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PREFACE TO THE PORTUGUESE EDITION
 

The University of Florida with funds from the United States Agency for International Development are developing 

cooperative mineral nutrition research programs in va'ious countries of Latin America including Brazil. This research 

emphasizes grazing ruminants and Is in collaboration with the universities and research institutions. 

The scientists at the University of Florida (UF), Federal University of Minas Gerais (UFMG), Federal University of 

Viiosa (UFV),. and the Agricultural Research Service of Minas Gerais (EPAMIG) planned the Latin American Sym

podum on Mineral Nutrition Research with Grazing Ruminants with the objective of discussing and determining meth

odology, reviewing available information, and increasing the interchange between countries, institutions, and scientists. 

The University of Florida had the responsibility of organizing the Symposium on the international level while the 

UFMG, UFV, and EPAMIC organized it at the national level within Brazil. 
In addition to the Portuguese edition, the Symposium papers will also be published in English and Spanish. 

The organizing committee would like to thank all of the participating people and institutions who have cooperated 

to,,nake this symposium possible. These meetinos and proceedings represent distinct progress and support for a sector 

which has the important potential of increasing the supplies of milk and meat available for human consumption. 
/ 

Jora de Alencar Carneiro Viana Jose Fernando Coelho da Silva 

Dept. Animal Science, EV, UFMG Dept. Animal Scierce, UFV 

Alberto Duque Portugal Richard Hart Houser 

Dept. Animal Science, EPAMIG Dept. Animal Science, UF 

Preface 

This publication records the proceedings of aconference entitled "Latin American Symposium on Mineral Nutrition 

Research with Grazing Ruminants" held at Belo Horizonte, Brazil, March 22-26, 1976. The Symposium was conceived 

and organized by acombined effort of the following organizations: Federal University of Minas Gerais (UFMG), Federal 

Superior School of Agriculture of Lavras (ESAL), Agricultural Research Service of Minas
University of Vigosa (UFV), 


University of Florida, and United States Agency for International Development (USAID).

Gerais (EPAMIG), 

The objectives of this conference were to bring together Latin American scientists active in ruminant mineral nutri

tion research to review the basic knowledge, methodology and recent findings relating to mineral deficiencies and tox

icities in Latin America. Paper presentation progressed through discussions of soil mineral concentrations and properties, 

individual mineral characteristics, soil-plant-animal mineral relationships, techniques of mineral research, current status 

of locating regions of mineral deficiencies or toxicities and finally methods of mineral supplement formulation and 

administration for grazing ruminants. 
These proceedings bring together, reviews of research which should provide a useful reference for manufacturers of 

mixtures, research scientists, teachers, students, extension specialists, farmers and others concerned with nu
mineral 
trition of grazing livestock in Latin America and other tropical regions of the world. It is hoped that these proceedings 

will be useful in documenting the current status in Latin America of minerals in ruminant nutrition and subsequently 

in stimulating additional productive research. 
The proceedings of this symposium have previously been published in Portuguese and are now also available in 

English and Spanish editions have been updated with a photographic section illustratingEnglish and Spanish. The 

mineral deficiencies and toxicities.
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Mineral Problems as Related to Tropical Clirhates 

by 
J.K.Loosli
 

Animal Science Department
 
University of Florida
 
Gainesville, Florida
 

I feel greatly honored to be invited to present the first paper on minerals at this symposium. It was easy to accept the 
assignment months ago, but my difficulties arose in trying to decide exactly what should be selected from the countless 
publications to illustrate the critical importance of mineral nutrition problems of grazing animals. This symposium was 
planned to summarize the present status of knowledge about the mineral elements which influence productivity of graz
ing ruminants in tropical areas and to stimulate critically needed research on unsolved problems which still greatly limit 
productivity. Everyone recognizes that an understanding of the specific areas where mineral deficiencies or excesses 
occur is necessary before producers can. effectively and economically correct existing limitations. Hopafully, the dis
cussions at this symposium will help to disseminate present knowledge and stimulate needed research to solve the re
maining problems.

The primary usefulness of ruminants is that they contribute to man's food supply, not only directly as meat and 
milk but also to provide power to produce and transport food supplies. It has been estimated that ruminants in the de
veloping countries (largely in the tropics) produce only 12% as much milk, 20% as much beef and veal and 57% as 
much sheep and goat meat per animal yearly as animals in developed countries. It is the low productivity per animal 
that accounts for the limited supplies of animal protein in the tropics and not shortage of animals. The developing
countries have 70% of the world's cattle and water bu',:faloes, but they produce only 22% of the milk and 34% of the 
beef supplies. They also have 64% of the sheep and goats to produce 50% of the meat from these species. There isun
certainty about the relative importance of nutrition, genetic capacity of the animals, parasites and diseases, climatic 
stress and other factors have upon animal productivity in the widely diverse regionswithin the tropics. All are important;
the failure of any one factor causes complete failure of the system. Thus, it is logical to consider that after critical 
diseases are controlled, providing any supplemental minerals needed isusuall I the easiest and cheapest way to maxi
mize productivity of grazing ruminants. 

If I may seek your indulgence, I would like to mention a few basic principles of which you are all at least as familiar 
as I am and which might be considered an imposition upon so elite an audience as this one, but which may be helpful
to some less well informed people who may read the proceedings of this sympesium.

Ruminants, like all other animals, must receive all of the essential dietary nutrients including water in optimum 
amounts (not only the mineral elements) to maintain health and to grow and reproduce at their potential levels. Cli
matic factors may modify the amounts of certain nutrients animals require and affect the responses to adequate diets,
but possible differences in requirements have not been well-defined. The producer and researcher should recognize that 
the response to any supplement will depend upon whether or not other essential nutrients are adequately supplied and 
whether animal management practices will allow a response. For example, feeding mineral supplements to cattle will 
not increase growth if protein or energy is lacking.

The proof that a mineral element (or any nutrient) is essential in the diet depends upon feeding adiet low enough
in that nutrient to cause structural or functional injury. Addition of the pure nutrient alone to the deficient diet must 
correct the deficiency signs and restore the animal to normal health. Some trace elements function either as constitu
ents or as activators of enzymes, and they are needed in very minute amounts to sustain metabolic functions. Some 
elements can be recycled within the body so that the daily requirements are extremely small and long periods of time 
may be required to demonstrate a deficiency in animals, or the deficiency signs may be so mild or non-specitic tney
cannot be easily recognized. Often too, there are multiple deficiencies which complicate accurate diagnosis. It isalmost
impossible to procure a diet for ruminants which is totally lacking in a specific mineral element. As a result, it islikely
that trace elements not yet recognized as essential may later be proven to be important. 
The Essential Mineral Elements 

In Table 1 is listed the mineral elements which are presently considered to be essential in the diet and those which 
have caused toxicity in animals. Of these, Ca, P, Mg, Na, I, Fe, Cu, Co, Zn, Mn and Se are most likely to be deficient 
for ruminants, but a Ca deficiency has not been reported in ruminants grazing native grasses even without legumes,
which are reliably high-calcium sources. While calcium deficiency can easily be produced in young growing animals
and lactating dairy cows fed native forages supplemented with concentrates, the deficiency has not been reported in 
grazing beef cattle even during lactation. Potassium deficiency isnot likely to occur in grazing ruminants because most 
forages are rich in this element. Details will be covered later in the symposium.

Of the trace elements, Cr, Si, V, Sn, and Ni have been shown to be essential for one or more small animal species and 
it islikely that they are essential for ruminants. However, deficiencies have not been produced in any ruminant and there 
is nb information to suggest that these might cause practical problems. Toxicity of Pb, Cd, Hg and As are caused by
animals eating lead paints, motor oil or discarded batteries, or from contaminated feeds or waste materials. While one 
should recognize the potential danger, the likelihood of problems arising among grazing ruminants is so small the matter 
is not considered in the symposium. The current knowledge about the essential mineral elements will be sommarized 
In later papers. 
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Table1
 

NUTRITIONAL CLASSIFICATION OF MINERAL ELEMENTS
 

Essential Toxic 
Calcium (Ca) Manganese (Mn) Sodium (Na) 
Phosphorus 
Magnesium 

(P) 
(Mg) 

Zinc 
Selenium 

(Zn) 
(Se) 

Iodine 
Copper 

{!) 
(Cu) 

Potassium 
Sodium 
Chlorine 
Sulfur 
Iodine 
Iron 
Copper 

(K) 
(Na) 
(CI) 
(S) 
(I) 
(Fe) 
(Cu) 

Molybdenum 
Fluorine 
Chromium 
Silicon 
Vanadium' 
Nickel. 
Tin . 

(Mo) 
(F) 
(Cr) 
(Si) 
(V) 
(Ni) 
(Sn). 

Cobalt 
Zinc 
Selenium 
Molybdenum 
Fluorine 
Lead 
Cadmium 

(Co) 
(Zn) 
(Se) 
(Mo) 
(F) 
(Pb) 
(Cd) 

Cobalt (Co) Others? Mercury (Hg) 
Arsenic (As) 
Others? 

Early Research on Minerals 
While we are concerned in this conference with mineral deficiencies and toxicities of grazing ruminants, many basic 

discoveries about mineral requirements were made with birds, rats, dogs or people. A brief summary of some classical 
discoveries will be helpful in understanding methods for solvingpresent problems.

The history of the development of knowledge about the essential nature of certain mineral elements ispresented by
McCollum (1956), while the more practical aspects of these discoveries were summarized by Maynard and Loosli 
(1962). One should recognize that only when methods were devised to identify and measure mineral elements in body 
tissues and feeds and to characterize responses to pure elements, was it possible to replace supposition with facts about 
the essential nature of any nutrient. Much of our earlier knowledge about nutrition resulted from systematic observa
tions stimulated by a need to solve critical health problems with people and their domestic animals. Often a new 
scientific discovery has proven to be a confirmation of common beliefs of native people and an explanation of why 
the beliefs are true. 

It seems likely that much information about mineral needs of animals gained by trial and error over centuries was 
never recorded and there is no way of learning what was practiced. French cites reports of views that the "fall of 
Thebes was hastened by heavy livestock mortalities caused by unidentified agents, when grazing apparently luxuriant 
pastures" (Underwood, 1966). Feeding "salts" to domestic animals can be traced to the time of Plutarch (40-120? A.D.).
Virgil and Pliny (23-79 A.D.) recommended salts for milk production. There are many references to the feeding of salt 
in Britain after 1750 following land enclosure. In the early 1800s, mineral constituents of plants were shown to vary
with soil type, stage of maturity of forages and these changes were considered to be important for animals, a view 
Boussingault later demonstrated to be true. Bone chewing by cattle was recorded in Africa in 1780 and in Paraguay in 
1838, but the relation of osteophagia to phosphorus deficiency in cattle was not clarified until Theiler etal.(1924) of 
South Africa published their classical experiments showing that the dried grasses were critically low in phosphorus and 
that phosphorus supplements corrected bone chewing, overcame death losses from botulism and markedly increased 
growth rates and reproductive levels. 

Phosphorus had been isolated from urine in 1669 by Brand and it was shown to be a constituent of bones by Gahn 
in 1748, along with calcium. In 1842, Chussat demonstrated that calcium was a necessary supplement to a cereal diet 
for bone development in birds. Many experiments were carried out in Europe'and North America during the following
50 years on calcium and phosphorus metabolism and requirements as reviewed by Forbes and Keith (1914). After the 
importance of the Ca:P ration became recognized, as well as the actual levels of these elements in the diet and the dis
covery of vitamin D in 1922, it became possible to prevent or cure rickets, which had been aserious disease of children 
and young animals and birds produced in the winter in buildings to protect them from the cold, and which also prevent
ed any exposure to sunlight. Rickets was never an important disease in the tropics because of natural ultraviolet irradia
tion of animals and food products. 

It was reported in the arly 1800s that in some areas of South America cattle regularly drank naturally mineralized 
waters and that health was impaired when this was not possible. I have been unable to learn which minerals were 
present in these waters. More recent studies have shown, however, that water may carry essential, as well as harmful 
amounts of mineral elements. Because of the high need and critical nature of watei for animals as well as people, the 
matter IsverV. important. The effective utilization of many areas is markedly limited by the lack of suitab!e water 
supplies. the research on nutrients and toxic substances in water has been reviewed by Shirley ot al. (1974) and will 
be presented at this symposium. An excellent example of the usefulness of common practices relates to iodine in South 
America. In 1824, Alexander Humboldt described goiter in Col9ynbia and stated that native Indians knew of a salt 
deposit that was an effective remedy, which was not true for other salt sources. A sample taken to France was shown 
by Boussingault to contain iodine, which was absent from the other salt. In 1831, Boussingault advised the Colombian 
Government to provide general distribution of the naturally iodized salt to the population. Iodine had been discovered 
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by Courtois in 1811 and nine years later he began presribing it as acure for goiter. Overdosages of Iodine caused injuryto some patients and its use was condemned by physicians. It was a hundred years later before the general uvse ofiodized salt was started in the U.S.A. with medical authority support (McCollum, 1956).One might expect that once we kno the way to prevent something as simple t- identify as goiter at a cost as low asa little iodized salt, this disease would quickly be eliminated, but goiter still exists among people and animals. What can 
we do about it?

Iron was shown to be present in blood by Menghini in 1747. Sydenham is credited with having treated anemia withiron solutions prepared by steeping steel filings in Wine before 1680 but he did not know why it was effective. Thisprocess resulted In the formation of ferrous potassium tartrate. In 1867, Boussingault published data showing the ironcontent of a nijmber of different animals ar~d various food and beverages, since it was generally accepted by that dateto be an essential element.
Except for iron and iodine, the trace elements were not studied until about 1926 when Leroy showed that magnesiumIncreased the growth of mice. McCoioum and associates reported in 1931 that magnesium deficiency caused tetany Inrats and Duncan and. Huffman observed similar signs in 1935 in calves fed milk as the only food. Low blood magnesiumand death loss from grass tetany is a serious problem in lactating beef cows in some areas. Copper was shown to beessential for hemoglobin formation and iron utilization in rats by Hart and Elvehjem in 1928. Following this discovery,there was mors than a decade of intensive research interest which resulteJ in the discovery of other essential elements.,Sjollema reported copper.deficiency in cattle and sheep in the Netherlands in 1933. Cobalt deficiency was first identifiedas the cause of a "wasting disease" dnd anemia in cattle and sheep in Australia in 1935 by Filmer and Underwood andMarston and Lines. Manganese stimulated growth of mice and reproduction of rats in studies by Kemerer and McCollumet al. in 1931, but it importance in cattle was not known until about three decades later. A similar situation existedwith zinc, which was shown to be ess3ntial for growth and hair development of mice and rats in 1922, but its need bypigs was not shown until 1955 and for calves not until 1960.Evidence that fluoride is essential is limited to recent reports showing that a deft7.iency causes impaired fertility infemale mice and depressed growth in rats. Earlier tests demonstrated that traces in the drinking water (0.7 to 1.0 ppm)helps to prevent dental cavities 14 children, but 2.0 ppm or more causes mottlinq of the teeth enamel. Higher Intakes(4 to 6 ppm in water) increases bone density and help to prevent osteoporosis and associated incidence of collapsed or-distorted vertebrag in people over 55 years of age. There is also evidence that extra fluorine decreases the aorta calification often seen in low-fluorine areas. However, it is the toxicity of fluoride that isof greatest importance in ruminantnutrition (Shupe et al., 1974).

Many of the essential mineral elements can have detrimental effects or cause toxicity if fed in sufficiently largepmounts. The approximate requir.ment and harmful levels of the more toxic essential trace elements are shown in
Table 2. 

Table 2
 
REQUIREMENTS AND TOXlCITIES OF TRACE MINERAL ELEMENTS
 

FI~lment Sperie Rsqujvwnt Toxic wel 

Cqpper Ca4le 5-7 mg/kg rolton 
1111

Shepp !0 71Swine 250+
,oIllt (tto 0.05-0.97 60

0.90I1Qrs 127i 

Wodine L k.!6winp..2. 1 
Men[Ing , (OelQ. 1@-35. 

6wine 10 4000 

l~wln. 000 g Iqnhjm f tl! ,! 
. 
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Advances in Analytical Methods 
In 1937, Maynard listed only 12 mineral elements in his book, Animal Nutrition, as proven dietary essentials, (Ca, 

P, Na, K, C1, S,Mg, Fe, I, Mn, Cu and Zn), several having been recently discovered. He stated "cobalt appears to be 

essential according to very recent work." He pointed out the commonly held view that in practice "most of them pre 

supplied so abundantly in the commonly fed rations that no thought need be given to them." We now know that at 

least 6 of the above 12 are very often so deficient they must be supplemented to support optimal growth, reproduc

tion or lactation of grazing ruminants. Furthermore, since that time eight additional trace mineral elements have been 

shown to be dietary essentials for some species of animals and two (Se, Mo) are important for grazing ruminants under 
some conditions. 

I should like to mention again that knowledge about the need for mineral elements depended upon the development 

of methods for measuring the amounts in feeds and animal tissues and the availability ol pure compounds to evaluate 
newer methods have made it possible to analyze manyrequirements. In the 1960s improved technical equipment and 

more samples for mineral elements and the accuracy has been greatly increased. In the industrial countries, surveys 

have been made to evaluate the mineral content, of soils, food and feed crops an6 animal tissues. The areas where 

excesses of mineral elements exist have been determined so that corrective supplements can be used
deficiencies and 
to maximize animal productivity and land utilization. 

Some recent studies using modern techniques have been made in tropical countries to evaluate the status of mineral 

animal studies have been reported. In 1950, de Alba cited the occurrence ofsome 
phosphorus deficiency in northern Mexico, Venezuela, Colombia, Brazil, Argentina, Paraguay and Chile; cobalt defi

ciency in Brazil and Argentina, copper defic"Jncy in Peru, Brait and Argentina. Other summaries have also been pub

lished (McDowell, 1974; Mills, 1970; Ru;se!l and Duncan, .19.6; Underwood, 1971; V/an Niekerk, 1974). 

elements in soils and plants, and 

Problems and Questions Needing Solutions 
areas where minera. deficiencies limit productivity of grazing ruminants.There is no doubt that there are many 

We need to know what and where thes are. Specific research is necessary before any deficiencies can be corrected in 

a reasonable and economic way. There is no justification for providing extra minerals unless they are really needed. 

They must be offered in such a way that they can be utilized to give economic returns. 
There are a number of question3 that should receive special attention in planning research, among which are the 

following. Do the nutrient requirements of ruminants in the tropics differ from animals in the temperate zones? It
 

c has been speculated that the requirement for sodium and other minerals lost in perspiration may be higher in hot dry
 

areas, but there are no comparative data. There is evidence that genetic variation exists among breeds of sheep in the
 

incidence of swayback and in copper metabolism and susceptibility to copper poisoning (Terrill, 1974). There are als,3 

significant genetic differences in blood concentrations of several mineral elements. Genetic-environmental interactions 

involving growth and energy utilization have been reported for sheep and cattle, but these probably do not modify, 
mineral nutrition, except as would be expected from differences in feed utilization, growth rates, body size and levels 

of productivity. Until data are obtained to the contrary, it seems safe to assume thait any differences in mineral require

ments betwee, tropical and temperate cattle and ;Keep are small. 
What is the best and most fconomical way to provide the mineral supplements needed? Self-feeding minerals to 

grazing cattle and sheep to provide needed minerals or insurance against possible deficiencies is the common practice 

in the developed countries. The view that the body's need for a mineral will regulate the amount eaten has not been 

confirmed in controlled studies. Some animals eat very little or none of the free-choice minerals, while others eat 

several times more than needed. Economics in each situation should determine how the nutrient requirements will be 

met. Research should be carried out to define the specific needs in various locations to provide the basis for correct 

managemeit decisions. Many other questions also need to be answered. This symposium will review the known infor

mation on mineral nutri'ion of ruminants in the tropics, define the unanswered questions and outline procedures for 

research which will obtain the critical information needed to increase the production of animal products. 
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One defines the tropics as the area of land that is found between'the Tropics of Cancer and Capricorn. There is onlyone soil characteristic that can be applied to this area which is the temperature of the soil profile at a determined 
depth throughout the year.

The variation in temperature at a depth of 50 cm is less than 5"C in the summer and winter which can be approxi
mately 300 Cat low altitudes and cold on the peaks of the intertropical mountains.

The greater part of the African continent, Centra, America, Northern Australia, and Southern Asia are found in 
this vast tropical area. 

This paper will be addressed primarily to the tropical part of South America, not only because we know this area
best hut also because this is where itudies of tropical soils have evolved in the last decades.In the study of tropical soils, it has been established with a certain frequency that soil profiles situated in deter
mined climatic zones, developed in the same hydrological situation and derived from the same parent material, have 
been laid down according to the stage of development.

A well known example is cited by Mohn and Van Baren, (1954) of the soils in the humid tropics of Java. These soils
derived from volcanic ash are di;tinguished by the following stages: embryonic, juvenile, virile, senile and lateritic
names that specially refer to weathering stages of the parent material. 

This paper will focus on the principal seluence of weathering or stages of soil development which occur in the vasttropical areas of Brazil, considering that up to a certain point, they are representative of soil formation sequences which 
occur in tropical regions, principally in Brazil and Africa. 
Landscape Formation 

One of the principal features of the oldest landscapes of Brazil is the presence of erosion surfeces at different alti
tudes (King, 1956) where the oldest surfaces are normally situated at the highest elevations.

The erosion surfaces that are observed in the landscape principally originated during the Quaternary and the Tertiary
periods. The surfaces originating during the Tertiary period cover avast area and many of them are well preserved such 
as the Brazilian Central Plateau with an average altitude of 750 m. The surfaces which originated during the Quaternaryperiod are more common on the Atlantic coast and in the semi-arid region of the northeast. Erosive forces operatedupon this original landscape during different periods, at diverse points and with different velocities such that many of 
the old surfaces were completelyt destroyed.

An ample time factor was utilized in the process which shaped the landscape and it produced greatly diverse geo
morphic features. 

For a comprehensive study of soils, regarding the distribution and classification, it is of great value to recognize the 
three large categories of landscapes (Bennema, 1962): 

1 -old areas that reflect th. original surfaces; 
2 -areas with newer surfaces which form the more elevated parts of the landscape;
3 -never eroded surfaces which form the lower parts of the landscape.

In reality it is difficult to make a separation into 3 categories because they are an arbitrary division of a continuous 
process.

The majority of gently rolling plateaus belong to the first category of land surfaces. The principal erosive forces frequently occur on the periphery of the plateaus, producing a progressive dissection of the old surface which forms 
accentuated transformations in the relief. However, the dominarst features continue from the origin&: surfaces of the 
old landscapes. 

-It has only traces of the primary alominum-silicate minerals; 
-It has more than 15% clay; 
-It has diffuse or gradual transition between its subhorizons; 
-It has less than 5% in volume which shows rock structure.
 

-This definition is sufficiently generalized to include a 
number of latosols that differ among themselves as to: 
a) the content of organic matter which can be extremely variable. Inthe hot equatorial region the iuminum 

horizon Is usually thin, even in the dense equatorial jungle it rarely exceeds a thickness of 10 cm. In the higher altitudes 
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in which a colder tropical climate prevails the humus content is high and darker levels can cover extensive areas of 

iatosols. Soils that contain high levels of iron oxide also have humus in considerable quantities. 
marked differences in the pedological properties even in,b)the nature of the parent soil material can cause 

heavily weathered sediments. This influence isreflected in the texture, color and iron oxide content of the soil. Latosols 

originated from eruptive basic rocks and have redder colors than those developed from acidic rocks which contain 

more quartz. 
co differences in the degree of the weathering of the soil material. The latosols are the most widespread in Brazil 

and Africa. Fijures 1 and 2 (Wandeke, 1974) show the distribution of these soils in the South American and African 

continents. 
The Brazilian classification of the latosols divided them as follows (Lemos, 1968): 

1) Brown latosols of altitude; 
,2)Latosols with CEC >6.5 meq/100 gof clay and PBS < 50% in the 82; 

3. Latosols with CEC>6.5 meq/100 gof clay and PBS >50% in the B2; 

4) Latosols with horizon A weak and high base saturation or base saturation that increases with the depth of B, 

attaining values greater than 50%. 
5) Latosols with CEC <6.5 meq/100 g of clay. 

1) Brown altitude latosols. The intent is to separate the latosols of the high, cold and humid areas. They are char

acterized by prominent A hdizon and yellow colorations or yellowing in the B horizon even with high levels 

of iron oxide. The cracking of the soil at entrance cuts, or high moistue holding capacity of samples which have 

not been dried previous to analysis can be used as specific characteristics as an zid to the identification of these 

soils. These soils normally have elevated lbjels of exchangeable aluminum. A united profile in large scale iepjing 

is an examp!e of this group. 
2) Latosols with CEC > 6.5 meq!100 g of clay (after correcting for carbon) and PBS < 60% in the B2. The intent is 

to separate the class 2 latosols which have low base saturation and are not well developed as latosols as evidenced 

by activity of clays from the class 1 those with low base levels that are not very well developed as latosols, latosols 

which are hk!,Ien in cold wet zones and appear to be related to climatic conditions. The soils of this class are 

principally characterized by the high percentage of exchangeable aluminum. The soil, "Erechim", is an example 

of this soil class. 
3) 	 Latosols with CEC > 6.5 meq/100 g of clay and base saturation of >50% in the B2.This includes the latosols 

which occur in the subhumid zone and have medium to high saturation base but excludes those latosols which 

have extremely low cation exchange capacity in the clay fraction. 

4) 	Latusols with a dffuse A horizon (ochric) in addition, a high base saturaion or base saturation which increases 

with depth and reaches values greater than 50%. The intent is to separate the latosols of the semi-arid zones 

from the latosols of the more humid zones. The predominant. characteristic that distinguishes this soil is the 

diffusp A horizon and base saturations that are norma~ly high. 

5) Latosols with CEC < 6.5 meq/100 gof clay. These are normal latosols with a low clav ectivity that occur in vast 

areas in the humid and subhumid tropical regions. They may or may not be suoject to the effects of the dry 

season but, neither the base saturation nor the clay activity, in the case of these latosols, is closely related to the 

climatic conditions under which they are found. In this particilar situation the parent material and the topo

graphic evolution is most important. 

1,, soil landscape No. 1, the distribution of the latosols is related to the local features of topography. The degree,. 

the f'krm and the W40h of the slope are important factor5, in the distribution of soils, which acts in the control of the 

quantity of water that percolates through the soil, in the differential transport of iJ'e eroded material, leaching, dis

locatlin and disposition of the mobile chemical constituents. 
The following diarams show topographic sequences and how they correspond with elements of the landscape 

(Rhue, 1960). 
The variations of the topographic sequence can be-diswinguished in the field: 

other processes apart from the original formation, similar in lithologic-topography shaped by denudation or 

character;and
 

-topography carved in two or more different lithological formations. 

In this paper these new featureIstill pertain to the previously mentioned landscape I category. 

The landscao IIlcategory occupies higher elevations with old contour surfaces which form rivers in a mountainous 

tpography. The rocks which constitute those areas are frequently more resistant to weiltherng. 

'The landwo-a lHc1 gorV ifound In lower parts of the landscape and is related to the river systems which from 

eroion hrn formed tho nwest eurfaoe&s. 

I (old sirfames with gently rollingto more accentuated topography) has a considerable covering of residualLands-ap 

metodal varying In thicknem ad in aadvancd stage of weathering.
 



Diagram of the topographic sequence of cold and humid areas-Class I Latosols. 

pp 1,500 to 2,000 mm. 
alt. - 800 m. 
Parent material - Basalt. 
Veg. Araucaria forest with campos limpos 

The soils that originate from this residual material are the Latosols of the Brazilian classification which correspondsto the Ferralsols of the FAO clasrification and the Oxisols of the American classification.The class of latosols, created by the'pedologists, inorder to group the soils, are commonly found in the low latitudesand show properties specificaly related with the genesis, geographic position and management practices. These soilsoccur principally in tropical climates and they cuver vast areas with gentle rolling, well drained topography. These soilsare intensely weathered ard are associated with ancient geomorphic surfaces.Latosols, as ageneral rule, are very deep soils with diffuse transition between horizons, very little strongly developedstructure, very porous and very resistant to erosion.Chemically and mineralogically they are composed of an almost complete decomposition of easily weathered parentmaterial, with the clay fraction dominated by Kaolinite or sesquioxides.The diagnostic horizon for this class of soils iscalled "Oxic Horizon" (FAD, USDA classification, 1970) or B latosols(Soils Commission, 1960) and exhibit the following principle characteristics: 
-more than 30 cm thick;
-the cation exchange capacity of the fine soil fraction is16 meq/100 gof clay or less by the ammonium acetate

method at pH 7.
In areas in which the sediment mantle is not very thick or where the dissection of the plateau was more intense thesppearance of Latosol Roxa and Terra Roxa structures are common on the river valleys.In areas in which the mantle is thick and is predominantly composed of quartz or sesquioxides,'the dissection of theplateau by rivers does not normally modify the naturE of the parent material. Erosion attacks the borders of the plateauand transports the material to the valleys, selecting soil particles during the process. The sands remain on the slopes and 

the claysent texture and color.are partially removed in suspension, which results in a soil sequence with accentuated characteristics of difer7 
The heaviest soils are observed in the highest parts; they are not dissected and have ared colur and the more sandysoils are found on the lower parts of the slope or in the concave parts and are normally'yellow in color.In these topographic sequences it can be observed that besides the Latosols, the most dissected soils are those withdifferent characteristics than tha Latosols. These are' soils thataow textural B horizon according to the Brazilianclassification that corresponds to the "argillic horizon" of the American dassification and "ar2illuric horizon" of theFAO classification. These soils, litholic soils, Entisols, Inceptisols, are normally little developed and found In the moreslop : q sections of the relief while alluvial soils, vertisols, hydromorphic soils and alkaline soils are found inthe lower 

parts of the slope.
After the latosol, the majority of the taxanomic classifications that occur in tropical Brazil show a textural B horizon.As a general rule this texture B horizon can be defined as having the following characteristics: 
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Diagram of topographic sequences in the areas of clan 5 latosols. 
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DARK RED LATOSOL
 
MEDIUM TEXTURE,
 

YELLOW RED LATOSOL 

MORE SANDY TEXTURE 

-the clay fraction is greater than 15%; 
-it should have at least 1/10 the thickness of the sum of the superior horizons or more than 15 cm if the sum of 

the A and B horizon is greater than 150 cm; 
-the textural ratio B:A is greater than 1:2 if thesuperficial horizon has more than 15 and less than 40% total 

clay; if it possesses more than 40% of what the B horizon should contain or at least 8% clay;
 
-the soils with high activity clay generally show clay values higher than 5%;
 
-the strongly developed structure has a tendency to be in angular or subangular blocks;
 

-the colloidal film that envelops the aggregates is always observed; and
 
-generally they show a distinct contrst between A, B and C horizons.
 

According to the criteria of the Brazilian classification the soils of texture B horizon were grouped according to the 

clay activity (the cation exchange capa.'ity of more or less 24 neq/100 g per 100 g clay after correcting for carbon), 
the base saturation, the aluminum saturation, the type of A horizon and the parent material. 

In landscape II (areas with young features which occupy the more elevated part of the relief) the mantle of sediments 
is much less. On the steeper slopes where rocks occur that are resistant to weathering, the mantle of sedimaeots is prac
tically absent and in these areas lithological soils predominate associated with outcroppings of rocks. 

On the gentle slopes soils are more developed and they correspond to B horizon soils according to the Brazilian 
classification or "cambic horizon" of the American classification. 

In landscepe Ill, the younger eroded area forms the lower part of the general landscape which primarily occur in 

humid climates as Alluvial Soils, slightly humic gley, humic gley and hydromorphic laterite and yellow latosols in the 
terraces, in te semi.arid climate, there is a predominance of alluvial and alkaline soils. 

Stages of Weathering 

Frequency distribution of minerals in soils reflect climatic, biotic and topographic factors operating on the parent 
minerals as a function of time. 

Jackson (1964) examined the basic geochemical and pedogeochemical principles controlling transformations of in
herited clays in soils genesis during the Quaternary and considered the following stages of weathering: 

Mild Desilicat-on. This occurs in little weathered soils (intensity x time) and the results in the formation of inter
grade or chloritic montmorillonite and vermiculite. Chloritized vermiculite is the most typical Quaternary clay trans
formation product under these conditions. 

Intermediate Desilication (Kaolinization).This occurs in average weathered soils, predominately kaolinite, halloyste 
and allophane soils with small quantities of chloritized vermiculite and the presence of hematite and ,bbsite. In 

these stage are found latosols of classes 1 and 2 plus the majority of soils with textural B horizon with clay of high 
actixty. 
Intensive Desilicatlon (Laterization). Under conditions of Intense leaching there Is a loss of silicon and an enrichment 
of the clays, in hydrous oxides of aluminum, titanium, iron and manganese and residues of titanium oxides. In the 
soils, crystalline oxides of iron (hematite) predominate along with gibbsite and kaolinite and the presence of chlori

tized vermiculite with mica. in this stage and under condition of intense leaching most Latosols are found and soils 
with textural B horizon with days of low activity. 

If we utilize the terminology of Mohr and Van Baren, (1954) the majority of the latosols and the soils with texto'ral 

oB The difference a geologicallyhrizon belong to the senile stage. in the development of landscape between Java, 
active region, and .Brazil, a relatively stable region, explains why soils in the juvenile and virile stages rarely occur in 
Brazil. 
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GENERAL CHARACTERISTIC OF SOILS**
 
Extr. Base 

Ai+++ Ti0 2 FreeUnits Horizon Color Bases CEC Sat. A120 3 Ti0 2 Oxides Am Mix ;,ao GI
-Lat. Brunci de B 7.5YR416 0.54 5.17 7.75 7 1.95 3.33 15 21.6 17.3 58 0.8
Altitude 
(Vacaria) 
Lat. Roxo B 2.5YR3/6 0.46 5.91 7.53 6 2.09 4.18 10.5 24.1 14.4 56.9
Dist. Alico
 
(Erexim)

Sololitolico A 5YFi3/2 19.07 0 21.70 
 89 3.07 2.96 3.3 22.68 9.6 46.72 1.4
Eutrofico
 
(Charrua)
 
Brunizem B 2.5Y23/8 31.8 
 3.5 39.8 80 3.57 3.88 9.0 20".44 4.12 57.86
Avermelhado
 
(Ciriaco)
 
Latosol B 10R3/5 2.35 
 0.8 3.17 74 1.97 0.79
Verm. Escuro
 
Fase semi-arida
 
Lat. Roxo B 10R3/4 0.52 0 
 2.0 26 0.56 7.16 33 11.4 0.5 35 55
T. Roxa B 2.5YR3/4 8.93 0 11.25 53 2.13 4.32 23.5 29.8 15 52 8
Estructurada 

Extr. Bases = Extractable bases, meq/100 g Am = Amorphous material

A Exchangeable aluminum, meq/100 g 
 Mix = Mixed layer of gibbsitef.FC Cation Exchange Capacity, meq/100g Kao Kaolinite= 
PBS = Pen'entage Base Satuation, % Gi = Gibbsite
 
TiC 2 Oxigenated water
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Introduction
 
In a pasture-ruminant animal ystem, 
a major part of the animals requirements In terms of energy, protein, andvitamins can be satisfied by past..e. For this to be possible, it is necessary for the plants to have good soil and climateconditions for their development in order for them to produce high dry matter yields of good quality. Under thissituation, the plants withdraw from the soil solution the essential elements N, P, K, Ca, Mg, S, Zn, Cu, Mo, Fe, Mn,B, and CI, in quantities to satisfy their own requirements as well as satisfying many of the requirements of grazinglivestock. Besides the essential elements, the plants withdraw Se, Co, I, AI, Si, etc., from the soil of which the first

three are essential for ruminants. 
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In a given soil, absorption of the clements occurs in quantities proportional to its concentration in the soil solution 

when these are not excessive in relation to the capacity of absorption by the plants or when it does not cause them 

physiological disturbances. Therefore, in accordance with the requirements of the plant, elements with low, high, or 

excessively high concentrations in the soil solution will yield plants which will show adeficiency, sufficiency, or toxic

ity of the element in question. Obviously the variation from a deficiency or even an absolute absence through atoxicity 

is continuous. The deficiency or toxicity of an element provokes imbalances in the absorption of other elements and 

in both cases the 4owth of the plant is reduced. Lack of activity or undesirable activity of certain microorgamisms in 

the soil can also be the cause of deficiency or toxicity of ame elements in giants. 

In Latin America plants commonly suffer the con..quences of phosphorus deficiency, while aluminum and often 

times manganese are prirarily responsible fnr toxicity problems. Nitrogen deficiency in pasture grasses is also frequent. 

Other deficiencies found in pasture, associated with certain types of soils or soils that are intensely cultivated are K, Mg, 
S, and some micronutrients. Plants with deficiencies cr toxicities are unhealthy and constitute pastures of low nutritive 

value for animals ,nd often result in yields of dry matter lower than the genetic potential of the specie or variety. Even 

when animals ingeit normal quantities from these pastures, they will often be deficient in minerals and other nutrier,ts. 

Consequently, Cie quantity and quality of the nutrients produced in the pasture depends directly on the availability of 

the essentlal and nonessential elements which are available to the plant from the soil. 

Availability of Elements to Plarts, 
For a more adequate discussion of the properties of soils which affect the availability of elements to the plants, one 

must consider those factors which determine the concentration of minerals in the soil solution, as well as those which 
affect their movement in solution in the direction of the roots. 

Elements are present in the soil in almost totally the solid phase, which form parts of organic compounds and miner
als (E-solid). From the solid phose a small proportion is freed for the soil solution (E-solution), which in equilibrium is a 

complex between E-solid and E-solution. The elements in the soil solution move in the direction of the root surface (or 

vice versa), where they are absorbed and transported to the interior of the plant (E-plant). These relations can be dia
gramed as shown below: 

E-solid - E-solution -+ E-plant 

The process of the liberation of elements from the solid to the solution phase and later absorption by the plants.is 

dynamic and whatever factor that affects it, even in part, will necessarily affect the absorption of the elements or its 
availability to the plants. 

Factors that Affect the Relationship Between Elements in the Solid Phase and in Solution 
The relationships maintained between elements in the solid phase and soil solution (E-solid - E-solution) are a result 

of a great or small tendency of the elements to pass from the solid phase to the solution and vice versa. This tendency 
depends basically on the complex forces which link the elements in the iolid compounds and on the composition of the 
soil solution. In the majority of the cases, only asmall fraction of the total quantity of an element in the solid phase is 
in contact and, t!ierefore, in equilibrium with the soil solution. 

Factors that affect the relationships between E-solid and E-solution can be better visualized if they are treated in 
accordance with the laws of chemical equilibrium. For this, it is necessary to consider reactions of precipitation and 
solubilization, of cations and anions exchange, and of chem;cal adsorption and oxidation reduction. The activity of 
micro-)rganisms should also be taken into consideration due to their role in oxidation-reduction re'!ctions, decomposi

tion of organic matter, and the availability of nitrogen and sulfur. 
Precipitation and solubilization. The elements can react among themselves to form insoluble precipitates, in which 

the elements in the form of ions are distributed in the crystalline network in defined proportions and in a regular 

manner. Many minerals of the soil are compounds of this type and naintain an equilibrium with its ions in solution that 
can be defined quantitatively and qualitatively by the chemical equilibrium constant called solubility prod-jct. Similar 
reactions, however, in some cases very complex, as with clay, can also be considered for other minerals. 

Table 1 shows the solubilization reactions of some minerals of importance in the soil. 

Table 1 

SOLUBILIZATION REACTIONS OF SOME MINERALS 

No. Mineral Reaction 

1 Calcite CaCo 3 + H20 - Ca2+ + 20H" + Co 2 

A1 +2 Gibbsite AI(OH) 3 + 3OH

3: Goethite FeOOH + H2O Fe3+ + 3OH 
+4 Hydroxyapatite CaS(P0 4 ) 30H -. 5Ca + 3PO 3 " + OH" 

Fe s + 
5 Strengite FeH 2 PO,,(OH)2 - + H 2 PO- + 20H* 

+6 Variscite AIH 2 PO4,(OH)2 -+ Al + H2 PO + 20H* 
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The reactions of Table 1 show that the pH isan important factor in the solubility of minerals. In the reactions todissolve limestone, gibbsite, goethite, and hydroxyapatite more rapid solubility isobtaired under conditions of low pH(low activity of OH Consequently, the lower the pH, the greater the concentrations of A 13+, Fe3+, Ca++ , andphosphate in the soil solution. In conditions of low pH (pH 4 to 5), the concentration of Ca2+ and of phosphate insolution needs to be extremely high to maintain aconstant solubility product. As these conditions are practically ni6nexistent in acidic soils, the apatites completely dissolve in these soils. On the other hand, in apparent contradictionwith reactions 5 and 6 in Table 1, streingite and variscite tend to dissolve more which increases the pH. This resultsbecause the ions A 13 +and Fe3+ have great affinity for OH and as its concentration increases raises the pH, hydroxidesare formed with these metals. Consequenzly, there is decreased activity of the ionr A 13+ and Fe3+ in the solution,which stimulates the displacement of the reactions to the right while increasing the solubility of the minerals. The pHalso affects the solubility of many minerals by its action on the degree of protonation of anions of weak acids such as
phosphoric acid, carbonic acid, etc.

Possible reactons in the formation of soluble complexes of di- and trivalent metals with organic radicals stimulate agreater solubility of minerals, increasing the total concentration of these metals in the solution. Conditions of high pHand of ahigh percentage of organic matter in the soil favors these reactions. The addition of soluble fertilizers to the soilcan stimulate the precipitation of certain minerals in the regions adjacent to the fertilizer granules. These recently precipitated minerals principally the oxyhydroxides have an imperfect (amporphous) crystalline structure which makesthem more soluble. The concentration of elements such as P, Al, Ca, etc., in the solutions of acid soils is generallymore dependent on reactions of adsorption than on the solubility of minerals.Exchange of cations and anions. The solid materials in the soil present positive or negative electrical charges on theirsurface. These charges can be permanent and constant with the pH, as negative charges of montmorillonites and vermiculites or charges which vary with the pH (charges dependent of the pH), like the charges of oxides and of organicmatter. Increasing the pH of the soil by the addition of lime stimulates th-b increase of the negative charges on the sur
faces of organic matter which can be represented by the reactions: 

-COOH + OH 4+* j -COO. + H 2 0 

R__ -OHt + 2OH" - -I0H-+ 2H 20 

in which R and A I represent respectively, solid organic compounds, and A I or Fe from the mineral surface.
Increasing the pH from 4 to 6 ir soils with high levels of oxides and organic matter increases the negative charges up

to 100 percent or more.


In the majority of soils the surface charges are negative and for this reason the cations are adsorbed electrostatically,
to the surface. The adsorbed cations (Ca2+, Mg2 +, K+, Na+, NH+ , and A 13 + principally) maintain themselves in equi'

librium with those of the solution, in which 
a large quantity of an adsorbed cation corresponding to a large concentration in the solution. The anions C1', No;, and I-are repelled by the negative surfaces and tend to remain in solution.The proportion in which the cations are distributed in the solution and on the surfaces depends principally on thetotal proportion of each one in the system, on their total concentration In the solution, on the number of charges and
origin and on the quantity of charges of the surface. This results from the fact that each adsorbed cation can be dis
placed b%,
others inan exchange reaction as indicated below: 

X Ca2 + + K+E+X'K+ + %Ca2 + 
in which X" represents a negative charge on the solid surface.This reaction illustrates that as the concentration of a cation in solution increases, there isan increase in the concentration of all the others in the solution. The final equilibrium is dependent on the affinity of each cation for thecharges on he surface, which is the equilibrium constant for each exchange reaction involved. The cations which areabsorbed or in solution because of their properties to enter into exchange reactions are called exchangeable cations.The order ,of affinity or force by which the cations are attracted by the charges on the solid surfaces of the soil Isas follows: A 13+ > Ca2+, Mg2+> K+, NH+4 > Na. Qualitative and quantitative changes in this order can be verified inaccordance with the origin of surface charges and with the concentration of cations in solution. Thus, the chargesoriginating from the organic matter attract more di- and trivalent cations, whereas the charges of vermiculite attract
moreK 4 and NH+ when these are In low concentration in solution.

Increasing the pH by liming increases cation exchange capacity (CEC) of the soil. Therefore, for the distribution ofthe cations at the exchange points to remain in proportion to the total quantities in the system, adsorption of cationslike K+, Na+, and NH- are stimulated. The result is a decreased concentration of these cations in the solution. Therefore, the total quT'1..y of an exchangeable cation is riot a good index of its availability to the plants (concentrationin the solutioiq. The effect of the number of charges(CEC) in the concentration of a cation in solution can be approxfmately compensated considering the percentage of the charges that are held by the cation (% of saturation). This Isthe objective of using percent saturation of CEC with A I and with K. 
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The absorption of cations by plants decreases the concentration in the soil solution. At the same time a portion of 
these cations is liberated from the sites of adsorption into the solution in an attempt to maintain the original equilib
rium between adsorbed cations and those in solution. The decrease in cation concentration in the solution is less In 

soils with high pH, high levels of clay and high organic matter which provides high levels of exchangeable cations. The 
decrease in cation concentration, especially K, is large in sandy soils with low pH. In the first case the soils are said to 
have high cation buffering capacity while in the second there is low buffering capacity. 

Chemical adsorption. Elements such as P, Mo, Se, S,Si, B, Zn, Cu, Co, Mn, Fe, A l, H, and others are able to link to 
other elements on the surface of the minerals and the organic matter, through bonds with high degrees of covalence 
which form compounds or complexes on the surface. This type of linkage isstronger than the electrovalent bonds due 
to the electrostatic adsorption of cations. 

The elements P, Mo, Se, Si, and B are adsorbed in the form of anions (electron donors) whick link themselves to 
A I and Fe on the surfaces of minerals in the soil. On the other hand, the elements Zn, Cu, Co, Mn, Fe, and Al are 
adsorbed in the-form of cations (receptors of electrons) which link oxygen coordinates with A I and Fe on the mineral 
surfaces and to the carboxyls and other groups of the organic matter. In every case, a certain equilibrium is maintained 
between the adsorbed elements and those in solution. The addition of these elements to the soils in the soluble form 
increases its concentration in the solution and the quantity adsorbed. Phosphorus and copper are the anion and cation 
most strongly adsorbed by the soil. More than 99% of the P added to the soil in soluble form (super-phosphate) is 
normally retained by the solid phase. However, this does not indicate that all this P is lost to the plants, because a part 
of it remains in equilibrium with the solution and the concentration in solution is replenished when it isabsorbed by 
the plants. 

Some soil properties that affect the chemical adsorption and, consequently, the concentration of some elements in 

the soil solution can be deduced from the simplified reactions of Table 2. 

Table 2
 

REACTIONS OF CHEMICAL ADSORPTION OF SOME SOIL ELEMENTS
 

No. Elements Reaction 

1 P,Mo, Se, S -OH + HPO4 4 r ..-H2PO4 + OH" 

H+2 Si, B. Al -OH + H H 4 SiO4 j[] -H3 SiO,, + + H2 0 

3 Zn, Cu, Co, Mn, Al .OH + Zn++  - [] OZn+ + H+ 

COOH coo 

+2JZn +Z 4+ I n 2 H
%COOH 

The reactions of Table 2 show that increasing the pH of the soil stimulates the Increase in the concentration of P, 
Mo, Se, and S in the solution of the soil; whereas, the concentration of Si, B, and of the cations in the solution di

minishes with the increase in the pH. It should be emphasized that these reactions, as written, may not represent pre
cisely the mechanism of adsorption; however, they are in accordance with pH effects generally observed. 

At a given pH, the charmical adsorption due to the large number of adsorption sites is greater as the level of oxides 
and hydroxides of Fe and A I, clays and/or organic matter increases (this is true c.nly for B and the cations). Conse
quently, after the addition of' fertilizers the concentration of the elements in the solution, which are chemically ad
sorbed, will be greater in the soils of light texture and those low in organic matter. Nevertheless, in these soils, with 
the absorption by the plants, there is a greater decrease in the concentration of the elements in solution than in the clay 
soils and those with higher levels of organic matter. In the first instance, soils are said to have a low buffering capacity 
and in the second a high buffering capacity. Soils with high buffering capacity, in general, need heavier fertilization 
but lose their fertility more slowly than those soils with low buffering capacity. 

Oxidation reduction. In soils with an excess of water, the air spaces between the soil particles are filled with water. 
Under these conditions there is a lack of free oxygen for the respiration of aerobic microorganisms and a population 

of anaerobic microorganisms is established. In order to oxidize and decompose the organic matter anaerobic microorga
nisms reduce the elements that can exist in more than one state of valence under normal conditions to the oxidation
reduction potential of the soil. The elements N, Mn, Fe, and S whose oxidation reduction reactions shown in Tablq_ 3 
are of major importance. 
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Table 3
OXIDATION-REDUCTION REACTIONS 

OF SOME ELEMENTS 

No. Reaction 
1 2NO + 8H + + 6e' - + 4H20N2 
2 NO; + 2H + e- - NO + H2 0 
3 MnO 2 + 4H+ + 2e' - Mn2 + + 2H 20 
4 Fe(OH) 3 + 3H+ + e" - Fe 2 + + 3H 20 
5 S0 + 101.1+ + 8e" - H2 S + 4H20 

Soon after flooding the soil a reduction of NO3 to N2 occurs, which is lost to the atmosphere (combination ofreactions 1 and 2). At the same time an accumulation of NH+ begins which originates from the decomposition of theorganic matter. A reduction of Mn to Mn2 + and Fe to Fe2 + follows, which are soluble divalent compounds. Conse.quently, their concentrations in the soil solution increase to levels which are toxic to plants not adapted to the floodedsoils. The concentration of Mn2+ und Fe2 + are generally higher in soils that have high levels of oxides-hydroxides of
Mn and Fe and high levels of organic matter. 

Drastic conditions of reduction, like those found in soils with high levels of easily decomposable organic matter, can 
result in the reduction of SO2" to H2 S, which is toxic to plants.

Microbial activity. Microorganisms, specifically bacteria, have a fundamental role in the availability of N for plants,whether they fix it directly from the air or enhance the availability through the decomposition of nitrogenous organic
compounds. Since the microorganisms live much like plants, they also require F, K, Ca, IVg, etc., for their nutrition,
and their activity is generally greater in soils with high levels of these elements in solution.

The pH is a property of the soil that greatly affects the activity and type of microbic flora. As a general rule, microbial activity is much lower in very acid soils (pH 4 to 5) and is increased by the liming of these to a pH of 6 to 7. Consequently, liming acid soils increases the availability of N for plants because of greater availability of organic N and/orgreater N2 fixation by free or symbiotic bacteria. Greater and more efficient nodulation isgenerally observed in legumes
when lime is added to acidic soils. In addition to N, the availability of Sand up to a certain point B isclosely linked to 
the microhic decomposition of organic matter. 
Movement of Elements to Root Surfaces and Absorption

The roots absorb elements from the soil solution that enter into direct contact with their surfaces. In order tosupport continuous absorption by the roots, they grow into new regions which have nutrient solutions which can betranslocated by the root surfaces. Three mechanisms are responsible for movement of elements to the surface of theroots: root interception, mass flow, and diffusion. The ability of the roots to absorb the elements in the solution
adjacent to the surfaces may be difficult because of certain adverse soil conditions.

Root interception. As roots grown they occupy space formerly occupied by the soil solution and enter into contactwith the elements which are present and thus absorb them. Data obtained with corn culture in relatively fertile soil,indicated that only the Ca requirement could be completely met by this mechanism. However, a significant portion ofthe plant requirements for Mg, Mn, and Zn can also be provided by root Interception. The contribution of this mechanism to the absorption of nutrients isgreater as the concentration of these in solution and the root system increases.
Mass flow. The soil solution moves in the direction of the root surface in order to replace thu water lost in trans. piration. This solution takes with it nutrients which can be absorbed by the roots upon contact. Approximate calculations have shown that in soils of high fertility this mechanism can furnish much more than the plant needs for Ca, Mg,Zn, Cu, and B. In these cases there is an accumulation of the elements close to the surface of the roots. Nevertheless,in soils in which the concentration is low in relation to the needs of the plant, this mechanism is insufficient forconducting necessary quantities of the elements to the root surfaces. This rarely occurs with aCa due to its relatively high

concentration in the solution, even in acidic soils.
When the requirements of the plants are not satisfied by root interception and mass flow, the elements move to the 

surfaces of the roots by diffusion. 
Diffusion. This mechanism is indispensable for the expedient Pand K nutrition of plants. In the solution next to theroot surface, the concentrations of P and K are much lower than in the more remote solutions. In view of this concentration gradient, the phosphate ions and K+ move by diffusion In the direction of root surfacea. This diffusive move 

ment can be represented by the equation: 
Q = ADH (Cs-Cr)/L

in which Q= quantity of the element that diffuses to the surface of the roots per unit of time; A= absorbent surface area of the roots; D= the coefficient of diffusion of the element in water (constant); H= fraction of the volume of thesoil occupied by water (also includes a tortuosity factor); Cs= concentration of the element In solution at a distance L
from the root surface; Cr= concentration of the element in the solution next to the root surface. 
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This equation does not exactly represent the situation in the soil; however, it clearly points out some of the proper

ties of the soil that affect the diffus;on of the elements to the roots surfaces. Thus an extensive root system composed 

of small roots provides a large area (A) for absorption of elements. In soils with a high content (H) of water (high levels 

of clay and organic matter) the quantity of the element !hat diffuses per unit of time up to the surface of the roots is 

greater than in soils with low water content (sandy). High concentration of elements in the soil solution (Cs) and the 

ability of the plant to absorb them rapiily resulting in a low Cr are factors that increase the absorption of P and K by 
plants. Soils with high buffering capacity of P and K have greater capacity to maintain a constant Cs than soils with a 

low buffering capacity. Consequently, the value of L tends to be less in those soils resulting in a greater absorption of 
P and K. In soils with low concentration of N, B, and other elements, diffusion can be the principal mechanism of 
movement to the root surfsces. 

Absorption capacity of roots. The iarle or smiall capacity of roots to absorb elements is characterized by species and 

variety. However, sorde soil properties affect this ability. The presence of substances or elements In the soil solution 

that have toxic effects and interferes with the metabolism of plants affects the absorption of the elements. The most 

common cases of toxicity in the acidic soils of Latin America are due to high concentrations of A 13+ and Mit 2+ in the 

solution. Liming of these soils to'a pH of 5.5 ormore eliminates the problem. Species and even varieties show great 

differences ir the susceptibility to A W and Mn2+ toxicity. 
The roots of the plants adapted to well-drained soils need oxygen in the soil for their respiration. In soils with de

ficint aeration, root absorption of a large number of nutrients is greatly reduced. The absorption process of elements 

is related to the metabolic activity and it is affected by soil temperatures. Generally the absorption isslower in cooler 

soils. 
Besides the required quantities of nutrient elements, it is necessary for them to be maintained in satisfactory propor

tions in the soil solution or to be appropriately balanced. If this does not take place, antagonistic effects can occur that 

cause a decrease in the absorption of one or more elements. One example is the antagonistic effact of K on the absorp
tion of Mg where an increase in the concentration of K in solution causes adecrease in absorption and even a possibie 
magnesium deficiency. 
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introduction 

The theme of this paper is very diverse and it is difficult to approach it with the necessary depth that the material 
demands and that would be desirable in the short time that has been given to me. This subject is a segment of the pro. 
gram from the discipline-analysis of soil fertility, a course given at the graduate level, encompassing many cless hours 
at the Federal University of Vigosa. 

This preface is to justify the general approach that will be used on the subject. We will restrict ourselves to the basic 

principles of the analysis of soil fertility and we will superficially comment on the methodology used in the determina
tion. To analyze signifies measuring, comparing, and determining the value of something. Theeefore, the analysis of soil 
fertility means to measure its fertility, to compare it with a sample, and to determine its value. 

At this level many difficulties begin to arise in the concept and in the definition of the basic principles of the analy

sIs. When fertility of the soil is determind using the defined methodology, we encompass two very distinct stsge. The 

first stage is the physical chemical measurement of the characteristics of the soil and the second stage which is more 
difficult and cornplx, is the utilization of the parameters obtained in the first stage. 
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.. In this manner, the two stages are complimentary. On the other hand, the physical-chemical characteristics are
measured in the area of soil fertility, so that this information can be used to alter some parameters of vegetative growth.
There is no significance in saying that a soil has a 8 ppm phosphorus unless this information permits other interpreta
tions, for e.ample:.

(a) What quantity of phosphate fertilizer added to the soil is needed for maximum vegetative production? (b) Do 
the plants which grow in this seil have an adequate level of the element? (c) With this level In the soil, wiJ there be 
sufficient forego production to. support a certain number of cattle per hectare? Certainly many other investigations 
will have to be made. 

How do the two distinct stages make up a program of soil fertility evaluation? To quantify the fertility and to ade
quately use that quaittity involves the study of two systems:. the so*I system and the vegetative system. These two 
systems are very dynamic iind this dynamism isassociated with the interaction of many other variables which makes 
the analysis of soil fertility avital and challenging subject.

The need to study these two systems is Implicit in the v, ry concept of soil fertility which Is the capacity of soil to 
give essential elements to plants. The relationship can be !- en from a study of these two systems.

The relationship of the two systems, using the ,!.;nple of the movement of element M can be seen in figure 1. 

Figure 1
 
Diagram showing relationship between the
 

soil and plant systems, according to
 
Gunary and Sutton (1957).
 

K1 
M-Soll _V Soil solution (near the soil surface) 

K2 
Diffusion 
4 
M- soil solution (near the roots) 
K3 4 tK 4 

M - Plant 
When we study the relationship between the two systems (sail and plant system), we are forced to restrict the study

in such a manner that under specified conditions it is necessary to observe the effect of one element in particular.
This restriction frequently brings on r .her difficulties. One of them refers to the soil itself. In the soil system we em

phasize the study of a defined quantity ot soil which is located near the roots and where they are numerous. However,
the development of the roots was or will be affected by the physical-chemical propertieb of each layer of soil (Jackson,
1967). Table 1 shows the absorption of phosphorus by grasses and other species at different depths.

Another difficulty frequently encountered in the analysis of soil fertility iswith regard to plant association, an area 
of great interest to Animal Science. 

When a single species is studied the difficulties are not small, but difficulties are increased when studying different 
species and even cultivars within a species. There are many interpretations that can be made from the evaluation of data
from one specie in particular. The recommendation that is made for one specie consequently spreads its supremacy over
another, "the capacity of one specie ismore or less proportional to its productivity," excluding the Montgomery effect, 
BeuJh (1969), 

Table 1 
RELATIVE PHOSPHORUS ABSORPTION AND ROOT DEVELOPMENT 

AT DIFFERENT DEPTHS 

""Wewill discuss the soil system for it is the main objective of this paper. The analysis of the soil sybtem c:an be 

Depth Phosphorus Other Roots Other 
(cm) Grasses Spacies Gras Speies 
0-25 70 64 81 66 

25-50 19 23 14 27 
50-75 11 13 5 7 

Source: Nye (1969). 

accomplished by using chemical and/or biological methods. 
In the first group, the analysis is made by means of a chemical agent that, after being activated in the soil system, 

extracts a liquid component in which the element is determined. 
In the second group, the plant substitutes for the chemical extraction. The analysis is made from production in field 

trials and greenhouses, from the visible symptoms or by the analysis of the total or specific parts of the plant.
Soil and plant analysis do not offer the same parameters, but this gaper will give an idea when chemical methods and 

biological methods are used to analyze the soil system. 
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Chemical Methods 
Soil System. 

The soil'system can be analyzed using 'only the I*;uid phase or'the solid phase, but it is more accurate to study the 
interaction between the two phases. 

When the plant bs.orbs aquantity of an element from the liquid phase ofthe soil, there is an Imrmediate need to 
replace it frm the solid phise. If tie solid phasi ontains a sufficient quanti of the element and the o'Jnstant K, ,is 
greater'than K2 (figure1) there is thepossibility ,f replacement of the absorbed quantity. It isimportant for the level 
of the element In the liquid phae to rmain constant so that It can be renewed numerous times duringthe plant cycle. 

In some situations, this level cin be up' to 0.001, ppm of P, with the level being renewed about 500 times during the 
growing cycle ofa piantSeatz'nd Stanberry (1A3). 

The scheme, represented by figure sU e, " that the total quantity of the elements which can exist in the solid 
state dnpends onthe retention capacity of the soil. Likewise, the larger the value ofK 1, the larger the quantity thbt can 
be retained iid the larger the quantity that c4n pass to the liquid phase. This passage depends on (1) the rate at whiich 
ithes-erwnrtst1ansfer from the solidtphaseinto -the solution, (2)Wthe rate at which the plant removes elementsfrorn the soi 'oluton, -(3) the length -of t e'diffusIon pith, (4) the diffusivity of the ion, (5) the magnitude of M 
(solid) and the reaction rate constants, (6),imatic factors such as rainfall and temperature which affec& both ionic 
and biological proc , and (7) the history 6f the soil sample (Fried and Broeshart, 1967). 

At this ievel 6n&already has some dea ofhow to analyze for the element M in the soil. When the soils have the same 
absorption capacity, the analysis can be mae'e exclusively on the quantity of M in the liquid phase. When the absorption 
capacity of the soils are different three paameters are neLJed: the quantity of the absorbed element that can be trans
ferred by the soil solution, the quantity existing in the soil sulution, and the velocity of the transference from the solid 
phase to the liquid.

The first of these parameters is called the capacity factor (0).and the second is the intensiv factor (I). As it is not 

always possible to know beforehand the 'alue of Q, it is necessary to calculate the value of QI which signifies the buffer
ing capacity ffhe sol. Bache and Roqers.(1970), Barrow etal. (1965), Beckett and White (1964), Khasawneh (1971), 
Le Mare (-60 Rama Moorthy and Sobramanian.(1960), Weber and Mittingly (1970), White and Beckett (1964). 

Analysis of the ipacity Factor 
Besides the definition already g..;n, the capaciK;-..::tor can also be thought of as reserves )f the element M that can 

be transferred from the soil solutior*durng plant growth, Fried and Broeshart (1967). This capacity can be determined 
by using selected chemical extractors which are chosen to conform to the type of element which is being analyzed. 

For the analysis of nitrogen, te quantificati n of the capacity factor is more difficult because It depends on the 
microbial activity of.the soil and the surrounding factors which regulate this factor. In addition to these difficulties, is a 
fact that in the last stag of transformation the form of N Is in the N-N0 3 form which is easy leabched from the soil. 
The analysis of the nitronar;capacity by its rate of availability and by the initial pnalysis of inorganic N Was reported 
by Dahnke and Vasey d97). 

,In order to relate the nitrogen in thii soil to the plant correlation, studies are made using, as a dependent variable, 
the nitrogen absorbed by the plant or the response of this to the o9plication of anitrogen sourcq. 

fIn the,cas of phosphorus the problem is more complex becaus- of the extremely dynamic behavior of this element
 
in the soil and of the physical-chemical characteristics of the soil wlich infuence its behavior. For each form of phos
phorus xisting in the oll one extractoris'uss which implies that the form isrelated to theextraction. Tcble 2 shows
 
an -9perimentwith latoiso conducted in the stILta of Minas Gerais, Bahia Filho and Brag (1975). The data obtained
 
are,,srrelted with the quantity of ablsorbed phosphorus or with the plant response which is similar to the case of
 
nitrogcn. . . 

For the elements, potouim, calcium, magnesum, end others, the analysis of the capacity factor signifies the mes
u;reet of the exchan quantity of them eemnts asmwl as the capacity for replacing these elements. In the case 
of potamiumthe 0 fi' wal obtained with the use of immonium ate IN, pH=7.0.Values obtained were correlated 
with the .ar6ptin rpotmmby the plant with other extractors of available potassium (Braga, 1972). The capacity 
of pota m liberation h bean evaluated by means of chemical extractors or through successive rops depending on 
the forms thatietiIn the sol. 
. The aniy t b isparticull difficult b ie of the mall (uantities and becise of the small 

amout of isting know on the lehavlor of the micronutrients In the sol, elpecially in riference to the interac
tions that are preant with other alm ts ind with the characteritics of the soil environment. 

The intentsity facor" Isthe;acti~v quantity in soil solution. Its measurement presents a series of difficulties prin
cipelly becaus of theyvrii. n he.e qfm moistoe. q

mods: Oner tie conentration of theThis ut the ol lnvm rs to use two.bio measures 
,4 tratns. onentrationelevated moleture, conditions. Each of these approacheselaeui Ude nllniadteohrsum~~~r

Ire In The nwa coilon method use CaClI in ner"oJht vary from 01t 

, h, rmi vs. int, , -of of eae smnt. Tei ek n ckelrquation Is adi the cabaieb'H 


mnints. ki
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Table 2
EXISTING RELATIONSHIP BETWEEN EXTRACTORS AND INOROANIC FORM3 CF,,'-

PHOSPHORUS IN LATOSOLS IN THE STATE OF MINA& ERAI
 
Extract~,;: Source of Variation. 

P-Al 
P-Al and P-Fe 
P-Fe after extracting P-Al 
P-Al, P-Fe, and P-Red 

Bray 1' P-Red after extracting P-Al, 
P-Fe 

P-Al, P-Fe, P-Red, P-Ca 
P-Ca after extracting P-Al, 

P-Fe, P-Red 

P-Fe 
P-Fe and P-Al 
P-Al after extracting P-Fe 
P-Fe, P-Al, P-Red 

IAC P-Red after extracting P-Al, 
P-Fe 

P-Fe, P-Al, P-Red and P-Ca 
P-Ca after extracting P-Fe, 

F-Al, P-Red 

P-Al 
P-Al and P-Fe 
P-Fe after extracting P-Al 
P-Al, P-Fe, P-Red 

Mehlich P-Red after extracting P-Al, 
P-Fe 

P-Al, P-Fe, P-Red and P-Ca 
P-Ca after extracting P-Al, 

P-Fe, P-Red 

P-A3 
P-Al and P-Fe < 

P-F, after extracting P-Al 
P-A!,1F*e and P-Ca 

Olsen P-Ca after extracting P-Al, 
P-Fe 

P-Al, P-Fe, P-Ca and i-Red 
P-Red after extracting P-Al, 

P-Fe, P-Ca 

n1. - Not significant 
- Significant at 5% level 
- Significant at 1%level 

df MS 
1 1,175'00* 
2 594.57"* 
1 14.14" 
3 396.40* 

1 0.04 ns. 
4 297.30"" 

1 0.01 n.s. 

1 278.40* 
2 149.56** 
1 20.72 n.s. 
3 103.92*0 

1 12.66 n.s, 
4 84.84" 

1 27.59 ns. 

1 374.61 
2 187.86"* 
1 1.12 ns. 
3 125.39"* 

1 0.45 n.s. 
4 94.11 

1 0.25 n.s. 

1 438.09*0 
2 220.77** 
1 3.44 ns. 
3 148.15"* 

1 2.91 n.s. 
- 4 111.77** 

1 2.63 ns. 

Fl 1,# 
0.960' Y=-O3383+ .lfl'XA 
0.97k,': Y=O 374+0.069!g' ;X 
0.0124 Al 
0.0720 

, 
0225XF, 

\.FL 

0.0000 
0.9720 

0.0000 

0.5836 
0.6270 
0.0434 
0.6535 

Y=1. 70 0 6 +0.0 4 6 5"*XFe 

0.0265 
0.71 13. 

0.0578 

0.9544 
0.9573 
0.0029 
0.9585 

Y=-0.4825+0.0639XAI 

0.0012 
%).9591 

0.00%6 

0.9377 
0.9451 
0.0074 
0.6513 

Y"=0.9253+0.0691**XA! 

0.0062 
0.9570 

0.0057 

Analysis of the Renewal, Velocity of the Element in,the Ltq-.L Phase 
The analysis of the Constants K, and K2 are very important (figure 1) for measuring the renewal'caoacity of the 

element In the soil. 
The following techniques re used:
1. 	Successive cxtraction df the element that will permit evaluation, by partial quant!ties obtained and the remewal 

of the quantity in the liquid soil phrn. 
* 2. Isotopic exc6tange technique.,
 
For sne olils this pkramter has already been quantified.
 
.
"he velocity of renewal In gridger, Cariboujland Nibley soils i$estimated at 13-15 lb. of P/acre/hour. This veiocity

is abot 250 times greater than that of plant absorption (Fried and Broeshart, 1967).
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TVi defined we not the ones most frequently meaured in soil and analysis, When es
, temistiq af that the Information obtained in'the laboratory be rapid and avail. 

i~e~+to V'u s ui , pas Theur1 ofexisti1ethods does notteult in thiiisbl determinations of factor 
Paleuit.! id kenANiM. e cesiityio havwinga soil pArameter rapidly hs otiated investitors and Bray (1948)
devekqeg a m "Ma'" wh1 ws&wly recgnized. This ta hnlque used an extractor which resulted in data that 
v*+ sdai lt After hwing obtained significant coefficient of correlation values, thl para

t' 	 eln* wi she u o wouldmew1re thi "evilable quantity of the element in the soil.. 
heId u o of eqtity of the leent "aMailale does not indicate a chemical form nor does it indicate 

the dyamchwt ofthe 1-ftnImt relationship in the soil nelther doe it mesum tho intensity and capacity factors 
of :de soil ,There not alk r i eion t en theform of the element in the soil (cause) and areflection of 

Sid on Iths Waoiy many exbuctos for the same element can be used. Obviously, insome cae, the extractor
define.the' ! l qantity. It isalso possible that the quntity of the chemical fbminial f,, m li i "awilableI. .	 ...
1- ... ... ... .	 t 

is o h A Iabe qugntlty.
+*,++Ttasand-!u !3)+studied 6e oxtractors+for phospiorus and rcom"ended-that the extractors should 

pollee Cartin im rtan ch aristics. 
Thea. impor~nt chartricsare valid for extractors of other essential elements and they are outlined as follows:
 
Theextractorthold:.
 
i.: rpidly dlve a r*ftorb o from the soil with tlhe same intensity for up to 30 minutes,

2., maintain the orglnic. matter and the flocculated soil clays,

3. avoid reprecipili 0a6f the dissolved P*and/or, hydrolyze the organic P,
4. does not contain excmip v iamounts of salts buffers or ions that would interfere inanalytical determinations,
5. produce z:tractftt contain significant quantities of other nutrients as well as P, 
B.bewsy to prepare, stoream use. 
The use.of extracto"ofs "availability" give an indication of the soil fertility. There have been some failures with the 

use of this miethodolog Sowie of*ese failures result hfcause: 
1. the pfrtsdiffer in the'oemental needs for their growth, 
2. 	fuli plin ldevelopernt depends on a perfect balance of elements in the soil, 
3. 	the qu ntities of the e hents needrfd to satisfy the plants requirements differ according to the stage of develop. 

rmnt,but theutotal quantities of elements may be the same, 
4. 	the qiantity absorbed by the plant depends on the quantity present in the soil solution, its form, the replace

' ment of tht olmrmt in the liquid soil phase, its availability, and absorption. 

From the previous explanations, it'appears the characteristics of the soil system-the capacity factor and the inten
sity factor--calnnot be evaluated separately using the plant as the extractor. The growth of plants in the soil is a result of 
the,*.iactlons of'Ihwe twoa factors rather than a single one. Plant behavior resembles that of the chemical extractors 

4"mlrs,the avallable'quantities.
 
11 4 major objective isanimal development, the analysis of fertility can be more simple and one needs to know
 

only V .fucentso
of the piments in the plants that will be absorbed. In this case,"one more variable, the animal, is 

Te al y* can be made.,byAt.w totat quantity absorbed by the animal which depends on the quantity that this
 
anmal can and on t'Y' VAulof the element Ih the plant,
 

A61oi ia be4wtili for + il rwing calves but It may be of average or low fertility for lactating cows. This is be

/aue miniml 	qantties . + ,, , , al , are required by each a-mal as Nell as different quantities that can be absorbed 

4Unytis 4a0nrss-rereuiedb echanmala, 

Need for Research 
MetdOdsf m.mol feriIftV wih will reflect nutrients available to the plant isa complex area of soil science 

because mny fap 1slnwfere wl:tI pfantabs tonof elemts from tMe soil. 
+ In'ofu of 1W Nei already been made in this ares, there isstill much to do.There is the need to better 

n s eior f elements in tropical soils, to study, the k inetics 'of the.reacions, to Understand the 
hkerct" 	 ,o i sulid phue a iud pa a to adat thls iuw dm ' to nativp species, or those well 

pea and for muche 
. 

ofr~~earmndp.Thre ithe needNfor reea 
ThsIq an .odqs opprmyt lea pelto the anima scientists woarer present here intesneo

hepig~4s~ Igtrnth4 a0lution to comnpIbes W edyu ep 
: c research tO ae explanations for uncontirmd hypotheses Usemore 

thndfor hlr e and co c .multidisciplinaryresach and solicit the constant 
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General Consideration
 

In general, soil productivity is taken as synonymous , ith fertility. Thisconcept, however, is completely erroneous.

Fertility Isrelated to the soil capacity in furnishing nutriwits to plants; productivity is a broad concept meaning fertility

itself and other soil characteristis such as texture, structore, porosity, water availability and also soil depth.
Relative tc the importance of this ealuation, it is enough to 'c6nsider that fertility may play an important role on
soil productivity, it is possible of being modified, with relative ee, through fertilizers and liming, just the contrary of
 
physical characteristics, that can not be modified.
 
Evolutionof AuueytieZMathod, 

The use of chemical analysis of soil for the determination of its fertility was started ll 1840 by Liebig (Wutke, 1922;Coelho & Vrlengia,: 1973) v.n he published his work on mineral nutrition of plants' Since aii, wasgreat progres

ccomplishd relativet t.he development of:new chemical methods to evaluate soil fertilitythrough theuse ostrong
or weak acids as extracting solutions, which were designed to repoduce the extractkg cepecity of nutrients by theroot . However, due to lack of knowledge of soil phenomena as well as of plant physioowgy, such analyses were of little

help reatlv,.to the true sell realon.iip. New findlngp war dcmlopd mainly one singl poi of view, on the balance 
.between the amrount of extracted nutrients by -plants end those de,termined onthe ashl by o utoaletatnmethods that did not take In accont alicolloo!Wa phenorm of ;.pl and the dynamics of these iempu.

With. the evolution.of knowledge of plant 6utrI~lon an.of the chaacteristicsof soilc"oIdIa co111ex, wut~laswthose rulated with ab.orption and on excheng , the methods ofanalsi to ovalust fertilty were improe. Aithou 
re rc has developod in this direction, obviously noa all problems have been solved. 
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with koldeof,the forms,of availability of all nutrients to the plants, research was directed to the methodology 
d'pe .mltaco11;vect evaluation .of1ihess forms inthe soil..At the present'time having by,basic principle knowledge

of 1 ,fO lI-ttthatOunII pfhe mst b analyzed, the relationship existing among them And the physica,.chmicai 
1955; Catani, Kupper and Fart (Wutke, 1972), the methods bechat fsilthiswording to l et .t., 

Call mMis o sib nncesenlonas.The dataobtined are Independent of the nature of reagents what isvalid 
mnainly to fthdetamil natlon of61 hagul catos 

Rnowts mhst be re~okcbef . anlSoil isanalyze seaI m. the same result must be obtained. Labor

.arif Welaiq-09 las: tnsot., ugatsoil relatloriship,fthe,method and shaking time or..the contact"rents,Thpels 
.hous. that may presews very different results according to the

i-b 10". but withexeption to pho.ap.m,="w-s "o " 

sllent "06t~n 1Wig5Ua 44 len prceried. thewature espr'amnthm 
Soewof the m o mtn 0JCOMctee fsilaaysar Csh&Veena.17) 
a) SolgopigI ians odeflitye of fertiltlon and liming. 
.,b) di pi lityof obining a:profitbl rection according to the nutrients furnished to the plant. 

be improved by adding some corrective, or witural practices. 

Of thogeenslyes~oevaiuitIeo~Alty genafti~w the,foltlowin r oe(iam,17)
d), To d inepecific soi, .nsthatcouid 

results inppm, solvent used: H'504 0.25N plus HCI 0.05N, ratio 10 ml soil/100 ml:Aviable Phosphrus 
sol shaking for 5 mInuts aoic acid method by coorimetry. 

Ailableptaum K results in ppm, solvent used H2SO4 0.025 N+ HCI 0.05N, ratio 10 ml soil/10O ml sol

vent; fC~m phoiwometric method. 
ml, of soil; solvent used KCI IN; ratio 10 ml soIl/100 ml solvent,ExchengialO Aluminum: AI+,"resuts in mg/1O 


tshaknh for 5 minutes; titration with NaOH 0.025N using bromothVmol blue as indicator.
 

'Ca4lium + Magneium Exchangeible: Ca + Mg, results in mg/100 ml of soil; solvent used KCI iN; ratio 10 ml 

.soil/100 ml vent, shaking for 5 minutes, complexometric method with EDTA 0.025N, using eriochrome 

black as indicator. o. 

WaterpH :.pH; ratio 1:2.5 (soil/water), shaking with rod, resting for 30 to.60 minutes; potentiometric reading. 
Value (roil exchangeOtheranalysevch, as.orginic matter, nitrogef,1 hydrogen; "S" Value (base number); "T" 


capacity); "V"Value (%bare saturation) aid granulometric analysis, may be done when necessary.
 

SAMPLING 

The greatest source of error in soil dnalysis is field sampling. Most of the time this affects the analytical results. To 

evaluate the importance of this ope.ation. it is enough to remember that the size of the sample sent to the laboratory 

is small, -approximately 500 g. Only a small amount of it is used for distinct and diverse analysis. This 500 g of soil 

represent, many times, large areas of many hectares, and for this reason great cai'e must be employed in sampling be 

well collected. 
It has been verified in Brazil and in several other countries that the most convenient way of soil sampling is taking 

area ofa composite sample, that result, from mixing several other single samples. According to Catani (1955) on an 

7 hectares of a uniform soil relative to topography, color, texture, management cultivation, erosion degrees,5 to 

and other characteristics, around 25 to 35 sampies must be collected on a zigzag line. These samples must be mixed,
 

homogenized and formed into composite samplI. Inan are of 3 to 5 hectares, i;ie comoosite sample must be made
 

of 20 simple samples, xnd in are smaller than 3 hectaes the compoite sample must be made of 15 simple samples.
 

From the composite sample, once well homogenized, around 5Wrg Is sent to the laboratoy. It must be well packed 

to rusit tranqpo ton and be wall identified. With the sample, Iil information on the soil must also be ant which 

willthe initretingchic rowian wil permit a better recommendation of fertilization and of liming. 
.The depth of. Il s@mpe Imust be quIl to that..of plowing (20 ca, for the majority of crops. For permanent 

:crops, witmodel6 mot systm,;it, to collect, s sampI s between 20.40 an (Malavolta,p0ss Iaey. 
.1967) and relative so umpting te nol annual crops. i be at the end of harvesting.. 

SOIL PREPARATION 

"lOncethe sample arrives atthe laboratory for analysis,. the procedure established by the National Program of Soil 

,the.sample isidentifid and dried at 50 to 60.C or dis.tributed over paper and dried inArr" at.obor OkNw 
the had AyiavI ouerd end scendui gop of 2 mm t transferred to plastic bag ad sen-t to theIf.nus 

a TiWTiWla i c fine soi, air'drld .IFSAD). After completion of the analysis, the sample iskept in 
the laborawsy for aperiod=tl wwpeneenuly disadolii.. 

pxtnotvelabl poassumcalium+ mgnsium and exchagable ahiminumutkes anphaphnuian 
Iitl pil ing with the extractor. Mechanical shaking for aperiod of time helps assume the'stan

derIsuextracion. Is made using a, ,amIring devie"of,ao iSused i'uIT volume of ,mple 


thaei 4 *%ero*ufy1"f 

yVbko Iew it *Of IeSt 

proedure. 
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The extraction Ismade with eleven samples at once, as follows: 

Eleven erlenmeyer flasksol 125 ml fixed on a metal rack constitute one unit for handling. These racks are numbered.The samples are measured and transferred into erlenmeyer flasks. Simultaneously the extracting solution is added toeach erlenmeyer flask by an automatic pipette. Pipetting is rapidly completed using a vacuun pump.Each "rack" containing the soil and extracting solution is placed in a mechanical shaker for 5 minutes. After shakingthe mixture Isallowed to stand overnight to obtain complete sedimentation of soil particles and a dear extract. 
Chemical Detormination 

Convenient aliquots are taken from the extracts for analyses.Phosphorus determination Is made by a colorimetric method. Potassium is analyzed by flame photometrv. Calciumand magnesium are determined by EDTA titration 0.025 N and aluminum by titration with NaOH 0.025 N; pH deter,mination is potentiometrically done on water extract The ratio soil/water isa 1:2.5 and extraction is shaking for one
minute and 1 - 3 hours of resting. 
General Levels of Soil FertilityThe soil fertility levels and its interpretation by the Official Laboratory of Minas Gerais are presented in Table 1.interpretation is based essentially on a chemical point of view, although being a good starting paint for these studies,does not permit more than the establishment of general levels of fertility. For quantitative recommendation of fertilization, experimental field data is required.According to the fertility level, the analyzed soil is classified as in low and high averages. A soil is of high fertilitywhen It contains a high level of nutrients sufficient to maintain the development and production of crops withoutfertilizer. It is low in fertility when one or more nutrients are insufficient and fertilization is required. A soil is averageIn fertility when it contains an intermediate content of one or more nutrients and needs to receive an average quantity
of fertilizer. 

Table 1

LEVELS OF SOIL FERTILITY IN A rig/100 ml OF DRIED SOIL
 

AND ITS INTERPRETATION (Pie"s-g, 1972)

Analyzed Element 
 Levels, IntWettion
Exchangeable 0.0 to 0.3 LowAluminum 0.4 to 1.0 Averagee.mg/100 ml Greater than 1.0 High
Exchangeable 0.0 to 2.0 LowCalcium + Magnesium 2.1 to 5.0 Average

Greater than 5.0 High
Available 0.0 to 10Phosphorus Low

11 to 30 Averageppm of P Greater than 30 High

Availabe 
 0.0 to 60Potassium Low

61 to 120 Averageppm of K Greater than 120 High 

Less than 5.0 High Acidity
5.0 to 5.9pH Average Acidity6.0 to 6.9 Low Acidity

7.0 Neutral
7.1 to 7.8 Low Alkalinity
Greater than 7.8 High Alkalinity 
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INTRODUCTION 
The rapid growth in analytical methods has provided powerful tools for mineral research, particularly, in relation 

to the microelements. These developments, however, may have disadvantages when the techniques and their limita
tions are not well understood. Therefore, it is necessary, to appreciate the limitations with regard to the techniques 
and the correct interpretation of the results. In determining mineral concentrations in animal tissues, the precision 
and accuracy needed are important factors to be taken into consideration. In addition, the quantitative determina
tion of minerals in animal tissues requires good sampling pru,--ures, appropriate sample preparation and application 
of suitable analytical techniques. 

To determine mineral concentrations in tissues the following aspects should be considered: 
Use of more than one method of analysis. 

Two or more. analytical procedures may be used to test an analytical method anci may include different sample 
preparation and digestion or destruction of the organic matter. For organic matter destruction tihree procedures may 
be compared;wet digestion, dry ashing at low temperatures and dry ashing at high temperatures. 

The final element determination may be done using several techniques such as: 
Atomic absorption spectrophotometry 
Spectrofluorometry 
X Rays 
Neutron activation, etc. 

This criterion may warn the researcher of errors occurring in each technique. 

Use of certified standards. 
The use of animal tissue certified standards is necessary in any laboratory. These standards may be obtained by 

analyzing them by two different analytical methods Including different procedures~of organic matter destruction 
or oxidation. The standards should be similar or have approximately the same chemical and physical composition 
as the samples that will be compared. Even sojiot all matrix effects will be eliminated. 

Contamination 
Accidental contamination of the sample during collection, preparation and element determination is a source of 

error that the analyst should avoid; particularly, when determining microelements. 

SAMPLE COLLECTION 
No matter how accurate the analysis, the values obtained can be no better than the sample collected. Minerals 

in biologi'! ,tamples ere often found In different forms each with characteristic biochemical and analytical proper
tie. Inrder to obtain relevant information on mineral concentrations the tissue or organ selected for analysis should 
refle'a deficlan-y or excess, or it should be physiologically rolated to the disease of interest. Therefore, knowledge 
c= flneraD metabolia and nrode of action is of great value in selecting appropriate tissues. Organs or tissues may be 
:lect based on the following L :aspects: " 

Sa). TisouesIn which minerals function a local regulators. These tissues maintain homeostasis regulating absorption 
and excretion of anelemefnt or its synthesis in a biologically active molecule. The thyroid regulates iodine in 
the active form and indicam Its orpnic level. 

b) 	Tissms in which minerls have an essential function. In these tissues minerals are necessary for normal physio
logical function. Aiong the minerls awe iron, important in hemoglobin, and zinc in the enzyme carbonic 
anhydree.1Bothelements are found in liver, muscle and pancreas and analysis of these tissues may Indicate 
the nutritional level of the minerals in the animal. 
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c) Tissues that have an important function in mineral transport, storage and excretion. These are tissues that constitute body fluids including urine, bonecortex and marrow. Serum and plasma are the most commonly usedtissues for analysis. Urine analysis is complicated by Its high salt concentration and also the variation in volumevoided per day. Matrix interferences are common in urine analysis. Nevertheless, urine is good sampling materialto study the metabolism of some microelements. A reduction of the normal levels of a microelement in organsthat' store it may often indicate a deficiency before clinical signs appear. Therefore, an iron deficiency may bedetected in the bone marrow, liver and other organs or tissues that are part of the retlculo-endothelial system.
d) Tissues or organs that accumulate minerals with an excessive exposure. The kidney, lungs, nails, hair and thecomeous part of the skin immobilize minerals. All these tissues may be used to determine a microelement 

deficiency or chronic intoxication. 
Hair is often used for the determination of copper, zinc and chromium because it is easily obtained. After collection it may be difficult to take a representative sample of bone, hair and skin tissues for analysis. Hair may becut in small pieces with scissors and a representative sample taken after mixing the pieces.
Skin may be dried and cut in small pieces with a scalpel. Bone may be cut in small fragments and ground. Stainless steel or porcelain tools should be used to prevent contamination. Contamination may also occur duringstorage of the samples. Glass containers with polyethylene caps must be clean for storage of liquid samples.Solid samples are usually stored In polyethylene bags (i.e. "Whirl-Pak" Nasco, Fort Atkinson, WI 53538). 

Sample Preparation
Sample preparation for analysis depends on the analytical technique used. Many methods require oxidation of theorganic matter and solubilization of the residues. The two most used methods for destruction of the organic matter 

are wet digestion and dry ashing.a) Wet digestion. This procedure is used in many laboratories. The samples are usually Igested in beakers withnitric and perchloric acid on a hot plate. Standard and blank solutions are prepared following the sama procedureas with samples. High digestion temperatures may result in mineral losses; particularly, in the case of volatile elementssuch as, arsenic, selenium and mercury. The pH of the final solution should also be considered since the mineral ofinterest may be precipitated; for instance, iron is precipitated when the pH isover 3.0.Samples with a high fat content should be predigested with nitric acid to prevent sample losses due to violent reac
tions of perchloric acid with fat.

All materials used in the analysis must go through a rigorous cleaning procedure. Wdsh labware with a low-phosphatedetergent, rinse with deionized water two times, rinse with a 6N hydrochloric acid solution and finally with deionizedwater three times. Dry glass and plastic-ware may be placed in plastic bags and stored in adust-free area.All reagents used should be of Yhe best quality and highest purity grade. Standard solutions should also have high
purity grades and certified concentrations.

b) Dry ashing. In this procedure the sampl2 is ashed in a furnace and issatisfactory for the determination of calcium,phosphorus, magnesium in bone or copper, iron, zinc, molybdenum, manganese in several tissues such as muscle, liver, 
pancreas, skin, hair, etc.

Care should be exercised with the temperatures used for the ashing process since losses may occur due to mineralvolatilization and element adsorption in the walls of the crucible. Ashing temperature and time used will depend on theelement of interest and it isimportant to control both of the factors.

c)Analytical techniques. The analytical method of choice will depend on the element to be determined.
 
Analyses are performed in our laboratory by atomic absorption spectrophotometry using the flame or graphitefurnace. Minerals usually studied in tissues include calcium, cobalt, copper, iron, lead, magnesium, manganese, molybdenum, nickel, phosphorus, potassium and zinc. Recently, we have obtained excellent results using the graphite furnacefurnace for the determination of selenium.
Elements present in tissues at levels below the instrument detection limits may be chelated with ammonium pyrrolidine dithiocarbamate (APDC). 1%solution, at the appropriate pH and extracted with methyl isobutyl ketone (MIBK).Element determination by atomic absorption spectrophotometry requires a light source for each element to bedetermined, pressure and flow regulators for fuel and oxidant gases, a burner, nebulizer, a monochromator and electronic detectors that provide readouts in absorbance or concentration units.Thb technique of atomic absorption spectrophotometry utilizes the radiation of an external light source. Generally,hollow cathode lamps or electrodeless discharge lamps, in which the cathode isconstructed of the element to be determined, are used as a light or energy source. The emitted light isdirected thiough a flame into which the liquid sample tobe analyzed is aspirated. Atoms in the flame which are chemically unbound and in their minimum energy state absorbthe light at certain wavelength lines. A monochromator is used to isolate the line or wavelength of interest from theremainder of the emitted radiations. Electronic detectors measure the changes in the amount of light or energy whichhas passed through the flame. Signals coming from the detectors may be expanded and appear, according to inst n,
tation, either as percent absorption, as absorbance units, as direct readout-, cotux.ntriton-uits, as-ordiscrete peaks 

ons ripclaere_der.,The e n,--
OIs orption sproportional to the concentration of the element in the aspiratedSsample.
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From the animal nutrition viewuibint, 8 macroelements-N, P, K, Ca, Mg, S, Na, CI and 8 microelements-Zn, Mn, I, 
Co, Cu, Fe, Mo and Se are recognized as being important, and the presence of these minerals in feed is necessary for the 
animal's metabolic processes. Forages, the principal feed of herbivores, is commonly deficient in Na and Cl. Also phos
phorus is a mineral element quite often found in critical levels in pastures and its deficiency has been verified in herds 
in Minas Gerais (Menicucci Sobrinho, 1943) and S~o Paulo (Villares and Silva, 1956). The occurrence of symptoms of 
cobalt deficiency in animals was found in S~o Paulo (Correia, 1957)), Ceara' (Damaso and Tokarnia, 1961) and Minas 
Gerais (Magalhges, 1949). Megale (1949) reported the occurrence of iodine deficiency symptoms in the state of Minas 
Gerais. In determining the levels of P, Ca and Co on farms in the municipality of Teofilo Otoni, Minas Gerais, Pereira 
et al. (1971) stated that the majority of pasture samples were Pdeficient, while some samples showed evidence of being 
deficient in Co. While these authors found satisfactory levels of Cu in the samples of forages, Teixeira'et al. (1971) 
verified critical levels of Cu, but not Co, plus generally low levels of P in pasture samples of 2-3 farms studied in Morrin
hos, Goias. 

The mineral composition of forages varies according to many factors; among those are the age of plant, the soil and 
fertilization ,differences among species and varieties, seasons of the year and t.,e ctting Intervals. 

Age of the Plant: This is an important factor in affecting the chemical composition as well as the overall nutr!ive 
value of forage. The levels of N, P and K decrease with the advance of age and/or growth of the plant (Table 15. Table 
1 shows the effect of dilution of these nutrients in the vegetative'dry matter, whose production follows a sigmoldai 
curve as a function of the wether.'Tothis generally accepted theory of dilution are other factors such as a diminishing 
capacity of theilant to ibsprb nutrients from the soil and variation in the stem: leaf ratios. 

Some nutrients'like N, P and K are vary mobile within the plant, transocating themselves from the oldest tissues to 
,the newest one.i whereas, elements such u Ca, Mg, Zn and Fe ae relatively Immobile, being concentrated in the oldest 
tissues and, In th, stem. Thls differential distribution of the elements in the diverse vegetal tiwue would explain the 
accentuated dre"as InI otelevels of N, P and K with the growth of the plant which is accompanied by the chan2e In 
the stem: leaf ratio.. 

It, is often obser4ed that decreeee In t Ievos of N and K with the growth of the plant is more accentuated in poor 
soi s;:such an mnt miht be attenuated With -he practice of more liberal and divided fertilization during the period of 
plat growt ,h.Yet in aJtuy of icatIon of 25 kg of N 'ndK per hectare in the forms of ammonium 

sulfate'i d m dll~ e, relvn th66y, at the .* of 0, 2P, and 56 days dId not substarntially alter the levels of 
thoe InthPlat aslemnt 6diecolectad at the'ages of 14,28,4,2,58,70 ad8 

-- W n'a- tow l variation In their nutritive value during their vegetative-i-&W~kii the lguminous fora 
deviloe this'does not displace the data that states this fact In reation to the tropical leguminous plants. 
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Table 1 _ V RIATION OF THE MINERAL COMPOSITION WITH THE AGE OF PLANTS 
Composition of Dry Matter 

Age N P K Ca.Grass Days % % 
Mg Zn Mn 

% % % 
 n ppmGuinea grass* 14 2.96 0.18 2,24 0.41(Panicum maximum) 0.28 38 28 2.40 0.14 2.33 0.34 0.23 34 _
42 1.81 0.13 2.80 0.34 0.20
56 1.55 0.10 2.64 0.34 

36 
0.17 32 -70 1.26 0.08 2.53 0.31 0.14 32 -Molasses grass* 14 2.88 0.20 2.3 0,28 0.25 116 178(Me/inis minutiflora) 28 2.54 0.18 2.3 0.27 0.25 135 10642 2.18 0.18 2.2 0.27 0.25 71 7356 1.47 0.06 2.0 0,20 0.20 73 6270 1.34 0.05 1.7 0.20 .18 97 136Elephant grass" 28 - 0.33 2.38 0.61 0.42(Pennisetum purpureum) 40 13884 - 0.15 1.20 0.38 0.28 28 111140 - 0.11 0.34 0.43 0.36 33 128Pangolagrass** 28 - 0.16 1.32 0.56 0.39 35 192(Digitaria decumbens) 84 - 0.11 0.74 0.50 0.38 22 188140 - 0.12 0.37 0.66 0.39 31 317*Jaragua grass' 28 - 0.28 1.68 0.40 0.46(Hyparrhenia rufo) 51 56 - 0.17 0.63 0.20 0.36

84 - 0.11 0.57 0.23 0.58 
30 

37 
' Unpublished data (Gomide and Obeid; Ruiz and Gomid,).
* Gomide et al. (1969).
*Nascimiento etal. (1976). 

Roil and Fertilization. Soil is the-source of all mineral elements found in plants. The capacity of the soil to supplythe mineral elements to the plants depends on such factors as the soil material origin, the reaction of the soil (pH), thetexture and state of growth (less with inclement weather). While clay and organic soils are rich in potassium, the sandysoils ere frequently deficient in this mineral. Very acidic or very basic soils arn poor"in available phosphorus; althoughthey contain great quantities of total phosphorus in the forms of iron phosphates and aluminum and tricalcic phos.phates, respectively.
Gomide et al. (1974) studied composition of grasses in "cerrado" sandy areas poor in K (12 ppm), P (2 ppm), Ca(0.4 mEq/100 g) and Mg (0.1 mEq/100 g) and reported the following levels: 0.07 and 0.083% P; 1.05 Lnd 1.78% K;0.09 and 0.14% Ca and 0.09 and 0.10% Mg for Tripsacurn laxum and the Napier variety ol Pennisetum purpureum,respectively, when cut at a height of 1.50-1.80 m and when receiving 50 kg of ammonium ulfate and 33 kg KCI/hectare/cutting plus a fertilizer in the furrow with 30 t of corral manure and 500 kg of Araxi, fertilizer pqr hectare. It isan example in which the levels of P,Ca and Mg are extremely low as aconsequence of the Jeficiency of some elcmentsof the soil, Values that are also low (0.08% P,0.14% Ca and 0.10% Mg) are stated by Andr6de (1972) for the Mineirovariety of Pennisetum purpureum, cultivated in "cerrado" areas. Yet in a "cerrado" soil showing 36 ppm of availebleK, 2 ppm of available P plus 1.4 mEq Ca and 0.6 mEq Mg/100 g, the following mineral compositions were found invarieties of elephant grass and their respective hybrids with Pennisetu glaucum 23 A (Table 2). 

Table 2MINERAL COMPOSITION OF VARIETIES OF PENNISETUM PURPUREUM
AND ITS HYBRIDS WITH PENNISETUM GLAUCUM 23 A*
 
N P K :'ca Ml Zn 

(%DM) (N OM) (%DM) (%DM) (%DM) 11%DM)Mineiro 1.66 0.15 2.06 0.28 0.13Napier 1.49 0.14 2.13 
30 

0.36 0.0EMercker 411.41 0.13 2.16 0.35 0.11Mineiro x 23A 361.52 0.13 2.12 0.34 0.15 37Nanpir v.21A _ .91 .2. _222: -0.32-0 '-o.s3-Mercker x 23A 1.52 .0.14 1.92 0,34 0.13 ....42 
'Unpubllshed data (Gomilde, Christmas and Obeid). 
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These results reveal higher values of calcium and magnesium as a consequence of the large availability of these 
elements'in the soil, soe the criteuia for cutting grains was the same. This means that the cutting isalways made when 
the plants attain a height of 180 m. The highest levels of Pand K occur from the application of triple superphosphate 
(200 kglyiectare) in the furrow plus simple sperphosphate (612 kg/hectare) broadcast plus KCI (60 kg/ha/cutting). 

"zaniga (1066) found effects of NPK fertilization on the mineral composition (Table 3) of a series of grass forages, 
cultivated in sandy 1oam 'oil$ near V.os, In this study, the grasses were cut at the beginning of flowering and the 
levels of Pand K found were considered satisfactory. 

Table 3 

LEVELS OF P,K,Ca, Zn, B AND Co IN GRASSES WHICH WERE CUT
 
AT TOE BEGINNING OF FLOWERING*
 

P K Ca Zn B Co 
.%DM) (%DM) 4%DM) (ppm DM) (ppm DM) (ppm DM) 

Elepl ant grass "Napier" 0.18 1.91 0.27 33 4 0.89 
(Perilsetum purpureum) 

Ele *tant grass "Mercker" 0.17 1.86 0.29 35 4 0.78 
S(Pennisetumpurpureum) 

Guatemala grass 0.15 1.55 0.14 19 3 0.73 
(Tripsacum laxum) 

Imperial grass 0.15 1.33 0.46 42 5 0.83 
(Axonopus scoparius) 

Guinea grass 0.18 1.77 0.35 36 5 1.00 
(Paicum maximum) 

Paragrass 0.14 1.43 0.41 29 4 0.95 
(Panicum purpurascens) 

Pangola grass 0.14 1.39 0.36 3it 4 0.63 
(Digiraria decumbens) 

*Adapted from Zudniga (1966). 

Average values for calcium and magnesium, found by Gomide et a. (1969) in different grasses cultivated in sandy 
soils which contained 2.5 mEq of Ca + Mg/100 g of soil .were molasses grass 0.43% Ca and 0.38% Mg; Penniseturm 
purpureum (Napier variety) 0A3% Ca and 0.34% Mg; Melinis minutiflora 0.64% Ca and 0.38% Mg and Panicum maxi
mum 0.70% Ca and 0A8%Mg. 

Thus the mineral level of forage depends on: thae type of soil and its fertility. The fertilization of grasses and legumes 
is a prautice capable of increasing the mineral level of these plants. However, there are frequently cases in which the 
plants do not respond to fertilization, that is the mineral composition is not increased end, at times, the inverse reaction 
occurs. Andrade (1972) showed little or no effect from organic or chemical fertilization (Table 4) on the Mineiro 
variety elephant grass that had been cultivated in a "cerrado" pasture that was poor in K (36 ppm), P (1ppm), and Ca 
+ Mq (0.9 mEq /100 9).
 

Table 4
 
EFFECT OF ORGANIC AND CHEMICAL FERTILIZATION
 

ON THE MINERAL COMPOSITION OF ELEPHANT GRASS (MINEIRO VARIETY)*
 

N P K Ca Mg Cu Zn Mn 
(%DM) (%DM) (%DM) (%DM) (%DM) (%DM) (%DM) (%DM). 

Control .. 1.29a 0 2.8' 0 .1 4 " 0,108 17 2 1b 137a 
Araphosphate (1) 1.32a 0 .1 0 b 3 ,1b 0.15a 0.11ab 22 19 

eb 1358 
Corrl manur'a (2) "1. ' 0 .14c 3 .1b 0.1i a 0 .12b -' 18 188 130a 

NPK (3) - 1. 6b' 0 .10b 3 .2 b 0 .16 0.111- 21 2 1 b 

,!Andrade (1972).... (l) 5, k~qlhe : : 

(2) 30ul9 
(3) 500 k/gha of AraxeIn the furro +270 kg of ammonium sulfate and 80 kg of KCI/hl/cutting. 
a.b, a(P<O.05). 
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These figures show that, in spite of some significant differences, fertilizat- i did not result in a marked increase inthe mineral levels of the majority of the plants. Similar results are being observ in experiments in Vigosa with Neinisminutlflora and in CEPET (Capinopolis) with gras tt Is fertilized with 100kg of simple superphosphate/htjre inthe planting furrow and 25 kg of N and K/hectare broadcast on the soil surface. The results that were obtained are asfollows, resectively, for fertilized and non-fertilized: Melmis minutif/ora cut 'at'8 days of ase 2.54 and 2.61% N;0.18 and 0.15% P; 23 and 2.2% K, 0.27 and 0.24% Ca, 0.25 and 0.24% Mg: 135 and 128 ppm Znand 106 and 135ppm Mn. The results obtained for Panicum maximum, respectively, for fertilized and non-fertilized, cut at 28 days ofage as follows: 2.40 and 2.38% N; 0.14 and 0.15%P; 2.33 and 2.41% K; 0.34 and 0.45%Ca;023 and 0.29% Mgland 34and 32 ppm Zn.
In Nheolandia, in the Pantanalof Mato Grasso in sandy areas, with the pH =6.2; 7 ppm P;38 ppm K and 13 mEqof Ca + Mg/100 g of soil, the results of the fertilization of NPK on the mineral composition of native and introduced 

grasses (Table 5) are available.Panicum reoens Cenchrus ciliaris, Melnis minurkilora, Panicum maximum showed high levels of phosphorus whennot fertilized, also the same was true for the level of magnesium from first 2 grasses, while the levels of K, Ca, Zn andCu were not affected by the fertilization but there was a slight increase in the level of nitrogen of 5 of the 6 £pecles
studied. 

Table 5
EFFECT OF THE FERTILIZER NPK ON THE MINERAL COMPOSITION OF NATIVE
AND INTRODUCED GRASSES OF NHECOLANDIA*
 

Fertil. Compositon of Dry Matterizatioq N P K Ca Mg Zn Cu MnNPK%** % % % % ppm ppm mTorpedo grass + 1.09 0.17 1.4 0.16 0.14(Panicum repens) 21 6 198 - 0.96 0.21 1.6 0.18 0.17 22 6
Tio Pedro grass + 0.86 0.17 

242 
1.1 0.48 0.17 26 7 550(Paspalum convexum) - 0.67 0.23 1.2 0.51 0.24 25 6 506Buffel grass + 0.96 0.19 1.5 0.22 'J.12 22 6 152(Cenchrus Cillaris) - 0.91 0.24 1.5 0.21 0.13 25 5 147Pangola grass + 0.64 0.19 1.4 0.27 0.09 19(Digitaria decumbens) 4 298 - 0.69 0.26 1.4 0.30 0.10 18 4 230Sheep grass + 0.98 0.25 1.6 0.25 0.22 30 6(Brachiariadecumbens) 208- 0.83 0.25 1.7 0.16 0.20 24 5 158Guinea grass + 1.06 0.18 1.8 0.31 0.22(Panicum maximum) 36 6 273 - 0.90 0.22 1.7 0.30 0.22 30 5 260 

*Adapted from Santos (1973).

'Simple superphosphate 500 kg/ha; ammonium sulfate and potium chloride respectively, 250 and 50 kg/hu/cuting.
 

Some results of experiments of the fertilization of tropical legume have shown increams, principally Inthe levals ofphosphorus and potassium. The results of a study on the effect o the liming osd fertilization of the perennials soybean(Glicinejavanca) in a dark red latosol of medium texture, containing 5 pprn P.30 ppm K aind 2.5 rnEq of Ca +' Ma100.g is shown In Table 6 (Tardin, 1971). The results of this s areshown inTabled.
The levels of calcareus calcite studied were 0. 2 end 4 t/e while the fertilizer phasphoas.potu jm*4s 
 d In theapplication of 500 kg of sImpIp superl~ioWphte pkis0 kg of KCI/Iiectere in the furrow. LimIng tends i6 rase the levels,of calcium aid reduce the levelsof magnesium of the perennial sov been;however,' thelmidifferencesiwere not s ItThe levels of phosphorus and potaum were rabd bytm tfin. 
the production of dry matter, almost ti Ipling it. On the other, hand, .fertiton 

lzer whidi f*on16l efleed 
w ito. pot..sum re-'suited Inadecrease in the levels of crude protein, calcium and M.-agnesium'I the legumes. . .In a factorial experiment (2) of the fertilizatio'l .of silrato (Phawowmacmopliiutm) in a d" ea' reutrophic latosol, the application of calcium (1.5 t/ha), simple superpholphate (1500 kglha), poteselum chloride 1200 
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Table6 -

EFFECT OF THE LIMINGAND FERTILIZATION (PK) ON THE MINERAL 
COMPOSITION OF THE PERENNIAL SOYBEAN 

Fartil.-
Mineral CompositionLIIIation 

(tha) PK P K Ca Mg Mn 
%) %) 4%) %) (ppm) 

0 + 0 .14 a 1.96a 0.80 0.32 101a 
0.11 b 1.44 b 0.86 0.44 112a 

2 + 0,148 2.05a 0.85 0.33 1008 
0.1 lb 1.52 b 1.04 0.42 104a 

4 + 0.13 1.53", 0.94 0.47 928 
0.11 1.25b 1.00 0.45 938 

Average + 0.14 1.85 0.86 0.37 98 
0.11 1.40 0.97 0.44 103 

*Tardin (1971).
 
a,)Mesns bear~ng different superscripts are slgnifi:',ntly different (P< .05).
 

kg/ha/cutting) and FTIE-Br-10 (30 kg/ha) was studied. The following figurea,are the levels obtained from the average of 
the 8 treatments that contain the experimental factor in relation to the remaining 8 treatments: Superphosphate: 
0.28 x 0.18% P; Calcium: 0.63 x 0.63% Ca and 0.33 x 0.31 Mg; Potassium chloride: 1.35 x 0,92% K; FTE*: 30 x 28 
ppm Zn; 31 x 32 ppm-Cu, 1.14 x 0.93 ppm Mu znd 0.26 x 0.22 ppm Co. In the absence of fertilization thf. siratro 
showed the following composition: 2.48% N; 0.17% P; 0.67% K; 0.62% Ca; 0.30% Mg, 35 ppm Zn, 88 ppm Mn, 37 ppm 
Cu, 1.37 ppm Mo and 0.14 ppm Co. 

Heavy fertilization with simple super-phosphate raises the level of P,while the application of KCI raises the level c 
K in legumes. Apparently, the application ,of FTE does not affect the !Lvel of the micronutrients Zn, Mn. Cu, Co and 
Mo in the siratro. 

From the examination of the results, it can be concluded that in the majority of cases, fertilization has not greatly 
altered the mineral composition of tropical forages. the explanation for this fact isdue, apparentiy, to several reasons: 

a) Insufficient quantities of fertilizers applied. From the point of view of fertility, asoil isconsidered rich in P and K 
when it contains above 3J and 120 ppm, respectively, in an available form. The application of 100 kg of simple super
phosphate/hectare and its incorporation Into a layer of 20 cm of soil would correspond to an increase in fertility of 
only 4.4 ppm of P.Similarly, the ipplication of 125 kg of KCI/hectare would represent the incorporation of only 38 
ppm of K. 

b) Dilution of the fertilization applied in the,.'aier quantity of dry matter produced. The primary effect of fertiliza
tion is to increase the forage output, acceleratin/te grow-th of the plant. Results from diverse pasture studies show 
that fertilization results more frequently in an inxease in the carrying capacity of the pasture and the production of 
meat or milk/hectare than in an increase in production per animal. This fact, valid for tropical forages as well as temper
ate forages, is more applicable to the former, when one considers more plant growth and condition of soils that are less 
fertile and more subject to seepage. Under these conditions,the fertilizing element would concentrate itself in the 
vegetative portion only when applied in quantities that exceed the capacity of the plant to augment its forage yield, 
which would be conditions of liberal fertilizer application. 

c)Hirmi aused by uneven distribution of the fertihizr. 
d) lalffieent allorpton of the fetilizars. The application of fertilizers after the cutting is the time in which the 

root system enters into aregerneation phase (Oswald et at., 1959 and Scott, 1956). Naturally, the effect of dilution of 
nutrients from tho fertilizers is mors accentuated in relation to elements not contained in the applied fertilizer. For 
.example,'the application of simple superphosphatG, while stimulating the growth of the plant, can result In the reduc
,tion of the leels'of elmfents like N, K,Ca and M9 (Table 6). 

On ithe oder hand, liming, which altersthe reaction of the,soil, frequently affects the levels of some mizronutrients 
in theplant by affeig the aalability of these in the soil. This means that, Ingeneral, liming reduces the availability 
of Mn, Zn,l Fe, Ali Bi' d Co but inasases the availability of Mo, Ge and P. 

bill"e e amoni *"its end ver*L :Results presented indicate that there are certain differences in mineral 
composition among forage sp:cies. It is necessary to make comparisons that refer to the species studied in the same 

perlnt t0 prpeet the suprimposing of effects of other factors like the type of soil, fertilization levels and mart. 

OFTE il a trme ekent fertilWz1r. 
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The data of Table 3 Indicate that Pennisetum purpureum and Panicum maximum are richer in K while Axonopusscoparlus and Digitarla decumbens show lower values. On the other hand, higher levels of Ca are observed in Axonoput
scoprlus,Panicum purpurascens, DigItarladecumiens and Panicum maximum. Differences in the mineral composition
among other species are evident from an examination of Table 5 in relation to the grasses Paspalumconvexum, Cenchrus
c/iaris, Digitarla decumbens, Brachiarla decumbens under conditions of fertilization. Paspelum convexum has tho high
est levels of Ca and Mn v hile Brachiarla decumbens seems to have the lowest level of and Mg' Of these 4 grasses,
Digitara decumbens has the lowest amount of N. 

Gomide et al. (1974) reported the mineral composition of vatleties of Pennisetum purpureumand Tripsacum laxum.An adaptation of this data (Table 7), comparing the Taiwan and Napier varieties of Pennlsetum purpueum with Tripsc
um laxum demonstrates the superiority of the former corerning its levels of N, K and Ca, not showing, however, the 
differences as to the levels of Zn and Mn. 

In an experiment of fertilization and combination of pasture with Jaragua grass conducted in CEPET, Cedinopolis,
the results (Table 8) indicate high concentrations of N, K, Ca and Mg in legumes in relation to Hyparheni rufa. 

Table 7
MINERAL COMPOSITION OF GUATEMALA GRASS (TRIPSACUM LAXUM)AND OF 

VARIETIES UF ELEPHANT GRASS (PENNISETUM PURPUREUM)* 
Composition of Dry Matter 

Grasses N P K Ca Mg Zn Mn Cu 

Pennisetumpurpureum, 
% 

me 
% 

0.10 a 
% 

2.03a 
% 

0.12a 
% 

0 .13a 
ppm 
19a 

ppm 
179a 

ppm 
243 

(Taiwan) 
Pennisetum purpureum, 1.14 a 

0 .0 8b 1 .7 8a 0.14 a 
0 .10 b 17a 22 6a lo b 

(Napier) 
Tripsacum laxum 0 .78 b 0 .07b 1 .05b 0 .0 9b 0 .09b 12a 230i 16b 

*Adapted from Gomide etal. (1974).

a'bMeans bearing different superscripts are Oignificantly different (P< .05).
 

Legumes high in N, Ca and Mg in relation to grasses is a common observatiun. In the present case, legumes are richerin K. Normally, grasses have higher levels of K 'than legumes. The roots of dicotyledons have a greater capacity tochange the absorbed cations, with preference toward divalent cations; while grasses, having a smallor capacity to change
cations in their root systems, preferentially accumulate monovalent cations. This can be determined not so much by an
elevated level of K in the siratro,centrosema or perennial soybean but an exceptionally low level of K in the Hyparrhenia
tufa, a fact that would merit investigation. Evidence resulting from another experiment (Table 1)supports this observa
tion of abnormally low levels of K in Hyparrhenia rufa. 

High levels of N in legumes, commonly attributed to symbiotic fixation, would possibly explain the low rate of 
growth of these i*i ;nt.. 

Table 8
 
MINERAL COMPOSITION OF LEGUMES AND
 

JARAGUA CRASS (HYPARRHENIA RUFA), COMBINED*
 

Composition of Dry Matter 
N P K Ca Mg Zn 
% % % % ppm

Centrosema (Centrosema pubescens) 2.50 0.10 1.361.34 0.24 40
Siratro (Phaseollus macroptillium) 2.24 0.09 1.131.66 0.30 41
Perennial soybean (Glycineiavanical 2.45 0.10 2.06 1.29 0.28 52
Jaragua grass (Hypanrhenla rute) 0.86 0.14 0ki 0.47 0.14 48 
'Unpublished data (Gomide and Obeid). 

The data does not show great differences between legumes, centrosema, siratro and perennial soybeans. The siratro
has asmaller concentration of N and the centrosema has a smaller concentration of K.

Season of the yew and succession of grow Seasonal factors like light, temperature and rain could juftify certain.sw. 
variations in the chemical composition of forage during the year. Yet in a sOudy of, this type it is r to avoid
possible superimposing of effects that are due to the differences in the age, and/or development of th plant. Itis 
necessary also to consider the composition of the plant collected at different times of the year but with the ie age
(days) or the same development (height). Table 9 shows the results of a study underway inCEFET concerning non
fertilized Pan/ucrn maximum at 28 days of age. The first growth began with germination on Doecember 6. 1974, the 
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second growth began with the cutting when it had grown 20 cm on January 3, the third growth began with I cutting 
at a height of 20 cm on January 31, and the fourth growth began on Febuary 28 under the same conditions. In this 
study it was necesary to prevent, through sprinkler trigation, possible plant damage due todrought. An examination 
of the data of Table 9 shows a progressive decreise in the levels of N, Ca and Mg while the levels of K and Zn vary 
erratically. The behavior of K levels is abnormal bttn a cutting experiment the levels of this element frequently fall 
with the succession of cuttings. Considering the below average levels of K (65 ppm) the observation perhaps Issugges
tive of a soil with gIeat ability to supply K. 

Table 9 
VARIATION OF MINERAL COMPOSITION OF GUINEA GRASS (PANICUM MAXIMUM)

WITH INCREASING PLANT GROWTH* 

Growth Cuttings Mineral Composition of Dry Matter 
N P K Ca Mg Zn 

Order Data % % % % ppm 
No. 1 13-4 3.36 0.18 2.14 0.53 0.28 38 
No. 2 1-31-74 2.38 0.15 2.41 0.45 0.29 32 
No. 3 2-28,74 222 0.13 2.46 0.32 0.18 35 
No. 4 3.28-74 2.11 0.14 2.80 0.28 0.16 30 

*Unpublished data (Gomide and Obeld). 

Gomide et al. (1974) in studies with varieties of Pennisetum purpureum in sandy soils in a cerrado area of the 
Mineiro Triangle, verified that while the levels of N and K decreased progressively with the succession of cuttings, the 
levels of P, Mg, Cu and Zn varied erratically after showing a decrease from the first to the second cuttings. The levels of 
Ca and Mn did not show any definite tendency (Table 10). The high levels of N and K observed in samples Gf the first 
utting.-,wz- attributed to the contribution of the manure applied in the furrow. Since, in this experiment the grass 

receiv~l fertilization of 50 kg of ammonium sulfate and 33 kg of KCI/ha after each cutting, it is concluded that the 
fertilization that was applied was not sufficient to sustain the levels of N and K for the elephant grass cut at a height 
of 1.8 \ i. On the other hand, there isevidence of the low ability of the soil to supply K where the experiment cccurred. 

Table 10
 
VARIATION, WITH THE SUCCESSION OF CUTTINGS ON THE AVERAGE MINERAL
 

COMPOSITION OF 4 VARIETIES OF PENNISETUM PURPUREUM*
 

Growth 

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 

N (%D2) 2.14 1.06 1.06 0.8. 0.75 0.64 
P (%DM) 0.16 0.06 0.08 0.07 0.07 0.10 
K (%DM) 4.5;' 1.20 1.44 1.11 0.71 0.86 
Ca %DM) 0.14 0.13 0.12 0.13 0.14 0.14 
Mg (%DM) 0.12 0.08 0.09 0.10 0.11 0.11 
Zn (Kim DM) 28 13 13 15 12 16 
Mn (ppm DM) 176 226 181 222 257 24 
Cu (ppm DM) 31 18 18 19 15 1 
0Gornid(trL (1974). 

Difflrfirt te.Ilts (TabW 11) were observed in an experiment involving 4 varieties of Pennisetum purpureum and their 
r8 hytris With PA'isetu /4ucum. The soil had a higher fertility level and a more liberal application of fertilizers
 

(350 kgI amionL um sUlfjte ad 60 kg potasium chloride/hectare/cuttir pIus612 kgof simple suprihoqphate/hectare).
 
A prog .declin s sved in thee els of N and P as well asa decline Inthe levels of CaInthe last 2 cuttings.
 
The iel of N, P,K. Cand ZnshownlnJTabe 11 are superior to thoseshown in Table 10 which isa result of the
 
larvr quantity of fertillzerb uud. Tho 'kcline In the level of pomsium also decreased withte succesion f ,cuttings.
 



Table 11
 
AVERAGE MINERAL COMPOSITION OF 4 VARIETIES OF
 

ELEPHANT GRASS (PENN/SETUM PURPUREUM) AND HYBRIDS WITH
 
2 VARIETIES OF (PENNISETUM GLAUCUM* 

Growd 
No. 1 No. 2 No.3 NO 6 

N 
P 

(%DM) 
(%DM) 

1.84 
0.19 

1.3 
0.16 

1.A2 
0.11 

0.86 
0.12 

K 
Ca 
Mg 
Zn 

(%DM) 
(%DM) 
(%DM) 
(ppm DM) 

3.76 
0.42 
0.12 

38 

1.60 
0.44 
0.16 

41 

1.30 
0.24 
0.12 
-

1.91 
0.28 
0.12 

29 
*Unpublished data (Gomide, Christmas and Obeid). 

The data presented show the necessity of replacement fertilizations to maintain the mineral composition of theforages when the forage is used as green chop, hay or silage. Yet, the possible variations in the mineral composition
of grazed forages with a successioA of grazings during the growing period should not show great decrease since the
animals excrete a large pair of the ingested nitrogen, phosphorus and potassium in the feces and urine. 

Summary and Conclusions 
The rcmialeral composition' of tropical grasses and tropical forage legumes is discussed as to their varlitiot) in function

with variou factors including age of the plant, fertility and type of soil, season, succession ol cuttings plus the differ
ence between species and varieties. With ii%.ease ir. growth and advance in age of the plant, the levels of N, P and Kdecrease. This is principally due to an effect of dil'ition of the mineral elements in a great quantity-of dry matter that
is produced and accumulated. Exceptionally low levels of P, K, Ca and Mg were related to varieties of elephant grass
that were cultivated in sandy cerrado soil; moreover, the levels of P found in the majority of cases are low indicating
the low fertility of the soils in relation to this element. Fertilizers in the normally recommended levels have not im
proved the mineral composition of tropical grasses and, in the majority of cases, have resulted in the decrease in the 
levels of several elements, principally those not contained in the fertilizer that was used.

The differences in mineral composition among species was not greatly different except in some cases like the lowlevel of K in Jaragua grass and different levels of N and K between elephant grass and Guatemala grass. The higher levels 
of N, Ca and Mg in legumes compared to grasses was also evident in the case of tropical forages.

With relation to tropical forage legumes there is a need to study the variation of the mineral composition as the 
plant develops. 
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WATERAS A SOURCE OF MINERALS 

by
 
R.-L; Shirley
 

Departmentaf 'Animal Science 
University of Florida 
dQainewille, Florida 

IExtwilve ralyv . of, wter. have demonstrated the presence. of all-.te.; iiwn essent', dietary i.idnerals for farm 
aninflsThlsis duljrgyjtx)eoa nt p,-eryof wateri.Streas, rivers, lakes, impoundmentst oallied universal sot 
ann gA andwaters- 0a te p ary sourcesip-'rwater ovlivetock, Such properties as acidity or alkalinity, hardness,
color, 4irbi'iit bl c_oxsn :manq, dnemical. oxygen demand, taste. and, odc~r detract sometimes from its 

Aequiar~wkof Fain Animals,
-e r in an anmal's body cannot change-appreciably withoit severe consequences to the antal. 

Woter .iscedi muri, fe*s, iwast, porated from the lungs and skin, and is in such products as milk and eggs. 
The am ntLof,,urine1xetsd dIYly vaies with work intensity, external temperature, feed and water consumption and 

.ot w f /o (1933) det6etniid that a standard for water intake.of animals is I ml per kcal of heat produced. 
This IoipreaOP"of 'wte('requirment includes. the increased needs issociated with activity. Cattle are an exception to 
this rule due to te lar amount of water in the Ir feces. TheV require 1.29, to 2.05 mi per kcal of heat production..Practical meesureents of water' cnsumed voluntarily :under vu ,us specified conditions have demonstrated that 
the variousclmsof ivesk and poultr ntempete climotes have awide range of intake as presented in Table 1 

,;.Table 1'
 
wATERCONSUMPTION OF ADULT
 

f,,LIVESTOCK OF MEDIUM WEIGHT
 
IN A TEMPERATE CLIMATE
 

Animal, Litirs/day 

Beef cattle 26.6
Dairy cattle 38-110 
Horses, 30-45 
Swin " 11-19
 
Sheep and goats ., 4-15
 
Chickens 0.2.0.4
 
Turkeys OA.0.6
 

;:Avalably of~ utr.ert El nts of Water 

oThe iscgnerily believed to be as much as occurs with solid feedsavo!iibllty of.ntrlenit minerals in water solution3 
ar dry mineral'mixes. When radIi otv srts.of phospltbn*32 and calclum45were dlusolvad inwater and administered 
to4 steirsasp a rdr~rih, -thecalcli,) andpihorus.wifri absoribed at levels, equivalnt, to. when the' lictopes hid been 

',.:el,; 1f61, 1957), Chsiman'set A, (le2)reportad that when 2g of 
dry p Rft was gvn dnI for lIimont no-ill effectso but when this 

. q, auem eu.t&wa drench tw trithn6dys Many stules with nutrient 
' hw sat tN . reaily absor , dpositedIn the tisues and exdm l 

"A 6406s JAIa:%NA 1974), concentration values of most, rpiners ielem;ts in irfdac. waters deter1S. m po4w ae l InSTORET (stms forTech'iical Data, 1971). The mean, maxi
i: ~~' tabu ';....:"Iin'Table2'

~rpi teCommon nutrient eements aret Te 

http:intake.of


Table 2
 
COMPOSITION OF UNITED STATES SURFACE WATER, 1957.196
 

(COLLECTED AT 140 STATIONS)
 

Substance MmMeximgm Minimu.m Detem'Jnaeoi 
Phosphorus (mg/liter) 0.081 . 5.0 0.0001 -1,729
Calcium (mg/liter) ---57;1 173.0 11.0 610 
Magnesium (mg/!!c) 14.3 137.0 8.5 1,143
Sdm (hAter) 55.1 7,500.0 0.2 1.801Potassium (rg/liter) 4.3 370.0 0.06 1804 
Chloride (mg/liter) 478,C 19,000.0 0.0 37,36§,;
Sulfate (mg/liter) 135.9 3,383.0 0.0 -30.220
Copper (ag/liter) 13.8 280.0 0.8 171 
Iron (gliter) 43.9 4,600.0 L0.10 1.83t

SMangenese (pg/liter) 29.4 3,230.0 0.20 1,8
Zinc (ug/liter) 51.8 1,183.0 1.0 1,833
Selenium (pg/liter) 0.016 1.0 0.01 234
Iodine (jg/liter) 46.1 336.0 4.0 t,"15
Cobalt (pg/liter) 1.0 5.0 0 720 

In Table 3 is presented the average intake of drinking water expressed in liters per day for various farm animals. 
Under the names of the nutrient elements three columns of values are given for illustrative purposes. One column 
expresses the Nalonal Research Council (1968s, b, 1970, 1971s) daily requirement; the second column gives:the
approximate average percentage of that daily requirement in the water consumed per day; and the third column gives
the maximum percentage that the daily water intake would supply at the highest concentration of the element reported.
At minimum concentrations of nutrient elements there were generally less than one percent of the. requirements in the 
daily intake. These minimum values are not reported. 

Table 3
 
MEAN AND MAXIMUM PERCENTAGES OF DAILY REQUIREMENTS OF NUTRIENT
 

ELEMENTS IN THE DRINKING WATER OF LIVESTOCK
 

Animal 

Water 
Intakei 
(lters) 

Req. bReq.
Dbal Mm 

(g) - 4%) 
Mix. 
(%) 

Daily
(3) 

Mean 
(%) 

Max. 
(%) 

Req.
Daily

(U) 
Men 
(%) 

Mix. 
4%) 

Beef cattle NsCIC Calcium Phosphorus 
(450 kg)

Nursing cow 
Finishing steer 

60 
60 

25 
24 

34 
35 

4,560 
4,760 

28 
21 

12 
16 

37 
49 

22 
21 

<1 
<1 

1 
1 

Dairy cattle 
4450 kg)

Lactating cow 
Growing heifer 

90 
60 

66 
21 

19 
40 

2,600 
5,430 

-76 
15 

7 
23 

21 
68 

58 
16 

<1 
<1 

-
.r2 

Sheep 
Lactating ewe 
(64 kg) $ 13 7 870 7 5 15 5 <1 1 
Fattening lamb 
(45 kg) 

SWine .. 
4 

... 
10 6 760 3 8 23 

. . 
3 <1 1 

Fattening
0.100 kg)

Lactating sows 
8 4 28 3,800 17 3 

, 
8 14 <1 <1 

(200.250 kg) 14 28 7 950 33 2 7 22 <1 <1 
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( 
b.i~M~7~M 

;wl%1) 
Max.7. 
V.1 

Daily
l() 

"Man 

I') 
Mix. 
M,1 

Daily
() 

Men 
4%1 

Mix. 
4% 

Magnesium Potassium SuNr 

N VIw6 
F :nllngs'Iei r 

Dairycl 

Lactjngcow 
.. owngheifer, 

60 

-,90 
60. 

14 
9 

14 
9 

6 
10 

9 
10 

+ 
5 
91 

88 
91 

90 
70 

99 
70 

<1l 
<1 

<1 
<1 

24 
31 

34 
32 

10 
9 

20 
10 

27 
29-

20 
27 

683 
719 

507 
676 

Fe.Fling limb 
145kg) 

6 

4 

1.6 

1.1 

6 

5 

68 

68 - -

3 

2 

11 

10 

270 

250 

'60-10kg) 

LaLiaing oWsn 
(2 00- kg) 

8 

14 

1.0 

2.2 

11 

9 

110 

90 

9 

14 

<1 

<1 

33 

37 -

(4W kq) 
NursINgww 
Fi Ishlngeer 

Dairy cattle 
(4WO kg) 

L:Ilngo
GrWAg heft 

6 0 
60 

90. 
60 

Cobalt 

,_ _ _ _(.____s_)"M_) 

0.74 - 8 40 
0.71 8 40 

1.4 6 32 
0.7 9 43 

Mannes 

... i) OA.) 

49 4 
47 4 

Iv 3 
50 4 

. 

" )g) 

395 
412 

290 
388 

Selenium 

1%) 

0.74 1 
0.71 1 

2.0 1 
1.0 1 

4% 

M 

8 
8 

5 
6 

Fatteing a 
(4" k.15 

FattenIN, 
W0- .0.V 

(202.. 

6 

14, 

.-

0.18 3 

-

.. 

16 

-

-

-

66 

110 

" 

-

<1 

<1 

-

-

29 

18 

0.1 

0.1 

'0.33 

0.55 

1 

1 

1 

1 

6 

4 

2 

3 
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Table 3 (continued) 
Water Reel_ Reqe4.
Intake Dailyb Mean Max. Daily Mean Max. Daily'-! Mean Mx.Animal (titers) (mg) 4%) 1%) (mg) %) (%) mrag) %) %) 

Iron ______ Zinc 
Beef cattle "o. .. 

(460 kg)
Nursing cow 

- Finlihingsteer 
60 
0 

0.99 
0.94 

<1 
<1 

28 
29 

0.15 
0.14 

2 
2 

"47 
51 

-

-

-

-

-

-

Dairy cattle 
(450 kg)

Lactating cow 90 2.00. <1 21 0.86 1 12 - - -
Growing heifer 60 1.00 <1 28 0.43 1' 16 - - -

Sheep 
Lactating ewe 
(64 kg) 6 - - - 0.25 1 3 -
Fattening lamb 
(45 kg) 4 - - 0.18 1 3 -

Swine 
Fattening
(60-1)0 kg) ) 0.26 <1 14 0.17 <1 5 
Lactating sows 
(200-250kg) 14 0.44 <1 15 0.28 <1 6 

Iodine Copper 
Beef cattle ,, 

(450 kg)
Nursinfj cow 
Finishing steer 

60 
60 

1.7 
1.6 

163 
173 

1,180 
1,260 

73 
75 

1 
1 

21 
22 

-

-

-

-
-

-

Dairy cattle 
(450 kg)

Lactating cow 
Growing heifer 

90 
60 

5.1 
-1.6 

81 
173 

593 
1,260 

160 
80 

1 
1 

16 
21 

.-

-

-

-

-

-

Sheep 
Lactating ewes 
(64 kg); 6 1.0 28 202 .13 1 13 --. 

Fattening lamb 
(45 kg) 4 0.8 23 168 9 1 12 - - -

Swine 
Fattening
(60-100 kg) 
Lactating tso, 

8 - - 20 
3 

1 11 
1 

- : -
- . 

(200-250k) 14 12 
See discussion sn water consumption for mours"Souross of vilues generally e the NAS.NRC bul of thesletins on vaues.nutrivnt rquirements of veriow W fe of llvIs .iodr&h .11a, b170, 1971e). 
Dased on vodkim vlue for wese. 

Salinity InLiovstoe kDrk*l• Wat 
Saline watuu are usually, found. Inarid arm and wher Meaer contarnipates ground war. low'~ ly foundcmin .m.mewtrnare wod.m, calcium,,magnesium,.cl ride, b carbmt ad wifae. Overall,i I kOnt form t6'ltr.

ture that re nMendatiopas of,,salt concenvrat~ons In.wtor that can bp,:tolerad by the Various qieca Mf domes!ticanImals will vry W1111hfte kind1, ageio lactation I 1cmt...U, nten ty .. . ..... f ie and 
moisture, contnt, iin diet, and n for adaptation to total slt Intake.Taking ef inctheatioaney of Sciec 1974) preasented guidalines se given i Ta"i 4 for us, ofmm aeu owe by 
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Table 4 
..'A GUIDE TOTHE USE OF SALINEWATERS FOR LIVESTOCK AND POULTRY 

(mlav C*Wmeuit 
L han 100 ,The wati have a,relatively low!evel of salinity and should present no serious burden to any 

claesif lvesto4k or po'lltry. 
.1000-ZO : Thou %WM dmuw 1stisfactory for all da " of livestock and poultry. They may cause 

t.mporary aid i* di tire, but should not affict their health or performance. 

3000-4,999Thuten ssul esaIsfactory for livestock. They'aire poor Water for poultry, often cous
.ingae Y feceand hehigher levels of slinity) increemed mortality and decreased growth. 

5,00074,999 	 These wotr can. i ed with reasonable safety for daory and beef cattle, shee, swine, and 
horses. it may be i ii avoid ther use of those approaching the IiIgher levels for pregnant or 
lactati animals.,T1" are not acceptable waters for poultry., 

7,000-40,000 	 These waters re udilit for poultry and probably for swine. Considerable risk may exist in using
Sthem for pregnant or "ting cows, horses, sheep and the young of these species. 

More tian.10,000r 	 The risks with the, highly saline waters are so great that they cannot be recommended for use 
undeany conditions. 

ToxNi El and Sub tances in Drinking Waewr 
Only limited Information is availalile on experimentally determined toxic levels of substances in water for domestic 

anim&Fls. It is necessary:to Use good judgement when applying information in the literature to practical problems. No 
sinoe level of 'potentially toxic substances can be accepted as dangerous in all situations. Short-term Intakes of a toxic 
P ibtance may have no efficts; while consumptioh over the long-term may be hazardous. Young and.healthy animals man rea.t differently frormature or unthrifty ones. Intakes of toxic materials that rmua cause no effect on growth, 
milk producton or reproduction may cause Wsbcellular damage that may lead to greater susceptibility to disease. 
Finally elemen ts or sustanes in water that may not be toxic to the livestock consuming them may accumulate in 
meat, milk1 or eggs at concentrations that are objectionable or harmful to people that eat them. 

Many common elements occurring in water seldom offer any problems to domestic animals as they do not occur at 
high ilvisor because they are toxic only in excessive concentrations. Examples of these elements are aluminum, iron, 
boron, cobalt, copper, chromium, iodine, molybdenum, manganese and zinc. None of these elements tend to accumu
late in milk, eggs or meat. However, eleMents such as mercury, load, and cadmium .do occur occasionally in dripking 
voter at toxic leves to animals and accumulate in milk, eggs and meat at concentrations that m*ke these foodsunfit 
for hurmanconsumption. 

:'The National Academy of Scienco (1974) prounted. he data in Table 5 summarizing the available research informa
tion on potentially toxic elements in water for livestock and poultry. The summary statements on the various elements 
can only se a pudle in evaluating the sfety O a give level of the element in the drinking water of domestic 

Sub.1stances s.h as a ic, cadmium, fluoride, lead, mercury, nitrate, nitrite and selenium may justify some ddi
tion ld scOsln beyond the wmmary statements given in Table 5., 

u- c hu lo been knownfor, its tox ity nd has been accused of being icarcinogen. Frost (1967) refuted this 
acusnpointu out therewnnoevldencthat 0 ppm of thelment is toxic to any animal. McKeand Wolf 
(163) 	 -rommended 1.0i /it r lnldingfwtlh tethe upper limit for livestock. 

Cai_ has been fund In groundwater contaminated with electroplating wastes at 3.2 mg/litoerand at 1,000
:Molter i mine W r ( .Wolf, 1 ). Su facewater rarely exnded 10 jag cadmium perliter (Dunamet a/, 

1971). -lat that dv"Jnk wae c o~t~kvg 0 fIteo cadmium' as CdCI2 dtirn4 320fdays had stunted growth and 
approxkmatelyea0%d~e"Oe Inheoglcobin, (eker st low158. Lamb, g ci of watler thatconitined 

o; ,6,,12~d 5W~%4JfIMUCd~ 2 cnsuiedsl~ifcanly~oreof hewater that contained 2jg/ie 
than thicofow (Doyl fde.17)i~ n 

'Plee* ha bpe fered I aos groundwaer-to b as high as 15 nig/tliter (dupdClark Ie,1967). Chroni)C. 
. Am 'hat e at tislvel w o, 1971). Mottin of t teeth without other 

'hSt" hasrle Wond WAAE.0 1974)1n44gon" warthatcontaind 2 f l lter. 
~~salss heo " pVIWOWO byceld fLikmn entl gr 19) ~lh i ~umed 11 -to 66' mg/kg 

y~-~W I~b~~ t* *a *Ihowtcut toxcit. Namon an Aronson (1064)1ae~ that a 

w Th f our environ1ment, 
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Table 5SUMMARY OFEFFECTSOF TOXIC LEVELS OF ELEMENTSAND SUBSTANCES
INWATER.FOR LIVESTOCK, PUTYAND EXPERIMENTAL ANIMALS
 
Element Consntraton Spe"iAntimony (Sb) 5 mg/liter 	 mice 

fet 
tecreud otlhnd lo tyv. 

Arsenic (As). 5 mg/lit.r of females,
 
(ee discussion in text) 

mice u.ived through rge a-.
 
tions 

1mg/liter guinea pigs incred thyrodal colloldBarium (Ba) 2 mg/liter man 	 probbly not toxicBormn (8) 2 mi/liter lambs statedto b1ecMwCadmium (Cd) 10 mg/liter mice seondgmasotin didn'r,;4(see discussion in text) 0-5 mg/liter dogs the. concentration in propor
tion to intakeCalcium (Ca)

(see section on nutrients)
 
Chloride (Cl)

(see section on safinity)

Chromium (Cr), 25 mg Cr' +/liter 	 rats decreased water intake; 9 times 

more present In tisue than when 
Cr + substituted5 mg/liter livestock not affected adverselyCobalt (CO) 1.1 mg/day/kg body weight calves symptoms similar to Coin drench deficiency

160 mg/day in drench sheep depressed appetite;weightn ossesCopper (Cu) 12 gCuSo 4 • 5H2 0/day steers(see discussion in text) in drench 	
body weight decrease; fatal in
 
65 days
Cyanide (CN) 103 mg HCN/liter cows and ducks fatalFluoride (F) 100 mg/liter

(see discussion in text) calves 	 decreased feed intake, growth and 
Ca absorption; bones decalcified

11.8 mg/liter cattle mottled teeth 
20 mg/liter sheep decreased health; severe teeth 

Iodide (I)	 mottling
(no published data for toxicity in water, approximately same as in feed)Iron (Fe) 17 mg/liter cattle in pasture irrigation wter wmour-

Ing; decreased milk productionLead (Pb ).1 0 m~ i e	 and body weight
(see discussion in 100 mg/liter calf 	 died after 4 months of drinking

25 mg/liter rats and mice reproductionceases In second 

Manganese (Mn) 	 geeration.500 mg/liter cettle reduced liver Fe but no toxicityMercury (Hg) 75-300 mg/liter man 	 faal(see discussion in text) 
30 pg/liter man 	 readily *buobed Into tie-IeMolybdenum (Mo) 10mg/liter, mice 3dgeneetion failed tosurvive"Nickel (NiQ 5 mg/liter rats 	 reduced I.ttrsize Jirough three 

Nitrate (NO23) 300 mg N/liter sheep nodletripn( ! effect(e dlscussion in text) 
300 mg N/liter, pigs noeffecton inor 

reprducion during two gesttio 
9OmgN/liter cattle noobserved hor "wtjii@" 
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Table 5 (continued) 

Element Concentration Species Effects 

300 mu N/liter chicks no effect on feed and water 

Nitrie (NO 2 ) 
(see discussion in text) 

200 mg N/liter chicks 
intake and growth 
decreased growth and liver 
vitamin A 

200 mg N/liter laying hens no effect on egg production and 
quality 

20 mg N/liter rats decrease life span slightly over 
3 generations 

Potassium (K); excesses not likely to occur in water; see section on nutrients. 
Selenium (Se) 
(see discussion in text) 
-e4+ 2-3 mg/liter rats decreased growth and early 

death of males 
Se6+ 3 mg/liter mice third generation failed to survive 
Sulfate 
(see discussion in text) 
Sas SO4 100 mg/liter cattle lost weight; decreased water in

tike 35%, feed intake by 30% 
Vandium (V) 5 mg/liter mice and rats no effect on longevity 
Zinc (Zn) 675 mg/liter human emetic 

2,320 mg/liter hens decreased water intake; egg pro
duction stopped after 3 days;
weight loss 

Mercury is usually low in surface waters (Durum et al., 1971) due to the tendency of the soluble inorganic element 
to be absorbed in sediment. However, biological methylation (N.A.S., 1974) slowly removes mercury from sediment as 
methylmercury. In this form it may be absorbed from drinking water by animals, accumulates in body tissues and is 
more toxic. Indirect poisoning by mercury retained in animal tissues and later consumed has been observed in man eat
ing pork (Curley etal., 1971) and fish (Uchida et al.,1961). While mercury in water may not be of much concern for 
the health of livestock, the role of livestock as concentrators of mercury for man's diet needs consideration. 

Nitrate may occur at hazardous levels in areas of septic tanks and high concentrations of domestic animals (N.R.C.,
1972a). Nitrite in water was not correlated with livestock production nor with heavy fertilizer application except sand 
point wells in river flood plains (NA.S., 1974). Beneath feedlots soil contains nitrogen and bacteria at depths of approx-
Imately 5 to 9 meters in some caies. Below this level the soil is generally sterile and the nitrate may be released at some 
point downstream. 

Selenium is not iIcely to occur in potable water at levels that are toxic to livestock; and the role of selenium as a 
nutrient as well as atoxicant was recently summarized (N.R.C., 1971b).

Toxic alge: Cattle, sheep and poultry have been affected by accumulations of certain blue-green algae in lake waters 
(Fitch at al., 1934). Corham (1960) recognized six species of algae as potential sources of livestock poisoning. Predeath 
symptoms have not been described in livestock poisonings and post mortem examination Is of no help in diagnosis of 
algal poisoning (Fitch eta!., 1934). It can be concluded that water with heavy algal growth should best be avoided by 
livestock (NA.S., 1974).

Puase*id: The use of pesticides presents a potential danger to livestock. They may enter water from soil runoff, 
accidental spills, direct application, rainfall and faulty disposal procedures (NA.S., 1974). Schwartz at al. (1973) re
ported that 16 common pesticides did not effect rumen microbe digestion of.dry matter and el wall conustituents In 
vitro when at levels below 100 ppm in the medium. Maximum concentrations of these pesticides in drinking waters 
have been found to be considerably below the LD50 doses for mammals, which indicates that the health of livestock Is 
not threatened,. However, their meat and products may be contaminated too much for human use (NA.S., 1974). 

Summry 
Hardness, dissolved salts, color, turbidity, biological and chemical oxygen demand, taste and odor have been pointed

out as important properties of drinking water. The nutrient mineral requirements and amounts supplied in drinking 
water for beef and dairy cattle, sheep and swine have been summarized. 

Potentially toxic substances in the drinking water were summarized In regard to their effect Inreproduction, growth,
longevity and build-up in milk, eggs and edible tisues where data were available. Elements such as cobalt, copper,
chromium, iron, manamse, molybdenum, iodide and zinc seldom cause problems in the drinking water of livestock. 
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Arsenic, nitrate and selenium while potentially hazardous have limited danger to livestock. Lead, mercury and cadmium
due to their build-up in tissues and products of animal production to hazardous levels were discussed. The effects ofhigh concentrations of various salts in saline waters were discussed in regard to tolerance of various classes of livestock. 
Only one toxin has been identified in toxic blue-green algae. Sudden decomposition of algal blooms often precedes
livestock poisoninp. Effects of pesticides in drinking water on animals and their products were discussed. 
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CALCIUM, PHOSPHORUS AND FLUORINE IN ANIMAL NUTRITION 

by 
D. J. Thompson
 

International Minerals & Chemical Corporation
 
Libertyville, Illinois
 

Mineral elements make up only 4 to 6 percent of the body of a vertebrate animal, but because of their divese roles 
in the body processes, they are important in the entire field of nutritional biochemistry. The major or macro mineral 
elements essential for physiological processes in animals are calcium, phosphorus, potassium, sulfur, sodium, chlorine
and magnesium. The requi'red minor or trace elements are iron, zinc, copper, iodine, manganese and cobalt. The list of 
essential elements is now usually expanded to include molybdenum, selenium and fluorine. 

In addition to the elements known to be required by livestock, an animal's body may contain as many as 20 to 30 
additional different elements. Most of these are befleved to be acquired merely by the process of accumulation in bones 
and otler tissues due to their contamination or presence in the feedstuffs eaten by animals. There is growing evidence,
however, that such elements as aluminum, silicon, vanadium, chromium and others will be found essential to biochem
!cal processes in animal nutrition. For example, zinc, thought to be a contaminant only a very few years ago, is now
known to be essential. Minerals play a unique role in nutrition because they furnish no energy or protein, but yet they 
are essentlal for the utilization of energy and protein and for the biosynthesis of essential nutrients. 
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Much more emphasis is being placed on mineral fortification of feeds today than ever before. Some of the major 
factors which have brought about this increased need of mineral fortification in animal diets are: 

1)Changes in methods of processing feedstuffs. 
2) 	Increased milk production levels in dairy cattle. 
3) The advent of high energy feeds. 
4) Greater genetic potential in today's livestock. 
5) 	'Agreater use of synthetic ingrediants and less use of animal by-products which were good sources of mineral 

elements. 
6)The use of computers that place increasing pressure on mineral levels. 
.7)Crop fertilizaqtion practiQCs. 
8) The complex interaction of the variousiii neral elements. 
CalciJm and phosphirus are vitally concerned -with not only bone development, growth, and productivity, but with 

essentially all Important metabolic processes.These two elements are very crosely related-to the extent that a deficiency 
or an over-abundanceof one may verV likely interfere with the proper utilization of the other. It is Important, therefore, 
that rations be formulated,- ' free-choice minerals be provided in amanner that will insure optimum amounts of these 
two elements if they are to be most effective. 

.The term "optimum Calcium and Phosphorus nutrition" takes several points for granted: (1) that all animals will 

receive adequate amounts of calcium, phosphorus, and other mineral elements in their rations, (2) that the minerals are 

in forms tha, are biologically useful to animals, (3) that the elements are present at levels that are compatible with 

other minerals to provid. proper -ratios, and (4) that vitamins, protein, energy, and other nutrients are provided in 

suf",cient quantity so that minerals may be efficiently utilized. 
It may seem strange that research continues at such a rapid pace on calcium and phosphorus requirements and 

interactions for animals, since these elements have been studied rather extensively for the last 60 ye&.-s. The answer is, 

of course, that little of our information remains unchanged. Every time a new factor isfound, or when a new nutritional 
fact is discovered, it becomes necessary to re-dstablish the requirements for calcium and phosphorus, as well as for most 
other nuftienls. 

Calcium 
Calcium is the most abundant mineral element found In the animal body with pbout 99 percent of th calcium 

found in the bones and teeth and the remaining 1 percent widely distributed in various soft tissues of the body. On a 

total basis, immature cattle contain abodt 1.6% of calcium and mature cattle about 1percent (Smith, 1965). 
Calcium plays an important role in a wide variety of essential functions in body metabolism (Beeson et a/, 1975). 

A few of the most important functions of calcium are as follows: 
1. Essential for bones formation and maintenance. 
2. Important in teeth development and maintenance. 
3. 	Required for normal blood clotting, Calcium must be present for prothrombin to form thrombin. Thrombin 

reacts with fibrinogen to form the bl#- A.clot, fibrin. 
4. Neceasary for contraction of skeletal, cardiac and smooth muscle. 
5. Enhances transmission of nerve impulses to maintain normal neuro-muscular excitability. 
6. Important in the regulation of tha heartbeat along with potassium and sodium ions. 
7. Calcium can act either as an kctivator or stabilizer of enzymes. 
8. Calcium has been shown to be necessary for the secretion of a number of hormones and hormone-releasing factors. 
9. Essential for normal milk secretion. 
There are many factors which influence the utilization Pid metabolism of calcium in the animal body. Some ot the 

more important factors which affe:t calcium 'tilization in cattle are as follows: 
1.Adequate levels of calcium ad phosphorus to meet the daily requirement. 
2. Ratio of calcium to phosphdrus. 
3. Proper level of vitamin D2 or D3. In the absence of vitamin D,calcium absorption and utilization are decreased. 
4. Parathyroid hormone regulates the level of calcium in the blood. 
5. Thyrocalcitonin from the thyroid gland has a depressing effect on blood calcium by decreasing calcium absorption 

and reduction inmobilization of calcium from the bone. 
6.Biolog~al availability of calclum varies from different feed sources. 
7. Age of animal. Youngcattle use calcium more efficiently than mature cattle. 
Clinical symptoms of a calcium deficiency characterized by rickets end osteomalacia do not occur too frequently in 

cattle 6cuse of the long per!od that calves are on milk and the high-roughage diets that are ordinarily fed to pregnant 
and lactating cows. A calcium deficiency occurs most frequently In beef animals on high-energy grain rations and is 
manifested by decreased gain, poor digestibility of nutrients, low,blood calcium, brittle bones and in some cases tetany. 

Rickets is an abnormal mitabolismor calcification of the bones in young growing calves which may be caused by a 
deficiency of calcium, phosphorus or vitamin D. Calcium and phosphorus are not deposited in the organic cartilaginous 
miirix Insufficient quantities to develop a strong, dense bone. Calcium and/or phosphorus content of the blood is 
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lowered and there is an increase of phosphatase in the plasma. In a specific calcium deficiency, the blood calcium islowered more than the blood phosphorus although both may be involved due to their close interrelationship. For'clarity, the terms low-calcium rickets or low-phosphorus rickets should be used. Gross symptoms of rickets are manifested by swollen tender joints, enlargement of ends of bones, beading of ribs, arched back and stiffness of legs. Prolonged cases of rickets will result in structural abnormalities such as buckled knees, bowed legs and crooked fore orhind legs. The weight of the body and tension of the growing muscles pull the weakened, soft bones out of shape.Osteomalacla is a term which describes a decrease in the mineral content of adult bone which is due to a lack ofadequate calcium and/or phosphorus in the diet. Even when bone is mature and stops growing, there is a continuousmobilization of calcium and phosphorus which must be replaced to prevent weakening of the bone structure. Duringpregnancy and lactation which are periods of high calcium and phorphorus demands, there'is adepletion of the mineralcontent of bone and the calcium and phosphonus must be replaced during non-pregnancy and dry periods in cows. Acontinual depletion of the calcium and phosphorus content of adult tne will lead to weak and brittle bones which may break accidentally under external prtrsure. 

Phosphorus

Phosphorus contributes about 1%of the total weight 
 f an animal's body, but unlike calcium, only about 80% of thetotal quantity is found in the bones. But because of this maonitudeo it isa verv imoortant function in bone formatiQn.The remaining 20% is distributed throughout the body in every living cell, and performs a host of functions. It isinvolved in almost all, if not all, metabolic reactions (Church, 1971).From a metabolic point of view, phosphorus is probably the most versatile of the mineral nutrients. In addition toits important contribution to the skeletal tissues, phosphorus occupies a very important role in various aspects ofabsorption and energy metabolism. Carbohydrates such as glucose are absorbed through the intestinal mucosal tissuesas phosphorylated compounds. Phospholipids are believed to be the chief means by which fatty acids are transportedthroughout the body. Phosphorylated compounds such as glucose-6-phosphate and triose-phosphate are vital intermediates to the glycolysis scheme of energy metabolism. Energy transfer occurs by way of high-energy phosphate bondsfound in such compounds as adenosine tr'ohosphate and creatine phosphate. Phosphorus isalso found in nucleic acidspresent in the cells. Other functions includa those such as buffering activity and formation of solublecomplexes withcations. Obviously, phosphorus is involved i,'ia host of functions vital to life.
In ruminant animals phosphorus is an extremely important element for the proper metabolism and health of the
nrrr mimcroflora. For ruminaiits, then, two phosphorus requirements must actually be considered-one for the animal

itself and one for rumernmiroorganisms. 
. Phosphorus deficiency appears to be a wide-spread problem throughout the world. Most of the forage that ruminantsconsume Is little more than adequate in phosphorus content and weathered, leached forage isnearly always bordefineor doficient in phosphorus. Consequently, phosphorus isusually one of the most limiting of the mineral nutrients forruminants in many situations. 
. Usually, the first evidence of phosphorus deficiency is a drop in plasma inorganic phosphorus below the normallevols (4-6 mg/100 ml for adults; 6-8 mg/100 m! for young animals). Plasma phosphatase values increase. The mineralcontent of the bones becomes depleted and the bones become fragile. Another resuit of a phosphorus deficiency isthat the joints become stiff, lameness may develop and fractures may occur.
Anorexia (reduced appetite) is the first clinical symptom of phosphorus deficiency, but it is not specific for aphospiorus deficiency, of course. Most animals develop pica (adepraved appetite) in which case they wiil chew and ingestarticles such as rocks, dirt,' wood, bones, or hair, Pica is not specific for phosphorus either, since it may occur with aNa or K deficiency. Less drastic deficiencies result in a listless appearance and a dull, dry hair coat. A phosphorusdeficiency may also interfere with the utilization of vitamin A and, in young, growing animals, teeth as well as bones
will be less dense and less completely mineralized.
Gain or milk production will be reduced in phosphorus-deficient animals; fertility is apt to be reduced in females
(Morrow, 1969; Jakovac of al., 1968). Both of these papers indicate that fertility of dairy cows was markedly reduced
when deficient in phosphorus. Supplementation with phosphorus resulted in prompt recovery of blood phosphorus
levels and a restoration of normal fertility.


Problems associated with phosphorus deficiency in range cattle include:
 
1. Lowered conception rates and smaller calf crops.
2. More difficult calving.
3. Lowered milk supply and a consequent lowered weaning weight of calves.
4. Reduced growth and size at a given age. 
5. Poor appearance. 

Other phosphorus deficiency symptoms inc!ude: loss of body fluids, poor feed efficiency, lowered resistance toinfectious diseases, and low phosphorus rickets.
As a matter of interest, some common sources of supplemental Ca and P are shown here: 
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COMMON SOURCES OF CALCIUM AND PHOSPHORUS 

Percentage of Element 
LP
 

Lmon ...... 38 

Oysted~dl38 
Calcmr sIa,te 
Dicalcu p~Owzhat 

~ ~ 23 
.24-26 18-22. 

Di .lcium~lnmlciumphosphates 
Defisacirkuted Whsht 

16 -23 
30-36 

18.5-23 
14-18 

Bo eWsl, st0md 7 23-26 -18 
Fi mellltyps...... 2-14 2 -7 
Fish iel, menh d 4.5-7.5 1 -4.5 
Meet and bone scraps 9-14 3-7.5 
Met raeI! 1-14 0.5-9 

:Ammoniumlophates- 20 - 24 
Sodium phospt 20-25 

BilgolAvailabity, 
Biological availability studies make up a large share of the research that is being reported on calciLrm and phosphorus 

nutrition. This ,isto be expected,: however, in view of the critical role that these two elements play in animal feeds. 
Furthermore, phosphorus cer~inly is'not the least expensive item in a feed formula. Therefore, it isimportant in the 
formulation fffeds to ensure that the proper levels of biologically available calcium and phosphorus are provided for 
the.various ages and clauses of livestock, keeping in mind the costs for optimum performance. A summary of these 

r
studies is presented inthe paper on biological availability of major mineral elements which is included in :his pro-. 
ciidings. 

Calcim to Phosphorus Ratio 
it has been known for over 50.years that an interrelationship exists between calcium and phosphorus. The desirable 

calcium phosphorus ratio has been defined as ope lying between 2:1 and 1:2; however, a large number of nutritionists 
have for years believed thatadequate nutrition is possible outside these limits. In fact, reports are found In the liter
ature that ratios as wide as 4, 5 and even 7 calcium to 1 phosphorus, have not produced noticeable ill effects in rumi
nants.In.spite of these beliefs and reports, the calcium to phosphorus ratios recommended for the various species of 
livestock by the National Research Council are narrow-more nearly a 1:1 ratio. 

For young calves and growing stock, the NRC recommends a calcium to phosphorus ratio of about 1.4 parts calcium 
to 1 prt phosphorus. As cattle grow older and their sktaltons are more developed, the calcium requirement isreduced 
siahitly whilethe phowhorus demand in.eese. This S due to lager-b oy .sie as about 20% of the phosphorus Is 
Ioa in the bodyJfsais andifluids. It isrecommended by the NRC that mature animalshavea 1.1 to 1calcium to 
phqirus ratio in their daily. rtion.With cows nursing calves the ratio should approximate 1.3 parts calcium to 1 part 

OW sru, due to the heavy lactation demand on calcium. 
One ntrestingan mo t area is the relatiohi of calcium and phosphorus to Milk Fever. Over the years, no 

sibdiNe' e in daiy cattle hals drawn so much continuous intercit as milk fever, and for good eason. As productivity 
in tdsIsir dtw incduo, f milk fever t to isincrease. It is a metabolic disorder that can have serious eco
,noe.icCoqp uwws and be diitrous if not propery handled.,. 

As early- s 1925 (Little and Wright), it was proposed that milk fever resulted from a rapid loss of calcium from the 
bloodstm lhe a g duprobably to parathyroid dysfunction. n 1954 Bodo and Cole at the University 

of alfor4waet prvet il fve fomdeeldpitgb ar cattle avery ow calcium, high phosbl edn
ho rti" or,;a omn ,* aritlon.They speculated that .theirt ique was succeasful 

becauthe low clcim, hig pho ophrs ration paced, strong demand on the perithvrord gl'. to keep it active so 
that at calving, time Iuffoin,,tamounts of le regulating hormone would be available to mobilize calcium rapidly 
eugh'tsatify t di of them mairy gland and also omaintain adequate blood levels 'ofcalcium.' 

Dr.G i. wt of the UnrivarsityofArlzora showed that complet parsthyroidectomy of lactaing and parturient 
daiy cows did not bing on milk laver, th e ing the parathyroid hormone deficlolcytheiiry. Datetnow indicates 
that I" parathyroid glendis act*e In eec c , but parto* the poblem a r be due to the production and 
poW .,lythedden r#Weee of. thy.o Wt, from the thyrod gland (Care, 1969). This hormone acts to depres 
blood!calcium. At anyite,. theaffeted cow has avere metabolic def iciency of c=coum. and,, usually, phosphorus.

4, ,,ee =ofre bysvrlwres(oings et.1. 93 Bodo Stue1., 1914 W-esea.1976) that the feeding 
of raioiins ith,a low caliua0hig phosphorusl ratio,(1:1 to 13) with adequate phosphrus' to preparturienst cows will 
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Requirements for Calcium and Phosphorus

Beef Cattle. The recommended phosphorus content of the. rationsof beef cattle 
 patbs gradually increasing

whereas calcium levels ave not changed appreciably.This is especially true of fattening cattle in fsedlota. -
Range cattle in certain areas depend heavily on native vegetation for a large share of their phosphorus and calcium

needs, in many types of vegetation the calcium level will remain relatively high throughout the year, but phosphorus
may be easily leached out, and by. mid-winter as much -s 85%. of the pho'phorus cootent may be lost. In addition 
to the lowered phosphorus content of these plants, the phosphorus remaining in mature, weathered forae is usully 
not as well utilized because much of it Is bound In the phytin form.


Publications he 
 also pointed out the Importance of considering the phosphorus requirements of the microflora
in the rumen if maiximum gains and feed eff ciencies are to be obtained. A healthy, efficiently functioning rumenis 
one of the keys to the efficient fedingof ruminants. 

Suggested levels of calcium and phosphorus for various classes and weights of beef cattle are shown here. NRC 
recommendations are also presented: 

CALCIUM AND PHOSPHORUS LEVELS EXPRESSED AS PERCENT OF RATION
 
DRY MATTER FOR BEEF CATTLE
 

NRC-Rvimd 1970
 

%Phosphmr %Calcium 
Initial Final Initial Final 

Fattening Calves 0.43 0.22 0.60 0.22
Fattening Yearlings 0.28 0.22 0.40 0.23
Fattening 2-year olds 0.22 0.22 0.29 0.22
Wintering Pregnant Heifers and Cows 0.18 0.18 0.18 0.16

Growing Heifers and Steers 0.43 0.18 0.60, 0.18

Cows Nursing Calves 0.23 0.22 0.29 0.27
Bulls 0.21 0.18 0.29 0.18 

VALUES COMMONLY USED IN COMMERCIAL BEEF FEEDS 

%Phosphorus %Calcium 
Growing Beef Calves 0.40 0.60
Fattening Calves 0.35 0.45

Feedlot Cattle (High Energy) 0.30-035 0.40-0.45

Lactating Cows and Heifers 0.30 0.35 

Dairy Cattle. Dairy cattle should be provided relatively high levels of phosphorus on acontinuous basis because of,
a) the relatively high endogenous loss in the feces, b) tvie relatively low true absorption of phosphorus, c) and the rela
tively high level of phosphorus in milk. Regardless of the dietary supply of phosphorus, its concentration in milk re
mains quite constant. Therefore, if adequate dietary levels are not provided, the milk yield will shrink to that volume
which can be secreted from the amount of phosphorus the cow can obtain from her diet and bone stores.Unlike that for calcium, there is no direct mobilizing mechanism for phosphorus. Since these two elements'are
combined in bone, the mobilization of calcium as a result of the prathyroid glands Isaccompanied by the incidental
mobilization of pihosphorus. Because ,of this and except during early lactation when calcium is Ibing mobilized veryactively, the cow depends on a meal-to-meal supply of phosphorus. Even though the bones stores of phosphorus are
large, an inadequate supply may lead quickly to biochemical and structural disturbancei. 

CALCIUM AND PHOSPHORUS LEVELS EXPRESSED AS PERCENT OF RATION
 
DRY MATTER FOR DAIRY HEIFERS AND BULLS
 

NRC-Ried 1971
 

%Phosphorus %Casuinitial Final initld Final 
Growing Dairy Heifers 0.42 0.26 0.56 0.34
Growing Dairy Bulls 037 0.18 •O, 0.24 

51 

http:0.40-0.45


CALCIUM AND PHOSPHORUS REQUIREMENTS OF DAIRY COWS 
_____,_,_._ _ (NRC Revised 1971) 

id ui Calcium ( Phosphorus
 
-, Kg (%)(9/day)(%
(gdey) 

350 14 .30 11 .23 
400 17 .30 13 .23
450 18 	 .30 14 .23 
500 20 .30 15 	 .23 
550 21 	 .30 16 	 .23 
600 22 .29 17 .23 
850 23 .29 18 .22 
700 25 .29 19 .22 
750 26 .29 20 .22 
800 27 .28,: 21 .22 

Maintenance and Pregnancy 
(Last 2to 3 Months of Gestation)
 

450 26 .33 
 20 	 .25 
550) 31 	 .33 24 .26 
700 39 	 .34 30 .26 

Lactation (Added to Requirements for Growth or Maintenance)* 
%Fat (g/Kg Milk) (g/Kg Milk) 

3.0 2.5 	 1.8 
4.0 2.7 	 2.0 
5.0 	 2.9 2.2 

*Add to figures for growth rm-her ti 'i maintenance ifheifers are still growing. 

Complete dairy feeds are beoming more commonplace and there isinterest in the levels of calcium and phosphorus
required to adequately balan ,e these rations for high producing cows. Based on the 1971 Revised NRC values, a 550 
Ky non-pregnant cow milkirig 45.5 Kg of 4% fat milk per day would need to consume 127 grams of calcium and 95 
grams of phosphorus daily. If 'he consumes 20.5 Kg of dry total ration containing 0.72% calcium and 0,54% phos
phorus (Ca:P 1.3:1) she will just meet NRC standards. 

Fluorine 
An excellent review of the effects of fluoride in animals has been published by the National Research Council 

(1974). Animals normally ingest low levels of fluoride withou*, adverse effects. Fluoride in small amounts may be 
beneficial and, appear to be essential In some species. When excessive amounts are assimilated, adverse effects are 
induced. The fluorine ,av ,s of common uncontaminated feed materials are too low to constitute a fluorine hazard tolivestock. The, ingestion of toxic or potentially touic amounts of fluorine by farm animals occurs most commonly 
under the following circumstances: 

a. In areas where the drinking water is naturally high in fluoride this is known as indemic fluorosis and usually
results In chronic rather than acute fluorine intoxication. 

b. 	When the animal's dit is supplemented with fluorine bearing minerals as a source of extra calcium and phos
phots. 

c. 	 In restricted'ateasl adjacent to industrial plants or mines which result in tie omission of fluorine fumes or fluoride 
dust which contaminate the soil ind the herbage and ater co Aumid by the animals. 

Change. in the t e the earliest evidence of the ingesior, by livestock of fluorine in amounts in excess of the 
capacity of the bV forr mpt elimination. Mild dental fluorosis of itself may be of rgligible economic Importance
but it is probable tht itis qualitatively Indicative of Undesirable metabolic disarangement. 

An animal. offeedea fluorine containing ration has four ways-of trying to keep the fluorine out of the blood and soft 
tisues. Some of theofluorne lnguted wil, be una rd and voided in the feces-some will be filtered out by the kid
neys andm' i 'n ",the urin-;some will' be synthesized in the bone and tooth tissues and ,finally through reduced 
food consvm1 the animal can reduce its fluorine intake. Other than the effect,on the teeth then, the first symtums.;on, 

,,ofexce& fluorinei'.take is reduked appetite or fead intake. It follows then, that blong with this lowered feed intake, 
aeduction in body wiigh 9in andrprogressivaly poor physical condition'results. 

Fluorine s1' "alcwwlatlvepoison" and for this reaon, it isnot only the level of ingestion but the time period over 
wAlcth the pstlon: takeis plan that Is important. This is especially true as we'look at some of the chronic affects. The 
ingestion of toxic amoUts offluorides for an extended period will result in the development of bone lesions. This, in 
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some cases, results in a general thickening of bones and when examined closely, they appear chalky white on the sur
face and very r.ough and porous as compared with a normal hard smooth bone. Animals suffering from fluoride toxicity
usually exhi1kt generalized stiffnessand lameness.,Thisisprobably attributable tothefactthat as the condition advanbes
there is calcification on the ligaments, especially at the point of attachment to the bones. 

There it're specie differences with regards to resistance to fluoride toxicity. Swine and poultry are inore resistant to
fluoride 'ioxicitythan most other animals. The order of tolerance is as follows with the least tolerant epnscies listed first: 

Dairy Cow 
Beef Cow 
Sheep 
Swine 
Chickens 
Turkeys 

Factors that infi!uendu fluoride toxicity in animals inciude:.
 
-amount of fluoride ingested,
 
-duration of ingestion,
 
-fluctuations in fluoride intake with time,
 
-solubility of fluoride ingested,.
 
-species of animal Involved,
 
-age at time of i1gestion,
 
-general level of nutrition,
 
-stress facors, and
 
-individual biologic response.


A summary table of tolerable dietary fluorine levels for the various animal species isattached. 
The North American feed industry and organizations (Association of American Feed Control Officials) which

control the industry have set up certain standards relating to fluorine in animal feeds. Section 7 of the Uniform State
Feed Bill (AAFCO, 1975) states that: a commercial feed shall be deemed to be adulterated: (a)(1) if it beers or contains 
any "poisonous or deleterious substance" which may render it injurious to health... For ttk, purpose of Section 7(a)(1)
of the Uniform Feed Bill, the terms "poisonous or deleterious substances" include but are ILtt limited to the follow.ng: 

1. Fluorine and any mineral or mineral mixture which isto be used directly for the feeding of domestic animals and
in which the fluorine exceeds 0.30% for cattle; 0.35% for sheep; 0.45% for swine; and 0.60% for poultry.

2. Fluorine bearing ingredients when used in amounts that they raise the fluorine content of the total ration above 
the following amounts:
 

0.009% !or cattle; 0.01% for sheep; 0.014% for swine; and 0.035% for poultry.
 

SUGGESTED FLUORINE TOLERANCES FOR ANIMALSa(These levels are based on the assumption that the animals receive an otherwise adequate diet.) 

Tolerance 
Level Definite-Animal (NRC) Unafe 

Breeding Animals (Diet F ppm) (Dht F ppm)
 
Beef or dairy calvesb 
 - 40 and above
Beef or dairy heifersc 30-40 50 and above
Mature beef or dairy cattled 40-50 60 and above,
Ewes 60 70 and above
Horses 4060 80 and abov.
Sows 100-150 160 and above 
Laying hens 400 440 and above 
Growing dogs 50-100 i20 aridabove 

Animals to be Slaughtered
Beef or dairy calvesb 35 65 d above
Beef or dairy heifersc 50 80'and above
Growing chickens (broilers 300 340 and.aove
Mature beef or dairy cows9 100 120 and above
Feeder lambs 150 I70and above
Finihing pigs 10 200andabove 

aThe values presented assumo the ingetion of asoluble fluor a,such as NaF. Whon the fluoride lInthe ration isrwaeent Inthe form ofdicalcium phosphate, these tolermnces may be Increased by approximately 60%.bCalvas up to 4 months of age. 
CHefers 4 months to 2 years of age.
dCstle 3 years of ago or older. 
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In addition, as part of specific definitions, the term "defluorinated" cannot be used as the part of the name of any 

product contalning more than one part of fluorine to one hundred parts of phosphorus, Ouality feed phosphates meet 
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SODIUM AND CHLORINE REQUIREMENTS OF RUMINANTS 

by 
J. K. Loosli
 

Animal Science Department
 
University of Florida
 
Gainesville, Florida
 

The value of common salt (NaCI) for man and his animals undoubtedly was recognized before recorded history. The 

earliest records list salt asan important item of tradealong with spices and clothing. The strong craving for salt exhibited 

by grazing animals under most natural conditions could not have gone unnoticed by the earliest herders. It appears, 
however, that only in the present century has the detailed role of salt been recognized. 

Sodium and Chlorine we Essential Elements 
Sodium and chlorine, along with potassium, functlon in maintaining osmotic pressure, regulating acid-base equilib

rium and controlling water metabolism in the body tissues. They help control the passage of nutrients into the cells and 

waste products out. Sodium occurs largely in the extracellular fluids and it makes up 93% of the bases of the blood 

serum, but is not present in the blood cells. Chlorine is found both within the cells and in body fluids.The gastric secre
tion contains chlorine as HCIOnd in the form of salts. 

Sodium and chlorine (NI) are dietary essential elements. Animals need to receive a regular supply in the diet be

cause there is limited body storage capacity, any excess consumed being rapidly excreted in the urine. Salt is also lost 
in the perlpiration. When the animal i4 deprived of NaCI it is able to conserve the limited body reserves by largely
eliminating urinay losse Even aft prolonged severe deficiency neither blood levels of NaCl nor the amounts secreted 

in the milk decrease. Thus lactating animals sufTer most from the lack of salt in the diet. 
Babcock (1905) was apparently the first to report the effects of salt (NaCI) deprivation on lactating dairy cows. 

After 2to 3weeks withotut soit, cows exhibited an abnormal appetite for it, but up to ayear elapsed before any ill effect 
on health was noted. Eventually there was loss of appetite, unthriftiness and marked decline in body weight and milk 
yield. These signs occurred first in high producers, and breakdown was seen most frequently at calving or shortly after 
at the peak of milk flow. Feeding produced rapid recovery. 

Smith and Alnes (1960) repeated and expanded the study with higher producing dairy cows. They found that the 
sodium and chlorine levels in the blood remained unchanged in cows receiving no salt, but the urine content dropped 

almost to zero within a month. The sodium and chlorine of milk remained unchanged. Highest producing cows showed 
wmptoms first and continued to secrete milk until they actually died of the deficiency, while others ceased lactating 

and gradually improved In rcondition even without receiving salt. Some of these were rebred, conceived and produced 
normal calves, but broke d6wn alisn at the next calving. Tne calves were all normal at birth. The prnary deficiency 
was dhown to be sodium (Na). Foeding NaCI or Na2CO3 effected rapid rocovery, but potassium chloride (KCIlcdid not 
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In a later sudy (Kemp and Geurink, 1966) high producing black and white cows became sodium deficient in about 
4 months on a diet of hay and concentrates with 0.05% sodium with adequate chlorine In the dry matter. Sodium ex
cretion in the urine was 10 to 26g per day before depletion and this fell to 0.19 to 0.50g. Sodium in the saliva and 
rumen fluid declined and potassium levels i'areased, After 2 months sodium reserve in the rumen had fallen from about 
200 to 100g and clinical signs were noted, including reduced feed intake and milk yield and salt hungWr. Cows fed 38g 
supplemental sodium excreted 2.5 to 3.Og daily. Deficiency did not appear when the saliva contained more than 3g 
sodium and less than 0.5g potassium per qiter, while serious deficiency appeared with sodium les than 1.g and po
tassium more than 2.5g per liter of saliva. 

Even though it has been known for some 200 years that HCI is presnt'in gasric juice and that chlorine i critical 
for maintaining acid-base eruilibrium in body fluids and tius is an essential diet&N, element, the experimental rat is 
the only animal In which a deficiency has been produced. A recognized chlorine deficiency hau not been reported in 
ruminants even though many forages are very low in chlorine. 

In Southern Africa du Toit et at. (1934) suggested there was little chance of chlorine deficiency occurring, but that 
sodium deficiency might limit performance in the dry season when herbage was mature. Smith and Aines (1959) 
confirmed this view in showing that sodium alone without chlorine will correct the deficiency in salt deprived cows. 
Thus It appears that the requirement for chlorine is lower than for sodium or that the body is able to conserve and 
recycle chlorine much more efficiently than sodium. Sodium is the principle limiting element supplied by salt and 
not chlorine. 

Supplemental Sit for Ruminants 
It is now recognized that sodium deficiency can greatly decrease productivity of beef cattle. The deficiency is best 

characterized by a decline in sodium concentration in the saliva and urine and an Increase in the potassium levels in 
these fluids. Murphy and Connell (1970) reported a simple method of collecting saliva for analyses which has proved 
useful in determining the sodium requirements of animals and distinguishing between a simple lack of salt and other 
limitations to production. 

Earlier studies measured animal performance as to the only indicator of the necessity to add s~pplements. After 
reviewing the published research it is clear why many questions remain about the desirability of providing supple
mental salt for grazing ruminants especially in the tropics. Du Toit et al. (1934) suggest the growth requirements of 
cattle could be met by forage containing 0.02% Na and 0.07% Cl in the dry !matter.Suitable forage should contain 
0.15% Ne and 0.19% Cl. In Nigeria, Anderson observed that pica symptoms In cattle grazing forage containing 0.26% 
Na in the dry matter were cured by feeding more NaC. He suggested the salt requirements of cattle were increased in 
hot semiarid countries (Rhodes, 1966). 

Tests in Rhodesia (Husband, 1933, 1938) showed that feeding salt alon, salt and iron, or salt, iron and bonemeil 
resulted in improvement in appetite and general condition of cows grazing native or fertilized pastures and the suckling 
calves grew faster suggesting Increased milk yields. In contrast Murray and Romyn (1936) observed no effect from 
supplements of salt, bonemeal of dicalcium phosphate in preventing weight toss in the dry season or increasing rainy 
season gains of growing cattle in Southern Rhodesia, but feeding as little as 0.12 Kg of digestible protein to supplement 
the low-protein dry-seasow forage improved performance. 

Rhodes (1956) reviewed some of the early observations in Africa on feeding mineral supplements to cattle and re
ported the results of his research in Rhodesia. Yearling steers studied over a 3-year period gained more weight during 
the dry seasons on a supplement of peanut meal (0.68 Kg/day) than on cornmeal, salt or bonemeal. During the rainy 
season, salt stimulated growth the most. A combination of protein in the dry season and minerals throughout the 
year tested in a second study with weanling steers resulted in appreciably greater gains than either supplement alone. 
However, the response to minerals alone was greater than to peanut meal. In a third trial, Africander type native cattle 
showed no response to salt supplements, in contrast to the results in the first two tests using European breeds of cattle. 
High temperature was not a problem in these studies carried out in the higher elevations of Rhodesia. 

Walker (1957) studied the effects of supplements of salt or protein during the dry seasons over a 4-year growing 
period in Northern Rhodesia at an altitude of about 1000 meters using 136 Kg native weaned steers 6 to 7 months old. 
The 6 to 7 months dry season occurs between March and November and the crude protein content of the natural forages 
declines from 4.5% to 0.68% during this period. The control steers (Table 1) provided only native grazing gained weight 
during the rainy season, but failed io gain and generally lost weight during the dry season. The group fed 'orally 28g of 
salt per day throughout the year gained more rapidly thar the controls in the rainy season on flush pasture and main
tained body weight during the dry season. Skeletal growth continued throughout the year. Feeding 0.68 Kg of peanut 
meal per day did not improve weight gains above the control steers but skeletal growth occurred and protein plus salt 
was only slightly better than salt alone. Feeding 57g salt per ceay was excessive since those steers performed ortly slight
ly better than the controls on grazing alone. Note that Ohe steers were about 6 years old before reaching 0) Kg with 
the supplements and the controls would have needed at Ieast another year to reach that weight. 

This very slow growth is .till typical of many of the cattle produced in tropical Africa today. Whie feeding salt Is 
beneficial and French (1955) stated that sodium was the most needed nutrient, cattle really need more and.better 
quality feed throughout the year except during the early rainy season, to allow satisfactory growth'and reproduction. 

Recent experiments have used new chemical methods to relate the sodium content of forages and saliva of m-ttle to 
their responses to supplements In Australia. 
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ayne (1970) surveyed the sodium content of eight g-ass and legume pasture species in the Townsville, Australia 
- v 

,distict Several common pasture species contained (0.Q5% Na in the dry matter. It was concluded that sodium deft

:CpIlY symptoms could occur in grazing stock under ceitain conditions. 

Tablet 
EFFECTS OF SUPPLEMENTS ON GROWTH OF STEERS 

Live weights, end of season, Kg 
Yee and Seen Control 28g Salt Peanut meal + Salt 

1311962' Initial 132 131 
.1953 .',Rainy 197 220 224 

Dry 204 232 232 

.1 Rainy 297 322 330
 

Dry 286 313 326
 

1956 Rainy, 371 422 428
 
Dry 356 397 .429
 

1956 Slaughter 424 501 516
 

Total iaint 292 370 	 385 

Murphy and Plasto (1973) reported that Hereford cattle became salt deficient while grazing native pasture on the 

eastern Darling Downs, Queensland, Australia. Feeding NaCI free choice inreased +weightgain of cows from 0.14 to 

025 Kg per day and gain of the suckling calves from 0.62 for the deficient group to 0.77 Kg per day for the salt sup

plemented group. Saliva-sodium and potassium were 60.2 and 71.7 mequiv./liter for the deficient vs 139.1 and 7.4 
not altered, but urinary levelsrequiv./liter, for the salt-fed cows. Blood and milk sodium and potassium levels were 

were changed by the treatments. 
Gartnei and Murphy (1974) observed that steers and cowswith calves grazing Panicur maximum (Coloniao) pastures 

(soaiu'm,concentration of 0.18%) or Cynodon dactylonPaspalum dilatatum (0.115 to 0.7% sodium) in Queensland, for 

72 days did not exhibit any differences in performance, even though on Coloniao saliva sodium declined markedly and 

potasskm increased. The values remained at normal levels on the Cynodon/Paspalum grazing. The sodium content of 

the milk did not change the suckling calves made normal gains. The short grazing trial and the weight losses by cows and 

%tOrsmay explain the failure to show deficiency signs even though the Coloniao was too low to meet the sodium needs 
Vor equilibrium. 

Sodium Requirements of Cattle 
Smittiand Aines (1959) calculated that lactating cows need about 309 NaCI (1g Na) per day for the production of 

20,Kg of milk. They' fed 15or 60g NaCI per day and the feed contained 8 to 15g per day, so the cows on 15g NaCI 

were getting 14 to 209 Na and those on 60g NaCi were getting 32 to 39g Na. The lower level was inadequate for Ibest 

respons. 
Steertfed an all-sorghum grain diet deficient in sodium (0.033% or 0.13g/day) gained less than steers receiving 0.06% 

(31g/day) or larger amounts (up to 0.2%, 11Ag/day). The sodium requirement was not more than 0,06% of the dry 
matter or 3.1g/day for the 300 Kg steers studied, based on feed intakes, weight gain, and concentration of sodium and 
pot"ium in parotid saliva and rumen fluid. Urinary sodium excretion rose as the intake was increased (Morris and 
.Gatnert,1971). The results are illustrated in Table 2.: 

Table 2 

RESPONSES OF STEERS FED AN ALL-SORGHUM DIET AND DIFFERENT SODIUM INTAKES 

Sodium Intake 

glday 0.13 3.1 6.0 11.4 
%DM 0.003 0.06 0.11 0.2 

Feed intake,. Kg/day 1. 4.50 5.54 5.31 5.69 

Daily gain Kg/day 0.59 0.93 0.89 0.97 

Final weight Kg 311 341 340 356 
• Saliva Na, 60A 152.2 144.7 145.8 

mq4 K 80i8 7.1 7.0 7.4 

Rume fluid Na 51 	 120 126 122 
23ImJL 	 K . 48 24 27 

Na 2.8 12.9 22.0 38.8iUrine 
in.eqJL .K 3&: 40.8 39.7 ,,, 60.1 
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Morris and Murphy (1972) depleted beef calves of sodium reserves on a sorghum grain-soybean meal diet, then fedgraded levels of sodium bicarbonate to study performance during 52 days repletion. From a consideration of feed intake, body weight gain, and salivary concentration of sodium and potassium it was concluded that for 80 to 110 Kgcalves gaining 0.6 Kg per day the minimum sodium requirement was about 2.3g per day, 1.2g was clearly deficient and 
and 3.4g per day is probably more than adequate. 

Sodium Requirement of Sheep
Morris and Peterson (1975) utilized the Na:K ratio of parotid saliva to estimate the sodium requirements of lactatingewes. The basal diet of rice straw, sorghum grain, soybean meal, minerals and vitamins contained 0.016% sodium and1.1% potassium. It was supplemented with sodium. bicarbonate at levels to supply from 0 to 2290 mg of Na per Kg ofdry matter. A level of 870 mg/Kg of diet dry matter was considered adequate. Level of sodium supplementation didnot affect sodium or potassium concentrations in the ewe's milk (19.8 ± 1.2 and 26.9 ±0.7 meq/1, resp.). McClymont

eteal. (1957) reported mg/kg diet (0.9 g Na/day).
Hagsten and Perry (1975) depleted lambs on a low-Aodium diet (0.012% Na) for several months until daiiy gainsdeclined from about 0.3 kg to (0.1 kg. Plasma sodium did not decline appreciably during depletion nor increase duringrepletion, but remained at about 3300 ppm. Urinary excretion declined to a low level after 3 weeks depletion. Repletion by oral administration of salt sot,.tion which supplied sodium at 0.08% or more of the dry matter consumedcaused large urinary excretion. In another study these researchers utilized daily drenching of lambs fed a salt-low dietto estimate that the salt requirement-or growth was 0.38% of the dry matter. In a feedlot study the sodium chloriderequirement was 0.39%. On this basis, the sodium requirement would be 0.10% of the dry matter intake of growing

lambs. Low salt intakes decreased feed efficiency 26%. 
Sodium Requirements of Goats 

Schellne- (1972) studied the effect of two levels of sodium (0.31g/Kg vs 1.74g/Kg dry feed) on growth, reproduction and lactation of goats. Deficiency appeared 4 to 6 weeks after the goats were started on the low-sodium diet. Theyincluded persistent licking, restlessness, dull shaggy hair, poor growth and intake of feed and marked emaciation duringlactation. After 224 days, the deficient goats weighed 80% as much as those supplemented. They ate an average of 6%less feed per day and required 18.5% more feed per unit of gain. There was no effect on reproduction, but milk yieldsand the sodium content of milk and hair were depressed, but not in the liver or whole body of new born kids. Clearly.the low level of sodium (0.31ig/Kg or 0.031%) was deficient while the higher level studied (0.174%) was fully adequate. 

Sodium and Chloride Content of Feeds 
The'amount of supplemental salt needed varies with the amounts in the feeds and water animals consume. Only recently have systematic surveys been attempted to measure the sodium content of forages and only very limited areashave been studied to date. In contrast to most temperate countries, the co~st is high for delivering common salt to theareas where cattle are produced in tropical countries and the expense may not be justified unless there isa substantial 

response. Water may also be a 9ood source of sodium. 
The University of Florida summarized the available analyses of Latin Amorican feeds. Of 2615 forage samples, only146 had been analyzed for sodium. Of these, 18% contained 0.05% Na or !oss, 41% had between 0.05 and 0,10%, 18%

0.11 to 0.20%, and 22% above 0.2%. (McDowell etal., 1974).
!n Western Panama, Hyparffhenia rufa (Jaragua grass) from 11 different locations contained 0.05 ± 0.02% Na in April
compared with 0.036 ± 0.006% Na in November, 1970. (Chicco, 1972).

FAQ has recently published an extensive summary of the composition of tropical feeds (Gohl, 1975). High sodium
sources were salt bush 6.34% Na, creeping salt bush 4.66%, seaweed meal 2.93% and sunflower meal 2.09%. Animalby-products contained from 0.4 to 1.6% Na. The cereal grains, high protein by-products, all legume forages and many

gra ses were low in sodium (0.01 to 0.1%). 
Salt ToxicityExcess intakes of salt are toxic. When salt hungry animals are given free access to salt they mey eat so much it willcause death, especially if fresh water is limited. Generally, animals will not eat harmful amounts it salt isalways available, but they often eat more than their minimum requirements. When animals consume mors salt the fresh waterrequirement increases. Higher temperatures also increase water requirements. Shirley eral. (1974) reviewbd the data onnutrients and toxic substances in water. They reported that European breeds of beef cattle weighing 450 14 and eating10 Kg of dry feed per day may drink 28, 41 and 66 liters of water daily at 4, 21 and 320C, respectively. They listed thewater needs of average sized mature animals !n a temperate climate as follows: dairy cattle 38 to 110 latrs, sheep and 

goats 4 to 15 liters. 
In many hot drier areas the water available for livestock may cqntain harmful amounts of salts. In addition to NeCi,potassium, magnesium and calcium are major constituents occurring as chlorides, carbonates, bicarbonates and sulfates.Minor mineral elements, both essential and toxic also occur in water. Saline water containing NaCl is less toxic thanNa2 SO4 , CaCI 2 or MgSO4. Shirley &tal. (1974) concluded from the published research that water containing salt concentrations up to 5.0 g/L are safe for lactating cattle. Levels up to 7.0 g/L are safe for non-lactating cattle and sheep,but higher amounts are harmful. Several studies show that cattle can adapt to water containing 10.0 g/L of NaCI and 

57
 



A oeep ucIlk'wwhat higelevels. It can be calculated that .for the beef 'cattle,cited above that drink abo Iut 40 litte-s of 
We* dulNy the, No requirment would be met by aconcentration of about 0.5 g/L of Natl.Surface water in ponds and 
stiimin the U.S.A. contains 0.001 g to 7.5 g/L of NeCI with an average of 0.055 g/L.Values below 1.0 9/L are con
side fr wate from 10 to 3.0 giL slightly salty and 3.0 to 10.0 g moderately salty.-Salt brine contains 35.0 to 
1O0 g InGreat Salt Lake, Utah contains 89.4 g/L of sodium and 278.0 g/L total salts.tL.Water 

rthr herepotsn the salt (NeCl) requirements of ruminants, the natural occurrence of salt deficiency in 
!z~ngnInmule theiseific signs and physiologicl changes resulting from critical deficiencies produced experimentally, 

the diunm conte'nt of same feds and forage and the occurrence of salt toxicity have been briefly reviewed. 
Low! nnt k f k 0n natural feeds cause an intens ntakes, depressed growth. dim or cring for salt, reduced feed 

-ti; wiW milk-yid and ,es cssdeathi f actating animals. Urinary excretion of NaCideclines-markedly, 
and 'thodium inA.p 'otid saliva decrease whiile potassium increases. NaCI levels in the blood and milk of deficient 
animals ditnvry", i5ttle. Chlorine deficiency isnot known to occur In grazing ruminants. Laciating animals have the 
highest'requirement for sodium, 0.1-0.15% of the dry diet. Growing cattle need 0.02 to 0.08% Na in the diet dry 
mae - oie from different areas. Many forages are low enough in Na to cause deficiency unless salt is 
providd, but tlhr ae lexceptions. Salt requirements may be higher for animals in hot, dry regions because of higher
losses In saliva and psrspirtion but comparative data are not available on the differences. 

Salt toxicity Is not likely to occur when animals have ample fresh water available. They will not drink salty water 
if there is a choice. Lactating cattle can tolerate salty water containing up to 5.0 g/Liter of NaCI, and other cattle and 
shee up. to7.0 to 10.0 g/L, but higher concentrations are harmful. About 0.5 g/L of salt would meet the sodium 
requirements. 
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Introduction 
The subject is approached with emphasis on cattle, and to a lesser degree, on sheep and their respective deficienciesand metabolic disturbances. There are no references pertaining to goats.Magnesium is an essential macroelement in the nutrition of ruminants, which is present in the body of the animalin the proportion of approximately 0.05%. About 60%of magnesium is found in the skeleton with the remainder inthe soft tissue. In spite of existing in the-body in quantities much smaller than calcium and Phosphorus, magnesiumis closely associated with them. In general, the distribution of magnesium in the animal follows that of phosphorusrather than calcium. Like calcium and phosphorus, it is excreted in the urine and the feces, but primarily by way ofthe latter route. 

0Besides being an essential constituent of the bones and teeth, irt participates directly or Indirectly in about 80 knownenzymatic reactions (Schutte, 1966), being particularly essential in the metabolism of ugarsu(Krebs cycle), catalyzingthe formation of Acetyl-CoA and SuccinyI-CoA, key compounds of that cycle (Con and Stumpf, 1972).1t participatesin the transmission of neuromuscular stimuli. Specifically, it activates all the enzymesof transference of phosphorusfrom ATP to ADP and for this reason, influences all vital processes (Maynard and Loosli, 1969).In the plant kingdom, magnesium is a component of chlorophyll, essential in photosynthesis. This, considered themost important reaction in nature, gives the dimension of the physiological importance of magnesium.The magnesium content of food tends to follow that of nitrogen and phosphorus. The oil-rich seeds and their byproducts contain relatively high levels of magnesium, but the cereal grains contain substantially less. By-products ofanimal origin are poor sources of magnesium. Forages are highly variable in magnesium with legumes generally higher
than grasses (Nelson, 1973).

In general, the quantities of magnesium decline as tha plant matures (Underwood, 1966). In contrast, Prospero andPeixoto (1972), in Sio Paulo, found that the magnesium content, in contrast with other minerals, tended to increasein the napier variety of elephant grass (Pennisetum purpurem, Schum), with increasing maturity (Table 1). 

Figure 1. Chlorophyll. 
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These researchers considered thisan unexpected finding because magnesium Isquite,mobile within the plant. Previousfindings of Gomide et W. 01969) showed a tendency for magnesium to decrease In the dry matt of elephant v dpengola gram from-28 to 140 days. Without a doubt themmore recent studies will prompt now invetti 
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Table 1 
EFFECTS OF MATURITY ON MACRONUTRIENT CONTENT IN NAPIER GRASS (DRY BASIS) 

Stage of Percent in dry matter 
maturity 
in days Nitrogen Phosphorus Calcium Sulphur Potassium Magnesium 

45 2.38 0.21 0.14 0.15 5.07 0.10 
75 1.10 0.12 0.16 0.08 3.71 0.10 

105 0.93 0.15 0.19 0.10 3.16 0.11 
135 0.63 0.05 0.42 0.07 1.60 0.15 
165 0.53 0.15 0.30 0.06 2.20 0.11 
195 0.43 0.03 0.18 0.06 1.19 Li.16 
225 0.43 0.11 0.41 0.07 1.36 0.13 
255 0.36 0.04 0.20 0.09 1.67 0.11 
285 0.30 0.09 0.24 0.05 1.21 0.13 
315 0.32 0.04 0.15 0.07 1.25 0.15 

In the last few years, the interest in the study of metabolic disturbances related to magnesium In ruminants has been 
incre sed, especially due to .he apparent geographic expansion of hypomagnesemic tatany. This metabolic disease was 
found almost a century ago in Holland, and later in Englend, Irelard, the majority of the European countries, New 
Zealand, the United Statesof America and Australia (Minyard and Dearborn, 1965). 

Under practical conditions, usually spontaneous deficiencies of magnesium are considered improbable because the 
required quantities in the diet are about 0.05-0.1% of the e;oment on a dry matter basis and there are few forages 
where the concentration is less than 0.1% (De Alba, 1973). It is therefore necessary to find values lower than 0.07% 
to suspect deficiency. 

Hypomagnesemic Tetany 
Hypomagnesemic tetany in reality is not a tetany, but convulsions attributed to the hypomagnesemia. It occurs 

principally in very productive pastures and in equally productive animals with elevated metabolic activity (De Alba, 
1973). 

According to Crookshank and Sims (1955), the clinical signs begin with marked excitation, incoordination and loss 
of appetite. As it progresses, dizziness, and falling isobserved. The nervousness becomes more apparent, with muscular 
contractions. The animal shows an anxious expression, grinds its teeth and salivates profusely. The eyelid protrudes or 
quivers as in the case of tetany. General contractions continue until the animal becomes almost prostrate. Still, sudden 
noises cr a touch may provoke reflexive responses. There is laborious respiration, tachycardia, and animal passing into 
a coma. If the animal is not treated, there are intermittent periods of convulsion ard relaxation ending in death. Gen
erally there are six to ten hours between the onset of the first clinical signs and the passing into a coma state., If treat
ment was not initiated before the coma, there is little chance of recuperation. The blood generally shows reduced 
quantities ,f magnesium, diffusible calcium, inorganic phosphate, low albumin-globulin rates and elevated levels of 'otal 
protein, globulin and, possibly, potassium, in comparison with the serum of normal cows. 

Grass tetany has been diagnosed in a limited number of non-lactating cows and in calves, but never in adult males 
or in steers. Even when steers, heifers, and cows had been submitted to identical rations, the death rate restricts itself 
to the oldest cows during pregnancy or lactation. 

Hughes and Cornelius (1960) examined the blood of lactating beef cows grazing praettre, grown after a period of 
rain following a prolonged interval of drought. Only in the case of low amounts of Ca, Mg, and P were there typical 
tetany convulsions. The magnesium in the serum was frequently low in steers, bulls, calves, and in apparently healthy 

cows in similar pastures. Therefore, simple magnesium deficiency was not the cause of this disturbance. 
Tetany can exist without hypomagnesemia (Todd and Thomipson, 1960). Custer (1959) and Marshak (1959) also 

considered that tetany is not only the consequence of hypomagensemia, but also the c. nsequence of hypocalcemia. 
The albuminuria generally present, is not present in the case of parturient paresis, whose symptoms at time become 
confused with those of grass tetany. 

Hall and Reynolds (1972) :udied the concentrations of magnesium and calcium in the plasma of Hereford cows, 
before and after the tetany; in the beginning of the symptoms, magnesium was 0.66 meq/1 ond the calcium was 3.89 
meq/1 and three to five dsys after the tetany, the values Increased to 1.07 and 5.69, respectlvy. 

Grace (1972) observed levels of magnesium in plasma of cows In pastures during gestation and lactation. In adults, 
gestation 'caused significant increase until 3-4 weeks before birth. Lactation resulted in an Increase in the beginning 
and sgr "icantreduction 34 weeks after the birth. But in young cows, neither the gestation nor the lactation had any 
significant effect on the levels of magnesium in the plasma. 

According to Maynad ad Loosli (1969), in agreement with evidence from the Experimental Station of Nevada, 
tetany could be produced by the administration of excessive potassium and citric acid or transeconitic acid. These 
substances aipparently depres the quantity of, magnesium in the blood, enough to cause tetany. In this case supple
meints of magnesium help to prevernt the disturbance. 
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According to Underwood (19'66. grass tetany, in Its acute form, results from the insufficiency of magnesium or fromunavailable magnesium in the diet, associated with the incapacity of the animal to mobilize the magnesium from itsskeleton in sufficient quantities to maintain the levels of magnesivn in the serum which may be influenced by un
known dietetic factors. 

Requir mentMuch less is known abopt the requirements of magnesium in ruminants and the factors that affect these requiremerits, than Is known about the requirements of calcium and phosphorus.The majority of the evidence suggests that pastures or rations containinp more than 0.07% Mg in the dry form oughtto satisfy the minimum requirements for the growth of cattle and sheep and that the level of 0.1% is adequate as theminimum for cows and ewes in lactation (Underwood, 1966). According to Hawkins (1957), 0.07% to 0.08%of magnesium in the ration seems adequate to satisfy the minimum requirements for calves up to the age of 260 days. Thelevels of serum magnesium vary from 2.0 to 2.2 mg/100 ml,The results of nutritional balance trials in Holland indicate daily requirements of available magnesium on the orderof 2.5g for maintenance and of 0.12g per liter of milk produced in cattle (Kemp, 1963). The serum magnesium levelbegan to decline when the excrite in.the urine was less than lginstead of the average 2.5g.Rook et al. (196-1 found that the serum magnesium level In lactating cows fell to 0.5 mg/100 ml within four daysafter the supplemekat of magnesium had been rf.rnoved which had provided 9.3g of magnesium per cowexcretion of magnesium per day. Thein the urine ceased but the magnesium in the milk was not affected. The ingestion of 9.3 to13.9g of magnesium was sufficient to support the production of 11 to 15 liters of milk during the midpoint of lactation.Minyard and Dearborn (1965) presented in detail five experiments with cows during a period o;f two years in SouthDakota on three different farms, which previ'nwly had produced tetany from their pastures. In each experiment theherd'was divided at random into two groups. One group received a calculated supplement to furnish 6g of magnesium
and 12 g of calcium per cow per day.

The other group remained as the control group with a similar supplement, however, without the addition of magnes-,ium. The two groups in each experiment were placed in adjacent pastures that were considereu similar with respect tothe probable occurrence of grass tetany. There were 18 cases of tetany in 505 cows in t: c,n'tol group as compared toone case (this one being fatal) in 504 animals in the treated herd.O'Kelley and Fontenot (1969) studied the requirements of magnesium for beef cows during gestation. In order tomaintain 2 mg/100 ml of serum magnesium, the requirements calculated by regressions were 8.5, 7.0 and 9.0 mg ofmagnesium per day per cow for 145, 200, and 255 days of pregnancy, respectively, corresponding to 0.12, 0.10, and0.13% of magnesium in'the dry matter of the ration. The recommendations of O'Kelley and Fontenot (1969) are higherthan those of other researchers, inasmuch as they are related to the maintenance of serum magnesium at a level of2 mg/100 ml which is above the renal limit of 1.46 to 1.76 mg/100 ml as demonstrated by Storry and Rock (1963).According to Nelson (1973) a common iecommendation is about 57g of magnesium oxide per cow perday in pasturesthat are predisposed to tetany. This level is in excess to that which is generally considered adequate.Chicco et al. (1972) calculated the minimum requirements of magnesium and of magnesium oxide as being on theorder of 4.03 mg/kg of live weight to substitute the endogenous losses and the renal limit of 1.63 mg/100 ml in theplasma of sheep on a purified diet. 
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Ammerman eta l. (1971) suggested 8.0 to 10 mg/kg of live weight per day of magnesium as magnesium oxide as thenecessary quantity to ree,tablish the normal feed intake in sheep. These researchers demonstrated that, in sheep fed a 
ration that was essentially free of magnesium, the voluntary feed intake was reduced by 32% in relation to the controls 
after they received the diet for four days' Figure 2 shows the effect of magnesium supplementation on the voluntary 
feed intake. 

Availability 
, There is evidence that the availability of magnesium in some type of feeds, particularly grass and roughages, isfre

quently under 30% and sometimes as low as 5% (Underwood, 1966). On the other hand, there isconsiderable individual 
wriabirity among cows in the absorption, of magnesium from determined sources. In the case of magnesium being, 
scarcely 20% available instead of 33%, the real requirements would be multipled by 5 instead of by 3.1. Thus, acow 
producing 9 kg of milk per day needs 3.0 gof net magnesium. In the case of 33% availability of magnesium in the diet, 
about 9.1g of the total magnesium would be necessary and in the case of 20%, approximately 15.0g. 

*UnderwoOd (1966) suggests that magnesium availability in an animal is particularly low during certain periods. 
Kemp or al. (1961) presented evidence that the availability of magnesium increas-.s with the degree of maturity of the 
forage as seen in Table 2. 

Table 2 
AVAILABILITY OF MAGNESIUM IN GRASS 

AT AN IMCREASING DEGREE OF MATURITY 
%of protein in the dry matter Availability of Mg 

of the grass for cows 
26 10 
18 16 
14 20 

These authors suggest that the low availability of magnesium in grass can be accentuated by the heavy fertilization 
with potassium and nitrogen. Therefore, the fertilization would have the effect not only to reduce the concentration but 
also lower the availability of magnesium. The availability of magnesium also varies among mineral supplements. Chicco 
eta!. (1972) found magnesium from magnesium oxide was 75% available to sheep. Gerken and Fontenot (1967) reported 
that with steers the magnes-um from the oxide was better absorbed than the magnesium from the calcareous dolomite 
end resulted in a significantly.elevated magnesium serum level. Moore et a!. (1971) also reported that, in steers, the mag
nesium from the oxide was significantly better absorbed than from the calcareous dolomite. According to Storry and 
Rook 11963), in cows, the level of magnesium in salt, determined from the percentage of magnesium of the supplement 
excreted in urine, was much higher in the citrate, followed by oxide, nitrate, acetate, and lactate forms of the mineral. 
The sulfate, chloride and silicate were comparatively less available. The authors demonstrated a linear relation between 
magnesium in the urine and in the serum above the limit of 1.46 and 1.76 mg/100 ml of serum. 

Ammerman et al. (1972) verified that Mg cf the carbonzte, oxide, and sulfate were well utilized by sheep, in agree
ment with dta on absorption and retention. Voluntary feed intake was higher when magnesium carbonate was fed. 

Interrelations Among Nutrients 
According to Newton etal. (1972) high potassium ingestion results in a decrease in apparent magnesium absorption

in sheep. Young lambs received diets containing 0.1% and 0.6 or 4.9% of potassium bicarbonate. The diets were equa: in 
calcium and phosphorus. The average absorption of magnesium was 49.1% and 26.4% for the animals fed the low and 
high levels of potassium, respectively. 

House and Van Campen (1971) conducted a nutritional balance study with sheep using 26Mg in a control diet of 
0.17%magnesium and 0.76% potassium. Data showed that the daily administration of 60g of potassium chloride signifi
cantly reduced the absorption of magnesium, and resulted in a decrease of magnesium in the urine and an increase in 
the feces. 

Moore eta#. (1972), in metabolism trials with sheep, studied levels and sources of nitrogen with the level of potassium 
being constant, with two levels of crude protein and two of non-protein nitrogen (NPN). In the animals consuming diets 
high in nitrogen the excretion of magnesium in the urine was much higher and the retention much lower. However, there 
was a difference in the apparent absorption of nitrogen, indicating the high levels of ammonia in the rumen did not inter
fere with the absorption. There was no difference in relation to the form of nitrogen given. There was a tendency for the 
retention of calcium to be lower and the absorption of potassium to be higher in lambs with rations high In nitrogen. 

With respect to the interrelations among magnesium, calcium, and phosphorus in laboratory animals, especially 
guinea pigs and rats, it has been shown that in diets adequate in magnesium and other nutrients, adding calcium or 
phoaphrus or both resulted in symptoms of magnesium deficiency. There is evidence for the decrease of absorption 
or the I cream of 6xcretion of magnesium or both. Certainly, the high Ingestions of calcium and phosphorus have the 
practic effect of incr gthe 'minimum requirements in the studied species. It isunknown if these effects are valid 
for ruminants and have practical importance (Maynard and Loosli, 196S). 
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The interrelations among calcium, phosphorus, and magnesium were also investigated in sheep (Chicco etal, 1973).In diets high In calcium there is a decrease of magnesium hiplasma and bones, an increase in plasma calcium ,d611tendency for reduced plasma phorphorus. A diet already high in magnesium (from mangesium carbonate) reducedplasma calcium and slightly reduced plasma phosphorus. Dietary phosphorus had little effect on the utilization of 
magnesium.

Dulton and Fontenot (1967) studied the effect of phytic acid on magnesium absorption in sheep. Previous studieshave shown that phytic acid decreases the absorption of magnesium in non-ruminants. The form of phosphorus used(organic or inorganic) did not show a significant effect on the absorption or retention of magnesium or calcium and onthe absorption of the phosphorus. However, the decrease of magnesium in the serum for the diets low in magnesiumand the increase with high dietary magnesium were more accentuated when the inorganic phosphorus was used. Theinteraction between level of magnesium and forM of phosphorus was significant. 
Pasture Fertilization and Composition of ForageThe mineral composition of plants reflects, in varying degrees, the nature of the soil in which they grow.
Stillings et al. (1964) studied the utlization by rumin ants of the mineral elements in forage produced with extra or
liberal quantities of nitrogen. The forage resulting from high levels of nitrogen contained more magnesium, potassiumand nitrate. The apparent availability of magnesium was higher in the forage that was low in nitrogen, varying from 18to 24% while the forage high in nitrogen varied from 11 to 16%. However, the balance of nitrogen was similar due tothe greater intake of magnesium in the last instance. Generalli, European researchers tend to believe that fertilizationwith nitrogen and potassium results in pasture that ispredisposed to hypomagnesemia tetany (De Alba, 1973). 

Induced Hypomagnesemia

Rook (1961) reports normal levels of magnesium as 2 to 3.5 mg per 100 ml of serum.
By the use of artificial diets, purified and low in magnesium, researchers have attempted to induce hypomagnesernia.Among others Rook (1961) used purified diets aiad succeeded in reducing serum magnesium of cattle from 2.2 mg to0.8 mg/100 ml in only 2 days, but Storry and Rook (1963) reported that 12 days were required to obtain the values of

1.0 to 1.5 mg/100 ml. 
Bohman et al. (10S69) produced clinical signs in cows resembling field cases of hypomagnesemia tetany by means oforal administration of potassium chloride (KCI) plus either citric acid or transaconitic acid. These two acids or the KCI
administered separately did not produce tetany. The researchers were unable to clarify the mechanism by which the
condition occurred. The administration of KC1 alone lowers the magnesium in the plasma for long periods, but the
combination of KC1 and citric acid lowers the magnesium of the plasma from between 24 hours and one week, The
quantity of these compounds that would be necessary to induce tetany is related to the live weight of the animal.
Animals receiving 157 g/100 kg of live weight from each compound exhibit the disease while others ingesting smaller


quantities do not.
 
Techniques of Administering Mapnesium
Different techniques of magnesium administration directly or indirectly (fertilization) have been used in the areas


subjected to the hypomagnesemia tetany.

Todd and Morrison (1964) fertilized past-_,re with about 31.4 kg of nagnesium carbonate per hectare two days
before the animal grazed the area. The level of magnesium in the serum remained above 1.8 mg/100 ml in cows transferred from predominately concentrated feed or from non-fertilized pastures, in which the level of magnesium in the
serum was much lower. Tetany occurred in cows grazing non-fertilized pastures. The magnesium fertilization elevaved
the level of magnesium in the dry matter of the pasture from 0.16 to 0.31% and did not affect its acceptability.
Todd et al. (1966) reported that dairy cows in pastures with free access to a mixture of magnesium carbonate and
molasses in equal parts by weight had improved magnesium status. There were only a f-w cases of hypomagnesemia
but when the mixture was remcved severe tetany occurred. The average consumptior, of magnesium carbonate was


54g per head per day.

The use of mineral mixtures or licking blocks containing magnesium oxide in proportions varying from 10 to 50%for cows consuming tetany prone pastures is rot completely successful. Daily doses of 56g of magnesium oxide givenin liquid form for such cows as highly efficient and it seems that 50 to 60g of magnesium oxide is the minimum effec

tive prophylactic dose for dairy cows (Underwood, 1966). 

Research in Latin AmericaAccording to De Alba (1973), grass tetany was first reported in Latin America in a pasture near Buenos Aires. Without adoubt, it can become more frequent as the productivity of pastures increases.In Coahila, Mexico, L)e Albe. (1973) observed symptoms very suggestive of possible hypomagnesemia in recently
weaned calves but the problem Was not adequately studied.Nores (144.found critical mean levels of magnesium in the forages of one (Florida) of 23 localities studied inUruguay. Acording to De Alba (1973), the results need confirmation in order to verify if there is a relationship oflow forage magnesium to the nutritional problems observed. This same researcher states that the only confirmationto field experiments that he has found wa3 in Riet et al. (1944) where symptoms referring to the disturbance are, 
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mentioned, whose clinical signs suggest grass tetany. The cases came from Florida in Uruguay: "Apparently healthy 
animals, upon being taken to corrals or pens, demonstrated tremors or mucular contractions restricting their mobility, 
cauisng someato fall, and some to diea few hours later or two or three days later,. 
" In Argentineo Abiuso ( 64) determined the Mg concentration in the grasses of Anguil and Castelar found levels less 
than 0.12%. However a greater Incidence of grass tetany was confirmed on several occasions in Buenos Aires with values 
of n agnesium much higher in these pastures. The ccnditions were described briefly by Culot and Fernindez Tunon 
1967) Indicating that the loss of steers in fields of winte cereals in the relatively well drained pampa areas was on the 
order..of 16%. The aforementioned authors studied the mineral composition of oat pastures and concluded that the 
teny was produced by conditions that reduced the absorption ofmagnsium, which was found in. concentrations of 
0.15% with the'exception.of one case, (0.08%). The level of protein in the dry:matter (27-28%) without a doubt func
tioned as a predilposing condition. The percentage of potassium was also high. 

In Peru, Berua et ,. (1967) found an acceptable average magnesium level (0.28%) in grasses of Huancayo although 
some individuel values were critical, It would be Interesting to relate them with possible zonal problems. 

in Colombiai Blascoet 11.(1967). in the Caus Valley, did not'find any low values in different forage species. In the 
same valley, Montilla and Leon (1971) found an inverse relationship between calcium and magnesium in soils. 

In Venezuela, French and Chaparro (1960) found high values of up.to 1.92% magnesium in pastures, with the min
imum level of not less than 0.17%. 

In Surinam, Dirven (1963) found an average of 0.35% magnesium in the dry matter of four grasses, the higher aver
age value was 0.39% and the lower was 0.19%. 

In Costa Rica, samples analyzed in Florida (USA) gave deficient values of magnesium (0.04%) in some regions (De 
Alba, 1973). He believed that this anomaly could cause some disturbances similar to grass tatany, but the frequency 
might not be very high since he did not observe any clinical signs during the long period during which he worked in 
that country. 

in Brazil, Andreasi et 8l. (1966-67) and Gomide et at: (1969) found levels of magnesium that were considered nor
mal in the dry matter of grasses. Prospero and Peixoto (1972) studied thc mineral composition of elephant grass (Penni
setum purpureum, Schum), the napier variety, from 45 t 315 days of age. The level of magnesium showed atendency 
to increase as the plant matured, going from 0.10% to 0.15%. Lopes eta. (1972) determined the levels of serum mag
nesium monthly from November to March in grazing lactating cows, heifers (from 1.5 to 2.5 years) and calves (from 1 
to 1.5 years). Magnesium concentration from 2.32 to 2.50 mg/100 ml, were found and these values were considered 
normal. During the same period they collected samples of grass and soil. In six samples of grass from the field and 
"cerrado" areas, they found the levels of magnesium ranging from 0.077% to 2.27% in the dry matter of leaves. They 
also determined the levels of magnesium in the soil from which they had gathered the grasses. The levels varied from 
0 to 5.05 ME%. Dfrrall et al. (1972) found that the levels of magnesium in the serum of cattle grown in "cerrado" 
pastures varied from 2.55 to 2.46 mg/100 ml. Recently, Simro Neto (1975) reviewed magnesium in the nutrition of 
ruminants. 

Summary and Observations 
The importance of magnesium in the nutrition of ruminants and living tissues in general is a subject that has been 

known for some time. Nevertheless, most recently, it has resulted in more attention by virtue of results of recent 
research. 

Magnesium takes part, directly or indirectly, in about 80 known enzymatic reactions, it is particularly essential in 
the metabolism of sugars (Krebs cycle) .and participates in the transmission of neuromuscular stimuli. 

As acomponent of chlorophyll,(.t is essential in photosynthesis which is considered the most important reaction ih 
nature and is responsible in the final analysis for the provision of the feeds and forages utilized in the nutrition of 

lrminarits. 
While found in diverse geographical areas, there apparently is not a great possibility of magnesium deficiency in 

ruminant nutrition. Yet the substantiations of possible deficiency tend to increase as a consequence of research and 
application of advanced technological processes such as heavier fertilization of pastures and increased productivity. 

SAccording to Nison (1973) the levels of,magnesium in feed tend to follow those of protein and phosphorus. As in 
tropical regions, the levels of nitrogen and phosphorus in the forage is low (predominately grass), it would be expected 
that the magnesium would likewise be low. However, this may not happen (Prospero and Peixoto, 1972). Another 
possibility would be the prevalence of slight deficienciesof magnesium as opposed to serious ones. 

InLatin Amorica, the resaarch concerning magnerum' in ruminant nutrition is still rather limited; although,'interest 
in the subject is growing. Thereis, evidently; the alecessity of reserch, especially of a survey type like te pone4 eing 
carried on in South Africa (Boyazoglu, 1972). A survey is bei;g conducted to learn mineral levels in livers of cattle in 
the Stste of Minas Gerais, but it does not include magnesium (Brant etal., 1973). 

ppenty, ihe lack of grat pressure for r ch on the subject in Latin America originates from, among olt.ers, 
the foloinj0skult : _generallyVow productivity of the pasturnand of the herds and; lack of fertilization 
ofrM t eslh 'imandpot~um;the.eidence, irconsistently substantiated,'by Kemp etal. (1961) that the 
availabillit of m Aiumincreases as the stags'of maturity of grases Increases. 
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Concerning the geographic distribution, apparently, grass totany, In agreement with available research, occurs morein temperate regions than in tropic and subtropic regions. In Latin America It was only confirmed with certainty inthe regions of Buenos Aires (DeAlba, 1973).
From all of these results the necessity for more regional and local research is in order.so that the awpectsobserveohere can emerge from the condition of being solely speculation to answers based !': -esearch results. 
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of the more abundant elements in the world.Vet ashortIage of sulfur-containing amino acidsispneofsulfur,is one 
.nown I part ofthe amino acids methioln and cystine. It

the wvold'problem i n animal nutrition. Sulfur iswell. k 
inl' animal tissues in many sulfate. forms.. One of these compounds is,.chrondroitin sulfate, an important cornocc ' 

pqrn ofcatlae bone, te-dons and. wails of blood vessels. Decreased collagan formation was found in rats fed low 

s1ulfur diets (Brown et a/., 1965). The blood anti-coagulant hepsrin Isasulfuric acid ester of apolysaccharlde. 

Symptoms of sulfur deficienc have baenrdascribed by Thomas et aI. (1951) in sheep, fed purified diets as loss of 

wight, w minke,tlaritnatlon, dullness an eth. 
SuFr"eters intR metabolic,pathwvays at oxidation levels of sulfate or sulfide., Forms of sulfur such as thiosulfate,
 

polysulfkde and elemental: sulfur rn~st be 'either'oxidized to sulfate' or redutced to pulfkie before they are actually
 

!itil~okqe by ruminants. Sulfate reductions and sulfide oxidation constituts an. overall rcs termed the "sulfur
 

cce.it llargelyo t iobia, procer", bt bt'lntadaimsmkesmeapication of it. However, mammals
 

dd not.reduice sulfate ,to sulfide needed. in the synthss of sulfur-containlng metihionine and cystine, and the vitamins,
 
bloinnd hiamn Houvinen as4 Grsaun, 1967).: 

OPlnts nd moet bacteria can reduce sulfate to sulfide a indicated.by their growth with sulfate a'Piiban&ulfu 
reduce onvly enugh Sulfate, to sulfiderto Meet nutritional recouremients,,i.I'Planhtheironly 41u41if eeal 

atra Alnie ru of anaeriobic 14fai rdcnmirobes produce large amountsandths	s e r ue ofmt 
"dsufuring gowth-In the, pencoifabte.-This has been'identified as respiratory swlfate reduction Inthat the 

**ateria dliron aceplor'Ii muchthe me:way nOxygen does,Inaerobic respiration (Pack, 1970l.sulIfte serv 
t for mixinun yied.Th rtca ufr otn of sugercana is0.04% orPln~ hre~nutiient ulu requ i 

lee (Stanford w, Joidan, 100,compared to,about 0.22%4f1r alfafa (Pumphraymfl4MoQ~ 01.Tewd ai
 

Wblity Insulfur iotent of,plari' denslreyotamutf sulfur Inthe ln ptiAla 'and Thomsn
 
19Ui cn9itws wdl wtpeis maurty ntnd ntrientssya0aie4. It afper tht hheprI~. 	 evrn 

ftevrospetpoen.SeatedPortercetrted entc facto.deermno iiam"ino acid 	 'opsto 
4 1. for t plant. Theyiosntiatoofweesslrey dependent onthe sulfur: avallable 

dotbidu oasgiiatetn uil the sufur mqun 
(0)fudte 

Lgtln.a pprI sulfate a ntepan 


m~t~r roteinformion haseinmetSulfate sulfur may be ao Indicator of the sulfur s1tatus of ftplant.
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Soils deficient in sulfur ae not uncommon in humid area of gantic and basaltic origi
grown. Superphosphate (II to 13% Sy and, amhuulae--,4%
. .tmMcam 	
neuf at (2 )a et t whefrdefl% M)r C orl t&e"l	 1yMcCluhi 	 - ' 'r' *at1., (1959) reported that when sulfur ,was ,notpplidgrowth was only 4 to 30 percntof that obtain ,	 , oils of the .....d w e ac lt fetilizer aselO The en o ofuf i i tathe very. low sulfur content ofsoils in this area of Brazil was due to repated burniog of ryrrof 75 percent of.the sulfur byvolatilization. In El Salvador Muller (1965) obsevedeficient Insulfur.When sulfurwas ppod to soilsIn Costamc 	 tha tisprev".l cutv t 	 oDietiryequirements of animals_ 	

medium reporesw obtu Mtned(-Mt.16, f .iorl Evaluating.sulfur requirements ofivStcklnm'e it .... Meth. l inIe: or:'U[ n ' 'cystine, sulfates, or elmental sulfur inbalance ' , " -	 : .. .. 1ro,iaa 	 bp teAttempts were made many years ago 1o supplement ruminant diets with suIfuro ntgii,rutyaradyThese early attempts were generally in cusive beaol 	 dncnc 	 rvaaueoiy trace amounts of afrequentlyalreay contained adequatehlevels of,,sulfur. acdx.mr m 9t.d s 
fed adietcontaining 6.55% c 

Ll - and, Harris (1945) improved.thegrowthof IlWbebeinde protein by increasing the level ,oonine. Lofgreen &u.(1947) 	
10w28% with uea plussulfate;,or ursa pl methincreased n1trogenretention when 2%meini wbasal ration. in which 40% of th 	 0 .. a - . 0%N came from 	 oin.McLarn eta/. (1965) incresed Nr4=in sheep 	that were supplsmsieitdWit 6 ad. .ro..ethlonine or. with 'methionines and cystine DceadlIonnsteers occurred with purified rationsdeicit inaulfur (Martinatl 	 Cofluoe

Elam (1975) reviewea 	 ., 1964).anumber of important effectsof sulfur in animal nutrition. One ofthese Isthe in*4uene ofsulfur on cellulose digestion in vitro as reported by Barton eteal. (1971) in Table 1.Bulland Vandersell 11973) foundthat sodium sulfate, calcium sulfate, DL-methioriine, and methonine hydroxy analog (MHA) were equal in promotingcellulooe digestion in vitro at equivalent,sulfur levels. They concluded that the optimum sulfur levl was from 0.16 to0.24%. Elam (1975) listed the observation in Table 2 giving the sulfur requirements of ruminants based onin vitroresults, Whiting et #/. (1954) used mature ews fed supplemental sulfur from various sorces in low sulfur basal diets. 
Table 1INFLUENCE OF SULFUR
ON CELLULOSE DIGESTION IN VITRO
 

Trial I Trial 2Total S Calkilose Total S Celluloesin D.M. diption In D.M. deslko 

0.08 36.6 0.02 20.80.13 561 0.040.18 	 33.173.2 0.08 52.00.23 82.3 0.12 61.40.33 83.0 0.14 74.70.43 83.2 0.16 69.5 
Table 2SULFUR REQUIREMENTS OF RUMINANTS

BASED ON IN VITRO RESULTS 
Type reNrf Reiene 
Sheep 	 Performance of ewes 0.100 	 Whitingete., 1954

Growth of lambs 0.138 	 Albert etel., 1956Growth of lambs V.15 Rendig and Weir, 1957Nitrogen retention 0.140 Bray, 1965Cellulose diglstion 0.290 Evansand Davis, 16Various 0.176 	 Moireta., 196748Growth 0.100 	 NRC, 196SBeef 	 Various 0.110 Chalupeta&., 1971 
Growth rWe 0.100 	 NRC, 1971DaIr. 	 Sulfur balance 0.120 Bouchard and Conrad. 1973aMilk yield 0.110 	 Grieveetil, S973Verious 0.200 	 NRC, 1971They concluded that the sulfur requirement was leI than 01% of the diet (Tbl 2)-	 or:n wit(196) 	 supplemented a purified diet with different levels of elental su

l ,le,etal 
u W . r sodium sulifte orime0 1the requiremint was 0.138% sulfur basd on growth rate. Rendig and Weir 

l m oftmn.,fed 0.155% totaldtsr gave good rates of growth. Evans and Davis 
t a. .967)rIn therumen of fistulated steers found t 	 (6) uponstdi* 6loe diloptimumsuf A to 02. raftio uo inell d 
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calculated to require 0.176% sulfur by Moir et al. (1967-1968) based on a need for a N:S ratio of 10:1. Chalupa etal. 
(1973) found better gains in weight of Angus steers when sodium sulfate or elemental sulfur were added to increase 
dietary sulfur from 0,05 to 0.13%. Feeding these forms of sulfur in steer diets up to approximately 0.6% had no de
leturious effects. However, Bouchard and Conrad (1973b) reduced feed intake of dairy cows when dietary sulfur &s 
calcium oulfate exceeded 0.3% of the;fyation;,and Johnson t al. (1968) found that the addition of 0.5% sulfur as 
calcium'sulfate decreased the daily.gains of lambs. 

AwIbility of sulfur from-different sources. In Table 3 is presented a summary (Elam, 1975) of the percentage 
availability values of various sources of sulfur reported by various investigators. The biological Availability of sulfur 
in both L-methionine (Johnson etal., 197 1) and DL-methionine (Albert et al,, '1956) was higher than other sources 
of sulfur. Methionine administered orally is almost completely degraded in the rumen (Moir, 1974). For this reason 
methonine does not serve primarily as an amino acid source for the animal, but as a source of sulfur..As shown jn 
Table 3 MHA compares favorably with methlonine as a source of sulfur. In general, inorganic sources of sulfur are less 
available then that in methionine. These inorganic sc.rces of sulfur include sodium sulfate, calcium sulfate, potassium
and me sium sulfate and ammonium sulfate. 

Kahlon et A '(1975) fed semipurifled diets supplemented with DL-methionine, hydroxy analog of methionine 
(MHA),.calcium sulfate, sodium sulfate or elemental sulfur gained laster, consumed more dry matter, and digested and 
retained ieater weightsof nitrogen and sulfur (see Table 4) than lambs fed the sulfur deficient diet. Those fed the 
sulfur deficient diet were removed from the trial after 40 days due to severe weight losses. 

Eletental sulfur- Is usually found to be less available than most other sources. Approximately three times more 
supplemental sulfur was needed in the elemental form for lambs than as methionine (Albert et al., 1956; Johnson et aL, 
1971). However, Chalupaet a. (1973) found elemental sulfur was as effective as sulfate sulfur for cattle. 

Bull and Vandersail (1973) reported that the sulfur in their basal diet of corn and corn silage was le s available than 
that in sodium sulfate, methionine and MHA. Bouchard and Conrad (1973b) observed that sulfur in molasses was 65 to 

T ble 3
 

AVAKILABILITY OF SULFUR FROM VARIOUS SOURCES AS FOUND ININ VIVO STUDIES
 

Source Criterion % Reference 

L-methionine True digestibility 77.8 Johpson et al., 1971 
DL-methionine Apparent digestibility 59.9 Kahlon et al., 1973 
Methionine analog True digestibility 77.0 Bull and Vandersall, 1973 
Methionine analog True digestibility 81.5 Bouchard and Conrad, 1973b 
Methionine analog Apparent digestibility 67.1 Kahlon etal., 1973 
Sodium sulfate Growth rate 47.7 Albert et al., 1956 
Sodium sulfate True digestibility 78.0 Johnson et al., 1971 
Sodium sulfate True digestibility 87.0 Bouchard and Conrad, 1973b 
Sodium sulfate Apparent digestibility 64.0 Kahlon etal., 1073 
Elemental sulfur Growth rate 29.4 Albert etal., 1956 
Elemental sulfur True digestibility 36.0 Johnson et al., 1971 
Elemental sulfur True digestibility 43.0 Kahlon et al., 1973 

Table 4 

PERFORMANCE AND UTILIZATION DATA OBTAINED WITH SHEEP FED SULFUR
 
FROM VARIOUS SOURCES (Kahlon etal., 1975) FROM 0 TO 60 DAYS
 

(INITIAL WEIGHT 32.8 kg)
 

Sulfur source 
Hydroxy analog Calcium Sodium Elemental 

Control DL-Methionine of methionine sulfate sulfate sulfur 

4 5 6 6 5No. lambs 6 

Daily gain, 
0-0day g - 2061- 172 190 171 174 

Dy Matter
dlgati.ility, % - 78.5 79.7 .80.1 79.4 77.9 

N reterIt"o, 
%of ntws - 40.1 '38.3 39.7 37.3 37.6 

S lirtake, 
-l/s - - 1.69 1.4 1.65 1.64 1.68 

Sriteilion,t
S Of int~e - 41.1 47.0 43.2 39,0 37.9 
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75% digestible with dairy cows. This was 15 to 20% less than the availability of sulfur in calcium and sodium sulfates.
The availabilliy of sulfur in sheep rumen microbes wcs determined by using radioactive 35 Swhich had been incorporated
into the cell walls (Bird, 1972). By infusing the labelled microbes into the P :iasum of sheep they observed a sulfurdigestibility of 71%, which was close to the digestibility of sulfur as methie (Johnson et al,971). Kulwich etal.(1957) identified 3SS in the amino acids of milk, wool, blood plasma and ner tissues after $eeding them labelled 
3S.sulfate. 

Kennedy (1974) reported that the addition of sulfate to the diet of cattle fed tropical spear grass (Heteropogon contortus) and Townsville stylo (Stylosanthes humilis) gave a small increase in digestibility of dry matter, but had noeffect on feed Intake. The cattle fed spear grass with sulfur supplement had more volatile fatr acids in the rumen con
tents. High quality dietary proteins may be reduced in nutritive value in the rumen, whil low.quality proteins andinorganic nitrogen and sulfur are increased in value by rumen microbial activlty (Williams and Moir, 1951; Hungate,
1966; Purser and Buechler, 1966).

Sulfur status of ruminants has also been measured by circulating serum levels (Bray, 1964) and relative serum aminoacid levels (S,:helling and Hatfield, 1968). Kennedy etal. (1975) studied the movement of sulfate in plasma and rumenfluid in sheep and cattle fed alfalfa or spear grass hay. With the alfalfa diet 98 mg sulfur was recycled daily to the rumen
of the sheep compared to 3.9 , sulfur with the spear grass diet. The cattle fed alfalfa recycled 522mg sulfur comparedto 234 mg sulfur recycled to the rumen when fed spear grass. When radioactive sulfur as sulfate was administeredintravenously to cattle and sheep fed alfalfa 5 to 10% of the dose was excreted in the feces and about 10% retained.Qorresponding values fo, animals fed spear grass were 23-31% in feces and 40-51% retained. Overall they concludedthat sulfate recycling to the rumen ap,jears to be a limiting factor inmicrobial synthesis for ruminants fed low quality
roughage.

Interrelationship of sulfur with other minerals. The dietary intake of an excess of S, Se or Mo may alter the require
ments for each of the others (Vanderveen and Keener, 1964; Goodrich and Tillman, 1966). Feeding wethers 50 ppmmolybdenum and .40%sulfate resulted in greater accumulation of copper in the kidney and increased copper excretionin the urine (Marcilese tal., 1970). Their wethers also had reduced copper level in the liver and ceruloplasmin (Marcileseet al., 1969). Perdomo et al. (1966) demonstrated that 50 and 100 ppm S as KHSO 4 in fertilizer decreased selenium
uptake by alsike clover, corn and millet. Copper deficiency or copper liver retention relative to varying amounts ofmolybdenum and sulfur in pasture, forage and in hay diets have been studied by Hogan et l. (1968) and Dick (1953).Sulfur alleviata somewhat the depression of cellulose digestion caused by excess copper in both in viva and in vitrotrials with steers (Evans and Davis, 1966). The relationship of sulfate to selenium in tho treatment of muscular dystrophy in lambs was studied by Hintz and Hague (1964). They reported that sulfur (0.33%) as sodium sulfate increasedthe clinical incidence of dystrophy and when given in combination with selenium prevented any beneficial effect ofselenium. Pope et al. (1968) found orally administered radioactive selenium -75 was greater in wethers fed diets thatcontained 0.05% total sulfur than in those fed levels of 0.10, 0.16 and 0.20% sulfur. There were no differences in blood
7SSe in the latter three dietary groups. Less isotope was excreted in the urine of the wethers fed 0.05%dietary sulfur.Sulfur and urea. The absence of sulfur in urea makes necessary special attention to the sulfur content of the diet forprotein synthesis by rumen microbes (Loosli et aL, 1949; Thomas et al., 1951; McLaren et al., 1965). Jacobson etal.(1967) reported that a commercial-type diet of corn silage and urea concentrate reduced milk production in dairycattle after 9 weeks compared to production of cows fed a concentrate that contained 0.9% Na2SO4 .1OH 20. Gil etal.
(1973a) working with in vitro rumcn bacteria fermentation of glucose with urea as the only source of nitrogen observedthat out of 18amino acids tested only the sulfur-containing amino acids and methlonine hydroxy analog stimulated
bacterial dry matter synthesis and glucose utilization. Inorganic sulfate was as effective as MHA and DL-methionine instimulating protein synthesis only when. fermentation was prolonged beyond 18 hours with starch and 24 hours with
cellulose using urea as the only source ot nitrogen (Gil et a,., 1973b). During'shorter fermentation periods MHA an&',DL-methionine had significantly greater stimulatory action than inorganic sulfate. 

Sulfide in nutrition. Sulfide sulfur may be the principal source of sulfur in microbial protein synthesis, and sulfuramino acid synthesis utilizes the sulfide substrate. The reduction of sulfate to sulfide as well as the desulfuration ofcystine and cysteine in the rumen were demonstrated by Lewis (1954). Cystine and cysteine are rapidly broken downin the rumen, but methionine is decomposed to H2 S very slowly. Sulfide concentration usually reaches a peak in the 
rumen within two hours of feeding. The addition of sufficient sulfide to make 330 mg sulfide sulfur per ml'of rumenfluid by Spais et A. (1968) did not produce any toxic symptoms in sheep. They observed a half-life of sulfide loss in 
the rumen of approximately 35 minutes. 

Ruminants requirment for limited dietary N:S ratios. Ruminants through their rumen and its microbes may satisfy
their metabolic requirements with dietary nitrogen and sulfur compounds and cellulosic materials that are inadequate
nutritionally for non-ruminants. 

. Ruminant products such as beef, lamb and milk have nitrogen to sulfur (N:S) ratios of about 15:1, while wool is
approxlmately6:1 (see Tabla 5, for N:S ratios of various animal products).

In Table 6 are presented relative values (N:S ratios) of nitrogen and sulfur found by investijators in various feed
stuffs (Garrigus, 1970). 
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Table 5 

NITROGEN:TOSULFUR(N:S) RATIOS OF VARIOUS-RUMINANT PRODUCTS 
IWOSI-i., 

8.61,: raw, frozen ,15.1:1
Milk,,frth,whole 

Mik goot 
Milk; goat 
Mutton, leg roast 
Woclean "4.9:1 

N:S 

18.3:1 
17.9o1 
15.7:1 
14.8:i 

,,tI.Refer-no 

Mnce and Wlddowson, 1940 
Mcance and Widdowson, 1940 
Mcyetul., 1953 
Mitchell and McClure, 1937 
McCance and Widdowion, 1940 
Burns eatI, 1964 

Table 6 
NITROGEN TO SULFUR (N:S) RATIO iN VARIOUS FEEDS FOR LIVESTOCK 

tlm 

AfIffa hay 
Bacteria 
Brey i9.8:1 
Clover, aldke, 2nd Wut 
Clover, Lidino 2nd cut 
CIovr",Red, hay 
Grains, distil., dehyd. 
Maize, silage 
Maize, grain 
Oats 
Pasture plants 
Sudan grass 
Timothy hay 
Vetch hay, 2nd cut 

; N:S ratios 

7.4:1 
15:1 

5,1:1 
16.7:1 
13.5:1 
10.3:1 

16:1 
11.6:1 

8.5:1 
10.23:1 

28.2:1 
8.5:1 

21.2:1 

Reric 

Loosl, 1952 
Johanson ofal. 1949 
Mitchell and McClure, 1937 
Crampton and Harris, 1969 
Crampton and Harris, 1969 
Loosli, 1952 
Crampton and Harris, 1969 
Loosli, 1952 
Crampton and Harris, 1969 
Mitchell and McClure, 1937 
Begg and Freney, 1960 
Loosli, 1952 
Loosli, 1952 
Crampton and Harris, 1969 

An average N:S ratio of 13 to 1 was observed for a range of plant species with sulfur contents ranging from 0.05 to 

0.58% (Barrow and Lambourne, 1962). Th,'data of Begg and Freney (1960) show the N:S ratio narrowed from 23:1 to 

the sulfur content increased fronl 0.03 to 0.29% in plants. Nitrogen fertilizers without sulfur may cause greater10:1 as 
N:S ratios (Stewart and Porter, 1969t in forages. 

In Table 7 are presented N:S ratios of various Australian feidstuffs (Moir, 1970). The N:S ratios range about 10:1, 

except the peanut meal:which is 18:1. Other well known pure vegetable proteins such as zein, edestin and gliadin have 

N:S ratios of 26.9:11 21.2:1, and 17.2:1, respectively. Casein, myosin and serum globin have N:S ratios of 19.7:1, 

13.1:1 and 143:1, respectively;while egg protein isclose to 10:1. 

Table 7
 
NITROGEN AND SULFUR CONTENT
AND NITROGEN TO SULFUR (N:S) RATIO OF
 

FEEDSTUFFS (MOIR, 1970)
 

item 

Alfalfa 
Whet straw 
Wheat 
Oats-
Coconut meal 
Cottoned meal 
Lineed mini 
Peanut meal 
Safflower "M 

N S JY:S 
% ratio 

2.65 0.191 13.9 
0.91 0.111 8.2 
2.18 0.178 12.2 
1.18 -0.124 9.5 
3.44 0.283 12.2 

.46: 0.441 14.6 
5.87 0.452 12.9 
7.28 0396 18.2 
2.86 0.212 13.5 

o e the N: ratio f odstuff protiln is not important in Itself If it is totally degraded In the rumen. If it Is 

toaldpeedtenth ato fth ntogn othe tlotallulfur Istecritical value (Molrweta., 1967.$8). They found 
a re;Z o.iPbetweenltrogen Intake (Xn), sulfur intake (X) and nitrogen balance (Y) tob*Y- 3.945 + OA36Xn + 

Am nioge balae was obsuvd when animals were fed a N :S ratio of 10:1. 
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The amino acid composition of rumen bacterial has n-L been observed fo vary with the diet composition (Purser and 
Buechler, 1966). However, with inadequate sulfur total yield of protein will be reduced (Gil etal, 1973asb), r 

Pope et al. (1968) found wide N:S ratios promoted selenium uptake and retention In sheep; but that narrow ratios 
depress retention. Narrow ratios may cause acidosis and depress fed intake (L'Estrange et mi., 1969). 

Sumiovy
While sulfur is one of the more abundant elements In the world ashortge of sulfur-containing amino acids is one of 

the world problems In animal nutrition. Sulfur occurs in animal tissues such as cartilage, bone, tendons and walls 6o 
blood vessels. Symptoms of sulfur deficiency have been described as loss of weight, weakness, lacrimation, duliness and 
death. 

Most forms of sulfur must be either oxidized to sulfate or reduced to sulfide before they can be utilized by rumi
inants. This is largely a microbial process. Mammals do not reduce sulfate to sulfide needed for synthesis of sulfur
containing methonine and cystine. and the vitamins biotin and thamin. 

Plants and most bacteria can reduce sulfate to sulfide as indicated by their growth with sulfate as the only source of 
sulfur. The sulfur content of plants depends largely on tlhe amount of sulfur in the plant protein. Apparently sulfate 
sulfur does not build up in the plant to any significant amount until the sulfur requirement of the plant for protein 
formation has been met. 

Sulfur requirements of livestock have been determined through supplementing diets with methiordine or cystine, 
su;iates, or elemental sulfur in balance trials and by radioisotope studies. Generally sulfur in the form of sodium sulfate, 
calcium sulfate, DL-methionine, methionine hydroxy analog and elemental sulfur has been demonstrated to be highly
available for livestock. Animals supplemented with these five sources of sulfur have gained faster, consumed more dry 
matter, and retained more nitrogen and sulfur than those fed sulfur deficient diets. Sheep, beef and dairy cattle gener
ally get along best with 0.1 to 0.2 percent sulfur in their diets. Additional sulfur may be needed when high levels of 
urea are fed. Inadequate sulfur levels will reduce the yield of microbial protein in the rumen. Maximum nitrogen 
balance was observed when animals were fed a N:S ratio of 10:1. 

The dietary intake of an excess of sulfur, selenium, molybdenum and sulfur may alter the requirements or utilization 
of each of the others. High intakes of molybdenum and sulfate give greater accumulation of copper in the kidney and 
increased copper excretion in the urine. High levels of sulfur in fertilizer decreases selenium uptake by clover, corn and 
millet; and high dietary intake of sulfur resulted in decreased benefit of selenium in muscular dystrophy of ruminants. 
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POTASSIUM AND IODINE INRUMINANT UTRTON 

by 
D. J. Thompson

International Minerals and Chemical Corporation
 
Liberyville, Illinois
 

Potassium
Potassium has been known to be of nutritiObgWl importance to ",nfrmals and man since the scienos of nutrition Wp inits infancy. McCollum ~ (1957) sights many: experiments and obsevations of tthat ~~l n~t r . , ~L . , . ~. . ano~ . ~. sh owed~. .~ . ~_ ~ ~h andsn~ e nit in nmiddle, n ineiteenth ce t urthat showed the essential natureof potassium Inthe diets of animals. Since these early experiments, nTuch informationon the physiological functions and the ditribution in body fluidsof this element has accumulated. Theie has been muchless emphasis on the nutritional investigations of potassium.Distribution of Potassium. Potassium is this third most abundant 

-

mineral element in the animal body, surpassed onlyby calcium and phosphorus.
 
MINERAL CONTENT OF ADULT CATTLE
 

(Averge Values)
 
Majorr Elements 
 % Minor Elements ppm

Calcium 1.I-2.2 Iron 80Phosphorus 0.7-1.2 Zinc 30Potassium 0.3 Copper 3Sulfur 0.25 Iodine 0.4Sodium 0.15 Manganese 0.3Chlorine 0.15 Cobalt 0.2
Magnesium 0.045 

Molybdenum + 
Selenium + 
Fluorine +In contrast to sodium, which is the ineie trolyte in the !plasmaand extra-cellular fluids, potassium ispresent primarily inside the cells (Wilde, 1962; Ganong, 1 6E; Kerman, 1965). The blood cells, or erythrocytes, contain approximately 25 times as much potassium as is present in the plasma. Muscle and nerve cellk also are very high in potassium,containing over 20 times as much as that present in the interstitial fluids.The remarkable segregation of sodium and potassium in the body fluids is one of the real "mysteries" of life.Since potassium isfound in every cell, the organs or tissues of the body with the largest number of cells, will containthe largest amount of potassium. The distribution of potassium within the body is shown in the following table (Ginsburg at At, 1954): CONCENTRATION AND DISTRIBUTION 

OF POTASSIUM 

Potassium ContentTisue or Organ K meflcg %of Totsl K 
Muscle 110.0 56.0Skin 568.6 11.1Digestive Tract 96.6 5.6Liver 95.0 5.3Red Rlood Cells 108.0 42Blood Plasma 4.2 22
Br'.n 98.6 1AA(idney 77.6 0,9Lung 79.3 0.5Splesn 10.0 . 0.4Heart 77.8 0ABones and 6ther Organs - 120 
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Ove two-thirds of the body potassium is found in the muscle and skin. A dressed carcass will contain about 75% of 

Fui:etlom o tudum. Potassium Isabsolutely essential for life. Young animals fail to grow and will die within a 
few days whenkthu diet isdsfclsint in this elament. The principal functions of potassium are as follows: 

. I:t lt, e main facorin cellular omotic balance. .:i 

2. Ina equiibrium, it acts as avilaI66 base to neutralize acids.iid-b 
3. An inialaeiexitsbetwee N+ ,N-, , and Mg These Ions affect capillary and cell function and the 

"exctability of neirvand muscle. (For instance, potassikirfact as a brake in regulating heart beat and suppresses 

heart flutter. it also helps prevent tetany, convulsions and an unsteady gait.)
 
4.'lotoum is functioiii in maintalning proper water balane in the body.
 
5. Potemum activates or functions as a co-factor in several enzyme systems. These include energy transfer and 

tutilization, protein synthesi and carbohydrate metabolism. 
6. it is in importantcomponont of Sveral animal products-milk, meat, eggs. 
Active trinsport of potassium and sodium across the cell membrane plays an important part in crtaln potassium de-

Th se include the 'lectrical activity of nerve and muscle cells and synaptic transmission (Harrison,pedeni phenomena. 
1954). electrolyte and water distribution between various body fluid compartments, intra- and extra-cellular pH (Har

pe.1965). colularrespirtion (Bilodeen and Elliott, 1963), gastro-intestinal function (Seekles, 1960), and urine formation. 

Many enzymes have a specific requirement for potassium (Kerman, 1965; Ussing 1960; Boyer, 1953). In certviin 
insitaf , potaium may act along with certain othe ions suchasNe+. Mg, and Ce i influencin.ezyme activity. 

in other cases, potassium will accelerate an enzymatic reaction while sodium or calcium may inhibit the reaction 

(Cannont i4',1963; Ussing, 1960). Some of the enzyme systems influenced or activated by potassium are as follows: 

SOME ENZYME SYSTEMS ACTIVATED BY POTASSIUM 

Enzyme 	 Function 

Adenosine triphosphatase 	 Splits phosphate from energy-rich ATP and releases en
ergy. ATP is one of the major energy storage compounds 
in tissue. 

Hexokinase Aids in the formation of phosphorylated sugar derivatives 
in carbohydrate metabclism, 

Carbonic anhydrase A decarboxylating enzyme which acts on bicarbonate 
with CC 2 ind wate- as end products. 

Cholinesterase 	 Inactivates muscle stimulation by hydrolyzing acetyl
choline to choline and acetic acid. 

Galactosidase 	 Important for the hydrolization of certain polysaccha. 
rides to simple sugars in carbohydrate metabolism. 

OTHER ENZYMES ACTIVATED BY K: 
Salivary amylase Pyruvic kinase
 
Acetate activating enzyme Phosphotransacetylase
 
Homosedine dehydrase Fructokinase
 

inside the cell K+isconcemed with many metabolic reactions involving phosphate (Boyer et a1, 1943; Eckel, 1966). 
Here part of its functionmay be local buffering or neuitralizing of phosphate esters. Since phosphate metabolism is 
so fundamental, agreat diversity of metabolic reactions of the cell seem to be, influenced by K+ . 

Potassium Homenvtaab. There is no single organ that-plays a more important role in the maintenance and control 
(homeostasis) of potasi im than the.,kidwey (Ganong. 1965). The mechanism by which the kidney controls electrolyte 

balance ' mediated almost entire t'hrough the hormones of the adrenal cortex (Harper, 1965). The hormones of this 
gland, particulaly adostaron, hte an important effect on the handling of sodium and potassium by the renal tubules. 
Thes hormones fmor dw reabsorption of sodium and the excretion of potaslum. In certain diseases, there is an inpf
ficient production of these hormones resulting in an excess Ios of sodium and retsntion of potassium. Conversely, the 
hyper-ctivity of the il cex or the administration of adrenal hormones, results in excessive reabsorption of 
sodium and urinary lou.of.potassium. Normlly, hormonal output IScontrolled by various receptors throughout the 
body..whic re ecd .by such things a o~motlc preeure and concentration level of the varioiielectrolytes. Stress 

condItkor'tsndd.16t r.W the aciiy of t adrenal gland-thls is a normal reaction of any animal. With the Increased 
circuli ~vIi n h kidnes ted onserve Sodium but in.rease the excretion of potasium. The 

resulit is an-elselve lko of paotmiu from- th body due to the' repon. of the animal to Its control mechanisms. 
Animal ,nq t witeef o the 1 le ,o ics thetpan timaet imalto iwed strs and. consequentlya 

poaekrire"~un.The moul severe cose of swan we found during 0eriods of shipment to market-crowing into 
of tie the ,imall so-, !yexcretes or loees alarge percentage of Its potassium ticlw, rIl cars, et. Durng hspro 



stores, in addition to intra-callular water. While the normal kidney functions well in removing excessive amounts ofpotassium in the plasm., it seems to havelittle capcity for th conservation of potaium in the fae of dfcey Infact, renal excretion of potassium continues even when body lev ls are dangerously low. 
Potassium Deficiency. Potassium deficiency can be the remit Of several causes:
1. 	Inadequate amount in the diet and consequenty an inadoquote intake.
2. 	Loss in digestive secretions caused by vomiting or diar&.ea, Large amounts of electrolytes are lost from the body

during dysentery or scours. 
3. 	High slt consumption increases the requirement for potassium and can precipitate a potassium dfici when

intakes are marginal. Increased urination due to a high water intake caused by either hot weather or Icreasd spt
intake, increases the los of potassium from the body.

4. Stress conditions (cold weather, diseases with fevers, hard work, injury).
Potassium depletion may commonly be manifested by: 
1. 	Depressed growth 
2. 	Muscular weakness 
3. Stiffness and'paralysis 
4. 	Decreased feed intake 
5. 	Intra-Cellular acidosis 
6. 	Deigeneration of vital organs 
7. Nervous disorders
Potassium is a dietary essential that needslQg be supplied in the daily ration because it isa very mobile element. Thereare no appreciable reserves other than that in thi muscle and nerve cells, where it is vital to normal cellular functions.Potasum has been shown to affect app~tite in ruminants. Various experiments have shown that daily feed consumption of lambs and steers was decreased by inadequate potassium (Driedger; 1966). The effect of potassium on appetitedoes not appear to be mediated solely via the oral cavity. St. Omer (1965) observed that steers receiving a potassiumdeficient ration in conjunction with intra-ruminal injections of potassium, displayed superior appetite and gainedsignificantly more body weight than steers receiving the same ration but intra-ruminally injected with only deionized 

water. 
Sheep. Telle et al. (1964) demonstrated the effects of graded levels of potassium on finishing lambs o-dr a 108day

period. 

DATA FOR LAMBS FED VARIOUS LEVELS OF POTASSIUM 

(K2 CO3 and KHCO 3 ) 
Feed Potassium Level (%) 

Itm 0.30 0.38 0.42 0.62 
No. of lambs 8 8 8 8 
Body weight, lb. 

Initial 
Final 
Average daily gain 

59.2 
100.5 

0.38a 

60.5 
101.8 

0.38a 

60.0 
104.6,, 

0420 

63.6 
110.3 

Feed Intake, lb. 
Daily 
Per lb. gain 

2.53 
6.62 

2.73 
7.15 

2.53 
S.18 

2.74 
6.21 

Carcass data
Dressing %,hot 
Carcass gain, lb. 
Carcass grade 

54 
25.6 

Low Choicec 

55 
27.6 

Low Choicec 

53 
27.5 

Chold 

56 
31.4 

High Choice5 

a-e Values with different letters are significently different (P <.05) 

These data show that the best overall remults were obtained it the highest level of potassium that these reoearcherstried, i.e., 0.62%. This Is reflected In iote of gain, feed intake, drssling percent, carcass gain, and caras grade.Campbell and Robert, (1965) fed various lwels of potassium IAthe carbonate form to finishing lambe for 56 days.
Their remlts are as follows: 
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FEE.LOT PERFORMANCE OF OONGRADEDLEVELSOF POTASSIUM (K2 CO) 

Feud PFtu . Leve M 
-iti0.1 ,0.3 0.5 0.7 

16 16N.fluwbr' 11 

gain, lb. .daily ~ 0.37c
Avere" 1 0 bo3e 0o 

F~ eetke dlily. lb, 0.92 1.12.64 2.710 

BW C e. In,feding tial *i ste, Delin Roberts nd St. 0mr (1965) obtained the following results in a 
110daW trial using pot., .cnat. 

FEEDLOT PERFORMANCE, AND RUMENXMICROBIAL ACTIVITY OF STEERS
 
FED GRAPED LEVELS OF POTASSIUM (K2CO)FOR 110 DAYS
 

Feed Potasdum Level %) 

o 21- 0.51 0.72 0.85 

-No. of steers - 6 6 -6 

RAdy weogt; lb.1
 
1n1tial 621 619 642 611
 

914
Final 643 837 962 
1.98 B b 2.911B,c' 2.1 5 8,c

Average daily gain 0.20 

Feed~fiakd, lb. 17.8 17 .2' a!.%\8.A 13.9 

PeT Ib4!n 42A 7.0 6.2 6.3
 

Romen micro6i.l activity, 30.6 50.3 66.5 73.3
 

I Changes Inmm.imlgn dry matter/90 minutes.
 
AB Value&with differrIt letters re slgnificantiy different (P <.01).
 
aRc VaiIe with dIfferei tters are significantly different (P <.05).
 

In a following trial, tleve researchers (Roberts et al., 1965) used potassium -hloride'and its effect on potassium e
quirement,and performance can be observed. 

FEEDLOT PE FORMANCE AND CARCASS DATA OF STEERS FED 

SUPPLEMENTAL POTASSIUM (KCl) FOR 104 DAYS 

Feed Potassium Level %) 

Item 0.50 0.69 0.93 1.05 

6No. of steers 6 6 6 
!iBodyiWit, lb.
 

734 746 729 "735
 
990 998 1023 999
'iFtal 

2.54Averae daily gain 2.46 2A2 2.88 

Feed- intake, lb.
 
194 19.6 19.8
aily 18.0 

P lb 8.0 6.8 7.8 

Pressinlpercent 69.5 59.7 58.5 59.6
 

Carsels g, LowMCoice Choice Choice Choice
 

From thlWtwo precadingV", maxumum gains and fed efficiency ocArred i ,0,72% K with potassium carbonate 
ard at % K w pw.en chlrkxk we usd. 06Wo r. feed Intake continuedU to increame wen at the highest level 

ofMe p l tion. The addition of potassium carbonate had an effect on ration palatability which 

:,, w p Io* O #WNW od inthe pensamns Inwhi h they wne, kept to such an extent thatw 
It e"Am a..Qr i rcloI nutritionistshave nod that supplemental potassium will 
halt 04*16"aibtlnl1111,p.uenpee

10 sI g (7 ,.,... . ovmn In feedlot cattle pqrfohmance when supplements for use with shelled 
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Based upon these research findings, the fourth edition of the National Research C incl's Nutrient RquirmentofBeef Cattle (1970). makes the following statement regarding thelK requirements of b4 fcittie: ,"potasem require
ments of beef cattle have niot been critically measuredl, but the roptimum "eIe for growing and finishing hasenreported to be 0."-0.8% of ration dry matter."Requirements at this lvlwould be mplymt with"hikhfonae

44su
ion

which usually contain several times the amount prent .in high-grain rations. Gralins oftn€ontaein lese tn. of:potassium, and the level may become critical in high-or elloncntrate'rations." The NRC bulletin goes ot4list the', potasium l ers and helfere a 640,8% of ration dry matter.requirement for growing wad finishingt
Dairy Cattle. Ou Tolt at a/. (1934) weriih flrstto Investigt the p ssiluml requirements for dlairycattle ,Theyfound that a ration providing K M2 of the dry.matterwas adequate to msintaIn milk production of two gallons 

per day over aperiod of two ictatlons.
There is only a limited amount of research on the dletary K requirements of dairy cattle. Word (1966) in his reviewof K Metabolisn of domestic ruminants indicatedthat the dletary requirement was probably no more thn about0.5%of the ration. Pradhnmind Hemlken (1968) Indicate that the levll required may be 0.8'%Pradham and Hemken studied K deficiency symptoms in lactating cows uting a changeove experiment involvingeight cows. K deficient (0.06 and 0.15% K) and Kadequate (0.80%K)rations ware tested. Deficilency ymptoms weremanifest in about 3-4 weeks on the cows receiving the low ootaslum ration. These include partilal to almost complateinanition and pica, characterized by hair licking of stall-mates, fl6or licking, and Chewing'of wooden partitions. The 

coat showed agradual loss of glossiness and finally turned very rough.
Cows fed deficicnt rations consumed 34% less (P(O.01) feed than those fed aration adequate in potassium.
When we examine the composition of cow's milk, we find that the mineral element Present in highest concentra

tion ispotassium. 

COMPOSITION OF COW'S MILK 

Water 87.2 
Protein 3.5
 
Fat 3.7 
Lactose 4.9 
Ash 0.71 

Plotassium 0.A47 
Calcium 0.102 
Chlorine 0.101 
Phosphorus 0.055 
Sodium 0.053 
Sulfur 0.028 
M.gneslum 0.010 
Iron 0.001 

It Isnot appreciated by many that the need for potassium in milk production Is ionsiderably greater then that of
either calcium or phosphorus. A dairy cow in high milk production excretes+arge quantities of potassium each day
in her milk. Studies by Rook and Wood (1,59) as well as Sasse et a. (1966) indicate that healthy cows have the

ability to produce milk with aconstant concentration of potassium.


The National Roeirch Council bulletin on the Nutrient Requirements of Dairy Cattle, (1971) comments that baed on the limited research dat evalable, the dietary potassium requirement for dairy cattle stwen 0.5 and 0.8%.To date, there Isno research data available to indicate what the exact needs of the high producing cow are, however, it
Ir.possible that at peek* lactation, the potassium re''quirement could be as high a 1.0% of the ration dry Matter.Potassium supiplementation of finishing'rations for beef Isnow becoming acommon practis. Diets bound largelyupon milo, corn, or corn and cob meal together with low potasslum hays and silges, may, NO short inIproviding suffi
cient potassium for fast growing or high producing animals. 

Fqsges, tradtionally recognizedve god sources of potassium, can vary ulgnificantly Inpotassium contentwitih the.sasn'of the yer. Potassium additions to range supplements or minersh has beenIshown to have abenefiial effect on 
animal performance. 

~~some arias dairy farmers have taken hay out'of their programs ar 6se corn sag astOn rougae Inadditom, greateruse.b'.eng ade of NPN protei sources. All of 'hem factr rdche+tota daily Intkoof poteinium.
Man~y nutritionists have, noted .marked Improvement in appetite and subsequent, Incrsest In ilk productiondairy ligivs esemed to he rcingsufficlint potassium Were supp1i~ilemiented wiIh an Inorgianic source. 

Ve 
The- following 'table. .mmarizes the known otassim requirements ad indcatls reo mm dietry wleliNutritionists are recOgnizing that potassium is not only auNl element but isa critical element r maiximum pd

tion with todey's mansalgmant systems. 
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RECOMMENDED POTASSIUM LEVELS ' 

(%in Totid Ration Dry Matler) 

Animal NRC IMC 
n .70.8Beef Cattle 

Sheep 0.7-0.8 
Dairy Cattle 

Heifers & dry cows 0.7 0.7-.8 
Lactating cows 0.7 0.8-1.0 

Iodine 
Iodine Is unique among the required trace elements ;n that it is a constituent of a hormone-thyroxine. Thyroxine 

regulates the metabolic rate in animals, thus, iodine through this mechanism, has a strong influence on growth and pro

duction in livestock. As far as isknown, iodine has no other function. Numerous reviews are available on the subject 

of iodine metabolism and its relationship to thyroid function and body ma6bolism. Underwood (1971) has presented 

a complete, and descriptive coverage on this element. Other excellent reviews are that of Gross (1962) and Miller et al. 

(1975). 
Iodine teids to be highly concentrated in the thyroid gland, evidence indicating that 70-80% of the total body 

supply is found in this gland. Gross (1962) points out that thyroid iodine is found -isthyroglobulin and its constituent 

iodinated amino acids (principally tri-, di-, and mono-iodotyrosine or di- and tri-iodothyronine). Thyroxine, however, 

is the major organic Iodine compound in plasma, being bound to plasma proteins (globulins and albumins) that can be 

precipitated for ,Inalysis. inorganic iodides, which can be removed with anion exchange resins, are also found in plasma, 

but they accourt for only aihout 10% of total plasma iodine in cattle (Aschbacher et al, 1963). 
Underwood (1971) poin's out that a deficiency of thyroid hormones may be the result of an absolute dietary 

deficiency of iodine, a deficlency of Iodine conditioned by the presence of goitrogens, or the result of a metabolic 

defect in the synthesis of thyroid hormones. In ruminants, it is assumed that the first two of these are the cause of most 

prcblems related to iodine. 

With respect to deficiency symptoms observed, a lowered basal metabolic rate is seen in all animals, the value declin

ing to 50% or less when cows have been thyroidectomized. In the pregnant animal, a deficiency Isapt to result in'the 

birth of hairss (or ,%-=!4ss), weik, or dead young. Goiter (enlarged thyroid) is a result of changes in thyroid tissue 

cells which enrarge as a result of the deficiency of Iodine. It would appear that goiter may be a symptom of a Icis severe 
a thyroid or iodine deficiency ceverely reducesdeficiency than the lack of hair orwool. In animals of breeding age, 

productivity, resulting in suppressed istrus periods in the female and a lack of libido in the male. 
Several studies haWi been made comparing the relative value of iodine sources. Stability of iodine compounds Isim

portant since iodine is esily destroyet in the diet unless it isprotected against oxidation. A variety of iodine com
pounds have been used in mineral mixes. Salts such as .KIo; Nal are emily lost, Generally the lodates or some organic 

forms of iodine ae considered to be thie most stable. Availability studies on various Iodine compounds indicate that 

saverai sources are relatively equal in avislability (Ammerman and Miller, 1972). Research reports from the University ofV 

Tennessee (Miller at ./,, 1964; A,4hbecher atal., 1963) have Indicated that diiodosalicylic acid (0IS) isnot a good 

source of iodine for ruminant animals. 1The studies ihow that the iodine from DIS was absorbed as rapidly as the 

iodine from the iodides but the iodine from1S Ismetabolized quitedifferently. Itwas shown that the looine from DIS 

not split from the ring smicture by the irnimsl nd is subsquently excreted and not made available to the thyroid. 
Underwood i(1971) points ou that.,odine .Mquirments of ruminant species have not been well ortiablished. The 

effect of,,goitogmo n eiinhibition of thyroid activity has been well documented. A wide variety of plants have been 
implicatd (Undwood, 1971i). Thonet fct, in moat instances, ato increase the Iodine requirement. The feeding of 

llege, has been shown to result in calves with goiter (Hemkon et at,.other feadetuffs, s ass hihl intake c.,corn 
1971). The following table summarize the current recommended dietary levels of iodine for ruminants. 
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RECOMMENDED IODINE LEVELS 
(ppm In total ration dry matter) 

Animal NRC .... 
Dairy 

C,.ves 0.1 0.5
Heifers-growing 0.1 0.5
Coies-dry 0.6 08
Cows-lactating 0.6 0.8. 

Beef
 
Steer & Helferm 
 - 0.5 
Cows-pregnant 0.05-0.1 0.5 
Cows-lactating 0.06-0.1 0.5 

Sheep
 
Lambs 
 0.1 0.5
Breeding animals 0.8 1.0 
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Aithou! coballt wias diown to occur in plant and animal tissue many years ago, Waitner and Waltner (1929) present

ed theflrst deiiireidenee:that cobalt posseses biological aict.vlIy. In large doses, cobalt stimulates erythropolesls inrats 
andlr inuespcyteia. Unidawood (1971) credit. this discovery with great historical significance because It stim
ulate ,! est in the p hle physiological role ofcob t and Was responsible for this element being given an early trial 
In '"com:disase"' the first of the naturally-occrring dia of rs to cobalt therapy. There isno evi
denoe, however, that the polycythemic action of cobalt isrelated to Its n.ml functioning Inany species.
:Dscriptions of symptoms which have later been attributed to cobalt omciercies in ruminants began to appear in 

thelitirture arolU4.1800 (Frer.1794; Hogg 1807 and 1831). During the following years. reports of the same or sim
ila "ensIncaUii'an .... red in the literature Invarious parts 4f the world. A condition known in Florida,l'rcond iion inci1Wtr#wo 

is"salt slck"..was first r os-rteih IIn 1888.It is interesting to note that the bulletin Inwhich this work was 
reported was the first published resarch rep6itb-,irtFIorids Agriwitural Experiment Station. In this sense, cobalt 
deficiency was among the first problems to be recognized by what was later: to become known as the Animal Science 
Department of the University of Florida. Becker etul. 1966) have reviewed the history of "Salt Sick" in-Florida from 
its earliest beginninge. 

The effects of cobalt deficiency have ban known by amultiltudo',of nanes throughout the world: 
US.A. "Silt Sick," Florida. "Neck Ail," Massachusetts. "Burton Ail," New Hampshire. "Grand Tra

verse Disease,' Michian,. No spOcii name, Wisconsin. 
Australia Coast disease, bush sickness, enzootic marasmus. 
New Zealand Bush sicknes, Morton Mains disease.

Nakuritis.East Africa 
Scotland pining disease. 
Brazil "Mal de colete," "peste do secar," "sablo,. "mal de fastio." 

The disease was essentially the same ineach case and could only becontrolled by periodic removal of animals to healthy 
areas BecAuise of this, the condition was corectly assumed to be caused by anutritional deficiency.
Defliciny Symptoms 

The'deficiency symptoms of acute cobalt deficiency reported by workers in Florida are essentially the same as those 
reported by rewearchers in other parts of the world (Davis, 1958). These include lack of appetite, rough hair coat, 
thickening of the skin, anemia, wasting away, and eventually death, if the animals are not moved or ifcobalt supplements 
are<not made avilable, These symptoms are identical to those of siniple steivation and may indicate that the effect of 
alack of cobalt may be simply the effect on appetite, rather than i direct effect of the mineral on the body itself. 

Although acute symptomiaremoredramatic, Latteur (1962) has suggested that areas where sub-deficlencies of cobalt 
exist my represent an aven greatir economic-loss. The author discusses someof,the,effects of sub-deficiencies of cobalt 
on predispcstlon to paratuberculosis, primary digestive disorders and anomolles of fertility. No estimate can be made 
of the effect of cobalt sub-deficiencies on animal performance in general, but in many areas of the world, it isone of 
the major caLs of lioor production. 
The Ion Dekiny Theory 

While iamia isnot usually the first symptom obsurved under severe deficiency conditions, it is one that iseasily 
verified in thelbtory..Becase an anemiccondition isone of the syitoms of acute cobalt deficiency, it Isnatural 
that,some of the f t reserch work Involvid supplementation with iro\c:oqunds iches linito (Fe'O -H10, a 
naturaily-currln hydratd oxide of Iron), Early investigators often effk-,,a cures by supplementing cattle with Iron 
compounds (Aston, 1924). For a time, Iron deficiency was acoepted to bea'te caume of this condition (Becker et Al., 
1931). Flimer (1933k'lecognlzd tht heto ately explain the condition esIron deficiency theory did not Widec It existd 
In Australia.id -weLua that sm e other ntriont mUSt be Involved. A r.ap'.,by Rig and Askew (1934), revealing 
In~llmnbt dlffermnrn the iron content of faiige from "hellthy" and "ic pastures and the low correlation of 
the Iron content of.qampounds andtheir curative effects (Grimmett and Shorland, 1934), leant support to Filmer's 
theooi tmat sOW i'~es must be, Invoilved, 

:imrland Insheep (enzootic 
"arwnus) In, the south cortl areas, bece siclow of the la dos. of Iron compounds that ware necessary to 
ure the-if6,dae ' ofbetwc fd lile r ohp the size of an effective does And the amount of Iron that 

it sw lld--They also now th't the lve of affected animals often contained large stores of Iron. This was 
futiher Itdld 1y the fact that wiin whie liver which contained very little Iron was gven to skk animals, they 
u:oov ,Themost iloiIncIngWidenc was their discovery that an iron-free extract oflimonlte was Just as effective 

Ausrlii workersnIFimer, 1033; F Underwood, 1934), workIrg with awasting dis 

http:Australia.id


as 'the ore itself In curing the disease. These authors advanced the teory that enzoctic maranus was aued by tsde.ficiency of some trac q 9 whcslameen sa ctcure the disease. i.e.. which was present as acontminant in the iron ore whi.hohd been ued suc fl so 
Underwood and Filmer (1935),chemicilly fractionated linonite.and after some miaf tw,Inni (sugested by the larg, amounts of that element present), fnnd ptency of lmonite red ohattheinthe cobat that it cn 

tained. Subsequently, snall doses of cobalt were shown to curethe disaein ~al.reis where lInitehad been eecowe.At this same time, Marston (1935) was studyinga coast disese in sheep which.o.ourred on the camio sndydunes of South Australia. A mineral mixture containing small amounts of various micir l, washly ctvein curing the disease. The fact that coast disease,was accompanied by anemnii, coupled.by the earlier findings that cobaltstimulates hemopoisiI.n rats, led to the suggestion that cobalt might be the elemnt reaonsible for the beeficialeffects of the mixture. Marston (1935) showed that sick sheep given 1 ino~day of coblt improve dramatilly.Filmer exchanged samples of limonite with Becker and Gaoldum (1937),for samples that had not been effective incuring "salt sickness" in Florida. Spectrographic analyss showed that the effective limonit contained .00p
cobalt oxide, wbile the ore from Florida contained none. Suppleentat.-n of cattle In Florida with llam ntcobalt along with copper Wasrshown to cure "salt sickness" (Becker et al., 1965). Experients inA strali haveaindicated that copper issometimes necesary to cure marasmus (Underwood, 1971). 

Vitamin 8-12Although cobalt was recognized as an es ential microelementfoiruminants, the action of cobalt in the body andthe reason for Its necessity were not discovere:I until the simultaneo.s discovery of vitamin 812 by Smith (1948) iEngland arid Rickes et a. (1948) in the U.S.A. Both of these groups had reported the presence of cobalt in their compounds. which were effective against perniciou; anemia in humans.Cobalt I'srequired by microorganisms of the rumnifor-the, synthesis of '"amin 812. If the element isdeficient inthe diet, the vitamin cannot be produced in the rumen in amounts 'ufficientto satisfy the requirements of the protozoathat live sYmbiotically in the rumen, nor of the animai itself. Rumi'iants have ahigher requirement for cobalt thanmonogastrics because some of the element iswasted in microbial synthesis of organic conpoktvis withno physiologicalactivity inithe h~st's tissues. Vitamin B-12 is poorly absorbed from the digestive tract of ruminants, the aailability insome cases being as low as 3 percent. In addition, it has been shown that tha ruminant animal has ahigher requirementthan the rion-ruminant, presumably, because of its involvement in the metabolism of propionic acid, a major energy
source thaF isproduced by the rumen microorgapnIsms. 6,
Enzootc marasmus is therefore regarded as being due to a deficiency of vitamin B-12. Injections of the vitaminalleviated ,thecondition whereas cobalt injections did not.There isevidence that the intestinal microorganisms in non-ruminants can also synthesize vitamin B-12. Inpigs and
poultry, this synthesis may be insufficient to meet requirements. It iscommon practice to include in monogastric diets
some animal protein food rich in vitamin B-12 or the vitamin itself, rather than the cobalt salt.
In addition to the importance of cobalt as.a component in vitamin B-12,.it isbelieved to have other -functions inthe body as an activating ion in certain enzymes. Evidence to support this belief has not been forthcoming. 

Cobalt In The Soil
Kubota (1968) has reported a high correlation between type of soil and cobalt deficiency in the U.S.A. Workers in
other countries have also reported high correlations between soil types and cobalt deficiencies.
Soil containing less than 2 ppm cobalt isgenerally considered deficient for ruminants. (Corner and Smith, 1938;
Correa, 1957). Because of the many factors that can affect the availability of cobalt to the plant and animal, Latteur(1962) has cautioned against the use of level of cobalt in the soil alone as an indicator of the adequacy or-afciency ofthis mineral. When cobalt levels in the soil are high, the amount available to the plant is usually sufficient, At borderlinelevels of cobalt in the soil however, it is difficult to correlate soil level and deficitincy symptoms in ruminants.. 

Factors That Affect The Availability Of Cobalt To The PlantOverliming and the subsequent rise in soil pH renders cobalt almost completely unavailable to the plant. Plantsgrown on a 15 ppm soil that isneutral or Slightly acid may contain more cobalt than those grown on v 40 ppm alkalinesoil... 
.
High rainfall tends to leach cobaltfrom the topsoil. This problem isoften aggravated by te rapid owthof forage during the rainy season which dilutes the cobalt content. 

Pleats have varying degree of affinity for'Coblt, some being able to conoentrte the element much more thanothers., Legumes, for example-, generally haft morq ability to concentrate cobait t'e do w I. Mog ,_fo -hcobal 
present InPlants tends to concmntrle, inthe leaes reiwn lt.auecnerigtecbl(17) h 1.e.socoteto l and herbags, concluded that therei ISsawide vaiation nwa scniee owcbl ee nslend to a lemer extent, In Plants. He n,,clud that because of this variation and becaus of she ichcanaffct the uptle of cobalt by the plant, the lv of cobalt in the soil at any one poi ini field aionly of academic Intwrn. 
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Coalt Level InPlants
As previously stated,- the level of cobalt found in forages is determined by many factors and not merely by soil 

covent. This becom.ncres singly true when the level of cobalt In the soil is low. The tvel of cobalt inthe lorage Is 
aImuch .more uieful toolin measuring .its adequacy since tlwre sems to be a direct relatonship between cobalt inthe foage;Ia i_hlhealth of rumirants grazing that forage. Latteur (1962), has presented the following figures to indi
cate the commonly, found Ievels of cobalt Inforages as related to deficiency atu$ in ruminants: 

.01 ppm extreme deficieny

.01-.04 ppm deficient 

.04-.07 ppm inifficient 

.07 ppm lowest limit for health 
;01I0 ppm -eae in productivity

It appes that less than .1 ppm in the forage should be considered cobalt deficient. 

CobaltLevel InAnimal Timues
Alttiouih cobalt is widely distributed throughout the body, there is no exceosive accumulation tissue. The highest

concentrations usually occur in the liver, kidneys arid bones. Askew and Watson (1943) have studied the concentra-
Itions in the various organs of healthy and cobalt deficient'sheep. The results are presented in lable 1. 

Table 1 
CONCENTRATION OF COBALT IN TISSUES OF

"HEALTHY AND DEFICIENT SHEEP (ppm) 

Organ Healthy Deficient 
Liver .15 .02 
Spleen .09 .03
.Kidne. .25 .05 
Heart .06 .01 
Pancreas .11 .02 

It is obvious that cobalftconcentrai;ons are reduced in the organs of cobalt deficient sheep. They can also be in
creased above normal levels by cotbilt injections or dietary supplements (Underwood, 1971),:.There has been much

,Interest. shown n the use of the Pavel of cobalt in the river as a tool to diagnose cobalt deficiences under practical
conditions. Table 2 presents the levels of cobalt found in the livers of healthy and deficient ruminants by, severalit r chell .rs. 

?. -. Table 2 
LEVEL OF COBALT-IN THE LIVER OF HEALTHY 

AND DEFICIENT RUMINANTS (ppm) 
Spcies. Healthy Dficent Author 
Sheep .28 .06 Marst-n-etal, 1948 
SIep .34 
Cattle .21 
" .. . .2Q . 

.09 
.06 
.02 

UndeNood and Harvey. 1938 
Corr-ja, 1957;Geuiertetal.,. 1952 
Lee, 1963 

Undienwooc! T197) vhstatd thrt because cobalt Injections can raise liver cobalt 10 times without being available 
to the microbes for B:12 synthesis and.because ruminants on cobalt-deficient diets can be maint-lned in good health
byvitmin B- ;Jnjectio,s without raising liver cobalt, high or low levels of cobalt in the liver do not in themselves'Wicete the oa_.Wsa ofthe nmiMal. Under practical conditions, howevez, the concentration of-cobalt In the liverof l ir.Iusis responsive to changes in cobalt Intakes to hive value"In the diagnosis of oot:'dt deficiency.suificler 
It e.shubW tbrid d the only positive proof of a mineral deficiency Isa posithie production resp'.nse whenrmenIi 

.nwood( l(101) beliVes thtblood cobet values are so variable as to be of little use in diagnosing cobalt de
ficww 

8i 1 6WMIl;-wein*t .merasIus in ruminants, It Is more convenient and chea in colt-deficient 
1xW., ,. det withthis element, alloing the microorganisms to synthesize the vitlmin for subsequent 

abup a.b ow w . ot the quantitative needs for cobalt.rests on studies of its content in herbage
hMr ftr.bll does ad dori not ocur. It has b.t, that the dry matter of gr of healthy areas, contains

Lod. mof cobelt o the with .004 to .07 ppm for deficient areas. As little a .1ppm hasavage as conpero 
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Reliable data concerning the adequacy or inadequacy of cobalt In the food supply of our ruminants isvery scarce.Pasture grasses are often known to be low in cobalt. Where a deficiency of cobalt is suspected; the simplest way toinfure its prevention is to provide a cobalt supplement to sheep and cattle. Most complete mineral supplements (including salt) containing .01% cobalt are usually adequate for protecting against cobalt deficiencies. Slightly more may beadded Ifcobalt deficiency In the area has been confirmed. For milking cows, cobalt sulfate can be added to the grainmixture at the rate of 0.2 gper metric ton. On this bas~s 1 kg of grain would provide the requirement of approximately1 mg of cobalt per day. A continuous supply from a single dose can be obtained by giving acobalt "bullet" containing90% cobaltlc oxide. The "bullet" remains In the rumen and slowly releases the element over along period of time. Inearly work, trouble was Incurredwith regurgitation of the "bullut" or by the coating of it in the rumen. Recent reports
from Australia indicate that these problems have been overcome to a large extent. 

Cobalt Toxicity

Excess cobalt can be toXic to animals. Although most authors consider the margin between safe an 
 :toxic doses tobe wide enough to rend, r a toxicity under natural conditions to be unlikely, several rep".ts have appeared in the literature concerning cobal' toxicity (Dickson and Pond, 1974). These reports almost Invariably involve management mis

takes in formulatinf mineral mixtures. 
Cobalt Deficiency In Brazil

Tokarnia and 'Dbbereiner (1973) have recently reviewed the 0iterature concerning diseases caused by mineral deficiencies in Brazil. Cobalt deficiencies have been noted in Sflb Paulo (Correa, 1957), Ceara (Tokarnla et al., 1961),Amapaf(Tokarnia et al., 1971), Espirito do Santo (Tokarnia et al., 1971), Maranhab (Damaso and Tokarnla, 1961), andRio Grande do Sul (Gavillon and Quadros, 1970). Without doubt, many other areas in Brazil and Latin America
deficient or sub-deficient in cobalt. 

are 
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Copper 

Theprenci ofopearain the tisue of plants ananimalswas identified more thin 150 years ago. Its presence was 
siderdi u t tlh926 en McHanWe demonstrated its essentiality inthe diet of.rats. In 1928, Hart and 

ccl6orators. oWed,%htIn additionto c . iron .w also indi'nbe in the formation of hemoglobin. 
Shorty.fter th'el discovery o)f the ssentiality of'copper for rats, certain illnesses in cattle andsheep in pasture were 

intitied beingtoaused y adeficie of copper and were cured by, the administration of thiselement. In 1931 in 
Florida, Neland collaborators (Underwood, 1971), performed experiments, indicating for the first time that copper 

.dciary can oour nitually in animalsAfter: this data, diseases incattle and sheep idhtified as ccpper deficiency 
ire ls reportmd in Holland, Ausitaliiad in o 'parts of the world. Problems with pigment formation, kbratiniza
tonf . lbnfo rerdcti, ardiac function' formation of connectieW tissues, plus problems of growth 
ei hlmafpoiefs, Were recognized is being dinical signs of the copper deficiency.,, 

Re, rtaining to the mode of actionof copper at the cellular level. Many copper containfRlah was alsodevelod 
ingrpitelns were isolated from livivn tissues; most of which were enzymes involved in oxidative reactions. 

towper i.*t6"t.me 
The level, of copper in th3,animal's tissues varlies with the.age ef the animal, with young animals normally having 

hisWer c6notratiohs oftcop. than adults. Underwood 1971) presents a summary of the literature, showing the, 
cope conictrations in vaio tissues of differept animal species at varying ages. Obviously, the distribution of 
cope inthe tissues varies with pies, age, and nutritional state of the animal. Individual variations within the species 
are quite peat with oex ofthe animl apparently,havingrno ipfluence on tissue'concentrations. 

Undernormal conditions, heleinth majority of adult speci:. rcoriec4be'en •10• 6.n50 ppm of copper (dry
basis) Wlth.W'lis 'rom 15 to 3 r be3in moe fr ent.RuminantsiWe normali con'entrations much 'higher than 

these , theorder of 200 t'00fon lpm. TablI 1 summarizescopper concentrations found in livers of sheep and 
cattle in dverseconditlons of age andhutrition according to Cunninghem, cited by Underwood (1971). 

Generallyco'p'p. liver concentrations in the majority of the animal species decreases as the animal matures. Yet, 
shee and cat constitute an exception. In sheep, liver copper kWiels increase continuously with maturity of the animal 
and in cattle there islittle viIatIon bewen ,Voyng and mature animals. However, the young ruminant-in some cases 
may 00eh vil~lsthan the adult (Church 191) 

Table i 
LEVELS COPER INTHE LIVER OF:CATTLE AND SHEEP AsA FUNCTION 

OF THEAGE AND NUTRITON. 

tpl Asand Treatmnt 
No.of 
nia 

C.tration 
olfopr pm Reference' 

sheep New born 
Nora dit 
• ifklowiidlet 

... 27 
29, 

168(74-430) 
13(1 4-34) 

Cunninghan, 1946 

l'mal die 
Dfici nt diert 

-44_ 
35 

6919(186.1374) 
274 7-106) 

Nommld.e- 41 44.6)diet 31 
Deficient diet2064819 i 

~ttls5Adult. 

Oefielentdle 21lII3321109 
UdvmIeI ~r 2-32 



Abnormal ingestions of copper during gestationcan cause abnormal levels of copper in the liver 0i ie newborn.oBnns and Bck, cited by Underwood (1971). found levels of coppe from 4 to 8 ppm in the dry matter of the liverof lambs bor- of mothers whose diets were deficient, in comparison t. levels from 120 to 350ppm in the liver drymatter Of lambs whose mothers received normal diets. Copper supplementation during gestation ;s extremely effectivein Increasing the level of copper In the, newborn. Yet, extreme doses of, copper, with obvious respect to toxic limits,will not sify that the newborn will have nepatc levels above normal, possibly due to smll placental transfer.'.taDickf (15) studed h aoumulton of copper in the liver of iheep when receiving diets that contained daily in.takes of copper vryi9 between 3.A, and 33. mg per day during period of 177 days The leI of
increased from 562 Op pe Inthe iver.
in the poorest diet to 2,340 in the richest diet. Up to the level of 18.6 mg per dynhe quantity
of accumulated copper in the liver was proportional to the intakes. The behavior of monogastrcs in this aspect is different from ruminants; in these animals, apparently, the hepatic concentrations increse in relation to tU.daily Intake,
only after having overloaded the mechanisn of excretion.The Intracellular distributiorozof copper in the liver does not appear to have been studied in ruminants; howeverrats, Gregoriadis and Sourkes, hId by Underwood (1971), In

found that mizochondria and nucleus have a higher coppercncesntratonth~n microsom and cytoplasm. According to Milne and Weawing, cited by Underwood (1971), when,ingestion of coper by rats is increas, the relative quantities Present in the mitochondra and in the'soldble fractionremain constah!t, whereas the quantity present in the microsomos Increases and in the other parts decreases. (Table 2). 

Table 2 
DISTRIBUTION OF COPPER IN THE LIVER OF RATS 

Other Mito-Copper, ppm (dry basis) Microparts chondria somes S bite 
Diet Liver %of Total Present in the Liver 

1. 8.7 20.3 12.4 13.9 53.4109 91( 3 12.7 17/k: 55.950 18.2 1I2 11.9 20.5 52.4100 19.7 14.1 15.1, 18.1 52.7200 68.5 14.2 11.0 23.8 50.8. 

Liver copper concentration in liver is als, Influenced by various other dietetic factors, for example, in iheep andcattle the concentration can be reduced when there are increases in the dietetic leveis of molybdenum and sulfates.
The retention of copper in the liver is also influenced by the dietetic levels of zinc, iron, and calcium carbonate. High
intakes of zinc.reduce the absorption of.popper,.4nd iron as well as their retention. The antagonism between zinc And,
copper is evident, as much when the copper.is deficient as when it is in toxic levels. 
There exists a negetive correlation between the concentrations of iron and copper in the liver,of rats confirmed
by the work of Sourkes and collaborators, cited by.Underwood (197 1),,where rat cormmlrnvnJ!dlet defknInel'pe
 

,.s 

showed excessively high levels of iron In thie liver after 7 to 8 weeks and rats receiving diets deficient in m-
 er' showed
excessively high leels of iron in the liver after a much shorter period of time. 
The copper'is fo od In the red blood cells in a copper protein compound called +.-oocuprein with a mol ilarweight of 35 "0, containing 0.34% copper; The blood of ruminntsp ssn 'geof 1 ,gj of this pr"otiiinr
(Church, 19. !, In the huin erythrocytes Is found a protein:.opper'co i,ex called erythrIopreln (Undo
 

Inthe pl"a, copper, ocurs in two principal forms, one consists of a copper-protein corpou with bk olorstion called coruloplasmin which is'an a-globulin with a molecular wolt of 151 ,00, contining 'vts-, f coppormolecule,_Under normal Conditon about 80% cprIn,the pl aao sheep is, in the form of,cnloplsln, codIngmto Hmeqg and 'Laurel, cited by,Undwood, (1971)., 
Thei cOO erof se pi n ta inot pre t in the form of cirullamln is known s ,dirct rV becamitreac. directy,-withdthkZe, a4reagen utiized In order t detemine cpper r m01id,, Thi p Is A,lhiasocited .to a proteIniprobiblyi rUm albumi (Ha0 1973). It is bellwe ta m Is the fof o uIntePlama. Besde thks the Plsmo aiem conwans euyn contalnln coper suci. as cysodir n "OAmilne oxid +Incolen s that vary with the c6ppernutriti a oftheanmal Tle3 ahcpdist.ributi..Ihilood of eeat diffretap mxco!vgto McCosker csiedby Church (1971). 
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Table 3 .
 
DISTRIBUTICNOF COPPER IN THE BLOODOF SHEEPAT DIFFERENT AGES.
 

B..1 L Direct Indirect Red 
'Total 
r"g/mi 

Plasm 
g/mi" .. 

Reactih.,' 
g/e "/mt 

Rwatingr Cells 
pg/ml 

Adult .0.98 '1.02 " 0.20 0.81 .0.95 
Fetus 0.45 0.26. 0.17 0.11 0.78 
Nei 0.83- '" 0.63. 0.47 0.6 1.04 

*'Equiwelent Owthprlin to the albunh--i.1 
~Eqlv~entto he appr nt form o'f estUlOOlni. 

Thermal Ielof:cupper in i i blood, for the r..4ority of species; inclusive of ruminents,,varies from 0.5 to 1.5 
. 11nillcantideringthat in0,ep, ls uhw' : consistenwy lower then 0.6 .g/ml are considered deficient. Individual 
- varians,"istpnd in the case of sheep there hqve baen reported differences among brjeds (Wiener and Field, cited by 
Underw., 971). The levels of copper in the blood can he altered for gestating anirmals, in the svi;e way estrogens 
can also ter blood copper concentrations. 

..The concentrations of copper in the blood is influenoxd by dietetic copper and tho relation between copper and 
other dietary components principally molYheraum, inorganic sulfates, zinc and iron. Supplementation of copper to 
the normal diets has little effect on blood copper levels in the majority of species. 

Milk copper l mvly with species, stage of lactation, and dietary:copper concentrations. Container contact during 
and after milking coild result in ci.ntn'inatlon and increase milk copper. The colostrum isespecially rich In '2opper and 
inthe9.majo- of cabotthere is a progresvlecline In the level of milk copper corcentrations as the sage of lactation 
advances. Bc, cited by Uderwood. (171) bservel in ewes a decline on the order of 0.2.0.4 gof cjpper/ml of milk 

-:atthe beginningof lactation, to 004-0.18 pg of copper/mI several months later. " 
Feeds deficientin copper can realt in wrinrmal levelsof copper in the milk; levels on the order of 0.01 to 0.02 jigof copper/mI wereondin the milkof ey:es and cows maintained on copper-deficient pastures (Beck, cited by Under

woo; 1971). Copper iuplemntation to diets that already have adequate levels of this element have little influence on 
-oper concentrations in milk of cows, goas, and ewes (Elvehjem and Thomas, cited by Underwoud, 1971). Dunkley 
and collaborators, cited by Underwood (197i' obtained a substantial elevation of milk copper for at least four weeks 
following subcutaneous injection of the cows with 300 mg of copper as copper glycinate. 

Metolim,of the copper 
Coppr isabsorbed principally from the upr, 'r jejunurn in dogs, the snall intestine and the colon in 0wiI,the duo

denum of humans and birds and in rats, it i absorbed equally in the stomec and small intestine (Underwood, 1971). 
'Ave bib iitereturehas no information concerningruminentsr 

Copper as,a relatively low avilabilitl-fyi the majority of animal ,Veies, owing to the fact that its absorption and 
retertion Odependsthe dheial form in gisd, the dietetic level of various other mineralso h"ic,the elementis ins 
nd o ubita ,and-on thi acidity of the in.1e$tiMal content, n" e rsion of the absorption. 
:,Relitlvely 'little is known ao'it the mochanl/T..of copper absorption. According to Starcher (1969) there exists a 

co nple bee." protein and c!pr in the 'aiuc'us'membrane of the duodenum of birds which plays an important 
role" cape sptioni in thesi animals. 

"Areduction n the copper absorption n shee can occjr if the dietary levels ofcalcium crbonete and ferrous sulfide 
ari.eae The rformer iduciabsorption by increasing intostinal pH and the' latter by the foimaticn of insoluble 

Ls:s iind Bdl-160)sd the41vdilabii of opper to sh )pby adminstirng,orally and Intravenous cupric 
la t ,OloFiOe carbonat, end oxide and cuprous oIde and coppr wire,allI, beled with Cu. The copper 

in e copperwif he low liablity nd the oppar in the form.of the oxides wa less ava ,ble than that 

S know orrin thee forms ought to affcci theabout te Ohemicl khhcop.-or exists infoods. Changes,in 
W~llabtIft Of coppeor F mii sifikcany les fclvntin increaIngthe dposit of copper in the body 
thaft vor oae 040s*ithth equ iilt'cnts~of capper (Harlians and Bosn cited by Underwood, 1971).

In~ ~ t great perto th cop aulin boundi for as watsr~able orgaicomplexes 'Anqeu exar~me. M 
tract fan frdi1 fora$" cantaln arllprvpiortiono coppern re kinsor n poeltivily charged complexes. The. 

giuerv e~wIn . frm6. nourol: or, ira lees. Whe fe w copper defclejnt rats, these01af cm 
I~~ n sor e repom lIMer siora, qulvalenf&nouts ofm" VW0 s 0an ste than astefdIng of e 
o~~r!$ .a~ p -f t resultsvo he tdeMls ie yUdrod(91,wgse that 

co~iptr~nb~wl ~ COSO fteform ofcomnplexos uich as4ts the Inetnlmucome both ats Ionic cWpran 
~ Th~ ~.Ustl~ ~ceyes uppot frrn a tht od16M mlt ofaearior obeervation,46 sh 

C~~3r~I~~t~o~ebuol aI~acyilpIsw iefiont as 641maust h got n hematopoleslsIin rabbits 
..an cothat IM the afinIty 6i.t copper ions for the organic 
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and' inorganic ligands in food can reduce the rate of its absorption, depending upon the size and the stability of theresulting complexes. The absorption of small and stable complexes may be superior t that of copper sulfate. In com
plexes of Individual amino acids with opper, the absorption depends on0ih type of amino add, itsconflplraion enrdits degree of polymerization (Underwood; 1971).

Phytais can also reduce the absorption of copper as well as high dietary concentration of ascorbic acid can increasethe severity of the deficiency, by reducing the absorption,,Various other inorganic compounds affect theabsorptioI,retention, and distribution of copper in the body. Among them, zinc and molybdenum havealready been mentioned.High levels of cadmium in the diet reduce the absorption and later the distribution of the element in the bod.presence of mercury Thein the diet can also reduce the absorption of copper, Whie silver his littie iffect, but each'ofthe exerts some influence on the distribution of copper in the body of the animal. The various physiological response and interactions with copper produced by zinc, cadmium, mercury, and silver, which are chomically very similar Is surprising and at present, inexplicable (Underwood, 1971). Starcher, cited by Underwood (1971) obtained evidenoe that the depressive effect of zinc and cadmium on copper absorption in the chick arises from the fact thatthese elements bind to ,,nd displace copper from a duodenal :iucosal protein. The molybdenum Interferes with theabsorption of copper, poibly due to the formation of a copper-molybdenum compound of low avaelability probablythe CuMoO 4 (Matrone, cl ' by Underwood, 1971).According to Dick (:4, molybdenum and inorganic sulfate reduce the absorption of ingited copper by increasing the urinary excretioi o ,brorbd and stored copper, due in each case to ,ifi-teference With membrane trqnsport ofcopper. Mills (cited by Ur.c. vood,' 1971) found that high intakes of sulfate and molybdate do nt increase tht rate ofrrdioactive copper Insheep exiretion, but reduce the solubility of copper in the digestive tract. Table 4, taken from thereserrch of Dick (954) shows the effe t of the intake of molybdenum and sblfate on the storage of copper in the liver
of sheep. 

'iabe 4EF ECT OF THE INTAKE OF MOLVBDENUM AND
 
SULFATE ON THE STORAGE OF COPPER
 

_ IN THE LIVER OF SHEEP
 
Intake 
 Copper stored in the liver 

Cu Mo S60fatai
 
mng mg 
 g 
9.5 53 1.1 +18.39.5 5.3 1.8 '. 5.0 
9.5 5.3 3.1 - 7.39.5 5.3 5.7 -21.7 
9.5 14.7 1.1
9.5 14.7 1.8 - 5.0
9.5 14.7 3.1 - 12.7
9.5 14.7 5.7 - 23.7 .. 

,-The copper that is absorbed in the intestine enters the plasma and becomes loosely bound toserum albumin to form
the small direct-reacting'pool of copper in which form it is distributed widely to the tissues and can pass readily into

the erythrocytes. This "reservoir" also receives copper from the tissues. The copper in ceruloplasmin does not appear
to be so readily available for exchange or transfer.
The copper, upon reaching the liver, which is the principal organ involved In the metabolism of this element, Is
incorporated In the mitochondria, microsomes, nuclei and soluble fraction of the parenchyrall cells in proportions that
vary with age, strain, and copper ttatusof the animas 
 Copper is stored in these sites or isreleased for incotion intoerythrocuprein, ceruloplasmin and the various copper contaiiiin enzymes of the cell. ep in i sy.nthesizedIn the liver and secreted theinserum and erythrocuprln Isprobably synthesized In the t bonemarrow.Hepatic copper Isalso secreted In the bile and consequently excreted in the intestinal contan"is Extml sluantities of copper can also pas dirl,'tiy from the plama into the urine or through the Intestinall .A high proportionof, Ingested copper appears inthe feces. Most of this consissbt activeexcretion via e bile occurs. lfall species. 8ilIary excretion is the principal modef excretion In humans. pip, dogs,mic, ducks and-Iowls Underwood, 1971). Intravenous copper i.jlection reultsIn the elated band tissue.. pel.Vels and, I pcompanled by4the lncrem of this element in the excretion via the bile and cos etyin 'bbtut.normally not an IncreIn th- urinary ro,
% .
Coinme e.!tI ( dmiristered radioac - ,,on.,W9 copper orallyor intravenously (Cue6) tos w
and oud Inan oraldos, 751t of the cop1erW.11. t~ i the feces and T%in heUrineecver aperiod of 5 ay. When estnsovdthe.-Intrvnu o.~ 3 fteds secee' both the uieVadth ferns. _L~r ~dSd-,(O)also using Intravenou Injarsions of copper In ieep. founriJ*nilarresul wher about 3%was I t*ezret .. .f.s.


3%In the urine. 
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Deficiencies and functionsof copper 
A wide variety of disorders has been associated with copper deficiency or with responses to copper therapy. Among 

tlem include anemia, depressed growth, bone disorders, depigmentation of hair a-d wool, abnormal wool growth, 

heart failure, cardiovascular defects, and gastrointestinal disturneonatal ataxia, impaired reproductive performance, 

bances. The major or minor degree of manifestation of these disturbances depends on species, sex, environment and 

the severity and duration of the copper deficiency. 
inevitable expression of copper deficiency. Levels of copper in the blood onAnemia. Anemia is a common but not 

the order of 0.10 to 0.12 pg/mI are considered minimum limits for the formation of blood in sheep (Beck and others, 

cited by Unlerwood, 1971). If such levels are maintained for some time anemia develops, possibly followed by' death. 

The morphological characteristics of the anemia occurring from copper deficiency varies with the species. In lambs 

it is hypochromic and microcytic; in cattle ad ewes, it is hypochromic and macrocytic. Copper is an essential com
a certain minim~am of copper must be available both for their production and for theponent of adult red cells and 

maintenance of their integrity in the circulation. 
The effect of the copper deficiency in the synthesis of hemoglobin can originate from abnormalities in the biosyn

thesis of protoporphyrin and heme, or of globin or the abnormalities in iron metabolism. This last hypothesis seems 

most viable, yet the exact explanation is still obscure. 
Formation of the bones. Bone abnormalities have been reported for various animal species, yet it is not a common 

However a low incidence of spontaneous bone fractures has beencharacteristic of copper deficiency in ruminants. 
observed in sheep and cattle grazing copper deficient pastures. 

Neonatal ataxia. Neonatal ataxia is a nervous disorder of lambs, characterized by incoordination of movement 

which is normally associated with subnormal levels of copper in the affected pas-tures ird in the blood end tissues of 

ewes as well as lambs. This can be avoided by copper supplementation to the ewe during gestation. Among the various 

explanations for this disturbance, one of them is "the low content of copper in the brain leads to a deficiency of cyto

chrome oxidase in Oie motor neurones". 

Pigmentation of hair and wool. Depigmentation and loss of hair occurs in ruminants deficient in copper and consti

tutes a better indication of the deficienc' than anemia. Apparently, the-interruption in the production of pigments, 

notably in black sheep, occurs at copper intakes sufficient to prevent anemia or other signs of copper deficiency. The 

exact mechanism involving the funct'od of copper in the process of pigmentation is unknown although a breakdown 

in the conversion of tyrosine to mfilanin may be the most probable explanation, considering that this conversion is 

catalyzed by copper.containing polyphenyl oxidase (Raper, cited by Underwood, 1971). 

Keratinization. Changes in the growth and physical appe.arance of hair or wool have been noted in cattle and sheep 

that were deficient in copper. The wool loses its characteristic crimp until the fibers more closely resemble hair than 

wool. 
Fertility. Low fertility in cattle has been associated with copper deficiency. The nature of the reproductive problem 

is not totally clarified, but retardation in estrus has been common in cows raised in copper deficient areas. 

Cardiovascular problems. Cardiac lesions have been noticed in cattle, with atrophy of the myocardium with replace

ment fibrosis. The morbid process is a progressive one, extending even over a period of years and proceeding to the 

replacement of large areas of atrophied myocardium with dense colagenous tissue. 

Diarrhea. Cattle sustained in areasextremely deficient in copper can sufferfrom diarrhea in response to the deficiency. 

Toxcity of copper 
Among domestic species, sheep are the most susceptible to toxicity, cattle.appear less susceptible, yet relative results 

. .. . cn ,,at.componentb ui the diet. In some cases even,concerning the latter are conflicting 
5 g/day per cow of copper for several months does not produce a harmful effect and in other cases 5 g/day for steers 

for sveral days caused hemoglobinuria and death. The susceptibility of ruminants to the copper poisoning is in part 

due to the fact that the liver continues to store copper, with no control mechanism to limit the absorption and storage of 

copper, consequently the hepatic level can reach 2,000 to 4,000 ppm in the dry matter (Church, 1971). 

Requirement of copper 
It is difficult to clearly establish the copper requirement for ruminants, because there are several factors present in 

the det th.t interfere with copper metabolism. The minimum requirement is still not well-defined, yet Matrone and 

collaborators,:cited by Church (1971), working with calves, suggest that the requiren'-,n' of copper may be between 3 

and 6mg/day; whereas, Engel and collaborators, administered to calves a ration containing 4 to 5 ppm of copper and 

observed that this level was not sufficient to maintain the reserves In the liver. Dent and collaborators (cited by Under

wood, 1971) observed that, on the average, 17 mg of supplem'ntedcopper per day was sufficient to maintain reserves 

in the liver. However, the levels Of copper in the blood were low in relation to those considered normal. 

Working with sheep, Dick and others (1954) observed that a daily intake of 3.6 mg was enough to promc ,elier 

storage. They suggestedI that an intake of 1 mg/day could be adequate if the ingestion of molybdenum and sulfate 

were at a minimum level. SuttlI ard Field cited by Church (1971)- working with diets containing I or 11 ppm of 

copper and/or 50 mg of molybdenum and 10 g of sulfate, for ewes n gestation and at the beginning of lactation, con

duded that 1 ppm was not sufficient. The diet with 11 ppm apparently was adequate to rndfitairn the normal levels in 

the blood, but not when sulfate and molybdenum were present. 
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According to the Agriculture Research Council (1965) copper requirement on a dry matter basis is approximately5 ppm for sheep and 10 ppm for cattle, while the National Research Council (1970) recommended for growing andfattening cattle a requirement of 4 ppm.
According to Maynard and Loosil (1966): 5 to 8 ppm in the dry matter of the pasture is sufficient for adequatemaintenance of animals; based on the lower level one can calculate a daily quantity of 50 mg of copper for cattle and6 mg for ewes. Adams (1975) recommends as the minimum for dairy cows, 11 ppm in the dry matter of the ration. 

Molybdenum in tissues MolybdenumEvidence of the biological function of molybdenum was obtained in 1930 when Bortels, cited by Underwood (1971),showed that this element is an essential 'nutrient for the growth ofAzotobacter. The first indication of the function ofthis element in animal production .appeared in 1953 when groups of researchers discovered thatthe flavoprotein enzyme, xanthine oxidase is a molyLtJnum-containing metall)oenzyme,.whose activity depends on the presence of thiselement. More direct evidence using highly purified diets directly substantiated the essentiality of this element forlambs, chicks and turkey poults. Under natural occurring conditions, uncomplicated molybdenum deficiency has neverbeen reported either in man or in farm animals.
Under normal dietary conditions the livercontains 2 to 4 ppm of molybdenum in the dry matter for the majority ofspecies. This level can be elevated to 25-30 ppm when adult sheep and cattle ingest large or moderately large quantitiesof molybdenum. The levels rapidly return to normal when the administration of thp extra molybdenum ceases. Thedegrce of retention in the liver and in other tissues and the rapidity with which the level returns to normal, depends onthe quantity and the proportion of inorganic sulfate ingested in relation.to the molybdenum. Thus, the level of molyb.denum in the liver of the animal isof little value in the indication of the nutritional state of the animal in this element,unless the sulfate and protein status of the diet of the animal are also known.An average of 1 pg of molybdenum/100 ml of blood was found by Beck, cited by Underwood (1971), in sheepsustained on pastures with a normal level of copper and a low level of molybdenum. The same animals consuming partof their diet as a cereal base and hay, low in sulfate, show a blood level of about 6 ug/100 ml. Cunningham, cited byUnderwood (197), considers a level of 6 /p/100 ml of blood to be normal for'sheep and cattle maintained on pasturewith a normal level of copper and a low! 6vel of molybdenum. When animals received molybdenumin doses equivalentto the dietetic ingestion of 30 ppm of molybdenum, the levels of blood molybdenum increased to 60.to 80 pg/100 mlin young cattle and to 240 to 340 pq/100 ml irVeyes !n.reprodibction.Similar data was obtained in En'gland when thedietetic ingestion of molybdenum exceeded the nirmail by 40 ppm. .Molybdenum blood concentration in sheep isriot only-proportional to the ingestion of molybdenum but; withincertain limits, it depends, inversely on the ingestion of the -inorganic sulfates' (Dick, cited by"Underwood, 1971). Themagnitude of these effects on blood molybden4m .nd thehanges inithe distribution ofthis molybdenum among red.cells and plasma that occurs In several fevels'0f ingestiOn.of.the molybdenum and sulfate can be seen in Table 5.The data of Table 5 shows tha ", in the low levels'of ingestion of iiolybdenum and sulfate, more than 70%of bloodmoiybdenum is present in the red oflls; A ereas, when the'levels.of ingestion-of both Mo + sulfate areelevated, a smallportion (4 to 5%) of the enormous q(. antity.of molybdenum that ispresent in the blood isfound In the red blooo cells. 

...,T
abIe 5 

BLOOD MOLYBDENUM CONCENTRAT ION OF SHEEP AND TH. DISTRIBUTIONOFMOLYBDENUM AMONG RED CELLS AND PLASMAWHEN4HE INGESTION ....
OF MOLYBDENUM AND-SULFATE ARE INCREASEO '
 
Intake per day Molybdenum /i0 ) . ..... "
 Molybdenum Sulfate Whole Plas'n Red PemntUe Inmg () blood Cells Red Cells 

0.5 1.7 9.6 4.3 117.8 71.01.750.0 
- 968.0 1208.0 56.1 21.650.0 7.2 -68.4 91.8 16.6 4.50.5 1.7 . - 6.- 2.5 13.8 70.450.5 7.2 . 72.8 10.0 12.3 5.2 
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Little Is known of the chemical form or combination in which molybdenum exists in blood, while there exists some 

evide'nce that in sheep, the molybdenum from the red cells as well as that 4rom the plasma is a readily dialyzable 
anionk Vorm, prob.'bly as molybdate. 

The molybdeyIum content of milk isextremely susceptible to the changes in dietary molybdenum intakes in cows, 
goats,,and ewesArchibaldj cited by Underwood (1971), found an average value for cows under normal conditions, on 
the orderofl7.g of.molybdenum per liter of milk (with variations of 18 to 120 pg). This concentretion was elevated 
to an'ean of,'371 g of molybdenum'per liter when the cows received 500 mg of molybdenum in ,he form of ammo
niuiiiolylate daily. Several other reports of this nature have shown similar results. 

"a ; ~iid Liftshits (cited by Underwood,-1971) reported the administration of 23 gof sulfate as sodium sulfate per 

day, to ewes sustained on high'inolbdenum pastures (25 ppm). At the end of 3 days the level of molybdenum in the 
milk was reduced to 137 pg/liter, compared to 1043 pg/liter in the ewes thtt did not receive the sulfate supplementation. 

Molybdenum mtabolism 
Studies with both stable and radioactive molybdenum (Mo") indicate that the molybdenun is quickly absorbed in 

the majority of diets. The hexavalent water-soluble forms such as sodium and ammonium molybdate and the molyb
denum of high molybdenum forages, the majority of which is in water soluble form, are easily absorbed by cattle. Also 
the inoluble forms like MoO. and CaMoO4, but not MoS2 , are easily absorbed when furnished in large doses for 

rabbits and hogs. A comparison between cattle and swine during growth indicates that the former have amuch slower 
rate of absorption than the ratter. For example, when oral administration of Mo99 is given, a maximum concentration 
is obtained in the blood of swine after-a period of 24 hours while in cattle this value is obtained only after 96 hours. 

There is a Yreat variation among species in relation to excretory routes of molybdenum; in cattie principal means 
of excretion is in the feces while scarcely 15% isexcreted in the urine, 168 hours after the intravenous dose of Mo9 9 . 
In swine, rats, and man the urine seems to be principal means of excretion. The presence or absence of sulfate can alter 
absorption, retention, and excretion of absorbed molybdenum. 

The xanthine oxidase or xanthine dehydrogenase, which is widely distributed in animal tissues and the nit'ate re
ductase of .0it are the only known metalloproteins containing molybdenum. Then, the only biochemical functlon of 
the molybdenum inthe ani-rsl beside, the interactions with copper, is related to the formation and activity of xanthine 
oxidase. 

A significant growth response from molybdenum was observed in sheep fed a semipurified diet in which the molyb
denum was added to elevate the dietary level from 0.36 to 2.36 ppm. This response is possibly due to the improvement 
in the'digestion of cellulose in Zhe rumen (Ellis et al., 1958). Other subsequent reports (Ellis and Pfander. 1960 and 
Sheriba eta.-,1962) did not show any favorable effects from the aJdition of molybdenum to the diet of sheep.. 

The deficiency of molybdenum in ;neep also has caused the appearance of renal xanthine calculi. In these affected 
areas tt pasture contained only 0J3 ppm of molybdenum, while in healthy areas with 0.4 ppm no disturbances 
were found. 

The tolprance.t, the high levels of dietary molybdenum varies with the species and age of the animal, q.uantity and 
,chemicalform,,0it|e ,estedmolybdenum, the copper. status and intake by the animal, the inorganic sulftMe content 
of'the diet-4nd also the o.ntent of substances such as methionine, cystine,,and protein ctepable of being oxidized to 
ClAfi. in the bodyand with te level of,ngestion of other metals inclusive of zinc and lead (Gray.and Ellis, cited by
Underwood, 1971). There is a g'at differeneamong species concernig the tolerance of high levels of molybdenur, 

-ce, having the least tolerance, foftowed by sheep, while horses and pigs are the most tolerant of the animals com!m'on
lyfound on the farm.. 

Retarded 'rowth and wmht-loss are inevitable manifestations of molybdenum intakes in all speci-c. Diarrhea and 

anemia-are conspicuous features of molybdenosis in cattle. Severe molybdenosis occurs in cattle in certain regions of 
the w rld includingEnigland,,Californa Nevada, Oregon, Ireland, and' in New Zeailnd, where it is known as "peat 

scours". Cows In lacttion and the young animals are the most susce )tibie among cattle, while sheep are more resistant. 

"Normally in hese diteased areas the level of molybdenum in the dry matter of the pasture varies from 20 to 100 ppm, 
compaireWth'3 to 5plm, Whicn ithe level that is considered normal. 

•Accrding toARC(1965) .itis stili not possible to estab.-sh !he requirements given the scant information relative to 

thvo~erlo interrelatinsps of 'mI um with copper and sulfate. On the other hand, Sheriba etal, (1962), work

mg with Uritled or prified wnich contained 0.01 to'0,5 lppuf ilybiticaur, corcud-dM ha t,.,olybi-, "ts 
denum req irernetw ~ta._. l inin the dry matter of the ration. However, Miller (1975) considering the 
venous e:tstinlg ntisrec , considers thatthe cequireiment has not been adcquately determined. 
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Introduction 
This paper is to discuss recent development in research with selenium as they relate to ruminant nutrition. Severalreviews of research conducted with selenium have been published (Muth et al., 1967; Allaway, 1968; Hogue, 1970;NRC, 1971a; Underwood, 1971; Jenkins and Hidiroglou, 1972; Frost, 1973; Ammerman and Miller, 1975). 

ToxicityPerhaps more than any other mineral element currently considered to be essential for animals, selenium has had aprofound and lengthy history of toxicity. This history as a toxic element has undoubtedly influenced present \.%inkingwith regard to the use of selertm as a dietary essential. Rosenfeld and, eath (1964) provide quotes from the Writings,of Marco Polo suggesting that he encountered problems of selenium tp.;ic ty in "beasts of burden" during hi (travelsthrough western China about 1295. The same authors refer to a ) .,ort iritten in 1857 by T. C. Madison, tin armysurgeon, in which Madison describes conditions in cavalry horses at Fort Rarsiall, South Dakota that eventually resultedin the sloughing of hooves, mane and tail. This condition or disease, tcrmed "-k-,, disease"or "biind stag4ers", resilltedin extreme losses of livestock in a number of western states and it was nct until 1934 -thatselenium was identified asthe cauative toxic agent (Franke, 1934).The Latin American countries where selenosis isencountered include Ar,entina, Chile, Colombia, Ecuador, Hondu.ras, Mexico, Peru and Venezuela (Lemley, 1943; Russell and Dijncan, 1956; Benav;des and Mojica, 1965; Kerdel-Vegas,1966; Dickson, 1969; Jaffe et al., 1969) From the Botanical section of the National Museum of Brazil, it is noted thatthere are about 27 species of Lecythis, a high selenium accumulating species, in a region extending from the northernpart of the country to the parali; which crosses Rio de Janiro (Kerdel-Vegas, 1966). There are also unconfirmed
reports of selenium toxicity in Northern Brazil thats leads to hair loss in humans Kerdel-Vegas 1966). Lemley reports
rather heavy livestock losses in Argentina due to acute 
 selenium poisoning caused by ingestion of Astragalus ,9ergi.Throughout Argantina, descriptions of both acute and chronic selenium pcisoning are common. In the Irapuato area ofMexico, "saliman disease," which Is similar to alkali disece, occurs on vegetation containing 1From Irapuato, it is reported that a drover l6~t an entire herd of 126 cattle which rested for one 
to 1:i ppm selenium.
 
night in an alfalfa field
(Russell and Duncan, 1956). The occurfnce:of chronic s -h.o.n. tiu-l6th century has been recorded in Colombia. ........ ,a~u,,s, IPm1a=i; 
 were so poisonous that, wrien eaten by either man or animal, '&ehair was lost (Rosenfeld andBeath, 1964). The sites of selenium toxic regions and the economic importance in Colombia have been described by',Benavides and Mojica (1965). The lossof the livestock industry lies not so much In livestock with'acute ieenilum poisoning as in the subclinical chronic low-grade poisonings which probably are of greater -onklomic importance.At present, practical measures fur con:rolling selenium toxicity for grazing cattle rely on pasture rotation and theuse of supplemental feeds from nonseleniferous areas. Locating sleniferous soils ad mapping thfn in sufficient detailis essential. The selenium contant of rasses is highest in young pts and declines rapidly at later stages of maturity(Olson atta., 19.2): Therefore, use of pastures of low selenium content during the growinIg sea on and high seleniurtforages towrd the end of the growing season is a very effective control measure (Olson, 1969)., 
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Essentiality 
Selenium has been considered an essential element since Schwarz and Foltz (1957) demonstrated that it was the 

effective component of "factor-3" (Schwarz, 1951) in prevent exudative diathesis in chicks (Patterson et a., 1957; 
S~hwarz etal., 1957) and nutritional muscular dystrophy in calves (Muth etal., 1967) and larpbs (Hogue, 1958). 

Requirement 
The dietary requirements and toxic levels of selenium for domestic animals as summarized by the National Research 

Council are presenteddn'"Table 1.Whether the animal be a ruminant or nonruminant, it is generally considered that its 
seleniumr'requirement will be satisfied by 0.1 ppm of the element in the diet. A higher level of 0.2 ppm, however, has 
been established as the requirement for turkeys. Since selenium can be toxic and thus dietary levels of the element 
must be controlled, it is important to consider levels which have been designated as toxic. Iterpretation of available 
data has resulted in rather wide ranges for toxic levels established for certain species. Even so, the widest rangje of 3 to 

20 ppm set for sheep yields a minimum toxic-to-required ratio of 30, indicating a greater murgin of safpty with sele

nium than occurs with copper, for example. 
Selenit~m Deficiency 

The most selenium deficient regions in the United States'include the northwest, southeast'and northeast including 
many of the states adjoining the Great Lakes (Kubota and Allaway, 1972). In regions bordering these areas, approxi
mately 50% of the forage or grain samples contained 0.1 ppm or more of selenium, and in an area bounded by 'the 
.Rocky Mountains to the 'west and the Mississippi River to the east, grains and forages were generally adequate ()0.1 
ppm) in selenium. 

Selenium deficiency isconfirmed or suspected in seven Latin American countries (Brazil, Ecuador, Honduras, Mexi
co, Paraguay, Peru, and the Bahamas). It has been reported in Ecuador with calves exhibiting white muscle disease 
(Sotomayor, E., 1975, personal communication). From Peru, Terry (1964) reports a disease condition in ruminants 
that resembles Se-Vitdamin E deficiency. When treated with Se-Vitamin E, 70% of the animals recovered from the 
condition. In Paraguay, Se administration increased weight gains and increased pregnancy rate in heifers over the con
trols (Borqino et al., 1973). Low selenium levels in feeds from Mexico (Gutierrez et al., 1974), the Bahamas (Dorsett, 
A., 1975i pP-sonal communication), Brazil (Moxon, 1971), and Honduras (Moxon, A. L., 1975, personal conmunica
tion) have bean reported. Moxon (197Y) analyzed milo samples for-selenium fr,;m 19 locations in Brazil and found 

Table 1
 

DIETARY REQUIREMENTS AND TOXIC LEVELS OF SELENIUM FOR DOMESTIC ANIMALS
 
" Species Referen sc!- ium ppm-

Requirement Toxic 

Dairy Cattle N.R.C., 1971b 0.1 5 
Beef Cottle N.R.C., i970 0.05-0.1 
Shep N.R.C., 1974 0.1 3-20 
Swine N.R.C., 1973 0.1 5-10 
Chicker (0-8weekz) N.R.C,,:1971c 0.1 - 10 
Turkey$10-8 weeks) N.R.C., 1971c 0.2 

avqaNe values of".060 and .036 ppm for 1969 and 1971, respectively. Milo from locations within Minas Gerais, Rio 
Grande do Sul, and S o0Paulo had particularly low selenium conentr,-ns.A report from Campinas, Brazil indicated 
Se-Vitamin E deficiency problems in poultry when' :torn containing .035 ppm Se was fed and fish meal (agood source 
of SO) was omitted frtim the diet. This problem was corrected when .2 ppm of Se was added to the ration JMoxon, A. 
L., 1975, personal communiction). 

According to Underwoo6d (1971), the total areas of the world affected by selenium deficiency are far greater than 
hos afflicted with' exce'ss. Ivseems Inconce;ivable to suppose that the huge land mass included in the category of 
Uztin America Would I,eve so few reports concerning selenium deficient and toxic arias. A possible explanation for lack' 
of reportd s;enium deficiencies in runiinantsof Latin America is that in the majority of these countries, the veterinary 
staff hive frepte,,concerns with the prevention of major endemic diseases, ti that disorders arising from selenium 
inadequacYvwiy " e eeily' ovedooked. Ao,0.tkhnques for determining low corcentrations of selenium are relatively 
new and few tXii an,!qdfed samples have been analyzed, for this element in Latin AmerieO. Illustrative of this fact is 
that Of3903miid1 s Inthe 197-, Latin American Tables of Feed Compoltion, there were selenium values for 
only .06% f the .sples (McDowellet al., 1974). WIt6 recent improvoments in analytical methods for selenium and 
on Ilcremedwrenees by re rchers and vuir#narians of the likelihood of a deficiency, it is expected that reports In 
the future will confirm seknknlh deficlenc/In grazing ruminants in more areas of the world. 
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Plant Selenium Levels 
Selenium concentration of forages is dependent on soil factors, plant species stage of maturity, yield, pasture management, climate, and soil pH. Total selenium content o1 soils has shown very little relationship to the concentration ofselenium in the plants grown on It. This is probably d,&e to the fact that selenium in tie soil is present in chemical formsthat vary widely in availability to pltnts (NRC, 1971a). Nevertheless, Cary et al., (1967) Indicated that soil concentra,tions of less than .5 ppm were prevalent in areas where deficiencies of selenium in livestock occurred.For most minerals, poor drainage conditions increase forage mineral concentration (Mitchell et al., 1957), whereaswaterlogging and. high rainfall are factors contributing to Se deficiency (Reuter, 175). Low soil pH decreases plantuptake of Se (Miller et al., 1972). Pasture management involving liming and selenium-containing fertilizers can be ex.tremely beneficial to increasing fogs selenium concentrations. Overliming, however, can accentuate selenium toxicityfor livestock in a seleniferous region by increasing plant concentrations of this element. Cox (1973) notes that most ofthe soils of Latin America are acid and not alkaline. Acid soils do not normally produce plants containin~g toxic concentrations of selenium. It therefore might be expected that (n Latin America selenium deficient regions would be more 

abundant than seleniferous regions.
Large variations in. selenium content of different plan: species growing on the same soil have been reported by anumber of researchers. In certain regions, accumulator species containing over 1,000 ppm selenium are found growingalongside grasses containing ',ss than 10 ppm (Beeson, 1961). Acute selenium' poisoning is most often associated withconsumption of selenium accumulator plants (i.e., Astragafus racemous) which may contain from 100 to over 9,000ppm selenium and emit a strong odor. Accumulator plants rarely occur outside seleniferous areas and may, therefore,

indicate selenium toxic regions (Underwood, 1966). 

Detection of Deficiency
Signs of a pronounced dietary selenium deficiency in ruminants include reduced growth and white muscle disease(nutritional muscular dystrophy) in young animals and poor reproductive performance in older an imAls (Godwin etal.,

1970; NRC, 197ta; Underwood, 1971). When such signs of deficiency become evident, however, losses of economic...importance have already occurred. It is of value to have a means of assessing the selenium status of animai with'outdepending on the expression of overt signs of selenium deficiency. Levels of selenium In varioi stissues including liver;kidney, heart and muscle fluctuate with dietary intake of the element. Andrews et al., (1968) indicated that levels of1.0 ppm in the kidney cortex and 0.1 ppm in the liver (fresh basis) or above are indicative of adequate selenium insheep. These authors suggest that 0.05 ppm selenium in the liver (fresh basis) isborderline and that 0.02 opm represents 
a severe selenium deficiency.

Oh at al., (1974) have reported that ihe measurement of tissue glutathione peroxidase, an enzyme co.ta;Oing selenium, may be useful in establishing selenium status of the anmaI. h studie;with lambs,the serum level of-theenzyme
increased with.additions of selenium to a basal diet containing 0.01 ppm seler~ium and plateaued with 0.1 ppm addedselenium. Maximum growth and feed efficiency were obtained with'the 0.05 ppm Se addition. 

li, studies conducted with sheep, Godwin and Fraser (1966) and Godwin (1968, 1970) have shown that subclinicalcases of nutritional muscular dystrophy can be detected by electrocardiography. Confirmation of the condition was
made by slaughter of young sheep and lambs. 
Supplementation and Bioavailability


Positive responses have been obtainpod 
 in grazing ruminants with oral or injected supplemental selenium as either
sodium selenate or sodium selenite ((ardiner, 1969; Jenkins and Hidiroglou, 1972; Underwood, 1971). Preventve oral
doses of inorcanicseleniur salts in amounts of 5 mg for adult sheep or 1 to 2 mg selenium for lambs during the first
few weeks of life were effective InAustralia and New Zealand. Four doses proved sufficient in practice (Gardiner, 1969).
Paulson et at., (1968) used sodium selenate in trace mineralized salt which was offered ad libitum to pregnant and
postpartum ewes at levels of 26, 132 and 264 ppm selenium in the mixture or equivalent to 0.15, 0.90 and 1.80 ppm
selenium in the diet. The lower level was quite effective in preventing nutritional muscular dystrophy (NMD) in lambs.
The basal diet contained about 0.1 ppm selenium.

Physical characteristics of the two selenium salts are 
similar to sodium chloride and mix unifirmly ( Jenk ns'aiHidiroglou, 1972). Selenate was considered as preferable, however, because selenite is more readily reduced to lessitwailable elemental selenium which could form insoluble compounds with other metals.injections of selenium and/or vitamin E Ave been used !in many countries when needed arid have given good resultsunder field conditions for a number o years (Muth, 1970). Injections are time consuming &ndexpensive limiting theiruse primarily to ,derapy rather o,'an as preventive measures. A cont:nuous low dosage supply to the anirual of selenium 

and/or vitamin E is desirable. 
Australian workers have investigated the use of intraruminal se!enlum pellets in grazing sheep. Heavy pailkits madeof I g elemental selenium and 9 g Iron were found to be well retained ar-I free of celclum phosphate coating (Kimheland Buckley, 1969). Selenium was being released to the sheep and concentrations of the element k. edible timoswere similar to those in normal animals after 6 or 12 months. The availability to sheep of selenium in pellets labeled,with "Se were calculated, on the basis 0 tissue and excretory analyses, to release about 1 mg elenium daily and 

93 



methionine. Variable results which have been derived from studies of selenium metabolism appear to depend on the 
intake of selenium 'relative to the animal requiremnt. 

Anenzyie'has ben identified with a dependency on selenium for activity and was termed glutathione peroxidase
(GSH.Px) (l otruck et ., 1973) .Tne GSH-Px obtined from bovine and ovine erythrocytes was very similar (Flohe 

etial. 1973; Hoekstraet at., 1973). Recent reports have shownthat GSH-Px activitles in.tsues of rats (Chow and 

Tapel, 974') and chicks '(Omaye Tappel, 1974) were re4onsive and dose related to dietary selenirm. In chicks no 
-differences wer found between GSH-Px activities when supplementary. selenium was equivalent as solum selenite or 

selntivnethlio inhe (Chow iId-Tappil, 1974). Cantoret a. (1973), howvrier, found selenite more effective than seleno
nhio inin prdu t~ie r esponse ichikks. ietory selenium, fed to newborn lambs for 8 weeks with a low

selenium T layeast det at ineingclevels of 0to 0.5 ppm slenlum gave relatively increased tissue selenium levels 

in; ten tisues siudiad with; each addition of selenium (Oh etaL, 1974). Tissue GSHPx activities, however, reached a 
plateu witho ppm suppyementar selenium except In pancreas and erythrocytes. The response correlated well with 
the estimatedis10idum requirement. 

A strong case has been put forth in the literature for the antioxidative function of selenium. Others, however, ques
tion nAsucha sing9e role for selenium and continue tu investigate other possibla functions. Clarification of the "antioxi
dant" rolie of sileniimin reliiationship with other cellular. oxidation-red .uction systems isawaited with Interest. IOregon 
investigators (Brodetius et at, 1973; Whanger et al1 974) have studied ruminant serum seleno-protfins, the effects of 
selenium on pro\tection of proteins sulfhydryls and the possIble relationships of selenium to cytochromes and oxygen 
metabolism. Seviral investigators have suggested an olectron transfer role 'for selenium (Diplock, 1974; Levander et 
at, 173) in cytoc'hrome systems. The improved status of animals with selenium-reiponsive disorders to supplemental 
selenium remains essentially unexplained. 

Interrelationships 

The complex nutritional interrelationships among selenium, vitamin E, lipids, sulfur and the sulfur amino acids have 
challenged many irnvestigators. Among species, the effects of varying these nutrients in the diets of animals with sele
nium/viticln E-responsive disorders have not been uniform; Dietary alterations of -any one nutrient may alter the 
dietary require"ent for anyof the'others Such possible"interactions have been discussed by others (Horwitt, 1965; 
Jenkins and Hidirog,iu, 1972; Schwarz, 1965; Tappel, 1973; UIIr6y, 1973). 

In swine, with an incic'ase in confinement feeding and a reduction in access to pasture, dietary vitamin Eactivity be
comes reduced sfgnifcantl ' -d the available dietary, selenium becomes more critical (Ullrey, 1974). The usual swine 
corn-soy diet, in addition, is generally low in sulfur amino acids. With ruminants under farm conditions, supplemental 
selenium has been effective in preventing NMD in lambs and calves, but it was ineffective against dystrophy produced 
experinwentally with vitamin E deficient diets supplemented with unsaturated fats (Jenkins and Hidiroglou, 1972). In 
tha latter co0dition, siipplementalirit'amin Fwas-required in addition to selenium for protection. 

Growing Iambs were fed purifIkd T.rula yeast diets containing stripped lard as either artificial milk or pellets (Ewan 
et a., 1'8). Suppleinentation with increased dietary vitamin E and 1 ppm dietary se!enium significantly increased 
muscle, d liver selenium concentrations. As vitamin E levels increased without supplemental selenium, however, muscle 
and liver selenium ;levels declined progressively. In lambs, produced by ewqa consuming dystrophic diets for 1 year and 
treated or untreated with a-tqcopherol without selenium, pla.qna tocophi~rol levels were not diffeftnt (Midiroglou et 
at, 1970). Direct administration of a-tocopherol to lambs provide proterkion from NMD mortality which occurred in 
untreated lambs leading the-authors to suggestthat the milk vitamin E Ias unavailable to the lambs. Reduced circulat
ing tocopherol levels were, observed in pregnant but not in non-pregnant ewes when diets were supplemented with sele
iium without added~vitamin E (Boyazoglu et at, 1967). Whether these results indicate that selenium is involved in the 
mobilization or utilization of vitamin E from ewe to milk or lamb tissues and'could provide a sparing effect on avail
able vitamin E for the animal is not yet substantiated. 

The relationsti;p of rumen dveilopment in limbs to NMD and supjlemental dietary vitamin E or ethoxyquin has 
been studied with Toiula yeast di## *containing 0.5 ppm selenium (DeMille etaLt, 1972). Occurrence of NMD was not 
reduced following rumen develop,~ent when animals consumed dystrophic diets. These authors recommended vitamin 
E supplementation of milk replac.r diets which are high in polyunsaturated fatty acids. Fatty acids in forages are. 
largely polyunsaturated. Only a SMAII'proportion uf the total fatty acids in rumrnant milk isunsaturated. Viviani (1970) 
suggeisd that a rapid Increase'of polyunsaturated fatty acids (PUFA) in tissues of young calves witha dieitary vitamin 
E-salenium deficifrcy was significant to induction of NMD. 

.'There have been few rpots on the trace mineral status of any of the animals In which Torula yeast or soydiet, have 
been umsd to study selenium,,)itamin E responsive diseaes. In a study of pastured cattle, Miltmore t atP 1973 found no 
synlvgistic:effect of selenium ind/or vitamin E injections administered with injections of Ca-DuEDTA.The animals 
were consideredto b consuming equa to or greater than adequate dietary selenium cnd no toxicity was obse~rdThc. 

:"'t~ty animalsW*enconridke copper dfidient or consuming inappropriate dlietary ratios of copper to molyb
denum. bye ug.t at A1967) suplewnintedovine diets with copper and molybdenum when studying effects of diet-
Ory sulfan se nl utilization. Del.issad hematorit levels were"bbserved in pregnant ewes with supplemental 
sel~nivtaminEand gh wslfat intake. Lambs were not completely protected from NMD by selenium supplemen
rtftinbuicinceof ithe disori;er Wvk not as great as reported by others with increased consumption of diotary 

94
 



blood and tissue selenium levels were within normal limits (Handreck and Godwin, 1970). Lambs, fed a selenium.deficient ration until signs of NMD appeared, recovered after introduction of ruminal selenium pellets;(Godwinet A.,1972). With grazing beef cows on selenium-deficient pastures, 30 g pellets (10%S, 90% Fe) increased selenium bloodlevels within five weeks to levels comparable to those of animals which had received a'selenite drench. In some experi.ments, when as many as three heavy pellets (Se, Co and steel grihder) were present in the rumeri simultaneoully, theSelenium pellets were well retained with the loss of only one selenium pellet per 40 or 50 animals inaperiod of approximately one year (Lee, 1972). The presence of a steel grinder pellet increased the release of selenium (Lee and Kuchel,
1969).

Canadian workers (Jenkins and Hidiroglou, 1972) investigated the use of low-release vitamin E and selenium pellets
in ewes and lambs for control of NMD. Sodium selenite pellets were implanted'In the loose connective tissue behindthe shoulder in pregnant ewes or in lambs which-were fed dystrophy producing hay. Pellets containing*20 Mgseleniumas sodium selenite were Implanted in ewes 49 to 78 days (mid-gestation) prior to lambing, or pellets containing 10 mlgselenium as sodium selenite were placed in ewes I to 15 days (late gestation) before lambing (Hidiroglou etaL, 1971).Both treatments increased blood selenium levels in lambs and ewes two to four tim-s the levels of untreated animals.A reduction in lamb muscle pathology was observed with selenium treatment of ewes. Implantation of selenium pelletsinto neonatal beef calves born to cows fed seleniu.,i-deficient rations was also effective in preventing NMD (Hidirogiou
et al.,1972).

The use of selenium-fortified salt blocks or mineral mixtures appears to be the most promising procedure for prevention of ruminant NMD resulting from a deficiency of selenium and/or vitamin E. A selenium and vitamin E furtifiedmineral supplement was fed to selenium-defiient cows during the latter 2/3 of gestation and to calves through the firstmonth of lactation (Jenkins ef'al., 1974). Selenium content of the mineral mixture was 14.8 ppm and vitamin Ewas2700 IU/kg, calculated to provide 0.07 ppm selenium and 13.2 IU vitamin E/kg of diet.Much of the evaluation of various selenium sources has been done with nonruminonts. In poultry, comparative availabilities of various selenium compounds have been determined either by tissue retention or by prevention of seleniumresponsive disorders. Scott and Thompson (1971) compared tissue selenium uptake in .hicks and p"lts from a lowselenium diet supplemented With sodium selenite and vith a high selenium diet consisting of all-organic selenium. Theauthors concluded that protein-derived selenium is retained longer than that from inorganic salts. When measured byincidence of exudative diathesis; the effectiveness of various Canadian grains in preventing the condition was related toselenium content (Seier and Bragg, 1973).
Cantor et a . (1975); usingsodium selenite as a reference (100%) in chicks for prevention of exudative diathetik,rated average biological availabilities of selenium in alfalfa meal as 210%, other plant products about 80%, and of fishand poultry meals' about 20%. Ku et al. (1973) concluded that organically bound dietary selenium produced higherselenium tissue levels in swine than supplemental selenium fed as sodium selenite when fed at equal levels of 0.44 ppmdietary selenium. The addition of 0.1 ppm selenium as sodium selenite to diets naturally high in selenium (0.46 and0.78 ppm Se) did not contribute significantly to tssue selenium levels (Jenkins and Winter, 1973; Ku et al, 19731. 

Metabolism
The metabolism of absorbad salenium appears to be similar foi ruminants and nonruminants. A portion Of Ldietaryselenium becomes incorporated into microbial material. The major excretory pathway for oral selenium isfecal in ruminants and urinary in nonruminants under most-conditions. (Martin und Gerlach, 1972).
In the yuung preruminant lamb or 
calf, selenium deficiency exerts damaging effocts more frequently than In theolder animal. With development of the rumen, afflicted animals may recover from NMD (Whanger, 1970). The utilizetion of dietary selenium in milk by lambs and in their dams was- investigated with both inbrga,ic and organic dietary."Se (Jenkins and Hidiroglou, 1971). The organ6": form produced milk selenium which was more available to lambsalthough milk and tissue selenium levels wera higier in dams fed selenite. Frarxe et al, (1966)-found noinfluence ofincreased milk selenium levels on milk tocopherol levels or on reduction of oxidized milk flavor. Supplementation ofthe' ration with tocopherol or-ethoxyquin, however, increased theoxidative stability of milk (Dunkley et AL, 1967).Selenium levels in milk vary widely within animal groups and geographical areas atdJ are influenced by processing. Themean leve! of selnium reported for dairy products analyzed by Morris and LeVaiider (1970) was 69 ppb, expressedon-a fresh weight basis. Lamb tissue levels were positively related to selenium levels in the'dlet of the awe, paroularlywith deficient diets where muscle and kidney cortex selenium were below 0.5 and 5 pprn respectively, on adrymatterbasis (Hoffmanet aL, 1973).L There appears to be a requirement for evailable vitamin E in milk for the effectlvwhutllllation of selenium by the young ruminant. Fetal loss due to embryonic or neonataldeath has been re"dieby adminis.tration of selenium and/or-vitamin E to pregnant ruminants in areas wherm congenital NMD Isfound.

Selenium is found rather firmly attached to all types of prordn folo 'ng absoio. In plant anid animalmeebolites selenium Is usually intimately related with sulfur-containirj compo nts and it hasbeeoI thatthetwoelements may utilize th'#same metabolic pathways (McConnell etal, 1974; tanger, 1970)l. Sincea no-khilwn h:~cal pathway has been Identified in non-ruminants for reduction of inorganic' ulfsea, the pOWuWlebiavyon Iofrgni lenium i6to selenoamino acids has been questioned (Walter et at, 1972 
Ir, 

Whirer. 1970)'. eeally, l has been thought to be,metabolized by incorporation Into Isologues cf the sulfur iiho acids ui d pe*cln. 
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It has been suggested that cobalt deficiency in sheep reduced tolerance to high intakes of selenium (Gardiner, 1969). 
In addition, gain responses to supplemental selenium were positive in New Zealand sheep when cobalt was given. In 
rabbits, GSH-Px activity of rd cells dropped to 26% of iitial activity with the induction of nutritional iron deficiency 
(Rodvien et al., 1974). Jncreased dietary protein also has reduced the supplemental selenium requirement of sheep. It 
would appear that effects of dietary selenium and/or vitamin E may be related to the sulfur, copper, iron and cobalt 
status of the.animal as well as to dietary lipid and amino acid components. 

Levander (1972) reviewed certain metabolic interrelationships and adaptations of various species to selenium toxi
city with such orally consumed substances as arsenic, linseed oil, methionine and D-penicillamine. As a corollary to 
the known protective effects of selenium with certain heavy metal induced toxicoses, (Ag, Hg or Cd), partial reversal 
of selenium toxicity was shown in chicks by high dietan levels (500 pprn) of cadmium, mercury and particularly of 
copper salts (Hill, 1974; 2ensen, 1975). The metabolic implications of dietary mineral imbalances for animals have been 
reviewed (Buck and Ewan, 1973; Mills, 1974). 

Summary 
The early interest in selenium related primarily to its toxicity, but since 1957 the element has been recognized as 

a dietary essential. The dietary requirement for selenium by most species isconsidered to be about 0.1 ppm. Deficien
cies of selenium in cattle and sheep have been confirmed under natural grazing conditions in many countries of the 
world. Overt signs ofinadequacy such as white muscle disease (nutritional muscular dystrophy) occur primarily in 
young calves or lambs born to selenium deficient dams. Increased infertility has been observed in ewes grazing pastures 
low in selenium. In general, signs of deficiency have not occurred under natural conditicns in older animals such as 
finishing beef cattle and lactating dairy cows. Subclinical deficiencies of selenium are not easily determined, however, 
anu thus an inidequacy of the element may bdilimiting maximum animal performance under certain circumstances of 
drylot feeding. The current nutritional status 6f ruminant animals in many geographical areas and involving various 
fleding programs with regard to this element has not been established. The recent rather widespread deficiency prob
lurms observed with nonruminants suggests that such an assessment should be-made. 

Tissue selenium concentration, particularly that iii the liver, has been used in establishing selenium status of the ani
mal. Recent studies with lambs have suggested that glutathione peroxidasp activity in certain tissues may be a more 
accurate !i.dicator of selenium adequacy than is tissue selenium content. Supplemental sodium selenite and sodium 
selenate by either oral administration or parenteral injection have prevented clinical signs of selenium deficiency and 
animal losses in both ruminant and non-ruminant animals. Heavy pellets containing elemental selenium for placement 
in the rumen have proved effective. In general, organic forms of selenium are more readily retained by animals than 
are the inorganic compounds. 

The dietary requirements for selenium and its metabolism are influenced by many nutrient interrelationships includ
ing its interactions with sulfur, lipids, vitamin E, proteins, amino acids and several microelements. 
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Photographs
 

SIilustrating Mineral Deficiencies
 

and Toxicities
 

Fig. I Fig. 2 

Fig. 1, after 281 days on a low phosphorus basal ration. Her average gain was 0.15 puunds on a feed intake of 31 percent above require
ments. She showed abnormal appetite ( or bones) after several months. 

Fig. 2, after receiving sodium phosphate in her ration for 90 days. On afeed intake of 33 percent above requirements, her Pvera, gain 
was 2.18 pounds daily. The depraved appetite disappeared w*thin six weeks. (Minnesota Station Bulletin 229. 1026. C. H. Eckles, FR.B. 
Backer and L. S. Palmer, St. Paul, Minnesota, U.S.A.). 

Fig. 4 

Fig. 3 and Fig. 4. Both hips of cow shown above wore broken 
(knocked down) a a remlt of a low.calclum ration. Her skeletal 
reserve of calcium was depleted to the point that her weakened 
bonus were broken easily. Pelvic bones o - herdmete (Fig. 4) 
were broken in three places. (Florkid Station Bulletin 262. R. 
B. Backer, W. M. Neal and A. L. Shealyp Universiy of Florida,Fig. 3 
Gainesville, Floulda, U.S.A.). 
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Fig. 5 Fig. 6 
An almost adult ox, raised on the phosphorus deficient "lavrado" Fig. 6 and Fig. 7. Salt deficiency in a dairy cow. Illustrates befields of Roraima, northern Brazil, showing severely slunted fore and after 1 year ot salt deprivation (Cornell Bulletin 938,growth. (Courtesy JUrgen Dobereiner and Carlos H. Tokarnia, courtesy S. E. Smith, Cornell University, Ithaca, New York,
EMBRAPA, Rio do Janeiro,Brazil). U.S.A.). 

Fig. 7 
 Fig. 8 

Fig. 8 and Fig. 9. Cobalt deficiency. Fig. 8 shows a cobalt-defi
cient heifer that hai access to an iron-copper-salt supplement.
Note the severe emaciation. Her blood contained 6.6 g of hemo
globin per 100 ml on February 25, 1J37. Fig. 9 is the same 
heifer fully recovered with an iron-copper-cobalt salt supple
ment while on the same pasture. (Florida Station Bulletin 699. 
1965. R. B. Becker, J. R. Henderson and R. S. Leighty, Uni
versity of Florida, Gainesville, Florda, U.S.A.). 

Fig. 9 
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Fig. 10 
Cobalt deficient cattle In northern Mato Grosso, Brazil. (Courtesy 
Jirgon Dbberoiner and Carlos H. Tokarnia, EMBRAPA, Rio de 
Janeiro, Brazil). 

Fig. 12 

Fig. 12 and Fig. 13. Jersey holfer E-15 had a hemoglobin reading
of 5.9 gm. per 100 ml. of whole blood on October 21, 1930, 
(Fig. 12) Administration of ferric ammonium citrate and copper 
sulfate (50 Fe: 1 Cu) was started on December 15,1930; it was 
13.74 gin. per 100 ml. E-15 was fully recovered by March 27, 
1931 and became a normal cow in the dairy herd (Fig. 13). 
This was the first bovine to confirm that copper was essential 
for ruminants. Two herdmates, receiving Iron as the sole supple-
ment to the basal ration died of anemia meanwhile. (Florida 
Station Bulletin 231. 1951, R. B. Bqcker, W. M. Neal and A. 
L. Shealy. University of Florida, Gainesville, Florida, U.S.A.). 

Fig. 11
 

Extreme condition of cobalt deficiency of a Indu-Brazil steer in 
Slo Paulo, Brazil (Courtesy Nelson dos Santos Fernandez. In
stituto Biologico de Sio Paulo, S~o Paulo, Brazil). 

I ; 

- M 

Fig. 13 

-


Fig. 14 

Copper deficient cattle in the sandy coastal region of Piaui,
Brazil. (Courtesy Jargen D6bereiner and Carlos H. Tokarnia, 
EMBRAPA, Rio de Janeiro, Brazil). 
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Fig. 15 

Wool from normekl and copper deficient sheep. On the left are typical normal black and white wools from sheep fed a basal dleti The 
other samples are from sheep on sulfur-molybdenum supplemented diets. showing banding of black wool, loss of definition of crimp and,
in some, occurrence of secondary waves. (Australian Journal of Agricultural Reseaich Vol. 7, 1956. K. Wynne and C. L. McClymont,
Nutrition Research Laboratory, Glenfield, N.S.W., Australia). 

. Fig. '3 Z 

Wer Iea
 

DAA 

Fig. 1b 

4011d map showing occurrence of endemic goiter. Black areas Indicate areas where endemic goiter has been found. (Courtesy Chilean 
Iodine Educational Bureau, Chile House, 20 Ropemaker Street, London E. C. 2.) 
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1. 15 

Fig. 17 

Goiter caused by Iodine deficiency in calves and goats, In Minas Gerals, Brazil. (Courtesy of Francisco Megale, Federal University of 
Minas Gerals, Belo Horizonte, Brazil). 
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Fig. 19 Fig. 20 

Fig.'18, 19 and 20. White muscle disease. The calf in the top photograph is about 3 months old. Lameness and generalized weakness of 

muscles can be seen. Photographs below show abnormal white areas in the heart muscles. (Courtesy, 0. H. Muth, Oregon Agricultural 
Experiment Station, Carvallis, Oregon, U.S.A.). 

Fig. 21. Cow with exostosis (bony growth) of the bones caused 
4by ingesting large amounts of fluorine in Polk County, Florida. 

(Florida Station Bulletin 683. Courtesy R. L. Shirley, University 
Florida, U.S.A.).
of Florida,G31n04ille, 
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Fig. 22 	 Fig. 24 

Fig. 23 

Fig. 22 	 Incisors from four year old bovine with severe dental 
fluorosis. Lesions include enamel hypoplasia, hypo
calciflcatinn, staining and abnormal wear and reflect a 
near constant elevated flu6rlde intake during the periodof tooth formation. ' 

Fig. 23 	 Incisors from five years old bovine with severe dental 
fluorois and reflect intermittent periods of elevated 
fluoride ingestion during the period of tooth formation. 

Fig. 24 	 Bovine metatarels. Left: normal Rfight:oeto-fluorosis 
with seere perosteal hyporostosis with roughoined
Irregular surface consisting of disorganized and poorly 
mineralized bone. Note that the articulating surfaces 
are*unaffected. 

Fig. 22,23 and 24:Courtesy of J. L. Shupe and A. E. Olson, Utah State University, Logan, Utah. Reproduced with permission of the Na. 
tional Academy of Sciences. 

Selenium toxicity in the selenium toxic region of Puerto Boyaca, 
Colombia. Mihapen hoof due to selenium injury. (L.R. Mc-
Dowell, University of Florida, Gainesville, Florida). 

7..2
 

Fig. 25 
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N ~ ~ .-. _ _ ~' Fig. 27 

S Zinc deficiency lesions in grazingMalformed lambs observed in Wyoming, U.S.A. The larrs show 	 cattlo observed in Bethlehem,Orange r7congenital deformity traceable 	
Free State, South Africa. The .najor clinical sign is wideto selenium injury during fetal spread lopcia. Thedevelopment. (Courtesy 	 most severe lesions were between the rearP.O. Stratton, University of Wyoming,

Laramie, Wyoming, U.S.A.. 	
and front legs, which cannot be scen. Bleeding of the cracked 
skin in this area wea. sometimes oberved. (Courtesy B.D.H. Van 
Niekerk, Voerniol Prodlucts Limited, Natal, South Africa)... 7 .. r 

T.:' 

N .2 Fig. 2 a 7. 

Manganese deficiency in a nevv born calf; legs are weak and de-
formed. 

Magnesium deficiency in a lamb Note stiff legs. (Courtesy U.S.(Courtesy I. A. Dyer, Washington State University, Grrigus, University of Illinois, Urbana-Cher.ipaign, Illinois,
Pullman, Washington, U.S.A.). USA.). 

Fig. 30 

Fig. 29 

The lamb at left received a potassium dlfclnt ration (0.1 percent potassium), whereaithe lamb .tright received sufficient dietary 

potassium (0.6 percent potassium). (Courte.y the University of Missouri and R. L. Preston, current address, Washington State University, Pullman, Washington, U.S.A.). 
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Fig. 32 Fig. 33
 
Lambs fed a low-sulfur diet. Lamb 6 received 3 g of sulfur per A cow 
chewing bone in the "Llanos" region of Santa Maria depound of ration, whereas lamb 5 recei,.'ed none. Note the ex- Ipire, State of Guarico, Venezuela. Bone chewing is often ascessive salivation, lacrimation, and shedding of wool by lamb 5. sociated with a phosphorus deficiency. (Courtesy David Morillo,
(Courtesy U.S. Garrigus, University of Illinois, Urbana.Cham- Centro de Investigaciones Agronomicas, Maracay, Venezuela).
paign, Illinois, U.S.A.). 

V 

Fig. 34 Fig. 35 
A cow chewing bone in a phosphorus deficient area in southern 
Mato Grosso, Brazil. Osteophagia is a characteristic manifesta
tion of phosphorus deficiency and is easily recognized, even at 
a distance, due to the typical position of the distended neck. 
(Courtesy Jrgen Dberoiner and Carlos H. Tokarnia, EMBRAPA, 
Rio de Janeiro, Brazil). 

" ', .,; ", *
• " " . ;: , ': : ;.Fig. 36 

,, .. Fig. 35 and Fig. 36. Cattle consuming soil at "Hato El Frio" in 
the "Llanos", State of Apure, Venezuela. Note holes In soil from 
previous consumption (Fig. 35). Excessive soil consumption is 
associated with pronounced mineral deficiencies. (Courtesy:.. ,, Fig. 35 Elicer Alberto Velasco, Hato El Frib, Apure State, 
Venezuela; Fig. 36 Lee R. McDowell, University of Florida,

'I Gainesville, Floridv, U.S.A.). 
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introduction. Research-to-date from tropical regions suggests that trace mineral mixtures for-grazing ruminants 

should contain Co, Cu, I, and sometimes Se. These minerals are known with certainty to be required in large areas, and 

under some conditions, in amounts greater than those available from forage. However, the advisability of supplementing 

grazing livestock with Ie, Mn, and Zn is much less sure. These three minerals are treated ,;ogether in this review, not 

because they are similar in some aspects of metabolism, but rather because they moy be, the least likely to be deficient 

under grazing conditions. Thus it is most important to explore under what conditionsthse minerals need to be incorpor

ated into mineral mixtures. 

Iron 
Introduction. Iron deficiency is one of the most commonly occurring deficiency diseases of swine and humans. 

Nevertheless, it is rarely of practical concern in grazing cattle and sheep, except in circumstances involving blood loss 

or disturbance in iron metabolism as a consequence of parasitic infestation or disease. Even during the suckling period, 

Fe deficiency is unlikely to occur in these species, but if they are maintained on m lk alone for an abnormally long 

period, anemia may occur. 
Functions of Iron. Iron exists in the animal body mainly in complex forms bound to protein as heme compounds 

(hemoglobin or myog~obin), as heme enzymes (mitochondrial and microsomal cytochromes, catalase, and peroxidase). 

or as non-heme compounds (flavin-Fe enzymes, trasferrin and ferritin). The role of Fe in the body is almost exclusive

ly confined to the processes of cellular respiration, with the functions of myoglobin and hemoglobin to store and trans

port molecular oxygen by coordination with Fe atoms in these compounds (Underwood, 1971). 
Iron requirements. Little is known of the Fe requirements of ruminants (Underwood, 1966). The suggested Fe 

requirement for beef cattle is 10 to 30 ppm (ARC, 1965; NRC, 1976) and dairy cattle 100 to 150 ppm (NRC, 1971; 
Adams, 1975). Results of Fe supplementation experiments with lambs showed that the minimum dietary Fe require

ment for growing-finishing lambs is greater than 25 ppm but less than 40 ppm (Lawlor etal., 1965). 
Iron absorption, excretion, tissue levels, and homeostasis. Thomas (1970) summarizes Fe absorption concepts as 

follows: (1) absorption is more efficient when body stores are low, (2) the amount absorbed is usually a small portion 

of that ingested, (3) many dietary factors influence amount absorbed, (4) absorption occurs directly into blood with 

limited amounts into the lymphatic system, (5) the quantity absorbed from the duodenal area exceeds that from other 
portions of the tract, and (6) orally administered ferrous (Fe+2) -its are more effective for hemoglobin regeneration 

than ferric (Fe+3) salts. 
Hemoglobin and myoglobin represent approximately 60 and 3%, respectiv3ly, of the total Fe. About 25% of body Fe 

is in the storage forms, ferritin and hemosiderin, found in liver, spleen, bone marrow, and other tissues (Thomas, 1970). 
High levels of dietary phosphate (Underwood, 1966; Lassiter, 1967) or phytate (Underwood, 1966) interfere with 

the absorption of Fe, Zinc, Cd, Cu, and Mn, at high intakes, also interfere with Fe absorption, apparently through 
competition for protein-binding sites in the intestinal mucosa 'Underwood, 1971,). 

Iron is excreted in the urine and feces, in addition to losses in the sweat, hair, and nails. However, absorbed Fe is 

retained with great tenacity and is not readily lost from the body except through hemorrhage. Iron is released from 

hemoglobin during red blood cell breakdown, is carried to the liver and secreted in the bile. Most of the Fe in the bile 
is reabsorbed and can be used again to form hemoglobin. 

Iron deficiency. iron deficiency is characterized clinically by poor growth, lethargy, blanching of the visible mucous 
membranes, increased heart and respiration rates, decreased resistance to infection, and in severe cases, a high mortality. 

In all species, Fe deficiency results in a hypochromic, microcytic anemia with low serum Fe, increased total serum, 

iron-binding capacity and a decreased saturation of transferrin (Underwood, 1966, 1971). 
Hibbs etal. (1961) reported that calves may be deficient in Fe at birth since 30% of those born in 02 year U.S. 

study had low hemoglobin values ((9 g/100 ml). Newborn calves receiving milk have increased hemoglobin formation as 

a result of supplemental Fe (Thomas et al., ,954). It is well known that anemia develops in calves restricted to a milk 

diet for loi.g periods and that the condition can be alleviated by administration of Fe (Blaxtei eta;., 1957; Roy et al., 
1964). 

Heavy infestation with intestinal parasites results in an Fe deficiency type of anemia in lambs and calves (Campbell 

and Gardiner, 1960). Anemia can result from the direct loss it ;:ood via blood-sucking parasites or through a rise in 

te rate of degradation of blood cells and also through a depression of hematopolesis from the action of toxic spjb
stances produced by the parasites. 
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Iron toxicity. Coup and Campbell (1964) reported weight loss, diarrhea,decreased milk production, and an abnormal
skin condition in dairy cattle either dosed orally with 40 to 60 g Fe per day or grazing pastures which were irrigated with 
water' containing high levels of Fe. Standish etal. (1969, 1971) indicated that high dietary levels of Fe as ferrous sulfate
resulted in reduced performance and changes in mineral composilion of steer tissues. Average daily feed intake and 
average daily gain were depressed by as little as 400 ppm. Standish eta,. 1,1971) reported adecrease in plasma P by high
levels of dietary Fe. 

Detection and diagnosis of iron status for ruminants. Departure from normal levels of serum Fe, totnl Fe-bindinqcapacity, percentage transferrin saturation value, hemoglobin and hematocrit values can be used to diagnose Fo defi
ciency in livestock. Low homoglobin and hematocrit values are not sensitive indicators of eqrly Fe deficiency stages be
cause they only occur when storage Fe is severely depleted. Their use is often limited to diagncsis arid confirmation ofFe deficiency (Miller and Stake, 1974). Percent stauration of transferrin is the best criterion ,:11 Fe-d.ficient erythro.
poiesis (Underwood, 1971). Under practical conditions, an assessment of Fe deficiency can be made with reduced truns
ferrin saturation ((13 to 15%) and hemoglobin levels ((10 g/100 ml) (McDowell, 1976).

Iron deficiency, prevention and control in Latin America. Iron deficiency is considered rare for grazing cattle due to
generally adequate pasture concentrations together with contamination of plants by soil. Mitchell (1963) indicated that

soil contains 20 to 100 times the Fe content found in pastures grown on a particular soil. Under New Zealand grazing

conditions, annual ingestation of soil can reach 75 kg for sheep and 600 kg for dairy cows (Healy, 1974).


Acid soil conditions favor availability and plant uptake of Fe. Even plantsgrown on neutral or slightly alkaline soils
often contain quite high levels of Fe, Since most of the soils are not alkaline in Latin America, Fe deficiency would not
 
be expected to be widespread (Cox, 1973).


Of 256 forage averages in the 1974 Latin American Table of Feed Composition, (McDowell eta., 1974) only 3.5%
contained less than 30 ppm Fe. Forage analyses from Sao Paulo (Andreasi et al., 1968), Minas G(erais (Gomideeta.,
1969), and Rio Grande do Sul (Gavillon and Quadros, 1973), Brazil, Guatemala (Scaillet, 1969), and Panama (Blue
e't al., 1969) all indicate Fe concentrations in excess of ruminant requirements. However, other reports from Penama 
nora that 7 out of 28 locations average less than 30 ppm Fe for samples of Hyparrhenia rufa (Chicco, 1972).

A substantial number of investigators who fed supplemental Fe have revealed no increase in weight gain or produc
tivity and little or no change in hematological characteristics when older animals had been consuming typical rations.
However, Fe deficiency exists, and in some cases, supplemental Fe oas produced marked improvement (Thomas, 1970).

The utilization of different Fe compounds by tuminants has only been studied to a limited extent. Dietary Fe in
the ferrous form is considered to be absorbed mort, efficiently than that in the ferric form (Thomas, 1970). Ammerman 
et al. (1967) reported that 'ur calves and sheep, otally administered ferrous sulfate, ferrous carbonate, and terric
chloride ranked in decreasing order of availabiPity. Ferric oxide was only about 12% as available as the iron from ferric 
chloride. 

Iron deficiency may be a problem where cattie are fed on low-quality forages such as straw for extended periods
(Sen and Ray, 1964). These investigators noted ihat Fe supplementation reduced weight losses iii lactating cattle and
produced more rapid gains in sucking calves. iron deficiency has been reported in Florida when cattle grazed forages 
grown on white and gray, sandy loam and fine sand soils (Becker et al., 1965).

When Florida cattle are being pastured on light, sandy soils, and often when they have been subjected to heavyinsect or parasite infestations, the addition of Fa has rerved a useful purpose and the hemoglrooin levels, as well as the 
condition of the animals, have improved under such treatment (Davis, 1951). For any given region in Latin America,
10 to 30 ppm of supplemental Fe is warranted whan torage :!Palyses suggest low Fe conrzctrations and/or if cattle are 
infected with insects or parasites that result in substantial blood 1oss. 

Manganese 
Introduction. Although Mn deficiency has been produced experimentally in calves and cattle with effects on skeletal

development and reproductive performance, until recently, doubt had been expressed whether this deficiency arises 
under field conditions. Manganese deficiency for ruminants under grazing conditions has been suggested in the United
States (Bentley and Phillips, 1951; Dyer et al., 1,964; Shupe et el., 1967), Holland (Grashuis et al., 1953), the United
Kingdom (Munro, 1957; Wilson, 1965), Union of South Africa (Bisschop and Groenewald, 1963), and Germany (Anke 
et al., 1972). 

A report from Wisconsin (U.S.A.) notes that sterility exists in about 10% of the cattle of certain herds where low Mnrations ((20 ppm) are fed (Bentley and Phillips, 1951). Reports from western United States shc.v a positive relationship
between a low Mn intake of gestating cows and the incidence of neonatal deformities in their calves (Dyer etal., 1964).
Shupe et al. (1967) repcrt a "croaked calf" disease in nine western states (U.S.A.) which is similar to the clinical signs
of Mn deficiency. A survey conducted over a 4-year period with a total of 4,000 head of cattle indicated that 2.7% of 
the calve.' born over this period were deformed (Shupe etal., 1967).

From Hollaned, reports noted leg deformities, poor growth in calves, reduced fertility and frequent abortions In cows
grazing Mn-depleted pastures (Grashuis et al., 1953). Later reseatch from Holland does not support thes idea of Mn de
ficiencies in this country (Underwood, 1971). Manganese supplements have been reported to improve fertility of dairy
cows in parts of 'England (Munro, 1957; Wilson, 1965). From South Africa are reports of low forage Mn levels in 
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natural pastures ,n addition to the clincial signs of Mn deficiency in young cattle, including a silted gait and straight 
h~cks; ( jsschop aid Q'roeneald, 1963). In Germany, Mn deficiency in cattle developed only after heavy liming 
(Anke tal., 19"2). 

Functions of manganese. Everson (1970) summarized the functions of Mn as follows: (1) ThNis element ic essential 

for optimum growth; (2) A deficiency of Mn during gestation results in poor vipbility of the offspring; (3 The young 
of severely' deficient animals have skeletal abnormalities; (4) Many of t.he Mn-deficient offspring are ataxia at birth, 
showing incoordination and poor equilibrium; and (5) Mn deficiency causes sterility in the male. 

Like the other trace elements, Mn is closely involved with several enzyme systems. Liverarginase contains Mn as an 

essential vomponent with numerous enzyme systems being activated by Mn in vitro. The fact that Mn is concentrated 
in thfu mitohondria ('as led to the suggestion that in vitro Mn is involved In the partial regulation of oxidative phos
phorylation. Manganese i,;'eeded in bone formation, being essential for the development of the organic matrix which 
is composed lirgely of mucopolysaccharides. Many of the defec-s associated with Mn deficienc,! may be accounted for 
by the need for Mn in glycosyltransferase activity (Leach, 1974). 

Mange"ne requirements. The minimum dietary requirements of Mn depend upon the species, the criteria of ade
quacy employed, the chemical forms in which the element is ingested, and the nature of the rest of the diet (Under
wviod, 1971). Necessary levels for growth of cattle are less than for reproduction. Bentley and Phillips (1951) con
cluded that concentrations of 10 Ppim ave adequate for growth but might ba marginal or borderline for optimum 
reproductive performance. 

Dyer et al., (1964) and Rojas et a1,q(1965) concluded that the Mn requirements of cows for maximur;i fertility are 
in excess of 16 ppm. Recommendations from the NRC (1976, 1971) and ARC (1965) conclude that the requirements 
&rebetween 20 to 40 ppm. Cuthbertson (1969) reviewed the literature on the effects ci Mn on growth, reproduction,' 
milk yield, and blood hemoglobin levels and sugges,:ed that Mn should be present in the diet'at a level of 40 ppm. 

The level of Ca andi 7 in the diet effects the Mn requirements. Hignett (1959) suggested that Ca and P affect the 
utilizing of Mn' requo 9d for enzyme systems essential for establishing and maintaining pregnancy. Excessively high 
intakes nf C~a and P over a long period reduced weight gains of growing calves reared mainly on a milk diet, possibly 
due tc, interference with Mn absorption, but additional Mn (50 ppm) tended to counteract the excess (Hawkins eel., 
1955). 

On the basis of field evidence with cattle, unidentified factors, other than Ca and P, exist which are capable of 
producing "conditioned" Mn deficiency and thereby increasing Mn requirements iUnderwood, 1971). Shupe et al. 
(1967) reported that cows ingesting Lupinus caudatus, Lupinus sericeus, lupine extracts and so-rteine sulfate give 
birth to deformed calves. The alkaloids in the lupinus plants were toxic to aiimals with the teratogenic effects on 
calves similar to anomalies due to Mn deficiency (Dyer et al., 1964; Rojaq et ,l., 1965). Howes or at. (1973) showed 
that lupines (sparteine sulfate) had a significant effect on mineral metaboisvo. The reduction and/or increase in 14 Mn 
and "SZn activity caused by the addition of sparteine sulfate suggests that this alkaloid causes a change in the tissue 
turnover rate of Mn and Zn. 

Manganese absorption, excretion, tissue levels and hormeostasis. The absorption of ingested Mn is generally consid
ered to be very low at about 3 to 4% (Underwood, 1971). Flowever, Howes and Dyer (1971) and Carter etal. (1974) 
have shown that Mn absorption -n young calves was considerably higher than generally reported in other species. 

Howes and Dyer (1971), working with calves, showed that Mn is pieferentially absorbed under low dietary intakes. 
Their data also suggest that Mn in the tilsues of nonsupplerrtuntal calves has a slower turnover rate vs. those with ade
quate Mn status. 

Britton and Cotzias (1966) previously suggested that variable excretion rather than variable absorption regulates 
tissue ;,-. Animals on a low Mn diet continue to excrete Mn. The Mn body poe! is small ani the body does not ordi

narily accumulate Mn, so that total body excretion is continuously very nearly ,equal to intake. Twenty-five to 50 
p'4rcent of the body pool is often ingested daily (Lassiter etal., 1970). 

Oral Mn ismainlyexcreted in the feces (95 to 08%) with only .1 to 3% usually excreted in the urine (Thomas, 1970). 
Even toxic levels of Mn administered orally to lambs were excreted almost exclusively by way of the feces (Watson 
et al., 1973). Normally, liver is regarded as the main organ in the control of Mn excretion. Bile flow is thought to be 
the main route of Mn excretion and has a principle role in Mn homeostasis (Underwood, 1971; Papavasiliou et al., 
1966). Carter etal. (1974) reported that increasing dietary Mn in calves from .5 to lb ppm (a30-fold increase) for 5 
days caused a 30-fold increase in b'le Mn. It is concluded from cattle reseach data that both variable excretion and ab
sorption are major homeostasis mechanisms by which animals maintain normal health and performance over the wide 
range of Mn intake found under field conditions. 

Manganese is distributed throughout the body and .is found in higher concentrations in bone, liver, kidney, and 
pancreas than in skeletal muscle. Several researchers note only a small change in tissue Mn level (tv ofold) has been 
brought about with a 200-fold increase in dietary level (Thomas, 1970). Liver generally responds more to dietary 
treatments than other organs because it is the main storage organ (?apavasiliou etal., 1966; Wetson et a.. 1973). It ap
pears that lier Mn changes readily up to a certain level (aboqt double normal) ann then resists further change (Carter 
et a1., 1974 , . Contrary to other tissues, hair Mn levels continue to rise as dietary Mn !ntakes Increase. Costa Rican cattle 
consining high Mn forages (> 100 ppm) had very elevated hair Mn levc; coripbred to controls, 83.3 vn. 18.6, respec
tively (Lang, 1971). 
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Manganese deficiency signs. Clinical signs and conditions obsc.,ved when the diet contains insufficient Mn include:suboptimal soft tissue and skeletal growth; decreased breaking-strength of bones; abnormal bone shape; ataxia; muscu
lar weakness; excess accumulation of body fat; reduced tissue storage of Mn in bone, liver, hair, and ovary; reducedmilk production; reduced level ot Mn in milk; delayed, irregular, or absence of estrus; resorption of fetus;fetal defor
mities; aplasia or hypoplasis of pancreatic cells; diabetic-like blood glucose disappearance; decrease in liver arginase; and 
a decrease in bone and plasma alkal-ne phosphatase (Thomas, 1970).

The. reproductive processes are particularly -usceptible to lack of Mn. Bentley and Phillips (1951) reported that
heifers raised on low Mn ((10 ppm) were slower to exhibit estrus and were slightly and consistently slower to conceiveupon breeding than controls. The effect of Mn supplementation on cattle infertility in Great Britain was repo.rted by
Wilson (19.5) in an experiment with 350 cows, Of those given Mn, 63% conceived after the first service compared with51% of those not given it. Also, in Great Britain, Munro (1957) previously observed that conception rates were raised 
from 48 to 72% following Mn supplementation,

Anke et al. (1973) reported that cows on rations low in Mn weakly expressed estrus and the number holdinj to. firstinsemination %,-is 31%, as against 64% in the control herd. There was.a significant prolongation of gestation fmrnm 287 
to 290 days. 

The nature and severity of the skeletal abnormalities that arise in Mn-deficient animals vary from amild and general
ized rarefaction of bone to gross and crippling deformities, particularly of the long bones (Underwood, 1966). Dyer(1961) suggested that calves born with congenital deformities may be a result of Mn deficiency of the dam. Rojas et al.
(1965) fed pregnant cows rations containing '15.8 or 25 ppm of Mn. Calves born to cows fed the low-Mn ration wereborn with a general weakness and deformities characterized by enlarged joints, stiffness and twisted legs. Deformed
calves had shorter humeri with the breaking9-strength greatly reduced (Rojas et al., 1965). The chages in =piphyseai
cartilage of growing bones and developingf fetus have led to studies showing a decrease in the mucopolysa,'charide
content and radioactive sulfur uptake of bone in Mn deficiency (Thomas, 1970).


Manganese toxicity. Experimental levels of 50 to over 
4,000 ppm Mn in the diet is monogastric and ruminant
animals have caused reduced hemoglobir, gr6wth depression, abnormal bohes, and other symptoms (Thomas, 1970).Findings from Costa Rica suggest that Mn, when in excess, can be a limiting factor in :inimal production. Fonseca
and Davis (1968) and Lang (1971) reportwi a close relationship between high forage Mn and low reproductive rates
in regions characterized by volcanic soils. Dtiiry cattle that consumed high Mn forages ()100 ppm) had a lover calving
percentage and required more services per pregnancy than controls (Lang, 1971).

Manganese deficiency in Latin America. Concentrations of Mn in forages is dependent on soil factors, plant species,stage of maturity, yield, pasture management, climate, and soil pH. Gomideetal. (1969), studying mineral composition
in tropical grasses of Minas Gerais, Brazil, found significant year x species x age interaction in Mn content. Poor drainage conditions increase forage Mn (Mitchell et al., 1957), while increasing soil pH decreases plant availability and uptakeof Mn (Miller et al., 1972; Cox, 1973). From the Brazilian Amazon Valley, Sutm ller etal. (1966) report a very high
intnke of Mn by Brazilian cattle on seils that are deeply flooded during a long period of the year, while low intake 
occurs on non-flooded or slightly flooded soils. 

From Peru, Beeson and 3uillermo-G6mez (1970) noted that Mn concentrations tended to be excessively high inforages grown on acid soils. Cox (1973) notes that in order to develop a Mn-deficient soil, coils must be leached of
reduced forms of Mn and soils frequently are limpd, often in excess of crop requirements.

In Brazil, Sutm'6ller et a. (1966) report a relationship between Mn content of soils and Mn intake by cattle. Soils
of the semi-arid region of the state of Pernambuco, Brazil are characterized by adequate Mn with the chances of a Mndeficiency remote (Horowitz. and Dantas, 1966). However, i;i soils near the 'coast, Zona de Mata, where most of the
cattle are located, available Mn is much less than 20 ppm, which is considered deficient (Horowitz and Dantas, 1966; 
Dantas, 1971).

Forages usually fall within the range of 20to 100 ppm Mn, but in this iostance, it should be stressed that the content
depends greatly on soil conditions, low concentrations being generally found in crops growing on well-aerated organic
soils of high pH (Mills, 1969). In Latin America, there is a scarcity of data of Mn content of forages. Only 11.2% of
2615 forages ir- the 1974 Latin American Tabes of Feed Composition (McDowell eta!., 1974) contained Mn Values.


Of 293 average forage values from the 1974 Latin American Tablei of Feed Compositon (McDowell et al., 1974),
21% contained less than 40 ppm Mn while only 5.2% contained less than 20 ppm. Andreasi etal. (1968) reportedadequate Mn concentrations of three cdmmon forages in the state of Sio Paulo, Brazil. Mean values taken from differ
ent locations ranged from a low of 89 to 326 ppm, while the distribution of all values was between 22 to 487 ppm. InMinas Gerais, Brazil, Gomide at al. (1969) reported the mineral composition of six tropical grasses and found the Mn
species means to range from 64 to 248 ppm. From Guatemala, only 1 of 28 species had mean Mn values f less than20 ppm (Scaillet, 1969). Blue at al. (1969) reported adequate Mn forage concentrations in four regions of Panama,
with values ranging from 28 to 213 ppm. However, Chico (1972) reported low average Mn concentrationis ((20 ppm) 
for 7 out of 28 locations in Panama.

Detection and diagno$si of manganew status for ruminants. There is no single, simple diagnostic test that will permit
the early detection of Mn deficiency in anh.ials (Underwood, 1966). Van Koetsveld (1958, cited by Sutmdller et a.,
1966) and Egan (1975) considered liver Mn values below 10 ppm and 6 ppm, respectively, as indicating a deficiency. 
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Underwood (1966) believes that the level of Mn in liver isa useful but not entirely reliable indicator of Mn deficiency,
unless the deficiency is severe. McDowell et al., 1976 concludes that a Mn deficiency can best be detected by the com.
bination of liver ((6 ppm) and diet ((20 to 40 ppm) analyses, while a toxicity issuspected when hair samples contain 
over 70 ppm Mn. The only certain way of detecting mild Mn deficiency is by measuring the response in reproductive
performance, skeletal development and growth that occurs as a result of feeding a Mn supplement.

Prevention and control of manganese deficiency. Manganese-d-ficient soils have been discovered in many parts of
the world upon which plant growth responses can be obtained from the application of Mn-containing fertilizer. In' 
areas where Mn deficiency in crops has been demonstrated, attention should be given to the possible inadequancy of 
supplies of dietary Mn for ruminants. 

In areas where Mn deficiency or "conditioned" Mn deficiency occurs in cattle, remedial measures could normally
include a careful control of liming, the use of crop sprays or fertilizers containing Mn, and the inclusion of Mn-con
taining supplements 70n*.he ration. Supplementation of the feed with Mn sulfate at the rate of 4 g for cows, 2 g for
heifers, or 1 g.per day for calves is sufficient for either the prevention or the cure of the deficleipcy (Underwood,
1966). Underwood (1966) also reports that treatment of the pastures with Mn sulfate at the rate of 15 kg per hectare
has been found completely effective under the conditions that exist in the Netherlands. 

'On the basis of the literature, it appears that 40 ppm of forage Mn would bo considered adequate, 20 to 40 ppm
borderline, and less than 20 ppm Mn deficient for ruminants. Nevertheless, it should be remembered thatsoil and 
water likewise provide Mn toward meeting the animal's requirement. Dyer (1961) reported that water from a rarA;
with normal calves contained 1.7 ppm while that from a nearby ranch with deformed calves 'contained .02 ppm Mn.

When roughages contain over 40 ppm Mn, it seems likely that most beef or dairy cattle rations would require supple
mental Mn. It seems logical, as a preventive measure, to add 10 to 20 ppm of supplemental Mn to cattle diets, when 
forage analyses are routinely below 40 ppm. This level of Mn should be adequate to correct any likely borderline 
deficiency. 

Zinc 
Introduction. Zinc deficiency, under experimental conditions, has been produced by many workers. However, a

deficiency under natural conditions was once thought unlikely. Nevertheless, reports from Guyana (Legg and Sears,

1960), Finland (Haaronen and Hyppola, 1961), Norway (Dynna and Havre, 1963), Venezuela (Perdomo, J. T., person
al communication, 1975), Grece (Spais and Papasteriadis, 1974), and the United States (Mayland, 1975) have con
firmed Zn deficiencies ingrazing cattle when the ration contained less than 40 ppm.


Function of zinc. Zinc is essential in all animals, functioning in enzyme systems and being largely involved in nucleic

acid metabolism, protein synthesis, and carbohydrate metabolism. Zinc has likewise been shown to be involvt 
 , in
vitamin A metabolism by maintaining normal concentrations of vitamin A in pff.m-oa (Smith etal., 1973). These workers
 
used animals'deficient in both Zn and vitamin A and demonstrated that Zn is necessary for normal mobilization of
 
vitamin A from the liver.
 

Zinc requiements. The minimum zinc requirement of ruminants varies with the chemical form or combination in
which the element occurs with other components of the diet, and with the criteria of adequacy employed. The sug
gested Zn requirement for cattle is.10 to 50 ppm (NRC, 1976, 1971; ARC, 1965).

Nine to 14 ppm Zn has been found adequate for normal growth and Zn plasma levels in calves (Miller etal., 1963;
Miller et al., 1967). In contrast, zinc deficiency has been reported under field conditions in different European loca
tions when forage contained from 19 to 83 ppm Zn (Miller, 1970). For dairy cattle, Haaranen (1963) suggests that the
requirement for Zn is 45 ppm when the ration contains .3%Ca and increased by 16 ppm for each .1%of additional Ca.

Zinc, absorption, excretion, and storage. The small intestine is the main site of Zn absorption with the duodenum
the most active site. Absorption is affected by dietary level, amounts and proportions of several other elements and
dietary components, and by the chemical form in which Zn is ingested (Underwood, 1971). A high percentage of all 
Zn is excreted through the feces and very little by way of urine (Miller, 1970).

The most important factor affecting absorption is Lge Zn content of the ration. Stake et al. (1975b) reported that
Zi, absorption for calves and cows ranged between 472 and 53.4% when fed low Zn rations. Zinc absorption was
directly reflective of the physiological demand for Zn in both calves and lactating cows (Miller, 1969; Stake et al.,
175a). Zinc-deficient animals absorb a higher percentage of administered Zn. Zinc-deficient calves have a net absorp
tion as high as 80% of an oral Zn dose (Miller, 1970). Neathery et al (1973) reported that dairy cattle compensated
for low Zn diets within one week by a 60% increase in percentage absorption of Zn, adecrease in milk Zn, and adectine 
in excretion of Zn in feces. 

Zinc Is widely distributed throughout the body, with substantial amounts in all tissues containing considerable 
protein or calcified material (Miller, 1970). The prostate, choroid, and the Iris of the eye and pituitary accumulate 
particularly high concentrations of Zn. 

Zinc occurs in the animal and is transported almost entirely combined with organic compounds (Miller, 1971).In absorption and transport, Zn is apparently passed from one binding protein to another. Zinc may be passed as a
metalo-igand complex with such compounds as amino acids or EDTA as the nonprotein ligands. Metabolism after 
absorption can be affected by the ligands involved (Miller, 1975). 
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When young ruminvots are fed a very Zn-deficient diet, the Zn content of some tissues declines, but in others, thereis little or no change. 1k..h a severe deficiency, there is limited' Zn reduction in Ihair, bone, liver, lung, kidney, spleen,pancreas, and blood plasma (Miller, 1970). Neathery et al. (1973) reported that Zn tissue contents of first lactationdairy cows ft" 16.6 ppm or 39.5 ppm Zn for 6 weeks were very similar. Of 25 tissues analyzed, only rib cartilage andrumen wall from cows given the low-Zn diet had significantly less Zn.Animals have a limited capacity for storing Zn In a form which can be mobilized rapidly to prevent deficiency signs.With a very low Zn diet, there isan immediate share decline in plasma Zn, with reductions in feed intake and cessationof growth within less than one week (Mills et al., 1967). Plasma Zn concentrations fall below .04 mg/100 ml within 24hours of feeding a Zn-deficient diet. However, Spais and Papasteriadis (1974) reported plasma Zn between .04 and .06mg/100 ml corresponding to severe Zn characteristic lesions, with .06 to .1 mg/100 ml related to slight Zn deficiency
signs.Practically all natural-occurring diets conain adequate amounts of Zn, but only small amounts of the element seemto be available to the animal.' Therefore, factors must be present which reduce Zn absorption or impair its utilizationin the animal. The nature of the diet has a marked effect on the amount of Zn required by monogastric animals. Themetabolism of Zn may be influenced by interaction with other elements like Cd, Ca, Cu, Fe, Se, and Mn (Strain andPories, 1970; Ivan and Grieve, 1975). The presence of chelating materials, phytic acid, levelsnf certin minerals, partic

.......... , 
 . -, aorpxon n monogastric animals (Blackmon et al., 1967). However,in most instances, the factors which may affect the requirements of ruminantsareunknown. In normally fed ruminants,presently, there is lack of direct evidence that Ca, phytic acid, or other factors in plant proteins decrease Zn absorption
(Mills eta., 1967; Miller, 1970). 

Zinc deficiency signs. Blackmon et al. (1967) summarized clinical signs of a zinc deficiency to include: (1) inflammation of the nose and mouth with submucous hemorrhcges, (2) unthrifty appearance, (3) rough coat, (4) stiffness ofthe joints with soft edematous swelling of the feet in f, ont of the fetlocks, (5)cracks in the skin of the coronary bandsaround the hooves, which later become deep fissures, (3) dry, scily skin on the ears, (7) thickening and cracking of theskin around the nostrils, (8) development of horny overgrowths of the mucosa on the lips and dental rads, (9) gnashingof the teeth, (10) alopecia, (11), red, scabby and wrinkled scrotal skin, (12) bowing of the hind legs.Early effects of Zn deficiency include reduced feed intake, growth rate, and feed efficiency, followed by skin disorders. The skin is rich in Zn and is a sensitive indicator of Zn metabolism. Zinc-deficient animals are unable to growhealthy epidermis and epithelial appendages (Pories and Strain, 1970).From Guyana, Legg end Sears (1960) were the first to report a parakeratosis skin disorder in grazing cattle. In themore acute cases, parakeratosis spread rapidly over about 40% of the body surface. The skin and hair rapidly returnedto normal after oral administration of Zn sulfate. ,1Spais and Papasteriadis (1974) reported that 60%of 150 cattle herdsin Greece had severe to mild symptoms of Zn deficiency, consisting mainly of unthrifty appearance, rough coat, loss ofhair, eczematous lesions with thickening and folding in various parts of the skin.Zinc deficient calves grow more slowly, are lethargic, their wounds heal very slowly, if at all, and they are highlysusceptible to nonspecific secondary infections (Miller, 1970). Testicular growth and development are often retardedIn a Zn deficiency. Inhibited testicular growth has been observed in Venezuela in cattle consuming low Zn rations(Perdomo, J., 1975, personal communication).
Although severe clinical Zn deficiencies in ruminants have been described in different regions of the world, thislikely is of much ~~~~~~~~~ . .... .,o. Ila....== iJUb~lty uf a 

less economic importance, than borderline Q'ibcIinipaI ,-'i,. . Te- p. s bly..wisrar widespread,mild, or borderline deficiency of economic importance should be investigated. The first effects of a mild Zn deficiency
would be expected to be decreased feed intake, growth, feed efficiency, milk prMadiutinr r*: stence to infcction and
stress, and lower reprWuctive efficiency (Miller, 1970). A borderline Zn deficiency, which is more likely to occur,would be difficult to diagnose clinically. As an illustration, Me!yland (1975) reported increased weight gains for cattlesupplemented with Zn, in the absence of Zn deficiency signs.Zinc toxicity. Zinc is relatively nontoxic to animals and a wide margin of safety exists between normal intake andthose likely to produce deleterious effects (Underwood, 1971). Ott et at. (1966) observed no adverse effects from feed-'
ing 590 ppm of Zn to cattle, but at 900 ppm Zn, a reduction in feed consumption and weight gain occurred. Miller
(1970) concludes that it is improbable, with adequate :ounts of other nutrients, that problems would arise in cattlereceiving dietary Zn below 400 or 500 ppm- However, Zn uretly in excess of requirements might aggravate a borderlinedeficiency of some other element such as Cu, Fe, or Ca.Zinc deficiency in Latin America. Cox (1973) reports low levels of Zn in soil and plants throughout much of LatinAmerica. A number of factors including soil, plant species, stage of maturity, yield, pasture management, and climatemay affect the likelihood of a Zn deficiency for ruminants. Poor drainage increases forage Zn (Mitchell t al., 1057),while Increasing soil pH decreases plant availability and uptake of Zn (Miller et al., 1972). In most circumstances, thelevel of Zn declines as plants mature (Underwood, 1966; Mayland, 1975). Gomide et al. (1969) reported significardifferences in forage Zn concentrations between two consecutive years. Vast areas of the "Campo Cerrado"Brazil regior -ifare severely deficient in Zn as evidenced by substantial increases in crop yields when Zn was applied to soils(Britto etal., 1971; Pereira eta., 1973). 
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Many investigators cwnclude that Zn deficiency is unlikely and satisfactory weight gains in cattle result when the 

ration contans at least ,0 ppm Zn (Spais and Papasteriadis, 1974 and Ivan and Grieve, 1975). Of 177 forage averages 
in the 1974 Lptin Amirican Tables of Food Composition (McDowell. et al., 1974) 61.5% contained less than 40 ppm, 
Legg and Sears (1960) reported severe Zn deficiency lesions in Guyana when cattle consumed forages containing 18 to 
42 ppm Zn. In 72 forage observations from Venezuelai the overall mean was 32 ppm (Perdomo, 1975). From Puerto 
Rico (Kayongo-Male et al., 1974), 82% of the grass species studied did not meet established Zn requirements for cattle. 
Considering the Zn analyses of the different grasses of Panama, Chicco (1972) concluded that a marginal nutrition of 
this element occurs particularly during the rainy season. 

Forage Zn levels in the state of Sao Paulo, Brazil (Andreasi et al., 1969) generally appeared to be adaquate. Also, 
Galvao et al. (1973) reported that Zn supplementation had no effect on milk production and liveweight gains of Minas 
Gerais cattle. Nevertheless, Gomide et al. (1969) reported low Zn concentrations for six plant species of Minas Gerais, 
ranging from 26.4 to 34.7 ppm. 

Detection and diagnosis of zinc status for ruminrnts. Zinc deficiency is difficult to detect in its early stages or in 
milder forms. Biochemical changes with the most promising diagnostic value are decline in Zn concentration of plasma, 
hair, and bone with a tissue decline of alkaline phosphatase (Blackman et a., 1967). Under survey conditions for deter

mining the likelihood of deficiencies for, large numbers of ruminants, Zn, onceritrations of plasma ( .04 rmg/100 ml)
andforage ((50 ppm) woLd be idicators (McDowell, 1976). 

Prevention and control al zinc deficiency. Supplementary Zn can be provided either by injections of Zn sails such as 
sulfate, by feeding Zn in mineral salts containing 1 to 2.percent Zn or by treatment of the soils with Zn-contailing 
fertilizers (Underwocd, 1966). Australian research'on Zn-deficient soils indicated that 5 to 7 ob. of Zn sulfate prr acre 
every 2 or 3 ye;,rs would maintain increased Zn concentrations in forage. Good sources of supplemental Zn include Zn 
t;xide, Zn chlorvdr:, Zn sulfate, and Zn carbonate. 

Little is known either about the frequency with which low, Zn levels may occur in foraqes or the most suitable 
quantities to incorporate in dairy cattle rations as a supplement in cases of inadequacy. The Zn content of most feeds 
is variable, with data on most being unavailable and not readily obtainable. Of 2615 forages in the 1974 Latin American 
Tables of Feed Composition (McDowell etal., 1974), only 6.8%contained Zn values. Under Latin American conditions, 
it seems logicaId'to add 20 to 30 ppm of sup;emental Zn to cattle diets, unless forage anslyses suggest hig'- levels of 
this element. This level1 of Zn shoajld be adequate to correct any likely borderline deficiency. Much higher leve's of Zn, 
although not airectly toxic to cattle, might aggravate borderline deficiency problems with other essential elements. 
Ivan and Grieve (1975) reported that 100 ppm of supplemental 72 sgnificantny lowered liver Cu to 38 ppm compared 
to 148 ppm for control calves. 

The majority of trace mineral mixtures in Latin America contain Zn. Nevertheless, many commercial trace-rineral
ized salt mixtures which are widely distributed contain an insignificant amount of Zn relative to the requirements of 
animals. Even more alarming is that the majority of farmers further dilute the trace-mineralized salt mixtures with 2 to 
25 (or more) parts of additional salt to 1part of trace-mineralized salt. 

Summary 
Research from tropical regions often indicates that trace mineral supplements for ruminants should contain Co, Cu, 

1, and Se. The need for supplementing ruminant diets with Fe, Mn, and Zn is less certain. Iron supplementation is 
warranted for grazing livestock when forages contain less than 100 ppm Fe and/or if insects or pL:'asite are causirg Lub
stantial blood loss. Iron status of livestock can be evaluated by serum Fe, total Fe-binding capacity, transferrin satura
tion, hemog-lobin and hematocrit values. Mineral supplementation with Mn or Zn is advised if tissue levels are low, when 
clinical signs are suggestive of deficiencies or if forage concentrations are less than 40 ppm. The only certain way of de

tecting mild Mn and Zn deficiencies is tby measuring the response as a result of feeding supplements of these minerals. 
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*(Co), 
At present, there are 14 known essential trace elements-iron (Fr), copper (Cu), mangrnese (Mn), zinc (Zn), cobaltiodine (I), molybdenum (Mo), selenium (So), fluorine (F), chromium (Cr), tin (Sn), rickel fi4), vanadium (V) andsilicon (Si). Some of the trace elements, such as arsenic (As), lead (Pb),classified as cadmium ,Cd), and mercury (Hg) are frequentlytoxic elements because their toxicity to man and animal is relativcly high and their biological activity islargely confined to toxic reactions. However, all the trace elements can be toxic if consumed in large-enough quantitiesor for long-enough periods (Underwood, 1973). A further 20. to 30 trace elements occur regularly in feeds and animaltissue and it is unknown whether they serve some useful purpose or are merely contaminants. Schwarz (1974a) suggeststhat even Pb is essential and speculated that titanium might be found deficient if purified diets can be developed whichcontain lower levels of this element.An attempt will be made in this review to briefly mention both the most recently established essential trace elements(Cr, Sn, V, Ni and Si) and toxic elements (As, Pb, Hg, Cd and Al) that are detrimental to both man and livestock. 

E&ential Trace Elements (Cr, Sn, V, Ni and Si)Although markedly different in their chemistry, mode of action, and effective levels, the newer essential trace elements havw *n cmmon that they were first known for their toxic effects and that the induction of adietary deficiencyis very difficuit. T"e, rapid sequence of discoveries identifying the essentiality of these elements was based on the concepts of iirproved procedures for purification of diets, the use of the metal-free isolator system for ,aising animals andadvances in trace element analytical techniques. The most recent reviews of the newe" trace elomsnts are as follows:Cr (Mertz, 1974a), Sn (Schwarz, 1974a),
1974a and Schwar7, 1974a). 
V (Hopkins, 1974 and Schwarz, 1974a), Ni (Nielsen, ,974) and Si (Carlisle,
Table 1 presents the discovery date and approximate requiremen, .f the newer trace

element.
Chromium. Experimental Cr deficiency results in impaired glucose tolerance, reduci'on of growth and longevity,elevated serum cholesterol levels, and a decreased sensitivity of peripheral tissue to insulin. Chromium was identifiedas the active ingredient of adietary agent, glucose tolerance factor (GI F), which is required for maintenance of normalglucose metabolism (Mertz, 1974b). In its biological effects, Cr may be intimately related to insulin of which it may be 

Table 1NEWER ELEMENTS IN MINERAL NUTRITION 
DiscoveryElement Date8 

Referencea Requirement
Chromium 1959 Schwarz and Mertz > .1 ppmbTin 1970 Schwarz, Milne and Vinyard 1.5 - 2 ppmaVanadium 1971 Schwarz and MVilne .1 ppma 

Hopkins and MohrFluorinu 1972 Schwarz and Milne 2.5 ppm (F-) a 

Messer, Armstrong and SingerSilicon 1972 Schwarz and Milne 5 - 100 ppmb 
CarlisleNickel 1973 Nielsen -.03.3 ppmb 

'Schwarz (1974a) 
bMertz (1974s) 

a cofactor (Mertz et A., 1974 and Schwarz, 1974b). The first detectable sign for Cr deficiency in rats and monkeys isimpairment of intravenous glucose tolerance which is preventable or reversible by oral Cr. More pronounced Cr deficiency results in slightly decreased growth rates and life span, increased serum cholesterol increased formation of aorticplaques and, under certain conditions, in a syndrome resembling diabetes mellitus (Mertz, 1974b). 
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The demonstration of beneficial effects of Cr supplementation in malnourished children suggests that this element is 
also essential for man and that deficiencies exist (Mertz, 1974a). Chromium supplementation almost immediately 
restored glucose tolerance to normal in these children. The fact that Cr supplementation can significantly enhance the 
rate of recovery from malnutrition points out the need to identify those areas of the world in which protein-calorie 
malnutrition iscomplicated by Cr deficiency (Mertz, 1974a). 

Hexavalent Cr compounds are inactive; only those which are derived from trivalent Cr or Cr of lesser oxidation states 
show activity with trivalent Cr as the actiye ingredient of the GTF (Schwarz, 1974a). Mertz (1974a) concludes that 
there are at least two classes of Cr compounds: One category, including Cr salts, which is poorly absorbed and which 
has no access to physiologically important pools, and another category consists of organic complexes in which Cr acts 
as an essential elemtent. 

The evaluition of Cr nutritional status isdifficult and the requirements of man or animals have not yet been quanti. 
fied. This is due in part to unresolved problems in Cr analysis of tissues and feeds with the resulting lack of reliable 
values. Mertz (1974a) concludes that it isnot yet possible to recommend adietary Cr intake which would supply the 7 
to 15 jg of available Cr needed to compensate for the daily losses. When Cr exists in an organically bound form (GTF), 
it is absorbed better, has a different tissue distrib-.tion, and isavailable to the fetus (Mertz and Roginski, 1971). Ani
mals, as well as man, have a limited capacity to synthesize inorganic Cr into the GTF; the rate of this synthesis, which 
probably occurs in the intestinal flora, may be a very important determinant of the Cr nutrition of individuals. Chro
mium concentrations of selected feeds and their relative biological values are presented in Table 2. Most animal products 
contain much of their total Cr in the form of GTF, whereas leafy plants do not (Toepfer et al.,1973). This data indi
cates that determination of iotal Cr in any material gives little information about its biological value. Unfortunately, 
many reports of Cr values are also unreliable since samples can be easily contaminated, even with stainless steel utensils, 
and organic Cr (GTF) isreadily lost at high-ashing temperatures (Wolf et al., 1974). 

Tin. Schwarz (1971? produced a Sn deficiency in rats raised in metal-free l;olator systems and also in plastic cages 
outsido the isolator, by feeding a purified amino acid diet which contained -hthe essential trace elements known at that 
time. The growth rate in rats was enhanced by nearly 60% if 1 to 2 ppm of 6fn as stannic sulfate was added to the amino 
acid diet. Tin also has an effect on the pigmentation of teeth (Milne et al., 1972). 

The biological chemistry of Sn is largely unknown. Ingcsted incrg;nic Sri is very pooriy absorbed and is excreted 
mostly in the feces, with litt!e or no accumulation with age in any human tissue other than the lungs (Underwood, 
1973). Tin could well contribute to the tertiary structure of proteins or other biologically important macromolecules 
such as nucleic acids. Tin also could function as the active site of metalloenzymes (Schwarz, 1974b). 

'Fable 2. 
OCCURRENCE OF ESSENTIAL TRACE ELEMENTS 

Element 	 Source 
Chromiumb 	 Liver (1.77 ppm), Brewers Yeast (1.17 ppm), Corn meal (.'1 ppm), Wheat germ (.24 ppm) and 

Wheat bran (.42 ppm). Relative biological value of these sources is4.52, 44.88, 2.35, 4.05 and 2.21, 
respectively. 

Tinc,d 	 Widespread in foods, feeds and tissues. Kidney (.23-.7 ppm), Liver (.35-1 ppm), Lung (.44-1.2 
ppm), Corn meal (.11 ppm), Oats (2.28 ppm, wet weight) and Pasture herbage, Scotland (.3-A 
ppm). 

Vanadiumd,e Liver, Spleen, Pancreas and Prostate (.02-.03 ppm), Lung (.6 ppm), Red clover (.03-.16 ppm), 
Rye grass (.03-.11 ppm), Barley (.028 ppm) and Wheat (.046 ppm). 

Nickeld,e Wheat (.08-.35 ppm), Tobacco leaves (.05-1 ppm), Pasture plants (.5-3.5 ppm), Fruits and tubers 
(.15-.35 ppm). 

Sillconc,d Blood (2 ppm), Liver, Muscle, Lung, and Brain %2-20ppm), Nails (56 ppm), Hair (90 ppm), Epi
dermis (106 ppm), Prairie grass (Fectuca scabrella) (6.27%), Alftlfa (.39%). 

aAII values on adry basis unless otherwise specified.
 
bTroepferetal. (1973)
 
CSchwerz (1974a)
 
dunderwod (1971)
 
eWelch and Cary (1975)
 

Tin Is similar to carbon in its t.'dency to form truly covalent linkages. Even stannic chloride is largely covalent in 
its chemical nature. Different Sn compounds have variable biological activities. The organism iscapable of utilizing Sn 
covalently bound to carbon since not only inorganic, but also organic Sn compounds enhance growth. Organic Sn 
sources are presumably biologically more avai!able than the inorganic sources since smaller dietary leeels of the former 
are capable of producing toxic responses than the, latter. These compounds are lipid soluble with com perclal fats, good 
sources of tin (Schwarz, 1974b). 
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*,Trace amounts of Sn occur widely distributed in tissues and nutrients (Table 2). Schwarz (1971) notes that valucreported in the literature for Sn are highly questionable if they are obtained with high temperature ashing methods. Urder these conditions, losses of Sn could occur, especially if the element iVanadium. Vanadium present in the form of organotin compound!is an essential trace element for the chick and rat. A deficiency results in reduced body anifeather growth, impaired reproduction and survival of the young, altered red blood cell levels and iron metabolism,
impairment of bone tissue metabolism, and altered blood lipid levels (Hopkins and Mohr, 1974).Hopkins and Mohr (1974) indicate that the V requirement level may be between .05 and .5 ppm and this requirement may be higher when the V comes from natural feeds. Schwarz (1974a) suggests a requirement of .1 ppmsodium orthovarndate and notes large differences in the potency of various V compounds at different oxidation states

a. 
Vanadium deficiencies have been induced in the rat with diets containing less than .1 ppm; for the chicken, a morcseverely deficient diet (less than .33 ppm) appears to be necessary (Mertz, 1974b). Analysis of a few feed samplecindicates levels of less than .1 ppm V, thus raising the question of nutritional adequacy of the diet. If nutritional ade.quacy is a practical problem, the deficiency will prob-.4y show up in the form of altered blood lipid levels since it iswell established that V alters lipid metabolism. Deficiency has been reported to decrease plasma cholesterol levels at anearly age (2 to 4 weeks) and subsequently to increase them over those of supplemented controls. Plasma triglyceridelevels are significantly increased in V deficiency (Mertz, 1974b). It is most likely that V functions asan oxidation-reduction catalyft in the organism (Schwarz, 1974a).Nickel. Nickel occurs regularly in soils and plants in concentrations substantially higher than those normally presentin animal tissues and fluids. Various researchers have reported that Ni extracted from soils correlates highly with plantNi concentration (Welch and Cary, 1975). Grains and vegetables appear to be good sources for dietary Ni (Schroederet al., 1962).Nickel toxicity occurs to varying degrees in both plants and animals. Common pasture plants normally contain .5 to3.5 ppm Ni (Underwood, 1971). However, Ni in plant tissues may be toxic at 40 to 60 ppm (Painter et al., 1953).High Ni in plants reduces Fe and Mn concentrations (Hewitt and Smith, 1975). Normally, insoluble Ni compeunds become soluule in soil of low pH, which causes Ni to accumulate in plants, but adding lime to Ni-treated soil counteractsthe toxic effect on plant growth. O'Dell et al. (1970) report reduction of feed intake and growth rate in calves supplemented with 250 ppm Ni. These workers report that even though calves fed 1000 ppm Ni had greatly reduced feedintake and lost weight during the 8-weeks treatment period, they were not emaciated and appeared to be younger

than the others.Within the past few years, Ni deficiency has been reported in four species (chicken, rat, pig, and goat). Chicks raisedin a controlled environment free of trace metal contamination and fed a dried skim milk-ground corn diet containing3 to 14 ppb Ni exhibited impaired liver metabolism and morphology (Nielsen and Ollerich, 1974). Nickel deficiencyin chicks results in suboptinal liver functions as evidenced by an ultrastructure degeneration, reduced oxidase ability,increased lipid, and a decreased phospholipid. fraction. Rats deprived of Ni also show a reduced oxidative ability inliver and abnormalities in the polysorne profile. Supplemental Ni at alevel of 3 ppm prevented the deficiencies (Nielsenand Ollerich, 1974). Callan and Sunderman (1973) indicated that larger amounts of inorganic Ni would be required tomeet the requirement than that naturally bound to organic ligands.Anke et al. (1974) report that male and female pigs and goats fed a low-Ni diet (.1 ppm) had significantly decresedrate of gain, with both sexes developing slower than the control animals fed 10 ppm Ni. About 20 to 30%of the babypigs and young goats from the deficientgroup developed a scaly and crusty skin which was similar to parakeratosis. Thechange in Zn tissue levels in connection with parakcratotic changes on a low-Ni diet suggests that a Ni deficiency affectsZn metabolism.
Nickel like V appears to be involved in lipid metabolism as evidenced by elevated hepatic concentrations of totallipids, phospholipids and cholesterol for Ni-deficient chicks (Mertz, 1974b). Nielsen and Ollerich (1974) hypothesize
that Ni has a role in the metabolism or structure of membranes ard may have a role in nucleic acids or protein biochemistry.

Silicon. Silicon is,next to oxygen, the most prevalent elemgnt on earth. The high content of Si in soils, plants, andatmospheric dust maintains 


Silicon occurs in plants 
a high, although very variable, intake by animals and man, especially grazing ruminants.
as monosilic acid and as solid silica. The amounts and prportions of these two compoundsvary with the plant species and its stage of growth, and with the soil conditions under which the plant has grown.Cereal grains carry much lower concentrations of Si than leaves or stems of the same specles.Wholegrasses and cerealsmay contain 30 to 40% of their total ash or 3 to 4% or more of the whole dry plants as SiO2 (Underwood, 1971).Even higher levels occur in some tropical grasses (Oyenuga, 1958).The essentiality of Si is demonstrated in chitks and rats through marked effects on growth and skirletal developmiwnt(Schwarz and MIlne, 1972; Carlisle, 1974b). Long bone joints of deficient chicks were smaller, had reduced strength,and the bones had an altered chemical composition. In rats, Si deficiency resulted in growth retardation and changesin the structure of the skull.Silicon has qualities which make It appear likely that it may function as a structural rather than a catalytically activeentity In metabolism. Schwarz (1974b) discovered a highly important structural function for Si by showing that it isan 
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integral building black, an important cross-linking agent in connective tissue. Silicon is shown to be an integral compo
nent of mucopolysaccharide-protein complexes of connective tissue (Carlinle, 1974b). Deformities from Si-deficient rats 
and chicks support, the view that the element is specifically associated with the ground matrix and n ructural elements 
of connective tissue, cartilage, skin and bone (Schwarz, 1974b). 

Toxic Minerals. A recent review on the toxicity of eight minerals to domestic animals is available (Ammerman etal., 
1973). Table 3 summarizes the relative toxicity of As, Pb, t.g, and Cd. Examples of concentrations of toxic elements 
in supplemental mineral compounds are illustrated in Table 4. 

Arsenic. Most feeds contain less than .5 ppm and rarely exceed 1 ppm on a fresh basis. Arsenic is not readily ab
sorbed by plants from soils, eve'.n when the levels in the soils have been raised by continued use of arsenical sprays, but 
surface contaminatidn of feeds with spray 1,esidues can raise their As concentrations well above the 5 ppni level of As 
(Underwood, 1973). i'oods of marine origin contain higher levels of As ar~d commercial fishmeals may contain 2 to 
20 ppm. 

Arsenic compounds have been used extensively in the pat as insecticides, rodert-cides, herbicides, and antihel
mintic agents. The misuse of such compounds or the accidental exposure of animals to these materials has frequently 
resulted in toxicity. In 'research with growing lambs, Bucy ot al. (1955) reported ;hat arsanilic acid and potassium 
arsenite wore more toxic than was 3-nitro-4-hydroxyphenylarsonic acid to the ruminant. In thcse studies, severe path
ological damage occurred at the higher ievels of arsenic without evidence of outward clinical signs of toxicity. Frost 
(1967) has stated that "the most toxic arsenicals are well tolerated at levels which supply 10 to 20 ppm arsenic in the 
diet. The least toxic arsenicals can be fed without injury at levels which contribute up to at least 1000 ppm arsenic in 
the diet." 

The relative toxicity of different forms of As can be explained in part by the fact that the more toxic trivalent 

compounds, including arsenic trioxide, are retained in the tissues in greater amounts and are excreted more slowly 
than the less toxic. Arsenic in the forms in which it ordinarily occurs in feeds is well absorbed and rapidly eliminated, 
mainly in the turine. The As of organic compounds, such as arsanilic acid used as growth stimulants in the rations of 
pigs and poultry, is also well absorbed, disappears rapidly from tissues, and is excreted mostly in the feces (Underwood, 
1973). A single dose--AJ As clears the animal body in five days. Following withdrawal from repeated dosage, six weeks 
should lapse before slaughter of exposed animals for human consumption (Selby et al., 1074). 

Chronic As poisoning is endemic in the Cordoba province of Argentina. Arsenic concentrations in the drinking 
water of this region are as high as 1.4 mg/liter. This concentration is 10 to 100 times higher than that of most naturel 
water supplies (Underwood, 1973). The biological significance of high As water supplies to human and livestock popu
lation needs further study. 

Lead. Lead poisoning in farm stocks is well documented with two recent reviews on the subject (Ammerman et al., 
1973 and Clark, 1973). Lead is one of the most frequently observed causes of poisoning in farm animals, especially in 
cattle and it is believed that many more cases of Pb toxicity occur than are actually diagnosed. Lead poisoning in 
domestic animals is mainly one of acute toxicity rather than in accumulative Pb problem as occurs most frequently in 
young chickens with pica (NAS, 1972) or adult humans consuming "moonshine" whiskey. 

Allcroft and Blaxter (1950) suggested that the actual loss of cattle in England due to Pb poisoning was on the order 
of thousands every year. Studies from Northern Ireland showed Pb poisoning to be responsible for 1.7% of the deaths 
of adult animals (over 300 pounds) and 4.5% of the deaths in calves (Todd, 1962). In a recent survey of U.S.-Canadian 
Veterinary laboratories, cattle had the highest incidence of Pb poisoning with three cases per 1000 animals tested for 
all causes (Priester and Hayes, 1974). 

Ruminants are commonly most affected with Pb poisoning and this may be due in part to the tendency for particu
late matter to settle in the reticulum and be converted to soluble Pb acetate by the action of the acid medium of the 
forestomach (Blood and Henderson, 1968). Morbidity is usually low (10 to 15%), whereas mortality is usually from 
75 to 100% (Buck, 1970)., 

The natural curiosity and licking habits of cattle make any available Pb-containing material a potential source o' 
poisoning. Livestock exposure from Pb is mainly derived from Pb in storage battery plates, water pipes, putty, linc 
leum, asphalt roofing, used gasoline, engine oil, feed containers, paints, insecticides, motor vehicle exhausts, and con
taminated feeds in highly motorized urban communities (Ammerman et al.,1973; Underwood, 1673; Fick, 1974}, 
According to Clark and Clark (1967), Pb paint is by far the most important source of Pb to cattle. It may contain 
red Pb (triplumbic tetroxide, Pb 3 O4), white Pb carbonate (2PbCO 3 -Pb (OH) 2 ) and, less commonly, Pb sulfate (PbS0 4 ) 
or Pb chromate (PbCrO 4). 

Allcroft (1951)-states that approximately 200 to 400 mg of Pb per kg of body weight ingested in any one day, as tha 
acetate, basic ca'tionate Iroxide, is sufficient to cause death in calves up to four-months old. Older cattle may require 
single oral doses of 600 tq,80J mg/kg body weight, to produce the same effect (Buck, 1970). Repeated smaller doses' 
will accumulate ..p;oduce toxicity. A daily intake of'approximately 6 to 7 mg/kg body welight appears to be the 
minimum dose that will eventually give rise to toxicosis in cattle (Hammond and Aronson, 1964). 

Contamination of pasture with Pb may occur in the vicinity of smelters. Lead content of plants in Pb mining areas 
varies widely depending upon their proximity to the mines and mills, smelter, and ore-truck routes. Concentrations 
of Pb in plants along the ore-truck routes averaged 280 ppm on the road right of way, 34 ppm at 100 yards, and 11.6 

ppm at 200 yards from the highway (Hemphill, 1974). 
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Table 3

RELATIVE TOXICITY OF CERTAIN MINERAL ELEMENTS FOR ANIMALSa
 

Estimated % 

Form of absorption of
element oral intake 

Arsenic 
Inorg.nic 

(As+ 3 , As+s) ±5.70% 

organic 


Lead 
inorganic 
(Pb 2) 1-10%, adults 

15-50%, young 
organic 

Cadmium
 
organic 


inorganic 2-.% 
(Cd+ 2 ) 

.Mercury 
inor.nic 
(Hg- ,Hg) 15% 
(May be a 
metabolite 
in vivo of 
organic Hg) 
organic 

Methylmercury
(CH3Hg+) 60-100% 

Prevalence of sources 

Efficiency of excretion 
of absorbed element at
low dosage 

AmLient air, 
industrial 

Good; readily cleared 
from blood and tissues 

Meth.Ylated .. 
arsenicals, (Animals ha'. aa "taste" 
natural or 
synthetic 

for contaminated forage) 

Little or no As transferred from soil to plants. 

'lmblent air; dust, 18 to 50% retained. 
industrial, gasoline, Lead is largely
inks, paints, batteries sequesterec in skeleton. 
(alkyl lead of gasoline May accumulate in milk, up to .5 ppm 
cleaved to Pb4- ) liver and kidney. 
Minimal accumulation of Pb in plants or aquntic biota. Levels may be increased 
by external deposition. Toxicity insidious, animals. 

Plant and animal tissues 
Aquatic biota concentrate 
by x 102, 10 3 , 
Concentrates in aerial 
portions, some plants 
largely inroots of 
others. Occurence is 
highly correlated with 
Zn. Source is mainly 
industrial. 

Negligible excretion 
until acute toxicity, 
Tissue retention 
longer than Pb or Hg. 

"Tolerable" level 
for human consumption 

Meat, .5 ppm As 
other, 2 ppm As 

Moderate tolerance 

Controversial 
300pg/day, adult 

? ,young 

Little deposition in 
eggs, milk, or fetus. 

Toxicity: Accumulation in sc ft tmwes, kidney, and liver. Turnover very slow. 
Major lesion isrenal and intestinal epithelial destruction. Anemia and reproduc
tive effects. Animals are Cu, Zn, and Fe deficient with time and low dosage. 

Vapor, salt and dust 
from both natural and 
industrial sources. 
May be deposited on 
soil, plants, water. 
Phenyl and ethyl salts 
cleaved readily to No++. 

Aquatic biota methylate 
+Hg++ and CH3Hg


accumulates, 

Present in fish protein 

concentrates up to 90% 

of Hg. (Formerly ii grain

fungicide dressings) 


Negligible excretion 
until acute episode, 
Animal %time reten. 
tian, 80-150 days. 
(Vapor exhaled) 

Hair and feathers, 
eggs and milk are 
routes of excretion. 
Animil %time reten-
tions, about 20 days.
C-H bond cleaved to 
Hg ' in vivo about 5%. 

Little deposition in eggs, 
milk, or fetus. 
.02-.05 ppm Hg 
100 pg/day. 

.5 ppm Hg 

(Se accumulates in fish at 
1:1 molar ration with 
CH3Hg; moderates 
toxicity). 

Toxicity: Mercuric Ion, as for Cd. Methylmercury enters all tissues, crosses brain
and placental "barriers;" is lipid soluble, Billiary Hg isreabsorbed 46% for proteinbound and 100% as cysteine dipeptide. There isadelay period of several weeks to
months between exposure and acute episodes for both Cd and Hg toxicity, permit
ting, continued ingestion of the intoxicant. 

aReviews of Ammermarn et l. (1973), Flick eral. (1971), MacGregor and Clarkson (1974), NAS (1972), Peterin (1974) and Selby #t A 
(1974). 
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Table -1
 
TOXIC ELEMENTS IN MINERAL SUPPLEMENTS a
 

Mineral Compound Al Pb As Hg Cd 
% ppm ppnT ppnm, ppm 

Defluorinated Phosphate 0.86 2 <1 8 
Dical. Phosphate 0.82 4 5 6 
Dical. Phosphate 0.34 2 3 12 
Fe Carbonate 250 5.0.16 

Fe Carbonate 0.10 20 1 
Fe Oxide 0.61 70 30 
Fe Oxide 0.03 4630 23 
Cu Oxide 0 7 
Cu Oxide 100 
Zn Oxide 30 2 1290, 
Zn Oxide 100 500710 
Zn Oxide 4770 9 170 
Zn Oxide 30000 149 790 
Mn Oxide 0.93 100 10 
Mn Oxide 1.52 2180 1400 .009 
aData from International Minerals & Chemical Corporation, Skokie, Illinois. 

These values represent individual sample analyses. 

Recent evidence suggests that Pb absorption in newborn and very young animals may be higher than 50% of intake. 
However, in recent research with sheep, limiing, intestinal absorption of Pb was demonstrated by low values recorded 
for apparent absorption and net retention oi stable lead (Fick, 1974). In these Intraveiious injection studies, 2 10Pb was 
excreted in feces and urine in approximately equal amounts. In adult humans, food lead is also poorly absorbed (to the 
extent of about 5%) (Underwood, 1973). The Pb that is absorbed enters the blood and settles in the bones aid sott 
tissues, including the kidney and liver, from which it is gradually excreted via urine and the bile into the small intxstinle 
and then eliminated in the feces. Lead has a marked affinity for bone, i'nd levels between 5 and 20 ppm on the ireah 
basis have been reported (Underwood, 1973). 

Mercury. Mercury has long been known as a toxic element associated with both ingestion and inhalation. Mercury Is 
a volatile relatively comnon element and is widely distributed in nature. However, little is known of normal Hg intakes 
by farm aoimals. Underwood (1971) has summarized data indicating that soils contain .1 to .3 ppm and fruits, vegeta
bles and ceretJ grains .005 to .035 ppm Hg. Lunde (1968, cited by Underwood, 1973) reported a mean Hg concentra
tion of .18 ppm (range .03 to .4) for twelve commercial fishmeals from different sources. The edible portion of tive 
species of fish analyzed by Kamps etal. (1972) contained Hg levels ranging from .04 to 2.6 ppm, most of which was in 
the form of methylmercury. The levels of Hg in feathers, hair, and erythrocytes are useful indications of the tissue Hg 
status of individuals and of their environment (Underwood, 1971). Since excretion is minimal, urine and feces do not 
reflect tissue Hg build-up with time. 

Available information indicates that Hg is readily absorbed by way of the respiratory tract, gastrointestinal tract and 
through unbroken skin. Methylmcrcury is 60 to 100% absorbed in ruminants, fowls and humins. Mercuric ion is only 
about 15% absorbed. Mercury acts as a cummulative poison since it is very slowly excreted by the animal body (Nelson 
et al., 1971, Lagerwerff, 1972). The property of Hg to combine readily wth prcteins is one reason for its high toxicity 
(Jakibowski et al., 1970). Mercury has an influence on the absorption and transpcrt of Cu, Zn and Cd. Acute and 
chronic Hg poisoning can result in renal failure and dcath. Fitzhugh et al. (1950) reported that as little es .5 ppm 
dietary Hg as phenylmercuric acetate caused histopathologic changes in kidney tissue but 160 ppm Hg was required 
to reduce survival time in a series of treatments which included 10, 40, and 160 ppm Hg in rats. 

Particular interest has centered upon the levels of methylated forms of Hg such as mothylmercury (CH3 .Hg+). 
These compounds are more hazardous than inorganic forms of the element because they are nearly completely ab
sorbed and enter a wider number of tissues with a more specfic effect upon the central nervous system (Friberg, 1959). 
It has been shown that inorganic mercur;4 chloride can be converted to the rnoe toxic methyl-mercuric chloride by 
bacterial action (Underwood, 1971). 

Environmental Hg compounds are derived from tho burning of coal, from the use of organic Hg compounds as 
pesticides and fungicides in agriculture and industry aid certain chemical industries. The use of these compw:inds In 
industry can result in sufficient Hg to produce Increased Hg concentration In marine fe of rivers, lakes, and in plant 
and animal products, From the use of Hg-containing fungicides, elevated levels of Hg have been found In pheasants 
and partridges collected in Southern Alberta where Hg seed-dressings were used extensively (Fimreite, 1970). 
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Little research has been conducted on ingested Hg in ruminant metabolism, but studies with other species suggestthat methylmercury is metabolized differently than inorganic Hg compounds. Ansari etal. (1973) reported a far higherpercentage of methylmercury (methylmercury chloride) absorbed than of mercuric chloride. Combined values forretention in the liver, kidneys, lungs, and heart totaled 6.5% for the organic me:thylmercury compound nd only .42%for the inorganic mercuric chloride, suggesting a mvth higher absoeption for the organic ')rm.Studies with goats (Howe et al., 1972) indicate that inorgarlic Hg is poorly abs,.rbed from the intestine! tract andthat only a small fraction of the absorbed Hg is tranferred to milk. Radioactiya methylmercury (CIl 320 3 HgCl) wasadministered as a single oral dose to lactating cows %Neathery'atal.,1973). Apparent absorption of the 2 g was69% and in 14 days only .17% of the dose was s;creted into milk,, Examinatio of tissues revealed the highest percent'of dose (203 Hg) In kidney, followed by liver, skele'al muscle, heart, smcv,,h muscle, spleen and other tissues.Selenium compounds protect against the toxi .tty of Hg compounds. Pathological changes typical for "itoxicationby Inorganic Hg salts did not appear in animals given Se compounds (Parizek et al.,1974). Rats given a h'gh dOs_ ofHg compounds lethal to controls survived when treated with compounds of .1e.
Ganther et al. (1972) reported 
 that. increased dietary Se protectoo ationt rnethytmerrurv toxicity in rats andJapanese ciuail as measured by growth rates. This was confirmed in growth studies With rats by Potter and Matrone(1973) and in :;urvival studies with Japanese quail by EI-3egearrt etal. (1973), lapanesa quail fed 20 ppm Hg as ne2,ylmercury in dlis containing 17% tuna survived several weeks lonqer than quail gv .6tie same concentraiion of methylmercury chlouiue Iii itcorn-soybean meal diet. The additional Se present in the tuna appeared to be responsible for theprotective effel.ZfGa.Wwr et al, 1972).Cadmiuv,. Ca'mium pos;es a potential environmenal hazard of major rnportance. Tro factors that affect .he magnitude of normil ';ataksand tho movements of Cd from soils and plants tUt -:m.3s and man(Underwocd, 197 0. Cadmium-containing products such 
have been little studied 

as pla-is, piqimats, batteri3s and alloys terminate in junkpiles, creating a eotentil for biological injury through cntamin;tior, ,fw.i er supplies, air and ingested mattf-r. Absorption of inha!,'KCd has beeii estimated to be as high as 4u% but or.,,: ,bout5% of ingested Cd isabsorbed (Ammner
man atal., 1973).

Relatively large quantit-es of Cd are found in grains, commrrcial feitiltk r' conta, ning phosphates and watergalvanized or black polyethylene pipes (Underwood, in
1971, Flick eta'., 19 7 ). Vegetbles, nuts, and fruits are poorsources of Cd,with concentrations mostly ra.girig between .04 and .08 ppm.A study on the uptake of Cd by oats showed roots a(cumulated Cd from industrially contarinatod soil in relatively'arge amounts wit-. smaller amounts accumulating in the above ground portions (Jhn ital., 1'.12). Hnby Lgerwerff and Biersdc ll 1971) ver, a studyon uptake and trans'ocation of Cd in the radsh showed higi ei*concentrations Inthe leaves tLin in he roots. A review by Flick ei al. (1971) present.d data from Alkeway indicati;ig that Cd leve!s inforages wet.i inverseiy re ,ited to distanco from the highway. Concentradons of Cd in 1'4ants along a Pb-mining regionr averaged 1.-1 ppm alor', t' e ore-truck route, .98 at 130 yards, and less than .5 ppm ior a distance of 200 yards or

Creater (Herriplill, 1074).;anc,!evels .,fCd in wEr f(,'r luran consul)%.t;on and farmstead u-v? in the U.S.A. have been set at .01 ppm (C.R.C.,1969. Surveys have indicated lcw',er, that many public water supplies exceed this lavel, particularly those whereground water isthelocil source. L..alsof Cd inrwater varied geographically from 0 to .03,opm (Flick etal., 1971).Some of the toxic and environme,,tal health haar,.. of exposure to Cd ruei-e in its antaionistic activity with respectto the metabolism of several essential elements, namely Cu, Zn, and Fe. Sign-s of Zn deficiency can be accentuated byhigh intike of Cd and the toxic effect of highpr,Cd inta!-e can be aineliorated by increasing the Zn status of the diet.These findings imply a competition between Zn and Cd for protein-binding sitet for transport across the intestinalwll, and probably for Lie Za metallo-enzymes .inderwcod, 1973). Feeding trials with Cd in ruminants, rats, swine
Spoultry havs further documented the Zn-Q'and Zn duficiency ri.qt.ioneip. A resemblance between the syr'ptoms.of Cd toxicity
was observed in several species arv] it wa.' found that supplemental Zn could overcome the toxicity
(Aminerman ot al..1973). Hill et al. (1963) suijast th0 t'd -nbstitutes for Zn at the cellular level and this may be thebasis of its toxic efc7.. Renal fallure isa function of dose x time ot exposure.

Among the mc.e ignif{cant cadics are implicutions that tolerance to Cd may be related to the Cu status of the ,''nimals. Low-level (3.5 ppm) ,xpoure of n wborn UNmbs to Cd resulted in highly significant declines in liver Cu anu(Mills, 1974). d,'nRecent studies with rats have examined the effect of diets providing a,. little as 1 ppm Cd when the ruintake m; marg;nal (2.8 ppm) and when Zn intake meets requirement or is higher (Campbell and Mills, cited by Mills,
19741; Exposure to 1 ppm Cd and 30 ppm Zn for 10 weeks promoted a 58% decline in ceruloplasmin activity, a reduction.of cortical boie thickness in tho femur, and a decline in liver and blood Cu content. These effects were exacerbated when the diet contained 5 or I,pom Cd and, pirticularly so, when Zn intake was also high (30G or 1000 ppm).The Cd/Cu relp.tonship s.iggests that in specific situations a high risk may arise, as, for example, in ruminant animalsalready exposed to high Intakes of Mo or in human infants maintained for long periods on diets based predominatelyupon dairy and cereal prodcts low in Cu.One aspect of the biologtal effects of Cd (and also Pb) may be linked to their effect on the biosynthesis of prophyrins, hemes, and cqitochromes, and on he mobilization and eelese of Fe (Petering, 1974). Jacobs etal. (1974) reportthat the Fe concentration of the duodenum was de&eased significantly in quail receiving 10 ppm Cd. Previous investigations at this laboratory showed inhibition of Fe absorption by Cd at much lower levels of Cd. 
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A revi v by Flick et al. (19.71) suggested that little is known about Cd metabolism and toxicity, especially about 

the rnechanism of intestinal absorption, transport, tissue depusition, interaction with other compounds, drugs and 
pesticides and its rmode of'causing toxic effects. Toxicology stuid!.* indicate that Cd preferentially deposits in kidney 
and liver tissue and it can cajse kidney, testicular and prostatic damage and lesions of the central nervous system. 
Also Cd may be a hypertensive, carcinogenic and teratogenic agent (Flick et al., 1971). Abundant, human and animal 

evidence indicates that long-term exposure to Cd (and Hg) will cause renal tubular dysfunction. Acutely poisoned 
experimental ruminants ha: appeared unihrifty with edematous and shrunken scrotum, sore enlarged joints, impaired 

vision, body dehydration, rough hair. alopecia, dry scaly skin, and increased sensitivity to infection (Miller, 1971). In 

monogatrics 'which vomit, nausea, diarrhea, vomiting, respiratory difficulty, and degrees of prostration are clinical 

signs of Cd intoxication (Flick etal., 1971). 

(1973) repori that iscorbir, acid, vitamin D, a Zn chelate, cysteine, glutahthione, Zn,In a review, Ammerman eta, 
Fe, and Se have demonstrated some protection against Cd toxicity. As with H, toxicity, Se compounds are highly 

effective in decreasing CA tox;city including full protection againq all known specific effects of Cd related to repr,_,u'u.

tion (Parizek at., Ie1974). Relief of Cd and Hg toxicity by Se administration, h-owever, increases concentration - rhe 

three elemen4 in,!iver and kidney tissues. 
Aluminum. Lit Ite information is available on the toxicity of Al for man ivc:stock. A.,.ninum is DQise,,, inhighly 

variable concentrarnns in Iood of plant origin and even lower concontrations in animal tissues. The 4.risbiiity from 

sample to sample for forages is.probably a result of ease of contamination from dust (Underwood, 1973). In a rnvicw, 

Underwood (1971) presents data noting concentrations of Al as high as 3000 to 4000 ppm for certain trees and ferns 

and 10 to 50 ppm Al In grasses and clover. These levels were high czmpared with the .5 io 5 ppm reported for a range 

of vegetables for human consumption. 
No data iscurrently available on the potentially toxic levels of Al for livestock. In humans, ten times the amounts 

likely to be ingested can be tolerated without harmfu! effects. Nevertheless, large intakes may ir.duce g3strointestinal 

irritation and produce rickets by interfering with Pabscrption (Deobald and Elvehlem, 1958). 
Under tropical conditions, grazing livestock are suspected to consume extremely large intakes of Al. Moomaw et al. 

(1959) report that certain plants are classified as Al accumulators as evidenced by 13 of 23 H,'iiafi species that con

tained move than 1000 ppm Al in the vegetative portions. From Guyana, high Al contents (over 1000 ppm) were ob

tained in forage samples from .'Jbme pasture areas (Holder, 1972).Grazing livestock ingested large Al concentrations from 
direct soil consumption, due to soils in the humid tropics containing characteristically high percentages of Al. inder 

New Z!Laland copditions, annual ingestion of soil can reach 75 kg for sheep and 600 kg for dairy animals. (Healy, 
over toe winter mo'Iths,1974). Measurementfs in southwb'st England indicate! that soil ingestion b i grazing cattle, 

varied from 140 to 1400 g/day (Thornton, 1974). 
Plant species differ markedly in tolerance to excess soluble or exchangeable Al, a primary growth-limiting factor in 

many acid soils. Phosphorus deficiency is often , prominent sign of Al toxicity (Fox and Brown, 1964). The detoxifi

cation of Al by the addition of P, lime, or a syntbetic chelating.agent is closely associated with an increase in the P 

concentration of plants. (Rees and Sidrak, 1961). Aluminum binds P on root surfaces and cell walls and in the free 

of plant roots, making P less available for metabolic activities within the cells (Clarkson, 1966). In addition,space 
Clarkson (1966) also concludes-that some Al apparently penetrates plant cells and interferes with cell division, respira

tion, DNA synthesis and sugar phosphorylation. Latin Ameican soils are characteristically acid with high percentages 

of exchangeable Al which complexes with P making it unavaileble to plants (Woodruff and Kamprath, 1965). The 
iie Llanos of Colombia and Venezuela are examples. Aluminum is the predominantCampo Carrado of Brazil and 

ce3.*tion in a.-id mineral soils with a pH of 5 or lower while above pH 5.6, most soils have relatively small amounts of 

exchangeable Al., 
In.prazig catti, the most prevalent mineral deficiency throughout Latin America is P (McDowell, 1976). Phosphor

us 4d 'ency is more of a problem in tropical vs. temperature regions because soils contain less Pand acid soils contain 

hig. 4rncentrations of Al and Fe which form insoluble phosphate complexes. 
1..Jcn research r;aeds to be undertaken with livestock to examine the effects of high Al intakes, which occur in 

in ruminants is currently being u, ertalken at thetropical regions, on livestock performance. This line of research 
University of Florida. 

Disculo 
Progress inidicovering new essential trace elements has been closely linked to improved pro-c0durs for both purifi

cation ,f diets and for redUcing environmental contamination. The exact number of required trve elements isnot yet 

1059, six neW elements (Cr, Sn, V, F, S, and Nil have been shown to be essential, wmth,5 of these discovknown. Srinc 
ered sincs 1970. Only limited data are available on : practical nutritional importance of these nkwer essential trace 

elements. i r ¥Si ofe limitil;dnumbet of feedesin relation to the estimated requirements suggests that under some 
feein c ndito&W dilancies rof'Cr, 'Sn, V, and Ni might occur. It does, however, seem highly jimprobasle that grazing 

animaliwould .conshe'i deauIlit supplies of Si. Nevertheless, the chemical forms of the trace elements can greatly 

determine their ability t0meet animal requirements. To' illustrate, total Cr in any material may give little information 

about its biological value. 
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Modern agricultural and industrial practices and the increasing motorization and urbanization of specific regions has 
increased the possibility if deleterious effects from Cd, Hg, P.. and As. These toxic elements.are frequently encoun
tered in products such as insecticides, fungicides, batteries, paints, gasoline additives, phosphate fertilizers, etc. Toxic
minerals are widely distributed in'air, feed, water, and soil. Cattle may ingest up to 10 times the amountof Pb and As In 
the form of soil to that of herbage. In mining and smelting regions, agricultural soils may contain up to 2500 ppm As 
and 1700 ppm Pb (Thornton, 1974). C'ven mineral ores which are used in prepering minerat supplemunts cmaprovide
considerable and highly variable quantities of toxic elements (Table 4).

Toxic concentratiuns of As, Pb, Hg, and Cd are known to affect the metabolism of required elements., Mercury and
Cd are particularly antagonistic to Ca, Cu, Zn, and Fe. Selenium isknown to greatly modify the toxic properties of 
Hg and Cd. Recently, there have been a large number of world reports of Cu and Se deficiencies. In addition to the 
accepted reasons, could an additiohal explanation be found !n environmental contamination of heavy metals Including
Cd and Hg, which increases the requirements for Se and Cu? In areas of geothermal activity (i.e. volcanic regions of 
Central America), natural effluxes of Hg and possibly other volatile heavy metals may provide environmental levels 
which exceed those of technology, In Hawaii, which exhibits high volcanic activity, fish were shown to accumulate 
CH3Hg* from such sources of Hg vapor (Siegal and Siegel, 1975).

Although much less toxic on amolar basis, Al likely has a greater influence on adequate mineral nutrition for tropical
regions than As, Pb, Hg, or Cd. In tropical countries, Pdeficiency is the most severe mineral limitation to grazing cattle. 
Over 35 tropical countries have reported P deficiencies (McDowell, 1976). Aluminum complexes with Pmaking it un
available for plants, thereby increasing the incidence and severity of P deficiencies in grazing cattle. 
Summary 

Chromium functions as a glucose tolerance factor and is associated with insulin. Tin is widespread in feeds and
tissues and is necessary for growth of rats at a level of 1.5 to 2 ppm. Both Sn salts and organotin compounds are effec
tive in preventing deficiencies. Compared with Sn, V is required in much smaller amounts and probably functions as 
an oxidation-reduction catalyst. Nickel is required at approximately .03 to 3 ppm, with a deficiency resulting in sub
optimal liver function as evidenced by an ultrastructural dege 'eration, reduced oxidative ability, increased lipid, and a 
decreased phospholipid fraction. Silicon is a building block of connective tissues, serving as a cross.linking agent. Bone 
deformities develop as a result of Si deficiency. Whether a deficiency of Cr, Sn, V, Ni, and Si would ever be apractical
problem for ruminants remains to be seen. 

Industrial and technological development has increased the potential problem of toxicity from As, Pb, Hg, and Cd. 
Toxic minerals are often found in products such as insecticides, fungicides, etc. Contamination of soils and pastures
with toxic minerals may occur in the vicinity of smelters and other industrial operations. Mercury and Cd are detri
mental to the utilization of Cu, Zn, and Fe, with this toxicity modified by administration of Se. In tropical regions,
high soil Al concentrat'ons complex with P,thereby accentuating P deficiencies in grazing cattle. 
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BIOLOGICAL AVAILABILITY OF MACRO.ELEMENTS1 

by 
D. J.Thompson


international Minerals and Chemical Corporation
 
Libertyville, Illinois 

In' the study of mineral metabolism, it isgenerally recognized that the total content of a mineral element in a particular compound or in a complete ration has little significance unless it isqualified by a factor indicating the biologicalavailability of the element to animals. In other words, chemical analysis shows how much of agiven mineral nutrient ispresent, but it does not indicate to what degree, if any, the nutrient isutilized when it isconsumed by animals. No element isever completely absorbed and utilized; some of it is always lost in the normal digestive and metabolic processes.Before a required nutrient can be of nutritional value, it must be in a form that can be digested, absorbed, and transported to the part of the body where it Isutilized for its essential function.
In the literature there appears to be some confusion as to what constitutes "utilization" and "availab;lity" of themajor ions and how they should be expressed and applied in nutrition. As a result of biological availability studies ofthe major mineral ions over the years, a number of terms have been developed to define certain specific observations.These include percent utili7ation, percent apparent digestibility, percent true digestibility, percent absorption, percentnet retention, oercent apparent availability, percent true availability, biological availability; and others. It should bepointed out that obviously these terms do not necessarily mean the same thing and should not be used interchangeably.

They should be considered only in the context suggested by the researcher.
In this particular presentation, the term biological availability will be used as a measure of the ability of the elementor ion under consideration to support some physiological process. And, in this regard, where it has been possible to doso, biological availability data are reported in relative numerical terms in comparison with a previously selected reference standard. In most research, where nutritional requirements for the major mineral ions have been studied experimentally, relatively pure chemical salts, recognized for their nutritional value have been used, and subsequently these

salts have become useful to others as reference standards.
Because of the large volume of research reported in the literature, Information presented here will be confined primarily to the inorganic sources of mineral ions most commonly encuontered in practical feed formulation, and exceptin certain cases the contribution of these elements from natural sources will be disregarded. 

Phosphorus
There is a tremendous volume of literature on phosphorus nutrition and a large part of it pertains to the availabilityof phosphorus from various sources to animals. Much of this literature on availability dealswith factors that influencethe utilization of phosphorus in various ways. Another major portion relates to experimental techniques that have beendeveloped to define more accurately the comparative or relative biologica availability of phosphorus from varioussources. Some of the factors that Influence the utilization of phosphorus for the various species of animals-are the typeof ration fed, chemical form of the element, the calcium-phosphorus ratio, age of animal, sex, fat and energy levels,plane of nutrition, environment, hormones, disease and parasites, protein and trace element levels, interactions with otherminerals and nutrients, chelating agents, the physical nature of phosphorus sources and other feedstuffs in the diet(especially particle size), feed processing and numerous others. Many of these factors have been investigated in detailand some of them have been found to Influence the availability of phosphorus of one source to a greater degree thananother, but in general the relative order of effectiveness of the various sources remains approximately the same under 

similar sets of circumstances. 
Original paper published in Journal of Animal Science, Vol. No. 35, No. 3, Septembor 172, pages 695-712. 
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Sheep. For sheep, the value of phosphorus of plant origin has been questioned for many years. Shortly after radio

active phosphorus became available for nutritional studies, Lofgreen and Klelber (1954), using an isotope technique, 

found that 94% of the phosphorus in an alfalfa hay was utilized by sheep, indicating quite high biological availability 

from this source. It is realized now that this finding should have been expected, inasmuch as the leavas from good 

quality alfalfa contain little, if any, phytate phosphorus. Phytate phosphorus, as it occurs in plants,qgeneralVy is regard

ed as being substantially less biologically available than most inorganic phosphorus. 
16 Investigations with inorganiophosphate sources, Ammerman and associates (1957) found differences in Uiclugical 

availability using a balance technique, From their experiments it was concluded that the relative rank of the prosphate 

sources for their biological availkiflty was dicalcium phosphate, Curacao Island phosphate, soft phosphate, and a 

defluorinated phosphate. Endogeno'js phosphorus excretion, however, was not completely accounted for in this work. 

In later studie', Lo:green (1960) utilized a radioisotope dilution technique in which endogenous phosphate interference 
of several inorganic phosphate supplements and calciumwas eliminated in order to determine the tru dcgtit!!.ht 

phytate. The availability data from these studies are presented in table 1.By assigning dicalcium phosphate the value of 

100. the biological availabilities of othk'r phosphate sources on a reiative basis were bone meal, 92%; soft phosphate, 
28% and calcium phytate, 66%. The values determintjd on the inorganic phosphates using ruminant animals are in quite 
close agreement with values determined using monogasxric animals. 

Table 1
 
PHOSPHORUS ABSORPTION BY WETHERSa
 

Phosphorus 
intake fro&: 

Phosphorus 
absorbed from True Biological 

Supplement supplement supplement digestibility value 

Dicalcium phosphate 
Bone meal 

g/day 
3.43 
3.86 

g/day 
1.71 
1.76 

% 
50 

6 

% 
100 
92 

Soft phosphate 
Calcium phytate 

3.76 
3.91 

0.52 
1.29 

14 
33 

28 
66 

aLofgreen (1960). 

In a more recent study, Chicco et al. (1965) determined the relative biological availability of three different crystal
line forms of calcium and sodium phosphates, utilizing both in vivo and in vitro techniques. The biological availability 
valies from these studies are shown in table 2. On a relative basis, calcium metaphosphate was only 70% as available 
as the normal calcium orthophosphate salt, and the calcium pyrophosphate was very poorly available, having a 54% 
value in the In vivo trial. 

The In vitro cellulose digestion data follow the same order of availability as found in the in vivo trial, but with values 
of somewhat different magnitude. The sodium formsof the salts were utilized well in both the in vivo and in vitro trials. 
The findings of these experiments are particularly significant in that they indicate the detrimental impact that improper 
manufacturing processes and higher temperatures can have on the biological availability of calcium phosphates. 

Beef Cattle. As with other ruminants,"the supplements commonly evaluated in phosphorus availability studies with 
beef cattle have been reagent and feed grade dicalcium phosphates, bone meal, phosphoric acid, defluorinated phos
phates and soft phosphate. In most studies with this species, dicalcium phosphate has been found significantly more 
available than soft phosphate. Relative availabilities between other inorganic phosphates, however, are less definite and 
in some experiments, statistically significant differences between many of the commonly used feed phosphates were 
not found. However, as shown in table 3, researchers from several stations (O'Donovan (I a/., 1965; Arrington et al., 
1963; Ammerman et al., 1965; Long at #/., 1956) utilizing different assay techniques report the order of biological 
availability rsnk for mineral supplements fed to beef cattle to be dicalclum phosphate, followed by defluorinated 
phosphate and botie meal, with soft phosphate having the least availability. Phosphoric acid has been reported to be 
esentially equal In availability to bone meal and to dicalcium phosphate. Johnson and McClure (1967) found ammo
nium polyphosphate solutions to be essentially equal to dicalcium phosphate in , jr feeding trials. 
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Table 2UTILIZATiON OF INORGANIC PHOSPHATES BY SHEEP a 

Relative availability 
InvvoPhosphate salt In vitroabsorption cllulose digestion 

Calcium Ortho-Ca(H 2P0 4)2.H 20 ° 100Calcium Meta-Ca(PO 3 )2 70 
100
 

Calcium Pyro-Ca2P2 07 78
 
54

Sodium Ortho-NaH2PO4 H20 
0 

_ 
 107Sodium Meta-NaPO3 97
Sodium Pyro-Na2H2P2 0 7 

98 
82 100 

aChicco era/. (1965). 

Table 3BIOLOGICAL AVAILABILITY OF VARIOUS PHOSPHATE SOURCES
 
OF BEEF CATTLE
 

Source 
 Longa Arringtonb Ammermanc ODonovand 

Dicalcium phosphate 100 100 100 100Defluorinated phosphate - 71 95 93Soft phosphate 17 68 88 

8G rowth response, Long et al. (1956),bNet retention-isotope technique, Arrington Gt al. (1963).

CTrue absorption-depletion-repletion, Ammerman etal. (1965).

dTrue digestibility-balanze trial, O'Donovan etal. (1965).


Numerous studies have been conducted using microbiological techniques based ondepleted the concept that phosphaterumen bacteria will rapidly digest cellulose only when supplied with adequate amounts of available phosphorus. There seems to be reasonable agreement between the microbiological in vitro results and in viva animal experimentation results in studies to determine the biological availability of phosphate compounds, although there are exceptions,especially when evaluating relatively insoluble compounds (Anderson, Cheng and Burroughs, 1956; Ammerman etal.,1965; Raun, Cheng and Burroughs, 1956; Chicco etal., 1964). Even though good information on phosphate availabilityIs found from microbiological techniques, caution should be used in extrapolating artificial rumen results directly to the
animal.Dairy Cattle. A large volume of research has been reported on the need for and the utilization of phosphorus in dairyanimals, but very little work has been reported on the comparative biological value of the various sources. Utilizing aration ir, which approximately 53% of the phosphorus was from phytate. Mathur (1951), on the basis of phytate content of feces of mature cows, found the biological value of phosphorus from this source to be on the order of 50%.Using dairy calves, Wise, Wentworth and Smith (1961) evaluated inorganic phosphate sources for their comparativevalue. Criteria studied in these experiments were body growth, bone growth, bone ash, blood serum phosphorus, andblood phosphatase levels. Of all the criteria evaluated in these studies, blood serum phosphorus was the most sensitiveand most reliable biological availability measure. Although .thedata do not readily lend themselves to arelative biological availability calculation, the relative order of response in the two experiments was dicalcium phosphate, defluorinated phosphate, low fluorine rock phosphate and soft phosphate. These ddta are shown in table 4. 

Table 4EFFECT OF PHOSPHATE SOURCE ON TERMINAL
SERUM PHOSPHORUS LEVELSa
 

Terminal serum P 
Supplement Experiment Experiment

I II 

mg% ing%Basal 2.83 4.69Dicalclum phosphate 5.26 6.87
Defluorinated phosphate 4.13 6.44Low F rock phosphate 4.12 6.8Soft phosphate 3.07 5.87 

Wiseeetal.(1961) 
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In later studies using improvement in plasma phosphorus levels as a measurement of biological -availability, Arrington 
eta. (1962) essentially confirmed the findings of Wise and associates (1961). 

Calcium 
The value of a feedvuff as a source of calcium depends not only upon Its calcium content, but also on the amount 

that the animal can extract and retain for its own use. Results of numerous experiments have been reported describing 
the many factors that have an influenci on the absorption and retention of calcium. Some of the major factors reported 
are age, vitamin D level, hormone' blood level and balance, amount of calcium fed, composition of diet, calcium status 
of animal, and the form of calcium fed. 

In spite of the volume of, research corklucted on calcium nutrition over the years, relatively little information has 
been developed on the comparative biclogical availability of calcium from different feed sources for animals.Turner' Hardin and Hartman (1927), Lindsey and Archibald (1925) and Hayden, Monroe and Crawford (1930) 
found dicalcium phosphate to be as good asource of calcium as that from natural sources for cattle. Using body weight 
gains in the same speciei, Lantow (1933) found little difference between rations containing monocalcium phosphate, 
bone meal, dicalcium phosphate or calcium from natural sources. Radioisotope procedures, however, allowed Hansard, 
Crowder and Lyke (1957) to more accurately measure endogenous calcium excretion in cattle and thereby calculate the 
true absorption. Using these techniques, 109 individual balance trials were conducted on young and mature cattle, 
pair fed a basal ration to which calcium was supplied from 15 different organic and inorganic sources. Their compara
tive biological availability results are presented in table 5.True digestibility of calcium was greater in young cattle than 
in tnature steers. Calcium from imorganic sources appeared to be utilized more efficiently than that from alfalfa, les
pedeza or orchard grass hays. Differences in calcium availability were not considered large, but the sources tendedto 
classify themselves into three groups with bone meal, monucalcium and dicalcium phosphates having the highest avail
ability for calcium, and the hay sources the lowest in availability. The availability of calcium in ground limesto re, 
defluorinated phosphate and calcium carbonate was intermediate. In subsequent studies with feed-lot cattle, Bushman 
et a/.(1967) found no difference in a calcium availability between ground limestone or dicalcium phosphate as mea
sured by weight gain, feed consumption, bone ash, blood level or carcass data. However, the basal ration probably was 
completely adequate in calcium since no response was obtained from any calcium level fed. 

Magnesiun 
Magnesium has been recognized as an important dietary essential for man'.' years, and under a number of feeding 

situa'dons supplemental magnesium is required for optimum performance. Although needed by all species, the incidence 
of hypomagnesemia, or "grass tetany", especially in certain geographical regions, has stimulated special interest in the 
study of magnesium for ruminant animals. 

Table 5
 
BIOLOGICAL AVAILABILITY OF CALCIUM FROM VARIOUS SOURCES
 

FOR YOUNG AND MATURE STEERS8
 

True Biological
digestibility availability 

Calcium source Mature Young Mature Young 

Calcium carbonate, C.P. 40 51 100 100 

Bone meal (Imported) 55 68 138 133 
Calcium chloride, C.P. 53 60' 132 120 
Dicalcium phosphate, C.P. i50 64 125 126 
Monocalcium phosphate, C.P. 56 61 140 120 
Dicalcium phosphate (A) 49 58 122 114 
Dicalcium phosphate (B) 38 56 95 110 
Dicalcium phosphate (C) 56 60 140 120 
DiCa!ciumnphosphate (D) 51 60 127 120 
D1alcim phosphate (E) 55 68 138 114 
Defluorinated phosphate 40 55 100 108 
Ground limestone' 37 45 93 88 
Alfalfa hay 31 41 78 80 
Lumpedza hay 36 50 90 98 
Orchard gras hs 39 51 98 100 
aHamaerdot .L11957). 

130
 



As with other nutrierts, an understanding of the efficiency of utilization of magnesium from various sources is important to sound nutrition. Several dietary factors have been reported (Rook and Storry, 1962) to influence magnealumavailability in various ways. Some of these factors are: composition of diet; magnesium status of the animal; variousdietary ions such as calcium, phosphorus, soditim, potassium, manganese and citrate; phytic acid and chelates in naturalfeedstuffs; abrupt changes in feeding systems; age an4 genetic differences in animals; dietary fat and vitamin D levels;nitrogen level and season of the year for forages; and numerous other factors. Many of the factors studied appear tohave a negative effect on magnesium absorption, but others such as processing by cooking and grinding of grains andhays have been reported to increase magnesium absorption.Although most of the factors mentioned above, and others, have been reported to influence absorption and utilization of magnesium to one degree or another, it Isassumed that these factors exert their Influence to approximately thesame degree on magnesium from various sources, and therefore, will have little bearing on the relative or compprativeavailability of magnesium from the various sources.
A number of criteria have been used to measure magnesium availability. Much of the early information on availability used apparent absorption and blood. plasma levels as criteria. Other researchers have employed percent urinary excretions of magnesium Intake as an indication of availability. These techniques have been questioned for anumber ofreasons and it isprobable that more recent studies involving complete balance trial data have more meaning.Employing balance trials with mature wether sheep, Stillings and associates (1964) found average values for apparentavailability of magnesium from low nitrogen-containing grass forages to range from 18 to 24%, while those from highnitrogen-containing forage ranged from 11 to 16%. Field (1967) found the mean true availability of magnesium inmixed forages to range from 16 to 26% in grazing sheep trials. Again, using balance trials, Lomba etal. (1968) reportedthe mean apparentdigestibility of magnesium in rations consisting variously of hay, straw and concentrates to be 23.1%for dry cows and 27.8% for lactating dairy cows. Other experimentsreviewed by Rookand Storry (1962) indicate theavailability of megnesium in hay samples to vary from 23.3 to 26.3%.Magnesium availability in concentrate feeds has generally been somewhat higher ranging up to 40% (Rook andStorry, 1962). Blaxter and McGill (1956) estimated -the averap availability of magnesium in a complete ruminantration without mineral supplementation to be about 33%. The availability of magneium reported in hays, forages, andconcentrates for ruminant animals is summarized in table 6i 

Table 6
AVAILABILITY OF MAGNESIUM IN HAYS, FORAGES AND

CONCENTRATES FOR RUMINANTS 
Researcher Species Feedstuff,. Availability 
Stillingsetal. (1964) Sheep Low N hay 18-24 

Field (1967) 
Lomba etal. (1968) 

Sheep 

Dry cows 

High N hay 
Mixed pasture 

Mixed hays 

11-16 
16-26 

23.1 

Rook et al. (1962) 

Rook etal. (1962) 
Blaxter and McGill (1956) 

Lactating cows 
Cows 

Cows 

Mixed hays 
Hays 

Grain 

Concentrates 

27.8 
23.3-26.3 

37.5 

33 

Values of ahigher order have been reported for milk-fed calves the first few weeks of life (Smith, 1958). Subsequently, however, there usually is a marked decline in ability to absorb magnesium as age increases, so that older milk-fedcalves will show vrlues of only 30 to 50% of dietary intake (Blaxter and Rook, 1954).Considerable v iriability has been observed in results from experiments conducted to determine the relative availability of magnesium from various salts. Huffman et al. (1941) without showing a(.4tual data, reported essentially equalaailability from magnesium oxide, carbonate, chloride and phosphate salts. The efficiency of utilization of magnesiumcitrate, silicate, sulfate salts and of metallic magnesium, however, was markedly reduced for calves on whole milkrations. Blood plasma magnesium was used as the criterion of response in these studies. Storry and Rook (1963) compared the availaoility of a number of magnesium salts for dairy cows. In this case, the urinary loss of magnesium expressed as a percentage of magnesium in the supplement was given as the measure of availability. Their values rangedfrom 14.5% to 49.2%. Using magnesium oxide as the reference standard, the supplements had values of 54% for magne,slum trisilicate on the low side up to 158% for magnesium citrate. In these studies blood magnesium levels were notfound to be a suitable measure of availability, With beef steers on a magnesium low basal ration, Gerkin and Fontenot(1967) determined the availability of magnesium In dolomitic limestono to be 28% of that In magnesium oxide. Magnesium absorption based on excretion data was used as a measure of availability. 

131
 



A recent report by Ammerman and .ssociates (1972) compared the availability of several magnesium salts for sheep. 
Values were expressed as true net retetion as determined in balance trials. Availability values ranged from 13.6% to 

44.1% for the compounds tested. When reagent grade magnesium oxide was assigned a value of 100, the relative value 
of magnesium sulfate was 113% and that of reagent grade magnesium carbonate 86%. A sample of magnesite ore, a 
crude magneslum carbonate, was found to have too low an availability to calculate. In an extension of this work, feed 
consumption by magnesium deficient sheep was found to be useful as a measure of biological availability. Again, with 
reagent grade magnesium oxide employed s the standard, the relative availability for feed grade magnesium oxide was 
85%, magnesium sulfate 65% and the carbonate 113%. In these studies the administration of the sulfate salt in a single 
daily dose may have been responsible for the progressive loss of appetite in the sulfate fed sheep. Data from the various 
relative biological availability comparison trials are presented in table 7. 

'The literature can be summarized by indicating that the availability of magnesium in forages ranges from 10 to 25% 
with a mean of approximately 20%. Grains and concentrates range from 30to 40%. The experimental data on relative 
availability of magnesium from the various mineral supplements vary considerably and more research is needed to 
define more accurately their relative efficiencies. 

Sulfur 
Sulfur metabolism in animals has been studied extensively, with an excellent accumulation of information and 

references reported in a recent Svmposium: Sulfur in Nutrition (Muth and Oldfie!d. 1970). 
The ability of both ruminant and nonruminant animals to utilize sulfur-containing amino acids and inorganic 

sulfur compounds to various degrees has been recognized for many years. In the studies eported, methionine, elemen

tal sulfur, and sodium sulfate have been the principle compounds used, although many other forms have been investi
gated. Very little information exists, however, on the comparative biological availability of the various forms of sulfur 
for animals. 

Table 7 

RELATIVE AVAILABILITIES OF MAGNESIUM IN VARIOUS SALTS 

Huffmana Storryb Ammermanc Ammermanc Gerkind
Researcher: 
Animal: Caf Cow Sheep Sheep Steer 
Criterion: Plasma Urine loss Balance Feed Absorp-

Conc. %of supp. trial cons. tion 

Oxide-R.G. 100 100 100 100 100 
Oxide-F.G. - - - 85 
Sulfate < 58 113 65 
Carbonate 100 - 86 '13 

X -Magnesite 
r'olomite . 28 

-Chloride 100 90 
Citrate 148 
Acetate 107 
Nitrate 97 
Lactate 98 
Silicate < . 

Trisilicate - 66 
Phosphate 100 
Mg-Metal < 

aHufffman er ./. (1941).
 
bStorry and Rook (1963).

CAmmnerman era. (1972).
 

dGarkln and Fontenot (1967). 

Many of the studies have demonstrated that ruminants and nonruminant animals utilize sulfur from the various 

sources differently. Moreover, there Isconsiderable evidence that sulfur from different sources may be utilized differ

ently within the some species. For example, much of the sulfate fed to ruminants is rapidly converted to sulfide and 

absorbed through the rumen wall (Anderson, 1956; Bray, 1969a). Very little-sulfate is absorbed in the rumen (Bray, 
19691) and also it apparently is poorly absorbed in the intestinal tract of ruminants (Br.,.1969a). In ruminants the 

intervention of rumen microorganisms can convert inorganic sulfur compounds and sulfurcontaining amino acids to 

microorganismal amino acids which can be utilized by the host animal (Muth and Oldfield, 1970). Radioisotope stud
ies (Pereira, Harper and Gould, 1966).indicate that labeled sulfur from supplemental methionine and sodium and 
barium sulfides ppear principally in the protein fractions of milk but that sodium sulfate sulfur shows up mainly in 
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the non-protein fraction. In tissue sulfur distribution studies with lambs, more radiosulfur from methionine appearedIn the lung and pancreas than from element sulfur or sodium sulfate and more of the sulfur in nose cartilage came fromsodium sulfate than from the other compounds invcAigated (Johnson, Goodrich and Meiske, 1971) indicating thatsulfur from sodium sulfate may have entered a difs',.rent body pool from that of methionine and elemental sulfur.These observations showing that animals can utilize sulfur from various source,; differently complicate a discussion on
the comparative biological avail.bility of sulfur ccmpounds.

In studies with sheep, Ewan (1957), evaluated calcium sulfate and found it to be an available source of sulfur forlambs. Wheni high levels of sulfur were fed to lambs (Johnson, Meiske and Goodrich, 1968) it was observed that 0.5%sulfur from sodium sulate did not reduce gains to as great an extent as an equal amount of sulfur from calcium sulfate, indicating differences in utilization between the sources. Feeding a semi-purified diet to lambs and using weightgain as the criterion of response, Sparks et al. (1954) found 0.4% elemental sulfur, 1.10% sodium sulfate sources. On asulfur basis, and assigning methionine a value of 100, the relative availabilities of the sulfur in sodium sulfate and elemental sulfur were 35.2% and 26.6%, respectively. In a similar biological availability trial based on weight gain inlambs, Albert et al. (1956) compared the effectiveness of sulfur from methionine, sodium sulfate and elemental sulfur.Five dietary levels of each compound were tested. Optimum daily gains were produced by 0.138% S from methionine,0.29% from sodium sulfate and 0.47% S from elemental sulfur. Assignlig a value of 100 to methionine gives relative
biological availabilities of 47.7% and 29.4% for sodium sul..te sulfur, and elemental sulfur respectively. More recently,Johnson et al. (1971) utilizing a rad.oisotope techniqu .1irated the true digestibility and retention of the sulfur
from elemental sulfur, sodium sulfate and L-methionine and determined the percentage of sulfur from each sourcethat was available for incorporation into wool, muscle tissue, and several other tissues and organs. Results showed atrue retcntior, of 70.0%S from L-methionine, 56.0% S from sodium sulfate and 26.8% S from elemental sulfur. On arelative basis, the availabilities were 100 for methionine, 80.0% for sodium sulfate and 38.3% for elemental sulfur. Theresults from the three lamb trial' are summarized in table 8. On the basis of theso experiments, the biological value ofthe sulfur in sodium sulfate is 54% and that of elemental sulfur 31% as compared .0th methionine arbitrarily set at 100.In vitro digestion trias. using purified cellulose ad corn-fodder diets indicated sulfur from sodium sulfate to beapproximately equal to the natural sulfur (presumably from S-amino acids) in corn-fodder in promoting cellulose diges
tion (Barton and Bull, 1971). 

Sodium 
Very little information has been reported on the biological availability of sodium. Sodium salts are readily absorbedthroughout the gastrointestinal tract, and generally the sodium from various sources has been considered fully available.However, recent research suggests that the chemical form in which sodium exists may influence its biological usefulness. 

. ;Table 8

BIOLOGICAL AVAILABILITY OF SUJLFUR FROM VARIOUS SOURCES
 

Sodium Elem.Researcher Criterion Methionine Sulfate S 

Sparks etal. (1954) Weight gain 100 35.2 26.6
Albert eral. (1956) Weight gain 
 100 47.7 29.4
Johnson etal. (1971) True retention 3Ss 
 100 80.0 38.3 
Average 100 54 31 

Certain calcium phosphate feed supplements contain some sodium as a result of the manufacturing process. Nott andCombs (1969) compared the relative availability of the sodium in a defluorinated phosphate with that r.- odiumchloride. Using wefg~ht gain arid feed consumption as the criteria of b.ological response, it was found that the sodium inthe defluorinated phosphate sample investigated was 83% as available as the sodium from sodium chloride. The sodiumin most defluorinat-d phosphates Is present predominately as a calcium sodium phosi:hate complex (approximately
Ca6 Na3(P04) 5 L 
Potassium 

As with sodium, little work has been reported on the comparative biological availability of potassium from differentsources. Large differences ire availability probably should not be expected in view of the solubility and rapidity of ab
sorption of the usual forms of potassium found in an animal's diet. 

Roberts and St. Omer (1965) conducted a series of experiments involving yearling steers for the purpose of determining the potassium requirement for this species. Sources of potassium varied between experiments, and no dire,comparisons were made, but the fact that essentially the same level of potassium from either KC or K2CO3 was required for optimum weight gain and feed consumption may be an indication that these two Durces are approximately
equal in availability for yearling steers. 
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fed 1, 2 and 3% KHCO 3 and equivalent amounts of potassium from KCI to growing lambs 
,Shelton and Ellis (1965) 

on an all concentrate ration based largely on sorghum grains. Both forms of potassium appeared to be equal in promat

ing growth, but only the KCI was foundto be helpful in preventing urinary blockage from calculi. 
2 'H20 are approx-Solid evidence islacking, but it would appear that KCI, K2C03, KHCO 3, K2 HPO 4 and K3C6 HS0 

imately equal as sources of potassium for the various animal species studied and that the potassium from grass and 

legume hays also appears to be efficiently utilized. 

Summary 

The major metal ions required in animal nutrition are those of phosphorus, calcium, magnesium, sulfur, sodium and 
potassium. Some level of these elements occurs naturally in various forms in most feedstuffs. In addition, they also are 

added as supplements to feeds to balance dietary requirements. The supplements are chiefly chemical compounds of 

varying purity and composition, processed natural ores and by-products from various industrial process's. The forms in 

which these elements are present in feeds may vary widely in biological availability and thereby greatly influence their 

nutritional Worth. The term biological availability isused as a measure of the ability of the element form under consid

eration to support some physiological process in relative numerical terms in comparison to a reference standard. 

Phosphorus 
Numerous factors influence the utilization of phosphorus, but in general the relative order of biological effectiveness 

of the variou . sources of phosphates, regardless of technique employed, remains approximately the same under similar 

sets of circumstances. Although cert:ain species of animals respond differently to certain of the phosphate sources, a 

review of comparative utilization studies of sources for various species indicates the following general order of rank: 
sodium phosphate, phosphoric acid and monocalcium phosphate oro approximatelyThe soluble phosphates such as 

equal having the highest biological availability, followed closely by dicalcium phosphate. These are followed y defluor

inated phosphate and steamed bone meal, then low fluorine rLck phosphate and finally soft phosphate. Phytate phos

phorus is intermcdiate in biological availability for ruminant animals and adult poultry, but isvery low in biological 

availability for young poultry and swine. 

Calcium 
Ruminant animals appear to he more sensitive to differences in calcium sources than poultry or swine. For the 

ruminant bone meal, monocaicium phosphate and dicalcium have the highest biological availability with hay sources 

of calcium the lowest. The availablity of calcium in limestone, defluorinated phosphate arid calcium carbonate is 

intermediate. 

Magnesium 
Most biological availability studies on magnesium have been conducted with ruminant animals. The availability of 

,,magnesium in forages rang'is from 10% to 25% and that in grains and conce:ntrates from 30% to 40%. Reagent grade 

and feed grade magnesium oxide, magnesium sulfate and magnesium carbonate appear to be well utilized by the rumi

nant animal whereas the magnesium in dolomite is poorly utilized. 

Sulfur 
Methionine, sodium sulfate, potassium sulfate, calcium sulfate, and elemental sulfur are the usual sources of sulfur 

investijated for ruminant and nonruminar,: animals. For ruminants, on a relative basis, the biological availability of 
sulfur in sodium sulfate is54% and for elemental sulfur is31% as compared with 100% for methionine sulfur. 

Sodium
 
Most sodium salts are highly biologically available to animals.
 

Potassium 
Little work is reported on the comparative biological availability of potassium compounds. Potassium in the form of 

chloride, sulfate, phosphate, carbonate, acetate and that present in naturel feedstuffs iswell utilized. 
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The mineral ions to be considered inthis review are iodine, iron, copper, cobalt, zinc, manganese and selenium. Each 
of these elements may be required as adietary supplement for grazing ruminants in certain areas of the world (Under
wood, 1971). In general, the mixed grain diets fed to swine and poultry are less likely to be deficient in these elements. 
Other minor elements either suggested or considered to be essential for normal function of tissue include chromium, 
vanadium, tin, nickel, bromine, fluorine, and molybdenum (Mertz, 1970; Underwood, 1971). Thess elements, however, 
do notappear necessary as dietary supplements for domestic animals on the basis of present evidence. 

The relative biological availability of the desired element in acompound or supplement isone of the major consider
ations in the selection of a suitable source of the element. Sources of many of the supplemental minerals are natural 
c,-es or by-products of industry which usually contain many mineral elements. Some of these are potentially toxic and 
the. level of those which may be harmful must be considered. Other factors of importance in the sflection of asuitable 
source include handling and mixing properties, dependab!ity and uniformity of supply, and relative cost per unit of 
biologically available element. 

The research to be reviewed will relate almost entirely to tie Iiological availability of minerals in compounds and 
2 which have been used or have been proposed for use as dietary supplements. Numerous dietary factors includingores

9nd certain chelating agents influence the utilizationprotein source and level, interrelationships among the mineral ior,: 

of mineral ions. These factors have been considered by Scott et a!. (1969), Miller (1970) and Underwo6d (1971) and
 
will not be examined in the present review.
 

Iodine
 
.Many of the early positive responses from supplemental iodine were obtained with either sodium iodide (Nal) or
 

potassium iodide (KI) (McClendon, 1927). Research with calcium iodate was prompted by the observation that, unless
 
properly protected, potassium or sodiuim iodide lose iodine when mixed with other minerals or when subjected to ad
verse storage condition4 ir,'clvinq moisture, heat or sunlight. Hixson and Rosner (1957) fed day-old chicks to 6weeks
 
of age a goitrogenic diat .-ipplementtd with either ,otassium ic-ide or calcium iodate [Ca(10 3 )'.H 201 at an iodine
 

level of 0.594 ppm. Based on maintentance of normal thyroid weight and histological examination of the thyroid,
 
calcium iodate ani potassium iodide gave similar responses.
 

Supplemental ioiene isprovided frequently to livestock as iodized salt in the form of blocks which may be exposed 
to atmospheric conditions. Thus, to be effective, an iodine source used in salt blocks must be both physically and 
nutritionally L-,Oilable. Iodine can become physically unavailable by leaching or by migration of the iodine compounds 
from the suifaLc of bkcks as a result of absorbed atmospheric mroisture. Davidson and Watson (1948) showed that 

-potassium iodidi was unstable in salt blocks except indry, dark sEoFage and in further research, Davidson et al. (1951) 
found that dilododithymol and potassium iodate (KI0 3) were s5ble in salt blocks tested under practical feeding 
conditions. Siurnan and Townsend (1963) tested the physical stability cf ..o1!'ssium iodide, clacium iodate, and 3, 

exposed to high humidity,5-diiodosalin'lic acid (DIS) (C7 H4 12 03 ) when added to salt blocks. The sJT samples were 
simulated rainfall and tested under field conditions. Potassium iodildr ant calcium Wodne were lost rapidly from the 
surface layer of the salt while DIS remained in the surface layer. Potassiarm iodide hiv;ya; in kater or sodiums'0i 
chloride briiie while DIS and calcium iodate were r.latively insoluble. On the basis f 'we.c- fiodirn. it would seem 

Unt that would be ofdesirable to have an insoluble iodine source that would not be leached by exroure to m.! s tire 
high biological availability. Diiododithymol [C6H2.CH3 -I.C. H7) 21 is relatively insoluula inwater and brine and 
research by Baldwin et al. (1947) showed that its iodine was %,iiable to the rat. In addition to this compound, the 
availability of iodine from cuzprous iodide (Cu2 12), DIS, and potassium iodide was found eq:,ual for rats (Mittler and 
Bonham, 1954).

Diiodosalicylic acid, as a source of iodine for ruminants, was investigated by Aschbacher etal. (1963). Dairy ialves 
were dosed oral!y with '3 I as either D1 " ISor iodide (131 1*).As precent of oral dose, the urinary excretion of ectiv
ity from D'31ISwas approximately twice that (83.2 vs 46.1%) of the activity from the iodide (131 I1. When expressed 
in a similar manner, thyroid uptake of radioiodine averaged 5.5% for D131 ISard 26.8% for 131 1.Following 
further research (Miller et al., 1964) yielding similar results, the authors suggested that absorbed DIS iscleared rapidly 
from the animal's system by urinary excretion as DIS or as a corresponding salicyluric acid. Rats were shown to have 

,Based on apaper published originally In the Journal of Animal Science 35:681, 1972.
 
2Chemriel composition and purity vary among compounds and ores used to supply supplomental minerals. The identifiaetions or cheml
cal descriptions presented in the paper cited are givei. in this review.
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a greater ability than cattle to remove iodine from DIS (Aschbacher and Fell, 1968) explaining the effectiveness ofDIS shown with rats (Mittler and Benham, 1954). Radioiodine given orally as D"' IS to pregnant cows was not asavailable to either the maternal or fetal thyroid and did not cross the placenta as readily as radloiodine admilistered 
as iodide (Aschbacher etal., 1966).


Miller et al. (1968b) 
 and Moss and Miller (1970) showed that iodine from calcium iodate or pentacalcium ortho.periodate (PCOP) [Ca5 (I06)2 was as well utilized as that from sodium iodide in meeting the iodine needs of cattle.The nutritional and physical availability of.PCOP was investigated by Kuhajek and Andelfinger (1970). This compiundwas equal to either sodium iodide or calcium iodate [Ca(10 3)2] in maitaining normal thyroid weight when fed at adietary iodine level of 0.15 ppm to weanling eats. Salt blocks containing 0.008% iodine as PCOP showed essentiallyno loss of iodine insurface samples after a four-week exposure. Acute oral toxicity studies with rats revealed similar
LDso values for calcium iodate and PCOP.

Ethylenediamine dihydr iodke (CH 8N2 .2HI) has been used at relatively high ietary levels for veterinary puerposes including the preventlun and treatment of footrot and soft tissue lumpy i%': in iinishino cattle (Miller and Till
apaugh, 1966 . 

Injectabl6 forms of iodized oils including iodized pop;.y seed oil, have be, eff-"ctive source of iodine in the reduction of endemic goiter ir,human populations (Hennessy, 1964; Buttfield or ., e 65; Kevany t al., 1969). Sheep ineareas of borderline iodine deficiency in New Zealand (Myers and Ross, 1959, were injected with a similar material.The iodized oil injections were equal to oral potassium iodide as determined by histological examination of the thyroids. Injected iodized oil was effective also in reducing goiter and neonatal mortality in lambs born to ewes consumingplants with goitrogenic iictivity (Andrews and Sinclair, 1.962). 

Iron

Extensive research on the biological availability of various iron 
sources has been conducted in recent years. Thisresearch has been stimulated by renewed interest in the availability of iron compounds used in fortifying foods for human consumption. Fritz et al. (1970) and Underwood (1971) hav reviewed numerous publica,--ns concerning theavailability of iron sources and an extensive bibliography has been included in a paper by Pla and Fritz (1970). Onlythosa reports relating specifically to domesticaninas or to iron sources used for domestic animals will be reviewed in 

the present paper.
Elvehjem and Hart (1929) demonstrated that anemia in chickens fed a milk diet was corrected by feeding ferricchloride (FeCI 3 ) or ferrous sulfate (FeSO 4 -7H2 0) but not by feeding ferric oxide (Fe20 3). Based on hemoglobin andred blood cell regeneration in anemic rats, Nesbit and Elmslie (1960) found feerous carbonate to be relatively una%'ail,able when compared to ferrous culfate. In recent studies (Willingham and Hill, 1970), iron from several sources wasadded to a low-iron diet and fed to chicks. Based on body weight and hemoglobin levels at 21 days of age, reagont
grade and feed grade ferrous sulfate were well utilized as a source of iron while ferric )xide, either reagent or feed
grade, and feed grade ferrous carbonate were relatively unavailable. Using hemogiobin response in both the weanling rat
and day-old chick. Fritz et al. (1970) determined the relative biological availabiliW.of iron from various sources. Compounds classified as good sources of iron, %,,hencompared with the standard ferrous sulfate (FeSO 4 -7H20), included
ferric ammonium citrate, ferric chloride, ferric sulfate, ferrous ammonium sulfate and ferrous fumarate. Iron sources
yielding apoor response included ferric oxide, ferric orthophosphate, ferrous carbonate and sodium iron pyrophosphate.
Iron from ferric oxide was shown to be relatively unavailable to yourg pigs (Pickett etal., 1961). Irnhe same study,
USP ferrous sulfate (FeSO 4 -2H20) resulted in the highest gains and h(moglobin values, while the response to iron carbonate was intermediate between that for ferrous sulfate and that obtained for USP ferric oxide (Fe2O3 ). Ferric
ammonium citrate was equal 
 to ferrous sulfate for baby pigs based on hemoglobin values and weight gains (Harmonet A., 1967). Harmon et al. (1969) compared a feed grade ferrous carbonate, which had been separated magneticallyfrom a siderite ore, with USP grade ferrous sulfate as iron sources for young pigs Supplemental ferrous carbnate
which provided about 130 ppm iron failed to promote hemoglobin levels greater than those obtained with the basal diet.
Three feed grade ferrous carbonates, which were predominately siderite, were tested by Ammerman etal. (1974) with
pigs weaned at 14 to 21 days of age. The pigs were fed an iron depletion diet (30 ppm iron) for 14 days and then feddiets containing a total of 100 ppm iron for 42 days. The response to the ferrous carbonates varied as measured byhemoglobin levels with the most available carbonate yielding a response similar to that of reagent grade ferrous sulfate.

The effectiveriess of the carbouates was related to their solubility in 0.4% HCL.The effectivenes., of intramuscularly administered iron dextran in preventing anemia was demonstrated in baby pigs(Barber et al., 1955; Brownlie, 1955; Rydberg etal., 1959; UlIrey etal., 1960). Manor etal. (1959) found that 100 mgiron as iron dextran injected at 3 days and again at 10ldays of age produced body weights and hemoglobin levels at 24days equal to those of pigs whose dams' udders were sprayed with a ferrous sulfate solution. In this study, injected iron was more effective than orally administered iron as ferrous sulfate.Relatively little research has been done concerning the utilization of iron compounds by ruminants. Ammerman etal.(1967) used calves and sheep to determine the relative biological availability of radioiron administered orally in theform of freshly synthesized ferric oxide (Fe2O3 ), ferric chloride (FeCI 3), ferrous carbonate (FeCO 3 ) and ferroussulfate (FeSO4 .XH2 0). The sulfate, chloride and carbonate forms were not significantly different when compared on thebasis of tissue 5Fe deposition. Based on eithnr serum or tissue s9 Fe uptake, iron from ferric oxide was of very limited 
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availability. in studies by Perryet at. (1967), the injection of 500 mg of iron dextran incalves at wrtn was witnout 

effect on body weight or hemoglobin levels at weaning. In another phase of the same study, 500 mg iron in the same 

form was not beneficial to cattle under feed lot conditions. Further studies by Getty et al. (1968) confirmed the hemo

globin response to injectable iron dextran by youung calves and the earlier observations that no increase In weight gain 

occurred. 

Copper 
Studies with inorganic copper sources have been conducted both with ruminants and nonruminants. Based on hemo

globin regeneration in anemic rats. Sherman ot al. (1934) found that copper as cupric sulfate was readily utilized while 

that as cupric sulfide was relatively unavailable. In mcre recent studies, cupric sulfat, was absorbed more efficiently 
as the sulfate (CuS0 4 ) or pyrophosby pigr than cupric sulfide (Barber et aI., 1961; Bowland et al., 1961). Copper 

phate wes readily utilized for hemoglobin regeneration in anemic rats (Schultze at al.,1936). in studies with mature 

rats. Nesbit and Elmulie (1960) fed copper oxide, copper pyrophosphate, copper concentrate (74.1% Cu) and copper 

sulfate at dietary levels of 250 and 500 ppm copper. Using liver copper storage as the criterion, copper oxide, copper 

concentrate and copp.r pyrophosphate were approximately 25, 33 and 50% as available, respectively, as was copper 

sulfate. In research with chicks, cupric sulfate (CuS0 4 ) r6sulted in similar body weight gains but significantly higher 
sources were fed at a supplehemoglobin levels at 21 days of age than occurred with cupric oxide (CuO) when both 

mental level of 10 ppm copper (Willingham and t;iill, 1970). 
or cupric oxide was administered as a singleRadioactive copper in the form of cupric carbonate, cupric sulfate 

dose to pigs averaging 25 kg in body weight and consuming a diet containing I3 ppm copper (Buescher etal., 1961). 

Based on serum uptake ot 64 Cu and fecal and urinary availabilities of the three forms of copper for swine were simi
or CuC0 3 for 42 days (Bunch eral., 1961,

lar. Weanling pigs were fed 250 ppm supplemental copper as CuSO 4 , CuO 
218 and 32 ppm for CuSO 4 and CuO, re1965). Liver copper concentrations expressed on a dry weight baeis were 

spectively, in one study arld 89 ppm for CuCO 3 in a similar experiment. 

Several copper containing compounds have been tested as dietary supplements of this element'for ruminants. Lassiter 

and Bell (1960) reported greater blood uptake of radioactive 'opper in sheep when radioactive cupric chloride (CuCI 2 ) 

given orally than when cupric sulfate .(CuSO4 ) or cupric nitrate [Cu(N0 3 )2] were administered. Copper fromwas 
was less well absorbed and coppor in copper wire (metallic copper) was essetially unavailcupric oxide needles (CuO) 

orable. In another phase of the same study, cupric carbonate (CuCO 3 ) was better utilized than cupric oxide, (CuO) 

cuprous oxide (Cu20). In similar research in which radioactive compounds were administered to steers (Chapman and 

Bell, 1963), the copper from cupric nitrate, cupric sulfate, or cupric chloride was absorbed to a similar extent. Cupric 

,carbonate compr;'rd favorably with these compounds. Molie adiocopper was absorbed into the blood stream from 

.;,ixidethan from the same compound in needle form. The authors concluded, from both the physicalpowdered f 
chawa'eristics of the compound and the biological value of the copper, that cupric sulfate was the most suitable source 

of those tested for use as a dietar -copper supplement. It could be suggested that high bioavailability can also be signifi

cant to mineral toxicity should accidentally high dosages be given. 
Injoc.table forms of copper-containing compounds have been effective in preventing copper deficiency in ruminants. 

Allcroft and Uvarov (1959) published studies in which copper glycinate was injected subcutaneously in cattle. These 

studies indicated a fairly wide margin of safety with this method of copper administration and suggested that two or 

three injections yearly could maintain normal copper nutrition, even under grazing conditions of severe copper defi

cicncy. Similar positive responses incattle have been obtained with injectable copper glycinate in other countries includ

ing the United States (Dunkley at al., 1963; Donaldson, 1964; Cook et al., 1966; Clawson at a;., 1972), Australia 
or(Alexander e at, 1967) and New Zealand (Cunningham, 1059). Injectable coppr as copper glycinate, CuCa-EDTA, 

ewes (Hemingway at al.,copper niethionate was effective in maintaining nornjial blood and liver copper in pregnant 

1970). The injectable Cu-EDTA complexes have resulted in !ess localized reaction than occurred with copper glycinate 

but appear to have a greater toxicity potential than the glvcinate form (Ishmael otat, 1970). 

Cobalt, 
A critical evaluation of the relative biological availability of cobalt from various sources to ruminants has not been 

made. In earl, studies, the initial positive responses to supplemental cobalt were obtained with the natural ore, limonite 

cobalt carbonate ;elieved deficiency in sheep (Keener et 9.1, 1950) and(Underwood, 1971). Oral coba!t sulfate and 
at at, 1951), as cobalt chloride (Monroe t at.,radioactive cobalt administered orally as cobalt carbonate (Keener 

1952) or 9asobalt oxide (MIttier, 1954) was absorbed well by sheep. The carbonate, chloride, sulfate and nitrate 

forms of cobalt have been proposed as satisfactori dietary sources of the mineral (Smith and Loosli, 1957; Cunha ot at., 

1964; Becker at al, 1965; Jones and Anthony, 1970). Because of desirable physical characteristics, cobalt carbonate is 

frelentlW the cobalt source of choice in the feed industry. 

Dewey et W. (1968) described an orally administered heavy pellet made of cobalt oxide and clay vjhich remains in 

several months. Dairy cattle treated with cobal$ pellets increased in milk procuction (Skermanthe retlculorumen fo 
et ./., 1961), and ewes treated Wimilorlyduring pregnancy produced colostrum and milk higher in vitamin 6,1 than that 

produce 'byuntreated ewes (O'Halloran and Skerman, 1961). Improved performance, when pellets were administered 
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to beef cattle grazing cobalt-deficient areas, has been observed by Skerman et at. (1959) and Chapman and Kidder 
(1964). However, the pellets may be lost frequently through regurgitation or become ineffective because of the forma
tion oi a surface coating (Skerman et al., 1959; Owen et al., 1960). Connolly and Poole (1967) have designed a pellet 
,0ntaiing layers of cotton gauze bandage impregnated with cobattic oxide which does not coat over and thus remains 
effective for a longer period of time. 

Zinc 
Although supplemental zinc 1." used extensively in practical feeding situations with poultry, swine and ruminants, 

critical evaluation of the biological availability of different inorganic sources has been undertaken only with poultry. 
Edwards' (1959) used chick growth at 14 days of age as the cirterion for utilizatoi, of zinc from seven ores and five 
compournds. The results of the studies indicated that zinc in reagent grade zinc sulfate, zinc carbonate (ZnCC3) zinc 
metal (Zn), and zinc oxide (ZnO); in technical grade zinc oxide (ZnO); and in the minral ores, willemite [zn2SiO4 
(+Mn)], sWnithsonite (ZnCO 3), hemimorphite (2ZnO"SiO2 H2 O and zincite (ZnO) was relatively available to the grow
ing chick. The zinc in sterling black and brown crude ore was of lower availability and zinc in the ores sphalerite (ZnS) 
and frankIsnite [(Fe, Mn, Zn, FeO2 )2] was relatively unavailable.-

Since tWrkeys have a higher 2inc requirement than chickens (NRC, 1971), the poult mc-7 provide a more critical 
assay model than the chick fordetermining zinc availability. Sullivan (1961) added 20, 30 or 40 ppm zinc from various 
sources to a&.basal diet containing about 14 ppm zinc and fed day-old poults to 28 days of age. Based on growth, sur
vival, bone development and incidence of deficiency symptoms, the zinc ;n technical grade zinc carbonated and USP 
grade zinc sulfate (ZnSO 4 -7H20) was readily available to starting poults. Zinc in reagent grade zinc chioride (ZnCI) 
wasslightly less well utilized than that in zinc carbonate and zinc sulfate. Zinc oxide (ZnO) and zinc sulfate (ZnSO4-H 20), 
both technical grade, were relatively unavailable sources of dietary zinc for poults. Various zinc containing compounds have been effective for other species. In general, however, only one supple
mental zinc source was used in each study and critical tests of biological availability were not made. Forbes and Yohe 
(1960) fed ZnCO 3 in determining the zinc requirement of the rat. In studies with swine, ZnCO 3 and ZnO (Conrad and 
Beeson, 1957), USP ZnO (Smith et al., 1958), reagent grade ZnSO4 -7H20 (Hoekstra etal., 1967), and technical grade 
ZnSO 4 -H2 0 (Miller et al., 1968) have been fed. Zinc as ZnO (Miller eta;., 1963; Ott et al., 1965; Perry etal., 1968) 
or as ZnSO 4 (Mills etal., 1967; Underwood and Somers, 1969) has been effective in ruminanti, 

Manganese 
The need for cupplemental manganese in practical diets was first recognized with poultry (Wilgus et aj., 1936) and it 

appears that almost all of the biological, availability research with inorganic manganese sources has been conducted 
with poultry. 

Schaible et a. (1938) added various levels of manganese from different sources to a diet containing 11 ppm man
ganese which was fed to chicks from 1 day to 5 weeks of age. Based on reduction in incidence of perosis with 30 ppm 
supplemental dietary manganese, the sulfate (MnSO 4 -2H2 0), chloride (MnCl-,2H 2O), ,narbonate (MnCO 3), and dioxide 
(MnO 2 ) forms of manganese and potassium permanganate (KMnO4 ) were equally effective. In addition, natural oxide 
ores including manganite (Mn20 3), pyrolusite (MnO 2), psilomelane (MnO 2) and hausmannite (Mn30 4 ) gave results 
equivalent to those obtained with the reagent grade compounds. Manganese in the form of rhodonite (MnSiO 3) or 
rhodochrosite (MnCO 3) was much less effective in preventing perosis. In similar studies, Gallup end Norris (1939) 
tested the effectiveness of chemicaliy pure MnCI2 -4H 20, MnSO4 -4H20, KMnO 4 , MnCO 3 , ai'd M.iO2 in chicks and 
reported that all manganese sources were equally effective in preventing perosis. 

. Studies to company! the biological availability for chicks of natural carbonate ore (rhodochirosite) and precipitated 
manganese carbonate %(MnCO3 ) were made by Bandemer et al., (1940). The precipitated MnCO 3 , when added at 
dietary level of 30 ppm manganese, was completely effective in protecting against the perosis occurring With the basal 
diet. Rhodochrosite, :icwever, was ineffective at levels up to 125 ppm manganese. Roasting theore or dissolving in acid 
rendered the manganese available to the chick. 

In more recent studies (Watson et el., 1970, 1971), several manganese sources were tested with chicks fed to 28 days 
of age. A -.emi.purified dliet containing 5 ppm manganese was fed and the manganese sources were added to provide'10 
ppm supplemental manganese. Reagent grade manganese sulfate and. manganese carbonate resulted in the least severe 
leg abnormality. Feed grade manganese oxides varied significantly in degree of biological availability of manganese. 
Biological availability of natural carbonate ore was low. 

Although biological aviiilabi;ity assays have not been conducted with ruminants, manganese as the chloride or sulfate 
has been shown to be an ,effective source of manganese for cattle (Bentley and Phillips, 1951; Dyereeat., 1964; Rojas 
etal., 1965). 

Selenium 
The direct addition of iielenium to ruminant diets or mineral supplements except under experimental conditions has 

not yet been permitted in!the United States. In 1974, the U.S. Food and Drug Administration gave approval for the 
oral administration of supplemental selenium as either sodium selenite or sodium selenate to certain classes of swine 
and poultry. Similar approval in the United States for runinants will require additional information, particularly with 
regard to the influence of'dietary intake on concentrations of selenium in tissue and milk in beef and dairy animals. 
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Positive responses have been obtained in grazing ruminants given supplemenal selenium in the form of sodium selenite 
(Na 2SeO 3) or sodium selenate (Na2SeO 4 ) in either or-"I dosage or injections (Muth ot al., 1067; Underwood, 1971). 
Trace mineralized salt containing 132 ppm selenium as sodium selenate and ofiered ad Ilbitum to pregnant ewes pre
vented muscular dystrophy in the lambs and improved lamb weight gains when compared with lambs from ewEs of
fereo salt without selenium (Paulson et al., 1968). The addition of 0.5 or 1.0 pprm Se as sodium selenite to the diet of 
growing-finishing pigs increased selenium levels in the tissues and prevented pathological tissue lesions typical of Se 
and/or vitamin E deficiency (Groceetal., 1971). 

organic selenium compounds are of higher availability tnan selenite or selenate for several species (Ammerman and 
Miller, 1975). Tests with chicks, (Cantor et 41., 1975) compared the utilization of selenium in various feedstuffs with 
that in sodium selenite Bsed upon prevention of exudative diathesis and glutathione peroxidase activity, the biologi
cal availabiiity of selenium in feedstuffs was 60-90% for those of plant origin and 25% for those of animal origin. 
Sodium selenate and selenocystine were of high availability and selenomethionine, selenoethionine, selenopurine, and 
selenium sulfide were low. 

An approach to selenium supplementation for ruminants similar to that for'providing cobalt has been considered. 
Kuchel and'Buckley (1969) tested heavy pellets for grazing sheep which werO composed of finely divided metallic 
Iron and either calcium selenate, barium selenate or elemental selenium. In this study blood and tissue levels of selenium 
remained elevated for periods UP to 12 months after administering the pellets. Because of physical stability and resis
tance to coating with calcium phosphate, the pellet containing finely divided iron and elemental selenium was consid
ered to be the pallet of choice. Results confirming the effectiveness of a selenium-containing pellet, when placed in the 
reticulorumen, have been obtained with sheep by Handreck and Godwin,(1970). 

Summary 
Sources of the minor mineral ions customarily used to supply adequate dietary levels include reagent gr3de chemicals, 

natural ores and by-products from industrial processing. These may vary greatly in chemical purity, in amount of dietary 
mineral supplied, and in biological availability. 

Iodine. Sodium and potassium iodide are well utilized as sources of iodine but lack physical stability. Ca'cium iodate, 
diiododithymol and pentacalciun orthoperiodate are less water soluble, have greater physical stability and are similar 
to sodium or potassium iodide in availability. Dilodosalicylic acid is readily absorbed by ruminants but is excreted with 
little release of iodine from the cyclic structure. Studies with rats have indicated a more efficient use of the iodine in 
this compound than occurred with ruminants. Injectable forms of iodized oils have been effective in supplying supple
mental iodine to sheep, 

Iron. Dietary iron as the sulfate or chloride is well utilized by either ruminants or nonruminants while iron as ferric 
oxide is essentially unavailable. Feed gradeferrous carbonates have ranged from low to intermediate in availability in 
several experiments., In studies with rats or chicks, ferric ammonium citrate, ferrous ammonium sulfate and ferrous 
fumarate were well utilized; ferric orthophosphate and sodium iron pyrophosphate were poorly utilized. Intramuscu
larly injected iron dextran is effective in preventing anemia in baby pigs. 

Copper. In general copper ascupric sulfate has been found the most available form for rats, swine, poultry and 
ruminants. Ruminants responded similarly to cupric nitrate und cupric sulfate. Copper as cupric oxide was absorbed 
to a lesser degree than cupric sulfate by sheep, cattle, chicks and rats. In experiments where tested, cupric carbonate 
was intermediate in response between the oxide and sulfate forms of copper. Injectable forms of copper including 
copper glycinate and copper-EDTA have been effective in preventing copper deficiency in ruminants. 

Cobalt. Critical tests of the biological availability of cobalt compounds for ruminants have not been made. The car
bonate, chloride, sulfate and nitrate forms of cobalt have been effective in providing supplemental cobalt for ruminants. 
frally administered heavy pellets made of cobalt oxide and clay which remain in the reticulorumen for several months 
have been found effective in supplying cobalt to cattle and sheep. Problems have been encountered with regurgitation 
and with coating of the pellets. 

Zinc. Few studies on the availability of various zinc sources have been made and these have been conducted with 
chicks or poults. The results obtained among experiments have not been in close agreement. Experiments with chicks 
indicated that zinc as the metal, sulfate, carbonate, oxide and in several natural ores was relatively available. In astudy 
with poults,:technical grade zinc carbonate and USP grade zinc sulfate were readily available, but reagent grade zinc 
chloride was les available and technical grade zinc oxide or zinc sulfate were relatively unavailable. 

'Manganse. The biological availability of manganese sources has been determined primarily with poultry. Reagent 
grade menanmes sulfate, chloride, c'artonate and oxide were equally effective in preventing perosis in chicks. Certain 
feed-grade manganese oxides were less effective and the natural manganeso r-.rbonate ore was ineffective in preventing 
peross, 

Soelenium. Although critical biological availability assays have, no! boen made, sodium welenite and ,odium selenate 
1 e1ther oral d6oes or injections have prevented the sYmptoms of selenium deficiency in both ruminant and mono
gastric onimals Under proper storage conditions, both sources are stable In mixed feeds (Ammnrman and Miller, 1975). 

i ; iriral, chemically pure compounds are of higher biological availability than natural ores containing the same 
element. Narl ores may contain the element In different chemical forms as well as carry other minerals; thus, It is 
important that the chemical and physical properties of the ore be describe.. X-ruy diffraction analyses and solubility 
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tests may assist in obtaining this information and in predicting biological availability. In addition, the physical andchemical characteristics of a compound or an ore may limit its use under certain conditions even though it may have 
high biological availability. 
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Introduction 
All plants depend upon the soil for their supply of mineral nutrients and grazing ruminant animals obtain the majority of their mineral nutrients from plants grown on these soils. The soil-plant relationship is direct in that the plant mustobtain all mineral nutrients from the specific soil with which it has contact. In contrast, animals that range freely overwide areas will obtain their minerals from a variety of soil types, plant species and different botanical parts of plants.Restricting animal movement makes these animals dependent on narrowsoil-plant-animal relationship 

ranges of soil types and plant-species. Thebecomes even more complex than either the soil-plant to the plant-animal relationship.
The fact that animals suffer various disorders when consuming specific plants or when restricted to some areas has been
recognized for centuries. Marco Polo (ce. 1295) made references to a poisonous plant growing in the mountains of western 
China which, when eaten by beasts of burden, caused their hooves to drop off. Now we recognize that seleniferous
vegetation will produce this phenomenon in cattle and horses.

Tremendous progress has been made during the past 50 years in identifying and correcting these mineral deficienciesand toxicities. However', 
 in the major ruminant livestock producing areas of the world, relatively little is known about
the mineral status of soils, vegetation or animals. Mineral analyses are complicated and expensive. Therefore, we areinterested in selecting and analyzing the minimum 
number of tissues which are most indicative of the mineral sr4tus of
 
the animal.
 

Factors Affecting Levels of Mineral Nutrients in Plant "lisuas
 
Plant materials provide the primary 
source of mineral nutrients to grazing ruminants. Concentrations of minerals inplants are dependent on at least four basic, interdependent factors. These are (1) genetic differences depending ongenus, species, or strain of plant, (2) the type of soil on which the plant has grown, (3) the climatic or seasonal conditions luring growth, and (4) the stage of maturity of the plant. 
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Genetic Difference: 
Selenium accumulatol plants provide an excellent example of genetic difforences. Several species growing on selenif

erous soils which contain 5 to 10 ppm of selenium develop selenium concentrations between 1,000 and 3,000 ppm. 

Another example Is cobalt. Black gum (Nyssa sylvatica) has been shown to contain about 100 times more cobalt than 

broom sedge (Andropogonglomeratus) growing on the same soils of the coastal plain in the eastern United Statds 

(Beeson et aL., 1955). Substantial species differences have been reported between grasses. Beeson etat. (1955).reported 
U3 to 815 ppm (drycobalt concentrations to range from 0.05 to 0.14, copper from 4.5 to 21.1, and manganese from 

17 grass species were grown together on a sandy loam soil and sampled at the same time. FtJrthennore,basis) When 
strains of rye grass (Lolium perenne) growo on similar soils have been found to have iodine levels which were 10 times 

different. 

Soil Effects 
Soil composition is abasic factor determining the level of mineral nutrients in plants. This composition is influenced 

primarily bythenature of the rocks from which the soil is derived. In early studies on cobalt deficiency in New Zealand, 

Kidson (1937) estimated the amount of cobalt soluble in concentrated hydrochloric acid and found the deficiency 
prevalent when soils contained less than 2 ppm cobalt. Healthy animals were found on soils containing an average of 
6 to 20 ppm of cobalt, but-iame soils low in cobalt had healthy animals. Bryan and Becker (1935) found that deficient 
mineral soils had generally lower iron and copper contents than healthy soils, .but that high organic matter peat soils 

produced deficiencies even though they contained 12 and 42 ppm copper. 

Effect of Season and Stage of Maturity 
The marked decline of phosphorus and potassium as plant mature is not paralleled by comparable declines in trace 

minerals. Whole plant concentrations of trace minerals may increase, decrease or show no consistent chenge with stage 
of growth, te plant species and the soil or seasonal conditions. Chrngev. in trace mineral concentrations of forages 
related to season and stage of growth are of greater significance to the animals in areas where marginal levels are present. 

Tissues Most Indki tive of the Mineral Status of Grazing Ruminants 

An analysis of the mineral content of plants consumed by grazing jvnimals can be helpful in predicting the mineral 
status of grazing ruminant animals. However, tremendous variations oocur in the mineral content of these plants. Most 
animals consume many different plant species at ditterent stages of maturity which are grown on different soil types. 
Consumption, digestibility, absorption and secretion of mineral elements ire complex and controlled by many factors. 

Grazing ruminants are in clos and continuing contact with the soils on which the plants grow. Soils often contain 
many times the levels of minerals which are found in the plants which grow on these soils. Mitchell (1963) reported 
that soil contained 20 to 1,000 times the Co and Fe content that was found in pastures grown on a particular soil. 
Recent measuroments in southwest England indicate that soil ingestion by grazing cattle varied from 140 to 1,500 g 
per day (Thornton, 1974). Soil as a percentage of dry matter intake varied between 1 and 11 percent. These recent 

studies confimi other reports that appreciable amounts of soil may be involuntarily ingested. 
ideally, animal scientists would like to determine the mineral status of an animal by measuring the mineral content 

of one tissue which is readily available from a live animal. However, this isnot possible for many reasons. Fortunately, 

the mineral metabolism of each important mineral has been studied in great detail and these studies indicate which 

tissues are the most indicative of the mineral status of the animal. Animal, plant and/or soil analyses, in conjunction 

With clinical, pathological and intake data, are valuable measurements. 
Eleven essential minerals which are of major importance have been selected. These are briefly discussed and the 

tissues are indicated which have been found to have major diagnostic importance. Three excellent references on this 
subject are by Underwood (1971), Miller and Stake (1974), and the Netherlands Committee on Mineral Nutrition 
(1973). A summary of the tissue analyses of Greastest value in assessing the mineral status of grazing ruminants is 
presented in Table 1. 

Calcium (Ca) 
Calcluin is required in larue' quantities for skeletal development, and approximately 99.5 percent of the body Ca is 

found in'the bones. Calcium requirements are highest during periods of rapid skeletal development and during periods 
of lactation since milk contains approximately 0.12 percent Ca. Although osteogenesis constitutes the major demand 
for Ca, it also has several regulatory functions. 

Calcium nutrition has been intensively studied and its metabolism Is better understood than many of the other min
erals, Grazing ruminants obtain a major part of their requirements from the forage they consume. Legumes contain an 
excess and many grasms contain adequate levels of Ca. The requirement for beef cattle is 0.25 percent and 69 percent 
of the 1,128 forage entries in the Latin American Tables of Feed Composition contained more than 0.30 percent Ca 
(McDowell &tao., 1074). 

A deficiency results Inlowered serum Ca values, but physiological mechanisms regulating them are more effective 
than those for P end mont other minerals. The symptoms of milk faver In lactating Cows are accompanied by low 
serum Ca, but milk fever is not caused by a dietary Ca deficiency. A Ca deficiency reduces the quantity of milk pro
duced, but not the Ca content of the milk. 
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Table 1 
ANALYSES OF GREATEST VALUE IN ASSESSING MINERAL DEFICIENCIES IN RUMINANTS 

Element Soil Diet Liver Blood Plasma Saliva Milk Urine Other 
Ca Ca Ca 
P 
Mg 
Na 
Co 
Cu 

Co 

P 
Mg, K,N 
Na 
Co Co, Vit B1 2 

Cu 

P 
Mg 

Cu 

Na, K 
Mg 

Ser m B12 

Fe
I *Hb* 

I 
Mn 
Se 

Mn, Ca, P Mn 
Se Se Kidney 

Zn Zn Zn 
cortex 

Underlined Indicates greatest value. 
* Percent saturation of transferrIn, hemoglobin and hematocrit of blood. 

Also plasma ceruloplasmin. 

Young and lactating animals are able to utilize large amounts of Ca from the skeleton to meet their nutritionaldemands. This results in lowered bone breaking strength, bone density and bone ash, although the Ca to P ratio in 
bone ash is not greatly affected. 

Gross abnormalities in bones and teeth are not specific for Ca since P,Vitamin D, Mn, Cu and excess F can produce
similar effects. 

Many of the tissues mentioned have value in determining the Ca status of animals. However, a determination ofdietary levels and a comparison between Ca intake and the requirement are recommended to determine the Ca status
 
of the grazing ruminant animal.
 
Phosphorus (P)


Phosphorus deficiency is the most widespread and economically important mineral 'problem affecting grazing rumi
nants unless P supplementation is provided. It is al.o the most expensive mineral supplement in the diet because of the 
amount required and its comparatively high price.

Approximately 80 percent of the P isfound in the osseous tissue where it constitutes about 16.5 percent of the boneash. The remaining 20 percent, found in the soft tissues, has vital metabolic roles in carbohydrates metabolism in the'formation of hexosephosphates, creatine phosphate and adenylic acid, and in protein metabolism where it Is present
in nucleo-proteins and phosphoproteins.

A decrease in serum inorganic P below normal levels--6 mg % for adults and 6 to 8 mg % for young-is an earlysensitive biochemical measure of a P deficiency. Plasma phosphatase values increase. The mineral content of bonesdecreases and becomes fragile. Furthermore, joint. become stiff, lameness may develop, and fractures may occur.
Upon postmortem examination, the articulating joints appear to be eroded. 

Anorexia is one of the first clinical symptoms of P deficiency, but is not specific for P.Pica develops in which theanimals chew and ingest rocks, soil, wood, bones and hair, but this is not specific sinc it may occur with a Na or Kdeficiency. Phosphorus deficiency reduces gain and milk production and iKoften accompanied by reduced fertility in 
females. 

Most research groups consider serum inorganic P to be sufficiently sensitive and recommend it for diagnosing Pdeficiencies. However, it issignificant that the Netherlands Committee on Mineral Nutriricn (1973) recommends forageanalyses because studies have shown that earlier and more detailed information can be obtained. It isapparent thatboth serum inorganic Pand forage analyses are effective in determining the P status of grazing ruminants and that either 
or both can be used. 
Magnesium (Mg)

A magnesium-dependent condition, known diverspiy as grass tetany, grass staggers, hypomagnesium tetany, lactation'tetany and wheat pasture poisoning, is frequently a problem in ruminants grazing an excellent, high quality pastures. It occurs during the fall and spring months when temperatures range between 40 and 60F. Clinical signs are
relatively characteristic, but serum Mg determingtions are very useful in confirming the diagnosis.

The most characteristic change observed In grass tetany Is a sudden drop in serum Mg. Normal serum Mg levels arebetween 1.8 and 3.2 mg %. In cases of tatary, the level may decline to 0.5 mg %or less.
There has been a tremendous amount of research on grass tetany, but the etiology of this metabolic disorder is not

completely understood. Papers by Burns and Allcroft (1967a, 1967b) are excellent reviews on this subject. 
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Biochemical and gross characterization of the diet are useful in predicting Mg deficiency. Grass tetany normally 

occurs in ctol weather in lactating animals grazing excellent pastures fertilized with N and K. Analyses of forage for 
Mg, N and K can aid in diagnosing a grass tetany problem, but these analyses are less reliable than serum and urine Mg 
values. Higher N and/or K and lower Mg indicate greater probability of grass tetany. Magnesium availability is lower 

in young, highly digestible forage. Lactation increases Mg requirements. 

Sodium (Na) 
Sodium is of major importance in the metabolic processes of all animals. Sodium apparently makes a greater contri

bution to pH, buffering systems and maintenance of physiological desirable osmotic pressure than do many other 
inorganic nutrients. In ruminant animals, inadequate Na intake is presumed to be the most important factor contri
buting to a Na deficiency although diarrhea may be a factor in young animals. Ruminants must have their diet supple
menxtd with Na since plants generally have a small amount of this element. Plants also have a high K content which 
causes an iricrease in Na -,cretion. 

,As a Na def'ciency caevelops, the Na content of plasma, saliva and other fluids is decreased and the K content is 
generally increased. Denton (1956, 1957) demonstrated that a Na deficient diet in sheep has a marked effect on the 
Na and K content of parotid saliva and that a salivary fistula contributed to producing a Na deficiency if the secreted 
saliva was not returned to the sheep. He found that the Na concentration in the parotid saliva was about 180 meq/1 
with a normal diet and 60 meq/1 on a deficient diet. Phillips and Sundaram (1966) studied Na depletion in pregnant 
ewes with parotid fistulas and found that the Na content of saliva declined from 173 to 38 meq/1 while K content 
rose from 5 to 96 meq/1. Plasma Na content declined from 150 to 135 meq/1 and K declined from 4.6 to 4.2 meq/1. 

Skydsgaard (1968) suggested that analyses of salivary Na and K can be used to diagnose Na deficiency in cattle. 
He found the normal Na to K ratio in saliva to be from 17:1 to 25:1, and suggested that, if it is between 10:1 and 
15:1, Na deficiency can be suspected. 

Currently, the Na to K ratio in the saliva is the most sensitive and reliable indication of the Na status of the rumi

nant. The Na to K ratio of the rumen liquor shows marked diurnal fluctuations. Urine Na varies v Idely, fecal excretion 
of Na is variable and milk Na is only slightly decreased wi,'i low Na intake. 

Copper (Cu)
 
Experience in the Netherlands, where Cu deficiency is rather common, shows that Cu deficiency at the end of the 

grazing season cannot be distinguished on the basis of the Cu content in herbage or soil. However, a close correlation 

was found between Cu content in liver and concentration in blood sertm. Animals are able to store large reserves of 

Cu in the liver. Normal blood Cu levels do not indicate the size of the liver reserves. However, liver Cu permits an 

evaluation of the actual situation and allows an estimate of the Cu reserves which are available for future critical periods. 

Therefore, the Cu content of the liver gives more reliable and detailed information on the Cu status of the animal than 

the blood value. Because of the comparative ease of taking samples, blood plasma Cu is frequently used (Hartmans, 
1974). 

The Cu status of plasma from cattle and sheep can be readily determined from serum ceruloplasmin activity. Ceru
loplasmin, a true oxidase enzyme (ferroxidase) synthesized in liver, usually contains eight Cu atoms per mole. A high 
percentage of the plasma Cu exists as cerulopasmin with high correlations between serum Cu and ceruloplasmin activity. 
Some of the advantages for using ceruloplasmin values as a screening method for Cu deficiency are high enzyme specifi
city, enzyme stability -. room temperature, only 0.1 ml of blood required and ease of determination. 

Mean liver Cu values for mature cattle on normal diets are reported to be 200 ppm as compared to 11 ppm on Cu 
deficient diets (Cunningham,946). The normal range of blood plasma Cu for sheep and cattle is 0.6 to 1.5 pg/ml, 
while values consistently below l'!6 pg/mi indicate Cu deficiency (Underwood, 1971). 

Cobalt (Co) 
A Co deficiency is primarily an area problem and sever- deficiencies occur in grazing ruminanu in many countries. 

Soil Co is considered by the Dutch to have good diagnoitic value. When Co is e,tracted with acetic acid (2.5 % v/v), 
more than 0.3 ppm indicates adequate Co, whereas, less than 0.1 ppm is considered low. Co content of herbage is 
also helpful In determining the Co status of the animal. Under most conditions, mean pasture values of 0.10 ppm Co 

or more supply sufficient Co to prevent a deficiency. However, if the herbage consistently contains less than 0.08 ppm 
Co,a deficiency can be predicted with a relatively high degree of confidence. 

The concentration of Co in the livers of sheep and cattle is sufficiently responsive to chafiges in Co intake to have 
some value in the diagnosis of Co deficiency. Most studies indicate that cattle and sheep liver Co levels below 0.1 ppm 
on a dry basis are low to deficient while levels between 0.15 and 0.30 ppm are normal for healthy animals. 

Liver vitamin B12 concentration is a more sensitive cnd reliable criterion than liver Co concentration. Vitamin B12 

contains four percent Co And is the primary function of this element. 
Andrews (1960) determined that the following vitamin B12 volues were indicative of the Co status of sheep and that 

they ciui tentatively be applied to cattle. 
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Vitamin B 2 in fresh liver1 Cobalt status of animal 
(ppm)

< 0.07 Severe Co deficiency0.07 to 0.10 Moderate Co deficiency
0.11 to 0.19 Mild deficiency

> 0.19 SufficiencyThere are a number of biological tissues that are helpful in diagnosing the Co status of grazing animals. Clinicalsigns of Co deficiency in grazing ruminants are not specific. The best clinical method of diagnosing a deficiency istoadminister aCo supplement and, if adeficiency exists, improvement in the animals will occur with afew weeks. 

Iron (Fe)Iron deficiency isacommonly occurrirng deficiency disease in swine and humans, but israrely found in ruminantsexcept where precipitated by chronic blood loss. Iron deficiency results in Iypochromic, microcytic anemia with lowserum Fe, increased total serum Fe binding capacity andhematocrit values a decreased transferrln saturation. Low hemoglobin andare not sensitive indicators of early Fe deficiency because they do not occur until Fe storage isseverely
Many depleted.consider percent saturation of transferrin to be the most practical means of detecting Fe deficiency in its earlystates (Underwood, 1971). The Fe content of transferrin reflects available circulating Fe at the hemoglobin synthesissite. Serum Fe and total Fe binding capacity, the basis for calculating percent transferrin saturation, can be determinedsimultaneously and by acompletely automated procedure (Friedman and Cheek, 1971). 

Iodine (I)Iodine deficiency iseas'y to prevent by the use of iodized salt, but it issJll widespread ingrazing ruminant animals.Goitrogenic substances occur frequently and increase the anim-al's requirern nt for I. Consequently, the I content ofthe diet has !imited value in diagnosing a deficiency problem. Iodine deficiency causes enlarged thyroids which arerelatively easy to detect by manual palpation in young calves and lambs. However, in early deficiency stages, aglandularenlargement isnot pronounced and methods other than visual inspection and palpation should be used.Several methods of estimating thyroid secretion rates have been used successfully. One of the most accurate methodsisobtained by using radioactive thyroxine to determine the rate of disappearance, but radioactive substances are limitedto experimental animals (Swanson and Miller, 1973).Milk analyses have been used successfully to determine the I status of lactating dairy cows. Binnerts (1954) foundthe following mean differences between goitrous and non-goitrous regions in the Netherlands: summer milk, 9.7 and11.1 pg/liter and winter milk, 20.6 and 83.5 pg/liter, respectively. Iodine in the milk has been adopted by the Netherlands Committee on Minern Nutrition to indicate I status. 
Manganese (Mn)The Mn content of most body tissues isremarkly resistent to low intakes. Reductions occur in liver, bones; and hairor feathers. High levels of Mn result inonly moderate increases in liver Mn. Experimentally, the Mn content of hair, feathers and wool can be increased, but, due to wide variations, these are not regarded as reliable diagnostic measures for Mn.Manganese deficiency decreases blood and bone alkaline phosphatase, but this decrease isnot specific for Mn. Reserve stores of manganese do not occur in the livers of newborn ruminants and the liver concentration varies little withage or species. Livers of normal cbttle and sheep contain 8 to 10 ppm. It isapparent that liver Mn levels are of limited
value inassessing the Mn status of ruminants.
Dietary Mn levels of 25 ppm have been found to meet the requirement for cattle under most conditions. Determin.
ing the Mn in the diet isthe most reliable indicator of the Mn status of ruminants.
 

Selenium (Se)
Selenium deficiency iswidespread in ruminant animals throughout the world. The most universal manifestation ofSe deficiency is mu3cular dystrophy, often referred to as white muscle disease in calves and lambs. Selenium occurs
in all the cells and tissues of the body in concentrations that vary with the tissue and with the level of Se in ii 
 diet.Kidney cortex is by far the highest in Se concentration, followed by the pancreas, the pituitary and by liver. Themuscles, bones and blood are relatively low in Se.
Muscular dystrophy can be diagnosed by gross and histological examinition of the affected muscles. However, it is
possible to measure serum glutamic-oxalacetic transaminase (SGOT) which ismarkedly e'evated in ca!ves and lambswith white muscle disease. The units of the enzyme per ml ranged from 295 to 3,460 fo; lambs and calves wi0 whitemuscle disease and only 22 to 191 in normal animals (Blincoe and Dye, 1958).Selenium levels in sheep tissues were presented in detail by Hartley, (1967). All values were expressed as mcg/gmof wet tissue for organs and mcg/ml for whole bloc .The kidney cortex and the liver are the most sensitive indicators of the Se status of the animal and the t;e concentra.tions in these organs can provide valuable diagnostic criteria. Data by Hartley (1967) and Andrews et a/. (1968) suggestthat Se levels of less than 0.25 ppm (fresh basis) in the kidney cortex and of 0.02 ppm in the liver are Indicative ofmarked Se deficiency Insheep. Concentrations greater than 1.0 ppm Se in the kidney cortex and 0.1 ppm in the liver areconsidered normal. 
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The concentration of Se in the blood isvery responsive to changes in the Se level of the diet. Blood Se levels of 0.05 
mcg/ml in sheep are considered satisfactory. 

Zinc (Zn)
Zinc deficiency in grazing ruminants is not a major area problem like Cu, Co and Se. The occurrence of Zn defic

iencies under practical conditions has been primarily with swine and poultry. 
Under experimental conditions, many biochemical changes have been identified in severely Zn deficient animals. 

Those with most promising diagnostic value are plasma, serum, hair and bone (Blackmon, 1967). Zinc levels in these 
tissues can be markedly reduced by severe Zn deficiency, but their practice! diagnostic value Is limited. 

Serum or plasma Zn is rapidly and markedly reduced with severely deficient diets. However, they are not greatly 
influenced by marginally deficent diets. Studies with calves and lambs suggest that plasma Zn may be a valuable aid, 
but only if values are repeateddy below 0.3 ppm (Mills et al., 1967). 

Hair Zn isslowly reduced when a deficient diet Is fed for a period of time. However, hair Zn Is affected by many 
factors and, under practical conditions, its diagnotic va!ue Isseverely limited. Its diagnostic value has been more succoss
ful in identifying Zn deficiency in humans than in animals. 

Determination of dietary Zn in combination with a response to supplemental Zn has greatest value in determining 
a in deficiency. 
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Nutritional inadequacies can occur in almost any area of the world and result in inefficient animal production. InLatin America, the cattle industry is often restricted by mineral deficiencies, imbalances and toxicities. This is partic
ularly true of the minerals in which severe or borderline deficiencies sometimes occur in widely scattered areas.

Cattle in Latin America depend almost exclusively on forages to obtain mineral elements. A low intake or imbalanceof the mineral elements from forages can adversely affect fertility, weight gain, milk production a'nd in general, the
health of the animais. Only rarely can Latin American forages completely provide all mineral requirements of grazing
cattle. Therefore, the determination of the chemical composition of forages and mineral supplementation are important
to supply cattle with adequate levels of the minerals they need.

The purpose of this paper is to compile available literature on mineral research in Latin American and Caribbean
countries. Emphasis was placed on mineral studies related to grazing ruminants. The authors are aware that many
worthwhile research publications are not included because th.;se are not readily accessible to libraries and abstracting
journals. 

Mineral Deficiencies and Toxicities in Cattle 
Mineral deficiencies or excesses are found and reported to some extent from almost all countries in Latin America

and the Caribbean. Due to lack of information, it is not generally appreciated how extensive the areas affected are. Min
eral problems are closely associated with geographical areas. Aliman and Hamilton (1949) gathered information from
various parts of the world on locations of livestock nutritional deficiencies. Information on mineral deficiencie:,andtoxicities for livestock in Latin America has been updated by Phillips (1956) and De Alba (1971). Recently, McDowell
(1976) compied a list of mineral deficiencies and toxicities in cattle in the developing countries of the world. Table 1
compiles our present knowledge on the occurrence of cattle mineral deficiencies and toxicities in Latin American andCaribbean countries. It includes both confirmed as well as highly suspected geographlcal areas of minera! deficiencies
and toxilties in cattle. Obviously, this constitutes a very generalizcd approach with important geographical omissions
inevitable but it does indicate the scope of the problem. The term "deficient or toxic area" isused to denote a region in
which deficiencies or toxicities can be readily found, but it does not imply that all plants or animals in that area are,in fact, in deficient or toxic states. It does not even imply that certain elements are in short or abundant supply, because, imbalances can occur due to natural conditions or induced by unsuitable agricultural practices. 

Table 1
 
GEOGRAPHICAL LOCATIONS OF MINERAL DEFICIENCIES OR TOXICITIES


IN CATTLE OF LATIN AMERICAN AND CARIBBEAN COUNTRIES. 
Required elements 
Calcium Argentina (6, 194, 198); Brazil (176); Colombia (6, 86, 198, 217, 258); Costa Rica (20); Guihtemala

(105); Guyana (6, 97,141, 198, 252); Mexico (45); Panama (198, 264); Peru (99, 100, 121, 149); 
- Surinam (93); Venezuela (66, 85, 114,198). 

Magnesium Argentina (21, 77, 87, 94, 179, 194, 198, 215); Brazil (229); Chile (198); Colombia (17C); Costa Rica
(20, 85, 86, 260); Guatemala (220); Guyana (141); Haiti (198); Honduras (198); Jamaica (198); Peru 
(7, 22, 255); Surinam (229); Trinidad (202); Uruguay (205). 

Phosphorus Antigua (198); Argentina (6, 18, 36, 48, 77, 90, 91, 131, 156, 165, 198, 203, 259,263,264); Brazil
(6, 8, 16, 80, 81, 82, 95, 123, 125, 126, 147, 148, 176, 177, 178, 198, 211, 229, 239, 245, 249,262,
269); Chile (19, 75, 86, 210); Colombia (6, 38, 39, 198, 217, 258, 261); Costa Rica (20, 41, 161, 240,
241, 257, 265); Cuba (5, 110, 133); EcuaIor (198); Guatemala (105, 220); Guyana (6,97,141, 168,
198); Haiti (198); Honduras (198); Jamaica (198, 264); Mexico (45, 83, 85, 135, 267); Nicaragua
(198); Panama (65, 207, 213, 251); Paraguay (198, 201); Peru (1, 11, 23, 25, 86,99, 100, 101, 129,
130, 149, 150, 106, 198, 225, 236, 237, 238, 254, 255); Surinam (86, 93); Uruguay (4, 6, 86, 117,
189, 198, 227, 228); Venezuela (66, 85, 114, 116, 138, 198). 

Potassium Brazil (132, 229); Haiti (198); Panama (65); Venezuela (114). 
Sodium 	 Brazil (14, 211, 229); Colombia (170); Guaterr,,la (220); Panama (65); Surinam (93k; Venezuela (114,

197). 
Sulfur 	 Brazil (211); Ecuador (198). 
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Cobalt 	 Argentina (60,62 77,119,120,121,182,183,198); Brazil (8, 15,49, 71, 72, 73.74, 79,85, 122, 144,
 
157, 164, 198 211, 219, 239,,244, 246, 248); Colombia (104, 258); Costa Rica (85, 198); Cuba (5);
 
El Salvador (198); Guyana t11, 198); Haiti (154, 198); Mexico (6, 198); Nicaragua (198); Peru (98,
 
100, 128, 149, 225, 255);Sui!nam (o3);Urn ay (228).,,
 

Coppor.or Argentina (32,33.34,35,53,64,55,:58,50,60,61.77,103,192,200); Brazil (122, 164, 178, 198,211, 
molybdenum 219, 239. 243. 244. 247, 248, 250); Colombia (209); Costa Rica (161); Cuba (5, 109, 111); Guyana 
toxicity . (141); Hati (154); Mexico (127); P ma (65); Peru (6, 11,22, 25,98,99,100,128,129,136,149, 

150, 166. 196,02i.235,236,237, 238 255); Surinam (93,198); Uruguay (189,228). 
iodine A. a,,,. ; Argentina IIU. 190); Blivia (6, 198); Brazil (6, 56,167, 174, 175, 198);Chile 

(137k; CIsmede (.216)l ; Cof Rica (196); Ecuidor (152, 193); Guatemalar(196); Haiti (198); 
Ni 4136); Parauway (196); Peru (. 22, 152. 196, 255, 268); Uruguay (190); Werldwide (69,
70, 112. 152,223,224). 

Iro. 	 Brazil (124); Costa Rica (161); Panama (65).
MangWaese 	 Ar tina (19-);Brazil (229);osts Rica (161);Panama (65). 

Selenium aahamais (9 ); Brazili (184); Ccsta Ric. (161); Ecuador (44, 226); Guyana (141); Honduras (185); 
Mexico (139);.Parguay (42); Peru (242, 266); Uruguay (155), 

Zinc Argentina (192); Brazil (13, 132, 21.1); Guyana (141,162); Costa Rica (161); Panama (65); Peru (11); 
Puerto Rico (151); Venezuela (197). 

Toxic elements
 
Fluorine Argentina(6, 77, 198); Guyana (198); Mexico (6, 198).
 

M&ngnese Brazil (211); Costa Rica (9, 113,160); Peru (129, 130); Surinam (198).
 

Selenium 	 Argentina (6, 163): Brazil (153); Chile (6, 163, 198); Colombia (12, 26, 27, 214); Ecuador (198); 
Honduras (92); Mexico (6, 47, 106, 107, 108, 134, 146, 198, 216); Peru (6, 22, 163, 198); Puerto 
Rico (146); Venezuela (30,89, 145, 146,1I53, 193). 

Calciuand Phosphorus 
A deficiency of calcium or phosphorus or both will cause a dk.orease in efficiency of production and eventually may 

result in the fracture of skeletal bones. Either one or both elements may be deficient under grazing conditlonsin certain 
geographical areas although phosphorus is the elemcnt most likely to be deficient. Forages tend to bu.higher in calcium 
and lower in phosphorusewhile grains are generally lower in calcium nd ld.1wr in phosphorus. 

MDowell et at. (1977) summarized the mineral concentrations of 2615 Latin American forages (Tebles 2 and 3), re
ported in the 1974 edition of &ieLatin American Tables of Feed Composition (McDowell etal., 1974). Average calci
um values were reported for 1123 (42.9%) forage entries and average phosphorus values for 1129 (43.2%) forage en
tries (table 2). For these forages, 31.1% of the calcium values and 72.8% of the ohosphorus values were 0.3% or less 
(tabie-1) which may be borderline to deficient in these eOements for most class of cattle. Phosphorus deficiency has 
been r o !,rotsof most Latin American ;ountrieritable 1). Low forage phosphorus huv been found .,iArgentina 
AKreiimer a W farre2oi, 1964; Dingi.,! et Wt., 1965&, b; Diaz, 1965s; Culot et at., 1967; Vonesch and De Riveros, 
11,7-1968; Viliia~ Palacios, 1973), Ctivei (Ares Rojas, 1947; Rogers, 1952), Colombia (Villamil, 1942; Vergarr, 1967; 
.1e3sco Lammnc6 and Boh6raues Ampudi, 1967, 1968; Salazar de Bukle and Medina Ramrez, 1970), Csta Rica 
(ArreaBaiXenwand Muloz Sandoval, 1964; Velasco, 1961; Tergs, 1968; Blue and'Terges, 1969; Wills, 1971; Lang,' 

174), Cuba Gon , 1942;'Albe Gimez eta.,1967; Figueroa and Sutherland, 1969), Guatemali (Fernandez et at.,
 
1971) Guyanw Duthle, 1939;MayeI, t96; Holder, 1972), Mexico (De Alba, 1950; Gonzaloz, 1966; Zavala and
 
a ,, 1973). Panima(Rosatd*1., 1969; RosAia (1972; Chicco, 1972), Pagay (RmirezL 1954). Peru (Gmez 
et*4 HAI6; Mantsai, 1068; G6'm~ t a.109 ch ' ,iet al., 197Mb; Kalinowiki ot'at. 1970b; Talavera, 1970),
UruguayWynn, 1940;r1ei .1944; Spangerberg, 1944; *'u nberg and Sanchez Gonzilez, 1952),and Venezuela 
(rsdt a,"1947;'Chh.o n French, 199-; French .4 hperro, 1960; French and Chioco, 1961b). Blood 
-swum 0010141 hI r. etive to variatio in dietary phosphrus levelsand thus has value as adiag

st tool, In det.rm OW., -lusadequacy. serumReduced (plamua) phosphorus concentrations in cattle have 
beenu i Atgntina (Kere d ufirrege, 1964; BIng16 o., 1965i), Chile (Ares Rojos, 1947), Colombia 
(VI .llai.194i, C Ri 12). 1974), 4ube JIF~lluero|L , and Sutherland, 1960), Mexico (Zavaii and Galvin, 1973), 
,Panemit (osfasat' l,, 1909;Chlco, 1972;RIs Aaz, 1972) and Veneiuela (Chcco Id French, 1950; French and 
C ic,r4 a icu israrey a p r olem IngrazingOattle with the exception,,11b).Cr to phosphorus in 

lctain wof qutit o mil o on a ndy or orenic soils in humid'rea where the herba. 
ronsijt:in of qu ra oflme specles (Unds6ood 196. On t.e -I'jrwing eds ileid1 tbasis of low 
clw Wtes i rq dh c othmira hav been reported in areas of Colombia (Vergara, 1967; Salazar;~ 
. *.l,eandI in 1Ra biDAb.',"1971), Corn Rica (Ariee aixench ndMunoz Sandoval, 1954), Guae. 
" lator tat..; 971).aGuyana (Unde , 1966; Holder, 1972), Mexico (Buller at a/,. 1960-1961), Panama(F 
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Table 2PER ENTAGE OF LATIN AMERICAN 
FORAGE5(2615) ANALYZED FOR 

r,'VAAIOUSMINERALS ' .. 
MineralPaeu
Calc~lum, .42-...
Cobalt ,4A
 
Copper 9.0
Iron 
Magnesium 11.
Manganese 11.2 
Molybdenum 5.1 
Phosphorus 
 43.2
Potafssum 47 

5Sodium 
Zinc OS 
Other minerals <1.0 
'McDowell eta., 1977. 

Table3AVERAGE MINERAL CONCENTRATIONS OF LATIN AMERICAN F3RAGES6, b,c

Calcium 
 Concentrations, % 0-0.30(123 averages) %of total Over 0.3031.1 68.9 
Cobalt Concentrations, ppm 0-0.10(140 overages) %of total Over 0.1043.1 56.9 
Copper Concentrations, ppm 0-10(236 averages) Over 10%of total 

- 53.4Iron Concentrations, ppm 
46.6 

0-100(256 averages) %of total Over 100
24.1 , 7 .24.19Magnesium Concentrations, ppm. 0-0.20(290 averages) %of total over 0.2035.2 64. 

Manganese Concentrations,.ppm 0-40(293 averages) Over ,0%of total 21.0 79.0Molybdenum Concentrations, ppm 0-3(133 aviiages) Over 3.%of total, 86.4 13.6Phosphorus Concentrations, ppm 0-0.30(1129 averages) Over 0Iz%of total .72.8 
Potassium Concentrations, % 0-0.80 Ove 

27.2
0- 0(198 averages) %of total 15.1 64.9Sodium Concentrations, % 0-0.10(140 averages) aver 0.10%of total 59.5 40.5Zinc Concentrations, ppm 0-50 Over 50(177 averages) %of total 74.6 22.4
 

aMineral concentratior xpre,ad as dry matter basis.bThe epprOxifate requirement (Nationa Resrch Council, 1Q70,1971 awod Agriculture Rasewch.Council, 16) lcnjtda19cIfirj offor cattle Ias foli'.s: Cacm (0oj-0.6%). Cobalt (0.05-0.10 ppm), Copper (4-10 ppm), Iron 110-100 p, ,ugnwlun(0i4"0.18%), Manpnese (20-40 PPM), Motybdendmn (0.01, ppm or less), Phqsphonjs (0.18-0.43%), Potasisum(,0.6I(0.1%) and Zinc (110-50Ipp). SduM (0'-rM0|'i diuM,

cMcOowell at#., 1975. 
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(Williamson and Payne, 1965), Peru (G6mez et at., 1967; Echevarrra et al., 1970b; Kalinowsklet, a/., 1970b) and 
Venezuela (De Alba and Davis, 1957 and French anc)Chaparro, 1960). Blood serum (plasma) ispractically insensitive 
to dietary calcium and thus has limited value in evaL(fating the calcium status of the animal. However, assumingtthat 
serum (plasma) values of 8 mg %calcium or less are borderline to deficient, areas in Argentina (Ovejero, 1964)'Qnd 
Venezuela (Chicco and French, 1959) are considered deficient in this mineral. 

A widespread occurrence of massive cardiovascular calcification, "enteque seco," has been found in cattle and sheep 
in the Buenos Aires Province in Argentina (Carrillo and Worker, 1967). The principal clinical change in cattle and sheep 
has been a rapid clevation of calcium and phosphorus in the blood followed by metastatic ossification of the elastic 
fibers of the cardiovascular system. The symptoms are loss of weight and general condition and if animals are left in 
problem areas, they continue to lose condition and eventually die. An estimated 1,600,000 cattle manifest the condi
tiorh anntally (Paoli, 1971a, 1971b). Bingley (1964), Bingley et al. (1965a, 1965b), Land6etal. (1967,1968) studied 

the calcium and phosphorus blood levels in affected animals. Although a phosphorus deficiency was noted in animals 

In affected areas, it was independent of the disease itself. Controlled studies with cattle, sheep and laboratory animals 
by Cami*eros and Davis (1969), Reinoso Castro (1970), Cambercs and Davis (1970), Cambaros (1971) and Carrillo 
(1973) hav-e demonstrated that relatively small amounts of the leaves of Solanum malacoxylon, "duraznillo blanco," 
either fresh or dried, will result in a deranged calcium and phosphorus metabolism. 

Probably the most important economic loss in the cattle industry in Latin America due to mineral deficiencies is 
the decreased reproductive efficiency resulting from a phosphorus deficiency. Improved growth and reproductive 
performance in cattle with phosphorus supplementation and pasture fertilization has been reported in 'X....ina (Rios 
Aradz, 1972), Uruguay (Schiersmann, 1965; De Leon Lor3, 1963) and Peru (Echevarria et al., 1974). Novoa Barreto 
and" Trujillo Ortiz (1968-1969) and Molina et al. (1969) reported adequate phosphorus levels in serum in cows that 
presented reproductive problems. % 

Buller et aL. (1960-1951), in Mexico, supplemented grazing steers with salt, salt plus cottonseed meal and salt plus 
cottonseed meal and bone meal. Weight gains were increased with the cottonseed rupal treatment but no further im
provement in weight gains were observed with bone meal supplementation. Echevarria et a'. (1973) obtained weight 
gains of 0.59 kg in steers supplemented with dicalcium phosphate and 0.27 kg for controls. Esteves Cancino (1960) 
reported increased milk production (up to 24%) with bone meal supplementation in farms that had phosphorus de
ficient soils and when cows grazed Hyparrhenia rufa. 

Information on phosphorus and calcium availability in tropical forages is limited. In some tropical forages average 
true digestibilities of 71.1% and 32.9% for calcium and phosphorus have been determined with sheep, respectively 
(Perdomo, 1975). Butterworth (1966) reported that the true mean absorption of phosphorus contained in various 
Venezuelan forages was 53% and the excretion of fecal endogenous phosphorus was 26.7 mg per kg liveweight. 

Cobalt 

Cobalt deficiencies under grazing conditions have been observed in many regions of Latin America (table 1). Mar
ginal or deficient concentrations of cobalt in f~adges have been found in Argentina (Morandi, 1954, 1955), Co.lombia 
(Vergara, 1967), Guyana (HoldS6, 1972), Haiti (King and Price, 1966), Surinam (Dirven, 1963), Peru (Gomez et al., 
1967); Echevarri'a etal., (1970b), Uruguay (Spangenberg and Sanchez Gonzilez, 1952). McDowell (1975) reported that 
of 2615 Latin American forages analyzed for minerals, cnly 5.4% presented cobalt values (table 2) and 43.1% had con
concentrations of .10 ppm cobalt or less (table 3). 

Insua et al. (1964) reported values of 30 and 35 jg, % cobalt in serum of normal cattle and sheep, respectively. 
The concentrations of cobalt in the liver has received special attention because of its possible value in diagnosing cobalt 
deficiency in the field. Corr~a (1957) in the state of Sgo Paulo, Brazil found .05S and .201 ppm cobalt in liver samples 
of animals from deficient and adequate coba!t areas, respectively. Probably the best way of verifying the deficiency is 
by feeding cobalt and observing a positive response. In Colombia, cobalt supplementation significantly increased 
forage consumption and milk production (Estevez Cancino, 1960). Vargas (1964), in Mexico, supplemented cobalt to 
cattle and observed a non-significant increase in weight gain. In Costa Rica, the low intake of some tropical forages was 
not related to cobalt deficiency (De Alba, 1951).

Cattle and sheep grazing Phalaris tuberosa in areas of Argentina presented the symptoms of the disease known as 
"Phalaris staggers" on "Tembleque del falaris" (Gaggino etal., 1963a; Gaggino and Carrillo, 1964; Gaggino ard Carrillo, 
1965). Cobalt supplementation has been shown to alleviate the conditon (Gaggino et al., 1963b and Carrillo et al.,
1963). 

Copper and Molybdenum 

Lack of copper, Is probably the most severe mineral limitation to grazing cattle in Latin America, with the exception 

of phosphorus and possibly cobalt (table 1). Copper deficiency is induced by low concentration of copper in forages. 
However, "conditioned" copper deficiency also occurs where normal copper concentrations In forages are Inadequate 
due to interrelationhlips with molybdenum, sulfate and other factors (Russell and Duncan, 1956). Nine and 5.1% of 
the total Latin American forages were analyzed for copper and molybdenum, respectively (table 2). Copper averages 
were deficient or borderline to deficient in 46.6% of the forages, an'd 13.6% of 133 forage analyses had molybderwpi 
concentrations over 3 ppm (table 3). 
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LOW copper levels in forages have been reported in Cuba (Figueroa and Sutherland, 1968, 1970), Guyana (Holder,1972), Haiti (King and Price, 1966), Panama (Chicco, 1972), Peru (Culot etal., 1967; Gd'mez etal., 1969; Echevarrraat al., 1970a, b; Kalinowski et al.,1970b; Talavera, 1970), Surinam (Dirven, 1963) and Uruguay (Nores, 1944;Spang.enberg and Sanchez Gonzalez, 1952). Areas in Peru (Goyzueta at al., 1972) and Argentina (Culot et al.,1967; Pizziat al., 1964; Camberos at al., 1965, 1967; Nurnez, 1969) have been observed to contain normal copper levels but highmolybdenum concentrations in forages. Camberos et al. (1965, 1967) in Argentina, reported high levels of'uIlfate in thewater and Pizzi at al. (1964) high sulfate levels in forages. Regions in Peru, also have high levels of sulfate in forages(Goyzueta at al., 4972). Perdomo (1975) noted that maximum intake of copper in forages by sheep (.89 mg/day/kgbody weight) approached levels. reported to be toxic. The overall mean true digestibility of copper in several tropical
grasses was 82.6%. 

A copper deficiency in the animal can be reasonably well verified by taking a liver biopsy and determining thecopper content of that tissue (Carrillo and Bingley, 1964a, b). Plasma copper levels of 50 pg %or less are indicative oflow liver copper levels (Claypool at al., 1975). Ancasi at a. (1973) reported low serum copper in cattle in Peru. Onthebasis of copper concentration Inthe liver areas in Argentina (Epstein at al., 1971) Costa Rica (Lang, 1974), Panama(Ammerman at al., 1974) and Peru (Narvaez and Terri, 1964) are deficient in this mineral. Deficient concentrationsof copper in both blood and liver have been observed in Argentina (Bingley at al., 1964a, b; Camberos at aL., 1965;Carrillo etal., 1964a, b; Bingley and Carrillo, 1966) and Cuba (Figueroa and Sutherland, 1968, 1970).
Copper deficiency and molybdenum toxicity are corrected by providing additional copper 
 to the animal. Goodresulto have been obtained usinil copper injections in Argentina (Bingley at al., 1964a, b), Cuba (Figueroa and Sutherland, 1968) and Peru (Narvaez and Terri, 1964). Improved animal condition by adding copper to the diet has been observed in Cuba (Alba Gomez at al, 1967) and Argentina (Camberos and Figueiras, 1969).Tabusso (1941a, b, c; 1942 a, b, c) in Peru, observed the symptoms of "Renguera Peruana" which i:a copper deficiency. The symptoms descibed are similar to those recognized in Australia by Bennetts and Chapman (1937) as
"Enzootic ataxia" or "Lamkruis" in South Africa by Schulz et al. (1951). In Argentina, "Enzootic ataxia" in ovineshas been described by Epstein at al. (1971). Bart'a (1966) indicated. that "Renguera Peruana" was prevented with 
copper supplementation.

The condition of cttle known as "Muerte Silbita" occurs in Cuba with appreciable frequency. It ischaracterizedby collapse and death of apparently healthy animals when exposed to stress. Incidence is seasonal and restricted tospecific areas. Thr, condition resembles "Falling disease" associated with copper deficiency in Australia (Bennettset al.,
1941) and in Florida (Becker at al., 1965). Cases of sudden death (Muerte sibita) in cattle in a pasture in' thenortheast area of Camaguey (Cuba) have been studied in relation to the metabolism of copper (Figuaroa, and Sutherland, 1968) and of sodium, potassium, calcium, magnesium and phosphorus (Figueroa and Sutherland, 1969). Nodeficiency or changes in the blood and tissue levels of these minerals were found that could explain the etiology of"Muerto sibita." Valdivia at a!. (1974) reported that in the region of Pucallpa, Peru, animals suddenly die when exposedto stress. Incidence is highest at the beginning of the rainy season. During the rainy season, 37.4% of the cattlehad low levels of magnesium 01.8 mg%) while during the dry season only 13.9% presented low serum levels of thiselement. The authors feel that the low serum magnesi4m values alone may not cause "Muerte subita" and are studyingthe mineral status of plants and animals as well as other factors, such as toxic'substances that may cause this condition. 

Sodium and Chlorine
In most circumstances, all cattle whether grazing or in dry lot require supplemental dietary sodizjm. This requirement is generally met by supplying sodium chloride or "common salt" 
 as O.-percent of the total ration fnr full-fedcattle or as a free-choice supplement for cattle on pasture on range. Sodium appears to be the essential nutrient in saltand evidence of a naturally-occurring dietary deficiency of chlorine, as distinct from sodium has not been established 

(Underwood, 1966).
The National Research Council (1970) recommends 0.1% sodium for cattle. About 60% of 146 forage averages inthe 1974 Latin American Table of Feed Composition (McDqwell at al., 1977) contained mean sodium values of 0.1%or less (table 3). Natural forages low in sodium have been reported in Colombia (McCormick, 1966), Panama (Chicco,1972), Surinam (Dirven, 1963) and Venezuela (French and Chaparro, 1960; Perdomo, 1975). Dirven (1963) andUnderwood (1966) suggest that under tropical or hot semi-arid conditions where large losses of water and sodium occur

in sweat, the sodiumn requirement may be higher.
Salt has been incorporated in self-feeding protein and/or energy supplements to regulate intake and has been demonstrated to be practical for grazing steers (Chicco at a!., 1971). 

Iodine
Iodine deficiency Is one of tie most prevalent deficiency diseases that has been shown to occur in almost everycountry of Latin America. A list of iodine deficlancy reports in man and farm animals as endemic goiter is presentedIn table 1. Fcllis (1966) and Kelly and Snedden (1960) have illustrated in a map the most prevalent areas of endemic

goiter in Latin America. 
Iodine deficiency Indomestic animals has been observed in regions of Antigua (Hutson, 1952), Argentina (Mzzoccoand Arias Aranda, 1929; Piazza, 1937), Chile (Gruebler, 1951), Colombia (Vergara, 1967; De Alba, 1971), Ecuador(Kelly and Snedden, 1960), French Guyana (Hidiroglou and Prevost, 1958) and Peru (Zuiga, 1960; Kelly and Snedden, 
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1960; Bara, 1966; Valdivia et al., 1974). Nores and Rossi Stajano (1948) reported a possible iodine deficiency in 

forages in areas of Uruguay. Probably, the most complete and detailed studies of iodine deficiency as goiter in domestic 
animals observed in Latin America have been reported in Brazil (Martins, 1946; Megale, 1947, 1949 and Cardim, 1948). 

The widespread use of iodized salt and iodine additions to mineral mixtures has reduced significantly the incidence 
of iodine deficiency in Latin America. 

Magnosium 

It appears that simple, uncomplicated magnesium deficiency in cattle rarely occurs under normal feeding programs. 
Countries where forages low in magnesium have been reported include Colombia (McCormick, 1966) and Costa Rica 
(De Alba and Davis, 1957; Arrea Baixench and MuVRoz Sandoval, 1954). Slightly over one-third of 290 Latin American 
forages contained 0.2% magnesium or less (table 3). 

A condition in cattle referred to as "Grass tetany," "Grass stagge6s" and perhaps otfier terms has been related to 
abnormal magnesium metabolism. !t ;s a seasonal problem; and typical cases involve cattle grazing small grain, winter 
pasture. Latin American countries where magnesium tetany is encountered are listed in table 1. Grass tetany or hypo
magnesemia tetany has betn studied extensively in Argentina where a considerable number of animals die annually due 
to this condition (Ovojero, 1964; Culot and Fernandez Tuflon, 1967; Ruksan et a!., 1967; De La Fuente, 1968; Barberis 
and Mizuno, 1969; Mizuno and Barberis, 1969). Hypomagnesemia tetany responds favorably to magnesium therapy. 
In Peru, magnesium, deficient cattle are treated successfully with intravenous or oral administrations of magnesium 
sulfate (Bara, 1966; Alvarado etal., 1970). 

Seleni ,m 

Most of the information available from Latin America on selenium is related with toxicity. Selenium poisoning is 
often associated with consumption of selenium accumulator plants (i.e., Astragalus spp.) which may contain up to 
several thousands ppm selenium. Table 1 presents ,.atin American countries wheri selenosis is encountered and in
cludes Argentina (Lemlpy, 1943), Chile (Lemley, 1943). Colombia (Ancizar Sordo, 1947; Benavides and Silva Mojica, 
1965), Mexico (Byers, 1937; Figueroa, 1938; Figueroa, 1942a, b), Peru (Lemley, 1943; Barda, 1966). Benavides and 
Silva Mojica' (1965) described the regions and economic importance of selenium toxicity in Colombia. Based on the 
analyses of feeds over 3 ppm selenium, there are reported seleniferous zones in Venezuela and Puerto Rico (Jaffe 
etal., 1967, 1969; Bermud~z de Cruces, 1967; De Mondragn and Jaffe', 1971). 

The concept of selenium as an essential element is ;-elatively recent and just a few countries in Latin America have 
been reported to have deficient areas. Latin American countries with confirmed or suspected selenium deficiencies 
are listed in table 1. Lang (1974) reported borderline to deficient selenium concentrations in 33% of the livers analyzed 
from beef cattle slaughtered in Guanacaste, Costa Rica. Low selenium concentrations have been reported in forages in 
areas of Chihuahua, Mexico (Gutierrez et al., 1974) and Guyana (Holder, 1972). In Peru, Terry (1964) reported a 
condition in ruminants esembling selenium vitamin E deficiency. When the animals were treated with selenium vitamin 
E injections, about 70% recovered from the condition. 

According to Underwood (1971), the total areas of the world affected by selenium deficiency are far greater than 
those afflicted with selenium excess. 

Fluorine 
Reported incidences of fluorosis in Latin American countries are listed in table 1. Culot et al. (1967) reported 

fluorosis in grazing cattle in the districts of Tapalque, Azul and Tandil, Argentina. Animals presented development of 
exostosesof the long bones with thickening of joints. Teeth were modified in shape and color, becoming mottled and 
pitted often with the pulp cavities being exposed. The cases of fluorosis were related to the high content of fluorine 
in the water (2 to 6 ppm). De Alba (1971) indicated that persons from Aguascalientes and Altos de Jalisco, Mexico 
have mottled teeth, but this condition has not been observed in cattle. 

Manganese, Zinc, Iron, Potassium and Sulfur 

Concentrations of manganese, zinc, iron, potassium and sulfur available from forages are generally adequate to meet 
cattle requirements under grazing conditions. However, decreased levels in forages and cattle deficiencies have been 
reported fo some of these minerals Inrestricted areas of Latin America. 

Of 2615 Latin American forages analyzed for minerals, only 11.2,6.8,9.8 and 7.6% reported analysis of manganese, 
zinc, iron and potassium, respectively (table 2). Borderline or deficient concentrations of manganese, zinc, iron and 
potassium were found in 21.0, 74.6, 24.1 and 15.1% of the total Latin American forages analyzed for these elements, 
respectively (table 3). Manganese, zinc, iron, potasium and sulfur deficiencies confirmed or suspected in Latin Ameri
'can countries are listed in table 1. Average true digest!bility for potassium and iron in Digitaria decumkens, Panicum 
maxlmum, Cynodon pMecostachyum and Bachisda decumbena were 87.3 and 57.8%, respectively (Perc'omo, 1975). 

SLang (1974) reported that approximately 21, 63, and 24% of the total cattle livers examined in weste;n Costa Rica 
were borderline to deficient in iron, manganese and zinc, respectively. 

Forage containing low levels of nangnese have been reported in Panama (Chicco, 1972). In a region of Costa Rica, 
cihrlctelzed by volcanic soils, high manganese in forages have been observed which resulted in low reproductive rates 
of cattle (Foneca and Davis, 1968; Amadeo Macia, 1971; Lang, 1971). In Peru, high manganese levels in forages heve 
been reported by Gdmez etal. (1967, 1969). 
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Legg and Sears (1960) found parakeratosis skin disorder in cattle of Guyana which wore consuming forage containing 18 to 42 ppm zinc. Low levels of serum zinc were noted in cattle from Andahuaylas, Huancayo, Arequipa andOxapampa, Peru. (Ancasi et al., 1973). Latin American countries where forages contain low levels of zinc includeGuyana (Legg and Sears, 1960; Holder, 1972), Panama (Chicco, 1972) and Venezuela (Perdomo, 1975).Iron deficiency is of practical concern in grazing cattle in circumstances involving blood loss or parasitic infestation.Forage analyses from Panama indicate adequate iron concentrations to meet grazing cattle needs (Blue et al., 1969).Another report from Panama suggests that Hyparrhenia rufa in certain locations is marginal in iron in relation to cattlerequirements (Chicco, 1972). The author points out, however, that animr,- may supplement their intake with Iron
from soil.French and Chicco (1961a) in Venezuela, found that 14.5, 5.7 and 15.2% of the cows, bulls and calves examinedhad hemoglobin levels of less than 8 q per 100 ml of blood, respectively. Highest deficiencies were found in the statesof Taochira and Mrida. Newborn calves receiving iron injections had increased hemoglobin concentrations and slightlyhigher gains (Acosta and Waugh, 1967; Botero and Franco, 1972).Forages containing low level of potassium have been reported in Panama (Chicco, 1972), Venezuela (French andChaparro, 1960) and Brazil (Gomide etal., 1969).Sulfur may be lacking to Ecuador livestock as has been indicated by improvement observed following its administration in sulfurized salt blocks (Phillips, 1956). 

Mineral SupplementationDirect administration of minerals tw cattle isthe most econ6mical method of supplementation. Cunha (1971) notedthat self feeL;ng trace mineralized salt is low cost insurance against deficiencies.Table 4 presents a survey of mineral supplements supplied in cattle ranches of the north coast of Colombia (RivasRios, 1974). Sixty-six percent of the farms surveyed provided mineralized salt to cattle, 30% supplemented only saltand the remaining 4% did not provide any type of mineral supplement. Eighty-one percent of the farms in the coastof Bolivar supplemented mineralized salt while the regions of savannahs of Bolivar (south), Lower Sin' and Ce'sar RiverValley had the lowest percentage (57) of farms that supplemented mineralized salt. Common salt was widely used as amineral supplement in these ar'aas.In Colombia, Salazar and Waugh (1967) reported that a control group without any mineral supplement obtainedbetter daily gains than heifers on pasture supplemented with saft. Gains were highest, however, on animals receivinga supplemental mineral mixture. In the native savannahs of Colombia, large growth responses wereplete mineral supplementation but only in the rainy season. 
obtained by com-

In the dry season, there was no difference between thesupplemented and non-supplemented herds. The most dramatic improvement was obtained in breeding performance.Average conception in four months for the herds receiving complete mineral supplementation was 70% whereas it was24% for the herds not receiving minerals (Anonymous, 1973). Improved weight gains and reproductive performancewith mineral supplementation have been reported in Paraguay by Romero et al. (1973), Cattebeke et al. (1973) andBoggino et al. (1973). Improved weight gains with mineral supplementation have also been reported in Peru by Eche
varri'a etal. (1973). 

Table 4MINERAL SUPPLEMENTS SUPPLIED BY GEOGRAPHICAL AREA ON
CATTLE RANCHES IN THE NORTH COAST OF COLOMBIAa
 

Mineralized NoCommon salt salt supplement TotalGeographical No. of No. of No. of No. ofareas ranches % ranches % mnches % ranches %Middle Sin6 13 42 i8 58 0 0 31 100 
Savannahs of


Bol(var (south) 18 43 25 
 57 0 0 43 100Lower SinO 13 37 20 57 2 6 35 100 
Momp6s-Magdalena

River Depression 13 37 22 60 0 0 35 100
 
Savannahs of
 
Bol(var (north

and central) 13 21 49 
 78 1 1 63 100Coast of Bol(var 5 11 39 81 4 8 48 100

Coast of Atldntico 6 17 21 60 8 23 35 100Lower Magdalena 26 31 56 
 66 3 3 85 i00
Cesar River Valley 35 42 48 57 0 0 83 100
Gulf of Morrosquillo 5 17 23 79 1 4 29 100Total 147 30 321 66 19 4 487 100 
aRlivas RIoo, 1974. 
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Rlos (1974) measured mineral consumption by heifers, yearling bulls and pregnant and open cows under grazing 

conditions. Average consumptions were 27, 35, 36 and 44 g per animailjper day, respectively. It was noted that maxi

mum mineral intake was obtained during the rainy season. Holder (172) reported average mineral consumption of 

81 and 74 gper head per day for bulls and heifers grazing pangola grrs,'respectively. 
Agency for International Development-University of Florida Mineral Project 

The department of Animal Science is engaged in a contract with the Agency for International Development entitled 
"Determination of Mineral Deficiencies and Toxicities for Cattle in Latin America." The research proposal has four 
principal objectives: 1) To experimentally determine the locations of mineral deficiencies, adequacies and toxicitles 

in selected areai' of, Latin America where grazing livestock predominate, 2) To establish, by experimentation, the 
,biological response and economic benefit of mineral supplementation to grazing animals, 3) To experimentally evaluate 
methods of mineral feeding and supplementation for grazing cattle, and 4) To publish and distribute information in 

order to stimulate the widespread use of mineral supplements. Previous research on mineral concentrations of soils, 
forages and animal tissues in addition to reports of clinical signs of plant and animal mineral deficiencies are evaluated 
to determine the areas where mineral deficiencies or toxicities are likely. 

The research proposal can conveniently be divided into a (1) Tissue Collection and Analysis Phase and (2) Mineral 
Supplementation Phase. Animal and plant tissues obtained from specific cattle ranches will be analyzed for mineral 
concentrations. On the basis of the tissue concentration of each mineral, specific mineral deficiencies and toxicities 
will be established for selected cattle producing regions. Information from a number of ranches in many areas will be 
compiled and, by use of a mapping technique, research data will provide evidence of mineral deficiencies and toxicities 
in large cattle grazing areas. During the mineral supplementation phase, the production and economic benefits of min
eral supplementation to grazing cattle will be clearly established. The combined mineral studies utilizing a tissue collec
tion and analysis phaseand a mineral supplementation phase will make it possible to obtain a comprehensive impression 
about the occurrence of mineral deficiencies, toxicities and Imbalances in grazing livestock and they will also provide 
the methodology for improving cattle production through improved mineral nutrition. 

At the present, research is being initiated in several Latin American countries which include Brazil, Colombia, Costa 
Rica, Guatemala, Ecuador and Venezuela. 

Summary 

An attempt is ma'de to review mineral research data from Latin America. The most widespread mineral deficiency 
for grazing livestock is that of phosphorus. Calcium deficiencies are rare under grazing conditions. This fact is espe
cially important since many old texts used in Latin America have given a greater importance to calcium than experi
mental evidence irdicates. 

Copper and cqbalt deficient areas are likely to extend over wide areas of Latin America, but their limits are hard to 

define at present. Inadequacies of magnesium, sodium, iodine, selenium and zinc and toxicities of molybdenum, sele
pium, and fluorine are also encountered in areas of Latin America. 

Forages rarelly provide allthe mineral requirements of grazing catde, therefore, it is agood general practice to pro
vide adequate mineral mixtures to assure the necessary intake of the elements needed. 

The University of Florida, with assistance of a graih from the United States Agency for International Development, 
is cooperating with Latin American Institutions to initiate and establish mineral research. 
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In cattle kept under range conditions are known to occur deficiencies of phosphorus, magnesium, sodium, chlorine,copper, cobalt, iodine, and selenium. Th2 few references on the occurrence of other deficiencies, especially manganese
and zinc in some countries, need further confirmation.

Mineral deficiencies may vary from severe deficiencies, with more or less characteristic disorders, to slight deficiencies with non-specific symptoms, such as slow development, lqw fertility, low body weight at slaughter and low milkyield. They are confined to certain areas. When they are severe, they may be responsible for the general poverty whichexists In these regions. Mild deficiencies may also cause serious economic loss as they reduce the productivity of theanimals and provide an obstacle to improvement of the cattle population over large areas. 
Diagnosis of Diseases Caused by Mineral Deficiencies in Cattle
 

Raised under Range Conditions.
In diagnosing mineral deficiencies, as in the diagnosis of any disease, it is necessary to study the different manifesta
tions of the condition, so that conclusions may be drawn from all the available data.In most of the morc severe mineral deficiencies the history of the herd may give an indication of a specific deficiency. In some mineral deficiencies, clinical examination of the cattle reveals characteristic manifestations. Post-mortemexaminations and histopathological studies also help in the establishment of the diagnosis. Phosphorus deficiency canbe safely diagnosed by the very characteristic osteophagia, the severity of which may indicate the degree of the deficiency, and by the occurrence of rickets and osteomalacia. Iodine deficiency can easily be diagnosed by the observationof endemic goitre in calves. The definitive diagnosis of the other mineral deficiencies has to be confirmed by chemicalanalysis and/or experimentation. Chemical determinations must be done on tissues and body fluids of animals from theregion invulved. Information on the mineral levels in soil and pasture are useful in aiding the investigation of mineraldeficiencies in animals. Analyses of animal material will allow the direct identification of the existing deficiencies withthe use of relatively few samples. The results of pasture and soil analyses generally are not so easy to interpret as thereare many factors in the soil and in the pasture which may influence the assimilation of mineral elements by the plantand the animal. Beside this, in many regions the collection of representative pasture samples of material actually eatenby the animals is difficult or,even impossible, and moreover the mineral content of pasture samples varies considerablyaccording to the growing staga of the plarns. There is also the fact that pasture sampli are variably contaminated by

soil particles.
Experiments with mineral s'jpplemontation may seem to be the easiest method of diagnosing amineral deficiency,but often it is difficult to cuatduct well performed experiments in cattle under range conditions, because of many

natural limitations in deficient areas. 
Studies on Mineral Deficiencies Affecting Range Cattle in BrazilIn Brazil, mineral deficiencies were suspected as the cause of several diseases of unknown etiology in cattle. In manyof these diseases mineral deficiency have been confirmed. In this review the diseases due to mineral deficiencies aregrouped together under the mineral involved. In the etiology of some of the diseases there is more than one mineralinvolved. These conditions are included under the mineral which is responsible for the most conspicuous symptoms

observed in that disease. 
For the purpose of this review the results of chemical analyses of plant and soil samples made indepenc;ent!y ofstudies of possible mineral deficiency diseases in cattle are omitted, because this isolated data is difficult to interpret.Phosphorus Deficiency. Giovine (1943) made a clinical study ot phosphorus deficiency in cattle in Minas Gerais. Heconcluded that phosphorus deficiency affected a great number of cattle In different areas, mainly in the northern,central, and western regions of this state. The more severely affected animals were cows after the first and secondcalving. The clinical signs were depraved appetite, manifested mainly by osteophagia, skeletal defects ("caranga"),emaciation, decreased milk yield, temporary supression of estrus, decreased fertility, and slow growth of the calvGe.There was a significant decrease in serum inorganic phosphorus levels while calcium levals were iormal or slightlydecreased. Administration of phosphorus supplements resulted in a clinical recovery. 
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In a supplemetary paper, Menicucci (1943) gave the results of phosphorus determinations on blood samples (prob
ably serum) from cattle in Minas Gerais. He considered 3.5 mg of inorganic P/100 ml of blood (serum) as a normal 
value, and found that only 39.6% of the animals were normal, and that all the other animals suffered from varying 
degrees of phosphorus deficiency. Unfortunately the author did not give information on the season of the year when 
the blood samples were taken, the procedure of sampling, or tfih age and sex of the animals sampled. One hundred 
and forty-three soil analyses were made and these showed a maximum value rf 0.41% of P2 0 5 , just trace, as a mini

mum value, and a mean of 0.09% of P20s. Based on data obtained from other countries suggesting that phosphor
us deficiency occurs in cattle when the soil values are below 0.27% of P2 0, and that there is no such deficiency when 
the values are above 0.55% of P2 05 , he concluded that phosphorus deficiency probably occurs in most of the cattle 
population in Mines Gerais. 

Villares and Silva (1956), between 1951 to 1953, determined during the various months of the year, the inorganic 
phosphorus content of whole blood from 37 Guzedr cows held on semi-range conditions at the Fazenda Experimental 
de Criag'o, Sertinh, S'o Paulo. The average inorganic phosphorus content was 4.17 (± 1.56) mg per 100 ml of blood 
(694 analyses). This annual average is almost at the lower limit of the normal physiological variation. The inorganic 
phosphorus content varied during the year and clearly showed a rhythmical curve which had anormal segment with an 
average of 5.19 (± 1.11) mg and a deficient segment with an average of 3.30 (± 0.54) mg. The 1.89 (± 0.54) mg differ
ence between these means is highly significant and indicates a periodic phosphorus deficiency. The phosphorus defi
cient period corresponded to the dry season and the period of adequate phosphorus to the wet season. Lactating cows 
had phosphorus deficiency both in the dry and rainy seasons, with blood values of 2.58 (±0.89) and 3.30 (± 1.03) mg 
of inorganic phosphorus, but at the end of lactation, phosphorus levels rapidly rose to normal. The non-milking cows 
were deficient only during the dry season. 

Bauer et al. (1964), studying irt the county of Vit6ria do Palmar, Rio Grande do Sul, adisease with neuromuscular 
signs in cattle which h.d allotrophagia, including osteophagia-which may be botulism-performed phosphorus analyses 
on blood serum, and copper and cobalt determinations on liver samples of cattle from this region. All phospiorus 
values were low; of the 40 samples analyzed, 77.5% had values below 4.0 mg of inorganic P/100 ml of blcod serum. 
From six liver samples analyzed, four were deficient or marginally deficient for copper and three margintlly d 'iclent 
for cobalt. 

. Grunert and Santiago (1969) studied the influence of supplemental bone meal on the fertility in beef cattle in Rio 
Grande do Sul. The test was performed on 7,590 heifers and cows grazing on pasture. A total of 2,511 control animals 
received only salt in addition to pasture. An increase in the conception rate was noted, especially in lactating cows. In 
the control group only 25.6% of the I.ctating cows conceived, whereas 33.4% of all cows suckling a calf became preg
nant after a small addition of bone meal and 47.3% after a larger amount. Non-lactating animals showed an improve
ment of 6.0% in fertility when the proportion of bone meal was more than 50% in the bone meal-salt mixture. It was 
not possible to demonstrate any influence of the bone meal on the fertility of the heifers. 

Tokamia etal. (1970a) studied a disease of cattle which occurs in the "chapadas" or "agreste" (cerrado) reglions of 
Pieul', in northwestern Brazil. The clinical signs of the disease are stunted growth, rough hair-coat, low carcass weight at 
slaughter, reduced calf production, low milk yield, a weak and deformed skeleton with enlarged joints, lordosis and 
frequent bone fractures; the. animals sow ostephagia which causes choking of the mouth and throat. "Entreva" is the 
popular term for the most severe form of the disease, in which the skeletal lesions are so pronounced that the animal 
has a stiff gait. The main pos-mortem findings were softening of bones, which could be broken more easily than 
normal bones and sometimes could even be cut with a knife. On histological examination, rickets and osteomalacia 
were diagnosed. Calcium analyses on blood serum from 51 bovines were normal. The inorganic phosphorus values were 
low. Tw(nty-five bovines had 'ess than 4.0 mg inorganic P/100 ml of blood serum, in 14 others, the phosphorus values 
were between 4.0 and 5.0 mg, and in only 12 animals were the values above 5.0 mg. The blood samples were taken in 
March, during the rainy season when there was plenty of green pasture. Based on the history, the clinical picture, post
mortem findings, histopathological changes and inorganic phosphorus determinations on the blood serum, adiagnosis 
of phosphorus deficiency wa3 made. Secondarily to phosphorus deficiency, there is the occurrence of epizootic botu
lism (Tokarnia etal., 1970b). In addition, copper deficiency was also fund in this region; from 26 liver samples, collec
ted from cattle and sheep, it was found that 9 were deficient' and 8 marginally deficient in copper, while only one 
marginally deficient cobalt value was found (Tokarnia et al., 1971). 

Guimar'es and Nascimento J1971) made an experimental study in beef cattle on the Island of Maraj6, Parg, to de
termine the effects of common salt, phosphorus, calcium, copper, and cobalt on the calving percentage. Three herds, 
of about 50 cows and 2 bulls each, received a mineral supplementation which consisted for the first herd of %ommon 
salt, bone meal, copper sulphate and cobalt sulphate; for the second herd of common salt and bone meal; and for the 
third herd of just common salt. A fourth herd did not receive any supplementation. The grazing was continuous. The 

In the papers pubWlhed by TokarnIaand c6-" k.r the following criteria, based on data found in the literature (Tokernia at .. , 1968), 
wias adopt.d In the interpretation of analytical data of liver copper and cobalt values. Liver copper values from 0 to 50 parts of the 
errnt per million (ppm) of dry matter Indicate deficiency, from 50 to 100 ppm marginal deficiency, and above 100 ppm adequate 
copper in cattle and sheep of all _We&sLiver cobalt values below 0.05 ppm indicate deficiency, from 0.05 to 0.12 ppm margirnel defi
ciency, and above 0.12 ppm adequate cobalt Incattle, 9 monttN and olier, and in sheep, 3months and older, below 0.06 ppm in!crate 
deficiency, from 0.06 to 0.10 ppm margina deficiency, and above 0.10 ppm adequate cobalt. 
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calving percentage In these four herds was respectively 68.00, 72.22, 54.90, 49.06. The first two Iherds were signifi
cantly superior to the control group; the third herd, which received just common salt, did not shcw any significant 
difference when compared with the control herd. It was concluded that copper, cobalt and common salt did not 
significantly affect the calving percentage. Bone meal was the responsible factor for the increase in the calving percen,
tage in the area. 

Dayrell et al. (1973) studied young male cattle kept under range conditions in four "cerrado" aroas of Brasflia 
(Sobradinho, Planaltina, Formosa and LuziSnia) for a period of 14 to 21 months. Serum inorganic phosphorus values 
were determined at. monthly intervals during this period. Analyses of phosphorus levels in grass samples of Mellin/s 
minutiflora, Hvparrheniarufa, and Aristida sp., and soil analyses were also carried out. The results of the serum Inor
ganic phosphorus estimations from cattle in the areas of Sobradinho and Planaltina were in agreement with the herd 
histories, which indicated that the Sobradinho area was not deficient in phosphorus. But the Planaltina 6rea was de
ficient. In the areas of Formosa and Luzi hia, the serum inorganic phosphorus levels were intermdiat-, vnd wei'e in 
agreement with the herd histories, which indicate a moderate phosphorus deficiency. There was asignificent correla
tion between the phosphorus values in the blood serum and the values of the three grass species with thc e;ception of 
the area where there was the most severe phosphorus deficiency. There was a correlation between th:, plosphet? s 
values of the soil and the yearly average serum inorganic phosphorus value of the cattle from all four arni s.No co.:a
lation was found between the rainfall and inorganic phosphorus levels in the blood serum in phosphiius defici t 
areas, but ii' areas where there was not a phophorus deficoiency there was a close correlation betweer, inCreised rainiell 
and increased inorganic phosphorus in the blood serum. 

Clinical pictures of severe phosphorus deficiency with prono :-.ed osteophagia were observed Inwestram and south
ern Minas Gerais (Megale, 1949a, b), in the "fronteira" and "serra" akeas of Rio Grande do Sul (Santos 9rid Pereira Neto 
1963, and personal observations), on the "lavrados" of the Roraima Territory, on the "campos altos" of Maraj6 Island, 
on the "chapadas" of Maranhno and northern Goias, on the "cerrados" of northern Mato Grosso, on -the sandy soils 
of the eastern pantonal and in certain other areas in southern Mato Grosso, in various regions of Bahic, in the region 
of Linhares in the State of Espfrito Santo and inareas of the northern part of the State of Rio de Janeiro; in southern 
Maranha'o and northern Goigs, secondary epizootic botulism was diagnosed, and in some of the southern Mato Grosso 
areas, the disease also appears to occur (personal observations). 

Iodine Deficiency. Megale (1949b) described cases of congenital goitre in calves, in western and southern Minas 
Gerais. Histopathological examinations revealed a diffuse parenchymatous goitre. The administration of mineral mix, 
tures containing iodine to the cows prevented the birth of goitrous calves. Ca~ves treated with iodine recovered. 

Iodine deficiency in cattle was also diagnosed on observation of goitre in newborn calves in many areas of northern 
and southern Mato Grosso, and in scuthern Goi6s (personal observations). 

Cobalt Deficiency. CorrOa (1955, 1957) studied a disease in cattle with the popular names "pste do ecar," "sab
lose," "Mal da areia," "mal das cabeceiras," and "ral do colete" in the State of S'o Paulo. It was cha:.wcterized by lack 
of appetite, slow and progressive loss of condition, cachexia, lethargy, pica, anemia, long and rough haircoat, decreased 
milk yield and low fertility. It occurs more frequently from December to May, i.e., during the rainy reason. Liver 
samples from 22 healthy cattle from an area considered to be sufficient in minerals and from 20,i:k cattle from a de
ficient area, were analyzed for cobalt and copper. In the healthy animals; the average value for cobalt iat 0.201 (± 0.016) 
and for copper 198.24 (± 23.72) parts per million of dry matter. In the sick animals, the average value for cobalt was 
0.058 (±0.006) and for copper 175.00 (± 24.07) ppm. The cobalt vaiues of the sick animals indicated cobalt deficiency.
Analyses of pasture and soil samples confirmed the cobalt deficiency. In pasture samples from areasi where the disease 

'does pot occur average levels of cobalt were 0.334 (± 0.030) and of copper 14.36 (±0.96) ppm of dty matter, wherees 
in 'samples from areas where the disease occurs, the values were 0.046 (± 0.005) and 14.23 (± 2.23) respectively. Soil 
samples gave average values of 20.37 (±3.16) and 22.77 (± 2.98) ppm of dry matter for cobalt and copper respectively
in areas where the disease does. not occur, whereas in areas where it occurs the values were 0.797 (±0.246) and 18.25 
(± 1.05) ppm.
 

"Mal do fastio," a disease of cattle which occurs in the sugarcane plantation area of the Serra da Ibiapaba, in Ceari,
 
was rstudied (Tokarnia et al., 1961, 1968). Every year during the rainy season a!l me cattle are taken to the lower 
sertlo" area, and are taken back to the Serra only at the beginning of the dry season. If this is not done, the animals 

are affected by "mal do fastlo." This happened in 1958, when because of svJere drought in all northeastern Brazit, and 
especially in the "sertlo," very few cattle could be moved down from the Serra. Five sick and three healthy animals 
which had been in the regioi. for over a year, were examined. The signs of the disease were lack of appetite, rough ody
hair coat, dry feces, loss of condition, anemia and finally death. Post-mortem examinatiois. and hIstopthologic
studies revealed lipoidosis of the liver and hemoskierosis of the spleen and kidney. Liver cobalt values of four animals 
with "mal do fastio" were deficient, and in a fifth marginally deficient. Liver copper was deficient In orte of them, and, 
marginally deficient in two others, ad normal in two. In two of the-three healthy animals liver cobalt was deficient and 
In one there was a marginally deficient copper value. It was concluded from the history, clinical picturo, pot-niortern
and histopathological findings and from liver analyses, that "mal do fastio" is adisease primarily due to cobalt daficien
cy and that there Isalso copper deficiency. . . 
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no "enzootic hematuria" but where cases of carcinomas of the upper digestive tract occur, there is a disease character
ized by loss of condition and weakness. Two animals examined were cachetic and anemic. Liver copper values were de
ficient in both, whereas the cobalt values were normal. Inanother animal, an apparently healthy sheep, the liver copper 
value was deficient, and in two bovines, one was marginally deficient and the other normal. Liver cobalt values were 
normal with the exception of one which was marginally deficient. 

i. the region of Roridon6polis, in northern Mato Grasso, there is achronic disease called "care inchada." It affects 
up to 50% of the calves around weaning time and mineral deficiency was thought to be the cause. There were periodon
tal lesions, particularly in the premolar regions. Liver copper values from six affected calves were deficient, whereas 
cobalt values were normal. The cwuse of the disease, and the role of copper deficiency in its pathogenesis are unknown. 
(Ddbereiner et al., 1974; Tokarnia et al., 1971). 

Sodium and Chlorine Deficiencria. Imal aet al. (1965/66) did not observe any significant difference in growth rate 
between eight heifers with access to salt supplementation and eight others without this supplement during 851 days on 
Pannicunimaximum pasture at the Experimental Station of Sertaozinho, Slo Paulo. 

Diseussion 
From the existing studies on diseases caused by mineral deficiencies in cattle in Brazil (Fig. 1), one can conclude 

that mineral deficiencies are important in this country. 
Phosphorus deficiency iccertarply the most important mineral deficiency of cattle in Brazil. In addition to the areas 

w'here pronounced phosphorus deticiency has been diagnosed, there probably occurs in large parts of Brazil aseasonal 
pliosphorus deficiency, as studied in Sert'ozinho, S.'o Paulo, by Villares and Silva (1956), together with protein and 
energy deficiencies. 

Cobalt deficiency seems to come second in importance. 
Copper deficiency seems also to be quite common, but the presence of this mineral deticiency cannot be ascertained 

from disease histories and by the collection of clinical data. Copper deficiency in cattle is less characteristic than the 
other mineral deficiencies mentioned above and it can be seen from this review that it sometimes occurs associated 
With other deficiencies which dominate the clinical and pathological picture of copper deficiency. 

Iodine deficiency incattle has been observed only in Minas Gerais and Mato Grosso. 
As yet there are not data on the occurrence of deficiencies of sodium, chlorine, magnesium, selenium, manganese, 

and zinc in cattle ih Brazil. 
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Calculated at 85.2 million head in 1972, the present bovine population in Brazil does not exceed 90 million. Fromthis large number of animals, Brazil scarcely produced 2.04 million tons of carcass meat In 1972. Because 9.5 millionhead were slaughtered for this production, the percent slaughtered'was little more than 12%. For every cow existingin Brazil, only 25 kg of carcass meat was produced and this production corresponds to only 20 kg of meat per person.The low production rates observed in the cattle industry have not permitted an annual herd growth rate greater than1.3-1.5%. A large deficit in Brazilian beef production will be present during the next few years if this situation continues and present consumption levels persist.During the next 25 years the human population of Brazil should, at least, double the population of 1975. For apopulation that is predicted to have 220 million inhabitants by the year 2000, Brazil will nead to produce 5.7 milliontons of carcass meat in order to be able to maintain the same present levels of beef consumption.If the nationai herd maintains the current low rroduction rates, 28.5 million head will need to be slaughtered at thebeginning of the next century from a total herd of 237 million head. In order for this number to be attained in the next25 years, the herd in Brazil would have to increase a minimum of 5% per year from 1975 which is approximately 2.5times the current rate of increase. This growth in the national cattle population will hardly be achieved. In order tomeet the increasing demand for beef for internal consumption and still be able to offer part of the production to theinternational market, the only alternative isto substantially increase cattle production per head. 
*Percent slaughtered = No. slaughtered 

x 100
No. of existing animals 

Presently in Brazil there is an area of approximately 147 million hectares of natural and improved pastures, with astocking rate of 0.5 head per hectare. With 147 million head of cattle (1 head per hectare) Brazil would succeed indoubling its meat production. Even if that number cannot be attained in the next 25 years, the vresent herd offers
conditiins for doubling and even tripling production, if effective changes in the methods of raising animals are 
mplemented by means of the application of basic technical knowledge designed to a) improve the calving rate, b) reducethe mortality rate, and c) reduce the slaughter age of the animals.
These three conditions, high calving percentage, low mortality, and less time for animals to reach slaughter age, are
closely assocated with the nutrition of the animals, disease control and management. It can be said that Brazil has beenan extremely privileged country with respect to the infectious diseases that affect its cattle herds. The majority of
infectious and parasitic diseases can 
be controlled by sanitary conditions through well-organi-ed campaigns, like theone developed in the la.t few years against foot and mouth disease. The benefits of these campa.giz in many areas arepresenting extremely positive results.
Similar campaigns will be able to be carried out against brucellosis, using a similar scheme adopted for the foot andmouth disease, and utilizing the same people involved in this project. The same could be said in relation to parasites,bovine rabies, and anthrax. For all these diseases there are relatively good vaccines and/or medicmtions capable ofsubstantially reducing the unfavorable effects of these endemic conditions.Nutritional deficiencies, especially of proteins, energy, minerals and vitamins that are critical during definite times ofthe year, or even during an entire year, seem to constitute the principal factors responsible for the low livestock yieldsin Brazil.
During the long periods of drought when the quantity and quality of forage-producing plants diminishes, the cattleproducer has not yet developed the practice of preserving feeds for the animals. Also, in order to prevent nutritionaldeficloncles due to the lack of phosphorus, cobalt, and copper which are recognizable in herds found in large areas ofBrazil, the cattlemen are not yet su ficlently accustomed to the utilization of mineral mixtures. 
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For a bovine population calculated at 90 million head the annual consumption of mineral mixtures is not greater 

than 25,000 tons. This represents only 278 grams of mineral supplements available per head per year excluding com

mon salt. Considering a minimum consumption of 6 kg of mineral supplements per year, the present demand would be 

sufficient for scarcely 5 million head, which is only 5.5% of all cattle in Brazil. 

Production data of cattle in a Region of Central Brazil 

551. Calving percentage (%) 
2. Mortality up to 3-4 years of age (%) 20 

3. Weight gain from birth up to the age of slaughter (g/head/day) 280 
4. Age at slaughter (years) 4 

5. Percent slaughtered No. slaughtered _ 100 12 

No. of existing animals 

6. Live weight per hectare/year (kg) 40 

Evidently, one cannot attribute these low production rates to only malnutrition. Parasites, infectious diseases, and 

toxic plants also contribute to low calving percentage, high mortality rates, and slow growth rates. But the contribution 

of malnutrition and mineral deficiencies assumes a decisive role upon cattle production indices throughout Brazil. 

These have unfavorable repercussions on cattle production per larid area and consequently on production costs. 

Lack of Minerals 

It will not be necessary to emphasize the great losses resulting from mineral deficiencies in terms of low production 

rates in whatever regions of the world where thee deficiencies are not duly avoided or controlled. 

Areas deficient in essential minerals occur in vast regions of the world in both developing and developed countries. 

Brazil with its 8.5 million square kilometers, cannot be considered an exception because studies in the majority of 

Brazilian states have confirmed, with sufficient frequency, areas which are deficient in phosphorus, cobalti copper, 

and iodine. 
From many reports in Brazil, the administration of phosphorus supplements in many areas has offered extremely 

significant response in terms of higher calving percentages. These responses at times represent increases in calving rates 

of from 20 to 30%. 
The beef and dairy cattle industries in numerous areas of the country have been economically assisted through the 

use of phosphorus, copper and cobalt supplements for the correction of pasture deficiencies. 

Lack of phosphorus, according to all indications, is the most frequent deficiency in Brazilian pastures. The situation 

is considered serious during the dry season when protein and energy deficiencies are also associated with phosphorus 

deficiencies. 
From 1,030 analyses conducted on grass forage samples coming from the majority of the Brazilian states, which 

were collected in different months of the year, and in different stages of development, the Tortuga Zootechnical 

Agrarian Company accumulated the following data during aperiod of 4 years: 

Results of analysis of phosphorus in the most 
common grasses used as forage in Brazil 

(1972 to 1975) 

%of P No of samples % 

0.35 or niore 26 2.53 
0.30 to 0.34 40 3.88 
0.25 to 0.29 51 4.95 
0.20 to 0.24 141 113.69 
0.15 to 0.19 246 23.88 
0,10 to 0.14 320 :31.07 
0.05 to 0.09 173 16.80 
0.00 to 0.04 33 3.20 

TOTAL 1030 100.00 

Source: Tortuga Zootechnical Agrarian Slo Paulo. 
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Of the total forages analyzed, 76% of the total samples showed a level of less than 0.20% phosphorus (782 samples).Of the 1,030 samples, 526 (51.1%) showed levels of phosphorus less than 0.15% and 206 sampleU (20.0%) revealedlevels of phosphorus less than 0.10%.A majority of the samples were guinea grass (Panicum maximum). In smaller proportions were jaragua grass (Hyparrhenla rufa), molasses grass (Mellnis minutiflora), pangola grass (Digitaria decumbens and others.Areas extremely deficient in phosphorus were identified independently from the forages that were analyzed. In thissame region the levels of phosphorus varied considerably in accordance with the seasons of the year (wet and dry) orthe phase of development of the grass plants (Veiga, unpublished data).In the national literature many reports refer to the identification of mineral deficiencies, especially phosphorus,copper, and cobalt in various regions of the country, and much of this bibliography can be found in the excel[e6,treview presented by Lee R. McDowell from the Univeristy of Florida, U.S.A. at a conference concerning MineralDeficiencies and Toxicities and their Effect on Cattle Production in Developing Countries, held at the University ofEdinburgh, Scotland in September of 1974.More recently, a Group of Researchers are making a mineral survey on more than 30 properties located in theAmazon region. This was organized by the Brazilian Amazon Cattlemen's Association with the participation of theBiological Institute of S~o Paulo and in agreement with SUDAN and the SUDECO. They have discovered in the greatmajority of areas visited, certain signs of mineral deficiencies in anim=al and plant tissues, involving principally phosphorus, copper, and cobalt. 

Industries Producing Mineral MixturesIndustries which are capable of manufacturing mineral mixtures in Brazil have been working actively in this field of",production and commercialization. For more than two decades they have attempted, where it has been possible, tobring together information for the improvement and perfection of their products which would be most efficient andmost adequate for each region.The desire of the industries to prepare the most appropriate mineral mixture for eachimpossible because of area or region frequently isan absolute lack of consistent and sufficient mineral research data. With adequate data theindustries can formulate mixtures with greater efficiency and probably with less cost to the cattle producer.Naturally, we are beyond the time when the same simple or complex mixtures were preformulated arid commercial.Ized for all regions of the country, Indiscriminately combining numerous mineral elements in the most varied and inconsistent proportions. Mixtures of this type, unfortunately, are still merchandized in this country and often contribute.to the disillusions and prejudices of the producers.In reality, extensive work has been performed in this country by companies who are interested in protecting theirgood name. Much useful Information has been provided directly to producers, many of whom had not been reachedby official programs up until the present time. The contributions of the commercial companies cannot be underestimated nor should they be impeded by competitors with fewer scruples.The manufacturers of mineral mixtures struggle against the small amount of inconsistent data related to specificareas where mineral deficiencies tnstitute problems. But many of them, through observed results, analyses of plantand animal tissues and experimental research that they themselves have conducted, have already begun to preparemore adequate mineral mixtures for determined areas. This research, nevertheless, executed by an extremely small
number of firms, obviously should not be so slow and, above all, it isconsiderably burdensome.
In many situations, the experiments which are set up on private ranches, conducted by researchers of official organizations or by researchers of the commercial industries that produce mineral mixtures, are met with immense difficulties,
In many cases the manager, the owner of the cattle cr the owner of the land, abandons his part of the agreement.
On the other hand, there does not exist in this country sufficient numbers of specialized laboratories nor enough
trained technicians to effectively analyze plant and animal tissue on a large scale. In Si11o Paulo, this work isbeing conducted by the Biological Institute of the Secretary of Agriculture, with serious limitations of personnel and funds.In a recent agreement between the Biological Institute and Brazilian Amazon Cattlemen's Association, an attempt isbeing made to assist the Biological Institute with personnel and funds in order to survey the mineral status of morethan 40 ranches in the Amazon area.The preliminary results indicate extensive areas of pasture whert, as a general rule, low levels of phosphorus predominate and, regionally, low levels of cobalt and copper exist.The already well known disease of young animals called "swolen face" ("cara Inchada") is of great concern tonumerous researchers of EMBRAPA and of the Blological Insitute (through the Brazilian Amazon Cattlemen's Association), that coordinates a project of the SO.DAN and S DECO for the identification of mineral deficiencies.The Tortuga Zootechnical Agrarian Company ha, just initiated an experiment in the Rondonopolis area involvingabout 210 adult and young animals, part of whiclh nave clinical signs of the swollen face syndrome and part of themstill without apparent clinical signs.The "swollen face" syndrome isonly one of the problems that is probably linked to the deprivation of minerals.Even though this problem is frequently found thoughout a vast area of Mato Grosso which contains more than onemillion cattle, this disease has been found in other areas where It was verified more than 20 years ago. For example, 
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in the Paraiba Valley '(State of S~o Paulo) cases 04' ";wollen face' were very frequent and were observed by us on 
various ranches (Veiga, unpublished data). In the saW period, Rene Correia documented cases of swollen face with 
excellent photographs (Ren6 Correia, personl communication). 

Hpwever, in addition'to "swollen face" there are other problems of mineral deprivation which occur in the major
ity of Brazilian states, especially insufficient amounts' of phosphorus, copper and cobalt. The deficiency of Iodine has 
also been identified. All this information, is sparse and covers only micro-regions in a country of 8.5 million square 
kilometers. 

The procedure of the mineral manufacturers has obviously been that of offering one mixture which contains all the 
elements considered essential, or at least those that are known to be deficient in a specific area. It is easy to under
stand that a Mixture developed for an entire country will not be able to furnish uniform results and satisfactory 
answers for every case. hesemixtures attempt to offer the minimum level that isconsidered normal, but this minimum 
is not always sufficient. The best menufacturers are aiready trying to diversify their mixtures for specific or regional 
cases bai d on their own observations. Meanwhile, mineral manufacturers need conclusive results from well developed 
regional surveys so that they can provide the most effective mineral mixtures. 

The problem of mineral deficiencies is a problem which has swierely limited the productive capacity of the national 
herds and, consequently, the economy of Brazilian cattle producers. This subject merits the highest priority of the 
official -authorities from the identification of deficient areas to the inspection of the products that are offered in 
the market. 

Information the Mineral Manufacturers Would Like from Researchers 
Without using the name of any particular industry, but personally involved in this problem as cn animal scientist 

and particularly concerned with the great national problems related to the production of food for our population, I 
believe that ihe mineral manufacturers would Hike more complete information with regardto the prevenilon of mineral 
deficiency diseases. 

Among the desired information, I will cite only those which I consider most important: 
1) A general survey of the problem areas where there are large concentrations of beef and dairy cattle in order to iden

tify the principal mineral deficiencies which are related to poor animal performance and to observe herds with typical 
deficiency disease symptoms. 

2) Research on specific diseases which affect animals in certain regions of the country. There are still many doubts 
regarding their etiology because sometimes the cause is attributed to one or more mineral deficiencies, or to toxic 
plants ii to deficiencies of other origins or even to infectious and parasitic diseases. 

3) Means and methods of administering minerals that guarantee minimum consumption which is sufficient for the pre
vention of the deficiencies predominating in the rasearched area. 

4) An indication of the most recommended mineral compounds for the development of mineral mixtures and propor
tions which should be maintained between the different elements for each situation and region. 

5) Relationships between types of soils, vegetation, and mineral deficiencies. 

6) Periods of the year or seasons of the year in which the mineral deficiency becomes more critikal. 
7) Regions or areas where the excess of mineral elements (molybdenum, selenium, etc.) may be responsible for the 

states of deprivation or intoxication. 
It should be unrealistic to expect researchers from the national organizations to map the pasture areas of Brazil in a 

short or medium time span, in order for the mineral manufacturers to be able to operate with more certainty and effec
tiveness. We believe that more rapid and compensating results will be achleved in areas or regions where th.9 problems 
are more acute. 

Commercial industries without a doubt, wart to collaborate in the solution of the great problems facing national 
cattle production, as they have been doing by the introduction of new drugs, new medicines and vaccinr which are 
more efficient in controlling the infectious and parasitic diseases. In this area the industries have found as much support 
in research conducted outside as research conducted within the country by scientists of official institutiorns and by their 
own scientists. But in the specific case of mineral deficiency diseases, the research has not yet been considered with 
sufficient m3gnitude through planning and the application of research methods. The research in this area is extensive 
and exhausting. The researchers need essential support, coordination, and planning. There are few of us in Brazil 
spe alized in this subject, therefore, it is not advisable for us to divide or dilute our efforts and to act in isolation which 
would be sporadic and futile. Consequently, if the mineral manufacturers have something to request from the research
ers, they have much more to request from the national authorities. 

The identification of regions lacking in essential elements and where the herds do not have the conditions to provide
satisfactory economic: profits, Is a serious matter which requires absolute priority, or at least, the equivalent of the 
priorities which have already been given to other known problems which affect the national bovine herd. 

If I could speak in behalf of the mineral manufacturers, ! would add that they could acclaim all the measures than 
can be takep by the official authorities in the realm of: 
1) Formaion of researchersand technicians specialized in the identification and prevention of deficiency diseases. 
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2) Installation of laboratories equipped for the analysis of animal and plant tissues for more rapid identification of thedeficiency diseases in various regions of the country. U 
3) Development of a national plan or at least regional projects for a rnore rapid survey of the situation.4) Full disclosure of results and the recommended measures for sqiution to the problems.5) Appropriate regulations for mineral mixtures placed on the market as a guarantee of efficacy for each region.6) Fiscal incentives or whatever type of designated subsidy to stimulate Vhe industries to undertake research related todeficiency disease.
7) Full campaign at the national level to inform cattle producers about the facts with respect to deficiency diseases andthe methods to correct these detrimental deficiencies. 

EVALUATION OF MINERAL SUPPLEMENTS FOR RUMINANTS 

byR. H. Houser, L. R. McDowell and K. R. Fick
 
Department of Animal Science
 

University of Florida
 
Gainesville, Florida U.SA.
 

It isa rare occasion when ruminant nutritionists visit ranches in Lat-n America without being shown an ingredientlabel from a commercial mineral mix and asked "Will this supplement meet the mineral needs of my animals?" Theanswer Is seldom simple. An evaluation of the ability of any supplement to meet the mineral requirements of a classof animals presupposes that those requirements are known. Although the authors fully recognize the complicationsof any such assumption, a discussion of the many factors that affect ihe mineral requirements of ruminants isbeyondthe scope of this paper. Underwood (1971) has discussed this problem in depth.A further complication is often the ingredient tag itself. Sources of mineral elements are frequently not listed, or several sources of the same element are cited (i.e., copper sulfate, copper oxide, etc.) leaving it to the buyer's imagination what percent of the total composition of the mineral element is supplied by which compound. Ingredient tagswould be much simpler if presented in a manner similar to that of Cunha etal. (1964): 

Ingredient % 
Dicalcium Phosphate 59.38
Trace Mineralized Salt 1/ 30.00 
Copper Sulfate .60
Cobalt Sulfate .12
Carse Molasses 6.00
Cottonseed Meal 4.00 

1/ Trace Mineralized Salt Contains (%):NaCI 99, Zinc Sulfate .53, Ferrous Sulfate .25, Manganese Carbonate .1,Copper Sulfate .10, Cobalt Choride.006, and Potassium Iodide .002.
For such a tag, it might be easier to make 
a more accurate judgment concerning the quality and quantity o(ingredients in a mineral mix. Even labeling such as the above would not allow a completely accurate evaluation, however.
Although it would be natural, for the user to assume that the names defluorinated phosphate, cobaltous carbonate, etc.identify specific compounds, this is not found to be true in actual practice. Compounds used by the mineral mix industry may vary markedly in their content of the desired elcment. Table 1 presents a listing of various mineral source:; thatare used by the industry today. A reference to this Table will quickly point out that "Feed 
 Grade" mineral sources
usually vary somewhat from the amount of specific elements that would be calculated in pure compounds. It may also
be noted that the "Feed Grade" compounds themselves vary greatly from one to another in the amount of mineralelements that they furnish. For a striking example of this, refer to cobaltous carbonate in Table 1.Making a judgment from such a tag also assumes, of course, that the qualky control of the supplement manufac.turer issuch that the mixture actually contains the amount that is stated on thv tag. Unfortunately this has not provento be the case in many instances. Analyses of mineral mixes throughout Latin America have often shown little relation.ship between the amount of elements listod on the tag and those actually found In the supplement. In the final analysisthe user must rely on the reputation of the manufacturer for mincral mix content. When evaluating mineral mixes under field conditions the researcher Isusually obliged to accept that the mineral content Is as listed on the label. 
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* 	 'Table 1. 
PERCENTOF MINERAL ELEMENT IN COMPOUNDS
COMMONLY USED IN MINERAL SUPPLEMENTS
 

%Element 
%Element in In Feed 

P~ue Compound Grade 
Element Sowr.Compound 	 or Soure ICompoundl 

Calcium: 	 Steamed Boneimsel 29.0 (23-37) 24.0 
Defluorinatid Roc.k Phosphate 29.2 (20-36) 
Soft Phoeleate 18.0 
Calcium Ca!bonate 40.0-
Ground Limestone 38.5 38.0 
Dolomitic Limutono 22.3 
Monocaiclum Phosphate 15.9-
Tricalcium Phosphpte 38.6 31.5 
Olcalcium Phosphate 23.3 22.0 
Calcium Sulfrte 29.4 20.0 

Coball: 	 Cobaltous Carbonate 49.5 20, 55, 46 
Cobaltous Chloride 24.7 -
Cobaltous Sulfate 24.8 21.0 
Cobiltic (ous) Oxide 73.4 

Copper: Cupric Carbonate 53.0 
Cuprle Chloride .37.2-
Cupric Oxide 80.0 75.0 
Cupnc 'Sulfate 25.5 25.0 

Io!ne: Calcium Iodate 65.1 62.0 
Potav;ium Iodide 76.4 69.0 

Iron: Red Iron Oxide 69.9 46, 60, 56 
FerrousSulfate 20.1 
Ferrous NH.l Sulfate 14.2 
Ferrous Carbonate 41.7 ., 35, 41.7 
Magnesium Carbonate 28.8 

_.Magnesium Chloride 12.0 
Maielu-m Oxl:... 60.3 50, 54, 58.5 
Mag nium Sulfate 19.9 19.0 

Manganese: 	 Manganous Carbonate 47.8---
Manganous Chloride 27.8 
Manganous Sulfate 32.5 .27.0 
Manganous Oxide 77.4 56, 60, 62 

Phosphorus: 	 Steamed Bonemeal 13.6 (8-18 12.0, 13.0 
Defluorinated Rock Phosphate 13.3 (9-21 18.0 
Calcium Phosphate 24.6 21.0 
Dicalcium Phosphate 18.0 
Tricalcium Phosphate 20.0 19.0 
Phosphoric Acid 	 31.6 23.7 
Diammonium Phosphate 23.5 20.0 
Monoammonium Phosphate 27.0 24.0 
,Disodium Phosphtte 21 -
Monosodium Phosphate 224 -
Sodium Trlpolyphosphate 25.3 25.0 
Potamium Phosphate 22.8 
Tripotmium Phosphate 14.6 
Soft Phophate 19.0 

Potumlum: Potalum Chloride 52.4 ,50.0 
Potamlum Sulfate 44. 41.0 

kmenim: "Sodlur Selenite 45.6 
S ifur: 	 Sulfur, Flours of 96.0 

Poaulmum Sulfate r 18A 17.0 
Magneium Sulfate 13.0 11.6 
Sodium Sulfate 22.6 
Ammonlum Sulfate 24.3 24.0 
S"n1 lSuifaeo 29.4 18.0 

Zinc: 	 Zlnp Carbonate 52.1 
Zinc W10166 	 48.0 
'Zinc sifa ::e 22.7 34.5 

, Zinc Oxide'' 80.3 73,70 
.Contom of acta feld wade omounds exeirenmed by InteriMionl Minerals Corp. end Allied Mills, Inc. Where - Isindlated, ffesv 

tadi ndbe the pure compounds.eomPon*wee sentially the urne 
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In order to evaluate a mineral supplement, one must at leat hav approximation of:1. 	The requirements of the class of animals Inyolved for the essentlal elsenwtj. , 

2. The relative biological availability of the elements In the compounds thrOutwhich they will be auppiad.3. The approximate daily inte per head perday of both mineral mixture and total dry matter that can be expected
by the dla' of animals under consideration. 

4. 	The concentration of the essential elements in the mineral mixture. 
Die" Requieme For Enaml MiW ElmnAlthough precise figures for mineral requrmennts of different cls'es of inmlis under varyingbondtions 'e stillnot known, enough research data If ava1411ial from which some geea ocuslofti may be -drawnsi to disery, levelsunder which cattle will usually thriv

additional amount which can be used 
(NRC., 1976). A dietary allowance can be defined is *therequiremenit pitrs anas a sfety factor. These dietary Ilowances for variou clae of cetl havebeen summarized by Ammarman (197,51 a w were not established with Ze 

ae presented in Table 2.' It Isl recognized that Most Of theirequirents'cttle rwith cattle living under il coitloS, res c g tht this isthe best information that we have and that these requirements should be used untlresearch data becomes available
concerning tropical cattle. 

Table 2MINERAL REQUIREMENTS AND ALLOWANCES FOR BEEF CATTLE 
Requremet 
 A .owances

Growing & Finishing Pregnant 	 Lactating LactatirStee & Helfars Cow Cow Cows
Calcium, % .18-1.04 .18 .18-.44 .30Phosphorus, % .18- .70 	 .18 .18-.39 .25Potassium, % .6 .8
Sodium, % .06 	 8 

2	 
.06 .06 .15

Chlorine
Sulfur, % .1 	 ._.15-
Magnesium, ppm 400- 1000 1800 2000Iron, ppm 10 

Copper, ppm 4 	 0 

-	 10Zinc, ppm 20 -30 
50Manganese, ppm 1-10 20 -	 25Iodine, ppm _ 	 .05-.1 .05-.1Cobalt, ppm .05-.10 	
.63 

.05-.10 .05-.10 .1Selenium, ppm4 .05 -. 10 .05-.10 .05'..10 .1 
1. NRC, Nutrient Requirements of Beef Cattle, 1976. All values expres"d in percentage or ppm of dry ration.2. 	No requirement for chlorine shown. Requirement will be met by suf',cient NaCI to provide sodium requirement.3. 	Based on iodine levels listed for lactating dairy cows. (NRC, Nutrient Re-iulrements of Dairy Cattle, 1971). Higher levels of iodine
are frequently added to mineral mixtures because of the instability of many iodine compounds.

4. 	 At present, selenium cannot be added to supplements for ruminants Inthe USA.
5. 	 Ammerman (11975). Personal comm.nication. 

Biological Availability

The biological availability of the macro and microelements has loen discussed previously in this symposium. Animal
requirements were originally determined using compounds with relativelyhigh availability (i.e., sulfates and chlorides).
If compounds that are less available are used in a mineral supplement, a larger amna nt of these substances must beadded In order to meet the animal's requirement for the mineral involved. In addition toavailability, the stlbility of thecompound used to supply the mineral element Is important. Unstabilized potassium iodide, for exnmple, is less effectiveunder wet tropical conditions, since iodide in this form is readily volatilized or leached. Calcium or potassium iodteistabilized potassium iodide or pentacalclum orthoperiodate are much more stable forms %fiodine (McDowelI;,1976), 

Average Daily Intake of Mineral Mixtures and of Total Dry Matter
The average daily Intake of free choice mineral mixtures by cattle is highly var ile. Factors that affect the corisumption of mineral mixtures in the United States were cited by Cunha eta/. w1064):1. Usually, the higher the level of soil fertility, the lower the consumption of minerals.
2,Some forages cause an increase in mineral consumption, whereas others lower it. Cattle on native range 
 *rsume more mineral supplement than those on improved pastures. Usally, when forages arm growing rapilfrjhers willbe les mineral consumption than during the periods of theyear when plant growth Is slow o'raoi.: aitle onlow quality and overgrazed pastres consume more mineral supplements. 
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3. 	 The kind and level of supplemental feeding will influence mineral intake. 
4. 	 Growth rate, percentage calf crop, and milk production influence mineral needs. The added requirenents of ges

tation and lactation increase mineral needs. 
5. 	 The amount of minerals in the drinking water influences mineral intake. 
6. 	 The palatability of the mineral mixture affects intake. If the mixture is not palatable enough, the cattle may not 

consume enough mineral to satisfy their needs. If the mineral mixture is too palatable, they may coi,sume too 
much and develop mineral imbalance. Cane molasses, cottonseed meal, and other ingredients may be added to 
.mineral mixtures to Increase their palatability, but they must be used inmoderation or they will cause over con
sumption of the mineral mxture. 

7. 	Mineral boxes which keep out the rain help increase mineral intake. Minerals should not be allowed to cake in 
the box, as this decreases consmption. Boxes should be constructed so that the calves can also consume minerals 
from them. Keeping the mineral supply fresh increases its consumption. 

8. 	 Less mineral isconsumed if cattle have to travel long distances to the mineral box. Mineral boxes should be loca
ted near the water supply or where cattle ,est. 

9. 	Moldy mineral mixes will lessen consumption. Use miner.4 mixtures which will not spoil during damp, wet weath
er or blow away in wirdyweather. The use of 20 to 40 percent salt prevents molding and blowing. 

As the salt content of water increases, cattle consume much less of a high salt mineral mixture. If salt content of the 
water is high, the level of salt in the mineral mixtures should be decreased. Otherwise, cattle will not consume enough 
of the mixture to satisfy their phosphorus and micro-mineral needs. 

Table 3 presents mineral consumption data obtained at the University of Florida Range Catle Station under three 
different pasture programs (Cunha et al., 1964). 

Chachamovitz (1974) has indicated that cattle grazing in Brazil often consume between 40 and 50 gof mineral mix 
per head per day. Holder (1972) has indicated a consumption of 50 to 100 g/head/day by cattle grazing In Guyana. 
Between 40 and 50 g/head/day is commonly used as an estimate for intake of mineral supplements (50% salt: 50% 
phosphorus and microelements). Cattle do not always consume mineral mixtures well under tropical conditions. Rios 
(1974) hai presented data showing a wide monthly variation in the consumption of mineral mixtures by Venezuelan, 
cattle. Rosa (1975), working on ranches in Mato Grosso, Brazil, has also encountered very low voluntary intake of 
mineral mixtures. Table 4 summarizes some of the iapiuts of Rios and Rosa. It is noteworthy that in both experiments, 
cattle consumed very little mineral mixture during the dry season. This finding is supported by work from other Latin 
American countries and Africa, but it conflicts with findings in temperate regions, where cattle tend to eat more 
mineral when grass is poorer. This difference may be explained by the observation that "poor" pasture in temperate 
regions has a different meaning than in tropical regions. Cattle may consume more mineral as grass quality declines, 
but at some point, the quality may be so bad or dry matter so scarce that the animal does not continue to consume 
mineral supplement. Further research is needed to determine the pattern of mineral consumption on tropical pastures. 

When evaluating mineral supplements where consumption isnot known, researchers commonly start with an intake 
figure of 50 gper day and adjust this figure according to local conditions. 

Table 3
 
AVERAGE MINERAL CONSUMPTION OF BEEF COWS FROM 1956 to 1962
 

AT THE RANGE CATTLE STATION, ONA, FLORIDA'
 

Average Mineral Intake per Cow 
Herd No. Pasture2 No. Cows Yearly (kg) 3 	 Daily (g) 

1 Native 60 17.0 50.0 
2 Combination native and improved 60 15.4 40.9 
3 Pangola digitgrass 

overplanted with 1/3 clover 60 	 4.4 22.7 

IData supplied from Range Cattle Station. (Cunha etal., 1964).
2Herd 1 o' 333 ha. native range, one-half burned alternate years, and fed hay and cottonseed meal in winter. Herd 2 grazed 131 ha. 

native range and 31 ha. fertilized Pasture consisting of 7.5 ha. Pensacola bahlgrass overplanted with hairy indigo, 9 ha. each of pangola
grass and Pansala bahiagresa and 17 acres of mixed Gras, only fed cottonseed meal in 1957-58 winter. Herd 3 kept on fertilized 

3pasture consisting of 29 ha. pangolagrass and 9 ha. of the same grass overplanted with Whiteclover. and fed hay isech winter. 
Range in average yearly mineral intake per cow: Herd 1,8.2 kg in 1956 to 21.4 kg in1959; Herd 2, 11 Akg in 1,951 to 21.8 kg in 1957; 
Herd 3,6A k9 in 195 and 1959 to 14.0 kg in 1962. 
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Table 4
MONTHLY CONSUMPTION OF MINERAL MIXTURES BY

CATTLE UNDER TROPICAL CONDITIONS (g/h/d),,2 

Venezuela 3 Brazil 4 

Month Females Males Iodized Salt Complete Mix 
January 12 27 
February 12 20 
March 
April 
May 

10 
10 
15 

8 
12 
18 

26 
24 
26 

26 
28 
32 

June 
July 

32 
52 

35 
42 

19 
15 

21 
14 

August 
September 
October 

25 
30 
26 

35 
37 
35 

12 
10 
18 

11 
11 
25 

November 32 40 
December 28 17 
1,2 Rosa (1975), Rios (1974).

3 Complete Mineral Mixture. 
4Two "ear-oid steers. 

Total Dry Matter IntakeIt is virtually impossible to know the total daily dry matter consumption of cattle on pasture. The quality of apasture will to a great degree, determine intake. Although 2% body weight iWconsidered a rough estimate of foragedry matter intake by cattle, they may eat much less if the forage is of poor quality, or (as could be the case during
the dry season) quantity islimiting. This factor also, often becomes a matter of judgment on the part of the researcher.In most cases, only an approximate estimate isavailable to gauge daily dry matter intake. 

Concentration of Elements in the Mir.3ral Mixture
As can be seen in Table 2, mineral requirements are usually expressed in some concentration unit (percent, partsper million, gram per kilograms, etc.). It is useful to remember that parts per million (ppm), milligrams per kilogram(Mg./Kg.), and microgram per gram (/jg/g) are 	 identical. One sees all of these nomenclatures on various mineral supplemant labels. Since the NRC tables (NRC, 1976) use percentage units for elements that are required in relatively largeamounts and ppm for those required in much smaller amounts, this nomenclature will be used hereafter. 
After an evaluation-has been made as to the biological availability of the elements to be supplied by the mineral mixand a judgment has been made as to the approximate daily intake of mineral mixture and of total dry matter, theconcentration of each element in the mineral mixture can be used to calculate the amount of each element that willbe furnished per animal, expressed as a percentage or ppm of the total dry matter intake (the manner in which requirements are usually expressed). The concentration in the total diet of each element furnished by the mineral mixture can be compared to the total requirements for that element in order to determine if a significant amount is being

furnished by the supplement. 
The calculation is made as follows: 
(1) 	(%Element In Mineral Mixture) (Daily Intake Of) = %Element In 

(Total Daily DM Intake (g) ) (Mineral Mix (g) Total Diet 
If for example: 

Copper In Mineral Mixture (%) = .12 
Daily Intake Of Mineral Mix (g) = 50 
Total Daily Intake Of DM (kg) = 10 
Then: .12x50 .0006% Or 6 ppm 

10,000 
The reader will note that it is a simple matter to convert percent to ppm, by moving the decimal 4 places to the 

right and vice versa.
It i, difficult to say what constitutes a "significant portion" of the requirement for each mineral that'should besupplied by the mineral mixture, but it isgenerally believed that this figure.should be at leost 25 to 50%. In the aboveexample, 6 ppm copper would be furnished by the mineral mixture. From Table 2, we can s" that approximately 10 ppm is considered the allowance for copper. About 60% of the requirement for copper would be supplied by the min

eral mixture. 
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101* 3 preuntsn utample of mineral iwn nl ppoios upplied by amineral Mixture (uknler1o)certain 
conmeelelpr~ratope.hb~ rng.orpawae,(Amr64Man, 1975).! As, can be men, this particularfem4fre 

mtture wkapledi ny 6ofseenbt; that. reiatdl y hl portion of the other elements is furnished. 
Th fe * h~dNvte~mto~se a nd of the TIeTalS presents examples of somemineral mixesol)d li: Latin AmeorWs md,theptkm amuount that the would suply n the diet. A careful eveluldioil of the".
 

te Omixtsld b ime Auming a consumption of,.b%of ttal dry mate, for example,

mix-ares o.I,*ad 4 w yje lt4 Inigificant amount of iron and copper and mixture No. 4 sipplied very little
 

c and m if ele ments conql~ered to be neceosery in apar~lcular minwal Mixture, tey should be
 
kaded atas blow' level. if not, they abould 4o,omitted. 

, Attentoshould be 4. which is sold widely throuqghit Latin America. This mixture contains 
molenks IWhis Isa bo mie a should only be used who4 ' deficte ,y Is suspected. If this mixture Isused in 
aretswhere selonhamoonfant of the forage Ish*it.twill~pnly aggraIte tbo problem,Finy, i sho be said about themagnum contnt f mixture 11O. 1. Forage usually contains sufficient 

agne i . There are emin msonsof the year, however, whws magnesun, deficiency becomes a problem. During
this time, lug. am outsi(a mina-mixire containing 25% MgO hm been effective in the Southeaster USA.) are 

e ....t overcomethe problem of "gras tetany.." Small amounts of Mg given routinely in,q mineral mix are really
of no value (Underwood. 1971).. 

Table 5.
 
MINERAL ALLOWANCES AND PROPORTIONSSUPPLIED
 

BY A MINERAL MIXTURE OFFERED FREE-CHOICE
 
.ON RANGE OR-PASTURE
 

%of 
'Allowance 

Mineral 
Dietary 

Allowance. 
Mineral 
Mixture, 

Amount from 
Mineral Mix 2 

from 
Mineral Mix 

' % % % 
Calcium .30 18.0 .09 30 
Phosphorus .25 8.0 .04 16 

Magnesium 3 
ppm 

, 2000 
% ppr;, 

NaCI 4 

Copper 10 .10 5.0 50 
Iron :1 10.00 50.0 ,? 63 
Mannese 25 " .20 10.0 40 
Zinc 50 .05 2.5 5 
Cobalt .1 .01 .50 5 x 
iodine -. 6 .01 .50 83 

Composition similar to certain mineral mixtures available on the market.
2 It is asumed that mineral consumption will average approximately .5% of the total dietary intake. 
This is based on an estimated Intake of 50 gof mineral ,nixture and 10 kg of total dry feed per head 
daily. 
Magnesium is gonerally not added exceptfor special mixture for lushLwinter or spring grazing etc.4It Is generally assumed that sodiu and chlorine requirements are more than adequately met, bymineral mixtures containing 25 to ;i salt and consumed at a rate of .5% of the total ration. -

After all the calculations hwe been made c6cerning the adequacy 'of mineral mixtures, it is important to keep in 
mind that If the rancher does not supply the mixre in the manner recommended by the manufacturer, all calculations 
are, invalid. It is common in Latin America to find 6r1ineral mixtures which the manufacturer recommends to be mixed 
1:1 with salt,r being,mixed. 9 partsalt to I pact mrioral.'Dela Torre (1975) studied 150 farms In Ecuador and found 
that80fed "n o t 8nd that among t rest. minerol mixtures were diluted 20:1 to 100:" with salt. 

Many other factori ae Invoved n prope evaluaion of mineral supplements. Space {as not permitted a discuson 
the mineral iMte nips, for exampie,,that canplay.a largepart in the availability of individual elements. Cattle 

gra.ingo pme, high in molyen need more co rthrlnormil. Higi calcium In tte mixture can tie up certain 
Smicroelemntsand render thin insufficilon to satisfy the cattle's needs.-Usually, under field conditions, the researcher 
can only coloulatowhether or: note particular.mixtureshuld satisfy, the needs of 'ie majority of the, cattle and empha. 
size thea,!T.pfre of good milnrl ntritior In the overall management program. 



- -

EXAmPLES OF SOME MINERAL MIXES SOLD IN LATIN AMERICAANDTHE APPROXIMATE AMOUNT THAT THEY WOULD SUPPLY 

IN THE DIET1 

Dietary 

.


Ehmect Allowance Mixture I Mixture 2 Mixture 3 MixtuI, 4 
Conutmt Supplies Content Supplim Content Supplivs Content suppu 

Sodium chloride .50 50 .25 .
 
-

Calcium, % .30 12 .0 - _ 20 .10 - -


Phosphorus, % 
 .25 10 .05 16 " .08 
Magnesum ppm 1400 7-2000 

_ 


Iron, ppm 80 2500 13 18,000 90 -  500 ;2.5 
Zinc, ppm 50o 500 . 10,000 50, 7000, 35 1200 -6.0 

Manganese, ppm 25 0 10,000 so _ 500 2.5 
Copper, M 10 250 1.3 5,000 25 2700 13.5 250 1.2 
Iodine, ppM .6 100 .5 500 2.5  15 .08. 
Coblt, ppm .1 5u .25 500 2.5 700 3.5 16 .0 
Sel-"'um,ppm .1 - 5 .03 

n one mnin-ra n tion of .5%of the total ration. 
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At this time there are several cattle production projects underway in the Amazon region of Brazil which are designed 
to study cattle raising .d management practices which are adipted to these regions. There regions include extensive 
beef production areas where the di- is composed exclusively f pasture. These ranches are confronted with problems 
inhibiting cattle production and thasolutions depend on a serie of scientific in -estigationsthat Are now taking place. 

Mineral deficiencies are without a doubt part of the reason fow'-the low productivity. Inadequate mineral nutrition 
debilitatis the animal, decreases f'tility, slows sexual maturity, impedes adequate growth, and consequently may result 
in loss of body weight, thus bringing on serious economical loses., 

Attempts to resIvPe alproblem of this magnitde have not been successful under existing conditions, therefore a re
amrch group Was formeWt for this specfic purpose. The research group is composed of Individuals with diverse training* 
nd xperience from both private and public in.zitutions whose goal is to discover solutions to the problems. An agree

makt.was signed by the Secretary of Agriculture of theState of $,bPaulo (through the Biological Institute) and the 
AnocOation of Beef, Citle Producers of the Amazon with the objective of improving bef cattle production in the 
Amazon which ,ready ,numbersmore than 1,000,000 head. 

The garel owictlias of the agreement can be summarized as follows: 

*.) To'prOm itre and experimentation in the' region. for &tieast five ears; 
*b) To, define thos. probem related to mineral deficiencies of'cittle in the Amazon region, since only meager infor. 

matio Iats;currntly 
) h InstitutinS fo~r~-onducting the necessary analyes;.,€}To quip pu~l: r 


d) To6 urdat i wltbrllab, dat s they can begin mineral supplementauon programs;
 
e) To p irootetftchrkol developent of the mnlneil Industry by the charactiJrization of the demand;
 
f) To facltate tiwdietriluion rk well as impede the proliferation of "super formul-.' of mineral mixtures.
 

The ortwit ojeckve ar asfollows:.
 
a) To QCItbib 8Ir,! data and te.ini l obiervations on minerals.
 

.eri with regard to the sqecific mireral slatus of cattle atb: Toboo~e: data on1te n arequirematits of cattle (Zeb) 

c) ©)To o aI: llste :the"currntproblems ofmineral deficiencies and diseases and how they are linked, for 
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The intermediate term objectives areas follows:
 
a) To investigate different soil classes and determine macro and micra elements from samples collected once a year
b) To survey, collect and analyze forages up to four times per year in accordance with their origin.
c)To confirm the diagnosis of mineral deficiencies through necropsy examination of the organs and intestines..
d)To conduct mineral supplementation experiments when necessary.

e)To collaborate in the quality control of mineral supplements.
 
This project can conveniently be divided into two phases:

1) Collection and analyses of plant and animal tissues from areas considerea to tI2 mineral deficient.'
2) 	Establishment of experiments with appropriate mineral mixturesI'In areas where mineral deficiencies have bee

identified. 
This research wich includes analyses of animal and plant tissues, has the potential, if welldIirectd, to increase thproduction capacity of a large number of herds over a vaqt region. It is a well-known fact that in Brazil t"e level cphosphorus is low. However, the applikation of phosphate supplements has permitted the recuperation of vast areaias was done with copper and cobalt administratioi in those regions whee the disease known as "mai-.o colete" 0"pfste de secar" frequcnity occurred.

It would be impractica 4nconduJct a detailed study of an ea?
enlve area like'the Amazon, therefore, nine regionwere chosen which include a large part of the cattle raising projects, including the states of Amazonas, Pard (from nortlto 	south) and Mato.+Grosso in its northern part, as follows: 1) Northeastern Par, 2) Southern Paar,3) NortheasterIMato Grosso (nbrth of the Araguaia River), 4) Southern basin of the Araguaia, 5) Ciceres, Mato Grosso, Barra oBugres, Nortel~ndia, 6) Diamantino and Chapada dos Guimaraes, 7) Arinos and 1Juruena River basins, 8) NortherrGoihs and 9) Manacapuru, Salves (Amazonas), Of. the numerous cattle ranches situated in the Amazon region, wiselected for concentrated reswarch those that offered the necessary infrastructure as well as being located in areas irwhich the cattle demonstrate mineral deficiencies.At the same time, a survey will be made of internal parasites, reproductive diseases and toxic plants. To accomplitthis, questionnaires will be distributed to each of the cattle researchers. 

Collectior,of Material
The collection ofsoil samples were conducted according to recommendations of technicians responsible for the

analyses,
The fctages and animal tissues should be collected 2 times per year (wet and dry seasons) using stainless steel knivesand clippet s to avoid metallic contamination. 

FORAGE
 
1. The forage sample 1± 300 g) should be representative of the portion that the cattle consume.2. 	Cut the grass at approximately the some height that the cattle are grazing or 20 cm above the ground when thevegetation is tall and 2 to 5 cm from the ground when short. Collect only the aerial part. Shake the plant gently 
3. 	

to remcio soil residues which would alter the results of the analysis.Forage samples should be collected from various location)h in the pasture with consideration being given to dominant forage species, soil type, high and low ground. Samples from four or five locatiois ina pasture can be keptseparate or pooled. Do not collect samples along fences, watering troughs or other areas where larger than normalnuantit| e6f rnisn ;ra ff,
At tli-

X
 

X
 

t- ,, 	 X 

.4. 	All samples should be properly Identified.' 
5. Samples should be spread Ina dry place in the shade for six hours to avod fermentation and mold.6. 	The samples should be kept well ventilated until dry. Placing the sam'ple in a plastic beg before itis dry will resultIn fermentation and mold.IVER
 
Approximately200 gof liver should be collected
in a'e mouth non-Meta containers wlth~platlc orother non

metallic covers. The preservative can be ethyl alcohol or 10% formaldehyde. The liver should be cu with stainles steelscissors or stainless steel knife. 
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l .i sle eVercan be taken from animals sacrificed for this purpose, animals slaughtered for meat or a liversample 
frowm 	 lWtv'nimals using the liver-biops technique. Blood is collected from the Jugular vein ,J allowed to coagulate. 

eserum ii !ited)rtheegulunt, placI In a clean sample jar and refrigerated. Hemolyzed'serum is Unatis
factoy for anlsivsk 

Samplesoh id be rey !identified with nuanw of ranch, location, number of animal, age, bread, sex, date and 
nutrition stt...If the smpis cannot bea refrgraed, they can be boiled in apreussre cooker and sent Immediately to 

ANALYSES AND RESULTS 
The fist-collecion ing he dry season have aready been completed. Copper, cobalt, zinc, manganese, phos

aend caleium iwar analyzed in forage and enialm livr and blood) tismes. In addition, forages were urai yzed for 
motyidmnum l cel methods and atomic: absorption vpectrophotometry were uud for mineral analyses.coiwntin 

--th w omladeleceavybewe ariad at timester are borderline deficiencies. Cobalt 
dw o0 "a ther: -Partof Brail perlist in lxtrt4, i, 0 and dry seasons when not treated. According 
o1rdc c ha e found hat the coolper deficiency innorthwest Mato Grosso occurs in the intro
dcdAur% n dim' during the rainy season in thi natural pastures. However, when native pastures are 
burned1we have verifled that the e~ng diarrhea can be cured by the administration of copper. These scours may be the 
reslit of Incre:we leisvel f molyw .mind iow levels of copper since an analysis of young sprosting grasses indi
cated highm y um Ie l26 pp) and tower than normal copper levels (44.45 ppm). 

'We epect to in widespre phophorus deficiency. HoWever, ihe levels of manganese and zinc constitute new 
- aand the lvs were unexpected in our study. The data is presented in the following tables are inconclusive and 
somii are unexpeted.. 

Table 1. 
'MINERAL CONCENTRATIONS FROM SAMPLES COLLECTED DURING THE 

DRY SEASON IN DIFFERENT REGIONS OF THEAMAZON BASIN. 

RESULTS
 
REGION SA".1LE ELEMENT i 95%C.L. UNITS NUMBER 

Ca 0.17 ± 0.02 % 7 
P 0.12 + 0.05 A 7 

GRASS Cu 5.64 + 2.38 ppm 7 
Mn 80.35 + 45.62 ppm 7 
Zn 35.04 ± 7.48 ppm 7
Co 0.085 0.024 ppm 6 

AMAZON 
A ca 8.11 ± 0.79 mg% 10 

SERUM P 6.02, + 1.06 mg% 10 
--,0.06 + 0.03 mg% 7 

Total Protein 6.76 ± 0.53 % 10 
ppm 1Co 0.07 

Cu 115 ppm I 
LIVER Mn .12 ppm 1 

Zn 91 ppm 1 

Ca 0.25 ± 0.04 % 10 
0.15 0.06 % 10 

Cu 6.5 + 0.91 ppm 10 
GRASS Mn 149.6. ± 50,73 ppm 10 

Zn 41.2 ± 939 ppm 10 
AMAZON Co 0.09 ± 0.02 ppm 10 

Cok 0.15 ppm 1 
Cu 31 ppm 1 

LIVER Mn 12 ppm 1 
IZ 11.0 	 ppm,1 



Table 1 (continued) 

REGION 

NORTHEASTERN PARA 


SOUTHERN PARA 
A 

SOUTHERN PAR 

A 


SOUTHERN PARA 
B 

SOUTHERN PARA 
B 

" 

SRESULTSSAMPLE ELEMENT 

Ca 1.52 
P 5.89 

SERUM Cu 0.07 
Total Protein 	 5.74 

.Ca 0.23P 0.21 
Cu 6.6 

0 GRASS Mn 173 

Zn 36.5 

Co 0.1 


Co 0.15 

Cu 125


LIVER 	 Mn 12 

Zn 107 


Ca 7.3
SERUM p 6.37 

Cu 0.05 
Total Protein 	 ,-7,37 

Ca 0.44 
P 0.14 
Cu, 6.85 

GRASS Mn 108.57 
Zn 34.00 
Co ' 0.07 

Co "0,06LIVER Cu 141 

Mn 20 

Zn 9.4 

Ca 0.43 
P 0.14

GRASS Cu 6.4 
Mn 78.8 
Zn 31.7 
Co 0.08 

Ca 7.29 
' SERUM P 5.92 

Cm 0.06 
Total Protein 7.02 

Co 0..06 
Cu 175 


LIVEN 	 M11 20 

Zn .130' 


Ca 0.39 
GiASS P 0.12 

Cu 5.22 
Mn 92.67 
Zn 17.37 
Co . 0.08 
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+ 96% C.L. 

± 0.47 
+ 0.63 
+ 0.01 

0.59 

-± 
+ 
+ 
± 

+ 
± 
± 
+ 
± 
+ 

" 

± 
±± 
± 

+ 
+ 

± 
± 

± 
± 

± 
± 
± 
± 
+ 

0.53 
0.72 
0.02 
0.63 

0.10 
0.04 
3.31 

28.97 
3.40 
0.02 

0.09 
0.051.25 

17.48 
3.89 
0.01 

0.49 
0.82 

0.02 
0.26 

0.12 
0.02 
1.09 

47.34 
5.12 

%0.02 

UNITS NUMBER 

rag% 16
 
m1g% 15
 

g% 15
 
% 14
 

%1 

ppm 1
 
ppm 1
 
ppm 1
 
ppm 1
 

ppm 1
 
ppm 1
 
ppm 1
 
ppm 1
 

mg% 9
 
mg% 9
 
mg% 8'
 

% 9
 

8
 
%8
 

ppm 8
 
ppm 7
 
ppm 8
 
ppm 8
 

ppm 1
 
ppm 1
 

ppm 

%, 10
 
ppm% , 1010
 
ppm 10
 

ppm 10
 
ppm 10
 

rg% 10
 
mg% 10
 

mg/100 m 9
 
g/100g 9
 

ppm 1
 
ppm'. 1
 
pom
 
ppm, 1
 

% 9
 
9
 

ppm 9
 
,ppm 9
 
ppm 0
 

ppm " 9
 



Table 1 (continued) 

.ESULTS 
/REGION SAMPLE., ELEMENT i -95% C.L. UNITS NUMBERa 

SOUTHERN PARA Ca 8.59 + 0.47 mg% 141 
C SERUM P 6.38 + 0.78 mg% 14 

Cu 0.06 ± 0.01 mg% 14 
Total Protein 7.68 ± 0.28 9% 13 

Co 0.07 ± 0.04 ppm 3 
Cu 242 ± 17907 ppm 3 

LIVER 	 Mn 16.67 ± 14.34 ppm "3 
Zn 131.33 ± 11.47 ppm 3 

Table 2 

SAMPLES FROM NORTHEASTERN MATO GROSSO (A) 

RESULTS 

Ca P Cu Mn 7n .Mo Fe Mg
Grasses (Wet Season) % % ppm ppm ppm ppm 
P. notatum .............. 0.35 0.07 4.7 124 24.3 0.06
 
" 0.49 0.06 4.3 140 26.0 0.065
 

0.15 0.03 3.1 109 - 0.075 
0.48 0.06 4.8 154 88.0 0.100.
 

.. .. 0.39 0.04 6.4 290 128.0 0.100
 
H.rufa ................ 0.19 0.03 4.2 127 97.0 0.075
 

;p. notatum ............. 0.53 0.03 10.4 229 90.0 0.090
 
. . 0.33 0.14 3.6 261 131.0 0.075
 
Native................0.32 0.03 7.2 141 108.0 0.100
 
H. tufa + M. minudflora... .0.32 0.04 2.6 285 110.0 0.065 
Matmiar: Liwer,(Wet Seon)
 
Pregna, t cows 200 8.7 95 0.100
 
(last trimester) -.
 

Grams (Dry Sesn) 
P. no'tatun t ............. 0.26 0.075 6.0 62.0 20.0 0.100
#1 	 0.25 0.110 3.5 95.0 10.0 0.100 

0.32 0.080 4.6 118.0 10.0 0.100 
:0.32 0.080 3.1 61.0 170 0.055 

. ..6fl. 0.060: 4.2. 92.0 17.0 0.085
 
. .0.76 0.040 3.3 57.0 14.5 0.060
 

. 0.85 0.040 3.8 120.0. 10.5 0.090
 
. 0.72 0.050 5.2 100.0 13.1 0.110
 

S077 0.040 5.7- 40.0 12.6 0.100
 
.ft 0.62 0.042 6.5 80.0 15./ 0.120


:.'.0.65 02 5.4 54.0 6.8 0.100
to 0.70 000-- .9.1 94.0 16.8 0,120.

.muf............0.73 
 0.040 9.6 94.0 11.5 0.110

Netiva..... ... . ..0.72 0.055 4.2 47.0 14.2 0.075 
W. ufe0 	 .. l 0.040 3.6 97.0 10.5 0.100 

oOIiti0 	 ''",Cow igood ... '- .	 '"149 9.0 94 0,100 



SERUM (DRY SEASON): 
Sample Aniial General ttus Obumvations Ca Cu(age) P Ttal Prt _____ (mg%) (ng%) (mg%) T~ % 
Crossbred S,,r Weak 3 years 14.2 11.0 .... 7.2Fat 3 years - 7.8 . 7.2Nelore Wean(id calt Weak 1.5 years 12.8 7.3 0.015 6.0Nelore Cow 

1 
Weak 5 years 10.8 9.55 years 12.0 8.6 - 

... f " 
 5 years -Gir Fat-pregnant 4 years 9.2 
7 0 0.163 7.38.1 0.120 7.1 

SERUM (WET SEASON)
 
Nelore Cow 
 Good Heifer-6 years 4.311.0 0.083 9.0 

I o9 -10.3 6.0 0.125 8.4 
. , 9t 49 oe H11.2

U 5.2 0.187 7.6 
## w.of . 10.5 3.5 0.104 7.4# . DIto 11.0 4.5 0.166 8.6 

9 U.544 R 4.5 0.145 7.2 
I It of If i o f 10.6 5.3 0.145 7.8.11.3 3.5 0.145 . 7.4 

- f .......... 10.6 5.0 0.145 7.2It t'i 9.0. E,4 .0.145 8.0
1: of tf o I o 10.5 . 4. 0.083 8.4 

•9 '- e11.5 6.0 
it 

0.125 7.8 
of #I Iof 

" 10.0 5.6 0.104 8.0 
- 7.5  7.6 

Element RESULT .x±95 C.L.) 
Gran Dry .n Wet n Unitr 
Ca 0.35 ± 0.09 : ' 10 0.61 0.12 %± 15 

P 0.05 ± 0.02.. 10 0.06 ± 0.01 15 %
Cu 5.13 ± 1.66 10 5.18 ± 1.09 15 ppm
Mn 186 ± 51.43 10 80.73 ± 14.09 15 ppmZn 89.14 ± 30.15 9 13.33 ± 1.96 .15 ppmCo 0.08 ± 0.01 10 0.09 ± 0.01 615 ppm 
SERUM
 
Ca 11.8 + 2.37 5 -10.55 ± 0.43 13 mg%
P 8.19 ± 1.53 7 4.87± 0.50 .13 mg%Cu 0.12 ± 0.09 3 0.13 ± 0.02 13 mg%
Total Prot. 712 ± 0.4 .5 7.91 ± 2.34 13 : 

Element RESULT (x ± 95 C.L.) 

LIVER 
Co 0.1 1 0.10 1 ppmCu 200 1 169 1 ppmMn .. 8.7 1 9.0 1 ppmZn 95 94 1 ppn 
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Table 3
 

SAMPLES FROMNORTHEASTERN MATO GROSSO (B)
 

RESULT (x + 95%C.L.) 

Gruass Dry Wet n Units 

,Ca 
*p 

Ci 
( 

0.29 
0.04 
4.8 1 

0.30 
0.07 
4.7 

± 
± 
± 

p06 
/10.02 
41.9 

8 
8 
8 

% 
% 

ppm 

Mn';. 
Zn 

60 
288 

0.(67 

1 
1 

1.4.18 
10.75 
0.09 

± 
± 
± 

62.59 
1.55 
0.02 

8 
8 
8 

ppm 
ppm 
ppm 

RESULTS 

Gis D,,OrySean) 

Ca% P% Cu ppm Mn ppm Zn ppm Mo ppm Fe Mg 

Native "Pool ofsamples" 0.29 0.04 4.8 60.0 28.6 0.085 

Material: 

'LIVER (Dry Season) 
Pr (antcowLastTrimester) 170 8.7 131.0 0.100 

GRASSES (WET SEASON) 

P notatur 0.30 
0.25 

0,11 
0.10 

7.5 
6.0 

63.0 
54.0 

9.5 
10.5 

0.090 
0.100 

Native 0.42 
0.28 

0.05 
0.04 

3.1 
2.2 

137.0 
115.0 

9.0 
13.0 

0.075 
0.125 

0.41 0.11 6.0 160.0 14.0 0.050 
0.21 0.04 7.5 285.0 11.0 0.150 
0.30 0.05 2.2 95.0 9.0 0.085 
0.28 0.05 3.4 84.5 10.0 0.060 

Material: LIVER (Dry Season) 
Pregnant tow (Last Trimester) 185 

107 
12.7 
11.0 

193.0 
180.0 

0.150 
0.050 

. .179 7.2 157 0.100 

SERUM (DRY SEASON) 

General Total 

Sample Animal Status Observations Ca % Pmg% Cu mg% Protein% Fe Mn 

Nlore 

i'"' 

Cow Weak ,4.... 3 years calves 
, " 

" 

-

12.8 
1fl,6 

6.2 
4.7 
5.6 

-

0.096 
0.065 

6.5 
6.2 
6.4 

Gir." 
Nolore

" 

: 
Heifer 
Cow-
Steer 
Cow.-

" 

Weak 
Fat 
Weak 

1.5 years calved 
5 ye rs 
5 yei
5 years caved 

.13.,# 
15.3 
13.2 
12.4 

8.6 
3.8 
7.1 
6.2 

0.092 
-

0.065 
--

-

7.2 
6,6 
7.4 

Gir 

Heifer 
C"r 

rC W Waek :. 

2.year; 
5 yeark calved 
4years 

10.9 
12.7 
14.2 

6.0 
4.1 
5.8 

0.086 
0.105 
0.063 

7.0 
6.2 
-

SERUM (WET-SEASON) 
PNeorCow Fair 6yearscalved 10.0 

________________ 

3.9 0.104 5.4 

Gir, 
Nelore 

Cow" 
Cow' 

to 
Fair 
Fair 
Poor 

Dry coW-5years 
Dry cow. years 
6years calved 
4 years-dry cow 

10.8 
8.0. 
8;5 
-. 

i 

,4.9 
, 5.8 

4.1 
5.1 

0.083 
0.120 
0.104 
0.063 

7.2 
8.0 
5.6 
8.4 

5 years-dry cow 10.00N:. ,.. 0.03 .. 0 
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LIVER 
Element RESULTS (x ± 95 C.L,) 

Dry n nWet Units 
Co 0.1
Cu 1 0.7 ± 0.01 3 ppm170 
Mn 

1 157 ± 1.92 3 ppm8.7 1 10.30 ± 0.02 3 ppmZn 131 1. 176.66 ± 0.70 3 ppm
SERUM 
Ca 12.83 ± 1.13 9 9.46 + 1.44 5P mg%5.81 ± 1.01 10 4.76 ± 0.72 6 Ig%Cu 0.08 ± 0.02 7 0.09 ± 0.02 6 mg%Total Prot. 6.69 ± 0.38 8 7.1 ± 1,4 6 % 

Table-4 

SAMPLES FROM NORTHEASTERN REGION OF MATO GROSSO (C) 
GRASSES (WET SEASON)
 
Element 
 RESULTS (x ±95 C.L.) n 
Ca 0.29 1 0.55 ± 0.13 6 g%P .. 0.07 ' 1 0.06 ± 0.01 .6Cu g%8.0 
Mn 

1 7.80 : 1.09 ,. ppm
 
Zn " 

200 6 ppm
1. 65.53 ± 34.45 
22 1 16.18 ± 3.28 6 ppmCo 0.07 1 0.09 ± 0.01 -6 . pprr 

SERUM 
Ca 10,47 ±1.35 . 4 . 10.77 ± 1.64. m0%P 9.1, ± 1.67 5 - 7,54-+ 1.50 9 mg% ,0.07 ,- 0.03Cu .4. 0.09 ± 0.03:'. 9 g%' Total Protein 6.46 ± 1.30 ,. 5 5.02 ± 2.06 6
 
GRASSES Ca 
 -P . Mno n Co F(WET SEASON) mg% %" pm pom itn pp " 
P. notatum 0.52 0.035 " 7.7 54:0.....17.7 0.095.. .so 0.32 0.057 

of 
8.1 57.2 . '13.4 0.100

0.34 0.067 7.0' 45.0 17.5- 0.075 
0.31 0.056" 6.8. . 62.0. 20.0 0.1,100.41 0.072 7.5 44.0d' .0.085 
0.039 0.055 9.7 .310 1,1.5 " 0.075. 

Material: Grasses (Dry Season)
P. notatum 0.29 0.07 8 :200-1 22 . 075"*.
 
'Taken from a pool Of'5 sample. 
 " . . . 

SERUM (DRY SEASON) ."... . ". ... 

General Ca P Cu Total Fe MnSample Animal Statuil Obsoivatiorns w-% m% 'g - Protein' 
Nelore Cow Good 6 years-preg -ent 9.1 8.0 0.0096 7.6


ff. Weak 6 years-pregnant 9.7 3 0A.061
;.5 7.0 
3 years-pregnant 11.3 - .0 '0.062- kis

.11.1' 10. 0.062 4.8 
11.0 - 6.4 
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SERI'M (WET SEASON) 
.. .. l P Totalenra .. CA cu 

Sampe Animal status Obsenations rg% m(3% m% Protin% 
Nbloro Steer, Good 3years 8.7 5.8 0.115 10.4
 

Cow Fair 6y mrs 10.5 7.6 0.112 5.0
 
6years - 8.6 0.150 5.8
 

Steer Poor 2.5years 10.9 9.0, 0.065 2.4 
Fair 2 years' , 11.3 11.0 0.150 5.0 

3years 13.6 8.4 0.065 4.2 
Cow Good 6years (calving) 11.9 7.2 0.115 7,J.
 

-. Sheep Poor 1 yeW 8.5 4.9 0.022 1.0
 
Poor 1 year - C.4 0.065 4.4
 

Observations: Material: liver Wet Semon) Cu 276.0 Mn 9.0 Zn 214.0 

Material: GRASSES (DRY SEASON) 

Ca P Cu Mn Zn Mo 
Sample %%' ppm ppm ppm ppm 

3.7 180 29.2 0.075P. notatum 031 0,3 
3.5 130 23.0 0.050.... 0.33 0.05 

.... 0.36 '0.03 2.9 100 10.8 0.090 
0.34 '0.06 3.0 170 17.0 0.050 

22.6 0.075M.minutiflora 0.32 0.05 5.5 80 
0.31 0.03 3.1 132 14.7 0.050* P.notatum 

.... 0.34 0.025 4.6 140 25.0 0.060 
Native + 

0.03 3.5 120 40.0 0.050H.tufa* 0.23 
50 40.0 0.100H. rufa 0.27 0.12 2.5 

Material: LIVER (DRY SEASON )
 
Cow in good condition 171 12 111 0.075
 

* Coloniao: 5'ralum notatum 
Gardura: MJlnis mlnutlfloro 

nrh;y /
•Juragua:. etfa 

GRASSES (WET SEASON) 
Ca P Cu Mn Zn Mo 

'pie % ppm ppr,t ppm%ppm 
P. nc;.,qum - 0.30 0.14 7.0 71.0 "i8.0 0;075 
.. *9 0.34 0.05 5.6 51.0 12.5 0.100 

0.30 0.075 6.2 120.0 13.5 0.090 
0.32 0.075 5.2 54.0 16.0 0.050 

- 0.39 8.0 l3.ii 15.000.16 0.085 

H.rufa 0.34 0.075 6.5 100.0 14.0 '0.150 

Material: LIVER (WET SE 3,ON) 
weaned calf ingood condition 165 9.0 89.0 0.085 
"t - ..... .9 " 265 7.2 184.0 0.075 

RUM (DRY SEASON) '_ ......... _-_ _ _ _
'Je 
. .. eneral Ca P' Cu. Total 

mng% mg% Protein %Smnple . Ani Status Obsrationsoll% 
Nel~~re Cow ~Good , 6 years-Cslved -1; .0 

Cw1. 0.104
 
Nelore, Cow 11Good 5years.Caved 9.1 6.0 0.088 

-e6 

We~ 5 h9.6' 11.5 0.088 6.0 
N\\ #re .S Weak yer-Dar.. 

6yers-Calved 11.7 8.5 0.088 7.4 
Calf Good , year-Weaned 12.8 10.4 0.087 6.7 
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SERUM (WET SEASON)
 
Nelore Cow Good 6 years-Cahod 9.5.... 7.6 0.042 7.2

9.0 8.0 0.042 7.8 
5 years.Calved 10.0Gir 74 0.042 7.4Heifer Good 2.5 years 8.8 10.0 0.083Nelore Heifer 7.6Good 1.5 years 8.5 11.0 0.083 7.4 

of 2.0 years 10.0 9.5 0.063 6.6Gir Cow Good 8 years 9.8 8.0 0,120 7.0Nelore Heifer Good 2.0 years 10.5 7.7 0.120 6.4 
1.5years 8.5 8.5 0.110 5. 

GRASS 

Element RESULTS (x -±95 C.L.)
Dry n Wet n Units

Ca 0.31 + 0.03 9 0.33 ± 0.03 6P 0.05 + 0.02 9 0.09 ± 0.04 6Cu 3.59 + 0.72 % 
9 6.42 ± 1.05 6Mn ppm122.44 ± 31.68 9 79.83 ± 28.19Zn + 6 ppm24.7 7.92 9 14.83 ± 2.06 6 ppmCo 0.07 + 0.01 9 0.09 ± 0.03. 6 ppm 

SERUM
 
C 10.8 + 2.78 
 4 9.40 ± 0.56 9P 9.28 ± 2.64 mg%.5- 8.62 ± 0.97.Cu 9 mg%0.09 ± 0.01 5 0.08 ± 0.02 9 m%Total Prot. 6.7 ± 1.74 3 96.86 ± 0.65 

LIVER 
Co 0.075 1 0.08 1 ppmCu 171 1 215 1 ppmMn 12 1 8.1 1Zn.. '111 ppm

1 136 
 1 ppm
 

Table 5
 
SAMPLES FROM NORTHERN REGION OF (3OIAS 

GRASS
 
* ESULTS (± 95 C.L.) 

Dry Wet 
Ca -- 0.31 ± 0.11 6 0.38 0.04 8 %
P 0.06 ± 0.06 6 0.04±0.01 8 %Cu 3.08 ± 1.2"'i 6 7.75 ± 1.95Mn 142.3 ± 63.69 8 ppm6 98.50 ± 42.51 8 ppmZn 126.5 ± 64.93 6 11.41 ± 4.)5 8 ppmCol 0.07 ± 0.02 6 0.09 ± CU1 8 ppm 

GRASSES (DRY SEASON) 
CP p Cu Mn Co Fe.Sample % % 

Zn Me 
ppm ppm pin m

H.tufa 0.33 0.165 2.6 
 208 16.6 0.05Natjwt 0.23 0.030 3.2 166 18.6 0.10
0.31 ' 0.020 4.8 - :-173 34.0 0.075Native 0.50 0.06 1.9 146 8.0 0.065H. rufa 0.20 0.04 2.0 182 18.2 0,100H. tufa+ 0.28 0.05 3.1 142 11,1 0.075 

Native 
Miterial: LIVER (DRY SEASON) 
Cow in good condition 113 12.2 66 0.075 
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GRASSES (WET SEASON) 

RESULTS 

Ca P Cu Mn Zn Mo Fe Ma 

'H. tufa 
% 

0.35 
%p 

0.04 11.0 
ppm 
49 

ppm 
8.4 

ppm 
0.075 

Native 
Native 
H. tufa 
Native 

0.38 
0.35 
0.40 
0.38 

0.02 
0.06 
0.05 
0.04 

9.5 
10 

7.0 
6.0 

65 
160 

52 
54 

10.0 
15.0 
10.0 

8.4 

0.100 
0.110 
0.065 
0.100 

Nlative varjao 
Native "cerrado" 
N vte campo" 

0.50 
0.31 
0.41 

0.03 
0.03 
0.03 

7.0 
7.0 
6.5 

135 
171 
-102 

22.0 
7.5 

10.0 

0.100 
0.090 
0.110 

-MNtrial: LIVER FOR WET AREAS 
.Cow ingood condition 210 10.8 145 0.150 

S-ERUM ,RY SEASON) 

Sample Animai 
General 
Status Observations 

Ca 
mg% 

P 
mg% 

Cu 
mg% 

Total 
Protein % 

Nelore 
Nelore 
Gir 
Nelore 
Nelore 
Nelore 
Gir 

Cow 
... 
.... 
.. 
" 

... 

Good 

Fair 

6 years, calved, diarrhea 
8 years, calved, diarrhea 
6 years, calved, diarrhea 
6 years, calved, diarrhea 
5 years, calved, diarrhea 
5 years, calved, diarrhea 
6 years, calved, diarrhea 

11.5 
11.1 
11.9 
10.9 
9.1 

10.8 
9.4 

5.0 
-

3.9 
6.5 
5.0 
5.4 
6.8 

0.041 
-

0.155 
0.043 
0.108 
0.087 
0.150 

7.0 
6.8 
5.2 
7.1 
6.4 
6.0 
6.6 

SERUM (WET SEASON) 
Nelore: 
Nelore 
Nelore 
Nelore 
Gir, 
Gir 
Nelore 
Nelore 
Nelore 

_4'elore 

Gir 
Gir 
Nelore 

Cow'9r.,;,' 
" 

Cow 
" 

Cow 
" 

" 
. 

Heifer 

Heifer 

" 

Good 
Fair 

Good 
Good 

" 

'Good 
F'air 
6o'l 

Fair 

Fair 

4 years 
6 years, calved 
5.years, calved 
5 years 
5 years 
5 years 
5 years 
8 years, calved 
6 years, calved 
6 years, calved 
1.5 years 
2 years 
1.5 years 

9.6 
14.2 
17.6 
7.2 

,13.4 
9.8 

,.6 
15.8 
9.4 

10.7 
10.2 
16.2 
9.1 

8.3 
6.1 

11.1 
4.9 
8.0 
6,5 
5.7 

11.4 
4.8 
5.9 
6.9 

11.6 
5.2 

0.044 
0.086 
0.085 
0.092 
--

0.09 
0.067 
0.069 
0.050 
0.050 
,.100 

0.120 
0.050 

7.1 
4.2 
5.5 
9.2 
6.4 
7.4 
6.2 
5.1 
9.3 
6.3 
4.4 
5.1 
4.0 

SERUm ______ 

ELEMENT RESULTS (x±95 CL.) 
...... Dry n Wet n Units 

C10.67 
P 
Cu 
Total Prot. 

0.97 
5.43 ±1.12 
0.10>± 0.05 
6.59 ' 0.74 

7 
6 

.3 
7 

11.75 ± 
7.41 ± 
0.07± 
6.17 ± 

1.98 
1,r' 
0.01 
0.39 

13 
113 

.13 
13 

mg% 
mg% 
mg% 
% 

LIVER 

ELEMENT RESULTS (x± 96 C.L.) 

- Dry n Wet n Units 

,Co 
:Cu 
Mn 

0.075 
113 

12.2 

1 
1
1 

0.15 
210

10.8 

1 
11 

ppm 
ppmppm 

Zn 66 1 145 1 ppm. 



Table 6 
SAMPLES FROM NORTHEASTERN OF MATO GROSSO (D) 

SERUM
 

ELEMENT 
 RESULTS (x 95 C.L) 
Dry n Wet n
 

Ca 0.40 + 0.26 
 5 0.45 ± 0.15 6P 0.11 ± 0.02 %
5 0.09 ± 0.04 6 %Cu 4.14 ± 1.90 5 6.71 ± 2.27 6Mn ppm388.00 ± 230.49 5 120.33 ± 39.09 6 ... ppmZn 20.80 ± 5.36 5 17.95 ± 6.57 6 ppmCo 0.06 ± 0.02 5 0.09 ± 0.04 6 ppm 

GRASSES (WET SEASON) 

Ca P Cu Mn Zn Mo Fe Mg
Sample % % ppm ppm ppm ppm

Native 0.41 0.15 
 9.2 155.0 16.6 0.100P. notdtum 0.45 0.06 6.7 160.0 19.0 0.060
 . . 0.41 0.07 4.7 
 129.0 16.6 0.075 . . 0.31 0.13 9.5 125.0 28.0 0.0500.41 0,11 4.7 66.0 19.0 0,130 
Material: GRASSES (DRY SEASON) 
Native 0.49 0.04 4.0 640.0 20.0 0.075' 

0.43 0.05 6.5 430.0 20.0 0.085"
0.71 0.37 4.5 390,0 ' 27.0 - ",0.050P. notatum 0.20 0.06 2.5 120.0 15.0 0.030 
0.21 0.03 3.2 360.0 22.0 0.085 

REGION RESULTS.SAMPLE .-ELEMENT (x±95 C.L.) UNITS n 
Ca .0,36 % 1
P 0.05 1
Cu 2.5 ppm 1 

Grass Mn 110 ppm 1Zn 58 ppm 1A Co 0.1 ppm

CACERES,' 
 Ca 10.77 ± 0.94 mg% 3MATO GROSSO Serum P 4.9 ± 0.66 mg% 3BARRA DOS Cu 0.09 ± 0.03 mg%BUGRES Total Protein 5.9 ± 0.43 % 

3 
3NORTELANDIA Co 0.1 ppm I 

Liver Cu 291 
 ppm 1 
Mn 17 ppm 1 
Zn 100 ppm 1 
Ca 0.30 %. 
P 0.09 %1Grass Cu 3.8 ppm 1 

(Pool) Mn 125 
 ppm 1 
B Zn 15 ppm 1Co 0.095 ppm 1CACERES 
 Ca 10.23 + 0.75 mg%, 6
MATO GROSSO 
 P 5.72 ± 0.77 mg% 10
BARRA DOS' Serum Cu 0.09 ± 0.01 mg-% 4
BUGRFS 
 Total Protein 6.17 ± 0.41 10NORTELANDIA Co 0.12 ppm 1 

:Liver Cu 188 
 ppm

Mn 5.71 ppm U 
Zn 100 PM
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RESUTS 

REGION SAMPLE ELEMENT fx ±95 C.L. UNITS n 

Ca 0.36 	 % 
P 0.07 % 1 

Gra Cu 3.9 ppm 1 
(Poof) Mn 164 ppm 1 

C Zn 41.5 ppm 1 
Co 0.1 ppm 1

CACERES 
MATO I ROSSO Ca 11.82 ± 1.03 mg% 5 
BARRA DOS, P 10.9 ± 1.97 mg% 5 
eUGRES Serum Cu 0.10 ± 0.03 mg% 5 
NORTELANDIA Total Protein 6.16 ± 0.20 % 5 

Co 0.13 ppm 1 
Cu 166 ppm .1 

Liver Mi 99 ppm 1 
Zn 9 ppm 1 
Ca 0.23 % 1 
P 0.12 % 1 

SOUTHERN BASIN Grass "Cu 6.6 ppm 1 
OF THE ARAGUAIA (Pool) Mn 140 ppm 1 
RIVER 1 + 1 samples* Zn 28 ppm 1 

Co 0.1 ppm 1 
Ca 11.6 mg% 1 
P 7.5 mg% 1 

Serum Cu 0.1 mq% 1 
(Pool) Total Protein 6.6 % 1 

Co 0.1 ppm 1 
LvrCu ppm 1.156 

Liver 	 Mn 12 ppm 
Zn 114 ppm 1 
Ca 0.36 ± 0.12 % 10 
P 0.08± 0.06 % 10 

Grass Cu 4.2 1 0.56 ppm 10 
Zn 23.54 ± 15.48 ppm 10 
Mn 159.6 ± 65.97 ppm 10 
Co 0.06 :t 0.01 ppm 10 

,DIAM4NTIrW AND Ca 11.13 ± 0.57 mg% 12 
CHAPADA P 7.83 ± 0.56 mg% 13 
GUIMARAES Serum Cu 0.08 ± 0.02 mg% 11 

'otal Prot:tin 6.46 ± 038 % 14 
Co 0.2 ppm 1 

Liw " Cu 210 ppm 1 
Mn 11A ppm 1 
Zn 80 ppm 1 

•-"Ca 0.39 ± 0.11 %" 10 
P 0.06± 0.03 .. 10 

Grass 	 Col 6.56 ± 0.88 ppm 10 
Mn 183.6 + 37.04 ppm 10 
Zn 22.21 :A 6.89 ppm 10 

B .....	 CO 0.06 ± 0.01 ppm 10 

DIAMANTINO AND 	 Ca 11.44 ± 0.48 fng% 7 
8.11 ± 1.08 mg% 8CHAPADA Serum P 	 '. ... "MG 	 mg%ARAE S ± 0.04 ' 

Total Protein 6.76 ± 0.52 8 
S".0.11-G4.....Cu 


.... 	 - .::::C.. P,
... -0,15, poni1 
"~~r ..... 105" Wm1 

Mn" 8.6 ppm 1 
Zn 135, 

l. oimp 	 an al sii.R' f ,:apol.19.2	 r
,: nmffed I1,1 	 J iwfflisnt 



Table 1 (c-itinued) 
RESULTS 


REGIONREGION UIS
SAMPLESAMPLE ELMN_____________ELEMENT SUT NMEi 95S% C.L. UNITS NUMBER 
Ca 0.38 + 0.08 * 10
P 0.10 ± 0.07 % 10Grass Cu 3.97 f 0.97 ppm_ 10Mn 160 ± 29.36 Ppm tO 

C Zn 18.9 , 3.82 ppm 10Co 0.06 0.01 ppm 10OIAMANT.NO AND Ca 10.9 * 0.55 m0%CHAPAOA 8P 7.25± 142GUIMARAL'S mg% 8Serum Cu 0.1 + 0.01 m6% 7
Total Protein 6.95 ± 2.49 6 

Co 0.12 ppm 1Cu 137 Ppm 1Liver Mn 8.5 ppm 1 
Zn 160 
Ca 0.41 + 0.06 % 10
P 0.07 ± 0.03 % 10Grass Cu 4.35. ± 1.08ARINOSAND JURUENA ppm 10Mn 152.8 ± 38.07 ppm .10RIVER BASINS Zn- 31.8 ± 6.09 ppm 10 
Co 0.07 " 0.01 ppn 10 
Ca 11.85 ± 0.59 mg% 13Serum p 7.34 ± 0.65 mg% 13 
Cu 0.11 ± 0.02 mg% 11Total Protein 6.22 ± 0.47 % 13
Co 0.09 ppm 1Cu 121 ppm 1Liver Mn 8.5 ppm 1 
Z1 100 ppm' 1 

Table 7RESULTS OF THE ANALYSES OF GRASSLEAVES FROM DIFFERENT.REGIONS 
OF S.U.D.A.M., DURING:WET SEASONS 

MAGPIESIUM AND MOLYBDENUM
 
RESULTS-


Smpls Mo ,
 
1. H.rufa 0.27 
 0.112. Native 0.14 
 0.02
 
3. N tive (picaba) 0.23 1 0.16NORTH OF GOIAS . 4. H ufa 0.06 0.02 
5.: Notive (field), .0.06 0.06. Native 0.05 0.03 
7. Native 0.16 0.02 

11. A 0.0oo 
12. ' 0. 0 0.1313. " " 0.14 0.39.14. " " 0.16SUL O PARA 0.2915. 0.111" . 0.7916. 0.12 .76 

p. '~~ 0.09 91':1. " " 
' 

r0.16 6' 
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Table 1 (continued) 

RESULTS,
 
REGION SAMPLE ELEMENT : .x±95%C.L. UNITS NUMBER 

19. P. notatum , 0.14 1.38 
20. " 0.17 1.1 
21. ' to 0.16 .2.22 

Ill 22. " " 0.15 1.66 
BARRA DOS BUGRES 23. " " 0.25 3.15 

24. " 0.10 1.35 
25, " " 0.16 2.14 
26. "f " 0.15 1.77 
27. P. notatum 0.09 0.05 
28. " " 0.21 0:03 

IV 29. " " 0.12 0.02 
NE OF MATO GROSSO 30. " " 0.16 0.07 

31. " " 0.12 0.02 
32. " 0.10 0.11 
33. B.mutica 0.13 0.06 

V 34. Native 0.08 0.03 
NORTH, SOUTH and 35. Brachiaria sp 0.26 0.03 
EAST OF MATO GROSSO 36. Native 0.04 0.01 

37. Native 0.05 0.04 
38. Native 0.01 0.02 
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LIMITING NUTRIENTS: THEIR IDENTIFICATION
 
AND SUPPLEMENTATION IN GRAZING RUMINANTS
 

by 
B. D. H.Van Niakerk
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Union of South Africa
 

,Livestock production in much of Southern Africa is largely dependent upon the vast tracts of unimproved open
grissland and sevawnah which cover much of the continent from the equator southwards. The performance of unsupple-.
metted animals kept under these conditions is, however, severely restricted by the extreme variation in nutritive value of 
the grazing. Both the quantity and the quality of available herbage closely follows the rainfall pattern which isstrictly
seasonal, the summers being wet ard the winteys dry and often cold. The environmental conditions of this region are 
described in greater detail by Topps (1971). 
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The body weights of animals grazing such pastures show acharacteristic pattern of rapid summer gd."s followed b)loss of weight during winter. Under the more extreme conditions of the "sour" highlands animals may lose as much a!30% of their maximum summer weight. Because of this, cattle will take 6 years or even longer to reach their maximurrmature weight. From an economic point of view the result of fluctuating body weight is disastrous as beef cows arcunable to maintain their weight in winter and are not able to recover these losses during the immediate post-calvin(period in spring. The net result is that cows tend to conceive i.i alternate years, only after they have had a chance torecover their lost body reserves. Limited growth rate and low calving percentages combine to give the poor herd turnoverrates so characteristic of extensive beef production in Africa.In an attempt to identify the nutrients and other factors responsible for the poor performance of grazing ruminants,extensive research work has been conducted in Southern Africa since the turn of the century. It isthe purpose of thispaper to describe some of this work which might be of significance in areas of South America where similar environmental conditions are encountered. 

Significance of Phfrsphorus as a Limiting NutrientResearch work on supplementary feeding and the use of phosphorus supplements in particular, has its origin inTheiler's (1912, 192n) investigations into -the cause of bovine botulism (lamsiekte) and aphosphorosis (stywesiekte).During the course of their investigation. Theiler and his associates (1927) founc, amarked deficiency of phosphorus inboth soils and pastures of areas affected by lamsiekte and stywesiekte. Cattle grazing such pastures showed sub-normalgrowth and reproduction and exhibited a depraved appetite or "pica" manifesting itself in the eating of wood, stones,rotten bones, dead tortoises, skins and other carrion. In the process animals inges-tEd the botulism toxin, causing paralysisand death of the affected animals.By feeding bone meal at a rate sufficient to supply 9 gphosphorus to growing and dry cattle or approximately 15 gto breeding cattle pica, the ingestion of toxic materials could be stopped. In experiments repo-tea by Theiler et al.(1924) it was demonstrated that weaned calves, fed phosphorus, could gain 61 kg more weight over a 12 month periodthan unsupplemented controls. Similarly, young oxen gained 68 kg per year more than their controls while supplemented cows showed a weight advantage of 48 kg over an 11-month feeding period. Bisschop and Du Toit (1929) latershowed that by continuous phosphorus supplementation, 2.5 year old oxen had a 30% weight advantage over their,controls while bone meal supplemented cows weighed 20% more and produced 30% more calves. Death losses amongst139 bone me,!.fed cows over a 40-month period amounted to only 10% while 94% of the unsupplemented control cows died during the experimental period.
The success of these early experiments led to wide ranging surveys of the nutrient content of pastures in SouthernAfrica (Du Toit et a!., 1935; Du Toit et al., 1940; Van Wyk et a!.,

deficiency areas 
1955) and the mapping of protein and phosphorus(Du Toit et al, 1940). The beneficial effects of phosphorus supplementation were subsequently confirmed by means of feeding trials in other regions of Southern Africa (Kotze, 1948; Hurrell and Dugdale, 1958; Shur,1968; Ward, 1968; Grant, 1975). 

Seasonal Response to Phosphorus SupplementationAnalytical surveys show that the phosphorus level of grazing is at its lowest during the dry season and at its highestduring spring after the first rains (Table 1). 

Table 1PERCENTAGE PHOSPHORUS IN PASTURE FROM DIFFERENT REGIONS ANDDURING DIFFERENT MONTHS OF THE YEAR (Du Toitetal., 1940)
 
Region Jan Feb Mar 
 Apr May June July Aug Sep Oct Nov Dec

1 0.13 0.11 0.11 011 0.10 n.09 0.09 0.07 0.09 0.11 0.13 0.152 0.15 0.14 0.11 0.11 0.P' r 0.08 0.07 0.07 0.08 0.11 0.14 0.183 0.13 0.11 0.10 0.10 0.07 0.07 0.07 0.06 0.06 0.07 0.09 0.134 0.13 0.13 0.11 0.11 0.07 0.07 0.07 0.06 0.04 0.10 0.12 0.135 0.16 0.16 0.15 0.3 0.13 0.12 0.11 0.11 0.08 0.09 0.19 0.186 0.16 0.13 0.12 0.10 0,09 0.08 0.07 0.07 0.06 0.08 0.13 0.187 0.13 0.15 0.12 0.12 0.09 0.07 0.06 0.05 0.06 0.09 0.09 0.128 0.20 0.17 0.17 0.18 0.16 0.15 0.15 0.15 0.14 0.15 0.160.11 0.12 0.12 0.12 0.14 0.13 0.14 
0.199 

0.16 0.15 0.14 0.13 0.12 

,It is therefore often assumed that phosphorus supplements exert their greatest influence during the dry season. Thisis,- however, not supported by the results of feeding experiments. This fact is borne out by all experimental work inwhich responses to phosphate supplementation are recorded. Published results in both South Africa and Rhodesia showquite clearly that phosphorus supplements, if given alone, have no effect on reducing winter weight loss, This is illustrated by the results of Van Schalkwyk and Lombard (199) summarized in Table 2. in fact some studies show thatphosphorus, if given as the sole supplement, can actually accentuate winter weight loss (Shur, 1968; Ward, 1968). Thisphenomenon has also been observed in the sheep feeding trials reported by Kotze (1924) as sommarized in Table 3 and by-Australian results of Winks and Laing (1972) recorded in Table 4. It Istherefore obvious that phosphorus is not the first 
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Table 2 

AVERAGE WEIGHT CHANGE (kg) OF CATTLE WITH INORGANIC PHOSPHORUS
 
LEVELS OF BLOOD PLASMA (mg %)GIVE IN BRACKETS
 

YearControl Winter Summer 
Group

Date 	 Season Group Group Group 

1 January- 31 March "Summer" +35.2 +41.6 +61.6 +57.1 
(3.74) (4.13) (6.90) 	 (7.04) 

1 April - 30 June 	 "Winter" +5.3 +18.1 +14.0 +6.8 
(5.41) (8.27) (4.78) 	 (7.28) 

1July - 30 September "Winter' -29.8 -30.3 -36.3 30.6 
(4.00) 	 (8.03) (4.15) (7.77) 

+88.11 Ou6ber,-31 December "Summer".L' +45.7 +61.6 +77.5 
(3.99) (5.41) (7.54)..... ,(7;97) 

Table 3 
EFFECT OF BONE MEAL SUPPLEMENTS ON SEASONAL WEIGHT CHANGE (kg) OF SHEEP
 

OVER A 3-YEAR EXPERIMENTAL PERIOD
 

First First Second 	 Second Third Third 
Winter Summer WinterTreatment Summer Winter Summer 

-1.9 +1.8 -6.6 +4.0 +1.0Control -0.1 
Bone meal +2.7 -4.2 +9.7, -10.7 +7.0 -2.0 

Table 4
 

SEASONAL EFFECT OF UREA, MOLASSES AND PHOSPHORUS ON LIVEWEIGHT
 
CHANGE (kg) IN GRAZING CATTLE, QUEENSLAND, AUSTRALIA
 

Control Molasses Molasses+ Molasses Molasses + 
Group Group Phosphorus + Urea Urea + 

Phosphorus 

+80.5 +80.5 +73.6 - +78.21January - 1 May +74.8 
1 May -9June + 5.2 + 6.8 + 5.2 +14.0 + 7.2 
9June - 16 October -29.4 -32.0 -42.2 1.3 -10.2 
Total weight change +50.6 +55.3 +43.5 +86.3 +75,2 

(Urea intake = 56 g/day; Molasses intake = 230 g/day; Pintake 5 g/day) 

limitirg nutrient in dry winter grazing and that there are other factors which are more critical to the grazing animal 

under these conditions. No attempt appears to have been made to explain these apparently negative responses to dry 
season phosphorus supplementation. Animals in a state of negative nitrogen and/or energy balance must, however, have 
an extremely low phosphorus requirement so that the feeding of phosphorus under these conditions could create nutri
tional imbalances. 

4klthough phosphorus supplements have not been shown to have any advantage while animals are in the process of 
losing weight, Van Schalkwyk and Lombard (1969) were able to demonstrate a significant phosphorus carry over 
effect (Table 2). These workers compared 4 groups of cattle receiving phosphorus supplements either in winter or in 

throughout the year while afourth group acted as control. During the period of weight loss the "winter"-fedm
summer r 
group showed the same rate of weight loss as the control group but during the subsequent 3-month period, when they 
received no supplement, they gained 35% more weight than the control group. During the winter feeding period and 
subsequent 3-month period this group also maintained significantly higher blood plasma inorganic phosphate levels than 
the control group. These results show that animals fed phosphorus during the dry season are apparently able to build up 
phosphorus reserves which' benefit the animal during subsequent periods of rapid growth. Thus although phosphorus 
supplements appear to have little advantage during periods of weight loss, they could conceivably be important in the 
case of reproducing females. 
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Nutrient Deficiencies Causing Dry Season LosesBecause phosphorus is not effective in reducing dry-season weight loss, research workers during the past 40 yearshave increasingly directed their attention towards overcoming tihis problem. Analytical surveys and digestion trialsshowed that other factors, notably protein and energy, to be Zesdeficient as phosphorus in dry grazing. The earlier beliefthat lack of energy might be the primary cause of winter weight loss (Smuts and Marais, 1940; Louw and Van Der Wath,1943) has subsequently been disproved by the results of many investigators, both in Southern Africa and Australia(Rhodes, 1956; Von La Chevallerie, 1965; Van Niekerk et al, 1968; Nel and Van Niekerk, 1070; Winks et al., 1970;Winks and Laing, 1972). In fact some of these experiments show that energy-rich but protein-deficient supplementssuch as molasses or maize meal can actually accelerate weight loss if fed on protein deficient pdstures (Table 4, Table5). The depressing effect of molasses as sole supplement under these conditions can be attributed to the fact that 
Table 5EFFECT OF MOLASSES AND UREA SUPPLEMENTATION ON LIVEWEIGHT GAIN AND
GRASS INTAKE OF GRAZING CATTLE OVER A 141-DAY EXPERIMENTAL PERIOD
 

Control Molasses 1 Urea: 1 Urea:Group Group 20 Molasses 10 Molasses
Molasses Intake, g/day 910 865 820Urea intake, g/day -45 

90Total weight change, kg .37.0 -41.7- -22.2Grass intake, kg/day -0.23.62 1.84 2.64 4.29 

molasses (and starch) stimulate the growth of rapid growing amylolytic and other lactic acid-producing organisms atthe expense of the slower growing cellulolytic bacteria. The net r-sult is a lowering of rumen pH, poorer digestion ofcellulose, slower rate of passage and depressed pasture intake (Gilchrist and Swartz, 1972). These results clearly show.that energy isnot the primary limiting nutrient in dry winter grazing.During subsequent years the importance of protein (or ammonia) as the major and first limiting nutrient in drygrazing has been conclusively demonstrated. This work shows that the feeding of protein on protein deficient pastureimproves the animal's ability to digest roughages and considerably enhances the animal's voluntary food intake. Proteinsupplementation therefore not only enables the animal to make better use of the feed it ingests, but the improved feedintake also enables the animal to satisfy its energy requirements. By supplementing protein, the !;econdary energydeficiency can be simultaneously eliminated. The voluminous research work dealing with the use of protein, urea andenergy supplements in Southern Africa has been reviewed by Pieterse (1966,1967) and by Topps (1971). It has furthermore been demonstrated how the use of protein or protein plus energy supplements can reduce weight loss in beef cowsand markediy improve productive and reproductive performance in the process (Bembridge, 1963; Elliott, 1964; Shur,1968; Ward, 1968; Lesch et al., 1969; Maree and Harwin, 19 7 1; Steenkamp et al., 1975). 
Role of Phosphorus in Protein-Energy SupplementsIt is generally assumed that phosphorus should be fed in conjunction with protein or protein-energy supplementsduring the dry season. For this reason phosphorus is widely used in practice as an ingredient in winter supplements.Experimental evidence in support of this practice is,however, present!y still lacking. Ward (1968), working with reproducing cows in Rhodesia, was able to demonstrate an increase in cow productivity (in terms of weight of celves weaned)
by feeding both bone meW :and peanutcake meal. In combination, these supplements had an additive effect. As bone
meal was fed throughout the year and the protein supplement only in winter, it isnot known whether bone meal exercised its effect only during summer. This experiment therefore does not produce conclusive evidence in favor of the
inclusion of phosphorus in winter supplements. Winks and Laing (1972), using phosphorus in conjunction with ureamolasses supplements, found phosphorus to have a negative effect when fed with urea and molasses during the dryseason. The phosphorus status of the soils and pastures of Australia is,however, far less critical than in Africa. This
experiment nevertheless illustrates the need 
 to resolve the uncertainty surrounding the role of phosphorus in winter

protein supplements. 
Phosphorus as aSummer SupplementThe very marked response to summer phosphorus supplements, during a period when the phosphorus levels of pastures are at their highest (Table 1) and when animals are rapidly gaining weight, indicates that phosphorus must be themost important limiting factor in summer grazing. That this is in fact the case is illustrated by the inability of eitherenergy (Lyle, 1970) or protein supplements (Kreft, 1963, 1966; Van Niekerk and Muir, 1970; Lyle, 1970) to have anysignificant effect on improving early summer weight gains. 
Identification of Mineral DeficienciesThe identification of mineral deficiencies is a relatively straightforward procedure in areas where such deficienciesare swfficiently acute to result in recognizable clinical deficiency symptoms. The general procedure in such cases hasbeen to do chemical analysis of pasture and/or animal tissue samples from problem areas followed by feeding or dosingtrials to prove the existence of the suspect mineral deficiency. This procedure led to the discovery, not only of thephosphorus deficiencies referred to above, but also to the discovery of areas of acute copper (Perold, 1952), cobalt 
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(Perold et al., 1957; Van Der Merwe, 1959) and iodine (Blom, 1934) deficiency. In general, these trace element de
ficiency areas are relatively well delineated, often being associated with specific soil and climatic conditions. 

The important question of identifying borderline deficiency areas, which may not produce clinical deficiency 
symptoms, but which may nevertheless be of considerable economic importance, is of utmost practical importance. 
The idea of using soil analysis as an indication of possible trace clement deficiencies has been rejected since alkaline 
soils may be rich in trace minerals which are not available to plans growing in such soils (Perold 1952, 1956). In an 
attempt to resolve this problem, extensive surveys of the mineral (omposition of plants themselves were carried out. 
Although these surveys proved to be useful in identifying areas of potential protein and phosphorus deficiencies, they 
have been of little use in exposing trace element deficie!,cy regions, Van Der Merwe (1967) has pointed out the almost 
impossible task of identifying trace element deficiencies by this means. His own work and that of other investigators 
at Stellenbosch University, spanning a period of almost 40 years, has revealed the complex nature of this problem. The 
interpretation of analytical results is complicated, not only by trace minera! interactions, but by factors such as depth 
cnd distribution of the roots of plants being analyzed. Deep rooted shrubs and edible trees, for example, often grow in 
conjunction with shallow rooted grasses. The significance of this point is illustrated by Fryer's (1967) work where he 
failed to measure a response to copper supplementation in an area with very low copper status in grass pastures. The 
only explanation he could find was that a shrub growing in the same area had up to 15 times the level of copper in its 
leaves. Under these conditions, the selective grazing habits of animals make it impossible to predict the concentration 
of ingested nutrients. Van Der Merwe (1967) considers pasture and tissue analysis as only the first step in identifying 
nutrient deficiencies and stresses tha importance of using diagnrpstic experimer, as proof of deficiencies. 

The use of tissue analysis also has limitations. Although an acute phosphurus deficiency is associated with low 
plasma inorganic phosphorus levels, this measurement isnot reliable in diagnosing less marked, but nevertheless econom
ically important, deficiencies. This is illustrated by Ward's (1968) experiment where normal blood plasma phosphate 
levels failed to indicate a sub-clinical phosphorus deficiency revealed by a 21% increase in cow productivity following
year-long phosphorus supplementation. In an imbitious program to identify trace elements deficiency areas, Boyazoglu 
(1973 and personal communication, 1975) has analyzed over 10,000 liver samples for awhole range of trace elements. 
Based on deviations from normal values, Boyazoglu has identified mineral "deficiencies" in 10 regions of South Africa 
and its adjoining territories. Unfortunately, no evidence is produced proving that qrazing animals would respond to 
supplements of the "deficiencies" indicated by his survey. The question of identifying sub-clinical trace element defi
ciencies thus remains an unresolved problem which will undoubtedly receive further attention from research workers. 

Formulation and Feeding of Range Supplements 
Based on the principle of supplementing only those nutrients which are known to liriit animal production during 

different seasons of the year, three bas-c supplementary feeding programs have evolved in Southern Africa. 

Summer Supplements 
During the period when animals are gaining weight, only phosphorus issupplemented. This isusually fed in the form 

of a free-choic'i salt-phosphate "lick". Salt isused not only to attract animals, but it also serves to limit intake. A,mix
ture of 50% salt and 50% calcium phosphate is often used. Molasses may be added to this mixture at a rate of 5-v0%, 
acting as abinding agent and also as a pa!atability factor in those areas where lick intakes are poor. 
Dry Season Maintenance Supplements 

When protein ix the major limiting nutrient during the dry season, a wide variety of supplements can be used. One of 
the simplest and most widely fed supplements consists of a mixture of 10-25% urea, 25-40% maize meal, 25% ralcium 
phosphate and 25% salt. This mixture can be dangerous and its use must be carefully controlled. Other protein sources 
are extensively used if available. Saft-fish meal licks-'re expensive, but extremely effective. ikcake meals are also highly 
prized asdry season supplements. In recent years broiler litter and dried poultry layer manure have become popular as 
sources of protein, energy and minerals. Liquid feed supplements, made from urea, molasses, phosphoric a.;id and trace 
minerals, are also effective as dry season supplements. Commercially, a wide variety of meals and blocks are manufac
tured for the large winter maintenance market. 

Production Supplements 
In certain areas the natural grazing is so poor that protein supplements alone are not enough to ensure an adequate 

energy intake from the pasture. This is particularly true in the case of lactating cows. In such cases protein-energy 
supplements are preferred. Maize meal and molasses are cheap energy sources and are fed in conjunction with protein 
supplements in such cases. Protein supplements can also be effectivelv combined with farm-produced feeds such as hay 
and silage for this purpose. 

Feeding of Trace Minerals 
Iftrace elements are required, these are mixed in with the other ingredients of the lick. In areas of known defi

ciencies, only the deficient elements can be added, or alternatively, awhole range of elements (shotgun mixture) can be 
fed. Supplementing trace elements in areas with brack (saline) waters, where stock refuse to consume salt supplements, 
is a problem. In such cases it is not possible to feed trace elements in a lick. It is also not possible to feed the trace 
minerals through the drinling water, as the trace minerals are precipitated in alkaline water. This problem was solved 

".by Perold (1956) - the development of trace element complexes which remain in solution when addod to brack 
water, 
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SummaryThe primary objective of supplementary feeding of grazing animals should be to obtain maximum returns from thepasture with a minimum investment in supplementary feeds. To achieve this, it is necessary to determine in what,respects the grazing is deficient and how these deficiencies can best be supplemented. In Southern Africa, researchworkers have succeeded in idertifying the most important limitirig nutrients in various regions and in different seasonsof the year. Their work emphasizes the importance of supplying these nutrients and the futility and economic wastefulness of feeding nutrients which have not been shown to limit animal performance. 
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