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REPO~r SUMMMAR 

A. 	 Statistical Information 

1. 	 Project Title and Contract Number: 

Research in Mineral Deficiencies for Grazing Ruminants
 

AID/ta-c-1153
 

2. 	 Principal Investigator, Contractor, and Mailing Address:
 

Contractor's Project Officer: 
 Dr. Hugh L. Popenoe
 

Tel.- (904) 392-1965
 

Principal Investigators: Dr. 	Joe H. Conrad
 

Tel. 	(904) 392-1911 

Dr. Lee R. McDowell
 

Tel. (904) 392-2185
 

Hailing Address:
 

International Programs in Agriculture

2001 McCarty Hall
 
University of Florida 
Gainesville, Florida 32611
 

Cooperative Animal Nutritionists at University of Florida:
 

H. D. Wallace, Chairman 
 K. R. Pick
 
C. B. Ammerman 
 R. H. Houser
 
John Bell, Technician 
 J. K. Loosli
 
H. L. Chapman 
 J. E. Moore
 
J. F. Easley 
 R. L. Shirley
 

Cooperating Graduate Students at University of Florida: Kiatoko 

Mangeye, Zaire; Soekanto Lebdosoekojo, Indonesia; Marcelo Mendes,
 

Brazil; and Julio Cesar de Sousa, Brazil.
 

C6operating Animal Nutritionists from Latin American Countries: 

Listed in Appendix.
 

3. 	 Contract Period (as amended): from November 1, 1974, to November 

1, 1977. 
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from 	November 1, 1975, to November 1,
4. 	 Period covered by report: 


1976.
 

Total A.I.D. funding of contract to date: $300,000.

5. 


6. 	Total expenditures and obligations through previous 
contract
 

year: $106,700.69 (Actual to 12/31/75).
 

$190,000'

7. 	Total expenditures and obligations for current 

year: 


(approximate to 12/31/76).
 

$153,300.

8. 	Estimated expenditures for next contract 

year: 


http:106,700.69
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B. Narrative Summnary of Accomplishments and Utilization

1. 	Reconnaissance and Recrutmet.t Phase 

Literature related to mineral analyses of soils-plants-animalsa. 


in Latin America has been extensively reviewed. A summary of
 

the information found in the published articles and a list of 269 

can be found in the appendix.references 

The majority of the Latin American papers established spor'dic 

mineral 	deficiencies or toxicities on the basis of 
mineral res

levels of minerals in animal tissues, or forage mineral ponse, 

A brief review is as follows: All minerals for
concentration. 

grazing 	ruminants have been infrequently and sporadically 
studied.
 

Phosphorus is the most widely deficient mineral followed 
by co

balt and copper, but the extent of these deficiencies has 
not
 

Calcium deficienbeen defined because of inadbquate research. 


cies, except during peak lactation periods, appear to be 
rare.
 

selenium, and zincInadequacies of magnesium, sodium, iodine, 


and toxicities of molybdenum, selenium, and fluorine have been
 

encountered in widely diverse areas of Latin America, but all
 

have been infrequently studied.
 

through 	visits and corresponb. 	 Personal contacts have been made 

several Latin Americandence with interested personnel in 

in the Bahamas, Brazilresearch 	 in 

El Salvador, Guatemala, and 

countries. 	 Active is progress 

Colombia, Costa Rica, Ecuador, 

Venezuela. Discussions are underway with interested personnel
 

Visits to cooperating laboratories
in Bolivia, Peru', and Uruguay. 


twice annually are necessary for stimulating mineral research.
 

A list 	of research personnel, country by country contracts, 
and
 

c. 

Linkages
research institutions are presented in the appendix. 
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and collaboration with other A.I.D. contracts, and national and 

international institutions include: in the Bahamas, BARTAD; in 

Brazil, EMBRAPA., EPAMIG, institutions in the states of Ceara,
 

Minas 	Gerais, Mato Grosso, Sio Paulo, Rio Grande do Sul, and the 

Amazon Cattlemen's Association; in Colombia, ICA, CUT, and 

Caja 	de Cridito Agrario; in Costa Rica, the University of Costa 

Rica 	and CONICIT; in Ecuador, INIAP; in El Salvador, Ministry of
 

Agriculture (Ganaderl.a), Universidad de El Salvador, and Centa;
 

in Guatemala, INCAP; in Venezuela, Centro de Investigaciones 

Agrono-nicas, Universidad Central, Universidad de Oriente, and 

Universidad del Zulia.
 

d. 	 Specific contributions of Latin American institutions compared 

to AID/Florida inputs are estimated to be 15-20:1. The project 

is conducting difficult analyses and is contributing professional 

expertise for design, implementation, and conduct of research, 

as well as interpretation of research data and also securing 

difficult to obtain chemicals, laboratory supplies, and expen

dable supplies for collection, preservation, and analysis of
 

samples (details are given in the appendix). 

2. 	 -Experimentation Phase 

Experiments designed to pinpoint mineral deficiencies and toxicities 

for specific farms and regiona are in progress in all participating 

countries. Three experiments completed in Costa Rica indicated that 

phosphorus was the mineral most frequently deficient. Blood serun 

phosphorus analyses showed that 61% of the steer! from 15 farms were 

phosphorus deficient in one experiment and in another region 98% of 

the cattle from 17 farms were found to be phosphorus deficient. Of 

the total livers analyzed from the latter study, 23 and 27% were 
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borderline to deficient in copper (<75 ppm) and cobalt (<0.07 ppm),
 

respectively. Liver iron (<180 ppm), zinc (<84 ppm) and Mn (<10 ppm)
 

reswere 	lower than the reported normal levels for 63, 16, and 96%, 


pectively,of the total animals studied. New research data are being
 

generated through experiments in all cooperating countries which are
 

designed to determine the mineral deficiencies .and toxicities and the
 

mineral relationships between levels in soils, plants, and grazing
 

ruminants.
 

In previous research, phosphorus supplementation has been shown to
 

dramatically improve the low reproductive performance (i.e., Bolivia,
 

Brazil, Colombia, Panama, PerG, and Uruguay). Phosphorus supplementa

a
tion 	as bonemeal in a two-year study in south Texas resulted in 


weaned calf crop of 81% as compared to 58% for the controls. A
 

study in Brazil resulted in a 77%'calf crop when bonemeal was fed
 

compared to 55% for the controls. Recent trials in the Colombian
 

llanos demonstrated that the pregnancy rate was increased from 50%
 

for the controls up to 84% when complete minerals were fed. Benefit
 

to cost ratios have been at least 2:1 when phosphorus has been supplied
 

to deficient cattle with low reproductive rates. Research is underway
 

to verify the effect of phosphorus on reproduction under conditions
 

existing in other regions and countries.
 

3. 	Distribution and Application of Results Phase
 

The "Latin American Symposium on Mineral Research with Grazing Rumi

nants" was held in Belo Horizonte, Brazil, on March 22-26, 1976., This
 

symposium was jointly sponsored by Brazilian universities, research
 

organizations, and the Florida/AID mineral project-and each of the
 

250 participants from 10 countries received a copy of the proceedings
 

inPortuguese at the beginning of the meeting. Brazilians presented
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11 papers, University of Florida personnel 12 papers, and invited 

4 papers. This symposium was a major effort to stimulatespeakers 

research and update the available information on mineral deficiencies 

Latin America. The proceedings have 	been published
and toxicities in 

and Spanish.in Portuguese and will soon be published in English 

Nearly 1500 copies of a manual on "Methods of Mineral Analysis for 

distributed in English
Plant and Animal Tissues" have been 	widely 

Spanish, and Portuguese. 

Articles on mineral deficiencies and toxicities have been presented 

Limited research 
at national and international scientific meetings. 

is pro
results have been published, but the 	majority of research in 

gress. 

4. 	 Extension Phase 

are insufficient to scientificallyThree years of mineral research 


establish the mineral status of the major ruminant livestock 
pro-


Below are some of the reasons why
ducing regions of Latin America. 


a mineral research project for three more years 
is desirable:
 

Continue to determine the location of mineral 
deficiencies,
 

a. 


adequacies and toxicites in selected areas of Latin 
America
 

where grazing ruminants predominate. 

re
b. Test the mineral research methodology by extending mineral 

search 	programs into one or two countries of Africa and South

to be best 
east Asia using those principles which have proven 

in Latin America. 

Continue research on soil-plant-animal mineral 
relationships


t. 


for diagnosis of mineral status of grazing 
ruminants.
 

d. 	Determine the cost/benefit ratio from the 
effect of supple

on reproduction and gains.
mental phosphorus and other minerals 
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Continue research to determine validity of different methode. 


ologies for establishing mineral status 	of grazing ruminant 

animals. 

f. Continue to improve Latin American institutions capacities to
 

carry out mineral research. 

g. 	 Continue a few well controlled mineral supplementation studies 

at experiment stations. 

h. 	Determine effect of phosphorus supplementation during the rainy
 

season and the carryover effect from periodic mineral supplemen

tation especially phosphorus.
 

i. Continue field trials to determine best methods to counteract
 

molybdenum and selenium toxicity.
 

j. 	Continue to generate accurate data which can be used to designed
 

adequate mineral supplements for different regions where grazing
 

ruminants are important. 

k. 	 Continue to improve a systematic approach for standardizing sample 

of reporting data.collections, analyses, and methods 

Continue to publish and distribute research information in order
1.. 


to 	stimulate the widespread use of mineral supplements. 

Continue to evaluate mineral supplements and to encourage mineral
 m. 


supplement companies, researchers,and ranchers to formulate, pro

duce, and use high quality and nutritionally adequate mineral
 

supplements.
 

Publish producer oriented extension bulletins on mineral defin. 


ciencies and toxi'cities for grazing ruminants (in Spanish, Por

tuguese, and English). 

5. 	 Research Methodology 

Research methodology is being studied which will permit rapid 
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determination of the mineral status of ruminant livestock populations. 

An accurate review of the mineral status in a specific region will 

permit prescribing mineral supplements for correcting deficiencies
 

and toxicities. Mineral status varies with soil type, forage species, 

age, 	and physiological function of animal.
 

The following research techniques are being studied as integral parts 

of the research methodology. 

a. Tissue collection and analyses
 

Kinds of material: soil, plant, and animal tissues
 

Physiological state of plants and animals
 

Kinds of animal tissue: blood, liver, bone, milk, saliva, feces
 

Sampling technique: liver-biopsy of live animal or slaughter
 

animal for liver sample 

Locations: farms and centralized commercial slaughterhouses 

Season of Year: wet, dry 

b. Mineral supplementation
 

The duration of the majority of mineral supplementation. experi

ments is at least 2 years. Phosphorus supplementation to in

crease low reproductive rates is being emphasized. Some isolated 

experiments have shown that a 50 to 55% calf crop can be increased 

to 75 to 80% by correcting the phosphorus deficiency. Supplemen

tation studies are the most important for the livestock producer, 

but they are also the most difficult to control and conduct. A
 

few well controlled experiments on experiment stations along with
 

a number of trials on cooperating ranches are being conducted.
 

6. 	 Contribution to Institution Building 

This project has made and is continuing to make excellent progress 

toward increasing cooperating laboratories' capability to do mineral 
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analyses. A manual on "Methods of Mineral Analysis for Plant and
 

Animal Tissues" has been distributed to all cooperating laboratories 

in one of three languages - English, Spanish or Portuguese. This
 

publication standarizes procedures for sample collection, identifi

cation, and analysis. Two visiting scientists have spent 3 months
 

each studying mineral research techniques at the University of
 

Florida. Three technicians have spent two weeks each at University
 

of Florida specifically on laboratory techniques. Project personnel
 

have visited all cooperating laboratories for periods of from one day
 

to one week to discuss and demonstrate laboratory techniques. One or
 

more laboratories in each country are currently conducting all mineral
 

analyses, except cobalt and selenium, and these laboratories are
 

serving as trainidg centers for laboratory technicians throughout
 

the country.
 

Several different experimental designs have been prepared and dis

cussed with cooperating country personnel. From these, a satisfactory
 

experimental design has been developed for each of their experimental
 

situations.
 

All phases of this project have been conducted in complete cooperation
 

with indigenous and international research organizations. These
 

have been listed under section lc and a list of the cooperating
 

personnel can be found in the appendix.
 

7. 	 Utilization Plans
 

The ultimate objective is to have livestock producers use nutritionally
 

formulated mineral supplements to correct mineral deficiencies. Results
 

of the research to date have been presented at ALPA (Latin American
 

Society of Animal Production), American Society of Animal Science,
 

Latin American Livestock and Poultry Conference, Symposium on Mineral
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Research in Latin America, and at numerous national livestock meetings.
 

Popular articles ate being written regarding the value of using 
mineral
 

supplements.
 

Mineral supplements are being evaluated and we are finding that few, 

if any, contain proper amounts of all of the required 
minerals. Phos

phorus is the most deficient and also the most expensive. Therefore, 

formulate phosphorus deficient supplements.
many mineral manufacturers 

are being informed concerning nutritionally adequate
Livestock producers 


mineral supplements and how they should be used. 
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ANNUAL RESEARCH REPORT 

A. 	 General Background 

Mineral deficiencies have been identified as one of the major fac

tors 	limiting cattle production throughout Latin America. Although 

Latin 	America has 21% of the world's cattle, the annual slaughter rate
 

is 	about 12% compared to 38% in the United States.
 

Many of the reasons for the low levels of cattle production are
 

nutritionally related.
 

1. 	 Reproductive performance of cattle is low and average calving ra

tes 	are usually between 35 and 50% compared to 85% average in the U.S.
 

Research in Brazil showed that the controls had an average calf crop 

of 55% as compared to 77% for those fed bonemeal, an increase of 22% 

from 	the feeding of phosphorus from bonemeal. 

2. 	 Most evidence indicates that the mortality rate for beef cattle
 

in Latin America is at least 12 to 15% compared to 5 to 6% in the U.S. 

These 	high mortality rates occur primarily during the first 3 months
 

of life and during the first dry period post weaning. Mineral and
 

other nutritional deficiencies are directly and indirectly a major
 

cause of mortality.
 

3. Slow development of cattle to market weight is illustrated by
 

the fact that they reach 400-450 kgs in approximately five years.
 

Numerous studies have shown increased gains, from mineral supplemen

tation in Latin America. A recent study in the high altitude grass

lands of Ecuador showed 'dailygains .of 80 g. per day prior to mine

ral supplementation as compared to 212 g. per day after.
 

Chemical analyses of feedstuffs gathered under the University of
 

Florida Latin American Feed Composition Project (AID/csd-2498) have 
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revealed that an extremely small number of laboratories are actively 

engaged in performing trace mineral determinations. 

B. 	 Statement of Project Objectives as Stated in the Contract 

contract is to determine the es-The objective of this research 

sential mineral supplements for grazing animal diets to increase the 

efficiency of Lesser Developed Countries' (LDC) meat and milk produc

tion systems with a resultant increase in quality and quaty of LDCo 

diets and a subsequent increase in employment and income levels. 

The Contractor shall establish collaborative research activities 

in Latin American countries that have institutional and scientific ca

this research project. These countries shall inpability to carry out 

clude Brazil (Empresa Brasileira de Pesquisa Agropecuria, Brasilia, and 

Belo Horizonte); Ecuador (Instituto Nacional de Investigaciones Agro-

Santa Catalina); Colombia (Centro Internacional de Agriculpecuarias, 

tura 	Tropical, Cali, and Instituto Colombiano Agropecuario, Bogota);
 

and 	Costa Rica. 

Selection of additional countries shall be made in consultation
 

limited to those countries speciwith 	 the AID/W Project Officer and not 

fied 	in the foregoing. 

This research will be carried out 1) to experimentally determine 

the locations of mineral deficiencies, adequacies and toxicities in 

grazing livestock predominate;selected areas of Latin America where 

2) to establish by experimentation the biological response and econo

mic benefit of mineral supplementation to grazing animals; 3) to ex

supplement administration forperimentally evaluate methods of mineral 

and 4) to publish and distribute research informationgrazing cattle; 


in order to stimulate the widespread use of mineral supplements. The
 

into 	the following phases:work 	 to be undertaken has been separated 
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1) Reconnaissancr. and Recruitment Phase, 2) Exerimentation Phase, 

and 3) Distribution and Application of Results Phase as follows: 

1. Reconnaissance and Recruitment Phase
 

To carry out the Reconnaissance and Recruitment Phase, the lite

rature on grazing cattle must be evaluated and, also, contacts in par

ticipating countries must be established by both correspondence and
 

personal visits. In each country under consideration, previous re
 

search on mineral concentrations of soils, forages, and animal tis

sues, in addition to reports of clinical signs of plant 
and animal 

mineral deficiencies at specific locations, will be evaluated to de

termine the highest priority for cooperative mineral researc. pro

jects. 

Research institutions and personnel shall be located that have
 

the ability and desire to carry out ihe proposed mineral research.
 

Laboratory equipment and 
 the methods of analysis for each mineral 

shall be determined by the contractor. The specific contributions
 

of both the Latin American institutions and the University of Florida 

to the mineral research program shall be clearly established. This
 

phase shall be completed and AID advised within 4 months from initia

tion.
 

2. Experimentation Phase
 

The experimental field work shall be initiated and carried out 

during this phase. The experimentation phase shall consist of two 

separate phases; the Tissue Collection Phase and the Mineral Supple

ment Phase. During the Tissue Collection Phase, tissue samples
 

(liver, blood, and bone) shall be collected from cattle ranches and
 

slaughterhouses. Analyses of these tissues shall pinpoint mineral 

deficiencies and toxicities for specific farms and regions withiu the 

participating countries. Soil and forage analyses on farms and
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ranches from which the animals originate shall permit aevelopment of 

soil-plant-animal relationships with respect to minerals and other 

nutrients as well as toxic elements. Following the Tissue Collection 

Phase, a Mineral Supplement Phase shall clearly demonstrate product

tion 	and economic benefits from mineral supplementation. In addition 

to establishing appropriate mineral supplement mixtitces, methods of 

mir.eral administration in specific cattle producing regions shall be 

investigated. Both the Tissue Collection Phase and the Mineral Sup

plement Phase shall be initiated in Brazil, followed by Ecuador and 

Colombia. The exact sites for experimentation within each country 

shall 	be decided in cooperation with the Ministry of Agriculture of
 

Brazil, INIAP (Instituto Nacional de Investigaciones Agropecuarias) 

of Ecuador, and ICA (Instituto Colombiano Agropecuario), and CIAT 

(Centro Internacional de Agricultura Tropical) of Colombia, based on 

criteria established in the Reconnaissance and Recruitment Phase. It 

is anticipated that a large percentage of the analyses required here

in will be carried out at the University of Florida 

3. 	 Distribution and Application of Results Phase 

Experimental results shall be distributed to farmers, government 

officials and scientists. Results shall be published in both scienti

fic journals and in one- to two-page summaries suitable for distribu

tion to farmers through local livestock organizations where available 

in each country and through other means considered appropriate by the 

Contractor and/or the A.I.D. Research Specialist. Publications re

porting this research shall be based on maps that establish mineral
 

status of cattle producing regions within participating countries. In
 

addition, publications shall recommend mineral mixtures suitable for 

specific areas.
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Lsults of the experimental findings shall be presented at local 

Latin American short courses in conjunction with annual and semi-annual 

livestock meetings in each country in addition to national and inter

national scientific meetings.
 

C. Continued Relevance of Objectives
 

the contract are still relevant.The project objectives as stated in 

Many individuals and institutions recognize the importance of mineral 

research. However, a large number of organizations lack equipment, me

thods, or techniques of analysis and technicians that can carry out
 

mineral research programs. In order to improve the institution capa

city to carry out mineral research, the AID-Florida contract is pro

viding various types of assistance. Publication of the manual entitled 

has provided"Methods of Mineral Analysis for Plant and Animal Tissues" 

a systematic approach for standardizing sample collections, analysis 

and methods of reporting data. 

An overall objective of the mineral research program is to encour

age the use of mineral supplements. It is increasingly clear, however, 

that it is not enough to stimulate the widespread use of mineral sup

plements, but to insure that these supplements are adequate to meet the 

requirements of grazing animals. Often farmers believe that they are
 

providing adequate mineral supplements for their livestock, but in
 

reality the mineral supplements used are extremely inadequate.
 

More emphasis needs to be given to training people to do mineral
 

research. People are frequently available who have nutritional and
 

laboratory experience. However, these people often need short-term
 

training in mineral research techniques. More of this kind of training
 

is needed. 

D. Accomplishments to Date
 

activities under this research project wereseparated1. Findings: 'The 
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into 	three phases and the findings will be discussed as follows:
 

a. 	 Reconnaissance and Recruitment Phase:
 

1) A complete search of the literature on mineral research
 

in Latin America was conducted at the Hume Library, tUiversity 

of Florida, Inter-American Center for Agricultural Documenta

tion and Information (CIDIA) located at CATIE, Turrrialba,, 

number of research organi-Costa Rica. Visits were made to a 


A total of 269 articles
zations throughout Latin America. 


from journals or other publications were reviewed.
 

Mineral research information has been summarized in two
 

major publications. ,,Mineral Deficiencies and Toxicities and
 

their Effect on Beef Production in Developing Countries"was
 

at a 	conference in Edinburgh, Scotland, and publishedpresented 

in the proceedings, Beef Chttle Production in Developing
 

This publication contained
Countriesedited by A. J. Smith. 


176 references concerning the incidence of mineral deficien-


A second pucies 	or toxicities in the tropical countries. 


blication "Current Status of Mineral Research in Latin
 

America" was presented at the Latin American Symposium on
 

Mineral Research with Grazing Ruminants. This paper con

tained 269 references and summarized all the published 
mine

ral research pertinent to grazing ruminants in Latin America. 

The proceedings were published in Portuguese and will be 
pu

blished in English and Spanish.
 

Brief summary of review of literature: The most wide

spread mineral deficiency for grazing livestock is that 
of
 

phosphorus. Calcium deficiencies are rare under grazing
 

conditions. This fact is especially important since many
 

old texts used in Latin America have given greater importance
 



to calcium thau experimental evidence indicates. 

Copper and cobalt deficient areas are likely to extend
 

over 	wide areas of Latin America, but their limits are im

possible to define because of inadequate research. Inade

quacies of magnesium, sodium, iodine, selenium, and zinc
 

and 	 toxicities of molybdenum, selenium and fluorine have 

been encountered in widely diverse areas of Latin America
 

but all have been infrequently studied.
 

Forages rarely provide all the mineral requirements of 

grazing cattle. Therefore, it is a highly recommended 

practice to provide adequate mineral mixtures to assure the 

necessary intake of the elements needed. 

2) Project personnel made frequent trips to visit interested 

research people in several Latin American countries. Currently
 

active research is in progress in Bahamas, Brazil, Colombia,
 

Costa Rica, Ecuador, El Salvador, Guatemala, and Venezuela.
 

Discussions are in progress with Bolivia and Uruguay. Project 

personnel have been discouraged from stimulating mineral re

search in Paraguay because of AID project priorities.
 

During most of the time covered by this report, project
 

personnel were as follows:
 

3 full time Animal Nutritionists
 

8 part-time Animal Nutritionists
 

1 full time laboratory technician
 

1.5 bilingual secretary equivalents
 

4 graduate students
 

b. 	 Experimentation phase: a brief discussion of the research program 

in each country is as follows: 
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Bahamas
 

AID/TAB Washington requested that we cooperate with Dr.
 

Frank Madden at the Bahamas Agricultural Research Training
 

2nd Development Project (BAJTAD), San Andros P.O., North
 

Andros Island, Bahamas. We have sent polyethylene bottles
 

containing 10% formaldehyde along with copies of the manual 

on "Methods of Mineral Analysis for Plant and Animal Tis

sues." Dr. Madden is collecting the liver samples and
 

sending them to Florida where they will be analyzed for
 

cobalt, copper, selenium, and manganese.
 

Brazil 

The Latin American Synposium on Mineral Research with 

Grazing Ruminants was held at Belo Horizonte on March 22-26,
 

1976. This symposium was jointly sponsored by the Federal
 

Universities of Minas Gerais and Vigosa, the state research
 

institution for Minas Gerais (EPAMIG), the School of Agricul

ture at Lavaras, and the University of Florida/USAID Mineral
 

Research Project. Twenty-seven papers as outlined in the
 

Appendix were presented at this conference. University of
 

Florida faculty wrote 12 papers, Brazilians wrote 11 papers,
 

Dr. D. J. Thompson, International Minerals and Chemical,
 

wrote three papers and the final paper was presented by
 

Dr. B. D. H. Van Niekerk, Voermol Products, South Africa.
 

Travel and per diem for all speakers outside of Brazil
 

other than Dr.. Thompson were paid for from project funds and
 

all papers written in English were translated to Portuguese
 

by Brazilian students at the University of Florida. Each of
 

the 250 participants received a copy of the proceedings in
 

Portuguese at the beginning of the symposium. Participants
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were from Brazil, El Salvador, PerG, Mxico, Argentina, Para

gua7, Colombia, Chile, South Africa, and the United States. 

The success of the symposium was summarized by Dr. 

of FAO in his report to the Acting RegionalWilliam Ferguson 

Representative for Latin America. Quotations from his report
 

are as follows: "This symposium achieved a high level of 

success regarding: (a) It succeeded in bringing together for
 

onthe first time a very substantial quantity of information 

the subject of mineral deficiencies and toxicities in Latin 

America and provided some of the guidelines needed for effec

tively correcting some of these; (b) It clearly contributed 

to generating the keen interest necessary to stimulate mine

ralization needs and strategies in the region; (c) It has
 

already yielded a volume of printed proceedings, which will
 

make an important contribution to Animal Science teaching 

throughout Latin America."
 

Research Project is cooperating
The AID/Florida Mineral 


with several different research groups in Brazil and these
 

will be briefly outlined below.
 

The Amazon Cattlemen's association in cooperation with
 

the Biological Institute and Secretary of Agriculture in Sao
 

Paulo are collecting samples, conducting research, and ana

lyzing plant and animal tissue, samples from 35 ranches in
 

the Amazon region.
 

coope-Marcelo Mendes and Julio Cesar de Sousa with the 

ration of EMBRAPA and The Amazon Cattlemen's Association have 

made two trips to Brazil to collect soil, forage, and animal 

tissue samples from 6 ranches in the Amazon region. Both 

students are analyzing these samples to be used in their Ph.D.
 



dissertations here at the University of Florida.
 

Dr. Jorge Lopes and Dra. Olga Gavillon of the Secretary
 

of Agriculture and Dr. Enio Prates of the Federal University
 

are developing a cooperative mineral research project in Rio
 

Grande do Sul.
 

Dr. George Hall of the Federal University of Santa Maria
 

and his collaborators are studying the effects of selenium

vitamin E injections on sheep and cattle in the Livramento
 

area of Rio Grande do Sul.
 

Drs. Carneiro Viana, Roberto da Silva and Norberto
 

Rodriguez are developing a mineral research emphasis at
 

the Veterinary School at Belo Horizonte. The latter two
 

man have each spent 3 months at the University of Florida
 

developing research and anklytical techniques. They are
 

concentrating their mineral research effort in central
 

Brazil.
 

Dr. Josi Adalberto Gadelha at the Federal University of
 

Ceara, Fortaleza, and his group are collecting and analyzing
 

forage and animal tissue samples from five different areas
 

of the state of Ceari in northeast Brazil. Cobalt deficiency
 

is thought to be widespread, but no supplemental trials have
 

been conducted. Dr. Karl Fick, University of Florida, spent
 

one week at Fortaleza instructing the group there on mineral
 

analysis techniques.
 

Colombia
 

A research program between CIAT and the University of
 

Florida has been in progress since March, 1975. Mr. Soekanto
 

Lebdosoekojo has been working on a Ph.D. research program at
 

the Carimagua Experiment Station entitled, "Mineral Supplemen



tation of Breeding Cattle in the. Colombian Llanos." Soil, animal 

and forage saples were collected from the Herd System Pro

ject and they are currently being analyzed. 

A cooperative mineral research program between ICA and 

the AID/University of Florida contract has been in progress
 

since July, 1975. Mineral research is in progress at each
 

are
of eight ICA experiment stations. Two treatment groups 


are with and without mineral supplement andbeing used which 

every three months liver biopsy, blood, and forage samples
 

are collected. Todate, some 500 liver samples have been
 

magnesium,phosphorus, and 

analyzed for copper, iron, magnesium, manganese, and zinc 

and 900 blood samples have been analyzed for calcium, copper, 

zinc. Final conclusions cannot be 

drawn at this time, but it-appears that copper is borderline
 

to deficient.
 

A selenium toxic region outside of Bogotg near Puerto
 

Boyaca is being studied. Cattle receiving a mineral supple

ment containing arsenic and sulfate have average daily gains
 

twice that of the control animals.
 

Four mineral supplementation experiments are in progress 

or proposed, two ire in the Medellin Region of Colombia and 

two are in the Monterfa (Caucasia) Region. The three treat

ments are control (salt only), salt + phosphorus and a com

plete mineral mixture. All experiments are with pregnant 

Samples to be
heifers and will be for 1.1/2 to 2 years. 


collected are liver biopsy, blood, forage, soil, and minerals
 

fed.
 



Costa Rica 

The mineral research program in Costa Rica has been one 

of the most active todate. One thesis by Carlos Lang en

titled, "Phosphorus and Trace Mineral Status of Beef Cattle
 

in the Guanacaste Region of Costa Rica," has been completed. 

Blood and liver samples were taken from 3 to 4 year old steers 

sold from 15 farms located in five counties of the Guanacaste 

region. Sixty-one percent of the blood samples had serum 

phosphorus values which were borderline to deficient. Ap

proximately 40, 21, 63, 33, and 24 percent of the livers ana

lized were borderline to deficient in copper, iron, manganese, 

selenium, and zinc, respectively. 

Another M.S. thesis was completed in June, 1976, by 

Kiatoko Mangeye. Ten liver and five blood samples were col

lected from steers on each of 12 farms in four districts 

with two soil type regions. Mean serum phosphorus concentra

tions were deficient (<4.5 mg Z) for all farms. Of the total 

livers analyzed, 23, 5, 63, 96, and 38% were borderline to de

ficient in Cu (<75 ppm), Zn (484 ppm), Fe (<180 ppm), Mn (410 

ppm), and Co (<.06 ppm), respectively. Research also suggested
 

that low mineral intake was partially responsible for the ad

verse effects of oxalate from Setaria sphacelata pasture.
 

The Agronomy Faculty recently received funds from CONICET 

which are to be used for the mineral research program. In 

addition, twelve Peace Corps volunteers will devote a great
 

deal of time to collecting liver, blood, and forage samples
 

from selected regions of Costa Rica. Professor Hernin Fonseca
 

plans to conduct mineral studies of the major regions of Costa 

Rica. 



Universty of Florida/AID is contributing $7,000 per 

year for two years to assist with the mineral analyses. 

Ecuador 

INIAP is in charge of all research in Ecuador and we 

have been working closely with their personnel. They are
 

as follows:
interested in five specific types of studies 


1) Determination of the chemical and nutritive value of
 

the principle forage species in the inter-andean region.
 

Recent research showed that cattle gained 80 g/day before
 

mineral supplementation and 212 g/day aft-r mineral sup

plementation.
 

2) Determination of the levels of macroelements in rela

tion to reproduction in cattle in the Machachi Valley and
 

the Santa Catalina Experiment Station. Limited data indi

cates that manganese blood levels were significantly lower
 

for cattle with reproductive problems. Further experiments 

with improved design were suggested to verify this observa

tion. 

3) Sulfur research at Santa Catalina. Response to sulfur
 

fertilization has been obtained, but the sulfur effect on
 

animals needs to be studied. Limited research has indicated
 

improvement following the feeding of sulfurized salt blocks.
 

Mineral status of cattle in the coastal region. Four
4) 


farms were selected in the Pichilingue area, three of which
 

do not use mineral suppleuents.
 

5) Response to selenium - vitamin E injections in the Santo
 

Domingo region. Six farms were selected in this area because
 

of the widespread incidence of "white muscle" disease. In

jections will be given to between 50 to 100 cows on each
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farm. 

El Salvador 

The mineral research program in El Salvador was very 

slow in starting, but currently considerable progress is
 

being made. Dr. Ferdinando Perla, Ministry of Agriculture,
 

is chairman of the mineral research program in El Salvador.
 

The University of El Salvador has the responsibility' 

for analyzing the animal tissues because they have the ex

perience and a Perkin-Elmer 303 Atomic Absorption Specto

photometer. The technician responsible, Lic. Margoth 

Oldemia Palma, spent two weeks in August at the University 

of Florida studying the most recent techniques.
 

CENTA has the responsibility for all of the forage and
 

soil analyses because they have the experience and a Perkin-

Elmer 303, but will receive a Perkin-Elmer 500 series soon 

with a graphite furnace attachment. 

During the next two years, the research organizations 

of Ganaderia, CENTA, and the University of El Salvador will 

dedicate a considerable portion of these resources to mine

cal research. As many as 10-12 man years may be put into 

this program during the next 2 years. Research is currently 

being concentrated on 12 ranches where 120 liver biopsies
 

had been obtained as of August 23, .19.76,. without any problems. 

The University of Florida is supplying difficult
 

to obtain expendable laboratory materials plus $4,000 per
 

year.
 

Guatemala
 

The mineral research program in-Mtemala started in 

January, 1976, which involves collecting animal tissues and
 



forage samples 'from. two ranches. One ranch is located on 

Sonsonate,the southeastern coast ,of Guatemala and one' near 

some problems which appearEl Salvador., Both ranches, have 

to be minerally related and involves both beef and dairy 

cattle.
 

are with INCAP: Their laboratory has a
Our contacts 

Perkin-Elmer 305 Atomic Absorption Spectrophotometer with
 

a graphite furnace and a fluorometer for conducting 
sele

nium analyses. The Florida/AID program is providing $6,000
 

per year for two years. Dr. Marco Tulio Cabezas is in charge
 

of the mineral research program and Ing. J. Antonio Flores,
 

on 
a recent M.S. graduate from INCAP, is working full time 

the program. 

Venezuela
 

were not made until Deceuber, 1975, concerningContacts 

Three research groups are incooperative mineral research. 


terested in investigating the mineral status of cattle 
in
 

Chicco and his research group at
Venezuela. Dr. Claudio 


the central region of Venezuela,
Maracay plan to study 


which include four distinct areas in the llanos in which
 

the efficiency of production is low.
 

to use these results toward a
Ing. David Morillo plans 

M.S. degree at the University of Florida.
 

faculties at the UniversityThe veterinary and agronomy 

of Zulia are interested ir studyi'g the mineral status 
of
 

tocattle in the Lake Maracaibo region. They plan collect 

soil, forage, and animal tissue samples from three ranches
 

each in four different regions.
 

Dr. Josi a Velasquez at'the.Universidad de Oriente ,
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Jusepin, plans to study the mineral status during dffferent
 

physiological states of cattle in three states of eastern
 

Venezuela.
 

Difficult to obtain supplies for conducting this research
 

has been forwarded to them.
 

Available research
 
2. Interpretation of Data and Supporting Evidence: 


mineral deficiencyis the most widespreaddata indicates that phosphorus 

for grazing livestock. Calcium deficiencies are rare under grazing 
con

older textbooks in
is au important fact because many

ditions and this 


Latin America emphasize calcium deficiencies 
rather than phosphorus.
 

Copper and cobalt deficient regions extend 
over wide areas of Latin
 

these areas are poorly defined. Inadequacies of magnesium,
America, but 

toxicities of molybdenum, sele
sodium, iodine, selenium, and zinc, and 


areas of Latin America.
 
and flourine are encountered ih diversenium, 

to make the interpreta-
The soil-plant-animal relationship 	helps 

In addition, the many soil types
tion of mineral research data complex. 

Theresearch effort. 
and forage species necessitate an intensive mineral 

data which is available and 
mineral papers in the Appendix emphasize the 

the need for more specific data.
 

Currently we are cooperating with mineral 
research
 

3. Research Design: 


in eight countries and each country has 
a number of different regions.
 

have certain problems and priorities.
these countriesResearch people in 

country in developing and 
We are making a major effort to assist each 

applying acceptable mineral research 
design and scientifically based
 

research techniques.
 

regions where reported "pro-
Research emphasis is being placed on 

or toxicities.deficiencies
blem" areas exist which suggest mineral 

to map large areas
is more feasible than attemptingThis approach 

Is a result, em
where deficiencies or toxicities are not 

apparent. 




phasis has, been placed on the following ,problem" areas" 

aa 	 Costa Rica, Guanacaste (lowproduction) and San Carlos
 

high forage oxalates.
 

b. 	Colombia, central selenium toxic and llanos (low produc

tion).
 

c. 	 Ecuador, highlands sulfur deficient and western selenium 

deficiency. 

d. 	Brazil, Mato Grosso apparent mineral deficiency or toxicity
 

and Cearl cobalt deficiency.
 

e. 	Venezuela, llanos low production.
 

Sample collection and preservation under field conditions are pro

blems. Separation of the serum or plasma from whole blood without 
hemo

lysis under field conditions is difficult. Collecting forage samples 

which represent what the animals consume is nearly impossible. Logis

tics of carrying on field research at locations distant from research
 

institutions is complicated. However, we were aware of these at the
 

beginning and better methods of improving sample collection, storage,
 

and analysis are constantly being evaluated. Many worthwhile research
 

theses and 	symposia proceedings
publications in Latin America such as 


are 	not readily available to libraries and abstracting journals.
 

E. 	 Dissemination and Utilization of Research Results
 

More than 1000 copies of the manual entitled "Methods of Mineral
 

Analysis for Plant and Animal Tissues"arB being distributed in
 

English, Spanish, and Portuguese throughout Latin America and other
 

regions of the world.
 

Nearly 500 copies of the proceedings entitled "Latin American
 

Symposium on Mineral Nutrition Research with Grazing Ruminants" have
 

been 	distributed inPortuguese throughout Brazil. As soon as the
 

translations to English and Spanish are complete, 2000 to 3000 copies
 



will be printed for distribution. Other articles have been presented 

at symposia and scientific meetings and have been widely distributed. 

1. This project has stimulated tremendous interest in the mineral 

problems of grazing ruminants in the Latin American countries in 

which we have cooperated. Research, extension, producers and commer

cial personnel have known they had problems, now they see the possi

bility of finding the correct solution to these problems.
 

All personnel directly associated with the mineral project are 

constantly answering questions concerning formulation of mineral
 

mixtures and the correct use of mineral mixtures. 

It is significant and noteworthy that organizations not directly
 

involved with the AID/Florida contract request information on methods
 

and procedures for mineral research. 

Most of the information which i being distributed has direct 

application and we see evidence that this information is beiB applied 

as we travel within the cooperating countries.
 

2. A cooperative mineral research symposium attended by 250 people 

was our most effective way to expand the use of research results. 

For five days these participants heard and discussed mineral research 

results and mineral problems. Many people are interested in finding
 

the solution to mineral problems. This project has ercouraged them, 

provided standard techniques and provided some materials for them to
 

get started. We frequently find the following situation: They have
 

the interest and many of the materials for doing mineral research
 

Governmental personnel recognize that minerals are limiting, but this 

is not a top priority. Research reviews and sample research designs
 

are provided by the University of Florida. This information along 

with ,personal visits is often sufficient to stimulate an incountry 

mineral research program. By starting with the areas where mineral 



problems are clearly evident, there is a good possibility that the solu

tion can be found and that it will be applied by the livestock producers
 

in the area.
 

Mineral research in Latin America is an extremely ambitious pro

gram. We are currently working in only eight countries and some of these 

programs are just beginning to gather momentum. We would like to ex

pand this program into other countries -s time, personnel and funds 'per

it requires several years of concentrated effort to identify and
mit. 


correct these mineral problems. Consequently, we consider the greatest
 

contract.priority to ,be an extension in time of the current 

All research in progress is in full cooperation with LDC personnel
3. 


During the reconnaisand institutions within the respective countries. 


sance and recruitment phase of this contract only interested personnel
 

at institutions capable of supporting mineral research were selected.
 

The majority of both human and physical resources for mineral research 

are provided by the cooperating countries. 

a. 	 Planning the project. This mineral research program does not 

that can be used in every country.have a standard research plan 

However, we do have models which personnel can modify to best 

coincide with their specific conditions in their own country. 

Limited human and financialb. 	 The execution of the field work. 

of this project.resources are available within the framework 

What is available is used primarily to supply technical infor

mation and ideas, expendable materials which are difficult to 

obtain within the cooperating country and seed money with 

which to initiate mineral programs. 

c. The analysis and reporting of results. Data generated within
 

the property of this country. The 	Universityeach country is 

of Florida assists with the analysis, interpretationand
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su ary of data as requested. Permission must be obtained in 

vriting and credit given as co-author and cooperating agency 

when applicable. 

4. Representative publications and abstracts of the research program 

can be found in the Appendix. Under separate cover four copies of 

other publications are being forwarded. 



G. Work Plan and Budget Forecast for Coming Year
 

1. Each of the eight cooperating countries are in a different stage
 

of their mineral research programs. Comparatively speaking the most
 

effort in relation to size of country is in Costa Rica and Colombia.
 

Cooperating with eight countries is a modest beginning, yet significant
 

progress has been made.
 

Anticipated accomplishments for the coming year include initiating
 

research programs in other countries, analyzing samples for mineral 
con

centrations, analyzing and interpreting data, and publishing results.
 

At least two trips are needed to each country annually in order to
 

adequately supervise and encourage the mineral program.
 

2. Procedures to be used and activities to be carried out include the
 

following: Publish the symposium proceedings "Latin American Symposium
 

on Mineral Nutrition Research with Gtazing Ruminants" in English and
 

Spanish.
 

Distribute the manual 'Methods of Mineral Analysis for
 

Plant and Animal Tissues" in Spanish to appropriate persons and ins

titutions.
 

Provide personnel and facilities at the University of Florida
 

tohelp train 4 to 6 technicians during 1 to 3 months in analytical pro

cedures for mineral analyses.
 

Continue to improve analytical methods for analysis of sele

nium, cobalt, molybdenum and sulfur and update laboratory manual.
 

Encourage and assist cooperating country personnel to publish 

result and write publications for the producers.
 

Work with producers and companies in the formulation and
 

feeding of mineral supplements.
 

Continue to stimulate mineral research through correspondence,
 

publication of popular articles and the attendance at conferences,
 



-33

seminars, and workshops.
 

Make personal visits to cooperating countries twice annually 

and provide Limited financial resources and difficult to obtain expendable 

materials. 

3. Cooperating country personnel and the degree of commitment by their 

governments are the principle factors which will promote or impede ac

complishments. Mineral programs in the cooperating countries will pro

gress in relationship to the number of dedicated scientists working in 

the mineral program and the support which they obtain from their host 

governments and industry.
 

4. Dissemination and utilization of expected research results will
 

continue to be emphasized through publications, field days, conferences,
 

seminars and workshops. Approximately 2,500 copies of the Latin
 

American Symposium on Mineral Researth with Grazing Ruminants will be
 

distributed in Spanish and English. The manual "Methods of Mineral
 

Analysis for Plant and Animal Tissue" will continue to be distributed
 

in Latin America and other parts of the world in English, Spanish, and
 

Portuguese.
 

The majority of the individual country research information will
 

be written in Spanish and Portuguese which will be published locally
 

and regionally. It is anticipated that this information will be pre

sented at meetings of ranchers and producers whenever appropriate.
 

Producers are seeking economical ways of increasing the level of
 

production and correcting mineral deficiencies has been shown to return
 

at least $2.00 for every, dollar invested in many studies.
 

5. Budget'Statement:
 



Csmt Proposal for Mineral Deficiencies and Toxicities for Grazing Ruminants in 
Latin America 

November 2. 1976 - November 1, 1977 

Mn-Months Estimated Cost 

1. Salaries 
A. U. S. Personnel 

Home Office Personnel 
Assistant Professor 
Short Term 

Rome Office Nonprofessional 
Laboratory Technician 
Secretary 
Research Associate (1/2 Time) 

Total U.S. Salaries 
B. Cooperating or Third Country Nationals 

Field Staff Nonprofessional 
Latin American Technician 

Total Salaries 

12 
2 

12 
12 
6 

24 

$ 

$ 

$ 

21,600.00 
4,000.00 

8,220.00 
6,500.00 
4,840.00 

45,160.00 

14,000.00 
59,160.00 

III. Fringe Benefits 
State Retirement 
Unemployment Compensation 
Social Security 
Medical Insurance 

Total Fringe Benefits 

(9.0% x 40,320) 
(.6% x 45,160) 
(5.85% x 32,220) 
(13.50/mo x 36) 

$ 

$ 

3,629.00 
271.00 

1,885.00 
486.00 

6,271.00 

IV. Overhead 
Home Office (51% x 51,431) 
Field Staff (29% x -0-) 

Total Overhead 

$ 

$ 

26,230.00 
-0

26,230.00 

V. Travel and Transportation 
U.S. Travel (1 RT ticket) 
International (13 RT @ 750 average/trip) 

Total Travel and Transportation 

$ 

$ 

300.00 
9,750.00 

10,050.00 

VI. Allowances 

Per diem - U.S. (15 days @ $33/day) 
- International (130 days @various rates) 

Total Allowances 

$ 495.00 
5,200.00 
59695.00 

VII. Other Direct Costs 

Bilingual Secretary (Contractual Agreement) 
Total Other Direct Costs 

$ 
$ 

5,000.00 
5,000.00 

VIII. Equipment, Vehicles, Materials and Supplies 

Material and Supplies 
Postage, phone & Misc. office supplies 
Computer rental 
Chemical supplies 
Publishing & Printing Costs (2books) 

Total Equipment, Vehicles, Materials and Supplies 

$ 

$ 

5,000.00 
1,000.00 

10,594.00 
21.000.00 
37,594.00 

GRAND TOTAL $ 150,000.00 
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1. 	 Contacts visited in Brazil, Colombia, Costa Rica, Ecuador, El 

Salvador, Guatemala, and Venezuela. 

2. 	 Titles and authors of papers presented at the Latin American 

Symposium on Mineral Research with Grazing Ruminants, Belo 

Horizonte, Brazil, March 22-26, 1976. 

3. 	 Bibliographic list of abstracts of papers and publications
 

other than symposium papers.
 

4. 	 Loosli, J. K. 1976. Mineral problems as related to tropical
 

climates presented at the Latin American Symposium on Mineral
 

Research with Grazing Ruminants, Belo Horizonte, Brazil, March
 

22-26, 1976.
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1976.Camacho, J. K. Loosli, J. H. Codrad, and R. H. Houser. 
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Sci. 43:328. 

6. 	 Lang, C. E., L. R. McDowell, and J. H. Conrad. 1975. Estado
 

mineral del ganado en Guanacaste, Costa Rica. 5a Reunion Latino
 

Americana de Produccign Animal, Maracay, Venezuela, Die., 1975.
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Symposium on Feed Composition, Animal
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July 11-16, 1976.
 



9. 	 Conrad, J. H. 1976. Phosphorus supplementation for increasing 

reproduction in cattle. Ruminant Livestock Production System 

Seminar, Georgetown, Guyana, March 1, 1976. 

10. 	 Annual Estimated Cost of Mineral Reserach in Latin American
 

Countries.
 



Contacts Visited in Colombia 


Mr. Phillip Smith 

Mr. Sandy White 

USAID/Colombia 
c/o U.S. Embassy 
APO N. Y. 09889 

Mr. Hector Sarmiento 
Livestock Advisor 
USAID/Bogoti 
c/o U.S. Embassy 
Bogota, Colombia 

Dr. Arturo Gil (Tel. 326-3051) 
Ing. Josi Daniel G~mez 
ICA - Tibaitata 

A. A. 151123 Eldorado 

Bogota, Colombia
 

Mr. Joseph Tritschler 
Cuerpo de Paz 

c/o American Embassy 

Bogota, Colombia 


Dr. Orlando Osuna (Tel. 32-19-54) 
Fac. de Medicina Veterinaria 

Universidad Nacional de Colombia 

Bogota, Colombia 


Dr. Hernando Umana D. 
Transversal 27, No. 123-40 

Bogota, Colombia 


Ing. Miguel Robbin (Tel 31-40-00) 
Apartado Aireo 43-17 
Medellin, Colombia 

Dr. Costar Araneo 
Compaila Nacional de Chocolates 
do Miguel Robbin 
Apartado Agreo 43-17 


edell]n, Colombia 

Dr. Luis Fernando Ramirez M. 


Dr. Anibal Ruiz V. 
Dr. Ivan Dario Gutierrez V. 

Fac. de Med. Vet. y de Zootecnia 
Universidad de Antioquia 

A.A. 1226 
Medellin, Colombia 


Dr. Ned S. flaun 

CIAT 

Apdo.Aereo 67-13 

Call, Colombia 


Contacts Visited in Costa Rica
 

Prof. Hernin Fonseca 
Ing. Emilio Vargas 
Facultad de Agronomia 
Universidad de Costa Rica 
Cuidad Universitaria "Rodrigo Facio" 
San Jose, Costa Rica 

lug. Juan Coward 
Cuerpo de Paz 
c/a American Embassy 
San JosE, Costa Rica 

lug. Carlos Lang 
Dawe's Laboratories of Central America 
Apartado Postal 2222
 
San Jose, Costa Rica 

Mr. Tim Roberts
 

Dr. Victor Clark 
Mr. John Flatt
 
Escuela C. A. de Ganaderla
 
Atenas, Costa Rica
 

Mr. Travis King 
AID Misi'n Econ&mica de los EE.UU.
 
en Costa Rica
 
c/o American Embassy
 
San Jose, Costa Rica
 

Dr. Manuel E. Ruiz
 
Dr. Gustavo Cubillos
 
Depto. de Zootecnia
 
CATIE
 
Turrialba, Cartago, Costa Rica
 

Principal Ecuador Contacts 

Mr. Allen Hankins
 
Dr. Mike Schwartz
 
Agency for International Development
 
c/o American Embassy
 
Quito, Ecuador
 
(Office:
 
Rio de Janeiro 130 y 10 de Agosto, 
Tel. 521-100, Ext. 272)
 

Dr. Enrique Ampuero
 
Dr. Kamal Dow 
2955 San Javier 
(Corner Av. FCO-Orellana, 1 block 

from Av. 6 de Diciembre)
 
INIAP, Casilla 2600
 
Quito, Ecuador
 



Contacts Visited in Brazil
 

Prof. LeSnidad Machado Magalhaes Dr. Jorge Lopes
 

Dr. J. A. Carneiro Viana Dra. 012a Gavilloi'
 
Prof. Roberto Machado da Silva Supervisao da Produgio Animal
 
*Dr. Norberto Mario Rodriguez Secretaria da Agricultura
 

Escola de Veterinaria da U.F.M.G. Avenida Getulio Vargas, 1384
 

Caixa Postal 567 Porto Alegre, RS - BRAZIL
 
30.000 - Belo Horizonte - MG - BRAZIL
 

Dr. George A. B. Hall
 
Dr. Matheus Bressan Caixa Postal 676
 
Eng. Henrique 0. S. Lopes Santa Maria, RS - BRAZIL
 

Centro Nacional de Pesquisa de Cerrado
 
EMBRAPA - Palacio do Desenvolvimento Dr. Luiz C. G. Bayer
 
90 Andar, Brasilia - DF - BRAZIL Tortuga
 

Rua do Progresso, 219
 

Ivan V. Rosa Caixa Postal 12.635
 
Rodovia BR 262 - K1 4 Santo Amaro - SP BRAZIL
-

Caixa Postal, 154
 
79.100 - Campo Grande - Mt. - BRAZIL Paulo Rogerio Nunez
 

Coordinador Tecnico
 
Dra. Zelma Araujo Associaggo dos Empresarios
 
Prof. Jose Adalberto Gadelha Agropecuarias da Amazonia
 
Departamento de Zootecnia Rua Riachuelo. 231 S/L
 
Centro de Ci~ncias Agrarias Sao Paulo. S.P. - BRAZIL
 
Universidade Federal do Ceara
 
--Fortaleza, Cearg - BRAZIL Dr. Alexandre J. L. Develey
 

Bayer do Brasil Indstrias Quimicas
 
Dr. Joaquim Campos Departamento de Defensivos
 
Dr. Joe Brandio Fonseca Rua Alexandre de Gusmao, 606
 
Dr. Jose Alberto Gomide Santo Amaro, Socorro
 
Dr. Jose Fernando Coelho da Silva Sao Paulo - SP - BRAZIL
 
Prof. Dirceu Jorge da Silva
 

Dr. Waldemar Camargo
 
Departamento de Zootecnia Dr. Nelson Fernandez
 
Universidade Federal de Vigosa Chefe de Doencas Nutricionais
 
36.570 Vigosa, Minas Gerais - BRAZIL e Metabolicas
 

Instituto Biologico
 

Dr. Elias Sefer, Director Sec. da Agricultura
 
Faculdade de Cincias Agririas do Pari Pamplona 237
 
Caixa Postal 917 Sao Paulo, SP - BRAZIL
 
60.000 Belem, Parg - BRAZIL
 

Dr. Joao Soares Veiga
 

Cristo Nazare Barbosa do Nascimento Rua Cafelandia, 54 - Sumare
 
IPEAN/EMBRAPA Sao Paulo, Sao Paulo - BRAZIL
 

Setor de Criacao e Melhoramento
 
Bel~n, Para, BRAZIL Dr. Carlos Tokarnia
 

Departamento de Pathologia
 

Dr. Enio Prates Universidade Federal Fluminense
 
Prof. Ema Laboute Niterioi, Rio de Janeiro - BRAZIL
 
Avenida Bento Gongalves, 7712
 
Faculdade de Agronomia Dr. JUrgen Dobereiner
 
U.F.R.G.S. Animal Pathologist
 
Porto Alegre, RS - BRAZIL EMBRAPA/RJ, KM 47
 

Via Campo Grande
 
20.000 Rio de Janeiro, RJ, AC-26
 



Principal Ecuador Contacts 
continued
 

Ing. Orlando Molina 
Ing. Jorge Gonzilez G. 
Ing. Vicente Le6n 
Ing. Wilson Olmedo H. 
Ing. Thelmo Hervas Ordoaes 

Ganader'a de Leche 
INIAP 
Estacin Experimental de Santa Catalina 

Apartado 340 

Quito, Ecuador 


Dra. Valeria de Zavala 

Dr. Marc Treboux 

Ing. Gilberto Tenesaca 
Ing. Fausto Ceballos 

Depto. de Nutrici'n 

TRIAP 

Estaci~n Experimental de Santa Catalina 

Apartado 340 

Quito, Ecuador 


Ing. Eduardo Sotomayor 

Mr. Dean Armstrong 

Mr. Daniel Matthias 
Mr. Michael Hendrickson 

Ms. Wendy Cavern 
r. Robert Laben 

Mr. Robert Burns 

Cuerpo de Paz
 
c/o American Embassy 

Quito, Ecuador 

Ing. Carlos Cortaza (Director) 

Dr. Rail de.la Torre (Head, 

Pastures and Cattle) 

Dr. John Bishop
 
Dr. Julio Zambrano 
Ing. Jorge Chives 
Ing. Rail Betancourt 

Estacion Experimental de Pichilingue 

INIAP 

Apartado 24

Quevedo, Ecuador 

Contacts Visited in El Salvador 


Mr. Boyd Whittle 
Food & Agriculture Officex 
AID 
c/o American Embassy 
San Salvador, El Salvador 


Dr. Arthur J. Eisenhower 
Cuerpo de Paz
 
25 Avenida Norte, No. 915
 
San Salvador, El Salvador
 

Dr. Ferdinando Perla 
Ing. Mauricio Bari Hernindez 
Ing. Luis A. Silva H.
 
Direcci~n General de Ganaderla
 
Ministerio de Agricultura y
 
Ganaderra (Soyapongo)
 

Apartado Postal No. 554
 
San Salvador, El Salvador
 

Dr. Desmond A. Rice
 
Veterinario Asesor de Laboratorios
 
Ministerio de Agricultura y Ganaderla
 
Direccion General de Sanidad y Repro
ducci~n Animal
 
Soyapongo, El Salvador
 

Dr. Frank Calhoun
 
Mr. Tom Burton
 
Dr. John Beiber 
Univ. of Fla./AID Contract
 
c/o American Embassy 
San Salvador, El Salvador 
(Burton's ph. No. - 28-05-42) 

Dr. Earl Sutherland 
Projecto de Desarrollo Ganadero 
UNDP/FAO 
Apartado Postal (06)1114
 
San Salvador, El Salvador
 
(Tel. 22-37-10)
 

Dr. Miguel Ernesto Menendez 
Dra. Francisca Caias de Moreno 
Lic. Margoth Oldemia Palma
 
Fac. de Ciencias Agronomicas
 
Universidad de El Salvador
 
San Salvador, El Salvador
 

Ing; Salvador Enrique Jovel
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Mineral Problems as Related to Tropical Climates
 

by 
J. K.Loosli, Ph.D.
 

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. Itwas 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 sym

posium was planned to summarize the present status 
of knowledge about
 

the mineral elements which influence productivity 
of grazing ruminants
 

areas and to stimulate critically needed research 
on unsolv

intropical 

ed 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 eco

nomically correct existing limitations. Hopefully, the 
discussions at
 

this symposium will help to disseminate present knowledge and stimulate
 

needed research to solve the remaining 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. Ithas been estimated that rumi

nants inthe developing countries (largely inthe 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 isthe
 

low productivity per animal that accounts for the limited supplies of
 

animal protein inthe tropics and not shortage of animals. The develop

ing countries have 70% of the world's cattle and water 
buffaloes, 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 is uncertainty about the-relative importance of
 

nutrition, genetic capacity of the animals, parasites and 
diseases,
 

climatic stress and other factors have upon animal productivity inthe
 

widely diverse regions within the tropics. All are important; 
the fail

ure of any one factor causes complete failure of the system. 
Thus, it
 

is logical to consider that after critical diseases are controlled, pro

viding any supplemental minerals needed isusually the easiest 
and cheap

est way to maximize productivity of grazing ruminants.
 few basic
If I may seek your indulgence, I would like to mention a 

I am and which


principles of which you are all at least as familiar as 


might be considered an imposition upon so elete an audience as 
this one,
 

but which may be helpful to some less well informed people who may read
 

the proceedings of this symposfum.
 
Ruminants, like all other animals, must receive all of the essential
 

dietary nutrients including water in optimum amounts (not only the min

eral elements) to maintain health and to grow and reproduce at 
their
 

potential levels. Climatic factors may modify the 
amounts of certain nu



trients animals require and affect the responses to adequate diets, but
 
possible differences inrequirements have not been well defined. The
 
producer and researcher should recognize that the response to any sup
plement 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) isessential in
 
the diet depends upon feeding a diet low enough inthat nutrient to
 
cause structural or functional injury. Addition of the pure nutrient
 
alone to the deficient diet must correct the deficiency signs and re
store the animal to normal health. Some trace elements function either
 
as constituents or as activators of enzymes, and they are needed invery
 
minute amounts to sustain metabolic functions. Some elements can be re
cycled 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-specific they
 
cannot be easily recognized. Often too, there are multiple deficiencies
 
which complicate accurate diagnosis. It is almost impossible to procure
 
a diet for ruminants which istotally lacking in a specific mineral ele
ment. As a result, it is likely that trace elements not yet recognized
 
as essential may later be proven to be important.
 

-The Essential Mineral Elements
 

InTable 1 islisted the mineral elements which are presently con
sidered 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 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 inyoung growing animals and lactating dairy cows fed
 
na-tive-forages supplemented with concentrates, the deficiency has not
 
been reported in grazing beef cattle even during lactation. Potassium
 
deficiency isnot likely to occur ingrazing ruminants because most for
ages are rich inthis element. Details will be covered later inthe sym
posium.
 

Of the trace elements, Cr, Si, V, Sn, and Ni have been shown to be
 
essential for one or more small animal species and itis likely that they
 
are essential for ruminants. However, deficiencies have not been produc
ed in any ruminant and there isno 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 rumi
nants isso small the matter isnot considered in the symposium. The
 
current knowledge about the essential mineral elements will be summariz
ed in later papers.
 



Table 1. Nutritional Classification of Mineral Elements
 

Essential Toxic 

Calcium 
Phosphtirus 
Magnesium 
Potassium 
Sodium 

(Ca) 
(P) 
Mg) 
( 
(Na) 

Manganese 
Zinc 
Selenium 
Molybdenum 
Fluorine 

(Mn) 
(Zn) 
(Se) 
(Mo) 
(F) 

Sodium 
Iodine 
Copper 
Cobalt 
Zinc 

(Na) 
1) 

(Cu) 
(Co) 
Zn 

Chlorine 
Sulfur 
Iodine 
Iron 
Cobalt 

(Cl)
(S) 
0) 
Fe 
Co 

Chromium 
Silicon 
Vanadium 
Nickel 
Others ? 

(Cr
(Si) 
V) 

(Ni) 

Selenium 
Molybdenum 
Fluorine 
Lead 
Mercury 

(e
(Mo)
(F) 
(Pb 
(Hg1 

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 solving present problems.


The history of the development of knowledge about the essential na
ture 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 itpossi
ble to replace supposition with facts about the essential nature of any

nutrient. Much of our earlier knowledge about nutrition resulted from

systematic observations 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.
 

Itseems 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 pas
tures" (Underwood, 1966). Feeding "salts" to domestic animals can be

traced to the time of Plutarch (40-120? A.D.). Virgil and Pliny (23-79A.D.)

recommended salts for milk production. There are many references to the

feeding of salt inBritain after 1750 following land enclosure. Inthe
 
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 in1780 and
in Paraguay in 1838, but the relation of osteophagia to phosphorus
deficiency incattle was not clarified until Theiler et al. 
(1924) of
South Africa published their classical experiments shwin- 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, Chossat demonstrated that calcium was a
supplement to a necessary
cereal diet for bone development in birds. Many experiments were carried out inEurope 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
ratio became recognized, as well as the actual levels of these elements
in the diet and the discovery of vitamin D in 1922, itbecame possible
to prevent or cure rickets, which had been a 
serious disease of children
and young animals and birds produced inthe winter inbuildings to protect them from the cold, and which also prevented any exposure to sunlight. Rickets was never an important disease in the tropics because
of natural ultraviolet irradiation of animals and food products.
Itwas reported inthe early 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 inthese 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 water for animals as well as people, the matter isvery important. The
effective utilization of many areas ismarkedly limited by the lack of
suitable water supplies. The research on nutrients and toxic substances
inwater has been reviewed by Shirley et al.(1974) and will be presented at this symposium. An excellent example-of the usefulness of common
practices relates to iodine inSouth America. In 1824, Alexander
Humboldt described goiter inColombia 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. In1831,
Boussingault advised the Colombian Government to provide general distribution of the naturally iodized salt to the population. Iodine had been
discovered by Courtois in1811 and nine years later he began prescribing
Itas a 
cure for goiter. Overdosages of iodine caused injury to some
patients and its use was condemned by physicians. Itwas a hundred years
later before the general 
use of iodized salt was started in the U.S.A.
with medical authority support (McCollum, 1956).
One might expect that once we know the way to prevent something as
simple to identify as goiter at a cost as 
low as a 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 inblood by Menghini in 1747. Sydenham
 



is credited with having treated anemia with iron solutions prepared by
 
steeping steel filings inwine before 1680 but he did not know why it
 
was effective. This process resulted inthe formation of ferrous potas
sium tartrate. In1867, Boussingault published data showing the iron
 
content of a number of different animals and various foods and bever
ages, since itwas generally accepted by that date to be an essential
 
element.
 

Except for iron and iodine, the trace elements were not studied
 
until about 1926 when Leroy showed that magnesium increased the growth
 
of mice. McCollum and associates reported in1931 that magnesium defi
ciency caused tetany in rats and Duncan and Huffman observed similar
 
signs in 1935 in calves fed milk as the only food. Low blood magne
sium and death loss from grass tetany is a serious problem in lactating
 
beef cows insome areas. Copper was shown to be essential for hemoglobin
 
formation and iron utilization in rats by Hart and Elvehjem in1928.
 
Following this discovery, there was more than a decade of intensive
 
research interest which resulted inthe discovery of other essential
 
elements. Sjollema reported copper deficiency incattle and sheep in
 
the Netherlands in1933. Cobalt deficiency was first identified as the
 
cause of a "wasting disease" and anemia in cattle and sheep inAustralia
 
in1935 by Filmer and Underwood and Marston and Lines. Manganese stimu
lated growth of mice and reproduction of rats in studies by Kemerer and
 
McCollum et al. in 1931, but its importance in cattle was not known un
til about three decades later. A similar situation existed with zinc,
 
which was shown to be essential for growth and hair development of mice
 
and rats in 1922, but its need by pigs was not shown until 1955 and for
 
calves not until 1960.
 

Evidence that fluoride isessential is limited to recent reports

showing that a deficiency causes impaired fertility infemale mice and
 
depressed growth in rats. Earlier tests demonstrated that traces inthe
 
drinking water (0.7 to 1.0 ppm) helps to prevent dental caries inchil
dren, but 2.0 ppm or more causes mottling of the teeth enamel. Higher

intakes (4to 6 ppm inwater) increases bone density and helps to pre
vent osteoporosis and associated ipcidence of collapsed or distorted
 
vertebrae in people over 55 years of age. There isalso evidence that
 
extra fluorine decreases the aorta calification often seen inlow-flu
orine areas. However, it isthe toxicity of fluoride that isof great
est importance in ruminant nutrition (Shupe et al., 1974).
 

Many of the essential mineral elements can have detrimental effects
 
or cause toxicity iffed insufficiently large amounts. The approximate

requirement and harmful levels of the more toxic essential trace elements
 
are shown inTable 2.
 



Table 2. Requirements and Toxicities of Trace Mlneral Elements
 

Element Species Requirement Toxic level
 

mg/kg ration
 
Copper 	 Cattle 5-7 115
 

Sheep 10 ?
 
Swine 6 250+
 

Cobalt 	 Cattle 0.05-0.07 60
 
Sheep 0.08 120
 
Horses 5-8 ?
 

Iodine 	 Livestock 0.1 ?
 
Swine 0.2 ?
 

Manganese 	 Cattle 16-25 2000
 
Swine 10 4000
 

Zinc 	 Cattle 9 900->1200
 
Sheep 18-22 1000
 
Swine 50 2000
 

Selenium 	 Cattle 0.1 3-4
 
Sheep 0.1 10
 
Horses ? 5-40
 
Swine 0.1 5-8
 

Advances inAnalytical Methods
 

In 1937, Maynard listed only 12 mineral elements inhis book,
 
Animal Nutrition, as proven dietary essentials (Ca, P, Na, K, Cl, S, Mg,
 
Fe, I,Mn, Cu and Zn), several having been recently discovered. He stat
ed "cobalt appears to be essential according to very recent work." He
 
pointed out the commonly held view that inpractice "most of them are
 
supplied so abundantly inthe 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,
 
reproduction or lactation of grazing ruminants. Furthermore, since that
 
time eight additional trace mineral elements have been shown to be di
etary essentials for some species of animals and two (Se, Mo) are impor
tant 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 infeeds and animal tissues and the availability of pure
 
compounds to evaluate requirements. Inthe 1960s improved technical
 
equipment and newer methods have made itpossible to analyze many more
 
samples for mineral elements and the accuracy has been greatly increas
ed. In the industrial countries, surveys have been made to evaluate the
 
mineral content of soils, food and feed crops and animall tissues. The
 
areas where deficiencies and excesses of mineral elements exist have
 
been determined so that corrective supplements can be used to maximize
 
animal productivity and land utilization.
 

http:0.05-0.07


Some recent studies using modern techniques have been made in
 
tropical countries to evaluate the status of mineral elements in soils
 
and plants, and some animal studies have been reported. In.1958, de Alba
 
cited the occurrence of phosphorus deficiency innorthern Mexico,
 
Venezuela, Colombia, Brazil, Argentina, Paraguay and Chile; cobalt defi
ciency inBrazil and Argentina,. copper deficiency in Peru, Brazil and
 
Argentina; nd-rse4eniumdef' eney-n-4exco.. Other summaries have also
 
been published (McDowell, 1974; Mills, 1970; Russell and Duncan, 1956;
 
Underwood, 1971; Van Niekerk, 1974).
 

Problems and Questions Needing Solutions
 

There is no doubt that there are many areas where mineral deficien
cies limit productivity of grazing ruminants. We need to know what and
 
where these are. Specific research isnecessary before any deficiencies
 
can be corrected in a reasonable and economic pay. There isno justi
fication 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 questions that should receive special atten
tion inplanning research, among which are the following. Do the nutri
ent requirements of ruminants inthe tropics differ from animals inthe
 
temperate zones? Ithas been speculated that the requirement for sodium
 
and other minerals lost in perspiration may be higher inhot dry areas,
 
but there are no comparative data. There isevidence that genetic vari
ation exists among breeds of sheep inthe incidence of swayback and in
 
copper metabolism and susceptibility to copper poisoning (Terrill, 1974).
 
There are also significant genetic differences inblood concentrations
 
of several mineral elements. Genetc-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 that any differences inmineral requirements be
tween tropical and temperate cattle and sheep are small.
 

What isthe best and most economical way to provide the mineral sup
plements 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
 
incontrolled studies. Some animals eat very little or none of the free
choice minerals, while others eat several times more than needed. Eco
nomics ineach 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 management deci
sions. Many other questions also need to be answered. This symposium
 
will review the known information on mineral nutrition 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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status of grazing dairy andI Experiments were designed to determine the mineral 

2 beef cattle in San Carlos, Costa Rica. Ten liver and five blood samples of steers
 

3 (mostly 3-4 years old) were collected from each of 12 farms in four districts with
 

4 two soil type regions, Two districts were selected in each region, with 2 to 4 

S farms in each district. Liver was analyzed for Cu, Zn, Fe, Mn, and Co, and plasma 

6 for Ca, P and Mg. Of the total livers analyzed, 23, 5, 63, 96, and 38% were bor

7 derline to deficient in Cu (<75 ppm), Zn (<84 ppm), Fe (<180 ppm), Mn (<10 ppm) and 

8 Co (<.06 ppm)) respectively. Copper, Fe, Mn and Co were borderline to deficient in 

9 1, 7, 12, and 3 farms, respectively. Plasma Ca and Mg were in the normal range in 

10 all animals studied while mean P concentrations were deficient (<4.5 mg %) for all 

.11 farms. Plasma Ca, P and Mg and forage Ca, P, Mg, K, Na, Fe, Cu, Zn, Mn, Co, oxa

12 late and crude protein levels were determined on 5 dairy farms with and 4 without 

13 Setaria sphacelata as the'major pasture species. No difference (P >.05) in plasma
 

14 mineral concentrations due to pasture species was found. Plasma P was deficient
 

15 (<4.5 mg %)in all farms and in all animals, Mean plasma Ca and Mg were in the nor 

16 Mal range;'forl the two types of pastures and in all farms. Setaria pastures were 

17 higher in Nba '(P <.01), Zn, Mn and oxalate (P <.10). 

18 

19 
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ESTADO HZRI, DEL AADo N CUAMCAST'E, COSTA RICA 

Carlos E.. Lang, Lee R. cDovwe'ls, Joe H. Conrad y Hornfin yonaeca 

Univeraidad de Florida. Escados Uaidos; Universidad do'Costa Rica. Costa Rica 
IM encado mineral dal ganado do carno en pastoraoGuGnUcfltG, Costa Rica, 

Eue evaluado en la re.ign demadjanto 
 I. dccrmin, eicn do 1os nivle 
do P an al
plasma aangutneo y lam conconcraciones de Cu, Fe, fn, Zn Y Se an el h~gado.
eCcogieron 15 fincas distribuidas Se
 an 5 cantonas (3 fincas par canc6n). Do cad*
 
novi2lloa de 3 
a 4 afios de edad. Las muescras fuoron colecqadas en un 


fiuca se coleccaron 10 muestras de hgado y 5 muestras do kangre procedentes de
 

matadero
central. Los promadioa de Cu, Fe, ln. Zn, So y P fueron deficiaacea Is 3 a cercanaosdeficiencia en 4, 4, 10, 4, 2 y 10 fincas, respectivane. De la 150
muestras de h~gado que se analizaron, aprexi.adamnt 61,40, 31. 63,
ae encontraron deficientes a cercanas 33 y 24Z
 
a l doficiencia en P, Cu, Fe, ma, Se y
Zn, respeccivamente. A excepci6n del So, no se enconcraron diferencias 
(P>.05)
debidas a la. localizaci6n del cant6n. Las concentrLciones promedio do Cu,
Zn fucron normalea Fe yan lea 5 canConou, mientr:au qua lou n1vaies do Ma,fueron deficintes a So y Pcorcanas a la deficioncia en 5,2 y 3 cantones, reapocciva=onte. Se encontraron diforencias 
 (p .O1) para todos los minrales entre 
las
fincas de cad. cautdn. Cacorce de las 15 fincas inforwaron qua suplementaban
NaCI, miencras qua 8 suplementaban P (barina do hueao) y 9 supiemencaban elcmentoo trazas en forma descont nuada. En base a Ins concentracioncs doen lae mineral..tojidos, a. conhidera quo los actual.. 

son inadocuados para el ganado de 
p.o.ramas do auprementaci6n.al mine
 

la regi6n do Guanacasteo Costa Rica.
 

ALPA. 1975.. 5a Reunion Latino Americana de Producci6n Animal.lhiracay, Venezuela Nov. 30 Dic. 4. 
p. R2. 
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Nutritional inadequacies can occur in almost any area of the world and
 

result in inefficient animal production. In Latin America, the cattle in

dustry is often restricted by mineral deficiencies, imbalances and toxi

cities. This is particularly 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 ob

tain mineral elements. A low intake or imbalance of the mineral elements
 

'from forages can adversely affect fertility, weight gain, milk production
 

and in general, the health of the animals. Only rarely can Latin American
 

forages completely provide all mineral requirements of grazing cattle. There

fore, 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 min

eral 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
 

these 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 CaribbeanS. Due to lack
 
of information, it is not generally appreciated how extensive the areas
 

affected are. Mineral problems are closely associated with geographical
 
Allman and Hamilton (1949) gathered information from various parts
areas. 


of the world on locations of livestock nutritional deficiencies. Infor
mation on mineral deficiencies and toxicities for livestock in Latin
 
America has been updated by Phillips (1956) and De Alba (1971). Recently,
 

McDowell (1976) compiled 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 and Caribbean countries. It includes both
 
confirmed as well as highly suspected geographical areas of mineral de
ficiencies and toxicities in cattle. Obviously, this constitutes a very
 
generalized approach with important geographical omissions inevitable but
 

it does indicate the scope of the problem. The term "deficient or toxic
 
area" is used 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. 

Calcium and Phosphorus
 

A-deficiency of calcium or phosphorus or both will cause a decrease
 

in efficiency of production and eventually may result in the fracture of
 

skeletal bones. Either one or both elements may be deficient under grazing
 

conditions in certain geographical areas although phosphorus is the element
 

most likely to be deficient. Forages tend to be higher in calcium and
 

lower in phosphorus while grains are generally lower in calcium and higher
 

in phosphorus.
 

McDowell et al. (1975) summarized the mineral concentrations of 2615
 
Latin American forages (tables 2 and 3), reported in the 1974 edition of the
 

Latin American Tables of Feed Composition (McDowell et al., 1974). Average
 
calcium values were reported for 1123 (42.9%) forage entries and average
 
phosphorus values for 1129 (43.2%) forage entries (table 2). For these
 
forages, 31.1% of the calcium values and 72.8% of the phosphorus values were
 
0.3% or less (table 3) which may be borderline to deficient in these ele
ments for most classes of cattle. Phosphorus deficiency has been reported
 
in parts of most Latin American countries (table 1). Low forage phosphorus
 
has been found in Argentina (Kraemer and Mufarrege, 1964; Bingley et al.,
 
1965a, b; Diaz, 1965a; Culot et al., 1967; Vonesch and De Riveros, 1967
1968; Villalba Palacios, 1973), Chile (Ares Rojas, 1947; Rogers, 1952),
 
Colombia (Villamil, 1942; Vergara, 1967; Blasco Lamenca and Boh6rques
 
Ampudia, 1967, 1968; Salazar de Buckle and Medina Ramirez, 1970), Costa
 
Rica (Arrea Baixench and Mufioz Sandoval, 1954; Velasco, 1961; Tergas, 1968;
 
Blue and Tergas, 1969; Wills, 1971; Lang, 1974), Cuba (Gonzalez, 1942;
 
Alba G6mez et al., 1967; Figueroa and Sutherland, 1969), Guatemala (Fer
nandez et al., 1971), Guyana (Duthie, 1939; Mayers, 1969; Holder, 1972),
 
Mexico (De Alba, 1950; Gonz'lez, 1966; Zavala and Galv'n, 1973), Panama
 
(Rosas et al., 1969; Rios Arau'z, 1972; Chicco, 1972), Paraguay (Ramirez,
 
1954), Peru (G'mez et al., 1967; Mantari, 1968; G6mez et al., 1969; Eche

varr~a et al., 1970b; Kalinowski et al., 1970b; Talavera, 1970), Uruguay
 
(Fynn, 1940; Nores, 1944; Spangenberg, 1944; Spangenberg and Sanchez
 
Gonz'alez, 1952) and Venezuela (Grinwald et al., 1947; Chicco and French,
 
1959; French and Chaparro, 1960; French and Chicco, 1961b). Blood serum
 
(plasma) phosphorus is reasonably sensitive to variations in dietary
 
phosphorus levels and thus has value as a diagnostic tool in determining
 
phosphorus adequacy. Reduced serum (plasma) phosphorus concentrations in
 

cattle have been noted in Argentina (Kraemer and Mufarrege, 1964; Bingley
 

et al., 1965a), Chile (Ares Rojas, 1947), Colombia (Villamil, 1942), Costa
 

Rica (Lang, 1974), Cuba (Figueroa and Sutherland, 1969), Mexico (Zavala
 

and Galvgn, 1973), Panama (Rosas et al., 1969; Chicco, 1972; Rios Araiz,
 

1972) and Venezuela (Chicco and French, 1959; French and Chicco, 1961b).
 

Compared to phosphorus inadequacies, calcium is rarely a problem in gra

zing cattle with the exception of cows lactating large quantities of
 

milk or those onacid, sandy or organic soils in humid areas where the
 

herbage consists mainly of quick-growing grasses and is devoid of legume
 

species (Underwood, 1966). On the basis of low calcium levels in forages,
 

deficiencies of this mineral have been reported in areas of Colombia
 

(Vergara, 1967; Salazar de Buckle and Medina Ramirez, 1970; De Alba, 1971),
 



Costa Rica (Arrea Baixench and Mufioz Sandoval, 1954), Guatemala (Fernandez 
,et al., 1971), Guyana (Underwood, 1966; Holder, 1972), Mexico (Buller et 
al., 1960-1961), Panama (Williamson and Payne, 1965), Peru (Gomez at al., 
1967; Echevarria at al., 1970b; Kalinowski et al., 1970b) and Venezuela
 
(De Alba and Davis, Y957 and French and Chaparo, 1960). Blood serum
 
(plasma) is practically insensitive to dietary calcium and thus has lim
ited value in evaluating the calcium status of the animal. However, as
.suming that serum (plasma) values of 8 mg % calcium or less are border
line to deficient, areas in Argentina (Ovejero, 1964) and 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 elevation of calcium and phos
phorus'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 condition annually (Paoli, 1971a, 1971b). Bingley (1964),
 
Bingley et al. (1965a, 1965b), Land6 at al. (1967, 1968) studied the cal
cium and phosphorus blood levels in affected animals. Although a phos
phorus deficiency was noted in animals in affected areas, it was inde
pendent of the disease itself. Controlled studies with cattle, sheep and
 
laboratory animals by Camberos and Davis (1969), Reinoso Castro (1970),
 
Camberos and Davis (1970), Camberos (1971) and Carrillo (1973) have demon
strated that relatively small amounts of the leaves of Solanum malacoxylon,
 
"duraznillo blanco," either fresh or dried, will result in a deranged cal
cium 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 Panama (R~os Aradz, 1972),
 
Uruguay (Schiersmann, 1965; De Le6n Lora, 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 pre
sented reproductive problems.
 

Buller et al. (1960-1961), 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 meal treatment but no fur
ther improvement inweight gains were observed with bone meal supplementa
tion.. Echevarria et al. (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 24Z) with bone meal
 
supplementation in farms that had phosphorus deficient 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 32.9Z for calcium and phosphorus have been determined with sheep, re
spectively (Perdomo, 1975). Buttarworth (1966) reported that the true mean
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absorption of phosphorus contained,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). Marginal or deficient concentrations
 
of cobalt in forages have been found in Argentina (Morandi, 1954, 1955),
 
Colombia (Vergara, 1967), Guyana (Holder, 1972), Haiti (King and Price,
 
1966), Surinam (Dirven, 1963), Peru (G6mez et al., 1967; Echevarria et al.,
 
1970b), Uruguay (Spangenberg and Sanchez Gonza'lez, 1952). McDowell i(1975)
 
reported that of 2615 Latin American forages analyzed for minerals, only

5.4% presented cobalt values (table 2) and 43.1% had concentrations of
 
.10 ppm cobalt or less (table 3).
 

Ins'a et al. (1964) reported values of 30 and 35 jig % cobalt in serum
 
of normal cattle and sheep, respectively. The concentration of cobalt in
 
the liver has received special attention because of its possible value in
 
diagnosing cobalt deficiency in the field. Correa (1957) in the state of
 
Sao Paulo, Brazil found .058and .201 ppm cobalt in liver samples of ani
mals from deficient and adequate cobalt areas, respectively. Probably
 
the best way of verifying the deficiency is by feeding cobalt and observing
 
a positive response. In Colombia, clbalt 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 pre
sented the symptoms of the disease known as "Phalaris staggers" on "Tem
bleque del falaris" (Gaggino et al., 1963a; Gaggino and Carrillo, 1964;
 
Gaggino and Carrillo, 1965). Cobalt supplementation has been shown to
 
alleviate the condition (Gaggino et al., 1963b and Carrillo et al., 1963).
 

Copper and Molybdenum
 

Lack of copper is probably the most severe mineral limitation to gra
zing 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 inter
relationships with molybdenum, sulfate and other factors (Russell and Dun
can, 1956). Nine and 5.1% of the total Latin American forages were ana
lyzed for copper and molybdenum, respectively (table 2). Copper averages
 
were deficient or borderline to deficient in 46.6% of the forages, and
 
13.6% of, 133 forage analyses had molybdenum concentrations over 3 ppm
 
(table 3).
 

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 et al., 1967; Gomez et al., 1969;
 
Echevarrra et al., 1970a, b; Kalinowski et al., 1970b; Talavera, 1970),
 
Surinam (Dirven, 1963) and Uruguay (Nores, 1944; Spangenberg and Sanchez
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1952). Areas in Peru (Goyzueta et al., 1972) and Argentina (Culot
Gonzilez, al., 1965, 1967; Nuiez, 1969)
1967; Pizzi et al., 1964; Camberos etetal., 

normal copper levels but high molybdenum conrv-been observed to contain 
Camberos et al. (1965, 1967) in Argentina, reported
centrations in forages. 


high levels of sulfate in the water-an Pizzi et al. (1964) high sulfate
 

Regions in Peru, also haveh-uh levels of sulfate in
 
levels in forages. 


Perdomo (1975) noted that maximum intake
 forages (Goyzueta et al., 1972). 


of copper in forage-s by sheep (.89 mg/day/kg body weight) approached levels
 

The overall mean true digestibility of copper 
in
 

reported to be toxic. 

several tropical grasses was 82.6%.
 

A copper deficiency in the animal can be reasonably 
well verified'by
 

taking a liver biopsy and determining the copper 
content of that tissue
 

Plasma copper levels of 50 Vg Z or less
 
(Carrillo and Bingley, 1964a, b). 
 Ancasi
 
are indicative of low liver copper levels (Claypool et al. 1975). 


On the basis
 
et al. (1973) reported low serum copper in cattle in Peru. 


of copper concentration in the. liver areas in Argentina 
(Epstein et al.,
 

1971), Costa Rica (Lang, 1974), Panama (Ammerman et al., 1974) and Peru.
 
Deficient con

(Narvaez and Terri, 1964) are deficient in this miner-l. 


centrations of copper in both blood and liver have been observed in Argen

tina (Bingley et al., 1964a, b; Camberos et al., 1965; Carrillo et al.,
 

1964a, b; Bingley and Carrillo, 1966) and Cub- (Figueroa and Sutherland,
 

1968, 1970).
 

Copper deficiency and molybdenum toxicity are corrected 
by providing
 

Good results have been obtained using
additional copper to the animal. 

copper injections in Argentina (Bingley et al., 1964a, b), Cuba (Figueroa
 

Improved animal
 
and Sutherland, 1968) and Peru (Narvaez andTerrn, 

1964). 


condition by adding copper to the diet has been observed 
in Cuba (Alba
 

Gomez et al., 1967) and Argentina (Camberos and Figueiras, 1969).
 

Tabusso (1941a, b, c; 1942 a, b, c) in Peru, observed 
the symptoms of
 

a copper deficiency. The symptoms described
 "Renguera Peruana" which is 

are similar to those recognized in Australia by Bennetts and Chapman (1937)
 

(1951).

as "Enzootic ataxia" or "Lamkruis" in South Africa by Schulz 

et al. 

Epstein et 

In Argentina, "Enzootic ataxia" in ovines has been described 
W 


al. (1971). Barua (1966) indicated that "Renguera Peruana" was prevented
 

with copper supplementation.
 

The condition of cattle known as "Muerte Subita" occurs 
in Cuba with
 

It is characterized by collapse and death of apappreciable frequency. 

Incidence is seasonal
 parently healthy animals when exposed to stress. 


The condition simulates "Falling dis
and restricted to specific areas. 

ease" associated with copper deficiency in Australia (Bennetts 

et al.,
 
Cases of sudden death (Muerte
1941) and in Florida (Becker et al., 1965). 


subita) in cattle in a pasture-inthe northeast area of Camaguey 
(Cuba)
 

have been studied in relation to the metabolism of copper 
(Figueroa and
 

Sutherland, 1968) and of sodium, potassium, calcium, magnesium 
and phos

phorus (Figueroa and Sutherland, 1969). No deficiency or changes in the
 

blood and tissue levels of these minerals were found that could 
explain
 

Valdivia et al. (1974) reported that in
 the etiology of "Muerte subita." 

the region of Pucallpa, Peru, animals suddenly die when exposed 

to stress.
 
During the
 

Incidence is highest at the beginning of the rainy season. 

low levels of magnesium (>1.8 mg%)
rainy season, 37.4% of the cattle had
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while during the dry season only 13.9%presented low serum levels of this ele

ment. The authors feel that the low serum magnesium values alone may not 

uerte subita" and are studying the mineral status'of plants and anicause " 

mals 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 re

quire supplemental dietary sodium. This requirement is generally met by
 

supplying sodium chloride or "common salt" as 0.5 percent of the total
 

ration for full-fed cattle or as a free-choice supplement for cattle on
 

pasture on range. Sodium appears to be the essential nutrient in salt
 

and evidence of a naturally-occurring dietary deficiency of chlorine, as
 

distinct from sodium has not been established (Underwood, 1966).
 

The National Research Council (1970) recommnrnds 0.1% sodium for cattle.
 

About 60% of 146 forage averages in the 1974 Latin American Tables of Feed
 

Composition (McDowell et al., 1975) contained mean sodium values of 0.1%
 

Natural forages low in sodium have been reported in
or less (table 3). 

Colombia (McCormick, 1966), Panama (Chicco, 1972), Surinam (Dirven, 1963,
 

and Venezuela (French and Chaparro, 1960; Perdomo, 1975). Dirven (1963)
 

and Underwood (1-966) suggest that under tropical or hot semi-arid condi

tions where large losses of water and sodium occur in sweat, the sodium re

quirement may be higher.
 

Salt has been incorporated in self-feeding protein and/or energy sup

plements to regulate intake and has been demonstrated to be practical for
 

grazing steers (Chicco et al., 1971).
 

Iodine
 

one of the most prevalent deficiency diseases
Iodine deficiency is 

that has been shown to occur in almost every country of Latin America. A list
 

of iodine deficiency reports in man and farm animals as endemic goiter is
 

presented in table 1. Follis (1966) and Kelly and Snedden (1960) have
 

illustrated in a map the most prevalent areas of endemic goiter in Latin
 

America.
 

Iodine deficiency in domestic animals has been observed in regions of
 

Antigua (Hutson, 1952), Argentina (Mazzocco and 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 (Zuiiiga, 1960; Kelly and Snedden, 1960; Bar'a, 1966; Val-


Nores and Rossi Stajano (1948) reported a possible
divia et al., 1974). 

Probably, the most
iodine deficiency in forages in areas of Uruguay. 


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 mix

tures has reduced significantly the incidence of iodine deficiency in Latin
 



Magnesium 

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 Mufioz.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 staggers"
 
and perhaps other terms has been related to abnormal magnesium metabolism.
 
It is a seasonal problem; and typical cases involve cattle grazing a small
 
grain, winter pasture. Latin American countries where magnesium tetany
 
is encountered are listed in table 1. Grass tetany or hypomagnesemia
 
tetany has been studied extensively in Argentina where a considerable num
ber of animals die annually due to this condition (Ovejero, 1964; Culot
 
and Fernandez Tufi6n, 1967; Ruksan et al., 1967; De La Fuente, 1968; Bar
beris 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 (Barda, 1966; Alvarado et al., 1970).
 

Selenium
 

Most of the information available from Latin America on selenium is
 
related with toxicity. Selenium poisoning is often associated with consump
tion of selenium accumulator plants (i.e., Astragalus s.) which may con
tain up to several thousands ppm selenium. Table 1 presents Latin American
 
countries where selenosis is encountered and includes Argentina (Lemley,
 
1943), Chile (Lemley, 1943), Colombia (Ancizar Sordo, 1947; Benavides and
 
Silva Mojica, 1965), Mexico (Byers, 1937; Figueroa, 1938; Figueroa, 1942a,
 
b), Peru (Lemley, 1943; Bar'a, 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 inVenezuela and Puerto Rico (Jaffe et al.,
 
1967, 1969; Bermudez de Cruces, 1967; De Mondrag6n and Jaffi, 1971).
 

The concept of selenium as an essential element is relatively recent
 
and just a few countries in Latin America have been reported to have de
ficient areas. Latin American countries with confirmed or suspected
 
selenium deficiencies are listed in table 1. Lang (1974) reported border
line to deficient selenium concentrations in 33% of the livers analyzed
 
from beef cattle slaughtered in Guanacaste, Costa Rica. Low selenium con
centrations 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 resembling 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 Tapalgue, Azul and Tandil, Argentina. Animals
 
presented development of exostoses of 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 gra
zing conditions. However, decreased levels in forages and cattle deficien
cies have been reported for some of these minerals in restricted 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, re
spectively (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, potassium and sulfur deficiencies con
firmed or suspected in Latin American countries are listed in table 1. Aver
age true digestibility for potassium and iron in Digitaria 'decumbens, Pani
cum maximum, Cynodon plectostachyum and Brachiaria decumbens were 87.3 and
 
57.8%, respectively (Perdomo, 1975).
 

Lang (1974) reported that approximately 21, 63, and 24% of the total
 
cattle livers examined in western Costa Rica were borderline to deficient
 
in iron, manganese and zinc, respectively.
 

Forages containing low levels of manganese have been reported in
 
Panama (Chicco, 1972). In a region of Costa Rica, characterized by volcanic
 
soils, high manganese in forages have been observed which resulted in low
 
reproductive rates of cattle (Fonseca and Davies, 1968; Amadeo Macia, 1971;
 
Lang, 1971). In Peru, high manganese levels in forages have been reported
 
by G6mez et al. (1967, 1969).
 

Legg and Sears (1960) found parakeratosis skin disorder in cattle of
 
Guyana which were consuming forage containing 18 to 42 ppm zinc. Low lev
els of serum zinc were noted in cattle from Andahuaylas, Huancayo, Arequipa
 
and Oxapampa, Peru (Ancasi et al., 197j). Latin American countries where
 
forages contain low levels of zinc include Guyana (Legg and Sears, 1960;
 
Holder, 1972), Panama (Chicco, 1972) and Venezuela (Perdomo, 1975).
 

Iron deficiency is of practical concern in grazing cattle in circum
stances 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 Hypar
rhenia rufa in certain locations ismarginal in iron in relation to cattle
 



requirements (Chicco, '1972). The author points out, however, that animals
 
may: sp pement 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 examined had hemoglobin levels of less than 
8 g per 100 ml of blood, respectively. Highest deficiencies were found in
 
the states of Tachira and Merida. Newborn calves receiving iron injections
 
had increased hemoglobin concentrations and slightly higher gains (Acosta
 
and Waugh, 1967; Botero and Franco, 1972).
 

Forages cdntaining low level of potassium have been reported in Panama
 
(Chicco, 1972), Venezuela (French and Chaparro, 1960) and Brazil (Gomide
 
et al., 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 Supplementation
 

Direct administration of minerals to cattle is the most economical
 
method of supplementation. Cunha (1971) noted that self feeding 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 (Rivas Rios, 1974). Sixty-six
 
percent of the farms surveyed provided mineralized salt to cattle, 30%
 
supplemented only salt and the remaining 4% did not provide any type of
 
mineral supplement. Eighty-one percent of the farms in the coast of
 
Bolivar supplemented mineralized salt while the regions of savannahs of
 
Bolivar (south), Lower Sinu and Cesar River Valley had the lowest percent
age (57) of farms that supplemented mineralized salt. Common salt was
 
widely used as a mineral supplement in these areas.
 

In Colombia, Salazar and Waugh (1967) reported that a control group
 
without any mineral supplement obtained better daily gains than heifers on
 
pasture supple"iented with salt. Gains were highest, however, on animals
 
receiving a supplemental mineral mixture. In the native savannahs of
 
Colombia, large growth responses were obtained by complete mineral sup
plementation but only in the rainy season. In the dry season, there was
 
no difference between the supplemented and non-supplemented herds. The
 
most dramatic improvement was obtained in breeding performance. Average
 
conception in four months for the herds receiving complete mineral sup
plementation was 70% whereas itwas 24% for the herds not receiving min
erals (Anonymous, 1973). Improved weight gains and reproductive performance
 
with mineral supplementation have been reported in Paraguay by Romero et
 
al. (1973), Cattebeke et al. (1973) and Boggino et al. (1973). Improved
 
weight gains with mineral supplementation have also been reported in Peru
 
by Echevarria et al. (1973).
 

Rios (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 animal per day, respectively. It was noted
 
that maximum mineral intake was obtained during the rainy season. Holder
 
(1972) reported average mineral consumption of 81 and 74 g per head per day
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for bulls and heifers grazing pangola grass, 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 toxicities in selected
 
areas 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 pub
lish 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. Ani
mal 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 estab
lished for selected cattle producing regions. Information from a number
 
of ranches in many areas will be compiled and, by use of a mapping tech
nique, research data will provide evidence of mineral deficiencies and
 
toxicities in large cattle grazing areas. During the mineral supplemen
tation phase, the production and economic benefits of mineral supplemen
tation to grazing cattle will be clearly established. The combined min
eral studies utilizing a tissue collection and analysis phase and a mineral
 
supplementation phase will make it possible to obtain a comprehensive im
pression 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 made 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 especially important since many old texts used in Latin America have
 
given a greater importance to calcium than experimental evidence indicates.
 

Copper and cobalt deficient areas are likely to extend over wide areas
 
of Latin America, but their limits are hard to define at present. Inadequa
cies of magnesium, sodium, iodine, selenium ane zinc and toxicities of
 
molybdenum, selenium, and fluorine are also encountered in areas of Latin
 
America.
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Forages rarely provide all the mineral requirements of grazing cattle,
 
therefore, it is a good general practice to provide adequate mineral mix
tures to assure the necessary intake of the elements needed.
 

The University of Florida, with assistance of a grant from the United
 
States Agency for International Development, is cooperating with Latin
 
American Institutions to initiate and establish mineral research.
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TARLE 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); Guatemala (105); Guyana
 
(6,97, 141, 198, 252); Mexico (45); Panama (198, 264);
 
Peru (99, 100, 128, 149); Surinam (93); Venezuela (66,
 
85, 114, 198).
 

Magnesium 	 Argentina (21, 77, 87, 94, 179, 194, 198, 215); Brazil
 
(229); Chile (198); Colombia (170); 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); Ecuador (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, 166, 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).
 

Brazil (132, 229); 	Haiti (198); Panama (65); Venezuela (114).
Potassium 


Sodium 	 Brazil (14, 211, 229); Colombia (170); Guatemala (220);
 

Panama (65); Surinam (93); Venezuela (114, 197).
 

Sulfur 	 Brazil (211); Ecuador (198).
 

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 (141, 198); Haiti (154, 198); Mexico (6,198);
 
Nicaragua (198); Peru (98, 100, 128, 149, 225, 255);
 
Surinam (93); Uruguay (228).
 

Copper or Argentina (32, 33, 34, 35, 53, 54, 55, 58, 59, 60, 61,
 
molybdenum 77, 103, 192, 200); Brazil (122, 164, 178, 198, 211, 219,
 

toxicity 239, 243, 244, 247, 248, 250); Colombia (209); Costa Rica
 
(161); Cuba (5,109, 111); Guyana (141); Haiti (154); 
Mexico (127); Panama (65); Peru (6,11, 22, 25, 98, 99, 
100, 128, 129, 136, 149, 150, 186, 198, 225, 235, 236, 
237, 238, 255); Surinam (93, 198); Uruguay (189, 228). 



STABLE 1 (cOnt'd.) 

Iodine 


Iron 


Manganese 


Selenium 


Zinc 


Toxic elements
 

Fluorine 


Manganese 

Selenium 


Antigua (142, 198); Argentina (169, 199); Bolivia (6,
 

198); Brazil (6,56, 167, 174, 175, 198); Chile (137);
 

Colombia (86, 258); Costa Rica (198); Ecuador (152, 
198);
 

Guatemala (198); Haiti (198); Nicaragua (198); Paraguay
 

(198); Peru (6,22, 152, 198, 255, 268); Uruguay 
(190);
 

Worldwide (69, 70, 112, 152, 223, 224).
 

Brazil (124); Costa Rica (161); Panama (65).
 

Argentina (198); Brazil (229); Costa Rica (161); Panama (65).
 

Bahamas (96); Brazil (184); Costa Rica (161); Ecuador (44,
 

226); Guyana (141); Honduras (185); Mexico (139); Para

guay (42); Peru (242, 266); Uruguay (155).
 

Argentina (192); Brazil (13, 132, 211); Guyana (141, 162);
 

Costa Rica (161); Panama (65); Peru (11); Puerto 
Rico
 

(151); Venezuela (197).
 

Argentina (6,77, 198); Guyana (198); Mexico (6,
198).
 

(9, 113, 160); Peru (129, 130);
Brazil (211); Costa Rica 
Surinam (198).
 

Argentina (6,163); Brazil (153); Chile (6,163, 
198);
 

Colombia (12, 26, 27, 214); Ecuador (198); Honduras 
(92);
 

146, 198, 216); Peru
Mexico (6,47, 106, 107, 108, 134, 
(6, 22, 163, 198); Puerto Rico (146); Venezuela (30, 

89, 145, 146, 153, 193). 
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(2615)TABLE 2 PERCENTAGE OF LATIN AMERICAN FORAGES 
FOR VARIOUS MINERALSaANALYZED 

Mineral Percentage 

Calcium 42.9 

Cobalt 5.4 

Copper 9.0 

Iron 9.8 

Magnesium 11.1 

Manganese 11.2 

Molybdenum 5.1 

Phosphorus 43.2 

Potassium 7.6 

Sodium 5.6 

Zinc 6.8 

Other minerals <1,0 

aMcDowell et al., 1975. 
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TABLE 3. AVERAGE MINERAL CONCENTRATIONS OF LATIN
 
FORAGESa, CAMERICAN c 

Calcium Concentrations, Z 0 -0.30 Over 0.30 
(1123 averages) % of total 31.1 68.9 

Cobalt Concentrations, ppm 0 - 0.10 Over 0.10 
(140 averages) Z of total 43.1 56.9 

Copper Concentrations, ppm 0 - 10 Over 10 
(236 averages) % of total 46.6 53.4 

Iron Concentrations, ppm 0 - 100 Over 100 
(256 averages) % of total 24.1 75.9 

Magnesium Concentrations, % 0 - 0.20 Over 0.20 
(290 averages) % of total 35.2 64.8 

Manganese Concentrations, ppm 0 - 40 Over 40 
(293 averages) % of total 21.0 79.0 

Molybdenum Concentrations, ppm 0 - 3 Over 3 
(133 averages) % of total 86.4 13.6 

Phosphorus Concentrations, ppm 0 - 0.30 Over 0.30 
(1129 averages) % of total 72.8 27.2 

Potassium Concentrations, % 0 - 0.80 Over 0.80 
(198 averages) % of total 15.1 84.9 

Sodium Concentrations, % 0 - 0.10 Over 0.10 
(146 averages) % of total 59.5 40.5 

Zinc Concentrations, ppm 0 - 50 Over 50 

(177 averages) % of total 74.6 22.4 

aMineral concentrations expressed as dry matter basis.
 

bThe approximate requirement (National Research Council, 1970,
 

1971 and Agriculture Research Council, 1965) of specific minerals
 
for cattle is as follows: Calcium (0.18 - 0.60%), Cobalt (0.05 
0.10 ppm), Copper (4 - 10 ppm), Iron (10-100 ppm), Magnesium 
(004 - 0.18%),Manganese (20 - 40 ppm), Molybdenum (0.01 ppm or 
less), Phosphorus (0.18 - 0.43%),Potassium (0.60 - 0.80%), Sodium 
(0.1%) and Zinc (10 - 50 ppm). 

CMcDowell et al., 1975 



MINERAL SUPPLEMENTS SUPPLIED BY GEOGRAP4ICAL AREA ON
TABLE 4 

CATTLE RANCHES IN THE NORTH COAST OF COLOMBIAa 

Mineralized No 
Comon salt salt supplement Total 

Geographical 
areas 

No. of 
ranches % 

No. of 
.ranches % 

No. of 
ranches % 

No. of 
ranches % 

Middle Sing 13 42 18 58 0 0 31 100 

Savannahs of 
Bolivar (south) 18 43 25 57 0 0 43 100 

Lower Sinu 13 37 20 57 2 6 35 100 
Momp's-Magdalena 
River Depression 13 37 22 60 0 0 35 100 
Savannahs of 
Bolivar (north 
and central) 13 21 49 78 1 1 63 100 

Coast of Bolivar 5 11 39 81 4 8 48 100 

Coast of Atl'ntico 6 17 21 60 8 23 35 100 

Lower Magdalena 26 31 56 66 3 3 85 100 

Cesar River Valley 35 42 48 57 0 0 83 100 

Gulf of 
Morrosquillo 5 17 23 79 1 4 29 100 

Total 147 30 321 66 19 4 487 100 

aRivas Rios, 1974. 
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4 
 Summlflr 

Nutritional disorders including numerous mineral deficiencies, imbAilanceas and toxici

6 ties are a major limitation.to rmn: livestock production in tropicai countries. .Oft, 

7 grazing livestock do not receive mineral supplementation and must depend largely upon for 

8 ages to supply their requirements. Only rarely, however, can forages completely satisfy
 

were9 all of the mineral requirements. Borderline or deficient levels of certain elements 

noted for many forages in the .1974Latin American Tables of eed Composition; Co, 43%; 

11 Cu, 472; Mg, 35%; P, 731; Na, 60%; and Zn, 75%. Calcium deficiency has been reported in 

12 developing tropical countries, Mg in 17, P in 38, 1Na in 14, Co in 21, and Cu in 20 countr' 

13 A systematic mapping technique, based on animal tissues and forage concentrations 
can be c
 

to raise
14 ployed to predict where mineral deficiencies or toxicities will occur. Attempts 

livestock productivity in tropical countries will be unsuccessful unless the nutritional 
e 

26 vironment, including adequate mineral nutrition' is likewise elevated. Mineal supplemen

a least cost input to improvement of livestock production.27 tation is 

18 (KAy.Words:. Minerals,. Requirementa, Supplementation, Deficiencies. Toxcities). 

Introduction19 


chlorine (Cl), magnesium (Mg),At least 33 mineral elements, including calcium (Ca), 

23 essential for ruminants. In specific areas, 

21 phosphorus (2), potassium (K)', sodium (Na), sulfur (S), cobalt (Co), copper (Cu), iodine. (" 

22 iron (Fe), manganese (Mn), molybdenum (Mo), selenium (Se) and zinc (Zn) are nutritionally 

toxic concent;ationa of Cu, fluorine (F), Mn, 

(arsenic, lead, cac 
24 MO or Se limit grazinr livestock production. Additional toxic elements 

as well as the possible significance of newly dimina, mercury. and aluminum) for ruminants 

nickel, *tinad silicon) have ;been reviewoa26'covered essential elements (chromium, vanadium, 

27 (McDowell ot 1., 1976b), 

to be. the most important limitation to rumirant
Undernutrition ts commonly accepted 

Wasting diseases, loss of hair, deoiGmented
 29livestock produocion'in t'ropical countries. 


1 

28 

http:limitation.to
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loss 	of appetite, ttany, low. f rtility 
._hair, nnif ioti!ousabortion, diarrhea, aemia, 

specifically mineral de
2 and pica re clinical, signs-often'suggestive of nutrient or more 

Humrous investigators have obsirved that cattle 
sometimes 

3 ficienciss throughout tIhe world. 

This
 
4 deteriorate in spite of an apparent adequate feed 

supply (Russell and Duncan, 1956). 

report will emphasize the incidence and significance of 
mineral deficiencies and toxicities 

livestock in the tropics and the methods most 
appropriate for meeting these re

6 for grazing 

7 quirements. 

8 Factors nfluencins Mineral Requirements. Approximate mineral requirements and toxi

9 cities for selected ruminants are presented in table 
1. Many factors affect mineral re

quirments including nature and level of production, age, level 
and chemical form of ele

11 ments, interrelationship with other nutrients, mineral 
intake, breed and cattle adaptation. 

12 Factors which greatly reduce forage intake, such 
as low protein (<7.0Z) content and increasec 

13 maturity, lignification, and stem to leif ratios, likewise reduce the total minerals 
con

14 sumed. 

one might expect 
Since tropical forages contain less minerals during the dry season,-

16 	more deficiencies during this tine, but numerous 
reports including those from Kenya, Brazil,
 

Colombia and the Union of South Africa noted specific 
mineral deficiencies more prevalent
 

17 

1976; CIAT, 1973). Grazing cattle were more prone to de
18 	during the wet season (HcDowell, 

19 velop Co oi P deficiencies, and the clinical signs were severest, 
after the rains when pas

(1974) noted that the beneficialFrom Africa, Van Niekerk green and plentiful.
tures were 
the grass was at 

effect of P was primarily during the vet season, 
although the P content in 

Increased incidence of mineral deficiencies 
during the wet season is less re

21 


22 	 its highest. 

laCed to forage mineral concentration than to the greatly 
increased requirements for these 

23 


elements by the grazing animal.' During the vet season, livestock gain weight rapidly since 
24 

and protein supplies are adequate, and thus the mineral 
requirements are high, while 

energy 

animals losing weight, which
 
26 	 during-the dry season, inadequate protein and energy result in 

27 lovers :ineral requirements. 

the possible exception of salt, many
of Minerals 'toGrazing Livestock. With 

28 sources 

Thus livestock 
tropical cuntiies do not supplement' livestock with minerals. 

29 producers in 

2 



TABLE I. SUGGESTED MINERAL REQUIRMENTS AND TOXICITIES FOR RUDINANTS (DRY BASIS) 

Required Elements
 

Calcium, Z 

Magnesium, Z 
Phosphorus, Z 
Potassium, % 
Sodium, Z 
Sulfur, % 

Cobalt, ppm 

Copper, ppm 

Iodine, ppm 

Iron, ppm 

Manganese, ppm 

Molybdenum, ppm 
Selenium, ppm 
Zinc, ppm 


Toxic Elements
 

Copper, ppm 

Fluorine, ppm 

Molybdenum, ppm 

Selenium, ppm 


Growing and Lactating 
Finishing Steers Dairy
 
and Heifersa 


0.18-0.6 

0.04-0.1 

0.18-0.73 

0.6-0.8 

0.1 

0.1 


0.05-0.1 

4 


0.05-0.1 

10 


1-10 

-

0.05-0.1 
10-30 


-
30-100 

-
5d 

c
Cows Sheep €
 

0.43-.53 0.21-0.52
 
0.1 0.04-0.08
 

0.33-.039 0.16-0.37
 
0.70 0.50
 
0.18 0.04-0.1
 
0.2 0.14-0.26
 
0.1 0.1
 

1.0 5
 
0.6 	 0.10-0.8
 
100 30-50
 
20 20-40
 

- >0.5 
0.1 0.1 

40 35-50
 

100 8-25
 
40 60-200
 
6 5-20
 
5 >2 

&N.R.C. (1970). bN.R.C. (1971), 0N.R.C. (1975), dN.A.S. (1971).
 

3
 

http:0.14-0.26
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can 
to supply their mineral reqire'mnts. Wowever, only rarely 

1 depend largely upon forages 
Table 2 

satisfy each of the mineral requiremnts. for grazing animaAs. 
2 forages copletssly 


alt , 1974)
forages (tcDoell at 
the mineral concentrations of 2615 

Latin American 
sumarlzes 

Co, 43%;
 
levels of certain elements were noted for 

many entries: 
4 Borderline or deficient 

Cu, 47%; Mg, 35Z; F, 73%; Na, 60%; and Zn, 75%.
 

Although highly variable, all min
6 Livestock obtain some minerals from water 

and soil. 


Table 3 present
 
7 eral elements essential as dietary nutrients 

occur to some extent in water. 


8 mean.end maximum concentrations of specific minerale 
that could be supplied in drinking wate 

Animals sometimes consume appreciable
 
9 to lactating dairy cows (N.A.S;, 1974) 

in the U.S.A. 


but this is also highly variable. High soil ingestion is favored by soils 
amounts of soil, 

with a weak structure and poor drainage, 
high stocking rates, high earthworm populations 

and 
11 

From Nev Zealand, annw 
during the winter months when pasture growth is poor (Healy, 1973). 

12 
Tablc 

ingestion of soil reached.75 kg for sheep 
and 600 kg for dairy animals (Healy, 1974). 

13 


4 illustrates element intake by sheep 
consuming clean and soil contamainated 

pasture.
 
14 


Mineral Content. Forage mineral concentrations are greatly
 
Factors Affecting Forage 

plant species, stage of maturity, yield, pasture 
management and cli

16 affected by soil types, 

specific 
Host naturally occurring mineral deficiencies 

in cattle are associated with 
17 mate. 


regions and are directly related to soil characteristics.. 
The content of an element in soi:
 

18 


would seem the most important. However, availability factors including 
soil pH, texture,
 

19 

As soil pH
 

moisture content and organic matter are 
often more limiting than soil content. 


increases, the availability and uptake 
of Fe, Hn, Zn, Cu and Co decreases, whereas, 

Mo and
 
21 


al.,1972).

22 Se concentrations increase (Williams, 1963; 

Miller at 

on the same soi.: 
23 Large variations in mineral content of different 

plant species growing 

24 have been reported. It is a gnerally accepted view that herbs 
and legumes are richer in a 

For most minerals, "accumlatt. 
are grasses (Fleaming, 1973).
number of uineral elements than 

As
of a specific mineral (Schitte, 1964). 


plants exist which contain extrmely high 1" ',s
26 


plants mature, mineral contents decline 
due to a natural dilution process (nleming, 

1973)
 
27 


In most circum
root system (Tergas and Blue, 1971). 

28 and translocation of nutrients to the 

F, X, Mg, 'N, Cl, Cu, Co, Fe, Zn, and Mo decline 
as the plant matures (Underwood, 

29 stances, 

4 

http:reached.75


TABLE 2. INERAL BRRalOWN AND CONCENTRATIONS OF 2615 
LATIN AMERICAN FORAGES (DRY BASIS)a 

Percentage
 
of forages No. of
 

Elemn.t vith entriesb entries RequiramentC
 

1123 0.18-0.60% Concentrations, Z 0-0.30 over 0.30 
Calcium 42.9 


Z of total 31.1 68.9 

140 0.05-0.10 ppm Concentrations, ppm 0-0.10 over 0.10
Cobalt 5.4 

% of total 43.1 56.9 

9.0 236 4-10 ppm Concentrations, ppm 0-10 over 10
Copper 

Z of total 46.6 53.4
 

Iron 9.8 256 10-100 ppm 	 Concentrations, ppm 0-10 over 100 
Z of total 24.1 75.9 

290 0.04-0.18% Concentrations, Z 0-0.20 over 0.20 
Magnesium 31.1 

2 of total 35.2 64.8 

11.2 293 20-40 ppm Concentrations, 	 ppm 040 over 40
Manganese 

2 of total 21.0 79.0 

5.1 133 0.01 ppm or Concentrations, ppm 0-3 over 3
 
Molybdenum 


less , of total 86.4 13.6 

1129 0.18-0.43% Concentrations, Z 0-0.30 0.30over 
Phosphorus 43.2 


Z of total 72.8 27.2 

198 0.60-0.80% Concentrations, % .0-0.80 over 0.80 
Potassium 7.6 


84.9
Z of total 15.1 


5.6 146 0.10% Concentrations, 2 0-00 over 0.10
 
Sodium 


Z of total 59.5 40.5
 

Zinc 6.8 177 10-50 ppm 	 Concentrations, ppm 0-50 over 50 

Z of total 74.6 22.4 

aLatin American Tables of Feed Composition. (McDoell et .L, 1974; McDowell at al, 1976a).
 

bless than 1% of the other minerals vere included.
 

GN.R.C. 1970, 1971 and A.R.C. 1965.
 

S 

http:0.60-0.80
http:0.18-0.43
http:0.04-0.18
http:0.05-0.10
http:0.18-0.60


TABLE 3. MEAN AND MAXIMUM PERCENTAGES OF DAILY REQUIREMENTS OF NUTRIENT
 
THE DRINKING WATER OF LACTATING DAIRY- COWSa p, ' b

ELEMENTS IN 

Lactating Dairy CowD (450 k9)
 
Req. Mean Max.
 

Mineral DailyC % %
 

Salt, NaC (g) 66 19 2,60.0
 
7 21
Calcium (g) 76 


Magnesium (g) 14 9 88 
Phosphorus (g) 58 <1 1
 
Potassium (g) 99 <1 34
 
Sulfur (g) 20 20 507
 
Cobalt (mg) 1.4 6 32
 
Copper (mg) 160 1 16
 
Iodine (mg) 5,.1 81 593
 
Iron (mg) 2 <1 21
 
Manganese (mg) 100 3 290
 
Selenium (mg) 2 1 5
 
Zinc (mg) 0.86 1 12
 

aN.A.S. (1974), bDaily water %ntake 90 liters. CN.R.C. (1971).
 



:TABLE!4. COMPARISON OF ELEMENT INTAKE BY SHEEP PER DAY 
PROM CLEAN AND CONTAMINATED PASTUPEa 

Element intake per day
 
Clean Contaminated 

.Element Pasturec Pasturec 

Calcium 4.2 g 5.7 g 
Magnesium 
Potassium 

1.8 g 
18 g 

2.6g 
19 g 

Sodium 1.2 g 2.7 g 
Phosphorus 3.0 g 3.7 g 
Iron 150.mg 4.15 g 
Manganese 60 mg 160 mg 

Zinc 18 mg 24 mg 
Copper 4.2 mg 6.2 mg 
Molybdenum 0.6 mg 0.7 mg 

Cobalt 0.18 mg 0.68 mg 
Selenium 0.06 mg 0.21 mg 
Iodine 0.3 mg 0.8 mg 

aHealy (1973).

bpasture and soil compositions are an assumed "average."
 

cA DM intake of 600 g of clean pasture is assumed. In the
 

case of contaminated pasture, the same DM intake is assumed
 

plus 100 g of soil - approx. 14% soil contamination on a
 

DM basis or less than 2% on a fresh weight basis.
 



I. 	 1966; Comide at *_.,1969). 

and yield influence plant mineral composition. Cattle pa-
Climate, forage management2 

forage predominating and also change.the leaf/
of 

sing pressures will influence the species
3 

the mineral content; of the award. 
a direct bearing on 

stem ratio radically, thereby having
4 	

so' deficiencies arefaster ratefrom the soil at a 
remove minerals

5 increasing crop yields 
(Schilttc, 1964). Overuse of.N and K fertil

the most progressive farms 
6 frequently found on 

with K also dramaticallyAt al., 1961)tetany (Kempthe incidence of grass
7 izers increases 

Na content inplants (Underwood, 
1966). 

8 reducing forage 
Mineral imbalance
in Tropical Regions.and Toxicities 

Incidence of Mineral Deficiencies
9 
 Table 5 lists re

1.0in ruminants are reported 
from almost all tropical regions of the world. 

or toxicities in the developing tropical countries 
of the world 

ports of,mineral deficienciesLl 
et al., 1976). These reports include 

and specifically Latin America (Pick 
12 (McDowell, 1976) 

eA geographical areas of mineral 
deficiencies and toxicities 

3.3both confirmed and highly 
suspect
 

14 in cattle.
 

Calcium and P are considered together 
because they are closely
 

Calcium and Phosphorus.
.5 


16 interrelated, along with vitamn 
D, in bone metabolism and the 

requirements of these nutri-


A Ca/P ratio of 1:1 to 2:1 is
usu

eants are dependent on the concentrations 
of each other. 


7 


close ratio most critical if
P intake isinadequate. Compared to P 

I8 ally recommended, with a 
is rare in grazing ruminants with the exception of cows lactatinp 

!9 inadequaci e, Ca deficiency 

theareas where 
sandy or organic soils in humid 

or those on acid,
large quantities of milk'.:0 	 (Underwood, 1966). 

grasses devoid of legume species 
herbage consists mainly.of quick-growing21 

re. 
es, certain tropical countries have 

On the basis of decreased Ca levels in blood and fori 
22 

areas (Table 5).

23 ported.Ca deficient 

lack
 
the most prevalent mineral element 	

deficiency throughout the world is 

24 In cattle, 


In most livestock grazing areas 
of tropical countries, soils and plants
 

3 of P (Table 5) 

Ca and Al accenof soil Fe, 

Inmany tropical countries, high amounts 
.6 have low P contents. 

Soils in the humid tropics
insoluble phosphate complexes. 

27 tuate a P deficiency by'forming 	
withAl, which complexesof exchangeable 


29 are characteristiCallY acid with high percentages 


to plants (Woodruff and Kamprath, 1965). 
19 P makin it unavailable 

http:ported.Ca
http:mainly.of


TAILE 5, 	 GEOGRAPHICAL LOCATIONS OF MINERAL DEFICIENCIES OR TOXICITIES 
OF RUMINANTS IN DEVELOPING TROPICAL COUNTRIESa 

Required 	Elements
 

Calcium 	 Argentina, Brazil, Colombia, Costa Rica, Guatemala, Guyana, India, Mex
ico, Panama, Peru, Philippines, Senegal, Surinam, Uganda, Venezuela. 

Magnesium 	 Argentina, Brazil, Chile, Colombia, Costa Rica, Guatemala, Guyana, Haiti, 
Honduras, Jamaica, Kenya, Peru, Surinam, Trinidad, Uganda, Union of S. 
Africa, Uruguay. 

Phosphorus 	 Antigua, Argentina, Botswana, Brazil, Ceylon, Chile, Colombia, Costa Rica,
 
Cuba, Ecuador, Egypt, Ghana, Guatemala, Guyana, Haiti, Honduras, India,
 
Jamaica, Kenya, Malagasy Republic, Malaysia, Mexico,.Nicaragua, Nigeria,
 
Panama, Paraguay, Peru, Puerto Rico, Senegal, Somalia, Southern Rhodesia, 
Surinam, Tanzania, Uganda, Union of S. Africa, Uruguay, Venezuela, Zaire. 

Potassium 	 Brazil, Haiti, Panama, Uganda, Venezuela.
 

Sodium 	 Brazil, Chad, Colombia, Guatemala, Kenya, New Guinea, Nigeria, Northern
 
Rhodesia, Panama, Senegal, Surinam, Uganda. Union of S. Africa, Venezuela.
 

Sulfur 	 Brazil, Ecuador, Uganda.
 

Cobalt 	 Argentina, Brazil, Colombia, Costa Rica, Cuba, Egypt, El Salvador, Guyana, 
Haiti, India, Katanga, Kenya, Mexico, Nicaragua, N. Africa, Peru, Surinam, 
Uganda, Union of S. Africa, Uruguay, Zaire. 

Copper (or
 
Molybdenum Argentina, Brazil, Colombia, Costa Rica, Cuba, Guyana, Haiti, India, Kenya,
 
toxicity) Malaysia, Mexico, Panama, Peru, Rhodesia, Senegal, Sudan, Surinam, Tanzania,
 

Union of 	S. Africa, Uruguay.
 

Iodine 	 Worldwide 

Iron 	 Brazil, Costa Rica, India, Panama.
 

Manganese 	 Argentina, Brazil, Costa Rica, Panama, Uganda, Union of S. Africa, Burma.
 

Selenium 	 Bahamas, Brazil, Costa Rica, Ecuador, Guyana, Honduras, Mexico, Paraguay, 
Peru, Uganda, Union of S. Africa, Uruguay. 

Zinc 	 Argentina, Brazil, Costa Rica, Guyana, India, Panama, Peru, Puerto Rico, 

Uganda, Venezuela.
 

Toxic Elementg
 

Fluorine 	 Algeria, Argentina, Guyana, India, Mexico, Morocco, Saudi Arabia, Tanzania, 
Tunesia, Union of S. Africa. 

Mangsn-ese 	 Brazil, Costa Rica, Peru, Surinam. 

Selenium 	 Argentina, Brazil, Central African Republic. Chad, Chile, Colombia, Ecuador, 

Honduras, India, Iran, Kenya, Madagascar, Mexico, Nigeria, N. Africa",Peru, 
Puerto Rico Sudan, Union of S. Africa, Venezuela, Upper Volta. 

aMaIoweJJ (1976); Fick et al., 1976; Arroyo-Aguild and Coward-Lord (1974, P deficiency-
Puerto Rico); Tarteur "nT s,Cu dsficiency - Sudan). 



P deficiency is reproductive failure, with
1 ThemosC aevastating. economic result of 

in grazing cattle from :many parts
2 P supplementation dramatically increasing fertility Levels 

1976). In Rhodesia (Ward, 1968) and northern Australia (Lamond,.
3 of the world (HcDovell, 

on fertility were apparent with fey exceptions, lac
4 1970), the -effects of undernutrition 


if a calf is produced,
two years. In P deficient areas,5 tating cows calving about once in 

asin until body P levels are restored, either by feed
6 cows may not come into regular ectrus 


(Phillips, 1956). Deficiency of P in
7 ins supplementary P or by cessation of lactation 


Botulism due to pica. In
 
8 directly results in death when P deficient livestock develop 


9 areas of Haul" (Brazil), an estimated 2 to 3Z of approximately 100,000 cattle die annually
 

tO of Botulism (Tokarnia et al., 1970).
 

tl Cobalt. Cobalt deficiency occurs in large areas of many countries (Table 5). and mostly
 

L2 but not exclusively, is restricted to grazing ruminants which have little or no access to 

from year to year from an undo
3 concentrates. Incidence of Co deficiency can vary greatly 

L4 tectable mild deficiency to an acute stage. Cobalt deficiency signs are not specific and 

L5 often difficult to differentiats from energy-protein malnutrition. Cobalt deficient cattle 

Cobalt sub-defic-L6 respond quickly to Co treatment, recovering appetite, vigor and weight. 


17 iencies or borderline conditions are extremely common and are characterized by low production
 

1962).1.8 ratoe unaccompanied by clinical signs (Latteur, 


'9 Cobalt deficiency in ruminants can be corrected by administration of Co in salt mixtures
 

.'0 or -as a drench, treatment of soil with Co-containing fertilizers, injections of vit--in B17 

fluid.
!l and use of Co bullets, which yield a relatively steady supply of Co to the rumen 


possibly Co, deficiency of Cu is
.'2 Copper and Molybdenum. With the exception of P, and 

'3 the most severe mineral Limitation to grazing livestock throughout extensive regions of the 

::4 tropics (Table 5). Copper deficiencies in cattle, an with Cc, occusr mainly under grazing 

the deficiency rare when concentrates are fed (Amerman, 1970).
:*5 conditions with gross sigs of 

of world reports are concerned with a "conditioned" Cu deficiency where normal
6 The-majority 

ppm) are inadequate due to other forage constituents such as Mo, sulfate
7 mounts of Cu (6-16 

1956). Copper defician
:s 'and other 'factors which block utilization of Cu (Russell and Duncan, 

below 5 ppm (Cunha, 1973).9 cies usually occur when forage Mo exceeds 3 	ppa and the Cu level is 


10
 



1 Chronic Cu toxicity occurs under grazing conditions as a result "ofhigh Cu intake or 

2 very low Mo and SO4 intakes. Todd (1969) concluded that chronic Cu toxicity In ruminants is 

3 almost entirely confined to sheep and young calves. Clinical 8igns of Mo toxicity are simi

4 lar to Cu deficiency with both Mo toxicity and Cu deficiency generally corrected by Cu sup

5 plementation. In severe Ho toxic areas, injections of C compounds are often the preferred 

6 method of edmnistration since the primary site for Cu x 1o interaction is the gut (Suttle 

7 and Field, 1974). 

3 Iodine. Iodine deficiency in man and farm animals as endemic goiter is one of the most 

7 prevalent deficiency diseases and it occurs in almost every country in the vorld. The inci

dence of deficiency has declined in many countries as a result of the widespread use of io-

L dized salt. However, in many tropical countries of the world, endemic goiter remains an ex

. ceedingly. serious human and livestock problem. 

•J Deficiency of I results in a lack of 	thyroxin and is manifested by general weakness, 

" 	 stunted growth or stillborn animals with goiter. Iodine deficiency in breeding animals re

the female and lack of libido in the male (Church, 
. sults in suppression of estrus periods in 

t, 1971). Although I deficiency results primarily from low dietary intake of I, its Incidence 

is greatly enhanced by intake of goitrogens that interfere with I utilization (Underwood, 

. 1971). The net effect of goitrogmns in most instances is to increase the I requirement. The 

c most effective method of Soiter prevention is to provide I in the mineral mixture. Unstabil

(, ized potassium iodide is readily volatilized or leached and therefore less effective under 

wet tropical conditions. Calcium or potassium iodate, stabilized potassium iodide, or pan

; tacalcium orthoperiodate are much more stable forms of 1. 

evidence of a nacur.2 Sodium and Chlorine. Sodium is the essential nutrient in salt and 

4 ally occurring dietary deficiency of Cl, has not been established (French, 1957; Underwood, 

Na have been reported in many tropical countries (Table 5).:5 1966). Tropical forages low in 

:6 Inadequacy of Na is easily overcome' by the practice of providing common salt ad libitum. 

tropical countutries often receive insufficient salt or have.7 Nevertheless, grazing livestock in 

8 only very Limited access to salt during certain times of the year. Cattle deprived of salt 

may be so voracious thai they often injure each other in attempting to reach salt. According 

11 
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I to Underwood (1966), Na deficiency is moot likely to occur (1)during lActation, due to 

2 ecretion of Na in the milk; (2)in rapidly growing animals; (3)under tropical or hot semi

3 arid conditions where large losses of water and Na. occur in the sweat and where pastures are 

4. low in Na; (4)in animals grazing pastures heavily fertilized with K, which depresses herb

age Na levels. Even after prolonged severe deficiency NaCl levels secreted inmilk remain 

6 high. Thus, lactating animals suffer most from lack of salt in the diet (Loosli, 1976). 

7 Magnesium. Signs of hypomagnesemia tetany are encountered in both grazing ruminants 

8 and calves reared too long on milk, without access to other feeds. Susceptibility to grass 

9 tetany is increased in older ruminants'because of the decreased ability to mobilize skeletal 

Mg with increasing age (Chicco e t al., 1973). Grass tetany generally occurs during early
 

11 spring, or a particularly wet autumn, among older cattle grazing grass or small grain for

12 ages in cool weather. Clinical tetany is endemic in some countries affecting only a small
 

13 proportion of cattle (1 to 2%). However, individual herds miy report tetany as high as 20%
 

14 (Underwood, 1966), Although not characterized by death, incidence of non-clinical hypomagne

semia is far greater than clinical tetany and economic consequences of lowered production are 

16 substantial (N.C.l.N., 1973). 

7 Crass tetany may be prevented by Mg fertilization, adding Mg to feed or salt blocks, and
 

18 avoiding high K fertilizers. The majority of the commercial.Mg-containing mineral supple

19 ments are often of little value becuase (1)they contain inadequate quant:ities of Mg to pro

tact against tecany during susceptible periods, and (2)provision of such supplements to nor

21 mal animals during non-susceptible periods is useless as a prophylatic measure since addition

12 al MC will not provide a depot of readily available MS for emergency use. In southeastern
 

23 U.S., a complete mineral mixture with 25% KgO (14% Mg) has been effective in preventing grass
 

24 tetany in beef cattle (Cunha, 1973).
 

Fluorine. Although apparently essential for most species, only toxic effects of F are 

26 likely of importance to grazing livestock. Chronic fluoroqis is generally observed under 

'7three conditions: (1)drinking water high in F (3 to 15 ppm or more), (2)continuous con

28 sumption of high F mineral supplements, and (3)grazing F contaminated forages adjacent to 

29 industrial plants which emit 7 fumes or dust (Underwood, 1966). With notable excaptions, the 

12
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1 F content of plants is seldom more than . to 2 ppm since most plants have a limited capacit7 

2 to absorb this element. The more coamn iucidence of fluorosis results from consumption of 

3 high F mineral supplcancs or contaminated forages near indusirial plants. Toxicity of F is 

4 a reflection of amount and duration of ingestion, solubility of fluorides ingested, a8 of 

anapm, nutrition, stress factors, and individual aninal differences. Suttie et al. (1957)
 

6 observed that lactating cove could tolerate 30 ppm with no apparent difficulty, and that 50
 

7 ppm would result in fluorosis within 3 to 5 years.
 

8 Cattle are less tolerant to F toxicity than other grazing livestock (Phillips et al., 

9 1960). Suttie and Faltin (1973) have indicated that general undernutrition enhances the del

eterious effects of 7 toxicosis. For the prevention of fluorosis, F content of water and 

11 supplemental phosphates should be determined. Only defluorinated phosphates (<0.011 F) shouli 

12 be fed to cattle and feeding fertilizer rock phosphates avoided.
 

13 Selenium. Consumption of foodstuffs containing both toxic (>5 ppm) and deficient 

14 (<0.1 ppm) concentrations of Se presents a world-vide problem to grazing livestock. At pros

ent, practical measures for controlling Se poisoning for grazing cattle rely on pasture rota

16 tion and the use of supplemental feeds from nonseleniferous areas. locating seleniferous soil 

17 and mapping them in sufficient detail is essential. 

18 Since 1957, an interrelationship between Se and vitamin 3 has been recognized. Both nu

19 trienta are essential and in some instances, vitamin E will substitute for Se and vice versa. 

In grazing animals, three distinct Se-deficiency syndromes have been described: "white muscle 

21 disease" (WkD) in newborn or young lambs and calves; unthriftiness, with poor growth rates; 

22 and infertility. During some years, incidence of WMD in certain regions is sporadic with less 

23 than 12 of the herds affected. In other areas such as Turkey and Now Zealand, a 20 to 30% 

24 incidence of i may occur (Wolf et al., 1963). The principal methods of increasing So intake 

by livestock include providing (1) a free choice Se mineral supplement, (2) Se fertilization, 

26 (3) injections of Se and (4) So-raminal pellets. The use of So-fortified salt mixtures ap

7 pears to be the most promising procedure for prevention of ruminant WD (Ammerman et al., 1976: 

Z8 Iron. Manganese, and Zinc. Research from tropical regions often indicates that trace 

29 mineral supplements should contain Co, Cu, 1, and So, with the need for supplementing rumi
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nant diets with Fe, Mn and Zn less certain (McDowell e a1., 1976). , ron ruppientation. 

is most warranted for grazing livestock when forages contain 
leass than 100 ppm Fe and/or 

3 if insects, or parasites are causing substantial blood loss.-
Mahganse deficiency in rumi

4 nants results in delayed estrus, low conception 
rates and neonatal skeletal abnormalities 

2 


(iajs at al., 1965). In a region of Costa Rica characterized by volcanic soils, dairy cat 

had lower calving percentages and required more se 
6 that consumed high Mn forages (>1O0 ppm) 

Zinc deficiencies
 
7 vices per pregnancy than controls (Fonseca and Davis, 1968; 

Lang, 1971). 

8 as evidenced largely by skin disorders and reduced performance 
have been reported under nat 

and the United States (McDowell et alNorway, Venezuela9 ural conditions in Guyana, Finland, 

1976c). Mineral supplementation with Mn or Zn is advised if tissue 
levels are low, when 

11 clinical signs are suggestive of deficiencies or if forage concentrations are less than 40 

There are unlikely to be K deficiencies in most conventional ruminant 
diet
 

12 Potassium. 


13 (ARC, 1965). Nevertheless, livestock suffering from a K deficiency have been 
reported in 

14 zaiti, with additional tropical countries reporting low forage K concentrations (Table 5). 

tropical regions, it is possible that X deficiencies could arise in view of the decreasing
 

16 content of this mineral with increasing forage maturity during the extended 
dry season (Go.
 

17 nidse eal., 1969). 

18 Sulfur. S$1fur supplementation will most likely be needed to meet the requirements of 

19 ruminants when poor quality roughages grown on S-deficient soils or 
roughages combined with 

are fed (Whanger, 1972). Indications of S deficiency have been non-protein nitrogen (NFN) 

by improved animal response following S supple
;rom Ecuador and Uganda as evidenced21 reported 

22 mentation (McDowell, 1976). 

A Mapping Technique for Determining Mineral Deficiencies and Toxicities. Mineral defi,23 


24 ieancias or toxicities in grazing livestock can be predicted by use of a systematic mapping 

survey technique or regional reconnaissance. Kubota et al.(1967) and Kubota (1968) analyzE 

26 Se and Co levels of U.S. forages and related concentrations of these elements to Se and Co 

27 responsive disease Similar mapping techniques based on forage analysis have been under

in Venezuela (Jaff et al.,

28 taken for Ca and r in Brazil (Gavillon and Quadros, 1970) and Se 

reported that the sampling and analysis of streem bed sediments have re
29 1969). Egan (1975) 

14 



1 wealed areas of hitherto unsuspected Mo-induced Cu deficiency in sheep and cattle, Mn defic

2 iency in cattle and Co deficiency in sheep. 

3 Cobalt and/or Cu deficiencies of grazing ruminants have been established in specific 

4 Brazilian regions as a result of low liver concentrations of theme elements (Tokarnia and 

5 Dbereiner, 1973). Deficiencies of P, likewise, were established in VanezueIla (Chicco and 

6 French, 1959) snd in Panama ( Chicco, 1972) on the basis of low serum P levels.. 

7 The University of Florida, with support from tJe Agency for Znternational Development, 

8 is presently engaged in cooperative mineral research with institutions in 7 Lrcin American 

9 countries. The purpose of this research is to locate mineral deficiencies or excesses for 

10 ruminants by use of a systematic mapping technique which analyzes plant and animal tissues 

L1 end by observing the biological response from mineral supplements. 

12 Detection of Mineral Deficiencies or Toxicities. The most reliable method of confirming 

3 mineral deficiencies is response derived from specific mineral supplementation. However, 

L4 such studies are costly in time and resources if conducted with adequate control and assess

-5 ment. The majority of mineral imbalances, particularly borderline conditions, do not result 

-6 in clinical signs specific to a single mineral. Therefore, in order to determine mineral in

.7 sufficiencies, chemical analyses are often required. Soil mineral analyses can sometimes 

8 provide clues to livestock mineral deficiencies but more often they are unreliable and dif

9 ficult to interpret. Disadvantages of forage element analyses to assess mineral adequacy for
 

.0 grazing livestock include: (1) uncertainty of samples representing what livestock consume, 

.1 (2) difficulty of estimating forage intake, (3)variation in the availability of forage ele

.2 ments and (4) the possibility of soil contaminated forage samples. Nevertheless, forage mn

.3 eral analyses are preferable to soil analyses, while animal tissue analyses most accurately 

,4 portray the contribution of the total environment (forage, soil# water, etc.) in meeting live

i5 stock mineral requirements. 

'6 Recently, excellent reviews (N.C.M.H., 1973; Miller and Stake, 1974; Egan, 1975; Conrad, 

'7 1976) have discussed methods of chemically diagnosing mineral deficiencies. Since mineral 

-8 analyses are complicated and expensive, it is important to select and analyze the minimum num

&9 ber of plant and animal tissues which are most indicative of the mineral status. Table 6 il

lS
 



TABL_.6, DETECTION OF SPECIFIC MWRAL DEFICINCIES OR TOXICITIES IN CATTLea 
Dietary Critical level 

Element level Tissue indicating deficiency 

Calcium 0.18-0.60Z Plasma 8 mg/100 ml 
Magnesium Serum 1-2 mg/lOO ml 

Urine 2-10 g/iO0 ml
 
Phosphorus 0.18-0.43% Plasma 4.5 mg/lOO ml
 
Potassium 0.60-0.EO
 
Sodium 0.10% Saliva 100-200 mg/l00 ml
 

Sulfur Oslo%
 
Cobalt 0.05-0.1 s/kg Liver 0.05 mg/kg
 
Copper Liver 25 mg/kg
 

Iodine 
 Milk 300 jg/day
 
Iron Hemoglobin 10 g/0O0 ml
 

Transferrin 13-15Z saturation
 
.Manganese 20-40 mg/kS Liver 6-10 mg/kg
 
Selenium 0.05-0.10 mg/kg Liver 0.25-0.5 mg/kg
 
Zinc 10-50 mg/kg Plasma 0.04 mg/100 ml
 

Critical level
 
indicating toxicity
 

Copper Liver 700 mg/kg 
Fluorine Bone 4,500-5,500 mg/kg
 
Manganese 1000-2000 mg/kg Hair 70 mg/kg
 
Molybdenum 6-20 mg/kg
 
Selenium 5 mg/kg Liver 5-15 mg/kg 

aReferences for critical levels: McDowell (1976).
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I lustrates analyses of considerable value in assessing specific mineral deficiencies and to: 

2 cities (McDowell, 1976).
 

3 Alleviatinz Mineral Deficiencies and Excesses. Indireci methods of providing minerals 

4 to grazing cattle include use of mineral-containing fertilizers, altering soil pH, and on

couraging growth of specific pasture species. Direct administration of minerals to cattle 

6 water, mineral licks, mixtures and drenches, heavy pellets and injections are generally th 

7 most economical methods of supplementation.
 

8 Problems concerned with mineral supplementation programs in tropical regions include: 

9 (1) insufficient chemical analysis and biological data to determine which minerals are re

quired and inwhat quantities, (2)lack of mineral consumption data needed for formulating
 

11 supplements, (3) inaccurate and/or unreliable information on mineral ingredient labels, (4: 

12 supplements that contain inadequate amounts or imbalances, (5)standardized mineral mixturet 

13 that are inflexible for diverse ecological regions (i.e., supplements Containing Se distri

14 buted in a Se toxic region), (6) farmers not supplying mixtures as recommended by the manu

facturer (i.e., mineral mixtures diluted 10:1 to 100:1 with additional salt) and (7) diffi

16 culties involved with transportation, storage and cost of mineral supplements. Despite the 

17 dramatic effects of P on weight gains and pregnancy rates, Bauer (1968) indicated that the 

18 high cost of transportation eliminated the profitability of P supplementation in the llanos 

19 of Bolivia. 

In order to evaluate a mineral supplement for ruminants, it is necessary to have an ap

21 proximation of; (1)requirement for each element, (2)biological availability of the elemen' 

22 in the compounds supplied, (3)daily intake per head per day of both mineral mixture and to

23 tal dry matter and (4)concentration of elements in the mineral mixture (Houser at al., 1976) 

24 Factors affecting mineral consumption have been sunarized by Cunha et al. (1964). Compari

sons of the biological availability of chemical forms for both macro and micro elements have 

26 been reported (Amerman and Miller, '1972; Peeler, 1972). Table 7 presents an example of mmn

27 eral allowances and proportions supplied by a typical mineral mixture offered free choice on 

28 range or pasture. An acceptable mineral supplement should provide a "esignificant portion" of 

29 the requirement for each' miuneral and it is generally believed that this figure should be at 

17
 



TABLB 7. 	 MINERAL ALLOWANCES AND PROPORTIONS SUPPLIED BY A MINERAL 
MIXTURE OFFERED FREE-CHOICE ON RANGE OR PASTURE 

Dietary Mineral Amount from % of Allowance 

Element Allowancea Mixture (%)boc Mineral Mix (%) From Mineral Mix 

Sodium Chloride 0.50% 50.0 .2S% 50.0 
Calcium 0.30% 12.0 .06% 20.0 

Phosphorus
Magnesiumd 

0.2S% 
2000 ppm 

12.0 
---.... 

.06 24.0 

Cobalt 04. ppm .005 0.25 ppm .250.0 
Copper 
Iodine 
Iron 
Manganese 
Selenium 
Zinc 

10 ppm 
0.80 ppm 

100 ppm 
25 ppm 
0.1 ppm 

50 ppm 

.025 

.010 

.250 

.0SO 

.0005 

.050 

1.25 ppm 
0.SO ppm 

12.5 ppm 
2.S ppm 
0.03 ppm 
2.5 ppm 

12.S 
62.5 
12.5 
10.0 
30.0 

5.0 

a 
N.C.R., 1970, 1971 and A.R.C. 1965 recommendations. 

bComposition similar to certain mineral mixtures available in tropical countries. 

CIt is assumed that mineral consumption will average approximately .5% of the total 

dietary intake. This is based on an estimated intake of 50 g of mineral mixture 

for cattle and 10 kg of total dry feed per head daily. The calculation is made as 

follows:
 

= 

% element in mineral mixture X daily intake of mineral mix (g) % element in. total diet 

Total daily dry matter intake (g) 

If, for example:
 
Copper in mineral mixture C%) * .12 
Daily intake of mineral mixture (g) n SO 
Total daily intake of dry matter (g) w 10,000 

Then: .12 X SO a .0006% or § ppm 
10,000 

dMagnesium is generally not added except for special mixtures for lush winter or 

spring grazing of tetany-prona pasture. 
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1 least 25 to 50Z. In known trace mineral def cient regions, it may be desirable to provide 

2 100Zof specific elements required especially in areas where they are known to be low in 

3 forages (Amnerman, 1976). 

4 As a low cost insurance to provide adequate mineral nutrition, "complete" mineral sup

5 plements should be available "free choice" to cattle (Cunha et Al., 1964). A "€cowlete!' 

6 mineral mixture usually includes salt, a low fluoride P source, Ca, Co, Cu, I, Mn and Zn. 

7 Selenium, Mg, K, S, Fe or additional elements can be incorporated into a mineral supplement 

8 as new information suggests a need. In the case of Mg, an oral supplement would only be of 

9 value during the seasonal occurrences of grass tetany (Allcroft, 1961). Copper or Se, when 

LO in excess, can be more detrimental to ruminant production than any benefit derived by provi

11 ding a mineral supplement. In regions where high forage Mo predominates, 3 to 5 times the Ct 

12 content in mineral mixtures is needed to counteract Ho toxicity (Cunha et al., 1964). Thus, 

3 the exact level of Cu to use in counteracting Mo toxicity is a complex problem and should bo 

14 worked out for each area. Data from Florida (Becker at al*, 1965) and fontelonia, Colombia 

15 (A. Gil, personal communication) note that salt content of water supplies ic important in 

16 formulating mineral, supplements since cattle consume less minerals when water is high in salt 

7 In Florida, mineral mixtures can include 86% salt for sandy soils and 431 in brackish areas. 

18 Mineral toxicities are more difficult to control than deficiencies, especially under 

19 grazing conditions, Molybdanosis iscontrolled by additional doses of Cu, fluorosia by peri

20 odic removal of cattle from fluoridated feed or water and selenosis by rotational grazing to 

21 avoid continuous access to high Se forages or by diluting the ration with low Se feeds. 

22 

23 

24 

25 

26 

27 

28
 

29 
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PHOSPHORUS su-LENNTATION 
FOR 

INCRASNG. REPRODUCTION. nI CATTLE* 

by 

J. k.. Conrad 
.Professor of Animal Nutrition
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Gainesville, Florida 32611
 

Feed phosphate consumption in 
the United States increased from
 

The requirements
340,000 tons in 1951 to 1.3 million tons in 1970. 


for feed phosphate supplements have been estimated 
at 1.8 million
 

an indication of the need and importance 
of
 

tons by 1985. This is 


feed phosphates in livestock production systems.
 

In ruminants, symptoms of phosphorus 
deficiency include loss of
 

Severely
 
appetite, lowered performance 

and lowered reproductive rates. 

Such symptoms
soil. 


affected animals may chew various 
objects and eas 


may be confused with those of 
other nutrient deficiencies 

or management
 

A prolonged phosphorus deficiency 
reduces blood inorganic
 

problems. 

Normal plasma values are 4-6 

mg/100 ml for adult animals
 
phosphorus. 

and 6-8 mg/100 ml for young animals.
 

During the 1973-74 shortage of 
phosphorus supplements a report 

on
 

Levels and Sources of Phosphorus 
Recommended for Livestock and 

Poultry
 

Task Force on Phosphorus Requirements 
of Livestock
 

was prepared by a An
 
and Poultry and published by the 

NRC-National Academy of Science. 


abbreviated table of dietary phosphorus 
requirements of beef cattle is
 

presented in Table 1. The phosphorus requirement depends 
on the age
 

The
 
of animal and the biological 

function which it is performing. 


lowest NRC recommendation is 0.18% 
phosphorus in the diet of non-


Recommended dietary levels during 
periods of
 

lactating pregnant cows. 


phosphorus shortage for this same 
animal are minimal levels of 0.16%
 

Most recommended phosphorus levels 
are
 

and emergency levels of 0.15%. 

In the Latin American Tables of 

Feed Composi
from 0.21% up to 0.38%. Four
tion the phosphorus levels of 

1129 forage entries were studied. 


teen percent of the forages contained 
less than 0.10% phosphorus, 48%
 

the forages contained less than 
0.20% phosphorus and nearly 75% 

of
 
of These data support 
the forages contained less than 

0.30% phosphorus. 


Furtherthe conclusion, that for grazing 
cattle, the most prevalent mineral
 

element deficiency throughout 
the world is lack of phosphorus. 


more, nineteen Latin American 
countries have reported a deficiency.
 

the Ruminant Livestock Production System Seminar,
*Presented at 
March 1, 1976.GeiRsetown, Guyana, 



Table 1. Abbreviated Table of Dietary Phosphorus Requirements for Beef Cattle 

*Recommended during Phosphorus ShortagePresent NRCweight Daily Gain-
Emergency Level,Recommendationx Minimal Level 

(% in ration)
Kg. lb. (g/day) (% in ration) (9/day) (% in ration) (q/day)

Kg. lb. 

Growing Finishing Steer Calves and Yearlings 

14-20 0.24-0.33
14-21 0.25-0.34
16-23 0.28-0.38
250 550 0.7-1.3 1.5-2.9 

17-20 0.18-0.22
18-21 0.19-0.23
0.21-0.26
400 880 1.0-1.4 2.2-3.1 20-23 


Last 3-4 Months of Pregnancy
Pregnant Yearling Heifers 

13-19 0.18-0.17
14-20 0.19-0.17

825 0.4-0.8 0.9-1.8 15-22 0.21-0.19
375 


Middle Third of PregnancyDry Pregnant Cows 

10 0.15
11 0.16
12 0.18
454 1000 --


Last 2-3 Months of Pregnancy
Dry Pregnant Cows 

13 0.15
14 0.16
15 0.18
454 1000 0.4 0.9 


Cows Nursing Calves - Average Milking Ability 

21 0.24
23 0.25
25 0.28
400 880 

Cows Nursing Calves - Superior Milking Ability 

35 0.33
37 0.34
0.38
--- 41400 880 -

Bulls, Growth and Maintenance 

20 0.18
21 0.19
23 0.21
0.9 2.0
400 880 


16 0.15
17 0.16
19 0.18
800 1760 .--


a_ Ranges in recommendations correspond to ranges in daily gain. 

(In Press).
Based on Nutrient Requirements of Beof Cattle, 5th Revised Edition 

http:0.21-0.19
http:0.19-0.17
http:0.18-0.17
http:0.21-0.26
http:0.19-0.23
http:0.18-0.22
http:0.28-0.38
http:0.25-0.34
http:0.24-0.33


Effect of Phosphorus DeficienCy on Reproduction
 

Early research in the United States and South-Afiica showed the 

dramatic effect of phosphorus supplementation on reproductive perfor

mance. More recent studies have substantiated these early results. 

Black et al. (1943) conducted an investigation from 1937 to 1941 

inclusive to determine what mineral elements were deficient in the 

vegetation of southern Texas and the methods of correcting such defi

ciencies. Comparatively few samples of vegetation contained more than
 

0.13 percent of phosphorus, but most of them contained more than 0.23
 

percent 	of calcium (Table 2). The indication, therefore, is that cattle 
not get sufficient phosphorus to meet theirgrazing such forage would 

protein conrequirements, but that the calcium would be ample. A low 
tent of the forage was usually found to be associated with a low phos

phorus content. One hundred Brahman x Shorthorn and Brahman x Hereford 
The control groups received
heifers about 18 months of age were used. 


were hand-dosed, sixno mineral supplement. The three remaining groups 
times a week, with the following mineral supplements: Group 2, bone

meal; Group 3, disodium phosphate; and Group 4, bonemeal with small
 

quantities of iron, manganese, copper, cobalt, zinc, and boron. Groups 

2 and 3, bonemeal and disodium phosphate were fed in such quantities as
 

to supply 6.5 grams to lactating cows, per head daily. Group 4 cows,
 

whether dry or in lactation, were kept at the 6.5 gram level. Except
 

for several months at the 	beginning and end of the experiment, the 

average weights of the cows in each of the mineral-fed groups were 
Differences
significantly higher than 	those of the control group cows. 


between the supplement-fed groups were not significant at any time
 

during the experiment. 

The primary advantage in feeding a phosphorus supplement to cows 
the increased percentage ofunder the conditions of this experiment is 

the calf crops and greater weights attained by the offsprings (Table 3).
 

Based on a 2-year average, only 64 percent of the control cows produced 

calves as compared with 85 percent for those supplement-fed. This
 

difference was highly significant. For the 2-year period, alsd, the 

control cows weaned only a 58 percent calf crop, whereas the supplement

fed cows weaned 81 percent. Only slightly more than 30 percent of the
 
consecutive years, whereas the supplement-fed
control cows calved in 2 

percent. The difference was highly significant.cows averaged about 73 

The feeding of phosphorus supplements to cows had no influence on the
 

birth weights of calves. However, on the average for 2 years, the
 
weaning weight per calf in the supplement-fed groups was 69 pounds more
 

than in the control group, which was a considerable advantage.
 

Differences in weaning weights of the calves in the supplement-fed 
groups were not statistically significant. 

At 12 months of age, the difference in average weight between the
 

heifers in the supplement-fed and control groups was essentially the
 

same as at weaning time, but, at 18 months of age, the former heifers
 
averaged 126 pounds heavier than the latter.
 



Table 2. Average protein, calcium, and phosphorus content, on an air-dry basis, 

of some of the more important forage plants in southern Texas. 

Paspalum plicatulum Andropogon litoralis Elyonurus tripsacoides Aristida purpurea Rainfall 

-Tear and Month Cal- Phos-
Pro- Cal- Phos- Pro- Cal- Phos- Pro- Cal- Phos- Pro-


tein cium phorus tein cium phorus tein cium phorus tein cium phcrus 

. . Z. z z Inches1939 z z z % z 

1.75
January 5.70 .43 .06 4.03 .27 .05 4.15 .26 .04 5.51 .29 .06 

.06 4.26 .25 .05 7.03 .24 .07 .56
February 7.73 .44 .09 5.75 .28 


.08 7.26 .36 .10 6.85 .29 .08 7.64 .25 .08 .31
March 9.53 .54 


.08 6.20 .34 .07 6.07 .30 .07 6.37 .23 .06 1.84
April 8.32 .51 
May 9.26 .50 .10 7.14 .31 .10 6.70 .26 .09 7.92 .24 .10 5.62 

.08 5.74 .24 .08 -  - 1.74June 6.48 .146 .07 6.22 .29 

.05 5.70 .29 .05 .40
July 4.35 .51 .06 4.53 .34 .06 3.62 .22 


.05 3.45 .30 .04 3.43 .32 .04 4.41 .24 .07 .56
August 3.97 .49 

.09 5.85 .29 .07 7.17 .26 .07 4.02
September 7.92 .51 .07 7.01 .41 

.09 -- 8.06 .26 .10 .51October 7.02 .44 .08 7.19 .30 

.06 .00
November 4.62 .36 .04 2.88 .26 .05 4.60 .23 .05 5.63 .22 


.03 4.69 .24 .03 2.91 .23 .03 ... 3.23 .19 .03 .14December 3.30 .41 

1940 

.03 3.44 .24 .03 3.18 .24 .04 3.09 .21 .,02 .40January 3.20 .34 
February 3.85 .38 .03 3.38 .27 .03 3.24 .21 .03 3.67 .21 .02 .31 

.03 3.96 .22 .03 2.25March 4.15 .36 .03 3.90 .29 .04 3.48 .20 11.29 .23 .Il 00.10 9.22 .36 .117.69 .39April 9.85 .54 .Il 

May 5.82 .47 .05 4.06 .26 .04 4.75 .31 .04 - - - .15 
.08 1.52
June 8.72 .58 .09 6.94 .34 .08 7.13 .33 .10 7.46 .31 


3075
.10 6.87 .29 .08 6.76 .29 .07 - - -July 9.84 .49 

August 5.73 .20 .08 7.41 .54 .08 --- ... 2.38
 

.06 7.79 .31 .10 2.92
 -. - - 5.27 .27September 9.63 .41 .i 


.04 - - - 1.01October 3.83 .30 .05 3.94 .24 .05 3.38 .26 
.03 3.66 .33 .04 3.38 .23 .03 1.10
November 2.39 .49 .03 3.40 .25 


.04 - -- 2.46December 4.76 .33 .04 3.67 .25 .03 4.32 .26 




Item 

No.cows 


Calves born 


Calves weaned 

Z calf crop 

Z calf crop weaned 

Avg. weaning wt. calves 

Avg. wt. cows at weaning 

Z cows calving
2 consecutive, Z 


Cost of supplement per
weaned calf 


Net increased return per

calf due to supplement 


Table 3. 	 Effect of Phosphorus Supplements on Cattle
 
Production data for the 2 calf crops, 1939
 
and 1940.
 

Group 1. 	Control Group 2 Group 3 

fed disodium

fed no supplement fed bonemeal 	 phosphate . 

1939 1940 1939 1940 
 1939. 1940 


25 23 25 24 
 24 23 


22 9 25 16 22 
 18 


19 9 23 14 21 18 


88 39.1 100 66.7 91.7 78.3 


76 39.1 92 58.3 87.5 78.3 


421 429 486 513
503 501 


701 832 878 885 864 889 


30.4 	 58.3 
 78.3 


0 	 3.81 4.36 

0 	 5.91 6.55 

Group 4
 
fed bonemeal and 
trace minerals 

....1939. 1940
 

25 22
 

23 18
 

22 18
 

92 81.8
 

88 81.8
 

460 503
 

859 884
 

81.8
 

3.80 

4.89 

Source: 
Black et al., 1943, Calves were valued at $8.00 per hundred weight.
 



Reynolds et al. (1953) report the results of P supplementation expe
riment on range cattle breeding performance. This experiment was carried 
aut'. in southe7.m Texas over a five-year period, during'a prolonged drought.
TMe purpose of it was to find the effect of three different methods of 
providing P to breeding cattle.
 

Group 1 received no supplement, Group 2 was fed bonemeal in self
feeders, Group 3 received disodium phosphate in drinking water, and Group 
4 cattle grazed on a range which was fertilized with triple super
phosphate. 

Table 4. Effect of Phosphorus on Calf Production in Texas.
 

Group 1 Group 2 Group 3 Group 4
 
Item Control Bonemeal Disodium Phosphate Fertilizer
 

Weight of calves at
 
weaning, lb. 489 535 542 551
 

No. of days between
 
calvings 459 365 367 364
 

Weaned calf weight 
per acre, lb. 21 31 33 47
 

Calf crop weaned, % 64 88 92 96
 

Source: Reynolds et al., 1953.
 

Conrad and Mendes (1965) reported the results of an experiment which 
was conducted on a private ranch near Aquidanama,Mato Grosso, Brazil. 
This ranch had about 10,000 Brahman crossbred cattle on 70,000 acres and 
had an average annual calf crop of about 55%. 

A total of 381 cows which had weaned at least three calves were 
divided into four experimental groups. Each group was kept in separate 
pastures of similar conditions and were fed trace mineralized salt ad 
libitum. The duration of the experiment was from August 10, 1963, to
 
February 28, 1965.
 

Treatments were as follows:
 

Group A - Molasses - urea, 9:1, 2 kg. head daily 
Group B - Disodium phosphate, ad libitum 
Group C - Bonemeal,. ad libitum 
Group D - Control 

Results are outlined in Table 5.
 

They show that the control group had an average calf crop of 55% as
 
compared to 77% for those fed bonemeal, an increase of 22% from the
 
feeding of bonemeal. Cows receiving any of the three supplements also
 
calved earlier than those receiving only trace mineralized salt.
 



Table 5., Effect of Phosphorus on Calf Production in Brazil. 

No. of No. births No. births Total Z 
cows by 10/22/64 by 02/28/65 calf crop births 

Group A 
Urea -
Molasses 98 48 20 68 69 

Group B 
Disodium 
Phosphate 94 62 4 66 70 

Group C 
Bone Meal 90 59 10 69 77 

Group D 
Control 99 22 32 54 55 

Source: Conrad and Mendes, 1965.
 

Proof that large numbers of grazing cattle are not receiving adequate

phosphorus supplementation and that mineral supplementation will produce 
an economical return of two to one on mineral investment is shown in two
 
reports from research conducted by ICA-CIAT in the eastern Llanos of 
Colombia.
 

The Preliminary Implications of the ICA-CIAT Herd from Stonaker et al., 
1974. 

The early and currently operating strategy in the ICA-CIAT Herd 
Systems Project has been to introduce, under the challenge of an in
hospitable environment, a series of existing inputs to increase beef
 
production economically. The opportunity to study a wide range of
 
interactions of inputs has been provided. 

With grade Zebu heifers purchased in the Carimagua area by ICA, 
effects of several variables on reproductive rate, growth, mortality
 
and disease, and total beef produced are being investigated. These 
variables are complete mineral supplement, improved molasses grass 
pasture and urea-molasses supplementation. On a hierarchical basis,
 
it will be possible to study the effects of early weaning and cross
breeding within the groups. Thus several variables in the project 
are concurrently being examined at two levels: the prevailing or 
existing level versus an estimated or improved level. 

Salt and mineral supplementation. Complete mineral supplementation has
 
been proven to affect reproductive capacity markedly, increasing repro
ductive rates across a wide range of soil and climatic conditions. The 
prevailing question is why this mineral supplementation is not widely 
used in the Llanos. Current indications are that pregnancy rates in 
first-calfheifers may be greatly increased by mineral supplementation 
(CIAT Annual Report 1973). The effect on nursing cows is almost certain 
to be less; ICA data indicated that except for the North Coast station 
at Monterfa, wet cows are not bred, even though they receive minerals. 



The increased reproduction of first-calf heifers alone will more 
th" pay for :mineral supplementation of the entire cow herd (Tables 7 

7 and.'8)-. The mineral response in cows at Carimagua is not yet known, 
but 'it will probably be less than in others because of other more 

limiting stress factors for the nursing cow. 

An additional advantage is that these heifers reach a breeding
 

weight at least four months sooner than those that do not receive
 
mineral supplementation.
 

Table 6. Preliminary results from ICA-CIAT Herd Systems Project
 
(1972-1974).
 

Heifer Weight (kg) Percentage Pregnant
 

Herd Dee. 73 Feb. 74 Oct. 73 Feb. 74
 

Native 1 307 316 63 66
 

Savanna-salt 2 289 289 31 2 515
24 50
 

Savanna-salt 3 270 275 1
 

88
343 68
4 334
Savanna-minerals 
 170 84
798335 71]

5 332


Savanna-minerals 


Savanna-molasses
 
grass-minerals 6 325 338 58 89


J160 86 
Savanna-molasses 
grass-minerals 7 326 347 63 83 

Molasses grass
minerals 8 328 333 78 8 

80 88
 
Molasses grass-
minerals 9 335 333 81 89
 

Table 7. Summary of salt and mineral consumption per cow at
 

Carimagua (19 73). 

Salt only Salt - mineral mix*
 

6 7 8 9
Herds 1 2 3 4 5 


8.9 6.6 13.4 17.0 18.2 28.8 25.2 27.0 27.0
 
1 %0 __ . %0 __ a i 

Avg consumption, kg. 9.6 17.6 27.0 27.2
 

9.65 70.48 108.00 108.80
Cost/year (Col$) 

*Salt 47Z, dicalcium phosphate 47%, trace minerals 6%; approximate cost 

Col$ 4 per kg,salt only Col$ 1 per kg (1$US - 25$ Col) 



Table 8. Projected returns from mineral supplementation in herd of 80 cows and 20 heifers. 

952 3 4 

%ed" Nb* Nb* % Nb' % Nb" 

Collheiferscrop from 60 10 84 17 86 17 88 18
 

Assumed calf 40
40 so so 40 so50 40Crop ,fo cows 

50 
 57 57 58 

Total c€lves 

$ 92.800S 80.000 $ 91.200 $ 91.200 
Value of calves at CoiSI.600 
Inceease in calf value 11.200 $11.200 S 12.800_Sfrom minerals 7.048 10.800 10.800$ 965Salt or mineral cost 6.083 9.835. 9.835 -Increased value of minerals 

1.365 114Oo) S 2.965130010S 5.1171841) $
Net Increase from minerals 

*N--number of births. 



Minerals from Annual Report, 1974, CIAT. Up to February, 1974, about 18 
months after the experiment began and before the first calving, mineral
supplemented heifers weighed 1.20 times more than heifers receiving only 
salt. On a gain basis, mineral-supplemented heifers gained 1.63 times 
more than the heifers on salt only. In contrast to African results, 
mineral-supplemented heifers actually responded more to minerals in the 
dry season than during the wet season. It might be inferred from this 
that the lowland pasture used in the dry season was of somewhat higher 
nutritive value than the upland pasture grazed in the rainy season. 
The mineral comparison was limited to native pasture. 

First-year calving and pregnancy rates were greatly different for 
the mineral-supplemented group. This amounted to 34 more calves born 
or predicted to be born per 100 cows; that is, 1.49 times more for the 
mineral-supplemented herd. 

These early results reinforced the recommendations for feeding com
plete minerals, advocated for so long by all agricultural advisory agen
cies, public and private. It is difficult to understand why there has 
been so little adoption of mineral feeding. Perhaps an explanation such 
as that of Bauer (1968)* pertains. He found in the Beni region of 
Bolivia that the economics of mineral supplementation in cow herds was 
not favorable. However, in the present study with heifers, retur, on 
mineral investment is at least two to one. Comparative results with
 
cows will become available in future years.
 

Consumption was about 10 kg/year/heifer for salt-only herds, 20 kg 
of complete mineral mix on native pasture, 30 kg of complete mineral 
mix on molasses grass pasture year round, and 25 kg of complete mineral 
mix per cow per year for herds on molasses grass only during the rainy 
season. The mineral formula was: 47% salt, 47% dicalcium phosphate, 
6% trace mineral mix. The trace mineral mix was copper sulfate 1.95%, 
ferrous sulfate 5.0%, zinc oxide 1.24%, manganese sulfate 3.09%, cobalt
 
sulfate .2%, potassium iodide .07%, wheat middlings 88.45%. 

Summary
 

One of the major advantages from phosphorus supplementation under
 
range conditions is the increase in percent calf crop and the resulting
 
increase in the percent of calves weaned. Phosphorus supplementation
 
as bonemeal in a two year study in Texas resulted in a weaned calf crop 
of 81% as compared to 58% for the controls. In a later study, the weaned
 

calf crop was 88% for those fed bonemeal compared to 64% for the controls.
 

A study conducted in Brazil resulted in a 77% calf crop when bonemeal was
 

fed compared to 55% for the controls. Recent trials in Colombian llanos
 

demonstrated that the pregnancy rate was increased from 50% for the
 

controls up to 84% when complete minerals were fed. Economical returns 
has been at least two to one in some studies.on mineral investment 

In view of the current information on low phosphorus levels in
 
Rupununi and intermediate savannah soils and forages and the results of
 
the survey in the Rupununi cattle producing area (only 2 of 42 producers
 
feeding minerals), mineral supplementation, especially phosphorus, appears
 

to be an economically sound practice which has tremendous potential for
 

increasing the precent calf crop in the major cattlo producing areas of 
Guyana. 
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