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I. The Importance of Feeding
Balanced Rations to
Livestock

[f the people of the world are to be adequately nourished, the total
amount of available food must increase in proportion as the population
increases. Much more food can be produced on land now used for agri-
cultural  purposes—through increasing soil fertility, better management
practices, new crops, better plant varieties, etc—and new areas can be con-
verted to food production.

Correcting dietary deficiencies in livestock rations will do much to
mcrease the world's supply of meat, milk, and eggs.

An immediate increase in the available food for all people through-
out the world should be looked upon as essential to their welfare. This
booklet is concerned with ways and means of increasing the world's food
supply, especially the supply of meat, milk, and eggs.

While it is possible for man to live healthfully on plant foods alone,
it 1s very doubtful that the world’s needs can be filled without the mainte-
nance of a balance between foods of plant origin and foods of animal origin.
There are three reasons for this: (1) Few of the many dierary essentials
—proteins, minerals, and vitamins—are sufficiently concentrated in plant
products to make it possible to adequately balance the diet without excess
of energy or some other dietary essential: (2) a balanced diet—one con-
taining all dietary essentials needed for healthful maintenance and ef-
ficient productiveness without excesses of any nutrient—is more efficiently
utilized than any poorly balanced diet: (3) the production of meat, milk,
and- eggs should be increased because many areas that can be utilized
more fully for food production are only suitable for the production of
crops—pastures and roughages—and unsuitable for direct consumption by
man. Only animals can transform these feeds into human foods.

The chief factors, in order of their probable importance, which are
at present limiting the world's production of meat, milk, and €ggs, are

l. Insufficient feed:



2. Insufficient , concentrations in the ration of ‘one or more dietary

essentials:

3. Severe dietary deficiencies.

A wider production of improved pastures would probably do more
than any other one thing to alleviate and correct this inadequate feed

situation. | i
The all-too-common practice of feeding rations with insufficient

concentrations of one or more dietary essentials is probably the chief factor
limiting the production of meat, milk, and eggs in the world. If these
rations were devoid of one or more dietary essentials, the animals would prob-
ably show some marked evidence that all was not well. Unfortunately, these
rations are only partially deficient in one or more dietary essentials. The
results of feeding these rations produce only subclinical manifestations
of dietary deficiencies such as slow growth, shy breeding, low milk produc-
tion, susceptibility to certain infectious diseases, inefficient use of feed, etc.
Since these symptoms are nonspecific, not characteristic of any individual
dietary deficiency, they are not ordinarily traced to inadequate feeding,
While they do not point to the specific dietary deficiency, they are very
often truly indicative of a poorly balanced inefficient ration. Tremendous

quantities of the world’s feeds are wasted In this type of feeding, resulting
in large losses of human foods

| Under practical conditions, the feeding of truly deficient rations—
racions almost devoid of 4 single dietary essential—is much less common.
The feeding of this kind of ration results, usually, racher quickly, in the

indications that the ration is
of a dietary deficiency. These

are usually so obviously Unappetizing and poorly balanced that they are

quickly changed, if ar 4] possible.

Thus, the feeding of unbajanced rations may produce one or both
of two | fL:ype:s of symptoms i the animals fed. One type consists of
:::EPEFI]:: SYMPIoms, such as poo; growth, rough hair coats, decreased

yield, etc. The second consists of more or Jess readily detecrable

clinical or vis; il
e .1s:ble smiptﬂms Characteristic of indicative of the particular
Chciency. h .
i = former ariably resu]rs from insufficient



these are most valuable. All livestock men should be familiar with them
because they emphasize how important it it to feed well-balanced rations,
how drastic may be the results when extremely small amounts of certain
mineral elements or vitamins are omitted, and how these deficiencies may be

corrected.
The feeding of well-balanced rations to livestock

1. Conserves grains for human use;
2. Stretches available feeds over a larger livestock population;

3. Increases the amounts of meat, milk, and eggs available for human
use.



2. Soils and Nutrition

The truth of the statement that "nutrition begins with the Sr.::;ul” ha;
been surmised by observant men for centuries. They noted that ‘lwesmr:
would do better in some areas than in others where no apparent fhfferenr:ﬁ*s
existed. Through experience they learned not DI‘]!}’ what ID:-’.‘HIHZIES were
best suited to their needs, but that some were definitely undesirable.

T'he nutritional problems of animals in relation to soil mn-:flitiﬂins,
however, did not become acute nor were thes the subject of scientific
inquiry until nearly the middle of the nineteenth century; their impc}rta‘.nce
was emphasized as the increase in world population pushed man out into
new lands. Many of the new lands were found to be incapable of sup-
porting animal life, particularly when the animals were not permitted to
graze large areas and select their food. The need for new lands has con-
tinued to create problems of this nature. There are still vast areas in

the world that will be suitable for many agricultural purposes when it is
learned how to correct their natural shortcomings.

Soil Deficiencies

A deficiency of phosphorus in soils and forage was among the first

appreciation of the role
fluorine, and copper, has developed.

It is evident that 5 deficiency of phosphorus; next to todine, is the
most widespread of any mineral nutritional tro

The fact thar 4 nutritional deficiency does
evident from the small size of the
formed bones that are

cactle for bones, dirt, w

uble in grazing animals.
€XISt in an area is sometimes
animals, failures of reproduction, mal-
€asily broken, and 4 persistent craving by many
ood, and other materials,

Multiple deficiencies



When it is concluded that the crops of a certain area are deficient in a
given mineral, corrective measures are required, What these will be
depends on the element, the area, and many other factors. Supplemental
feeding with the mineral, the use of supplemental feeds from another
area, rotation of crops, variety and kind of crop, time of harvesting, irriga-
tton and fertilizers (including liming materials), must all be considered
in determining the most economical and practical remedy. A full discussion

s beyond the scope of this paper.

The ultimate effect on human food is the basic consideration, for,
after all, human food is the primary purpose of agriculture. Many crops
are consumed directly by man, so he suffers directly from deficiencies of bene-
ficial minerals and excesses of toxic minerals in the soil. He suffers indi-
rectly from decreased production of crops, livestock, and livestock products.
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at cause nutritional deficiencies in livestock.



Climate and Soil

The effect of climate, especially on the fD[mi'-l[l.{:}I'.l of soils, 1s one of
the basic factors determining the chemical composition nf. crops. The
soils in areas having prolonged heavy rainfall are'often low in t}"irs soluble
minerals so necessary to a good skeleton in cartle an.d horses. F:UIE large,
high-production breeds of cattle, sheep, and _Imrses? m.tmdut:ed into tI:lEEf:
areas, have failed on native feeds to mainzam their size and }?r-:}qucnnn,
and have developed nutritional diseases. Thli demonstrates that mdiger{ﬂus
breeds are often phenologically adjusted to survive and grow on marginal
intakes of the essential elements.

Soils that have their origin from soil minerals lacking in calcium nat-
urally will not grow crops containing sufficient calcium for normal animal
development. Calcium is readily soluble and is subject to excessive leach-
ing and loss in the drainage water.

Under the abundant rainfall and high temperatures of the tropics
and semitropics, weathering forces work faster and carry their influence
0 @& greater exureme.  Here there has been no glaciation to intetrupe the
process and the country rock and regolith have been subjected to drastic
decomposition. Hydrolysis, as well as oxidation, has been extremely in-
tense and silicate minerals have quickly succumbed. In many parts of
the tropics, wet and dry seasons alternate. which no doubt greatly intensi-
fies chemical acrivities, especially chose of the organic marter. The soluble
bases such as calcium, magnesium, potassium, and sodium, are quickly
released and. according to the season, are subject to removal by leaching.

There is a gradation from these extreme conditions in laterite soils to
podsolic soils, where the loss has been more moderate,

‘In Europe, laterites and lateritic soils are found in southern France
Spain, Italy, and Greece. In the Western Hemisphere, they are typicﬂll}:
dE'VEleEﬂ in northern South America, Central America, Mexico Puerto
R.lcn, Cuba, and other islands in the Caribbean Sea. in ]ndiaq Burma
Siam, ]ava,_ Borneo, Sumatra, and contiguous regions late;ires ﬂl'f.::
common, while on the jslands of the Central Pacific red f:;.ll’thﬂ are abun-

dant. Hawaij also has lateritic sojls. Laterite soils show red or yellow

ca;':lnr, especially in the B horizop However, the surface SOl
OIten s bI’DWﬂ or gray :

: : , and yell Mate
the surface soj]. Yellow color dominates



Another disadvantage of the high content of sesquioxides in laterite
soils i1s the unavailability of phosphorus. This element combines with
iron and aluminum in very complex compounds, rendering the phosphorus
insoluble and unavailable to plants. Thus, much of the calcium and phos-

phorus deficiency symptoms reported in these countries have their origin
in the climate and its effect upon the soil.

Podsolization, especially combined with sheet erosion, can and does
develop soils low in calcium, with much of the phosphorus unavailable
to the crops, depending on the stage of development. Podsolic weathering
is important in the United States, Canada, and in northern and central
Europe.

Climatic conditions, especially temperature and rainfall, exert an impor-
tant influence on the amount of nitrogen found in soils. As progress is made
from a warmer to a cooler climate, even though the rainfall may not be
exactly the same as to amount and distribution, the nitrogen of soils tends
to increase. Rainfall seems to exert a control upon the accumulation of
nitrogen in soils as definite, in many respects, as that of temperature. In
general, under comparable conditions, the ni trogen content of soils increases
as the effective moisture becomes greater. Soils in arid regions are usually
low in nitrogen: an exception to this is the black-earth soil (chernozem) of
semiarid regions. It may be said, however, that soils low in Organic matter
are low in nitrogen; the nitrogen, especially in humid regions, is carried
almost wholly by the organic matter.

Elements in Soils

The texture of the soil. other factors being constant, seems to influ-
ence the nitrogen content. A sandy soil, for example, usually carries less
nitrogen than one of a heavier nature, while a virgin soil and its cultivated
e¢quivalent differ radically.

The nitrogen content of soils influences the protein content of the
crop. The vegetative portion is more affected than the grains. As animal
feed is largely derived from the vegetative parts, this effect of the soil is
thus more important in animal feed than in human food.

The problem of phosphorus deficiency is not a simple one that can
be determined by soil or crop analysis. It is the exception rather than the
fule to have aphosphorosis by itself. It is usually complicated by other
deficiencies that may be mineral, protein, or the total digestible nutrients
available to the animal. The effect of lignification on the availability of
the protein and minerals of crops, the interrelationships of rates of growth

9
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and calcium and phosphorus requirements, suitability of the lbjrei:k:fl l;:;;
stock to the climatic conditions, and natural .feeds, allv must be i
It is not unusual for imported livestock in an area to 51 t
deficiency diseases, while the indigienuus bijt‘f‘dﬂ that :11'~51:1 slm:rl;irc;:;:ige,n;:s.
maturing, producing small quantities of I‘I‘jllk, do not s t:lt"&‘;"ll | 5 the,
at least to the same degree. Imported livestock eventua )drtﬁv?rts bl
type that is in balance with the environment, unless these dehiciencies

corrected.

account.

In certain aridic alkaline soils, the calcium may be rendered 1_1n;wa|lab.le
to plants because of the concentration of mherﬁ basic ions. An increase 13
pH of the soil solution over 7 also adversely mﬂuences' the snlublhity an
availability of phosphorus. Soils that have been cultivated contain .less
calcium than a similar virgin soil, as a result of crop removal and erosion.

There is a high incidence of goiter in certain regions of the world.
Soils of such regions are generally quite acid, and the highly leached clay
they contain does not possess the power of anion retention, so the small
quantities of iodine that were present in the geological strata are leached
out by the percolating water. These soils may contain only a few parts
per billion of iodine—not enough to grow plants with sufficient iodine
to prevent goiter. Other soils are naturally deficient because of their
origin.  Soils developed from limestone in humid regions and those near
the seacoast usually contain sufficient iodine to prevent goiter.

Selenium is present in detectable quantities in all soils, but it reaches

toxic concentrations only in soils derived from Cretaceous shales in semi-
arid climates.

Fluorine has been found in soils in quantities ranging from a trace

up to 0.I5 percent. Mica and tourmaline, both of which may contain
up to 1 percent, are present in practically all soils. Phosphate rocks may
conain from 3 to 4 percent of fluorine: about three-quarters of this amount

15 retained in che fertilizers made from these sources. Considerable fluorine
1s therefore added to soils fertilized with commercial fertilizers.

Cobalt occurs in most soils 1n

million. In New Zealand, it has be
of cobalt in the

quantities ranging up to 15 parts per
en found that sheep suffer from a lack

alt natural vegetation in sojls having less than 2 to 3 parts
per million of the element. When cobalt in the soil exceeds > to 10

plafzs]per million, the plants take Up enough to produce normal growth in
[;; sheep. In general, deficiencies are [ess likely o occur on geologically
Older soils, or areas of concentration, than on soils of recent origin

10



Most mineral soils contain sufficient copper and iron except some
that are very sandy and leachable. Calcareous and alkaline soils may grow
crops that are low in iron and copper because the availablity is decreased
with increased alkalinity, especially if an excess of phosphates is present.
The fixation of iron by phosphate is more likely to occur in sandy soils
than in a clay soil. Organic soils such as peat and muck are more likely to
have a lower copper content than normal mineral soils, especially if they are
alkaline and contain appreciable amounts of ferrous iron.

The fact that mineral requirements of different breeds differ, depending
on rate of growth, age of maturity, production and reproduction, has been
pointed out, but species difference s also important. Cattle show calcium
and phosphorus deficiencies on land that supports sheep, because of their
feeding habits and size of skeleton. Sheep, on the other hand, exhibit
cobalt deficiency Symptoms in four months where horses thrive for genera-
tions.

The only conclusion that can be drawn at this time is that the problem
is complex, vital and worldwide—and our knowledge is meager.
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3. Toxicity of Exeess
KFood Constituents

Certain elements in the soil are assimilated by plants although .tllE}"
are not necessary for normal plant growth. Elements such as iodine, sadml:n,
chlorine, and cobalt are required by animals. However, excesses of certain
soil constituents, such as fluorine and selenium, are sometimes accuml:llared
by plants through “luxury consumption.” If these are toxic to animals,
the plants are definitely injurious to the animals consuming them.

The following are the most important elements that occur in toxic

quantities in plants, because of larger quantities than normal in certain
agriculrural soils.

Fluorine

In large doses fluorine is an acute poison. - The harmful effects that
are of practical importance in livestock feeding, however, are the result of
the continuous ingestion of comparatively minute amounts in fluoride-con-
taining water or in rations supplemented with mineral phosphates high

in the element. The most evident effects are on the bones and teeth, in
which excess fluorine gradually accumulates.

In hogs and cactle, defects in the enamel are produced and the teeth

become soft and worn down until in some cases the pulp cavities are

exposed. The teeth become sensitive to cold water and interfere with

food consumption. Mottled enamel has also been reported to occur in
cattle in areas where the water js high in fluorine,

. | There are
generalized toxic effects, however, reflected in degenerative changes in

various organs and soft tissues, The form in which fluorine is fed has an
influence on its toxicity.  Sodium fluoride is more toxic than calcium

fluoride and certain other insoluble products, There are also species differ-

ences in susceptibility: chickens tolerate a considerably higher level than
other farm animals,

Fluorine

s a cumulative poison. At first
in the bones

and teeth without eviden
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elapses before structural injury becomes evident. The avidity of the bones
and teeth for fluorine tends to protect the soft tissues against excessive con-
centration. As the bones become saturated, however, the greater part of
the absorbed fluorine is free to produce its general toxic effects on the
organs and sofc tissues. While the effects of higher levels are evident
much sooner, an intake of rock phosphate which provided approximately
0.008 percent of the total dry matter fed to dairy cows had a marked
effecc on production and reproduction after only three years of feeding.
Thus, the level of fluorine is most critical in connection with long-time
feeding of breeding stock and milk-producing animals.

From a study of the literature it appears that the upper limit of safety
in the case of cattle, sheep, and hogs is represented by 0.01 percent of
the element in the dry mattér of the total ration. In the case of chickens,
the maximum safe level is around 0.035 percent. Recommended tol-
erances should be a great deal below these levels to be safe under all condi-
tions. Levels in the total ration of 0.003 percent for cattle, sheep, and
swine, and 0.015 percent for chickens, or, for the concentrate mixture of
sheep and cattle, 0.006 and 0.004 percent respectively are recommended.

Raw rock phosphates containing between 3.5 and 4 percent fluorine,
as well as products such as acid phosphate and dicalcium phosphate, made
from rock phosphate, are usually too high in fluorine to be used safely
as a phosphorus supplement, except for short-time feeding of animals to
be slaughtered. These products can be defluorinated to safe levels, but
the defluorinated products are not yet widely available at low costs.

Selenium

This element has recently been found to be responsible for a peculiar
disease of livestock which has long been known to exist in certain regions
of the world. In the United States of America it occurs in some areas
of the plains region, notably South Dakora, and is known locally as “alkali
disease” or “blind staggers.” Alkali disease was first noted in 1857 in
the United States, but the cause was unknown for 75 years. In 1928 it
was traced to the consumption of grain and other vegeration grown on
definite soil areas, and a few years later the cause was found to be selenium
in the grain. In chronic cases there is a loss of hair from the mane and
tail in horses, and from the tail in cattle, and a general loss of hair in
swine. The hoofs slough off, lameness occurs, feed consumption decreases,
and death may occur by starvation. These external Symptoms are accom-
panied by marked pathological changes which are revealed on autopsy.
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Any soil that contains more than 0.05 p.p.m. of selenium is poten-
tially dangerous. Plants vary greatly in the amounts they ra]::e up, b%n:
the concentration in the plant is generally much greater than in the soil.
Chronic toxicity is caused by rations containing as little as 8.5 p.p.m. of
selenium. Young animals are especially susceptible, and growth is retarded
with levels too low to cause other evident symptoms.

No practical method has been found of eliminating selenium injury
either by dietary means or soil treatment. In areas where it occurs, toXIcC
levels in the food crops are so general that there is no safe food supply.
There seems to be no solution other than to abandon the area. Certainly
a livestock industry cannot flourish under these conditions, for the produc-
tion of food crops constitutes a menace to both animals and humans. When
cows and hens are fed rations containing selenium their milk and eggs con-
tain this element.

Molybdenum

A trouble in cartle referred to as “teartness” and known for over a
hundred years to be definitely associated with certain pasture areas in Eng-
land has been established as a molybdenum toxicity. The trouble affects
ruminants, particularly calves and cows in milk. The physical Symptoms
are anemia and extreme diarrhea, with consequent loss in weight and milk
yield. The trouble is found where the herbage contains 0.003 percent
or more of the element. Copper sulfate is effective in curing the diarrhea.

An excess of molybdenum: apparently decreases the availability of cobalt,
according 1o investigation of this problem in England.

Nitrites

Cattle, horses, sheep, and swine may suffer
‘oat-hay poisoning.” It is really nitrite poisoni
.feed relatively high in potassium nitrate that |
intestinal tract.  The nitrites thys formed ¢
mn::-themnglnbin, resulting in the characreristic
bling, sraggering gait, rapid’ respiration, and
straw which caused deaths contained 22 to 7.3
Normally, only a trace js present. .

wheat, barley, and cane sorghum, som
the characreristic trouble.

from what has been called
ng, the resulr of ingesting
s reduced to nitrite in the
hange the hemoglobin to
Physical symptoms of trem-
prostration. Qat hay and

= percent potassium njtrate.

ther ‘ *

E piant.s, such as certain weeds,
{MES contain enough nicrace



areas. It appears that oat-hay poisoning is of most concern in the case of rumi-
nants because of the special opportunity for chemical changes provided by
their digestive tracts. On the basis of present evidence, there appears to

be no reason for concern regarding the possibility that nitrate fercilization
may produce crops that are toxic.

Saline and Alkaline Waters

The water supplies for animals in certain regions have such high con-
centrations of various salts as to interfere with growth, lactation, and repro-
duction. The damage depends more on the toral amount of salts present
than on any specific one, thus representing an osmotic effect rather than
an injury from any particular ion. The maximum concentration of soluble
salts which can be safely tolerated appears to be between 1.5 and 1.7
percent. There is, however, a variation in the toxicity of the various

salts.  Sheep appear to be more resistant than cartle, and cattle more
than hogs.
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4. Animal Losses Resulting
from Improper Feeding

The amount of additional animal products that could be furnished if

proper and adequate nutritional practices were carried out is+ naturally
very hard, in fact impossible, to accurately estimate. It is possible, how-
ever, to point out specific losses that are avoidable, the result of poor
nutrition.

It has already been pointed out that various nutritional diseases occur
as the result of deficiencies of protein, minerals, and vitamins. These can
either result in the death of the animal, which would be a total loss as
far as human food is concerned, or result in an animal that is of poor quality,
inefficient, unable to reproduce or supply any animal products such as
milk, eggs, or in the case of drafr animals, work. Numerous studies have
shown that animals suffering from nutritional deficiencies are more sus-
ceptible to infection, whereas if the animal were properly nourished it would
either resist the infection or enhance the recovery to carry on normal func-
tions. Here again, it is impossible to estimate the losses resulting from
nutritional deficiency.

However, the relatively small amounts of meat, milk, and eggs available
as food for man in many parts of the world is probably due more often

to simply insufficient animal feed or energy than it is to nutrient deficiencies
in the rations available.

Losses in Reproduction

A deficiency in the amount of digestible nutrients supplied to breed-
ing animals, as well as an unbalanced ration having a deficient supply of
prnteinﬁ, re%ults in a cessation of the estrus cycle, ovulation and sperm
formation in extreme cases. Where the deficiency is not great enough
to result in the complete cessation, it will at least cause interruptions
and delayed breeding, which brings about costly production of the *f:iimal
products. Norable amongst the vitamins in their direct effect on ‘repm-

duction is vitamin A. When animals suffering from certain deficie
havﬁe offspring, quite often they are born dead of W
while, either from the deficiency or from seconda

ncles
eak and die in a short

ry infection. This may
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be the result of protein or calcium, phosphorus or iodine, as examples of
mineral deficiencies, or the result of a vitamin A deficiency. In the male,
a deficiency of vitamin A causes a very rapid degeneration of the germinal
epithelium of the testes with a resultant loss of fertility. In the female,
there may be, in the first place, a cessation or irregularity of estrus. This
disturbance of the cycle is accompanied by a cornification of the vaginal
epithelium.  The extent of the deficiency determines whether there is
a complete failure to breed or whether, after a delay, estrus occurs. If
fertilization actually takes place, an injury to the placenta may occur which
results in fetal death and resorption, or in abortion. In fact, reproductive
failure more commonly results from placental injury than from corni-
fication.

Milk and Eggs

The vitamin A value of milk is entirely dependent upon the amount
present in the feed, and very large variations in vitamin potency may
occur. The vitamin A content of milk may be several times as great
on high vitamin A feeds as on feeds which contain very little of
the vitamin, While the mineral content of eggs, except for iodine, is
not influenced by the nature of the diet, there are marked effects in the
case of several of the vitamins. This is particularly true of vitamin A
and vitamin D. The kind of ration that results in the best production
and hatchability is also the kind that provides eggs of the highest nutritive
value for human consumption.

Underfeeding dairg cows results in the reduction of milk supply
as much as 75 percent, and the length of the milking period is shortened.
Animals fed inadequate rations of protein and toral digestible nutrients
utilize the far, protein, and- minerals of their bodies for production; if
the ration is not corrected the animal will go into its next lactation in
poorer condition, and the condition is further aggravated. Striking evi-
dence of the effect of inadequate calcium and phosphorus nutrition on
production has come from studies in phosphorus-deficient areas. In South
Africa, the feeding of bone meal to cows on deficient pasture increased
the milk production by 40 percent, while in the state of Minnesota, US.A.,
the addicion of phosphorus increased the yield by 50 to 146 percent. The
classical work of Theiler further showed that cactle subsisting on phos-
phorus-deficient forage, besides the lower milk yield, produced weaker
calves of lower weight. The animals were stunted and late-maturing,
and produced meat of poorer quality than cows that received bone meal
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iti animals
mineral supplement. The condition was aggravated by tZed 5
bt | | ! ecayin
{ flering from osteophagia, which caused them to eat putrid an ying
su
flesh and bones. _ : ki
Similar effects from severe calcium deficiency have E:ieen reporte
from Florida, US.A. Owing to the very low content of this element in
1 bl ] ‘ , :
hage, broken hips and ribs were not uncommon in lactating animals.
o um | ised by the addition of bone meal, the
When the calcium intake was raised Dy the
yield per lactation increased by 50 percent and the cows became more

persistent producers.

Losses in Meat

In beef production, growth and fattening of cattle depends on the
feed eaten in excess of that used for maintenance. Therefore, the
more feed consumed over the maintenance requirement, the greater the
gain in weight, The edible portion of carcasses where animals have
been improperly fed, and especially underfed, is much less and the ‘fnt
content is less than if they had been adequately fed, skeletal growth being
independent of muscle and far formation.

The use of concentrated feeds enables the feeder to increase the con
sumption of digestible nutrients, thus reducing the amount of feed re-
quired to raise a steer to slaughter-weight. Feeding at less than the maxi-

mum is only justifiable as a mode of salvaging grazing and feeds for which
no other use can be found.

Wool and Hides

Recent investigations have shown that the wool and hides are affected
by the feeding of the animals. If the animals are underfed the wool is
lighter in weight and the length and diameter of the fibers are smaller.
There is also a loss from shedding which would not occur if the animal

were receiving sufficient digestible nutrients. The hides of lambs ade-
quately fed have been found to have greater st

rengrh, tear resistance, and
stretch than the hides of underfed lambs,

Work Losses

Draft animals that do not recely
carry out the work required of
more readily than normal, and
. If, however, the deficiency
such as vitamin A, calcium,
usefulness decreases,

e sufficient digestible nutrients to
them lose weight, show signs of fatigue
their efficiency and usefulness js reduced.
s one that affects the health of

the animal,
or phosphorus, lameness

results and the animal’s
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This is but a brief outline of the ways improper feeding can decrease
the efficiency of yield of animal products for human consumption.
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=. Feed Wastage Caused by
Unbalanced Rations

The importance of using properly halanced' rations for flll Ci‘ﬂSEES of
livestock has been pointed out from the standpoint of the animals’ health,
rate of growth, reproduction, and production. Hﬂwever,. the fac.t that
proper feeding saves feed, more than would be I‘:‘:KEﬂftEd,.ls more impor-
ant. Any grain feed that can be saved by efficient feeding can be used
to increase the production of animals or animal products, or cunlverted
into human food for direct consumption. The magnitude of this loss
cannot be thoroughly appreciated—staggering amounts of grain are wasted
by improper feeding, even in countries with supposedly efficient agriculture.

Swine

Swine are more apt to suffer from nutritive deficiencies than other
farm animals, except poultry. Many rations that were formerly consid-
ered satisfactory have been shown by careful experiments to be strikingly
inefficient under certain conditions. It is necessary not only to feed “bal-
anced rations” that supply enough digestible crude protein, bur also to

supply combinations of feeds with protein of the proper quality and ample
vitamins and minerals.

Though differing materially in protein content, all of the cereals are
low in percentage of this nutrient. While barley, oats, wheat. rye, and
kafir contain somewhat more protein than corn, milo, rice, and feterita,
none of the cereal grains provides a sufficient amount of protein or protein
of proper quality to permit growing and fattening pigs to make rapid and

economical gains when they are fed the grain without any protein supple-
ment,

Fully as important as low protein

' content is the fact that the proteins
of the cereals are incomple

t€ In amino-acid composition,
economically, the deficiency in quality of protein

can be done by the use of such protein supple

fish meal, and dairy by-products, which furn;
cient amino acids. The fact thar all (he cere

To produce pork
must be corrected. This
ments as tankage, meat scraps,
sh ample amounts of the defi-
al grains are very low in calcium
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must be borne in mind in swine feeding. It has been emphasized that suit-
able mineral supplements should be added to any rations that do not already
have enough of these important mineral nutrients. The cereals are also
deficient in vitamin D, and none of them, with the single exception of
yellow maize, supplies appreciable amounts of vitamin A. All these defi-
ciencies must be corrected in balancing a ration.

No single fact in stock feeding has been more clearly demonstrated
by numerous feeding trials than that maize alone gives exceedingly poor
results when fed to growing and fattening pigs. A glance at Table 2
should convince any farmer of the folly of feeding such an inefficient ration.
The table summarizes the results of seven trials in which maize alone,
without pasture, has been fed to young pigs averaging 31.3 kg. in weight,
in comparison with a balanced ration of maize and tankage. In these
trials, the average daily gain on maize alone was only 268 gm. and 642
kg. of maize were required per 100 kg. gain. This was a poor showing,
but the results would have been even worse if the pigs had been started
on this inadequate ration when still younger. When maize was balanced
with tankage, the gains were doubled, and .only 387 kg. maize and 42 kg.
tankage were consumed for each 100 kg. gain. Furthermore, at the end
of the trials the pigs fed maize alone were usually stunted and averaged
only 63.9 kg. in weight, while those fed rankage in addition weighed over
91 kg. and were ready for market. The folly of feeding such an unbal-
anced ration as maize alone is shown by the fact that in these trials 100 kg.
of tankage saved 607 kg. of maize, plus the advantage of more rapid gains.

TABLE 2

MAIZE ALONE VS. MAIZE AND TANKAGE FOR
GROWING AND FATTENING PIGS

Average Feed for 100 kg. gain
| length of Daily
Average trial gain Maize Tankage
‘ Days Gm. Kg. Ky.
Trial with young pigs (81.8 kg.):
Lot I, maize alone:
Mmze 1.59 kg 122 268 642
Lot I1, maize and tankage
Mmze 2.00 kg.
Tankage, 0. 22 ]:Eg ........... 122 535 387 42

Although the value of tankage as a supplement to maize has been
emphasized in this discussion, rankage is-not superior to other protein-rich

supplements.

feeds give fully as good results.

be stressed.

Skim milk, buttermilk, fish meal, and combinations of other

The advantage of good i::asrure must also
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wheat, or oats, as the only feeds, or on these grains plus a
the gains may be somewhat better than on maize
d protein of somewhat

On barley,

mineral supplement, |
alone, because these grains supply more protein an |
better quality than does maize. However, In the case of pigs not on pas-

ture, the gains are greatly increased by the addition of a sufficient amount
of a good protein supplement to balance the ration.

When the feed of pigs in dry lot is restricted they commonly |11;LI~':E
slow gains and require a large amount of feed per 100 kg. gain. This 1s
because they then need most of their feed for maintaining their bodies.
For example, in tests, pigs fed only a half ration from an average weight
of 28.1 kg. to marker weights of 90 or 100 kg, gained only 295 gm. per
head daily and required 428 kg. of feed per 100 kg. gain. Others, full-
fed the same well-balanced mixture, gained 630 gm. a day (more than
twice as much) and required only 391 kg. of feed per 100 kg. gain. The
pigs receiving the half ration took 224 days to reach market weights.
The labor was therefore practically doubled by the limited feeding, and
the miscellaneous expenses were also increased.

Lambs

Numerous experiments have proved that fattening lambs do not make
rapid or economical gains when tl®y are fed only maize and nonlegume
roughage, without a protein supplement. For example, in seven tests,
lambs fed maize with timothy or prairie hay, without any supplement,
gained an average of only 86 gm. per head daily, in comparison with 145
gm. for others fed maize and clover or alfalfa hay. The lambs on the
unbalanced ration require 46 percent more maize and 15 percent more
hay for each 100 kg. gain than those fed the balanced ration of maize and
legume hay.
meﬂ]l:J f:ti [E:e:,f[:;:i tj:da::i::::: TLUI- gm li;lser:d m?u] or cottonseed
per head daily to 136 gm. and :115}(; m}:;d:uf?:f erhe E“Lﬂ_ffﬂm -
of feed required per 100 kg. gain. On the aver ; 5“;‘“"5 iy ﬂmﬂ“f“
supplement saved 186 kg. maize and 173 ke hﬂge‘ o e kg" 5 el
advantage of the more rapid gains. In tiu‘: S w'”hﬂm R

- se trials still better results would

rob | “
probably have beerﬁtu secured if a calcium supplement had also been added
to the ration of maize and timothy hay |

Dairy Cows

The inadvisability of feeding d

. airy cows rations to i
_ _ s ) low
s shown in recent investigations by g

the Bureau of D
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United States Department of Agriculture. Two cows were fed a ration
having an abundance of total digestible nutrients but supplying only 1.25
times as much digestible protein as was contained in the milk, in addition
¢co an allowance of only 50 gm. digestible protein daily per 100 kg. live-
weight for maintenance. On this ration the cows produced 22 to 50
percent less milk and fat than on a ration conraining a liberal amount of

protein.

Beef Cattle

Experiments have shown repeatedly that, even for fattening cattle, which
do not need large amounts of protein, poor results are secured when the
cereal grains are fed with only protein-poor roughages, like timothy or
prairie hay, or forages from maize or the sorghums. Such rations that are
deficient in protein, are apt to contain insufficient calcium, and may be
rather low in phosphorus. An abundance of legume hay of good quality
largely or entirely makes good this deficiency of protein and supplies an
abundance of calcium for beef cattle.

The value of legume hay for supplementing the grains is well shown
by the results of eight experiments. In each experiment one lot of steers,
two years or older, was fed a ration consisting of only maize and protein-
poor roughage (timothy hay, prairie hay, maize stover, or kafir stover), while
another lot was fed maize and good legume hay. The steers fed the well-
balanced ration of maize and legume hay gained 1.04 kg. daily on the
average, and required only 689 kg. maize and 575 kg. hay for each 100 kg.
gain. On the other hand, those fed the unbalanced ration gained oenly 0.77
kg. a day and consumed 930 kg. maize and 832 kg. hay per 100 kg. gain,
thus requiring 36 percent more maize and 44 percent more hay for each
100 kg. of gain.

Similar results were secured in experiments where a protein supple-
ment, such as linseed meal, cottonseed meal, or gluten feed, was added to a
ration of only maize and protein-poor roughage. It was found that cattle
fed unbalanced rations not only made slow and expensive gains but also
they were apt to go off feed and to suffer from digestive disturbances.
Even when fed for a long period, they did not reach as good a finish as
those receiving balanced rations, and they sold for a considerably lower price.

These great differences occurred with cattle that were two years old
or older. With calves or yearlings, the results of feeding unbalanced
rations would have been even worse. For example, in a fattening trial,
calves gained only 0.68 kg. per head daily on an unbalanced ration of
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shelled maize, maize silage, and oat straw (with a small amount of bone
meal added to supply calcium and phosphorus). Similar calves gained

1.09 kg. a day on a well-balanced ration, and gave a net return over COst
of feed more than double that of those on the poor ration.

Since barley, oats, wheat, rye, and kafir usually contain appreciably
more protein than maize, it is not necessary to use so large an amount of
protein supplement to balance rations of these grains, fed with nonlegume
roughage, as with maize. However, the use of the proper amount of sup-
plement is very important. The amount of supplement needed with the
various grains for fattening cattle of the various ages can readily be found
by computing balanced rations according to the feeding standards outlined
for beef cattle. When no legume hay is included in the ration, care should

be taken to add a calcium supplement, except when the roughage has
been grown on soils that are well supplied with this mineral.

From these few examples, it can be seen that a farmer, feeding un-

wisely, can use 50 to 100 per cent more feed to obtain a desired result
and fail, considering labor and quality of product.

In practice, extremes
greater than these are often encountered.

The importance of balanced rations cannot be overstressed in the in-
terest of saving animal feed and producing more human food.
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6. Symptoms of Nutritional
Deficiencies in Dairy
Catile

The nutrient requirements of animals producing a large amount of
milk differ greatly from the requirements of animals being fattened or of
those doing muscular work. For efficient milk production it is essential
that dairy cows receive: (1) A liberal amount of total digestible nutrients
or net energy; (2) a relatively large amount of protein of the proper
quality; (3) at least a certain minimum amount of far; (4) sufficient
phosphorus, calcium, common salt, and other essential minerals: and (5)
an ample supply of viramins A and D.

The amount of nutrients required by any particular milk cow depends
on size, the amount of milk produced, and on the far content. A heifer
needs additional nutrients for growth. Pregnancy increases the nutrient
requirement for the development of the fetus. This latter requirement is
insignificant during the first parc of the gestation period, and is not large
even during the latter part.

In order to keep the recommendations in feeding standards relatively
simple, they are usually based merely on (1) the size of cows and (2) on
the amounts and the richness in fat of the milk they are producing. It
must therefore be understood that during the last half of the gestation
period, and also for heifers, the feed supply should be a little more liberal
than is called for by the recommended standards.

The following symptoms are shown by dairy cattle as a result of nutri-
tional deficiencies in the ration.

Insufficient Energy Intake

The symptoms of inadequate energy intake vary with the degree of
the deficiency. With milking cows a drop in milk production is first ob-
served. In growing animals there is a stoppage or slowing of the growth
rate and varying states of emaciation depending upon the magnitude of
the deficiency. The coat tends to be rough. The desire for feed is good
unless complicated by other deficiencies.
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Protein Deficiency

Little is known about the specific symptoms of protein deﬁcmtj:y_
They are similar in part at least to those of insufficient energy intake. Af-
fected animals have a limited appetite for low-protein diets.

Salt (NaCl)

Salt deficiency is manifested by an intense craving for salt, a lack of
appetite, a generally haggard appearance, lusterless eyes, and_ a rough C0Rt
In milking cows there is a rapid loss in live weight and milk prnductil{}ni
In high-producing cows, collapse may be sudden and death may rapidly

ensue. Salt deficiency in calves is reflected i an unthrifty condition and
a harsh coat.

Calcium

The feeding of rations low in calcium over a long period of time may
bring abour a depletion of calcium and phosphorus in the bones, resulting
in fragile bones that are easily fractured. (Figures 3, 4, and 5.) No other
clinical symptoms are manifested, although there is some evidence that
milk production may decline. The ratio of calcium to phosphorus is an
important factor, and with various species wide ratios have been shown

to depress the utilization of these elements, as compared with a ratio of
151 or 2:1.

Phosphorus

The first evidence of phosphorus deficiency is a decline of INOrganic
phosphorus in the blood plasma to subnormal levels.

for cows are 4 to 6 mg. per 100 cc. and for calv
0 8 mg. per 100 cc.

The normal values

es under one year of age 6
' , Anorexia is the first specific sign of phosphorus defi-
ciency following a drop in plasma inorganic phosphorus. Depraved appe-

tite, the chewing of substances such as bones, wood, hair, rags, etc., may
be observed at any stage of the deficiency. Cows. however, may suffer’ from
extreme phosphorus deficiency manifesting depraved apperite (Figure 6)
Also, secunda..ry deficiencies, as a result of anorexia, may bring about de-l
praved appetite. In calves, subnormal inorganic phosphorus values may

be associated with a deficiency of vitamin D. Under farm conditions
ever, older cattle exposed 1o solar radiation and fed sup

, how-
| ‘ -cured hay are not
known to suffer from a vitamin D deﬁr:iency }
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Figure 3. Both hips of this cow have been broken (knocked down)
as the result of a low-calcium ration.

Figure 4. The pelvis of this cow Figure 5. The pelvis of the cow

suffered three breaks in Figure 3, showing
while the cow re- the breaks involving
ceived a low-calcium both hip bones.

ration.



In chronic phosphorus deficiency the animals may become stift in
the joints. Upon post-mortem, the articulatory cartilages may appear eroded.
In the growing calf, low-phosphorus rickets ‘may develop, affecting the
bones in the same manner as in vitamin D deficiency. The bones of cows
with phosphorus deficiency become fragile, owing to calcium and phos-
phorus withdrawal. In phosphorus deficiency produced with low-phos-
phorus, high-calclum leguminous roughages, fragile bones are not observed.
It has been noted that loss of appetite is the most pronounced symptom
of phosphorus deficiency; low blood inorganic phosphorus is the usual
precursor of anorexia; depraved appetite is not a good criterion in diag-
nosing phosphorus deficiency when alfalfa is used as the principal source
of protein. In this investigation the chewing of wood or hair could not
be correlated with low blood plasma inorganic phosphorus or with abnor-
mal appetite for dry matter. As a matter of fact, several cows receiving a
phosphorus supplement showed depraved appetite. The possibility of
some other deficiency, such as lack of cobalt, cannot be ruled out. In
unpublished dara from the Michigan Agricultural Experiment Station (U.
3. A.) obtained from a study of phosphorus deficiency in cattle under farm
conditions, depraved appetite occurred among cattle suffering from mild
phosphorus deficiency, but no evidence of depraved appetite was observed
among cattle that showed marked evidence of phosphorus deficiency as

indicated by very low inorganic plasma phosphorus, stiffness, and frac-

tured bones. More research is needed to clarify the symptoms of uncom-
plicated phosphorus deficiency.

Iron

Iron-deficiency studies of cattle, as reported in the literature. have bee
complicated by the possibility of accompanying cobalt deﬁcien;y | The :
fore, the symptoms of simple iron deficiency in cattle do not usua'll 0C "
It can be assumed, however, from work with other animals, that ir}c;n dceufi

cien i i Ince |

ency resul'rsbm anemia. Since iron salts used as supplements usually con

tain a iti ' o -
pprecia le quantities of cobalt, reliable data on the iron '

are not available, SRRy

Copper

Tk fﬂ;:ti:;' d?rﬁ:::? is mﬂfllleﬁtEd by unthriftiness, depraved appetite
: rary sterility, owing to th : - !

frequent] £ & the suppression of ;
ab:n:mnaly dZEi?WEd' Young animals show evidence of malnutrii{:lusj 1;
opment. The pasterns are straight and the calyes tendant

0
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stand on their toes. “Falling disease” in cattle occurs because of copper
deficiency. The most distinguishing feature of copper deficiency is anemia.
Diarrhea may occur, Bleaching of the hair coat has been reported. Post-
mortem examination reveals the primary lesion to be starvation acophy
of the myocardium, with replacement fibrosis. Hemosiderin and other
pathological changes are observed in the spleen and usually in the kid-
ney and liver.

Cobalt

When the ration cont.ins insufficient cobalt, animals may show a
gradual loss of appetite, progressive emaciation, rough coat, scaliness of
skin, listlessness, retarded development of sexual characteristics, and anemia
(Figures 7 and 8). Anemia is indicated by a decrease in hemoglobin
values and in the number of red-blood cells. These changes may not be
discernible until late in the course of the disease. There appears to be a
reduction in blood volume. In cows, there is a marked decrease in milk
production and body weight. Daily intakes of 5-15 mg. have cured the
symptoms in cattle. The actual requirement is not known.

Figure 6. This cow, suffering from phosphorus deficiency, is exhibit-
ing depraved appetite by chewing on a bone.
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A milking cow suff
Figure 8 (below).
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Calves are more subject to the disease than cows and often succumb
at an early age. Diarrhea is frequently observed in cobalt-deficient calves.
The feeding of cobalt results in improved appetite, usually within two to
five days. Cobalt may be administered by feeding salt containing 33 gm.
of cobalt sulphate or cobalt chloride per 100 kg. of salt. For calves, dis-
solve 6.6 gm. of either of the cobalt compounds in one liter of water and
feed 4 to 5 cc. per calf per day.

lodine

A deficiency of iodine in cows is usually manifested by the produc-
tion of dead or nonviable goitrous calves as a result of a lack of iodine in
‘he ration of the mother. There is a swelling of the thyroid gland of the
calf, frequently referred to as “big neck.” The trouble can be prevented
by feeding iodized salt containing 0.015 percent iodine incorporated at
a 1-percent level of the grain ration to the cow during the gestation period.
When iodized salt is stabilized to retard the loss of iodine, a product con-
taining 0.0076 percent iodine (0.01 percent potassium iodide) will prob-
ably provide the needed iodine supplement. The use of stabilized iodine
is recommended.

Vitamin A

Under favorable farm conditions, all of the vitamins are generally fur-
nished by natural feeds in adequate amounts to meet the needs of dairy
animals. Certain conditions require special supplements of vitamins A
and D. Only rarely is there a need for special sources of any of the other
vitamins. Where dairy cattle are restricted and do not receive good quality
green roughage or pasture OVer extended periods of time, vitamin A
deficiencies may result, requiring special attention. When good-quality
roughages are fed, the carotene intake is appreciably higher than the mini-
um values listed above., Carotene allowances are suggested to meet the
vitamin A needs of dairy animals because carotene is the precursory sub-
stance of vicamin A obrained from plant sources. Vitamin A, as such, is not
now generally fed, except to young calves. During the first few days after
birth young calves should receive colostrum as a source of vitamin A
ind other essential factors. As an insurance measure it is wise O feed
more vitamin A to .very young calves than is necessary for the prevention

of night blindness in order to prevent a high incidence of scours and death
loss from pneumonia.
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There is evidence of an increased demand for vitamin A during repro-
duction, especially during the last two or three months before calving,
but the amounts needed for optimum performance are not known.

The earliest sign of a vitamin A deficiency is a lowered vimmi.n A
level in the blood. The normal blood-plasma level for the young calf is 10
or more micrograms of vitamin A per 100 cc. of plasma. Cattle ':'vitlgia
lower concentration than this soon develop clinical symptoms of a vitamin
A deficiency. Levels of 7-8 micrograms of vitamin A per 100 cc. cause
the calf to exhibit mild deficiency symptoms, while those with 5 micro-
grams of vitamin A or less exhibit all the symptoms associated with the
advanced stages of the disease. The blood concentration of vitamin A
in adult cattle during the long winter feeding period of the northern
states of the U. S. A. invariably declines from a pasture level of 60 or more
to about 15 micrograms per 100 cc. of blood plasma. Cows with blood
plasma vitamin A concentration much below 15 micrograms may exhibit
physiological dysfunction, such as “shy breeding.” In the young calf, symp-
toms of the deficiency usually begin with “watery eyes,” cold in the head
with a nasal discharge, sometimes a cough, and scours or diarrhea—mild
to begin with but severe if they continue. Calves exhibit these symptoms

for several days to several weeks and usually succumb to pulmonary in-
volvement, most often pneumonia.

The first easily detected gross symptom of vitamin A deficiency is
night blindness, readily observed when an‘mals are driven about in a
dim light. Muscular incoordination. staggering gait, and convulsive seiz-
ures may develop as a result of an elevation of cerebro-spinal fluid pressu-e,
Blindness in young growing cattle occurs without the classical signs of
the vitamin A deficiency syndrome as the result of stenosis of the optic

foramen and chronic optic neuritis. In these cases blindness develops

without keratitis (corneal inflammation) and is accompanied by weak-

ness, spasms, and paralysis. The eye changes are accompanied by the de-
velopment of respiratory troubles. These symptoms arise as the result
of epithelial metaplasis. A lack of vitamin A allows the transition from
normal epithelial structures to stratified keratinized epithelium. The mucosa
?f [hE- respiratory tract, buccal cavity, salivary glands, eyes, lachrymal glands
mtesﬂrigl tract, urethra, kidney, and vagina are changed in the vitamin-,
A deficient bovine. Structures thus affected are very susceptible to in-
fection .and, as a result, colds and pneumonia trequently occur. Frequent
convulsions are manifested in advanced stages of the deficiency. Diarrhea
lnf:s of appetite, and emaciation are common features of the disease a;
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Subchnical vitamin A deficiency may be associated with the development
of a roughened hair coat, general unchriftiness, emaciation, and dry pityriasis
(flaky or bran-like scales of the skin) particularly about the neck, wirhers,
and along the back extending to the tail-head. In the latter stages char-
acteristic changes in the eye may rake place: excessive lachrymation, keratitis,
a softening of the cornea, xerophthalmia (dry form of conjuncrivitis),
opacity and cloudiness of .the cornea, and total blindness from infection.
In the pregnant animal, vitamin A deficiency results in abortion or birth
at term of dead, weak, or blind calves (Figures 9 and 10).

Vitamin D

The deficiency of vitamin D conspicuously affects the growing bovine.
One of the first symptoms of low vitamin D rickets is a decrease in the
blood plasma concentration of calcium and /or inorganic phosphorus. These
blood changes cause characteristic alterations in the bones, which indicate
a markedly retarded calcification of the cartilaginous rtissue.

Clinical symptoms begin with thickening and swelling in regions of
the metacarpal (pastern or ankle) or metatarsal bone, or both. With the
progress of the disease the forelegs bend forward, or sideways, or both.
The joints, particularly the knee and back, become swollen and stiff, the.
pastern straight, and the back humped. In the more severe cases, synovial
fluid accumulates in the joints. Posterior paralysis may occur as the result
of fractured vertebrae. Advanced stages of the disease are marked by stiff-
ness of gait, dragging of the hind feer, irritability, terany, labored and fast
breathing, anorexia except for milk, weakness, and retardation of growth
(Figure 11). On autopsy, the gall bladder is frequently distended by
accumulation of a viscous ropy orange-yellow bile. Enteritis not infre-

quently occurs.

Vitamin B Complex

Adult cattle obtain a sufficient supply of the vitamin B complex from
natural feeds and bacterial synthesis in the rumen. In the young calf,
however, there is danger of a deficiency of certain of the B vitamins.

Vitamin E

The need for vitamin E in the diet of cartle has not been demon:
strated, nor is there evidence of rumen synthesis as for the B vitamins.
Claims that viramin E therapy gives beneficial results in reproduction or
preventing abortion in cartle have not been substantiated.
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This calf was born weak and blind and failed to survive

Figure 9.
a ration too low in vitamin A

because the cow was fed
activity.

constrictio .
n where they Pass through the skull showing

bones.



TABLE 3—RECOMMENDED NUTRIENT ALLOWANCES FOR
DAIRY CATTLE

e = e = = — e

DAILY ALLOWANCE PER ANIMAL ¢

Total Diges-
Weight of Digestible Net tible Phos- Vitamin
Animal Nutrients Energy Protein Calcium phorus Carotene D
Kg. Kg. Therms Gm. Gm, Gm. Mg. I. U.
srowth
8 i atitan, 0.45 1.0 136 4 3 (%) 150
{5 AP B Sl (11400 ) 2.0 204 8 6 6 300
O G s 1.36 2.9 272 12 3 10 450
Qe e 1 .81 3.8 317 13 9 12 600
Ve Hs 2,95 9.9 363 14 11 25 1200
o [P 3.85 Toh 385 15 12 35
635 4.54 8.6 403 15 12 45 (?)
1Sy DRSS B ¢ R L) 9.4 430 14 12 60
37 ¥ e TRt 5.44 10.3 454 12 12 70
Maintenance *
s B e e = o 4.8 204 T 7 40 ()
4 5 3.63 6.4 272 10 10 60
G4V 4.31 7.6 317 12 12 70
Ga D mdis IS4 200 8.8 363 14 14 80
Pregnancy (per 454 Kg.)
(Last 6 to 12 /
weeks).... 6.30 [1.8 544 22 17 90 ()

Lactation (per kg. milk)®

3: 0% fat, o (28 0.57 40 2.2 1.5 (%) (®)
4.09% fat. ... 0.32 0.66 45 2.2 1.5 o
0.0 % fat i 048 0.75 o0 2.2 1.5
6.09 fat.... 0.42 0.86 55 2.2 1.5

——— - r—— ———— e —

—— = = —_ —— - ==

1 Thiamin, riboflavin, niacin, pyridoxine, pantothenic acid, and witamin K are synthesized
by bacteria in the rumen and it appears that adequate amounts of these vitamins are furnished
by a combination of rumen synthesis and natural [eedstuffs. Manganese, iron, copper, and
cobalt are clearly essential but the amounts needed are not known. For growth 1.3 gm.
magnesium is needed per 100 kilograms body weight.

2 Calves should receive colostrum the first few days after birth, as a source of Vitamin A
and other essential [actors.

" While Vitamin D is known to be required the data are inadequate to warrant specific
hgures for older growing animals and for mamtenance, reprmluethn.lund lactation. Adequate
amounts are normally supplied by sun-cured roughage or provided by exposure to direct

aunlight,
* When caleulating the allowances for lactating heifers that are still growing, it is recom-
mended that the figure for growth rather than maintenance be used.

*When adeguate amounts of Vitamins A and D are fed for normal reproduction, extra
amounrts will probably not stimulate milk production but will increase the vitamin content of

the milk.

" Salt (NaCl) should be supplied as 1 percent ol grain mixture; in addition, dairy animals
should have [ree access to salt.

39



Selected References

BoHsTLDT, G. 1942, Minerals in dairy cattle nutrition: A review. Jour. Dairy

Sci. 25:441-38.

Boyer, P. D., P. H. PHILLIPS, N. 5. LUNDQUIST, C. W. JENSEN, and I. W. RUPEL.
1942. Viamin A and carotene requirements for the maintenance of adequate
blood plasma vitamin A in the dairy calf. Jour. Dairy Sci. 25:433-440.

Davis, R. E, and L. L. MADSEN. 1941. Carotene and vitamin A in cattle blood
plasma and observations on reproductive performances at restricted levels of
carotene intake. Jour. Nutrition, 21:135-46.

KEeNER, H. A., S. 1. BECHDEL, N. B. GUERRANT, and W. T. S. THORP. 1942,
Carotene in calf nutrition. Jour, Dairy Sci. 25:571-83.

LoosLi, J. K., C. E. HUFFMAN, W. E. PETERSON, and P. H. PHILLIPS. 1945.
Committee on Animal Nutrition, Report No. 3. Recommended Nutrient Al-
lowances for Dairy Cattle.

MADSEN, Louis L. 1942. Nutritional diseases of cattle. U. S. D. A. Yearbook
of Agriculture, Keeping Livestock Healthy, pp. 645-672.

MARSTON, H. R. 1939. Ruminant nutrition. Ann. Rev, Biochem. 8:557-78.

MAYNARD, L. S. 1947. Animal Nautrition. ’d Ed. New York: McGraw-Hill
Book Co. Pp. 494.

MEIGs, E. B. 1939, The feeding of dairy cows for intensive milk production
in practice. U. S. D. A. Yea:book of Agriculture, Food and Lsfe, pp. 566-591.

Figure 11. This calf developed
light and receiving a

severe rickets while deprived of sun-
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7. Symptoms of Nutritional
Deficiencies in Swine

The symptoms of various nutritional deficiencies are summarized in
Table 4. In some cases, the symptoms are specific, but such conditions
as reduced appetite, reduced growth, and unthriftiness are common to mal-
nutrition in general.

Actual nutritional deficiency also may exist without the appeas-
ance of any definite symptoms. Conditions resulting from nutritional de-
ficiency range all the way from slight tissue depletion or mild derange-
ment of chemical processes to gross funcrional and /or anatomical lesions.
The degree of severity that produces a recognizable clinical syndrome indi-
cative of a deficiency in any particular dietary constituent varies with the
animal and the constitcuent. Furthermore, because some acute conditions
produced in the laboratory through the complete absence of some essential
dietary constituent yield in a dramatic way to subsequent administration of
the missing facror, it does not follow that chronic conditions of long stand-
ing will likewise recede when dietary adjustments are made. Indeed, many
functional and anatomical lesions resulting from inadequate diets are irre-

versible.

Figure E ) Canfrast in ”H"}W”’I of litter mates nwing to diﬂerence of
thiamin Intake, The pig on the right received no thiamin
while the ane on the left received the equivalent of 4.4 mg.
af thiamin per 100 kg. live weight,
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i 13. Litter of pigs born blind upd with ::::ther abnormalities a
s the result of maternal vitamin A deficiency.
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Figure 14, Moderate case of

“gunse-slepping.” This is 1
an insufficient amount of this
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Figures 15 and 16.

These pigs show symptoms of calcium deficiency.
This condition developed after 12 weeks on a
ration containing 0.25 percent of calcium. Note
the lying position and the paralyzed hindquar-
ters of the pig above and the weak and crooked
hindlegs of the pig below.




The evidence gained from study of human deficiencies indicates that,
in a large proportion of cases, the nutritional deficiency exists because some
abnormal individual condition interfered with the proper utilization of the
dietary factors supplied rather than because of a suboptimum initial intake.
Thus, the uncertainty of diagnosis by the layman of a ration deficiency in
animals, because of deficiency symptoms, is obvious. An actual nutritional
deficiency may well be questioned unless the clinical symptoms are in evi-
dence quite generally among pigs receiving the same feed and under the
same management.
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8. Symptoms of Nutritional
Deficiencies in Poultry

The more common gross pathological symptoms of poultry maintained
on diets deficient in the various nutritional factors are discussed here. One
shortcoming of such a description is that the symptoms are observed, for
the most part, in poultry fed rations severely deficient in some specific
factor. Under these conditions only the acute symptoms develop, which
in most cases are quite characteristic for each nutritional factor, making
a diagnosis relatively easy. On the other hand, the gross symptoms ob-
served in cases of a chronic deficiency of any one of several factors may
be similar (perhaps only retarded growth and ruffled plumage), making
an accurate diagnosis difficult if not impossible. The chronic deficiency
may be more serious in the long run than the acute, since in the latter case
diagnosis and treatment may be readily obtained while the chronic de-
ficiency continues to exist because of failure to diagnose it.

Vitamin A

On a severely deficient diet the symptoms of vitamin A deficiency
begin to appear in approximately three weeks. Growth is markedly re-
tarded, the chicks show general weakness, emaciation, staggering gait, and
ruffled plumage. Resistance to infection is reduced and mortality is in-
creased. Secretiofis fail in the intestinal mucous glands, the tear glands,
and the salivary glands. An opaque appearance caused by keratinization
of the third eyelid may be observed. Infection may occur, resulting in the
production of a viscous fluid which may cause the eyelids to stick together
(Figure 17).

Pathological lesions observed on autopsy are confined largely to the
mucous membranes of the mouth, pharynx, esophagus, respiratory
nary systems. Creamy white pustules are often found on the
mouth and along the esophagus, sometimes extendin

18). Ureates accumulate in the ureters and in the kidney tubules so that

these organs are enlarged and: creamy white in color.
cumulation .is detected easily on

appearance (Figure 19).

and uri-
roof of the
g into the crop (Figure

This ureate ac-
8ross examination because of its whitish
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In mature fowl the symptoms noted for chicks may develop much
more slowly, but the eye disorder often becomes more acute. A cheesy exu-
date from the eyes often is observed, as well as a sticky discharge from the
nostrils. Egg production and hatchability are markedly reduced.

The symptoms of a vitamin A deficiency in turkey poults are, in gen-
eral, similar to those described for chicks, but are usually much more acute.

Vitamin D

A lack of vitamin D in the absence of direct sunlight results in the
nutritional deficiency termed rickets. The chicks are rerarded in growth,
show a disinclination to walk, or walk with a lame, stift-legged gait, and
have an ungainly manner of balancing the body. The chicks appear gen-
erally unthrifty. In this disorder an upset occurs in the mechanism involv-
ing the absorption and retention of calcium and phosphorus, as a result
of which these minerals are not deposited in normal amounts in the bony
stcructure of the body. Abnormal bone development may be detected most
readily in the legs, and at the junction of the ribs on the sides of the breast.
The spinal column may be curved and the sternum usually shows acute
lateral bending or depression. Enlargement of the hock joints and beading
of the rib ends becomes apparent. The beak is soft and rubbery and may
be easily bent (Figure 21).

' L
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Figure 17, Advanced stage of vitamin A deficiency. Note the exu-
date from the eye and the general ruffled appearance.
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Figure 18. An advanced case of vitamin A deficiency,

showing the
pharynx and esophagus studded with

pustules,
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Figure 19. Effect of vitamin A deficiency on the kidneys. Note the
whitish ureate deposits in the kidneys and the enlarged
ureter of the top specimen in contrast to the normal at
the bottom.
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Inasmuch as vitamin D 1s concerned in calcium and phosphorus absorp-

eion and retention, a deficiency of either of these mineral elements may
cause symptoms somewhat similar to those described for vitamin D. Grossly
the symptom may not be distinguishable one fn‘:nf another, except r‘imt
the legs appear normal in case of a phosphorus deficiency. Under practical
conditions. however, vitamin D 1s the factor usually lacking, because a
deficiency of calcium or phosphorus hardly ever becomes so acute as to
bring about these symptoms.

[n mature laying birds the first symptom of a vitamin D deficiency
is the laying of thin-shelled eggs, followed very shortly by decreased egg
production. The breast bone becomes soft and rubbery and the bones
of the legs and wings become fragile and easily broken. Birds may tem-
porarily lose the use of their legs and squat in a "penguinlike” manner,

symptom sometimes called “egg paralysis.” Hatchability is markedly
reduced.

The symptoms of a vitamin D deficiency in turkeys are very similar

t0 those described for chickens.

Figure 20. Alpha tocopherol deficiency in a young chick.
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Figure 21. A vitamin D-deficient chick showing ungainly manner of
balancing body. Its beak is soft and rubbery.

#

Vitamin E—Alpha-Tocopherol

A lack of vitamin E in the ration of growing chicks results in the
condition known as nutritionai encephalomalacia. Chicks afflicted with
this deficiency disease suddenly become prostrated, lying with legs out-
stretcched and spastic, with toes flexed. The head is retracted and often
twisted laterally (Figure 20). Before the chicken becomes completely
prostrated its gait and other movements are often incoordinated. Upon
autopsy, lesions are found in the cerebellum and sometimes in the cerebrum.
In many chicks necrotic reddish or brownish areas on the surface of the
cerebellum can be seen by inspection. Under some conditions vitamin. E
deficiency results in subcutaneous edema and edema of the heart and peri-
cardium.

In mature fowls a prolonged vitamin E deficiency results in sterility
in the male and reproductive failure in the female. Degenerative changes
in the testes of the male may occur, resulting in permanent sterility. In
females, egg production apparently is not affected by a vitamin E defi-
ciency, -but hatchability is greatly reduced. During incubation the rate of
growth and differentiation are slow, and many embryos die during the first

3



two days of development because of a circulatory failure. A definite critical
period in the development of the embryo occurs about the fourth day.

In poults a deficiency of vitamin E results in the mndit.iun lfnnwn
as nutritional myopathy. This condition is characterized by lesions in the
muscular wall of the gizzard. These lesions appear as circumscribed gray
areas, which often are of firmer texture than normal muscle, and, in some

cases, suggest scar tissue.

Vitamin K

A lack of vitamin K greatly delays the clotting time of the blood,
and chicks fed a deficient ration may bleed to death from any injury or
bruise that causes rupture of blood vessels. Hemorrhages may occur sub-
cutaneously, intramuscularly, intraperitoneally, or in any part of the chick’s

body. The hemorrhages vary in size and appear to be the only symptom
of the deficiency (Figure 22).

In mature birds vitramin K may be synthesized to some extent, as they
do not seem to be subject to the acute deficiency. It has been shown,
however, that laying birds fed a low vitamin K diet produce eggs low in
vitamin K. When these eggs are incubated, chicks are hatched which have
very low reserves of vitamin K with an accompanying prolonged blood-

clotting time and they may bleed to death from an injury such as may
result from wingbanding.

Vitamin B,—Thiamin

Day-old chicks, when placed on a low thiamin ration. develop poly-

neuritis within nine to twelve days. In the acute stage of polyneuritis
the head may be drawn over the back (Figure 24).
suboptimal amounts of thiamin, when fed to chicks, lead
tite, emaciation, impairment of di
convulsions,

Diets containing

| to loss of appe-
gestion, general weakness, and frequently

The symptoms of a thiamin deficiency in mature birds

are similar to those described for chicks. Rl ey

Riboflavin

: ;&dlack of riboflavin in' the diet of young chicks results in diarrhea
¢tarded growth, and paralysis of the legs, sometimes called nutritional leé

f:ai}rs::h' I; occurs in a preliminary stage, which is curable, and in an acute
8¢, which is incurable. Nutritional paralysis is characterized by the
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Figure 22, Generalized hemorrhage in a young chick caused by vita-
min K deficiency.
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sudden appearance of chicks walking -::m_rheir ]m::lqasil wllrlh t;:&s c.l.u:?];n)g
inward: otherwise, the chicks appear to be_m E:.-:{:ellepr ealth {f Lgure ).
Chicks receiving rations only parcly deﬁc:enF in this factor often recover
spontaneously.  Severe cases of the parnl}r"m' show very n';nrk:i:fi i]}:l?l::-_
trophy and softening of the brachial and sciatic nerves, usually discernible

by inspection. The symptoms are most pronounced and most often ob-

served in the sciatic nerve. The nerves occasionally reach a diameter of

four to five times the nogmal size.

In breeding birds a deficiency of riboflavin results in poor hatchability.
The requirement for hatchability is considerably higher than ﬂ?ﬂt for egg
production and maintenance of health. The embryos that fail to hatch
as a result of a riboflavin deficiency are dwarfed, show a high incidence
of edema, degeneration of the Wolffian bodies, and a characteristically
defective down development, termed clubbed down. On a ration mod-
erately deficient in riboflavin, many embryos die during the second week
of incubation. The mortality reaches a peak at about the eleventh day

of development.

Pantothenic Acid

A pantothenic acid deficiency in young chicks results in retarded
growth, and feather development is extremely ragged. Within twelve to
fourteen days a pellagra-like syndrome develops. The eyelids bcome granu-
lar and stick together as a result of a viscous exudate. Crusty scabs appear
at the corners of the mouth and around the vent (Figure 26). Dermatitis
of the feet sometimes is observed in pantothenic acid deficiency, though
the lesions are seldom as severe as those brought about by a biotin defi-

ficiency (Figure 27). Liver damage and changes in the spinal cord may
be seen on post-mortem examination.

Lesions in adult fowl similar to those of growing chicks have not been

observed, although a deficiency of pantothenic acid results in Jowered
hatchability.

Nicotinic Acid (Niacin)

A deficiency of nicotinicsacid in the diet of chicks resules in “black
tongue,” a condirion characterized by inflammation of the tongue and
mm‘ath cavity. Beginning at abour two weeks of age the entire  moutl
cavity of the deficient chicks as well as the upper part of the esobhapus
becomes distinctly inflamed with 4 deep red color in contrast to the Lurfﬂ;
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Figure 23. Riboflavin deficiency in a young chick, causing curled toes
and a tendency to squat on the hocks.

Figure 24. Head retraction caused by a deficiency of thiamin.
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Figure 235. Effect of nicotinic acid deficiency on chick growth. The

chick on the left had ample nicotinic acid; that on the
right had none.

pink of the healthy chick. Growth is retarded and feed consumption re-

duced (Figure 25). Poor feather development and, occasionally, scaly
dermatitis of the feet and skin are also observed.

Figure 26. Advanced stage of pantothenic acid deficiency. Note the

lesions at the corners of the mouth, on the eyelids and feet.




Nicotinic acid has not been shown to be essential for adult fowl.

Pyridoxine (Vitamin B:)

Chicks fed a pyridoxine-deficient diet show a small initial gain, then
cease to grow, o1 grow very slowly. Some chicks show abnormal excita-
bility and, somewhat later, jerky convulsive movements. Chicks suddenly
may run about aimlessly, often flopping their wings and keeping their
heads down. Later, convulsions occur. During these convulsions the
chick may rest on its breast, raise its feet off the ground and flop its wings.
Chicks may fall on their sides or roll over on their backs and rapidly paddle
their feet. The head often jerks up and down or retracts as in polyneuritis
and sometimes moves convulsively in an up-and-down movement with the
neck distended or twisted. Complete exhaustion follows one of these
convulsions and is frequently fatal.

Pyridoxine deficiency in mature birds is characterized by loss of appe-
tite, followed by rapid loss of weight and death. Egg production and
hatchability are markedly reduced.

Choline

A lack of choline in the diet of young chickens and turkeys results
in retarded growth and perosis. (See Manganese and Figure 28.)

Choline deficiency in mature birds has been reported to result in
increased mortality and lowered egg production with an increased abortion

of egg yolks from the ovaries.

Biotin
Biotin deficiency in chickens results in a dermatitis somewhat similar
10 that observed with pantothenic acid deficiency.

Lesions first appear in about three weeks, although considerable varia-
tion in time of appearance has been noted. The botroms of the feet be-
come rough and calloused and may be severely affected before mandibular
lesions are apparent. As the syndrome progresses the entire bottom of
the foor becomes encrusted and hemorrhagic cracks appear. The toes may
become necrotic and slough off, but the top of the foot and leg usually
show only a dry scaliness (Figure 27). The mandibular lesions which
first appear in the corners of the mouth spread to include the area around
the beak, and the eyelids eventually become swollen and stick together.
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In contradistinction to these symptoms, the lesions in pantothenic acid
deficiency are first evident in the corners of the mouth and eyes, and only
in extreme cases do the lesions of the feet become so severe.

Biotin has been reported to be one factor necessary for the prevention

of perosis in chicks and turkeys (Figure 28). Turkey poults exhibit symp-
toms very similar to those described for chicks when fed a biotin-deficient

ration.

Feeding mature fowl a biotin-deficient ration causes reduced hatcha-
bility, but egg production is not adversely affected. This indicates that
the requirement for the production of hatching eggs is much higher than
that necessary for maintenance of good health and egg production. In
hens, no dermatitis has been observed similar to that of chicks fed biotin-
deficient rations.

Calcium and Phosphorus

Calcium, phosphorus, and vitamin D are closely interrelated in bone
formation. A deficiency of any one of these results in rickets, although
the blood picture may vary, depending on the factor that 1s lacking. Re-
tarded growth and increased mortality are also symptoms of calcium and
phosphorus deficiency.

Manganese

A manganese deficiency in the diet of growing chicks and poults results

In perosis or slipped tendon (Figure 28). As has been mentioned, perosis
may be caused also by a deficiency of choline or biotin.

Perosis is a malformation of the bones of chicks. The Symptoms
usually observed are swelling and flactening of the hock joint with subse-
quent slipping of the Achilles tendon from its condyles. The tibia and
farso-metatarsus may exhibit bending near the hock joint, and lateral rora-
tion. One or both legs may be affected. A shortening and thickening
of the long bones of the wings and legs is also observed. The disorder,
insofar as manganese is concerned, is aggravared by excessive quantities
of calcium and phosphorus in the ration.

In laying and breeding birds a manganese deficiency results in lowered
egg production, eggshell strength, and hatchability. Numerous embryos
that die as a result of manganese deficiency exhibir chnndru-dysﬁnphjr a
condition characterized by a parrot-like beak, wiry down, and shnrten;ng
of the long bones. This condition is not, however, specific for a manganese
deficiency.
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Magnesium

When fed a diet deficient in magnesium, chicks grow slowly for about
one week, then cease growing and become lethargic. ‘When disturbed,
they exhibit symptoms of hyperirritability similar to those of other species
fed diets deficient in magnesium, Chicks show a brief convulsion, then go
into a comatose state which sometimes terminates fatally but usually ceases

in a few minutes.

lodine

A deficiency of iodine in the chick’s diet results in goiter. The thyroid
gland increases to many times the normal size. Histological examination

Figure 28. Perosis or slipped tendon resulting from a deficiency of man-
ganese. A deficiency of choline or biotin may also result
In perosis.
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of the enlarged thyroid glands show an absence of colloid and a hyperplasia
of the living cells of the follicle.

Iron and Copper

A deficiency of iron or copper in poultry rations results in anemia.
' itami as being essential for
Recently pyracin and vitamin B_ have been reported g
the prevention of anemia in growing chicks.

TABLE 7
TENTATIVE REQUIREMENTS OF CHICKS (0-8 WKS.) FOR CERTAIN AMINO
Acips, VITAMINS, AND MINERALS '
Amino Acids:

Glvaneiipercentes o o e o o e 1.0
ATginineapercent === - S h e 1.0
Methioninepercent or. o = T o B s T 0.9
(Methionine'percent.. ... - o 0.5
((EYSHOSNPOrOEAR st " b oot = I e 0.4
Lysine. S percentisSE ot d b has o o el 0.9
Lryprophanefibercent. o o o8 e o s 0.25
Vitamins:
VATV e A e SRR T e e 0.39
Minerals:
Bomstiim, NGmy/Kgaea I8 8 L m s 1.8
MagnesiimaiMe:/kg = s S s T 397.0
[ron, Mg./kg. RN Y e ML O LT S NIl [0 -
CopperysiMey ke oi o Sared s e 2.0

! Minimum quantities needed: do not include margin of safety,

NOTE: Numerous other factors aside from those given in Table 6, on recommended
dietary allowances, have heen shown to be essential f{or poultry. Because of the limited
mformatinn on the actual requirements of poultry for these factors, or the limited knowledge
of their distribution in feedstuffs, or both, these have not been included in the table of recom-
mended allowances. Among these factors are certain of the essential amino acids, vitamin K,

and several of the mineral elements. The available information on the requirements of grows-
mg chicks for these factors is given above,
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TABLE 8 RECOMMENDED NUTRIENT ALLOWANCES FOR TURKEYS
VITAMINS MINERALS
Total | Vita-
Pro- | min A | Vita- Ribo- Phos- Man-
tein Ac- min fla- Cho- | Cal- | phor- ga-
tivity ! D : vin line cilum | us: | Salt* | nese
_____ PR At 7 b %, 1
A.O.A.C.
Per- 1. U. Units Mg.
cent | per kg. | per kg. [—Mg. per kg.— Percent per kg.
Starting Poults, 0-8
AAME . i 24 8800 1760 4.4 1980 2.00 1.00 0.6 b5
Growing Turkeys 8-16
woekB, .. ... .eenaal %20 | 88001 1760 ? 7| 2.00| 1,00 0.5 7
Turkey Breeders. . . .. 16 8800 1760 3.6 7 1(12.25 0.75 0.5 23

1 May be either fish oil vitamin A or provitamin A from vegetable scurce.

2 This allowance should prove adequate for vitamin D from either fish oil or irradiated
animal sterols when the ration contains the recommended allowances for calcium and phos-
‘phorus and when the minimum amount of inorganic phosphorus suggested in Footnote 3 is
present in the ration. If the ration contains materially less calcium and phosphorus, it is
necessary to increase the amount of vitamin D when it is obtained from fish oil.

3 Inorganic phosphorus should constitute 0.4 percent of the total feed.
* This figure represents added salt or sodium chloride.

* The protein content of rations for growing turkeys from 16 weeks to market weight
may be reduced to 16 percent.

% This amount of calcium need not be incorporated in the mixed feed inasmuch as calcium
supplements fed free choice are considered as part of the ration.
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Figures 29 and 30. Effect of protein deficiency and low energy intake
on range cattle. The cows in the upper picture
lost weight on dried range forage deficient in
protein and low in phosphorus, were thin and
weak after calving. Their calves weighed 175
kilograms at weaning time and they produced
only a 61 percent cattle crop the following year.
The cows in the lower picture were on the same
range but were fed sufficienf cottonseed cake to
meet their protein requirements. Barley was
added as a source of &dditiongl energy after
calving until new forage was available, Their
calves weighed 219 kilograms at weaning time

and they produced q ?1 percent calf crop the
following year.



9. Symptoms of Nutritional
Deficiencies in Beef Cattle

In some cases the symptoms are specific, but such conditions as reduced
appetite or growth, rough hair coat, and general unthriftiness are common
to most states of malnutrition. Since nutritional deficiencies may range
from very mild to severe, they may exist without gross functional or
anatomical alterations. Acute symptoms, though frequently modified from
laboratory cases_ by the complication of unknown variables encountered
in the field, are often dramatic and focus special attention on the problems.
It is, however, the more insidious mild deficiencies resulting in suboptimal
performance that are most difficult to diagnose and are commonly the source
of greatest economic loss.

Energy Intake

Lack of sufficient toral feed is probably the most common deficiency
in beef cattle. In limited feeding on farms or overstocked ranges, low
energy intake may be the sole deficiency, the results being slowing or ces-
sation of growth (including skeletal growth), loss of weight, reproduc-
tion failure, and increased mortality. On ranges, low feed intake also
commonly results in increased mortality from toxic plants and from low-
ered resistance to parasites and diseases. Very commonly, however, under-
feeding is complicated by shortages of protein and other nutrients (Fig-
ures 29 and 31).

Protein

Shortage of protein is the second most common deficiency in beef
cattle. It results in poor growth, depressed appetite, failure ‘of milk secre-
tion and of estrus, and rapid loss of weight.

Less than 8 percent of total crude protein in the dry matter of dry
range forage, or in poor roughage low in digestibility, is deficient for all
classes of cattlee Range forage often becomes lower than 5 percent in
crude protein, and such feed is usually also deficient in phosphorus. To
alleviate deficiency under these conditions and to promote efficient range
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use, it is advisable to feed protein supplements in suff:m;ﬁt all']nnunt to
ap[:mximare the allowances recommended in 'I"able 9. DSP orus l.reci
uirements are usually met when sufficient protein supplement is supplie
q ar

(Figures 30 and 32).

Salt (NaCl)

Salt deficiency is manifested by intense craving for salt, lack of appe-
tite, and unthrifty appearance. In heavily producing milk cows the result
may be collapse and sudden death. Cartle should have free access to salt.

Phosphorus

Areas of phosphorus deficiency in cattle feeds are widespread through-
out the world, particularly in semiarid regions, and are commonly asso-
clated with soils deficient in the element. Phosphorus content generally
decreases markedly when plants are fully mature: this decrease, along with
protein deficiency, commonly occurs when cattle must subsist for long
periods on mature, nonleguminous, dried grasses and herbage (Figure 35).

Cattle should be allowed free aCCess to a phosphorus-rich mineral

mixture if the phosphorus is apt to fall much below 0.15 percent of the dry
matter, particularly when the

protein content of such forage is not a serious
limiting factor.

The earliest Symptoms of phosphorus defic
phosphorus, in appetite, and in rate of gain,
Efficiency of feed utilization, particularly of pr

lency are decrease in blood
Milk production falls - off.

. ' or bones. Depraved
appetite may lead to exce ' In the absence of bones,

Carcass debris.

characterized by paralytic symptoms.
U. 8. A, and lamsiebse ig South Africa. The trouble |

toxin of C. botuliny; type organisms Ingested with the putrid flesh. Long-
continued phosphorus Privation results in

: e ; Iﬂmeness, and
stiffness of joints. Bone fractures may oc OW-phosphorus  rickers
in young animals, osteomalacia, ostitis fibrosa i, adulis
are. generally descriptive of the

GUrN
OSt€oporosis, and
bone alterations.

Effects of a Phosphorus-deficient teedlot ration are shown ip Figure 33
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Figures 31 and 32.

Calcium

Effect of protein deficiency on the growth and
development of weaning calves from the cows
shown in Figures 29 and 30. They were weaned
in July and turned onto mature dried forage.
The group in the upper picture not only were
lighter in weight at weaning but subsequently
lost additional weight. The lower group, fed
cottonseed cake to supply protein, phosphorus,
and additional energy, gained weight on the
nutritionally deficient forage and developed nor-
mally. Photos taken in December.

Calcium deficiency in beef cattle is comparatively rare and mild, and
the symptoms are inconspicuous. When fartening calves are fed heavily
on concentrates, with limited quantities of nonlegume roughage, their

calcium intake is insufficient for optimum gain and bone development

Dried mature range forage, if predominantly grasses, may contain less
than the required minimum quantities; cereal straws are also usually defi-
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Figures 33 and 34.

Phosphorus deficiency in feed|
steer in the upper picture
sisting of wet beef pulp,
molasses containing 0.12 Percent phosphorus.
The steer shown in the lower Picture recejved
the same ration Plus 45 grams daily of steamed
bone-meal which brought the Phosphorys content

up to 0.18 percent and Provided gn average totql
intake of 17.0 grams of phosphorys daily
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Figure 35. The cow on the left received a phosphorus supplement
while grazing on a phosphorus-deficijent range for 2
years; the cow on the right received none. Note the more
thrifty appearance of cow and calf that received the phos-

phorus supplement.

cient in calcium. Severe privation may so deplete the bones of calcium and
phosphorus that fractures occur. The addition of calcium to a deficient
ration for fatrening calves increases the rate of gain, improves feed utiliza-
tion. results in heavier bones with higher ash content and greater breaking

strength, and enhances the market grade.

lodine

This deficiency usually 1s manifested by the production of dead or
nonviable goitrous calves. Occasional borderline cases may Survive; in
these. the moderate thyroid enlargement disappears in a few weeks.

lodine requirements have not been definitely established. The use.
of salt containing 0.015 to 0.02 percent potassium iodide has effectively
prevented goiter In .odine-deficient areas. Where iodine supplementation
is indicated, iodized salt containing 0.01 percent potassium iodide (0.0076

percent iodine), stabilized to prevent loss of iodine, has proved saric-

tactory.

iron

Uncomplicated iron deficiency has not been satisfactorily demon-
strated under natural conditions: the usual complication is a shortage of
copper, cobale. or both. Iron deficiency results in anemia. Although
the iron requirement of - cattle 1is unknown, apparently the amount in

ordinary feeds is ample.
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Figures 36 and 37.

Cobalt deficiency. The upper picture shows a

heifer suffering from anemia, lack of appetite
and exhibiting the characteristic roughness of
coat.  Administration of cobalt to the
heifer brought about a remarkabl
appetite and disappearance of
shown in the lower picture,

12

e recovery of
symptoms, as



Copper

A lack of sufficient copper in forage has been reported in different
parts of the world. The copper-deficiency syndrome involves loss of con-
dition, stunted growth, rough coat, and anemia. Depraved appetite and
intermittent diarrhea are common. Estrus is suppressed. Young calves
may have straight pasterns and may tend to stand on their toes. Without
premonitory evidence, animals may suddenly fall dead after little or no
stcruggle; hence the term “falling disease” in Australia. Post-mortem
reveals congestion of abomasum and intestines, very friable liver, dark
pulpy spleen, and glomerulo-nephritis. Bleaching of the hair coat has
also been reported. For alleviation of copper deficiency a 1-percent mixture
of copper sulfate in salt has been recommended. In experiments of cattle
on pastures containing 2 to 3 p.p.m. and 1 to 4 p.p.m. of copper in the dry
matter manifested anorexia, anemia, emaciation, and diarrhea responded
to copper therapy. Pastures containing 7.5 p.p.m. were regarded as
“healthy,” and 20 to 30 p.p.m. in the dry matter of the forage proved
to be curative.

Cobalt

A progressive emaciation and anemia caused by cobalt deficiency
is known in different parts of the world as Denmark disease, coastal dis-
ease, enzootic marasmus, bush sickness, salt sickness, Nakuritis, and pining
disease. The symptoms are loss of appetite, craving for hair and wood,
scaliness of skin, listlessness, and general unthrifty appearance (Figure 36).
Anemia due to reduction of red cells and hemoglobin may occur relatively
late. Diarrhea is often observed.

Cobalc-deficient pastures contain 0.01 to 0.07 p.p.m. of cobalt, whereas
“healchy”™ pastures generally afford 0.07 to 0.30 p.p.m. Samples of hay
from farms where cobalt deficiency was found contained 0.03 to 0.06 p.p.m.;
hay from unaffected areas, 0.12 p.p.m. of cobalt. Judging from these data,
the minimum cobalt requirement 1s met by about 0.1 p.p.m. of cobalt in the
dry matter of che feed, an intake of about 1. mg. daily by adule ca:tle.
Daily doses of 0.3 to 1.0 mg. of cobalt sufficed for cattle on deficient pas-
ture; 0.1 mg. for sheep. The requirement therefore appears to be in the
order of 022 mg. daily per 100 kilograms of body weight; 31 gm. of
cobalt chloride or sulfate in each 100 kg. of salt alleviates cobalt deficiency.

Vitamin A

The first. easily detected clinical symptom of vitamin-A deficiency
is night blindness, readily observed when animals are driven about in
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twilight, moonlight, or other dim illumination. Night blindness may
, '

be present even though the animals appear t.hrifty E:'lf‘ld ﬂf’;‘ gaining at
practically normal rates. When gross night blindness is evi ent, vitamin
A in the blood is very low and liver reserves approach EII*:]H.USI.‘IDI‘{. The
next conspicuous symptoms usually developed are muscl'ﬂar incoordination,
staggering gait, and convulsive seizures caused b}" elevation of the cerebro-
spinal fluid pressure, which also results in papillary edemn.. Total anﬁd
permanent blindness in young animals results from stenosis .ﬂf optic
foramina and atrophy of optic nerves. Other localized paralyses may
also occur. Excessive lachrymation rather than xerophthalmia is the rule
in cattle. Unless death in convulsion or from intercurrent disease inter-
venes, the cornea of the eyes becomes keratinized and may, if subjected
to infection, develop ulceration. Severe diarrhea in young calves and in-
termittent diarrhea at advanced stages of deficiency in adults are charac-
eristicc. In factening cattle, generalized edema or anasarca may occur
(Figures 38, 39, 40). In chronic severe deficiency, structural changes
occur in the retina and in epithelial rissues. Degenerative changes in
the kidneys and degeneration of testicular germinal epithelium have often
been demonstrated. |

Estrus may continue when the deficiency has advanced to the point
where convulsions are common buc ability to become pregnant is im-

paired. Deficiency in the pregnant animal results in abortion or birth at
term of dead or weak calves (Figure 42).

To assure production of vigorous calves, the feeding of vitamin-A
supplements to breeding cows before calving should be considered if the
cows have subsisted exclusively on dry bleached forage for as long as
five months. Sometimes the breeding herd can be rurned into green
pastures. Even a few days on such forage may suffice to carry them over
a critical period. The requirements set forth in Table 9 can usually be
met by providing 2 to 3 kilograms daily of good green-colored leafy hay.

Half a kilogram or less daily of highest-quality dehydrated alfalfa meal will
suffice.  Protein supplement fortified with liver oil
sibility. Sixty grams of liver oil containing 20,000 I. U,

fed in 2 or 3 doses on grain or other feed should prote
of the vitamin for abour a month.

offers another pos-
vitamin A per gram
ct against deficiency

Vitamin D

In :::alves, prolonged ldf:ﬁciency causes rickets (Figure 44) similar
to that in other young animals. Clinjcal Symptoms are usually preceded
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Figures 38, 39, 40 and 4],

Swelling (generalized edema, or anas-
arca) often develops in cattle suffering
from vitamin-A deficiency. Deficiency
under feedlot conditions has caused
considerable loss to cattle feeders and
slaughterers. In the top pictures of
feedlot cattle, note swollen legs, dry
coat, and edema in the abdominal re-
gion. The lower left picture shows an-
asarca in an experimental case; the
lower right shows the disappearance of
swelling following vitamin-A therapy.
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Figures 42 and 43,

Effect of vitamin-A deficiency on reproduction.

The heifer in the upper picture received a ration
deficient in vitamin A but otherwise complete;

she became night blind and aborted during the
last month of pregnancy. Note the retained pla-
centa. The heifer in the lower picture received
the same basal ration but during the latter part
of the gestation period it was supplemented with
half a kilogram daily of dehydrated alfalfa meal

containing about 50 mg. of carotene., A normal
vigorous calf was produced.

by a decrease in either or both blood
This is usually followed by poor appet
in weight, digestive disturbances,
vulsions. Later, enlargement of the ]
of the legs, and erosion of
difficulty in locomotion.

calcium and inorganic phosphorus,
ite, decrease in growth rate or loss
stiffness of gair, and occasional con-
oints, slight arching of the back, bowing
the joint surfaces cause additional pain and
Symptoms develop more slowly in older animals.
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This cow developed rickets early in life when maintained
on a vitamin-D deficient ration and was not allowed ex-
posure to direct sunlight. Note the bowed front legs and

enlarged |oints.

Figure 44.
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Work with dairy cattle has shown that vitamin-D deficiency in the pregnan
female may result in dead, weak, or deformed calves at birth.

Under usual conditions of management, beef cattle receive sufficient
vitamin D from exposure to direct sunlight or from sun-cured mughagfsé
The requirement for young calves is about 300 I. U. per 45 kilograms o

live weight.

Vitamin B Complex

Thiamin, riboflavin, niacin, pyridoxine, pantothenic acid, biotin, and
vitamin K are synthesized by microorganisms in the rumen. So far as
is known, a dietary supply of these vitamins is not essential after cartle
are two months old and rumen function has been established. Conceivably,
however, acute protein or other dietary deficiencies may affecc the amount
of those vitamins synthesized in the rumen, by providing an unsatisfactory
substrate for the organisms involved. Some preliminary evidence to this
effect has been obtained

Vitamin E

The need for vitamin E in the diet of cattle has not been demon-
strated, nor is there evidence of rumen synthesis of rthis vitamin. Claims

made for beneficial results of vitamin-E therapy in reproduction in cattle
have not been substantiated.
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TABLE 9—RECOMMENDED NUTRIENT ALLOWANCES FOR
BEEF CATTLE

DAILY ALLOWANCE PER ANIMAL

Total Tﬂm]bl
aat] Net Digestible _
‘i‘?’eﬁgﬁt Elllgt&r‘:sﬁti.sﬂ Ene?gy P%ntein Calcium Phosphorus Carotene !
Kg. Kg. Therms  Kg Gm. Gm. Mg.
Normal Growth, Heifers and Steers
10 ) b e 3.2 6.3 0.41 20 15 20
oy A ) 3.9 7.5 0.41 18 15 30
e S 4.3 8.3 0.41 16 15 45
AbS e o, A8 9.0 0.41 15 15 05
Bulls, Growth and Maintenance (Moderate Activity)
SRS 4.5 8.7 0.59 24 18 35
862 5.0 9.5 0.64 23 18 45
DR, h.4 10.3 0.64 22 18 5H
17 ¥ LR R 5.9 1152 0.64 21 18 65
(5] T e iy 6.4 12.0 0.64 20 18 75
e 6.4 12.0 0.64 18 18 90
RIBEm s 6.4 12.0 0.64 18 18 100
Wintering Weanling Calves
1) Bt A 5.0 0.32 16 12 25
.:22 3.2 5.8 0.36 16 12 30
:.T... ...... - 3.6 6.5 0.36 16 12 35
Wintering Yearling Cattle
A AR 3.6 6.4 0.36 ‘
B 3.9 6.8 0.36 16 ié 33
igg 4.1 .2 0.36 16 12 45
......... 4.1 7.2 0.36 16 12 50

—_—

Wintering Pregnant Heifers (Weights are for Beginning of Winter Period)
LA E R e : 0:41 18 16

4.5 8.0 D

g{ﬁ}% i.*::« 8.0 0.41 18 16 2’;
Janr i kehs 4.% '?3 0.36 16 15 20
......... : 7.2 0.36 16 15 05

—
S —

_———

Winferi _ :
Vintering Mature Pregnant Cows (Weights are for Beginning of Winter Period)

468 A 6.5 0.41 18 16 E5
et gy e 16 15 55
."‘i = 3 -] .t ]ﬂ r

{
|
|
|
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TABLE 9—RECOMMENDED NUTRIENT ALLDWANCES FOR
BEEF CATTLE— (Continued)

" DAILY ALLOWANCE PER ANIMAL
Total Total

Body Digestible  Net  Digestible
Weight Nutrients Energy rotein  Caleium Phosphorus Carotene !

Kg. Kg. Therms Kg. Gm. Gm. Mg.
Cows Nursing Calves Ist 3 to 4 Months after Parturition

408-498. . . . . 6.4 12.0 0.64 30 24 300

i

Fattening Calves Finished as Short Yearlings

e 3.6 7.8 0.50 20 15 2D
A e = 4.8 8.7 0.54 20 16 30
Al AR 5.0 10.2 0.59 20 17 35
3 b M e I 5.4 11.2 0.64 20 18 40
a0z e Bl 127 0.68 20 18 45
S()8 Sy d e 6.6 18.7 0.68 20 18 50
Fattening Yearling Cattle
A 5.2 10.5 0.59 20 17 35
SIS 6.1 12.4 0.64 20 18 40
302 i 6.4 13.1 0.68 20 19 45
28NS SES S 7.0 14.6 0.73 20 20 a0
4681 s i 16.0 0.77 20 20 2o
4980 - o]y 7.9 16.5 0.77 20 20 60
Fattening Two-Year-Old Caittle
8 G as, 6.8 14.0 0.68 20 20 45
40 {{ 14.7 0.73 20 20 50
Qo SRR e i 15.9 0.77 20 20 55
498, .. = 8.2 17.0 0.82 20 20 60
of - S e 8.2 17.0 0.82 20 20 65

— —

T — -

! The recommended carotene allowances for fattening animals is at the same rate as for
cattle in other classifications. This is about the minimum rate that will result in significant
storage and thus assure contribution of vitamin-A value for human use from the beef liver
and fat. For optimum growth or feedlot gains and freedom from clinical symptoms, 3.3 mg.
carotene for each 100 kilograms body weight suffices for cattle previously depleted of body
stores, and this level may be used except for pregnant or lactating cows when economically
necessary. The vitamin-A value of the liver and the body fat of animals so fed, however, would
be practically nil.  Actually, no dietary carotene or vitamin A is needed so long as the animals

have sufficient storage reserve to meet physiological needs.

81



Figures 45 and 46.

This illustrates the effect of the plane of nutri-
tion. Figure 45 is a well-nourished ewe, while
the ewe in Figure 46, which received only two-
thirds the quantity of feed, showed partial loss

of fleece, thin condition, irregular breeding, and
poor milk production.

—
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10. Symptoms of Nutritional
Deficiencies in Sheep

The economical and efficient production of sheep and wool is con-
tingent upon maximum production per unit of feed. The feeding of sheep
for maximum and economic production is dependent upon adequate nutri-
tion. This is an attempt to organize the pertinent data on the nutrition
of sheep into a concise form for practical application.

Protein

Protein is of special importance for pregnant and lactating ewes
and for young animals. It is suggested that the protein allowance be in-
creased for pregnant ewes in poor condition. Insufficient protein results
in reduced body and wool growth and muscular development. The feed
intake is lowered because of a decline in appetite and the feed required
per unit of gain is increased. Under extreme conditions there are severe
digestive disturbances, nutritional anemia, and edema.

Energy

An inadequate allowance of energy in the form of carbohydrates and
fat results in slow growth, emaciation, and possibly diminished wool
growth (Figure 46). When the allowance of carbohydrates and fat is in-
sufficient to meet the energy needs, protein may be used up for this pur-
pose, decreasing the efficiency of protein utilization for growth and repair
of body tissues.

Salt (NaCl)

Sheep that are deprived of adequate salt develop a craving and may
resort to chewing wood, licking dirt, and similar manifestations of an
unsatisfied appetite. Inadequate salc intake results in lowered feed con-
sumption and in decreased efficiency in the use of feed nutrients.

Calcium and Phosphorus

Not all are agreed on the requirements of sheep for calcium and
phosphorus nor on the optimum calcium-phosphorus ratio. The exact
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Figure 47. Llamb fed « ration deficient

in phosphoruys. Note the
knock-kneed conformation.



ratio appears to be less important than having an adequate .amount of
calcium and phosphorus to satisfy the physiological needs of the animal.
Rations that are decidedly lacking in calcium or phosphorus, or both, result
in subnormal development of bone. Phosphorus deficiency may be indi-
cated by slow growth, high feed requirement, depraved appetite, unthrifty
appearance, listlessness, low blood phosphorus, and the development of
knock-knees, with a carcass showing a general lack of covering (Figure
47). Aphosphorosis in ewes causes weak lambs and decreased milk pro-

duction.

lodine

In iodine-deficient areas, serious losses of lambs are prevented by
feeding iodine, as iodized salt, to breeding ewes, especially during the
gestation period. lodized salt is now formulated in the U. S. A. with
one part of potassium iodide in 10,000 parts of salt. This is 0.01 percent
potassium iodide or 0.0076 per cent iodine. When such iodized salc is
normally used it furnishes several times the iodine requirement. The
continuous feeding of large intakes of iodine above the requirement may
result in definite harm.

Although visible evidences of iodine deficiency are seldom observed
in mature sheep, the condition must exist in iodine-deficient areas, since
newborn lambs frequently show a characteristic enlargement of the thyroid,
and practically every lamb with a large goiter is either dead at birth or
dies soon afterwards (Figure 49). If the lambs survive, the enlargement

may not be noticed after about a month, though enlargement may be

found in post-mortem examinations of lambs in which no evidence of

goiter had previously been observed.

Cobalt

The recommended allowances of cobalt for animals cover a wide
range. It seems from the available dara that 0.1 mg of cobalt daily is
sufficient to meet the needs of ewes. Adequate amounts of cobalt may
be provided in deficient areas by feeding salt containing 62 grams of
cobalt chloride or cobalt sulfate per 1,000 kg. of salt.

Cobalt deficiency is accompanied by a loss of appetite, lack of

thrifr, weakness, anemia, and a decrease In fertilicy and milk production.

Copper and Iron

Copper deficiency may exist as a primary deficiency or as an accom-
paniment of cobalt and iron deficiencies. The symptoms of inadequate
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Figure 48. Ewe fed a ration low in vitamin A. One lamb was born
dead and the other died six hours after birth.

copper are generally seen in young lambs. At birth the lambs are weak,
often unable to nurse, and death may result from starvation. There is a
lack of muscular co-ordination, and degeneration of the myelin of the
nerves, and especially of the spinal cord. The disease caused by a lack
of copper is referred to as enzootic ataxia. |

A daily intake of 5 mg. of copper is adequate for pregnant ewes even
when the pastures are extremely deficient in copper. The addition of
from 0.25 to 0.5 percent of copper sulfate (CuSO, . 5H,0) to salt would
furnish about 10 mg. of copper per day. Other investigators have re-
ported that 1 percent of copper sulfate is better than 0.3 percent in pre-

venting “sway-back” in lambs. Excessive amounts of copper are definitely
tOXIC.

The iron requirements of sheep do not appear to have been deter-

mined.

Vitamin A

One of the first symptoms of vitamin A deficiency is night blindness,

oy Rl e
llIlrfiblll'fy 0 see in dim light. This is followed by nervous disorders
TOWHIng in various degrees of incoordination and Spasms

may occur in advanced stages of vitamin A deficiency and
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mediate death. A deficiency of vitamin A adversely affects reproduc-
tion, and may result in lambs being born weak or dead (Figure 48).

Carotene allowances are shown in Table 10, since it is the precursor
of vicamin A and the form available in natural feeds consumed by sheep.
Minimum carotene requirements of sheep, cattle, and swine are similar
and vary from 25 to 35 micrograms per kilogram of live weight for the
prevention of nycralopia, or approximately 1.7 mg. per 50 kilograms of
live weight. This amount does not allow for storage, reproduction, or
other special demands in the body. The recommended allowance is ap-
proximately four times this minimum, to provide for moderate storage
in the body and to meet the demands for reproduction and lactation.

In terms of .vitamin A, the minimum for growth would be approxi-
mately 1,000 I. U. per 45 kilograms of live weight. For storage and
reproduction 3,000 to 4,200 I. U. daily per 45 kilograms of live weight
should be provided.

The carotene content of forage varies considerably. The stage of
maturity, method of curing and preservation, length of storage period,
and temperature affect the carotene content of forages. The best prac-
tical guide to the carotene value of forages, aside from acrual chemical

Figure 49, New-born lamb showing goiter and very thin wool.
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analysis, is the degree of green color. As a general rple forages that have
retained much of their original green color are far better sources of carotene

than those that have been allowed to mature and weather.

Vitamin D

Lack of vitamin D may cause disturbance in the metabolism of calcium
and phﬂsplrmrus.- An adequate supply of vitamin D is especially important
for the normal development and calcification of bone during growth. A
deficiency of vitamin D is manifest by one or more of the following symp-
toms: enlargement of the joints and bowing of the legs in the immature
animal, stiffness in the anterior or posterior quarters, and an irregular
gait. The joints appear to be very painful and the lamb may carry or
drag one limb. Such stiffness may be accompanied by loss of appetite.

» Under range conditions, sheep probably do not need added amounts
of vitamin D. Where they are confined, or exposure to sunshine is for
some reason restricted, lambs may develop rickets from a lack of vitamin
D. It has been shown that lambs fed a ration low in vitamin D and not
exposed to sunshine develop rickets. In these experiments rickets could
be prevented by feeding a vitamin D concentrate. The quantitative require-
ments of the sheep for vitamin D have not yet been determined. In the ab-
sence of more exact information it is suggested that the proposed figure of

500 L. U. of vitamin D per 45 kilograms of live weight for calves might be
used for sheep.

Vitamin B Complex

The vitamin B complex has been shown to have no effect on the per-
formance of ewes during breeding and pregnancy. ILambs fed 2 ration
low in nicotinic acid during an eight months period developed normally.
Even though sheep are fed diets low in thiamin, riboflavin, pyridoxine,
and pantothenic acid, these dietary factors are synthesized in the rumen.

Other Vitamins

If sheep require vitamin E in the diet for normal
requirement 1s extremely low, and common feeds co
meet the functional needs of the ewe for reproduction

reproduction, their

Other Nutritional Disturbances

Ve 1 -
,‘nm,f 'rearmg dlisease‘, also referred to as apoplexy, gastroenteritis, food
cation, or infectious €nterotoxemia, s the cause of considerable
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death loss in nursing and fattening lambs. The disease~occurs among
lambs that are fed a heavy allowance of grain. Recovery from the disease
is rare and the lambs usually die within a short time. Lambs with over-
eating disease may throw back their heads, stagger, move in circles, or
push against a fence, and then fall and die in convulsions. The disease
may be prevented or kept to a minimum by preventing lambs from gorg-
ing on" grain at any time, and by feeding a safe proportion of grain to
roughage. Should losses occur, it is recommended that one feeding of
grain be omitted or the amount of grain reduced for a few feedings.

Pregnancy disease, also referred to as ketonemia and acetonemia, is
an ailment of ewes occurring in late pregnancy. It is much more common
among ewes carrying twins or triplets than in ewes carrying single lambs.
The first symptoms observed may be a sweetish odor like chloroform, ac-
companied by general sluggishness, loss of appetite, staggering gait, and
nervousness. In the final stages of the disease there is impaired vision,
and the ewe is unable to stand or to rise on account of weakness, stiffness,
or partial paralysis. If parturition occurs during the earlier stages of the
disease, recovery usually results. The disease has been produced experi-
mentally by feeding pregnant ewes rations of poor quality or rations low
in energy. It is associated with marked ketosis, both blood and urine con-
taining excessive amounts of ketone bodies. It is essentially a disturbance
of metabolism, especially with regard to the carbohydrates. The disease
is avoided by feeding and management practices that ensure a uniform
and adequate, but not excessive, intake of a balanced ration, especially
during the last six weeks of pregnancy. Sudden interruptions in the feeding
schedule, especially reducing the plane of nutrition, should be avoided.

Stiff-lamb disease, of nutritional origin, is a specific muscular stiff-
ness characterized by whitish calcareous intermuscular deposits; it occurs in
lambs a few days to several weeks old. The disease is reported as being
rather widespread, with heavy losses in individual flocks. Lambs affected
become stiff and have difficulty in walking, and frequently lag behind the
band. The etiology of nutritional stiff-lamb disease is not definitely known.
Some experiments have shown that the incidence of the disease can be
reduced to a minimum by feeding wheat-germ meal. Experiments in
which tocopherols have been used indicate that a lack of vitamin E in
the ration may be the cause of stiff-lamb disease. Stiffness resulting from
a nutritional deficiency should nor be confused with a similar stiffness
resulting from bacterial infection manifested particularly in older lambs.
Stiffness may also occur in lambs from erysipelothritic arthritis.
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Urinary calculi may cause considerable loss, particularly among lamb;
in the feedlor. The first symptoms usually observed are restlcssn-esls an
an occasional straining to urinate. The etiology of urinary cfflcuh iS not
fully known. A deficiency of vitamin A may cause it. E.xpenlmr:nts have
failed to find any evidence that feeding an excess of magnesium is the cause.
Rations high in calcium, magnesium, and phosphorus h_ave been f_cd to
lambs, with no evidence of urolithiasis. Evidence that urinary calculi may
be caused by an unbalance of minerals in the ration is afforded by the ex-
tensive studies on laboratory animals.
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TABLE 10—RECOMMENDED NUTRIENT ALLOWANCES FOR SHEEP!

'DAILY ALLOWANCE PER ANIMAL

Total Total

Live Digestible Net Digestible Cal-  Phos- Caro- NaCl
Weight Nutrients Energy Protein  cium  phorus tene (Salt)

Kg. i Kg. Therms Gm. Gm. Gm. Mg. Gm.

Bred Ewes First 100 Days of Gestation
460, L e () $7 ) 1.4 7 3.2 2.5 5.5 14
I e e e gt 1.5 82 3.2 2.6 6.0 14
bl O SRS (JH86 1.6 86 3.3 2.7 6.5 14
o L e R 0.91 | 91 3.4 2.7 7.0 14
Bred Ewes Last 6 Weeks Before Lambing
BOL 22 M 0.95 1.8 95 4.3 3.2 6.0 14
b4 . 1.00 159 100 4.4 8.3 6.5 14
659.. 1.04 2.0 104 4.5 3.4 7.0 14
64 . . 1.09 2.1 109 4.7 8.9 T.0 14
68. . 1.13 2.2 113 4.8 3.6 8.0 14
Ewes in Lactation
ATV e 1.13 2l 122 6.1 4.5 6.0 14
SOLETES o b 1.18 2 127 6.2 4.6 7.1 14
. e s e 1.22 2.3 127 6.4 4.7 7.8 14
{1l P - L 2.4 13€ - 6.5 4.8 8.4 14
6440 St b P 2.5 136 6.6 4.9 9.1 14
it M 1.36 2.6 141 6.8 5.0 9.7 14
Ewes—Lambs and Yearlings
q P e I 0.82 15 100 3.6 2.4 3.8 9
QU Lol 0.86 1.6 100 3.9 2.6 5.0 9
B0 el B easiis s 0.86 1.6 91 3.8 2.5 6.0 14
H9fe S S, 0.91 1.7 91 4.1 2.7 {ian! 14
Rams—Lambs and Yearlings
Sh 0.95 1.8 109 4.8 2.8 4.1 9
45 0. : 1.04 2.0 109 4.9 3.2 5.5 14
% (AT AN 1.09 2.1 109 4.9 3.2 6.9 14
685 i 1.18 2.4 104 4.7 3.1 8.2 14
TL0) MU 1.18 2.4 104 4.9 3.2 9.6 14
Fattening Lambs

DR e A 0.54 1.0 77 2.8 1.9 2.7 4
D o 0.64 1.2 82 3.1 2.1 3.3 9
RO - CENER () 1.5 86 3.3 2.2 8.8 9
Q8 s 0.86 1.7 91 3.5 2.8 4.4 9
A A by T 0.91 1.9 91 3.7 2.4 0.0 9

U These recommended nutrient allowances for sheep should satisfy the nutritional require-
ments of angorsd goals.



11. Symptoms of Nutritional
Deficiencies in Horses

and Mules

s [ i I gra i

The principles of the nutrition of horses ard mules’ are not fund:
mentally unlike those of other domestic livestock, but naturally the qlfanda
tities and importance of the various nutrients differ from those require
by other farm animals.

Protein

In the young growing colt, the resule of ina#equate protein intake
is usually evidenced by slow or stunted growth and improper devﬁ.-lﬂpmen'f.
With breeding stock, there may be impairment of the repmduf:twe func-
tions, Mature, idle stock ordinarily are not seriously affected if the lack

of protein is not too great and does nor extend over a long period. Work
animals, however, may lack spirit and efficiency.

Energy

Lack of adequate amounts of rtoral energy in the rations of horses
or mules may result in a number of consequences. When the energy
deficiency is great in the feed of young animals, the result is usually slow
and stunted growth, with consequent underdevelopment. Work animals
that do nor receive adequate amounts of energy lose weight, get our of
condition, and are unable to do their Jobs without excessive fatigue. When
the energy requirements of breeding stock and idle animals are not satisfied,
the effect is usually a loss in body weight.

Improper balance of nutrients in the maintenan
excessive amounts of feeds with wide nutritive

pression of digestibility, poor feed utilization,
and impairment of health,

ce ration, caused by
ratios, may result in de-

stunted or improper growth,
it continued for a very extended period.

* Although most of the research and
has not considered mules,

experience indicate that the
of horses. The nutritive
in this paper.

Investigation in
the results obtained from s0me  te
in requirements for feed are essent
needs of horses and mules are acc

the field of nutrition
sts and from practical
tally the same as those
ordingly treated as one
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Climatic conditions and the method of managing horses and mules
affect their energy-maintenance needs. Very cold weather increases consid-
crably the amount of energy required as does also any mismanagement
that keeps the horse or mule in a restless, excitable condition for any con-

siderable length of time.

Cnlcium' and Phosphorus

A horse or mule must have a sound, fully developed body to be of
economic importance. Such development is possible only when the skeletal
framework is adequare, and this can be assured by the judicious use of
rations containing rather liberal amounts of calcium and phosphorus.

Unfortunately there is little experimental data on the requirements
for calcium and phosphorus by young horses and mules. On the basis
of practical observations and other species requirements, calcium and
phosphorus should each make up 0.2 percent of the dry ration of horses
in a ratio of Ca:P of 1:1 or 2:1. Colts require more than this per-
centage, especially of calcium. Practical experience and general knowledge
of nutrition indicate thar mature work horses, with the possible exception
of brood mares, do not require the addition of any minerals except common
salt, to rations which contain an ordinary amount of good hay. Colts,
pregnant mares, and mares nursing" foals require much more caleium
and phosphorus than mature horses. Well-cured legume hay or mixed
hay high in legumes is, therefore, the best roughage for colts and brood
mares during the winter season. In very young animals, calcium and phos-

phorus malnutrition is most evident in rickets.

Lack of calcium in the horse ration, when intensified by the presence
of high phosphorus protein concentrares, is believed to produce the con-
dition commonly known as osteomalacia or osteodystrophia fibrosa, which
1s prevalent in various parts of the world and affects not only horses but
asses and cheir hybrids, with the young of the species most susceptible.
This disease is usually characterized by an initial period of stiffness and
lameness, tollowed by swelling of the jaws and the nasal and frontal bones
of the head, bone fractures, detachment of ligaments, anemia, emaciation,
and deach.  This is said to develop when the calcium-phosphorus ratio
of the ration is 0.55 to 1 or less and to be arrested by the addition of ;‘nl-
cium supplements unul the ratio becomes 1.6 or more of calcium to 1 of

phosphorus.

Whenever horses must be fed rations that are deficient in either
calcium or phosphorus, care should be raken to supply a suitable mineral

23



supplement. Such a mineral mixture as shown in Table 11 should be avail-

able at all times.

TABLE 11
MINERAL MIXTURES FOR HORSES AND MULES

Calcium and
phosphorus  Calcium Phosphorus
both deficient deficient deficient

Ingredient
Parts by Weight
Steamed bone meal (or other phosphorus supplement) 2 0 2
Limestone (CaCQO.) or other Calcium supplement..._... 2 2 0
SalHS(ENaGl Rersame e e ok e o] 1 1

Additional salt should be fed. If a calcium deficiency alone exists,
30 gm. per head of ground limestone or other calcium supplement will
correct the deficiency; if a phosphorous deficiency alone exists, 30 gm.
per head daily of steamed bone meal or some other safe source of phos-
phorus should be used.

Salt (NaCl)

Horses and mules of all ages need sodium chloride—common salt—
regularly in their diet. Since horses differ widely in the amount of salt
they desire, it is a good plan to supply salt where they can take what they
wish, either flake salt from a suitable box, or block salt. An allowance

of 50-60 grams per head daily is ample. If salt is not provided, especially
when the animals are doing heavy work in hot w

' | cather, they exhibit signs
of excessive fatigue.

lodine

‘ 11:1 areas where symptoms of iodine deficiency occur, 1 gram of potas-
sium iodide weekly for pregnanc mares during the last five or six months
lf}f +thE gestation period, iodized salt containing () (2 percﬁﬁt i
iodide—stabilized to prevent loss of indineu——may be fed. Iodin EDELS'S]UHI
symptoms are weak foals with thick necks or goiter. I‘:-Iavel-illea;nfi 112(1:(}:

ness of foals-has sometimes been lessen :
| ed by the f : e T
to brood mares during pregnancy. ¥ the feeding of porassium iodide

Vitamins

The r itamins | it
L :::lelplazecl by vitamins in the nutrition of the horse and mule has
@ explored extensively. However, there is reason to suppose that
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the vitamin requirements of horses and mules are similar to those of other
animals, and it seems probable that ordinarily there are few serious defi-
ciencies of. any of the vitamins except A and D.

Recent evidence points to the importance of riboflavin 1n preventing
degenerative changes in the eye. Periodic ophthalmia or muon blindness
was prevented by feeding 40 milligrams of erystalline riboflavin daily.?
This result shows that further research into the vitamin requirements of the
horse should be carried out. Preliminary experiments have thrown some
light on at least one of the qualities of pasture that makes it a valuable
feed for breeding animals, this is its ascorbic acid content. The question
of the .importance of ascorbic acid to the horse and whether additional
ascorbic is needed has not yet been demonstrated, but warrants investigation.?

The importance of vitamin A or its precursor, carotene, is indicated
by its relation to two important attributes of a horse—eyesight and hoofs.
Night blindness resulting from a deficiency of vitamin A has been demon-
strated in horses, and the injurious effect of lack of vitamin A has been
indicated by experiments with horses in the army of Finland. The uneven
and poor development of the hoofs of these horses, which has been fed
chiefly on old hay, was cured by supplementary feeding of pasture grasses,
grass silage, and cod-liver oil. No especial attention need be given to
the vitamin supply of mature work horses, except perhaps brood mares:
the requirements of such horses for vitamins A and D are apparent]y low,
and there seem to be no deficiencies in ordinary rations.

Foals, on the other hand, develop rickets, owing to lack of vitamin
D or of calcium or phosphorus: An ounce of cod-liver oil a day, or preferably
an equivalent amount of a vitamin-D concentrate, free access to bone
meal or other suitable mineral mixture, with plenty of good legume hay
or good pasture, cures the condition. The vitamin requirements of brood
mares are met if they are fed good legume hay, mixed hay or pasture.
Greenness is a good indicator of the vitamin-A content of hay or pasture.
Vitamin D is only developed in the hay while it is being sun-cured. It
should be borne in mind that the winter sun in the north and south tem-
perate zones has very little vitamin D activity.

“N. R. Ellis. New ideas in feeding. U. S. D. A. Yearbook of Agriculture, 1943-
47, p. 105

*R. S. Hudson and Byron Good. Factors affecting farm horse power. Michi-
gan Agricultural Experimental Station (U. S. A.), Quarterly Bulletin, Vol. 28,
February 1940. '
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TABLE 12— RECOMMENDED NUTRIENT ALLOWANCES FOR HORSES

- — - ! = = T ——
e ——— — e —— e —_ = - - L.

DAILY ALLOWANCE PER ANIMAL
Total Total

Dry Digestible Net Digestible
Matter Nutrients Energy  Proteins

Type and Weight of Animal

ng L Iié__ Kg. Therms Kg.
Idle Horses
R s e 7.0 3.6 6.4 0.31
L T g it AT . 8.0 4.1 (s 0.36
B i s e e T 9.0 4.6 8.2 0.40
AT i O N PE S 9.9 .1 9.0 0.45
W U e e T R e R R B 10.8 5.6 9.8 0.49
Horses at Light Work
B M U e =Y 4.5 8.3 0.40
R R 9.2 02 9.6 0.45
e N e e i S 10.4 5.9 Sl 0.49
;faﬁn ........................... 1']].6 E-".G 3£ 0.58
e : 12.7 7.3 13,3 0.63
Horses at Medium Work
gi?; ............. 8.4 5.4 10.2 0.49
635 9.8 6.3 12.0 0.58
729'“ ................ 15 Lo 7.5 19 7 0.63
b 12.6 8.2 15. 4 e
8165... . - 5 1o, (076
..... 14.0 9.1 17.1 0.81
Horses at Hard Work
453
544 lg 1 6.6 2.6 (.58
GRS el RS s S i 1 7.8 14.9 0.68
725. . 4 9.0 17.3 0.77
816 14.1 10.2 19.5 0.90
15.7 11.4 21.8 0.99
s Brood Mares, Nursing Foals, not at Work
e C SRR e 4.8 8.8 s
(AR e i 9.5 10.2 008
: S e | 11.0 ~ 0.68
e s el o A e : 6.2 11.5
................. 12 ot 0.77
BTG et e s =.2 6.9 12.8
..................... 13.4 7.6 7 0ah
: i 14.1 0.95
"y Growing Draft Colts, after Weaning
Ll e SR 4.6 2 5
2?2 .................... 5.5 32 EJI_S 0.836
R e e Sl e e 6.3 39 71 0.40
BRRIC 7.0 4.4 23 0.49
4{]3 .......................... if ‘T 4 8 9 ; () . :':ld-
ABE PR SR 8.4 59 9'2 0.58
499. ................... 9,1 5':? 1{]"" U.E‘:-‘i
5‘4‘4 ........................ Q*T H-I 1 '? ﬂ.[}lH
e O B O R 103 E'.. 12 U_HH
—_——— —— e v 120 072
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12. Nutritional Requirements
of Goats'

In general, the same feeds, care, and management that are sucr:'t::ssful
with dairy cows and sheep are suitable for milk goats. On the basis of
body weight and amount of feed consumed, good milk goats are about
as efficient milk producers as good cows. The maintenance requirements
for goats per 50 kg. live weight are considerably higher than for cows,
on account of their smaller size and greater body surface in proportion to
live weight. Also, for the production of each pound of milk of a given fat
content, goats apparently require slightly more digestible nutrients above
maintenance requirements than cows.

However, they are able to consume much more feed per 100 kg. live
weight than cows, even those of high productive capacity. Therefore, they
have left, after their maintenance requirements are met, a sufficiently large
proportion of the nutrients furnished by their feed to meet their needs.
Grats browse more than sheep, but respond to good pasture and roughage.

Individual goats differ in their ability to turn feed into milk or
growth. The variations may be due largely to individual differences in
appetite and inherited ability to utilize feed. Milking does are fed at
the rate of 1 kilogram of grain for each 2 to 4 kilograms of milk pro-
duced, depending on the quality of the roughage and condition of the

goat. Thus, a doe thar increases milk production with increased grain
feed is permitted 1o demonstrate her maximum ability.

Because feeds vary considerably in composition, the nutritional require-
ments of animals‘can be more accurately expressed in terms of digestible
nutrients than by kilograms of feed in the ratjon. W. L. Gaines, of the
Uﬂl‘.’ﬁf[&qu of Illinois, U. S. A, reports the develepment of a standard
€quation .fDr calculating the feed requirements of milking goats. The
équation :slgiven as DN:U,016W+U.5FCM, in- which DN equals the
daily dlgesn_b]e nutrients intake in kilograms, W/ ¢quals the live weight
of the doe in kilograms, and FCM equals the daily milk energy yield in

kifﬁ;mns of 4-percent m%lk. The milk production of 2 doe may be cor-
1' T 2 FHEHa busis of 4 percent by use of the Gaines-Davidson

" See Table 10 for nutrient allowances,
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formula: FCM (fat corrected milk) =04M--15F, in which M represents
the weight of milk and F the’weight of fat. By converting milk yields to
an FCM basis, more accurate comparisons of the productive abilities of
individual does is possible.

Goats are as fond of sale (NaCl) as are sheep, and, when they are
accustomed to it, it should be kept where they can take as much as they
want. Calcium supplements may be needed where the forage is non-
leguminous and grown on soils low in calcium. Abour 110 grams of
ground limestone or some other calcium supplement per head daily may
be fed in the form of a mixture of 2 parts of calcium supplement to 1 part
of common salt (NaCl). If phosphorus appears to be lacking in the
forage it may be supplied in bone meal in a similar mixture with salt.
Where there is trouble from goiter in new-born kids, the does should be
fed iodized salt at least during the last half of pregnancy, so that they
will get about 3.5 mg. of potassium iodide per head daily. Larger doses

may be injurious.

There have been no developments to indicate that vitamins other
than A and D are needed in goat {eeding.

Angora. Goats

Angora goats usually obtain most of their feed on the range, from
browsing or pasturing. When supplemental feed is necessary they can
use to advantage any of the common roughage or concentrate feeds. If
the hay or other roughage is a nonlegume they should be fed a protein-
rich concentrate. If the goats are confined, the daily allowance per head
may need to be about 1.4-1.8 kilograms of good quality roughage and
about 0.11 to 0.23 kilogram of concentrates. The bucks require a greater
amount of feed than does in proportion to their weight. The kids in a herd
of Angora goats are usually raised as suckling kids on their mothers’ milk

and on feeds available to their mothers.

Milk Goats

The feeding requirements of milking does are similar to those of
dairy cows. About six to eight goats can:be fed on the quantity of feed
required by one cow. When does are in milk they need all the roughage
they will consume. Succulent feed is beneficial with the dry roughage
and concentrates. An example of a satisfactory ration for a confined doe
in milk is 0.90 kg. legume hay, 0.68 kg. silage or roots, 0.45 to 0.90 kg.
of grain mixture. When on good pasture the doe may need 0.45 to 0.68
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kg. of a grain mixcure. One-halt kilogram of grain m‘ixmrc s rhve average
daily grain requirement per liter of milk produced during the entire pen_ml
of lactation. The grain mixcure should contain 25 percent of protein-
rich feeds.

Young does should be kept in good growing condition. On good pas-
ture it is not necessary to supply supplemental feed. In winter they need
about half a kilogram of grain, 450 to 675 grams of silage or roots, and
all the hay or other roughage they will consume.

When the milk is sold or used by the family, the feeding of kids
to be raised for breeding and milk purposes requires special attention. Each
kid should receive 675 to 900 grams of milk per day along with good pas-
ture or other roughage, and a litcle grain. When the kids are about ten
weeks old the milk in the ration may be replaced to a large extent by good
alfalfa hay and mixed grain. Whole cow’s milk can be fed successfully
to kids. Skim milk can be used with a fair degree of success if the change
from whole milk to skim milk is made gradually and the kids are allowed
0.90 or 1.36 kg. of milk a day in three feedings until they are six weeks old.

Choice alfalfa hay and grain should be fed in addition to skim milk.
The kids can be weaned when they are three or four months old, although
when they are raised as suckling kids it is not customary to wean them
uncil they are about five months of age.

Goats for Meat Production

Although goats have not been especially improved for meat production,
the meat of healthy, normal goats is wholesome food. Hundreds of thou-
sands of gears are marketed for their meat annually, and the feeding of such
animals has an important bearing on their market value.

I.n order to obrain the best finish, emphasis should be placed on such
fattening feeds as corn, barley, or grain sorghum. along with good grazing
forage or legume hay and succulent feeds, The daily allowance per head
of stored feeds for fully grown goats should be approximately as follows:

900 grams I.:}f legume hay, 675 grams of silage or roots, 450 to 900 grams
of grain mixture. The feed allowance varies for goats

_ b of different ages
weights, and conditions of flesh or fatness. s

Possibilities of Improving Goats Through Nutritional Research



plants of pastures and range, from the standpoint of their influence on the
quality and quantity of mohair and milk produced. As economy of pro-
duction becomes increasingly important, the need for such information
will be even more urgent than it is now. Fundamental research on the
nutritional requirements of goats and their ability to utilize various feeds
and combinations of feeds offers the primary means of i increasing economy.
Such research would include work on the precise role of minerals, protein,
and vitamins in the nutrition of goats.

As among sheep, there is much evidence of wide variations in the
efficiency of individual goats to utilize feed. It is also apparent that sucn
variations exist among different families and strains. It should be possible
to develop strains that are highly efficient in converting available feeds
into mohair or milk of superior quality and quantity. Once such strains
were developed, they could be used in suitable breeding practices to raise
the average efficiency of these animals.

In such an effort, research workers in nutrition and genetics would
have to co-operate with each other and enlist the co-operation of the pro-
ducers of mohair and milk. The pioneer period of goat production 1s
passing, just as it is with sheep. This inevitably means thar the time has
come for theorerical research and practical experiment to make these ani-
mals more efticient.
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TABLE 13—SUMMARY OF CLINICAL SYMPTOMS OF DIETARY DEFICIENCIES IN LIVESTOCK (Not including Poultry)
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