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REPORT SUMMARY
 

A. 	Statistical Information
 

1. 	Project Title and Contract Number:
 

Development of Efficient Mineral Supplementation Regimes for 'razing
 

Ruminants in the Tropics.
 

AID/ta-c-1153
 

2. 	Principal Investigator, Contractor and Mailing Address:
 

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

Tel. (904) 392-1965
 

Principal Investigators: Dr. Joe H. Conrad
 

Tel. (904) 392-1911
 

Dr. Lee R. McDowell
 

Tel. (904) 392-2185
 

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. K. Loosli
 
C. B. Ammerman 	 J. E. Moore
 
J. F. Easley R. L. Shirley
 

Nancy Wilkinson, Technician
 

Cooperating Graduate Students at University of Florida: Mangeye
 

Kiatoko, Zaire; Soekanto Lebdozoekojo, Indonesia; Marcelo Mendes and
 

Julio Cesar de Sousa, Brazil; David Morillo, Venezuela and Edmundo
 

Espinoza, Bolivia.
 

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 March 1, 1978 to June 1, 1979.
 

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

6. 	Total expenditures and obligations through previous contract
 

years: $636,485.69.
 

7. 	Total expenditures and obligations for current year:
 

112,486.31.
 

8. 	Estimated expenditures for next contract year: 
 150,000.00.
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B. Narrative Summary of Accomplishments and Utilization
 

1. Reconnaissance and Recruitment Phase
 

a. Literature related to mineral analyses 
of 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 incidence 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 American papers established 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: Numerous mineral deficiencies, imbal

ances and toxicities are severely inhibiting the ruminant livestock
 

industry in Latin American and other developing countries. All
 

minerals for grazing ruminants have 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. 
This is
 

illustrated in the majority of the individual country summaries pre

sented in this report. Other studies also illustrate the growth
 

response from phosphorus supplementation. 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 for daizy cattle, during peak
 

lactation periods, appear to be rare. 
 Inadequacies of magnesium,
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sodium, iodine, selenium, and zinc and toxicities of molybdenum,
 

selenium, and fluorine have been encountered in widely diverse
 

areas 
of Latin America, but all have been infrequently studied.
 

b. Personal contacts have been made through visits and corres

pondence with interested personnel in eleven Latin American
 

countries. Active research is in p-ogress in the Bahamas, Bolivia,
 

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

Peru, Uruguay and Venezuela. Visits to cooperating institutions
 

from 1 to 3 times annually are necessary for stimulating mineral
 

research. 
 In late 1977 visits were made to interested researchers
 

in Indonesia, Malaysia and the Philippines. Research programs 
are
 

now being conducted in these countries. Thailand was visited in
 

November of 1978, with mineral research programs now in the planning
 

stages. Attempts to locate appropriate countries for mineral re

search in Africa are being carried out. Since late 1978 contacts
 

have been established in Malawi and a trip was 
made in April of this
 

year. Prospects for mineral research in this country are good.
 

Depending on the termination date of the contract, several additional
 

African countries (i.e., 
Zaire and Sudan) could be included in this
 

program.
 

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

research institutions are presented in the appendix. 
Linkages and
 

collaborations with other AID contacts, and national and international
 

institutions include: 
 in the Bahamas, BARTAD; in Bolivia, IBTA,
 

CIAT-British Mission and Facultad Veterinaria y Zootecnia; in Brazil,
 

EMBRAPA, EPAMIG, institutions in the states of Ceara, Minas Gerais,
 

Mato Grosso, Sao Paulo, Rio Grande do Sul, and the Amazon Cattlemen's
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Association; in Colombia, ICA, Caja de Credito Agrario and CIAT;
 

in Costa Rica, the University of Costa Rica and CONICIT; in Ecuador,
 

INIAP; in El Salvador, Ministry of Agriculture (Ganaderla) and the
 

Universidad de El Salvador; in Guatemala, INCAP; in Haiti, Ministry
 

of Agriculture; in Indonesia, Gadjah Mada University, CSIRO, Uni

versitas Uhayana (Bali) and Bogor Agriculture University; in Malaysia,
 

Universiti Pertanian Malaysia and MARDI; in Malawi, University of
 

Malawi, Bunda College, Ministry of Agriculture, Department of
 

Research; in Peru, IVITA, Universidad Nacional Agraria and Universi

dad Nacional Pedro Ruiz Gallo; in the Philippines, University of
 

the Philippines and PCARR; in Thailand, Kasetsart University and
 

Chiangmai University; in Uruguay, National Veterinary Research
 

Center, Agronomy Faculty, University of the Republic; in Venezuela,
 

Centro de Investigaciones Agronomicas, Universidad Central, Uni

versidad de Oriente, and Universidad del Zulia.
 

d. 	Specific contributions of Latin American institutions compared
 

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

conducting difficult analyses and is contributing professional
 

expertise for design, implementation, and conduct of research, as
 

well as interpretation of research data and also securing difficult
 

to obtain chemicals, laboratory supplies, and expendable supplies
 

for collection, preservation, and analysis of samples (details are
 

given in the appendix).
 

2. 	Experimentation Phase
 

Experiments designed to pinpoint mineral deficiencies and toxicities
 

for specific farms and regions are in progress in all participating
 

countries. Research data from participating countries is further
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confirming the incidence of phosphorus deficiencies. As an example
 

twelve recent theses have been completed in Costa Rica by the
 

Department of Animal Science at the University of Costa Rica. In
 

one 
thesis 100% of all farms had deficient forage phosphorus con

centrations while 50% of the blood contained less than 4 mg% phos

phorus. Similar conclusions were fE,"nd in all of the other theses.
 

During the past years mineral research data from Bolivia, Brazil,
 

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

Malaysia, the Philippines and Venezuela have indicated borderline to
 

severe copper deficiencies in grazing cattle. Extensive analyses
 

from vast areas of Colombia have indicated widespread copper de

ficiencies in this country. Incidence of sodium, cobalt, zinc,
 

manganese, magnesium and other mineral deficiencies are highly
 

variable and are noted in individual country discussions. New re

search data are being generated through experiments in all cooperating
 

countries which are designed to determine the mineral deficiencies
 

and toxicities and the mineral relationships between levels in
 

soils, plants and grazing ruminants..
 

In previous research, phosphorus supplementation has been
 

shown to dramatically improve the low reproductive performance (i.e.,
 

Bolivia, Brazil, Colombia, Panama, Peru 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
 

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

to deficient cattle with low reproductive rates. During the past two
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years attempts have been made to encourage mineral supplementation
 

trials in Latin American countries to verify the effect of phos

phorus on reproduction under conditions existing in these countries.
 

Mineral supplementation trials are now underway in Bolivia, Brazil,
 

El Salvador, Colombia, Ecuador, Peru, Uruguay, Malaysia, the Philip

pines, Indonesia and Venezuela.
 

The 	largest mineral supplementation trial involves 1870 cattle
 

in the Beni region of Bolivia. For the year end results, phosphorus
 

supplemented weaned animals gained 97 kg versus 77 kg for controls.
 

From Goias. Brazil, cattle receiving common salt gained only 53
 

grams/animal/day versus 90, 137 and 112 grams for animals receiving
 

Phosphorus, phosphorus + cobalt + copper + iodine and phosphorus +
 

cobalt + copper + iodine + zinc + iron + manganese, respectively.
 

3. 	Distribution and Application of Results Phase
 

The "Latin American Symposium on Mineral Research with Grazing
 

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

This symposium was jointly sponsored by Brazilian universities,
 

research organizations, and the Florida/AID project and each of the
 

250 	participants from 10 countries received a copy of the proceedings
 

in 	Portuguese at the beginning of the meeting. Brazilians pre

sented 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 information on mineral
 

deficiencies and toxicities in Latin America. The proceedings were
 

published in Portuguese and distributed at the meetings. A major
 

effort was made to translate these proceedings into both English and
 

Spanish. In addition to translating, an extensive photographic
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section was included in both the English and Spanish editions. A
 

total of 3500 copies of the proceedings were printed in either
 

Spanish or English. 
The English and Spanish editions were available
 

for distribution in March and May, 1979, respectively.
 

Earlier in the program nearly 1500 copies of a manual on
 

"Methods of Mineral Analysis for Plant and Animal Tissues" had been
 

widely distributed in English, Spanish and Portuguese. This publi

cation was 
revised and a second edition published in May, 1979 in
 

English and a Spanish edition should be available in June or July of
 

this year.
 

A large quantity of literature related to mineral research is
 

sent to collaborating institutions and other interested groups. 
 This
 

includes thesis of mineral research carried out in Latin America.
 

Copies of 3 Ph.D. theses, of which 2 were from Brazil and 1 from
 

Colombia, were widely distributed.
 

Many seminars have been presented in the visited individual
 

countries and articles on mineral deficiencies and toxicities have
 

been presented at national and international scientific meetings.
 

During the past year mineral research data has been presented by
 

University of Florida staff at conferences at the following locations:
 

New Orlrtos, East Lansing, Gainesville, Madrid, Buenos Aires,
 

Belem and Rio de Janeira.
 

Research results are being published, with the majority of
 

research still in progress. Recent published results 
are located in
 

the appendix.
 

4. Extension Phase
 

During the past 4 1/2 years the mineral status of some of the
 

major ruminant livestock producing regions of Latin America have been
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established. With slightly over a year remaining there is insuffi

cient time to accomplish the desired goals in Latin America and to
 

effectively expand the program into selected areas of Asia and
 

Africa.
 

Strategy for a new 5 year program would include a lowered
 

commitment to certain Latin American countries and less frequent
 

trips there. One trip per year would be sufficient for Latin Ameri

can countries such as Costa Rica, Guatemala, Peru, Ecuador, Brazil
 

and Venezuela. These areas have developed a higher technological
 

level and 1 trip per year would be sufficient to assist with expe

rimental design and data interpretation. Trips in Latin America
 

would be concentrated more in countries which need a higher level of
 

technological support and in areas where new experiments are being
 

designed. Also emphasis in Latin America could be directed to regions
 

where specific production problems exist (i. e., Bolivia, Venezuela,
 

Colombia) that appear to be the result of nutritional inadequacies.
 

In the last comprehensive review of the mineral research program
 

in November, 1976 a major recommendation was to expand this program
 

into Asia and Africa. However, increased budgets required for
 

developing comprehensive mineral research programs in Africa and
 

Asia were not provided. Only two trips have been made to Asia and
 

one to Africa to develop contacts and stimulate plans for research.
 

It is proposed that the annual budget be increased from 150 to 230
 

thousand dollars to allow for more extensive programs in Asia and
 

Africa. The increase would allow for hiring additional staff or
 

consultants, program implementation and increased travel to these
 

areas. A proposed budget is included.
 

Following are some of the reasons why extension of the mineral
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research program for five more years is desirable:
 

a) To continue ) determine the location of mineral deficiencies,
 

adequacies and toxicities in selected areas of Latin America where
 

grazing ruminants predominate. The mineral status of numerous re

gions of Latin America, where grazing livestock are extremely im

portant, is still unkown.
 

b) To provide more emphasis to mineral research for several key
 

countries of both Africa and Southeast Asia, such as Indonesia,
 

Malaysia, the Philippines and Thailand. Afican countries could
 

include Malawi, Botswana, Sudan and Zaire. More reconnaissance is
 

needed to further identify appropriate locations in African and
 

Asian countries, making use of those principles which have proven
 

to be effective in Latin America.
 

c) To define deficiencies of energy, protein and vitamin A in ad

dition to minerals which may be limiting animal production. The
 

research can be broadened to evaluate these nutrients through both
 

chemical analysis and supplementation trials.
 

d) To emphasize the solving of small. holder animal production pro

blems that appear to be caused by nutritional deficiencies or toxi

cities. For example, there are requests for involvement in finding
 

the etiology of "falling disease" in Venezuela and "wasting away
 

disease" in Colombia. Both syndromes appear to have mineral compli

cations.
 

e) To continue research on soil-plant-animal mineral relationships
 

for diagnosis of mineral status of -razing ruminants.
 

f) To set up additional experiments to determine the cost/benefit
 

ratio from the effect of supplemental phosphorus and other minerals
 

on reproduction and weight gains of ruminant animals.
 

10
 



g) To broaden mineral research to include small ruminants as defined
 

under the title XII Small Ruminant Program. This would include sheep
 

and goats in a number of countries, cameloids (llamas and alpacas) in
 

Bolivia and Peru and water Buffalo in Asia and perhaps Bolivia.
 

h) To continue research to determine validity of different method

ologies fcr establishing mineral status of grazing ruminant animals.
 

i) To continue to improve developing institutions' capacities to
 

carry out mineral research.
 

j) To continue to locate regions for well controlled mineral sup

plementation studies.
 

k) To determine the effect of phosphorus supplementation during the
 

rainy season and the carryover effect from periodic mineral supple

mentation especially phosphorus.
 

1) To investigate the possibilities of using more economical phos

phorus supplements (i.e., basic slag and triple superphosphate).
 

m) To attempt to establish more graduate student programs where
 

degree candidates would conduct research in their home country.
 

When the researchers returned to their own country, after receiving
 

a degree, they would be more prepared to VDrk on local livestock
 

production problems.
 

n) To continue to generate accurate data which can be used to design
 

adequate mineral stipplements for different regions where grazing
 

ruminants are important.
 

o) To continue to improve a systematic approach for standardizing
 

sample collections, analyses, and methods of reporting data.
 

p) To continue to publish and distribute research information in
 

order to stimulate the use of mineral supplements wherever defi

ciencies exist.
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q) To continue to evaluate mineral supplements and to encourage
 

mineral supplement companies, researchers, and ranchers to
 

formulate, produce, and use high quality and nutritionally adequate
 

mineral supplements.
 

r) To publish producer oriented extension leaflets and bulletins
 

on mineral deficiencies and toxicities for grazing ruminants (in
 

Spanish, Portuguese and English).
 

s) To investigate the possibility of holding an International
 

Conference on Nutritional Limitations to Grazing Livestock.
 

12
 



5. 	Research Methodology
 

Research methodology is being studied which will permit rapid
 

determination of the mineral status of ruminant livestock
 

populations. An accurate review of the mineral status in a
 

specific region will permit prescribing mineral supplements for
 

correcting deficiencies and toxicities. Mineral status varies with
 

soil type, forage species, age, and physiological function of animal.
 

The following research techniques are being studied as integral
 

parts of the research methodology.
 

a. Tissue collection and analyses. Kinds of material: soil,
 

plant, and animal tissues. Physiological state of plants and
 

animals. Kinds of animal tissue: blood, liver, bone, milk, saliva,
 

feces. Sampling technique: liver biopsy of live animal or slaughter
 

animal for liver sample. Locations: farms and centralized commercial
 

slaughterhouses. Season of Year: wet, dry.
 

b. Mineral supplementation. The duration of the majority of mineral
 

supplementation experiments is at least 2 years. Phosphorus supple

mentation to increase low reproductive rates is being emphasized.
 

Some isolated experiments have shown that a 50 to 55% calf crop can
 

be increased to 75 to 80% by correcting the phosphorus deficiency.
 

Supplementation studies are the most important for the livestock
 

pr ducer, but they are also the most difficult to control and con

duct. A few well controlled experiments on experiment stations along
 

with a number of trials on cooperating ranches are being conducted.
 

6. 	Contribution to Institution Buildin$
 

This project has made and is continuing to make excellent progress
 

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

Animal Tissues" has been distributed to all cooperating laboratories
 

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

publication standardizes procedures for sample collection, identi

fication and analysis. A total of 8 visiting scientists or labora

tory technicians have spent anywher- from 2 weeks to 6 months at the
 

University of Florida studying mineral laboratory techniques. Pro

ject personnel have visited all cooperating laboratories for periods
 

of from one day to one week to discuss and demonstrate laboratory
 

techniques. One or more laboratories in each country are currently
 

conducting the majority of mineral analyses, except cobalt, molyb

denum and selenium, and some of these laboratories are serving as
 

training centers for laboratory technicians throughout the country.
 

Several different experimental designs have been prepared and dis

cussed with cooperating country personnel. From these, a satis

factory experimental design has been developed for each of their
 

experimental situations. All phases of this project have been con

ducted in complete cooperation with indigenous and international
 

research organizations. These organizations and cooperating per

sonnel can be found in the appendix.
 

7. 	Utilization Plans
 

The ultimate objective is to have livestock producers use nutri

tionally formulated mineral supplements to correct mineral de

ficiencies. Results of the research to date have been presented
 

at ALPA (Latin American Society of Animal Production), American
 

Society of Animal Science, Latin American Livestock and Poultry
 

Conference, Symposium on Mineral Research in Latin America, Pfizer
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Central American Conference, International Congress of Nutrition,
 

World Conference on Animal Production, Symposium on Feed Composition,
 

Animal Nutrient Requirements, World Conference on Animal Feeding
 

and Brazilian Society of Animal Production and 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 supple

ments evaluated, cobalt, in the majority of cases is supplied in
 

adequate concentrations. However, copper and usually zinc are
 

generally provided in very suboptimal amounts. Livestock producers
 

are being informed concerning nutritionally adequate mineral supple

ments and how they should be used.
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ANNUAL RESEARCH REPORT
 

A. 	General Background
 

Mineral deficiencies have been identified as one of the major factors
 

limiting ruminant livestock production throughout Latin America. Al

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

rate is about 12% compared to 38% in thp 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 I presents research data from 10 mineral supplementation trials
 

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

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 primarily during the first 3 months of
 

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

nutritional deficiencies are directly and indirectly a major cause of
 

mortality.
 

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

fact that they reach 400-500 kg in approximately five years. Numerous
 

studies have shown increased gains, from mineral supplementation in
 

Latin America. A study in the high altitude grasslands of Ecuador
 

showed daily gains of 80 kg prior to mineral supplementation as com

pared to 212 g per day after. From Bolivia, phosphorus supplemented
 

animals gained 20 kg per animal over controls. Cattle receiving com

mon salt in Goigs, Brazil gained only 53 grams/animal/day versus 90,
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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 8 0 .8b Bauer (1976, unpublished
 
data)
 

Brazil 55.0 7 7 .0b Conra' and Mendes (1965)
 

b
Brazil 49.0 72.0 Guimarads and Nascimento
 

(1971)
6b 

Brazil 25.6 47.3 b Grunert and Santiago (1969)
 

Coloubia 50.0 8 4 .0 c Stonaker (1975)
 

Panama 62.2 6 8 .8d Rros Araz (1972)
 

Panama 42.0 80.0 b Poultney (1972, personal
 
e communication)
 

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

Uruguay 48.0 6 4 .0b De Leon Lora (1963)
 

Uruguay 86.9 96.4 b Schiersmann (1965)
 

aControl animals received only conmon salt (NaCI).
 

bBonemeal.
 

cComplete mineral mixture.
 

dDicalcium phosphate + triple superphosphate.
 

eDicalcium phosphate + copper sulfate.
 

*References noted in McDowell and Conrad (1978).
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137 and 	112 grams for animals receiving phosphorus, phosphorus +
 

cobalt + 	copper + iodine and phosphorus * cobalt + copper + iodine +
 

zinc + manganese, respectively.
 

Often grazing livestock do not receive mineral supplementation and
 

must depend largely upon forages to supply their requirements. Only
 

rarely, however, can 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): 
cobalt, 43%; copper, 47%; magnesium, 35%;
 

phosphorus, 73%; sodium, 60% and zinc, 75%. 
 Chemical analyses of feed

stuffs 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 efficiency
 

of Lesser Developed Countries' (LDC) meat and milk production systems
 

with a resultant increase in quality and quantity 
 of LDC diets and a
 

subsequent increase in employment and income levels.
 

The Contractor shall establish collaborative research activities in
 

Latin American countries that have institutional and scientific capa

bility to carry out this research project. These countries shall in

clude Brazil (Empresa Brasileira de Pesquisa Agropecuaria, Brasflia and
 

Belo Horizonte), Ecuador (Instituto Nacional de Investigaciones Agro

pecuarias, Santa Catalina), Colombia (Centro Internacional de Agri

cultura 	Tropical, Cali and Instituto Colombiano Agropecuario, Bogota)
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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 establish by experimentation the biological response and eco

nomic benefit of mineral supplementation to grazing animals; 3) to
 

experimentally evaluate 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:
 

1) Reconnaissance and Recruitment Phase, 2) Experimentation Phase and
 

3) Distribution and Application of Results Phase as follows:
 

I. Reconnaissance and Recruitment Phase
 

To carry out the Reconnaissance and Recruitment Phase, the literature
 

on grazing cattle must be evaluated and, also, contacts in participating
 

countries must be established by both correspondence and personal visits.
 

ln each country under consideration, previous research on mineral con

centrations of soils, forages and animal tissues, in addition 0o reports
 

of clinical signs of plant and animal mineral deficiencies at specific
 

locations, will be evaluated to determine the highest priority for
 

cooperative mineral research project.
 

Research institutions and personnel shall be located that have the
 

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

tory equipment and the methods of analysis for each mineral shall be
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determined by the contractor. The specific contributions of both the
 

Latin American institutions and the University of Florida to the mineral
 

research program shall be clearly established. This phase shall be
 

completed and AID advised within 4 months f 
:om 	initiation.
 

2. 	Experimentation Phase
 

The experimental field work shall i, initiated and carried out
 

during this phase. The experimentation phase shall consist of two sep

arate 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. Ana

lyses 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 ori

ginate shall permit 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 demonstrate production and economic benefits from mineral supple

mentation. 
 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 Supplement Phase shall be initiated in Brazil, followed by
 

Ecuador and Colombia. The exact sites for experimentation within each
 

country shall be decided in cooperation with the Ministry of Agriculture
 

of Brazil, INIAP (Instituto Nacional de Investigaciones Agropecuarias)
 

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

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

criteria established in the Reconnaissance and Recruitment Phase. 
 It 	is
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anticipated that a large percentage of the analyses required herein
 

will be carried out at the University of Florida.
 

3. Distribution and Application of Results Phase
 

Experimental results shall be distributed to farmers, government
 

officials and scientists. Results shall be published in both scientific
 

journals and in one- to two-page summaries suitable 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 AID 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 recommnend mineral mixtures suitable for specific areas.
 

Results of the experimental findings shall be presented at local
 

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

livestock meetings in each country in addition to national and inter

national scientific meetings.
 

C. Continued Relevance of Objectives
 

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

Many individuals and institutions recognize the importance of mineral
 

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

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

mineral research programs. In order to improve the institution capa

city to carry out mineral research, the AID-Florida contract is 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, analyses and methods of
 

reporting data.
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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 supplements,
 

but to insure that these supplements are adequate to meet the require

ments of grazing animals. Often farmers believe that they are pro

viding adequate mineral supplements for their livestock, but in reality
 

the mineral supplements used are extremely inadequate.
 

In addition to many inferior mineral supplements sold in the market
 

place, many farmers have a poor understanding of animal requirements
 

and methods of administration. For example, even though phosphorus
 

s'ipplements are administered to some cattle in Latin America frequently
 

the quantities are insufficient, the incorrect class of animal is
 

emphasized (animals growing or in maintenance versus breeding females)
 

and minerals are supplied 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:
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In the early phases of the program the project included 3 full-time
 

animal nutritionists and 8 part-time animal nutritionists. The project
 

has reduced the staff to I full-time animal nutritionist plus the 5
 

part-time animal nutritionists. A larger staff was needed during the
 

beginning of the program to review literature, establish research pro

ced... and initiate research programs in the respective countries.
 

1) A complete search of the literature on mineral research in Latin
 

America was conducted at the Hume Library, University of Florida, and
 

Inter-American Center for Agricultural Documentation and Information
 

(CIDIA) located at CATIE, Turrialba, Costa Rica. Visits were made to
 

a number of research organizations throughout Latin America. A total
 

of 269 articles from journals or other publications were reviewed.
 

Mineral research information has been summarized in three major publi

cations. Mineral Deficiencies and Toxicities and their Effect on Beef
 

Production in Developing Countries was presented at 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 America" was presented at the "Latin
 

American Symposium on Nutrition Mineral Research with Grazing Ruminants".
 

This paper contained 269 references and summarized all the published
 

mineral research pertinent to glazing 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 and
 

Spanish editions. This involved editing, translating, rewriting and
 

adding a large photographic section of mineral deficiencies and toxicities.
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In 1979 an extensive review will appear as a chapter in the book
 

entitled "CRC Handbook of Nutrition and Food". The chapter is titled
 

"Geographic Distribution of 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 summary of review of literature,: Table 2 illustrates both
 

confirmed as well as suspected Latin American locations of mineral
 

deficiencies and toxicities in r,.minants. The most widespread mineral
 

deficiency for grazing livestock is that of phosphorus. Calcium de

ficiencies are rare under grazing conditions. This fact is especially
 

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

importance to calcium than experimental evidence indicates.
 

Of 1129 forage entries in the 1974 Latin American Tables of Feed
 

Composition (Table 1), 72.8% of the phosphorus values were borderline to
 

deficient containing less than 0.30%. From 154 forage samples analyzed
 

in Rio Grande do Sul, Brazil, 67.8 and 95.1% contained 0.15% phosphorus
 

or less during the wet and dry seasons, respectively (Gavillon and Quadros,
 

1970). Forage analyses from the state of Goigs, Brazil indicated that
 

about 50% of the forage samples have less than 0.18% phosphorus (Lopes,
 

E., 1978, unpublished data). In a study of six ranches in northern Mato
 

Grosso, Brazil, Sousa et al., 1978 reports deficient forage phosphorus
 

concentrations ranging from 0.07 to 0.18% and borderline to deficient
 

phosphorus rib bone ash levels, ranging from 15.1 to 15.5%. From the
 

llanos of eastern Venezuela virtually all analyzed forage samples were de

ficient in phosphorus. Only 7 out of 1000 contained more than .20%
 

phosphorus, with the majority less than .1% phosphorus (Velasquez, J.,
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Table 2. 	Geographical locations of mineral deficiencies or
 
toxicities of ruminants in Latin Americaa
 

Reqiired elements 

Calcium 	 Argentina, Brazil, Colombia, Costa Rica, Guatemala, Guyana, Mexico
 
Panama, Peru, Surinam, Venezuela.
 

Magnesium 	 Argentina, Brazil, Chile, Colombia, Costa Rica, Guatemala, Guyana,
 
Haiti, Honduras, Jamaica, Peru, Surinam, Trinidad, Urug;ay.
 

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.
 

Potassium 	 Brazil, Haiti, Panama, Venezuela.
 

Sodium 	 Brazil, Colombia, Guatemala, Panama, Surinam, Venezuela.
 

Sulfur 	 Brazil, Ecuador.
 

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

Copper (or Argentina, Brazil, Colombia, Costa Rica, Cuba, Guyana, Haiti, Mexico,
 
molybdenum Panama, Peru, Surinam, Uruguay.
 
toxicity)
 

Iodine Antigia, Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica,
 
Ecuador. Guatemala, Haiti, Nicaragua, Paraguay, Peru, Uruguay.
 

Iron Brazil, Cesta Rica, Panama.
 

Manganese Argeamis4a, 3r;zil, Costa Rica, Panama.
 

Selenium Bahamas, Bra2il, Costa Rica, Ecuaior, Guyana, Honduras, Mexico,
 
Paraguay, Peru, Uruguay.
 

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

Toxic elements
 

Fluorine Argentina, Guyana, Mexico.
 

Manganese 	 Brazil, Costa Rica, Peru, Surinam.
 

Selenium 	 Argentina, Brazil, Chile, Colombia, Ecuador, Honduras, Mexico, Peru,
 

Puerto Rico, Venezuela.
 

aMcDowell 	(1976); Fick et a!. 
(!P76).
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1978, unpublished data). Phosphorus deficiency as 
a serious limitation
 

to cattle production in Costa Rica is illustrated in Table 3 with re

search findings demonstrating the severity of phosphorus deficiency from
 

various regions of this country.
 

Copper and cobalt deficient areas are likely to extend over wide
 

areas of Latin America, but their limitq 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 de

ficiencies in grazing cattle. Extensive analyses from vast areas of
 

Colomhia have indicated widespread copper deficiencies in this country.
 

Inadequacies of magnesium, sodium, iodine, selenium and zinc and toxici

ties of molybdenum, selenium and fluorine have been encountered in widely
 

diverse areas 
of Latin America but all have been infrequently studied.
 

Forages rarely provide all the mineral requirements of graziag cattle.
 

Therefore, it is a highly recommended practice to provide adequate mineral
 

mixtures to assure the necessary intake of the elements needed.
 

2) Project personnel made frequent trips to visit interested research
 

people in several Latin American countries. Currently active research
 

is in progress in Bahamas, Bolivia, Brazil, Colombia, Ccsta Rica, Ecuador,
 

El Salvador, Guatemala, Peru, Uruguay and Venezuela.
 

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

Malaysia and the Philippines. Institutions in these countries have
 

initiated mineral research programs. Thailand was visited in late 1978
 

for the purpose of determining if mineral research was desired. 
In
 

April, 1979 the African country of Malawi was visited to determine the
 

possibilities of cooperative mineral research. 
Project personnel have
 

26
 



TABLE 3. PHOSPHORUS DEFICIENCY IN CATTLE OF COSTA RICAa
 

Location 	 Description 


Throughout Twelve of forty forage samples were 


country deficient in phosphorus (< .20%). 


4 cattle 	 57% of all forage species were de-


regions 	 licient in phosphorus (< .20%) with
 

100% of Jaragua (Hyparrhenia rufa)
 

samples deficient during the dry
 
season.
 

Unspecified Phosphorus concentration in Jaragua 


(Hyparrhenia rufa) declined from 


approximately 0.20% at the onset of
 

the dry season to 	 severely deficient 
levels of 0.07% 80 days later.
 

Guanacaste Phosphorus concentrations in Jaragua 


(Hyparrhenia rufa) were deficient in
 

both wet and dry seasons.
 

of beef cattle from 15 ranches 


Province had deficient plasma phosphorus
 

concentrations (< 4.5 mg%).
 

Guanacaste 	 49% 


Canas, From 19 beef cattle ranches, plasma 


Guanacaste phosphorus was deficient (< 4.0 mg%) 


in 50% of animals and 89% of 90 for

age samples were deficient, containing
 

less than 0.18% phosphorus.
 

Cartago 51.5% of dairy cattle from 34 farms 


Province had deficient plasma phosphorus 

(< 4.0 mg%) and 92% of 64 forage
 
samples contained deficient concen

trations of less than 0.30% phosphor
us, averaging 0.15%.
 

La rruz, Canas 	 27% of beef cattle from 12 ranches were 


luce. and deficient in plasma phosphorus (< 4 

Filadelfia, mg%) and 71% of 60 forage samples were 

Guanacaste deficient, containing less than 0.18% 

phosphorus.
 

San Carlos 	 98% of 12 beef cattle and 9 dairy farms 


had deficient plasma phosphorus con-


centrations (< 4.5 mg%).
 

28% of beef cattle from 10 ranches were
Nicoya, 

Guanacaste 	 deficient in plasma phosphorus (< 4 mg%)
 

and 91% of 68 forage samples were de
ficient containing less than 0.18%
 

phosphorus.
 
aReferences: (McDowell et al., 1978).
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been discouraged from stimulating mineral research in Paraguay because
 

of AID project priorities. Request for assisting mineral research pro

grams in Chile, Mexico and Trinidad have also been made.
 

During most of the time covered by this report, project personnel 

were as follows: 

I full-time Animal Nutritionist 

5 part-time Animal Nutritionists 

I full-time laboratory technician 

1.5 	bilingual secretary equivalents
 

4 graduate students 

b. 	Experimentation Phase:
 

A brief discussion of the research program in each country is 
as
 

follows:
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Bahamas
 

We have cooperated with the Bahamas Agricultural Research Training
 

North Andros Island,
and Development Project (BARTAD), San Andros P. 0., 


Liver samples from slaughtered
Bahamas at the request of AID/TAB Washington. 


lambs were collected and sent to Florida in polyethylene bottles 
containing
 

Samples were analyzed for copper, iron, selenium and zinc 
but
 

formaldehyde. 


che results were inconclusive because the samples were badly 
decomposed on
 

are being made to obtain other liver samples. However,

arrival. Attempts 


the analyses indicate the samples were low in selenium and zinc.
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Bolivia
 

The mineral research program in Bolivia was initiated in late 1976.
 

There are three groups with potential to do mineral research: 1) La Paz
 

and Cochabamba - Instituto Boliviano de Tecnologra (IBTA), 2) Santa Cruz -


A cooperative program between Centro de Investigaci~n Agrrcola Tropical
 

(CIAT) and the Facultad Veterinaria y Zootc-nia and 3) Private ranches in
 

the Beni region.
 

Ing. Bernardo Bauer and Ing. Enrique Galdo are responsible for carrying
 

out an extensive mineral experiment located at Mr. Bauer's ranch, west of
 

Trinidad at San Rafael. This experiment consists of approximately 1,870
 

steers and heifers 12 to 15 months of age allotted to the following treat

ments: a) no mineral supplement, b) salt only, c) salt plus Ca3 (PO4 )2 .
 

Within each treatment are various combinations of injections of selenium

vitamin E, copper, iodine and cobalt bullets. For the first year there were
 

three weighing dates after initiation of the experiment in June, 1977.
 

Only a few animals have died to date. Several have died from broken legs
 

when becoming entangled in the weighing chutes. For the first weighing period
 

weight gains for the three main treatments had not shown any beneficial
 

effects for either supplemental salt or bonemeal. On the contrary, the
 

group receiving no minerals had the best weight gains. However, in sub

sequent weighings this trend has reversed.
 

Average Daily Gain of All Animals (1 Year Results)
 

Control Salt Salt + Tricalcium phosphate
 

Males 0.241 0.249 
 0.294
 

Females 0.257 0.227 
 0.285
 

Both 0.249 0.238 0.289
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The control animals are averaging somewhat better than the salt
 

supplemented group, with the Ca and P group being much better than either
 

the control or the salt supplemented group. With this particular trend
 

each animal supplemented with phosphorus would gain an additional 50 kg.
 

Likewise, six months less would be required for these animals to go to
 

market. Enrique Galdo noted that the cost to provide the phosphorus would
 

be one-half of the gain, or approximately 25 kg. Therefore, this gain from
 

phosphorus supplementation would be economically profitable.
 

Te raw data for this experiment has been statistically analyzed.
 

Tables 2, 3 and 4 summarize some results and significant differences. With
 

one exception, all trace minerals resulted in higher gains than control
 

animals. Some of these combinations of mineral treatments were higher at a
 

significant level (P < .05). A breed effect with different amounts of Zebu
 

blood produced significant differences (P < .05). There was a sex effect
 

with males having significantly higher gains than females.
 

Mineral consumption for the one year experiment was very low. The salt
 

only group consumed 11.5 g per day while the salt plus Ca3 (PO4)2 mixture
 

group consumed 16 g on a daily basis.
 

The design of the experiment for year two will be changed since the 

heifers will be moved out of the pastures and into new areas. The steers 

will remain until October, 1979 and then will be sold for slaughter. The 

breeding season for the heifers was four months from September 1 - December 

31, 1978. The control animals receiving no minerals will be eliminated. 

The format for the second year experiment will be as follows: 

Treatment Number of Animals Female Male 

Salt only 472 200 272
 

Salt + Tricalcium phosphate 970 450 520
 

Total 1442 650 792
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Table 2 

BAUER (BOLIVIA) EXPERIMENT
 
ONE YEAR RESULT
 

EFFECT OF MINOR TREATMENTS
 

Treatments No. Minor 0 
Major 
Salt 

Treatments 
S + C:- (PO4 ) 2 

Mean 
Minor S. E. 

Treatment 

0 1 0000 77.1 75.9 93.6 82.1 0.71 

I 2 1 
1.61 

81.1 
1.14 

83.7 
0.84 

85.5 83.4 3.41 
5.73 5.98 5.91 

Co 3 10 90.6 83.3 100.2 91.4 3.29 
5.73 5.64 5.62 

Cu 4 100 81.9 73.1 96.5 83.8 3.35 
5.97 5.70 5.63 

Se 5 1000 78.5 80.5 102.3 87.1 3.19 
5.70 5.42 5.35 

Co + I 6 11 82.0 82.9 94.5 86.5 3.30 
5.77 5.67 5.62 

Cu + Co 7 110 81.0 78.6 94.0 84.5 3.37 
6.30 5.40 5.63 

Se + Cu 8 1100 87.8 80.8 103.4 90.7 3.47* 
5.68 5.96 6.29 

Se + I 9 1001 74.7 94.8 97.7 89.1 3.32* 
6.10 5.41 5.62 

Se + Co 10 1010 76.6 78.1 90.5 81.7 3.40 
5.67 5.96 5.91 

I + Cu 11 101 83.8 71.0 94.6 83.2 3.35 
5.72 5.65 5.92 

I+Co+Cu 12 111 84.4 76.1 94.2 84.9 3.28 

Se+Co+I 13 1011 
5.65 

92.2 
5.67 

76.2 
5.62 

94.6 87.7 3.30 
5.70 5.43 5.91 

Se+Cu+I 14 1101 82.7 77.6 95.0 85.0 3.35 
5.68 5.66 5.94 

Se+Cu+Co 15 1110 80.2 64.5 102.4 82.4 3.29 
5.67 5.66 5.61 

Se+Cu+Co+I 16 1111 88.8 92.7 103.3 94.9 3.42* 
5.73 6.29 5.63 

Mean Major Treatment 82.7 79.4 96.4 86.2 1.04 
S. E. 1.75 1.71 1.59 

*P < 0.05 (different than control). 
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Table 3. Breed Effect Bauer Bolivia Experiment 

Breed 
0 

Major Treatments 
Salt S+Ca 3 (P04 )2 

Mean S.E. Difference* 

1 (2204-Calves 3/4 Zebu Blood) 

2 (2508 and 2516-Calves between 
1/2 and 3/4 Zebu Blood) 

3 (2208 and 2216-Calves 7/8 Zebu 
Blood or more) 

78.3 

89.0 

86.5 

78.4 

82.7 

88.3 

92.9 

100.5 

102.7 

83.2 

90.7 

92.5 

1.05 

1.20 

1.58 

-6.0 

+5.9 

+6.8 

4 (5208-less than 1/2 Zebu Blood) 86.5 81.4 92.5 86.8 1.81 +0.3 

*Differences between breed versus all other breeds. 



Table 4
 

BAUER (BOLIVIA) EXPERIMENT
 
ONE YEAR RESULT
 

COMPARISON OF MINOR TREATMENTS AND qEX AND BREED EFFECT
 

A Comparison of Minor Treatments
 

-All combinations of I 
Versus remaining animals 

Difference 

-All combinations of Co 

Versus remaining animals 

Difference 


-All combinations of Cu 

Versus remaining animals 

Difference 


-All combinations of Se 

Versus remaining animals 

Difference 


Treatment Sex Effect
 

Sex 0 Salt 


I (Male) 82.9 83.6 

S.E. 2.20 1.87 


2 (Female) 82.5 75.2 

S.E. 2.00 1.87 


86.8 
82.7 

+ 4.1 

86.7 
82.8 
+ 3.9 

86.1 
82.8 
+ 3.3 

87.3 
82.6 

+ 4.7 

S+Ca3(PO4 )2 Mean + S.E. 

100.1 88.9 
1.68 1.15 

92.7 83.5 
1.71 1.17 
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From the steers which will be slaughtered in October, 24 animals will
 

be slaughtered at the ranch at which time liver and bone samples will be
 

taken. Bones will be taken from the rib area and also the metacarpal.
 

These animals will be slaughtered over a 3-month period and used for local
 

consumption on the ranch. For the third year, trace mineral combinations
 

will be administered to 80 animals for each of the major 2 treatments.
 

For the first years' experiment, samples were collected only twice
 

during the year although there were three weighings. For the second year
 

experiment collections will be made at each of the weighing periods. The
 

three weighing periods will be the same as before, the last half of February,
 

May and September. During the third year of the experiment, the most im

portant observation will be the effect of phosphorus on the calving per

centage for the second calf heifers.
 

Some interesting developments at the main ranch of Espiritu, owned by
 

Bernardo Bauer, have been noted. Several years ago they cleared an area
 

of the ranch which had never before had cattle. Animals which stayed there
 

for one year developed what could very well be a copper deficiency. After
 

handling, some of the animals would suddenly drop dead. Also, they had an
 

unusual pacing gait to their walk. Both of these clinical signs would be
 

suggestive of a copper deficiency. They have already started giving copper
 

injections to animals on this part of the ranch.
 

Research is underway at the Patacamaya experiment station which is a
 

one and one-half hour drive from La Paz. Those responsible for research at
 

the experiment station are Ing. Tito Rodrfguez (head of the llama research)
 

and Ing. Juan Rodrfguez (sheep research).
 

The title of one experiment now completed is "Supplementation During
 

Different Periods of Parturition in Order to Improve Fertility". The
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objective of this experiment was to determine if supplementation at dif

ferent stages of gestation is effective in reducing embryonic mortality.
 

The procedure was for llamas to be fed daily supplements composed of wheat 

bran, alfalfa hay and cottonseed meal. There were four treatments of ten
 

animails each. Treatment five, the control, was composed of the majority of 

the herd. The treatments were as follows: 1) animals receive supplement 

for the first 85 days of parturition only, 2) animals receive supplement for 

the second 85 days of parturition only, 3) animals receive supplement for 

the -hird 85 days of parturition only, 4) animals receive supplement for 

the last 85 days or parturition only and 5) animals receive no supplement
 

during gestation. The results of this experiment were as follows: 

Treatment % Fertility Birth Weight kg 

1 
 60 10.6
 

2 10 10 

3 40 8.8
 

4 
 70 9.5 

5 
 60 
 9
 

It was surprising that the groups supplemented at either the second or
 

third 85 days of parturition did so poorly. It might be concluded that the
 

best time for supplementation would be during the last 85 days of parturition. 

In another experiment digestion comparisons were made between llamas,
 

alpacas, corridale sheep and criolle sheep consuming silage or alfalfa hay.
 

It was found that the llamas and alpacas have a higher digestibility of 

roughages than do sheep. 
 The study noted a 60% digestibility of silage and
 

alfalfa hay versus 40% for sheep. It has been observed that apparently 

llamas can utilize forages with higher lignin contents than can cheep.
 

Regular observations would conclude that sheep would lose condition when
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fed very poor quality forages while llamas would maintain or gain weight.
 

The cameloids are ruminants, however, with three stomachs instead of four.
 

The digestive physiology of the cameloid is not well understood. However,
 

apparently, in the main stomach there are glands which do provide secretions.
 

These secretions could be enzymes which assist in the digestion process.
 

Even though the cameloids have a higher digestibility of roughages their
 

consumption of roughages per unit of body weight is less than sheep (2
 

versus 4%).
 

One experiment which had been recommended during our last visit was
 

initiated in August, 1978. The title of the experiment is "The Mineral
 

Status of Growing Llamas". The object is to determine the mineral status
 

of llamas and establish baseline mineral tissue concentrations for this
 

species.
 

The Irocedure was to allot 15 weanling (6 months) male llamas to the
 

following 3 treatments: 1) salt (NaCl) only free choice, 2) complete
 

mineral supplement free choice, 3) complete mineral supplement fed free
 

choice plus supplement feeding of wheat bran, cottonseed meal and alfalfa
 

hay. The concentrate mixture contains 16% protein. The duration of this
 

ex,)eriment would be one and one-half years (the normal slaughter age or
 

before if the treatment group reaches slaughter weight earlier). In this
 

experimnent all animals will receive the same pasture for 6 hours. For the
 

reLainder of the day they will be separated into their supplementation
 

group. We observed the animals on this experiment and noted that the pasture
 

was extremely poor. However, there were some green shoots that the animals
 

were consuming. The pastures will continue to be poor and will be at their
 

lowest nutritive value in September and October. In November the rains will
 

begin and the pastures will improve. The observations to date have noted
 

37
 



that 	the consumption of the 
two mineral treatments 
is very poor while the
 

consumption of the concentrate mixture is approximately 15 g per animal per
 

day (also low). 
 It is felt that these mixtures will require some time in
 

becoming accustomed to. 
 The mineral mixture for treatment two is Rumophos.
 

This is mixed with 20% salt. In this experiment pasture samples will be
 

taken every six months for the major pastur species. These will be ana

lyzed for all of the minerals. At slaughter, liver, blood and bone samples
 

will 	be taken from all animals for analysis.
 

The weight gains in February for this experiment were as 
follows:
 

Treatment Number of Animals Average Weight 
 Average Daily Gain
 

(kg) (g/day)
 

Common salt 
 5 
 57 
 89
Complete mineral 
 5 
 65 
 98
 
mixture
 

Concentrate 
 5 
 70 
 117
 
mixture +
 
mineral mixture
 

Three additional experiments were suggested during the last visit and
 

the titles of these proposed experiments were as 
follows: 1) Performance
 

of Llamas Fed Optimally, 2) Economics of Early Weaning for Llamas and 3)
 

Nutrient Digestibility of Specific Altiplano Forages. 
 One of these
 

additional experiments will probably be initiated in November or December
 

with the other two initiated later next year. Unfortunately it may not be
 

possible 
to put too much further emphasis on nutrition research with llamas
 

due to budget limitations. The Patacamaya research budget was cut by 20%
 

when the new government took power. 
 Some of the experiments which we have
 

suggested would require a considerable amount of purchased feed. 
A request
 

was made as 
to whether the Florida-AID mineral project could provide funds
 

so that these experiments could be continued and initiated. 
 It was calculated
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that $1700 would be needed per year for four years for purchase of feed.
 

In March, 1979 an experiment at Patacamaya was initiated entitled
 

"Evaluation of Nutritional Status of Sheep and Llamas, with Emphasis on
 

Minerals, in the Altiplano of Bolivia". This program will be part of an
 

M.S. degree program. The outline of the experiment is presented at the end
 

of the Bolivia section of this report. Twenty sheep (10 castrated males
 

and 10 females) and 20 llamas (10 castrated males and 10 females) of
 

approximately 1 year of age are being used in this study. Animal tissues,
 

blood, liver and bone of both species along with soil and forage sam-ies will
 

be analyzed for mineral concentration. Also, soil and forage samples will be
 

collected to evaluate the status of minerals, protein, energy and vitamin A.
 

Nutrition research is now also being conducted at the Chapare experi

ment station in the region of Cochabamba. One of the large markets for beef
 

produced in the Beni region of Bolivia is in Cochabamba. To reach Cocha

bamba from Trinidad (Beni state) cattle must travel one week by boat to
 

Chapare and then by land to Cochabamba. As a result of the considerable
 

travel from individual ranches to Trinidad and then to Chapare and to
 

Cochabamba, the cattle lose a great deal of weight. Therefore, in the
 

Chapare there is a tremendous potential for fattening cattle on pasture alone
 

and/or with banana, yu:a, rice bran or other products. Livestock wculd be
 

able to take advantage of a compensatory growth once they reach the Chapare
 

region. With compensatory growth mineral nutrition would be extremely
 

important. Therefore, it had been decided over one year ago to investigate
 

the possibility of fattening cattle in the Chapare prior to being marketed
 

in Cochabamba. Ing. Juan Flores is now in charge of an experiment under

taken at the station.
 

The Chapare experiment involved 36 animals divided into the following
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four treatments: 1) common salt supplementation only, 2) 
free choice
 

bananas, 3) 
free choice minerals (pecutrin) and 4), a combination of the
 

free choice minerals and bananas. 
 The duraticn of the experiment is for
 

6 months. 
 Animals are all together on the same pasture during the day and at
 

night they are 
separated into their individual treatments. Liver, blood
 

and forage samples are taken at the beginning, middle and end of the ex

periment. 
 Samples are now being analyzed for mineral content at Florida.
 

An additional experiment is being considered by the COFADENA Cor

poration which has a large ranch 
located 100 miles north of Trinidad in the
 

Beni, The title of this proposed experiment is "The Mineral Status of Beef
 

Cattle in the Region of Trinidad, Bolivia and the Response to Mineral
 

Supplementation". The treatments for the particular experiments are as 

follows: 1) Control - salt only, 2) 
a complete mineral supplement ad

ministered all year, 3) 
a complete mineral supplement administered only
 

6 months during the wet season. The duration of this experiment is for
 

2-3 years. Every six months animal tissues, forages and soil samples will
 

be collected for mineral analysis. The experimental proposal is at the end
 

of this report.
 

One of the major mineral research efforts 
over the last one and o:4I

half years in Santa Cruz is the completion of an Egresado thesis devoted to
 

mineral research. The majority of the analyses for this thesis were com

pleted by 
Sr. Hugo Perez who brought samples to Florida for analysis. Sam

ples were collected, analyzed, evaluated and written up in the thesis by
 

Armando Peducassi. The work involved evaluating the mineral status 
of beef
 

cattle in areas near Santa Cruz, Bolivia. The title of the completed
 

thesis is "Evaluaci~n de Minerales 
en la Cuenca Lechera de Santa Cruz
 

Central 
(Provincias Andres, Ibanez, Warnes y Santisteval)." In this
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experiment, samples were collected from animals one to two years of age.
 

Some of the conclusions for this experiment are as follows: a) Calcium -


Soil extractable calcium was low on two farms with averages of 54.8 and 55.3
 

ppm while the additional six farms had average to high values fluctuating
 

between 96 and 174 ppm. However, all forage samples were relatively high,
 

ranging between 0.36 and 0.81%. Blood calcium concentrations were normal.
 

Therefore, on the basis of all analyses, it was concluded that the calcium
 

status is adequate. b) Phosphorus - Extractable soil phosphorus ranged
 

between 24 and 56 ppm which would indicate a medium to high level. However,
 

some individual samples were as low as 3.4 ppm. Five of eight farms con

tained adequate forage phosphorus concentrations, however, three farms had
 

forages containing less than 0.25% phosphorus. Blood inorganic phosphorus
 

levels were high. In general, it would be concluded that these particular
 

regions are not severely deficient in phosphorus. c) Magnesium - Available
 

soil magnesium ranged between 18.8 and 32 ppm while the averages of the
 

forages ranged between 0.19 and 0.20% in four ranches and 0.14 to 0.16% for
 

the remainder. A high percentage of the blood magnesium values iwere aliso
 

low containing less than 1.8 mg%. d) Copper - Available soil copper levels
 

were low to marginal ranging between 1.5 and 0.8 ppm. Eighty-eight percent
 

ol all forages were borderline to deficient in copper containing less than
 

10 ppm. Blood copper levels were low but within the normal range. Only
 

three of eight farms contained adequate liver copper concentrations of more
 

than 100 ppm. Four out of 32 samples contained less than 25 ppm with the
 

majority containing less than 75 ppm. The data definitely suggests that
 

copper is a limiting element in the nutrition of cattle on the majority of
 

the farms studied. e) Zinc - Extractable soil zinc ranged from deficient
 

levels of 0.86 ppm to high levels of 0.9 ppm. All forage zinc samples were
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deficient in zinc containing less than 50 ppm with 17 out of 23 containing 

even less than 30 ppm. 
Blood zinc levels were relatively low with 17 
out
 

of 120 samples (14.7%) considered borderline to deficient. However, liver
 

zinc values were normal contining more than 84 ppm. It is felt that zinc
 

is in the borderline category and should be investigated further. It could
 

be a problem in some years while adequate 4" others. f) Iron - Extractable 

iron was in the normal range in both soils and forages. Liver iron con

centrations 
were also normal. g) Manganese - In forages, 6 out of 8
 

farms were 
considered borderline to deficient, containing less than 40 ppm,
 

with 12 
out of 23 of the forages borderline to deficient in manganese, and
 

21.7% even containing less than 20 ppm. However, these low forage manganese
 

values were 
not supported by low liver manganese concentrations. Therefore,
 

like zinc, manganese would be another mineral to keep under observation.
 

h) Cobalt - Extractable soil cobalt levels for 
 the eight ranches ranged from 

0.55 to 1.06 ppm, the higher level being in the adequate range. The majority 

of the cobalt forage analyses were adequate with only a few below the animal's
 

requirement. i) Molybdenum - Available soil molybdenum ranged between 0.05 

and 0.99 ppm. These are quite low. Likewise, forage molybdenum concentrations
 

were extremely low with most values being less 
than 2 ppm. Therefore,
 

molybdenum toxicity is not considered 
to be a problem. Ing. Peducasse has
 

written an abstract on his research for the coming ALPA meetings next 

September.
 

Since Ing. Armando Peducasse has now completed his Egresado thesis he is
 

hoping to come to Florida to study for a Master's Degree. During the year
 

Ing. Peducasse has been collecting samples both during the wet and dry sea

son from additional regions in the Santa Cruz area for determination of mineral
 

status. Ing. Peducassi is 
now going ahead with collections for an additional
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season. lie will do many of the analyses in Santa Cruz and he hopes to attend
 

the University of Florida in September. However, unfortunately, a compli

cation has arisen. Ing. Peducassi took too long to obtain his Egresado
 

degree and now the scholarship for training in the U. S. is no longer avail

able.
 

Some of the ranches being sampled by Ing. Peducass9 in the more recent
 

experiments include cattle with the disease, "cara inchada". This is the
 

condition where the jaw is swollen and teeth are lost in animals from 2 to
 

18 months of age. These lesions often result in death of the animal. For
 

the farms with this condition, approximately 30% of the calves are affected.
 

Apparently Santa Gertrudis suffer more from this condition than do other
 

breeds. Apparently the region where "cara inchada" is diagnosed is quite
 

large. During our last visit we discussed some of the characteristics of
 

"cara inchada" in Brazil, noting that often it was on newly cleared forest
 

lands which exhibit the condition. Dr. Parra who is most familiar with the
 

condition, noted that this is a similar occurrence in Bolivia but instead
 

of clearing out trees for new ranches, it is a type of bamboo. Some reports
 

indicate that mineral supplementation diminishes this problem.
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MASTER OF SCIENCE RESEARCH PROGRAM FOR EDMUNDO ESPINOZA
 

Title: 	 Evaluation of nutritional status of sheep and llamas, with emphasis
 
on minerals, in the Altiplano of Bolivia.
 

Introduction. A recent Bolivian survey indicated that the majority of small
 
farmers own livestock. For the small farmer of the Atiplano sheep and llamas
 
(or alpacas) are important for utilizing pastures and crop residues to provide
 
high quality nutrition (milk and meat) to these families.
 

Little information is available on nutritional requirements or response from sup
plemental nutrients to cameloids. However, information is available on
 
nutrient requirements for sheep and methods to evaluate the nutritional status
 
of these animals. Baseline studies for evaluating the nutritional status of
 
cameloids is needed. This proposed research is geared to study the nutritio
nal status of Altiplano sheep and llamas consuming only pastures.
 

Research Objectives: (I) to establish if specific mineral (or other nutrient)
 
deficiencies or toxicities exist for growing sheep on the Altiplano of Boli
via during the wet and dry seasons of the year, (2) to compare the nutritional
 
status (mainly mineral) of growing llamas compared to sheep and thereby help
 
to establish baseline mineral tissue levels for llamas, and (3) to study the
 
nutritional value of Altiplano forages during both the wet and dry seasons.
 

Location of Research: Patacamaya Experiment Station, Bolivia. 

Procedure: The study will consist of 20 sheep (10 castrated males and 10 
females) and 20 llamas (10 castrated males and 10 females) approximately I year
 
of age. The 40 sheep and llamas will be located in a 20 Ha pasture with an
 
additional 30 to 40 animals to maintain a typical grazing pressure. The
 
remaining animals (both sheep and llamas) not selected should be of similar
 
age and weight as the experimental animals. These extra animals could serve
 
as substitutes for tissue samples if needed. The only supplementation will
 
be free choice common salt. Animal tissues (blood, liver and bone) of sheep
 
and llamas, along with soil and forage samples will be collected to evaluate
 
the status of minerals, protein, energy and possibly vitamin A.
 

Samples will be collected three times during the year (early March, late June, 
and October or November). 'Only samp.,es collected during the first two collec
tions will be included in the M.S. de gree thesis. 

SCHEDULE
 

1) 	 Middle to end of February (as soon as possible). A number of potential
 
animals should be weighed. From these 20 uniform corridale sheep (10 females
 
10 castrated males) and 20 llamas (10 females, 10 castrated males) at approximately
 
1 year of age should be selected. All selected animals should be relatively
 
uniform in size and weight. Selected male animals should be castrated as soon
 

as possible.
 

2) 	 March (during 1st week). All animals should be weighed and the following 
samples 	collected:
 

a) 	 Soil - 5-10 separate composite samples from different areas of the
 
pasture. In sampling at least 10 or more sample sites can be com
bined for each composit sample. At least 200 g for each composite
 
sample should be available.
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b) Forage - Separate samples of each of the major species should be
 
taken. This would likely involve 15-25 species from the assigned
 
pasture. Forages should be identified by scientific and common
 
names. In sampling the aerial parts of the plants in a field,
 
select at random at least 10 or more sample sites for each species.
 
A forage questionnaire should be filled out which includes the %
 
of each species on offer. Pasture samples should be collected
 
only after careful observation of animal grazing patterns. It
 
is necessary to watch the animal graze and hand pluck a sample to
 

represent the animal's diet. From the composite forage samples,
 
2 samples each of the major forage species should be analyzed. 
For each sample, a total of 200 g should be available. Samples 
should be dried and ground (using stainless steel equipment).
 

c) Blood plasma (or serum)- From each of the 40 animals, approximately
 
20-40 ml of blood should be collected. One method would be through
 
the use of California bleeding needles. As soon as the blood is
 
collected, the container should be tipped and inverted and thor
oughly but gently mixed with the anticoagulant. If lithium citrate
 

(20% solution) is used, add 1/10 ml for each 10 ml of blood to be
 
collected. Centrifuge the samples using a portable centrifuge
 
within 30 minutes of collection. Pipet off 1 ml of plasma and mix
 

thoroughly with 10% trichloracetic acid (1 ml plasma and 9 ml of
 
10% trichloracetic acid) and centrifuge. Regrigerate or freeze
 
until needed. If serum is used versus plasma, separate from cells
 
as soon as possible and refrigerate or freeze.
 

3) May (during 1st week). Weigh animals.
 

4) June (last 1/2 of month). Weigh animals and at this time sacrifice 8
 
animals for the purpose of obtaining bone samples and larger liver samples.
 
Sacrificed animals could be as follows: a) 2 female sheep, 2 castrated
 
sheep, 2 female llamas, 2 castrated llamas or b) 4 castrated sheep and 4
 
castrated llamas.
 

The following samples should be collected:
 

a) Soil - same
 
b) Forage - same
 
c) Blood serum or Plasma - same
 
d) Liver - From each of the 40 animals (except those sacrificed), liver
 

biopsy samples should be taken. The procedure is outlined beginning
 
on page 201-5 in the manual entitled "Metodos de Analisis de Minerales
 

para Tejidos de Plantas y de Animales." The procedure will be demons

trated by L. R. McDowell and Edmundo Espinoza. Samples should be
 
frozen. Prior to shipment to the U. S. 10% formaldehyde should be
 

added to each biopsy boLLle.
 

Liver samples from slaughtered animals should be removed immediately
 
in order to prevent contamination. Every effort should be made to
 

avoid contamination, therefore, plastic gloves may be used. Ap

proximately 100-200 g of the right lobule (lobus dexter) of the liver
 

is cut out with stainless steel scissors or a stainless steel knife.
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The sample is refrigerated or frozen until analyses are made. The
 
sample is stored in 8-16 oz. polyethylene bottles containing 10%
 
formaldehyde and delivered to Florida for analyses. 

e) Bone - Metacarpal bones and right ribs should be taken from each of
 
the slaughtered animals. The bone samples should be stripped of all 
soft tissue. Four cm of the central part of the right ribs are cut 
and split into halves, and the bon, marrow removed using a jet of 
distilled water. 
Two cm of the central part of the left metacarpal
 
bone should be cut. Density of all bone samples can be measured by
weighing in the air and in 
the water. Bone samples will be placed

in 10% formaldehyde prior to shipping to Florida. 

5) July (during 1st week). Weigh animals.
 

6) September (during 1st week). Weigh animals.
 

7) October - November - Terminate experiment by taking weights and soil,
 
forage, liver, blood and bone samples as 
noted in the June collection.
 

Analyses: 
 The following analyses would be recommended: 

a) Soil - Complete soil analyses to 
include soil classification, soil
 
structure, p11, organic matter and available forms of the following
 
minerals: Al, Fe, Mn, Zn, Co, Cu, P, Ca, Mg, K, Na, N, Se, Mo and
 
[. 

b) Forage - Co, Se, S, Fe, Mn, Cu, Zn, Mo, P, Ca, Mg, K, Na, N, I. 

c) Blood - Ca, ?, Mg, Zn, Cu, Fe and Blood Urea Nitrogen (optional).
 

d) Liver - Zn, Cu, Se, Co, Mo, Fe, Mn, Mg and vitamin A (possibly).
 

e) Bone - Bone ash, specific gravity, P, Ca, Mg and Zn. 

The majority of analyses will be completed at the University of Florida.
 
However, as time permits, certain analyses 
can be completed at Patacamaya.
 
These could include soil pH, N, P, ether extract Ca, K and possibly vitamin
 
A. 

Records - The following records should be kept: 

a) Individual animal and health observations.
 
b) Forage identification records.
 
c) Weight gains.
 

Schedule for Edmundo Espinoza: 
 Ing. Espinoza will plan to be at the Patacamaya

Experiment Station from approximately mid June to mid August. In addition to
 
collecting samples, analyzing samples and weighing animals, Ing. Espinoza will
 
be reviewing available literature on the nutrition of llamas. 
 During mid March
 
to mid June Ing. Espinoza will be taking courses as 
part of his degree program.

One course will include laboratory techniques needed while at Patacamaya.
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A PROPOSFD MINFRAL SUPPLEIENTATION
 
EXPERIMENT HEAR TRINIDAD, BOLIVIA
 

Title: The mineral status of beef cattle in the Trinidad reg:ion of Bolivia
 
and the growth and reproductive response to mineral supplementation.
 

Introduction: The most important limiting factor to cattle production in
 
tropical countries is low reproductive rates characterized by first calving
 
at 4 to 5 years of age and often a calf in alternate years only. In many
 
areas of Latin America, numerous mineral deficiencies, imbalances and toxi
cities are severely inhibiting the cattle industry. Often grazing live
stock do not receive mineral supplementation and most depend largely upon
 
forages to supply their requilements. nly rarely, -'ever, can forages
 
completely satisfy all of the mineral requirements. Borderline or deficient
 
levels of certain elements were noted for many forages in the 1.074 Latin
 
American Tables of Peed ('omposition: Co, 43/; Cu, 47%; Mg, 357; P, 73%; 
'fa, 607; and Zn, 757 (Mct)owell et al., ]074). Phosphorus deficiency has 
been reported in 38 developing tropical countries, Mg in 17, Na in 14, Co
 
in 21 and Cu in 20 countries (Fic- et al., 1076: McDowell, 1Q76; McDowell, 
et al., 1076).
 

Phosphorus supplenentation has dramatically increased fertility levels
 
in grazing cattle from many parts of the world. Latin American countries
 
reporting increased fertility rates resulting from phosphorus administra
tion include Bolivia (B. Bauer, unpublished data, 1.076), Brazil (Conrad and
 
Mendes, 1965), Colombia (Stonaker et al., 1075), Panama (R'os Aralz, 1.07?; R.
 
G. Poultney, personal communication, 1972), Peru (Ecbevarr'a et al.,
 
1074), and Uruguay (Schiersmann, 1065; De Le'n Lora, 1063). 

In Panama (R. C. Poultney, personal, communication, 1072) supplemental 
phosphorus increased calving percentage from a range of 42 to 8O'. A 
study conducted in Brazil resulted in a 777 calf crop when bonemeal was fed 
comrared to 557 for the controls (Conrad and Mendes, 165). Pregnancv rate 
was increased from )n1" for the controls to 847 when a complete mineral mix
ture was fed to cattle in the Colombian llanos (Stonaker, et al., 1075). 

Attempts to raise livestock productivity in tropical countries will be
 

unsuccessful unless the nutritional environment, including protein, mineral
 
and vitamin A is aderitate. Mineral supplementation is a least cost input
 
to im,)rovement of livestocr production. Economical return on mineral in
vestment has been at ].east two to one in some studies (Coarad, 1976). 

Observations and data from the Reyes region of Bolivia indicates that 
cailving percentages are between 40-507. The time renuired for animals to 
reach marlket weight is usually 5 to 6 years. Soils of the Beni are also 
known to be of low fertility. Soils of the Beni are particularly low in 
phosphorus.
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Although mineral supplementation is 
a least cost input to improvement
 
of livestock production, nevertheless, minerals in Latin America are expen
sive. Limited research suggests that there 
 may be a carryover effect of
 
mineral supplementation and that the major benefits can be obtained by
 
feeding minerals only (luring the rainy season. 
This concepts needs inves
tigation to determine if total mineral supplementation cost can be reduced.
 

Locati-ou of Research: IN Km. North of Trinidad, COFADENA FARM (Main Re

searcher: i'ipn. Jorge Ouiroga C,6mez). 

Purpose:
 

1) To evaluate the biological response (particularly fertility and weight
 
gains of breeding cattle receiving mineral supplementation.
 

2) To study the carryover effects of mineral supplements administered only
 
during the wet season.
 

3) To determine the economic benefit of mineral supplementation to grazing
 
cattle (cost/benefit ratio).
 

4) To establish the mineral and vitamin A status of grazing cattle during
 
both the wet and dry seasons. 

5) To study tissue storage patterns of minerals, comparing yearly and wet
 
season mnineral administration. 

6) Tn comnare daily mineral consumption for cattle receiving year-round
 
vs. 	wet season administration.
 

Required Resources and racilities (1) A minimum of 200 breecing cows or
 
heifers for each treatment (treatments can vary as to number of animals
 
due to carrying capacity of different pastures); (2) Pastures with strong
 
fences sufficiently large enough to accomodate a minimum of 20 
animals
 
each: (3) Veighing and handling facilities; (4) 1 or more persons res
ponsible for daily supervision of cattle, management, sample collection,
 
etc.; (5) 
Analyses of plant and animal tissue in Cainesville, Florida;
 
(6) 	A suplier of mineral supplements other than salt (there is 
a nossi
bilitv mineral supplements can be supplied by the Pfizer Company).
 

Treatments:
 

(1) 	Control - common salt only 

(2) 	Complete mineral supplement (administered all year)
 

(3) 	Complete mineral supplement (administeredfor 6 months during the
 
wet season, nctober through March).
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Duration of Fxperiment - If the experiment begins with bred heifers then
 
the duration of the experiment can be 2 years. Another option is to start
 

the experiment with young animals 12-16 months. Starting at this age, the
 

duration of the experiment should he 3 years.
 

Samples to be Collected - Animal and forage tissues could be collected at
 

initiation of the experiment and every 2 months (January and August),
 
thereafter until experimental termination.
 

(a) Animal Tissues - Sixteen representative samples of both blood
 

and liver (biopsy) will be collected from cows at each collection period.
 

If possible, the same animals should be sampled each collection period.
 

(b) Forage - Pastures should be sampled at each collection period.
 

Two samples each of the major pasture species should be collected. Each
 

sample should be a composite and will he collected orily after careful ob

servation of the cattle grazing patterns.
 

(c) Soil - A composite sample, in duplicate, should be taken for
 
each pasture.
 

(d) Mineral Supplements - Minerals used during the experiment should
 

be analyzed.
 

Detailed information on sample collection methods are stated in the
 

publication entitled "Methods of Mineral Analysis for Plant and Animal
 
Tissues."
 

.

Collection Periods. a) Initiation of Experiment: January, 1970 Iden

tify all animals by branding (if not previously done), weigh all anials,
 

after blocking by age or weight groups allot to treatment groups, weigh
 

and record minerals administered and collect samples for analyses.
 

b) Fnd of 6 month Period - Weigh all animals, weigh
 

qnd record mineral consumption and collect samples for analysis.
 

c) End of 1 Year - Same
 

d) End of 18 Months - Same
 

e) End of 2 Years - (Termination of experiment) 

V'eigh all animals, weigh and record mineral consumption and collect sam

ples for analysis.
 

Blood serum - Ca, P, Mg, Cu, Zn and Se.
 
Liver biopsy -Co, Cu, Fe, Zn, Mo, Mn, Se and vitamin A
 

Forage - Protein, NDF, in vitro dry matter, digestibility, Ca, P, Mg,
 

Na, K, Co, Cu, Zn, Mn, Fe, Mo and Se.
 
Soil - Ca, P, Mg, Na, K, Co, Cu, Zn, Mn, Fe, Mg, Se, Al, T, Organic
 

matter and p1l. The available forms of these minerals should
 

be determined.
 
Mineral Supplements - a complete mineral analysis
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Management - Management of the cattle should remain the same in relation 
to insect and disease control. liowever, no substance containing a miaeral
 
or vitamin should be administered. Calves should be uniformly weaned at
 
the same time for each treatment group. The dates that a bull is kept with
 
cattle should be recorded so that accurate records of mineral consumption
 
will be maintained. 

Records - The following should be kept: 

a) Individual animal performance including weight and calving dates. 
b) Health observations. 
c) Mineral supplement consumption. 
d) Death losses, etc. 
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Brazil
 

The Latin American Symposium on Mineral Research with Grazing Ruminants
 

held at Belo Horizonte on March 22-26, 1976, has had a far reaching and
 

significant effect on ranchers and animal scientists throughout Brazil and
 

Latin America. Copies of the proceedings of this symposium in Portuguese,
 

English and Spanish have been widely distributed throughout Brazil and coun

tries associated with this project. This has become the standard reference
 

manual used by ranchers, teachers, researchers and students which has
 

stimulated a renewed awareness of mineral deficiencies and the importance of
 

this as a standard reference for
mineral supplementation. Researchers use 


preparing research project outlines.
 

One trip by J. 11. 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,
 

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

for both trips was Sao Paulo, Porto Alegre, Santa Maria, Montevideo, Campo
 

Grande, Rio de Janeiro, Belo Horizonte, Viqosa, Brasflia, Fortaleza and
 

Contact was made with those interested in Mineral Supplementation,
Belem. 


tbne doing mineral research or interested in doing mineral research.
 

During the first trip six seminars were given on "Phosphorus Supplementation
 

foi. Increasing Reproduction in Cattle." During the second trip seven semi

nars were given on the material in Dr. Marcelo Mendes' Ph.D. thesis, "Min

eral Status of Beef Cattle in the Northern Part of Mato Grosso, Brazil, as
 

Indicated by Age, Season, and Sampling Technique." Both seminars were well
 

received but great interest was shown in the latter which showed results of
 

studies conducted in Brazil.
 

Brazil in July and August,
Another trip was made by J. H. Conrad to 


1978. Mineral research information from the material in Dr. Julio Cesar de
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Sousa's Ph.D. thesis on "Interrelationships Among Mineral Levels in Soil,
 

Forage and Animal Tissues on Ranches in Northern Mato Brosso, Brazil" was
 

presented at the Sociedade Brasilera de Zootecnia meetings in Belem on
 

July 23-27. At this meeting mineral research was discussed with many of
 

the interested Brazilian animal scientists. Visits and seminars were pre

sented at Fortaleza, Brasilia, Belo Horizontt, Vigosa, Sao Paulo, Campo
 

Grande, Rio de Janeiro and Porto Alegre.
 

The AID/Florida Mineral Research Project is cooperating with several
 

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 have been analyzed at the Uni

versity of Florida. A cooperative mineral research project is being planned
 

but changes in key personnel who worked for the Secretary of Agriculture
 

have slowed 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 ex

periment to study the effects of selenium-vitamin E injections on sheep and
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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 Project is located at Campo
 

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

organizing. Armando Primo, technical director, returned to Florida and
 

completed his iesearch for the Ph.D. and he was replaced by Leonidas Valle
 

who has a Ph.D. in pasture and forages from Florida. Dr. Julio Cesar de
 

Sousa just completed his Ph.D. in mineral research at Florida and went to
 

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. Sousa now has a number of mineral research
 

projects in progress. These include studies on mineral deficiencies in
 

cattle in the territory of Roraima, effect of season of mineral supplemen

tation for slaughter cattle and mineral supplementaLion of cattle on guinea
 

grass pasture at Miranda, Mato Grosso.
 

Dr. Jurgen Dobereiner and Dr. Carlos Tokarnia 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 are being 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
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are determined. Their effort is on identification of mineral deficiencies
 

in Central Brazil primarily the large cattle producing areas of Minas Cerais
 

and assistance with analyses related to Master of Science theses. 

The Zootecnia DePartment, Federal University of Vicosa, Vicosa, Minas 

Gerais has 75 
graduate students in Animal Science. Several of these are
 

working on minerals and their availability in various plants.
 

Ilenrique Otgvio S. Lopes at the EMBRAPA 
 Cerrado Research Center has 

been working on mineral research in Goi5s. lie obtained the following results:
 

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

from April 11, 1976 to June 10, 1977.
 

Mean liveweight gain (gram/animal/day
 

Treatment Wet season Dry suason Wet + dry
 

A. Salt 
 236 -130 53
 

B. Salt + P 
 267 - 8b 
 90
 

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

D. Salt + ) + Co + 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 
sam

ples are being analyzed for cobalt and molybdenum at the University of
 

Florida.
 

Dr. Jose Adalberto Gadelha at the Federal University of Cearg, Forta

leza, and his group plan to collect and analyze forage and animal tissue
 

samples from five different areas of the 
state of Cearg in northeast Brazil.
 

Cobalt, copper and phosphorus deficiency are thought to be widespread, but 

no supplemental trials have been conducted.
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Dr. Adilson Serrao and Cristo Nazar' are working primarily with forages
 

and they plan to determine the mineral content of some of the forages common
 

to the Amazon region.
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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 pro

grams and were analyzed and written up into a thesis. In 1977 the thesis
 

was completed and an abstract of data from the thesis was presented 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 original leader of 

this program was Dr. Arturo Gil. In early 1978, Dr. Gil resigned his 

position at ICA and was replaced by Dr. Max Laredo. Dr. Gil is still
 

active in the program even though his main work is now with industry. An
 

additional contact is Dr, Juan Salazar with the VECOL Company. Dr. Salazar
 

has been very helpfuL in his supporting of the mineral research program. 

Likewise, Dr. David Schaer of AID and Dr. Ed Stone of FAO have been helpful
 

in encouraging the mineral research program.
 

Some of the early research in this program involved pilot projects in
 

8 ICA experiment stations. Two treatment groups were used with the 
treat

ments 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 and successes. The 

biggest disappointment was the termination of 4 mineral supplementation
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experiments that were in progress in the MedellTn and Monter~' (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 Ganaderia de Meta, Tolima and Antioquia.
 

Some of the best experimental results have come Prom the Puerto Boyaca
 

region. In a previous experiment, animals receiving a supplement rcntain

ing arsenic, sulfate and additional copper had double the weight gains as
 

animals receiving a standard mineral mixture. Further analysis indicated
 

that not only was this area high in selenium but it was also high in molyb

denum, thus complicating the copper deficiency. There is currently a big
 

push to determine molybdenum concentration of forages from different parts
 

of Colombia. Ing. Jos6 Daniel G6mez who is one of Dr. Gil's associates
 

spent one month in various regions of Colombia collecting forage samples.
 

His primary emphasis was north of Bogot5 and along the Atlantic coast area.
 

Forages that are collecLed are being analyzed for both copper and molyb

denum content. Research findings have shown that this, and other areas,
 

contain forages relatively high (20 ppm) in molybdenum. This, coupled with
 

low copper status based on analyses of forages and liver tissue, indicate
 

the need for more copper supplementation.
 

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

of samples and have completed numerous mineral analyses. There is cur

rently 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 in

formation a better idea is now becoming apparent as to which minerals are
 

problems in specific regions.
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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 deter

mine the selenium concentration. In this way, they could determine if
 

there were selenium indicator plants. This data has been writ.ten up as
 

a thesis and there are definitely selenium indicator plants.
 

An additional interesting study has been undertaken in the Puerto
 

Boyaca region studying the effects of the high molybdenum on copper me

tabolism. Animals were given radioactive copper (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 those animals which
 

had been in a molybdenum toxic area retained 60% at this time. The molyb

denum content in many forages in the Puerto Boyaca region is approximately
 

20 ppm. Also studies have been made using ceruloplasmin. This copper

containing enzyme was lower in animals with copper deficiencies and posi

tively correlated with low hematocrits. This work was included in a
 

thesis by Patricia Jim6nez 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 deficiency is a severe problem in many regions
 

of Colombia. The translated title of this thesis is "The Possible Defi

ciency of Copper in Beef Cattle."
 

At this time there are 11 mineral supplementation experiments dis

tributed throughout the country. These experiments are being carried out
 

at experiment stations of ICA, Fondos Ganaderos and selected ranches.
 

One of the major thrusts of their supplementation trials is to compare
 

specific mineral mixtures with commercial mineral mixtures. In evaluating
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the results, there are summaries of mineral analyses of forages, blood serum,
 

feces and liver (biopsy taken every 3 months). There is a comparison of the
 

consumption of minerals, weight gains and 
cost of mineral supplements.
 

Table 1 presents averages of protein and mineral concentrations from
 

different experiment stations of iCA.
 

The mineral mixtures being used in the mineral supplementation trials
 

are being supplied by the Pfizer Company. They are making special mixtures
 

as to specifications by ICA personnel.
 

One of the experiments at Carimagua is comparing the effects of mineral
 

supplementation all year long versus only during the wet season. 
The re

sults of this experiment for one year indicate that animals receiving min

erals only during the wet season have equal or superior gains to animals
 

which received mineral supplements all year. It will be interesting to 
see
 

if this trend continues. This trend would suggest that animals do better
 

with minerals just during the wet 
season rather than all year long, possibly
 

suggesting a somewhat detrimental effect from mineral supplements during
 

the dry season.
 

Figures 1 summarizes the mineral study and illustrates where mineral
 

research studies in Colombia have occurred. Deficiency levels would be
 

baspd on the following: less than 7% protein in forages; less than 10 ppm
 

Cr',, )er in forages and 75 ppm in liver; 
less than 40 ppm zinc in forages
 

and 84 ppm in liver tissue; less than 0.25% phosphorus in forages; less
 

than 0.30% calcium in forages. Molybdenum and selenium toxicities may
 

occur on more than 5 ppm in forages. It is impossible at this time to
 

make a general summarization. A large percentage of all. forages are low
 

in sodium and phosphorus, and less than 0.2% magnesium. The majority of
 

the forages contain less than 30 ppm of zinc. 
 The general statements for
 

59
 



TABLE 1. 
Averages of protein and minerals on the different farms of ICA
 

Locality ilaterial C.P. Ca P 
 Mg Na K Cu Zn 
 Fe Mn
 

Carimagua+ Forage 8.8N .23D 
 .07S 1.6N 0.03S 1.7H 4.8D Il.1D 850N 90N
El Nus+ cerage 5.9D .85N .14D 0.4N 
 0.02S 1.8H 8.OL 31.OD 
 944N 318H

Turipang+ orage 
 5.6D .33L .25L 0.27PN 0.03S 3.2H 6.OD 51.OL 258N 37D
Macagual+ orage 8.4N .49N .12D 
 0.17L 0.OIS 3.3H 3.5D 
 11.2S 685N 384H
La Libertad+ ::rae 
 5.2D .56': .21L 0.25PN 0.O1S 
 1.6H 3.9D 12.9S 342N 237N
Obonuco+ z-rage 17.9H .49K 
 .48N 0.42N 0.40N 5.2H 9.OD 
 20.OD 355N 46L

Caldas (Reg. 
 9.7N .71N .26L 0.39N 0.04S 2.9H 41.ON 24.OD 
 494N 140N
Puerto Boyac:- -orage 9.7N 1.00N .28L 0.32N 0.01S 
 3.9H 8.8L 29.0D 206N 78N
Puerto Salgar-
 o 8.7N 1.40N .23L 0.31N 0.02S 2.5H 
 9.2L 20.OD 221N 59L
Valle Cauca--
 9.1N .87N .23L 0.41N 0.01S 4.1H 
 9.OL 23.4D 919H 149N

Tolima+++ 
 2.3S .80N .07S 0.08D 0.01S 1.ON 3.1D 12.6S 434N 153N
 

* Average of 5 to 20 "2-rvations: N = Normal; PN = Probably Normal; L = Low; D = Deficient; S = Severely 

deficient; H = High.
 

* ICA Experiment Stations 
++ Particular Ranches 
+++ Cattlemen's Organization 
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Mineral Supplementation Experiments *
 

Imoeat i (IIl T I.I I It I,,,n t A imi I:./l'rt,wj im.n II D),rnltion 

2.) ::a: I z , , , 
phosphoric .,u iI 

'rurp;t.i a) cnhplet'e min,-l.: ", I 1 year 

2) I 1, C., 
3) y:'! I [ dic':a I III'' 1 11: p1,11 f'e 

Cu 

Obonuco** 1) complete minerals 15 heifers 2 years 
2) NaCI + Cu + Zn 

Macagual 1) complete mi.nerals 25 heifers 2 years 
2) NaCI + dicalcium phosphate 

Carimagua 1) complete minerals fed 32 heifers 2 years 
complete year 

2) P + Ca fed comlillete year 
3) P fed complete year 
4) P + N fed cOnhllfete year 
5) cotmple t, mnera Is fed wet season 
6) " + Ca fed wet season 
7) P Fod wet season 
.') i' f N fed wet ;o on 

La Libertad 1) complete minerals 
2) NaCI 
3) N:C]. + dicalcium phosphate 20 heifers 2 years 

(15Z), ammonium pho:;plhate 

4) "a(i+ mumioni.tum phosphate (30%) 

Sam Carlos de 1) complete mineral.:; 40 cows 2 years 
Guaroa 2) ',;.C1 + phosphoric acid 

*Mineras supplied s,,, the Pfizer Company. 
*(E:xperiment termin.na:,., aFter 1 mon i:h dhit" to foot and mouth disease outbreak. 

per Linen t ,as r .ii, ; ate d wi.th new on imal.s. 
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specific regions are as follows: Los lianos - The most severe deficiencies
 

are phosphorus and protein; Caqueta - There appears to be a calcium defi

ciency; Puerto Boyaca region - There are deficiencies of copper, phosphorus,
 

calcium and toxicities of molybdenum and selenium; La Sabana region near 

Bogotg Tolima and Huila - These areas are deficient in copper, zinc, per

haps cobalt, and have toxic concentrations of molybdenum; Turipana, Caribia
 

and Montilonia - In this region the most severe deficiency is copper. Ca

ribia appears to be adequate, in phosphorus and calcium but Turipana and
 

Montilonia are deficient; El Nus, Palmira and Obonuco - These three areas
 

have similar problems with severe copper deficiencies and marginal zinc
 

deficiencies; Antioguia - Phosphorus deficiency is the most noticeable pro

blem; Valle and Narino - The mineral status in regards to phosphorus seems 

adequate but copper is deficient.
 

Table 2 presents information on the cost of mineral supplements in re

lation to animal gains. Comparisons are made between commercial mineral 

supplements and supplements which can be formulated at a much lower cost. 

The data indicate that mineral mixtures can be formulated for much lower 

cost than commercial supplements available and, therefore, mineral supple

ments can be more economical for beef cattle production. 

Apparently much of the data which includes mineral supplementation ex

periments and numerous mineral analyses will be further summarized and 

published in .ppropriate journals and experiment station reports. 

During the last trip to Colombia (February) a visit was held with Mr. 

Wayne Miles. The Miles family has a very serious animal health problem on 

their ranch, "La Plata," in the llanos. They have had a very serious con

dition which is locally known as "secadera" (translated as dry up). This 

condition has been well recognized by cattlemen in the llanos for many 
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Sample Sites indicating Mineral Deficiencies and Toxicities in Colombia
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Table 2. 
Weight gains, intake and cost of mineral salt in 5 ICA farms.
 

El Nus Turipana Macagual 
 La Libertad Obonuco

Salt Salt Salt Salt 
Salt Salt Salt Salt Salt Salt Salt


Comerc. ICA Comerc. !CA 
 ICA Comerc. ICA Comerc. 
 ICA Comerc. ICA
 
I II II III
 

Number of 
 28 28 20 20 20 
 25 25 24 
 24 10 10
Time (days, 
 450 450 162 162 162 
 180 180 90 90 
 90 90
Initial v 
 208 218 159 163 160 157 
 163 188 189 
 229 229
Final wei.. 
 328 348 277 273 
 269 206 219 
 243 243 312 315
Total wei, (g) 
 120 130 116 110 109 49 56 
 55 54 83
Gain/day 86
267 288 716 692 653 274 313 
 562 551 921 959
Salt consu o ial (g) 
 75 57 21.8 21.0 12.7 56 48 58 
 48 35 33
Cost of sal:'kg (S 
 10.3 18.6* 10.3 
 3.2 7.6 10.3 7.2 
 10.3 19.8* 10.3 2.9
Cost/animaicay c j 77 1.06 23 3 10 58 30 
 60 95 35 9
 

*This high value is 
duz to the use of pure phosphoric acid as a phosphorus source, since the cost of this 
one
is too high ($80/kg). (It is possible to obtain a similar product at a lower cost).
 
I = Commercial salt (Pfizer). 

II-III = (different preparation for each farm).
 



years. Dr. Nels Konnerup of AID noted that this was a problem in the early
 

1950s. The etiology of this problem is entirely unkown. The disease con

sists of gradual and continual loss of condition ending in death. It has
 

some of the characteristics of wasting disease as a result of a cobalt
 

deficiency. Most calves begin to lose weight at weaning but others do not
 

start losing until later on. On Mr. Miles' ranch, one year ago, 65 calves
 

from a lot of 95 weaned animals died of this condition. Many of the ani

mals that did not die at that time died the following year. Also, it has
 

been noted that animals brought from other areas seem to be all right for
 

a year and then they develop this condition. Aniimals will go out of con

dition and then will develop diarrhea which leads to their eventual death.
 

However, in some cases the diarrhea can be treated and prevented but the
 

animals will still continue to waste away and will eventually die.
 

Unfortunately, not one sick animal has responded to any type of treat

ment and recovered. A variety of treatments have been given, such as anti

biotics for general infection (oxytetracycline), for anaplasmosis (revevet),
 

for babeosis (ganasec), for coccidiosis (sulmet), and for diarrhea (anti

diarrhea solutions).
 

One unconventional treatment which was reported to have worked on
 

aniother farm was the administration of the detergent "Fab" in addition to 

an injection of vitamin 112. Mr. Miles had given vitamin B1 2 injections 

to sick animals with no apparent response. We recommended that they con

tinue trying vitamin B12 with higher dosages. 

Some persons have associated the use of the forage Brachiaria decumbens 

as -fe main cause of this condition. However, in a thorough investigation, 

it has been shown that this condition also occurs on other forages. In Mr. 

Miles' case the sick animals have been taken off the Brachiaria decumbens 

grass and moved to pasture containing molasses grass with other native 
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grasses. Neither lot responded to the pasture. Those on native grass just 

seemed to die sooner. One rancher has made the observation that when there 

was a very high grazing pressure on the Brachiaria decumbens pasture, no 

problem of "secadera" resulted. However, when the stocking rate is low and 

the pastures becomes more mature the condition results. As previously noted, 

this condition is prevalent during the wet season. When the dry season comes, 

if the animals do not already have the symptons, the condition will not ap

pear until the following wet season. Animals often take 2-3 months to die. 

The rainy season starts in early April, however, animals usually do not die 

until July. Also, it is noteworthy that this condition was recognized 

before Brachiaria decumbens was ever introduced into the llanos. 

Others have thought that the "secadera" condition was due to Brachiaria 

decumbens because it was most common when this forage was used. Some have 

suggested that there is a fungus on the Brachiaria decumbens that causes
 

the problem. Photosensitivity has been shown to be caused by this ')rage.
 

There has been some swelling about the ears and neck and Mr. Miles feels 

that this has nothing to do with the "secadera" condition since taking 

animals off the Biachiaria decumbens would improve the other condition.
 

However, animals will continue to "waste away" and die.
 

Sic!" animals have been posted by ICA and by CIAT veterinarians. Com

plete metabolic profiles have been made by CIAT without any hint of the
 

etiology of the disease. Blood checks by ICA and CIAT have not indicated
 

any serious problems with either anaplasmosis or babeosis. Internal para

sites were also not serious. Ticks have been heavy for a short period but
 

they are now controlled. 

Crio]lo animals seem to have more of a problem with "secadera" than do
 

those with Zebu blood. The condition is so serious that Mr. Miles may sell
 

his ranch if a cure is not found within one year.
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Tle exact geographical extent of the disease is unkown. However, it
 

is very prevalent in the northern part of Meta state and continues into
 

Vichada state. Sc~me of the high incidence would be south of Villavicencio.
 

We had previously recommended that Mr. Miles use a very good mineral
 

mixture containing adequate phosphorus and trace minerals. During that week
 

the mineral mixture was formulated and given to the cattle. It contains all
 

of the common trace minerals except iron, manganese and selenium. Of the
 

three, only selenium might be a problem. Mr. Miles is being sent some
 

sodium selenite. We are very hopeful that this complete mineral mixture
 

may be part of the answer to the problem of "secadera." The mineral mix

ture will be beneficial to another problem on this ranch which is broken
 

bones even if it does not prevent "secadera." We have been working with
 

Mr. Miles in formulating a proper mineral mixture.
 

Prior to the current problems we had made recommendations to Mr. Miles 

on the possible u. - of triple superphosphate and also basic slag as phos

phorus suppleme7tations. We had made recommendations as to the quantities 

of triple siperphosphate that could safely be included in mineral supplements 

due to the high fluorine content of this product. The recommendations had
 

',oen to use a mineral supplement containing 40% bonemeal and 10% triple
 

superphosphate with the remainder being salt.
 

We promised to analyze some of Mr. Miles' forages which will be sent
 

through Dr. David Schaer. Also, we have broached the idea of trying to do
 

some research to determine the mineral status of livestock in this region.
 

This could possibly be part of an M.S. or Ph.D. degree research program.
 

rt would be important to locate farms which would be willing to provide
 

liver, blood, forage and soil samples. There are several ranches in the
 

area which may provide these samples. A proposal for doing research in
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the area where "secadera" is a problem is included at 
the end of the Colombia 

portion of this report. 

The AID-University of Florida program during the first two years was 

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 beeit 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 (for example, cobalt and
 

molybdenum).
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A PROPOSED MASTER OF SCIENCE RESEARCH PROGRAM 

IN THE LLANOS AREA OF COLOMBIA 

Title: The Mineral Status of Beef Cattle in the Llanos of Colombia whe 

"Secadera" is Encountered. 

Introduction: A serious health problem with beef cattle in certain areas in 

the llanos of Colombia is "secadera". Since the early 1950s this condition 

has been recognized by the cattlemen in the llanos. The etiology of this pro

blem is entirely unknown. This condition consists of a gradual loss of 

condition finally ending in death. It has similiar characteristics of wasting
 

disease as a result of a cobalt deficiency. Most calves begin to lose con

dition at weaning but others do not start to lose weight until later. On
 

one particular ranch 65 calves from a lot of 95 weaned animals died of this
 

condition. Apparently, "secadera" is prevalent during the wet season and
 

when the dry season starts, if the animals do not already have the symptoms,
 

the condition will not appear until the following wet season. Animalb often
 

take 2-3 months to die. "Secadera" animals have been posted by both ICA
 

and CIAT veterinarians with a complete metabolic profile done. Unfortunately,
 

infectious diseases or internal parasites have not been shown to be related to
 

this condition.
 

The efficiency of beef cattle production in the llanos of Colombia is
 

low. These low production rates are influenced by many factors, some of which
 

may be inadequate mineral nutrition. Limited mineral analyses of plant and
 

animal tissues taken throughout Colombia indicate severe mineral deficiencies,
 

including that of phosphorus, sodium and copper. Mineral supplementation trials
 

carried out in the llanos by ICA and CIAT researchers have indicated dra

matic response from mineral supplementation.
 

Research Objectives: 1) To establish if specific mineral deficiencies or
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toxicities are related to the disease condition "secadera". 2) To compare
 

the seasonal (wet versus dry season) mineral status of beef cattle. 3) To
 

evaluate and compare the mineral status of beef cattle at different physio

logical states (growing steers or heifers vs. pregnant-lactating cows).
 

4) To study mineral soil-plant-animal interrelationships.
 

Location of Research: Six to ten ranches located in areas where the "secadera" 

condition is reported. This would likely be in the northern part of Meta 

state and into the Vichada state. 

Institutions involved: 1) ICA - Dr. Max Laredo. 2) Caja de Credito
 

Agrario - VECOL - Dr. Juan Salazar. 3) University of Florida - Dr. L. R.
 

McDowell and Dr. J. K. Loosli.
 

Research Proposal: From each farm, soil, forage, blood, liver and bone
 

samples will be collected twice during the year. Collections could be June-


July (end of wet season) and November-December (end of dry season). The re

search could be modified so that collections are only made once per year
 

(June-July) to represent the time of greatest death loss due to "secadera".
 

Standardized questionnaires for farm description, animal identification and
 

forage description can be used. The collection of samples could be as follows
 

for 	each collection period:
 

I) 	Soil - 2-5 samples from different regions of the farms.
 

2) 	Forage - Separate samples of each of the major species should be taken.
 
This would likely involve 2-5 species per farm. In sampling the aerial
 
parts of the plants in a field, select at random at least 10 or more sample
 
sites from each field depending on the size of the field with each species
 
collected separately. A forage questionnaire should be filled out for
 
each farm which includes the % of each species on offer. Pasture samples
 
should be collected only after careful observation of cattle grazing
 
patterns. It is necessary to watch the animal graze and hand pluck a
 
sample to represent the animal's diet. From the composite forage sam
ple, 2-5 samples each of the major forage species should be analyzed.
 
For each sample, a total of 200 g should be available. Samples should be
 
air-dried at 600C, ground (using stainless steel equipment), and the
 
sample should be transported to Florida.
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3) 	Blood plasma - From each farm, 14 samples from each class should be col
lected from both randomly selected growing steers or heifers (1-2 years
 
after weaning) and lactating cows. Approximately 20 ml of blood should
 
be collected using California bleeding needles. As soon as the blood is
 
collected, the container should be tipped and inverted and thoroughly
 
but gently mixed with the anticoagulant. If lithium citrate (20%
 
solution) is used, add 1/10 ml for each 10 ml of blood to be collected.
 
Keep the sample cool and centrifuge within 2-3 hours of collection. If
 
serum rather than plasma is collected, draw off serum as soon as a
 
sufficient quantity is formed. For either serum or plasma keep cool and
 
freeze when facilities are available.
 

4) 	Liver - Fourteen samples of liver (biopsy) can be collected from both
 
cows and heifers at the same time as blood is collected. Samples would
 
be stored in biopsy bottles under refrigeration (or freezing) or in 10%
 
formaldehyde. If possible the same animals should be sampled each
 
collection period.
 

5) Bone - If possible, bone samples should be collected from each ranch. 
Bone samples may represent animals that are normally being slaughtered 
for local consumption. Metacarpal bone and right ribs should be taken 
from each of the slaughtered animals. Bone samples should be stripped of 
all soft tissues. Four centimeters of the central part of the right 
ribs are cut and split into halves with the bone marrow removed using a 
jet of distilled water. Two centimeters of the central part of the left 
metacarpal bone should be cut. 1he density of all bone samples can be 
measured by weighing in air and in water. The bone sample should be 
placed in 10% formaldehyde prior to shipping to Florida. 

Analyses: The following analyses would be recommended:
 

I) 	Soil - Complete soil analyses to include soil classification, soil
 
structure, pH, organic matter and available forms of the following
 
minerals: Al, Fe, Mn, Zn, Co, Cu, P, Ca, Mg, K, Na, Se, Mo and I.
 

2) 	Forage - Co, Se, S, Fe, Mn, Cu, Zn, Mo, P, Ca, Mg, K, Na, N and I. 

3) 	Blood - Ca, P, Mn, Zn, Cu and Fe. 

4) 	Liver - Zn, Cu, Se, Co, Mo, Fe, Mn and Mg. 

5) 	Bone - Bone ash, specific gravity, P, Ca and Mg. 

cchedule for Prospective Graduate Student: A prospective graduate student
 

would take all course work at the University of Florida and would visit
 

Colombia once or twice during the degree program. For an M.S. degree program
 

this would probably be one trip of 1-3 months in duration while "secadera" is 

most prevalent. For a Ph.D. program 2 visits would be made. One would be
 

made during the time when "secadera" is most prevalent and 6 months later.
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During the time in Colombia, Dr. Max Laredo and Dr. Juan Salazar would be
 

responsible for assisting the degree candidate in locatin;g farms and making
 

sample collections. Depending on the desires of the individual involved,
 

probably most of the analyses would be completed at the University of Florida.
 

A certain amount of sample preparation would be needed and probably Tibaitata
 

would be the ideal location for this.
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Costa Rica
 

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

one of the most productive for the mineral research program. The original
 

leaders of the program were Prof. Hernan Fonseca and Ing. Emilio Vargas of
 

the Animal Science Department, University of Costa Rica. Although still
 

active in the program, Prof. Fonseca is currently the Minister of Agriculture
 

in Costa Rica and effective early in 1979, Ing. Emilio Vargas accepted a
 

position with INCAP in Guatemala. Dr. Carlos Campabadal is now one of the
 

active leaders of the program. 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 se

lected regions of Costa Rica. For the year 1978 only, 884 blood, 1128 forage
 

and 661 liver samples were collected. In 1978, 15,000 analyses were carried
 

out. Since the program began 4000 samples have been collected from 370 farms.
 

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 two years to
 

assist with the mineral analyses.
 

This support was only needed for 2 years for the salary of a coordinator
 

of the Costa Rican program. Since October, 1977, the University took over the
 

salary support of the coordinator of the program. The Costa Rica mineral pro

ject no longer requires any direct financial support from the Florida-AID
 

project. It is estimated by the Costa Rican project officials that an ex

cess of $235,000 ($U.S.) has been spent on this special program.
 

The earliest stages of the mineral research program involved two Uni

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

lished in 1978 in the "Journal of Dairy Science" and "Tropical Agriculture". 

Also this data was presented at the 1978 Woii Animal Production Meetings in
 

Argentina. This data is also being written up as part of an extension
 

bulletin for Costa Rica. Data from these papers have been presented as
 

abstracts in one national meeting (Houston) and two international meetings
 

(Maracaibo, Venezuela and Buenos Aires, Argentina).
 

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

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

with the University until 1979. Dr. Marciles will be working on nuclear
 

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

pected problems. 

For quite some time it has been known that in certain regions of Costa 

Rica manganese forage concentrations are very high due to previous volcanic 

activity. Some studies have related high forage manganese to low repro

duction rates in cattle. Dr. Marciles has been using isotopes to determine 

Low manganese may be affecting reproduction. His conclusions noted that 

manganese was interfering with iodine metabolism. Depending on the level, 

rats fed diets with manganese from 200-1000 ppm have an abnormal thyroid 

condition. Up to 200 ppm there was no problem and beyond 500 ppm females had 

a hyperthyroid condition. High manganese diets increased T4 and decreased 

T3. Manganese is known to accumulate in the thyroid more than in any other 

tissue. Some of the future studies will involve taking thyroids from animals 

in slaughterhouses and relating these to particular farms with reproductive 
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problems. Cattle from some of these farms experienced early abortion
 

(35%) within 3 months of pregnancy. The mechanism for manganese toxicity
 

via thyroxine metabolism is not understood.
 

From the mineral research program it has been found that in the dairy
 

cattle region of Coronado (just north of San Jose) cattle have low blood
 

calcium levels. Phosphorus levels from these animals are high to normal
 

with a large percentage of cows anemic as shown by low hematocrits (example,
 

24-25%). Dr. Marciles has ban working with the radioisotapes (example,
 

p32 and F5 9 ) to evaluate the status of cattle in this area. Upon examination
 

of animals it was found that there was hematuria. The bone marrow was not
 

producing a sufficient quantity of red blood cells. Looking through the
 

literature it is found that a particular forage genus, Peteridiun, was
 

causing a similar condition in Germany. This particular genus is found in
 

the areas where the condition is noted. However, further studies will need
 

to be made to see if this can be reproduced under experimental conditions.
 

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

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

and at this date we have received each of these. The quality of these theses
 

is excellent.
 

Conclusions from the first 3 theses are as follows:
 

Olger Murillo 3ravo
 

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

of Grazing Cattle in Canas County, Guanacaste". In this experiment, 19 beef
 

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

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

analyzed.
 

75
 



Conclusions:
 

a) Crude 


protein: 


b) Calcium: 


c) Phosphorus: 


d) Magnesium: 


e) Potassium: 


f) Iron: 


g) Copper: 


h) Manganese: 


i) Zinc: 


80% of the forages contained less than 7% protein
 
with the average being 2.86%.
 

The majority of the blood calcium values were normal
 
being over 9 mg%. However, 68.9% of the forages con
tained less than 0.18% calcium.
 

The average phosphorus concentrations were 4.27 mg%.
 
50% of blood phosphorus values were less than 4 mg%.
 
Only 6 of 19 farms had normal average blood phos
phorus levels. Approximately 89% of the forage samples
 
contained less than .18% phosphorus. The average phos
phorus was 0.09%. 100% of the farms had deficient 
average forage phosphorus levels. 

Only 1.89% of the blood magnesiuw wa; 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.
 

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%.
 

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.
 

Approximately 81% 
of the forage samples contaired 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 average being
 
157.8 ppm.
 

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.
 

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
 
samples 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 protein
 

are 
severely deficient, copper is deficient with borderline to deficient
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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 Guanacaste During the Dry Season". In this study three
 

districts 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 analyzed per farm.
 

a) Protein: 95% of the forages contained less than 8% protein.
 

b) Calcium: Approximately 27% of the blood values were low con
taining less than 8 mg/l00 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/lO0 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/100 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) Copper: 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
 

77
 



a relatively large percentage of blood calcium analyses and manganese and
 

zinc were relatively low in forages.
 

Luis Fdo. Palmer 	Francis
 

The title of this thesis is "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 were studied during the dry season. There were
 

2-6 farms utilized per county. Of the samples analyzed, there were 64
 

forage, 68 blood and 10 liver samples.
 

a) Crude Approximately 94% of the forage samples contained 
protein: more than 7% protein averaging 13.76%. This would 

be quite contrary to the areas where data was taken 
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.
 

c) 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%). 

d) Magnesium: 	 94.1% of blood magnesium was normal with forage
 
magnesium levels averaging 0.22%.
 

e) Potassium: 	 Forage potassium levels were normal ranging between
 
0.83 and 8% with 	an average of 3.44%.
 

f) 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.
 

g) 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.
 

h) Manganese: 	 78.1% of the manganese forage values ranged between
 
25 and 100 ppm averaging I1 ppm. However, the liver
 
manganese values 	(10 samples) were low averaging 4 ppm.
 

i) 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.
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This data also contains correlation coefficients and it shows dif

ferences among farms, forage species and animal classes. Phosphorus ap

peared to be the most severe mineral deficiency wiLh low levels of forage
 

and blood calcium noted. The analyses would indicate that copper, manganese
 

and zinc are all borderline to deficient in these samples.
 

In 1978 and early 1979 nine additional theses were presented to the
 

department. The most important results are as follows:
 

I) "Mineral Status of Bovine Cattle, Pastures and Blood Serum in the Central
 

Pacific of Costa Rica During Dry Season". Student: Olga Salas, Professor:
 

Carlos Campabadal H., Ph.D.
 

This work was based on an evaluation of the mineral status of Abangares
 

(Guanacaste Province) and Canton Central, Esparza and Montes de Oro (Punta

renas Province).
 

Blood ond pasture samples were analyzed in this zinc. Calcium, phosphorus
 

and magnesium were analyzed in blood and calcium phosphorus, magnesium,
 

potassium, iron, copper, manganese and zinc and protein in pastures. The
 

average calcium level in blood serum was 10.9 mg/100 g of serum. No dif

ferences were shown (P - 0.05) among counties. Statistical variation did 

show in phosphorus level of serum among counties with an average of 5.7 mg/lO0 

mg in serum. Mg level in serum was 2.8 mg/lO0 ml of serum, with significant 

differences (P K 0.05) among counties. 

An average (tru.25% for Ca and 0.10% for phosphorus were found in pastures,
 

with no variation (P < 0.05) among counties. Mg level was 0.178% with no
 

significant differences among counties (P < 0.05). Potassium level was 1.5%
 

with no variation among counties (P < 0.05). The iron average was 222 ppm
 

with significant differences among counties (P < 0.05). The copper and man

ganese levels were 4 and 56 ppm with no significant variation (P < 0.05).
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The zinc average was 28 ppm which did not show significant differences
 

among counties ( P < 0.05).
 

Protein showed significant differences among farms with an average of
 

5.0%. Protein, phosphorus, copper and zinc supplementation was recommended. 

2) "Mineral Content in Pastures and Blood Serum of Bovines in Nicoya 

County During Dry Season". Student: Luis P. Wong-R. Professor: Carlos
 

Campabadal H., Ph.D.
 

This study had the main purpose of evaluating the mineral content in
 

pastures of cattle in Nicoya County.
 

Eighty-one blocd samples and 68 pasture samples were collected at random
 

at Nicoya and Mansion Districts. Collecting period was from December, 1976
 

to April, 1977.
 

Ca, P and Mg averages in blood serum were 9.7, 5.0 and 2.5 mg/100 ml,
 

respectively. The results indicated 
an average for pastures of 3.71, 0.24,
 

0.08, 0.13 and 0.99% in protein, calcium, phosphorus, magnesium and potassium,
 

respectively. Iron, copper, manganese and zinc averages were 175, 2.4, 49,
 

and 26 ppm, respectively.
 

Based on this informaticn the following supplements were recommended in
 

this zone: a) a liquid supplement containing urea, b) 
direct phosphorus
 

supplementation (bonemeal) through a mineral salt or H3P04 
in a liquid
 

supplement, c) direct copper supplementation (sulfate, carbonate or oxide)
 

through a mineralized salt.
 

3) "Evaluation of Mineral Nutrition Status of Bovine Grazing Cattle in San
 

Carlos County". Student: Francisco Alpizar. Professor: Carlos Campabadal,
 

Ph. D. 

This investigation was done with the purpose of determining the mineral
 

status in pastures and blood of bovines during dry season in the districts of
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Pital, Aguas Zarcas and Colon, San Carlos.
 

Sixteen farms were studied as follows: 6 farms in Pital, 5 farms in
 

Aguas Zarcas, and 5 farms in Colon.
 

Blood samples were analyzed for calcium, phosphorus and magnesium and
 

pasture samples for protein, calcium, phosphorus, magnesium, potassium, iron,
 

copper, manganese and zinc. The average calcium, phosphorus and magnesium
 

levels in blood were 8.6, 
4.4 and 2.4 mg/100 ml of serum, respectively.
 

Protein, calcium, phosphorus, magnesium and potassium levels in pastures were
 

12.6, 0.22, 0.11, 0.20 and 2.86% in dry matter, respectively, while iron,
 

copper, manganese and zinc levels were 
193, 8, 115 and 25 ppm, respectively.
 

Supplementation with Ca, P, Cu and Zn was suggested in this zone.
 

4) "Determination of Mineral Content of Pastures 
in Bovine Blood in Guacimo,
 

Siquirres and Pococi Counties". Student: 
 Carlos A. Martinez. Professor:
 

Juan Coward L., M.Sc.
 

This investigation was done with the purpose of evaluating the mineral
 

content of the different forage species and grazing beef cattle in Guacimo,
 

Siquirres and Pococi. 
 Pasture and blood samples were collected from 17 farms
 

during the months of November, 1976 to April, 1978.
 

Calcium, phosphorus and magnesium contents were determined in blood and
 

protein, calcium, phosphorus, magnesium, potassium, iron, copper, manganese,
 

and zinc in pastures. The results show an average of 12.1, 7.2 and 3.0
 

mg/bO0 ml of serum for calcium, phosphorus and magnesium blood and 9.3,
 

0.21, 0.11, 0.25 and 3.2% in protein, calcium, phosphorus, magnesium and
 

potassium in pastures, respectively, and 557, 7, 114, and 28 ppm in dry
 

matter in iron, copper, manganese and zinc in pastures, respectively. Sig

nificant differences (P < 0.05) were found in calcium, phosphorus and mag

nesium in blood among counties, districts, faims, sex and age of animals.
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Also significant differences among species were found in pastures in po

tassium, copper, manganese and zinc. Phosphorus supplementation is re

comiended as well as coppi- and zinc in order to correct deficiencies.
 

5) "Mineral Content in Pastures and Blood Serum of Bovine in the Districts
 

of Fortuna and Venado, San Carlo-". Student: Luis E. Alvarez. Professor:
 

Carlos Campabadal H., Ph.D.
 

A study was made in the zones of Fortuna and Venado, San Carlos County
 

with the purpose of diagnosing the mineral status of animals and forages in
 

the zone.
 

Blood samples were analyzed for calcium, phosphorus and magnesium,
 

averaging 9.1, 5.5 and 2., iig/100 ml in serum, respectively. 

Pasture samples were analyzed for protein, calcium, phosphorus, magnesium
 

and potassium with averavge- of 9.35, 0.24, 0.11, 0.17 and 3.27%. In iron,
 

copper, manganese and zinc the averages were 322, 7, 51 and 28 ppm in dry
 

matter, respectively.
 

Results showed that 45, 89, 25 and 20% of samples did not meet calcium,
 

.phosphorus, zinc and copper requirements, and therefore, supplementation was
 

recommended. Also 7 and 11% of samples showed iron and potassium levels
 

above requirements (1000 ppm and 5% in dry matter). These values might be
 

considered toxic for animals. A more in depth study on this matter was sug

gested.
 

6) "Mineral Nutrition Study of Cattle and Pastures in Bagaces and Abangares
 

Counties, Guanacaste Province." Student: Edgar Vargas M. Professor: Carlos
 

Campabadal H., Ph.D.
 

This research was made in Bagaces (Bagaces, Mongote and Fortuna Dis

tricts) and Abangares (Juntas, Colorado and San Juan Districts) in Guanacaste
 

Province, Costa Rica during the dry season in order to evaluate the mineral
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status in these counties.
 

Blood serum and pasture samples were collected for this purpose. Blood
 

serum samples were analyzed for calcium, phosphorus and magnesium, and
 

pastures samples were analyzed for calcium, phosphorus, magnesium, potassium,
 

iron, copper, manganese and zinc. The crude protein percentage in pastures
 

was also analyzed.
 

The average calcium level in blood serum was 
12.1/100 ml, phosphorus
 

4.83 mg/l00 ml and magnesium 2.60 mg/l00 ml. In pastures there was an average
 

of 0.27% calcium, phosphorus level was 0.07%, 0.12% in magnesium, 1.0% in
 

potassium, 130 ppm in iron, 3 ppm in copper, 40 ppm in manganese and 25 ppm
 

in zinc. The average protein level was 2.90%. Phosphorus, copper, crude
 

protein deficiencies were found in this study, as well as high levels of iron
 

and manganese.
 

7) "Evaluation of Bovine and Forages Mineral Nutritional Status, Central
 

Pacific of Costa Rica During Wet Season". Student: Olman Diaz S. Professor:
 

Lic. Emilio Vargas G., M.Sc.
 

This study was made in the Central Pacific region of Costa Rica during
 

the wet season in 1977 with the purpose of evaluating the mineral content in
 

pastures and bovine blood.
 

Blood samples were analyzed for calcium, phosphorus and magnesium with
 

averages of 10.6, 4.8 and 2.6 mg/100 ml of serum, respectively.
 

Pasture samples were analyzed for protein, calcium, phosphorus, magnesium
 

and potassium contents, with averages of 6.9, 0.22, 0.13, 0.10 and 0.82% in
 

dry basis, respectively. Iron, copper, manganese and zinc showed averages of
 

129, 2, 25 and 8 ppm, respectively. Pastures showed phosphorus, copper, zinc
 

and protein concentrations that do not meet the requirements of grazing cat

tle. Therefore, phosphorus, copper, zinc and protein supplementation were
 

recommended.
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8) "Evaluation of Mineral Nutrition Status of Cattle and Forages in
 

Atlantica Norte Zone". Student: Hloracio Chi Chan. 
Professor: Lic. Emilio
 

Vargas G., M.Sc.
 

This research was made with the purpose of evaluating the mineral content
 

of forages and animals in Venecia (San Carlos), Rio Cuarto (Grecia) and
 

Horquetas and Virgen (Sarapiqui) Districts.
 

Pasture and blood samples were collect-d from 18 farms of this zone and
 

indicated averages in calcium, phosphorus and magnesium in serum of 10.48,
 

4.52 and 2.52 mg/100 ml. Based 
on these results a deficiency of calcium and
 

phosphorus iB 
suspected in Venecia and Rio Cuarto Districts. Pastures showed
 

averages in protein, calcium, phosphorus, magnesium and potassium of 10.2,
 

0.22, 0.16, 0.17 and 2.0%, respectively. The averages in iron, copper, man

ganese and zinc were 114, 15, 
112 and 19 ppm in dry matter, respectively.
 

Based on 
these results calcium, phosphorus and zinc deficiencies were
 

found. Also copper deficiency was found in Horquetas and Virgen Districts.
 

Supplementation with all 
these minerals was recommended in dairy cattle.
 

9) "Evaluation of the Mineral Status of Blood and Forages in the Districts
 

of Liberia Centro and Nacascolo, Guanacaste During the Dry Season". 
Student:
 

Norman Alvarez G. Professor: Carlos Campabadal H., Ph.D.
 

This research has the purpose of evaluating the mineral content of blood
 

and forages in the districts of Liberia Centro and Nacascolo, Guanacaste during
 

the dry season.
 

Minerals analyzed in two tissues 
were as follows: calcium, phosphorus
 

and magnesium in blood serum; and calcium, phosphorus, magnesium, potassium,
 

iron, copper, manganese and zinc in forages.
 

The average calcium level in blood was 
11.0 mg/100 ml, with significant
 

differences (P < 0.05) among districts and farms. 
 Phosphorus content was 4.6
 

mg/100 ml with differences among farms (P < 0.05). Magnesium and calcium
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showed significant differences (P < 0.05) with an average of 2.6 mg/100 ml.
 

In forages, calcium average level was 0.20% and phosphorus was 0.07%
 

with significant differences (P < 0.05) among districts and farms for these
 

two elements. Magnesium average level was 0.13% with differences only among
 

farms. Potassium, iron and copper averages were 1.14%, 207 ppm and 3.0 ppm,
 

respectively. Differences (P < 0.05) were found in potassium among dis

tricts and farms; in iron only among districts and in copper among farms.
 

Manganese level was 50 ppm and zinc level was 21, showing manganese
 

differences among districts and farms.
 

Phosphorus, potassium, copper and zinc were the deficient minerals in
 

this zone.
 

The following positive correlations were found: P:K, P:I, Cu:K, Cu:Mn,
 

Cu:Zn, Zn:l and negative correlations in Ca:K. Protein, phosphorus, copper
 

and zinc supplementation was recommended.
 

In 1978 12 ab-
Abstracts of the theses are presented in the appendix. 


stracts dealing with the mineral research program were presented at the 3rd
 

National Agronomy Congress (III Congreso Agronomico Nacional). These ab-


The 3rd National Agronomy Constracts are also presented in the appendix. 


ference for Costa Rica lasted a week with many research papers presented.
 

Also, at this conference a meeting of all animal science personnel was held
 

at which time research priorities were stated. The top of the research
 

priorities were to continue with mineral research programs for the next five
 

years. The next most important priorities were work with forages and by

products.
 

Data from the program were lacking in cobalt and molybdenum analyses.
 

Because of this, the University of Florida has done a large number of the
 

Costa Rican forage samples fo- cobalt and molybdenum. Molybdenum values are
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all low and therefore present no problem of toxicity. Cobalt values, un

fortunately, are also relatively low. 
 Therefore, deficiencies might be
 

expected, particularly on farms with good management and high production.
 

The Facultad de Agronomfa has recently learned that they will receive
 

a new atomic absorption (Perkin-Elmer 372). This costs $25,000 and is being
 

donated by the Ai.omic Energy Commission. 'ILs instrument is equipped with
 

a graphite furnace, therefore, cobalt and molybdenum analysis will be possible
 

in Costa Rica. 
Next year plans will be made to determine selenium con

centrations of selected samples. A specialist in the chemistry department
 

will assist with this analysis.
 

Starting in 1979 much more emphasis will be placed on mineral supple

mentation trials. Now that many areas 
are suspected for mineral deficiencies,
 

the second phase of the mineral research program emphasizing supplementation
 

will commence.
 

The Costa Rica mineral research program has a strong extension area.
 

Research data is used for extension bulletins. In order to explain to farmers
 

the importance of the research findings, eleven conferences have been held
 

with farmers and agricultural agents in different cities of the country. 
These
 

conferences have been presented by Lic. Emilio Vargas at 
the following cities:
 

1) Venecia, San Carlos (2)
 
2) San Isidro del General (2)
 
3) Cartago Centro (1) 
4) Esparza (1) 
5) Tilaran, Guanacaste (1) 
6) Canas, Guanacaste (1)
 
7) Liberia, Guanacaste (2)
 
8) Tambor, Puntarenas (1)
 
9) San Isidro, Coronado (1)
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Ecuador
 

Florida personnel are working directly with researchers of the In

stituto Nacional de Investigaciones Agropecuarias (INIAP). The main con

tacts are Iug. 0. Molina, Ing. Telmo Oleas and Ing. Thelino Hervas 0. in
 

the highlands region of Quito and Dr. Raul de la Torre in the tropical
 

region headquartered at Pichilingue.
 

Research in the Pichilingue Area - Four beef cattle ranches 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 Dominto region received injections of selenium

vitamin E due to reports of white muscle disease in this area. During the
 

year the selenium-vitamin E injected 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
 

reveal 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 concerning cattle at the ranch
 

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

have misshapen feet and missing tails which sug[.*:. - possible selenium
 

toxicity.
 

Much of the mineral and stEtistical analyses have now been completed.
 

With the exception of phosphorus there were significant seasonal differences
 

among minerals. The experiment demonstrated that the selenium-vitamin E
 

injections had no effect onithe incidence of white muscle disease. The
 

condition in the Santo Domingo region had been described as a "weak calf
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syndrome". Statistical evaluation of the experiment in the Quevedo and
 

Santo Domingo regions was carried out at the University of Florida. In the
 

experiment, blood samples had been collected three times during the year.
 

The collections periods represented the rainy season, the dry season and
 

an intermediate period. For the Quevedo area, with the exception of blood
 

phosphorus, there was a definite season (peiod) effect. 
 There was no
 

interaction among the farms and seasons for phosphorus. 
 The most clearly
 

visible seasonal effect was with copper. The serum copper levels for the
 

periods of July and November were markedly lower than those of April.
 

April represents the wet season, while July and November are 
the inter

mediate and dry seasons respectively. It was apparent that the majority of
 

the cattle in both the July and November periods were borderline to de

ficient in copper.
 

It can be considered that around 80 mg% is a borderline zinc deficiency.
 

During April, all of the zinc plasma concentrations were normal. However,
 

during July and November a large number of animals would be considered
 

borderline to deficient in zinc. This would be particularly true with ani

mals from the farms Manguila and El Encuentro.
 

As expected, these cattle would not be deficient in iron. According
 

to Underwood, the serum iron levels for normal cattle would average 145 mg%,
 

ranging from 89 to 207 mg%. The values during April were very high, while
 

the concentrations for cattle taken in July and November fell within the
 

normal range.
 

A magnesium deficiency is expected when the magnesium plasma levels
 

are less than 1.8 mg%. On this basis, magnesium would not be expected to
 

be a problem for these cattle. Likewise, calcium would be adequate since
 

by and large all animals contained above 8 mg%.
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On the basis of the phosphorus data this mineral would not appear to
 

be a problem during the April period. However, during July and November
 

than 4.5
collections some animals were at a low or critical level of less 


mg%. During the July period three out of nine animals would be in the de

ficient range (less than 4.5 mg%) at the farm El Encuentro.
 

Data from the Santo Domingo area was analyzed several months later
 

than from the Quevedo area. Apparently, with and without selenium-vitamin
 

E injections resulted in some significant differences in the various
 

Some
mineral concentrations between seasons, animals and interactions. 


Probably a
of these interactions could be very difficult to explain. 


more meaningful indication of the value of the selenium-vitamin E injections
 

would be growth differences observed as a result of this experiment. How-


This had
ever, unfortunately, .eights were not taken on any of the farms. 


been part of the original design, however, this had not been carried out.
 

The phosphorus concentrations during the three collection periods for
 

all farms looked quite good (Santo Domingo). In April only 7 or 8 were
 

below 4.5 mg%, while in July and November only 12 of 80 were below the cri

tical level. In all, phosphorus blood concentrations were much better than
 

There did not seem to be very significant differences
might be expected. 


between the farms or seasons.
 

As expected, none of these cattle would be deficient in iron. As pre

viously noted from the Quevedo data, iron concentrations were all very high
 

in April while the values for cattle taken in July and November all fall
 

within Lhe normal range. There were significant season and farm differences
 

for iron concentrations.
 

For calcium there were significant differences among farms and sea

sons. However, all of the blood calcium values were above 8 mg% and would,
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therefore be considered normal. 
On the basis of the blood magnesium con

centrations, a deficiency of this mineral would not be expected since these
 

levels are 1.8 mg% or more.
 

There were definite seasonal differences in copper concentrations be

tween farms and seasons. The seasonal effect is very obvious with copper
 

blood values for April being much higher than those for July and November.
 

As previously noted, and also true in Quevedo, the majority of the cattle
 

in both 
the July and November periods would be considered borderline to
 

deficient in copper. Zinc blood concentrations are also found in the same
 

pattern for the Quevedo data. 
During April, zinc concentrations were in
 

the normal ranges. However, during both July and November, in some cases
 

the zinc concentrations are quite low. A high percentage of cattle have
 

about 80 mg% or 
iower for the periods of July and November. There were
 

significant differences between farms and seasons 
for zinc blood concen

trations.
 

From both the Santo Domingo and Quevedo data, the two minerals most
 

likely deficient are copper and zinc. Phosphorus, which would be expected
 

to be a problem appears to be in adequate concentrations.
 

Examination of the forage data taken from both the Quevedo and Santo
 

Domingo regions indicates that the majority of the forages are adequate in
 

all minerals analyzed. An exception would be phosphorus. A high percen

tage of the forages were around 20% phosphorus or less. However, blood
 

data would not support a phosphorus deficiency. Some forage analyses
 

(Co, Mo, Se) are still to be completed. Protein concentrations of the
 

forages were all in adequate range, being above 7%.
 

There is one animal at the Pichilingue experiment station which 

exhibits clinical signs of a selenium toxicity. This animal was very 
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emaciated, had lost hair from the bush of the tail and had very long,
 

misshapen hooves. However, analysis of tissues from this animal do not
 

reveal a selenium toxicity.
 

From a ranch in the Santo Domingo region (Santa Marianita) there are
 

further suggestions of a selenium toxicity. On this ranch at least twenty
 

animals have misshapen hooves and missing tails which suggests a possible
 

selenium toxicity.
 

In December, 1977 an experiment with criollo cattle was iniciated and
 

entitled "Benefits of Mineral Supplementation to Beef Cattle at Pichilingue".
 

One hundred and twenty Criollo, three and one-half years of age, were
 

allotted to three treatments as follows: 1) common salt only, 2) salt
 

plus a phosphorus source and 3) a complete mineral mixture. Liver, blood
 

and forage samples will be taken three times per year in December, March
 

and July. These animals have all had one calf and the object is to
 

determine if the complete minerals or phosphorus treatment will increase
 

the calving percentage over animals receiving salt only. Each treatment
 

is allotted to a 32 hectare pasture. For each treatment the pasture is
 

divided into four sections for rotational purposes. In this rotation sys

tem 16 to 18 heifers precede the 40 cattle into each pasture. This system
 

provides higher nutritive value pastures to the younger animals. The calving
 

season will start in several months, and, therefore, it will be possible to
 

make some conclusions in relation to these treatments. The expected duration
 

of this experiment is four years. In September, 1978 the mineral consumption
 

was approximately 28.3 g per head per day with all treatments being quite
 

similar.
 

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

tropical Ecuador. El Puyo which is in the Oriental near Limoneocha will be
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a location for mineral research. 
 It has been noted that the calving per

centage is less than 50% 
in this acea. When minerals were fed 
to one group
 

of cows the calving percentage was increased to 
90% the first year and 84%
 

the second year. 
From El Puyo blood and liver samples will be collected
 

twice a year from slaughterhouses. The collection periods will be August
 

and March. 
 The total rainfall in this region is very high at 5,000 mm
 

annually. August will represent the dryest and March the wettest times of
 

the year. 
Samples from steers will be collected from 4 farms from each of
 

4 zones. 
 Ten animals will be collected per farm. 
At the slaughterhouse
 

farms will be identified and visited where questionnaires will be filled out
 

and forage samples taken. It 
is now unclear as 
to when the research in El
 

Puyo will be initiated due to the accidental death of Dr. Wilson Olmedo.
 

Dr. Olmedo was 
to be in tharge of this particular program.
 

Later this year or next year mineral research will be in the Manabf
 

state 
(north coast of Ecuador). 
 This is the largest area of beef cattle
 

numbers in Ecuador. Twenty percent of all cattle and 40% of cattle from the
 

coast are 
in this state. Research will be carried out in the Chone region of
 

Manabf where the greatest concentration of cattle are 
located. Research will
 

be conducted by Ing. Carlos Forfon from the Portorrejo experiment station
 

in Chone. lie 
will be working with veterinarians collecting samples from
 

slaughterhouses and farms. 
 Cattle production from the 
area is very poor
 

with calving percentages estimated at 40% and heifers not bred for the first
 

time until 4 years of age.
 

It has been observed that many mineral supplements sold in Latin America
 

and speifically, Ecuador, were of poor quality and did not meet the guaran

tees on the labels. Dr. de 
la Torre has recently done some analysis 
of
 

several mineral supplements which definitely supports this 
view. The following
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table illustrates mineral companies guaranteed phosphorus analysis in
 

relation to the actual analysis which has been completed by Dr. de la
 

Torre
 

Mineral Phosphorus Guarantees and Analysis
 

% of P on Mineral Label % of P Analyzed
 

Concentrado mineral 10.0 0.04-0.07
 
Pecutrin 19.6 16.8
 
Agrifos 19.0 14.6
 
Agrifos reforzado 15.0 12.8
 
Brand X 6.0 2.6
 

Research in the Quito Region - Recent research has attempted to relate
 

mineral status to reproduction in dairy cattle in the Machachi Valley and
 

the Santa Catalina experiment station. The data compared the mineral status
 

between cows with reproductive problems and normal aniwals (thesis of Ing.
 

Hervas). Some of the animals in both groups were low in blood phosphorus.
 

Limited data indicated that manganese blood levels were significantly lower
 

for cattle with reproductive 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 studies.
 

Future mineral supplementation experiments are being considered. With
 

the type of dairy farms involved phosphorus supplementation trials are very
 

difficult. Although not an experiment in the true sense, observations could
 

be made between years on various farms. The records could be compared be

tween years of with and without mineral supplementation for a particular farm.
 

A completed experiment at Santa Catalina involved 37 heifers divided
 

into 2 groups receiving 1) pasture + 1/2 kg of molasses + 100 g of minerals
 

and 2) pasture + minerals. The group which also received molasses had a
 

calving percentage of 83.3 versus 42.9 for the minerals alone. In this
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experiment diammonium phosphate (18-46-0) and triple superphosphate (0

46-0) as the phosphorus source was used. Diammonium phosphate was 
later
 

substituted for triple superphosphate due to its lower fluorine content.
 

Aluminum sulfate was added to 
the mineral mixture to counteract a fluorine
 

toxicity.
 

Recent problems have arisen with the use of the phosphorus supple

ment, triple superphosphate. 
This fertilizer phosphorus source is very
 

high in fluorine and, as a rebult, fluorosis problems have been observed.
 
I
 

It had been recommended that triple superphosphate be used and as a result
 

some farms in the area are now suffering from fluorosis. In the case of the
 

herd at Santa Catalina four years were 
required for the clinical signs is
 

the lameness resulting from the fluorosis.
 

Ing. Thelmo Hervas, from the Santa Catalina Experiment Station, is
 

planning to come to the University of Florida in June, 1979 and his main
 

interest is studying mineral nutrition. Ing. Hervas is planning to do his
 

course work at Florida and return to Ecuador to collect samples for his
 

research. One possibility would be for him to obtain liver, blood, forage,
 

soil, hair and feces samples from approximately 8 to 10 beef cattle farms in
 

Ecuador. Two or three regions would be a possibility. One region might be
 

in Manabf state (north coast of Ecuador). If this site or El Puyo, near
 

Limonocha, are used, Dr. de la Torre and Angel Anzules could help him with
 

his sample collections. 
 Ing. Hervas has also noted two additional areas
 

which have mineral problems. These are the eastern and western chain of the
 

Cordillera mountains. In the eastern chain there is a city named Pillaro
 

where selenium deficiency signs have been observed. 
This area is located
 

150 km south of Quito. An additional area which is the western chain of the
 

Cordillera is approximately 200 km south of Quito. In this 
area the opposite
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problem exists with selenium toxic plants of the Astragalus genus being
 

noted. We suggested that at least two farms need to be taken from each
 

area where a study is undertaken. A research proposal for Ing. Hervas in
 

relation to mineral research is located at the end of the Ecuador section
 

of the report.
 

An experiment designed to establish if a manganese deficiency is
 

responsible for poor reproduction in dairy cattle is being considered. Ing.
 

Oleas had previously sent us a research proposal in relation to this pro

gram. They have been trying to determine if manganese injections are a
 

practical method of supplying this mineral. The difficulty is separating
 

animals into two groups and to study the effects of manganese supplementation
 

on tissue levels and also reproductive rates. We discussed the various way
 

of administering the manganese. Obviously, the best way is to separate
 

the animals into two groups. Approximately 80 animals will be worked with.
 

It was noted that one particular farm in the area was suffering from
 

an iodine toxicity. Someone had recommended mixing a high level of iodine 

(I kg of potassium iodate per 1000 pounds of salt) for dairy cattle. This 

level was given as a free choice mineral supplement and was also administered 

in a grain nixture. The result was an iodine toxicity characterized by 

severe diarrhea, loss of hair, lcss of weight, breaking of bones and other
 

signs.
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A PROPOSED MASTER OF SCIENCE RESEARCH PROGRAM FOR
 

ING. THELMO HERVAS ORDONES
 

Title: The Mineral Status of Cattle in Sel.!cted Regions of Ecuador.
 

Introduction: In the 
cattle nroducing rtgions of Ecuador the efficiency of
 

bppf and milk production is low. Low production rates are influenced by
 

many factors, some of which may be inadequate mineral nutrition. 
The majority
 

of beef and dairy cattle in Ecuador receive no mineral supplementation,
 

with the exception of common salt.
 

Research Objectives: 1) To establish if specific mineral deficiencies or
 

toxicities exist in selected regions of Ecuador. 
 2) To compare the sea

sonal mineral status of beef and/or dairy cattle among 2-4 different regions
 

of Ecuador. 3) To evaluate and compare the mincral status of cattle at
 

different physiological states (growing steers, 1-2 years after weaning and
 

pregnant lactating cows). 4) To study mineral soil-plant-animal inter

relationships.
 

Location of Research: Eight to 10 ranches located in 2 to 4 distinct
 

ecological regions. 
 Possible selected .egions could include: 1) El Puyo
 

(in the Oriental near Limoncocha), 2) Manabr state (north coast), 3)
 

Pillaro (eastern chain of Cordillera) and 4) western chain of Cordillera.
 

Each region selected should be represented by a minimum of 2 farms each.
 

Ecuador Project Leaders; Santa Catalina - Ing. Telmo B. Oleas
 

Pich-lingue - Dr. Raul de la Torre, Egr. Angel Anzules.
 

Research Proposal: For each farm, soil, forage, blood, liver, hair and feces
 

samples will be collected. Standardized questionnaires for the farm des

cription, animal identification, and forage description can be used. Samples
 

should be collected between now and anticipated entrance at the University of
 

Florida. The time most appropriate for collections would be the middle to
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end of the wet season. Exploratory trips should be made to the intended 

regions for selection of participating ranches prior to sample collections. 

The collection of samples would be as follows: 

1) Soil - 2-5 samples from different areas of each farm. 

2) Forage - Separate samples of each of the major species should be taken. 

This would likely involve 2-5 species per farm. In sampling the aerial parts 

of the plants in a field, select at random at least 10 or more sample sites 

from each field depending on the size of the field with each species collected 

separate' . A forage questionnaire should be filled out for each farm which 

includes the % of each species on offer. Pasture samples should be col

lected only after careful observation of cattle grazing patterr5. It is 

necessary to watch the animal graze and hand pluck a sample to represent the
 

animal's diet. For carotene determination, forage samples should be kept
 

cool (i.e., dry ice). From the composite forage samples, 2-5 samples each
 

of the major forage species should be analyzed. For each sample, a total of
 

200 g should be available. Samples should be air-dried at 600 C, ground
 

(using stainless steel equipment), and one-half of the sample should be
 

transported to Florida.
 

3) Blood plasma (or serum) - From each farm, 12-14 samples from each class
 

should be collected from both randomly selected growing steers (or heifers)
 

(1-2 years after weaning) and lactating cows. Approximately 20 ml of blood
 

should be collected using California bleeding needles. As soon as the blood
 

is collected, the container should be tipped and inverted and thoroughly but
 

genLly mixed with the anticoagulant. If lithium citrate (20% solution) is
 

used, add 1/10 r~l for each 10 ml of blood to be collected. Centrifuge the
 

samples using a portable centrifuge within 2-3 hours of collection. Pipet
 

off I ml of plasma and mix thoroughly with 10% trichloracetic acid (1 ml
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plasma and 9 ml of 10% trichloracetic acid). Refrigerate or freeze until
 

needed. Transport 10 ml of the unused plasma to Florida. Heat plasma at
 

560 C for at least 30 minutes prior to bringing it into the U. S. (to meet
 

U. S. requirements). A questionnaire describing each animal should be
 

completed.
 

4) Feces - Feces can be collected at the time of bleeding by taking a grab
 

sample. After collection, feces samples should be kept cool, until they can
 

be dried. Samples can also be frozen until analyses can be performed.
 

Samples could be put in solution before transporting to the U. S.
 

5) Liver - Sixteen representative liver (biopsy) samples will be collected
 

from both cows and steers (or heifers). Liver samples can be stored in
 

formaldehyde or frozeit. Prior to transport to the U. S. they should be put
 

in formaldehyde. For vitamin A determination 2 samples per class of animal
 

per farm should be analyzed (a total of 4 samples/farm).
 

Records - The following records should be kept:
 

1) Farm identification and description forms.
 

2) Individual animal and health observations.
 

3) Forage identification records.
 

4) Slaughtered animal description records (if slaughtered animals used).
 

Possible Analysis
 

Type
 

1) Soil - Complete soil analyses to include soil classification, soil struc

ture, pli, organic matter and available forms of the following minerals: Al,
 

Fe, Mn, Zn, Co, Cu, P, Ca, Mg, K, Na, N, Se, Mo and I.
 

2) Forage - Fe, Mn, Zn, P, Ca, Mg, K, Na, N, I, Co, Se, Mo, S, Cu, in vitro
 

dry matter digestibility, acid detergent fiber, neutral detergent fiber,
 

cellulose and lignin.
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3) Blood - Ca, P, Mg, Zn, Fe, Se, Cu and Blood Urea Nitrogen (optional) 

4) Liver - Co, Cu, Se, Mo, Zn, Fe, Mn, Mg and vitamin A. 

5) Bone - Ca, P, Mg, bone ash and specific gravity (only if slaughter 

animals used).
 

6) Feces - Ca, P, Mg, Zn, Fe (others if time permits).
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El Salvador
 

The mineral research program in El Salvador was slow in getting started
 

but at this time considerable progress has been made. Dr. Ferdinando Perla,
 

the Ministry of Agriculture (Ganaderra), is chairman of the mineral research
 

program. The mineral research is a cooperative endeavor between Ganaderfa
 

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

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

the responsibility of collecting the samples from various farms throughout
 

Central America. Analyses are completed by persoanel 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 in
 

mineral research techniques. In 1977 one technician spent three months at
 

Florida analyzing samples that originated in El Salvador.
 

For the past year the research organizations of Ganaderra and the
 

University of El Salvador have dedicated a considerabie portion of their
 

resources to mineral research. As many as 10-12 man years have been put
 

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

During 1978 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 samples were analyzed
 

for the typical minerals and represented different classes of animals.
 

Some of the research data was written up in an abstract and pub

lished in the 1977 ALPA proceedings meetings. The translated title of the
 

abstract was "Mineral Status of Cattle from Slaughterhouses Located
 

Throughout El Salvador". A second abstract from this work was presented
 

at the 1978 American Society of Animal Science meetings.
 

Some of the data was statistically analyzed in El Salvador and the
 

remainder was sent to Florida for statistical evaluation.
 

Some of the major conclusions from this data is as follows: Phosphorus -

Forage phosphorus levels are very low indicating a deficiency, however, 

this is not completely supported by blood phosphorus values which, in some 

cases, are relatively high. This is consistent with other studies, due to 

the problems of collecting and handling blood samples prior to separation 

of the plasma from the whole blood. We discussed various methods to help 

alleviate this problem so that better samples could be collected in the 

future. Even though, in general, blood phosphorus levels were higher than 

would be expected, 17.6% were borderline to deficient during the wet sea

son. Magnesium - More than one-half of the blood magnesium levels were 

considered low, however, forage magnesium levels were not particularly low.
 

There were significant differences between ranches. Calcium - All forage
 

calcium levels were high suggesting an adequacy of this mineral. Iron -


Both forage and liver iron concentrations were relatively high. Three of
 

the four farms contained forage iron ierages of more than 400 ppm. Copper-


Of all minerals copper was the most deficient. Deficient levels in both 

forages and liver samples indicated a problem with this element. Zinc 
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Zinc liver concentrations were not particularly low, however, forage levels
 

were extremely low ranging between 13.7 and 39 ppm. The majority of the
 

zinc forage concentrations were less than 30 ppm.
 

Liver calcium, phosphorus, and magnesium analyses were also completed.
 

Due to little variation, we concluded that these analyses on liver samples
 

should be eliminated for future studies. L4ver cobalt and molybdenum con

centrations were normal for all cattle. Our final conclusion was that this
 

mineral research data did answer some questions about the mineral status
 

of the cattle in these regions and could be used as a basis for more
 

specific research.
 

In El Salvador it is very difficult to undertake mineral supplementation
 

work due to the small size of the farms. It seems almost impossible to
 

divide cattle on any farm into two distinct groups for feeding minerals.
 

However, Ing. Jose Romero, one of our former graduates, has now
 

volunteered to provide cattle for a supplementation trial. Forty bred
 

animals will be divided into two groups, with one receiving only salt and
 

the other receiving a complete mineral supplement. We have assisted with
 

the mineral formulations that would be needed for the experimental mixture.
 

The plan for the experiment is for the animals to be all together on one
 

pasture. However, for one day (or one night) the two groups will be separ

ated so that each will have access to their respective mineral mixture.
 

The analysis for the mineral supplementation experiment on Josg
 

Romero's ranch would be as follows:
 

Priority Analyses Times/Year
 

High Pastures - calcium, phosphorus, 12
 
potassium, magnesium, sodium, (monthly)
 
nitrogen, cobalt, cupper, selenium,
 
molybdenum, zinc, carotene
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Priority Analyses Times/Year 

High Blood - phosphorus, copper, 
zinc, iron, manganese, hemo
globin (?), calcium (?). 

2 

High Liver - cobalt, copper, zinc, 
 2
 
iron, molybdenum, manganese.
 

Lower Feces - calcium, phosphorus, 
 2
 
magnesium, copper, zinc, manganese.
 

Lower Soils  all of the normal minerals 1
 
analyzed.
 

Lower 
 Water - all of the minerals that 2
 
are possible to analyze in water.
 

In evaluating the mineral data from the previous experiment it is
 

obvious that copper is one of the main deficiencies. There are three farms
 

that are particularly deficient in copper. With this in mind, an attempt
 

is being made to do copper supp'lementation work with these three farms.
 

Uniform animals will be selected and half will receive copper injections,
 

administered every four months. Both performance and tissue analysis data
 

will be taken for animals on experimentation. Forage and liver samples will
 

be taken two or three times per year for each ranch. Florida has sent
 

copper injections along with ear tags for identification. Due to various
 

problems these experiments have been postponed and are now underway starting
 

in March.
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Guatemala
 

The mineral research program in Guatemala started in January, 1975.
 

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

Perkin-Elmer 305 Atomic Absorption Spectrophotometer with a graphite furnace
 

and a fluorometer for conducting selenium analyses. The Florida-AID program
 

is providing $6,000 per year for 3 years. r. Marco Tulio Cabezas is i.
 

charge of the mineral research program and Ing. J. Antonio Flores, an M.S.
 

graduate from INCAP, is working full time on the program, The $6,000 has
 

been used to pay the salary of Ing. Flores. At the end of 1978, the Florida-


AID program no longer paid the salary of Ing. Flores. Fortunately, INCAP
 

picked up the salary for him, at least for the next two years. Ing. Flores,
 

along with Dr. Marco Tulio Cabezas, Dr. Ricardo Bressani, Ing. Beatriz
 

Murillo and students from the Facultad de Veterinaria Medicina and Zoologia
 

(University of San Carlos) have been active in a mineral research program.
 

During the next two years, Ing. Flores will be stationed in Sonsonate,
 

El Salvador. In this regard, he will be responsible for mineral research that
 

is being carried out at a large dairy and beef cattle ranch near Sonsonate.
 

The name of the farm is "El Jobo". A considerable amount of data has been
 

collected from the ranch "El Jobo" near Sonsonate. Sometime each month
 

Ing. Flores will be returning to INCAP in Guatemala for the purpose of
 

coordinating the mineral research programs in Guatemala. While in El Salvador,
 

Ing. Flores will also do work with swine and beef cattle programs not re

lated to the mineral research.
 

A special field day was held at "El Jobo" in which the mineral research
 

data to date was summarized. Thirty people attended this meeting, including
 

researchers and government personnel. From this research a local publication
 

was written which will be meant for extension personnel and other scientific
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articles are published in the scientific journals.
 

Looking at the pasture data from the ranch, El Jobo, calcium, copper,
 

zinc, and cobalt were found to be inadequate. From this particular ranch
 

forage calcium concentrations, at most samplings, were found to be lower
 

than phosphorus. Soils in this area are not as acid as many others, having
 

a pH of around 6.7. Some of the phosphorus values were low and blood phos

phorus concentrations were lower during the wet season. Copper concentrations,
 

on the contrary, were lower during the dry season. During the dry season
 

60% of the dairy cattle and 20% of the beef cattle had low copper blood con

centrations. Blood and other tissue mineral concentrations could be mis

leading from this ranch in relation to the mineral status of the region since
 

all animals are receiving mineral supplements.
 

New experiments have just recently been initiated at "El Jobo". The
 

experiment consisted of a total of 42 dairy animals. The animals were di

vided into two groups. One group received the standard mineral mixture that
 

is used on this ranch while mixture number two is a more highly fortified
 

mixture containing higher concentrations of copper, phosphorus and zinc.
 

Blood and liver samples will be taken three times per year, in February (dry
 

stason), Aril (start of rainy season) and September (towards the end of the
 

rainy season). Blood will be analyzed for hemoglobin, calcium, phosphorus,
 

magnesium and zinc, while liver will be analyzed for cobalt, copper, man

ganese, iron and zinc. Forage samples will be taken every 18 months and
 

analyzed for most all minerals.
 

The titles of the six mineral sub-projects now in progress are as
 

follows: 1) "The content of minerals in natural pastures from the Depart

ments of Huehuetenango and San Marcos. Calcium, phosphorus, magnesium,
 

sodium and potassium". 2) "The content of minerals in natural pastures from
 

105
 



the Departments of Huehuetenango and San Marcos. II. Iron and manganese,
 

copper and zinc". 3) "Preliminary study for detection of the mineral
 

deficiencies in beef cattle managed extensively from the Pacific coast of
 

Guatemala". 4) "The study of the mineral nutrition of beef cattle from
 

three farms in the Deaprtments of Retalhulen and Suchitepeque on the
 

Pacific coast of Guatemala". 5) "The mirne,:l nutrition status of beef
 

cattle from three farms in the Department of Santa Rosa on the Pacific
 

coast of Guatemala". 6) "The diagnostic determination of the mineral
 

nutrition for dairy cattle and beef cattle managed intensively in the
 

Republic of El Salvador II".
 

At this time 9 abstracts on the results have been published (see ap

pendix). The studies indicate some of the main areas of beef cattle and
 

sheep producing areas of Guatemala. For the sheep regions an evaluation is
 

being made by analyzing pasture forage species while in the beef cattle
 

areas evaluations include also blood plasma and liver biopsies. The forage
 

data represents samples from 9 farms within the three departments. There
 

are 9 samples for each farm. The sheep pasture data can be summarized as
 

follows: San Marcos - a) Calcium - Calcium forage values ranged from 0.18
 

to 0.45%. b) Phosphorus - Forage phosphorus levels were very low ranging
 

from 0.08 to 0.26%. c) Magnesium - Forage levels ranged from 0.07 to 0.22%.
 

d) Sodium - Fr age sodium levels were very low ranging between 0.04 and
 

0.07%. e) Poa:siurm - Potassium levels ranged between 0.5 to 2.7%. f) Iron
 

Forage levels ranged trom iG0 to 380 ppm. g) Manganese - Forage levels
 

ranged from 33 to 244 ppm. h) Copper - Forage copper levels were low ranging
 

between 3.1 and 6.5 ppm. i) Zinc - Forage zinc levels were extremely low
 

ranging between 5.2 and 20.6 ppm. The majority of these were less than 10
 

ppm. Huehuetenango - a) Calcium - Forage levels ranged between 0.15 to
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0.65%. b) Phosphorus - Forage phosphorus levels were extremely low
 

ranging between 0.05 and 0.24%. c) Magnesium - Concentrations ranged from
 

e)
0.04 to 0.19%. d) Sodium - Forage levels ranged from 0.06 to 0.08%. 


f) Iron - All of the iron levels
Potassium - Levels ranged from 0.3 to 1.6%. 


were above 317 ppm. g) Manganese - Forage levels ranged between 31 and
 

331 ppm. h) Copper - The vast majority of the copper levels were very low
 

i) Zinc - Forage zinc levels were between 4.8 and
being less than 5 pum. 


25.7 ppm. Suchitepeque - a) Calcium - Forage calcium levels ranged between
 

0.27 	and 0.30%. b) Phosphorus - Forage levels were once again low ranging
 

to
c) Magnesium - Concentrations ranged from .17
between 0.11 and 0.18%. 


e) Potassium - Values

.20%. d) Sodium - Levels were from 0.01 to 0.1%. 


197 ppm.
ranged from 1.3 to 1.7%. f) Iron - Values ranged from 188 to 


h) Copper 
g) Manganese - Concentrations ranged from 21.7 to 51.4 ppm. 


i) Zinc - Levels ranged from 21
Forage levels ranged from 2.4 to 8.4 ppm. 


to 38 ppm. The zinc concentrations from this region were generally higher
 

This could be because this area is near volcanoes.
than in the other two. 


also higher in aluminum than other
In addition to being high in zinc, it is 


areas.
 

The overall conclusions from the data were that the forage phosphorus,
 

In one zone it was also noted
 copper and zinc concentrations were very low. 


that cobalt forage concentrations were also low. In addition to the ongoing
 

projects future research will involve evaluation of mineral status 
of live-


With the data being collected, it is planned to
 stock in the Atlantic tone. 


make an overall map of the individual regions noting which mineral 
are
 

deficient.
 

We questioned the procedures under
Blood phosphorus levels were normal. 


which blood was collected and found that often 24 hours passed 
before plasma
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is separated from the whole blood. However, usually the blood is kept cool
 

during this period. We ",elieve that these phosphorus values are unreasonably
 

high and do not represent the status of this mineral.
 

One farm from the Pacific region has had obvious copper deficiencies
 

with low tissue and forage concentrations combined with the clinical signs
 

of hair color changes. Several years ago cc;,per supplementation had been
 

given to cattle on this ranch with a dramatic increase in fertility and
 

hair color changes. However, the owner of the ranch has been away for
 

several years and copper supplementation was discontir.ed. Now, however,
 

copper supplementation willj be started again by administrating mineral salts
 

containing this element. In addition, copper injections will be given.
 

This particular ranch is close to El Salvador but has very sandy soils which
 

is in contract to the ranch in Sonsonate and also mary of the other beef
 

cattle ranches.
 

Due to a reduction of funds received from the Florida-AID prcgram,
 

the mineral research is being reduced. If more funds are forthcoming in the
 

future, mineral research will be increased. At the present time there is
 

some possibility of obtaining funds for a project of sheep development in the
 

highlands. It is hoped that funds can be obtained from AID as part of Title
 

XII. If this is possible, part of the program will also include additional
 

mineral research in the highlands regions.
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Haiti
 

Sixteen liver and eight bone samples were collected from the Hampco
 

slaughter facilities April 18, 1978. Analyses of these samples support the
 

following cunclusions.
 

1. Phosphorus is probably the most limiting mineral. Rib bones ash phos

phorus vilues were 14% compared to normal values of 18%. Mean calcium
 

values were 33% compared to 38% normal values for rib bone ash calcium.
 

2. Copper levels below 100 pg/gram were found in 6 of the 16 samples in

dicating copper is a problem in a number of areas.
 

3. Cobalt, manganese and zinc do not appear to be limiting in animals
 

under present conditions.
 

4. The iron levels in some livers were relatively low which reflects more
 

of a parasite load rather than a dietary deficiency.
 

These samples from the areas of Cayes, Island of Gonave, Central
 

Plateau and the Artibonite Valley indicate the need for mineral supple

mentation and more detailed studies.
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Indonesia
 

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

search groups that have potential to undertake mineral research with grazing
 

ruminants. 
 These would be the Gadjah Mada University at Yogyakarta, Bogor
 

Agriculture University and the National Atomic Energy Agency (Pasar Jum'at
 

Research Centre) located near Jakarta and 'Iiversitas Udayana at Denpasar,
 

Bali.
 

Gadjah 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 Flurida in ruminant nutrition.
 

Mineral nutrition with ruminnts 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 Palenbang on the island cf 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, both at the Bila River Ranch and at Maiwah, exotic legumes
 

do not grow well unless phosphorus, 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 all cattle
 

in Indonesia is suspected to be less than 50%. In this particular instance,
 

it was suspected that phosphorus was the iirst limiting mineral for these
 

Bali cattle.
 

The possibilities for a comprehensive mineral research program is as
 

follows: a) Sulawesi - 1) the Bila River could conduct mineral supple

mentation trials using cows on pasture. 2) Their feedlot could conduct
 

mineral supplementation trials. 3) P. T. United Livestock (BULOG) will
 

build a slaughterhouse in Pare-Pare. Bones, tissues and blood samples could
 

be obtained from the control and mineral fed cattle. 4) UNHAS could
 

cooperate by supplying animals. b) Sumatera - There are several uni

versities which could cooperate here. Also the P4 research center and the
 

University in Bogor have an interest. c) Java - The Kampung cattle train
 

would offer possibilities for collecting sample. Cattle in this area go
 

Tissue samples could be collected
to slaughterhouses in various cities. 


at these sites.
 

It is fairly certain that the Gadjah Mada University will have a su

perior laboratory with good equipment by 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
 

Since a
facilities to do phosphorus analysis and several other minerals. 


large number of mineral analyses could not be accomplished immediately,
 

emphasis will start with supplementation trials.
 

Unfortunately there had been little progress made toward mineral re-


Dr. Soekanto
search between our first visit in late 1977 and 1 year later. 


has written a mineral research proposal and it was rejected but it is hopeful
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that it will be approved in the near future. In this proposal, research was
 

intended to be undertaken in the following locations: 1) 
 south Sulawesi,
 

2) central and east Java, 3) eastern Nusa, Tenggara and Bali, 4) Sumatra
 

ranches, 5) Kalimantan ranches. A translated mineral research, as prepared
 

by Dr. Soekanto, is at the end of the Indonesia section of this report.
 

At the present time the mineral researcni program looks more promising
 

and will center around the two supplementation trials in Sulawesi. Also,
 

phosphorus analyses will be completed since equipment for this procedure is
 

available. An iodine procedure will also be undertaken since they have now
 

received the chemicals needed for this method. 
Also, it is promising that
 

Dr. Soekanto may work with Dr. Edwardly at the Atomic Energy Commission in
 

order to determine some mineral analyses.
 

The Atomic Energy Commission located in Jakarta is 
also involved in
 

mineral research. The main contact is Dr. Jenny S. Edwardly. Dr. Edwardly
 

had developed exudative diathesis, a selenium deficiency, by feeding local
 

feed ingredients to poultry. Pr. Edwardly noted that there 
are clinical
 

signs of selenium deficiencies in the area of Palembarg, which is south of
 

Sumatra. In the very near futurei they will be collecting samples of poultry
 

animal tissues from this area 
to establish if there is a deficiency.
 

Dr. I. Made Nitis of the Universitas Udayana at Denpasar, Bali is 
an
 

additional agriculture institution in Indonesia. 
Dr. Nitis is very inter

ested in undertaking some mineral research. 
He is now attempting to do
 

some mineral Finalysis of local forages. 
 However, the only minerals that he
 

can routinely analyze are calcium and phosphorus. Dr. Nitis has expressed
 

great interest in doing some limited supplementation studies by the use of
 

injections of copper and selenium-vitamin E in addition 
to cobalt bullets.
 

Florida has sent Dr. Nitis 
a number of these minerals for use in mineral
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supplementation studies.
 

Bogor Agriculture University - The main contact here is Dr. Toha. It was
 

suggested that Dr. Toha might work in cooperation with Dr. Soekanto in
 

initiating a comprehensive mineral research program. There appeared to be
 

great interest in the overall mineral research program.
 

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

related to the fact that soils were extremely low in calcium, phosphorus
 

and copper. Just recently Dr. Toha has been working with iodine deficiency
 

in western Java. Several minor trials had been done and one of these indi

cated good 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.
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INDONESIA MINERAL RESEARCH PROPOSAL
 

(Gadjah Mada University)
 

Project Outline
 

Project title: Deficiency, toxicity and imbalance of minerals in beef
 
cattle production.
 

Faculty responsible: 
 Fakultas Peternakan Universitas Gadjah Mada.
 

Project coordinator: Soekanto Lebdosoekojo.
 

Expected cooperating agencies: Department of Soils, 
Gadjah Mada University
 
Department of Animal Nutrition I.P.B.
 
Directorate General of Animal Husbandry
 
Atomic Energy Commission
 
University of Florida/AID
 

Duration of the project: 3 years
 

Locations: Potential beef producing areas.
 

Justification:
 

An important factor causing low productivity of cattle in Indonesia
 

is poor nutrition, as it is true 
in other tropical countries. The nu

tritional factors may include low levels of energy, low levels of protein,
 

as well as mineral imbalances in forages, and especially during the late
 

dry and early rainy seasons. McDowell (1976) reported that in the tropical
 

zone, deficiency of phosphorus 
(P) occurs in 28 countries, magnesium (Mg) in
 

17 countries, sodium (Na) in 14 countries, 
cobalt (Co) in 21 countries, and
 

calcium (Ca) in 20 countries. He also reported that there is 
a deficiency of
 

P and an interaction between copper (Cu) and molybdenum (Mo) in Malaysia.
 

There 
are no reports of mineral imbalances in Indonesia. However, problems
 

in mineral nutrition are indicated. P deficiency is most likely to occur
 

in acid soils (Blue, 1974), therefore, the problem could be expected on cat

tle raised on acid soils in Sumatra, Kalimantan and other areas. Broken
 

bones of fattened cattle have been observed in Timor. 
Also, deficiencies of
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P, S, and Mo have been identified in South Sulawesi (Suyadi, personal com

munication). A deficiency of I is indicated in Central Java. The importance
 

of these should be established.
 

Mineral supplementation has been reported to increase liveweight gains
 

and fertility of cattle on the Colombian savanna (Lebdosoekojo, 1977).
 

Reports from Africa, (Van Schalwyk and Lombard, 1969 and Ward, 1968), Peru
 

(Echevarria et al., 1974), Australia (Kaizer, 1975 and Little, 1970) and
 

other places, indicated a beneficial effect of mineral supplementation.
 

Mineral supplementation is relatively easy and to accomplish is inexpensive,
 

however, it should only be used when the mineral status has been properly
 

identified.
 

Objectives: 1) To identify mineral deficiency, mineral toxicity and mineral
 

imbalance in cattle-producing areas. 2) To compare mineral status of the
 

areas during rainy season and dry season. 3) To increase
animals in these 


cattle productivity through mineral supplementation. 4) The long run ob

jective is to establish a "Mineral Map" for cattle production in Indonesia.
 

Locations: Depending on the level of financial support provided, the se

lected locations will be based on the priority order as follows: 1) South
 

Eastern Nusa Tenggara and Bali,
Sulawesi, 2) Central and East Java, 3) 


4) Sumatra, ranches and transmigration areas and 5) Kalimantan, ranches
 

and transmigration areas.
 

Methods of Procedures: The study will involve two steps in which the first
 

step is designed to explore the possibilities deficiencies, toxicities and
 

imbalances of minerals in selected locations, while the second step is to
 

as
conduct supplementation trials using selected minerals, follows:
 

First Step: Samples of the soils, forages and blood, liver and bone from
 

cattle will be selected and analyzed for their contents of Ca, P, Fe, Cu,
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Zn, Mn and possibly I, Co, Mo and Se. le forages will also be analyzed
 

for nitrogen and IVOMD. The samples will be collected twice yearly once
 

during each of the dry and the rainy seasons. The description of the ranches
 

and the management systems will be carefully noted. The results of the
 

analyses will be compared with the acceptable normal values.
 

Second Step: This step could be conducted qlong with the first step but
 

preferably after a deficiency has been found. Supplementation trials with
 

minerals previously shown to be deficient, will be carried out using group
 

comparisons. Supplementation of Ca, P, Mg, Zn, Mn, and Fe can be incor

porated with salt or as 
mineral lick, while Co may be applied as a "cobalt
 

bullet" placed in the rumen. Iodine, Se and Co may be injected to the
 

animals. Responses observed will be: gain in weight, improvement in re

production rates, decrease in mortality rates, appearance of clinical
 

symptoms if any and cost benefit ratio of the supplementation.
 

Budget: a) Travel
 

b) Labor
 

c) Supplies - chemicals
 

- mineral supplements
 
- plastic and glasswares
 

- rent for AAS
 
- stationary, postal, tax, etc.
 

References:
 

Blue, W. G. 1974. Soil Crop Sci. Soc. Fla. Proc. 33:126.
 

Echevarria, R. M., R. Valdivia R. J. Barua C., K. Santhiraseraram and L.
 
Campos P. 1974. Ass. Latinoamericana de producci~n animal. Memoria
 
9:10.
 

Kaizer, A. G. 1975. Trop. Grassland 9:191.
 

Lebdosoekojo, S. 1977. Inst. Food Agric. Sci. Univ. Florida.
 

Little, D. A. 1975. Austr. J. Exp. Agric. Anim. Husb. 15:25.
 

116
 



McDowell, L. R. 1976. In A. J. Smith (Ed). Centre for Tropical Vet.
 

Med. Univ. Edinburgh.
 

Van Schalwyk, A. and P. E. Lombard. 1969. Agronimalia 1:45.
 

Ward, H. K. 1968. Rhod. J. Agric. Res. 6:931.
 

117
 



Malawi
 

Mineral research has been started in Malawi. 
 Initial contact was
 

made with Dr. Martyn Butterworth, Head of Animal Production Department,
 

Bunda Agricultural College at the World Animal Production Meetings August,
 

1978 in Buenos Aires. 
A recent trip to Malawi by J. H. Conrad resulted in
 

Mr. Joshua Mtimuni planning to come to Florida to 
study mineral nutrition
 

in September, 1979. During this visit experimental plans were outlined
 

for a project to study mineral status of cattle in the major cattle pro

ducing areas 
of Malawi. Mr. Mtimuni is now collecting liver, bone, soil
 

and forage samples to be analyzed for part of his Ph.D. dissertation.
 

Inquiries and interest have been shown by research workers in Botswana,
 

Kenya, Mali, Mozambique, Nigeria and Sudan.
 

Funding and available mineral research personnel will determine to
 

what extent this project will become involved in mineral research in these
 

countries.
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Malaysia 

The first visit to determine the possibilities of cooperative mineral re

search was not until December, 1977. There are two research groups that have
 

the potential to undertake mineral research with grazing livestock. These
 

are the University Pertanian Malaysia and the Malaysian Agriculture Research
 

(MARDI) both of which are located at Serdang,
and Development Institute 


Selangor (near Kuala Lumpur). The chief contacts would be Dr. 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
 

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


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


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
 

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


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


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


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

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

a result of vitamin B12 and cobalt administration. However, there
6a1 1 as 


were no effects from copper or terramycin administration.
 

Apparently in late 1979 or early 1980 Mr. Hew from the University
 

Pertanian Malaysia will be coming to the University of Florida for laboratory
 

Most likely Mr. Hew Peng Yew will bring selected animal and forage
training. 


tissues for analysis. With the research institution, MARDI, there is a
 

One possibility is
possibility of a student coming for an advanced degree. 
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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 distinct regions of Malaysis could include the central, western,
 

northeastern and southern regions. Many of the animals in these 
areas are
 

imported breeds, however, they have been in these areas for more than one
 

year. One suggested possibility was to collect samples from water buffaloes
 

and cattle grazing on the same pastures.
 

Dr. Hutagalung is planning on feeding mineral supplements to Jersey
 

cattle to determine the response. He will be feeding these minerals in
 

addition to two levels of concentrates (3 and 6 kg per day).
 

Dr. Hutagalung and Mr. Yew have written a preliminary report on the
 

mineral status of cattle forages and soil at the farm of the University of
 

Agriculture of Malaysia. The data is included in the appendix. From the
 

data copper liver and blood concentrations were low.
 

Arrangements are being made for a mineral supplementation experiment at
 

a large cattle ranch 124 miles southeast of Kuala Lumpur near the town of
 

Segamat. Mr. Kee Siang of the ICI Company is providing minerals for supple

mentation on this particular ranch. The three treatments will be as follows:
 

salt only, salt + calcium and phosphorus (10-12%) and salt + a complete
 

mineral supplement. Mr. Kee Siang has noted that his company would like to
 

produce a mineral salt block which contained more than 10% phosphorus. He
 

feels that he can produce one that contains 12% phosphorus but this is
 

difficult. Upon evaluation of the present mineral supplement which he is
 

using, it seems quite adequate in some of the trace minerals with 10% phos

phorus and 8.5% calcium. However, the greatest limitation is that there is
 

no copper or selenium added to this mixture. Mr. Kee Siang noted his per

sonal experiences with the benefits of phosphorus supplementation. He
 

120
 



noted through personal observations how beneficial phosphorus has been to
 

increase growth and reproductive rates. He gave one example from a region
 

134 miles north of Kuala Lumpur. On one particular farm
named Ipoh which is 


there were 40 cattle which had not cycled for 2 years. After giving a
 

mineral supplement high in phosphorus, 80% of these animals cycled within 2
 

He noted that they had had a tremendous mineral consumption within
months. 


a 2 week period. This consumption would calculate out to be 179 g per day.
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Peru 

The mineral research program in Peru did not start until February, 1977.
 

However, a Peruvian student, Dr. Ricardo Valdivia, has been working toward
 

his Ph.D. since 1975. Dr. Valdivia's thesis is entitled "Effect of Dietary
 

Aluminum on Phosphorus Utilization by Ruminants." Dr. Valdivia has now
 

returned to Peru.
 

Three research groups are now investigating the mineral status of
 

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

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

and Dr. Ricardo Valdivia.
 

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

c) Universidad Nacional Pedro Ruiz Gallo (Lambayeque) - Ing. Helido Vidal.
 

Universidad Nacional Mayor de San Marcos Research (IVITA)
 

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

experience with analyses. The atomic absorption equipment is available and
 

technicians are well trained.
 

Mineral research is underway at the tropical experiment station at
 

Pucallpa. One of the main experiments involved phosphorus supplementation
 

with improved pasture and native pasture. The various treatments included
 

a phosphorus fertilizer supplementation at rates of 100 kg per hectare, 500
 

kg per hectare, 100 kg plus direct phosphorus supplementation and 500 kg
 

plus direct phosphorus supplementation. The direct phosphorus supplementa

tion used a mixture of 40% dicalcium phosphate and 60% salt. Animals con

sumed approximately 50 g of mineral supplement per day. Almost double the
 

gains were noted for the treatments with 100 kg of phosphorus per acre plus
 

the direct mineral supplementation over that of the control of 100 kg per
 

acre. The treatment with 500 kg per hectare was slightly better, however,
 

this proved not to be as economical as the treatment with only 100 kg plus
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the direct phosphorus supplementation.
 

In an additional experiment a dramatic increase in fertility 
was noted.
 

This experiment involved Nellore cattle with a 
control group having a calv-


When a mineral supplement containing
ing percentage of approximately 50%. 


60% salt and 40% dicalcium phosphate was a~lnainistered 
to the second treat

will con
ment the calving percentage was 75%. This particular experiment 

tipue for an additional year.
 

at Pucallpa have noted apparent zinc deficiencies.
 Additional observations 


the animals have lost the majority of their hair and this has
 
In some cases 


of this con
the addition of zinc. Apparently the incidence

been cured by 

dition is low and infrequent.
 

Recently a mineral research project has been written 
up with a translated
 

Evaluation of Effects of Mineral Deficiencies
 
title of "Mineral Deficiencies -


There are 3 subprojects under this: 
on Cattle Production." 

I - Determination of Mineral content of soil, forage 
and animal tissues
 

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

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

samples will be collected from animals that are taken to slaughterhouses. 

The 5 farms will in-
A complete history of these animals will be known. 


clude the IVIT. farm at Pucallpa, San Jorge, 
Tournavista, Bella and
 

Samples will be taken from both growing 
animals versus
 

Tupac Amaru. 


those in pregaancy and/or lactation.
 

II- Evaluation ef the EffecL of Mineral Supplemtentation 
on the Growth of
 

The duration of this experiment is 15 months 
and
 

Beef Cattle (Nellore). 


In this experiment steers 8 months of age
started in August of 1978. 


a) control pasture without mineral
 are given the following treatments: 


supplementation, b) p-stures with salt only, c) 
pastures with salt + a
 

calcium phosphorus source, and d) pastures + 
salt + calcium and phos

123
 



phorus + copper + cobalt + zinc. Approximately 200 animals will be
 

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

will be collected every 4 months for analysis.
 

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

duction inNelloreHeifers. The duration of this experiment is 24 months 

and will be initiated in August of 1978. This experiment is approximately 

the same as e::periment II except in this case ),eifers are used and 

effect of mineral 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 in Lima at the San Marcos University. A limited number of analyses
 

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. At this experiment station there are 1500
 

cattle. Soils on this experiment station are very acid and average a pH of
 

4.3. The soils are low in organic matter, magnesium, calcium and potassium.
 

They are moderately low in phosphorus and available nitrogen as expected.
 

Since the soils are acid they contain considerable quantities of iron and
 

aluminum. The research at the experiment station already completed notes
 

that forages are low in phosphorus as well as copper. Cobalt, however, ap

pears to be in adequate concentrations.
 

An experiment station, named La Raya, which is part of IVITA is located
 

on the Altiplano between the cities of Puno and Cuzco. The elevation is
 

4,314 meters. The experiment station has been quite an active program in
 

research with alpacas. More recently, additional research has been devoted
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a problem for cattle and horses. Generally,
to llamas. The high elevation is 


the higher elevations of 4,500
they need a gradual adaptation before going to 


develop Brisket disease,
meters of this area. Cattle have been known to 


which is also called high altitude disease. There is a herd of Brown Swiss
 

seem to be in good condition
cattle at the xpeviment station. The cattle 


but are only giving 2-3 liters of milk per day.
 

There is interest in studying the nutritional status of the cameloids at
 

Some limited data indicates that copper is low in
 the experiment station. 


forages with averages of approximately 4.8 ppm. The cobalt status looks to
 

in the wet season
be adequate while phosphorus values are low being 17% 


The blood calcium levels in alpacas during
and .07% during the dry season. 


Phosphorus levels
 
the wet and dry seasons have- ranged between 10 and 10.9%. 


Further information on the digestibility
have ranged between 4.5 and 7.3%. 


of dry matter between sheep and alpaca indicated that 
during the dry season
 

alpaca digestibility was approximately 5 to 7% better than sheep.
 

Mineral supplenentation for all llamas and alpacas in 
the Altiplano
 

to develop experiments
One problem is trying
region is essentially zero. 


that these cameloids will not consume minwith mineral supplementation is 


are very reluctant to consume concentrates. Observations
 
erals. Also, they 


have shown that, when in confinement, they will consume mixtures containing
 

on pasture they will consume only pasmolasses. However, when turned out 


ture, ignoring the concentrate mixture. One recommendation was 
to attempt
 

consume.
 
to determine what supplements these cameloids would be 

willing to 


consume silages.

Some observations have concluded that these animals 

do 


1) Title: "Determination
 
The following experiments are being considered: 


of the Mineral Status of Alpacas and Llamas." Objective: To determine
 

the mineral status of these cameloids by analysis 
of soils, plants and
 

5 farms will be sampled with collections of
 animal tissues. Procedure: 
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soils, forages and approximately 20 liver and blood samples per farms. The
 

samples will be collected in October, representing the dry season and April,
 

representing the wet season. 2) Title: "The Effect of Mineral Supplemen

tation on Reproduction in Cameloids." Objectives: To determine if adminis

tered minerals will alter the reproduction of alpacas and llamas. Procedure:
 

Comparisons will be made between natural papture and improved pasture with
 

both herds of alpacas and llamas. There will be control treatments in
 

addition to injections of combinations of copper, cobalt bullets and sele

nium-vitamin E injections. 3) Title; "Species Differences in Mineral Con

centrations between Cattle, Llamas and Alpacas." Objective: To determine
 

the mineral status and differences between Brown Swiss cattle, alpacas and
 

llamas in liver and blood concentrations. Procedure: Liver and blood sam

ples will be taken from the herds of Brown Swiss, alpacas and llamas at the
 

La Raya experiment station. These samples will be taken 2-3 times per year.
 

4) Title: "The Effect of Supplemental Iodine on Reproductive Performance
 

of Dairy Cattle in the Region Northwest of Cuzco." Objective: There are
 

severe reproductive problems in the northwest region of Cuzco. Calves are
 

born with goiter and there are various fetal death losses. Frequently
 

there is a high consumption of plants of the Brassica family which are
 

known to be goitrogenic. Often calves will be born dead or will die in
 

2-3 days from goiter. Procedure: Injections of iodine will be adminis

tered to dairy cattle in this region. Half of the animals will receive
 

injections while the remainder will serve as controls.
 

Universidad Nacional Agraria Research
 

The National Agrarian University at La Molina has been responsible for
 

a great deal of agriculture research in the past years. Part of this re

search included some studies with mineral deficiencies.
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There is now a sheep experiment underway with 1200 animals in the
 

Central Highlands. 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 in

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

same as tle first experiment. A third experiment is at Pucallpa on a large
 

ranch. Here Nellore cattle, 6 years of age, are being used. The treatments
 

for this experiment include: 1) sodium + iodine, 2) sodium + iodine +
 

copper + cobalt, 3) sodium + iodine + zinc, 4) sodium + iodine + zinc +
 

copper + cobalt + phosphorus.
 

In the area of JunTn, neonatal ataxia in sheep has been observed. It
 

was felt that this was not caused by a simple copper deficiency or a molyb

denum induced copper deficiency. Some thought is that possibly high zinc
 

levels may cause a copper deficiency. Additional research has noted low
 

cobalt and zinc areas in the Cuzco region.
 

The staff at La Molina would like to be more involved in a mapping type
 

of mineral research using liver, blood and forage samples, and also more
 

mineral supplementation experiments. It is hoped that the staff of La Mo

linawill cooperate with IVITA in carrying out mineral experiments.
 

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

other consumable supplies to La Molina.
 

Universidad Nacional Pedro Ruiz Gallo Research
 

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

government has donated laboratory equipment to the Universidad Nacional
 

Pedro Ruiz Gallo which included an atomic absorption spectrophotometer.
 

The laboratory facilities and equipment are now adequate to undertake min

eral research.
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Mineral research is being carried out on dairy cattle farms in a coopera

tive program between the University Nacional Pedro Ruiz Gallo, Centro Regio

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

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

ages 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 Univer

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

Centro Regional de Investigaciones Agropecuarias CRIA-I assist in locating
 

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 samples have been taken from the regions of
 

Lambayeque, Chiclaye and Ferreiiafe. From 142 total samples, blood phospho

rus levels were deficient in 18.8, 30.9 and 28.6 (av. 25.4) of the regions,
 

respectively. From 92 liver samples, 53.5% and 61.8% were deficient in
 

copper and manganese, respectively. The research to date has been summarized
 

in a translated article entitled "Deficiencies and Toxicities of Minerals in
 

Livestock in the North of Peru." This article has been submitted for publi

cation.
 

The institution is also planning to look into the possibilities of min

eral research in the region of the Amazon. It is felt that there is great
 

potential for cattle in this area. Likewise, Ing. Vidal is assisting an
 

University in Cajamarca (Universidad Nacional Tgcnica de Cajamarca) with a
 

mineral research program. During the last visit to Peru, this institution
 

was visited and materials were supplied so that samples would be collected.
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The Philippines
 

The first visit was made in December, 1977 to the Philippines and was
 

followed up in November, 1978. The organizations responsible for research
 

are the University of the Philippines and the Philippines Council for
 

Agriculture and Resources Research (PCARR), both located at Los Banos.
 

The main contacts from the Department of Animal Science are Dr. Vicente
 

at
Momongon (Head), Dr. Arsenio D. Calub and Dr. Perla L. L~pez. Contacts 


PCARR are Dr. Joseph C. Madamba and Dr. Alfonso N. Eusebio.
 

'here 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 supported by 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 be less of a pro

blem since equipment has been ordered under the World Bank loan program.
 

It has been observed that mineral nutrition was important for the
 

local forages. Based on lack of response, apparent sulfur and trace element
 

Some soil mapping has been done throughout
deficiencies were suspected. 


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
 

need 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 will provide $5,000 a year for this undertaking.
 

Later in 1979 Dr. Perla Lopez is planning to visit Florida for the pur

pose of laboratory training.
 

During the second trip to the Philippines visits were made to cattle
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ranches in the Mindanao region.
 

On one ranch that was visited (Allah Valley) the mineral supplementation
 

program was less than desirable. The total mineral consumption was only 25 g
 

per animal per day. The supplement was not fed on a regular basis but fed
 

all at once with supplies in the feeders lasting as long as 3 or 4 months.
 

As a result, the mineral supplement became wet quite frequently and, appar

ently, unpalatable. The particle size of the salt was fairly large, thereby,
 

resulting in less desirable mixing with trace minerals. The two outstanding
 

limitations of this mixture were the use of limestone and the small per

centage of trace minerals. In calculating how the trace minerals were meeting
 

the requirements of the cattle it was calculated that all of the trace
 

minerals would provide less than 1% of the animal's requirement with the
 

exception of copper. Copper would provide approximately 2% of the animal's
 

requirement. Another limitation of the trace mineral mixture was that co

balt was not included. On the ranch several calves were found that ex

hibited goiter. Therefore, iodine deficiency was a problem.
 

It was agreed to set up a mineral supplementation trail on the Ansa
 

cattle ranch. Details of the experiment are located at the end of the
 

Philippines section of the report.
 

We noted that they probably could eliminate the iron sulfate entirely
 

if they wanted.
 

A second ranch which was visited was near the town of General Santos.
 

The ranch is the Sarangani Cattle Company and the contact is Mr. Enrico
 

Pepito. Actually, this is a group of 7 ranches with a total of 4000 head of
 

cattle. A mineral supplementation experiment is being planned for this
 

organization. Three different ranches will be considered as three treat

ments. The experiment will be as follows:
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Farm Number Treatment Number of Breeding Cattle 

1 Salt only 900 

2 Salt + bonemeal 1800 

3 Salt + bonemeal + 2000 
trace minerals 

All animals will be weighed twice per year, in November and May. Records
 

can then be kept as to weight gains and performance. The duration of this
 

experiment will be 2 years. Blood, forage and liver samples will be taken.
 

Liver and blood samples will be taken from approximately 12 animals per
 

treatment.
 

At the University, liver samples have been taken from slaughterhouses
 

in different areas of the Philippines. Looking at their liver data, it was
 

obvious that copper and manganese liver concentrations were low. The majority
 

of the copper liver concentrations were low with the high percentage being
 

in the deficient range. Discussions during the last visit to the University
 

have centered around various problems of analysis, such as working with the
 

small sample size of the liver biopsy. Also, the greatest limitation is
 

time because of the lack of an automatic diluter. An automatic diluter was
 

purchased by the AID-Florida mineral program.
 

A mineral supplementation program which will be carried out by Mr.
 

Clenio T. Dhmlao and his advisor, Dean Pgrez, was discussed during the last 

trip. This experiment was to be carried out at a farm in the northern part 

of Mindoro. The design of the experiment would be for the following treat

ments: 1) salt only, 2) salt + phosphorus, 3) salt + molasses, 4) salt + 

molasses + urea, and 5) salt + molasses + urea + phosphorus. There were to 

be 16 animals per treatment (4 bred heifers, 4 bred cows, 4 nonbred animals).
 

too small to
Several recomnendations, mostly that this number of animals was 


detect breeding differences, were made. A suggestion would be to use one
 

class of animals and reduce the number of treatments so there would be more
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total animals per treatment. This may be modified to go with only heifers
 

and use these possible treatments: 1) salt only, 2) a complete mineral
 

supplement, 3) a complete mineral supplement + urea + molasses. 
An ad

ditional treatment could be a control + phosphorus only. Another limitation 

in the original experiment would be that a controlled quantity of phosphorus 

was desired. This may be difficult using a free choice system of a phos

phorus supplement mixed with salt.
 

At this time there are five B.S. students working on mineral research.
 

Much of their research is taking samples of liver, blood and forage and
 

evaluating the mineral concentrations of these samples. An additional area
 

where mineral research looks promising is the island of Nespate. Dr. Calub
 

has a good relationship with a particular farm which has good facilities for
 

carrying out mineral research. The calving percentage on this farm is only
 

50%. The farm is divided into 14 paddocks and there are facilities, such
 

as weighing scales, for carrying out mineral research. Dr. Calub will in

vestigate the possibilities of initiating a mineral supplementation trial
 

at this location. There is a possibility that these minerals will be sup

plied by the Pfizer Company.
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Proposed Mineral Supplementation Experiment in
 

Mindanao, Philippines
 

Introduction: In many areas of tropical countries, numerous mineral de

ficiencies, imbalances and toxicities are severely inhibiting the cattle
 

industry. Grazing livestock do not often receive mineral supplementation and
 

most depend largely upon forages to supply their mineral requirements. Only
 

rarely, however, can forages completely satisfy all 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% (McDowell et al., 1974). Phos

phorus deficiency has been reported in 38 developing tropical countries, Mg
 

in 17, Na in 14, Co in 21 and Cu in 20 countries (Fick et al., 1976;
 

McDowell et al., 1976; McDowell et al., 1976).
 

Phosphorus supplementation has dramatically increased fertility levels
 

of grazing cattle in many parts of the world. Latin American countries re

porting increased fertility rates resulting from phosphorus administration
 

include Bolivia (B. Bauer, unpublished data, 1976), Brazil (Conrad and Mendes,
 

1965), Colombia (Stonaker et al., 1975), Panama (Rros Arguz, 1972; R. G.
 

Poultney, personal communication, 1972), Peru (Echevarrfa et al., 1974),
 

and Uruguay (Schiersmann, 1965; De Leon Lora, 1963). In Panama (R. G.
 

Pcultney, personal communication, 1972) supplemental phosphorus increased
 

calving percentage from a range of 42 to 80%. A study conducted in Brazil
 

resulted in a 77% calf crop when bonemeal was fed compared to 55% for the
 

controls up to 84% when a complete mineral mixture was fed to cattle in the
 

Colombian llanos (Stonaker et al., 1975).
 

Attempts to raise livestock productivity in tropical countries will be
 

unsuccessful unless the nutritional environment, including protein, minerals
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and vitamin A is adequate. Mineral supplementation is a least cost input
 

to improvement of livestock production. Economical return on mineral in

vestment has been at least two to one in some studies (Conrad, 1976).
 

In the Mindanao region of the Philippines cattle production is likewise
 

often suboptimal. Little mineral research has been undertaken in the
 

Philippines to determine which minerals are limiting and the biological
 

response resulting from mineral supplementation.
 

Purpose of Research
 

1) To establish the mineral status of grazing cattle during growth, preg
nancy, and lactation in a cattle producing region in Mindanao, Philip
pines.
 

2) To evaluate the biological response of cattle receiving mineral supple
ments.
 

3) To determine the economic benefit of mineral supplementation to grazing
 
cattle.
 

Location - Ansa Cattle Ranch owned by Mr. Tony Nocom in eastern Mindanao.
 

Treatments - 1) Salt only (NaCI)
 
2) Complete mineral supplement, or
 

1) Salt only (NaCl)
 
2) A mixture of 2 parts of salt to 1 part of bonemeal
 
3) Complete mineral supplement.
 

The complete mineral supplement could be as follows:
 

Ingredient % in Trace Mineral Salt Amount for 100 kg of 
Mixture 

Bonemeal 40 40 kg 
Salt 57.72 57.72 kg 
CoCl2 
ZnO 

(100% of req) 0.008 
0.615 

8 g 
615 g 

MnO 
CuO 
KI0 3 
FeSO 4 

(100% of req) 
(25% of req) 

0.288 
0.125 
0.026 
1.24 

288 g 
125 g 
26 g 

1240 g 

Animals and Experiment Duration:
 

1) 3-4 year old heifers that average 3-6 months of pregnancy. The duration
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of the experiment would be 2 years, or
 

2) 	6-8 month old weaned heifers (and/or bulls). The duration of the ex

periment would be 3 years. If bulls are included they would be separated
 

from the heifers during years 2 and 3.
 

A minimum of 25 animals per treatment would be desirable for the growth
 

portion of the experiment, while a minimum of 50 animals per treatment would
 

be more desirable for the breeding aspects of the trial.
 

Animals should be weighed and randomly (or randomly
Evaluation Periods: 


blocked, i.e., by weight) allotted to treatments. At this time, forage and
 

animal tissue samples should be taken. Sample collection would be repeated
 

every 6 months to represent both the wet and dry seasons. Calves should
 

also be weighed at an appropriate time.
 

The samples collected could be as follows: a) Animal tissue - 8-10
 

representative samples of both blood serum and liver biopsy (optional) could
 

be collected from animals on each treatment during each sampling period.
 

same animals should be sampled each collection period.
If possible, 	the 


Pastures should be sampled at each collection period. Two

b) Forage 

samples each of the major pasture species should be collected. Each sam

ple should be a composite and will be collected only after careful 
obser

vation of cattle grazing patterns. c) Soil (optional) - A composite sam

ple, in duplicate, should be taken from each paddock only once per year.
 

Analyses
 

Blood serum - Ca, P, Mg, Cu, Zn and Se.
 

Liver biopsy (optional) - Co, Cu, Fe, Zn, Mo, Mn and Se.
 

Forage - Protein, NDF, in vitro dry matter, Ca, P, Mg, Na, K, Co, Cu, Zn,
 

Mn, Fe, Mo and Se.
 
- Ca, P, Mg, Na, K, Co, Cu, Zn, Mn, Fe, Mg, Se, Al, N,
soil (optional) 


organic matter and pH. The available forms of these minerals
 

should be determined.
 

Management - Management of the cattle should remain the same in relation to
 

insect and disease control. However, no substance containing a mineral or
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vitamin should be administered. The dates that a bull is kept with cattle
 

should be recorded so that accurate records of mineral consum.tion will be
 

maintained.
 

Records - The following should be kept:
 

1) Individual animal performance including weights and calving dates.
 
2) Health observations
 
3) Mineral consumption.
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Thailand 

The first visit to Thailand in relation to mineral research was in
 

November, 1978. Our chief contact, Dr. Pravee Vijchulata, is a recent
 

graduate of the University of Florida who majored in ruminant nutrition. Dr.
 

Vijchulata is with the University of Kasetsart. The University has access to
 

new laboratory facilities which had only been in operation for one month at
 

the time of our visit. The facilities are outstanding with every type of
 

instrument for nutrition analyses provided. The equipment is all new and is
 

now being tested by a number of qualified technicians. This is a central
 

laboratory which would be used by all departments of the University. This
 

central facility has two atomic absorption units including a graphite fur

nace. These instrumenes are Perkin-Elmer with an additional instrument lo

cated in the Animal Science Department.
 

Other contacts include Dr. Southcombe of the New Zealand World Bank
 

T2am located on Khon Kaen, Thailand. Also working in northern Thailand is
 

Mr. L;.ndsay Falvey. Mr. Falvey is on a Thai-Australian Highland Agriculture
 

is with the faculty of Agriculture at Chiangmai University. Both
J)-:oject. lie 

Dr. Southcombe and Mr. Falvey have been involved in a limited amaount of 

i,- .iral and nutrition research in northeastern and northern Thailand. 

Dr. Southcombe has done mineral research with both buffalo and cattle 

both the wet and dry seasons. The majority of effect seems to be in the 

wet season although this portion of the study has not been completed. During
 

the dry season cows supplemented with minerals lost only lOg per day while
 

controls lost 100 g. Calves on the experiment gained 258 g while the controls
 

gained only 188 g. For buffaloes, animals receiving minerals gained 21 g
 

daily during the dry season while the controls lost 22g. There was little
 

difference in the calves, with the supplemented groups gaining 282 g and the
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controls gaining 242 g. There were definite problems with this experiment in
 

than animals were taken for sale prior to completion of the experiment. The
 

experiment started with 10-15 animals per treatment but was reduced to 6 by
 

the time of experimental termination. Dr. Southcombe noted that minerals were
 

extremely e:iensive, costing $7.50 for 10 kg. The observations with these
 

cattle seem to indicate that the arimals cycle better when receiving minerals. 

Mr. Falvey has done several nutritional experiments in northern Thai

land. Ono experiment involved animals 1-2 years of age on 5 treatments.
 

There were 6 animals per major treatment. Five treatments were as follows: 

1) concentrates fed with pasture available during the day, 2) 
two-thirds
 

of a kilogram of improved pasture fed during the night in addition to daily
 

pasture, 3) nitrogen, phosphorus and sulfur given as a drench for animals 

on pasture only during the wet season, 4) the same treatment only during 

the dry season, 5) control animals on pasture only. For a sub-treatment,
 

one-half of the six animals have been given a trace mineral drench which 

represents one-half of the animal's daily requirement. This experiment has
 

only been going for 4 months and it is too early to make any conclusions.
 

Obviously, one major problem will be lack of sufficient animal numbers.
 

However, growth differences are likely to be detected.
 

In a second experiment there were two treatments with and without p!ios

phorus administration. Animals were drenched daily with phosphorus to 

equal one-half of their daily requirement. Also, fecal samples were col

lected for phosphorus determination. The main effect from this experiment 

was that phosphorus increased the calving percentage to 80% versus 60% for 

the control group. Mr. Falvey will be sending me a report describing this
 

experiment. 

In other experiments underway, urea, molasses and mineral mixtures 
are
 

138
 



given to animals using a drum lick in combination with improved pastures.
 

Dr. Vijchulata will be working with others to write up mineral research
 

proposals.
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Uruguay
 

Three short trips have been made to Urauay after we found that they
 

were interested in mineral research. Three working days March 28, 29 and
 

30, 1977 and four working days November 22-24, 1977 and three working days 

August 16, 17 and 18, 1978 were spent there. 

Dr. l;'n Ne'si;m who is project manager )f the United Nations Special 

Fund Project with the RPtbino Veterinary Research Centre has been very 

interestd and helpful. The analytical laboratory is under the direction of 

Dr. Teresita Sonia Alonso, who plans to come to Florida in September to
 

participate in our mineral tiaining program. Their new Varian Techtron
 

Model AA-6 has become operational. Dr. Fernando Riet has blood serum
 

phosphorus levels several in indicating
from ranches Uruguay 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 requirem(ent. 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,
 

2) salt + dicalcium phosphoate and 3) salt + mineral-protein block. 

The University of Florida has analyzed 40 forage samples and plans to 

analyze about 250 more forage samples. There is much interest in mineral
 

research and mineral supplemental trials in the cattle and sheep raising
 

areas of the northwest part of the country. 
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Venezuela
 

Contacts were first made in December, 1975, concerning cooperative
 

mineral research. Three research groups are interested in investigating
 

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 Maracaibo
 

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 ex

periment 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 showed
 

that there was no positive effect of copper supplementation, since this
 

group was slightly lower than the controls. However, the selenium-vitamin E
 

treatment had a positive effect with the animals losing less weight during
 

the dry season. This experiment was undertaken in the Pereja region west
 

of Lake Maracaibo.
 

During this mineral supplementation program an interesting development
 

occurred with 6 of the animals. At one time, these animals were down with
 

what appeared to be grass tetany. Magnesium sulfate was administered and
 

5 of these animals responded quickly with the sixth animal responding more
 

slowly.
 

A second experiment using the same design was located 280 km southwest
 

of the lake in a region of higher rainfall and better forage quality. This
 

study had 100 steers on the same treatments as the previous trial with the
 

addition of cobalt bullets as an extra treatment. The results were similar
 

to the first trial in that good results were not obtained from the copper
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injections. Also, selenium-vitamin E again provided a positive effect with
 

approximately 40 g/day more weight gain for these animals over the controls.
 

There appeared to be only a slight response from the cobalt supplementation.
 

In another experiment blood samples have been taken from cattle on 14
 

farms in the Pereja region during both the wet and dry seasons. Forty

five samples were taken from farms as follows: 15 heifers, 15 dry cows and
 

15 lactating cows, 
and analyzed for calcium, phosphorus and magnesium. The
 

summary of these analyses follows:
 

Blood Mineral Wet Season Dry Season
 

Calcium 12 mg% 15-20 mg%

Magnesium 2 mg% 4.5 mg%
 
Phosphorus 5.5-6 mg% 2.0-2.5 mg%
 

The results indicate that calcium and magnesium were very high during the
 

dry season but normal during the wet season. The calcium values during
 

the dry season were especially high. With these high levels the possibility
 

of error exists. Phosphorus was normal during the wet season but was 
ex

tremely low, contrary to calcium and magnesium, during the dry season.
 

Lactating cows had lower blood phosphorus levels than dry cows or heifers.
 

Dr. Capote is interested in future research to study the effects of
 

minerals on decreasing long calving intervals. He has ordered 2 tons of
 

dicalcium phosphate and will have teatments of salt, only, dicalcium phos

phate plus salt and dicalcium phosphate pi'is salt plus trace minerals.
 

The possibility of doing some experiments feeding minerals all year
 

long versus just during the wet or dry seasons is being investigated. The
 

Pfizer Company will probably be willing to provide minerals for well organized
 

experiments. Dr. Capote will be looking for some farms with this possibility
 

in mind. Also he will be looking further at the effects of supplemental
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cobalt and selenium-vitamin E on animal performance at a large ranch in
 

Machiques. The manager is willing to provide Dr. Capote with 100 steers.
 

These will be divideJ into groups containing 25 animals each with the
 

various combinations of: cobalt, selenium, cobalt + selenium and a con

trol group. In another experiment, Dr. Capote will be working with lac

tating dairy cattle feeding protein-energy supplements with or without
 

calcium and phosphorus supplements to determine the effect of these
 

nutrients on calving intervals. The two treatments would likely be: 1)
 

protein + calcium and phosphorus, 2) energy + protein. The source of
 

protein that might be used is blood meal which is low in phosphorus.
 

Maracay - The main contacts in Maracay are Dr. J. T. Perdomo of the Uni

versidad Central de Venezuela and Dr. Claudio Chicco of the Seccion 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 has been 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 in Maracay 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 soil samples
 

from 9 farms in the llanos states of Apure and Guarico. These collections
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have been made for 2 classes of animals: pregnant-lactating animals and
 

growing animals, twice a year (wet and dry seasons). Some of Ing. Morillo's
 

experiences illustrate logistical and other problems related to collecting
 

samples from ranches in remote areas. As an example, several farms which
 

provided samples during the wet season would not permit the collection of
 

animal tissue samples because they did not want the animals moved. Often
 

when animals are moved during the dry season broken bones will result. In
 

another example, forage samples could not be collected since the owner was
 

not at home. Permission could not be obtained from the owner.
 

Ing. Morillo is now at the University of Florida taking course work and
 

doing the analysis towards his M.S. degree which should be completed this
 

summer. Early results indicate severe nutritional limitations including
 

protein, phosphorus and copper deficiencies.
 

Jusepin - In Jusepin Ing. Jose Velasquez of the Universidad de Oriente has
 

undertaken a very active mineral research program. Ing. Velasquez re

ceived funds from CONICIT to carry out this mineral research program. Ing.
 

Velasquez is involved in taking soil, forage and blood samples from 5 of the
 

states of the llanos. These collections first were in the state where
 

Jusepin is located, Monagas. Ing. Velasquez has finished his collections
 

in Monagas for both the wet and dry seasons for 7 farms. He compared
 

pregnant lactating animals to steers and heifers. Also, Ing. Velasquez
 

collected samples from 27 farms in the states of Bolivar (10 farms),
 

Antioquia (7 farms) and Guarico (10 farms) during the wet season. In March
 

he will be starting collections for the dry season and next year he will
 

cover a larger part of Guarico state and will start to make collections in
 

the state of Apure. The organization, CONICIT, has given Ing. Velasquez
 

additional funds 
so that he can continue his work in these additional states.
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In the state of Antioquia there are observations from 5 farms which
 

stopped their regular mineral supplementation programs. The result was ex

treme weight loss and bone problems. There are also very severe bone problems
 

on farms in Guarico state. This observation had also been confirmed by re

search undertaken by David Morillo from Maracay.
 

Ing. Velasquez published a 58 page document summarizing the results of
 

sample collection and analysis in the state of Monagas, "La Situacion de la
 

Nutrici6n Mineral del Ganado Bovino en el Estado Monagas" (abstract in
 

appendix).
 

The average soil values obtained for pH, organic matter, calcium, mag

nesium, potassium, aluminum, phdsphorus and cation binding capacity during
 

the dry and wet season, respectively were as follows: 5.06 and 4.82; 1.39 and
 

1.18%; 0.68 and 0.88; 0.37 and 0.22; 0.13 and 0.09; 0.51 and 0.30 meq/100 g;
 

3.52 and 4.10 ppm and 4.48 and 3.83 meq/100 g. The average forage content
 

of nitrogen, calcium, phosphorus, magnesium, iron, manganese, zinc and
 

copper for the 2 seasons were as follows: 0.62 and 1.18%; 0.16 and 0.19%;
 

0.08 and 0.09%; 0.08 and 0.14%; 176.21 and 567.54 ppm; 105.97 and 143.23 ppm;
 

22.91 and 40.43 ppm; and 2.89 and 6.53 ppm, respectively. The average con

centration of calcium, phosphorus and magnesium in the blood plasma for the
 

two seasons respectively, were as follows: 10.47 and 10.36, 3.15 and 4.10;
 

-.05 ind 2.87 mg/100 ml.
 

To summarize this publication further, the majority of the pH samples 

were less than 5. As expected, organic matter was low. The following data 

illustrates the results of the pasture analyses in the wet season: Phosphorus -

Virtually all of the forage samples were deficient in phosphorus. Only 7
 

out of 1000 contained more than 0.20%. The majority were less than 0.1%
 

phosphorus. Calcium and magnesium - The majority of these samples were
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adequate, however, some farms did have low levels. Copper - 95.7% of the
 

forage samples contained less than 10 ppm and approximately 11% contained
 

less than 5 ppm. Zinc - Of 1000 samples, 330 contained less than 30 ppm
 

(33%). Iron - All of the samples were well above the requirement with some
 

samples being higher than 1500 ppm. Manganese - All samples were adequate
 

with the majority above 100 ppm.
 

With both the wet and dry seasons, blood phosphorus levels are very low,
 

being less than 4.5 mg%. For the wet season specifically, only 3 minerals
 

were evaluated in blood plasma and the results are as follows: Phosphorus 

11 out of 106 samples contained more than 4.5 mg% (10.4%). The majority of
 

the blood samples, as in the dry season, contained less than 3.5 mg%. Calcium
 

and magnesium - All of the calcium and magnesium concentrations fell within
 

the normal range.
 

Another experiment that Ing. Velasquez initiated was a six month trial
 

designed to evaluate the effects of injections of copper, selenium-vitamin E
 

or cobalt bullets on cattle 8 to 18 months of age. The results indicated
 

that the control group of animals lost considerable amounts of weight while
 

those groups receiving any of the supplements either maintaiiied or gained
 

weight. Since this experiment involved a small number of animals an additional
 

experiment has been formulated. The new experiment will involve 24 animals
 

per treatment and the duration will be approximately I yuar. Animals will be
 

weighed every 28 days and liver samples will be collected. This experiment
 

started in January and contained the following treatments: 1) cobalt +
 

copper + selenium-vitamin E, 2) cobalt, 3) copper, 4) selenium-vitamin E,
 

and 5) control.
 

New data taken during the wet season from the three main states under
 

investigation is now being summarized. In general, many of the results seem
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similar to the data from Monagas. The general conclusions seem to be that
 

calcium, magnesium, manganese and iron are in concentrations adequate for
 

However, the remaining minerals definitely or likely are
these animals. 


limiting animal production.
 

It is quite obvious that mineral deficiencies are limiting livestock
 

Likewise of equal importance
production in the various states of the llanos. 


On the basis of many
is the low protein concentrations of these forages. 


are 7.4 and
analyses, the average protein values for the wet and dry seasons 


3.9%, respectively. As might be expected from the data, there were animal
 

class differences in some of the tissue mineral concentrations. 
Cows had
 

lower levels of blood phosphorus than did steers in the Monagas 
study.
 

During our last visit (February) we discussed with Ing. Velasquez some
 

of his procedures for sample collection. In a considerable number of
 

studies, we have had difficulties in getting reliable blood 
phosphorus data.
 

However, in all of Ing. Velasquez's work, low blood phosphorus 
levels have
 

reason for this may be that Ing. Velasquez is able
 been noted. One possible 


spin down his samples within one-half hour of collection. 
he has several
 

to 


portable centrifuges which he uses.
 

The University of Florida-AID program is mainly providing 
consumable
 

supplies, mostly used for sample collections and injections 
of various
 

are being completed of selected samples
minerals. Also at Florida, analyses 


of the difficult minerals of Se and Co.
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2. Interpretation of Data and Supporting Evidence: Available research
 

data indicates that phosphorus is the most widespread mineral deficiency
 

for grazing livestock. Calcium deficiencies are rare under grazing con

ditions and this is an important fact because many older textbooks in
 

Latin America emphasize 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,
 

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

and fluorine are encountered in diverse areas of Latin America.
 

The soil-plant-animal relationship helps 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
 

are available and the need for more specific data.
 

3. Research Design: Currently we are cooperating with mineral research
 

programs in sixteen 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 has been
 

placed on the following "problem" areas:
 

a. Bolivia - Beni region low production and phosphorus deficiency. 
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b. Brazil - Mato Grosso apparent mineral deficiency or toxicity,
 

Ceara cobalt deficiency and Rio Grande do Sul selenium deficiency.
 

c. Colombia - Central selenium toxic, llanos (low production) and in
 

large areas copper deficiency alone or molybdenum induced copper
 

deficiencies. "Secadera" (wasting disease), a possible mineral de

ficiency in one region of the llanos.
 

d. Costa Rica - Guanacaste (low production), San Carlos high forage
 

oxalates, volcanic soils - manganese toxicity and throughout the
 

country severe phosphorus deficiencies.
 

e. Ecuador - Highlands, reproductive problems and western, selenium
 

inadequacies or toxicities.
 

f. Indonesia, Malaysia, Thailand and the Philippines - Cobalt de

ficiency 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 difficult. Logistics of carrying on field
 

research at locations distant from research institutions is complicated.
 

However, we were aware of these problems at the beginning of the program
 

and better methods of improving sample collection, storage and analysis
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are constantly being evaluated. Many worthwhile research publications
 

in Latin America such as theses and symposia proceedings are not
 

readily available to libraries and abstracting journals.
 

E. Dissemination and Utilization of Research Results
 

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

Analysis for Plant and Animal Tissues" were distributed in English,
 

Spanish and Portuguese throughout Latin America and other regions of
 

the world. In April of 1979 the English second edition of this manual
 

was ready for publication. Later in 1979 the Spanish second edition will
 

be ready for distribution.
 

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 May, 1979,
 

translations to English and Spanish were completed. Approximately 2000
 

English and 1500 Spanish copies are now being distributed. Other
 

articles that have been presented at symposia and scientific meetings
 

have been widely distributed.
 

In 1978, a review article entitled "Trace Mineral Nutrition in Latin
 

America" was published in the "World Animal Review". This publication
 

has a large circulation in developing countries. An additional 500
 

copies were ordered and 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
 

Eastern Plains of Colombia" were distributed to interested persons. From
 

Brazil, two theses entitled "Mineral status of beef cattle in the
 

northern part of Mato Grosso, Brazil as indicated by age, season and
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sampling technique" and "Interrelationships among mineral levels in soil,
 

forage and animal tissues on ranches in northern Mato Grosso, Brazil"
 

have also been widely distributed. These particular theses illustrated
 

mineral research procedures very well.
 

1. This project has stimulated tremendous interest in the mineral pro

blems of grazing ruminants in the countries in which we have cooperated.
 

Research, extension, producers and commercial personnel have known they
 

had problems; now they see the possibility of finding the correct
 

solution to these problems.
 

All personnel directly associated with the mineral project are
 

constantly answering questions concerning formulation of mineral mix

tures and the correct use of mineral mixtures. During country visits
 

most meetings with researchers are in smail groups. However, seminars
 

on mineral research are often requested and given to large audiences.
 

It is significant and noteworthy that organizations not directly
 

involved with the AID/Florida contract request information on methods
 

and procedures for mineral research.
 

Most of the information which 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
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of the materials for doing mineral research. Governmental personnel
 

recognize that minerals are limiting, but this is not a top priority.
 

Research reviews and sample research designs, often written in Spanish
 

or Portuguese, are provided by the University of Florida. 
This infor

mation along with personal visits is often sufficient to stimulate an 

in-country mineral research program. By starting with the areas where 

mineral problems are clearly evident, there is a good possibility that 

the solution can be found and that it will be applied by the livestock
 

producers in the area.
 

Mineral research in Latin America is an extremely ambitious program.
 

We are currently working in sixteen countries and some of these programs
 

are just beginning to gather momentum. We would like to ec:and 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 i:4th LDC personnel
 

and institutions within the respective countries. During the reconnais

sance and recruitment phase of this contract only interested personnc
 

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. How

ever, 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
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available is used primarily to supply technicial 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 University of 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 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 sixteen 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. A second supple

mentation program will be attempted in the Trinidad region of Bolivia
 

with emphasis on the season effect of mineral supplementation. Mineral
 

research programs are all going well in Ecuador, El Salvador, Guatemala
 

and Venezuela. Cooperating with five countries (Indonesia, Malaysia,
 

Peru, the Philippines and Uruguay) is at a modest beginning, while
 

programs in Malawi and Thailand are still in the discussion phase.
 

Mineral research in the Bahamas is of a very limited nature.
 

In Ecuador a graduate student program will be initiated to determine
 

the mineral status of selected regions. A graduate student program con

cerned with "secadera" (wasting disease) will be attempted in Colombia.
 

Research with llamas and sheep will be carried out in Bolivia. If
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future research is approved an attempt may be made to start a graduate
 

research program in Malawi and the Sudan.
 

Anticipated accomplishments for the coming year include initiating
 

research programs in Malawi and Thailand, establishing more 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.
 

If the program is extended then anywhere from 1 to 3 trips are needed
 

for each country annually in order to adequately supervise and encourage
 

the mineral research programs. For some Latin American countries and
 

regions, visits could be reduced to I time per year while other countries
 

would require 2 to 3 visits per year. If the program is to be ter

minated in November, 1980, fewer trips should be scheduled so that more
 

time for program summarizations can be made.
 

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

following: Finish publishing and then distributing the symposium pro

ceedings "Latin American Symposium on Mineral Nutrition Research with
 

Grazing Ruminants" in English and Spanish.
 

Finish revising and distributing the second edition of the manual
 

"Methods of Mineral Analysis for Plant and Animal Tissues" in Spanish
 

and English to appropriate persons and institutions.
 

Provide personnel and facilities at the University of Florida to
 

help train 2 to 3 technicians during 3 months or more in analytical
 

procedures for mineral analyses.
 

Continue to improve analytical methods for analysis of selenium,
 

cobalt, molybdenum and sulfur.
 

Encourage and assist cooperating country personnel to present
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results 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 through correspondence,
 

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 limited financial resources and difficult to obtain
 

expendable materials. Locate new contacts in Africa.
 

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

governments are the principle factors which will promote or impede
 

accomplishments. Mineral programs in the cooperating countries will
 

progress 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 3500-4000 copies of the "Latin
 

American Symposium on Mineral Research with Grazing Ruminants" is being
 

distributed in Spanish and English. The revised second edition of the
 

manual "Methods of Mineral Analysis for Plant and Animal Tissue" will
 

be completed shortly and will be distributed in participating countries
 

and other parts of the world in English, Spanish and Portuguese.
 

The majority of the individual country research information will
 

be written in Spanish and Portuguese which will be published locally
 

and regionally. It is anticipated that this information will be
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presented 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 re

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

5. Budget Statement:
 

a. Current budget
 

b. Proposed budget beginning November 2, 1980
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FISCAL REPORT
 
a) January 1, 1979 - March 31, 1979
 

Contract No. AID/ta-c-ll3
 
Between the United States of America and the University of Florida 

Funds Available To Date This Period 
Category I1/1/74-10/31/79 3/31/79 1/l/79-3/31/79 

Salaries $ 247,983.00 $195,440.44 $ 12,028.65 
Fringe Benefits 30,899.00 24,187.89 1,805.78 
Overhead 125,102.00 98,790.34 6,225.49 
Cooperating Country 

&/or 3rd Country Nationals 57,250.00 33,069.91 548.64 
Travel & Transporation 124,106.00 103,064.50 3,452.77-
Equipment, Mater'als & 

Supplies 133,273.00 159,867.23 9,471.31 
Other Direct Costs 30,359.00 21,765.38 173.00 

Totals $ 748,972.00 $636,485.69 $ 33,705.64 

Overhead:
 
On Campus: 45% x 13,834.43 = 6,225.49
 

The undersigned hereby certifies: (I) that payment of the sum claimed
 
under the cited contract is proper and due and that appropriate refund to
 
A.I.D. will be made promptly upon request in the event of disallowance of
 
costs not reimbursable under the' terms of the Contract, and (2) that 
information on the fiscal report is correct and such detailed supporting
 
information as the cognizant paying office or the Contractinq Officer
 
may reasonably require will be furnished upon request by the Contractor
 
to A.I.D. at the Contractor's home office or base office, as appropriate.
 

By
 

David R. Bryant, Jr.
 

Title Administrative Manager
 
Institute of Food & Agricultural
 

Sciences
 

2030 McCarty Hall 
University of Florida
 

Date
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b) Cost Proposal for Development of Efficient Mineral Supplementation Regions
 

for Grazing Ruminants in the Tropics. 

November 1, 1980 - October 31, 1981 

Man-Months 

I. Salaries 
A. U.S. Personnel 

Home Office Personnel 
Associate Professor 
Assistant Professor 
Short Term 

Home Office Nonprofessional 
Laboratory Technician 
Secretary 

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

Field Staff Nonprofessional 
Latin American Technician 

Total Salaries 

12 
12 
6 

12 
12 

12 

II. Fringe Benefits 16% of 84,100 
Total Fringe Benefits 

11. Overhead 
Home Office 
Field Staff 

Total Overhead 

(51% 
(29% 

x 97,556) 
x -0-) 

IV. Travel and Transportation 
U.S. Travel (2 RT tickets) 
International (8 RT at $1,000 + 

Total Travel and Transportation 
5@$2,000 average/trip) 

V. Allowances 
Per diem - U.S. (15 days at $35/day) 

- Internationa!f130 days at 
Total Allowances 

rates av $50/day) 

VI. Other Direct Costs 
Bilingual Sercetary (Contractual Agreement) 

Total Other 5irect Costs 

VII. Equipment, Vehicles, Materials and Supplies 
Material and Supplies 

Postage, phone & misc. office supplies 
Computer rental 
Cooperating County Materials 
Chemical supplies 

Total Equipment, Vehicles, Materials and Supplies 

GRAND TOTAL 

Estimated Cost
 

$27,000.00
 
22,000.00
 
17,500.00
 

9,400.00
 
8,200.00
 

$84,100.OO
 

8,000.00
 
8,000.00
 

13,456.00
 
13,456.00
 

49,754.00
 
-0

49 754.OO 

800.00 
18,o00.oo 
18,800.00
 

525.00
 
6,500.00
 
7,025.00
 

5,000.00
 
5,000.00 

5,000.00
 
1,000.00
 
8,000.00
 

29,865.00
 
438.00
 

$230,000.00
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G. 	Appendix
 

1. Contacts visited in Bolivia, Brazil, Colombia, Costa Rica, 

Ecuador, El Salvdor, (uatena ln, Indonesia, Ma]awi, Malaysia, 

Peru, the Phi lippine s , Thaiiand, UIruguay and Venezuela. 

2. 	 Titles and autthors of pap-rs presented AL the 1976 Latin 

American Symposium on Mineral gsearch with (razing Rumi

nants, Belo Hlorizonp, Brazil. Publicati on of Symposium 

Prnceedings, available in both English and Spani sh, were 

published in 197q and are presently being distributed. 

3. 	 Bibliographic list of pub liation:s from N 'ovember.1974 

through December 1970. 

4. 	 Abstracts (or sunmmaries) of selcted papers submi. t ted for 

publ.icatioen or publis td in 1978 to June 1, 1979. Abstracts 

dated .1977, but which were not part of the last annual 

repoL are also included. 

5. 	 Annua2 estimated cost of mineral research in Latin American 

countries.
 

a) Current Budget
 

b) Proposed budget beginning November 1, 1980.
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Mineral Research Contacts
 

Bahamas 

Mr. Arnold Dorsett Edificio del Ministerio de 
Mr. T. E. Cathopoulis AA.CC. y Agropecuarios 
Mr. Eric Lightbourne Avenida Camacho 
BARTAD Casilla 5783 
San Andros P. 0. La Paz, Bolivia 
North Andros Island, Bahamas 

Dr. D. W. James 
Bolivia Co-Director, Consortium for 

International Development 
Mr. Daniel Chaij Avenida Camacho 1471 
Mr. Gary Alex Casilla 8019 
Mr. Richard Peters La Paz, Bolivia 
USAID/Bolivia 
c/o U. S. Embassy Dr. John Wilkins 
La Paz, Bolivia Sr. Hugo Perez Soleto 

Ing. Agr. Emana V. 
Ing. Bernardo Bauer CIAT/Mision Britanica 
Ing. Enrique Galdo Casilla 359 
c/o Estancias Elsner Hermanos Santa Cruz, Bolivia 
Cajon de Correo 6007 
La Paz, Bolivia Dra. Maria Rosa Tonelli 

Encargada de Laboratorio y 
Ing. Felix Fernandez Bustos, Gerente General Bioqufmica 
Ing. Werner Feistkorn Departamento de Morfo-
Dr. Felix Ramtrez M. fisiologfa 
Proyecto de Desarrollo Rural Integrade (INGAVI) Facultad de Ciencias de 
Casilla 8561 la Salud 
La Paz, Bolivia Casilla 702 

Santa Cruz, Bolivia 
Dr. Sim6n Riera G., Executive Director 
Instituto Boliviano de Tecnologra Ing. Armando Peducasse C. 
Agropecuaria, IBTA Ing. Filem&a Vallejos R. 
Edificio del Ministerio de AA.CC. y Egresado Veterinario 
Agropecuarios Mercado No. 361 

Avenida Camacho Santa Cruz, Bolivia 
Casilla 5783 
La Paz, Bolivia Dr. RaGl Grock T., Dean 

Dr. Mario Bedo Paniagua 
Mr. Lawrence Janicki Dr. Andr~s Parra L. 
USAID/University of Florida Team Facultad Veterinaria y 
Casilla 673 Zootecnia 
La Paz, Bolivia Casilla 702 

Santa Cruz, Bolivia 
Ing. Tito Rodrfguez 
Ing. Juan Rodrrguez Dr. Winston Suirez A. 
Ing. German Espinoza Agripac 
Instituto Boliviano de Tecnologfa Boliviana Cia. Ltda. 
Agropecuaria, IBTA (cont.) Casilla 3042 

Santa Cruz, Bolivia 
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Bolivia continued
 

Lic. Isaac Torrico Dr. Milton de Souza Dayrell
 
USAID/RDD CNP - Gado de Leite
 
Edificio del Ministerio de AA.CC. Rodovia MG-133 KM 42
 
y Agropecuarios 36.155 Coronel Pacheco
 

Avenida Camacho Minas Gerais - Brazil
 
Casilla 673
 
La Paz, Bolivia Prof. Jos6 Adalberto Gadelha
 

Departamento de Zootecnia
 
Brazil Centro de Ciencias Agrarias
 

Universidade Federal do Ceara
 
Dr. Joao Alberto Paiva Fortaleza, Ceara, Brazil
 
Rua Senador Quintino, 523
 
44.100 - Feira de Santana Sr. Erci de Moraes, M. S.
 
Bahia, Brazil Zootecnista
 

UEPAE de Manaus
 
Dr. Adilson Serrao Caixa Postal 455
 
Dr. Cristo Nazare Barbosa do Nascimento Manaus, Amazonas, Brazil
 
CAPTL/EMBRAPA
 
Caixa Postal 48 	 Prof. Amaro Calheiro Pedrosa
 
66.000 Belem - Para - Brazil 	 Dept. Zootecnia, CCT
 

Universidade Federal da Pararba
 
Dr. J. A. Carneiro Viana 58.397 Areia, Pararba, Brazil
 
Prof. Roberto Machado da Silva
 
Dr. Norberto Mario Rodrrguez Dr. Enio Prates
 
Escola de Veterinaria de U.F.M.G. Dr. Jorge Lopes
 
Caixa Postal 567 Avenida Bento Gongalves, 7712
 
30.000 	- Belo Horizonte - MG - Brazil Faculdade de Agronomia U.F.R.G.S.
 

Porto Alegre, RS - Brazil
 

Presidente Helvecio Mattana Saturnino
 
Mr. Alberto Portugal Dr. Marcelo de Oliveira Mendes
 
EPAMIG Rua Santa Clara 164, Apto. 504
 
Avenida Amazonas, 115 Instituto de Zootecnia U.R.R.J.
 
30.000 Belo Horizonte, Brazil 	 Rio de Janeira, G.B. ZC07
 

20.000 Brazil
 
Eng. Henrique Otavio Lopes
 
EMBRAPA - OPAC Dr. Carlos Tokarnia
 
Caixa Postal 07/0094 SAP-IPEACS
 
70.000 	- Brasilra - D. F. - Brazil KM 47 Rio - Sao Paulo
 

via Campo Grande
 
Dr. Odon P. Santana 20.000 Rio de Janeiro, ZC-26
 

° 
Ed. Venancio 2000-9 Andar 	 Brazil
 
70.000 - Brasilfa - D. F. - Brazil
 

Dr. JUrgen Ddbereiner
 
Dr. Leonidas Valle Animal Pathologist
 
Dr. Julio Cesar de Sousa EMBRAPA/RJ, KM 47
 
Dr. Armando Primo via Campo Grande
 
Rodovia BR 262 - KM 4 20.000 Rio de Janeiro, RJ, ZC-26
 
Caixa Postal 154 Brazil
 
79.100 - Campo Grande - MT - Brazil
 

160
 



Brazil continued
 

Dr. Lauro Muller 

Universidade Federal de Santa Maria 

Departamento de Zootecnia 

Caixa Postal 676 

Santa Maria, Rio Grando do Sul 

Brazil
 

Prof. Joao Restle 

Dr. David A. Stiles 

Caixa Postal 1274 

Universidade Federal de Santa Maria 

97.100 Santa Maria, RS - Brazil
 

Dr. Alcimir Santiago 

Dr. Waldemar Camargo 

Dr. Nelson Fernandez 

Doenqas Nutricionais e Metabolicas 

Instituto Biologico
 
1252 Conselheiro Rodrigues Alves 

Caixa Postal 7119 

04.014 Sao Paulo - SP - Brazil 


Dr. Joao Soares Veiga 

Rua Cafelandia, 54 - Sumare 

Sao Paulo - SP - Brazil
 

Dr. Manoel Becker 

Rua Piracuama, 52 


05017 Sao Paulo - SP - Brazil 


Eng. Agr. Edgard L. Caielli 

Rua Hector Penteado, 56
 
Instituto de Zootecnia 

Caixa Postal 60 

13.460 Nova Odessa - SP - Brazil 


Dr. Jose Fernando Coelho da Silva 

Prof. Dirceu Jorge da Silva
 
Departamento de Zootecnia 

Universidade Federal de Vigosa 

36.570 Viqosa, Minas Gerais, Brazil 


Colombia 


Mr. Philli F D. Smith
 
Rural Development Officer 

USAID/Colombia 

c/o U. S. Embassy 

Bogota, Colombia 


Mr. David Schaet
 
Asst. Rural Development Officer
 
c/o U. S. Embassy
 
USAID/Colomlia
 
Bogota, Colombia
 

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

Dr. Max Laredo, Director
 
Depto. de Nutricion Animal
 
ICA-Tibaitatg
 
Apartado Aereo 151123 El Dorado
 
Bogota, Colombia
 

Dr. Edgar Ceballos
 
Jefe Divisi~n Ciencias Animales
 
Instituto Colombiano Agropecuario
 
ICA
 
Apartado Aereo 7984
 
Bogota, Colombia
 

Dr. Juan Salazar
 
VECOL
 
Empresa Colombiana de Productos
 

Veterinarios
 
Calle 26, No. 82-93
 
Bogota, Colombia
 

Mr. Wayne Miles, Gerente
 
Sociedad Ganadera, La Plata, Ltda.
 
Transversal 58 No. 97A-16
 
Apartado Aereo 51612
 

Bogota, Colombia
 

Dr. Edward J. Stone
 
Director Internacional del Proyecto
 
Programa del Desarrollo de la Ganaderfa
 
FAO
 
Apartado Aereo 5773
 
Bogota, D. E. 1, Colombia
 

Mr. Leslie R. Patterson, Presidente
 
Pfizer Divisi~n Agricola Veterinaria
 
Calle 54 No. 10-81
 
Apartado Aereo 5641
 
Bogota, Colombia
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Colombia continued
 

Dr. Arturo Gil 

Polieta 

Empaques Impresos en Polietileno 

Carretera 44 No. 20-10 

Apartado Aereo 28603
 
Bogota, Colombia 


Dr. Jorge T. Gallo 

Director Tecnico 

Pfizer-Division Agricola Veterinaria 

Calle 54, No. 10-81 

Apartado Aereo 5641
 
Bogota, Colombia 


Dr. Luis E. Trgas 

CIAT 

Apartado Aereo 67-13
 
Valle del Cauca 

Cali, Colombia 


Ing. Miguel Robbin 

Apartado 43-17 

Medellin, Colombia
 

Dr. Costar Araneo 

Companfa Nacional de Chocolates 

c/o Miguel Robbin 

Apartado Aereo 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. flernan Fonseca
 
Dr. Carlos M. Campabadal 

Dr. Nestor Marciles 

Facultad de Agronomfa 

Universidad de Costa Rica 

Ciudad Universitaria "Rodrigo Facio" 

San JosJ, Costa Rica
 

Ing. Juan Coward 

Cuerpo de Paz 

c/o American Embassy 

San Jose, Costa Rica 


Ing. Fernando Calderon L.
 
Dawe's Laboratories of Central America
 
Apartado Postal 2222
 
San Jose, Costa Rica
 

Ing. Pedro J. de Matheu
 
Dr. Rolando Quesada B.
 
Ing. Fernan J. Peralta Volio
 
Pfizer, S. A.
 
Apartado Aereo 10202
 
San Jose, Costa Rica
 

Mr. Tim Roberts
 
Dr. Victor Clark
 
Escuela C. A. de Ganaderra
 
Atenas, Costa Rica
 

Inv. Carlos Lang
 
Presidente Nutec, S. A.
 
Nutrici6n Tecnica
 
Apartado Aereo 2000
 
San Jose, Costa Rica
 

Mr. Robert Mowbary
 
Food and Agriculture Officer
 
c/o American Embassy
 
San Jose, Costa Rica
 

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

Ecuador
 

Mr. Joe J. Sconce
 
Agency for International Development
 
c/o American Embassy
 
Quito, Ecuador
 

Dr. Enrique Ampuero
 
2955 San Javier
 
INIAP
 
Casilla 2600
 
Quito, Ecuador
 

Ing. Orlando Molina
 

Ing. Vicente Leon
 
Ganaderfa de Leche
 
INIAP
 

(cont.)
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Ecuador continued
 

Estaci~n Experimental de Santa Catalina 

Apartado 340 


Quito, Ecuador
 

Dra. Valeria de Zavala 

Ing. Gilberto Tenesaca 

Ing. Telmo Oleas 

Ing. Fausto Ceballos
 
Ing. Thelmo Hervas Ordones 

Depto. de Nutricion 

INIAP 


Estacion Experimental de Santa Catalina 

Apartado 340 

Quito, Ecuador 


Ing. Eduardo Sotomayer 

Rancho Ronald 

c/o American Embassy 

Quito, Ecuador 


Ing. Carlos Cortaza (Director) 

Dr. Raul de la Torre (Head, 

Pastures and Cattle)
 

Dr. John Bishop 

Eng. Angel Anzules 

Ing. Jorge Chaves 

Ing. Raul Santillan 

Ing. Carlos Forfon (Portarrejo Experiment
 
Station in Chone) 


Estacion Experimental de Pichilingue 

INIAP 


Apartado 24
 
Quevedo, Ecuador 


El Salvador 


Mr. Robert Moffett (Tel. 25-90-16) 

Mr. Wi1i.am Oglesby 

Agency for International Development
 
C/o American Embassy 

San Salvador, El Salvador 


Dr. Ferdinando Perla 

Dr. Juan Francisco Menendez (Director
 
de Ganaderfa) 

Ing. Mauricio Barg Hernandez 

Ing. Luis A. Silva H. (Subdirector de 

Ganaderfa) 


Dr. Coyetano Antonio Miron 

Direccion General de Ganaderia
 
Ministerio de Agricultura y
 
y Ganaderfa (Soyapongo)
 

Apartado Postal 554
 
San Salvador, El Salvador
 

Dr. Frank Calhoun
 
University of Florida/AID Contract
 
c/o American Embassy
 
San Salvador, El Salvador
 

Dr. Earl Sutherland
 
Mr. Ivan Behman
 
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
 
Universidnd de El Salvador
 
San Salvador, El Salvador
 

In!',. Salvador Enrique Jovel
 
Decurso Fac. de Ciencias Agronomicas
 
Universidad de El Salvador
 
San Salvador, El Salvador
 

Dr. and Mrs. Carlos Zometa
 
3a Calle Poniente No. 5-8
 
Santa Tecla, El Salvador
 

Ing. Santiago Villanova
 
Ing. Jos Roberto Salazar
 
CENTA
 
Direccion General de Ganaderfa
 
Apartado Postal No. 554
 
San Salvador, El Salvador
 

Dr. Steven Edwards
 
c/o Embajada Britanica
 
Apartado 2350
 
San Salvador, El Salvador
 

Agr. Eng. Manuel Nilhson Reyes
 
Director of Research
 
Faculty of Agriculture Sciences
 
University of El Salvador
 
San Salvador, El Salvador
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El Salvador continued 

Dr. Mauricio Salazar 

Direccin Gen:al. de Ganaderfa
 
CENTA 

Minis terio d" "- ,r xiltura y 

Ganaderra 


Apartado PosLaL No. 554 

San Salvador, E! Sillvador 


Cua temal a 

Mr. Karl Koone 

Rural Ievelopmnt Officer
 
c/o U. S. Enbassy 

Zona 1 

Guatemila, Guatemala 


Dr. RIicardo Bre.:; sani 
Dr. Marco Tuli CaLezas 

ing. J. Antonio Flores 

lug. Roberto Jarquin
 
Ing. Emr i o Vargas 

DiviWi&n de Cienclas AgrTcolas y 

de Alimento:; 


INCAP 

Apartado Postal L188 

Guatemala, G;uatemala 


Dr. Marit du Campus 
Food Control and Analysis Division 
Apartado a: a! 1188 
INCAP 

Guatemala, w;oatemala 


Haiti 

Mr. Bill Steed 

Vice President and General Manager 

I AIPCO 
P. 0. Box 1105 

Port au Prince, Haiti 


USAID/ADO 
American Embassy/Port au Prince 
Washington, D. C. 20520 

Livestock Production Department 
Ministry of Agriculture 

Port au Prince, Haiti 

Indonesia 

Mr. Walter C. Tappan (Chief Agricultural 
Development Officer) 

Mr. Michael J. Korin (Agricultural 
Development Office) 

Agency for International Development 
Mr. Gordon Fraser (Agriculture Attache)

c/o Ame r ican Lnb ass y
 
Jakarta, Lndn e; i.a
 
(Medan Merdeka ,* lantan 3, Jakarta Pusat)
 

Dr. Allen D). Ti!.lman
 
Visiting Professor
 
Agro-CompL.x
 
Gadja, M.;a University
 
The Rockv I.,llr Foundation
 
P. O. Box b'3
 
Yogyakart:a, D). L. Y., Indonesia
 

Dr. Soekanto lebdosoekojo (Animal Nutrition 
Sucdomo R. (Dean, Animal Nutrition) 
Separdio (Dairy Science)
 
Ilaimban, i koi adi (Dairy Science)
 
Wartomo (Aninmal Breeding)
 
Soeyono (Animxal Nutrition)
 
Nasrndin (Poultry)
 
Suharto
 
Supardjo
 
Sukaharto
 
Dukut (Animal Genetics)
 
Fakultas Peternakan
 
Gadjah Mada University
 
Yogyakarta, Indonesia
 

Prof. Di. Sukadji Ranuwihardjo
 
(Rector for Research) 
Dr. Busono (Deputy for Research)
 
Fakultas Peternakan
 
Gadjah Madla University
 
Yogyakarta, Indonesia 

Dr. Len J. Cooke (Research Leader) 
l)r. John B. Noran (Ruminant Nutritionist) 
Dr. David Cre:swell (Poultry Nutritionist) 
Dr. Gunnert Smith 
Dr. Terry Boyes
 
)r. John Obst (Breeding sheep and goats) 
Departement Pertanian R. I. -CSIRO 
P. 0. Box 123 
Bogor, West Java, Indonesia
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Indonesia continued
 

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 

Tnstitut Pertanian Bogor 

(Bogor Agricultural University) 

Fakultas Peternakan 

Jalan Gunung Gede 

Bogor, West Java, Indonesia 


Dr. Jenny S. Edwardly 

Dr. Soeparmo Hardjosoediro (Director) 

Pasar Jum'at Research Centre 

National Atomic Energy Agency 

Animal Science Section 

P. 0. Box 2
 
Kebayoran Lama 

Jakarta, Selatan, Indonesia 


Dr. J. H. Hutasoit 

Director General for Livestock 

General Peternakan 

Department Pertanian 

JLN, Salemba, Raya 16 

Jakarta, Indonesia
 

Malawi
 

Dr. Martyn Butterworth, Head 

Livestock Production Department 

Mr. Joshua Peter Mtimuni 

Bunda College of Agriculture 

P. 0. Box 219
 
Lilongwe, Malawi 


Mr. Antonio Kalinga 

Research Department 

Ministry of Agriculture and 

Natural Resources 


Lilongwe, Malawi 


Malaysia 


Mr. Robert Svec
 
Agriculture Attache
 
c/o U. S. Embassy
 
Kuala Lumpur, Malaysia
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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)
 

Mr. Hew Peng Yew (Mineral analyses)
 
Department of Animal Science
 
Faculty of Veterinary Medicine and
 
Animal Science
 
Universiti Pertanian Malaysia
 
Serdang, Selangor, Malaysia
 

Chang Chen Choo
 
Factory Manager
 
Nam Joo Hong Chan Sdn. Bhd. & Feedmills
 
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. Lauren Schults
 
Rural Development Officer
 
USAID/Peru
 
c/o Embajada Americana
 
Lima, Peru
 

Dr. Ricardo Valdivia
 
Dr. Dante Castagnino, Director
 
Dr. Oswaldo del Valle
 
Dr. C~sar Novoa (Head, Department of
 
Animal Production)
 

Universidad de San Marcus
 
IVITA
 
Apartado Agreo 4270
 
Lima, Peru
 



Peru continued
 

Dr. Javier Barua C. 

Head, Laboratorio Central del 

Ministerio de Alimentaci~n
 

Pasaje El Sol N. 777 

Cuadra 34 de la Avenida Argentina
 
Callao - Lima, Peru 


Dr. Rafael Rochabrun P. 

Gerente Div. Agropecuaria 

Pfizvr 

Corporaci~n Farmaceutica (COFASA) 

Av. Venezuela 5415 

Apartado Postal 2917 

Lima, Peru 


Dr. Nelson Clavo 

Ing. Mariano Echevarria 

Dr. Guillermo Meini 

Dr. Orlando Bazan 

Laboratorio de Nutrici6n Animal 

IVITA
 
Apartado 245 

Lima, Peru 


Ing. Helido Vidal 

Ing. Francis Villena R. 

Srta. Mana Eugenia Salano Zamora
 
Ing. Antonio del Carpio Ramos 

Ing. Enrique Vasquez Guzman 

Universidad Nacional Pedro Ruiz Gallo 

Lambayeque, Peru 


Ing. Luis Ara Valera 

Ing. Josi Vigo Mendoza
 
Universidad Nacional Tecnica de 

Cajamarca 


Depto. de Ciencias Agropecuarias 

Jiron Lima No. 549 


Cajamarca, Peru
 

Dr. Juan Kalinowski 

Ing. Danilo Pezo 

Ing. Victor Talavera 

Universidad Nacional Agraria 

Apartado 456
 
La Molina 

Lima, Peru 


Dr. Miguel Velez N. 

Dr. Bilibaldo Brack 

Misi6n del Gobierno Federal 

de Alemania
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Ministerio de Alimentaci~n
 
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. Gatmaitan (Water buffalo)
 
Dr. Arturo C. Alferez (Department of
 
Agronomy)
 

College of Agriculture
 
University of the Philippines
 
Los Banos, Laguna, Philippines
 

Dr. Alfonso N. Eusebio (PCARR,
 
Director Livestock Research Division)
 
Philippines Council for Agriculture
 
and Resources Research
 

Los Banos, Laguna, Philippines
 

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
 
c/o U. S. Embassy
 
Manila, Philippines
 

Mr. Antonio Nocom, General Manager
 
Mr. Vic Nocom
 
Ansa Cattle & Crop Farm, Inc.
 
P. 0. Box 122, C.C.P.O. Makati
 
Manila, Philippines
 

Dr. Jimmy R. Escano, Director
 
Agri-Business Development
 

Carnation Philippines, Inc.
 
Corner Reliance & Pines Streets
 
P. 0. Box 427 Comm'l Center
 
Makati, Metro Manila 3117, Philippines
 



The Philippines continued
 

Dr. Benedicto A. Parker 

Department of Animal Science 

College of Agriculture UPLB 

Laguna, Philippines 


Dr. Solomon Bloom (Tel. 85-85-22)
 
Consultant Livestock & Feed Industry 

7582 Dela Rosa Street 

Makati, Metro Manila 

Manila, Philippines 


Mr. Enrico Pepito
 
Sarangani Cattle Co. 

General Santos 

South Cotobato, Philippines 


Dr. Bernardo Casio (Tel. 88-26-21) 

Agricultural Manager, Pfizer, Inc.
 
Sixth Floor, Araza Building 

Corner Paseo de Rosas and Makati 

Avenue 


Makati, Rizal, Philippines 


Thailand
 

Mr. Robert S. Queener 

Mr. Wayne I1.Slotten 

Mr. Tom Cooper 

Office of Rural Development 

c/o U. S. Embassy 

Bangkok, Thai land
 

Dr. Pravee Vijchulata (Tel. 3922937) 

Mr. Somkiat Timpatpong (Head of 

Department) 


Dr. Norasih Trakulchang (Assistant Head 

of Research) 


Mr. Sornthep Tunwasorn (Animal Breeding)
 
Dr. Prasert Reink ow (Ruminant Nutrition) 

Miss Sumalee Chaiputpanich
 
Dr. Charan Chantalakhana 

Department of Animal Science 

Kasetsart University 

Phaholyothin Road, Bangkhain 

Bangkok, Thailand 9 


Mr. Sayan Tudsci 

Dr. Sonarr Chantkam 

Department of Agronomy 

Faculty of Agriculture 

Kasetsart University 

Bangkok, Thailand 9 
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Dr. Tim Bhannasiri (Tel. 281-8310) 
Deputy Director - General 
Department of Livestock Development 
Payathai Road
 
Bangkok, Thailand
 

Mr. Lindsay Falvey
 
Livestock Specialist
 
Faculty of Agriculture
 
Chiangmai University
 

Chiangmai, Thailand
 

Dr. John Southcombe (Tel. 2336303)
 
Animal Research Advisor
 
NZ/World Bank Team
 

Box 43
 
Khon Kaen, Thailand
 

Dr. Ayus Pichaicharnarong
 
Department of Physiology
 
Faculty of Veterinary Science
 
Chula Pong Korn University
 
Bangkok, Thailand
 

Dr. C. Perumal Pillai
 
Animal Production Health Commission
 
for Asia - APHCA
 

FAO Regional Office
 
PHRA Atit Road
 
Bangkok, Thailand 2
 

Mr. D. C. Boskett
 
Dr. Verachart Chaicumpa
 
Pfizer International Corporation
 
Silom Building - 8th Floor
 
197/1 Silom Road
 
Bangkok, Thailand
 

Uruguay
 

Dr. Thomas H. Kachele
 
Facultad de Agronomfa
 
Catedra de Nutricion Animal
 
Avenida Garzon 780
 
Montevideo, Uruguay
 

Dr. Ian D. B. Newsam
 
Project Manager, United Nations
 
Special Fund Project
 

Rubin Veterinary Research Centre
 
Casilla de Correo 1207
 
Montevideo, Uruguay
 



Uruguay continued
 

Ing. Agr. Adolfo Fernandez 

Casilla de Correo 838 

Montevideo, Uruguay 


Ing. Agr. Mario Allegri
 
Gral. Flores 390 

Tacuarembo, Uruguay 


Dr. llernan Caballero 

IICA/Casilla de Correo 1217 

Montevideo, Uruguay 


USAID/Montevideo 


Dept. of State (ID) 

Washington, 1).C. 20520 


Dr. Fernando Riet 

Dr. Teresita Alonso 

Centro de Investigaciones
 
Veterinarias 


Miguel C. Rubino 

Casilla de Correo 177 

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. 41 

Av. 12, Calle 67B 

Maracaibo, Venezuela
 

Dr. Vladimir Cruz 


Colegio Venezolano de Zootecnia 

Apartado 549 

Maracaibo, Venezuela
 

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
 
lato San Pablo Paeno
 

The Lancanshire General Investment Co. Ltd.
 
Apartado 9
 
Valencia, Venezuela
 

Ing. Eliecer Alberto Velasco 
Ing. Johannes Baumgart 
Hato El Frio 
Apartado 29
 
Inversiones Venezolanos Ganaderos
 
INVEGA
 
Valencia, Venezuela
 

Ing. Jose A. Velasquez G.
 
Ing. Tomas Rodrigues
 

Prof. James Smith
 
Prof. Carlos Acuna (Jefe Zootecnia)
 
Ing. Cesar Alcala (Jefe Produccion
 
Animal)
 
Escuela de Zootecnia
 
Universidad de Oriente
 
Jusepin - Monagas, Venezuela
 

Mr. George Deats
 
Agriculture Attache
 

c/o U. S. Embassy
 
Caracas, Venezuela
 

Mr. Fernando (Freddy) Rondon
 

Office of the Agriculture Attache
 
c/o U. S. Embassy
 
Caracas, Venezuela
 

Ing. Hernan Ajmad
 
Calle 10 No. 44
 
Maturin - Monagas, Venezuela
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Venezuela continued
 

Prof. Jesus Perez B.
 
Ing. Freddy Rondon (Dean)
 
Dr. Carlos Tudio Sanchez
 
Escuela de Zootecnia
 
Universidad de Oriente
 
Jusepin - Monagas, Venezuela
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2. Latin American Symposium on Mineral Research with Crazing Ruminants 

Belo Holrizonte, Brazil. 

March 22-26, 1976 
(Listed in Order of Presentation) 

1. 	 Mineral Problems as Related to Tropical Climates, J. K. 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, Josj Mario Braga (UF 
Viqosa).
 

4. 	 Properties of Soil which Affect the Availability of Minerals 
for Plants and Animals, S.J. Volkweiss (IFRGS - Porto Alegre). 

5. 	 Minoral Comlposition of' Tropical Grasses and Forage Legumes,
 
Jose Alberto (;omide (UF Vi.;osa).
 

6. 	 Water- as a Source of Minerals, R. L. Shirley (Florida) and Jose 
lierculann de (;arvalho (MA, 'Teresina, PI). 

7. 	 Magnesiumn in Ruminant Nutrition, J. A. Carneiro Viana, (UIT
 
Minas Gerais).
 

8. 	 Copper and Molybdenum in Ruminant Nutrition, Jost Fernando Coelho 
da Si lva, (11,' Vi qosa). 

9. 	 Sample Prep:ration and the Analysis of Animal Tissues, R. M.
 
Silva (UF Minas Cerais).
 

L0. 	 Calcium, Plhosiphors , and Fluorine in Ruminant Nutrition, D. J. 
Thompson (International Minerals and Chemical Corp. Joaquim C. 
Werner (Nova Odessa, S.P. ) 

11. 	 Sodium and Chirine in Ruminant Nutrition, J. K. Loosli (Florida) 
and Jos6 Ribei ro (UFRGS - Porto Alegre). 

12. 	 Sample Preparation and Soil Analyses, Victor Gongalves Bahia, 
(ULSP - Firricaba). 

[3. 	 Potassium and Iodine in Ruminant Nutrition, D. J. Thompson (In
ternational Minerals and Chemical Corporation) and Joio M.S. 
Andrade (EPAMIG - Belo lorizonte). 

14. 	 Sulfur in Ruminant Nutrition, R. L. Shirley (Florida) and Artur 
Mariante (EMBRAPA-Brastlia). 
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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. H1. louser (Florida), K. R. Fick (Florida) and 
Marcelo 0. Mendes (EMBRAPA - Rio de Janeiro). 

17. 	 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. 	 Newer Etements, Essential and Toxic, in Mineral Nutrition, L. R. 
McDowell, K. R. Fick, C. B. Ammerman, S. M. Miller, R. II. 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 Josj Herculano de Carvalho 
(MA - Teresina - PI). 

21. 	 Soil, Plant, and Animal Tissue as Predictors of the Mineral Status 
of Ruminants, J. I. Conrad (Florida) and Julio Cesar de Sousa 
(EMBRAPA - Sete Lagoos). 

22. 	 Evaluation of Mineral Supplements for Ruminants, R. II. Houser 
(Florida) and Leonidas Valle (EMBRAPA - Bras'lia). 

23. 	 Current Status of Mineral Research in Latin America, K. R. Fick, 
L. R. McDowell, R. If. 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 Jurgen Dobereiner 
(EMBRAPA - Rio de Janeiro). 

25. 	 Mineral Research Studies of Ruminants in the Amazon Region, Nelson 
S. Fernandes and Waldemar V. Camargo (Biological Institute, Sao
 
Paulo). 

26. 	 What Type of Information Do the Mineral Companies Need from the 
Researchers, Joao Soares Veiga (TORTUGA - Sao Paulo). 

27. 	 Identification and Supplementation of Limiting Nutrients for 
Grazing Ruminants B. D. H. Van Niekerk (Voermol Products - South 
Africa) and E. Adilson S. Serrao (EMBRAPA, Bel~m). 
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3. 	 Bibliographic list of publications from November, 1974 through 

December, 1977. 

a) 	McDowell, L. R., J. H1.Conrad, J. E. Thomas and L. E. Harris. 
1975. Nutritional composition of Latin American Feeds. Pro
ceedings of a conference on "Animal Feeds of Tropical and 
Sub-tropical Origin," p. 253-254. Tropical Products Institute, 
London, England. 

b) 	 McDowell, L. R., J. H1. Conrad, ,J. E. Thomas and L. E. Harris. 
1975. Latin American forages. J. Anim. Sci. 41:282. (Abstr.). 

c) 	 Lang, Carlos E., L. R. McDowell, J. I. Conrad and Hernn Fonse
ca. 1975. Estado mineral del ganado en Cuanacaste, Costa 
Rica. ALPA. R2 (Abstr.). 

d) 	McDowell, L,.R. 1975. 
 Niveles minerales relacionados al cre
cimiento animal en Amrica Latina. 3rd. Latin American Meats 
Short Course, pp. 33, Cainesville, Florida. 

e) Gil, Arturo, Lee McDowell y Joseph Tritschler. 1975. Defi
ciencias y toxicidades de minerales para bovinos en las prin
cipales reas ganaile ras del paTs. p. 110-115. lnforme anual 
del programa nar:onal de nutricion animal. I(CA - iViMtatS. 

f) 	 McDowell, L. R. 1976. Min'ral deficiencies and toxicities 
and their effect on beef production in developing countries. 
Beef cattle production in developing countries. p. 216-241. 
Edited by A. J. Smith,. Edinburgh, Scotland. 

g) 	 Fick, Karl, Sajralh M. Mi1ler, John D. Funk, Lee R. McDowell and 
Richard H. Houser. 1976. Methods of mineral analysis for 
plant and animal tissues. 60 pp. University of Florida, 
Gainesville, Florida (English, Spani sh and Portuguese). 

h) 	 Mangeye K., L. R. McDowell, K. R. Fick, H1. Fonseca, J. A. 
Camacho and J. K. Loosli. 1976. Mineral status of cattle in 
San 	Carlos, Costa Rica. J. Anita. Sci. 43:326 (Abstr.). 

i) 	 Gil, Arturo, Lee McDowell and Joseph Tritschler. 1977. Defi
ciencias y toxicidades de minerales para hovinos y ovinos er. 
las principales 5reas ganaderas del paTs. Programa Nacional 
de Nutrici6n Animal. Inforne A:,ual de 1976. Bogot5, Columbia.
 

j) 	 McDowell, Lee R. 1977. Iuvestigaciones minerales en ganado 
en Latinoamrica. Segundo Curso en Nutrici n v 	Alimentaci n. 
p. 1-24. Lima, Per. 

k) McDowell, L. R., .1. A. Froseth, R. C. Piper, I. A. Dyer and
C. H. Kroening. 977. Tissue selenium and serum tocopherol 
concentrations in selenium-vitamin E deficient pigs fed peas 
(Pisum sativuM). J. Anim. Sci. 45:1326-1333. 
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1) 	McDowell, L. R. 1977. Current mineral research in Latin America.
 
Eleventh Annual Conference on Livestock and Poultry in Latin
 
America. p. B10-25, University of Florida, Gainesville (in
 
English and Spanish).
 

m) 	Alonso Guzm5n, Manrique. 1977. Evaluaci6n del estado mineral
 
del ganado y los pastos en los distritos de La Cruz, Cafias
 
Dulces y Filadelfia de la provincia de Guanacaste durante la
 
epoca seca. Tesis. Facultad de Agronom'a, Universidad de
 
Costa Rica, San Josg.
 

n) Ammerman, C. B. and Ricardo Valdivia. 1977. Mineral supplemen
tation for beef cattle in Latin America. Eleventh Annual Con
ference on Livestock and Poultry in Latin America. p. Bl--9, 
University of Florida, Gainesville (in English and Spanish). 

o) 	Conrad, Joe H. and Lee R. McDowell. 1977. Research in mineral
 
deficiencies for grazing ruminants. Annual report for AID
 
mineral research project contract number AID/ta/c/1153. Gaines
ville, Florida.
 

p) 	Dohereiner, JTirgen, Jer~nimo Alves Chaves, Ivan Valadao Rosa
 
and Richard H. Iouser. 1975. Efeito de transferencia de bovinos
 
com cara inchada (doenqa peridentgria) para pastos de regiao
 
indene. Pesq. Agropec. Bras., S~r. Vet., 10:99-103.
 

q) 	Gil, Arturo, Lee McDowell and Joseph Tritschler. 1977. Defi
ciencias y toxicidades de minerales para bovinos y ovinos en
 
las principales areas ganaderas del pals. Programa Nacional
 
de Nutrici6n Animal. Informe Anual de 1976. Bogota, Colombia.
 

r) 	Lebdosoekojo, Soekanto. 1977. Mineral supplementation of
 
grazing beef cattle in the Eastern Plains of Colombia. Ph.D.
 
thesis. Gainesville, Florida.
 

s) 	Lebdosoekojo, S., C. Ammerman, N. Raun, J. G6mez and R. Littell.
 
1977. Suplementaci6n mineral del ganado en pastoreo en los lla
nos orientales de Colombia. ALPA. R-52.
 

t) 	Loosli, John K. 1977. Utilizaci6n de suplementos de nitrogeno
 
no proteico para rumiantes. Segundo Curso en Nutrici6n y Ali
mentaci6n. p. 1-19, Lima, Peru.
 

u) 	McDowell, L. R. 1977. Current mineral research in Latin America.
 
Eleventh Annual Conference on Livestock and Poultry in Latin
 
America. p. B-10-25, University oi Florida, Cainesville (in
 
English and Spanish).
 

v) 	McDowell, Lee R. 1977. Investigaciones minerales en ganado en
 
Latinoamnerica. Segundo Curso en Nutrici6n y Alimentaci6n. p.
 
1-24, Lima, Per5.
 

w) 	McDowell, Lee R., Joe H. Conrad, Jenny E. Thomas, Lorin E.
 
Harris and Karl R. Fick. 1977. Nutritional composition of
 
Latin American forages. Trop. Anim. Prod. 2:273-279.
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x) McDowell, L. R., J. A. Froseth, R. C. Piper, I. A. Dyer and G. 
H. Kroening. 1977. Tissue selenium and serum tocopherol con
centrations in selenium-vitamin E deficient pigs fed peas 
(Pisum sativum). J. Anita. Sci. 45:1326-1333). 

y) McDowell, L. R., Carlos E. Lang, J. II. Conrad, Frank S. 
and 1ern~n Fonseca. 1977. Mineral status of beef cattle 
Guanacaste, Costa Rica. Trop. Agric. 343-350. 

Martin 
in 

z) Mendes, M. 0. 1977. 
part of Mato Crosso, 

sampling technique. 
Gainesville. 

Mineral status of beef cattle in northern 
Brazil, as indicated by age, season and 

Ph.D. dissertation, University of Florida, 

aa) Molina, E. Orlando and Vicente Le6n V. 
les en la suplementaci6n alimenticia de 
nico No. 19, Santa Cata]ina, Ecuador. 

1977. Melaza y minera
vaconas. Boletfh Tc

bb) Murillo Bravo, Olger. 1977. Evaluaci~n del estado de nutri
ci6n mineral del ganado bovino en pasLoreo en el cant 6 n de 
Caias, Cuanacante. Tesis. Facultad de Agronomra, Universidad 
de Costa Rica, San Js. 

cc) Palmer, Francis, Luis Fdo. 1977. Evaluaci6n del estado de 
nutrici6n mineral del ganado bovino de In, Provincia de Cartago. 

Tesis. Facultad de Agronomla, I1niversidad de Costa Rica, San 
Jos. 

dd) Pate, F. M. and J. R. Crockett. 
project nutritional evaluation 
Belle Clade, Florida. 

1977. Honduras beef cattle 
studies summary report-1977. 

ee) Perdomo, J. T., R. L. Shirley and C. F. Chicco. 1977. Avail
ability of nutrient minerals in the form of tropical forages 
fed freshly chopped to sheep. J. Anim. Sci. 45:1114-1119. 

ff) Perla, Ferdinando, Luis A. Silva, Cuillermo Acosta M. and 

Francisco de Moreno. 1977. Estado de minerales en ganado 
de abasto de El Salvador. Submitted abstract for 1977 ALPA 
meetings, Hlabana. Cuba. 

gg) Valdivia, Ricardo, 

p)hosphorus utilization 
ville, Florida. 

1977. 

by 
Effect of 

ruminants. 

dietary aluminum on 
Ph.D. Thesis, Gaines

hh) Valdivia, R., C. B. Ammerman, J. P. Feaster, P. E. Loggins 

and P. R. Henry. 1977. Effect of aluminum on phosphorus 
utilization by lambs. 1977 American Society of Animal Science 

abstracts p. 265. 

ii) Conrad, J. II. 1976. Phosphorus supplementation for increasing 
reproduction in cattle. Ruminant Livestock Production System 

Seminar. Georgetown, Guyana. 
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4. 	Abstracts (or summaries) of selected papers submitted for publication
 

or published in 1978 to June 1, 1979. Abstracts dated 1977, but
 

which were not part of the last annual report are also included.
 

a) 	Alonso Guzm~n, Manrique. 1977. Evaluaci6' del estado mineral
 
del ganado y los pastos en los distritos de La Cruz, Cafias Dulces
 
y Filadelfia de la Provincia de Guanacaste durante la epoca seca.
 
Tesis. Universidad de Costa Rica, Facultad de Agronom'a, Escuela
 
de Zootecnia, San Jos6, Costa Rica.
 

b) 	Alplzar L6pez, Francisco Alberto. 1978. Evaluaci6n del estado
 
de nutrici6n mineral del ganado bovino en pastoreo en el cant6n
 
de San Carlos, Alajuela. Tesis. Universidad de Costa Rica,
 
Facultad de AgronomTa, Escuela de Zootecnia, San Jose, Costa
 
Rica.
 

c) 	Ammerman, C. B., R. Valdivia and P. R. Henry. 1978. Influence
 
of dietary aluminum on growth rate and tissue mineral composition
 
in ruminants. Proc. IV World Conference on Animal Production,
 
P. 96.
 

d) 	Campabadal ft., Carlos, Manrique Alonso G., Emilio Vargas G.,
 
Carlos Jim~nez, Hernin Fonseca Z., Ismael Pontigo A. 1978.
 
Contenido de calcio, f6sforo y magnesio en el suero sanguineo
 
y factores que afectan estos minerales en bovinos en pastoreo
 
en La Cruz, Ca~ias Dulces y Filadelfia, Guanacaste, Costa Rica.
 
Vol. 1:5 (abstract). III Congreso Agron6mico Nacional, San
 
Jos6, Costa Rica.
 

e) 	Conrad, J. H., J. C. Sousa, M. 0. Mendes and L. R. McDowell.
 
1978. Trace element interrelationships among soils, plants,
 
and ruminants. III World Conference on Animal Feeding. Madrid,
 
Spain.
 

f) 	Conrad, J. H., J. C. Sousa, M. 0. Mendes, W. G. Blue and L. R.
 
McDowell. 1978. Fe, Mn, Na and Zn interrelationships in a
 
tropical soil, plant and animal system. IV World Conference
 
on Animal Production. Buenos Aires, Argentina (In Press).
 

g) 	Echevarria, Mariano, Ricardo Valdivia, Oswaldo del Valle, K.
 
Santhirasegram, Lilia Campos y Teresa Arbaiza. 1977. Efecto
 
de suplementaci6n de f6sforo sobre los niveles sericos y cre
cimiento de vaquillas en Pucallpa. VI Reuni6n ALPA, Habana,
 
Cuba.
 

h) 	Echevarria, Mariano, Alfredo Riesco, Victor Morales, Oswaldo
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Sumario
 

El presente trabajo de investigacion evaluo el estado mineral de los
 

distritos de La Cruz, Canas Dulces, y Filadelfia de la provincia de Guanacaste.
 

El material de trabajo de este estudio consisti6 en muestras de suero
 

sangutneo, hfgado y pasto. Se analizaron en el suero, los minerales calcio,
 

fosforo y magnesio; en el hrgado, hierro, cobre, manganeso y zinc; en los
 

pastos, calcio, fosforo, magnesio, potasio, hierro, cobre, manganeso y zinc.
 

El nivel promedio del calcio en el suero sangurneo en los animales de
 

la zona estudiada fue 11.52, no presentandose variacion (P< .05) entre los
 

diferentes distritos. Tampoco se encontraron variaciones estadrsticas en
 

el nivel de fosforo en el suero, cuyo promedio fue de 5.88 mg/l00 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 mostrandose diferencia significativa alguna para
 

los diferentes distritos. El promedio para el magnesio fue de 0.182%,
 

encontrandose 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,
 

para el manganeso de 39 ppm v para el zinc de 31 ppm. No se obtuvo ninguna
 

variacion (P< .05) para ninguno de los casos anteriores. El promedio para
 

proteina fue de 3.76%, presentandose diferencias sitgnificativas para canton,
 

distrito, finca, especie y edad de pasto.
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Alprzar L6pez, Francisco Alberto. 1978. Evaluacion del estado de nutri
cion mineral del ganado bovino en pastoreo en el cant6n de San Carlos, Ala
juela. Tesis. Universidad de Costa Rica, Facultad de Agronomta, Escuela
 
de Zootecnia, San Jose, Costa Rica.
 

Sumario
 

La presente investigaci6n fue realizada con el fin de determinar el
 

estado nutritivo mineral en los pastos y en la sangre de los bovinos durante
 

la epoca seca en los distritos de Pital, Aguas Zarcas y Coln de San Carlos,
 

Provincia de Alajuela.
 

Se utilizaron 16 fincas distribufdas de la siguiente forma: 6 fincas en
 

el distrito de Pital, 5 fincas en el distrito de Aguas Zarcas y 5 fincas en
 

el distrito de Colon.
 

Las muestras de sangre fueron analizadas para determinar los minerales
 

en calcio, fosforo, magnesio, potasio, hierro, cobre manganeso y zinc. Ade

mias se recolectaron muestras de tejido hepatico, y se les analizo hierro,
 

cobre, manganeso y zinc.
 

El trabajo de recoleccion de muestras se inicio en el mes de diciembre
 

de 1976 y se concluyo en mayo de 1977.
 

Para el analisis estadrstico se utilizo un diseno anidado, para cada
 

una de las variables se obtuvieron correlaciones totales, intraclases y entre

clases. Ademas se hicieron correlaciones entre las variables pasto y animal,
 

intraclase y entreclase.
 

Para determinar la relacion entre cada una de las variables en la sangre
 

con las demas variables pasto-animal se realizo un analisis de regresion
 

para obtener el mejor modelo de prediccion que explique esta relacion. El
 

- -. 2modelo de prediccion se obtuvo por medio del proceso Stepwise y Maxima R
 

Las concentraciones promedio por canton para cada uno de los minerales
 

evaluados fueron las siguientes:
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Pasto Sangre Higado
 

Ca 0.22% MS 8.56 mg/lOOcc
 
P 0.11% MS 4.38 mg/lOOcc
 

Mg 0.20% MS 2.41 mg/lOOcc
 
K 2.86% MS  -


Fe 193 ppm - 165.5 ppm
 
Cu 8 ppm - 124.5 ppm
 
Mn 115 ppm - 5.5 ppm
 
Zn 27 ppm - 95 ppm
 

En cuanto a los niveles sangufneos, el calcio resulta deficiente en
 

promedio para el canton, el fosforo y el magnesio no mostraron problemas de
 

deficiencias.
 

En los pastos s~lo el fosforo se presento deficiente en las muestras
 

analizadas del canton.
 

El calcio en la sangre fue afectado, segun el modelo de regresion
 

multiple de mejor ajuste por el manganeso del pasto, el zinc del pasto,
 

muestra, edad, magnesio del pasto, la proterna, fosforo del pasto, calcio del
 

pasto.
 

El fosforo de la sangre fue afectado, segun el modelo de regresion
 

multiple de mejor ajuste por la proterna, calcio del pasto, magnesio del
 

pasto y fosforo del pisto.
 

El magnesio de la sangre se vio afectado por las variables fincas,
 

magnesio del pasto, fosforo del pasto y potasio del pasto.
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Ammerman, C. B., R. Valdivia and P. R. Henry. 1978. Influence of dietary
 
aluminum on growth rate and tissue mineral composition in ruminants. Proc.
 
IV World Conference on Animal Production, P. 96.
 

Abstract
 

The importance of soil ingestion by grazing cattle and sheep has been
 

emphasized by various researchers in recent years. Aluminum represents a
 

major mineral element of soils and two studies conducted to determine the
 

influence of a relatively soluble form of aluminum (aluminum chloride) on
 

growth rate and tissue mineral composition in cattle and sheep. Twenty

four steers with an average body weight of 226 kg were allocated to four
 

treatments and fed for 84 days. The treatments included 0, 300, 600 and
 

1,200 ppm supplemental aluminum. Feed consumption, body weight gain, and
 

feed conversion ratios for all treatments averaged 5.85 kg, .87 kg and
 

6.74, respectively, and were not affected by treatment. Aluminum, iron,
 

manganese, and phosphorus concentrations in liver, and longissimus muscle,
 

were not influenced by treatment. Zinc concentrations in liver were in

creased (P<.05) by dietary aluminum. Twenty wether lambs averaging 36.7
 

kg live weight were assigned to four treatments in a factorial arrangement,
 

with two levels of phosphorus (.15 and .29 o/o) and two levels of aluminum
 

(0 and 2,000 ppm) in the diet. During a 56-day feeding trial, average
 

daily gains for the four treatments (low P/low Al, high P/low Al, low P/
 

high Al, and high P/high Al) were 109, 117, -39 and 15 g, and average 

daily dry matter intakes were 1,280, 1320, 78C on61 ',080 g, respectively. 

Both dietary aluminum and phosphorus influence . ( 1 .05) these values. At 

the end of the feeding trial, plasma phosphorus was lower (P<.05) for
 

high aluminum diets and higher (P<.0l) for high phosphorus diets. The
 

aluminum deposited in liver increased (P<.05) with the high aluminum
 

diet, and also tended to increase in the longissimus muscle.
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Campabadal H., Carlos, Manrique Alonso C., Emilio Vargas G., Carlos Jimenez,
 
Hern~n Fonseca Z., Ismael Pontigo A. 1978. Contenido de calcio, f'sforo y
 
magnesio en el suero sangulneo y factores que afectan estos minerales en
 
bovinos en pastoreo en La Cruz, Cafias Dulces y Filadelfia, Guanacaste, Cos

ta Rica. Vol. 1:5 (abstract). III Congreso Agron6mico Nacional, San Jos',
 
Costa Rica.
 

Sumario
 

El presente estudio se realiz6 con el objeto de determinar el contenido
 

mineral en el suero de bovinos en pastoreo en los Distritos de La Cruz, Ca

fias Dulces y Filadelfia durante la epoca seca, asi como los factores que
 

afectan dicho contenido.
 

Se analizaron tres minerales (calcio, f6sforo y magnesio) en un total
 

de 12 fincas. La toma de muestra se realiz6 por punci6n en la vena yugular
 

colectando un total. de 15 ml de sangre por animal.
 

Los resultados presentan valores promedio de calcio en el suero de 

11.76, 11.47 y 11.32 mg/100 ml para los Distritos de La Cruz, Cailas Dulces 

y Filadelfia respectivamente. El contenido de f6sforo fue de 6.18 mg/100 

ml para el Distrito de la Cruz, 6.24 para Filadelfia y 5.22 para Cafias Dul

ces. Mientras que el promedio de magnesio en el suero fue de 3.05, 2.32 y
 

3.38 mg/100 ml para La Cruz, Caias Dulces y Filadelfia respectivamente.
 

El an 5lisis de Step Wise dio el siguiente modelo para los factores que
 

afectan el nivel de calcio en el suero: CaS = 10.60 + 0.14 (finca) 0.123 

(proteina en pastos) + 0.38 (potasio en pastos) + 0.011 (manganeso en 

pastos). El modelo para el f6sforo fue: PS = 5.328 = 0.331. (finca) 0.942 

(distrito) + 0.36 (potasio en pastos) + 0.014 (zinc en pastos). El modelo para 

el mignesio fue de: MgS = 2.298 + 0.055 (cant6n) - 0.184 (finca) - 0.006
 

(manganeso en pastos) + 0.008 (zinc en pastos) + 0.243 (especie).
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Conrad, J. H., J. C. Sousa, M. 0. Mendes and L. R. McDowell. 1978. Trace
 

element interrelationships among soils, plants, and ruminants. III World
 

Conference on Animal Feeding. 	 Madrid, Spain. 

Abstract 

Copper (Cu), molybdenum (Mo) and cobalt (Co) levels were determined in
 

312 soil, 312 forage and 37 liver samples collected from six ranches in 

northern Mato Grosso, Brazil, to study these mineral relationships in a 

tropical soil, plant and animal system and to determine the mineral status 

of grazing beef cattle. Low Co and Cu levels were widespread and high 

forage Mo levels were found on one ranch. Forage Cu was negatively corre

lated with soil Cu (r--.12). Liver and forage Cu were not correlated. Liver 

Mo was correlated with forage Mo (r=.67). Forage Mo was correlated with 

several soil factors but not soil Mo. Forage and soil Co were correlated 

(r=.56). These and other interesting correlations reaffirm the complex Co, 

Cu and Mo interrelationships within the soil-plant-animal system. 
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Conrad, J. H., J. C. Sousa, M. 0. Mendes, W. G. Blue and L. R. McDowell.
 
1978. Fe, Mn, Na and Zn interrelationships in a tropical soil, plant and
 
animal system. IV World Conference on Animal Production. Buenos Aires,
 
Argentina (in Press).
 

Abs tract 

Iron (Fe), manganese (Mn), sodium (Na) and zinc (Zn) levels were deter

mined in 312 soil, 356 forage and 492 liver samples collected from six ranches
 

in northern Mato Grosso, Brazil, to study these mineral relationships in a
 

tropical soil, plant and animal system, to determine the mineral status of
 

grazing beef cattle, to compare mineral levels during the wet and dry seasons 

and to determine the best type of cattle to sample. Significant differences
 

for forage Na were found among ranches, between ranch and season and among
 

grass species. Forage Na means ranged from 84 to 194 ppm and would supply only
 

14 to 327f of the Na requirement. Significant forage Fe differences were found
 

among ranches and among grass species. Forage Fe means were high 553 and 487
 

ppm for native grass and molasses grass, respectively. Liver Fe means ranged
 

from 311 to 43U ppm. Significant liver Fe differences were found among
 

rnaches, between seasons and an interaction between type of animal and season.
 

Forage Mn means ranged from 83 to 233 ppm but liver Mn means were deficient
 

and ranged from 5 to 8 ppm. Significant liver Mn differences were found 

among ranches, between seasons and an interaction between ranch and season. 

Forage Zn did not vary significantly among ranches, between season nor among 

species. Liver Zn means varied significantly between wet season (68 ppm) and 

dry season (113 ppm). Soil, forage and liver were Zn deficient. These 

data indicate that correlations among soil, plant and liver are low or non

existent for the minerals studied and that liver samples collected from the 

most productive animals toward the end of the wet season are best for deter

mining the mineral status of grazing cattle.
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Echevarr'a, Mariano, Ricardo Valdivia, Oswaldo del Valle, K. Santhirasegra
 

Lilia Campos y Teresa Arbaiza. 1977. Efecto de suplementaci6 n de f~sforo
 

sobre los niveles s~ricos y crecimiento de vaquillas en Pucallpa. VI Reunion
 

ALPA, Habana, Cuba.
 

Sumario
 

Con la finalidad de determinar el efecto de la fertilizaci6n y/o su

plementaci'n fosforada sobre los niveles s'ricos de f6sforo inorg'nico y
 

crecimiento de vaquillas Nellore de 8-9 meses de edad reci~n destetadas,
 

mantenidas en pasto nativo mientras estuvieron con sus madres, se emple
6
 

un disefio de bloques al azar con dos repeticiones y tres animales por tra

tamiento. Los niveles s'ricos de fosforo inorganico y los pesos vivos 

fueron al destete 7.0 ± 1.0 mg/100 ml, 151.3 ± 19.8 kg., descendiendo de 

dos meses en cue se mantavo a las terneras sobre pasto nativo, a 4.8 ± 

1.1 mg/100 ml y 141.7 ± 20.1 kg. respectivamente. Para el perlodo experi

mental se emple6 la asociaci6n Yaragua (Hyparrehenia rufa) Kudzu (Pueraria 

phaseoloides) en los siguientes tratamientos: A.- Control, pastura sin 

Pastura fertilizada: 100 kg. super fosfato simple/ha/afo,
fercilizar, B.-


C.- Pastura fertilizada: 500 kg. super fosfato simple/ha/aio, D.- Pastura
 

Pastura
no fertilizada y como suolemento mineral fosfato dicalcico, E.-


fertilizada: 100 kg de superfosfato simple y como suplemento mineral fos-


Los niveles de f6sforo s~rico no fueron afectados por
fato dicaicico. 


Itimo
ninguno de los tratamientos durante la 6poca seca, pero si por el 


durante la epoca lluviosa. Las ganancias diarias de peso fueron 0.19,
 

0.28, 0.18, 0.38, 0.45 y 0.14, 0.14, 0.15, 0.43 y 0.46 kg. para las epocas
 

secas y liuviosas. Los diagnosticos de prefiez positivos tres meses despu~s
 

del empadre fueron 1. 1. 1. 5 y 6.
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Echevarrra, Mariano, Alfredo Riesco, Victor Morales, Oswaldo del Valle y
 
Mario Garcia. 1977. Los minerales en la alimentaci6n del ganado en el tro
pico de Pucallpa, Peru. 1977 ALPA proceedings, R-53. Havana, Cuba.
 

Surnario 

En la selva Peruana existen zonas cuyas pasturas contienen bajos niveles
 

de fosforo, cobre y cobalto. La suplementacion directa de fosforo produjo
 

ganancias de peso (0.59 kg/dra/animal) superiores que las obtenidas en el
 

lote control (0.27 kg/dra/animal) usando gramfneas nativas o naturalizadas.
 

Por otro lado la suplementacion fosforada produjo mayores ganancias que la 

fertilizaci6n fosforada con 100 kg/ha cuando se pastoreaba pasturas asociadas 

(yaragua Hyparrhenia rufa y kudzu Pueraria phaseoloides) y que la fertilizacion 

afecta positivaniente la ganancia de peso solo en los primeros 6 meses. Al
 

introducirse la leguminosa "Stylo" Stylosanthes guyanensis fertilizada con 

100 kg/ha a una pastura con solo gramrneas, la suplementacion fosforada dis

minuy6 o practicamente desaparecieron los efectos positivos sobre la ganancia
 

de peso indicando que Ia deficiencia de proterna y de fosforo que limitan la
 

produccion animal en PucaLlpa pueden salvarse introduciendo una leguminosa
 

y/o suplementando foFforo; igualmente la suplementacion fosforada aumenta la
 

tasa de natalidad y permite obtener mejores pesos al destete de terneros. El
 

suministro de cobre y/o cobalto produjo ganancias de peso similares al lote
 

control cuando se pastoreo gramrneas nativas o naturalizadas.
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Flores, J. A., B. Murillo, M. T. Cabezas y R. Bressani. 1978. Estudio de
 
la composici6n quimica y del valor nutritivo del pasto Pangola manejado en
 
forma intensiva en la Repiblica de El Salvador. INCAP, Rephblica de El 
Salvador.
 

Sumario
 

El presente estudio se llev6 a cabo en una finca de ganado bovino de

dicada a la producci6n intensiva de carne y leche, situada en Sonsonate,
 

El Salvador. Su finalidad fue establecer los cambios en composici6n qu~m~ca 

y digestibilidad in vitro que ocurren en el pasto pangola en potreros mane

jados de acuerdo a un sistema de rotaci~n de ganado de 18 das, abonados con 

urea a raz6n de 20 qq por manzana, por ao. 

Ast, en losmeses de junio, sept embre y noviembre de 1976, se obtuvieron 

muestras de pasto provenientes de suelos h~miedos (H), semi-h~medos (SHI) y 

secos (S). En cada oportunidad se tomaron de cada potrero 2 muestras de 1 kg 

las que fueron deshidratadas a 60'C, molidas y analizadas paza establecer su 

contenido de paredes celulares (PC), fibra 5cido detergente (FAD), hemicelu

losa (HC), celulosa (C) y lignina (L), asT como el grado de digestibilidad 

in vitro de la materia seca (DIVMS). En primer lugar, se encontr6 que la 

6poca del ailo tuvo efecto s6lo sobre el contenido de PC y HC, disminuyendo 

la primera fracci~n de 67.5% en junio a 64.7% en noviembre, y la segunda de
 

26.4% en junio a 23.9% en noviembre. Fn Puanto a la digestiblidad in vitro,
 

se observ6 una tendencia no significativa a disminuir a medida que la 6poca 

lluviosa avanzaba (54.4% en junio, 53.6% en septiembre y 52.2% en noviembre). 

El tipo de suelo no ejerci6 efecto alguno sobre la composici6n quimica ni 

sobre la digestibilidad in vitro, promediando las muestras 65.9% de PC, 40.7% 

de FAD, 25.2% de HC, 30.9% de C, 6.1% de L y 53.57 de DIVMS. Al analizar 

todos los valores encontrados se establecieron correlaciones altamente sig

nificativas (P<.Ol) entre PC/DIVMS y FAD/I)IVMS, y a un nivel m~s bajo de 

significancia (P<.05), entre L/DIVMS y HC/DIVMS, pudiendo estimarse la DIVMS 
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(Y) del pasto bajo estudio mediante cualquiera de las siguientes ecuaciones: 

Y=102.0-0.73 (% de PC); Y=132.9-1.94 (% de FAD). 
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Flores, J. A., B. Murillo, M. T. Cabezas y Ricardo Bressani. 1978. Diag

n6stico del estado de nutrici6n mineral del ganado de leche y de carne
 
manejado en forma intensiva en la Rep~blica de El Salvador. INCAP, Rep6

blica de El Salvador.
 

Suma ri.o 

Con la rinalidad de establecer el efecto de sistemas intensivos de manejo
 

de pastos y animales sobre el estado de nutr~ci6n mineral y la productividad 

del ganado bcvino de una finca dle! deparLameiito de Sonsonate, El Salvador, se 

lievaron a cabo muestreos seriados de sangr, N, pasto clue coincidieron con los 

dos cambios climatol6gicos 'Asiros de la zona verano (V) e inviierno (I). 

Para el efecto, la poblacion animal sometida a muestreo para la obtenci6n de 

sangre fue dividida en 2 grupos: ganado dce leche (L), raza Holstein y ganado 

de caine (C), raza Brahman. A su vez, el prupo L se dividi6 en 3 subgrupos: 

de alta (A), mediana (M), y baja (B) produLci6n lMctea. La sangre fue obte

nida por punci~n yugular, analiz'ndose su contenido de hemoglobina (1lb) y 

f6sforo (P). Las muestras de pasto (pangola o estrella) provenfan de potre

ros destinados a la crianza de ganado de leclie o de came, Fembrados en suelos 

hu'medos (H), semi-hmedos (SII) o secos (S), manejados bajc un sistema de ro.

taci6n de 18 dfas y fertilizados con urea a raz6n de 20 qq por manzana por
 

abo. En cada potrero se recolectaron 2 muestras de pasto de 1 kg cada una, 

las cuales fueron dqshidratadas, incinerad.as y analizadas para determinar su 

contenido de P, Na y K. Los anlisis de Ilb permitieron detectar incidencias 

de 25% de anemias en el haLo en los rieses de verano, y de 40% en los de in

vierno, encontr5ndose niveles de H1 ni5s bajos en el ganado de leche (10.7 g%) 

queen el de carne (11.5 g%). Los niveles de P sangulneo disminuyeron de 6.1 

mg% en V, a 5.6 mg% en I, guardando una relaci6n Lirecta con el nivel de pro

ducci6n de leche (A: 6.44-5.52, M: 5.88-5.37, y B: 5.31-4.98 mg%). En los
 

pastos se encontr6 que el nivel prom2dio de P era sumamente bajo (305.5 mg 

de P/100 g de MS), siendo m~s crt-co en el caso de los potreros destinados 

al ganado de carne (263.4 mg de P/100 g de MS) que al lechero (349.5 mg de
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P/100 g de MS). No se encontraron diferencias en el contenido de P entre
 

las 6pocas de muestreo, pero sT entre los tipos de suelo (H: 309.21; SH:
 

332.07 y S: 343.10 mg de P/100 g de MS). En cuanto a Na, se encontr6 una
 

diferencia muy marcada entre los potreros del ganado lechero (372.05 mg/100
 

g de MS) y los de came (9,103.83 mg/lO0 g de MS), y lo mismo ocurri6 entre
 

los tipos de suelo (H: 263.8; SH: 234.5 y S: 445.43 mg/100 g de MS) pero no
 

asi entre las 'pocas de muestreo. En lo referente a K, se encontraron di

ferencias entre la epoca del a~io (V, 2.59 6 I, 2.18 g/100 g de MS), utiliza

ci6n de los potreros (L, 2.45 y C, 2.10 g/100 g de MS) y del tipo de suelo
 

(H, 2.21; SII, 2.34 y S, 2.56 g/100 g de MS). En estos momentos se est5 ana

lizando un mayor ndmero de elementos minerales (Ca, i!g, Mn, Co, Cu, Zn y Mo)
 

con la finalidad de dilucidar el efecto de los diferentes factores bajo es

tudio sobre la concentraci6n de dichos elementos en sargre y pastos. En
 

base a los resultados que se obtengan se podr~n establecer sistemas mas ra

cionales de suplementaci6n del ganado bovino en fincas con sistema intensivo
 

de producci6n de came y leche que se encuent en en zonas similares a la
 

estudiada.
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Flores, J. A., B. Murillo, M. T. Cabezas y R. Bressani. 1978. Diagn6stico
 

del estado de nutrici6n mineral del ganado de leche y de carne manejado en 
forma intensiva en la Repblica de El Salvador. INCAP, Repblica de El Sal
vador. 

Sumario 

Bajo el mismo titular se present6 en el Informe Anual de INCAP-1976, 

un avance de los resultados obtenidos en este proyecto hasta el mes de di

ciembre del mismo a~io. E1 objetivo de este resumen es el de complementar
 

dicha informaci6n con los resultados do los an,lisis de Mg y Cu plasmitico
 

y la :ntegrac Ii de los datos bioquirmicos con los de productividad de la 

finca b'i tidio.!-

SE encontr6 en primer lugar, que los niveles de Mg en el plasma pro

mediaron 32.6 ug/ml no habirndose detectado diferencias ni entre hatos 

(de leche, 1, y de carne, C) ni entre 6pocas del aio (invierno, [; verano, 

V). El contenido plasmatico Lie Cu para los dos hatos fue estadfsticamente 

mayor en 1 (0.95 ug/ml) que en V(0.80 ug/Ml) , encontrndose diferencias 

entre hatos (< .05) s6lo on V. Este 61timo fen6meno se reflej6 arin mas al 

establecer las incidencias de hipocupremia, la cual fue del orden del 60.0% 

para L y 19.8% para C en V; mientras que on I fueron de 3.2 y 14.3% para 

los mismos hatos, respectivamente. 

Las incidencias de anemias e hipofosfatemia encontradas en L que fueron 

presentadas en el informe do 1976, so analizaron en funci6n de la producti

vidad del hato, y se comprob6 que ambos fen6menos son factores que influyen 

negativamente en la produccion 15ctea y la fhrtilidad. El aumento de la de

ficiencia de P, ai, como la mayor incidencia de anemias en los meses de 

agosto-octubre, coincidieron con una reducci6n prom.Ldio de 1 litro de leche 

por vaca por dTa y una disminuci6n de la tasa de fecundidad de 20 unidades 

porcentuales durante esos meses. Con respecto al Cu, se pudo comprobar que 

194
 



la falta de suplementaci'n de este elemento por medio del concentrado en los
 

meses de febrero a mayo de 1977, produjo una reducci6n de la tasa de fecundi

ada al primer servicio a valores que oscilaron entre 15.0 y 21.0% en compa

raci6n a los mismos meses del afio 1976 en que fue de 60.0% bajo un sistema
 

regular y constante de suplementaci6n.
 

Se demostr6 mediante los resultados obtenidos en el presente trabajo
 

que, bajo sistemas intensivos de producci6n de leche, en condiciones simila

res a las existentes en la finca bajo estudio, se pueden presentar en el
 

ganado deficiencias de P y Cu, con una mayor incidencia de las mismas en I
 

y V, respectivamente.
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Flores, J. R., J. A. Flores, M. T. Cabezas y R. Bressani. 1978. Estado de
 

Nutrici6n mineral del ganado de carne de tres fincas de los departamentos de
 
Retalhuleu y Suchitepeque en la costa del Pacifico de Guatemala. Facultad de
 
Medicina Veterinaria y Zootecnia, Universidad de San Carlos de Guatemala.
 

Sumario
 

El presente trabajo se esta ilevando a cabo en 3 fincas dedicadas a la
 

producci6n de carne (Fl, F2 y F3) de la costa de los departamentos de Retal

huleu y Suchitepeque y tiene como objetivos principales los siguientes:
 

a) Establecer el grado de adecuaci6n mineral del ganado bovino de la zona
 

en estudio, b) Determinar el efecto de la estaci6n clim5tica, invierno y
 

verano, sobre dicho estado nutricional y c) Proporcionar las bases cient'

ficas para una adecuada y sistem~tica suplementaci6n mineral acorde a la
 

situaci6n existente en la zona.
 

Para el efecto en las tres fincas se tomaron un total de 81 muestras
 

de sangre, 14 de higado y 20 de leche de un minimo representativo de los
 

animales existentes en cada una de ellas en funci6n de la edad y fase pro

ductiva. Tambi~n se colect6 22 muestras de pasto y 11 de suelo de los po

treros utilizados en la alimentaci6n de los mismos. En las muestras de
 

sangre se estg determinando su contenido de Ca, P y Mg; en higado Cu, Co, 

Mo, Fe, Zn y Mn; en leche, I y en pastos Ca, P, Mg, Na, K, Fe, Mn, Cu, Zn, 

Co y Mo. En las muestras de suelo se esta determinando p, las caracter's

ticas granulom~tricas y el contenido de materia organica, Co y Mo. El P y
 

I se analizan los m~todos colorim~tricos y el resto de elementos por espec

trofotometrfa de absorci6n at6mica.
 

La informaci6n presentada en esta oportunidad pertenece al muestreo de
 

la gpoca de invierno llevado a cabo en el mes de agosto de 1977, la misma
 

que serg complementada con un segundo muestreo durante la 6poca de verano
 

(febrero de 1978). lasta el momento se han completado los an'lisis de P en
 

suero y de la concentraci'n de Ca, P, Mg, Na, K, Fe, Mn, Cu y Zn en la
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materia seca de los pastos.
 

Los contenidos promedio de F serico fueron de 60.6, 60.2 y 63.3 pg/ml.
 

6

Para Fl, F2 y F3, respectivamente. Se encontr que F3 fue diferente (P<.05)
 

de Fl y F2 v que estas dos 6ltimas fueron similares entre s'. Se detect6
 

tambien, que exist'a un efecto de edad independiente del factor finca, en

contr~ndose que el promedio para los animales j6venes (70.5 pg/ml) fue esta

disticamente mayor (P<.05) que el encontrado en animales adultos (57.5 pg/ml).
 

Con respecto al contenido de Ca, P, Mg, Na, K, Fe y Cu en la materia
 

seca de los pastos, no se encontraron diferencias estadisticas entre fincas,
 

siendo los promedios de 2.82, 3.10 y 3.34g para Ca; 1.55, 1.13 y 1.85 g para
 

P; 1.76, 2.00 y 2.17 g para Mg; 0.10, 0.52 y 0.92 g para Na; 12.96, 13.78 y
 

16.58 para K; 197.1, 188.4 y 199.4 mg para Fe y 3.3, 4.2 y 6.4 mg para Cu
 

por kg de materia seca en Fl, F2 y F3 respectivamente. El contenido de Mn
 

fue estad'sticamente mayor (P<.Ol) en los pastos de F1 (51.4 mg/kg) que en
 

los de F2 (36.9 mg/kg) y F3 (21.7 mg/kg) y estos dos iltimos fueron diferen

tes a un nivel de significancia de P<.05. Con respecto al Zn, Fl (23.4 mg/kg)
 

y F2 (21.4 mg/kg) fueron similares entre sT pero diferentes de F3 (38.2 mg/kg).
 

Se detect6 que en Fl el 100.0% de los pastos ten'an contenidos de Mg, Na, Cu,
 

y Zn por debajo de los niveles m'nimos requeridos para llenar las necesidades
 

nutricionales de los animales que los consumlan y que el 75.0% de los mismos
 

eran insuficientes en Ca y P. En F2 y F3 la totalidad de los pastos eran de

ficientes en P, Cu y Zn mientras que de los pastos en Fl el 50% presentaba
 

contenidos sub-normales de Ca, Mg y Mn, y el 75.0% de Na.
 

Actualmente estan completando los analisis de las muestras de sangre,
 

hlgado, leche y forraje (Mo y Co) a fin de establecer un cuadro completo de
 

la situaci6n en la zona representada por las tres fincas de este estudio.
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Flores, J. A., M. T. Cabezas y R. Bressani. 1978. Ensayo Preliminar para
 

el ganado bovino manejado en
la detecci'n de deficiencias minerales en 


forma extensiva en la Costa del Pacifico de Guatemala. INCAF. Guatemala,
 

Guatemala.
 

Sumario
 

Con la finalidad de planificar estudios posteriores de tipo critico en
 

lo referente al estado de adecuaci
6n mineral del ganado bovino de la costa
 

del Paclfico de Guatemala, se llev
6 a cabo el presente ensayo, que consis

(noviembre de 1976) un muesti6 en realizar al final de la Zpoca iluviosa 

treo en 2 fincas de ganado de carne, con caracter'sticas ambientales y de 

explotaci 6 n similares, del departamento de Retalhuleu. En cada finca se 

tomaron muestras de sangre de un nimero representativo de los animales exis

centes de acuero a su fase productiva, y de pasto Estrella de los potreros
 

destinados a la alimentaci
6n de los mismos. Se separ6 el suero por centri

fugaci6n y se analiz6 su contenido de P, Mg y Cu. Los pastos por su parte,
 

fuerondeshidratados a 60'C, molidos e incinerados a 500'C por 8 horas, de

n de Ca, P, Mg, Na, K, Fe, Mn, Cu y Zn de la
termin~ndose la concentraci
6


materia seca.
 

Los niveles s'ricos promedio de P, Mg y Cu fueron de 33.8, 28.8, y 0.81
 

habiendose encontrado diferencias entre fincas.
jig/ml, respectivamente, no 


cada finca,
Se detect6 que los animales provenientes del hato de engorde en 


presentaban las concentraciones s'ricas m~s bajas de Cu (0.71 y 0.66 jig/ml).
 

Estos niveles se consideraron como indicativos de la presencia de deficien

tampoco detectaron diferenciascias de este elemento. Los anlisis de pastos 

entre fincas, siendo los promedios para ambas de: 2.2 g de en composici'n 

g de Mg, 1.4 g de Na y 16.3 g de K por kg de materia seca,
P, 2.9 g de Ca, 1.5 

como de 195.6, 44.8, 5.8 y 22.7 mg po" kg de materia seca de Fe, Mn, Cu,as! 

y Zn, respectivamente. 
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Fue interesante encontrar que el uso a libertad de una mezcla de 10
 

partes de harina de hueso y 90 partes de sal com'n fue suficiente para con

trarrestar los bajos niveles de P y Mg en los pastos, en vista de que las
 

concentraciones s~ricas de estos elementos se mantuvieron dentro de los
 

margenes considerados como normales. Sin embargo no existieron fuentes
 

suplementarias de Cu, por lo que se encontraron niveles ligeramente bajos
 

de Cu en el suero de todos los animales. Con respecto al Zn y al Mn, se
 

impone la necesidad de estudiar las conceittraciones de estos elementos en
 

el tejido hepatico, a fin de descartar o certificar la presencia de defi

ciencias de 'stos en el ganado, dado los niveles marginales'encontrados en
 

la materia seca de los pastos.
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Flores, J. A., G. Cruz-Gomar, M. T. Cabezas y R. Bressani. 1978. Contenido
 

de minerales en pastos naturales de los departamentos de Huehuetenango y San 

Marcos. I. Calcio, f6sforo, magnesio, sodio y potasio. INCWP, Guatemala,
 

Guatemala. 

Sumario
 

En el altiplano occidental de Guatemala los Departamentos de Huehueta

nango y San Mar-os son los que albergan la mayor parte de la poblaci6n ovina 

del palr. Las explotaciones son del tipo familiar y la alimentaci'n de los
 

rebaTios es casi exclusivamente a base de pastos naturales que crecen en la
 

zona. 

El objetivo basico del presente trabajo fue de analizar el contenido de
 

Ca, P, Mg, Na y K de la materia seca de dichos pastos y establecer el grado
 

en el cual ellos cubren los requerimientos de los animales que los consumen.
 

Para el efecto, se seleccionaron dentro de cada departamnento 4 localidades y
 

al final de la epoca seca (abril) se colectaron 5 muestras de pastos repre-


Los pastos fueron cortados a una altura de
sentativas de cada una de ellas. 


0.5 cm del suelo, depositados en bolsas d. tela y transportados al laborato

rio. Se deshidrataron a 60'C, se imolieron e incineraron a 500°C por 8 horas.
 

En la soluci6n de cenizas se determin6 P por m~todos colorimetricos y Ca, Mg,
 

Na y K por espectrofotometria de absorci'n at6mica.
 

Se encontr6 que en piomedio las 40 muestras analizadas variaron entre
 

1.08 y 8.96 g de Ca; 0.32 y 4.91 g de P; 0.33 y 0.20 g de Mg; 0.08 y 1.30 g 

de Na y entre 1.94 y 30.42 g de K por Kg de materia seca. Se detect6 que 

solo el 25.0% de los pastos analizados presentahan concentraciones de Ca en 

la materia seca, por encima de los niveles minimos necesarios para llenar 

los animales; y que, el 12.5,
los requerimientos diarios de este elemento en 


65.0, 45.0 y 75.0% de los mnismos cumpl'an esta condici6n en lo referente a
 

P, Mg, Na y K, respectivamente. As'mismo, se estableci
6 que las zonas de
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insuficiencia en Ca y P se extendieron en ambos departamentos a excepci6n
 

de las localidades de San Nicolas en Huehuetenango y Venecia en San Marcos.
 

La falta de Na tambi'n estaba generalizada pero en un menor grado; mientras
 

que la insuficiencia de Mg s6lo se encontr6 en los pastos de la localidad
 

da Chichim, Huehuetenango y las de K en Serchil, San Marcos.
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Flores, J. A., C. Cruz-Gomar, M. T. Cabezas y R. Bressani. 1978. Contenido
 

de minerales en pastos naturales de los departamentos de Huehuetenango y San
 

Marcos. II Hierro, manganeso, cobre y zinc. INCAP, Guatemala, Guatemala.
 

Sumario
 

En las 40 muestras de pasto provenientes de las 8 localidades de los
 

complet6 el anglisis de elemendepartamentos de Huehetenango y San Marcos se 


tos minerales, determinandose por espectrofotometr'a de absorci
6
 n at6mica el
 

contenido de Fe, Mn, Cu y Zn de la materia seca de las mismas.
 

n de
La informaci6n resultante perniti
6 establecer que la concentraci

6


Fe vari6 entre 107.3 y 4703.4 mg por Kg de materia seca y que, como resultado,
 

la totalidad de las muestras cubrfa suficientemente el requerimeinto diario 

de este elemento, que en funci6n del total de la raci6n es del orden de 45.0 

mg de Fe/Kg. Por su parte el contenido de Mn tuvo un rango que oscil6 entre 

16.2 y 433.1 mg/kg, habiendose encontrado que solo los pastos de la localidad
 

de Chiaval en IHuehuetenango presentaban concentraciones por debajo del nivel
 

cr'tico de 30.0 mg de Mn por kg de materia seca. Con respecto al Cu, solo
 

el 30.0% de las muestras analizadas tenTan contenidos mayores a los 5.0 mg/kg
 

las mismas que en su mayorTa pertenec~an a las localidades de San Nicolas y
 

Venecia en Huehuetenango y San Marcos, respectivamente. Las demos zonas
 

presentaron valores promedios que oscilaron entre 3.8 y 2.8 mg de Cu por kg
 

de materia seca, considerados 6stos como predisponentes de severas deficien

consumen. Finalmente se decias de este elemento en los animales que los 


6 totalidad de los pastos de las 8 localidades bajo estudio contect que la 


ten'an cantidades crtLicamente insuficientes de Zn, de 2.8 a 28.4 mg por kg
 

de materia seca, en comparaci
6 n con el minimo requerido de 45.0 mg de Zn/kg.
 

Se concluye de los datos presentados que en las zonas en estudio existen
 

una generalizada pero
severas deficiencias potenciales de Ca, P, Cu y Zn, 


menos crftica insuficiencia de Na y problemas carenciales muy loc.lizados de
 

Mg y K.
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Nuevos estudios, los mismos que incluyan el analisis de estos elementos
 

en tejidos animales, y las variaciones que en su concentraci6n pueden suce

der en funci6n de los cambios estaciones, son necesarios para establecer un
 

diagn6stico completo del problema en dicha zona.
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Gil, Arturo, LucIa Pab6n y Patricia Jimnez. 1977. Molibdenosis en Colombia.
 

Procedimientos VI Reuni6n ALPA. Habana, Cuba.
 

Sumario
 

Muchos suelos selen'feros contienen altas concentraciones de molibdeno
 

(Mo), el cual interactu'a con el cobre (Cu) impidiendo su utilizaci6n metab6

lica. Se detect6 en biopsias hepaticas que los animales de una zona seleni

fera presentan una marcada deficiencia en Cu. Para averiguar si fuera pri

maria, por carencia de Cu o secundaria por molibdenosis, se analizaron Se y
 

Mo por activaci6n neutr6nica en forrajes y se determinaron cerujoplasmina y
 

la cinetica de depuraci6n sanguTnea del 64Cu inyectado en animales aparente

mente sanos y enfermos. El 6 4 Cu se obtuvo por irradiaci6n de Cu So4. El
 

valor promedio para tres fincas de la zona y tres tipos de forraje por finca,
 

fue para Mo de 20.5 ppm, lo cual es t6xico y para Se d 5.05 ppm, lmite in

ferior de toxicidad. Los valores de las absorbancias para ceruloplasmina
 

difirieron (P<,Ol) entre los 10 animales enfermos (0.20) y 15 sanos (0.32).
 

Mediante la depuraci6n de 64Cu pudieron distinguirse cuatro estados nutri

cionales para el Cu: 1) normal, medido en 4 animales saludables suplemen

tados permanentemente con minerales, se caracteriz6 por un descenso entre
 

100% de la dosis inyectada (DI) a un nivel de estabilizaci6n del 10% DI, en
 

2 horas. 2) Deficiencia subclfnica primaria; medida en 4 animales sin su

plementar, descenso entre 100% DI y estabilizaci6n en 10% DI, a la hora y
 

media. 3) Deficiencia subcllnica secundaria; medida en 11 animales de la
 

zciia en estudio, descenso entre 100% DI y estabilizaci6n en 15-30% DI, en
 

3 horas y 4) Deficiercia cllnica secundaria; medida en 3 animales de la
 

zona en estudio, descenso entre 100% DI y estabilizaci6n en 60-70% DI, des

pues de 3 horas.
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Gil, Arturo y Gonzalo Guzman. 1977. Tratamiento de la selenosis en el
 

bovino. Procedimientos VI Reuni6n ALPA. Habana, Cuba.
 

Suri rio
 

En Colombia existen regiones en que el contenido de selenio ('e) en el
 

suelo, agua, y plantas es ta que causa s'atomas de intoxicaci6n cr6nica en
 

los ganados. Se ha reportado que el ars~nico (As) puede contrarrestar
 

la intoxicaci6n por Se en ratas y cerdos. Ademiis con base en nuestras ob

servaciones sobre la marcada deficiencia de cobre (Cu), en animales de esta
 

zona, y el hecho tambien reportado de que el Se reemplaza el azufre (S) de
 

los amino'cidos azufrados, se ensay6 una mezcla mineral que contuviera As
 

y exceso de Cu y S. Se suplementaron dos grupos de cua,--o animales, el
 

primero con sal mineralizada comeicial (50% sal + 50% premezcla mineral).
 

El segundo con la misma sal, adicionada de 0.8 kg de sulfato de Cu, 16 kg
 

de azufre en flor y 130 g de acido arsenflico, por cad, 60 kg de sal. De
 

estas mezclas los animales consumieron en promedio 30 g por die. Los valo

res de Cu en biopsias hepaticas decrecieron a pesar de la suplementaci6n
 

con sal comercial, lo que permite inferir que esta conliene Cu en cantidad
 

insuficiente para esta regi6n. Los valores de Cu para los animales suple

mentados con As, Cu y S, indican una acumulaci6n o recuperaci6n hacia la
 

normalidad. La respuesta promedio en el aumento de peso individual en 7
 

meses, fue de 36.2 kg para el grupo con sal mineralizada comercial, mien

tras que para el grupo con As, Cu y S fue de 82.2 kg.
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Gil, Arturo, Lee McDowell y Joseph Tritschler. 1977. Minerales para bovinos
 

en Colombia. 1977 ALPA proceedings, R-74. Havana, Cuba.
 

Su-mario
 

Se realizaron dos tipos de experimentos: 1) Progreso de las insufi

ciencias o toxidades que experimentan los animales en pastoreo en algunas
 

regioncs determinadas. Con este fin se seleccionaron 7 granjas experimentales
 

del ICA y 6 fincas particulares y unos 8 a 10 animales por localidad. Cada
 

tres meses durante un ano se tomaron de cada animal biopsias de hrgado, san

gre y forraje. 2) En 14 mataderos de pueblos, en diferentes zonas, se
 

tomaron cada 2 meses y analizaron; un pedazo de higado, sangre y un pedazo
 

de hueso de aniL qles sacrificados. Las muestras da los mataderos no revelaron
 

deficiencias marcadas para ningun elemento. Esto puede deberse a qua los
 

animales usualmente sacrificados, son adultos o vacas viejas que han superado
 

su perrodo crftico (crecimiento y prenez) y han tenido tiempo para equilibrarse,
 

o han sido suplementados y bien alimentados (cebados) antes del sacrificio.
 

Sin embargo, los experimentos revelaron que la deficiencia de cobre es la
 

mas extendida. Los niveles fueron muy bajos en los experimentos de Puerto
 

Boyaca, Motilonia y Obonuco. En Caribia, El Nus, Piilmira, Turipana, Coloso,
 

San Jose del Nus y Caucac - la deficiencia parece .vidente pero es menos grave.
 

En Tibaitata, Subachoque y en Coyaima la deficien(ia de Cu parece presentarse
 

durante el periodo lluvioso solamente. El zinc parece deficitario en unas
 

Los macroelementos, contrario a lo aceptado tradicionalmente,
pocas regiones. 


parecen estar presentes en korrajes y sangre en cantidades adecuadas para el
 

lento crecimiento propio de las condiciones de las ganaderfas estudiadas.
 

Una notable excepcion es el P en la regi~n de los Llanos Orientales.
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Jimenez C., Carlos, Carlos Campabadal H., Manrique Alonso G., Hernan Fon

seca Z., Emilio Vargas G., Ismael Pontigo A. 1978. Composici6n mineral
 

de los forrajes y su interrelaci6n con los requerimientos del ganado vacuno
 

en los distritos de Caias Dulces, La Cruz y Filadelfia. Vol. 1:37 (abs

tract). III Congreso Agron6mico Nacional, San Jos&, Costa Rica.
 

Sunario
 

La presente investigaci6n tuvo por objetivo la evaluaci6n del conte

nido mineral en pastos (Hyparrhenia rufa, Cynodon nlemfuensis y Panicum
 

maximum) de los distritos de Ca ias Dulces, La Cruz y Filadelfia, Guana

caste, durante la 6poca seca de 1977. Se analizaron un total de 60 mues

tras de forraje provenientes de 12 fincas. Las muestras fueron colectadas
 

al azar en los potreros cortandose alrededor de 500 gm a una altura de 15
 

cm sobre el suelo.
 

Los minerales analizados para cada muestra fueron: nitr6geno, calcio,
 

fosforo, magnesio, potasio, hierro, cobre, manganeso y zinc.
 

Los valores de nitr6geno observados y expresados como protelna cruda
 

(NX 6.25), fueron bajos, con un promedio para los distritos de 3.76%.
 

Considerando la distribuci6n de las muestras un 95% de ellas no satisfacen
 

el requisito mlnimo de 7T' establecido como crftico para la flora microbiana
 

en el rumen. Adem~s se puede observar que el valor promedio obtenido en la
 

zona cubre solamente un 54% de las necesidades, lo que implica la necesidad
 

de suplementar este elemento en esta 9poca.
 

Los valores promedios de P, Ca, Mg, K, Fe, Cu, Mn y Zn encontrados
 

fueron de 0.097%, 0.241%, 0.182%, 1.89%, 194 ppm, 5 ppm, 39 ppm y 31 ppm
 

respectivamente. De estos valores solamente los de f6sforo y cobre no
 

cumplen adecuadamente el requerimieato mlnimo para estos elementos esta

blecidos por el N.R.C., lo cual establece la necesidad de suplementar
 

f6sforo y cobre a los animales en pastoreo de ia zona.
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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. Vol. 61, No. 3:324-330.
 

Ab-,tract
 

Two experiments on 12 beef and 9 dairy cattle farms were to determine
 

the mineral status of grazing cattle in the San Carlos region of Costa Rica
 

by evaluating concentrations of minerals in liver, plasma, bone ash, forages,
 

and oxalate contents of forages.
 

Coppex (<75 ppm) and cobalt (<.07 ppm) in liver, and phosphorus (<4.5 

mg/100 ml) and magnesium (<1.8 mg/100 ml) of plasma were borderline to 

deficient on 1, 3, 12 and 5 beef cattle farms, respectively. Of livers,
 

23% and 27% were borderline to deficient in copper and cob'alt. Iron (<180
 

ppm), zinc (<84 ppm) and manganese (<6 ppm) in liver were lower than normal
 

for 63, 16, and 44%, rec;pectively, of the animals.
 

In dairy cattle, 10 samples of blood and I to 2 of forage were collected 

on each of 5 farms with and 4 farms without the forage Setaria sphacelata. 

Calcium (.29%) and phosphorus (.18%) concentrations in forage were low in 

relation to requirements of lactating diary cows. Phosphorus in plasma was 

deficient (<4.5 mg/100 ml) on all farms. Oxalate percentages were higher
 

in Setaria pastures (2.30%) than in other pastures (1.24%). Low calcium 

and phosphorus in forage and high oxalate in Setaria pastures may be re

sponsible for the high incidence of a milk fever-like condition in dairy
 

cattle.
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Kiatoko, M., L. R. McDowell, J. E. Bertrand, H. L. Chapman, F. M. Pate and
 
J. H. Conrad. 1979. Co, Mn, Zn, Se, vitamin A and carotene interrelation
ships between forage and animal tissues. 71st Annual Meeting of the
 
American Society of Animal Science. Tuscon, Arizona.
 

Abstract
 

An experiment was conducted to determine the mineral status of grazing
 

beef cattle from 9 ranches within 4 different regions of Florida, on the basis
 

of mineral and vitamin concentrations in animal tissues and forages. From
 

each ranch liver, blood, hair and feces were collected from 14 heifers
 

(18-24 months) and 14 cows (3-8 years) twice during the year. Significant
 

mineral and vitamin conce2ntration differences among ranches, seasons and
 

classes of animals were noted. Plasma Se and vitamin E, liver Mn and vitamin
 

A, forage carotene, hair Zn and Mn, and feces Co and Se were lower (P <t05)
 

during the dry season. Feces Co was higher (P< .05) in cows than in heifers
 

while liver vitamin A was lower (P< .05) in cows. Liver Co (> 0.05 ppm) and
 

vitamin A (> 23 ppm), and plasma Zn (> 0.04 mg%) were normal in all ranches
 

and all animals during both seasons. Mean liver Se was low (< 0.25 ppm) in
 

4 ranches during the wet season and 2 ranches during the dry season. Of the
 

total animals studied, 32% during the dry season and 51% during the wet sea

son had low liver Se (< 0.25 ppm). Mean forage Se was low in I region 

(< 0.05 ppm) during both the dry and wet season, while 6 and 4 ranches had
 

low forage Se during the wet and dry seasons, respectively. Mean liver Mn
 

was adequate in all ranches (> 6.0 ppm) during the two seasons while mean
 

forage Mn was low (< 2D ppm) in 2 ranches and I region during the wet season.
 

Of the total anim'als studied, only 3% during the dry season and 9% during the 

wet season had low liver Mn (< 6.0 ppm) concentrations. 
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Kiatoko, M., L. R. McDowell, J. E. Bertrand, H. L. Chapman, F. M. Pate and
 

J. H. Conrad. 1979. Ca. P, Mg, Na and K interrelationships among soil,
 

forage,and animal tissues. J. Anim. Sci. (abstracn:).
 

Abstract
 

An experiment was conducted to deternine the mineral status of grazing 

beef cattle from 9 ranches within 4 different regions of Florida, on the 

basis of mineral concentrations in animal tissues, forages and soils. From 

eaJh ranch liver, blood, hair and feces were collected from 14 heifers (18-24 

months) and 14 cows (3-8 years) twice during the year. Significant mineral 

concentration differences among farms, seasons, and classes of animal were 

noted. During the dry season, mean plasma Ca (< 8 mg%) and P (< 4.5 mg%) 

were low on I and 4 farms, respectively, while forage Ca (< .3%), P (<.25%), 

Mg (<.20%) and K (<.60%) were low from 2, 8, 7 and 4 farms, respectively. 

Mean plasma Mg (<1.8 mg%) and forage Na (<.06%) were adequate for all farms 

during the dry season. In the wet season mean plasma Ca (<8 rg%) and P 

(<4.5 mg%) were low in 2 and 1 farms, respectively. Forage P (<.25% and 

soil K (<60 ppm), P (<10 ppm) and Mg (<9 ppm) were low on 7, 7, 2 and 1 

farms, respectively. Mean forage Ca, Mg, Na and K and soil Ca and Na were 

normal for all faims during the wet season. Phosphorus concentrations in 

hair were higher during the dry season and a positive relationship between 

plasma and feces P was noted. Magnesium concentrations in liver and forages 

were lower during the dry season, while no difference (P<.05) appeared in
 

plasma Mg between seasons. Liver Mg may be a good indicator of Mg status.
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Marcilese, Nestor A., Jorge Sanchez G., Ram6n Corella V., Renata M. Valsecchi
 

y Hernan Fonseca Z. 1978. Anemia hipoplasica en ganado lechero de San
 

Isidro de Coronado, Vol. 1:3 (aBstract). I1. Congreso Agronomico Nacional,
 
San Jose, Costa Rica.
 

Sumario
 

Muestreos de sangre en lecber'as situadas en San Isidro de Coronado,
 

evidenciaron valores de hematocrito (Ht) llamativamente bajos. Los valores
 

promedio registrados en una poblaci6n de ganado lechero en producci6n de casi
 

300 ahimales, oscilaron entre el 27 y 35 por ciento. Cifras de 40 y 42 por
 

ciento fueron obtenidas en un hato de unas 100 vacas de otra lecherfa de
 

Coronado y tambien en un nmero similar de animales en Orosi.
 

Dada la elevada incidencia de la alteracidn hematol6gica observada y
 

la dispersion relativamente amplia de ]as fincas involucradas, se efectu6 un
 

estudio con 59 Fe con el objeto de aclarar la patogenia de esa anemia del
 

ganado. Se estudiaron seis bovinos, la mitad de ellos como controles y el
 

resto anemicos.
 

El is6topo (cloruro f6rrico, actividad especifica 100 mCi/mg), se in

cub6 "in vitro" con plasma y 100 uCi s. inyectaron endovenosamente a cada
 

animal. Seguidamente se obtuvieron muestras de sangre durante un lapso de
 

tres horas, para determinar la depuraci6n plasmatica del trazador. Durante
 

las dos semanas subsiguientes tambi~n se tomaron muestras de sangre para
 

establecer la incorporaci6n del is6topo al volumen globular circulante y
 

cuantificar la actividad eritropoy~tica.
 

Los valores promedio de los parametros estudiados fueron Ht: 28.3 y
 

39.8%; Ferremia: 186.6 y 172.0 ucg/100 ml Fe Plasm~tico Total: 35.0 y
 

31.2 mg; T 1/2 59Fe en Plasma: 106 y 86 minutos; Transporte Plasmatico
 

Diario de Fe: 17.9 y 20.1 mg/l; tasa de renovaci6n diaria de Fe: 9.5 y
 

11.7 veces; utilizaci6 n de 5 9Fe por la Medula Osea: 58.2 y 75..)7, para
 

los animales anemicos y controles respectivamente.
 

211
 



La menor utilizaci6n del trazador, sin mayores alteraciones en el
 

resto de los parametros de la cin~tica del 59Fe, indica una funci6n eritro

poy~tica disminulda en el ganado anemico. Esto, unido tambien a los tras

tornos observados en el tiempo de coagulaci6n de la sangre, sugiere una
 

hipoplasia del tejido mieloide.
 

El ganado estudiado tenfa acceso a plantas de helecho, entre las cua

les se identific6 al Pteridium aquilinwun, agente etiol6gico de las hematu

ria vesical cr6nica, la cual se presenta acompaiada de anemia. Se desconoce 

si las otras especies presentes poscen toxicidad y si la misma podria indu

cir el cuadro hematol6gico descrito, sin hematuria vesical. 

Se requieren estudios adicionales para evaluar la importancia del
 

helecho, planta tan comn en el pars, sobre la salud del ganado.
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Marcilese, Nestor, Renata M. Valsecchi, Manuel Pontigo A., Ramon Corella
 
V., Hernan Fonseca Z., Leonel Calvo G., Gilberto Mejfa P. 1978. Valores
 
sericos de hormonas tir6ideas en ganado lechero dal valle de OrosT mante
nido en pasturas con altos niveles de manganeso. Vol. 1:26 (abstract).
 
III Congreso Agron6mico Nacional, San Jose, Costa Rica.
 

Sumario
 

Estudios en desarrollo en estos laboratorios mostraron que en ratas
 

alimentadas con dietas de alto contenido de Mn, la funci6n tiroidea es
 

afectada. En los mismos animales tambien se observo un significativo des

c.aso en la aptitud reproductora.
 

Trabajos previos realizados en el ganado lechero del valle de Orosi,
 

correlacionan la baja fertilidad de dicho ganado con el alto contenido de
 

Mn en !as pasturas; las cuales de acuerdo con la 4poca del aFo y la especie
 

vegetal, poseen valores que oscilan entre 230 y 670 ppm en materia seca.
 

Dados los resultados obtenidos en los estudios con ratas, se procedi6
 

a efectuar un muestreo de sangre en 155 vacas en producci6n, para determi

nar los niveles plasmaticos de triiodotironina (T-3) y tiroxina (T-4),
 

como indicadores de la funci6n tiroidea. El muestreo se efectu6 en dos
 

lecherias en las cuales se hablan realizado los trabajos previos sobre
 

fertilidad. Durante el muestreo en la finca (A) se observ6 en la mayorla
 

de los animales exoftalmia de grado moderado a severo. En la finca (B)
 

se observ6 solamente una ligera exoftalmia.
 

En una tercera finca (C), situada en San Isidro de Coronado, con
 

pasturas conteniendo niveles de Mn de unas 70 ppm, se muestrearon unos
 

100 animales en producci6n y secos, para obtener valores de T-3 y T-4
 

que sirvieron como referencia.
 

Las determinaciones se efectuaron por duplicado utilizando un kit
 

comercial para radioinmunoensayo marcado con 1251, en base al m~todo de
 

doble anticuerpo.
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Los valores medios para T-3 en las fincas A, B y C fueron de: 0.89,
 

0.88 y 1.12 ng/ml y los valores de T-4 de 60.1, 57.6 y 50.1 ng/ml, res

pectivamente. Estos valores difieren estadisticamente entre las pobla

ciones de Orosi y Coronado. A su vez el tipo de curva de distribuci6n
 

de los datos entre ambas poblaciones result6 distinto.
 

Las observaciones clnicas y la cuantificaci
6n de las hormonas ti

roideas indican que en el ganado de Orosi existe una significativa inci

dencia de una tiroideopatia, cuya patogenia no se puede explicar en el
 

estado actual de las investigaciones.
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McDowell, Lee R. and Joe H. Conrad. 
1978. Trace mineral nutrition in Latin
 
America. World Animal Review, No. 24, 24-33.
 

Abstract
 

Inadequate trace mineral nutrition is limiting livestock production in
 

Latin America. The incidence, significance, detection techniques and pre

ventive methods for livestock trace mineral deficiencies and toxicities in
 

Latin America is described briefly. Provision of mineral supplements to
 

grazing ruminants is more complicated than for monogastric livestock. Min

eral supplementation represents low input/high output nutrients for greatly
 

increasing livestock production.
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McDowell, L. R., C. E. Lang, J. H. Conrad, F. G. Martin and H. Fonseca.
 
1978. Mineral status of beef cattle in Guanacaste, Costa Rica. Tropical
 
Agriculture. Vol. 55, No. 4:343.
 

Abstract
 

Liver and blood samples of three- to four-year old steers were obtained
 

from 15 farms located in five counties to obtain information on the mineral
 

status of grazing cattle in the Guanacaste region of Costa Rica. Of the
 

livers analyzed, approximately 36.0, 30.7, 37.3 and 34.7 per cent were
 

borderline to deficient in copper, iron, manganese, selenium and zinc, res

pectively. Forty-nine percent of the blood samples were considered border

line to deficient in phosphorus. There was no significant difference
 

(P<O.05) in tissue mineral concentration due to county location, with the
 

exception of selenium. Differences (P<O.01) in tissue concentrations among
 

farms were found for all six tissue minerals. In general, tissue minerals
 

could be directly related to use or absence of mineral supplements.
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McDowell, Lee R., Joe H. Conrad, Jenny E. Thomas, Lorin E. Harris and Karl
 
Trop.
R. Fick. 1977. Nutritional composition of Latin American forages. 


Anim. Prod. 2:273-279.
 

Abstract
 

The Latin American Tables of Feed Composition published in 1974
 

Of this total, 85% were different from
contained data on 3,390 feeds. 


those of the US 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 phos

phorus mineral concentrations and forage evaluation methods. Approximately
 

25% of both the Latin American and US-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 US-Canadian forages. Of
 

the forages, almost 75% of the phosphorus and 31% of the calcium entries
 

were 0.3% or less, which may be borderline to deficient in these elements.
 

Borderline or deficient levels of certain elements were reported for many
 

Co 43%, Cu 47%, Mg 35%, Na 60% and Zn 75%. Widescale deficienentries: 


cies of iron, manganese and potassium or toxicities of molybdenum are not
 

to be expected.
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McDowell, Lee R. 1979. Geographical distribution of nutritional diseases
 

in animals. Chapter in "CRC 1978 Handbook of Nutrition and Food." 94 pp.
 
CRC Press, Inc. Cleveland, Ohio (In Press).
 

Abstract
 

Numerous nutrient deficiencies, imbalances and toxicities severely in

hibit animal production in many countries of the world. Nutrient deficien

cies or toxicities can be region specific or can in no way be related to
 

geographical locations. For all nutrients, the determining factor as to the
 

incidence of a deficiency or toxicity is often influenced by management
 

capabilities or cultural and religious practices of a particular region.
 

Profound differences in nutrient requirements exist between species, "Itween
 

breeds or types, within a species and individual animals and thus their
 

adaptability to extreme geographical climatic conditions. In general pro

tein, energy and vitamin deficiencies are less accurately ascribed to geo

graphical locations and can be deficient in all world regions and under all
 

climatic and environmental conditions. Mineral and water deficiencies,
 

unlike other classes of nutrients are often dependent and influenced to a
 

large extent on world geographical locations.
 

Inadequate supplies of energy and/or protein are usually the major
 

nutritional 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 have an increased likelihood of developing mineral deficiencies
 

or toxicities.
 

Often grazing livestock do not receive mineral supplementation 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: cobalt, 43%,
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copper, 47%; magnesium, 35%; phosphorus, 73%; sodium, 60% and zinc, 75%.
 

Calcium deficiency 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 mapping technique, based on animal tissues
 

and forage concentrations can be employed to predict where mineral defi

ciencies or toxicities will occur. Atempts to raise livestock productivity
 

in the diverse geographical locations of the world will be unsucessful
 

unless the nutritional environment is likewise elevated.
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McDowell, L. R., J. H. Conrad, J. K. Loosli and David Morillo. 1979.
 
Results of mineral research in Latin America. 1979 Latin American Short
 

Course. Department of Animal Science, University of Florida, Gaivesville,
 
Florida.
 

Abstract
 

In Latin America, mineral imbalances are a major limitation to ruminant
 

livestock production. Often grazing livestock do not receive mineral supple

mentation and must depend largely upon forages to supply their :equirements.
 

Only rarely, however, can 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:
 

Co, 43%; Cu, 47%; Mg, 35%; P, 73%; Na, 60% and Zn, 75%. Calcium deficiency
 

is suspected or confirmed in 11 Latin American countries, Mg in 14, P in 23, 

Na in 7, Co in 13 and Cu in 13 countries. The most widespread mineral de

ficiency for livestock is that of P. Ten reports from Latin America illus

trate the dramatic increase in calving percentage when breeding cattle are 

supplemented with P. Copper and Co deficient areas are widespread in Latin 

America. Miiieral deficiencies are often more prevalent during the wet 

season.
 

The University of Florida, with assistance of a grant from the United
 

States Agency for International Development, is cooperating with Latin
 

American inistitutioni to initiate and establish mineral research. At the
 

present time cooperative research is underway in Bolivia, Brazil, Colombia,
 

Costa Rica, GuatemaLa, Ecuador, El Salvador, Peru, Uruguay and Venezuela.
 

A systematic mapping technique; based on animal tissues and forage con

centrations can be employed to predict where mineral deficiencies or toxi

cities will occur. Data from Brazil research indicates that positive
 

correlations among soil and forage mineral concentrations for Mg, Cu, Fe,
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Mn, Na, Mo and Zn were low or nonexistant. Attempts to raise livestock
 

productivity in tropical countries will be unsuccessful unless the nutri

tional environment, including adequate mineral. nutrition, is likewise
 

elevated. Mineral supplementation is a least cost input to improvement
 

of livestock production.
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McDowell, L. R., M. Kiatoko, C. E. Lang, H. Fonseca, E. Vargas, J. K. Loosli
 

and J. H. Conrad. 1978. Latin American mineral research - Costa Rica.
 

IV World Conference on Animal Production. Buenos Aires, Argentina (In
 
Press).
 

Abs tract
 

Three experiments were conducted to determine the mineral status of
 

grazing cattle in cLie San Carlos and Guanacaste regions of Costa Rica by
 

evaluating liver, plasma and forage mineral concentrations; bone ash and
 

forage oxalate contents. In each experiment tissue mineral concentrations
 

differed (P <.05) among farms for almost all minerals. In 12 San Carlos
 

beef cattle ranches, mean liver Cu (< 75 ppm) and Co (< .07 ppm), and mean
 

plasma P (< 4.5 mg/lO0 ml) and Mg (< 1.8 mgi100 ml) were borderline to de

ficient on 1, 3, 12 and 5 farms, respectively. Of the total livers analyzed,
 

23 and 27% were borderline to deficient in Cu and Co, respectively. Liver Fe
 

(< 180 ppm)- Zn (< 84 ppm) and Mn (< 6 ppm) were lower than the reported 

normal levels for 63, 16 and 44% of the total samples, respectively. Of the 

total cattle livers analyzed from Guanacaste, approximately 20, 37 and 33% 

were borderline to deficient in Cu, Mn and Se, respectively. Liver Fe 

(< 180 ppm) and Zn (< 84 ppm) concentrations were lower than reported levels 

for 31 and 35% of all animals, respectively. Forty-nine percent of the total 

blood samples were considered borderline to deficient in P. In general, 

tissue minerals could be directly related to use or absence of mineral supple

ments. Of the dairy animals from San Carlos, plasma Ca levels were in the
 

normal range in all samples while 98 and 31% of the plasma samples were border

line to deficient in P (< 4.5 mg/100 ml) and Mg (< 1.8 mg/lO0 ml), respectivell
 

Low forage Ca and P and high oxalate levels in Setaria ancepselata pastures
 

may be responsible for the high incidence of a milk fever-like condition in
 

dairy cattle. The results from three experiments indicate that mineral
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deficiencies are a major limitation to cattle production in Guanacaste,
 

and San Carlos regions of Costa Rica. On the basis of blood, forage and
 

bone analyses, and in agreement with other studies from tropical regions,
 

lack of P is the most prevalent mineral deficiency for grazing livestock.
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Mendes, M. 0., J. H. Conrad, C. B. Ammerman, L. R. McDowell and R. C. Littell.
 
1978. Mineral liver concentrations in cattle as affected by age, physiological
 
state, and season. XI International Congress of Nutrition. Rio de Janeiro,
 
Brazil.
 

Abstract
 

Co, Cu, Fe, Mn, Mo and Zn were determined on liver samples obtained by
 

biopsy from 420 cattle grouped in five classes from six ranches during two
 

seasons in northern Mato Grosso, Brazil. Rapidly growing animals (class 1)
 

and lactating animals (class 3) during the rainy season tended to have lower
 

liver Co, Cu, Mn, Mo, and Zn levels. Cu, Mn, and Zn were found to be de

ficient and Co was deficient prior to supplementation. Fe and Mo liver
 

levels were normal. All minerals in the liver were lower (P< .01) in the
 

rainy season than in the dry season. It was concluded that the liver mineral
 

levels in grazing cattle in a wet-dry tropical environment are lowest in
 

rapidly growing and lactating animals toward the end of the rainy season.
 

Representative liver samples obtained by biopsy from these most physio

logically active animals during only one period of the year can be expected
 

to indicate Co, Cu, Fe, Mn, Mo and Zn levels which may be limiting production
 

functions.
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Mendes, M. 0., J. H. Conrad, R. H. Houser and L. R. McDowell. 1978. Liver
 

biopsy and season as factors in determining Co, Cu, Fe, Mn, Mo and Zn status
 

of grazing cattle. Abstracts, 70th Annual Meeting American Society of Animal
 

Science. East Lansing, Michigan. p. 430.
 

Abstract
 

Liver samples from the same animals were obtained by aspiration liver
 

biopsy (liver I) and by removing 50 g of liver from the lobus dexter at
 

slaughter liver I!). A total of 72 cattle, six each from six ranches in
 

northern Mato Grosso, were sampled once during the dry season and once during
 

the rainy season. Significant differences between sampling techniques during
 

the two season were as follows: Co (P< .02), Mn (P< .01) and Zn (P< .01) 

during the rainy season; Fe (P< .02) and Zn (P< .01) during the dry season.
 

Significant differences between sampling techniques from combined seasons
 

were as follows: Fe (P< .05), Mn (P< .01) and Zn (P< .01). Liver I means
 

for Fe were higher and Mn and Zn were lower than liver II means. Co, Cu
 

and Mo liver mean valn-s were not significantly effected by sampling tech

nique. These data indicate that the status of Co, Cu, Fe, Mn, Mo and Zn
 

in grazing cattle can be determined satisfactorily from liver samples ob

tained late in the rainy season either by biopsy or by slaughter, although
 

some significant differences were found between sampling techniques.
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Montoya M., VIctor, Carlos Campabadal H., Emilio Vargas G., Hern'n Fonseca
 

Z., Ismael Pontigo. 1978. Composici'n mineral de forrajes y su interrela

cion con los requerimientos de bovinos en Santa Cruz, Guanacaste durante
 

la epoca seca. Vol. 1:41 (abstract). III Congreso Agron6mico Nacional,
 

San Jose, Costa Rica.
 

Sumario
 

En el Canton de Santa Cruz, Provincia de Guanacaste se realiz6 un
 

muestreo de las especies forrajeras predominantes en la zona durante la
 

epoca seca. El objetivo fundamental fue establecer la composici
o n qu'mi

ca de los forrajes y establecer interrelaci6n con los requerimientos nor

males de bovinos en pastoreo.
 

Se utiliz6 la t~cnica de absorci'n at6mica para la determinacion en
 

el pasto de: calcio, magnesio, potasio, hierro, cobre, manganeso y zinc.
 

El f6sforo fue determinado por un procedimiento colorim~trico. Se
 

obtuvieron niveles de calcio comprendidos entre 0.17 - 0.23%. El 49% de
 

la muestra present6 niveles superiores a los requerimientos del ganado y
 

el 51% present6 niveles que llenan dicho requerimiento.
 

Los niveles de f6sforo variarion entre 0.065 y 0.085%. Los tres dis

tritos presentaron una marcada deficiencia de f6sforo en los pastos.
 

Los niveles de magnesio variaron entre 0.0130 y 0.174%. Un 54% de
 

la muestra present6 niveles superiores al requerimiento, mientras de que
 

un 42% present6 niveles normales y solo un 4% valores inferiores a los
 

requeridos.
 

El contenido de potasio en forrajes vari6 entre 0.80 y 1.60%. Un
 

59% de la muestra present6 valores inferiores al requerimiento, mientras
 

que un 27% present6 niveles adecuados y el 14% restante valores superiores
 

al requerido.
 

Los niveles de cobre variaron entre 2-3 ppm. Un 85% de la muestra
 

present6 valores inferiores al requisito mlnimo. result6
Un 12% normal
 

y el 3% restante superior a los requerimientos.
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En los pastos los niveles de zinc variaron entre 23 y 25 ppm. Un
 

16% de la muestra present6 niveles inferiores al requerimiento, mientras
 

de que un 82% present6 niveles, dentro del ambito requerido y el 2% res

tante present6 niveles superiores.
 

Se determinaron en los forrajes niveles de manganeso que variaron
 

entre 25 y 60 ppm. El 19% de la muestra present6 niveles comprendidos
 

dentro del requerimiento minimo y el 81% niveles superiores al requeri

miento.
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Montoya Segura, Victor Manuel. 1978. Evaluaci~n del nivel de minerales
 
en tejidos animaie. (sangre e hfgado) y forrajes del canton de Santa Cruz,
 
Provincia de Guanacaste, durante la epoca seca. Tesis. Universidad de
 
Costa Rica, Facultad de Agronomfa, Escuela de Zootecnia, San Josj, Costa
 
Rica.
 

Sumario
 

La presente investigaci~n se realizo en el Canton de Santa Cruz (Dis

tritos de Santa Cruz, Bolson y 27 de Abril), Provincia de Guanacaste, en la
 

epoca seca. En este estudio se evaluo el contenido mineral en los pastos y
 

tejidos animales (sangre e hfgado), de bovinos en pastoreo. 

Se analizaron en el suero sangufneo los minerales calcio, fosforo y 

magnesio; en el hfgado, hierro, cobre, manganeso y zinc, en los pastos, 

calcio, fosforo, magnesio, potasio, hierro, cobre, manganeso y zinc.
 

El nivel promedio del calcio en el suero sangufneo de los animales fue
 

de 9.15 mg/100 ml, no presentandose variacion (P< 0.05), entre los 3 dis

tritos evaluados. Tampoco se encontro variacion estadfstica en el nivel de
 

fosforo sangufneo, cuyo promedio fue de 5.73 mg/100 ml de suero. El nivel
 

de Mg en el suero fue de 2.86 mg/l00 ml de suero.
 

Los niveles promedio de elementos minerales en el tejido hepatico fueron
 

los siguientes: para el hierro de 214 ppm, para el cobre de 96 ppm, para
 

el manganeso de 4 ppm, y para el zinc de 101 ppm.
 

En los pastos se obtuvieron promedios de 0.21% y de 0.076% para el
 

calcio y el fosforo, no hubo diferencia significe-tiva para los diferentes
 

distritos. El promedio para el magnesio fue de 0.157%, encontrandose di

ferencias significativas entre especies. El potasio presento un promedio de
 

1.16% y se encontr6 diferencia significativa entre especies. El promedio para
 

el hierro fue de 175 ppm, presentandose diferencias significativa entre
 

especies forrajeras. El promedio para el cobre fue de 3 ppm y para el zinc de
 

24 ppm, no obteniindose ninguna variacion (P< 0.05) para ninguno de los dos.
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El promedio para el manganeso fue de 43 ppm y se encontro diferencia
 

(P< 0.05) entre especies.
 

El promedio de protelna fue de 2.40%, existiendo diferencias signifi

cativas con respecto a las especies forrajeras.
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Jorge Sanchez,
Carlos Campabadal H., Emilio Vargas G.,
Montoya 	S., Victor M., 


Hernan Fonseca Z., Ismael Pontigo. 1978. Niveles sangulneos de calcio, f's-


Santa Cruz, Guanacaste, durante la
 foro y magnesio de bovinos en pastoreo en 


seca. Vol. 1:21 (abstract). III Congreso Agron6mico Nacional, San
 epoca 

Jos', Costa Rica.
 

Sumario 

6n de Santa Cruz, provincia de Guanacaste se evaluaron los
 En el cant


en

f6sforo y 	magnesio en el suero sangu'neo de bovinos niveles de calcio, 


El objetivo fundamental fue establecer los
 pastoreo 	 durante la 6poca seca. 

clue afectan dichos nivele.s.factores 


sangu'neos fueron determinados por absorcion

El calcio y el magnesio 

determinado por un procedimiento colorime'trico.
at'mica. El f6sforo fue 


mg/t0 0 ml, no present'fn-

El nivel 	 promedio del calcio sangulneo fue de 9.15 

entre los tres distritos evaluados (Santa
dose variacion significativa, 

6 variaci6n estadlstica
 
Cruz, Bols6n y 27 de Abril). Tampoco se encontr
 

entre distritos para los niveles de f6sforo y magnesio 
sangu~neos, cuyos
 

5.73 y de 2.86 mg/lO0 ml de suero, respectivamente.

promedios fueron de 


6 calcio 
El 43% de la poblaci 6 n bovina muestreada present niveles de 

6present	 valores normales.al normal El 57% restanteserico inferiores 

No existieron diferencias significativas entre las variables estudiadas:
 

een conjunto afectaron el
 sexo y edad. Los factores qu
distrito, finca, 


finca, distrito y los niveles de pronivel de 	calcio sangu'neo fueron: 


de pastos.telna, cobre, manganeso y magnesio 


6 serico inferiores
valores 	 de f6sforoEl 52% de las muestras present 

El distrito 
al normal; un 47% presentaron valores superiores al normal. 

fue la 6nica variable que afect
6 significativaiente el nivel de f6sforo
 

la
 
s'rico. 	 Los factores que en conjunto afectaron el nivel de f6sforo en 

sangre fueron: finca, distrito y niveles de hierro y potasio en pastos.
 

6 niveles de magnesio s'rico inferiores
 El 23% de la muestra present


75% valores normales y el 2% restante valores 
superiores al
 

al normal; un 
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Los factores que en conjunto afectaron el nivel de magnesio 
en
 

normal. 


finca, distrito y el nivel de manganeso en los pastos.
sangre fueron: 
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Murillo Bravo, Olger. 1977. Evaluacion del estado de nutricion mineral del
 
ganado bovino en pastoreo en el canton de Canas, Guanacaste. Tesis. Uni
versidad de Costa Rica, Facultad de Agronomfa, Escuela de Zootecnia. San 
Jose, Costa Rica. 

Sumario
 

La presente investigacion se realiz6 en el Canton de Canas, Provincia
 

de Guanacaste, para llevar a cabo una evaluacion del estado de nutricion
 

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 higado entre los meses de diciembre
 

de 1976 a marzo de 1977. En la sangre se analizaron los elementos calcio,
 

f6sforo y magnesio, en forrajes calcio, fosforo, magnesio, potasio, hierro,
 

cobre, manganeso y zinc; tambien se analiz6 la proterna cruda. Por ultimo
 

en el higado se hicieron analisis para el hierro, cobre, manganeso y zinc.
 

Los datos obtenidos se analizaron estadrsticamente mediante Andeva,
 

Stepwise, MAXR2 como correlaciones entre los elementos estudiados.
 -as 


Se encontraron concentraciones promedios en la sangre de bovinos de
 

10.84, 4./7 y 2.67 mg/100 ml de suero para los elementos calcio, f6sforo y
 

magnesio respectivamente; ademas se encontro una marcada deficiencia de
 

fosforo en la sangre de bovinos en pastoreo.
 

En los forrajes estudiados se obtuvieron concentraciones promedios de
 

3.86, 0.25, 0.09, 0.1.2 y 1.15 por ciento en base seca para la protetna
 

cruda, calcio, fosforo, magnesio y potasio respectivamente; para los elementos
 

hierro, cobre, inanganeso y zinc las concentraciones promedios encontradas
 

fueron de 148, 2.81, 27 y 20.05 ppm en base seca respectivamente. En todas
 

las fincas estudiadas los forrajes no mostraron concentraciones que suplieran
 

los requerimientos mfnimos de fosforo para ganado bovino.
 

Ademas un alto porcentaje de las muestras de forrajes estudiadas en las
 

232
 



fincas no dieron concentraciones satisfactorias para llenar los requerimientos
 

de cobre, el cual parece ser un grave problema en la zona de estudio. Tam

bign en algunas fincas estudiadas se encontraron concentraciones inferiores
 

a los requerimientos para el manganeso y zinc.
 

De las muestras de hgado analizadas, solar:tnte el manganeso mostr6
 

concentraciones por debajo de lo normal en el tejido hepftico, encontr~ndose
 

un promedio de 208.5, 157.8, 4.75 y 117 ppm en base seca para los elementos
 

hierro, cobre, manganese 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
 

llenar los requerimientos que no ilegan a suplir los forrajes.
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Murillo B., Olger, Enmilio Vargas G., Carlos Campabadal H., Carlos Jimenez 
C., Ismael Pontigo A., HernEn Fonseca Z. 1978. Composici6n mineral de 
los forrajes y su interrelaci6n con los requerimientos del ganado en el 
cant6n de Ca~ias, Guanacaste. Vol 1:36. III Congreso Agrononico Nacional, 

San Jos4, Costa Rica. 

Sumario 

La presente investigaci'n se realiz 6 en el canton de Caias, provincia
 

de Guanacaste, para determinar el contenido mineral. de las especies forra

jeras predominantes en la zona (Hyparrhenia ruffa, Cynodon nlemfuensis, 

Digitaria decumbens, Panicum maximum, Brachiaria mutica, Echinochloa 

polystachia, Paspalum con_jgatur, Paspalum fasciculatum, Centrocema Sp), 

asi como relacionar estos contenidos con los requerimientos minerales del 

ganado en pastoreo. 

Se tomaron 90 muestras de forrajes, durante los meses de diciembre 

de 1976 a abril de 1977; las muestras fueron recolectadas a 10 cm de la 

superficie del suelo en los potreros donde pastaban los animales. Se 

determin6 el contenido de proterna cruda, calcio, f6sforo, magnesio, po

tasio, hierro, cobre, manganuso y zinc. De los an5lisis 4e obtuvieron 

promedios generales para los forrajes de 3.86, 0.25, 0.09, 0.12 y 1.15 

por ciento en base seca para la prote'Ina, calcio, f6sforo, magnesio y 

potasio respectivamente y concentraciones promedio de 148, 3, 27, y 20 

ppm en base seca par;a los elementos hierro, cobre, manganeso y zinc 

respect ivamen te.
 

Se encontraron diferencias significativas (P<0.05) entre las especies
 

forrajeras para la proteina cruda, f'sforo, magnesio, potasio y hierro,
 

asr como diferencias significativas entre fincas para fosforo y manganeso. 

De las especies forrajeras estudiadas el pasto Jaragua fue el predo

minante (70% de las muestras), no cumpliendo esta especie forrajera con 

los requerimientos minimos de proteina cruda. Los requerimientos para 

bovinos de fosforo, cobre y zinc fueron cubiertos por los forrajes en un 

234
 



Murillo B., Olger, Emilio Vargas G., Carlos Campabadal H., Hern5n Fonseca
 
Z., Ismael Pontigo A., Carlos JKm~ncz C. 1978. Contenido de calcio, f~s
foro y magnesio en el suero sangulneo y factores que afectan estos minera
les en los bovinos del C;antn de C:as, Cuanacastce. Vol. 1:6 (abstract). 
III Congreso Agronomnco Nacional, San Jos6, Costa Rica. 

El objetivo del presento estudio fUL& el de evaluar Al estado de nu

trici6n mineral del ganado bovino cn pastoren en Ai cant6n de Cafias, Gua

nacaste. So tomaron por punci6n yugular 106 muestras do sangre en 19 

fincps distribuldas on el cant n. El muestreo se Iv a cabo durante los 

meses de dicienbre do 1976 a abril Ao 1977. Sc analiz6 el contenido de 

calcio, f6s Fora y magnesio en Ai wero. Los datos fueron analizados es

tadisticamonte por mudio de los procesos do Stepwise y mixima R2 . Los 

resultados indican un promedio para la zona de t0.84, 4.27 y 2.67 mg/100 

ml de suero para &i ca]cio, f6sforo y magnesio respectivamente. So encon

tr6 los siguiente; modelos para los factores que afectan L contenido de 

estos elenmentos on c suero. El modi,,lo para el caicio fue: Ca S = 14.40 

1.64 (edad del pasto) - 0.0005 (f6sforo en cl pasto). El modelo para el 

f6sforo fue PS = 4.25 + 0.008 (magnesio en pasto) - 0.06 (finca) - 0.032 

(zinc en pasto) + 0.005 (f6sforo en pascos). El modelo para magnesio fue: 

Mg S = 1.73 + 0.028 (fiica) + 0.006 (caicio en pasto) en 0.257 (edaK 'el 

pasto) + 0.005 (manganeso en el pasto). 
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Palmer Francis, Luis Fdo. 1977. Evaluacion del estado de nutricion mineral
 
del ganado bovino de la provincia de Cartago. Tesis. Universidad de Costa
 
Rica, Facultad de Agrononna, Escuola de Zootecnia. San Jose, Costa Rica.
 

El presente U ttIdiu o -U llev a cabo con el fin de evaluar el estado de 

nutricion mineral en el ganido novino de la provincia de Cartago, involu

crando 34 fincas de manejo dift..rente ,ituadas en los cantones Central, 

Parafso, Turrialba, Alvardo y Oceai muio. 

SO rocoloctaron ds iugado, sangre forrajes mesesductras y entre los 

de dicrloMhro de 1970b abri ] e 1977. Analizandose en sangre calcio, fos

foro y magne.s.io; en higado, hierro, cobro, manganeso y zinc finalmente en 

forrajos protena, calcio, tosforo, magnesio, potasio, lijrro, cobre man

ganeso y zinc. 

Con los resultados obtonidos se hicieron anaLisis estadrsticos de Andeva, 

Stepvjioe, Hax" e intorr(laciones entre l,):; elementos estudiados. Encontrandose 

que en la zona dt t.tudio on general o presentan problmas de calcio, 

fos fo ro , c01 rk , n 1 ovados; en s d is Oros iad(RNas i_% l-S de mauganeso I tri tos 

de Paraiso, Cn t ra y !;anta C ruz de lurri.alha v San Ra fael do Oreamuno. 

Los dema.;,, .msnt s ,. sUo ro sounoIleno Y lorrajes obtonidos fueron 

normates scguo la Ii tora tura. lara (.I lirgado de anj iales se encontro que 

todos los minerales evaluados mostraron niveles inferiores a lo normal en 

dicho tojido.
 

Se rucomienda, basado en lo anterior, suplementar con fuentes altas en
 

calcio y fosforo como harina de hueso, fosfato diclcico, adems oxido de
 

cobre, sulfato de cobre o carbonaro de cobre para aumentar los bajos niveles
 

de esos minerales encontrados. 
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Peducasse C., Armando. 1978. Mineral evaluation on We milk valley of Santa 

Cruz Central (Andres ihanez, Warnes and nt istevan provinces, Bolivia. 
Thesis. University Cabriel Rene M.ore,n ,rtment of Health Sciences. 

Abstfacto
 

In 1977 a budy in the mi valLey "f SanL a Cruz Central (Andres 

. Provinces) condueLed order investi-Ibanez, Warnes nd Sa".istevan was in to 

gate mineral levels in animal nutrition (bovin: rumnaants) establishing the 

soil-plant-an isal reat ions during te dry season (A:i:1.-May). Eight farms 

were studied tor poss ible dufIi civncis and/or toxicities of Ca, P, Mn, Cu, 

Mo, Zn, Fe, Mn and Co. 

The total soil (22), forage (22), blood serum (i20) and liver biopsy 

(32) samples (blood serum and liver biopsy samples cot.ected from cows of 

1-2 year- of age) were analyzed Lv per.;onnel of the laboratories of the 

University of Flori'da, Gainesvi lle. The pHt analvses oere made by CIAT 

shownLaboratorie:s in Santa Cruz de la Sierra, Bolivia. The results have 

that: 

1) The ma ority of soil samplys had from a slightly acid pH (5.8) to a 

neutral po (6.7). 

2) Soil s ampLes showed Lo.w Ca cont,.nn-s on 2 fars, with averages of 54.85 

and 55.31 ppm; wKiie Wie Uoner 0 j2ums oho..d normal to high levels (95.69 

to 1.74.15 ppr) . Y'o,_, low, rn anet:r:7tjons were not found in forage samples, 

averaging from 0.1b! to .. , don ator on all Based on the CaN) farms. 

values founid in si Yn. i zain..L alues are cons ice red adequate 

for bovii e livn , .K 

3) Soil iu d v1 s 24. 56.40 ppm, which are,gampts hoa c<pl, P from '.0 to 

considered norci , . ; n!iho, ii ;.'.dual spopnes of different portions 

of the facr'm: -, ., i ,m. forage , was 3ow in P on onlynlo5 ont,-nt 

one farm (0.20)?:h-h Wan o - vi,,NO,o available P in 

soils (31.21 p:) ... L.... an Km. 'The rmi' ndur of the tarms studied 

presented avera.s of Q.n31--..'. v the of 6,,: w ithm exception farm 
P concentrati(nPs we re. i 01 acq1u' v l ra in, oyn'i, s. 

4) m ... ' soil between .82-32.34 ppm, which met.agneim on-nraWt i.n were 1 

the requirements, WIN forage Mg val ues ,were from 0. 19% to 0.20% in 4 farms
 

and 0.14 to 0.162 fur the othler,. 'Therefore, hypomagncsemia is suspected in
 

6 farms (1.04-! .65 mg/10( ml), while the other 2 showed levels of 1.93-2.23
 

mg/100 ml. 
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in soils showed from low to marginal to deficient values
5) Cu concentrations 
(I.508-0.832 ppm), while forage leveis varied among the 8 farms studied. 

Two farms were slightly defi'ient, lowe- than 4 ppm and the other six were 

from normal Lu IijUly high (4.02-11.15 ppmt). However, Cu concentrations in 

liver sh owed Low ie! rcrtr r.'rm;inu Co K ci enOWL in 5 farms whi.le, in the 

normal 7u J.it were fo.. The coniclus ion was drawn that the existenceother 3, 

of nutritionat probi due copper wi require Coture to
ms to 1 eixperiments 

aff.t Q.p;levaluate tie of Cu .s (i., i]njction,).
 

6) Zn cuiu-Lti :on; in soi iow'd ave'rn4 alvels f:m 0.857 ppm (de

ficient) to 3.880 ppm (h -. Zi content ii forage s,,.d average levels of 

12.65 ppm LO 2.23 ppm (deid,,tt) iQ 7 farn;;, while the other showed ade

quate levelA (34.I3 ppm) wor ovi. ncritiion. Zn concentrations in blood 

serum w,,ru :on si.d.red norl t whil.e Zn content in liverin, all tudetded, 

was normal cn 6 farm, (Q1h , than 125 ppm) an6 s;lightly low on 'che other 2 

(108.80 to 1_3.0'i ppm). 

7) FA concueuran os A qus1 weire considered normal for all farms, and 

also the l]vcls Af In in the forages analyzed were adequate which is re

flected in noriA. Iveli of A in the liver samples. 

n ,c,;ILneI',it ion.A o14 

ppm (high) Iwrviin Pni tion 'AMP liv.r simple:; showed deficient Mn 

values oil ) f iarm ( less A nil . > . in n lori:ta. luvl for tI e others. 

8) Fora:e .i'- -; showed rum .06 rpm (low) to 71.67 

9) Soil , a sibowe,i ;vA ',S lr 0.151 Lo 1.061 ppll 0n all farms, 

which is considered adluL . Fag, :nalyj;i., showed Co concentrations 

ranging froW 0.1.0LAO O.J/" pPM, (1UWAG2L.Se trat are sufficient for the 

requirernen s of o 'Ln.:-. 

10) .Itcloicent ratkns in voil- e..eru all (0.05-0.998average for farms 


ppm). Mo content in forage stowed adequate levels (1.158-2.720 ppm).
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Prez, R., J. A. Flores, M. T. Cabezas y R. Bressani. 1978. Estado de nutri
ci 6 n mineral del ganado do came en tres fincas del departamento de Santa Rosa 
de la costa d0 Pacrf lco do Cuatcmaia. Facultad de ,edicina Veterinaria y 
Zootecnia. 11niversidad de San Caros ( Cuatemala. 

Baja los mismos objetivos do pasados experimentos se plante5 el presente 

estudio para tres fIucas do carme (F4, F5 y F6) de In1costa del departamento 

de Santa Rousa. Ern tot:al s, tomaron 94 muestraN de sangre, 22 de higado, 10 

de lecho, 23 de pa to y Li d suel-o. IEistado actual do la investigaci6n 

nos permite presentar en est:a oportunidad pa rte de los resultados ohtenidos 

en el muestreo d invierno (agosto du 1977) los que ser5n igualw'nte comple

tados y romplemenados con tn proi×[mo muo.:t r0o en febrro de 1978. 

El contenidn s<rico du P ft. , crKt Licamant, difvrente (I'W.01) entre 

fincas, abin1 u0 on do; encont rado , rowdio 74.7, 54.9 y 89.7 pg/ml para 

F4, F5 y F6, rcat c:tivane. En F5 los 3 grupe, de anknales muestreados 

presentaron val.,Ires s lmiare.n de P .s rico, wientrs que en 4 y F6 se detec

to que tanto W-; n.viiIas (92.,6 pg/ml) (01m,1 1on aninLe; de engorde (87.7 

ig/ml) pr:senab;lA, vu les; so r cons layorva eq .1.os uncontrados en ]as vacas 

adultas (66.4 jp/rml), min e:nistir dife o nci;ns unt:re Jos dos primeros grupos 

de animJ-es. 

En los pa ;os se encontr6 contenidos de 3./45, 3.86 y 3.13 g de Ca; 0.29 

0.11 y 0.19 g d Na; 6.5, 5.1 y 5. mg de Cu y 29.0, 32.0 y 40.1. mg de Zn 

por kg de materia .;ca un F4, F5 y F6, rpspectivamente, no habi ndose detec

tado diferenci. enre Ias tre,; fin na. La can tidad de P fue estadistia

mente mayor (P<.01) un los pa:stos de F'4 (3.35 g/kg) que en los de 5 (1.28 

g/kg) y los de F6 (1.61 g/kg) siendo 6stos dos ulti io, similares entre s. 

Se encontraron diferencias significativas (P<.01) entre los pastos de las 

tres fincas en lo referente a Mg, K, Fe y Mn, siendo los promedios de 2.14,
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2.67 y 3.08 g para Mg; 23.81, 67.99, y 14.81 g para K; 165.3, 208.0 y 406.6 mg 

para Fe y 91.2, 84.7 y 232.8 mg para Mn por kg de materia seca en F4, F5 y
 

F6 en el mismo orden. La totalidad de los pastos de F4 eran insuficientes en
 

Na, Cu y Zn; los de F5 en P y Na y los de F6 en P, Na y Cu. El 33.3 y el
 

50.0% de F4 y F6 lo eran en Ca; el 66.7% de F4 en Mg y el 50.0 y 75.0% de F5
 

y F6 en Cu, respectivamente. El resto de elementos (K, Fe y Mn) se encontra

ban en los pastos en cantidades suficientes como para garantizar un aporte
 

capaz de llenar los requerimientos diarios de los animales que los consumen.
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F. de Moreno, L. R. McDowell, J. K.
Perla, F., L. A. Silva, G. Acosta M., 

Mineral status of cattle in El Salvador.
Loosli and J. H. Conrad. 1978. 


Abstracts, 70th Annual Meeting American Society of Animal Science. East
 

Lansing, Michigan. p. 433.
 

Abstract
 

of dual-
An experiment was conducted to determine the mineral status 


purpose cattle from 3 regions (North-Central, Western and Eastern) in El
 

collected from 8 locations (slaughterhouses)
Salvador. Tissue samples were 


within the 3 regions and analyzed for the following minerals: liver (Ca,
 

P, Mg, Co, Cu, Fe, Mn, Mo and Zn) and blood (P and Mg). A total of 119
 

(67 male apd 52 female) Criollo, Criollo x Brahman and Criollo x Holstein
 

10 years, were
cattle, separated into age groups of 2-4, 4.5-6 and 6.5 to 


For the Western region, liver Mg and plasma
sampled during the wet season. 


lower (P< .07). Location dif-
P were higher (P< .01) while liver Mn was 


were found for liver Ca (P< .05), Cu (P< .10) and Mn (P< .01)
ferences 


and plasma P (P< .10). No difference (P> .10) between age groups was found
 

(P< .10). The only
with only an age group x sex interaction for liver Zn 


liver Cu for females. Mean liver Cu
 sex difference was higher (P< .10) 


(e 180 ppm) and Mn (< 6 ppm), and plasma Mg (< 2.0 mg%) were
(< 75 ppm), Fe 

1, 1, 1, and 4 of 8 locations, respectively.low or borderline to deficient at 


Of the total livers analyzed 37.8, 54.0, 14.3 and 10.0% were low or border-


Zn (< 84
line to deficient in Cu (< 75 ppm), Fe (< 180 ppm), Mn (< 6 ppm) and 

(1-5 ppm) were normal for all
ppm), respectively. Liver Co (< .07 ppm) and Mo 


Plasma P (< 4.5 mg%) and Mg (< 2.0 mg%) were borderline to deficient
cattle. 


for 17.6 and 50.4% of the cattle, respectively.
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de Sousa, Julio Cesar. 1978. Interrelationships among mineral levels in
 
soil, forage, and animal tissues on ranches in northern Mato Grosso, Bra
zil. Thesis. University of Florida, Gainesville, Florida.
 

Abstract
 

An experiment was conducted with samples from six farms in northe-n
 

Mato Grosso, Brazil, to study the interrelationships among level of minerals
 

in soil, forage, and animal tissues during the wet and dry season of the
 

year. Soil characteristics and eleven minerals were studied.
 

The most acid soils had pH average values ranging from 4.7 to 5.8.
 

Higher pH values were found for 3 farms ranging from 6.0 to 6.5. Percentages
 

of soil organic carbon ranged from 1.2 to 2.6. Soil exchangeable calcium
 

and exchangeable magnesium (1 N KCI extracts) were sufficient to meet the
 

requirements of forage plants. Soil exchangeable hydrogen was in a range
 

of 0.21 to 0.34 meq./100 g of soil. Soil exchangeable aluminum was low and
 

ranged from zero to 0.42 meq./100 g. Soil effective cation exchange capa

city (ECEC) ranged from 1.4 to 12.1 meq./100 g. Soil pl1 was positively cor

related with soil organic carbon, soil exchangeable calcium, magnesium,
 

and ECEC but negatively correlated with woil exchangeable hydrogen and
 

aluminum.
 

Soil extractable calcium (double acid extracts), forage calcium and
 

rib bone ash calcium were normal during both dry and wet seasons. Rib bone
 

ash calcium was positively correlated with forage calcium and soil extract

able calcium.
 

Soil extractable phosphorus ranged from 2.5 to 27.6 ppm which is con

sidered low to average. Forage phosphorus was deficient for grazing cattle
 

and ranged from 0.07 to 0.18 percent. Rib bone ash phosphorus levels
 

ranged from 15.5 to 15.1 percent and they are considered borderline to
 

deficient. Rib bone ash phosphorus was positively correlated with soil
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extractable calcium, forage calcium, rib bone asch calcium, and soil extract

able phosphorus.
 

Soil extractable magnesium (double acid extracts) and forage magnesium
 

levels were normal. Rib bone ash magnesium levels were slightly below normal
 

but magnesium deficiency is not likely to occur on these six farms.
 

Soil extractable potassium levels ranged from low to adequate, 48 
to
 

124 ppm, but forage potassium was sufficient to meet the requirements of
 

beef cattle. Soil salinity was considered negligible and forage sodium was
 

highly deficient.
 

Soil extractable iron ranged from 16 to 42 ppm which was associated
 

with forage iron levels ranging from 104 to 405 ppm. Forage iron levels
 

were high for grazing cattle and liver iron levels were normal. 

Soil extractable manganese ranged from 6 to 48 ppm which were associated 

with adequate forage levels ranging from 83 to 233 ppm. However, liver man

ganese levels were deficient on five farms which appeared to be due to high 

levels of iror in the forage and high levels of cobalt in the mineral 

mixture. 

Zinc was deficient in the soils, forages, and livers. Liver zinc levels 

during the dry and wet season were 113 and 68 ppm, respectively. Soil ex

tractable molybdenum means which included both seasons ranged from 16 to 24 

ppm and they are sufficiently high to cause concern. Forage molybdenum was 

9.2 ppm on one farm and this level is considered sufficiently high to pro

duce toxicity problems or problems interrelated with copper and sulfur. All
 

farms with the exception of one had normal forage molybdenum levels. The 

liver molybdenum mean of 3.8 ppm from this farm was higher than those other 

from other farms but was considered normal. Liver molybdenum was positively
 

correlated with soil pH and soil phosphorus but negatively correlated with
 

soil exchangeable aluminum, soil extra-table iron, and liver manganese.
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Soil extractable copper was low on five farms. Forage copper was
 

normal in two farms and deficient in the other four farms. Liver copper
 

levels were normal on all six farms due to mineral supplementation.
 

Soil extractable cobalt was adequate in three farms and inadequate
 

in the other three. Forage cobalt was adequate on four farms and deficient
 

on two farms. However, liver cobalt was normal due to the high levels of
 

supplementation in the mineral mixture.
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Sousa, J. C., J. 11. Conrad, M. 0. Mendes, W. G. Blue and L. R. McDowell.
 
1978. Ca, P, Mg and K interrelationships among soil, forage and animal
 
tissues. Abstracts, 70th Annual Meeting American Society of Animal Science.
 
East Lansing, Michigan. p. 342.
 

Abs tract
 

Soil, forage and cattle rib bone samples were obtained from sI.x ranches
 

during two seasons in northern Mato Grosso, Brazil. Samples weru analyzed 

for Ca, P, Mg anI K. Soil extractable Ca levels ranged from medium to high. 

Forage Ca levels were adequate and rib bone ash (RBA) Ca levels were normal. 

Forage Ca was positively correlated with soil Ca .15, RBA Ca .59, soil P .14, 

RBA P .66, soil Mg .28 and forage Mg .33 but it was negatively correlated 

with forage P -. 24 and forage K -. 41. IIBA Ca was positively correlated with 

soil Ca .86, forage Ca .59, soil P .63, RIdA P1 .99 and soil Mg .98. Soil ex

tractable P was low to average and ranged from 2.5 to 27.6 ppm. Forage P was 

deficient for grazing cattle and ranged from 0.07 to 0.18%. RBA P was border

line to deficient and ranged From 15.5 to 15.1%. Forage P was positively 

correlated with soil P .42, soil. Ca .31, soil Mg .17, forage Mg .26, soil K
 

.21, and forage K .72. RBA P was positively correlated with soil Ca .86,
 

forage Ca .66, RBA Ca .99, soil P .66 and soil Mg .97. Forage Mg was ade

quate. Forage K Levels were adequate and ranged from 0.82% during the dry 

season to 1.93% during the rainy season. Forage K was positively correlated 

with soil K .19, soil Ca .13, soil, P .13, forage P .72 and forage Mg .23. 

Rib bone ash calcium, phosphorus and magnesium levels were highly correlated 

with these elements in the soil and forage.
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de Sousa, J. C., J. H. Conrad, W. G. Blue and L. R. McDowell. 1979.
 
Interrelaqoes entre minerais no solo, forrageiras e tecido animal em fa
zendas do norte de Mato Grosso. 1. Calcio e fosforo. Pesquisa Agropecuaria
 
Brasileira (Accepted for Publication).
 

Sumario
 

Foi feito un estudo de levantamento das deficiencias minerais em seis
 

fazendas do norte de Mato Grosso, baseado em amostras de solo, forrageiras e
 

tecido animal, coletadas durante as epecas seca e chuvosa.
 

As analises de Ca do solo mostraram que, cinco das seis fazendas tinham
 

nrveis considerados altos de Ca no solo e apenas uma apresentava valores
 

considerados midios. Os nrveis de Ca nas forrageiras, de um modo geral eram
 

suficientes para atender os requerimentos nutricionais dos bovinos nas duas
 

epocas estudadas. Os nrveis de Ca no ossos dos animais (costela) foram con

siderados normais em todas ap fazendas.
 

Os teores de P nos solos das fazendas estudadas foram considerados entre
 

medio e baixo, respectivamente, variando entre 27.6 a 2.9 ppm. As analises
 

de P das forrageiras indicaram que nenhuma delas, exceto leguminosas, forneciam,
 

niveis adequados de P, para um mfnimo de produgao animal, sendo as seis fa

zendas deficientes deste mineral. Houve grande variagao dos teores de P nas
 

forrageiras entre as duas epocas estudadas, sendo que nas epocas chuvosa e
 

seca as medias gerais de P foram 0.20 e 0.08 por cento, respectivamente. As
 

medias de P nos ossos dos animais amostrados variaram entre 15.5 a 15.1 por
 

cento, por conseguinte, a deficiencia de P foi evidente nas fazendas estudadas.
 

Os animais apresentaram nfveis mais altos de P (15.5 por cento) durante a
 

epoca seca e nfveis mais baixo (15.0 por cento) durante a epoca chuvosa. 0
 

que sugere uma maior necessidade de P durante o perrodo chuvoso. Os n'veis
 

de P nos ossos foram positivamente correlacionados com o teor de Ca no solo,
 

Ca nos forrageiras, Ca nos ossos, e P no solo.
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Valdivia, Ricardo and C. B. Ammerman. 1977. Effect of dietary aluminum on
 
growing cattle. Abstracts. Southern Section, American Society of Animal 
Science, p. 76. 

Abstract 

Aluminum cloride at a rate of 0, 300, 600 and 1200 ppm Al was fed to
 

24 growing beef steers (initial weight 225 kg) for 90 days using a com

pletely randomized design experiment. Major dietary ingredients in
 

percent were: corn meal 59.4, soybean meal 12, cottonseed hulls 20,
 

alfalfa meal 3, molasses 3, plus minerals and vitamins. Average daily
 

gain and average daily feed intake were .916, .916, .753, .912 and 6.6,
 

6.49, 5.98, 7.08 kg for the treatments as listed above, respectively.
 

There was no differences due to treatment (P>.05). Average P, Ca, Mg, and
 

Al levels in blood serum at the end of the experiment were 7.7, 9.78, 2.54
 

and .0112 mg/100 ml, respectively, with no influence of treatment. Aftel
 

slaughter average Al concentrations in liver and kidney were 9.73 and
 

6.94 ppm in fresh tissue with no differences (P>.05) among treatments.
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Valdivia, P., C. B. Ammerman, J. P. Feaster, P. F. Loggins and P. R. Henry. 

1977. Effect of aluminum on phosphorus utilization by lambs. J. Anim. Sci. 

Vol. 45, Supp. 1 p 265. 

Abstract
 

Twenty wether lambs (36.7 kg) were randomly assigned to 4 treatment 

groups in a 2 x 2 factorial arrangement with 2 levels of dietary Al (28 and 

2200 ppm) and 2 levels of P (.15 and .29%) for a feeding trial followed by 

a P-balance study. The basal diet contained 10.4% protein 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 1.3, vitamins and minerals. 

The Ca:P ratio was between 1.4 to .15 for all diets. In treatments desig

nated as low P, low Al; high P, 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 (ADI) were 647, 668, 394 and 545 g; avera) feed conversions (AFC) 

were 5.37, 5.39, -- and 18.86. At the end of the feeding trial, serum levels 

of inorganic P were 6.90, 7.83, 3.62 and 7.73 mg/100 ml, respectively. Dif

ferences (P<.05) among treatments for ADG, ADI, AFC and serum P were found.
 

In the P1balance study 321) was injected daily for 10 days to measure endo

genous fecal P which averaged 77, 131, 41 and 86 mg/kg live weight, respec

tively. True absorpLion of P was 28.7, 32.8, -9.2 and 8.5% (P<.05). Con

centrations of Al in fresh liver were 2.6, 2.9, 6.7 and 6.3 ppm (P<.01).
 

Similar values for muscle were 2.3, 2.8, 4.1 and 3.9 (P>.05).
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Valdivia, R., C. B. Ammerman, C. J. Wilcox and P. R. Henry. 1978. Effect 
of dietary aluminum on animal performance and tissue mineral levels in 
growing steers. J. Anim. Sci., Vol. 47, 6:1351. 

Abst ract
 

Twenty-four beef-type steers with an average body weight of 226 kg were 

allocated to four treatments and fed for 84 days Lio study effects of dietary 

aluminum on perfornance and mineral composition of :elected tissues. Treat

ments included 0, 300, 600 and 1,200 ppm supplementa alumL inum as alminum 

chloride. Increased dietary aluminum did not affect feed consumption, body 

weights, or fee d conversion ratios nor pl asma concent ration s of phosphorus, 

calcium, magnesium and aluminum. Hemoglobin and hematucrit were not affected 

by increasing dietary aluminum; .ikewi tie concentrations of altminum, iron, 

manganese, pdhosphorus and calciunm comcentrat ions in ]ixe: , kidney, Ionaissimus 

muscle and brain were not inflnenced by treatment. Zinc oncentrations were 

increased in liver (K.(9) and kIdney (<.01]) , by added levels of diet ary 

aluminum. )ieta ry aluminum at levels up to 1 ,200 pp;m did not i nfluence 

animal performance and caused only minor changes in tissue mniocral composition. 
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Vallejo, Miguel, Juan Kalinowski, Victor Talabera y Francisco Quintana.
 

1977. Suplementacion con minerales y NNP de ovinos al pastoreo en pastizales
 
naturales altoandinos. 1977 ALPA proceedings, R-82. Havana, Cuba.
 

Sumario
 

El la Sierra Central del Peru, en pastizales ubicados a 4,000 m de
 

altitud, clasificados como paramo muy humedos sub-alpino, se estudio la res

puesta a la suplementacion mineral y nitrogenada no proteica de ovinos al
 

pastoreo. El ensayo se inici6 en Febrero de 1976, habiendo durado un ano.
 

Doscientos ovinos castrados tipo Junrn, do 16 meses de edad, con un peso
 

promedio de 31. kg fueron distribuldos al azar en 5 campos contiguos de 8 has
 

cada uno, do condicion entre regular y bueno en los que predominaban granimneas
 

nativas do bajo valor nutritivo. Los tratamientos fueron: (A) sin suple

mentacion; (B) sal; (C) B mas cobre, cobalto, hierro y zinc; (D) C mas
 

fosforo y (E) mas urea. La mitad de los animales do cada tratamiento fueron
 

beneficiados a los seis meses, continuandose con el resto por seis meses
 

adicionales. Fueron evaluados cambio de peso vivo, peso de vellon y peso de
 

carcasa. Al finalizar el perrodo de un ano, no se hallaron diferencias esta

drsticas entre tratamientos on los parametros estudiados, habiendo sido los re

sultados: para ganancia de peso (kg), 14.9 (A), 16.5 (B), 15.1 (C), 15.6
 

(D) y 17.5 (E); para peso de carcasa (kg), 20.0 (A), 19.3 (B), 19.3 (C), 19.2
 

(D) y 20.9 (E); para peso de vellon (kg), 3.4 (A), 3.45 (B), 3.22 (C), 3.17 (D)
 

y 3.3 (E). Los resultados indicarfan que para el nivel de consumo de energra
 

p-: los animales, ni los elementos mineral ni el nitrogeno fueron limitantes.
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Vargas G., Emilio, Carlos Campabadal 11., Hlernin G6muz R., Juan Coward L., 
Carlos JimAnez C. e Ismael Pontigo A. 1978. Contenido de calcio, f6sforo 
y maghusio en el sutre sanguTneo y factores quo afectan estos minerales en 
bovinos en pastoreo en San Carlos, Alajuela. Vol. 1:8 (abstract). [i[ 
Congreso Agronimico Nacional, San Josi, Costa Rica. 

Sumari o 

Este trabajo se lev a cabo con Ai objetivo de evaluar el estado de 

la nutrici 6 n mineral del ganado bovino en pastoreo en los Distritos de 

Cutris y Florencia de San Carlos. S recolectaron 75 muestras de sangre 

en 15 fincas de la zona, adernas de 22 muestrs de higado en los mataderos 

locales. El muentreo se llev6 a ca(o durante los muses de enuro a abril. 

de 1977. So analizd A contenid. do calcio, f6sforo y magnesio on el 

suero y de hierro, ccbre, manganeso y zinc en l hfg;ido. Los datos fueron 

analizados estadfsticamentv por medio do Un di.seflO aii idado, ohteni ndose 

ademas mndelos de prudicci n por medio de los proceso de S tepwise y Mxima 

2 Los r'sultados indicaron tn promedio para IN zola do 8.07, 4.65 y 2.66 

mg/lO0 ml do suero para calcio, fsfAoro y magnosio respectivamente. Se en

contraron 0 cuaciones do prodircin para Ia s concenLrac iones de estos ele

mentos on el suern con R2 de 27.87, 74.81 y 64.78 para el Ca, P y Mg res

pectivamento. Los rusHu 1tados seal an concentraclones en Ai h~gado de hie

rro, cobre, manganeso y zinc de 206, 85, 5 y 90 ppm en base seca respecti

vamente. En base a lWs datos del suero, 72 y 30.7 por ciento de la pobla

ci6n est5 deficiente en Ca y P repectivamente. 

En base a los annlisis en Ai higado, se podrla afirmar que existe una 

deficiencia de Fe, Cu, Mn y Zn en la zona. 
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Vargas G. , Emilio, Carlos Campabadal H. , Luis F. Palmer, Carlos Jimnez C., 

Ismael Pontigo A., Hern5n Fonseca. 1978. Contenido de calcio, f6sforo y 
magnesio en cl suero sangufneo y factores que afectan estos minerales en 

bovinos en pastoreo en Cartago. Vol. 1:7 (abstract). III Congreso Agro

n6mico Nacional, San Jose, Costa Rica. 

Sumario 

La presente investigaci~n se Ilev a cabo con el objeto de evaluar el 

estado de la nutricin mineral dcl ganado bovino en pastoreo en la Provin

cia do Cartago. Se recolectaron 68 muestras de sangre en 34 fincas de la 

Provincia, y 10 muestras de higado en ataderos locales. El muestreo se 

llev6 a cabo durante los meses de enero a abril do 1977. Se analiz6 el 

contenido de caicio, f6sforo y magnesio en ci suero y de hierro, cobre, 

manganeso y zinc en c hfgado. Los dacos fueron analizados estadistica

2 

mente por medio de los procesos de Stepwise y mhxima R . Los resultados 

indicaron un promedio para la zona de 7.94, 4.17 y 2.41 mg/l00 ml do suero 

para el calcio, f6sforo y magnesio respectivamente. Adem~s se encontr6 

los siguientes modelos para los factores quo afectan Al contenido de es

tos elementos en el suero. El modelo para cA caicio fue: Ca S = 9.95 

0.01 (calcio en pasto) + 1.1.2 (muestra de pasto) - 0.30 (cant6n). El 

modelo para ] f6sforo fue: PS = 4.66 - 0.006 (magnesio en pastos) + 

0.0009 (hierro en pastos) + 0.015 (zinc en pastos). El modelo para el 

magnesio fue: Mg S - 3.31 - 0.017 (zinc en pastos) - 0.21 (distrito) 

0.27 (muestra en pasto). 

Los resultados seinlan asimismo, concentraciones en Al hfgado de 

hierro, cobre, manganeso y zinc de 124, 51, 4 y 58 ppm en base seca res

pectivamente, o que indica una posible deficiencia de estos elementos. 

253
 



Vargas G., Emilio, Carlos Campabadal H., IHernfn G6mez R., Juan Coward L., 

Ismael Pontigo A., Carios .Jimnez C. 1978. Composici6n mineral de fo

rrajes y su interrelaciln con los requerimientos del ganado vacuno en 

los distritos de Ftorencia y Cutris, San Carlos. Vol. 1:39 (abstract). 
III Congreso Agron6mico Nacional., San Jos, Cos ta Rica. 

Stmar Lo 

La presente investigaci6n se I levo - (abo con el fin de evaluar ei 

contenido mineral de las diferentes especies forrajeras presentes en los 

distritos de Florencia y Cutri s del Cant6n de Sza Carlos, y relacionarles 

con los requerimientos de bovinos de razas de came. Se recolvectaro, 57 

muestras de 1(0 especies de pasto, (Axlono1hus scoparins, Pas pal111 conjugatu, 

Panicum maximum, tBrachiaria muLica, Brachiaria ruzziensis , Setaria phaseo

lata, Pennisetu J)(!. pu-eum, Cvndon nlemnfluensis, Ilyparrhenia rufa, 

Echinochloa polystaclia), cultivados cc: 15 fineas ,de a zona, durante los 

meses de enero a abril du 1977. Las mu estras fueron c(lectadas a 10 cm 

del suelo, en Is potreros pr6ximos a pastar por los animales. Se deter

minY ul contenido de protelna, calcio, f6sforo, magnesio, potasio, hierro, 

manganeso y zinc. Los resultados sealan un promedio para la zona de 

10.62, 0.22, 0.10, 0.23 y 2.4 por ciento para proteina, Ca, P, Mg y K 

respectivamente, asT como 213, 7, 117 y 28 ppm en la materia seca para Fe, 

Cu, Mn y Zn respectivanmente. Sc encontraron diferencias estadisticas 

(P<O.05) en protena por distrito y por especie y de cobre por especie. 

Todas las especies estudiadas mostraron valores de proteina adecuados, 

con excepci~n del pasto Jaragua. Asimismo, todos los forrajes fueron de

ficientes en fMsforo, siendo el pasto Alem~n el Mns crftico en este ele

mento, adem5s este pasto mostr6 deficiencias en cobre y zinc. Como pro

medio los forrajes de la zona lenan perfectamente los requerimientos de 

los animales de la zona, con excepci
6 n de f6sforo, el cual es cubierto
 

solamente en un 56 por ciento de las necesidades.
 

254
 



Los pastos Estrella Africana y Pangola no llenaron los requerimientos
 

de f6sforo, pero sf para demos elementos. El contenido de hierro estuvo
 

muy por encima de los requerimientos en todas las especies estudiadas.
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Vargas G., Emilio, Carlos Campabadal If., Luis Palmer F., Manuel Pontigo
 

A., Carlos Jiinnez C., Hern'n Fonseca. 1978. Composicion mineral de fo

rrajes de la Provincia de Cartago y su relaci6n con los requerimientos de 

bovinos de leche. Vol.. 1:35 (abstract). III Congreso Agron6mico Nacio

nal, San Jos6, Costa Rica.
 

Sumario
 

Con el objeto de evaluar el contenido mineral do las diferentes espe

cies forrajeras (Pennisetum clandestinum, Cynodon nlemfuensis, Lolium 

perenne, Pennisetum PUrpureum, Axonophus ,coparius) existentes en !a pro

vincia de Cartago, y relacionarlos con los requerimientos de bovinos de 

en fincas distribufdas
leche, so recolectaron 63 muestras de forrajes 34 


]os meses de enero a abril do 1977.en cinco cantones do la zona, durante 

de prote-na, calcio, f6sforo, magnesio, potasio,Se determin6 el contenido 

hierro, cobre, manganeso v zinc. Los resultados indican un promedio para 

y 3.44 por ciento de protefna,la pronvincia do 13.76, 0.19, 0.15, 0.22 

calcio, f6sforo, magnesio y potasio respectivamente; asl como 297, 8, 11 

y 33 ppm en la materia seca do hierro, cobre, mangane.so y zinc respectiva

6 n de Parafsomente. El contenido de manganeso de los forrajes del. cant 

(Valle de Orosi) fue estadfsticamente (P<0.05) superior al de Jos demos 

cantones estudiados. 

De los forrajes analizados solamente el Kikuyo y Raigrzs mostraron 

de la zona. Asimismo,contenidos de protenas adecuados para la ganaderla 

todos los forrajes fueron deficientes en calcio y f6sforo, con excepci 6 n 

del Imperial quo mostr6 valores de calcio adecuados. El manganeso y po

tasio fue adecuado en todos los forrajes. Todas las especies fueron de

cobre y zinc y adecuadas en hierro y manganeso, sin embargoficientes en 

la Estrella Africana y el Elefante mostraron valores de manganeso relati

los re
vamente altos. Como promedio, los forrajes de la zona no llenan 

zinc, para el ganado de leche.
querimientos de calcio, f6sforo, cobre y 
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Velasquez, Jose A. 1978. Situacion de la nutricion mineral del ganado
 

bovino en el estado Monagas. Universidad de Oriente, Escuela de Zootecnia,
 

Nucleo Monagas, Jusepin, Venezuela.
 

Sumario
 

El objetivo del presente trabajo fue estudiar la situacion de la nu

tricion mineral del ganado bovino en el Estado Monagas mediante el analisis
 

de muestras de suelo, forrajes y sangre de bovinos en siete fincas del Estado
 

Monagas, durante las epocas secas y lluviosas de 1977.
 

En las fincas seleccionadas se muestrearon cuatro potreros, tomandose
 

una muestra de suelo de los primeros 20 cm de cada potrero.
 

Las muestias de forrajes se tomaron a una altura mfnima de 5 cm, to

mandose 10 muestras por potrero compuesta de 4 sub-muestras y se tomaron
 

muestras de sangre de la vena yugular a 5 vacas y a 5 novillos por finca.
 

A las muestras de suelo se les determino textura, p1l, capacidad de
 

A las
intercambio cationico, materia organica, bases cambiables y fosforo. 


muestras de forrajes se les determino nitrogeno, calcio, f6sforo, magnesio,
 

manganeso, zinc, hierro, cobre y zinc y en plasma sangufneo f6sforo, calcio
 

y magnesio.
 

Los valres promedios obtenidos para pH, materia organica, calcio, mag

nesio, potasio, aluminio, fosforo y capacidad de intercambio cationico
 

durante la epoca seca y lluviosa fueron los siguientes: 5.06 y 4.82; 1.39
 

y 1.18%; 0.68 y 0.88; 0.37 y 0.33; 0.13 y 0.09; 0.51 y 0.30 meg/l00 g; 3.52
 

y 4.10 ppm y 4.48 y 3.83 me/100 g, respectivamente. Los contenidos promedios
 

de nitrogeno, calcio, f6;foro, magnesio, hierro, manoaneso, zinc y cobre
 

para las dos jpocas fueron u.62 y 1.18%; 0.16 y 0.19%; 0.08 y 0.09%; 0.08
 

y 0.14%; 176.21 y 567.54 ppm; 105.97 y 143.43 ppm; 22.91 y 40.43 ppm y 2.89
 

y 6.53 ppm respectivamente. La concentracion promedio de calcio, fosforo y
 

magnesio en el plasma sangufneo para las dos epocas fueron de 10.47 y 10.36;
 

3.15 y 4.10; 3.05 y 2.87 mg/l00 ml, respectivamente.
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Vidal, H., C. Aguilar, F. Villena y L. R. McDowell. 1979. Deficiencias y
 

toxicidad de miner ales en el ganado en el norte del Peru: I. Estado
 
nutricional de minerales en vacunos del departamento de Lambayeque. Pre
sented 1979 ALPA Meetings. Lima, Peru.
 

Sumario
 

En 170 muestras de suero sangufneo y 92 de hrgado se Ian determinado las
 

concentraciones de P, Ca, Mg, Cu, Fe y Mn, con la finalidad de evaluar el
 

estado nutricional mineral del ganado vacuno en el departamento de Lamnbayeque,
 

norte del Peru.
 

Las concentraciones "-omedios de P, Ca y Mg en el suero sangurneo fueron 

6.1, 8.8 y 2.6 mg/100 ml, respectivamente y el contenido de Cu, 0.6 ppm. 

En el hfgado se encontraron valores de 1.3% de P y de 331.2, 31.2 y 9.4 1..g/g 

de Fe, Cu y Mn, respectivamente. Se observo un alto grado de deficiencia de 

P (16.8%), Ca (38.2%) y Cu (38.7%) en suero sangurneo; asr mismo, en el hfgado 

la deficiencia fue alta para Cu (58.1%) y Mn (62.0%). En la cuenca lechera 

de Chacupe la mas importante de la zona, se detectaron los siguientes grados 

de deficiencLa: P, 37.9%; Ca, 31.0%; Cu, 53.5% y Mn, 61.8% (hrgado). Mayor 

grado de deficiencia de P se encontro en los animales bajo pastoreo, aunque 

en el caso de Cu la deficiencia fue mayor en ganado estabulado. Los grados 

de deficiencia de Ca y Mn fueron similares en ambos sistemas. 

Los machos presentaron significativamente mas altos concentraciones de
 

P, Ca y C,,, asistiendo mucha similitud de concentracion de minerales entre
 

animales jovenes y adultos. La concentracion de todos los minerales tendio
 

a ser ligeramente mnuor en ai.imales Hfolstein-Brown Swiss en comparacion 

con los Criollos-Cruces.
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Villalobos Morales, Jose Leonidas. 1975. Contenido mineral de cinco forra
jes tropicales y su relaci6n con la edad y el valor nutritivo. Tesis.
 
Universidad de Costa Rica, Facultad de gronomfa, San Josg, Costa Rica.
 

Sumario
 

La presente investigaci6n fue realizada con el fin de determinar el
 

contenido de elementos minerales y la relaci6n de stos con la edad y el 

valor nutritivo en 5 forrajes de la zona do La 'ortuna de San Carlos. 

Los forrajes analizados fueron: Guinea (Panicum maximum), Parg 

(Brachiaria mutica), Gigante (Pennisetum purpureum), San Juan (Setaria 

sphacelata) y Estrella (Cynodon nleifluensis).
 
2
 

Se utilizaron parcelas de 4 m de area con 0.5 m de borde por cada
 

lado. Los tratanientos (7 edades de corte) se distribuyeron en un dise.o 

de block al azar con 3 repeticiones en el espacio y 3 en el tiempo (3 rebro

tes). Las edades de corte variaron de I a 7 semanas con intervalo de 7 d'as. 

Los valores de proteina y I)IVMS corresponden a anglisis previos de las
 

mismas mue;,tras utilizadas en esta investigaci6n.
 

Los elementos minerales analizados fueron calcio, fosforo, magnesio, 

potasio, relaci6n Ca:!), cobre hierro, manganeso y relaci6n Fe:Mn. 

So establecieron coeficientes de correlaci6n entre los elementos mi

nerales entre sT y entre 6stos y la edad, la proteina cruda y la DIVMS. 

Se establecieron adem5s ecuaciones lineales de regresi6n con el fin de 

predecir el contenido do algunos minerales en funci6n de la Edad, la P.C., 

la DIVMS y el Rebrote. 

El contenido promedio de Ca vari6 de 0.41% en el pasto Estrella a 

0.88 en el Guinea; el Ca se correlacion6 con Mg, Ca:P, P, K y Cu en forma
 

significativa (P<0.01).
 

En promedio el contenido de P oscil6 de 0.28% en el pasto Guinea, a
 

0.36% en el Gigante. 
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El P se correlacion6 en forma significativa (P<0.01) con la edad, P.
 

C., Fe, DIVMS, Ca:P, Fa, K y Cu. Las ecuaciones que mejor predicen el con

tenido de P ya sea en base a la edad, la P.C. o la DIVMS corresponden al 

pasto Estrella.
 

en
La relacion Ca:P vari6 dc 1.20 en el pasto Gigante a 3.16 al
 

Guinea.
 

El contenido de Mg va desde 0.17% en el pasto Gigante a 0.29% en el 

Guinea. El Mg se correlaciono significativmente (P<O.0l) con edad, Ca, 

Ca:P, Fe y P.C. Las ecuaciones de regresi6n de los pastos Guinea y Pars 

son las que mejor predicen el contenido de Mg en Funci 6 n del rebrote. La 

es la m'ns adecuada para predecirecuaci 6 n cocrespondiente al pasto Estrella 

el contenido de Mg on funcii6n de la P.C. 

el pasto Gigante a 2.02%El contenido promedio de K vari 6 de 1.32% en 

en el San Juan. El K se correlacion6 significativamente (P<0.01) con Ca, 

P, CaNP, Cu, y con Mn (P<0.05). 

El Cu osciI6 de 27 ppm en el Guinea a 51 ppm en el San Juan. El Cu 

se correlacin 6 significativamente 	 (P<.Ol) con Ca, P, K y Ca:P. 

de 107 ppm en el pasto San Juan a 113El Fe muestra valores que van 

ppm en el Gigante. Ell Fe se correlacion6 significativamente (P<O.01) con 

DIVMS, I, Mg y Mn. Las ecuaciones 	 correspondientes a los pas-Edad, P.C., 

San Juan, Estrella y Par,5, son las que mejor predicen el contenido detos 


Fe en funci6n de la edad, P.C. y DIVMS respectivamente.
 

Los valores de Mn variaron de 47 ppm en el pasto Gigante a 88 ppm en 

el Estrella. El Mn presenta correlaciones significativas con Fe, P.C.
 

(P<0.01) y con edad y K (P<0.05).
 

La rej.aci6n Fe:Mn oscil
6 desde 1.27 en el Estrella a 2.40 en el
 

Gigante.
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Wong Reyes, Luis Eduardo. 1978. Contenido de minerales de Los pastos y
 
del suero sangulneo de los bovinos en el Canton de Nicoya, Guanacaste
 
durante la epoca seca. Thesis. Universidad de Costa Rica, Facultad de
 
Agronom~a, Escuela de Zootecnia, San Jose, Costa Rica.
 

Sumario
 

El presente estudio tuvo como objetivo evaluar el contenido de mine

rales en los pastos y en el ganado del Cant6n de Nicoya.
 

Para tal efecto se recolect6 al azar 81 muestras de sangre y 68 mues

tras de pastos en 16 fincas pertenecientes a los distritos de Nicoya y de
 

Mansi6n. La epoca de recolecci6n fue desde diciembre de 1976 a abril de
 

1977.
 

Los promedios de calcio, f6sforo y magnesio en el suero sangulneo de
 

los bovinos de la zona fue de 9.73, 4.97, y 2.45 mg/!00 ml respectivamente.
 

Los resultados indicaron un promedio para los pastos de la zona de 3.71,
 

0.24, 0.08, 0.13 y 0.99% de protelna, calcio, f6sforo, magnesio y potasio
 

respectivamente. Mientras que para el hierro, cobre, manganeso y zinc se
 

obtuvo promedios de 175, 2.4, 49 y 26 ppm, respectivamente.
 

En base a la informaci6n obtenida se recomienda la siguiente suplemen

taci6n para la zona:
 

1. Uso de un suplemento liquido que contenga urea.
 

2. Suplementaci6n directa de f6sforo (harina de hueso), mediante una
 

sal mineral, o un suplemento llquido.
 

3. Suplementaci6n directa de cobre (sulfato, carbonato u 6xido) me

diante una sal mineralizada.
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Yew, Hew Peng and R. I. Hutagalung. 1979. The mineral status of cattle,
 

forages and soils at the farm of the University of Agriculture of Malaysia.
 

Department of Aninal Sciences, Universiti Pertanian Malaysia. Serdang,
 

Selangor, Malaysia.
 

Abstract
 

Blood, liver and bone samples from 51 cattle were collected at slaughter.
 

These were culled animals comprising of 30 males and 21 females of various 

breeds including Local Indian Dairy (LID), Santa Gertrudis, Jersey Here

ford and Crossbreds. Their weights and ages ranged from 325 to 1573 lbs 

and 3 to 9 years, respecti'iely. Blood samples were analyzed for Ca, P, Mg, 

K and Cu; liver s,.iiples for Ca, P, Mg, K, Cu, Fe, Zn and Mn; bone samples 

for Ca, P and Zn, using atomic absorption spectrophotometer. 

Forage samples were collected from five pasture plots comprising of 

Napier (Pennisetum purpureum) and guinea grass (Panicum maximum Jaq.). 

They were analyzed for Ca, K, Cu, Fe and Zn. Soil samples were also col

lected from similar pasture plots and were analyzed for Ca, P, Mlg, K, Na 

and p1l. 

The number of samples collected were 51, 11, 11, 5 and 5 for blood, 

liver, bone, forage and soil, respectively, The Methods of Mineral Analysis 

for Plant and Animal Tissues (Fick et al., 1976) were used with some modi

fications, to adjust with the existing laboratory facilities, for collection,
 

preparation and analysis. 

Mean plasma P concentrations 61.72 ppm (6.17 mg% plasma), ranging from 

36 to 78.5 ppm. This is slightly higher than the values reported (4.5-6 mg%, 

Underwood, 1966). Similarly with plasma Ca levels (16.1 mg%) which was 

higher than that reported (9-12 rmg% plasma). Mg levels (2.7 mg%) appear to 

fall within the normal range (2-3.5 mg%). K and Cu plasma levels (170 and 5.6 

ppm, respectively) appear to be borderline values (200 and 0.7-1.4 ppm,
 

respectively). Liver P level (17,390 ppm) is above the normal values
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Liver Ca (718 ppm) level is higher than the accepted
(10,000-14,000 ppm). 


values (200-460 ppm). Liver Mg (228 ppm) is lower than the normal Mg values
 

(400-600 ppm). Mean liver K (41,187) is markedly higher than the normal
 

value (10,000 ppm).
 

Copper concentration i i liver (104 ppm) tends to be on the low side when
 

compared to reported value (200 ppm). Liver Fe (362 ppm) is within the
 

range values. Zn liver (194 ppm) was rather excessive (normal liver Zn
 

levels: 84-132 ppm). Average liver Mn (12 ppm) content is sufficient (normal
 

liver Mn: 8-10 ppm). Bone P levels of 33.3% was found to be higher than
 

that reported (17%). Mean Ca level, 64.95% is higher when compared to that
 

of 36%. Zn concentration (85.4 ppm) in bone is at the borderline when com

pared to 100 ppm. Mean forage Ca level is 245 ppm as compared to normal
 

concentration (2,400-8,500 ppm). K level in forage (24,810 ppm) is slightly
 

higher than those reported (10,000-31,300 ppm). Forage Cu value (14 ppm)
 

is within the normal ra.'ge (1-40 ppm). Fe level in forage (144 ppm) is within
 

the normal range (10-1,000 ppm). Zn level (24 ppm) is within the range
 

(4-500 ppm).
 

The results show that Ca and P were higher than those reported values,
 

possibly due to low productivity of these animals whereby they did not ef

ficiently utilize their mineral stores, undetected moisture loss from samples
 

and inaccuracy in the preparation and analysis of samples. Higher Zn and
 

lower Cu appears to be due to mutual antagonistic effect at absorption, whereby
 

high Fe concentration depresses Cu levels in steers.
 

Higher or lower values of some elements than those reported could possibly
 

be due to contamination during collection-phase and analysis. We could not
 

give an explanation on the low Ca level in the forage. Another possibility
 

is that all of the samples were stored in glass containers rather than plastics
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and the values particularly for potassium tend to be high.
 

It appears that a more accurate and simpler method of sample collection, 

preparation and analysis should be used in this region. 
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Annual Estimated Cost of Mineral Research
 
in Latin American Countries 

Country Country Cost* 

Brazil $224,000 

Colombia 62,000 

Costa Rica 76,773 

Ecuador 36,000 

El Salvador 57,611 

Guatemala 31,000 

Malaysia 29,000 

Philippines 71,000 

Venezuela 104,500 

Total $691,884 

Direct Florida-

AID Contract Cost**
 

$4,000
 

a
7,000
 

4,000
 

a
6,000


5,000
 

$26,000
 

* Figures do not include previously purchased equipment or overhead. 

** Each country receives in addition $200-900 in consumable supplies. 

a Costa Rica and Guatemala are no longer receiving direct funds. 
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COSTA RICA
 

a. Estimated total cost per year (CONICET) $ 20,773 

b. Eiglht eqtiivalent Peace Corps Volunteers (for 

Costa Rica Agriculturist to carry out these duties, 

the esttmated cost would he at $6,000 each) 48,000 

C. Full-time N. S. degree staff memher 8,000 

Total $ 76,773 

ECUADOR 

field techniciansa. Two equi.valent laboratory and/or 
$ 12,000

at $6,000 
15,000

b. One equivalent supervisory staff at $15,000 
4,000 

c. 	 Chemical analyses 
support for travel and supervisingd. Logistical 3,000 

exper ilmunUt: 
2,000

Suppliis Whtbr 	t:han chemicalse. 


$ 36,000
Total 

EL SALVADOR 

$ 17,611 
a. Estimated budget for . year 

b. 	 Five equivalent Veterinary, Field and Laboratory 
40,000

technicians at $8,000 

Total 


C;UATEMA LA 

a. Estimated budget 

b. Hal.f Laboratory 
C. Half Supervisory 

VENEZUELA 

1. Maracailb, 

$ 57,611 

$ 18,500for L year 
3,500technician at $7,000 
9,000Staff at $18,000 

$ 31,000 

$ 13,500time supervisory staff at $18,000
a. Equivalent 	 of 3/4 full 

9,000
b. One equivalent laboratory technician at $9,000 

4,000
C. Chemical analyses 

travel and supervisingd. Logisti cal 	 support for 
3,00()

experiments _Z,00()
other than clemical!-;U. Supplies 

31,500

Total 
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2. Maracav 

a. Support of research assistants, M. S. program $ 10,000 
b. One-fourth equivalent supervisory staff at 

$20,000 5,000 
c. One laboratory and/or field technician 8,000 
d. Chemicals, supplies, and logistical support 6,000 

Total $ 29,000 

3. Jusepin 

a. Research support from UNIwCET $ 40,000 
b. One-fourth equivalent supervisory staff at 

$16,000 4,000 

Total $ 44,000 

Total Venezuela $104,500 

Philippines 

a. Support of 5.7 graduate student programs $ 30,000 
b. One and one-half equivalent supervisory staff 

at $14,000 21,000 
c. One laboratory technician 5,000 
d. Chemicals, suppli.cu, and [ogistical support 15,000 

Total S 7.1,000 

MALAYSIA 

a. One-half support of supervisory staff at 
$16,000 $ 8,000 

b. One laboratory technician 6,000 
c. Chemicals, supplies, and logistical support 15,000 

Total $ 29,000 
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