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Abstract

Although recognized in importance from the dawn of history,
forages have too often been underestimated and undervalued
perhaps in part because animal performance has frequently
failed to reflect apparent forage quality. Anti-quality compo-
nents, diverse impediments to quality, have evolved as structural
components and as secondary metabalites. They include mineral
imbalances or can be related to the presence of insects and dis-
eases. Animal behavior and adaptation are increasingly recog-
nized asimportant aspects of anti-quality factors. An anti-quality
component may reduce dry matter intake, dry matter digestibili-
ty, or result in nutritional imbalancesin animals. They can act as
a direct poison compromising vital systems, result in abnormal
reproduction, endocrine function, and genetic aberrations, trig-
ger undesirable behavior responses, or suppress immune func-
tion leading to increased morbidity and mortality. The economic
impact of anti-quality factors on individual herds can be devas-
tating but definable. Broadscale economic impacts of anti-quality
factors are far more difficult to estimate. A loss of 0.22 kg/day in
potential gain of stocker cattle dueto antiquality factorsduring a
166-day grazing season translatesinto a loss of about $55/steer at
$1.45/kg or over $2 billion annually when applied to the U.S
stocker cattle. Economic losses to tall fescue (Festuca arundi-
nacea Schreb.) toxicosis in the U.S. beef industry are probably
underestimated at $600 million annually. Reproductive and
death losses of livestock due to poisonous plants have been esti-
mated at $340 million in the 17 wester n states alone. These exam-
ples of economic losses due to anti-quality factors may be upper
bounds of actual losses but even if a small proportion of the
expected losses were eliminated through resear ch, the potential
payoff would be extremely high.
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Resumen

Aunque su importancia se reconoce desde las épocas tem-
pranas de la historia, los forrajes también frecuentemente han
sido subestimados y subvaluados, en parte porque a menudo €l
comportamiento productivo del animal ha fallado en reflgar la
calidad aparente del forraje. Los compuestos anti-calidad,
obstaculos variados de la calidad, han evolucionado como com-
ponentes estructuralesy metabolitos secundarios. Ellos incluyen
desbalances minerales o pueden ser relacionados a la presencia
de insectos o enfermedades. EI comportamiento animal y la
adaptacion se reconocen masy mas como aspectos importantes
de los factores anti-calidad. Un componentes anti-calidad puede
reducir el consumo de materia seca, la digestibilidad de la mate-
ria seca o producir en los animales desbalances nutricionales.
Ellos pueden actuar directamente como veneno dafiando sis-
temas vitales, producir una reproduccién anormal, problemas
endocrinologicos, aberraciones genéticas desencadenar respues-
tas de comportamiento indeseable o suprimir la funcién inmune
incrementando la morbilidad y mortalidad. El impacto econémi-
co de los factores anti-calidad en los hatos individuales puede ser
devastador pero definible. Los impactos a amplia escala de los
factores anti-calidad son mas dificiles de estimar. Una perdida de
0.22 kg/dia de la ganancia potencial del ganadero debido a fac-
tores anti-calidad durante una época de apacentamiento de 166
dias se traduce en una perdida de apr oximadamente $55 dolares/
novillo, aun precio de $ 1.45/kg, o de mas de 2 billones anuales si
se aplica al total de la ganaderia de E.U.A. Las perdidas
econémicas de la industria del ganado de carne delos E.U.A. por
la toxicosis del Alta fescue (Festuca arundinacea Schreb.) son
probablemente subestimadas en $600 millones anuales. Solo en
los 17 estados del oeste, las perdidas por muerte y reproduccién
del ganado debido a plantas téxicas han sido estimadas en $ 340
millones. Estos gjemplos de perdidas econémicas debido a los
factores anti-calidad pueden ser los limites superiores de las per-
didas actuales, pero aun si una pequefia proporcion de las perdi-
das esperadas fuera eliminada a través de investigacion, € pago
por estas perdidas seria extremadamente alto.

Overview and Significance

The importance of forages has echoed through the ages. The
value of forages was recognized from the early dawn of history as
animals became domesticated and were moved from place to
place in search of forage (Combs 1936). Alfalfa is thought to
have been cultivated before the development of the written lan-
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guage (Bolton et a. 1972). During the set-
tlement years in the U.S,, the value of for-
ages went largely unrecognized with for-
ages freguently relegated to lands of mar-
gina arable value (Edwards 1948). Often,
there was little recognition of differences
in value among forage species. This senti-
ment began to change as P. V. Cardon
stated in the 1948 Yearbook of
Agriculture, “..., in the wake of war and in
the glow of our unprecedented production,
this country looks to the future and consid-
ers again the land and its management -
this time, as never before, in terms of
grass.” (Cardon 1948). In his preface to
Forages: Resouces for the Future, Burton
(1986) states “Forages, particularly the
grasses, are the most important plants on
the face of the earth”. Occupying more
than half the land area in the U.S. and
world wide, forages provide about three
fourths of the energy and more than half
of the protein in human diets (Burton
1986). Because ruminants and equine
obtain 60 to 100% of their feed nutrients
from forages and because of the economic
importance of forage consuming livestock
and wildlife, the value of forage rivals that
of the most important field crops. For too
long the nutritional and economic value of
forages has been underestimated and
under-recognized.

As the human population increases, land
areas suitable for intensive crop produc-
tion decrease, and issues of renewable
resource conservation become more com-
pelling. As Cardon (1948) stated over a
half century ago, “... around grass, farmers
can organize general crop production so as
to promote efficient practices that lead to
permanency in agriculture.”

Quiality of forage is paramount in obtain-
ing optimum animal performance. Any fac-
tor or ‘anti-quality component’ that pre-
vents forage from contributing its nutrition-
al potential takes on added importance with
increased recognition of forage as a feed
resource. During recent years, much
progress has been made in several areas
perhaps most dramatically in elucidating
the etiology of tall fescue (Festuca arundi-
nacea Schreb.) toxicosis and its relation-
ship to the endophyte fungus
Neotyphodium coenphialum [(Morgan-
Jones and Gams) Glenn, Bacon, and
Hanlin; Glenn et a. 1996]. Advances have
also been made in identifying specific tox-
ins, and physical and chemical factors that
affect intake and digestibility. The role of
animal behavior in avoidance of anti-quali-
ty factors has great potential and is the sub-
ject of apaper presented in this symposium.
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There has always been concern that anti-
quality components in forages have the
potential to compromise food safety and
human health. Ergotism in humans con-
suming wheat (Triticum aestivum L.), rye
(Secale cereale L.), pearlmillet [ Pennisetum
americanum (L.) Leeke], and other small
grains contaminated with Claviceps species
has been documented both historically and
during modern times (Krishnamachari and
Bhat 1976, Lewis 1977) Humans can
potentially be exposed to several mycotox-
ins by direct consumption of grains conta-
minated with products of fungal growth
although strict control of food quality on
the U.S. market makes this unlikely to
occur (CAST 1989, Wood 1992).
However, possible long-term exposure to
low levels of mycotoxins in the food sup-
ply is of potential concern. Human con-
sumption of animal products affected by
anti-quality factors is also of concern.
Ammoniation of hay has been related to
hyperexcitability in cattle (i.e. Crazy Cow
Syndrome) and high death losses of calves
either at birth or within afew days of birth
(Essig et al. 1986). A case study in
Mississippi suggested that milk from a
cow fed ammoniated hay could produce
symptoms of hyperexcitability in a non-
related calf fed the milk (Essig et al. 1986)
raising concerns about milk safety for
humans. In the U.S,, it is unlikely that lac-
tating dairy cows would be fed ammoniat-
ed hay but this could occur in other parts
of the world.

The subject of anti-quality factorsis far
reaching and includes pastures and har-
vested forages as well as rangelands and
grazeable forestlands. The following
papers in this volume were part of a sym-
posium held in 1999 on *Anti-quality
Components in Forages' at the joint meet-
ing of the Society for Range Management
and the American Forage and Grassland
Council. It is hoped that this symposium
helped to synthesize the current state of
knowledge and to present the information
in written format that will serve as a refer-
ence for the industry. The subject of anti-
quality factors will continue to evolve as
new information is generated and this is
indeed a topic that will need to be revisit-
ed in the future.

What is Forage Quality and
Anti-quality ?

It is necessary to clearly understand
what forage quality is before we can begin
to addressiits’ antithesis, antiquality. In his

review of ‘Milestones in Forage
Research,” Reid (1994) concluded that for-
age quality was definable as “some prod-
uct of digestibility and intake of the diet.”
Mott and Moore (1969) described forage
quality as composed of both ‘forage nutri-
tive value’ (chemical composition,
digestibility, and nature of digested prod-
ucts) and ‘forage consumed’ (acceptability,
rate of passage, and availability). Raymond
(1968) suggested that quality is defined by
the equation ‘Nutrient intake = intake of
feed dry matter x digestibility of feed dry
matter x efficiency of utilization of digest-
ed nutrients'. More general definitions of
forage quality include “ Characteristics that
make forage valuable to animals as a
source of nutrients; the combination of
chemical and biocharacteristics of forage
that determines its potential to produce
meat, milk, wool, or work” (Barnes and
Beard 1992, Barnes et al. 1995). Ball et al.
(1991) suggest that forage quality is best
defined in terms of animal performance
and that it is ultimately the animal rather
than the human that determines forage
quality.

Although each of these definitions pro-
vides useful mathematical and philosophi-
cal concepts regarding forage quality, each
one appears to fall short of a succinct defi-
nition. Dictionary definitions of ‘quality’
generally refer to the ‘degree of excel-
lence'. Thus, we propose that forage quali-
ty is best described as the degree to which
a forage meets the nutritional require-
ments of a specific kind and class of ani-
mal. An ‘anti-quality component’ would,
therefore, be defined as any factor that
diminishes the degree to which a forage
meets the nutritional requirements of a
specific kind and class of animal. The
word ‘animal’ is necessary in these defini-
tions to include both ‘livestock’ and
‘wildlife’. Furthermore, it is necessary to
specify the kind and class of animal
because animal nutritional needs and
detoxification abilities vary. A forage that
meets the nutritional needs for dry cows
would, thus, be a high quality dry cow
feed, but may not meet the requirements
for finishing steers and would, therefore,
be alow quality finishing diet. Likewise, a
chemical toxin or a physical inhibitor to
intake for 1 species or class of anima may
not affect another species or class of ani-
mal in a similar manner. Animal behavior
and adaptation are increasingly being rec-
ognized as important aspects of anti-quali-
ty factors. For example, ability of the pre-
gastric fermentor to detoxify many of the
potentially harmful plant metabolites has
long been recognized. Palatability, rate of
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passage, digestibility, nutrient density and
balance, and intake are all factors deter-
mining the degree to which the forage is
able to meet the nutritional demands of the
animal. Therefore, as suggested by Mott
and Moore (1969), quality of the forage is
going to be driven by the combination of
chemical and physical characteristics that
determine ‘forage nutritive value’ and
‘intake’ and these are terms that should be
defined as a subset under the definition of
forage quality.

Classes and Kinds of Anti-qual-
ity Components

Anti-quality components encompass a
diverse array of unrelated causative
agents. These may have evolved as struc-
tural components of the plant or as sec-
ondary metabolites resulting in plant
defense mechanisms. Anti-quality compo-
nents can be revealed as mineral deficien-
cies, toxicities, and nutritional imbalances.
The origin of anti-quality attributes can be
phytochemicalsin plant tissues or structur-
a inhibitorsin leaf and stem arrangement.
Specific chemical inhibitors of quality can
result from plant metabolism or from
microbial origin. Anti-quality factors in
forages can furthermore be related to the
presence of insects and diseases.

An anti-quality component may simply
act as a reducer of dry matter intake
(DMI), may reduce dry matter digestibili-
ty, or result in nutritional imbalances. The
anti-quality factor may act as a direct toxin
that shuts down vital systemsin animals, it
may result in abnormal reproduction, dis-
turb endocrine or neurological function,
cause genetic aberrations, or may suppress
immune function leading to increased mor-
bidity and mortality. Because of the many
and disrelated syndromes and yet the
potential for many interactions and subtle
interrelationships, the field of anti-quality
factorsis both complex and compelling.

Economic Impact of
Anti-quality Components

The economic impact of anti-quality
factors on individual flocks and herds can
be devastating when the result is a large
loss in production, reproduction, morbidi-
ty, or mortality. Economic consequences
can also be severeif thelossisbut asingle
animal with high economic value. The
economic effect is much less obvious
when the result is a subtle decrease in

potential performance. The economic
impact of anti-quality components on ani-
mal health and production are often diffi-
cult to estimate. Nevertheless, broadscale
estimates are needed to provide perspec-
tive and to help focus research efforts into
areas of high potential economic improve-
ment. Estimates of the impact of dimin-
ished forage quality with lowered potential
for gain highlight the magnitude of eco-
nomic impact. An example of this can be
derived from calculations using the current
beef cattle herd in the U.S. and estimates
of expected daily gains based on National
Research Council data (NRC 1984).

As of 29 January 1999, there were 16.8
million steers and 19.6 million heifers
weighing 227 kg or more in the U.S.
(Agricultural Statistics 1999). The stocker
phase of cattle production into which these
cattle could be placed, can make efficient
use of forage for economical gains. Ball et
al. (1991) summerized beef steer perfor-
mance on 15 forage systems or specific
forages in the Southern U.S. and found that
daily gains ranged from 0.43 to 1.08
kg/day during an average 146-day grazing
season. Stocker systems in Virginia
demonstrated that steers gained 0.90
kg/day during a 166-day grazing season
from April to October in an al forage sys-
tem (Allen et a. 1994). Estimates based on
NRC (1984) requirements for a 227 kg
steer fed to gain 0.90 kg/day indicate that a
dry matter intake (DMI) of 6.26 kg/day at
agiven nutritive value is required. If nutri-
tive value is diminished and related DMI
declines to 6.08 kg/day, a decline in intake
of 0.18 kg/day, daily gains would be
expected to drop to 0.68 kg/day. This
translatesinto over 8 million kg/day 1oss of
potential gain. If a value of $1.54/kg is
assumed, this results in an approximate
cost of $12.33 million per day for all
stocker cattle in the U.S. or $0.34/stocker
per day. Thislevel of loss of potential gain,
represents a total economic loss for the
166-day period of over $2 billion.
Calculated another way, and again using
the Virginia example for steer perfor-
mance, over the 166-day grazing period,
steers gained 151 kg vs 113 kg that were
gained under the lower quality diet. The 38
kg difference would be worth about
$55/steer at $1.45/kg. These levels of eco-
nomic losses due to the degradation of for-
age quality could be considered to be an
upper bound of the actual level of loss.
That is, it would be expected that if stocker
producers were to be aware of the potential
weight gain losses due to the lower quality
of the diet, they might internalize this into
their operations to minimize potential loss-
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es. However, this strategy would result into
higher associated cost of production. If the
impediments to quality or anti-quality fac-
tors were identified and eliminated, it
might be more cost effective.

The economic impact of mineral imbal-
ances in forages is often poorly under-
stood. However, hypomagnesic grass
tetany has been widely researched. This
metabolic deficiency of Mg has been esti-
mated to result in the loss of 1 to 3% of
the beef cows in the U.S. annualy. If the
loss is 1% of the 42.6 million cows and
heifers that had calved by 1 January 1999
(Agricultural Statistics 1999), the estimat-
ed financial loss to producers would be
about $150 million assuming a 500 kg
cow worth about $0.77/kg. Fortunately,
Mg supplementation strategies are avail-
able that can largely prevent grass tetany
but represent an increase in the cost of
production both in terms of added inputs
and labor requirements.

Tall fescue (Festuca arundinacea
Schreb.) is one of the most important cool-
season grasses grown in the U.S. occupy-
ing over 14 million ha (Sleper and
Buckner 1995). Widely adapted, this long-
lived perennial forms the basis of many
forage-livestock systems. However, much
of this fescue is infected with the endo-
phyte-fungus Neotyphodium coenophialum
(Shelby and Dalrymple 1987). Presence of
the fungus confers stress tolerance to the
plant (see review by Latch 1997) but pro-
duction of akaloids by both the plant and
the fungus result in a myrid of animal dis-
orders (Steudemann and Hoveland 1988).
It has been estimated that the endophyte in
tall fescue resultsin loss of over $600 mil-
lion annually to the beef cattle industry
aone (Fribourg et al. 1991). Recent evi-
dence suggests that this may be an under-
estimate. It has been widely accepted that
removal of livestock from infected tall fes-
cue pastures resulted in afairly rapid dissi-
pation of symptoms of tall fescue toxicosis
but this now appears not to be the case.
Research has shown that one effect of the
toxicity is a decline in specific immune
function (Saker et al. 1998) during the
grazing period. It has now been demon-
strated that this loss in immune function is
long-lasting, and was measurable through-
out the stress of cross country transporta-
tion and a following 150-day feedlot fin-
ishing period (Saker et al. 2001; Allen et
a. 2001). The lowered immunity is likely
to contribute to added costs of medications
and labor in treating animals that are less-
tolerant to stress and disease (Purdy et al.
1989).
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Poisonous plants occur in all types of
grazing lands including both range and
intensively managed pastureland and are
one of the most important economic
impediments to profitable livestock pro-
duction (James et a. 1992). Based on an
estimated 1% death loss in cattle, a 3.5%
death loss in sheep, and a 1% decrease in
calf and lamb crops due to poisonous
plants, the economic impact within the 17
western states was estimated at $340 mil-
lion annually (Nielsen and James 1991,
James et al. 1992). In their review of the
impact of poisonous plants on the livestock
industry, James et al. (1992) divide eco-
nomic losses into direct and indirect losses.
Direct losses were described to include
death, emaciation, slow growth, decreased
reproductive efficiency, abortion, and birth
defects. Indirect losses included costs
incurred to prevent losses or poisoning,
medical costs incident to poisoning, losses
of forage quality due to need to dter har-
vesting schedules, stress effects on man-
agement, risk, and effects on land values
and grazing permits. In addition to their
application to poisonous plants, these types
of losses should be accounted for in
accessing economic conseguences of many
types of anti-quality factors.

The potential economic losses discussed
above, represent only a few of the
areas/issues on which anti-quality compo-
nents have an impact. Even if these areas
were to be the only ones affected by anti-
quality components in forage, the potential
associated total economic damage would
be over $3 billion. At the same time, how-
ever, thislevel of damage provides an esti-
mate of the potential payoff of research
addressing the anti-quality components in
forage issue. Even if a very small propor-
tion of the expected losses were to be
eliminated through research dedicated to
minimize the negative impacts of anti-
quality components in forage, a relatively
large research program could be afforded.
That is, the potential payoff, i.e. benefit-
cost ratio, of such a research program
would be extremely high. It is hoped that
the information presented in this sympo-
sium will highlight the need and provide
the impetus for further research and the
dedication of funding sources to support
this research for forages are the key to
economical production of ruminants and
equine and are central to the protection of
our natural resources. Forages ARE the
most important plants on earth and imped-
iments to their potential as a feed source
take on parallel importance.
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