————————— AUTHORS ———————-—- YEAR
AGJOA 51--4 223 226 tech animal var, meas fora qual mott,go 1959
AGJOA 54—-6 511 515 tech eval fora crops, chem anal sullivan, jt 1962
CODEN VO-NU BEPA ENPA NUTR KEY WORDS--——-—————==—e—mo—— AUTHORS-~—~=~—~—~ YEAR
ADCSA 95... 262 278 comp, maturity, nutri valu van soest,pj 1969
NAWTA 9—-- 19 28 soil fertility, .wildlife albrecht,wa 1944
NAWTA 31--- 122 128 eval forag, meth, ruminant short,6hl 1966
WZMNA 27... 189 198 nutr, rumn cont, wint brws anke,m; groppel,/ 1978
XFIPA 76-— 1 8 moisture, timelag, equilib mutch,rw; gastine 1970

*NUTR = nutrient

ener = energy
mnrl = mineral
prot = protein
vitmn = vitamins
tech = technique
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UNIT 2.2: CHANGES IN CHEMICAL COMPOSITION OVER TIME

The importance of time in relation to the growth and development of an
animal has been discussed in CHAPTER 1. Plant materials support this growth
and development as they are the only important source of nutrients for the
functional ruminant. Plant materials are obviously not chemically stable
over time, so chemical 1interactions between animals and plant materials
Ingested are very labile.

Seasonal differences in the chemical compositions of herbaceous and
woody browse species occur in relation to the development of the plant.
Alfalfa (Medicago sativa) protein data from Crampton and Harris (1969:
478-479) (aerial part, fresh-cut) are used to illustrate these changes over
time as the plant develops in the drawing below.

301 -30
28- 28
26 26
24 ® 24
22 122
20 ® 20
18- _ 18
®
16+ ' . -16
14 ® | klt;
12 -12
10- © ® Lo

DORM LEBU LEEM FLBU FLOP SFDI SFMT LEWI LEFA

Note that the time scale is not represented on a calendar basis. This
is so  because the growing season, or the functional cause of seasonal
variations in chemical composition, does not coincide exactly with the
calendar. Thus physiologicdal events are used on the x-axis to denote the
progression of time. The several stages of growth and development of a
plant through its annual cycle, include dormant (DORM), leaf buds (LEBU),
leaves emerging (LEEM), floral buds (FLBU), flowers open (FLOP), seeds and
fruits maturing (SFMT), seeds and fruits dispersed (SFDI), leaves withering
(LEWI), leaves fallen (LEFA), and others. Each of the stages has cell
structures that are characteristic of its functions through the the annual
cycle. '
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Marked increases in the protein contents of twigs of browse species
occur just prior to leaf fall because of translocation from the leaves to
the stem. From a nutritional standpoint, the change is a chemical one, and
is related to nutritive physiology in a chemical way. Shifts in food habits
occur as leaf fall progresses and fruit and seed production occurs,
resulting in very dynamic nutritive relationships before the dormant winter
season when nutritive characteristics are quite stable and the quantity of
forage available becomes the important factor. s

The references in the SERIALS 1lists are sorted by season. Those
listed here include references to the time of year collected. Additional
references with general information on chemical composition are also listed
at the end of this unit wunder “chco" (chemical composition). - These
references, plus those on the Genus—species 1list in UNIT 2.4, may provide
additional information on the nutritive characteristics when evaluating
phenology and nutritive charateristics of different forage plants.

LITERATURE CITED
Crampton, E. W. and L. E. Harris. 1969. Applied animal nutrition. W. H.
Freeman and Co., San Francisco. 753 pp.
REFERENCES, UNIT 2.2
CHANGES IN CHEMICAL COMPOSITION OVER TIME
SERIAL PUBLICATIONS
CODEN VO-NU BEPA ENPA TIME KEY WORDS-———————————————- AUTHORS—-—~=—=—=——— YEAR
AGJOA 67—-1 92 93 wntr elbon rye forag, wint,ozar short,hl; segelqu 1975
BZSSA 24--4 302 313 wntr [chem compo, wint pasture] florovskaya,ef 1939

CJZOA 52-10 1201 1205 wntr predict digest, wint brows mautz,ww; silver/ 1974

JRMGA 10--4 162 164 wntr nutritive valu, wint brows smith,ad 1957
JRMGA 21--6 385 388 wntr bighorn winter forage, bc demarchi,ra 1968
JWMAA 4---3 315 325 wntr month var nutr val, wint f hellmers,h 1940
JWMAA 25--1 77 81 wntr nutr,accp, hrdwd sla, wntr alkon,pu 1961

JWMAA 25--3 342 342 wntr atlntc wh-ced, wint browse gould,wp; brown,j 1961

JWMAA 35--4 681 688 wntr in vitr dig, wint for, wyo ward,al 1971
JWMAA 35--4 732 743 wntr limita, winte aspen browse ullrey,de; youat/ 1971
JWMAA 36--1 174 177 wntr qual, wint forag, ark ozar segelquist,ca; s/ 1972
UAXBA 277--1 48  wntr winter range plants, utah esplin,ac; greav/ 1937

XFINA 221--1 6 . wntr rose hips, energy, utah welch,bl; andrus, 1977
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CODEN

CODEN

CNJNA

GRBNA

JWMAA

UAXBA

CODEN

CODEN

CAEBA

ECOLA

JRMGA

JWMAA

0JSCA

PLPHA

PYTCA

UAXBA

VO-NU BEPA ENPA TIME

VO-NU BEPA ENPA

60--1 189

39--2 122

38—-4 792

305~-1

VO-NU BEPA

VO-NU BEPA

543--1

51--4 565

27--2 114

39--2 321

21--3 89

10--4 739

7---5 871

472——-1

192
128
798

22

ENPA

ENPA
62
581
117
329
103
751
880

55

spng

TIME

smmr

smmr

smmr

smmr

TIME

fall

TIME

seas

seas

seas

seas

seas

seas

seas

seas

KEY WORDS————===—m—mmm—mmm

KEY WORDS——————~—————————
comp, in vitro dig, sum fo
chem comp,summr plnts,utah
nutr qual, prnghn diet, ut

summer range plants, utah

KEY WORDS——=====—mm=—m ——

KEY WORDS-——-—————————m———
season, chem compos, range
seas chan, tannins, nutrie
soil, seasonal forage qual

utri, south, diff seasons
seas change, carbohydrateé
growth, seas chang, leaves
seas chang, tannin, leaves

nutri value, seasona range
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AUTHORS ———————-—-~

whittemore,s; moe
pederson, jc; harp
smith,ad; maleche

stoddart,la; grea

AUTHORS———~———=———~

AUTHORS~———--—~-—-
hart,gh; guilber/
feeny,p
krueger,wc; donar
short,hl
mitra,sk
sampson,aw; samis
feeny,pp; bostock

cook,cw; harris,1

YEAR

1980

1979

1974

1942

YEAR

YEAR

1932

1970

1974

1975

1921

1935

1968

1968




CODEN

ADCSA

AJGOA

AGNSA

AJBOA

ATICA

ATRLA

AZOFA

CAEBA
CAEBA

CAFGA
CAFGA

CJBOA

CJFRA

CNAPA

CNRDA

CPLSA
CPLSA

ECOLA
ECOLA
ECOLA
ECOLA
ELPLB
JANCA

JANSA
JANSA

VO-NU
95...
56-~2
50. ..
61——7
25--1
18--1
8-—-3
150-—
627--
39--2
45—-1
38--3
9---3
769-—
28--5
42--1
45--3
34-—4
40--4
43——4
47--2
234
12-—-
41--2
45--2

BEPA ENPA TIME

262
160
240
749
21
81

385

163
57

313

250

249

105
246

786
644
753
222
637
317

601
365

278
161
276
753
27

91

389

21
95

175
58

333
255
60

271

115
250

793
651
757
229
648
319

609
376

chco

chco

chco

chco

chco

chco

chco

chco
chco

chco
chco

chco

chco

chco

chco

chco
chco

chco
chco
chco
chco
chco

chco

chco
chco

KEY WORDS—~—=—===—===——=——=
comp, maturity, nﬁtri valu
age, chem comp, digestibil
chem compo of prickly pear
var nutr, pine, oak leaves
forage plnts, reindee, nwt
natu feed, roe deer, inges
nutr val, grz, ungrz lichn

value oak of leaves, forag
comp foothill plnts, calif

nutr val deer forag, calif
interpret chem anal, brows

chlorophyl, nativ, managed
doug fir genot, brows pref
nativ plants, alberta,sask
nutrit valu,:forest succes

festuca scabrella associat
forag lich,saskat, b g car

nutr, leaf litte rocky mts
chem cont, current growth
caloric,lipid cont, alpine
select nutr, browse plants
nutri withdrawal fr leaves
chem composit, alaska lich
nutr value, aquatic plants

odvi, nutr throughout year

continued on the next page
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AUTHORS--———~———~-
van soest,p]
burton,gw; knox,/
benjamin,ms; old,
woodwell, gm
scotter,gw
drozdz,a; osiecki
pulliainen,e

mackie,ww
gordon,a; sapson,

hagen,hl
bissell,hd

bray, jr

radwan,ma
clarke,se; tisdal
cowan,imct; hoar/

johnston,a; bezea
scotter, gw

daubenmire,r
cook,cw; stoddar/
bliss,lc

short ,hl; dietz,/
stachurski,a; zim

spencer,gc; krumb

inn, jg; staba,ej/
holter, jb; urban/

1969
1964
1939
1974
1972
1973
1971

1903
1939

1953
1959

1960
1972
1945
1950

1962
1965

1953
1959
1962
1966
1975
1929

1975
1977



CODEN

JAPEA

JCECD

JFUSA

JRMGA
JRMGA
JRMGA
JRMGA

JWMAA

JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA

LATBA

NAWTA

NEXAA

NCANA

PCGFA
PCGFA

PMSCA

PSAFA

VO-NU
13--1
4~——6
55--5
5-—=5
26~-2
30--3
30--3
15--4
19~-1
20--4
23--1
30—-1
32--4
33--3
34--3
35--2
35--4
36--3
38--1
38--3
39--4
41--2
488-~
30~--
311--
101-1
20-—-
28-——-
31--1
1958-

BEPA ENPA TIME

295

675

342

346
117
206
227

352
65

359
81

163
773
499
540
221
698
913
32

517
670
161

1

274

217

34
574

73

117

301
683
347

353
120
209
230

357
70

367
90

167
777
505
545
231
706
923
41

524
673
168

18
285
43
226

104
580

77

122

chco
chco
chco

chco
chco
chco
chco

chco
chco
chco
chco
celu
chco
checo
chco
chco
chco
chco
chco
chco
chco
chco

chco
chco
chco
chco

checo
chco

chco

chco

KEY WORDS————=—=——————————=
nutr distrib, cyclng,conif
deer browsing pref, d-fir

brows; prescrb burn, s pin

var, chem comp,range plnts
productiv, nutrient status
fo hab, semi-des grass-shr
bermuda grass, saline soil

odvi,chem comp plnts s dak
chng, bros nutr valu, fire
chem comp, browse, n carol
avail nutr, brws, dif soil
cellulo level, appar diges
chm comp, alpine tundr pln
nutr anal, mistletoe, ariz
eff, prescrib burn, browse
chem compo, missouri foods
forage, dig, s uplnd range
rata food hab, newfoundlnd
plnt char rel, fd pref, or
nutr cont, fertilizd brows
nutr, diet, pnderosa, ariz
anam diet qual, fora avail

nutr val, nativ plnts, lou

nutr reserve, range manage
compositi, grasses, browse
nutritiv value, moose fora

nutr anal, deer, so caroli
qual, deer for, ea we virg

nutr val,red osler,mt mapl

5 key brows species, color

continued on the next page
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turner, j; singer,
radwan,ma; crouch
lay, dw
blaisdell, jp; wi/
smith,al

short,hl

gonzalez,cl; heil

gastler,gf; moxo/
dewitt, jb; derby,

smith, fh; beeson/
hundley,1lr
short,hl
johnston,a; beze/
urness,pj
dills,gg
torgerson,o; pfan
short,hl
bergerud,at
radwan,ma; crouch
abell,dh; gilbert

urness,pj; neff,/
schwartz,cc; nag/

campbell,rs; epp/
dietz,dr
watkins,we
oldemeyer, jl

thorsland,oa
towry,rk, jr; mic/

fashingbauer,ba;/

dietz,dr; udall,/

1976

1978

1957

1952
1973
1977
1977

1951
1955
1956
1959
1966
1968

. 1969

1970
1971
1971
1972
1974
1974
1975
1977

1954

1965

1943

1974

1966
1974

1963

1958




CODEN VO-NU
SZSLA 21---

TAEBA 245--
TAEBA 461--
TAEBA 461--

TAEMA 384--
TPCWD#*14———

WAEBA 65-—-
WAEBA 70-—-
WAEBA 76———
WAEBA 87-—-
WAEBA 137-—-
WAEBA 146--
WAEBA 157--
WAEBA 184—-
WAEBA 311--

WGFBA 12---
WLMOA 48-—--

XFPSA 51---

*TPCWD 1is

BEPA ENPA TIME

117 128
1 29
1 63
1 94
1 8
1 89
1 52
1 75
1 112
1 152
1 16
1 89
89 107
1 21
1 40
1 61
1 65
1 35
thought

chco

chco
chco
chco

chco

chco

chco
chco
chco
chco
chco
chco
chco
chco
chco

chco

chco

chco

to be

KEY WORDS—~—=——————— e =
semi-domest reindeer nutri

feedin values, feed stuffs
comp, utiliz tex feed stuf
comp, utiliz tex feed stuf

factors, range forag plnts
digestibil, forag sp, colo

comp forage plants, wyomin
comp forage plants, wyomin
comp forage plants, wyomin
comp forage plants, wyomin
comp forage plants, wyomin
comp forage plants, wyomin
comp forage plants, wyomin
comp forage plants, wyomin
comp forage plants, wyomin

anam food hab, abund, dist
alal habita selec, for mng

seas dist nutr, 7 brows sp

the correct CODEN for:

AUTHORS--—~~----—— YEAR
steen,e 1968

fraps,gs : 1919
fraps,gs 1932
fraps,gs 1947

vallentine, jf; yo 1959
dietz,dr; udall,/ 1962

knight,hg; hepne/ 1905
knight,hg; hepne/ 1906
knight,hg; hepne/ 1908
knight,hg; hepne/ 1911
cundy,at 1924
roberts,en 1926
mccreary,o 1927
mccreary,oc 1931
beath,o0a; hamilto 1952

sundstrom,c; hepl 1973
peek, jm; urich,d/ 1976

blair,rm; epps,ea 1969

State of Colorado -

Department of Game and Fish, Technical Publication Number Fourteen.
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CHAPTER 11, WORKSHEET 2.2a

Calculation of gross energy from chemical composition

The gross energy of a forage may be calculated from its chemical
composition by multiplylng the proximate analysis-determined fractions by
their respective caloric values. The sum of the caloric yields of each of
the fractions is the gross energy.

This procedure is discussed by Crampton and Harris (1969:73) for
cattle feeds. A modified table for making these calculations is shown
below.

Chemical ‘ KCAL Contribution of each
component Fraction per gram chemical component’
Protein X 5.6 =
Ether extract X 9.3 =
Fiber o X 4.3 =
N-free extract X 4.3 =
Ash
Waterv o
SUMS = 1.00 = Calculated

gross energy

Calculated gross energy values will come out close to 4.5 Kcal per
gram, or 4500 Kcal per kg. Each of you must decide if 4500 is an adequate
approximation for diet components, or if more precise measurements or
calculations should be made for the kinds nutrient and ecological analyses
being completed. '

LITERATURE CITED

Crampton, E. W. and L. E. Harris. 1969. Applied animal nutrition. W. H.
Freeman and Company, San Francisco. 753 pp.
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UNIT 2.3: CHEMICAL COMPOSITIONS OF DIFFERENT PLANT PARTS

Since different plant parts have different functions, it is not sur-
prising that there are differences in both cell structures and ‘chemical com-
positions. There are some data on these differences in cultivated plants.
The energy and mattetr morphology of a corn plant, for example, 1s il-
lustrated in Moen (1973:307). In general, the stalk has the least
digestible energy and the grain the most. Conversely, the stalk has the
most ash and the grain the least. These differences reflect the different
functions of these plant parts.

Changes in forage specles and plant parts selected by wild ruminants
reflect plant differences 1in plant tissues through the annual cycle.
Changes in protein composition of alfalfa through time were illustrated in
UNIT 2.2. Using the alfalfa data for stems and leaves and sweetclover data
for seeds (Crampton -and Harris 1969), the 1llustration below shows
differences between parts of the plant.

40+ © 40
30+ 30
28- 28
26- 26
247 ® 24
224 22
20 ~20
184 -18
167 -16
14- ' 14
12 12
mJ © 10

STEM = LEAV FLWR SEED

Chapter 11 - Page 45




Cell wall contents and in vitro digestibilities of the floral parts
and stems and leaves of 12 species of forbs evaluated by Whittemore and Moen
(1980) show that the floral parts had significantly lower cell wall contents
and significantly higher in vitro digestibilities than the stems and leaves.
This is not surprizing, since the stems are supporting structures and are
expected to contain more lignified cells than the petals of flowers.

The significant characteristic of the data on cell wall and
digestibility of these forbs i1s that the slopes of the regression lines for
these plant parts were not different. Thus the basic relationship between
cell wall and digestibility is the same for different plant parts, but the
amount of cell wall is different. This 1is illustrated conceptually in the
drawing below, and for data in Whittemore and Moen (1980) in a WORKSHEET.

Flowers

Increasing 4 \\\\\\\\ Stems and

Digestibility Leaves

Increasing cell wall->-

The two lines afove have the same slope, but occur over different
x-values. This illustration is an exaggeration of the data in Whittemore
and Moen (1980); some overlap occurred in the cell wall percents of floral
parts and stems and leaves.

The references in the SERIALS 1list are sorted in relation to the
nutritional characteristics of the plant parts. The time of year was
usually given, or could be inferred from the plant part analyzed.
Additional data may be found in the comprehensive Genus-Species lists in
UNIT 2.4.

LITERATURE CITED

Crampton, E. W. and L. E. Harris. 1969." Applied animal nutrition. W. H.
Freeman and Co., San Francisco. 753 pp.

Moen, A. N. 1973. Wildlife Ecology: An analytical approach. W. H.
Freeman and Co., San Francisco. 458 pp.

Whittemore, S. and A. N. Moen. 1980. Composition and digestibility of

various herbaceous forages of the white-tailed deer. Can. J. Anim.
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CODEN

CNJNA

CODEN

JWMAA
JWMAA

JWMAA

XFINA

CODEN

BOGAA

CJBOA

FRCRA
FRCRA

FRSTA

JACSA

JSFAA

JWMAA
JWMAA

PLPHA

PLSOA

CODEN

ECOLA

JFUSA

*PLPA

REFERENCES, UNIT 2.3

CHEMICAL CHARACTERISTICS OF DIFFERENT PLANT PARTS

VO-NU
60--1 189
VO-NU
13--3

37--4
40--2

271
585
283

221--1

VO-NU
94--2 381
36--2 209

41--2
44--3

222
28

37--1 87
39-—- 1286
27--9 877

34=-2
35--4

475
668
10--4 739°

24--1 90

VO~-NU
34——-4 786

49-12 914

192

BEPA ENPA

274
587
289

BEPA ENPA

393

220

236
35

94

1296

882

478
673

751

112

BEPA ENPA

793

915

= plant part

flwr

PLPA
frut
frut
frut

frut

PLPA
leav
leav

leav
leav

leav
leav
leav

leav
leav

leav

leav

PLPA
lttr
lttr

1ttr

SERIALS

BEPA ENPA PLPA*KEY WORDS-—-—————————————=

comp, in vitro dig, sum fo

KEY WORDS————=~======—————
vit a, carotene, wildl fds
caloric, moisture cont val

nutritn quality, digestion

rose hips, energ, wint, ut

KEY WORDS--——-—-—=———~~—-————
minrl, nitrog, leave, time
leav, humus

minerl contnt,

conifer nutrie content, bc
prot, calor cont, lodg pol

chem comp,well, poor grown
plant food, forest leaves

element compos red raspber

seas var, nutr cont, aspen
nutritive value, sourwood

growth, seas chang, leaves

trace, maj elem comp, seas

KEY WORDS——————————e——
nutr, leaf litte rocky mts
litter fall

nutrient cont,

continued on the next page
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whittemore,s; moe

AUTHORS ———————-—~
nestler,rb; derby
burns, ta; viers,c

epps,ea, jr

welch,bl; andrus,

AUTHORS--—-—-—————-
mchargue, js; roy,

gagnon,d; lafond/

beaton, jd; moss,/
boag,da; kiceniuk

madgwick,hai
serex,p, jr
john,mk; daubeny/

tew, rk
harshbarger,tj; m

sampson, aw; samis

guha,mm; mitchel,

AUTHORS————————=—
daubenmire, r

tarrant,rf; isaa/

YEAR
1949
1973
1976

1977

YEAR

1932

5958

1965
1968

1964

1917

1976

1970
1971

1935

1966

YEAR

1953

1951




CODEN
NOSCA
OIKSA

SOSCA

CODEN
JWMAA

PCGFA

CODEN
ECOLA
JAGRA
JANSA

JWMAA
JWMAA

CODEN

JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA

CODEN
ATICA
CAEBA

ECMOA

25--3

43—

VO-NU

37--4

13-—-

VO-NU

49--5

66——-9

44—-3

13--3
40--2

VO-NU

4--3

16—4
25--1
31--3
38-—-1
38—-3
40--4

VO-NU

25--1

627—-

34-~4

BEPA
183
341

349

BEPA -
585

54

BEPA
956
349
389

271
283

BEPA

315
401
77

437
32

517
630

BEPA

21

321

ENPA PLPA

189 1lttr

352 1ttr

355 1ttr

ENPA PLPA

587 mast

61 mast

ENPA PLPA
961 seed
355 seed
394 seed
274. seed
289 seed

ENPA PLPA
325 twig
409 twig
81 twig
442 twig
41 twig
524 twig
638 twig

ENPA PLPA
27 many
95 many
357 many

many

KEY WORDS-—~—=—=-=—===-==—=—
litterfall, doug—-fir, oreg
chem comp, weight, decompo

compos, forest tree litter

KEY WORDS——————— e —
caloric, moisture cont val

acorns in diet of wildlife

KEY WORDS-————-—=—~———==———
caloric val, 4 sites, kans
proteins, various tree sece
chem compos, 15 weed seeds

vit a, carotene, wildl fds
nutritn quality, digestion

KEY WORDS-—————-———————————
month var nutr val, wint f
brows stud, lake state reg
nutr, accp, hrdwd sla, wnt
samplng browse, crude prot
plnt char rel, fd pref, or

nutr, fertliz brows, maine
dig,rel nutr, 7 n brows sp

KEY WORDS———-——=———m=—=——m
forage plﬁts, reindee, nwt
comp foothill pints, calif
energ rel, alpin pl, n ham

continued on the next page
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rickard,wh
howard,pjaj howar

coile,ts

AUTHORS—-————=——~~
burns,ta; viers,c

goodrum, pd

AUTHORS————-——=———
johnson,sr; robel
lund,ap; sandstro

harrold,rl; nalew

nestler,rb; derby

epps, ea, jr

AUTHORS-———~—————

hellmer,h
aldous,se
alkon,pu
bailey, ja
radwan,ma; crouch
abell,dh; gilbert
mautz,ww; silver/

AUTHORS———-—=~——-
scotter, gw
gordon,a; sapson,

hadiey;eb; buss,1

YEAR

1973

1959

1968

1943

1977

1949
1976

1940
1952
1961
1967
1974
1974
1976

1972

1939

1964



CODEN
FOSCA
JRMGA
JRMGA
JRMGA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA

PCGFA
PCGFA

PLSOA

SSSAA

UAXBA

XFPSA
XFPSA

VO-NU
22--2
24--1
29--4
30--3
12--1
31--1
33--4
34--3
37--3
21-—-
25-—-
45--1
40--1
344~
51-~-
111--

BEPA ENPA PLPA

195 208
37 40
344 345
206 209
1 8
188 190
1028 1031
565 569
279 287
57 62
47 53
17 26
116 119
1 45
1 35
1 10

many

many
many
many

many
many
many
many
many

many
‘many

many
many
many

many
many

*PLPA

flwr
frut
leav

lttr =

seed
sprt

twig =
many =

mast

KEY WORDS————————e e o -
nutr elem chang,seas dynam

monthly var, desert saltbu
calor cont, rocky mt plnts
fo hab, semi-des gras-shru

nutri value, 14 odvi foods
prot, phosph, sprng growth
browse qual, tree ovrstory
minerl comp, herbag, alask
imprtn, non-brws food,alas

growth, forag qual, browse
quan,qual hnysckl, arkansa

nutrit elem, forest plants
leaf fall, floor character
nutr val, range forag, uta

seas distrib nutrien, 7 sp
comp, dig, s forest browse

= Plant Part

= flower

= fruit

= leaves

litter

= seeds

= sprouts

twigs

two or more plant parts
= mast
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grigal,df; ohman/

chatterton,nj; g/
andersen,dc; armi
short,hl

atwood, el

blair,rm; epps,ea
halls, lk; epps,ea
kubota, j; rieger/
herescke,re; davi

blair,rm; halls,1
segelquist,ca; r/

langille,wm; macl
van lear,dh; goeb
cook,cw; harris,1

blair,rm; epps,ea
short,hl; blair,/

1976

1971
1976
1977

1948
1967
1969
1970
1973

1967
1971

1976

1976

1950

1969
1975
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CHAPTER 11, WORKSHEET 2.3a

Chemical compositions of different plant parts

Chemical compositions of different parts of forage plants consumed by
domestic ruminants are given in the NAS (1971) Atlas of Nutritional Data on
United States and Canadian Feeds. Chemical compositions of parts of
naturally-growing forages consumed by wild ruminants are available in much
more limited quantities. Using the data in the NAS Atlas and from the
references listed in this CHAPTER, tabulate chemical compositions in the
format below and identify patterns for use in making estimates for those
forage species that have not been measured.

P

Chemical or nutritive component:

PLPA

Genus species sprt twig leav flwr frut seed lttr
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UNIT 2.4: CHEMICAL CHARACTERISTICS BY GENUS AND SPECIES

Chemical characteristics of a large number. of North American forage
plants have been determined by nutritionists. Data on the feeds of inter-
rest to domestic animal scientists are published in comprehensive data books
such as the Atlas of Nutritional Data on United States and Canadian Feeds
(NAS 1971). Analytical data for 6,152 feeds are given in that Atlas. It is
well-organized and easy to use. Plants are listed alphabetically by common
name. Chemical characteristics, including dry matter, ash, crude fiber,
ether etract, N-free extract, minerals, protein, and energy, are given.
Further, energy and protein digestibility coefficients for sheep, cattle,
goats, horses, and rabbits are given. The publication is an impressive
collection of nutritional data. Since there are several entries for many of
the species over time and for different plant parts, patterns of nutrient
change can be identified.

No such atlas exists for the forges of wild ruminants. Perhaps none
should since the tabulation of information on plant species that are
selectively grazed or browsed by free-ranging animals over time can hardly
be representive of the actual forage consumed through the annual cycle due
to the many dynamics 1involved. On the other hand, the information is
needed. Changes 1n digestibilities through time, <changing cell wall
characteristics, differences in the nutritive values of plant parts, changes
in the preferences of the animals for different species, changes in foods
available imposed by range conditions, changes in the nutrient needs of the
animals. . . these are examples of some of the dynamics.

Other UNITS in this CHAPTER and other CHAPTERS include information and
references on these and other dynamics of the animal-range relationship.
Questions about nutritive relationships should be process-oriented, with an-
alyses focused on different nutritive processes. Mineral metabolism, for
example, 1s discussed in CHAPTER 9. References to mineral compositions of
plants are listed in UNIT 2.1 of this CHAPTER. 1If the material on a nutri-
tive process described in other UNITS and CHAPTERS does not contain the
necessary information for a selected diet, then the GENUS-SPECIES lists in
this UNIT 2.4 should be consulted for additional information.

The Genus—species list that follows is very comprehensive. Note that
the KEY WORDS sometimes contain the four-letter genus and species code for
the animal for which the nutritive analysis was done. Shorter 1lists in
other UNITS are useful when specific characters are being evaluated; the
long Genus-species list 1is a master list that provides the information
necessary to find the published paper when evaluating the plant as forage.

LITERATURE CITED

National Academy of Sciences. 1971. Atlas of nutritional data on United
States and Canadian feeds. National Academy of Sciences, Washington,
D.C. 772 pp.
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CODEN VO-NU
FRCRA 41--2
JAPEA 13--1
kkkkk

BOREA 40--3
CJFRA 5-—-4
CJZ0A 52-10
FRCRA 41--2
JWMAA 32--1
JWMAA 32--4
JWMAA 38--3
JWMAA 39--1
JWMAA 40--4
NFGJA 14--1
PLSOA 45--1
WUAPA 14---
*dekhk

JWMAA 25--2
JWMAA 36--2
Kk

ECOLA 34--4
*kkkk

CJBOA 51--2
CNRDA 28--5
ECOLA 34—-4
Kok kK

JFUSA 49...
CODEN VO-~NU
TAEBA 461--
Kkkhk

CRPSA 15--6
Kekdkk

REFERENCES, UNIT 2.4

CHEMICAL CHARACTERISTICS BY GENUS AND SPECIES

BEPA ENPA GENS

222 236
295 301
347 394
655 661
1201 1205
222 236
162 171
729 746
517 524
67 79
630 638
76 78
17 26
1 27
209 210
595 605
786 793
421 427
249 271
786 793
914 915
BEPA ENPA
1 63
821 827

abie
abie
abie
able
abie
abie
abie
able
abie
abie
abie
abile
abie
abie

abie
abie

abile

abie

abie

abie

able

GENS

abut

abut

SERTALS

SPEC KEY WORDS-——————————~
amab forag nutr cont conhif

amab nutr distr cyclng alp
*kkk

bals pred miner nutr stats
bals litter fall afte fire
bals odvi, forag nutr §alu
bals forag nutr cont conif

bals digestl of fir browse
bals alal damage to balsam
bals odvi, nutr cont brows
bals odvi, feed analy & di
bals odvi, diges & nut.dat

bals od, mineral cont brow
bals essen nutr eleme firs

bals mineral cont of plant
Kkkk ’

conc qual winte food blu-g

conc odhe, forest manip on
ET T

gran nutr cont leaf litter
ok hk

lasl trace eleme cont soil
lasi alal, forest succ & f
lasi nutr cont leaf litter

Kk Kk
-——— littr fall & foli nut

SPEC KEY WORDS—————~—————==—

inca comp, util of rang ve
*kkk

theo forag nutr & palat of
*kkk
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beaton, jd; moss,/
turner, j; singer,
vanden driessche,
grigal,df; mccoll
mautz,ww; silver/
beaton, jd; moss,/
ullrey,de;'youat/
bergerud,at; manu
abell,dh; gilbert
robbins,ct; van /
mautz,ww; silver/
bailey, ja

langille,wm; macl

gerloff,gec; moor/

hoffman, rs
lawrence,g; biswe

daubenmire,r
doyle, j; fletche/
cowan,imect; hoar/
daubenmire,r

tarrant,rf; issa/

AUTHORS—————=———=

‘fraps,gs; cory,vl

marten,gc; anders

1965
1976
1976
1975
1974
1965
1968
1968
1974
1975
1976
1967
1976
1964

1961
1972

1953
1973
1950
1953

1951

1940

1975




CODEN
TAEBA
ECOLA
JRMGA
TAEBA

Kkkkk
JWMAA

CODEN

TAEBA

CODEN

AZOFA

NAWTA
dokdokk

CNRDA

ECOLA

WAEBA
Sekdek

JFUSA
Kk

JWMAA
JWMAA

WUAPA
Fkkkk

CJZOA
JWMAA
NFGJA
PLSOA
Kk ik
ECOLA
NCANA

Fkdkkk
CJFRA

VO-NU
461—-
49--5
30--3
461--
35--3
VO-NU
461--
VO-NU
8-—-3
11---
28--5
57--2
184-9
49...
39--2
40--2
14-~-
52-10
40-~4
14--1
45--1
34-=4
101--
CR—

BEPA ENPA GENS

1
956

206
469

BEPA

BEPA
385
309
249

367

914

337
283

1201
630
76
17
786
291

655

63

961

209

63

475

ENPA

.63

ENPA
389
312
271
373
21
915

341
289

14
1205
638
78

26

793

305

661

acac
acac
acac
acac

acac

GENS

acal

GENS
acer
acer
acer
acer
acer
acer

acer
acer

acer
acer
acer
acer
acer
acer
acer
acer

acer

SPEC

angu
kkkk

farn
ek ke

greg
Kkkk

roem
Kkkk

SPEC

grac

SPEC
circ

circ
*kkk

glau
glau

glau
Kkkk

macr
kkkk

negu
negu

negu

Kk Kk
pens

pens
pens
pens
Kk
pseu
pseu
*K Kk

rubr

rubr

KEY WORDS-=——-———~~—=—
comp, util of rang ve
cal valu seeds, ne ka
odhe, food habi grass

comp, util of rang ve

odhe, odvi, nutr inta

KEY WORDS——~-—~~——-—-

comp, util of rang ve

KEY WORDS————-—~~---—

odhe, plan characte &

‘crud prot deter & man

alal, forest succ & £
seaso & diurnal water
forag plan & chem com
1tt

foliag nutr cont,

odvi, brow comp & dig
nutr qual of diges of

mineral cont of plant
odvi, forag nut value
odvi, diges & nut dat
odvi, mineral cont br
essen nutr elem fores
nutr cont leaf litter
alal, brows miner com

litter fall after fir

cont on the next page
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fraps,gs; cory,vl
johson,sr; robel,
short,hl

fraps,gs; cory,vl

urness,pj; neff,/

AUTHORS—~~~-——--—-
fraps,gs; cory,vl
AUTHORS-——-——-———-
radwan,ma; crouch
einarsen,a

cowan,imct; hoar/
cline,rg; campbel
mccreary,oc
tarrant,rf; issa/

robbins,ct; moen,
short,hl; epps,ea

gerloff,gc; moor/
mautz,ww; silver/
mautz,ww; silver/
bailey, ja

langille,wm; macl
vanden driessche,

kubota, j

grigal,df; mccoll

1968

1977

1940

1971

YEAR

1940

1974

1946

1950

1976

1931

1951

1975
1976

1964

1974

1976

1967

1976

1974

1974

1975



CODEN

CJZOA

JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA

JWMAA
JWMAA
JWMAA

NFGJA

PCGFA

PLSOA

SOSCA

WUAPA

kkkkk

JWMAA
Kdkekkk

BOGAA

JACSA

JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA

JWMAA
PLSOA
WUAPA
LT

CJZ0A

FOSCA

VO-NU
52-10
4—--3
19--1
20--4
23--1
25--1
35--2
36--1
38--1
38--3
39--1
39--2
404
41--1
14--1
28——-
45--1
43-—-
14-——
12--1
94——-
39—1
12—1
14--1
25--1
35--2
38--1
38--3
39--2
40--2
45--1
14-~-
52-10
22--2

BEPA ENPA GENS

1201 1205 acer

315
65
359
81
77
221
174
20
517
67
337
630
144

76

574

17

349

381

1286

76
77
221
20
517
337.
283

17

1201

195

325
70
367
90
81
231
177
31
524
79
341
638
147

78

580

26

355

14

391

1296

78
81
231
31

524

341
289

26

14

1205

208

acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer

acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer
acer

acer

acer

SPEC
rubr

rubr
rubr
rubr
rubr
rubr
rubr
rubr
rubr
rubr
rubr
rubr
rubr
rubr

rubr
rubr
rubr
rubr

rubr
*khk

sacc
*k kk

sach
sach

sach
sach
sach
sach
sach
sach
sach
sach

sach
sach
Fok ok
splc
spic

spic

KEY WORDS~=~———=—————=-
odvi, forag nutr valu

od, mon var food nutr
chan brows nutr value
herb brows chem compo
od, avail nutri brows
od, slash winter brow
cellulos diges & comp
odvi, wint forag qual
odvi, in vitro digest
odvi, brows nutr cont
odvi, feed anal & dig
odvi, brow comp & dig
odvi, diges & nut dat
leam, wint brows nutr

od, mineral cont brow
odvi, qual deer forag
essen nutr elem fores
comp forest tree 1litt
mineral cont of plant
a nutr knowled shortc
mineral & nitrog cont
plant food mater, lea
a nutr knowled shortc
od, mineral cont brow
od, slash winter brow
cellulos diges & comp
odvi, in vitro digest
odvi, brows nutr cont
odvi, brow comp & dig
nutr qual of diges of
essen nutr elem fores
mineral cont of plant
odvi, forag nut value

seas dynam tall shrub

cont on the next page
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mautz,ww; silver/

hellmers,h
dewitt, jb; derby,
smith, fk; beeson/
hundley,1r
alkon, pu
torgerson,o; pfan
segelquist,ca; /
snider,cc; asphun
abell,dh; gilbert
robbins,ct; vans/

robbins,ct; moen,
mautz,ww; silver/
walski,tw; mautz,
bailey, ja
towry,rkjr; mich/
langille,wm; macl
coile,ts
gerloff,gc; moor/
atwood,el
mchargue, js; roy,
serex,pjr
atwood, el
bailey, ja
alkon,pu

torgerson,o; pfan
snider,cc; asplun
abell,dh; gilbert
robbins,ct; moen,
short,hl; epps,ea
langille,wm; macl
gerloff,gc; moor/

mautz,ww; silver/

grigal,df; ohman/

1976
1937
1964
1948
1932
1917
1948
1967
1961
1971
1974
1974
1975
1976
1976
1964
1974

1976




CODEN

JWMAA
JWMAA

PMSCA

CODEN
JRMGA
Fkkk

CJBOA

JRMGA

CODEN

CAFGA
CAFGA

JANSA

JWMAA

CODEN
BOGAA
JAGRA
Kkkkk

ECOLA

NCANA
*dk ko

CODEN

MGLHA
Kkkkk

VO-NU

39--1
40--4

31--1

VO-NU
29--1

51-11

VO-NU

94——-

62-10

34--4

101--

40--2

VO-NU

65-~4

BEPA

67
630

73

BEPA
63
2037

419

BEPA

57
145

476

119

BEPA
381
627
786
291

283

BEPA

476

ENPA

79
638

78

ENPA

65

2046

421

ENPA

78
155

480

122

ENPA

391

636

793

305

289

ENPA

478

GENS

acer
acer

acer

GENS

achi

achi

achi

GENS

aden
aden

aden

aden

GENS

aesc

aesc

aesc

aesc

aesc

GENS

agar

agar

SPEC KEY WORDS—~——————————

spic odvi, feed anal & dig
spic odvi, diges & nut dat

splic dogwood & mt maple as

SPEC KEY WORDS—————————m—m—m—
lanu effect 2,4-d on diges
kkkk

mill miner comp grassla sp

mill odvi, in vitro consta

SPEC KEY WORDS——-—-———————-

fasc natura & art food dig
fasc crude prot var browse

fasc diges of interior oak

fasc chaparral crown sprou

SPEC KEY WORDS—————————~——~
cali mineral & nitrog cont
cali chem comp forest frui
hkk

hipp nutr cont leaf litter
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NUABA

PSAFA

UAXBA
UAXBA
UAXBA

WAEBA
WAEBA

XATBA

XFINA
*kkkk

JRMGA
& kdok Kk

TAEBA
Fodede hk

JANSA
JANSA

CODEN

CJBOA
kedede ko

XARRA
dedede kok

JRMGA
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JAPEA
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CODEN
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Kk kk
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1958-
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472—-
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184-9
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29--1
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VO-NU
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2037
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VO—-NU

227~--
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184-9
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184-9
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CODEN VO-NU
NEXAA 246—-
WAEBA 65--1
kkkkk
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CODEN VO-NU
ECOLA 43--4
CODEN VO-NU
JANSA 44--3
NDFRA 32--1
khkkk

CRPSA 15--6
*kkkk

BEPA ENPA GENS

1 75

1 53

1 53
BEPA ENPA
753 757
BEPA ENPA
389 394
15 17
821 827

atri

atri

atri
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aven
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hkkk
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SPEC

turg
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hkkk

satil
*kkk
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CODEN

JAPEA

CODEN

CJBOA

CODEN

JARRA

CODEN
JECOA

khkhkk

JAGRA
fekdedkk

TAEBA

CODEN
JANSA
JFUSA

JWMAA
JWMAA

PCGFA

XFPSA

CODEN
JWMAA
ECOLA

dokd dek
ATICA
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11--2
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VO-NU
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VO-NU
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10---
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34—-4
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2037
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33
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786

21
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497
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2046
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974
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347

1031
209

58
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ENPA

879
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bahi
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bals
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benz
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berd

berb

berb
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berc

berc

berc
berc

berc

berc
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betu

betu

betu

betu

SPEC

oppo

SPEC

sagg

SPEC

aest

SPEC
nerv

*hkk

thun
*kkk

trif
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scan

scan
scan

scan

scan

SPEC
alba
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Akkk
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glan
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CODEN
CJBOA
CNRDA
CPLSA

NCANA
Fokk Kk

JWMAA
ke ek

BOREA
JWMAA
NFGJA

PLSOA
dokkdok

ECOLA
dedkkokk

kkkhkk

WUAPA
% kk Kk
CJFRA
CJFRA

CNRDA

JWMAA
JWMAA
JWMAA
JWMAA
JWMAA
JWMAA

NCANA
NCANA

PLSOA
kkkk

OIKSA
Kok k

NCANA

PLSOA
Fokkkk

OIKSA
dhkkk

VO-NU
51--2
28--5
53--2
101--
20--4
40--3
10--1
14—-1
45-~1
43-—4
38--4
14-—-
5———4
5-—=4
28--5
15-~4
25--1
34--3
37--3
39--1
41--2
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45--1
25--3
101--
45--1
25--3
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421
249
263
291
359
347
12

76

17

753

875

626
655

249
352
77

565
279
67

330

217
291

17
341
291
17

341

427
271
268
305
367
394
17
78
26
757
879
27

639
661

271
357
81

569
287
79

331

226
305

26
352
305
26

352

betu

betu

betu

betu

betu

betu

betu

betu

betu

betu

betu

betu

betu
betu

betu
betu
betu
betu
betu
betu
betu

betu
betu

betu

betu

betu

betu

betu

‘betu

SPEC
glan
glan
glan

glan
Kk kk

lent
&k Kk

lute
lute
lute

lute
Kk Kok

mino
kkkhk

nana
Kok kk
nigr
kkkhk
papy
papy

papy

papy
papy
papy
papy
papy
papy

papy
papy
papy
kkh%k

pend
Fehkk

popu
popu
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pube
* %k ok

spp-
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1 27
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347 394
565 569
291 305
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1 63
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476 478
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489 497
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469 475
BEPA ENPA
185 197
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boer
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bole
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bout
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brac

SPEC
pulm
% Kk k
pumi
pumi
kok ok
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khkk

SPEC
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SPEC

edul

SPEC
grac
grac
grac

grac
Kkkk

SPEC

decu
ok ko
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CRPSA

JANSA

NDFRA

CODEN

CJBOA
Kk kokk

AAAHA
Kk

JRMGA
kkdkk

AAAHA
&kdhk
CJBOA

JAPEA

CODEN

JWMAA

CODEN

JAPEA

CODEN

TAEBA
dedok dek

VO-NU BEPA ENPA

821 827

389 394

15 17

VO-NU BEPA ENPA

51-11 2037 2046

13-63 404 410

29—-1 63 65

13-63 404 410

51-11 2037 2046

11--2 489 497

VO-NU BEPA ENPA

40--2 283 289

VO-NU BEPA ENPA

11--2 489 497

VO-NU BEPA ENPA

461-- 1

GENS
bras
bras

bras

GENS
brom
bfom
brom
brom
brom

brom
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brun

GENS

buch

GENS

bume

SPEC
kabe
kabe

kabe

SPEC

briz
Fok kX

moll
Kk Kk

pump
kdkk

rigi
KkkKk
tect

tect

SPEC

cirr

SPEC

dact

SPEC

texa
khkk
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forag nutr & palat of
prox, minrl & aa comp

prox & aa analy ergot
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minrl comp graslnd sp
nutr valu tempr pastu
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nutr valu tempr pastu
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bibi, trop ecoldgy of
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CODEN
NCANA

Kook
ECOLA

CODEN
JANSA
JFUSA
JRMGA
JWMAA
JWMAA
JWMAA
PCGFA

XFPSA
XFPSA

CODEN

ECOLA

CODEN

JWMAA

CODEN

JRMGA
JRMGA

CODEN

JANSA
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VO-NU
101--

43-~4

VO-NU

36--4

55--5

22--1

33—-4
37--4
38--2
10---

51-—-
111--

VO-NU

434

VO-NU

36—-3

VO-NU

30--2
30--2

VO-NU

41--2

BEPA ENPA GENS

291 305 cala

753 757 cala

BEPA ENPA GENS

792 796 calc

342 347 cale

40 43 cale
1031
587

209

calc
calc
cale

1028
585
197
53 58 calc
calc
cale

BEPA ENPA GENS

753 757 cale

BEPA ENPA GENS

913 923 calg

BEPA ENPA GENS
call

cali

121
209

119
206

BEPA ENPA GENS

601 609 call

SPEC
cana

kkkk
casc

SPEC
amer
amer
amer
amer
amer
amer

amer

amer
amer

SPEC

stra

SPEC

schi

SPEC

erio
erio

SPEC

palu
Kkkk

KEY WORDS————————————
alal, brws minrl comp

caloric & lipid conte

KEY WORDS————-——~————-
digstb south brow tis
burnng & brows qualit
2 brow spp nutr analy
ovrstry on brows qual
caloric & moistr cont
fibr comp & forag dig

od nutr in south pine

seas nutr dist in pln
od, comp & digs brows

KEY WORDS--————-=——~-——

caloric & lipid ¢onte

KEY WORDS—-~——————~———

rata, food habt of ne

KEY WORDS-———=——————-

odhe, digst deer fora
odhe, food hab grassl

KEY WORDS————————————

nutr valu aquat plnts

Chapter 11 - Page 73

AUTHORS—-———————— YEAR
kubota, j 1974
bliss,1lc 1962
AUTHORS———-——~——- YEAR
short,hl; blair,/ 1973
lay,dw 1957
short,hl; harrell 1969
halls,lk; epps,ea 1969
burns,ta; viers,e 1973
short ,hl; blair,/ 1974
lay,dw 1956
blair,rm; epps,ea 1969
short,hl; blair,/ 1975
AUTHORS-=~---———— YEAR
bliss,lc 1962
AUTHORS—==~-————— YEAR
bergerud, at 1972
AUTHORS-=——==———— YEAR
urness,pj; smith/ 1977
short,hl 1977
AUTHORS~———~--——~ YEAR

linn, jg; staba,e/ 1975




CODEN

CJBOA

CODEN

JRMGA

CODEN

ABSZA

JASIA

JWMAA
JWMAA

NATUA

PNUSA

CODEN

CJBOA

CODEN

ECOLA

CODEN

JANSA

JWMAA

PCGFA

XFPSA
Kkkdk

VO-NU BEPA ENPA GENS

51--2 421

VO-NU BEPA

29--4 344
VO-NU BEPA

34... 151

38--4 875
40--2 371

263-- 763

28~--- 21A

VO-NU BEPA

51-11 2037

VO-NU BEPA

43--4 753

VO-NU BEPA
36—-4 792

38--2 197

427

ENPA

345

ENPA
196
155

879
373

763

22A

ENPA

2046

ENPA

757

ENPA
796
209

104

calm

GENS

calt

GENS

calu

calu

calu
calu

calu

calu

GENS

came

GENS

camp

GENS

cams

cams

cams

cams

SPEC

cana

SPEC

lept

SPEC
vulg
vulg

vulg
vulg

vulg

SPEC

micr

SPEC

rotu

SPEC
radi
radi
radi

radi
*kkk

KEY WORDS————=~=——==—-—
trace elemt cont soil
KEY WORDS-———————————
cal cont subalpn plnt
KEY WORDS———————————~
trace elemts in plnts
compos common heather
leti, nutr cont & foo
ceel, rumen-cannulati

ceel, ov; intak & dig

ceel, heather digesta

KEY WORDS———————————-

minrl comp graslnd sp

KEY WORDS-——————=—=——

caloric & lipid conte

KEY WORDS——==~——=-———-
wildland shrubs

digst south brow tiss
od food nutrit analys

od, digestabil browse

Chapter 11 - Page 74

doyle,p; fletche/

AUTHORS——~——————-

anderson,dc; armi

AUTHORS——————————
lounamaa, j
thomas,b

lindlof,b; linds/
staines,bw

milne, ja; macrae/

staines,bw

AUTHORS—————==————

harner,rj; harper

AUTHORS—-—————————

bliss, lc

AUTHORS—=—==—=—==—
short,hj; blair,/
short,hl; blair,/
thorsland, oa

short,hl; blair,/

1974

1974
1976

1976

1969

1973

1974

1966

1975



CODEN

MGLHA

CODEN

JWMAA
Fekedkk

ECMOA

ECOLA
Fedkdekk

JRMGA
khkkk
ECOLA
*kkkk

JRMGA
ko k

XFRMA
kdededed

JAPEA
Fokdokk

JANSA
Fekdkok

JWMAA
kkdekk

ECOLA
Kkkkk

JANSA
kkkkk

JRMGA

CODEN

JWMAA

CODEN

ELPLB

CODEN

NASRA
ke ddok

VO-NU

65--4

VO-NU
37--3
34--4
43--4
20

43--4
20--3
158-—

11--2

VO-NU

35--3

VO-NU

23--4

VO-NU

1684-

BEPA ENPA GENS SPEC KEY WORDS-~—————————-

476

478 cant ciba se, hg cont edibl mush

BEPA ENPA GENS

279

321

753

179

753

179

1

489

601

595

753

601

63

BEPA ENPA

39

BEPA ENPA

637

BEPA ENPA

287

357

757

180

757

180

35

497

609

605

757

609

65

68

648

92

care
care
care
care
care
care
care
care
care
care
care
care

care

GENS

carn

GENS

carp

GENS

cart

SPEC

aqua
kdkkk

bige

bige
K FkKk

brev
Fok kk

cane
fehkk

eben
dkkk

geop
Kk

heli
Kok ok

lacu
Sk kK

mult
Kk Kk

scir
ok kk

stri
Kk Kk

SPEC

giga

SPEC

betu

SPEC

tinc
Fkdk

KEY WORDS—-——-————=———-
alal, imptnc non-brow
engy relatn apln plnt
caloric & lipid conte
gross, engy alpn plnts
caloric & lipid cont
gross engy alpn plnts
rang mgmt & ecol basi

bibi,tropic ecolgy of

nutr valu aquat plnts

odhe,forest manipu on

caloric & 1ipid cont

nutr valu aquat plnts

effct 2,4~-d on digstb

KEY WORDS————————————

odhe,odvi, nutr intak

KEY WORDS————-——————~

methd study frst ecol

KEY WORDS———————————~

tabl of feed compostn

Chapter 11 - Page 75

stijve,t; cardina

AUTHORS~—~—————--
leresche,re; davi
hadley,eb; buss,l
bliss,1lc

smi th,dr

bliss,1

smith,dr

clary,wp
peden,dg; vandyn/
linn, jg; staba,e/
lawrence,g; biswe
bliss,lc

linn, jg; staba,e/

thilenius, jf; bro

AUTHORS-————=————

urness,pj; green/

AUTHORS-————=————-

stachurski, ;

AUTHORS-————=~——~

nrcp,canada

1974

YEAR

1972

1964

1962

1967

1962

1967

1975

1974

1975

1972

1962

1975

1976

YEAR

1971

YEAR

1975



CODEN

JWMAA
JWMAA
Fokk hk

JWMAA
kkedekk

JWMAA
Fokdedk
JWMAA
JWMAA
kKKK

JWMAA
kedekkok

JWMAA
JWMAA

WUAPA
Khkkk

JWMAA
*hkkdk
JWMAA
JWMAA
khkhk

TAEBA

CODEN

JAGRA
Fekkkk

JWMAA
Fekdekk

JWMAA
ek ok

JAGRA
Kkkkk

TAEBA
*okkde

TAEBA

CODEN

ECOLA
kkkkk

CJBOA
ke dedk

VO-NU
37--4
40--2
40--2
37--4
34--1
37--4
37--4
12--1
37--4
39--2
14-—-
37--4
37--4
40~-2
461--
VO-NU
69--1
40--2
40~-2
69--1
461~-
461~
VO-NU
43~-4
51--2

BEPA ENPA GENS

585 587
283 289
283 289
585 587
176 182
585 587
585 587
1 8
585 587
337 341
1 27
585 587
585 587
283 289
1 63
BEPA ENPA
33 46
283 289
283 289
33 46

1 63

1 63
BEPA ENPA
753 757
421 427

cary
cary

cary

cary

cary
cary

cary
cary
cary
cary
cary

cary

cary
cary

cary

GENS

casa

casa

casa

casa

casa

casa

GENS

casi

casi

SPEC

aqua
aqua
Khkk

cord
ko

glab
*kokk
1111
i111
koK

leid
Kk k

ovat
ovat
ovat

ovat
*kkk

texa
*kkhk

tome

tome
kkhk

SPEC

cham

khkk

fasc
khkk

mari
kkkk

nict
Kkkk

roem
fokkk

SPEC

hypn
*hkk

tetr
kkkk

KEY WORDS———-————————-

caloric & molstr cont
nutr qual of digst of

nutr qual of digst of
caloric & moistr cont

mega, nutr wintr food
caloric & moistr cont

caloric & molstr cont
a nutr knwldg shrtcut
caloric & moistr cont
odvi,brow comp & digs
mineral cont of plnts

caloric & moistr cont

caloric & moistr cont .
nutr qual of digst of

comp,util texas fdstf

KEY WORDS——f —————————
chem comp wld feedstf
nutr qual of digst of
nutf qual of digst of
chem comp wld feedstf
comp,util of rang veg

comp,util texas fdstf

KEY WORDS-———————~———
caloric & lipid cont

trace elemt cont soil

Chapter 11 - Page 76

burns,ta; viers,c 1973
short,hl; epps,ea 1976

short,hl; epps,ea 1976
burns,ta; viers,c 1973

billingsley,bb; a 1970
burns,ta; viers,c 1973

burns,ta; viers,c 1973
atwood, el 1948
burns,ta; viers,c 1973
robbins,ct; moen, 1975
geroff,ge; moor/ 1964

burns,at; viers,c 1973

burns,at; viers,c 1973
short,ta; epps,ea 1976

fraps,gs 1947

AUTHORS——-——————- YEAR
king,tr: mcclure 1944
short,hl; epps,ea 1976
short,hl; epps,ea 1976
king, tr; mcclure 1944

fraps,gs; cory,vl 1940

fraps,gs; 1947
AUTHORS—————=———- YEAR
bliss,lc 1962

doyle,p; fletche/ 1973



CODEN

JACSA
ek

JAGRA

CODEN

BOGAA

CODEN

JWMAA
JWMAA

WUAPA
*kk Kok
CAFGA
CAFGA
LET T

CAEBA

CAFGA
CAFGA
kedededek

CAEBA
dedkede ek

TWMAA

XARRA

XFRMA
*dkodkk

CAFGA
*kdkk

JRMGA
®kkdk
CAFGA
CAFGA
e kdk ok

CAFGA
kkkk

JWMAA
Fkkk

VO-NU
39--6
62-10
VO-NU
94-—-
VO-NU
35--2
38--1
14---
39--2
41--1
627--
39--2
41--1
627--
39-~4
304—-
158--
41--1
30--2
39--2
41--1
41--1
36--2

BEPA

1286

627

BEPA

381

BEPA

221
20

162
57

162
57

670

57

119

162
57

57

595

ENPA
1296

636

ENPA

393

ENPA

231
31

27

175
78

95

175
78

95

673

35
78
121

175
78

78

605

GENS

casn

casn

GENS

cata

GENS

cean
cean

cean

cean
cean

cean

cean
cean

cean

cean

cean

cean

cean

cean

cean
cean

cean

cean

cean

SPEC

dent
Fok Kk

vulg

SPEC

spec

SPEC

amer
amer

amer
kkk%k

cord
cord
kkkk

cune

cune

cune
kkkk

diva
*kkk

fend
fend

fend
kkkk

foll
khkk
greg
ek dk
inte

inte
% & Kk

leuc
Fork ke

parv
Kk

sSpp.

KEY WORDS———=—————————
plnt food natrl in 1f

chem comp frst fruits

KEY WORDS————————————

mineral & nitrgn cont

KEY WORDS——=—=———=————=

cellulos digst & comp
odvi, in vitro digstb

mineral cont of plnts

nutr valu forage plnt
natul & art food digs

ca foothill pint mgmt

nutr valu forage plnt
natul & art food digs

ca foothill plnt mgmt
odhe, nutr cont diets
odhe, nutr cont forag
rang mgmt & ecol basi
natul & art food digs
odhe, digestib forage

nutr valu forage plnt
natul & art food digs

natul & art food digs
odhe, forest manip on

cont on the next page

Chapter 11 - Page 77

serex,pjr

wainio,ww

mchargue, js; roy

AUTHORS————————~~

torgerson,o; pfan
snider,cc: aspund

gerloff,ge: moor/

hagen,hl
bissell,hd; stron

gordon,a; sampson

hagen,hl
bissell,hd; stron

gordon,a; sampson
urness,pj; neff,/
urness,pj; neff,/
clary,wp

bissell,hd; stron
smith/

urness,pj;

hagen, hl
bissell,hd; stron

bissell,hd; stron

lawrence,g; biswe

1917

1941

YEAR

1932

YEAR

1971
1974

1964

1953
1955

1939

1953
1955

1939
1975
1975
1975
1955
1977

1953
1955

1955

1972




CODEN

CAFGA

CAFGA
kodekdk

CAFGA
CAFGA

JWMAA
kkk kK

AZWBA

NAWTA

CODEN

JWMAA

JWMAA
hAhkk

BOGAA
JAGRA
WUAPA

kkikk

JAGRA
*k ko k

TAEBA

CODEN

JRMGA

CODEN

CAFGA
CAFGA

JFUSA
JWMAA

dek ok
JWMAA

VO-NU

39--2
41--1

39--2
41--1

15--4

3

21-—-

VO-NU

34--1
40-~2

94—~

62-10

14-—-

69--1

461~

VO-NU

29--1

VO-NU

39--2
41--2

65-12

35--3

39--4

BEPA ENPA GENS

162
57

162
57

352
34

141

BEPA

176
283

381

627

33

—

BEPA

BEPA

163
145

905

469

670

175
78

175
78

357
47

158

ENPA

182
289

393
636
27
46

63

ENPA

65

ENPA

173
155

908
475

673

cean
cean

cean
cean

cean

cean

cean

GENS

celt
celt

celt

celt

celt

celt

celt

GENS

cera

GENS

cerc
cerc

cerc

cerc

cerc

cerc

SPEC

pros

pros
ko kok

velu
velu

velu
hkkk

SPEC

laev
laev

*k k%
occl
occi
occi

kkkk

pall
Kk Kk

retl

SPEC

arve

SPEC

betu
betu

betu
betu
kkkk

brev

brev

KEY WORDS————-- ——————

nutr valu forage plnt
natul & art food digs

nutr valu forage plnt
natul & art food digs

od, comp plant eat by
od, analyse ipt herds

prot, phosphorus cont

KEY WORDS————————————

mega, nut winter food
nutr qual of digst of

mineral & nitrog cont
chem comp frst fruits
mineral cont‘of plant
chem comp wid feedstu

comp, utll of rang ve

KEY WORDS————————————

effct 2,4-d on digstb

KEY WORDS————————————

nutr valu forage plnt
crude prot var browse

od, use crown sprouts
odhe, odvi, nut intak
odhe, nutr cont diets

cont on the next page

Chapter 11 - Pége 78

AUTHORS————~————=~—
hagen,hl
bissell,hd; stron
hagen, hl
bissell,hd; stron
gastler,gf; moxo /
swank,wg

swank,wg
AUTHORS-——-———--~
billingsley,bb; a
short,hl; epps,ea
mchargue, js; roy,
wainio,ww
gerloff,gc:; moor/
king, tr; mcclure,
fraps,gs; cory,vl
AUTHORS—-——~=————-—
thilenius, jf; bro
AUTHORS-————————-
hagen,hl
bissell,hd; stron
reynolds,hg
urness,pj; green/
urness,pj; neff,/

1953
1955

1953
1955

1951

1958

1956

1970
1976

1932

1941

1964

1944

1940

YEAR

1976

YEAR

1953
1955

1967

1971

1975



CODEN
XARRA
ok dok ok
CAFGA
JRMGA

JRMGA
JRMGA

*Ahxhk
ECOLA
JRMGA
JRMGA
JRMGA
JWMAA
NAWTA

PSAFA

CODEN

JWMAA

CODEN

JANSA

CODEN

JWMAA

CODEN
ECOLA

ECOLA
Fdkkk

VO-NU

35--3

VO-NU

41--2

VO-NU

40--2

VO-NU

43—-4

43--4

BEPA ENPA GENS

1

145
142
162
119
222
142
162
119
309
141

117

BEPA

469

BEPA

601

BEPA

283

BEPA

753

753

6

155
145
164
121
229
145
164
121
312
158

122

ENPA

475

ENPA

609

ENPA

289

ENPA

757

757

cerc
cerc
cerc
cerc
cerc
cerc
cerc
cerc
cerc
cerc

cerc

cerc

GENS

cerd

GENS

cerp

GENS

cers

GENS
cetr
cetr

cetr

SPEC
brev
kKK
ledi
ledi

ledi
ledi

hkkk
mont
mont
mont
mont
mont

mont

mont

SPEC

SPEC

dene

SPEC

cana

SPEC
cucu

isla
hkk%k

Spp.

KEY WORDS———-————————-—
odhe, nut valu forage
crude prot var browse
apparnt digstb lignin
nutr wintr brows plnt
odhe, digst of forage
od, selec nutr browse
apparnt digstb lignin
nutr wintr brows plnt
odhe, digst deer fora
digstb nativ forag of

prot, phosphorus cont

seas progr. chem conte

KEY WORDS-————==m———

odhe, odvi, nutr inta

KEY WORDS-—————-————-

nutr valu aquat plnts

KEY WORDS————=—=———==-—

nutr qual of digst of

KEY WORDS——-——-—————-
caloric & 1ipid conte
caloric & 1lipid conte

cont on the next page

Chapter 11 - Page 79

urness,pj; neff,/
bissell,hd; stron
smith,ad; turner/
smith,ad

urness,pj; smith/
short,hl; dietz,/
smith,ad; turner/

smith,ad
urness,pj;

smith/
smith,ad

swank,wg

dietz,dr; udall,/

AUTHORS-~-—————~~—-—

urness,pj; green/

AUTHORS ————-—-————-

linn, jg; staba,e/

AUTHORS-————————-

short,hl; epps,ea

AUTHORS—————~-—~-
bliss,lc

bliss,lc

1955
1956
1957
1977
1966
1956
1957
1977
1952
1956

1958

YEAR

1971

YEAR

1975

YEAR

1976

YEAR

1962

1962



CODEN

ATICA

CPLSA

ECOLA

CODEN

PLSOA

CODEN

CAFGA

CODEN

JWMAA

WUAPA

CODEN

JWMAA

CODEN

JANSA

CODEN

CRPSA

JANSA

JRMGA

NDFRA
kkkkk

VO-NU BEPA ENPA GENS

25--1

53--2

21

263

43--4753

VO-NU

45--1

VO-NU

39--2

VO-NU

41-=2

VO-NU

15--6

h4-~3

29—-5

32--1

BEPA

17

BEPA

163

BEPA

913

BEPA

342

BEPA

601

BEPA -

821

389

356

15

27

268

757

ENPA

26

ENPA

175

ENPA

923

27

ENPA

342

ENPA

609

ENPA

827

394

363

17

cetr
cetr

cetr

GENS

chae

GENS

cham

GENS
chan

chan

GENS

chap

GENS

‘char

GENS

chen

chen

chen

chen

SPEC
niva
niva

niva

SPEC

caly

SPEC

foli

SPEC
caly

caly

SPEC

thyo

SPEC

vulg

SPEC
albu
albu
albu

albu
Khkkk

KEY WORDS——————=—————
chem comp forag plnts
rata, mineral content

caloric & lipid conte

KEY WORDS-—-————==—~

esst]l nutr elemt frst

KEY WORDS~——~————=—————

nutr valu forage plnt

KEY WORDS———-———————-
rata, food habit of n

mineral cont of plnts

KEY WORDS———=—=——=———=~

atlntic white—cedr as

KEY WORDS—~——————————-

nutr valu aquat plnts

KEY WORDS——-——~——————
forag nutr & palat of
proxm minrl & aa comp
maj plnt toxic in wus

prox & aa analy ergot

Chapter 11 - Page 80

scotter, gw
scotter,gw; milti

bliss,lec

AUTHORS————-———~—--

langille,wm; macl

AUTHORS ——————————

hagen,hl

AUTHORS—————~=—=—
bergerund,at

gerloff,ge; moor/

AUTHORS-—————————

gould,wp; brown, j

AUTHORS ~————~————

linn, jg; staba,e/

AUTHORS-—~---~- -—
marten,gc; anders
harrold,rl; nalew
jameé,lf; johnson

harrold,rl; nalew

1972

1973

1962

YEAR

1976

1975

1977

1976

1974



CODEN

JRMGA
kkkkk

JRMGA

CODEN

JRMGA

CODEN

WAEBA
Kk k dek

ECOLA

JAPEA

JWMAA

NUABA

UAXBA
UAXBA
deded kK

WAEBA
hkdedk

CAFGA
Fkkkk

NASRA

NUABA

UAXBA

UAXBA
kekdkk

CJBOA

JRMGA

NUABA

UAXBA
UAXBA
Fkkkk

NEXAA
*kkkk

ECOLA
Kdedekk

VO-NU
30--3

30--3

VO-NU

26——6

VO-NU
184-9
47--2
11--2
35--4
197--

227--
305—--

184-9
41--2
1684-
197--

372--
472--

51-11
30--2
197--

227--
305--

246—-

40--4

BEPA ENPA GENS

227

227

BEPA

423

BEPA

222

489

681

2037

122

644

230

230

ENPA

426

ENPA
21
229
497
688
38

46
22

21
155
92
38

56
55

2046
127
38
46
22

75

651

chlo

chlo

GENS

chrs

GENS
chry
chry
chry
chry
chry

chry
chry

chry
chry
chry
chry

chry
chry

chry
chry
chry

chry
chry

chry

chry

SPEC

cucu
hkkk

gaya

SPEC

gram

SPEC

lanc
Khkk

naus
naus
naus
naus

naus

naus
Kkkk

pulc
Kk x

tere
*kkk

sten
sten

sten

sten
kkkk

visc
visc
visc

visc
visc
Fodek ok

vise
% dkk

khkk

KEY WORDS—-———=——————m
yield & chemi comp of

yield & chemi comp of

KEY WORDS—---————=———-

pine overst, herb qua

KEY WORDS—-———--————~
forag plnt & chem com
od, selec nutr browse
bibi, tropic ecology

ceel, in vitro digstb
phenol vs comp plnt &

utah's winter range
comp summr rang plnts

forag plnt & chem com
crude prot var browse
tabl of feed composit
phenol vs comp plnt &

nutr valu wintr range
nutr valu seas ranges

minrl comp graslnd sp
odhe, odvi, hab evalu
phenol vs comp plnt &

utah's winter range
comp summr rang plnts

ca, p cont ran forage

chem cont salt-dessrt

Chapter 11 - Page 81

gonzalez,cl; heil

gonzalez,cl; heil

AUTHORS——~————=—~

wolters,gl

AUTHORS——~—-——————
mccreary,oc
short,hl; dietz,/
peden,dg; vandyn/
ward,al

tor

robertson, jh;

esplin,ac; greav/
stoddart,la; grea

mecreary,oc
biésell,hd; stron
nrcp, canada
robertson, jh; tor

cook,cw; stoddar/
cook,cw; harris,l

harner,rf; harper
wallmo,oc; carpe/
tor

robertson, jh;

esplin,ac; greav/
stoddart,la; grea

watkins,we

cook,cw; stoddar/

1977

1977

1931

1966

1974

1971

1958

1937
1942

1931

1955

1969

1958

1954
1968

1973

1977

1958

1937
1942

1937

1959
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AZOFA 8---3 385 389 clad rang rata, lichen nut valu pulliainen,e 1971
*hkhk KAk
ATICA 25--1 21 27 clad rani chem comp forag plnts scotter,gw 1972
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clet

GENS
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796 crat

crat
341 crat
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63 crot
63 crot
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stan apparnt digstb lignin
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*k Kk
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JRMGA
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JRMGA
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227

BEPA

344

574

BEPA

125

BEPA

342

142

53

ENPA

63
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VO-NU
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delp
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SPEC
glom
glom
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meze
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* % kk
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Kkkk
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dkkok

nels
kkkk
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VO-NU

38--1

VO-NU
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ENPA

35

63
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lapp

SPEC

beig
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loni
*ok Kk
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CODEN VO-NU

JWMAA 40--2

CODEN VO-NU

TAEBA
*kdkkk

BOGAA 94-—--

461--

JAGRA 69--1

CODEN

VO-NU

JRMGA 29--4
Kkkkk

283

BEPA ENPA GENS

289 dioc

BEPA ENPA GENS
1 63 dios
381 393 dios

33 46 dios
BEPA ENPA GENS

344 345 drab
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mult
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texa
*kkk

virg

virg
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kkkk
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CODEN
JANSA

NDFRA

CODEN

JAGRA
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JANSA

CODEN

JRMGA

CODEN
ECMOA

ECOLA
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ABSZA

CJBOA

CODEN
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Kkk ek
UAXBA

UAXBA
kK
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821

VO-NU BEPA
44--3 389
32--1 15
VO-NU BEPA
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VO-NU BEPA
41--2 601
VO-NU BEPA
27--2 114

BEPA
321

753

421

VO-NU

BEPA

461-- 1

227--1
472—-1

ENPA

827

ENPA
394

17

ENPA

46

ENPA

609

ENPA

117

ENPA
357
757
196

427

ENPA
63

46
55

GENS

echi

GENS
ecin

ecin

GENS

elae

GENS

eleo

GENS

elym

GENS
empe
empe

empe

empe

GENS
ephe

ephe
ephe

ephe
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crus

SPEC
crus

crus

SPEC

angu

SPEC

smal

SPEC

glau
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eame

eame
khkkk

nigr

nigr
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anti
Fokksk

neva

neva
kkkk

Spp-
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Fokdokk
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CJBOA
JRMGA
NCANA

Fkdkk
CJBOA

CODEN

NCANA

CODEN

JRMGA

CODEN

XFRMA

CODEN

JRMGA

CODEN

CAFGA
ke hk

VO-NU

561-—

561—-~
52—--2

40--4

VO-NU

51-=2

29—-1

101-1

51--2

VO-NU

101-1

VO-NU

30--3

VO-NU

158—-

VO-NU

30--3

VO-NU

41--2

BEPA
1

1.
68

644

BEPA
421
63
291

421

BEPA .

291

BEPA

227
BEPA
BEPA
206

BEPA

145

33

1230

ENPA GENS
33 ephe
ephe
84  ephe
651 ephe
ENPA GENS
427 epil
65 epil
305 epil
427 epil
ENPA GENS
305 equi
ENPA GENS

erag

ENPA GENS
35 . ergo
ENPA GENS
209 eria
ENPA GENS

155 erid
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torr
Kk ek

trif
Kkkk

viri
*kkk
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angu
angu

Kk khk
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CODEN
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ECOLA

CODEN

JWMAA
JWMAA

CODEN
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WUAPA
Fkkk

XARRA
Fekdedkk
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kkkkk
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JRMGA

CODEN
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JANCA
NASRA
NEXAA
NUABA
UAXBA

UAXBA
UAXBA

VO-NU
5-—=4

49~-1

VO-NU

33--4
40--2

VO-NU

461--

14—~

304—-

461--

30--3
30--3

246—
197--
227--

372--
472~--

BEPA
626

142

BEPA

1028
283

BEPA

206
227

BEPA

226

644

780

-

ENPA

639

145

ENPA

1031
289

ENPA

63

27

63

209
230

ENPA
234
60
651
785
92
75
38
46

56
55

GENS
euca

euca

GENS

euon
euon

GENS
euph
euph
euph
euph

euph
euph

GENS
euro
euro
euro
euro
euro
euro
euro
euro
euro

euro

euro

SPEC
obli

obli

SPEC

amer
amer

SPEC
clct

kkhkik

coro
kkkk

fend
kK k

pros
Kk ok
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lana
lana
lana
lana
lana
lana

lana

lana’

lana
lana

lana
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CODEN VO-NU

WAEBA 65-—-
WAEBA 87---
WAEBA 157--
WAEBA 184—-

CODEN VO-NU

JAPEA 11--2
%k kk

BEPA ENPA GENS

53 euro
152 euro
18 euro
21 euro

=

BEPA ENPA GENS

489 497 evol
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BMAEA

NFGJA

PLSOA
etk

ATRLA

BOREA
dedededek

CJFRA

CODEN

JRMGA

CODEN

CJBOA
deddekk

JWMAA

" XFRMA
dkkkk
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dededkdk

JAPEA
dedededek

NATUA

CODEN

NEXAA

CODEN

JWMAA
Kk kkk

VO-NU BEPA ENPA GENS

171--
14--1
39--2
45--1

18--3

VO-NU

30--3

VO-NU

51--2

158-—-
29--1
11~-2

263—

VO-NU

561--

VO-NU

36—-2

1

76

337

17

81

. 347

626

BEPA ENPA

206

BEPA ENPA

421

670

1

63

489 .

763

BEPA ENPA

BEPA ENPA

595

39
78
341
26
91
394

639

209

427
673
35
65
497

763

33

605

fagu
fagu
fagu
fagu
fagu
fagu

fagu

GENS

fero

GENS
fest
fest
fest
fest
fest

fest

GENS

flou

GENS

fome
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gran
gran
gran
gran
Kkkk
sylv
sylv

kkhkk
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wisl
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alta
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ariz

ariz

*kkk
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% ke
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khkkk
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hkkk
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CODEN
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CODEN

NFGJA

JFUSA

WUAPA
kkkkk

OIKSA
Kekekhk

NOSCA
Kkhkk

BOGAA
kkkkk
JWMAA

PCGFA

CODEN

JANSA

NDFRA
kkkkk

VO-NU

461-—

VO-NU

29--1

VO-NU

35--3

25--3

49--4

94——-

36—-1

10-—-

VO-NU
44—--3

32--1

BEPA

BEPA

63

BEPA

469

BEPA

76

342

341

183

381

174

BEPA
389

15

SPEC

neom

SPEC

amer

SPEC

SPEC
amer
amer

amer
kkkik

exce
*hkkk

lati
Kk Kk

quad

. hkk%k

ENPA GENS
63 fore
ENPA GENS
65 frag
ENPA GENS
475 fras
ENPA GENS
78 frax
347 frax
27  frax
352 frax
189 frax
393 frax
177 frax
58 frax
ENPA GENS
394 fuma
17 fuma
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offi

of fi
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PCGFA

WVAFA
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PCGFA

XFPSA
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JRMGA
o dedeok
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304—-1 6 gera
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SPEC

bore
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proc

proc
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bacc
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semp

semp

semp
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Fokkkk
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VO-NU
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VO-NU
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VO-NU
29--4
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197--
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VO-NU

461--

VO-NU

11--2
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753
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1
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BEPA
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BEPA

344

574
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BEPA
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489

357
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Fkdokk
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CODEN
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489
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476

234

-497
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utah's winter range
chem comp forage spp

comp,util of rang veg

KEY WORDS-———————————

Se,Hg cont edibl mush
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james,1f; johnson
harris,le; cook,/

peden,dg; vandyn/

watkins,we
nelson,ab; herbe/

esplin,ac; greav/
nelson,ab; herbe/

fraps,gs; cory,vl

AUTHORS———==—————

'stijve,t; cardina

1959
1974

1937
1970

1937
1970

1940

YEAR

1974




CODEN

JRMGA

CODEN

JWMAA
JWMAA

ok deok ok
JWMAA
PCGFA

PLSOA

CODEN

CJBOA

CODEN

JRMGA

CODEN

JRMGA

CODEN

JRMGA
kkkkk

JRMGA
JWMAA

Kkkkk
JWMAA

CODEN

JWMAA
dokdedok

VO-NU

29--5

VO-NU

35--2
38--1

39--2

28—

45--1

VO-NU

51-11

VO-NU

29--5

VO-NU

29--1

VO-NU

26—-6

30--3

35--4

38--1

VO-NU

38--1

BEPA ENPA GENS

356

BEPA

221
20

337
574

17

BEPA

2037

BEPA

356

BEPA

63

BEPA
423
227
681

20

BEPA

20

363

ENPA

231
31

341

580

26

ENPA

2046

ENPA

363

ENPA

65

ENPA
426
230
688-

31

ENPA

31

halo

GENS

hama
hama

hama
hama

hama

GENS

hedy

GENS

hele

GENS

heli

GENS
heln
heln
heln

heln

GENS

helo

SPEC KEY WORDS———————————-

glom maj plnt toxicty w us

SPEC KEY WORDS—=~—==~=———==

vern cellulos digst & comp
vern odvi, in vitro digstb

Ak
virg odvi,brow comp & digs

virg odvi,qual deer forage

virg esstl nutr elemt frst

SPEC KEY WORDS————————————

bore minrl comp grslnd spp

SPEC KEY WORDS-————-———————=

hoop maj plnt toxicty w us

SPEC KEY WORDS——-——————=—mu—

quin effct 2,4-D on digstb

SPEC KEY WORDS——————=—==——
angu pine overstr,herb qua
Kkkk _

annu yield & chem comp of,
annu ceel, in vitro digstb

kkkk
hirs odvi, in vitro digstb

SPEC KEY WORDS-----——-———-

heli odvi, in vitro digstb
*kkk
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AUTHORS—-—~——————-

james,1f; johnson

AUTHORS—————~—-——-

torgerson,o; pfan
snider,cc; asplun

robbins,ct; moen,
towry,rk, jr; mic/

langille,wm; macl

AUTHORS——-—~-————~

harner,rf; harper

AUTHORS=~~=====—-

james, 1f; johnson

AUTHORS———=~———=—

thilenius, jf; bro

AUTHORS——————————
woltes, gl
gonzalez,cl; heil
ward, al

snider,cc; asplun

AUTHORS~———=—~~——-~ ’

snider,cc: asplun

YEAR

1976

YEAR

1971
1974

1975

1974

1976

YEAR

1973

YEAR

1976

YEAR

1976

YEAR

1973

1977

1971

1974

1974



CODEN

BOREA

CODEN

JAFCA

CODEN

JAGRA

CODEN

JWMAA

CODEN

TAEBA

CODEN

AAAHA

CODEN

ECOLA

CODEN

JWMAA
JWMAA

PCGFA
Fdkkkk

VO-NU

40--3

VO-NU

23--3

VO-NU

62-10

VO-NU

35--3

VO-NU

461

VO-NU

13-63

VO-NU

434

VO-NU

35--2
38--1

21---

BEPA

347

BEPA

464

BEPA

627

BEPA

469

BEPA

BEPA

404

BEPA

753

BEPA

221
20

34

ENPA

394

ENPA

467

ENPA

636

ENPA

475

ENPA

. 63

ENPA

410

ENPA

757

ENPA

231
31

104

GENS

heve

GENS

hevl

GENS

hico

GENS

hila

GENS

hoff

GENS

hord

GENS

hous

GENS

hydr
hydr

hydr

SPEC

SPEC

escu

SPEC

ovat

SPEC

bela

SPEC

brac

‘SPEC

lepo

SPEC

caer

SPEC

arbo
arbo

arbo
K hkk

KEY WORDS———=———————=—

pred minrl nutr stats

KEY WORDS———=mm—mmmmm

aa comp morel mushrm

KEY WORDS—-—-—-=—-==-

chem comp frst fruits

KEY WORDS——=~—————=~——

odvi,odhe, nutr intak

KEY WORDS——-—————~————

comp,util of rang veg

KEY WORDS——-—~———=—————

nutr valu tempr pastu

KEY WORDS-~———-———————

caloric & 1lipid cont

KEY WORDS-——~————————=

cellulos digst & comp
odvi, in vitro digstb

deer food nutr analys
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vanden driessche,

AUTHORS —————=———~

mckellar,rl; kohr

AUTHORS————~—=———-

wainio,ww

AUTHORS~-————————=

urness,pj; green/

AUTHORS~——-—————-

fraps,gs; cory,vl

AUTHORS ————=————~

mcivor, jg; smsith

AUTHORS-————————-

bliss,lc

AUTHORS——~———~———~

torgerson,o; pfan
snider,cc; asplun

thorsland,oa

1974

1971
1974

1966



CODEN VO-NU
JRMGA - 29--5
Kekk Kk

JRMGA 29~-~5

CODEN VO-NU

ABSZA 294

CODEN VO-NU
ABSZA 29--4

JRMGA 29--5
dedkdkkk

BEPA ENPA GENS
356 363 hyme

356 363 hyme

BEPA ENPA GENS

1 196 hype

BEPA ENPA GENS
1 196 Thypr

356 363 hypr

SPEC
odor

Fok dok
rich

SPEC

macu

SPEC
perf

perf
Kkkk

KEY WORDS———————=—=——=m
maj plnt toxicty w us

ma j plnt toxicty w us

KEY WORDS————~—~————-—

trace elemts in plnts

KEY WORDS—~———=—-——————
trace elemts in plnts

maj plnt toxicty w us
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james,1f; johnson 1976

james,1f; johnson 1976

AUTHORS———-~-————~ YEAR
lounamaa, j 1956
AUTHORS——————~-——— YEAR
lounamaa, j 1956

‘james,lf; johnson 1976



CODEN
JFUSA

PCGFA
Rhkkk

dedkedekk
JWMAA

PLSOA
kKkk ki
BOGAA
JFUSA
PCGFA

dedkedodok
JAGRA

dekkkk
JANSA
JFUSA
JWMAA
JWMAA
JWMAA
JWMAA
PCGFA

XFPSA

CODEN

JWMAA

CODEN

JWMAA

. CODEN

JAPEA
kkkkk

VO-NU
55-=5
10-—-
40--2
20--4
45--1
y—
55--5
10~---
62-10
36-—4
55--5
31--3
33--4
37--4
38--2
10-—-

111--

VO-NU

38--1

VO-NU

40--2

VO-NU

11--2

BEPA ENPA GENS

342
53
283
359
17
381
342
53
627
792
342
432
1028
585
197

53

347
58

289
367
26

393
347
58

636
796

347

437

1031
587
209
58

10

ilex
ilex
ilex
ilex
1lex
ilex
1lex
ilex
ilex
ilex
ilex
ilex
ilex
ilex
ilex

1lex

1lex

BEPA ENPA GENS

20

BEPA

283

BEPA

489

31

ENPA

289

ENPA

497

impa

GENS

ipom

SPEC
cori

cori
Fdkk

deci
Kk Kk

glab

glab
%% Kok

opac
opac

opac
Kk kk

vert
kkkk

vomi
voml
vomi
vomi
vomi
vomi

vomi

vomi

KEY WORDS-———--———~——
burnng & brow quality
deer nufr in sou pine
nutr qual of digst of
hefb brows chem comp
esstl nutr elemt frst
minrl & nitrogen cont
burnng & brow quality
deer nutr in sou pine
chem comp frst fruits
digst 'south brows tis
burnng & brow quality
deer forag,loblolly p
ovrstry on brows qual
caloric & moist cot
fibr,cqmp & forag dig

deer nutr in sou pine

od——,comp & digs brow

KEY WORDS———===———=——

odvi, 1n vitro digstb

KEY WORDS—-————————=~—

nutr qual of digst of

GENS SPEC KEY WORDS—----——-————-

iva axil bibi, tropic ecolgy of

khkk
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AUTHORS—~———————- YEAR
lay,dw 1957
layl,dw 1956
ghort,hl; epps,ea 1976
smith,f; beeson,/ 1956
langille,wm; macl 1976
mchargue, js; roy, 1932
lay,dw 1957
lay,dw 1956
wainio,ww 1941
short,hl; blair,/ 1973
lay,dw 1957
blair,rm. 1967
halls,lk: epps,ea 1969
burns,ta; viers,e 1973
short,hl; blair,/ 1974
lay,dw 1956
short,hl; blair,/ 1975
AUTHORS—————=———~ YEAR

snider,cc; asplun 1974

AUTHORS——-——=——=~

short,hl; epps,ea 1976

AUTHORS——=———=—~~

peden,dg; vandyn/ 1974




CODEN

JWMAA

CODEN

WUAPA
ek dedek

BOGAA

JAGRA

JWMAA

WUAPA

CODEN

ABSZA

JWMAA
ek Kekok

ECMOA

ECOLA

CODEN

JWMAA
fekkdkk

WAEBA
kekdekk

CAFGA
Kdkkk*k

TAEBA
Kkkdk

ECOLA
kkkkk

NAWTA

JRMGA
JRMGA

UAXBA
dhkkk

VO-NU BEPA

40--2 283
VO-NU BEPA
l4-—- 1
94--- 381
62-10 627
40--2 283
14-—— 1
VO-NU BEPA
29--4 1
15-11 352
34--4 321
43--3 753
YO-NU
15—-4 352
184-9 1
41--2 145
461-- 1
47--2 222
21-—- 141

9-—-3
10--4

142
162

227-- 1

757

ENPA GENS
289 jacgq
ENPA GENS
27 jugl
393 jugl
636 jugl
289  jugl
27 jugl
ENPA GENS
196 junc
357 Jjunc
357 junc

junc

BEPA ENPA GENS

357  juni
21 juni
155 juni
63  juni
229 juni
158 juni
145 juni
164 juni
46 Juni

Juni

SPEC

tamn

SPEC

cine
hkkk

nigr
nigr
nigr

nigr

SPEC
comm

comm
kkkk

trif

trif

SPEC

hori
*kkk

kanig
Kkekk

occl
K dook %

pinc
Kdkk

scop
*kkk

utah

utah
utah

utah
khkk

Spp-

KEY WORDS———=—~~——=—-

nutr qual of digst of

KEY WORDS—————; ——————
minrl cont of plnt,wl
minrl & nitrogen cont
chem comp' frst fruits
nutr qual of digst of

minrl cont of plnt,wi

KEY WORDS-———————=—-=
trace elemts in plnts
comp plnt eat by deer
engy felatn alpn plnt

caloric & 1lipid cont

KEY WORDS———-—————————
comp plnt eat by deer
forag plnt & chem com
crude prot var browse
comp,util of rang veg
selec nutr deer brows
prot,vphosphorus cont

apparnt digstb lignin
nutr wintr brows plnt

utah's winter range

cont on the next page

Chapter 11 - Page 106

short,hl; epps,ea

AUTHORS~————————-—
gerloff,ge; moor/
mchargue, js; roy,
walnio,ww

short,hl; epps,ea

gerloff,ge; moor/

AUTHORS——~——-——- -=
lounamaa, j
gastler,gf, moxo/
hadley,eb; bliss
bliss,lc
AUTHORS~———-—————-
gastler,gf; moxo/
mccreary,oc
bissell,hd; stron
fraps,gs; cory,vl
short,hl; dietz,/
swank,wg
smith,ad; turner/
smith,ad

esplin,ac; greav/

YEAR

1964

1932

1941

1976

1964

YEAR

1956

1951

1964

1962

YEAR

1951

1931

1955

1940

1966

1956

1956
1957

1957



CODEN VO-NU BEPA ENPA GENS SPEC KEY WORDS-—--—~—==—=——— AUTHORS-————=—=-- YEAR
JWMAA 35--2 221 231 junl virg cellulds digst & comp torgerson,o; pfan 1971
JWMAA 36--1 174 177 juni virg odvi,wintr forag qual segelquist,ca; s/ 1972
JWMAA 38--1 20 31 juni virg odvi, in vitro digstb snider,cc; asplun 1974

SOSCA 43-—— 349 355 juni virg comp frst tree litter coile,ts 1937
fedk Kk Fok Kk
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CODEN
JWMAA
PLSOA
ko dek
ECOLA
JRMGA
JWMAA
PCGFA
TNWSD
WVAFA
Kk kkk

JWMAA

WUAPA

CODEN

WAEBA
kkkkk

CPLSA
Kkk kk
CPLSA
JANSA
JAPEA
*kdeskk
NASRA
NUABA
UAXBA
UAXBA
UAXBA
CODEN
TAEBA
kdkkkk

CODEN

TAEBA
*ddok k

VO-NU

36--3
45--1
12--2
9---3
10--1
28—~
28—
6-—-1
36--3
14-—-
VO-NU
184-9
40--1
40--1
44—-3
11--2
1684-
197--
227--
472--
372--
VO-NU
461--
VO-NU
329--

BEPA
913
17
323
142
12
574

67

913

BEPA

123
123
389

489

=

BEPA

BEPA

ENPA GENS
923 kalm
26 kalm
333 kalm
145 kalm
17 kalm
580 kalm
76  kalm
4 kalm
923 kalm

27 kalm

ENPA GENS

21 koch

129 koch

129 koch

394 koch

497 koch

92 koch

38 koch
46
55
56

koch
koch
koch

ENPA GENS

63 kram
ENPA GENS

59 kunz

SPEC
angu
angu
ok %k
lati
lati
lati
lati
lati
lati
Fok kK

poli

poli

SPEC

amer
kkkk

chil
hkkk
scop
scop
scop
ETT.TS
vest
vest
vest
vest
vest
SPEC
secu
Kkt

SPEC

trid
Fok kK

KEY WORDS——————~——=——
rata,food habit of ne
esstl nutr elemt frst
odvi, mt spp as food
apparnt digstb lignin
nutr cont winter food
odvi,qual deer forage
a tent model deer foo
odvi,forag prod & dee

rata,food habit of ne

minrl cont of plnt wi

KEY WORDS——————-___;_
forag plnt & chem com

dry mattr dig vitr

dry mattr dig vitr

prox, minrl & aa comp
bibi,tropic ecolgy of
table of feed composi
phenol vs comp plnt &
utah's winter range
nutr valu seas ranges
nutr valu wintr range

KEY WORDS——-———————=——

comp,util of rang veg

KEY WORDS———————————-

engy—-prod coeff feedg
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bergerud, at
langille,wm; macl
forbes,eb; bechde
smith,ad; turner/
treichler,r; sto/
towry,rk, jr; mic/
whelan, jb; harlo/
towry,r
bergerud, at

gerloff,gc; moor/

AUTHORS——-——~=———~
mcereary, oc

clark,kw; mott,go
clark,kw; mott,go
harrold,rl; nalew
peden,dg; vandyn/
nrcp, canada
robertson, jh; tor
esplin,ac; greév/
cook,cw; harris,l1
cook,cw; stoddar/
AUTHORS-—---—----
fraps,gs; cory,vl
AUTHORS~—~—-—~~—~

fraps,gs

1972
1976
1931
1956
1946
1974
1971
1975
1972

1964

YEAR
1931
1960
1960
1977
1974
1969
1958
1937
1968
1954
YEAR

1940

YEAR

1925



CODEN VO-NU
JWMAA 38--1

fekkkk
XARRA 304--

CODEN VO-NU

JANSA 41--2

CODEN VO-NU
CJBOA 38--3
JWMAA 36--3
WUAPA 14---

khkkkk

BOREA 40--3
Khkkk

ECOLA 34--4

CODEN VO-~NU

XARRA 304--

CODEN VO-NU
JRMGA 28--5
ook ke

XARRA 304--

XFRMA 158--—

CODEN VO-NU
CPLSA 45--3
ECMOA 34--4

ECOLA 43--4

BEPA ENPA GENS
20 31 lact

1 6 lact

BEPA ENPA GENS

601 609 1lamn

BEPA ENPA GENS
313 333 lari
913 923 1lari
1 27 lari
347 394 lari

786 793 lari

BEPA ENPA GENS

1 6 lath

BEPA ENPA GENS
419 421 laty
1 6 laty

1 35 laty

BEPA ENPA GENS
246 250 ledu
321 357 1ledu
753 757 ledu

ledu

SPEC KEY WORDS—-———-—-——————
cana odvi, in vitro digstb

Kkhk .
—-~-—— odhe, nutr valu forag

SPEC KEY WORDS-——--—--~~--~

minr nutr valu aquatc plnt

SPEC KEY WORDS—-———=—=————~
larivchlorophyll cont plnt
lari rata,;food habit of ne
lari minrl cont of plnt,wi

kkkk

lept pred minrl nutr stats
% ke

occi nutr cont leaf. litter

SPEC KEY WORDS—————=——=———

———— odhe, nutr valu forag

SPEC KEY WORDS-——-====——--
ochr odvi, in vitro consti
*kkk — _

-——- odhe, nutr valu forag
—-——- rang mgmt & ecol basi
SPEC KEY WORDS-———-——————-
groe chem comp forag lichn
groe engy relatn apln plnt

groe caloric & 1lipid cont

groe cont on the next page
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snider,cc; asplun 1974

urness,pj; neff,/ 1975

AUTHORS—~-—-—-———-~ YEAR

linn, jg; staba,e/ 1975

AUTHORS—~~—~=~-=~ YEAR
bray, jr 1960
bergerud, at 1972
gérloff,gc; moor/ 1964
vanden driessche ‘1974

daubenmire, v 1953

AUTHORS———=~—=~~- YEAR

urness,pj; neff,/ 1975

AUTHORS ———-—~——~-— YEAR
uresk,dw; dietz,/ 1975
urness,pj; neff,/ 1975

clary,wp 1975

AUTHORS————=—=—~~=— YEAR
scotter,gw 1965
hadley,eb; bliss, 1964

bliss,lc 1962




CODEN
PLSOA
WUAPA
ek ok

ATICA

CPLSA

CODEN
NUABA

TAEBA

CODEN

JWMAA

CODEN

"TAEBA

CODEN

TAEBA

CODEN

JRMGA

CODEN

JRMGA

CODEN

JAPEA
fedededek

VO-NU

45--1

14-—-

25--1

53--2

VO-NU

197--

329--

VO-NU

38--1

VO-NU

461--

VO-NU

461--

VO-NU

9-—-3

VO-NU

29—-4

VO-NU

11--2

BEPA ENPA GENS

17
1
21

263

BEPA

BEPA

20

BEPA

BEPA

BEPA

142

BEPA

344

BEPA

489

26
27
27

268

ENPA
38

59

ENPA

31

ENPA

63

ENPA

63

ENPA

145

ENPA

345

ENPA

497

ledu
ledu
ledu

ledu

GENS
lept

lept

GENS

lesp

GENS

leuc

GENS

leuo

GENS

leut

GENS

lewi

GENS

liat

SPEC
groe

groe
*hkk

palu

palu

SPEC
mult

mult

SPEC

stip

SPEC

retu

SPEC

minu

SPEC

edit

SPEC

pygm

SPEC

punc
Kkkk

KEY WORDS—~——=———===~ AUTHORS——-—-—--——~--
esstl nutr elemt frét léngille,wm; macl
minrl cont of plnt wi gerloff,gc; moor/
chem comp forag plnts scotter,gw

rata, mineral content scotter,gw; milti

KEY WORDS-————————=—= AUTHORS————m—m e
phenol vs comp plnt & robertson, jh; tor

engy-prod coeff feedg fraps,gs

KEY WORDS————————=——= AUTHORS ————————mee

odvi, in vitro digstb snider,cc; asplun

KEY WORDS———=————==——— AUTHORS——==m——m—m

comp,util of rang veg fraps,gs; cory,vl

KEY WORDS——————=———=—= AUTHORS—————————~

comp,util of rang veg$fraps,gs; cory,vl

KEY WORDS————————===—— AUTHORS——————————

apparnt digstb lignin smith,ad; turner/

KEY WORDS—————=—-———= AUTHORS ~———=————=——

bibi, tropic ceolgy of peden,dg; vandyn/
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YEAR
1976
1964
1972

1973
YEAR
1958

1925

YEAR

1974

YEAR

1940

YEAR

1940

YEAR

1956

YEAR

1976

1974



CODEN

JWMAA

CODEN

JRMGA

CODEN

JAGRA

CODEN

JWMAA

CODEN

BOREA

CODEN
BOGAA
JAGRA
JANSA
JFUSA

JWMAA
JWMAA

PCGFA
PCGFA

SOSCA

XFPSA

XFPSA
Kk kk

VO-NU BEPA

36—2 595
VO-NU BEPA
29—-4 344
VO-NU BEPA
69--1 33
VO-NU BEPA
34--1 176

VO-NU BEPA
40--3 347
VO-NU BEPA
94--- 381
69--1
36-—4 792
55--5 342

38--2
40--3

197
479

10---
21---

53
34
43-—- 349

51---1
111—- 1

ENPA

605

ENPA

345

ENPA

46

ENPA

182

ENPA

394

ENPA
393
46
796

347

?22?
483

58
104
355

35
10

GENS

libo

GENS

ligs

GENS

ligu

GENS

lind

GENS

1inm

GENS
liqu
liqu
liqu

liqu

‘1iqu

liqu

liqu
liqu

liqu

liqu
liqu

SPEC

decu

SPEC

port

SPEC

obtu

SPEC

benz

SPEC

usit

SPEC
styr
sryr
styr
styr

styr
styr

styr
styr

styr
styr

styr
&k Kk

KEY WORDS—————————m——

odhe,forst manipu on

KEY WORDS-——————=—=———~

calor cont rcky mt pl

KEY WORDS-—-—-—————————

chem comp wld feedstu

KEY WORDS——=—=--=~==-=

mega,nutr wintr food

KEY WORDS————~——————

pred minrl nutr stats

KEY WORDS——-~———————--
minrl & nitrogen cont
chem comp wld feedstu
digstb south brow tis
burnng & bfows qualit

fibr comp & forag dig
squirrel use b/w oaks

deer nutr in sou pine
deer food nutr analys

comp frst tree litter

seas nutr dist in pln
od--,comp & digs brow
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lawrence,g; biswe

AUTHORS—————————-

andersen,dc; armi

AUTHORS——————=~——~ YEAR
king,tr; mcclure, 1944
AUTHORS ————==—=—==~— YEAR

billingsley,bb; a

AUTHORS—----—-———-— YEAR

vanden driessche, 1974

AUTHOR S§—~=====——— YEAR

mchargue, js; roy 1932

king,tr; mcclure, 1944

short,hl; blair,/ 1973

lay,dw 1957

short,hl; blair,/ 1974
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