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REPORT SUMMARY
 

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.,Hug L.:Popenoe 

Tel. (904) 392-1965 

Principal Investigators: 	 Dr. Joe H. Conrad
 

Tel, (904) 392-1911
 

Dr. Lee R. McDowell.
 

Tel. (904) 392-2185
 

Mailing,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 	 J. F. Easley 
C. B. Ammerman J. K. Looli
 
John Bell, Technician J. E. M6ore
 
H. L. Chapman R. L. Shirley.
 

Cooperating Graduate Students at University:0of ,Florida: Kiatoko
 

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

and Julio Cesar de Sousa, Brazil and David Morillo, Venezuela.
 

Cooperating Animal Nutritionists from Latin American Countries:
 

Listed in Appendix. 

3., Contract Period (as amended): from'November 1, 1977 to November 

1, 1980.
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4. 	 *Period covered by report: .':from.November i,197t to March 1, 

1978. 

"5. Total AID funding of contract to..date: $748,972.00 

6.. Total expenditures and'obligatioins through previous contract 

years: 11/1/76 - 10/31/77 $1113214.65. 

7. 	Total expenditures and obligations for current year:
 

2/28/78 $65,175.07.
 

8. 	-Estimated expenditures; for next.contract..year: $145'000.06.
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B. Narrative .Suary of Accomplishments and Utilization 

1. Reonnaissance and Recruitment Phase
 

a.i.Literatur related to mineral analyses bf soils-plants-animals 

in Latin America has been extensively reviewed. A summary of 

this information is found .in a number of published articles. 

Three major reviews have been published which summarize the in

cidence of mineral deficiencies and toxicities in tropical regions, 

emphasizing Latin America. The three reviews list 176, 269 and 

451 references. The majority of'the Latin Americanpapers 

Iestablished sporadic mineral deficiencies or,'toxicities on the
 

basis" of mineral response, levels of minerals in animal 'tissues,
 

or forage.mineral concentration., A brief review is as follows:
 

iNumerous/mikneral deficiencies, imbalan'ces and toxicities are 

'everely inhibiting the ruminant livestock industry in Latin 

American countries. All m.inerals for,grazing ruminants ihave been 

infrequently and sporadically studied. In cattle, the most 

prevalent :mineral'element deficiency throughout the world is. 

lack of phosphorus, The most devastating economic result of 

phosphorus deficiency is reproductive failure, with phosphorus 

supplementation dramatically increasing fertility levels in grazing 

cattle from many parts of the world. Next to phosphorus the most 

.widely deficient minerals are cobalt and copper, but the extent
 

of these deficiencies has not been defined because of inadequate 

research. Calcium deficiencies," except during peak lactation 

periods, appear to be rare. I Inadequacies of magnesium, sodium, 

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

6and fluorine have been encountered in widely diverse areas of Latin 
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America, but all have beeni infrequently 'studied.
 

b. 
Personal \contacts have been made through visits a4d correspondence
 
:with interested personnel in eleven:Latin Amnerican countries.
 

Active research is in progress in the Bahamas, Bo Livia, Brazil,
 

Colombia, Costa Rica, Ecuador,.El Salvador, Guatemala, Peru,
 

Uruguay and Venezuela. :Visits to cooperating laboratories from
 

1'to 3 times annually. are necessary -for stimulating miera
 

research, 
 In late 1977.visits were made to iitere'sted researchers 

in Indonesia, Malaysia and the Philippines 4- Research programs are
 
now",being. considered in these countries. 
Future visits to
 

several key African countri'es are currently -beingipla;ned.
 

c. 
A list of research personnel, country by country contacts, and
 

research institutions are presented in the 'appendix. Linkages
 

and, ollaborations with other AID contacts, and national and
 

international institutions include: 
 in the Bahamas, BARTAD;
 

in Bolivia, IBTA,tCIAT-British Mission and Facultad Veterinaria
 

y Zootecnia;i in Brazil, EMBRAPA, EPAMIG, institutions in the
 

states of Ceara,.14inas Gerais, Mato Grosso, Sao Paulo, Rio Grande
 

do Sul, and the'Amazon Cattlemen's Association; in Colombia, ICA
C~ ~ iI'oCAic~~ ~ Colombiaibl 
,and Cajai de CrditoAgrario; in Costa Rica, the'University of 

Costa Rica and CONICIT; in-Ecuador, INIAP; in ElSalvador, Minis

try of Agriculture ;(Ganaderia) 'and'the Universidad de El Salvador; 

in Guatemala, INCAP;in Indonesia, GadjAh Mada University, CSIRO 

and Bogor Agriculture University; Malaysia, Universiti Pertanian 

:Malaysia and MARDI; :in :Peru, IVITA", Universidad NacionalI Agraria 

and Univers~idad Nacional Pedro.Ruiz Gallo;':in the:Philippines,
 

.University:of. the Phi-lippines: and.PCARR; in Uruguay, National
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Veterinary,Research Center, Agronomy Faculty, University of the
 

,Republic; in Venezuela, Centro de,Investigaciones Agronomicas,
 

Universidad Central, Universidad deOrienteand Universidad
 

de 	Zulia.'
 

d. 	Specific contributions,of Latin American institutions compared
 

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

is conducting difficult analyses and is contributing professional
 

expertise for designlimplementation, and conduct of'research,
 

as well asjLnterpretation of research data andalso 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 topinpoint mineral deficiencies and toxicities
 

for specific farms and regions are in progress 4in all partici

pating countries. Research data from participating countries is 

further confirming the incidence of phosphorus deficiencies. As 

an example three recent theses have'been completed in Costa Rica 

by the Department of Animal Science at' the-University of Costa 

Rica. In:one-thesis 100% oE all' farms had deficient forage 

phosphorus concentrations while 50%df the blo6d:'contained less 

than 4 mg%.phosphorus. ,Similar conclusions were found in the 

other theses. During the past years mineral rese'arch data from 

Brazil, Colombia, Costa,.Rica, Ecuador,.El Salvador, Guatemala, 
Hondurs. and, Venezuela have indicated borderline to seyere copper 

deficiencies ingrazing 'cattle. Extensive analyses from vast
 

areasiof Colombia,have ,nd2catedwiespread copper def*encies
 

http:Ecuador,.El


'in this country. Incidence of sodium, cobalt', zinc, manganese,
 

magnesium and other mineral 'deficiencies aire highly variable 

and .are noted in individual country discussions' New resiarch
 

data are being, generated through experiments in all cooperating 

countries which are: designed to determine the mineral deficiencies
 
and toxicities anad 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, Pann, Per6 and Uruguay). 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 costii;tios have been at least 2:1 when phosphorus has 

been supplied to deficient cattle with low reproductive rates,
 

During the past year attempts have been made to encourage mineral 

supplementation trials in Latin American countries o Verify the 

effects of'phosphoruson reproduction under conditions existing in 

other regions and countries. Mineral supplementation trials are 

now underway in Bolivia, Brazil, Colombia, Ecuador, Peru and 

Venezuela. The largest supplementation trial involves 1870
 

'cattle2in the Beni region of Bolivia.
 

3. Distribution and'Applicationof Results Phase
 

The "Latin American Symposium on-Mineral Research with Grazing
 

Ruminants" wad held in Belo Horizite, Brazil, on March 22-26,
 

,1976. 
This symposium was jointly sponsored.,by Brazilian universi



ties, rese'arch organizations, and-the Florida/AID project and 

each of the 250 participants from 10 countries received a copy 

.'of the proceedings. :in Portugueseat the beginning of the meeting. 

Brazilians presented 11.papers, University of,Florida personnel
 

12 papers., and invited speakers 4 papers. This symposium was a
 

major effort to.stimulate research and update.the available in

formation on mineral deficiencies and toxicities in Latin America.
 

The proceedings,were published in Portuguese and in April or
 

May, 1978 will soon'beavailable and distributed in English and
 

Spanish. Nearly 1500 copies of a manual on."Methods of Mineral 

Analysis for Plant and Animal Tissues" have been widely distri

buted in English, Spanish, and Portuguese. . 

Articles on mineral defic'iencies and toxicities-have been pre

sented at national and international scientific:meetings. 

Limited research results have been published, ,but the majority of 

research is in progress. 

4. 	Extension Phase 

Three years of mineral researcrhwere insufficient to scientifically 

establish the mineral status of the ,major ruminant livestock pro

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

the mineral research project was extended for three more years: 

a.- Continue.:to determine the location of mineral deficiencies, 

adequacies and toxicities in selected areas .of Latin America 

where grazing ruminants predominate. 

b;. Test the mineral research methodology by extending mineral 

research programs into several key countries >of Africa 

(Mali andKenya) and Southeast- Asia (.Indonesia, Malaysia and 

7. 



the ;Philippines) 'using"those principles which have proven to\
 

be,best in Latin America. 

c. Continue research on soil-plantanimal mineral relationships'.
 

for diagnosis of mineral '
 status of grazing ruminants.
 

d. Determine the cost/benefit'ratio fromthe effect of'supple
mental phosphorus and other minerals on reproduction and gains.
 

e. ;Contihueresedrch to determine validity of different method

-ologies for establishing mineral status of grazing ruminant,;
 

animals.
 

f'. 	 Continue to improve Latin American "institutions' capacitiesi.to
 

carry out mineral-research.
 

g. 	Continue a few well controlled mineral .supplementation studies
 

-at experiment stations.
 

h. 	Determine effe't of phosphorus supplementation,during the rainy
 

season and'the carryov6er effect from periodic mineral supple

mentation especially phosphoru-s.
 

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 design, 

adequate mineral supplements for different regions where grazing 

ruminants are important.'
 

k.• Contionue 2 
improve a systematic' appzoach for standardizing
 

sample collections, analyses, and methods of reporting data.
 

Continue 
 b ad distribute research information in order
 

to stimulate the widespread use of mineral'supplements.
 

m. 
Continue to evaluate mineral supplements and to encourage
 

mineral, supplement companies researchers, and ranchers to,,
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formulate, produce, and;use high quality and nutritionally
 

adequate 	mineral, supplements.
 

n. Publish :producer orientedextensionbulletins on mineral
 

deficiencies and toxicities for grazing ruminants' (inSpanish,
 

Portuguese, and English).
 

5. 	Research Methodology
 

Research methodology is being,studied which .will permit rapid
 

determinition of the mineral status;,ofruminant livestock
 

populations. An accurate review of the -mineral status
 

in a specific region will permit prescribing mineral supplements
 

for correcting deficienciesand 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,theresearch methodology.
 

a. Tissue collection and analyses. 

Kinds of material: soil, plant,, and Ianimal tissues.. 

,Physiological state of plants :andanimals.
 

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:maority of;mineral esupp1WmentOn 

experiments is at least,2 ,years. Pliosphorus-1 upl 1011 La Li)oi 

to~increase low reproductive rates is being emphasized. 
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Some isolated, experiments have shown that a 50 to 55% calf 

crop!,can be increased to 75 to 80% by correcting the 

phosphorus defci ency,. Supplementation studies are the 

most importantor the- livestock,'proucer, but they are. 

alsothe ,mostdifficult-to control and cionduct. A few
 

well controlled experiments on,experiment stations along
 

with a number of trial-.on cooperating ranches are being
 

conducted.
 

6. Contribution.to Institution Building
 

qThis:project-has-made: and is continuing to make excellent pro.
 

gress toward increasing cooperating laboratories' capability
 

to,do mineral analyses. A manual on "Methods of Mineral
 

Aunalysis for Plant and Animal Tissues"-has been distributed
 

to all cooperating.laboratoriesin one of three languages
 

Eng,:sh,..: Spanish or Portuguese.; This publication standardizes
 

procedures for sample collection;, identification and -analysis,
 
A,',total of,7,visiting scientists',or laboratory technicians
 

have.spent anywhere lfrom,/ weeks to 6 'months at the University
 

of,Florida studying minerAl laboratory techniques. Project
 

personnel have visited -all cooperating laboratories for periods
 

.of from one day.to one week to di'suss and-demonstrate labora

tory techniques. "One or more laboratories in each country
 

are currently conducting all mineral analyses, except cobalt,
 

,molybdenum and seleni.umand these laboratories are serving as,
 

training centers for laboratory technicians throughout the
 

'country, 
Several>different,experimental designs have been
 

prepared and discussed with cooperating country personnel.,
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From, thfise, a satisfactory experimental design has been 

developed for each of.-their experimental situations. All 

phases.,of. this project havebeen.conducted in 'complete 

cooperation with-indigenous and international research 

:organizations. These'organizations and 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 AnimalPro

duction), American Society of Animal Science, Latin American 

Livestock.and Poultry-Conference, Symposium or Mineral Research 

in Latin .America, and at' numerous-national livestock meetings. 

Popular articles are 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. The-3 mineral elements most likely deficient for 

grazing livestock are phosphorus, cobalt and copper. Phosphorus 

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

many mineral manufacturers formulate phosphorus deficient 

supplements,.. For many mineral supplements evaluated, cobalt, 

in the majority of cases is supplied in adequate concentrations. 

However, copper and usually zinc are generally provided invery
 

lsuboptimal amounts. Livestock producers are being informed con

cerning nutritionally.adequate 'mineral supplements and how they
 

should be used.
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ANNUAL RESEARCH REPORT
 

A. General Background 

Mineral deficiencies have beenidentified as one of the major factors 

limiting ruminant livestock production throughout Latii'America. Although 

Latin America has 21% of the world's cattle, tha 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: -rates
 

are usually between 35 and 50% compared 'to 85% average in the',u,.:S.
 

Table 1 presents research data from 10 mineral supplementation',trials
 

carried out in 6 Latin American countries. In each instance mineral
 

supplementation has dramatically increased average calf crop.

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 primarilyduring the first 34 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 supplementation in 

Latin America. A recent study in the hgh altitude grasslands of 

Ecuador showed daily gains of 80 g per day prior to mineral supplementation 

as compared to 212 g per day after. 
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'Table 1.. Latin American studies on effects of mineral, supplementation 
on increased calving percentages.* 

Control + 

:;,Country., Control! mineral Reference
 
supplement
 

Bolivia' • 67.5 80 .8b Bauer (1976, unpublisheddata) 

Brazil 550 77 .0b Conrad and Mendes (1965) 

-Brazil 49.0 72.0 Gduimaraes and Nascimento 

,Brazil.: 25.6 
b

47.3 
(1971)

Grunert and Santiago (1969) 

Coloibia 50 6.0 84.O)c Stonaker (1975) 

-Panama 62;2 68 *8d Rios Arauz (1972) 

Panama :42 0' Poultney (1972, personal,

communication)
 

Peru 25.0 75 0e Echevarrra et al. (1974)
 

,,Uruguay 48.0 64 .0b De Lean!Lora ('1963)
 

Uruguay' 86.9 96.4
bb Schiersmann (1965)
 

aControl animals received only comon salt (NaC1). 

bBonemeal. 

CComplete mineral mixture.
 

dDicalcium phosphate + triple super hosphate.
 

% icalcium phosphate + copper sulfate.
 

*References noted in McDowell and Conrad (1978).
 



uofotftegrazinu
livestockhdo not receive mineral supplementation an

must-depend largely upnora 
 y ter requirements. Only
 

rarely ,howeverc,an:forages:completely satisfy all of the mineral re

quirements. Borderline or %deficient levels of certain elements were
 

noted for many,forages in'the 1974 Latin American Tables of Feed
 

*Composition _(AID-csd-2498): 'Co,: 43%; Cu, 47%; Mg, 35%; P, 73%; Na,
 

60%; and.Zn, 75%.. 'Chemical analyses of feedstuffs gathered under the
 

University of Florida,:Latin American Feed Composition Project (AID/
 

csd-2498) have also 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
 

The objective of this research contract is to determine the essential
 

mineral supplements-for grazing animal diets to increase the efficieucy of
 

Lesser'Developed-Countries, (IDC) meat and milk production systems with
 

a resultant.increase in-quality and-quantity of'LDC diets and a subsequent
 

increase in:employment .and inome levels "
 

.,"The:Contractor",,shall: establish collaborative research activities in
 

Latin American :countries':that'have institutional and scientific capa

bility to carry out this research project. These countries shall include"
 

Brazil (Empresa: Brasileira de Pesquisa Agropecuria, Braellia, and Belo
 

Horizonte);.Ecuador (Instituto Nacional de Investigaciones Agropecuarias,
 
Santa,Catalina); Colombia (Centro Internaciona d ui Tropical,
ona deAgricultura.Tropical,:
 

Cali and InstitutoColombiano'Agropecuario, Bogota); and Costa Rica.
 

Selection of additional 'countries shall be made in consultation with
 

the AID/W Project Officer and not limited-to those countries specified in
 

the foregoing.
 

This research will be carried out 1) to experimentally determine the
 



locations of mineral deficiencies, adequacies and toxicities in selected
 

areas of Latin .America where grazing: livestock predominate; '2)to esta

blish by experimentation the biological-response and economic benefit
 

of mineral supplementation to grazing animals; 3) to experimentally evalual
 

methods of mineral supplement administration for grazing cattle; and 4)
 

to publish and distribute research information in order to stimulate the 

widespread use of mineral supplements. The work to be undertaken-has been
 

separated into the following phases: l)--Reconnaissance andRecruitment
 

Phase, 2) Experimentation Phase and 3) Distribution and-Appliiation of,
 

Results Phase as follows:
 

1. Reconnaissance and Recruitment Phase
 

To carry out the Reconnaissance andRecruitment Phase-, the litatature
 

on grazing cattle must be evaluated and, also,-contacts:i.in participating
 

countries must be established by both correspondence,and,personal visits.
 

In each country under consideration,, previous research on mineral con

centrations of soils, forages and animal tissues,- in addition to,reports
 

of clinical signs of plant and animal mineral ,deficiencies°at specific 

locations,--ill be evaluated to determine.,the highest priority for 

.cooperative mineral research project.,", 

Research institutions and personnel,shall be, located:,that have 7the 

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

tory equipment and the methods of,:analysis for .each mineral shall be 
determined by the contractor. ntribution oftboth'the"Thespecific 

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 within4months from initiation. 
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2. iExperimentation Phase
 
SiThe i:experimnal fed workhal e
 ..."..... . ....
 p 
mental field k shall be initiated and carried out during
 
tphase. ,The experimentatio- phase shall conSiSt of 
two 	 separate
n ftwo rseparate 

phases; the Tissue Collection Phase and the Mineral Supplement 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 within the participating countries. Soil and
 

forage analyses on farms and ranches from which the animals originate
shl. e mi'de e o 
 n 	of-'. 

....
shallr pemit development 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 demo
 

*
strata production and economic benefits from mineral supplementation. In
 

.addition to establishing appropriate mineral supplement mixtures, methods
 

of .mineral administration,'in specific cattle producing regions shall be
 

investigated. Both:.the Tissue Collection Phase and the Mineral Supple

,.ment 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 4e nvestigaciones 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'I.-'%It is-anticipated that a large percentage of the
 

analyses required herein willbe 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 scientific 

16
 



journals and in one-to two-page summaries sui'table :for !distribution
 

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 reporting 

,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. 

Results of the experimental ifindings 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 project objectives as stated in the contract are still relevant.
 

Many individuals and institutions recognize the importance o.f-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 providing 

various types of assistance. Publication of the manual; entitled "Methods 

of Mineral Analysis for Plant: and Animal; Tissues' has,provided: a: systematic 

approach for standardizing sample collections.,: analysessand methods'of 

reporting data.
 

An overall objective of the mineral research program is.to encourage 

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

it is not enough to stimulate the widespread,use Of,mineral suppleinentH, 

but to insure that these supplements are adequate .to meet the requiremunts 

of grazing animals. Often farmers believe that; they- are providing adequate 
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mineral supplements for their livestock, but in realiy the mineral
 

supplements used are.extremely inadequate. 
-

In addition to many inferior mineral supplements sold in the market' 

place, many farmers have a poor under tanding of animal requirements and
 
methods of administration. 
For example, even though phosphorus supplements 
.are administered to. some cattle, inLatin America frequently the quantities 

are insufficient,,!the incorrect class of animal is emphasized (animals 

,growingor-in maintenance versus breeding females) and minerals are sup
plied the wrong time of year (dry versus the wet season). Surveys from 
Colombia and Ecuador indicate that many farmers dilute mineral mixtures 

anywhere from 10:1 to 100:1 with additional salt*
 

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
 

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

a. Reconnaissance and Recruitment Phase:
 

In the~early.phases of the program the,project included 3 full-time 
animal nutritionistsand 8 part-time animal nutritionists. 
 The project
 
has reduced ?the.staff to 1 full-time animal nutritionist plus the 8
 
part-time animal nutritionists. A larger'staff was needed during the
 
beginning of the program to review literature, establish research pro
cedures and initiate research programs in the respective countries.
 

l), A complete search of the literature',-on iineral research in atin America' 
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was cotducted at the Hume Libraryi University of,Florida, and,'Inter-American 

'Center for Agricultural Documentation and lInformation (CIDTIA)0located at
 

CATIE, Turrialba, Costa Rica. Visits were made to a number of research 

organizations throughout Latin America. .A total of 269 i'articles from
 

Journals or other publications were reviewed.'
 

:, tMineral research information, has 'been summarized in hr 'e e major pub li

cation8. Mineral Deficiencies and Toxicities and,' heir Effect on'Beef
 

Production in Developing Countries :was presented: ata\a conference in 

Edinburgh, Scotland, and published in the proceedings,'.Beef Cattle Pro

duction in Developing Countries, edited by A.' J.. Smith.. This publication
 

contained 176 references concerning ,the incidence of'mineral:deficiencies
 

or toxicities in the tropical countries. 
A second 'publication,"Current
 

Status of Mineral Research in Latin Amrical- was presented atthe "Latin 

American Symposium on Nutrition Mineral Research with.Grazing Ruminants".
 

This paper contained 269 references and summarized alls,the.published mineral 

research pertinent to grazing ruminants in Latin America. The ;proceedings 

were published in Portuguese in 1976. During the last half -of 1976 'and 1977 

,the Brazilian Proceedings were prepared for English andSpanish editions. 

This involved editing, translating, rewriting and addinga large'photo

,gaphicsection of mineral deficiencies .antoxicities... 

In 1977 an extensive review which will appear as a' chapter in the 

book entitled "CRC Handbook of Nutrition and Food" was written. "They\ 

chapter is titled "Geographic Distributionof Nutritional Diseases in, 

Animals" and contains 94 pages and 451 references., The majority'of 

these references deal with the location.,of,mineral deficiencies and toxicities
 

in developing countries.
 

.Brief simaryofreview.of literiture: Table 2:illustrates both
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Table 2. .Geographical locations' of mineral deficiencies or
toxicities of ruminants in Latin Americaa
 

Required elements 

Calcium Argentina, Brazil, Colombia, CostaRica, Guatemala, Guyana Mexico 

Panama, Peru, Surinam, Venezuela, 

Magnesium Argent'ina,' Brazil, Chile, Colombia, Costa Rica, Guatemala, Guyana,
Haiti, Honduras, Jamaica, Peru, Surinam, Trinidad, Uruguay. 

Phosphorus Antigua, Argentina, Brazil, Chile, Colombia, Costa Rica, Cuba 
Ecuador, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico,
Nicaragua, Panama, Paraguay, Peru, Puerto Rico, Surinam, Uruguay,
Venezuela. 

Potassi'um Brazil, Haiti, Panama, Venezuela. 

Sodium Brazil', C6oombia, Guatemala, Panama, Surinam, Venezuela. 

Sulfur Brazil,'Ecuador. 

Cobalt Argentina, Brazil, Colombia, Costa Rica, Cuba, El Salvador, Guyana, 
- Haiti, Mexico, Nicaragua, Peru, Surinamj Uruguay. ,. .. 

Copper .(or Argentina, Brazil, Colombia, Costa Rica, Cuba, Guyana, Haiti,: Mexico,

molybdenum Panama, Peru, Surinam, Uruguay.
toxicity)
 

Iodine Antigua, Argentina, Bolivia, :Brazil, Chile, Colombia, Costa Ri'ca,
Ecuador, Guatemala, Haiti, Nicaragua, Paraguay, Peru, Uruguay.. 

Iron Brazil, Costa 'Rica', Panama. 

Manganese Argentina, Brazil, Costa Rica, Panama. 

Selenium Bahamas, Brazil, Costa Rica, Ecuador, Guyana, Honduras, Mexico,'
 
Paraguay, Peru,' Uruguay. 
 - ,, 

Zinc Argentina,. Brazil, Costa Rica, Guyana,.Panama,.i Peru, Puerto Rico.
 

Toxic elements
 

Fluorine Argentina, Guyana, Mexico.
 

Manganese Brazil, Cos.ta Rica, 
 Peru, Surinam. 

Selenium Argentina, Brazil, Chile, Colombia, Ecuador,.,Honduras, Mexico, Peru,
 
Puerto Rico, Venezuela.

aMcDowell (1976); Fick et al. 
(1976)..
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.confirmed.
asiwell'.as suspectedLatin American locations of mineral
 

aeficiencies and toxicities in ruminants. The most widespread nineral'_ 

deficiency for grazing livestock is that of phosphorus. Calcium
 

•Aeficiencies ar~e*rare under grazing• conditions. 
 This 'fact is especially
 

important since many old texts used in Latin America have given greater
 

importance calcium than experimental evidence indicates. 

'Copper and cobalt deficient areas are likely to' extend over wide
 

' 
areas of Latin America, but their limits are impossible to define because
 

of inadequate research. 
During the past years' mineral research data
 

from Brazil, Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, Honduras
 

and Venezuela have indicated borderline to severe copper-deficiencies in
 

grazing cattle. Extensive analyses from vast areas of Colombia have
 

indicated widespread copper deficiencies in this country. Inadequacies
 

\if 
magnesium, sodium, iodine, selenium, and zinc and toxicities of molybdenum,
 

selenium and fluorine have been encountered in widely diverse areas of
 

Latin.America mbut 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 visi't interested research
 

people in'several Latin-American countries. Currently active 'research
 

is in progress ,inBahamas, Bolivia, Brazil, Colombia, Costa Rica,-Ecuador,
 
El Salvador, Guatemala, Peru, Uruguay and Venezela
 

Late in 1977, a visit was made to the Asian countries of Indonesia,
 

,Malaysiaand.the Philippines. Institutions in these countries have ex

pressed a desire to establish mineral research programs. In1978 the-


African countries of Kenya and Mali will be '
visited 'to .de.termine the
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possibilities,of cooperative mineral research. 
Project perSonnel have
 

.been discouraged from stimulating mineral research in Paraguai because of, 

AID project priorities..
 
During most ,of the time coveredby\this /report projectpersonnel 

were 'as follows: 

1 full-time Animal Nutritionist 

8 part-time Animal Nutritionists
 

1 full-time laboratory technician 

1.5 bilingual secretary equivalents
 

5 graduate students
 

b. Experimentation phase: albrief discussion of the ,research program in
 

each country is as follows:
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Bahamas 
We.,have- cooperated with the Bahamas 'AgriculturalResearch Training 

and Development Project (BARTAD),.San Andros P.' 0,,North Andros Island, 
Bahamas at the request'of,AID/TAB'Washington. Liver samles Where collected 

and sent to Florida in polyethylene bottles containing formaldehyde.,
 

.Samples were analyzed for cobalt, copper and manganese but the results
 

were inconclusive because the samples were badly "decomposed on arrival.
 

vAttempts are being made to ob tain. other. liver 'sampies. 
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Ile mineral research program in Bolivia was'only recently started in 

late 1976. There are two groups with potentIal: to do mineral research:, 

La Paz'- Instituto Boliviano de Tecnologia (IBTA), Santa Cruz k- bperative 

program between Centro de Investigacin Agrrcola Tropical (CIAT) and the 

Facultad Veterinaria y Zootecnia. 

A third potential organization for mineral research was the University
 

of Jose Bollivian at Trinidad'. Unfortunately the main contact tobe involved
 

in mineral research has resigned and therefore the possibilities of mineral
 

research are very limited
 

La Paz Area Research
 

'The main contacts at IBT& are Dr. Simorn Riera G. and Ing. Querub.n
 

de ia zerda. On various occasions, mneral research has been discussed
 

with members of IBTA. There has 
 been agreement that this research was 

important and that ~t should be undertaken. However, to this date no re

search program has been written up and finalized for cattle.
 

During the last visit there was interest expressed in undertaking re

search with sheep and llamas in the Altiplano of Bolivia. A brief proposal 

was written up'entitled "Evaluation of the.Nutritional Status of Sheep and
 

Llama, with Emphasis on Minerals in the Altiplano of Bdlivia". This proposed
 

research would be carried out at, or near the Altiplano experiment -stations 

of Patacamaya and/or Belin. Animal tissues (blood and liver of sheep &id 

llama.) along with forage samples will be collected to evaluate the status of
 

the essential nutrients. 
This research will probably be part of a Master of 

Science degree program at-the University of Florida. A prospective student will 

attend the University of Florida for course work. During an approximately two
 

year program the-student'will return to the Altiplano of Bolivia 1-3 months for 



sample collections. This research will therefore be'in Bolivia and the
 

candidate, on degree completion, will return to Bolivia trained in nutritional
 

analysis and techniques needed for livestock improvement for the small farmer.
 

Santa Cruz Area Research
 

The min contacts in the Santa Cruz area are Dr. John Wilkins .of the
 

British Mission, Dr. Andres Parra of the Facultad Veterinaria y Zootecnia
 

and Egresado Hugo Perez.
 

The Florida/AID contract is attempting to increase the laboratory capa

bilities of the CIAT laboratory. To do this, chemical supplies and materials
 

have been provided to this laboratory. Also, Hugo Pgrez spent 3 months in
 

Florida learning laboratory mineral techniques.
 

Two mineral experiments have been planned for the Santa Cruz region. 

One of these involves collecting samples from cows, heifers and bulls ob

tained from slaughterhouses in this region. Another experiment would be a 

more complete study where 3 cattle producing zones would be evaluated. The
 

eastern border of these regions is the Rio Grande. Region A (northernmost
 

region) has the highest rainfall with 2,000 mm. Region B (including Santa
 

Cruz and Montero) has a rainfall of 1,100 mm and kegion,C (southernmost and
 

driest region) has a rainfall of 700 mm. Soil, forage, blood and liver sample
 

will be taken from representative farms in these regions. These samples,will
 

be taken twice during Fhe year in March and September. March represents the
 

end of the rainy season while September is toward the end of the dry season. 

Some of this research will be used for the thesis of Ing. Armando Peducasse 

for his Egresado Velerinario degree. Samples from these farms were taken by 

Egresado Perez to Florida for analysis. There is a good possibility. that 

after Ing. Peducasse receives his degree he will go on.for his M. S. degree. 

If accepted by Florida, he will-work in the mineral research area-collecting
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animal, soil and plant tissues for analysis.
 
Cooperative research is'now being conducted with a private rancher in
 

the 'Beni-. The rancher, Mr. Bernardo Bauer, and his manager, Ing. Enrique
alo, reovreengalagemneraiB 
 .
Ing. Enriqu
 
Galdare overseeing a large ,mineral supplementation experiment. 
 This
 

experiment was assisted in being organized by personnel from the University
 

of Jose Bollivian at Trinidad. In this experiment 936 females and 936 males
 

(12 to '15months'of age) were blocked by age and sex and randomly allotted
 

to the following treatments:
 

Treatment 
 No. of Animals 
 Female Male
 

Control 
 288 
 144 144
NaCl only 
 544 
 272 272

Salt + dicalcium 
phosphate (3:2 ratio) 
 346 
 173 173
 

Salt + dicalcium
 
phosphate (3:2 ratio) 694 
 347 '347
 

Total 8 936 ,399
 

Additional treatments consist of a factorial experiment utilizing 160
 
animals within each of the 3 larger treatment groups. The treatments will
 

consist of control, selenium-vitamin E, copper, cobalt and iodine'. 
Cobalt 

will be supplemented as bullets and selenium,-vitamin E .coppertand, iodine 

as injections.
 

Since the experiment was initiated in June (1977) samples and injections
 
have been administered or collected every 4 months. 
The,duratibn.of this'
 

experiment is 2 years with the possibility of a third year,likely 
 ,-


Since June, 1977, an additional supplementation experimant has been dis
cussed with the organization Cooperacion Tecnica Suiza CBF. This is
 

Ministry of Agriculture organization that is receiving,assistance from the
 

Swiss. 
 This organization owns approximately,4,600. cattle, both Zebuland,.
 

Criollo. 
Their handling facilities are very good and they have a small 
laboratory that could be used"for.sample preParation.. There is both native

26
 



and improved pasture. There also is a large slaughterhouse where animals
 

are killed three times per year. Cattle production,in Reyes is very poor
 

with 5-6 years required for animals to reach slaughter weight. The-icalving
 

percentage for this area is between 40-50%. An official from thisorgani

zation had expressed the desire that the Florida/AID mineral program initiate
 

mineral supplementation experiments.
 

We discussed the possibility of mineral supplementation using bred
 

heifers as follows: Treatment
 

1) Salt only
 

2) Salt + P and Ca supplementation (administered all year) 

3) Salt + P and Casupplementation (administered only 
.uring wet.season)
 

4) Complete mineral supplement. (administered all year)
 

5) Complete mineral supplement (administered only during
 
wet season)
 

6) Complete mineral supplement (administered only during

S .dry season). 

Sr,'A minimum of l00 -bred hieifers per treatment would 'be required with minerals 

' administered'free, choice."4 Treatment 6 ;could be eliminated. The wet season is 

from November to March and the dryer season from April to October. It was 
note'd~thata person could be' employed full time just for this experiment and/ 

or it 'ould be'.used.v as an egresado degree• study. The duration of the 

experiment would bet2 years-. 

At this' time we have'had great difficulty in setting up this experiment. 

The lobgistics ;for travelling to Reyes are'extremely difficult. One trip has 

already' been canc-elled due to plane schedue postponements. An attempt will 

be made 'to, visit Ray1es gain"in .'aly "1978. 
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Brazil 
The Latin American Symposium on Mineral Research with, Grazing Ruminants 

held atBelo.Horizonte onMarch 22-26, 1976, has'had a far reaching and
 

significant effect on 
ranchers and.' animal .scientists' throughout Brazil.
 

Copies of the proceedings 
 of this! symposium in :Portuguese have bee. widely.
 

distributed throughout Brazil and this has become the standard reference
 

manual used by ranchers , teachers, researchers and s tu'dent's.' ' 'This has 

stimulated a renewed awareness of mineral deficiencies and the importance of
 

mineral supplementation'throughout Brazil. 
Researchers'use'this as a standard
 

reference for preparing research project outlines.
 

One trip by J. H. Conrad was made to Brazil between March 21 and April
 

18, 1977, four days of which 3/26 to 3/30 were-spent in Montevideo, Uruguay.
 

Another trip by J. H. Conrad was made between November 10 and December 15,
 

1977i, six .days of whichll/19 to 11/24 
were spent in Uruguay. The 'itinerary
 

for both trips.was 'Sgo Paulo, Porto 'Alegre, Santa Maria, Montevideo Sao
 

"Paulo, Campo Grandei Rio -de Janeiro, Belo Hori.nte, Vigosa, raslia, 
Fortaleza and Belm. 'Contact,Was made with those interested in mineral
 

supplementation, those doing mineral research or interested in doing mineral
 

research. During :the firsttr'ip six seminars were given on ,Phbsphorus

Supplementation'for Increasing .Rep-r'oduction in" Cattle". During the second 

trip seven seminars were given on the material,in Dr. Marcelo Mendes' 

thesis, Mineral Status'of Beef Cattle: in the Northern Part of Mato Groso, 

Brazil, as Indicated by Age, Season, and Sampling Technique". Both seminars 

were. wellreceived: but. great interest was ,shown in the latter which showed 

results of studies conducted In- Brazil. An abstract of this Ph.D. dissertation 

an,be found in~l the .appendix. 

The AID/Florida Mineral -Research Project 's coopera t ing with .several, 
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different research groups in Brazil and these will be briefly outlined
 

below.
 

Dr., Waldemar Camargo and Dr. Nelson Fernandes :of, the Biological . 

Institute of Sao Paulo:have been cooperating with the Amazon Cattlemen's 

Association. They have been. collecting samples,'conducting research'and 

analyzing plant and animal tissue samples from 35 ;ranches in the Amazon 

region. Phosphorus, copper, cobalt and zinc deficiencies appear to'be wide

spread. 

Dr. Enio Prates of the Federal University of.Rio.Grande do Sul'collected
 

samples of native grass pastures.from four locations in Rio Grande do Sul,
 

during the months of October, November and December over a period of two
 

years. Twenty-three representative samples are being analyzed at the
 

University of Florida. A, cooperative mineral research project was being 
planned but changes in key personnel who worked:for the Secretary'of Agri

culture have interrupted this project., Dra. Olga Gavillon'who ,had conducted
 

some excellent mineral research took early.retirement and Dr..Jorge Lopes
 

transferred under contract to the UFRGS (Federal ,University).
 

Dr. David Stiles replaced Dr. George Hall at the Federal :University of
 

Santa Maria., Dr. Lauro Muller and Dr. David Stiles are continuing the"
 

experiment to study the effects of seleniumr-vitamin E injections onsheep
 

and cattle in the Levramento area of Rio.Grande do, Sul:. They are writing a
 

research project to tie together soil-plant-animals with a strong mineral 

component. 

The .EMBRAPA sponsored,,,National Beef Cattle :Projectis,located'at Campo
 

Grande, Mato Grosso. They are in the process of staffing, building land
 

organizing. Armando Primo,-technical director" returned.,to Florida in'March
 

to complete his- research for the Ph,.D. and he was replaced by Dr. Leonidas
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Valle who has a Ph.D. in pasture and-forages from Flord. d r il:Ca 
de Sousa just completed his Ph.D. in mineral research at Floridaaand wenttoCm.,Ga ' an wetto Campo Grande to head the analytical laboratory. This laboratory is 
equipped with an Atomic Absorption Spectrophotometer (Perkin-Elmer.306) 

which was purchased in 1976+and a smaller Perkin-Elmer 103. 
 It is apparent
 

that this laboratory will be well equipped and have capable personnel to
 

do excellent mineral research.
 

Dr. Jiurgen Dobereiner and Dr. Carlos T6karnia at EMBRAPA/RJ, Km 47
 
and Universidade Federal Fluminense have been doing mineral research along
 
with the study of toxic plants for many years. Samples of jaw bones in
 

formaldehyde were brought to Dr. Hines and Dr. Stanley, at the Dental 
Faculty, University of Florida. 
Histological examinations will be made to
 
attempt to identify causative factors associated.with a periodontal......
 

condition in cattle.
 

Professor Roberto da Silva is in charge of the analytical laboratory
 
at the Veterinary School, Belo Horizonte. 
 He has a Perkin-Elmer 403 and
 
the laboratory has the capacity for 100 samples daily in which 6 minerals
 
are determined. 
Their effort is on identification of mineral deficiencies in 
Central Brazil primarily the large cattle producing areas of Mir's Gerais 
and,assistance with analyses related to Master of Science theses. 

The Zoatecnia Department, Federal University of Viosa, Vi osa, Minas 
Gerais has 75 graduate? students in.Animal Science. Several of these are
 

working on minerals and their availability in various plants.
 

Henriu 
 vio'S. Lopes, at the EMBRAPA Cerrado Research Center has
 
been working on mineral research in Goias. 
 He obtained the following results
 

'Mean liveweight gains (grams/animal/day) during a..
wet and dry season 

from April11, 1976 to June 10, 1977.
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Meanliveweight gain (gram/animal/day)
 

Treatment- Wet season Dry season Wet+ dry season
 

A. Salt 	 -130 
 53
 

Salt P 267 -86 
 90
 

C. Salt + P+ Co + Cu +.I 280 	 - 5 137 

D. 	Salt+ P+Co+4 Cu+:I
 
+Zn + Fe + Mn 274 -49 112'
 

Forage analyses indicate that about 50% of the forage samples have less
 

than.0.18% phosphorus, 5 ppm copper and 20 ppm zinc. Forage and liver samples
 

are being analyzed for cobalt and molybdenum at the University of Florida.
 

Dr. Jose Adalberto Gadelha at the Federal University of Ceari,
 

Fortaleza andhis group plan to collect and analyze forage and animal
 

tissue samples from"five differeut areas of the state of Ceara in northeast
 

Brazil. Cobalt, copper and phosphorus deficiency are thought to be wide

spread, but no supplemental trials have been conducted.
 

Dr. Adilson Serrao and Cristo Nazare are working primarily with forages
 

and they plan to determine the.mineral content of some of the forages 
conmon
 

to the Amazon region.
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Costa Rica
 

The mineral research program at Costa Rica has been highly active and
 

po~dictive .Theleaders of the program are Prof. Hernin Fonseca and Ing.
 
Emilio Vargas-of the Animal Science Department, University..of Cs ic.
me of Costa Rica.
 

For.the mineral research program, the Animal Science Department is receiving
 

funds from CONICET, an organization which supports research. In addition,
 

eleven'Peace corps volunteers have devoted a 
great deal of time to collecting
 

liver, blood, and forage samples from selected regions of CostaRica. As of
 

the middle of 1977, 1700 blood, 1700 forage and 600 liver samples.have been
 

collected. A high percentage of these have been analyzed. 
The plans of the
 

program are to conduct mineral research studies in all of the major dairy and
 

beef cattle regions of Costa Rica.
 

The University of Florida/AID program has contributed $7,000.00 per
 
year for tw6 years to assist with the mineral analyses.
 

This'support was only needed for 2 years for the salary of Ing. Emilio
 

Vargas. Since October, 1977, the University took over the salary support as
 

Ing. Emilio Vargas is 
now a permanent member of the department. The Costa
 

Rica mineral project will therefore no longer require any direct finiancial 

support from the ,Florida pro6ject. 

The earliest stages of the mineral research program involv.ed two Uni
 

versity f Florida graduate students who did their M.S. research in Costa Rica.
 

The titles of these: theses are "Phosphorus and Trace Mineral Status of Beef
 

Cattle in the Guanacaste Region of Costa Rica" and "Mineral Status of Cattle
 

in the San Carlos Region of Costa Rica". The ,results of this data were dis-,
 

cussed in a previous annual report. 
Data from these theses have been sub

mitted to the "Journal of Dairy Science. and "Tropical,Agriculture"..iAlso 

this daita will be presented at the 1978 World Animal.Production Meetings in 
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Argentina. This data is likewise being written up as part of 'an extension
 

bulletin.
 

Dr. Nestor Marciles of Argentina is temporarily working with the Uni

versity with a grant from the Atomic Energy Commission. He willbe working
 

with the University until November, 1978. Dr. Marciles will be workinglon
 

nuclear research techniques in the mineral area, particularly where ,there are
 

suspected problems. From the mineralresearch program, they have found low
 

blood calcium and forage levels from dairy cattle in Coronado,(jUst north of
 

San Josi). The phosphorus levels are high to normal with a large percentage
 

of the cows anemic as shown by low hematocrits (i.e., 24-25%). Dr. Marciles
 

will work with radioisotopes(i.e., P3 2 and Fe5 9 ) to evaluate the status of
 

cattle in this area.
 

Samples collected by the Peace Corps volunteers are used for "Egresado" 

(B.S.) degree theses. Eight "Egresado" theses have now been completed. 

and at this date we have received 3 of these. The quality of these.Ytheses is 

excellent. 

Conclusions from 3 theses are as follows:
 

Olger Murillo Bravo £hesis
 

The title of this thesis is "An Evaluation of Mineral Nutrition Status
 

of'Grazing Cattle in Caas County, Guanacaste. In this experiment, :-19 beef
 

cattle farms were utilized from Caas county with samples taken during the
 

dry season. There were a total of 90 forage, 106 blood and 8 liver samples
 

analyzed.
 

Conclusions:
 

a) Crude protein: 80% of the forages contained less than 7% protein
 
-with' the average big28% 

b) 'Calcium: 'The majority of the b lood "calciumvalues were normal being
 
over 9 mg%. However, 68.9% of the forages contained less
 
than 0.18% calcium.
 

33
 



c).Phosphorus:iThe average phosphorus concentrations were4.27 mg%.
50% of blood phosphorus values were less than 4 mg%.
Only 6 of 19 farms had normal average blood phosphorus

levels. Approximately 89% of the forage samples 
contained less than 	.18% phosphorus. The average phosphorus
was 0.09%. 
 100% of the farms 	had deficient average forage

phosphorus levels.
 

)Manesium: 
 Only 1.89% of the blood magnesium was less than 1.8 mg%

and only 5.6% of 	the forage samples contained less than

0.05% magnesium. It could be concluded that magnesium

status of these animals was adequate.
 

e) Potassium: 	 Approximately one-third of the forage potassium 
samples

were less than 0.6% with the average potassium forage

concentrations of 1.15%. 
Four of these farms had average

values of less than 0.60%.
 

;f)* Iron: 	 The average forage iron for all farms was 148 ppm with

all farms being adequate in forage iron. 
 Liver samples

were also adequate in iron concentration.
 

g) Copper: 	 Approximately 81% of the forage samples contained less

than 4 ppm copper. 
Over 99% of the samples contained

less than 10 ppm. The overall copper forage mean was

2.81 ppm. 
Only 4 of the 19 	farms had average copper

forage values of 	4 ppm or more. 
Six liver samples

varied from 78 to 250 ppm with the hverage being 157.8 ppm.
 

h) Manganese: 
 Forty percent of the forage samples contained less than
 
20 ppm with the overall average being 27 ppm. Eight of
19 farms had averages of less than 20 ppm. Eight liver

samples ranged from 2-7 ppm averaging 4.75.
 

i)'Zinc: 
 Sixty percent of 	the forage samples contained less than
 
20 ppm with an overall average of 20.05 ppm. Twelve of
19 farms had averages less than 20 ppm. Six liver sam
ples ranged from 	99 to 150 ppm.
 

In this thesis forage species differences were noted for both protein and
 

minerals. 
 The overall conclusions would be that phosphorus and crude ,pro

tein are severely 	deficient, copper is deficient with borderline to deficient
 

concentrations of manganese and zinc noted in forages and livers.
 

Manrique Alonso Guzman
 

The title of this thesis is !Evaluation of Mineral Status of Beef Cattle
 
in Pastures in the Districts of La Cruz, Canas Dulces and Filadelfia.in the
 
Province of Cuanacaste During the Dry Season". In this study three -districts 
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are involved. There are 5 farms. from La Cruz, 1 from Filadelfia 'and 6 from 

Canas Dulces. In general, there were 5 samples of blood, liver and forage 

collected and arialyzed per, farm* 
a) Protein: 95% of the forages contained less than 8% protein.
 

b) ,Calcium: Approximately 27% of the blood values.were low containing
" less than 8 mg/100 ml. , Forage-calcium levels were also 

quite low with 40% containing less than .18%. 

c) Phosphorus: 	 27% of the phosphorus concentrations were less than
 
4 mg/1,00 ml. Forages were also low in phosphorus
 
containing less than 0,18%.
 

d) Magnesium: A large proportion of the-animals (43%) contained low 
levels of blood magnesium (less than 2 mg/l00 ml).
Forage magnesium levels were also low with 43% con
taining less than .04%. 

e) Potassium: 42% of the forage values contained less than .6% 

potassium.
 

f) Iron: 	 13%,of the forages contained' less than 10 ppm of iron.
 

g) Cop'er: 	 Copper forage concentrations were low with 13% con
taining even less than 3 ppm. 4 of 9 liver samples 
contained less than 75 ppm 'of copper. 

h) 'Manganese: 	 3% of'.forage manganese values were less than 6 ppm and 
8 of 9 liver samples were also less than 6 ppm. 

i) Zinc: 	 8% of the forage values contained less than 10 ppm
while 2 of 9 liver samples contained less than 84. ppm. 

The data from this thesis also contains correlation coefficients and
 

shows differences among farms and forage species. 
The general conclusions 

would be that-protein and phosphorus would be at insufficient concentrations. 

Magnesium levels suggest problems in this area, calcium levels were low for 

arelatively large.percentage of blood calcium analyses and manganese and zinc 

were relatively1low in forages.
 

Luis Fdo. Palmer Francis
 

The titleof this thesi's s "'Evaluation of the Mineral Nutrition Status
 

of Cattle in'the 	Province of Cartago"..
In this .study 34 	farms (mostly dairy) 



from the-Province of Cartago werestudied during the dry season. 
There were
 

'2-61 farms 'utilized per cdunty. Of the samples analyzed, there were 64 forage, 

68blood and 10 liver samples. 

'a)Crude
-.protein: 	Approximately 94% of the forage samples contained
 
more than 7% protein averaging 13.76%. This would
 
be quite contrary to the areas where data was 
takeni
 
for the other-two theses.
 

b) Calcium: 65% of the blood calcium values were less than 9 mg%

and 98.4% of the forage samples were less than .44%
 
calcium. For instance, 43.8% contained less than
 
.16% calcium.
 

d) Phosphorus: 
 51.5% of the blood phosphorus levels were less than
 
4 mg%.with 	the average being 4.17 mg%. 
65.6% of
 
forage samples contained less than.16% phosphorus

(92.2% contained less than .30% phosphorus, averaging
 
0.15%).
 

e) Magnesium: 	 94.1% of blood magnesium was normal with forage

magnesium levels averaging 0.22%.
 

f) Potassium: 
 Forage potassium levels were normal rangingbetween
 
0.83 and 8% with an 	average of 3.44%.
 

g) Iron: 
 12.5% of the forage 	contained less than 100 ppm of
 
iron averaging 297 	 ppm. 
Ten liver samples ranged
 
from 58 to 196 ppm.
 

h) Copper:' 
 75% of the forage samples contained less than 10 ppm

averaging 8 ppm. 
Eight of 10 liver samples were
 
below 75 ppm averaging 44 ppm. Copper liver,ranged
 
from 15 to 144 ppm.
 

i) Manganese; 78.1% of the manganese forage values ranged between
 
25 and 100 ppm averaging 11 ppm. However, the liver
 
manganese values 
(10 samples) were low averaging
 
4 ppm. 

j): Zinc:' 82.8% of the forage 	contained less than 40 ppm
averaging 33 ppm. 
Ten liver samples averaged,
 
54 ppm ranging from 30 to 103 ppm.
 

"This data also contains correlation coefficients and it shows differences 

among farms, forage 	species and animal classes. Phosphorus appeared to be the
 

most severe mineral 	deficiency with low levels of forage and blood calcium noted.
 

The analyses 
 ould indicate that.copper, manganese and zinc are all borderline
 

to deficient in these samples. 
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Colombia 

A research program between CIAT and the University of Florida..has-. 

been in progress since March, 1975. Mr. Soekanto Lebdosoekojo had been
 

working on a Ph.D. research program at the Caramagua experiment station
 

entitled "Mineral Supplementation of Breeding Cattle in the Colombian
 

Llanos". Soil, animal tissue and forage samples were collected in herd
 

system programs and were analyzed and written up into a thesis. In 1977
 

the thesis was completed and an abstract of data from the thesis was pre

sented at the 1977 ALPA meetings in Cuba. There is now no longer a cooperative
 
program between the Florida-AID program and CIAT.
 

A cooperative mineral research program between ICA and the Florida-


AID contract has been in effect since July, 1975. The leader of this
 

program is Dr. Arturo Gil, Some of the early research in this program in

volved pilot projects in 8 ICA experiment stations. Two treatment groups 

were used with the treatments being with and without mineral supplementation. 

Every three months liver biopsy, blood and forage samples were collected. 

Only a small number of animals were used per treatment and therefore 

statistical ! evaluation' was difficult." However, conclusions were made as to 

future studies that needed to be undertaken. 

The mineral research. to ,date has had both ' problems -andsuccesses. 

.The biggest disappointment-was the termination of 4 mineral supplementation 

experiments that were in progress in the Medellir and Monter3a (Caucasia) 

regions'of Colombia.- These experiments were in progress for 6 months but 

were abruptly terminated when the animals were sold. Also there have been 

failures with supplementation trials with ranches which were part of the 

Fondo de Ganaderla de Meta, Tolima and Antioquia. 

Some of the best experimental results have come from.the Puerto Boyaca 
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region. In a previous experiment1 animals receiving ,asupplement c6taininj
 
arsenic, sulfate and additional copper had double the weight gai s as ani
 

mals receiving a standard mineral mixture. Further analysis indicatd that
 

not only was this 
area high in selenium but itwas also high in molybdenum,, 
thus complicating thecopper deficiency.' :There is . currently a big push to 

determine molybdenum concentration of forages from different parts of Colombia. 

Ing. Jose Daniel Gomez who is one of Dr. Gil's associates spent one month 'n
 
various regions of Colombia collecting foragesamples. His primary emphasis
 

was north of Bogota and along the Atlantic 'cast area. Forages that are
 

collected will be analyzed for both copper and Molybdenum content.
 

A new supplementation experiment was initiated late in the year at Cara

magua. 
The title of this experiment is "The Effect of Supplementation with
 

Urea and Phosphorus on Utilization of Forage and the Effect on 
Reproduction".
 

There are 30 animals for each of the following eight treatments: 1) complete
 

mineral supplement fed all year long, 2) salt only fed all year long, 3)
 

phosphorus fed all year long, 4) phosphorus and nitrogen fed allyear long,
 

5) complete mineral supplement fed during the wet season, 6) salt fed during
 

the .wet season,. 7)' phosphorus fed during the wet season and 8) phosphorus
 

and nitrogen fed during the wet season. 
This experiment will be very good to
 

determine the economics of the mineral supplemen tation. The 240 he ad are 

breedingTanimals.hdr 

Analyses from ,the area called Narino'have indicated that copper and zinc 

concantrations of liver and forages-are low. Most of'the information was 

from liver biopsies carried out on asmall'pilot study. An experiment is now 

underway with two treatments containing 25 animals each. One treatment would
 

contain a complete mineral supplement and the other treatment would contain
 

only salt ,+ copper 'zinc. In-this particular 'region the phosphorus con
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centrations were adequate.
 

In the Bogota area,, research has noted thatphosphorus deficiencies are 

prevalent and that urea +,phosphoric acid increased milk production. There 

is now an experiment underway comparing threei phosphdrus sources. There are
 

50 animals per treatment. Unfortunately these treatments are'from three
 

different farms that are located close-to 
one.another..
 

Another experiment is underway in,El Nus for. a duration of'two years.
 

There are 20 animals .per treatment. The.first treatment is a complete 

mineral supplement comparing it to a mineral.supplement containinglonly salt,
 

copper, zinc and phosphorus. The latter mineral supplement would.be much
 

more economical than the complete mineral mixture.
 

At this time the researchers at ICA have collected a tremendous amount 

of samples and have completed numerous mineral analyses-. This large quantity 

of data needs to be summarized. Thereis currently a rough summarization
 

of the mineral status for 33 distinct regions of Colombia. Based:on forage,
 

liver and blood analyses, various areas have been noted to fall in the'
 

following category for the specific minerals: toxic, high, normal,, low,
 

deficient and severely deficient. With this information a better idea is 

now becoming apparent as to which minerals (are problems in specific regions. 

An interesting study in the Puerto Boyaca region was undertaken by a,
 

botanist who was working with Dr. Gil. The purpose of this study was' to
 

identify the various plants in this selenium toxic region and to~de'termine
 

the selenium concentration. Inthis way they could determine ifthere were
 

selenium indicator plants. This--data has been'written up as a thesis and 

there are definitely selenium indicator plants.. 

An additional .interesting_study has been undertaken in.the Puerto Boyaca 

region studyingthe effects of the. high molybdenum on-copper metabolism. 
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Animals were given radioactive coppe (copper-64) and the rate of elimination
 

and retention:was studied.' After 7"to 8 hours only 10% of the copper-64
 

was retained for controls'while hoeanimals 'whichhad been in 
a molybdenum
 

toxic area retained 60% at this time. 
 The molybdenum content in many
 

forages in:the Puerto' Boyaca' region is approximately'20 ppm. Also studies 

madehave been using ceruloplasmin. This copper-containing enzyme was 

lower in animals with copper deficiencies and positively correlated with-low
 

hematocrits. This work wa included in a thesis by Patricia Jimenez and
 

Lucia Pab6n and was published this year. Data in this particular thesis
 

also published summarized data of copper in relation to samples taken from
 

slaughterhouses and also from liver biopsy. 
It is apparent that copper de

ficiency is 
a severe problem in many regions of Colombia. The translated
 

title of this thesis is ."The Possible Deficiency of Copper in Beef Cattle". 

A large amount of mineral analyses have been completed and it is pos

sible at-this time to make some general summarizations. A large percentage 

of all forages are low in sodium and phosphorus. A high percentage of the
 

forages contain less than .2%magnesium. The majority of the forages contain
 

less thanf-30 ppm of zinc. The general statements for specific regions are
 
as follows: los llarios - the most severe deficiencies are phosphorus and 

protein;, Caqueta"-there appears to be a calcium deficiency here; Puerto
 

Boyaca region - there are deficiencies of copper, phosphorus, calcium and toxi

cities of molybdenum and selenium; LaSabana region near Bogota, Tolima and
 

Huila these -areas are defiien in copper, zinc, perhaps cobalt, and have
 

toxic concentrations ofmolybdenum; Turipana, Caribia and Mntilonia- in 

thisregion the most severe deficiency is copper. Caribia appears to be all
 

right in phosphorus'and'calcium but Turipana and Montilonia 
are deficient. 

31 Nus', Palmira &nd 0bo'nuco - these three areas have similar problems with 
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severe copper deficiencies and marginal zinc deficiencies. 'Antioquia 

phosphorus deficiency is the most noticeable problem. Valle and Narigo
 

the mineral status in regards to phosphorus seems adequate but copper is
 

deficient.
 

Dr. Ed Stone and Mr. Wayne Miles of-FA0 are also-interested in mineral
 

research. They are currently making plans to collaborate with Dr. Gil in 

some joint projects. Dr. Stone is the head of the program while-Mr. Miles
 

is a retired forage expert and is doing consulting work for FAO._oMr..Miles
 

has been very interested in the possibilities of alternate sources of
 

phosphorus. He is concerned with the very high cost of mineral supplements.
 

As a result, he is trying to gather information on the possibilities of
 

feeding triple super phosphate and also basic slag. We will make some
 

basic analyses of these products at Florida to assist him in deciding the
 

use for these products.
 

Dr. Stone has started.a livestock program in the state of Antioquia.
 

There will be 33 farms selected in each of the north, central,and south
 

regions of this state. These programs will include rotational grazing,
 

introducing new forage species. It is on these farms that Dr. Stone and Mr.
 

Miles are interested in getting mineral supplementation programsestablished.
 

After research at Antioquia is finished they will continue working, expanding
 

to the llanos area.
 

The AID-University of Florida program has been providing $7,000.00 a
 

year to assist the ICA mineral research program. This amount has-now been
 

reduced to $4,000.00. These funds have been used,for travel and -the purchase
 

of laboratory supplies. In addition, the Florida-AID program has provided
 

additional consumable supplies and has completed analyses of some of the more
 

difficult minerals example, cobalt and molybdenum). _The mineral research
.(for 
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program is being assisted by Dr. Juan'.Salazar who is the Director of the 
r 
 0anaderoCajaCredtoAgrario. 
 In the early part of the program 

:the Bayer :Company provided some minerall supplements. Tha Pfizer Company is 
now -providing minera 
supplements made to the researchers" specifications. 
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Ecuador
 
Florida: personnel are;,working directly With researchers of theIn

stituto Nacional de Investigaciones Agropecuarias (INIAP) .,The two main
 

contacts are Ing. 0. Molina in the highlands region of Quito andDr. Raul'
 

de la Torre in the tropical region headquartered at Pichilingue.
 

Research in the Pichilingue Area
 

Four beef cattleranches in the Santo Domingo region and 5 in the
 

Quevedo area were selected to determine the mineral status of cattle in
 

these regions. Blood samples have been taken during 3 different periods of
 

the year. In addition, 1/2 of the cattle on ranches in the Santo Domingo
 

region received injections of selenium-vitamin E due to reports of white
 

muscle disease in this area. During the year the selenium-vitamin E in

jected animals did not gain better and calf deaths and abortions were still
 

in evidence.
 

Muscle and liver tissues sent-to Florida for necropsy work did not re

veal white muscle disease. One of the necropsy reports indicated hepatic
 

lesions that probably are caused by a toxic substance. The selenium status
 

of these cattle cannot be confirmed until blood and forage selenium analyses
 

are completed at Florida. There was a report concerningicattle at the ranch
 

Santa Marianita in the Santo Domingo tegion. Apparently some of the cattle
 

have misshapen feed and missing tails which suggest a possible selenium
 

toxicity.
 

Much of themineral and statistical analyses have now been completed. 

With the exception of phosphorus there were significant seasonal differences 

among minerals. Both the Quevedo and the Santo Domingo regions are somewhat 

low in phosphorus status. 'This was particularly noted where mineral supple

ments were not,fed or were availabaon an irregular basis. In one of'these 



ranches phosphorus was fed but ,diluted,,heaVily it s. itappears that the 

Santo Domingo areahas more of a phosphorus deficiency problem than the 

Quevedo.region. In both'regions ,copper-was borderline'to'deficient-and zinc
 
was borderline. .ndvls f r.b t a,.h,- ,zn .-w.., .. ,-,A-owe ...was.bord.erlin.
The level forboth copper zincweretlowest at the end
aand 


of the rainy season and extended into the dry season.
 

Mineral consumption data from Pichilingue reveaied 50.2 and 31.0 g per 

diy for the rainyand dry season, respectively. -


Plans are being made for expanding mineral research into other areas of 

tropical Ecuador..- El Puyo which is in.the-Oriental near Limoneochawill be 

a location for mineral -research. -It has been-,notedthat the'calving percentage 

is less than 50% in this area. When minerals'were fd'to 'one group 'of cows 

the calving,percentage was increased to 90%. the first,year':and't84% 'theisecond 

year. 
From El Puyo blood and liver samples will be collected twice" a year
 

from slaughterhouses. The collection periods will be4'August' and March The 

total rainfall in this 'region is very high at.5,000 Ma 
annually." August will 

represent the dryest and March. the wettest.times of' the year. SampSle's from
 

steers will be collected from 4 farms from each of 4 zones. 
 Ten -anim-ls'will 

be collected per farm. At the slaughterhouse !farms .willbe identified' and 

visited,where questionnaires will be filled,out and'forage-samples taken. It 
is unclear".as, towhen ,the.,research in El Puyolwill be initi:ated due to the 

accidental death.,of Dr., Wilson Olmedo. Olmedo'-Dr', was to 'be in charge''6f, this 

particular program. 
' " ' ' 

Later this year or. next year mineral research will .be ih, theMiaab3. 

Itate (north coast of Ecuador)..- This is the- largest area of beef "cattle, 

lumbers infEcuador. Twenty, percent of all cattle and-40%'6f cattle from the 

!oast are in this. state,. Research willbe carried out in the Chone region of 

lanabf where the, greatest concentration of cattle' are located. -'Research'will 
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'
be conducted by.ng. Carlos Forfon from the Portore ix'p'..../" 
iiment station
 

in Chone.,,;He will be workiPig with veterinarians collectin samples from
 

slaughterhouses: and farms.. Cattle .production fromwthe area is very pooor
 

with calving percentages estimated: at :40Z and heifersi not bred for the Ifirst 

time until 4 years of age. 

,In March, 1978, a, mineral. supplementation tiail'was initiated at
 

Pichilingue. This experiment wouldhave been initiated :9 months 
 earlier 

except for the problem, of locating a high; quality phosphorus supplement. 

The translated title of the program is "Benefits - of Mineral Supplementation 

to Beeif CattleatPichilingus". Approximately 120 criolle, 3 1/2 years of
 

age will be allotted'.'to 3 treatments 'as follows: -1) cdo'on salt only, 

2) salt +,a phosphorus: source, and 3) 'acomplete mineral supplement.
 
The cattle are.now pregnant with their second calf and each group will 

,be allotted to, 32 .Ha.: Each pasture will be divided into 4 sections for 

rotational,purposes,. The duration of the experiment is Z2 years and 3 t'imes 
each year blood, liver biopsy-and forage samples will be taken for mneral 

analysis. 

Research in the,.Quito Region
 

Recent ,research has attempted.to :relate minerali status to reprodudction 

in dairy cattle in the Nachachid Valley and the Santa Catalina experiment 

station. The ,data compared ,the mineral status between cows "with reproductive 

problems and normal animals (thesis of Ing. Hervas). Some of the animals 

in both groups were low inl,blood phosphorus, :Limited 'data indicated that 

manganese blood levels were significantly lower for"cattle wit .rod uct'"h rep ve 

problems. -.Serum iron, copper and zinc appeared to be quite' high' for both

groups. -,Forage levels of.copper,were highly variable with some being quite 

low... It was suggested .that-liver.biopsy be employed for some of;'their 'future 
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studies.
 

e experiments are being considered. 
With
 
the type of dairy farms involved phosphorus supplementation trials 
are very
 

difficult., Although:,not,an experiment 'in the ii
I true sense, Iobservation could 
be made between years on various farms., The reords couldbe compared be
:tween years of ,with and without mineral :suppl'ementation for a'particuiar'farm' 

A completed experiment at,Santa Catalina'involved 137 heifers divided
 
into 2',groups receiving 1) pasture"+A/2 k ,ofmoiasses + 10T jof minerals
 
and;2)'Pasture'.+ minerAls.'The group.whch also received molasses had a
 
calving percentager'of 83.3 versus 42.9 for the minerals alone.,' In"this ex
periment diammonium phosphate 
 (18-46-0) and super triple phosphate (0-46-0)' 
as the phosphorus source was used. "Diammonium phosphate was later substituted
 
for super triple phosphates'due to its 'iowe fuorine c ntent. 
Aluminum
 
sulfate was added to the minetal mixture to counteract a fluorine toxicity.
 

Some of the.work: using triple super Phosphate'at Santa Catal'in 
 has
 

indicated' that fluorosis would develop' but a lng time (4 years) was 
required
 

before :clinical signs were',in evidence. 
With this in View, eriments are
 
now being planned to-evaluate triple"super pho6sphate as an alternative
 
phosphorus source. 
 Experiments will; involve'various levels of trple,super
 
phosphate and aluminum sulfate.' Performance will be evaluated along with
 

bone :fluorine concentrations.
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E1 Salvador.
 

The mineral research program in.El Salvador ,was islow.,ingetting started
 
.
but at this time considerable.progress has been made Dr. Ferdinando Perla,
 

the Ministry of Agriculture (Ganader'a), is chairman of the mineral rdsearch
 

program. The mineral research-is, a cooperative endeavor between Ganaderla
 

and the University of El Salvador. The Florida-AID program is'providing
 

$4,000.00 per year for the purchase of laboratory supplies. ;Ganaderia has
 

the responsibility of collecting'the.samples from:various farms,throughout
 

Central America. Analyses are completed by personnel at the University of
 

El Salvador. Some of the more difficult analyses such as cobalt and molybdenum
 

,have been completed at Florida. There.have been two laboratory technicians
 

who have come to the University of .Florida for training~inmineralresearch
 

techniques. In 1977 one technician spent three months at F-lorida''analyzing
 

samples that originated in El Salvador.,
 

For the past year the research organizations-of _Ganaderla and the Uni

versity of El Salvador have dedicated a.considerable,portion,of their re

sources to mineral research. .As many" as. 10-12,,man years may be put into 

this program in the calendar .years of 1977 and 1978. 

During the past year forage, blood and ,liver samples have been, taken 

from 12 ranches during both the wet and dry .seasons:.,-During each, of;,these 

times 120 liver biopsy samples were collected without ,any difficulties.
 

The general design of the experiment was to collect samples from 10 farms
 

which had traditional management,,where no mineral supplementation,existed
 

and 2 ranches which had good management including the use of mineral supple

ments. Samples were collected both during the wet and dry seasons and
 

from 2 classes of animals. :The 2 classes of animals represented young
 

animals aged 1-2 years and cows, 1-5 months in lactation.
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In another experiment liver and~blood samples were collected from .8 
,slaughterhouses located throughout the country". . ... . . -These sW. were analyzed-.- : . -,, w amp~es we re anal yz e d 
for the .... a ss': f. ....typical minerals and :represented ddiffrene las ses Iof animals.: 

-,Some 'of the research data was writtenup, n an abstract and Submitted 
for presentation .at the 1977 ALPA meetings. iThe translated title of the 

* abstract, was ,"Mineral Status ,of, Cattle from Slaughterhouses Located Througi 

out Elt Salvador. 

Some,of the ,data.was statistically analyzedin El Salvador and the re
mainder was sent to Florida and is-now being statistically-evaluated.'
 

.,Afterevaluation-of,,the data is completed 7
.. . . -dada~t o . .i..onal" mineral sdnera s tudie 
will,begin. Some-mineral supplementation.:trials will be'cariied out in
 

several :parts ,of El ,Salvador.
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Guatemala 

The "mineralresearch:,program in Guatemala started in, Janua y; 1975. 

The organization doing'mineral research is INCAP.. Their laboratory has a 

Perkin-Elmer 305 Atomic.Absorption Spectrophotomer witha graphite furnace 

.nd a fluorometeror conducing,. selenium analyses. ,"The Florida-AID program 

is providing $60000.0 per,year for 3 years, Dr. MarcoTulio Cabezas*is in 

charge of the mineral research program and Ing. J. Antonio.Flores, an M.S. 
graduate from INCAP, .is.working full.time on theprogram. The"$6,000.00 is 

used to pay the salary Lof Ing..Flores0. .
 

The research ,has,,involved collecting.animal -:tissues and forage samples
 

from a large ranch in,Sonsonate, El .Salvador. This particular ranch has
 

some reproductive problems. Both dairy and beef cattle are found'on this
 

ranch. To date a large number of samples have been collected. In this ex

periment blood and.forage collections .are being made 5 times with the first
 

collection being April, 1976. From the. dairy samples that were collected,
 

cows representing three levels of production were evaluated.
 

The results indicated borderline levels of hemoglobin. The beef cattle
 

had~higher hemoglobin levels than dairy animals. The average phosphorus
 

status of the cattle was good averaging about 5.5 mg%. However, some in

dividual animals were.very low. At one collection 21% of the animals had levels

less than"4.5,mg' mea ..":: ow 


g%. The main incidence of the lower levels was during the
 

dry season.{, The magnesium and calcium status of all animals was good.
 

Of the inerals studied copper b'ood levels seemed to be the most de

ficient. Younger animals had the lowest levels and thij was the most severe
 

during the dry seaaon. This was true for beef:and dairy animals. Approximately
 

65% of the dairy animals had low blood copper during the dry season. The
 

surprising fact was that forage copper levels were quite adequate 'and molybdenum
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•levels werd low. However, molybdenum levels in soils were quite high (12",
 

13 ppm). It is possible' thd soil consumption (i.e., molybdenum) could be 

affecting the copper status.
 

Zinc forage levels were very low whiie blood rleveis were very high.
 

They suspect possible contamination.
 

Last July (1977) a new experiment was initiated with Ing.-Flores working
 

with 3 veterinary students. They are collecting blood, liver and forage
 

samples twice a year in Guatemala as follows: 

Location of Farms" No. of Farms 

Pacific Coast 3 

Highlands (Central Guatemala) 2 

Atlantic Coast 3 

50
 



Indonesia
 

Contacts were: not made until last November, 1977. There are two re

search groups that have potential to undertake mineral research with grazing
 

ruminants. These would be Gadjah Mada University at Yogyakarta and Bogor
 

Agriculture University located near Jakarta.
 

Gadja Mada University
 

The main contact at Gadjah Mada University is Dr. Soekanto Lebdosoekojo.
 

Dr. Lebdosoekojo recently received his Ph.D. degree from the University of
 

Florida in ruminant nutrition. During the November meeting discussions were
 

held on the need for mineral research.
 

Mineral .itritionwith ,uminants has not become a major endeavor'in
 

Indonesia. However, there are indications that there are mineral deficiencies
 

in Sulawesi and Sumatera and possibly other places. There are reports of
 

"unthrifty" cattle on a ranch near Palembang on the island of Sumatera. 
The
 

quality of feed appeared to be sufficient but the animals were in poor con

dition. Also, there are incidents of broken bones on fattened cattle in the
 

eastern islands, especially in Timor and goiter is an endemic disease among the
 

people of Java. However, cases of iodine deficiency have never been found
 

in animals.
 

in Sulawesi, L "V.&GLA% 4&A. JLWJ ISLL.j~WW.... ULS .b~ U A;AA.WGmAI aL UWD 

do not grow well unlessphosphorus, sulfur and molybdenum are added. They
 

also reported that Pennisetum purpureum at Maiwah failed to grow.until the
 

sulfur and molybdenum were added; phosphorus addition alone was not effective.
 

.With the addition of all three minerals, the yields of the legumes were in

creased approximately two and.one-half times. 

It has been observed that Bali cattle on the Bila River Ranch, which 

were grazing a native grass, were in very poor condition. The annual calving 
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percentage was less than 50%. 
 The annual calving percentage for ali cattle
 
in-Indonesia is suspected to be less than 50%. 
 In this particular instance, 

it was suspected that phosphorus was ithe first limiting mineral for these 

Bali cattle..
 

The possibilities for,a comprehensive mineral research Program were 
discussed-with the following conclusions: 'a) 
Sulawes- ' 1) the Bila River; 

could conduct mineral supplementation trials using cows on pasture. 
 2)
 
their,feedlot.: could conduct mineral supplementatsion trials. 3) P. T,
 

United,Livestock (BULOG) will build a slaughterhouse in Pare-Pare. 
 Booies,., 
tissues and blood samples could be obtained from the control and minril 

fed cattle. 4) 
UNHAS could cooperate by supplying animals. 
b) Sumatera -

There are several universities which could cooperate here. Also the P4
 
research center and the University in Bogor have an interest. 
 c) Ja a
 
the Kampung cattle trail would offer possibilities for collecting samples.
 

Cattle in this 
area go to slaughterhouses in~various cities. 
 Tissue samples
 

could be collected at these sites.
 

-It is fairly certain that the Gadjah-Mada University will.have a su
perior laboratory with good equipment by early 1979. 
 This laboratory will
 

contain equipment for making mineral analysis including an atomic absorption.
 

spectrophotometer. 
This is an Australian atomic absorption unit and will
 

arrive in approximately one year. However, at the present time, there are
 
facilities to do phosphorus analysis and several other minerals. 
 Since a 
large number of mineral analyses could not be accomplished immediately,
 

emphasis will start with supplementation trials. 
 Dr. Soel.anto.has subiitted:, 
a program for mineral research. Acceptance of this program will not be'known . 

until late March. 
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Bogor Agriculture University
 

The main contact here is Dr...Toha. It was suggested that Dr.* Tohamight
 

,work in cooperation with Dr. Soekanto -in nitiating a comprehensive mineral 

research program, There appeared to be great interest in thei ove'rallmineral 

research program. The faculty,will have a meeting concerning~mineral research 

and will, inform Dr., Soekanto"and us in'relation to: a'comprehensive mineral 

research program.
 

From,this region, some,of! the mineral related problems appeared to 'be 

related to the fact that soils werelextremely .low in calcium, phosphorus and 

copper. Several minor trials had been done and one of these indicated igood 

response to iodine supplementation for growing bulls and heifers. It was
 

noted that the chief human nutrition problems were deficiencies of vitamin
 

A, protein-calories, iodine and the occurrence of anemia.,_



.Malaysia,
The ~'irst visit to determine, the ,possibilities of cooperative mineral 

research: was not until December, 1977. There are twbresearch groups that 

have the potential to undertake mineral research withgrazinglivestock.:
 

These are,the,University:,Pertanian,Malaysia and,:the Malaysian Agriculture
 

Research and Development Institute (MARDI) both of which are-located at 

Serdang,,Selangor (near Kuala Lumpur). The chief contacts-wouldbe br.' Rudy
 

I. Hutagalung of the University and Dr. C. Devendra!and Mr. Thomas Lee-.".
 

Kok Cho of MARDI.
 

Very little mineral research has been done with the ruminant livestock.
 

In the 1950s some preliminary work showed a phosphorus deficiency based on
 

low serum phosphorus levels. Also, later work has shown low blood copper
 

concentrations. However, these low levels do not correlate with low levels
 

in hepatic tissues. Low molybdenum concentrations are also reported in soils
 

for forages. Some of the best research has shown that there is
a cobalt
 

deficiency in one region of Malaysia. Thia research was carried out by
 

MARDI on its research station near Kluang, Johore. Friesian crossbred and
 

Kedah-Kelantan cattle failed to thrive in this region. The animals were list

less, had rough coats and lost weight leading to emaciation, often resulting
 

in death. In the experiment there was a dramatic increase in live weight
 

gain as a result of vitamin B12 and cobalt administration. However, there
 

were no effects from copper or terramycin administration.
 

In evaluating our meetings with both the University and the research 

experiment station, we concluded that in relation to the.University, someone 

would be coming to the University of Florida for laboratory-training. Most 

likely this individual would bring selected animal and forage tissues fe

analysis. With the research institution, there.is apossibility of a-
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student coming for an advanced degree'. One possibility is for a student
 

-to ,collect*forage and animal tissues for, ruminant livestock areas of Malaysia 

and bring these samples to Florida for analysis ., Samples from three d s

tinct.regions ofj Malaysia.could,include the. central, westerh, northeastern 

and southern regions. Manyof, the animals, in ' these areas are importe;d
 
breeds, j however, 
 they have been in' these",. areas for : more than one year. One 

suggested possibility was to- collect samples 'from water buffalos and cattle 

grazing ,onr the same pastures. 



Peru:
 
The mineral;research program'in_Peruidi .not-start!untii February, 197
 

-However, :a Peruvian,-student, Dr. 'Ricardo:Valdi,.., 
 cuau worning towara 
his Ph.,D. 7for the last 3.years, Dr.dValdivia'sthess is entitled "Effect
 

of Dietary Aluminum on Phosphorus Utilization by 'Ruminants". Dr.Valdivia 

has now returned .to Peru.
 

hree research groups are now investigating the mineral-status of ruminants
 

in Peru. 
The main contacts of these institutions are as follows:
 

a) Universidad Nacional Mayor de San Marcos (IVITA) 
- Dr. Oswaldo del Valle
 

and Dr. RicardoValdivia.
 

b) Universidad Nacional Agraria (La Molina) -
Dr. Juan Kalinowski.
 

c) Universidad Nacional Pedro Rulz Gallo (Lambayeque) - Ing. Hilido Vidal.
 

Universidad Nacional Mayor de San Marcos Research
 

This institution has a great interest in mineral research and has had
 

experience with analyses. 
 The atomic absorption equipment isavailable and
 

technicians 
are well trained.
 

-Amineral research project has been written-up'with a translated-title 

of "Mineral Deficiencies - Evaluation of Effects of Mineral-Deficiencies on 

Cattle Production!., There would be 3 subprojects under'this: 

I.- Determination of mineral content of soil,- forage and-animal tissues 

obtained from the tropical zone at Pucallpa. In this experiment Saples 

will be, taken from;5 farms during both the wet and dry seasons. The
 

samples will, be. collected from animals tha are I
t tken t laughterhou'.es. 

A complete- history of, these animals willI Ibeknown. The' farmswill- in

clude the IVITA farm at::Pucalipa, San Jorge,'Turnavista-Bella And Tupac 

Amaru. -Samplesawillnbe:.tak n-from 'bothirgoing animals versus-those in 

pr'fegnancy ,'and/orz.lactation ., 

http:laughterhou'.es


II -"Evaluation of the Effect of Mineral Supplementation on the Growth of 

Beef Cattle (Nelore)., The duration of this ,.experiment:is 15 months and 

it will commence in August of,1978. :In this ;experiment Steers 8-months 

of age will be given thefollowing treatments: :a) control- pasture 
without mineral supplementation, b) pastures with salt only, c) pasture 

with salt + a calcium phosphorus source and'd) .pastures'+ salt + calcium 

and phosphorus + copper I, cobalt + zinc. Approximately 200 ,animals will 

be 'used in this experiment. Samples of blood, liver, 'forages and soils 

iill be collected every ,, 4,monthsvfor, analysis 

III - The Effect of Mineral Supplementation on'Live,Weight Gains and Repro

duction in Nelore,Heifers. iThe 'duration of this experiment is 24 months 

and willbe initiated, in August of 1978. Thisexperiment in approximatel 

the same as experimentIIexcept in this case heifers will be used and 

effect ofmineral,.supplementation on reproduction will be evaluated. The 

treatments are the same as those of experiment II. 

The majority of the mineral analyses for these experiments will be com

pleted, inLima at the'SanMarcos University. Analysis of cobalt, selenium
 

and molybdenum, however, :will be made at.the University of Florida. The
 

University of Florida-AID program has assisted the University of San Marcos
 

by, providing laboratory ,consumable supplies and by purchasing some needed 

parts for their atomic absorption ,unit.:
 

Much of the mineral research involved with cattle will be carried out at
 

the Pucallpa experiment station. 4,-At this, experiment station there are 1500 

cattle. Soils on this experimient station are very acid:and.average a pH of 4. 
The soils are low in, organic matter, magnesium, calcium and potassium. They 

are moderatoly low, inI phosphorus and available nitrogen,!as 'expected. Since th( 

soils are acid they contain considerable quantities of iron andaluminum. The
 



research at'the, experiment station already completed notes that forages are
 

low.inphosphorus as well as 
copper. Cobalt, however, appears to be in
 
adequate concentrations. An interestng observation was made in relation to
 

zinc deficiencylesions. ;A small percentage of t1e cattle had these lesions
 

which were"'cued -and , prevented by-,dditions of zinc salts.
 

Universidadd Nacionali Agraria Research
 

The National"Agrarian University at La 
 3olinahas been responsible foi
 

a great- ddal of agriculture research thein past~years. Part of' this re

search included some studies with mineral deficiencies.
 

There is now a sheep experiment undeiway with 1200 animals in the
 

CentralHighlands. 
The treatments are as follows: 1) salt + iodine + 

copper"+ cobalt, 2) salt + iodine + copper'+ cobalt + zinc, 3) salt +
 

iodine + copper + cobalt + 
zinc + phosphorus. Another.experiment is involved
 

with growing lambs and will last 6 months. 
The treatments are the same as
 

the first expe'riment. A third experiment "is at Pucallpa on a large ranch.
 
Here N fe cattle, 6 years of age, are being used. 
The treatments for this
 

experiment inuludei:" 11) sodium+ iodine, 2)" 'sodium + iodine + copper +
 

cobalt, 3) sodium + iodine + zinc, 4) 
 sodium +iodine + iinr ..... 

cobalt 4 phosphorus.' 

c-
In'the area of' Ju... , ....... J.LLuoucp nas been observed. It
 

wasd'felt-that this was n0t caused by a simple copper deficient 
 y or a molybdenum
 

'induced copper deficiency. Some thought is that possibly high zinc levels

may cause A copper defLciency. Additional 
 research~has noted low 'cobalt 

-and zinc areas ,in the Cusc' reg'ibn.
 
•Thestaff 4t La Molina 0woud like to be'more involved in a mpping type 

of,mineral ejer u'sin.g. liver,'blood "and forage samples 
 and also more 

mieasupplemei~iii epmet.t iS'hO~ed that thp 9taff of La-Moui~n 



All. cooperate with IVITAin carryingout mineral experiments. 

The University of ,Florida-AID contract has provided cobalt bullets..-and
 

other consumable supplies to La Molina,
 

Universidad Nacional Pedro:Rulz Gallo Research
 

Mineral research is now underviay in the Lambayeque region. The German
 

government has recently donated laboratory equipment .to the Universidad
 

Nacional Pedro Rulz Gallo which included an atomic absorption,spectrophotometer.
 

The laboratory facilities and equipment are now.adequate to undertake mineral
 

research.
 

Mineral research is being cazcied out on dairy cattle farms in a coopera

tive program between the University Nacional PedroRu z,Gallo, Centro Regional 

de Investigaciones Agropecuarias CRIA-II and the Mission from the German 

government. The first stage of research is to collect liver, blood.and forages 

from 5 to 10 farms where cattle graze :and also those on a zero pasture 

system. The collection system will be employed in both the wet and dry 

seasons for.Chacupe and Sasape regions of the Lambayeque state. The University 

will be responsible for sample collection and analyses. Personnel of Centro 

Regional de Investigaciones Agropecuarias CRIA-II will assist.in locaqting 

farms and taking sample collections while the German mission will provide 

equipment and some chemical supplies. Florida will assist~with coordination 
when needed and supply expendable supplies, mostly for collecting samples. 

The mineral research program to date is going, along very, well. There 

were some early problems with equipment but now the analyses are proceeding 

well. Liver, blood and forage sampleshave been Ltaken fromthe regions,,of 

Lambayeque, Chiclaye and Ferreaafe. From 142 total samples-,blood phosphorus 

levels were deficient in 18.18, 39.0 and 28.6,.(av. 25.4),ofthe regions, 

.respectively. It is hopeddto have some of the traceelementanalysessoon.
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the possibilities of mineral 
reslearc6h',in' the'region ofi e on. It i4 feelt that there is great Dotential 

for cattle in this area. 

The institution is planning'to look into 
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The Philippines 

In December, 1977, a visit was made° to the Philippines-. 5 The organizations 

responsible for research are the University of thePhilippines and the,-

Philippines Council for Agriculture and Resources Research (PCARR), both lo

cated*at Los Baaos. .The main contacts from the Department of Animal Science 

are Dr. Vicente Momongon (Head), Dr. Arsenio D. Calub and Dr. Perla L. Lopez. 

Contacts at PCARR are Dr. Joseph C. Madamba and.Dr. Alfonso N. Eusebio. 

There has not been a lot of mineral research done in the Philippines.
 

There is currently a three-year trace element research program but this is
 

for soils only and it is supportediby the'Atomic Energy Commission. There
 

is no atomic absorption unit at the nutrition laboratory. Soils are pre

pared in the nutrition lab and then sent to the Soils Department. In the
 

future equipment requirements for mineral research should not be a problem
 

since equipment has been ordered under the World Bank loan program which
 

would be available next year.
 

It was noted that apparently mineral nutrition was important for the
 

local forages. Based on lack of response, apparent sulfur and trace element
 

deficiencies were suspected. Some soil mapping has been done throughout
 

the Philippines but many of the results are inconclusive. It is apparent,
 

however, that phosphorus levels are quite low.
 

It was noted that in order to carry out mineral research, funds would
 

u to be'secured from somewhere for a laboratory technician. Also funds
 

were needed for visiting farms for collection of samples. We were asked if
 

the AID-Florida program could provide $5,000.00 for this undertaking. Upon
 

returning to Florida requestwas made to AID-Washington and was granted
 

for $5,000.00 to bemused in the Philippines program.
 

There is a possibility that a laboratory technician will be sent to
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Florida for training for 3-6f.There mon s.g was interest expressed in the 

lver1 biopsy .technique and, as aresult, the cattle here and at three other
 

experiment stations will be used for-collecting Samples '. 
 Over the next six
monhs~oka•
blood and' 
 nex st
months forage, blood and liver samples will be colected from herds of,cattle
 
in-three-to four regions of the PhilippineS . After this more definite plans 
wi-l be made for experiments which mi'ght include supplementatio trials. 
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Uruguay i
 

Two short trips ,have been madeto- Uruguay ,after we-found: they were:
 

interested in mineral research. Three working days March -28, 29'and$,30,
 

1977 and four working days November 22-24,,1977 were spentthere.
 

Dr. Ian Newsam who is project manager of the United: Nations Special 

Fund.Project with the Rubino yeterinary .Research.Centre-has-been very 

interested and helpful. Personnel changes-have prevented their Varian 

Techtron Model AA-6 from becoming operational. However, Dr. Fernando Riet 

has blbod serum phosphorus levels from several ranches in Uruguay indicating 

osteomalacia is a serious problem. 

Eight forage samples were analyzed at the University of Florida
 

Nutrition Laboratory. All samples were deficient in calcium and phos.
 

phorus with the phosphorus values being extremely low. Only two magnesium
 

levels were below the requirements but 5 of 8 sodium values were below
 

the requirement. Four of the 8 zinc levels were low but information on the
 

other trace elements are inconclusive due to possible contamination during 

grinding. 

Supplemental trials are in progress comparing treatments of (1) salt, 

) salt + dicalcium phosphate and (3) salt + mineral-protein block. 

The University of Florida is analyzing 40 forage samples and plan to
 

analyze about 250 more forage samples. There ismuch interest in mineral
 

research and mineral supplemental trials in the cattle and sheep raising
 

areas of the northwest part of the country.
 



Venezue la
 

Contacts were' firstl made in December,
 

minera4 research. 
 Three research groups are interested in inveitivatini
 

the mineral status of cattle in 
 Venezuela.
 

Maracaibo -
 The Veterinary and Agronomy faculty at the*University of Zulia
 
are interested"in 'studying the mineral status of cattle in the Lake Haracaibo 

region. 
They plan to collect soil, forage and animal tissue samples from
 

ranches in each of the 4 different regions.
 

One mineral supplementation program has now been completed" 
This experiment
 

involved 196 animals (both steers and bulls). 
 These animals were divided
 

into combinations of treatments to include steers vs. bulls, Ral-Grow, selenium

vitamin E, and copper. The results of this experiment have not yet been
 

statistically analyzed. 
However, apparently there was no effect with the
 

copper supplementation. 
Administration of selenium-vitamin E did hnn.wuPu 

improve the growth response. 

During this mineral supplemLiuaLivu program an interestlng development 

occurredwith 6 of the 'animals.''At one time, these animals were down with 

what -apearedto be grass'tetan'y. 
 Magnesium sulfate was administered and
 

5 of these animals responded quickly with the sixth animal responding more
 

slowly."' 

Later-in 1977 Dr. Capote initiated an experiment south of Maracaibo. Thio 

experimet'had the same design as the previous one wiih the exception-of 

cobalt btllets also being adknistered. 

The veterinary section at the Universiry or zuiia has recently received
 

new laboratory facilities and equipment. 
 In 1978 these facilities will be
 
J.
 

operational and mineral analyses'will be undertaken
 

The group 'at Maracaibo is also 'interested in studying the factors 



responsible for the low calving interval in carrie, paruicu~arLy DeEween 

the first and second calves. They are considering undertaking;.studies 

on this problem. 

An additional experiment has been setup to study the effect-,of additions
 

of 1, 2 and 3% proprionic acid on the mineral status of sheep. The duration
 

of this study will be 56 days with animals in metabolism cages..Feces,,
 

blood and urine samples will be collected and,analyzed in addition to feed.
 

The mineral analysis will include calcium, ph6sphorus, potassium', magnesium,
 

copper and manganese.
 

The main contacts in Maracay are Dr. C. J. Perdomo of the Universidad
Maracay -

Central de Venezuela and Dr. Claudio Chicco of the Secci-n de Zootecnia, 

Centro de Investigaciones Agronomicas. Unfortunately at, this time, there 

appears to be no mineral research taking place in Maracay. It is,unfortunate 

that there have been no follow-up on the mineral research in the Apure state 

related to "falling disease". There are symptoms: of a long-hair, syndrome 

from some cattle in the llanos. A mineral analysis has been done but no 

differences between normal and abnormal animals could be found. Dr. Perdomo 

is considering a supplementation trial using copper, selenium-vitamin E and 

iodine.
 

The main mineral research which will be coming out of the Maracay, region 

is the thesis results of Ing. David Morillo. While inMaracay David Morillo 

spent one year collecting Samples from distinct areas in the llanos in which 

efficiency of production is low. One of these ranches has a severe problem
 

of "falling disease".
 

Ing. Morillo has collected forage, blood, liver, feces and soilsamples 

from 11 farms in the llanos. These collections have been made for 2 classes of 

animals: pregnant-lactating animals and growing animals, twice a year 

(wet and dry seasons). Ing. Morillo is now at the University of Florida
 



taking course work and doing the analysis towards his M. S.,degree.
 

Jusepin -
 In Jusepin Ing. Jose Velasquez of the Universidad de Oriente has
 

undertakes a very active mineral research program. 
Ing. Velasquez recei'ed
 

fund's from CONICIT to carry out this mineral research program. To date,
 

Ing. Velasquez has taken soil, forage and blood samples from eleven ranches
 

in Monagas state. 
All of the analyses have been completed for the dry
 

season, In September, 1977, he finished taking all of the samples for the
 

wet season and these are now being analyzed.
 

From the 11 ranches ten samples of forage were taken per pasture and i..
 

some cases there were as high as 100 total sample's (10 samples X 10 per
 

pasture). The following is a 
summary of the results of the pasture analyses: 

Potassium  many of the samples were all right in potassium with most sam

ples being in the range of 1-2%. However, some farms.had concentrations less 

than .4%. 

Magnesium  these values were quite low, generally ranging from .03-.05%.'
 

Calcium - these samples were also low. 
 Most of the samples were .10%
 

calcium or less. 
 On farms with pangola grass this level was apvroximately
 

doubled.
 

Phosphorus 
 more than 90% of the samples were 0.06% phosphorus or less. 

Only 24 of 299 total samples had .1% phosphorus or more, 

Iron -,these concentrations were fairly good with 70% containing 40-60 ppm. 

-manganese
Manganese was also relatively,adeauate with ThAmAn it.V ha4v% 

20-30 ppm or more.
 

Sodium - 9 farms were adequate in sodium having a range of between .1 anid' 

.2%. Two farms, however, were low', containing 1.03 and .06%. 

Zinc,- zinc forage levels were very low with many less than 20 ppm.,
 

Copper - copper likewise was very deficient with the majority between 1-4 :ppm. 
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Molybdenum - molybdenum values'were highly variable ranging from non

detectable to 30 ppm.
 

In general, the mineral status based only on the forage analyses would
 

appear to be very poor. It is interesting that one farm which had quite
 

high levels of forage copper.apparently was using a herbicide which
 

contained this element,
 

The following summarizes the information concerning 'the blood serum
 

levels.
 

Calcium - for the dry season analyses, the blood calcium was extremely high.
 

Some values were 20-40 mg%. We would expect errors when such high values
 

are recorded. 

Potassium - there are some reports that note below 52 mg% as a critical 

level for this'element. The majority of the potassium serum levels were low, 

averaging between 35 and 45%. 

Magnesium - magnesium status appeared to be adequate with little variation 

between animals and farms. 

Phosphorus " most of the blood phosphorus levels were high, ranging between 

9 and 12 mg%. 

Sodium - there was little variation in the sodium concentrations with most 

values approximately .68 mg%. 

Copper - most of the farms appeared to be adequate in copper, however, four 

or five farms were quite low in this element. From these farms, levels of 

copper ranged from what would, be considered to be :adequate to severely de

ficient.
 

From the soil data itwas noted.that the soils ranged between 4.5-5.0 in 

pH. The majority of samples are 4.5 or less. organic matter in the soils is 

considered low. PhosDhorus levels ranged from 1-7 ppm. 
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Ing. Velasquez outlinedsupplementation programs that will
 

be undertaken in two ranches in Monagas state. In one exp , the 

effect of calcium, phosphorus and salt on cattle reproduction will be studied. 

There will be 28 animals for each of the following four treatments: 1)
 

calcium only, 2) phosphorus only, 3) 
salt only and 4) calcium + phosphorus
 

salt. 
 In a second experiment, the effect of calcium, phosphorus, copper, co

balt and selenium-vitamin E on the growth rate of calves will be studied.
 

Animals will and will not be receiving calcium and phosphorus. In addition,
 

eight subtreatments will be used with injections of selenium-vitamin E,
 

copper and cobalt bullets. The various combinations of these trace minerals
 

will be administered. This experiment will be for one year starting with
 

6-month-old calves.
 

The University of Florida-AID program is only providing consumable
 

supplies, mostly used for sample collections and injections of various
 

minerals.
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2. Interpretation of Data -nd Supporting Evidence: Available-research
 

data indicates that phosphorus is the most widespread mineral deficiency
 

fur grazing livestock. Calcium deficiencies are rare under grazingcon

ditions and this is an important fact because many older textbooks in
 

-Latin Americaemphasize calcium deficiencies rather than phosphorus.
 

Copper and cobalt deficient regions extend over wide areas of Latin
 

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

sodiup, iodine, selenium, and zinc and toxicities of molybdenum, selenium
 

and fluorine are encountered in diverse areas of Latin America.
 

The soil-plant-animal relationship h a to make the interpreta

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

and forage species necessitate an intensive mineral research effort. The
 

mineral research abstracts in the Appendix emphasize some of the data which
 

is available and the need for more specific data.
 

3. Research Design: Currently we are cooperating with mineral research
 

programs in fourteen countries and each country has a number of different
 

regions. Research people in these countries have certain problems and
 

priorities. We are making a major effort to assist each country in
 

developing and applying acceptable mineral research design and scientifically
 

based research techniques.
 

Research emphasis is being placed on regions where reported "pro

blem" areas exist which suggest mineral'deficiencies or toxicities. This
 

approach is more feasible than attempting to map large areas where de

"ficiencies or toxicities are not apparent. As a result, emphasis iias been
 

placed on the following "problem" areas:
 

a,.Bolivia - Beni region lo' production,and phosphorus deficiency.
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b. 	Brazil - MatoGrosso apparent mineral deficiency or toxicity,
 
Ceara cobaltdefitciencyand'RiO GrandedoSul selenium deficiency,
 

c'. 	 Colombia 
 central selenium "toxic,.llanos (low Production)and in,
 
large areas copper deficiency alone or molybdenum induced copper
 

deficiencies.
 

d. 	Costa Rica -
Guanacaste (low production), San Carlos high forage
 
'Oxalates'and throughout country severe phosphorus deficiencies.
 

e. 	Ecuador  highlands, reproductive problems and western, selenium
 

inadequacies or toxicities.
 

f. 	Indonesia, Malaysia and the Philippines 
- Cobalt deficiency in
 
Malaysia and clinical signs resembling mineral deficiencies in each
 

country.
 

g. 	Venezuela - Llanos low production and clinical signs resembling
 

copper deficiency.
 

Sample collection and preservation under field conditions are
 
problems. 
 Separation of the serum or plasma from whole blood rapidly
 
and without hemolysis under field conditions is difficult. Undertaking
 
mineral supplementation studies on private farms are often necessary but
 
can be unproductive. Experiments on private farms in some instances
 
have been initiated and several months later the animals were sold prior
 
to obtaining useful data. 
Collecting forage samples which represent what
 
the 	animals consume is nearly impossible. Logistics of 	carrying on field 
research at 	locations distant from reseaich 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'worthwh'le research publications in Latin'America such
 
as 
theses and symposia pro'ceedings are not readilvy nA-1.1, 




and abstracting journals.
 

E. Dissemination and Utilization of Research Results
 

More than 1,000 copies of the manual entitleu .... w 

Analysis for Plant and Animal Tissues" are being distributedin 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
 

in Portuguese throughout Brazil. In April or May, 1978, translations to
 

English and Spanish will be complete. Approximately 2,000 English and 1,500

i,000 Spanish copies will be available for distribution. Other articles
 

that have been presented at oymposia and acientific meetings have
 

been widely distributed.
 

A review article entitled "Trace Mineral Nutrition in Latin America" 

is being published in the "World Animal Review", which has a large 

circulation in developing countries. An additional 500 copies have been 

ordered and will be distributed to interested researchers. 

Large quantities of theses and other reports are also sent to col

laborators and other interested persons. For example, 200 copies of the 

thesIs entitled "Mineral supplementation of grazing beef cattle in the 

Eas tern Plains of Colombia" were distributed to interested persons. This 

particular thesis illustrated mineral research procedures very well. 

1. This project has stimulated tremendous interest in the mineral pro

blems of grazing ruminants in the Latin American countries in which
 

we have cooperated. Research, extension, producers and commercial per
sonnel have known they had problems; now they see the possibility of
 

finding the correct solution to these problems.
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All pe''sonnel directly associated wIoth the mineral project art 
contan 

-'the answering questions concerning formulation of mineralUixe-urf ,n mixtureofrminra

nd the correct use of miueral mixtures. During country visits most
 

meetings with'researchers are 
in small groups. However, seminarson mineri 
research are often requested and given to larger audiences.
 

It is significant and noteworthy that or 
 ations not directly
 
involved with the AID/Florida contract reque 
 ...formation on methods
 
and procedures for mineral research.
 

ost of the information which is being distributed has direct ap
plication and we see evidence that this information is being 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 encouraged 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 th6 materials for doing mineral research. 
Governmental personnel re
cognize that minerals are limiting, but this is not a top priority. 
Re
search reviews 
and sample research designs, often written in Spanish or
 
Portuguese, are provided by the University of Florida. 
This information
 
along with personal visits is often sufficient to stimulate an 
in-country 
mineral research program. By starting with the areas where mineral
 
problems" areclearly evident 
 there is a good possibility thatthe solu

'
tion canbe foundbe'and that itwill be applie by th i to.,ap led bythe livestock producersproducers
 

i the area.
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Mineral research in Latin America is an extremely ambitious program.
 

We are currently working in fourteen countries andsome of these programs
 

are just beginning to gather momentum. We would like to expand this
 

program into other countries as time, personnel and funds permit. It
 

requires several years of concentrated effort to identify and correct
 

these mineral problems.
 

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

institutions within the respective countries. During the reconnaissance
 

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
 

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

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

coincide with their specific conditions in their own country.
 

b. 	The execution of the field work. Limited human and financial
 

resources are available within the framework of this project.
 

What is available is used primarily to supply technical information
 

and ideas, expendable materials which are difficult to obtain within
 

the cooperating country and in some cases seed money with which
 

to initiate mineral programs.
 

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

country is the property of this country. The Universitygf Florida
 

assists with some of the more difficult analyses, interpretation,
 

and summary of data as requested. Permission must be obtained in
 

writing and credit given as co-author and cooperating agency when
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applicable'.
 

4. Recent abstracts related to mineral research can be found in the
 

appendix.
 

F. Work Plan and Budget Forecast for-Coming Year.
 

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

of their mineral research programs. Comparatively speaking the most
 

effort is in Brazil, Costa Rica and Colombia. The greatest effort for a
 

mineral supplementation program is in Bolivia. 
Mineral research programs
 

are all going well in Ecuador, El Salvador, Guatemala and Venezuela.
 

Cooperating with two countries (Peru and Uruguay) is at a 
modest beginning,
 

while programs in the Asian countries of Indonesia, Malaysia and the
 

Philippines are still in the discussion phase. 
Mineral research in the
 

Bahamas is of a very limited nature.
 

Anticipated accomplishments 
for the coming year include initiating
 

research programs in other countries (i.e., Kenya and Mali), establishing
 

comprehensive research programs in Indonesia, Malaysia and the Philippines
 

and for all countries assistance with analyzing samples for mineral con

centrations, analyzing and interpreting data, and publishing results.
 

Anywhere from 1 to 3 trips are needed for each country annuallv in order to
 

adequately supervise and encourage the mineral research programs.
 
2. Procedures to be used and'activities tobe carried out includu
 

following: Finish publishing and then distributing the symposium pro

ceedings i "Latin American Symposium on Mineral Nutrition Research with 
razing Ruminants" in Englishand Spanish. 

Continue distributionof theimanUal '"ethods of Mineral Analysis for 

'lant and Animal Tissues" in Spanish, English and Portuguese to appropriate 

iersonsland ins titutians 
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Provide personnel and facilities at the University :of iFlorida to
 

help train 2 to 3 techniciansduring,3months or morein analytical
 

procedures for mineral analyses.
 

Continue to improve analytical methods,for analysis of selenium, 

cobalt, molybdenum and sulfur and update laboratory manual. 

.Encourage and assist cooperating country personnel to,present ,re

sults at conferences and to publish results and write extension type 

publications for the producers. 

Work with producers and companies in.the formulation and,feeding of 

mineral supplements. 

Continue to stimulate mineral research tnrougn corresponaence,
 

publication of popular articles and the attendance 'at conferences,
 

seminars and workshops.
 

Make personal visits to cooperating countries from one to three times
 

annually and provide limite.d financial resources and difficult to obtain
 

expendable materials.
 

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

governments are the principle factors whichwill 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 3,500-4,000copies ofthe "Latin
 

American Symposium on Mineral ,Research with ,GrazingRuminants"'wi.ll be
 

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

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

5. Budget Statement:
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.BUIDGET STATEMENT (Fiscal Report)
 

Contract No. AID/ta-c-1153
 
Between the United States of America
 

and the University of Florida
 

Funds Available 

Category 11/1/74-10/31/79 


Salaries $247,983.00 


Fringe Benefits 30,899.00 


Overhead 125,102.00 


Cooperating Country and/
 
or 3rd'Country Nationals 57,250.00 


Travel and Transportation 124,106.00 


Equipment, Materials and
 
Supplies 133,273.00 


Other Direct Costs 30,359.00 


Totals $748,972.00 


Overhead: 
On Campus (45% X 13,205.55) = $5,942.50. 

To Date
 
12/31/77
 

$133,473.72
 

15,302.05
 

66,771.70
 

20,079.27
 

74,344.98
 

107,460.18
 

17,874.88
 

$442,246.78
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G..., Appendix
 

1. Contacts visited in Bolivia,' Brazil, Colombia, Costa Rca,
 

Ecuador, El Salvador, Guatemala, Indonesia, Malaysia, Peru
 

the-Philippines iUruguay and Venezuela.
 

2. 
Titles and authors of papers presented at the 1976 Latin American
 

Symposium on Mineral Research with Grazing Ruminants, Belo
 

Horizonte, Brazil. 
Publication of Symposium Proceedings,
 

available in both English and Spanish, will be oublishad and
 

distributed in 1978.
 

3. Bibliographic list of publications from November 1, 1976 to
 

March 1, 1978.
 

4. Abstracts (or summaries) of selected papers submitted for
 

publication or published between November 1 1977 and March 1,
 

1978.
 

a) Alonso Guzman, Manrique. 1977i Evaluacion del estado mineral
del ganado y los pastos en los distritos de La Cruz, Canas
Dulces y Filadelfia de la provincia de Guanacaste durante
 
la gpoca seca. Tesis. 
Facultad de Agronomra, Universidad
 
de Costa Rica, San Jose.
 

,b) 	DSbreiner, JUrgdn, Jeronimo Alves Chaves, Ivan Valadao Rosa
and Richard H..Houser. 1975. 
 Efeito da transferancia debovinos com "cara inchada" (doenga peridentfria) para pastosde regiao indene. Pesq. Agropec. Bras., Ser. Vet., 10: 
99-103.
 

c) Kiatoko, M., L. R. McDowell, K. R. Fick, H. Fonseca, J. Camacho,
J. K. Loosli and J. H. Conrad. 1978. Mineral status of
cattle in the San Carlos region of Costa Rica. 
J. Dairy Sci.

(accepted for publication).
 

d) 	Lebdosoekojo, Soekanto. 
 1977. Mineral supplementationof
grazing beef cattle in the Eastern Plains of Colombia.

Ph.D. thesis. Gainesville, Florida.
 

e) Lebdosoekojo, S., C. Aummerman, N. Raun, J. Gomez and R. Litell.1977. Suplementacion mineral del.ganado en pastoreo en losllanos orientales de Colombia. ALPA:R-52.o -. 



,f) McDowell, L. R. 1977. 
Current mineral research in Latin

America. Eleventh Annual Conference on Livestock and
 
Poultry in Latin America. p. Bl0-25, University of Florida,

Gainesville (inEnglish and Spanish).
 

g) McDowell, Lee R. 1977. Investigaciones minerales en ganado

en Latinoamerica. 
Segundo Curso en Nutrici6n y Alimentaci~n.
 
p. 1-24, Lima, Per6.
 

h) 	McDowell, Lee R. 1978. 
Geographical distribution of nutri
tional diseases in animals. :Chapter in "CRC 1978 Handbook
 
of Nutrition and Food". 
94 pp. CRC Press, Inc. Cleveland,
 
Ohio.
 

i) 	McDowell, Lee R. andJoe H. Conrad.' 
1978. Trace mineral

nutrition in Latin America. 
World Animal Review, No. 24,
 
24-33.
 

j) McDowell, Lee R., Joe H. Conrad, Jenny E. Thomas, Lorin E.
Harris and Karl R. Fick. 1977. Nutritional composition of
 
Latin American forages. Tropical Animal Production (in
 
press).
 

k) 	McDowell, L. R., Carlos E. Lang, J. H. Conrad, Frank S.

Martin and Hernan Fonseca, 1977. Mineral status of beef
cattle in Guanacaste, Costa Rica. 
Tropical Agriculture
 
(submitted).
 

1) 	Mendes, M. 0. 1977. Mineral status of beef cattle in
 
northern part of Mato Grosso, Brazil, as 
indicated by age,
season and sampling'technique. Ph.D. dissertation, University

of Florida, Gainesville.
 

m) 	Murillo Bravo, Olger. 1977. Evaluacign del estado de
 
nutrici~n mineral del ganado bovino en pastoreo en el canton
 
de Canas, Guanacaste. Tesis, Facultad de Agronomra, Uni
versidad de Costa Rica, San Jose.
 

n) 	Palmer, Francis, Luis Fdo. 1977. Evaluacign del estado de
 
nutricion mineral del ganado bovino de la Provincia de
 
Cartago. 
Tesis, Facultad de Agronomia, Universidad de
 
Costa Rica, San Jose.
 

o) 	Perdomo, J. T., 
R. L. Shirley and-C. F. Chicco. 
1977.
 
Availability of nutrient minerals in the form of tropical
 
forages fed freshly chopped to sheep. J. Anim. Sci. 45:
 
114-119.
 

p) 	Perla, Ferdinando, Luis A. Silva, Guillermo Acosta M. and
 
Francisco de Moreno. 1977. 
 Estado deminerales en ganado

de abasto de El Salvador. Submitted abstract for 1977 ALPA
 
meetings, Havana, Cuba....
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q) 	Valdivia, Ricardo. 1977. 
Effect of dietary aluminum on

phosphorus utilization by ruminants. PhD. Thesis4
 
Gainesville, Florida.
 

r) 	Valdivia, R., C. B. Ammerman, J. P. Feaster, P. E. Loggin

and P. R. Henry. 1977. Effect of aluminum on phosphorus

utilization by lambs. 1977 American Society Of Animal 
Science abstracts p. 265.
 

5. Annual estimated cost of mineral research in Latin.American
 

countries.
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Mineral Research-Contacts
 

Bahamas
 

Dr. Frank J. Madden

Agricultural Research Training and 

Development Project (BARTAD) 


San Andros P. 0. 

North Andros Island, Bahamas 


Bolivia 


Mr. Daniel Chaij 

Mr. Baastian Schouten 

Mr. Gary Alex 

Mr. Richard Peters 

Mr. Richard Arche
 
USAID/Bolivia 

c/o U. S. Embassy 

La Paz, Bolivia 


Ing. Bernardo Bauer 

Ing. Enrique Galdo 

c/o Estancias Elsner Hermanos
 
Cajon de Correo 6007 

La Paz, Bolivia 


Ing. Felix Fernindez Bustos, Gerente General 

Ing. Werner Feistkorn 

Dr. Felix Ramrrez M. 

Proyecto de Desarrollo Rural Integrade (INGAVI) 

Casilla 8561
 
La Paz, Bolivia 


Dr. Sim~n Riera G., Executive Director 

Ing. Querubrn de la ZerdaResearch Director 

Instituto Boliviano de Tecnologla 

Agropecuaria, IBTA
 
Edificio del Ministerio de AA.CC. y 

Agropecuarios 


Avenida Camacho 

La Paz, Bolivia 


Dr. Juan Figueras 

Dr. Benjamin H. Waite
 
USAID/University of Florida Team 

Casilla 673 

La Paz, Bolivia 


Ing. Tito Rodriguez 

Ing. Juan Rodriguez
 
Ing. German Espinbza
 
Instituto Boliviano deTecnologla(cont.) 

A ropecuaria, IBTA

Edificio delMinisterio de AA.CC.
 

y Agropecuarios
 
Avenida Camacho
 
La Paz, Bolivia
 

Dr. D. W. James
 
Co-Director, Consortium for
 
International Development
 

Avenida Camacho 1471
 
Casilla 8019
 
La Paz, Bolivia
 

Dr. John Wilkins
 
Sr. Hugo Perez Soleto
 
Ing. Agr. Emana V.
 
CIAT/Mision Britanica
 
Casilla 359
 
Santa Cruz, Bolivia
 

Dra. Maria Rosa Tonelli
 
Encargada de Laboratorio y
 
Bioqu]mica
 

Departamento de Morfofisiologra
 
Facultad de Ciencias de la Salud
 
Casilla 702
 
Santa Cruz, Bolivia
 

Ing. Armando Peducasse Camacho
 
Ing. Filem&n Vallejos Rodas
 
Egresado Veterinario
 
Mercado No. 361
 
Santa Cruz, Bolivia
 

Dr. Raul Grock T., Dean
 
Dr. Mario Bedo Paniagua
 
Dr. Andres Parra L.
 
Facultad Veterinaria y Zootecnia
 
Casilla 702
 
Santa Cruz, Bolivia
 

Dr. Winston Suarez A.
 
AGRIPAC
 
Boliviana Cia. Ltda.
 
Casilla 3042
 
Santa Cruz, Bolivi3a
 



Bolivia continuea
 

Lic. Isaac Torrico
 
USAID/RDD 

Edificio del Ministerio de AA.CC 

y Agropecuarios
Avenida Camacho 


Casilla 673
 
La Paz, Bolivia 


Brazil 


Dr. Adilson Serrao 

Cristo Nazare Barbosa ao Nascimento
 
Setor de Criaqao e Melhoramento 

IPEAN/EMBRAPA 

Caixa Postal 48 

66.000 Belem - Para, Brazil 


Dr. J. A. Carneiro Viana 

Prof. Roberto Machado da Silva
 
Dr. Norberto Mario Rodrrguez 

Escola de Veterinaria de U.F.M.G. 

Caixa Postal 567 

30.000 - Belo Horizonte - MG, Brazil 


Mr. Helvecio Mattana Saturnino 

EPAMIG 

Avenida Amazonas, 115
30,000 - Belo Horizonte - Brazil 

Dr. Vicente P. M. Peloso 

SQS 316 H. 606
 
70.000 Brasilia D. Fe. Brazil 


Dr. Ruy P. Valle 

Chefe de Sercon 

Esplanada dos Ministerios 

Bloco 8 - Brasilia - D. F., Brazil
 

Eng. Henrique Otavio Lopes 

EMBRAPA - CPAC 

Caixa Postal 07/00084 

70.000 - Braslia -. n- 7?- Rrn731 

Dr. Matheus Bressan 

Departamento de Recursos Humanos 

EMBRAPA 

Ed. Venencio 2000, 69 Andar
 
70.000 Brasilia-D. F., Brazil 


EMBRAPA
 
Dept. Recursos Humanos
 
Ed. Venancio 2000,,69 Andar
 
70.000 Brasrlia - D. F., Brazil
 

Jose Mendes Barcellos
 
Armando Primo
 
Rodovia BR 262 - KM 4
 
Caixa Postal, 154
 
79.100 - Campo Grande -Mi, Brazil
 

Dra. Zelma Araujo
 
Prof. Jose Adalberto Gadelha
 
Departamento de Zootecnia
 
Centro de Ci~ncias Agrgrias
 
Universidade Federal do Cearg
 
Fortaleza, Cearg, Brazil
 

Dr. Kenneth M. Autrey
 
Departamento de Zootecnia " ESAL
 
Caixa Postal 37
 
37.200 - Lavras - MG, Brazil
 

Dr. Enio Prates
 
Prof. Ema Laboute
 
Avenida Bento Gongalves, 7712
 
Faculdade de Agronomia,
 
U.F.R.G.S.
 
Porto Alegre - RS, Brazil
 

Dr. Jorge Lopes
 
Supervisao da Produgao Animal
 
Secretaria da Agricultura
 
Avenida Get~lio Vargas, 1384
 
90.000 Porto Alegre - RS, Brazil
 

Dr. Paulo Ponce de Leon Filho
 

Rua Raimundo Freixeira, 254
 
Casa Amarela
 
50.000 - Recife - PE, Brazil 

Eng. Agr. Odon P. Santana 
Chefe de Segio de Zootecnia do I.P.A. 
Secretaria da Agricultura 
Recife - Pernambuco, Brazil 

Dr. Carlos Tokarnia
 

SAP-IPEACS,:
 
KM 47 Rio - SaoPaulo via Camp6 Grande
 
20,000 Rio.de Janeiro, !ZC-26, Brazil
 



Brazil continued
 

Dr.,Jurgen Dbbereiner 

Animal Pathologist 
EMBRAPA/RJ, Km'47 
Via Campo Grande 
20.000 Rio de Janeiro, RJ,.ZC-26
Brazil 


Dr. Raimundo Costa de Lemos 

Ped~logo Senior da OESA e SEEBIA 

Rio de Janeiro, Brazil
 

Dr. Josi Roberto Taranto 

Av. Visconde de Albuquerque, 118 

Apt. 502
 
Rio de Janeiro, Brazil 


Dr. Lauro Muller 

Universidade Federal de Santa Maria 

Departamento de Zootecnia 

Caixa Postal 676
 
Santa Maria - RS, Brazil 


Dr. Luiz C. G. Bayer

Tortuga 

Rua do Progresso, 219 

Caixa Postal 12.635
 
Santo Amnaro - SP, Brazil 


Dr. Arthur Paulo Tambellini 

Coordinador Tecnicc

Dr. Carlos Amaral Cintra 

Secretario Executivo 

Associagao dos Empresarios

Agropecuarias da Amazonia 

Rau Riacheulo, 231 S/L

Sao Paulo - SP, Brazil 


Dr. Alexandre J. L. Develey

Bayer do Brasil Industrias Quimicas 

Departamento de Defensivos 

Rau Alexandre de Gusmio, 606 

Santo Amaro, Socorro 

Sao Paulo - SP, Brazil 


Dr. Waldemar Camaro 

Dr. Nelson Fernandez
 
Instituto Biol6gico 

1252 Conselheiro Rodrigues Alvei 

Caixa Postal 7119 

01000 Sao Paulo - SP, Brazil, 


Dr. Joao Soares Veiga
 
Rau Cafelandia, 54 - Sumare
 
Sao Paulo - SP, Brazil
 

Stephen Bromfield Geld
 
Sementes Contibrasil Ltda.
 
Avenida Dr. Vieira de Carvalho, 40
 
69 Andar
 
Sao Paulo - SP, Brazil
 

Dr. Manoel Becker
 
Rau Firacuama, 52
 
05017 Sao Paulo, SP, Brazil
 

Dr. Nelson Chachamovitz
 
Tortuga 
.
 
R. Progresso, 219
 
C. P. 12635
 
Santa Amaro, Sao Paulo, SP,,-Brazil
 

Celso Ribeiro Moreira

Eng. Agrniomo
 
Rua Lima Barros, 78
 
04503 Jardim Paulista
 
Sao Paulo - SP, Brazil
 

Mr. Arnaldo Zancaner
 
Rua Flavio de Moraes, 10

01249 - Sao Paulo 
- SP, Brazil
 

Eng. Agr. Edgard L. Caielli
 
Centro de Nutrigio Animal
 
Nova Odessa
 
Sao Paulo - SP, Brazil
 

Dr. Joaquim Campos
 
Dr. Joe Brandao Fonseca
 
Dr. Jose Alberto Gomide
 
Dr. Jose Fernando Coelho da'SilN
 
Prof. Dirceu Jorge da Silva
 
Departamento de Zootecnia
 
Universidade Federal de Vi osa':
 
36.570 Vigosa, Minds Gerais 
- MG, Brazil 

Colombia
 

Mr. Phillip D. Smith:,
 
Rural Development Officer'
 
USAID/Colombia

c/o U. S. Embassy
 

Bogota, Colombia
 



Colombia continued
 

Mr. David Schaer 

Asst. Rural Development Officer 

c/o U. S. Embassy 

USAID/Colombia 

Bogota, Colombia 


Mr. Hector Sarmiento
 
Livestock Advisor 

USAID/Bogots 

c/o U. S. Embassy 

Bogota, Colombia 


Dr. Arturo Gil, Director
 
Depto. de Nutricion Animal 

ICA-Tibaitats 

Apartado Agreo 151123 Eldorado 

Bogota, Colombia
 

Dr. Edgar Ceballos -

Jefe Division Ciencias Animales 
Instituto Colombiano Agropecuario 
ICA 
Apartado Aereo 7984 
Bogota, Colombia 

Dr. Juan Salazar 

Director del Programa Ganaderb 

Caja de Cradito Agrgrio 

Edificio Avianca 

Oficina 2607 

Bogota, Colombia
 

Mr. Wayne Miles
 
Apartado Agreo 51612 

Bogot-a 2, Colombia 


Dr. Edward J; Stone 

Director Internacional del Proyecto 

Programa del Desarrollo de la Ganaderfa 

FAO 

Apartado Agreo 5773
 
Bogota, D. E. 1, Colombia 


Mr. Leslie R. Patterson 

Presidente 

Pfizer Division Agrrcola Veterinaria
 
Calle 54 No. 10-81 

Apartado Agreo 5641. 

Bogota, Colombia 


Dr. Jorge T. Gallo
 
Director Tecnico
 
Pfizer-Division Agrrcola Veterinaria
 
Calle 54, No. 10-81
 
Apartado Agreo 5641
 
Bogota, Colombia
 

Dr. Luis E. Tergas
 
CIAT
 
Apartado Aereo 67-13
 
Valle del Cauca
 
Cali, Colombia
 

Ing. Miguel Robbin
 
Apartado Aereo 43-17
 
Medellin, Colombia
 

Dr. Costar Araneo
 
Compania Nacional de Chocolates
 
c/o Miguel Robbin
 
Apartado Agreo 43-17
 
Medellin, 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
 
Apartado Aereo 1226
 
Medellin, Colombia
 

Costa Rica
 

Prof. Hernrn Fonseca
 
Ing. Emilio Vargas
 
Dr. Nestor Marciles
 
Facultad de Agronomia
 
Universidad de Costa Rica
 
Ciudad Universitaria "Rodrigo Facio"
 
San Josg, Costa Rica
 

Ing. Juan Coward
 
Cuerpo de Paz
 
c/o American Embassy
 
San Josg, Costa Rica
 

Ing. Fernando Calderon L..
 
Dawe's Laboratories ofiCentr'alAmerica
 
Apartado Postal'2222..
 
San Jos.,Costa Rica
 



Costa Rica continued
 

Ing. Pedro J. de Matheu 

Dr.. Rolando Quesada B. 

Ing. Fernan J. Peralta Volio 

Pfizer, S. A. 

Apartado Areo. 10202. 

San Jose, Costa Rica 


Mr. Tim Roberts 

Dr. Victor Clark
 
Mr. John Flatt 

Escuela C. A. de Ganaderla 

Arenas, Costa Rica " 


Ing. Carlos Lang 

Presidente Nutec, S. A. 

Nutricign Tecnica 

Apartado Agreo 2000 

San Josi, Costa Rica 


Mr. James Hawes 

Food and Agriculture Officer
 
in 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
 

Ecuador 


'and 
Mr. Joe J. Sconce 
Dr. Mike Schwartz 
Agency for International Development 
c/o American Embassy 
Quito, Ecuador 

Dr. Enrique Ampuero 

2955 San Javier 

(Corner Av. FCO-Orellana, 1 block 

from Av. 6 de Diciembre) 


INIAP
 
Casilla 2600 

Quito, Ecuado.
 

Ing, Orlando Molina
 
Ing Jorge Goza..eZ...
 
Ing. Vicente Leo
Leche
 
INIAp d
 

Estaci~n Experimental de Santa Catalina
 
Apartado 340
 
Quito, Ecuador
 

Dra. Valeria de Zavala
 
Dr. Marc Treboux
 
Ing. Gilberto Tenesaca
 
Ing. Telmo Oleas
 
Ing. Fausto Ceballos
 
Ing. Thelmo Hervas Ordones
 
Depto. de Nutricign
 
INIAP
 
Estaci~n Experimental de Santa Catalina
 
Apartado 340
 
Quito, Ecuador
 

Ing. Eduardo Sotomayer
 
Mr. Daviel Matthias
 
Mr. Michael Hendrickson
 
Mr. 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
 

Cattle)
 
Dr. John Bishop
 
Eng. Angel Anzules
 
Ing. Jorge Chives
 
Ing. Rail Santillan
 
Ing. Carlos Forfon (Portarrejo Experiment
 
Station in Chone)
 

Estaci6n Experimental de Pichilfigue
 
INIAP
 
Apartado 24
 
Quevedo, Ecuador
 

El Salvador
 

Mr. Robert Moffet
 
Food and Agriculture Officer
 
AID 
cdo American Embassy
 
San Salvador, El Salvador
 



,ElSalvador'continued
 

Dr. Ferdinando Perla 

Ing. Mauricio Barg Hernandez 

Ing. Luis A. Silva H. 

Direccion General de Ganaderia 

Ministerio de Agricultura y 

Ganaderfa (Soyapongo) 


Apartado Postal No. 554
 
San Salvador, El Salvador 


Dr. Desmond A. Rice 

Veterinario Asesor de Laboratorios 

Ministerio de Agricultura y Ganaderla 

Direcci6n General de Sanidad-y 

Reproduccion Animal 


Soyapongo, El Salvador
 

Dr. Frank Calhoun 

Mr. Tom Burton 

Dr. John Beiber 

University of Florida/AID Contract 

c/o American Embassy 

San Salvador, El Salvador 


Dr. Earl Sutherland
 
Proyecto de Desarrollo Ganadero 

UNDP/FAO 

Apartado Postal (06)1114 

San Salvador, El Salvador 


Dr. Miguel Ernesto Menendez
 
Dra. Francisco Canas de Moreno 

Lic. Margoth Oldemia Palma
 
Ing. Maria Ursula Bejarano 

Facultad de Ciencias Agronomicas 

Universidad de El Salvador 

San Salvador, ElSalvador 


Ing. Salvador Enrique Jovel 

Decurso Fac. de Ciencias Agronomicas 

Universidad de El Salvador 

San Salvador, El Salvador
 

Ing. Santiago Villanova 

Ing. Jose Roberto Salazar 

CENTA -Gadjah 


Direcci-n General de Ganaderia 

Apartado Postal No. 554 

San Salvador, El Salvador 


Dr. Mauricio Salazar
 
Direcci~n General de Ganadera"
 
CENTA
 
Ministerio de Agricultura y Ganaderra
 
Apartado Postal No. 554
 
San Salvador, El Salvador
 

Guatemala
 

Mr. Karl Koone
 
Rural Development Ofticer
 
c/o U. S. Embassy
 
Zona 1
 
Guatemala, Guatemala
 

Dr. Ricardo Bressani
 
Dr. Marco Tulio Cabezas
 
Ing. J. Antonio Flores
 
Ing. Roberto Jarquin
 
Divisi~n de Ciencias Agrrcolas y de Alimei
 
INCAP
 
Apartado Postal 1188
 
Guatemala, Guatemala
 

Dr. Marit de Campos
 
Food Control and Analysis Division
 
INCAP
 
Apartado Postal 1188
 
Guatemala, Guatemala
 

Indonesia
 

Mr. Walter C. Tappan (Chief Agricultural
 
Development Officer)
 

Mr. Michael J. Korin (Agricultural
 
Development Office)
 

Agency for International Development
 
c/o American Embassy
 
Jakarta, Indonesia
 
(Medan Merdeka Selatan 3, Jakarta Pusat)
 

Dr. Allen D. Tillman
 
Visiting Professor
 
Agro-Complex
 

Mada University
 
The Rockefeller Foundation
 

0. Box 63
 
)gyakarta, D. I. Y., Indonesia
 



Indonesia continued
 

Dr. Soekanto Lebdosoekojo (Animal Nutrition)

Soedomo R. (Dean, Animal Nutrition)
 
Soepardjo (Dairy Science) 

Bambang Wikontadi (Dairy Science) 

Wartomo (Animal Breeding) 

Soeyono (Animal Nutrition) 

Nasrudin (Poultry)
 
Suharto 

Supardjo 

Sukaharto 

Dukut (Animal Genetics) 

Fakultas Peternakan 

Gadjah Mada University 

Yogyakarta, Indonesia 


Prof. Dr. Sukadji Ranuwihardjo 

(Rector for Research) 

Dr. Busono (Deputy for Research)

Fakultas Peternakan 

Gadjah Mada University 

Yogyakarta, Indonesia 


Dr. Len J. Cooke (Research Leader) 

Dr. John B. Moran (Ruminant Nutritionist)
 
Dr. David Cresswell (Poultry Nutritionist) 

Dr. Gunnert Smith 

Dr. Terry Boyes 

Dr. John Obst (Breeding sheep and goats)

Departement Pertanian R..I. - CSIRO 

P. 0. Box 123
 
Bogor, West Java, Indonesia 


Dr. Harimmiti Martojo (Dean)

Dr. Toha (Nutrition) 

Dr. Aminudoin Parakkan (Chairman, 

Animal Nutrition) 


Dr. Eddie Gurnadi (Beef Production)

Prof. Dr. Djokowoerjo (Animal Physiology) 

Dr. Juju Wahyu (Animal Nutrition) 

Dr. Baihaqu H. Alunod
 
Institut Pertanian Bogor 

(Bogor Agricultural University)
 
Fakultas Peternakan 

Jalun Gunung Gede 

Bogor, West Java, Inuonesia 


Dr. J. H. Hutasoit 

Director General for-Livestock
 
General.Peternakan
 
Department Pertanian
 
JLN, Salemba, Raya 16
 
Jakarta, Indonesia
 

Malaysia
 

Mr. Robert Svec
 
Agriculture Attache
 
U. S. Embassy
 
Kuala Lumpur, Malaysia
 

Dr. R. I. Hutagalung
 
Dr. Syed Jalaludin (Head of
 
Department)
 

Dr. Bernard Ng (Clinical'
 
Pathologist)
 

Dr. Mahyuddin Dahan (Ruminant
 
Production, Meat Science)
 
Prof. Dr. Omar Abdul Rahman (Dean)

Dr. M. R. Jainudeen (Reproductive
 
Physiology)
 

Dr. Peter Kerridge (Veterinarian)

Department of Animal Science
 
Faculty of Veterinary Medicine and
 
Animal Science
 
Universiti Pertanian Malaysia

Serdang, Selangor, Malaysia
 

Chang Chen Choo
 
Facto* Manager
 
Nam Joo Hong Chan Sdn. Bhd & Feedmill
 
Factory: Lot 4A, Road 215
 
Petaling, Jaya, Malaysia
 

Dr. C. Devendra (Head, Animal Science

Programme Branch)
 

Mr. Thomas Lee Kok Cho
 
Dr. Hashim Bin Wahab (Assistant
 
Director of Fund. Research
 
Division)
 

MARDI
 
P. 0. Box 202, UPM
 
Serdang, Selangor, Malaysia
 

Peru
 

Mr. Milton Lau
 
Rural Development Officer
 

USAID/Peru
 
c/ob Embajada America
 
Lima, Peru
 



Peru continued
 

Dr. Ricardo Valdivia 

Dr. Dante Castagnino, Director 

Dr. Oswaldo del Valle 

Dr. C~sar Novoa (Head, Department 

of Animal Production) 


Universidad de San Marcos 

IVITA 

Apartado Agreo 4270
 
Lima, Peru 


Dr. Felix Quevedo 

Director de Investigacion Tecnologica 

Alimentgria 


Ministerio de Alimentaci~n 

Direccian General de Investigacion 

Hernan Velarde 143 

Santa Beatriz
 
Lima, Peru 


Dr. Javier Barua C. 

Head, Laboratorio Central del 

Ministerio de Alimentacion 


Pasaje El Sol N. 777
 
Cuadra 34 de la Avenida Argentina 

Callao - Lima, Peru 


Dr. Rafael Rochabrun P. 

Gerente Div. Agropecuaria 

PFIZER
 
Corporacion Farmaceutica (COFASA) 

Av. Venezuela 5415
 
Apartado Postal 2917 

Lima, Peru 


Dr. Nelson Clavo 

Ing. Mariano Echevarria 

Dr,. Guillermo Meini 

Dr. Orlando Bazin 

Laboratorio de Nutricibn Animal 

IVITA 

Apartado 245 

Lima, Peru 


Ing. Hilido Vidai 

Ing. Francia Villena R. 

Srta. Mang Eugenia Salano Zamora
 
Universidad Nacional Pedro Ruiz Gallo 

Lambayeque, Peru 


Dr. Juan Kalinowski
 
Ing. Danilo Pezo
 
Ing. Victor Talavera
 
Universidad Nacional Agraria
 
Apartado 456
 
La Molina
 
Lima, Peru
 

Ing. Demetrio Carranza L., Presidente
 
Ing. Augusto Delgado V., Direccion
 
de Investigacion
 

Ing. Rafael Castenada C., Direcci-n
 
de Evaluaci~n Pedag6gica
 

Universidad Nacional Pedro Ruiz Gallo
 
Casilla 48
 
Lambayeque, Peru
 

Dr. Miguel V~lez N.
 
Dr. Bilibaldo Brack
 
Misi~n del Gobierno Federal de Alemania
 
Ministerio de Alimentacion
 
Chiclayo, Peru
 

Ing. Tomis Tello
 
Centro Regional de Investigaciones
 
Agropecuarias CRIA-II
 

Apartado 116
 
Chiclayo, Peru
 

The Philippines
 

Dr. Vicente Momongon (Head, Department
 
of Animal Science)
 

Dr. Arsenio D. Calub (Beef Cattle)
 
Dr. Perla L. Lopez (Nutrition Laboratory)
 
Dr. Plarido P. Alcontara (Swine)
 
Dr. L. S. Castillo (Dairy, DETRI)
 
Dr. Ernest Rigor (Physiology)
 
Dr. C. B. Perez, Jr. (Dean)
 
Dr. Oscar M. Gataitan (Water buffalo)
 
Dr. Arturo C. Alferez (Department of
 
Agronomy)
 
College of Agriculture
 
University of the Philippines
 
Los Banos, Laguna, Philippines
 

Dr. Joseph C. Madamba
 
Dr. Alfonso N. Eusebio (PCARR, Dirctor.
 
Livestock Research Division) .,


Philippines Council for Agriculture
 
and Resources Research
 

Los Banos, Laguna, Philippines
 



The Philippines continued
 

Mr. William McCluskey (Agriculture 

Research Advisor) 

Mr. Lane E. Holdcroft (Assistant 

Director for Agriculture Development, 

USAID/Philippines
 

APO San Francisco, CA 96528 


Mr. Glenn Sampson 

Agriculture Attache 

United States Embassy 

Manila, Philippines 


Mr. Antonio Nocom
 
General Manager 

Ansa Cattle & Crop Farm, Inc. 

P. 0. Box 122, C. C. P. 0. Makati 

Manila, Philippines 


Dr. Jimmy R. Escano, Director
 
Agri-Business Development 

Carnation Philippines, Inc. 

Corner Reliance & Pines Streets 

P. 0. Box 427 Comn'l Center 

Makati, Metro Manila 3117
 
Philippines 


Dr. Benedicto A. Parker 

Department of Animal Science 

College of Agriculture UPLB 

Laguna, Philippines 


Uruguay 


Dr. Ian D. B. Newsam 

Project Manager, United Nations 

Spocial Fund Project


Rubino Veterinary Research Centre 

Casilla de Correo 1207 

Montevideo, Uruguay 


Ing. Agr. Mario Allegri

Gral Flores 390 

Tacuarembo, Uruguay
 

Dr., Fernando Riet 

Rubino Veterinary Research Laboratory

Pando, Uruguay 


Ing. Agr. Adolfo Fernandez 

Casilla de Correo 838
 
Montevideo, Uruguay
 

Ing..Agr. Thomas..
H.K-Kcele
 
Facultad de Agrono,mIe 
 ....
 
Avenida Garzon, 780'
 
Montevideo,- Uruguay
 

Venezuela
 

Dr. Fausto Capote
 
Dr. Oswaldo R. Rosero
 
Facultad de Veterinaria
 
Universidad de Zulia
 
Maracaibo, Venezuela
 

Dr. Max Ventura
 
Dr. Ed Golding
 
Edificio Katicupi, Apto. 4i
 
Av. 12, Calle 67 B
 
Maracaibo, Venezuela
 

Dr. Vladimir Cruz
 
Colegio Venezolano de Zootecnia
 
Apartado 549
 
Maracaibo, Venezuela
 

Ing. David Morillo
 
Dr. C. Franco Chicco
 
Seccion de Zootecnia
 
Centro de Investigaciones Agronomicas
 
Apartado 4653
 
Maracay, Venezuela
 

Dr. J. T. Perdomo
 
Facultad de Ciencias Veterinarias
 
Universidad Central de Venezuela
 
Maracay, Venezuela
 

Dr. Luis Fromata
 
Dr. Edgardo Cevallos
 
Dr. Jose Montecines
 
Estacion Experimental de Calabozo
 
Apartado 14
 
Calabozo, Venezuela
 

Mr. David J. Jones
 
Mr. Richard F.,C. Pike
 
Hato San Pablo Paeio
 
The Lancanshire.General. Investment Co': Ltd.!

Apartado 9
 
Valencia, Venezuela
 



Venezuela continued
 

Ing. Eliecer Alberto Velasco
 
Ing. Johannes Baumgart .
 
Hato El Frio
 
Apartado 29
 
Inversiones Venezolanos Ganaderos
 
(INVEGA)
 
Valencia, Venezuela
 

Ing. Josg A. Velasquez G.
 
Ing. Tomas Rodriques
 
Prof. James Smith
 
Prof. Carlos Acuna (Jefe Zootecnia)
 
Prof. Pedro A. Beauperthuy (Dean)
 
Prof. Felipe Diez (Jefe Produccion Ani
 
Escuela de Zootecnia
 
Universidad de Oriente
 
Jusepin - Monagas, Venezuela
 

Dr. James Ross
 
Agriculture Attache
 
c/o U. S. Embassy
 
Caracas, Venezuela
 

Mr. Fernando (Freddy) Rond~n
 
Mr. Frank Lee
 
Office of the Agriculture Attache
 
c/o U. S. Embassy
 
Caracas, Venezuela
 

/qn 



Latin American Symposium on MineralRsearch with Gra ing Rumdnants
 

neio Hortzonte, Brazil 
" March 22-26, '1976 .

(Listed in Order.o'f Preeentation) 

I. 	 Mineral Problems as-Related to Tropicalliumaces, j. K6 Loosli 
(Florida) and Antonio Carlos -Guedes (UF Santa Maria). 

2. 	 Classification and Distribution of Tropical Soils, Raimundo
 
Costa de 
 Lemos (OESA and SEEBIA - Rio de Janeiro). 

3. 
 Methods of Analyzing Soil Fertility, Jose Mario Braga (Up
 
Vigosa).
 

4. 	 Properties of Soil which Affect the Availability of Minerals
 
for Plants and Animals, S. J. Volkelss 
(UPRGS - Porto Ae'gre). 

5. 	 Mineral Composition of Tropical Grasses and ForageLegumes,
 
Josg Alberto Gomide (UF Vigosa).
 

6. 	 Water as a Source of Minerals, R. L. Shirley (Florida) and Jose
 
Herculano de Carvalho (MA, Teresina, P1).
 

7. 
 Magnesium in Ruminant Nutrition, J. A. Carneiro Viaai, (tF
 
Minas Gerais).
 

8. 	 Copper and Molybdenum in Kuminant Nutrition, Josi Fernando Coelho
 
da Silva, (UF Vigosa).
 

9. 	 Sample Preparation and the Analysis of Animal Tisaues,.R, M.
 
Silva (UF Minas Gerais).
 

10. 	 Calcium, Phosphorus, and Fluorine in Ruminant Nutrition, D. J. 
Thompson (International Minerals and Chemical Corp Joaquim C.
 
Werner (Nova Odessa, S.P.).
 

11. 	 Sodium and Chlorine in Ruminant Nutrition, J. K. Loos'iF
 
and Jose Ribeiro (UFRGS'- Porto Alegre). ...... (Florida
 

12. 	 Sample Preparation and Soil Analyses. Victor conealven-fahia, 
(USP - Pr.-cicaba). 

13. 	 Potassium and Iodine in Ruminant Nutrition, D. J.-Thtpeon (In
trernational Minerals and Chemical 'Cor'poration) and,Joao"1M.S. 
Andrade (EPAMIG - Belo Horizonte).. 

14. 	 Sulfur in Ruminant Nutrition, R. L. Shirley (Florida).and Artur
 
Mariante (EMBRAPA-Brasflia).
 



15. :Selenium in Ruminant Nutrition, C. B. Ammerman (Florida), S. M.
 
Miller (Florida), L. R. McDowell (Florida) and Edvaldo Correca 
de Araujo (EMBRAPA-Recibe). 

16. 	 Iron, Manganese and Zinc in Ruminant Nutrition, L. R. McDowell
 
(Florida), R. H. Houser (Florida), K.R. Fick (Florida) and
 
Marcelo 0. Mendes (EMBRAPA - Rio de Janeiro).
 

Cobalt in Ruminant Nutrition,* R. H. Houser (Florida), K. R. Fick
 
(Florida), L. R. McDowell (Florida) and Jose Herculano de Car
valho (MA-- Teresina - PI).
 

18. 	 Never Elements, Essentia. and Toxic, inMineral Nutrition, L. R.
 
McDowell,'K. R. Fick, C. B. 'Aiierman,S. M. Miller, R. H. Houser
 
(Florida) and JUlio Cesar de Sousa (EMBRAPA - Sete Lagoos).
 

19. 	 Biological Availability of Macro Elements, D. J. Thompson (Inter
national Minerals and Chemical Corporation) and Marcelo 0. Mendes
 
(EMBRAPA - Rio de Janeiro).
 

20 	 Biological Availability of Micro Elements.- A review, C. B. 
Ammerman, S. M. Miller (Florida) and Jose Herculano de Carvalho 
(MA - Teresina - PI). 

21 	 Soil, Plant, and Animal Tissue as Predictors of the Mineral Status
 
of Ruminants, J. H. Conrad (Florida) and JUilio Cesar de Sousa
 
(EMBRAPA.- Sete Lagoos).
 

22 Evaluation of Mineral Supplements for Ruminants, R. H. Houser
 
(Florida) and Leonidas Valle (EMBRAPA - Brasflia).
 

23 	 Current Status of Mineral Research in Latin America, K. R. Fick,
 
L. R. McDowell, R. H. Houser (Florida), and Hamilton da Silva 
(UFMG - Belo Horizonte). 

24. 	 Mineral Deficiencies of Cattle under Range Conditions in Brazil,
 
Carlos Hubinger Tokarnia (UFF.- Niteroi) and Juirgen Dobereiner
 
(EMBRAPA - Rio de Janeiro).
 

25. 	 Mineral Research Studies of Ruminants in the Amazon Region, Nelson
 
SO. Fernandes and Waldemar V. Camargo (Biological Institute, S~o
 
Paulo).
 

26. 	 What Type ot ntormation Do the Mineral Companies Need from the
 
Researchers. Joao Soares Veiga (TORTUGA - Sao Paulo).
 

27. 	 LaentricatLon and Supplementation of Limiting Nutrients for 
Grazing Ruminants B. D. H. Van Niekerk (Voermol Products - South 
Africa) and E. Adilson S. Serrio (EMBRAPA, Belim). 



List of Publications from Nov. 1, 1976 to March 1, 1978.
(Not Including Individtiai Papers in 1978 Brazil Conference
 
Proceedings, English and SDanish).
 

Alonso Guzman, Manrique. 1977. Evaluacign del estado mineral del ganadoy
los pastos en los distritos de La Cruz, Caias Dulces y Filadelfia de :la',.
provincia de Guanacaste durante la epoca seca. 
Tesis. FacuitadideAro
nomia, Universidad de Costa Rica, San.Jose.
 

Ammerman, C. B. and Ricardo Valdivia. 1977. Mineral supplementation Ifor,beef cattle in Latin America. EleventhAnnual'Conference onLivestock and'
Poultry in Latin America. p. B1-9, University'of Florida. Gainesville
 
(inEnglish and Spanish).
 

Conrad, Joe H. and Lee R. McuoweiL. 1977. 
 Research inmineral deficiencie'
for grazing ruminants. 
Annual report for AID mineral research proect contract number AID/ta-c-1153. Gainesville, Florida.
 

Conrad, Joe H. and Lee R. McDowell. 1978. Latin ..... 
 . WonMineral Research with Grazing Ruminants Proceedin2s'. Univernlv nf Florida,

Gainesville, Florida. 
(inpress).
 

Ddbereiner, JUrgen, Jeronimo Alves Chaves, Ivan Valadao Rosa and Richard H.
Houser. 1975. Efeito da transferancia de bovinbs corm "cara inchada"
(doenga peridentaria) para pastos de regiao indene, 
Peso. Aremaner RrnA
 
Sgr Vet., 10:99-103.
 

Gil, Arturo, Lee McDowell and Joseph Tritschler. 1977. Deficiencias.ytoxicidades de minerales para bovinos y'ovinosenla principales areas. ,ganadera del pais. Programa Nacional'de Nutrici6n Animal., Informe Anual de.
 
1976. Bogota, Colombia.
 

Kiatoko, M., L. R. McDowell, K. R. Fick, H. Fonseca
 ' J. Camacho, J. K. Loosli
and J. H. Conrad. 1978. Mineral status of cattle in the San Carlos region
of Costa Rica. J. Dairy Sci. 
(accepted for Dublication,. 
 .
 

Lebdosoekojo, Soekanto. 
 1977. Mineral supplementation of grazing beef
cattle in the Eastern Plains of Colombia. 
Ph.D. thesis. Gainesville- FnriA-


Lebdosoekojo, S., C. Ammerman, N. Raun, J. Gdmez and R. Litell. 
1977.
Suplementacion mineral del ganado en pastoreo en ls llanos orientalARAP
 
Colombia. ALPA R-52.
 

Loosli-, John K. 1977. Utilizaci~n de suplementos de nitrogen no protegico
para rumiantes. 
 Segundo Curso en Nut'ricion;y Aimentaci~n.,P. 1-19, Lima i
Perti. 

McDowell, L. K. 
1977. "CUS.ILL. Uu.UaraL researcn in LatinAmerica. Eleventh
Annual. Conference"'on Lives tock-!anfdPoultry ;in Latin Ame'ri-ca. p.;-B10-25,-University of Florida, Gainesville (in English and Spanish).
 

McDowell, Lee,R 
 ,1977. Investigaciones minerales en ganado en Latinoamer ica.Segundo Curso en Nutricion y Alimentacion. p,p.."'," -.. 

Q1 



McDowel, Lee R. 1978. ~Geographical; di6stribution of nutritional diseases
 
in animals. Chapter iln "CRC 1978 Handbook of Nutrition and Food". 94 pp., 
CRC Press, Inc., Cleveland, Ohio.
 

McDowell, Lee R. and Joe H. Conraa. 
 bi.mposio Latinoamericano sobre
 
investigaciones en nutricion mineral de los rumiantes en pastoreo, Pro- '
 

ceedings. University of Florida, Gainesville, Florida (in press).
 

McDowell, Lee R. and Joe H. Conrad. 
1978. Trace mineral nutrition in.Latin
 
America. World Animal Review, No. 24, 24-33.
 

McDowell, Lee R., Joe H. Conrad, Jenny E. Thomas, Lorin E. Harris and Karl
 
R. Fick. 1977. Nutritional composition of Latin American forages.' Tropical
 
Animal Production (in press).
 

McDowell, L. R., K. R. Fick, R. H. Houser, J. H. Conrad and J. K. Loosli.,
 
1978. Meeting mineral requirements for grazing livestock in the tropics.
 
Symposium on Feed Composition, Animal Nutrient Requirements and Computarization
 
of Diets. Utah State University, Logan (in press).
 

McDowell, Lee R., 
John A. Froseth and Richard C. Piper. 1978. Influence o:
 
sarsenic, sulfur, cadmium, tellurium, silver and selenium on theselenium
vitamin E deficiency in the pig. Nutr. Rep. int., 17:19-33.
 

McDowell, L. R., J. A. Froseth, R. C. Piper, I. A. Dyer and G. H. Kroening.
 
1977. Tissue selenium and serum tocopherol concentrations in selenium
vitamin E deficient pigs fed peas (Pisum sativum). J. Anim. Sci. 45:1326
1333.
 

McDowell, L. R., Carlos E. Lang, J. H. Conrad, Frank S. Martin and Hern-n
 
Fonseca. 1977. Mineral status of beef cattle in Guanacaste, Costa.Rica.
 
Tropical Agriculture (submitted).
 

Mendes, M. 0. 1977. 
 Mineral status of beef cattle in northern part of Mato
 
Grosso, Brazil, as 
indicated by age, season and sampling technique. Ph.D.

dissertation, University of Florida, Gainesville.
 

Molina, E., Orlando and Vicente Leon V. 
1977. Melaza y minerales en la
 
suplementacion alimentacia de vaconas. 
Boletin Tecnico No. 19,'Santa
 
Catalina,'Ecuador.
 

Murillo Bravo, Olger. 1977. Evaluacion del estado de nutricion mineral del
 
ganadobovino en pastoreo en el canton de Canas, Guanacaste. 
Tesis.-i.
. 
Facultad de Agronomia, Universidad de Costa Rica, San Jose.
 

Palmer, Francis, Luis Fdo. 1977. Evaluacion del estado de nutricion mineral 7
 
del 'ganado bovino de la Provinciade"Cartago, Tesis. Facultad ddeAgronomia,

Universidad 'deCosta Rica, San Jose. ,.
 

Pate, F. M. and J. R. Crockett. 1977. -Honduras beef cattle project nutri
'tional evaluation studies summary report-1977, Belle Glade, Florida. 

Perdomo, J. T.,R.L. Shirley and C. F. Chicco. 
1977.. Availability of nutrient 
minerals in the form of tropical forages, fed freshly chopped to sheep. J 
&nim. Sci. 45:1114-1119.. 
 ..
 

94:
 



Perla"Ferdinando°Luis A. iiva, Guillermo Acosta M. and Francisco de
-Moreno. 1977."-
 Estado°de inerales en ganado de abasto do ElVSaado,--
Submitted .abstract for '1977 ALPA meetings,,Havana, Cuba...:
 
Valdivia, Ricardo. "1977. 

by ruminants. 

Effect of dietary aluminum on phosphorus utilization
Ph.D. Thesis, Gainesville, Florida.
 
Valdivia, R., C. B. Ammerman, J. P. Feaster, P. E. Loggins and P., R. Henry.
1977. 
 Effect of aluminum on phosphorus utilization yby s.
la 
 1977 American
Society of Animal Science abstracts p. 265.
 

95<
 



Alonso Guzmau, Manrique. 1977. Evaluaci6n del'estado mineral'del ganado
 
y los pastos en los distritos de La Cruz, CanasDulces y Filadelfia de la
 
Provincia de Guanacaste durante la epoca seca. Tesis. Universidad de

Costa Rica, Facultad de Agronomia, Escuela de Zootecnia, San Josg, Costa
 
Rica.
 

Sumario
 

El presente trabajo de,investigacion evaluo el estado mineral de los
 

di'stritos de La.Cruz, Canas Dulces, y Filadelfia de la provincia de Guanacaste.,
 

El material de trabajo de este estudio consisti5 en muestrasde suero
 

sanguineo, higado y pasto. Se analizaron en'el suero, los minerales calcio,
 

f5sforo y magnesio; en el higado, hierro, cobre, manganeso y zinc; en los
 

pastos, calcio, fosforo, magnesio, potasio, hierro, cobre, manganeso y zinc.
 

El nivel promediodel cael suero sanguineo en los animales de
 

la zona estudiada fue de 11.52, no presentandose variaci~n (P< .05) entre
 

los diferentes distritos. Tampoco se encontraron variaciones estadistilcas
 

en el nivel de f~sforo en el suero, cuyo promedio fue de 5.88 mg/lO0 ml de
 

.suero. El nivel de magnesio en el suero fue-de 2.92 mg/100 ml de suero.
 

En relacion a los minerales encontrados en el tejido hepatico se obtuvo
 

un promedio para el hierro de 313 ppm, para el cobre de 114 ppm,*.para el
 

manganeso de 6 ppm-y para el zinc un promedio de 93,ppm.
 

En los pastos se obtuvieron promedios de 0.241,% para el calcio y de
 

0.097% para el fosforo, no mostr9ndose diferencia significativa alguna para
 

los diferentes distritos. E1 promedio para el magnesio fue de 0.182%,
 

encontr~ndose diferencias significativas entre las fincas, pero no entre
 

los distritos. Lo mismo se encontro para el potasio con un promedio de
 

1.89%. El promedio para hierro fue de 194 ppm, para el cobre de 5 ppm,
 

-arael manganeso de 39 ppm y para el zinc de 31 ppm. No se.obtuvo ninguna 

variaci.-n (P.< 05) para ninguno de los casos anteriores. El promedio para 

,proteina fue de 3.76%, presentandose diferencias significativas par cantn, 

'distrito, finca, especie y e'dad de pasto. 



Dfbereiner, Jfrgen, Jeronimo Alves Chaves,

Houser. 1975. 

Ivan Valadao Roma and Richird-H,
Efeito da transfer~ncia de bovinos corn "cara-inchada"l
(doenga peridentaria) para pastos de regiao indene. 
Pesq. Agopec'. "Bas.,
Sir Vet., 10:99-103.
 

Abs tract
 

A-group of 34 mostly young cattle, affectea by the periodontal disease
 
called "cara inchada" (Swollen face) and in bad condition, was 
transferred
 

from a region where the disease occurs to a farm situated in a healthy regioni
 
Half of the cattle survived in spite of their ill health and the adverse
 

conditions of a prolonged draught. 
Clinical examinations'of the buccal
 

cavity of these animals revealed a regression of the periodontal lesions
 

after only 2 months and, in a certain way, a cure of the lesions after: 4,o 
6"months. Most of the animals improved their condition considerably andtheir;. 
haircoat became less rough. At the beginning and the end of the experiment, 

four animalswere sacrificed for close macroscopic examination and compariso 
of the periodontal changes and to collect liver samples for future chemical 

analyses.
 

The ciinical 
and anatomo-pathological findings in this experiment 
strengthen the hypothesis that the etiology of "cara inchada" is related to 
one or more alimentary factors present in the regions where the disease 

occurs.
 



Kiatoko, M., L. R. McDowell,-.K. R.Fick, H. Fonseca, J. Camacho, J. LLoosli
andJ.-H.,Conrad.. 1978.f Mineral,status of' cattle in the San Carlos region
 
of ,CostaRica. J..Dairy Sci:. .(accepted;for,,publication).
 

Abstract
 

'Two experiments were conducted on 12 beef and 9 dairy cattle farms to
 

determine the mineral status of grazing cattle in the San Carlos region of
 

Costa'Rica by evaluating liver, plasma and forage mineral concentrations; bone
 

aSh and forage oxalate contents.
 

In the beef-cattle experiment, mean liver._copper ( < 75 ppm) and cobalt 

ppm), and mean plasma phosphorus ( < 4.5 mg/100 ml) and magnesium 

( < 18 mg/l00 ml) were borderline to deficient on 1, 3, 12 and 5 farms, 

respectively. Of the total livers analyzed, 23% and 27% were borderline to
 

deficient in -copper and cobalt, respectively. Liver iron ( < 180 ppm), zini
 

( < 84"ppm) and manganese < 6 ppm) were lower than the reported normal 

levelsfor 63, 16 and 44% respectively, of the total animals studied.
 

In the dairy cattle experiment, 10 bloaI and 1 to 2 forage samples were
 

collected on 5 farms with 4 farms without the forage, Setaria sphacelata,
 

Forage calcium (< 0.43%) and phosphorus ( < 0.33%) as well as plasma
 

phosphorus levels were low on all farms. Oxalate levels were higher in
 

Setaria pastures (2.30%) than in non Setaria pastures (1.24%). Low forage
 

calcium and phosphorus and high oxalate levels in Setaria pastures may be
 

responsible for thehigh incidence of,a.milk fever-like condition in dairy,
 

cattle.
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Lebdosoekojo,. Soekanto. 
 1977. Hieralsupplmentatonof1 
 grazing'beef
-attle in the Eastern Plains of Co ombia. 
Ph.D.:thesis,. Gainesville,

?1oride 

AbstrvL 

Investigations'were conducted in the Eastern Plains of'Coombi to
 
study the effects of mineral supplemen ion and pasture type ongrazing
 

beef cattle.,,,,Eight herds of zebu cows 
o 30-35'cows per herd were used.
 

Two herds, grazing native pasture were supp emented withsalt only; 
two
 
herds grazing native pasture received a cor 
 Iete' mineral supplement consisting
 
of salt, dicalcium phosphate and trace minera s (copper, iron, zinc, manganese
 

iodine and cobalt); two herds grazed native pas ure during the dry season
 
and molasses grass (Melinis minutiflora) during 
 ierainy season and received
 
complete mineral supplementation; and the two othe 
herds grazed molasses
 
grass the entire year and received complete mineral supplementation. 
'One
 
herd of each treatment group- received a urea-molasses-sulfur.nunnpmon1 
 -


during,the:dry season.
 

Analyses of native.anL molasses grass -handplucked pasture samples were:
 
in vitro organic matter digestibility,-44.61 and 48.64.percent; 
nitrogen,
 

1.42 andIi.4l percent; phosphorus, .12 and .21 percent; calcium, .13 and .21
 
percent; magnesium,, .16'and .18 percent; potassium, 
.90 and 1.15 percent;.
 
sodium, .012,and .
008 percent; iron, 566 and 389 ppm; :manganese, 186'and 95 

ppm; . zinc, 13.4 and,.18.4 ppm;- copper, ,1.7and '2.6 ppm;. cobalt, .1 and .08 
ppm and molybdenum .55-and..49 ppm,,respectively. 
The values were influenced
 

by season and by burning the native pastures. 
-in the dry season nitrogen 

and.:phosphorus increased in native grass but decreased 'inmolasses grass. 
In both grasses calcium%.and magnesitum decreased while 'potasiium,sodium,
 

and copper increased during the dry season.
 

Comparisons between cows receiving salt.and complete.mineral suVDlemattinn
 

http:andIi.4l
http:digestibility,-44.61


Wile grazing native pasture showed that "cows receiving the -compiete mineral 

mixture had higher (P < .01);liveweight (302 vs 330 kg) and calf weaning 

weight (132 vs 172 kg) and tended to,increase calf weaning percentage (36.5
 

vs 57.8 percent).. The-complete mineral supplementation,increased serum
 

inorganic phosphorus, butthe increase depended on season. 
 In the rainy
 

season, cows receiving salt exhibited low-.serum inorganic phosphorus'levels
 

(less than 4.5 mgper 100 ml) ,:and. had lower, (P,< .05) serum copper .(82.4 jg 

per 100 ml) than those receiving the-mixture (97.8 jig per 100 ml)
 

Comparisons between,young buils grazing native pasture and'receiving
 

either salt or complete mineral supplementation indiaated that in the rainy 

season the bulls receiving salt had lower,(P.< .05) densi'ty offat-free 

metacarpal bone (1.49 vs 1.61), metacarpalp bone.ash (62.23 vs 64.46 percent), 

phosphorus concentration of metacarpal bone-ash (17.06 vs:q7.7 7: percent), 

The complete mineral supplementation.increased,(P,< .05) liver .cobalt . 

(.17 vs 
.34 ppm), but decreased (P < .05) liver molybdenum (4.45 vs 3 8 ppm). 

Comparisons between cows grazing differentpasture .types 'and'receiving 

complete mineral supplementation indicated that,cows-receiving irea'molasses

sulfur supplement during the dryseasonhad ,higher (p < .01) livweight ' : 

(325.6 kg) than unsupplemented cows (305.6 kg). -The urea-molasses-sulfur 

supplementation tended, to increase-calfoweaning percentage (55,.7 vs 60.3
 

percent). Cows grazing molasses grass maintained norma* serum inorganic
 

phosphorus levels (5.9 mg per 100ml),during early. rainy sea'son;wile those 

grazing-native grass had low serum phospho-rus levels (4.5 mg per 100 ml)., 

Serum calcium of cowar--grazing native grass was lower '(P <:.05) thai that. of 
cows grazing molasses grass -.
,(9,57 vs 9.89,mgper 0OOml)..
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Lebdosoekojo, S., C. Aerman, N Raun, 
.Gomez nd'-R.- Lite' ..1977.Suplementaci°n mih&ralj5
del ganado en pastoreo-ed los, 11amos orientalesode
 
Colombia.j ALPA R-52 

Sumari'o
 
Se llevaron 'a" ca '........... 
 Llanos .Orientales
 o investigaciones en 1975 y 1976 en.los L 
.. .entales
odizi~~a- Aeneinar'el efct'de a'suple ... ..

deCde 
 la suplementaci~n mineral en ganado
 

pstoeando praderas iaturales. Se'estudiaron cuatro hatos de va,as CebG
 

con 30-35 vacas en cada hato. Dos hatos fueron suplementados con sal unica
mente, y dOS hats on,sal, fosfato biclcico y minerales trazas (cobre,

zinccobalto, yodo, 
 ...
erro y mangaueso). Un hato de cada grupo recibiS
 

una sUpleudentaciod 
urea-me aza-azufre'durante la estacign seca. 
La
 

suplementacion mneral increment6 (P < .01) el peso de las vacas 
(302 vs
 

330 kg), el peso al destete (132 vs 172 kg), la natalidad (36.5 vs 57.8%),
 
el fisforo inorganico en el suero (3.27-5.63-vs 4.44-6.14 mg por 100 ml)
 

con may~or i tcremento 
en la estacion lluviosa cuando se observaron niveles mis
 
bajos en todos los hatos en.comparacion con la estacion seca, increment6
 

( '.05)'el cobre en e1 s..ro 
(824-vs 97.8 mg por 100 ml) en la estaci n
 
iluviosa. 
En toretes la suplementacion mineral incremnnto (p< .05) el , 
ii.~ 
cobalto en el htgado (.17 
 .34 ppm), tendia a incrementar el cobre (231 vs
 

342,ppm), pero bajo (P'< .0, e1 molibdeno en el h'gado (4.45 vs 3.89 ppm);
 

incremeno' (P 
 .05)' la denLaad osea libre-de-grasa del metacarpo (1.49-vs
 

1s.61), l cenizas del hues 
metacarpal (62.2 vs 64.5%), y la concentracion
 

de, fosfo... en las cendizas deI
cn 
 )msmo~he
"im hueso (17.1 vs .17.8%).
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McDowell, L. R. 1977. -,.
Current mineral research in Latin-America. Eleventh
 
Annual Conference,on Lives tock and Poultry ii'Latin America. p. 
 7B7025,

University of Florida, Gainesville. (in English aind' .,spanish).
 

Abstract
 

Nutritional disorders including numerous mineral deficiencies,: imbalances
 

and toxicities are a major limitation to ruminant livestock production in
 

tropical countries. Often grazing livestock do not receive mineral supple

mentation and must depend largely upon forages 
to supply their requirements
 

Only rarely, however, can forages completely satisfy all of the mineral
 

requirements. Borderline or deficient levels of certain elements were noted
 

.for many forages in the 1974 Latin American Tables of Feed Composition:
 

Co, 43%; Cu, 47%; Mg, 35%; P, 73%; Na, 60% and Zn, 75%. 
 Calcium deficx.ency
 
is suspected or confirmed in 11 Latin American countries, Mg in 14,P in23,
 

Na in 7, Co in 13 and Cu in 13 countries. The most widespread mineral de

ficiency for livestock is that of phosphorus. Copper and cobalt deficient
 

areas are likely to extend over wide areas of Latin America, but their limits
 
are hard to define at present. 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. At the present time cooperative research is underway inBolivia,
 

-Brazil, Colombia, Costa Rica, Guatemala, Ecuador, El Salvador, Peru and
 

Venezuela. 
A systematic mapping technique, based.on.animal' tissues and forage
 

concentrations can be employed to predict where mineral deficiencies 
or
 

toxicities will occur. Attempts 
.o raise livestock productivity.in tropical
 

countries will be uisucessful unless the nutritional environment, including ade

14ate mineral nutrition, is likewise elevated. 
Mineral supplementationis -a
 

Least costi'input to improvement of livestock production'.
 

L021
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McDowell,'
.Lee R:. 
 1977. Investig"ciones.mi
 
...n 0eu n . 7c o- nv - _l_ a ri nz. , i ner a e so ur en 'g a ado..ge n . . a c "aSegundo urso en tt-rc y Alimenta p. 1-24 Lma,Perg. 

Sumario
 
Disturbios 
nutricionales .ncluyendo numerosa ,uexiciencias minerales, 

inbalances y toxicidades son la mayor limitacion para la producci.n de los 
rumiantes en-los paises tropicales. 
Muchas veces el ganado en pastoreo
 
recibe suplementacion mineral y solo depende de forrajes para suplir sus,
 
requerimiento_". 
Solo en raras ocasiones, sin embargo, los forraies rpni 

los requerimientos minerales.
 

Los niveles marginales o deficientes en ciertos elementos 
 .uernotados 
en muchos forrajes en las ablas de Co sicin de Alimentospara Amica
 

LAtina, 1974; asr: 
Co, 43%; Cu, 47%; Mg, 35%; P, 73%; Na, 60% y Zn, 75.
 
La deficiencia de Ca es 
sospechada o confirmada en 
1 pases de r " .a.
e 

Latina, Mg en 14, P en 23, Na en 7, Co en 13 y Cu en 


rmaa11pa3sesdeAmiriea 

13. La deficiencia
 
mineral m~s ampliamente distribuida en el ganado en pastoreo es 
la del P.-

Las deficiencias de Ca son muy raras baj.o condiciones de pastoreo. 
Las areas
 
deficientes en cobre y cobalto son 
:mas probables que se extiendan sobre
 
grandes greas en America Latina, pero sus 
lrmites son desconocidos hasta el
 
presente. La Universidad de Florida, con la asistencia de .
v fondo de la
 
Agencia para el Desarrollo Interniacional, esti cooperando con instituciones
 
latinoamericanas para iniciar y establecer la investigaci~n de minerales.
 
Hasta ahora, una investigacion muy cooperativa estg Ilev~ndose a cabo en',
 
Bolivia, Brazil, Colombia, Costa Rica, Guatemala, Ecuador, El Salvador, Peru.
 
y Venezuela. 
Una tecnica si.temfica de mapo, basada en tejido anim2. y,
 
conceni:raciones de forraje puede ser empleada para predecir donde pueden
 
ocurrir deficiencias o toxicidades minerales. Los esfuerzoa por incrementar 
la produccion ganadera en los parses tropicales ser en vano a menosque el-,
 
medio ambiente 
 -nutricional,
incluyendo ''na nutricin mineral adecuada, sea
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igualmie te oelevada.' eLa prdsupemeacn mineral es una inversi&1 a baj 

para el maijoramienito de la produccign ganadera.. 
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~Mc~owellLee R.
 l978. -,Geogra phical distribu joioin animals. nutiioa isae
Chapter in 'CRC 1978 Handbook of Nutrition and Food,. 9.,-CRC;Press, Inc. Cleveland. Ohio'.- o d, g 11" 

Abstract
 
Nmerous nutrient dficiencis, imbalances addtxicities severey in

hibit animal production in many countries of the world-' Nutrient deficiencies
 
or~toxicities can'be region specific or can in no way be related to ge0
gaphical'locations. 
For all nutrients, the determining factor as 
to the
 
incidence of a deficiency or toxicity is often influenced by management capa,
 
bilities or cultural and religious practices of a particular rogion. 
Pro
found differences innutrient requirements exist between species, between
 
breeds or types, within a species and individual-animals and thus their
 
adaptability to extreme geographical climatic conditions. 
 In general plwv.&,,
 
energy and vitamin deficiencies are less accurately ascribed to geographical
 
locations and can be deficient in all world regions and.under -all climatic
 
and environmental conditions. 
Mineral and water deficiencies, unlike othe,
 
classes of nutrients are often dependent and influenced tro a large extent
 

on world geographical locations.
 

Inadequate supplies of energy and;-, protein are usually the major nutri.
 
tional limitations to livestock production in many countries of the world
 
Specific soils of the world are deficient or in.toxic concentrations for certain
 
minerals. 
Livestock receiving all of their feed from a small defined area
 
iave 
an increased likelihood of developing Mineral deficiencies or 
toxicities,
 

Often grazing livestock do not receive mineral supplementation and musi
 
depend largely upon forages to supply their requirements. 'Only rarely,
 
however, can forages completely satisfy all of the mineral requirements.
 
Borderline or deficient levels of certain elements were noted for ,'many forages
 
in the 1974,LatinAmericanTables
of Feed Composition.,:, cobalt, 43%; copper,
 

S0651
 



47Z; magnesium, 3P; phosphorus j 73Z; -sodium. 60% and' zinc ,75%. Calcium 

deficie'ncy has been reported in 15 developing tropical'countries, magnesium 

in 16, phosphorus in.38, sodium in 14, cobalt in 21 and copper in 20 

countries. A systematic-mappin technique, based on animal tissues and 

forage concentrations can be employed, to predict where mineral :deficiencies 

or toxicities will occur, Attempts to raise livestock productivity in the 

diverse geographical locations of the world willi be unseccessful unless the 

nutritional environment. is likewise elevated. 
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McDowell,-Lee R.,andJoeH.' Conrad., 1978. Trace mineral " 
erica. .WorldAnimal Review, -No. 24 24-33., 

Abstract
 
Inadequate trace mineral nutrition is lin"Lng Livestock production
 

in Latin America. 
The incidence,"significancedetection 
techniques
• • - / _ .an&. 

n-u s n :
preventive methods for livestock trace mineral deficiencies and toxicitie
 
in Latin America is described briefly. Provision Of miner'a 
 supplements
 
grazing ruminants is more .complicated than for monogastric livestok.A'
 
Mineral supplementation represents .low input/high output nutrients'for
 

greatly increasing livestock production.
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.,McDowel1, 4.e R., oe.... Conrad,. Tho,as oiin E. Harris an Karl1977.
-. Nutr1ioOnaS-l1,comps 
 on ofLatin American forage's'. ToDical
Animal Productjon (in press).
 

Abstract
 

The Latin American Tables of Feed Composition-published in 1974 con

tained" data on 3,390 feeds, 
 Of this total,. 85% were different from those of
 
the U..S. and Canada. Approximately 77% 
(2615) of the entries were forages.
 

Of'the forage entries, 74% included values for the complete proximate
 

analysis and approximately 43% included both calcium and phosphorus values.
 

Data on only a small percentage of the forage entries included mineral
 

concentrations and forage evaluation methods. 
 Approximately 25% of both the
 

Latin American and U.S.-Canadian forages contained 7% crude,protein or 
less.
 

Latin American forages tended to have higher ash and,crude fiber but lower
 

nitrogen-free extract than U., S.-Canadian forages. 
 Of the forages, almost
 

75% of the phosphorus and 31% of the calcium entries were 0.3% or less,
 
whichmay be borderline to deficient in these elements. 
 Borderline or de

n se elements.erBordermline or" 
e
ficient levels of certain elements were reported for many entries: Co, 43%;
 

Cu, 47%; Mg, 35%; Na, 60% and Zn, 75%. 
 Widescale deficiencies of iron, 
manganese, and potassium or toxicities of molybdenum are not tobe expected.
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cDowell,L. R Carlos.E. Lang, J. H. Conrad, Frank 
^ - -
Fo ns eca .1 9 7 7 . ' M ,n , - . . .....
Fon...c.. 197.. SS -:Matia,r,ti.:, -.an.andd Hernnan :
i.eral Status of beef cattIe in Guan a s
ac te-. staRica,
Tropial Agriculture (submitted). 
...........
 

Abstract
 

An experiment was conducted to obtain inforation 
on the mineral: status 
of grazing cattle in theGuanacaste region of Costa Rica. 
Liver and blood
 
samples of 3- to 4-year-,old steers were obtained from 15 
 fAma 
 ^
 

five counties.
 

Of the tota. 
cattle livers-analyzed, approximately 36.0, 30.7, 37.3,

33.3 and 34.7 percent were borderline todei
 

c per, iron,-ananese,
selenium and zinc, respectively. Forty-nine percent of the total samples
 
were"considered borderline to deficient in phosphorus. 
There was no
 
ignificant difference(P> .05)intissue mineral concentration due to
 

county location, with the -exception of selenium. 
Differences *(P < .01) in 
tissue concentrations among farms were found for all six tissue minerals. 
In general, tissue minerals 
 ould be d'irectly related to use or 
absence o
 

mineral supplements.
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Abstract of,.Dissertation Presented to the Graduate "Council'
 
"f the University of Florida in Partial Fulfillment of "the Requirements
 

for the Degree of Doctor of Philosophy
 

MINERAL STATUS OF BEEF CATTLE IN THE NORTHERxi rai
 
OF MATO GROSSO, BRAZIL, AS INDICATED BY AGE.
 

SEASON, AND SAMPLING TECHNIQUE
 

By 

Marcelo de Oliveira Mendes
 

iDecember 1977
 

Chairman:, Dr. J.H. ,"Conrad
 
Major Department: Animal.Science
 

Two experiments were conducted in the northern part of Mato Grosso,
 

Brazil, to investigate the mineral status of cattle,,to determine the
 

classes of cattle which are most susceptible to .specific mineral defi

ciencies or toxicities, as reflected by low tissue mineral concentrations,
 

to study the effect of season of the year on mineral deficiencies-in
 

cattle as evidenced by low tissue mineral concentrations, and.to evaluatu
 

the suitability of the liver biopsy technique to investigate the status
 

'of selected minerals in cattle.
 

In Experiment I,liver samples were obtained by biopsy from 420
 

cattle on six ranches during two seasons, grouped in five classes,
 

according to age and.physiological state, with seven animals per class.,
 

Blood samples were collectedfrom 5 animals in.each of the .five
 

classes in two seasons.
 

In Experiment II, blood samples ;and liver biopsy were collected
 

from 72 animals from the above sixranches in two A second..easons. 

liver sample and rib bone sample : the
 

same animals.
 

'jic 



Liver samples were analyzed for iron 
-copper, 
 zinc, manganese,
 
cobalt, and molybdenum, while phosphorus, calcium, and magnesium were
 
determined in blood serum and bone. 
 Bone ash percentage was also
 
mined. 
Mineral mixtures beingused at the six ranches were analyzedifor
 

the appropriate minerals.
 

The levels of all minerals in the liver wre lower (P,<.01) Inthe 
rainy reason than in the dry seasbn, while those in blond
 

lower (P 
< .01) in the dry season.
 

Differences (P < 
.01) in liver and blood serum mineral levels among 
ranches were detected. Except for liver copper (P < .02) and-cobalt
 
P < .08), the differences among ranches due to season, of the year, for 
ill liver and blood serum mineral concentrations. were 'significant at t 

% level.
 

In both seasons, ..... 
 L Ls or iron (> 180 ppm), copper (> 50 
ppm), cobalt (> .08 ppm), calcium (> 9 mg %), and magnesium (> 2 mg,%) in 
the six.ranches were satisfactory. 
 Zinc levels in the rainy season were 
borderline for ranch 3 and deficient (< 84 ppm) for the other ranches.
 
Manganese values in the rainy season were deficient (< 8:ppm) for-all
 
ranches, and in the'dry season,were deficient for ranches 2, 3.and 4.
 
-Molybdenum levels were low (< 2 ppm) only for ranch 5 in both seasons.,
 
Phosphorus adequacy in the six ranches was based on the levels found in
 
bone ash from slaughtered animals,in Experiment II. 
 Although phosphori 

-appeared to be borderline for the non-productive slaughter animals,
 
.growing animals and lactating cows were borderline or deficient becaus 
.their requirements are higher especially duringthe rainy season. 

.. Mineral mixtures in.the six ranches supplied the most critical 
minerals at much lower levels than the animals' requirement, except 
cobalt, which was supplied ai- 100 to 740% of-,
the 'requirement.
 



The effect of cattle class on liver mineral concentration was most 

notable"in"classes 1 (growing'-animals) 'and 3 (lactating cows), which 

' 
tended 'tohhave a-lower copper, zinc,"manganese, cobalt, and molybdenum
 

level during-the" rainy- season. It was concluded that for the determinL., 

tion of mineral status of a specific mineral in a cattle herd, liver

samples should !be obtained from the above-classes toward the-end of the 

rainy season. 

Correlations were found among liver and serum minerals. 

In the rainy season, the valiues were lower for bone ash (P <,.06) 

phosphorus,' and m < than in the dry season. No differencesim (P '.02) 

( > .06) was detected in.bone ash calcium"levels between seasons. 

The effect"of liver. sampling techniques and seasons was detected,., 

only on concentration.of iron in the dry season (P < .02), zinc (P<1 .01) 

in both seasons, manganese (P < .01), and.cobalt (P < .02) in the rainy 

season. It',was condl'uded that'the mineral status of specific minerals in 

cattle can be'determined"satisfactorily in the liver samples obtained 

either by biopsy orby slaughter, in late rainy season, since this is 

the time of the year in which the ,animals are-most productive and their 

requirements,.are hiihest. 
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Murillo Bravo, Olger. 
 1977. Evaluacion del estado de nutrici-n mineral del
ganado bovino en pastareo en el canton de Canas, Guanacaste. Tesis.universidad de Costa Rica, Facultad de Avronamlo. R.,1aa-otecna., ° 
San Jose"PCosta 'Rica.
 

Sumario
 
La presente investigaci~n se realize 
en el Canton de CaFas, Provincia
 

deGunacaste, pars lievar a cabo una evaluacion del estado de nutricin
 

mineral'de bovinos en pastoreO en dicha zona; se incluyeron 19 fincas con 
diferentes tipos de manejo, distribuidas en el canton, a las cuales 
se les
 

tomaron muestras'de sangre, forrajes e hLgado entre los meses de diciembre.
 

de 1976 a marzo de 1977. 
 En ia sangre se analizaron los elementos calci0,
 
fosforo y magnesio, en forrajes..calcio, fosforo, magnesio, potasio 
hierro,
 

cobre 
manganeso y zinc; tambign:se analiz6 la praterna cruda.. Por 
 t3.lo
 

en el hr.gado se hicierananalisis 
para el hierro, cobre, manganeso.y zinc'c

Los datos obtenidos se analizaron estadrs ticamente mediante Andeva,
Stepwise, MAXR2 
, como correlaciones entre los1
elementos estudiados.
 

Se encontraron concentraciones promedios en la sangre de bovinos de
 
10.84, 4.27 y 2.67,mg/lOO ml de suero para los elementos calcio, f 
 "sforo
 
magnesia respectivamente; ademas se encontr6 una marcada .deficiencia dA
 

fosforo en la sangre de bovinos en pastoreo.
 

En los forrajes estudiados se obtuvieron concentraciones promedios de,
 
3.86, 0.25, 0.09, 0.12 y 1.15 por ciento en base seca para la proteina 

cruda, calcio, fosforo, magnesia y potasio respectivamente; para los elemento' 
hierra, cobra, manganesa y zinc las concentraciones promedios encontradas
 

fueron de 148, 2.81, 27 y 20.05 ppm en base seca respectivamente. 
Entdas
 

las fincas estudiadas los forrajes no mostraron concentraciones :que suplieran 

los requerimentas mrnimos de fosforo para ganado bovino.
 

Ademas un 
alto porcentaje de las muestras de forrajes estudiada ,en' .las 
f incas .no dieron concentraciones satisfactorias para llenar 'los requerimentao 



de cobre.... e cualpareceserungraveproblema en la zona deestudio. Tam
bien en algunas 'fincas estudiadas 'se encontraron concentraiones inferiores 

a.los requerimentos para el manganeso y zinc.
 

De las muestras de hlgado analizadas, solamente el: manganeso mostro

concentraciones por debajo de lo normal en el tejido heptico, encontr-ndose 

un promedio de 208.5, 157.8, 4.75 y 117 ppm en base seca para los elementos
 

hierro, cobre, manganeso y zinc respectivamente.
 

En base a los resultados obtenidos se recomienda suplementar-en la.zona
 

con fuentes altas en f~sforo, cobre y posiblemente manganeso y zinc para
 

lienar los requerimentos que no llegan a suplir los forrajes.
 



a..r.......
i ....
d. 1.
Aineral de L', anad o6... .. .va uacin del estado'de nutri6ion..... b ovino,, e la , roi' . - i .......
.......... d. . ,. .;I.,,, ... ........... . .. ., . .. .
g a ... .. .....- • ... 
.. . . • i...,.
ovincia.. ..-de Cartago.. Tesisrs s n versidad
de costa Rica, Facultad de Agronoma, EsueadeZoti S'.
 
a :
Costa Rica. n os e ; 

Sumario 

El presente"estudjo se 
llevo a cabo con el fin de evaluar eleatadode
 

nutricion mineral en el ganado bovino de la provincia de Cartago, involu
crando 34 fincas de manejo diferente.situadas.en los cantones Central,
 

Pararuo, Turrialba, Alvarado y Oreamuno.
 

Se recolectaron muestras de higado, sangre y forrajes entre los meses
 
de diciembre de 1976 y abril de 1977. 
 Analizandose:en sangre calcI,
 
f~sforo y magnesio; 
en h'gado, hierro, cobre, manganeso-y zinc finalmente en 
forrajes protedna, calcio, fosforo, magnesio, potasio, hierio, cobre, mananesc 

y zinc.
 

Con~los resultados obtenidos se hxcieron analisis estadisticos de Andeva,
 
Stepwise, MaxR e interrelaciones entre los elementos estudiados. 
Encontrandose
 
que en la zona de estudio en general se presentan problemas de calcio,
 

f~aforo, cobre, adem~s niveles elevados de manganeso an los distritos Orosi 
de Para'so, Central y Santa Cruz de Turrialba y San Rafael de Oreomuno.
 

Los demas elementos en suero sangurneo y forrajes obtenidos fueron
 
normales segun la literatura. 
Para el hrgado de animales se encontro que
 

-todos los minerales evaluados mostraron niveles inferiores a lo normal en
 

dicho tejido.
 

Se recomlenda, basado an lo anterior, suplementar con fuentes altas.eu
 
calcio y fosforo como harina de hueso, fosfato dicaicico,'xidoadem"s 
 de 
cobre, sulfato de cobre o carbonato de cobre para aumeutar los baing nivalla. 

de esos minerales encontrados'
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Perdomo J. T.,R. L. Shirley and.C.' F. , Chicco,.; 1977.Avaiab i!ity ofnurient:eminerals in th'e'form of tropical, forages 
' 

fed fieshly shoplpd to 
hep., J ir " 4:p"1114rl.-,119m., S ci. S
 

Abs tract 

-Digitaria,.decumbes Stent (Pangola digitgrass), Panicum maximum Jaq. 

Cynodon plectostachyum Pilger: (stargrass),, cnd Brachiaria 

lec~en Steph (Shepgrass) were harvested t 28, 42 and 56 days of re

grath Aind fed fresh to wethers. Mineral levels in the fresh forage and 

digestibilities and retention by wethers were*determined. With maturity 

K, Na, Cu' and Zn decreased in concentration. Pangola had notably low K-and 

high Fe and Na-content. Digestibility and retention of Ca,- P, Na and Cu 

by sheep tended to decline with maturity while availability of Mg and Fe 

tended to.increase. 



Perla, Ferdn' o Lus GilroAot M.'and Fani dAdi~a
Moren . 1977. Estado de: minra' een ganado de abasto de ElSaivadorSubmitted abstract for 1977 ALPA meetings, Havana, Cuba
 

Sumario
 

A mediados de 1la 9poca liuviosa, de 70 mueStras. de sangre e. h!adoC 
colectadas de novillos y vacas de.varias edades i,.-4.9- - ' 2.2 a os) pro-. 

veniente de siete mataderos del 
 pars; se analizaron por m-todos colo
 

metricos y especto fotometrra de absorcion atrmica. 
El 18% de las-muestras
 

presentaron niveles deficientes de P sangurneo (5E 
*67.0 *23.9 ppm)
 
encontrandose mayores concentraciones de este elemento en novillos** y.
 

entre mataderos *. En Mg 3angulneo (R 20.1 
k5.1 ppm) se encontr el )1 
de deficiencia; no hubo diferencias entre ,novillos y yacas, solo entre mata

deros *. La concentraci~n mineral en muestras.de hrdgao, indic6 que el
 

4% fueron deficientes en,P ( = 122265-. 
2294 ppm),;el 51.4% deficientes en
 
"Mg (F . 594 t 60 ppm); el 64.3%, deficientes en Ca (R- 194• ,35.2 ppm); el 

38,6%, deficientes en Fe (i 217 ± 91 ppm); el 40.0%,' deficientes en Cu.
 

(2
= 108.6 ± 71.6 ppm); el 12.8%, deficientes en Zn (R- 122.0 53.6 ppm)
 

y el 64.?%, deficientes en Mn (R
- 8.6 *-2.4 ppm) en vacas **, los..demis 

elementos no presentaron diferencias por sexo. Solamente Mg, Zn y Mn,:
 

presentaron dife-encias significativas entremataderos. -Los
resultados
 

obtenidos confirman lo ya observado por otros autores, que-animales, en

eata epoca con mayor tasa de crecimiento y produccio-n, sin.s'uplementadiw
 

mineral presentan deficiencias acentuadas.
 



Valdivia , .'Ricardo.i,. 1977. Effect Of dietary.aliunmum on phosphorus utili

zation, Wyuin s -Ph'D thesis' 'Gaiiesville, F1orida. 

Abs tract' 

Experiments were conducted to'study the effects of dietary aluminium
 

,upon phospliorus"utillzation by'ruminants. 'Inan 84-day feeding trial, 24
 

,steers (226 kg body weight) were allotted to four treatments: basal diet,
 

and~ahlor die ~plhe'
t 300, 600, and 1-200 ppm added aluminum (aluminum

'chloride).. 'After the feeding trial,teers were slaughtered and tissues
 

removed for analysis. Feed intake- (kg/day)'and weight gain (kg/day)
 

were 5.92, 5.81, 5.36, 6.33 and .94, 92, .74, .89, respectively, and were
 

.not affected by treatments. Phosphorus, calcium, magnesium, aluminu.
 
levels in plasma and hemoglobin and hetma'crIvalues were not affected.
 

Zinc concentrations in liver 'andkidney '(P < .01)"'and copper level in
 

kidney (Pr <.05) increased with dietary alumlnum.
 

Another experiment involving'20 lambs"(36.7 kg body weight) was con

ducted to'study the effects of dietary aluminum and phosphorus on animal
 
performance, phosphorus absorption and retention and tissue mineral com

position. A '2x 2 factorial design with two levels of added aluminum to
 

a basal diet (0 and 2,000 ppm) and'two levels of phosphorus in the diet
 

(-.15'and'-.29%) was used.' For a 56rday feeding trial, feed intake (kg/day)
 

and weight-gain (g/day) for treatments (low P/low Al, high P/low Al, low P/ 

highAl,: andhigh'P/high'AI)'were: 1.28, 1.32, .78, 1.08 and 109, 117, 

-39, 15, respectively. Dietary aluminum and phosphorus affected these 

responses (P < .05). Plasma phosphorus values were 6.90, 7.82, 3.62, and 

7.73 mg/100 ml. Dietary aluminum depressed (P< .05) and phosphorus increased 

(P < .01) plasma phosphorus. Plasma calcium changed in the 'opposite direction 

to phosphorus levels and magnesium was depressed (P < .01) by dietary aluminum.
 

Three.animals per group were injected intravenouslv with P to measure
 

http:15'and'-.29


metabolic fecal phosphorus excretion. 
 True- phosphorus absorption"(1) and
 
retention (m'/anima1/day) were:: 
28. 3.8, -. ,85ad-8 4 44
 

-325. 
 Dietary aluminum depressed,(P < .05) both parameters. Dry matter
 

and, organic matter digestibility and apparent magnesitm'.absorptio 
wrn
 

affected by,,treatments. Aluminumin 
liver increased (P < .05) with 'the 

high aluminum diet.. Iron in .livarand kidney and copper in kidney increased 

(P < .05), and.magnesium decreased(P <.01) with high dietary aluminum. Zinc 

in kidney (P < .01) and manganese, in:muscle., (P. <.05) decreased with high 

phosphorus.'diets.
 

A: phosphorusb, b..... -WO ua uuc~ea ro srudy the effects of soils in

cluded in the .diet 
of sheep on phosphorus utilization.. Eighteen wethers 

(46.8 kg body weight) were fed a basal diet containing either.10% sand 

.. ,(control), Colombian, or Costa Rican soils. The. contents of aluminumpiron

and manganese in the .sand, Colombian,and Csta Rican soils were (Z): 

.064, 1.620,.9 traces; 6.150, 3.050, .005: and,14.400,; 9.230, .139. 
 Radioactive
 

phosphorus was injected, intravenously to determine metabolic fecal-phosphorus. 

No, effects on weight gain and organic..matter intake-'were observed. Serum
 

inorganic phosphorus (mg/l00 ml) with Colombian soil 
 (9.08)'was higher
 

(P <,.05) than with-the .Costa Rican soil (71.22) 
and sand diet (7.33), 

True ,phosphorus absorption (71.5%) .and phosphorus retention (206.mg/animal/
 

day) were higher (P < .01) with ,..Co lombi an soil, compared to Cos.ta Rican soil 

(59.8% and -11 mg/day) and sand (54.7% and 75 mg/day). The apparent di

gestibility of organic matter or absorption of ash, calcium, magnesium, 

copper, zinc and manganese were not affected by soils or sand in the die 

Apparent absorption of iron for Costa Rican (23.8%) and Colombian (9.9%1) 

soil ,was higher (P < .05) than that for the sand diet (-18.9%). Depression'::
n 

phosphorus absorption seemed to be.related mostly.to :the 
levels of iron and 

alMInumin the soils, 
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Valdivia, R., C. B. Ammerman,: J. P.: Feaster, P. E.. Loggins and P. E. Henry.1977. "Effect of aluminum on phosphorus utilization by lambs. 
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'Soci'ety of Animal Science abstracts p. 265 

Abs tract 
Twenty weer ambs-(36..kg)_were randomly assgned to 4 treatment
 

groups in a ,2 x 2: factorial, arrangement with 2 levels of dietary Al '(28; and 

2200.ppm) and2 levels' of P(.15,and .29%). foria feeding tr'al followed by
 

ai P-balance study. -The basal diet contained,10.4%protdin and, expressed
 

in,%,. corn meal, 44.0,cottonseed hulls 26.0, corn.starch 20.2, 
 molasses

3.0, soybean meal 2.0, alfalfa meal 2.0, urea 1.5 and l.31,'vitamins and 

'minerals. ..The Ca:P ratio was between 1.4to 1.5'for alldiets. In treat

ments designated as low F, low Al;;high , low Al; low ,P high Al and high 

P, high Al; .,the average daily gains (ADG) were 109, 116','-39 and 15 g; 

average daily intakes i(ADI) were, 647,--668, 394-'and 545 g; average feed con

versions .(AFC), were 5.37, 5.39, g. and 18.86.' At* the end of' the' feedi.i 

trial, serum levels 'of,inorganic P were 6.90, 7.83,3.62 and 7.73 mg/l00 ml, 

respectively.,: Differences,(P <.05) among treatments for ADG ADI: AFC and 

serum P were found.. In the P balance-study, 32 P-was injectid daily for 10 

days. to measure endogenous,fecal P which averaged 77, 131, 41 and '86 mg/kg
 

liveIe respectively., True absorption of,P was
.weight, 
 28.7,' 32.8, '-9.2 and 

8.5% (P < .05). :Concentrations.of Al in fres'h liver; were 2.6", 2.9, 6.7 and 

6.30ppm (P <,.01) .SiMlarvalues for muscle were 2.3 2.8.' 4.1.and 3.9 

(P > .05) . 
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Annual Estimated Cost.0f Mineral Research in: 

Latin American Countries
 
Co.ntry- C C....,..Direct Florida-,
 

yCountry Cost* 
 :AID :Contract Cost**,
 
Brazil 
 '$224,000
 

Colombia 
 62,000 
 $8,000>
 

Costa Rica 
 68,773 
 7,000
 

Ecuador 

36,;000,
 

SEl Salvador 

570611
76 


Guatemala 
 31,000 
 6,00
 

Venezuela,, 103,500 ------


Total 
 $582,884 
 $25,00
 
*Figures do not includepreviously purchased equipment or overhead.
 
*Each country receives in addition in
 

rv -r' i addtion$200-900 i'consumable gunq.lies.' 
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COSTA RICA
 

a. 	Estimated total cost per year (CONICET) 
 $ 20,773
 
b. 'Eight equivalent Peace Corps Volunteers (for
 

Costa Rica Agriculturist to carry out these duties,
 
the estimated cost would be at $6,000 each) 
 48,000
 

c. 	Fulltime M. S. degree staff member 
 8,000
 

Total 
 $ 76,773 

ECUADOR
 

a. 	Two equivalent laboratory and/or field technicians
 
at $6,000 
 $ 12,000 

b. 	One equivalent supervisory staff at $15,000 
 .15,000
 
c. 	Chemical analyses 
 4,000
 
d. 	Logistical support for travel and supervising
 

experiments 
 :3,000
 
e. 	Supplies other than chemicals 
 2,000
 

Total 
 $ 36,000
 

EL SALVADOR
 

a. 	Estimated budget for 1 year $ 17,611

b. 	 Five equivalent Veterinary, Field and Laboratory


technicians at $8,000 
 40,000
 

Total 
 $ 57,611
 

GUATEMALA
 

a. 	Estimated budget for 1 year 
 $ 18,500 
b. 	Half Laboratory technician at $7,000 -3,500
 
c. 	Half Supervisory Staff at $18,000... 
 9,000
 

$ 31,000
 

VENEZUELA.
 

1. 	Maracaibo
 

a. ,Equivalent of 3/4 full time supervisory staff at $1-,000$ 13,500 
b. 	One equivalent laboratory technician at $9,000 9,000
 
c. 	Chemical analyses 4,0W
 
d. 	Logistical support for travel and supervising4
 

experiments 
 3,000
e. 	Supplies other than chemicals 2,000
 

Total 
 1,500
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2. Maraca, 

a. Support of research assistants, M. S. program
b. One-fourth equivalent sunerini at-c _Z$20,000 
c. 
One laboraLory anc/or field technician
d. Chemicals, supplies, and loiistical 
 l, n 

Total
 

3. Jusepin
 

a. Research-support -from CONICET
b." One-fourth equivalent supervisory staff at $16,000 


Total-


Total Venezuela 


$I 1i000 

4,000
 
8,000
 
6,000
 

$ 28,000 

$ 40,000 
$ A4,000-, , :
 

$13,50b ,$103,500
 


