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A.

REPORT SUMMARY

Statistical Information

1.

3.

5.
6.

Project Title and Contract Number: Development of Efficient Mineral
Supplementation Regimes for Grazing Ruminants in the Tropics. AID/
ta-c-1153.

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) 392-2185

Dr. Lee R, McDowell
Tel. (904) 392-2185

Dr. George L. Ellis
Tel. (904) 392-2185

Mailing Address: International Programs in Agriculture
3029 McCarty Hall
University of Florida
Gainesville, Florida 32611

Cooperative Animal Nutritionists at the 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 Craduate Students at the University of Florida:

Joshua Mtimuni: Malawi; Oswaldo R, Rosero, Esvan Pa:, David Morillo:
Venezuela; Armando Peducassé, Edmundo Espinoza: Bolivia; Rodrigo
Tejada: Guatemala; Miximo Jerez: Dominican Republic; Roberto _
Vargas: Colombia; Yousif M, Salih: Sudan; Ana Maria Rocha: Mexico.

Cooperating Animal Nutritionists from Latin American countries:
Listed at the end of country reports,

Contract Period (as amended): From November 1, 1974 to October
31, 1983,

Period covered by report: From June 1, 1979 to June 30, 1982,
Total AID funding of contract to date: §1,288,106.22,

Total expenditures and obligations through previous years:
31,288,108,.22,
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7. Total expenditures and obligations for period 4/1/82 - 6/30/82:
$96,347.46.

8. Estimated expenditures for next contract year: $400,000.

B.. Narrative Summary of Accomplishments and Utilization

l. Reconnaissance and Recruitment Phase

A. Literature related to mineral analyses of soils-plants-animals in
Latin America and other tropical regions has been extensively
reviewed. A summary of this information is found in a number of
published articles, Three major reviews were published vhich 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 research has established
sporadic mineral deficiencies or toxicities on the basis of mineral
response, levels of minerals in animal tissues, or forage mineral
concentrations. A brief review is as follows: Numerous mineral
.deficiencies ' imbalances and toxicities are severely inhibiting the
ruminant livestock industry in Latin America and in other developing
tropical countries. All minerals for grazing ruminants have been
infrequently and sporadically studied. In cattle, the mo-t 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 presented 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

appear to be rare except in dairy cattle during peak lactation
periods. Inadequacies of magnesium, sodium, iodine, selenium

and zinc, and toxicities of molybdenum, selenium and fluorine

have beer encountered in widely diverse areas of Latin America and
other tropical countries, but all have been infrequently studied.

B. Personal contacts have been made through visits and correspondence
with iaterested personnel in fourteen Latin American, 4 Southeast
Asian and 4 African countries. The countries involved in the mineral
research program are as follows:

Latin America - Bolivia, Brazil, Colombia, Costa Rica, Dominican
Republic, Ecuador, El Salvador, Guatemala, Hondurds,
Mexico, Panama, Peru, Uruguay, and Vene:uela,
Southeast Asia- Indonesia, Malaysiu, Philippines, and Thailand.
Africa- Kenya, Malawi, Sudan and Zaire,

Visits to cooperating institutions | or 2 times annually are necessary
for stimulating minoral research., The program in Latin America

initially started with 5 countries and continually expanded to 14,
Programs in the Dominican Republic, Honduras, Panama and Mexico have
been initiated during the last two years. In late 1977, visits werc
made to intercsted researchers in Indonesia, Malaysia and the Philippines
Thailand was
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first visited in November of 1978, Since late 1978, contacts were
established in Malawi, with Sudan, Senegal, Kenya and Zaire becoming
active in the program in early 1981,

A List of research personnel, couatry by country contacts, and research
institutions are presented in the appundix, Linkages and collaborations
with other AID contacts and nstional and international institutions

have also been made.

The most important institutions for mineral research by country are as
follows:

Bolivia - Ministry of Agriculture, IBTA and CIAT
Brazil - EMBRAPA, Biological Institute, UMG
Colombia - ICA and CIAT
Costa Rica - Universidad de Costa Rica
Dominican Republic - Ganaderia and CESDA
Ecuador - INIAP
El Salvador - INCAP
Honduras - Panamerican School (El1 Zamorano) and the Centro de Investigacion
y Desarrollo
Indonesia - Gadjah Mada University and Bogor Agriculture University
Kenya - Ministry of Livestock Development, WINROCK International
Malawi - Ministry of Agriculture, Bunda College of Agriculture
Mexico - University of Chapingo and University of Monterrey
Panama - Ministry of Agriculture and IDIAP
Peru - University of San Mar.os (IVITA), University in Chiclayo and
Agrarian National University
Philippines - University of -the Philippines and PCARR
Senegal - Ministry of Agriculture
Sudan - Ministr of Agriculture, Central Veterinary Research Laboratory
Thailand - Kasetsart University and Chiang Mai University
Uruguay - Ministry of Agriculture, Rubino Research Laboratory, Shell Uruguay
Ltd.
Venezuela - Universidad de Zulia (Maracaibo), Universidad Central de
Venezuela (Maracay) and Universidad del Oriente (Jusepin)
Zaire - Agronomy Faculty, National University of Zaire

Work assignments from June, 1979 to March 1982 are listed below. This is

a collaborative research project and as a result, it is necessary to visit
with collaborating research personnel in the various countries once or twice
a year, depending on the individual situation. Dr., McDowell has been the
only full-time professional on the project, with other faculty contributing
as needed. More recently, in January, 1982, Dr, G. L, Ellis joiied the
program as a full time professional. Dr, Ellis will be stationed in Ecuador
until June, 1982 and then will be stationed in Gainesville.

Name Dates of Assignement Location of Assi]pment
Dr. L. R. McDowell 9/9 - 9/26/79 Colombia, Ecuador, Panama
11/9° - 11/14/79 Venezuela
1/22 - 2/8/80 Philippines, Indonesia,

Malaysia, Thailand



oD.o

4

Name Dates of Assignement Location of Assignment
Dr. L. R, McDowell S/12 5/16/80 Honduras, Costa Rica
6/15 - 7/2/80 Guatemala, Dominican

/6 - 9/27/80

4/19 - 5/15/81
6/28 - 7/11/81

9/30 - 10/17/81

Republic, Venezuela
Bolivia

Surinam, Venezuela,
Peru, Colombia,
Ecuador

Philippines, Thailand,
Malaysia, Indonesia
Verazuela, Colombia
Ecuador, Panama,
Costa Rica, Honduras
Guatenala, Mexico
Domin‘.can Republic,
Belivig

2/15 - 2/28/82 Mexico
Dr. J. H. Conrad 7/7 - 7/21/79 Brazil
7/22 - 7/24/79 Uruguay

/25 - 1/31/79
8/1 - 8/31/79

9/3 - 10/3/80
1721 - 3/13/81

9/30 - 10/8/81

Swaziland, South Africa

Malawi, Nigeria, Togo
Senegal

Brazil (cara inchada
not AID fundeu)

Kenya, Malawi,

Sudan, Zaire, Senegal
Colombie, Dominican
Republic

Dr. C. B. Ammerman 9/20 - 9/27/79 Panama
4/12 - 5/17/81 Taiwan, Philippines,
Thaila-d, Malaysia
Indonesia
9/30 - 10/9/81 Dominican Republic
Dr. H. D, Wallace 9/16 - 9/26/79 Ecuador, Panama
Dr. M. Koger 10/10 - 10/17/81 Bolivia
Dr. G. L. Ellis 1/1 - 1/16/81 Peru
2/15 - 2/28/82 Mexico

Specific contributions of participating country institutions
compared to AlD/Florida inputs are estimated to be a 15 to 20:1
The project is conducting difficult analyses and is

ratio,

contributing professional expertise for design, implementation and
conduct of rosearch, ss well as interpretation of research data
and also securingdifficult-to-obtain chemicals, laboratory
supplies and expendable supplies for collection, preservation and
Florida has provided laboratory training in

analyses of samples.
mineral research techniques.

During the past 2 and 1/2 years,

eight technicians have participated in this program representing
the countries of Brazil, Dominican Republic, El Salvador, Mexico,

Panama, Philippines, Uruguay and Venezuela.

The Florida program

has provided a great deal of literature to all personnel, including
the use of computer facilities for personnel of certain countries,
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Experimentation Phase

Experiments designed to pinpoint mineral deficiencies and toxicities
for specific farms and regions and in progress in all participating
countries. Research data from participating countries is further
confirming the incidence of phosphous deficiencies. As an example,

29 recent theses have been completed in Costa Rica by the Department

of Animal Science st the University of Costa Rica. In one thesis,

100% of all farms had deficient forage phosphorus concentrations

while 50% of the blood samples contained less than 4 mgh phosphorus,
Similar conclusions were found in all of the other theses, During the
past several years, mineral research data from Bolivia, Brazil, Colombia
Costa Rica, Ecuador, E! Salvador, Guatemala, Honduras, Malaysia,
Philippines and Venezuela have indicated borderline to severe copper
deficiencies in gracing cattle. Extensive analyses from vast areas

of Colombia have indicated widesprcad copper deficiencies 1in this
country. Incidences of sodium, cobalt, zinc, manganese, magnesium

and other mineral deficiencies are highly variable and are noted in
individual country discussions, lodine deficiency is a problem in many
countries, with research on injectable 1odine being carried out in
Malaysia and Peru. New research data are being generated through
cxperiments 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,

The supplementation of phosphorus has been stiown todramatically improve

low reproductive performance (i.e., Bolivia, Lrazi{l, Colombia, Malaysia, ,
Panama, Peru, Philippines and Uruguay). A study in Brazil resulted in a
77% calf crop when bonemeal was fed compared to 552 for the controls.
Trials in the Colombian llaroc demonstrated that the pregnancy rate was
increased f:om 50X for the controls up to 84X 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 years, attempts have been made to encourage wineral supplementation
trials in a number of tropical countries to verify the effect of phosphorus
on reproduction under conditions existing in these countries. Mineral sup-
plementation trials are now underway in Bolivia, Brazil, Colombia, Ecuador,
Peru, Uruguay, Malaysia, the Philippines, Indonesia and V' nezuela.

The largest mineral supplementation trial to-date involved 1870 cattle in
the Beni region of Bolivia. For the first year end results, phosphorus-
supplenented weaned animals gained 97 kg versus 77 kg for controls. For
the recently completed third year results, cattle receiving a phosphorus
source hed a 12.5% higher calving percentage and gained 21 kg more than
controls. From Goills, Brazil, cattle receiving common salt gained only
53 g/animal/day versus 90, 137 and 112 g for animals receiving phosphorus,
phosphorus + cobalt + copper + iodine, and phosphorus + cobalt + copper +
iodine + zinc + iron + manganese, respoectively.



In Colombia, research has been designed to lower the costs of mineral sup-
plements. Results from 10 mineral supplementation trials were reported in
the 1979 Instituto Colombiano Agropecuazio (ICA) Annual Report. The majoricy
of tha experiments compared commercial mineral supplements versus supplements
containing a minimum number of minerals which previously had been establishead.
This research promoted the concept of specifically tailored mineral supple-
mencs for distinct regions ac a lower cost. The overall conclusion is that
the special mixtures do equally as well as the commercial mixtures which
contain more winerals and cost twice as much.

The two-year results of a Colombian experiment to determine the seasonal

need for minerals was completed. No benefit was derived by feeding minerals
all year long versus during the 5-month ruiny season only. A similar nineral
supplementation experiment is now underway in the Dominican Republic whare
breeding cattle are fed no minerals, minerals all year long, dry season only
and wet season only.

The etiology of two devastating cattle diseases in Brazil-Bolivia ("cara
inchada") and Colombia ("secadera") has been made clearer this year. For
over two years, secadera on one ranch has been entirely eliminated through
the use of a highly fortified mineral supplement. The response of cara
inchada-prone cattle to minerals has resulted in a dramatic reduction of
incidence of the condition. For both disease conditions, the exact mineral
or minerals responsible have yet to be detcrainad.

Gradu te student programs are an important aspect to the mineral research
progra... Ofcen students do the coursework at Florida and return to thaeir
native country for the purpose of organizing research and collecting data.
When these students leave Florida, they are well prepared to continue irn
the mineral research area in their own countries. Currently there are
eleven griduate student programs, 5 Ph.D. and 6 M. S., in the nincral re-
search area, These are as follows:

1. Evaluation of Mineral Status of Specific Regions in Malawi (Ph.D.) =~
Joshua Mtimuni.

2. Mineral Carryover and Storage of Minerals with Sheep (Ph.D.) - Oswaldo
R. Rosero.

3. Evaluation of Basic Slag as a Mineral Supplement (M.S.) - Esvan Paz.

4., Evaluation of Mineral Status of Specific Regions in Bolivia (M.S.) -
Armando Peducassé.

3. Evaluation of Mineral Stitus of Specific Regions in Guatemala (Ph.D,) =
Rodrigo Tejada.

6. Evaluation of Mineral Status of Specific Regions in the Dominican
Repudblic (M.S.) - Mixizo Jarez.

7. Evaluation of Mineral Scatus of Specific Regions in Venezuela (M.S.) -
David Morillo.

8. Mineral Status Comparison and Supplementation of Llamas in Bolivia
(Ph.D.) - Edmundo Espinoza.



9. Mineral Status and Factors Affecting Wasting Disease in Colozbia (%.8.) -
Roberto Vargas.

10. Mineral Status of Brahman Cattle in Florida (?h.D.) - Yousif M. Salih.

11. Mineral status in a specific region of Mexico or Work with basic slag
as a mineral supplement (M.0.) = Ana Marfa Rocha.

In addition te the current students listed above, Ph.D. mineral reseacch
programs have bean organized for three additional students. Part of the
research vill be undertaken prior to attending Florida. The three prograus
are as follows:

1) Evaluation of Mineral Status of Cattle in the Various Regions of Mexico
(Ph.D.) - Ricardo Barcena Gama.

2) Mineral Supplementation Trials in the Llanos of Venezuela (Ph.D.) =
Alexis Moya. -

3) Mineral Status of Grazing Livestock in the Lovlands of Venezuela
Jos€& Vellsquez.

3. Distribution and Application of Results Phase

In 1976, 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 publication was revised and a second edition
published in 1979 in English and Spanish, with a Portuguese revised edition
becoming available in 1980.

The '"Latin American Symposium on Mineral Research with Grazing Rucinants"
was held in Belo Hocrizonte, Brazil in 1976, This symposium was jointly
sponsored by Brazilian universities, research organizations and the Fiorida/
AID project, and each of the 250 participants from 10 countries received a
copy of the proceedings in Portuguese during the conference. Brazilians
presented 1l papers, University of Florida personnel 12 papers, and invited
speakers, 4 papers. The sywposium was a major effort to stimulate research
and update the available infoimation on mineral deficiencies and toxicities
in Latin America. At the University of Florida, these proceedings were
translated into both English and Spanish and an extensive photographic
section was added to these editions. A total of 3500 copies of tne pro-
ceedings were printed in Spanish and English and wvere available for dis-
tribution in 1979,

A large quantity of material related to rmineral r.i..... na. been sent to
collaborating institutions and other interested groups. This has included
revievws related to mineral research as well as theses on mineral research
carried out in Latin Amarica. Copies of 3 Ph.D. theses, 2 of which weres
from Brazil and 1 which was from Colombia, in addition to M.S. thesas from
Costa Rica and Bolivia, have aleo been widely distributed.



Many seminars have been presented in the countries visited and articles
on mineral deficiencies and toxicities have been presented at national
and internacional scientific weatings. From June, 1979 until the end

of 1981, cthe following presentations had been made in relation to minaral
research:

l. Latin Azerican Ruminant Mineral Research (ia Spanish}. Seminar.
Chiclayo, Peru. ¢/79,

2. Catrle Mineral Research 1. 'atin America (in Spanish). Guatemala
Cattleman's Association. Retalhulaery;, Guatemala. 6/79.

3. Co, Mn, Zn, Se, Vitamin E, Vicanin A an¢ teveorene Interrelationships
among Soil, Forage and Animal Tissues. American Su.lecy of Animal
Science. Tucson, Arizona. 7/79.

4., The loportance of Mineral Supplementation to Cattle (in Spanish,
keynote spesker). Colombian Animal Production Association (ACOPA).
Bogot§, Colombia. 9/79.

$. Mineral Supplementation for Beef Cattle in Beni, Bolivia (in Spanish).
Latin American Animal Production Society (ALPA). Panama City, Panama.
9/179.

6. Mineral Status of Beef Cattle in Beni, Bolivia ({n Spanish). Latin
American Animal Production Society (ALPA). Panama City, Panana. 9/179.

7. Rasults of Mineral Research for Crazing Cattle in the Americas.
Fifteenth Inter-American Cattlemen's Confederation Conferenca.
Ocho Rios, Jamaica. 11/79.

8. Mineral Research :n Tropical Countries. Workshop of U.S./Mexico
Commission on Agricultire Cooperation. Las Cruces, sew Maxico.
11/79.

9. Minéral Deficiencies and Toxicities for Grazing Ruminants in the
Tropics. International Workshop on Studies on Feeds and Feeding
of Livestock and Poultry and Feed Composition, Data Documentation

and Feeding Systens in the APHCA Region. Manila, Philippines. 1/80.

10. Mineral Rescarch in Tropical Countries. Seminar, Universici Perctani-
an MalaysiaKuala Lumpur, Malaysia. 1/80.

11. Recent Findings in Mineral Research and Their Benefits towards Livestock
P r oduction in the Tropics (Keynote speaker). The First Seminar on
Mineral Nutrition in Thailand. Bangkok, Thailand. 2/80.

12. The Importance of Mineral Nutrition for Tropical Livestock (Keynote
speaker). First National Seminar on Dairy Cattle Production., Santo
Domingo, Doainican Republic. 2/80.

13. Tropical Programs in Animal Nutrition. Meecting of Advisory Group to
University of Florida Center for Tropical Veterinary Medicine.
Gainesville, Florida. 3/80.

14, Mineral Deficiencies for Crazing Cattle. Compaiiia de Desarrollo
Bananero de Cuatemala, Ltda. Bananera, Cuatemala. 6/30,

15. Mineral Status of Beef Cattle Herds from Four Soil Type Regions in
Florida. 29th Annual Beef Cattle Short Course. Gainesville, Florida.
5/80.

16, The Importance of Minerals for Cattle Production ({n Spanish). Modern
Techniques of Animal Production in the Tropics (CENTA) Symposium.
Tegucigalpa, Honduras. 5/80.

17, Nutrient Requirerents of Various Classes of Cattle. Workshop: Beef
and Forage Production i{n a Low Energy System, Gainesville, Florida.
7/80.

18. Mineral Status of Beef Cattle in the Beni Region of Bolivia, American
Society of Aniual Sciance. Cornell, New York. 7/80.



19.

20,

29,.

30.
31,
32.
33.
34,

35.

36.

s
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Mineral Research with Ruminants in Tropical Countries (in Spanish),
Seminar. Lambayeque, Peru. 9/80,

Mineral deficiencies and toxicities for grazing ruminants in the tropics.
International Symposium Animal Production in the tropics, University

of Genira, Wad Medani, Sudan, 2/81.

Recent Research Findings with Gra:zing Livestock in the Tropics.

Seminar. University of the Philippines, Los Banos, Philippines,

4/81,

Mineral Deficicency Research for Grazing Livestock in Tropical Countries,
Seminar. Kasctsart University, Banghoh, Thailand. 4/81.

Recent Mineral Status of Grazing Livestoch in Tropical Regions,

Seminar. Universiti PertainiaAug Malaysia, Kuala Lumpur, Malaysia.

5/81.

Cu, Mo, S, Zn and Periodontitis in Brazilian Cattle, TEMA-4, Fourth
International Svmposium on Truce Elements, Perth, Australia, 5/81,
Mineral Status of Cattle in Tropical Lowlands of Bolivia, TIMA-4

Fourth lnternational Symposium on Tracc tlements. Perth, Australia.
5/81.

Mineral \utrition of Ruminants (in Spanish). Lecture and Demonstration,
University of Zulia, Maracaibo, Vene:ucla. 6/81.

Tecnica modificadus de biopsia costela em bovinos, Sociedade Brasileira
de Zootecnia. Goiania, Brazil 7/81,

International Programs at Florida with Emphasis on Mineral Nutrition

(1n Spanish). Seminar. Instituto Universitario de Tecnologia de

El Tigre, El Tigre, Vene:zuela. 7/81,

Mineral Deficiencies in Animals Gra:ing Pasture. Seminar. CIAT, Cali,
Colombia. 7/81.

Mineral Status of Gra:ing Florida Brahman Beef Cattle. American Society
of Aumal Science. Raleigh, North Carolina. 7/81.

Beef Cattle Mineral Status in the Tropics of Bolivia, American

Society of Animal Science. Raleigh, isorti Carolina, 7/81.

Mineral Status of Sheep and Llamas of Bolivia. American Society

of Animal Science. Raleigh, North Carolina. 7/8l.

Nutritional Deficiencies for Grazing Livestock in the Tropics (in
Spanish). Seminar. IDIAP, Santiago, Panama. 8/81,

Latin American Mineral Deficiencies for Cattle (in Spanish).

Seminar. University of Monterrey. Monterrey, Mexico. 9/81.

Mineral Deficiencies of Cattle Grazing Tropical Forages, Conference

of Production and Utilization of Tropical Forages. Chapingo University,
Chapingo, Mexico. 9/81,

Resultados de investigaciones minerales en latinoamerica, Third
International Nutrition Conference, Cartagena, Colombia 10/81.

Research results are being published, with the majority of research still in
prggrcss. Recently published results are located in the appendix,

Termination Phase

Since the program was initiated in late 1974, the mineral status of
some of the major ruminant livestock producing regions of Latin America
have been established., Also, the limitation of mineruls for grazing
livestock in Africa and Southeast Asia has become apparent. With
approximately one and one-half years remaining, there is insufficient
time to accomplish all of the desired goals for mineral research
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in meny of the participating countries. Nevertheless, efforts will be
made to gradually reduce support for participating countries and to
summarize research results to date. One trip per year should be

sufficient for most countries., Some countries (i.e,, Costa Rica, Guatemala,
Peru, Bra:zil, Vene:zuela, Malaysia, Philippines) have developed a higher
technologicul level and visits are cnly desired to assist with experimental
design and data interpretation, Tr:ps in Latin America would be
concentrated more 1n countries which need a higher level of technological
support and in areas whure new experiments are being designed., Countries
which only recently have become involved in the program, including Mexico
Panama, Dominican Republic, Honduras and the African countries, would

be expected to require more support.

The emphasis rfor the mineral research program for the remiaining year
will be as tollows:

a) To continue tc determine the location of mineral deficiencies,
adequaci{es and excesses {n selected areas of Latin America, Africa
and Asia where grazing ruminants predowninate. The mineral scatus of
nunerous reglons in many tropical countries where grazing liveslock
are extrenely important 4is still unknown.

b) To Jdefine deficiencies of energy, protein and vitamin A {n addi:ilon
to ninerals which may be limiting animal production. Some research
has been broadcned to evaluate these nutrients through both cheafcal
analysis and supplementacion trials.

¢) 70 cophasize the solving of small holder animal production problecs
that appear to be caused by nutritional deficiencies or excesses.
Fur example, research i{s underway to study the etiniogy of 'swollen
face" {n Brazil and "wasting away'" discase Lin Colombia. Both syn=-
dromes have recently been attributed to minecrals but the exact
aineral involvement {s unknown,

d) To continue research on soil-plant-ani{nal mineral relationships
for diagnosis of mineral status of grazing ruoinantcs.

e) To continue experiments to determine the cost/benefit rat{o {rom the
effect of supplemental phosphorus and other minerals on reproduction
and wveight gains of ruminant ani{mals.

£) To continue mineral rescarch to include szall ruminants as defined
under the Ti{tle XII Small Ruaminant Program. This would include sheep
and goats in a number of countries and cameloids (llacas and alpacas)
in Bolivia and Peru,

g)  To continue research to determine the validity of d{fferunt methodo-
logies for establishing mineral status of grazing ruminant animals,
This would {nclude use of a bune biopsy techinique to wvaluate phos-
phorus status.

h) To continue to improve developing institutions' capacities to carry
out mineral research, This would {nclude laboratory training at
the University of Florida.

1) To continue to locate regions for well-controlled mineral asupplementi=
tion studies even though these experiments will continue after the
present project has ' arminated,

J) Tc deterndne the effect of phosphorus supplementation during the rainy
season and the carryover effect from periodic mineral supplumentation,
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k)
1)

n)

n)

0)

p)

11

especially phosphorus,

To continue investigating the possibilities of using more wconomical
phosphorus supplements ({.e., basic slag -from steel ),

To attempt to e¢stablish more graduate student progras where degree
candidates would conduct research in their home country.

To continue Co generate accurate data which ceén be used to design
adequate mineral supplerents for different reglons vhere grazing
ruminants are i{mportant,

To continue to publish and distribute research information {. order

to scimulate the use of mineral supplements wherev: calic.encles
exist.

To more critically evaluate mineral supplements and to encourage
mireral supplement companies, researchers and ranchers to formulate,
produce and use high guality ana nuiritionally adequate mineral sup-
plements. The evaluation would include analyais of mineral supplements
available in the marketplace.

To publish a producer-oriented extension bulletin on ineral detfvien=
cies and toxicities for grazing rusinants (in Spanish, Portugueue anc
English), This would be patterned after a Florida extension builetin
to be publiished {n 1981,

Research Methodology

Research methodology which will permit rapid detesmination of the minersl
status of ruminant livestock populations i+ under study, An accurate review
of the mineral status in a specific region will permit the reconsendation

of the mincral supplenents for correcting deficiencies and toajcities,
Mineral status varies aith soil type, forage s;ecies, age and physiological
function of the anima;. On the following page 13 a listing of critival
levels indicating low or deficient concentrations in soils, plants and
animal tissuos,



CRITICAL LEVELS OF MINERALS
MINSRAL PROUSCT - UNIVEQSITY OF FLORIDA, 1582
J.H. Conrad, L.R. McDowell, ard G L. Elits
Ca Mg P K Ny CH Cu fa Lo "o Se i Froleim

Soil
mg/100 g or ppm <. 35 <.07 <10 <.15 cee- «.10 «.6 <19 <19 .ee- ~ee- «2 .-
Forage
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a) Tissue collection and analysis. Kinds of material: s0il, plant and
anizal tissues. Physiological state of plants and animals. Kinds of
anizal tissue: blood, liver, bone, milk, saliva and feces. Sampling
technique: liver biopsy of live animals or slaughter animals for
liver samples. Locations: farms and central..ed commercial slaughter=-
houses. Season of year: wet, dry.

In addition to the liver biopsy procedure, a new procedure for bone
biopsy is being implemented. This procedure is being denons:irated
in participating countries.

b) Mineral supplementation. The duration of the asjority of mineral
suppledentation experiments is at least 2 years. Phosphorus sup-
piczentation to increase low reproductive rates is being ezplasized.
Som¢ isolated experiments have shown that a S0 to 55% calf crop can
be increased to 75 to 80X by correcting the phosphoruvs ceficlency.
Suprlexentation studies are the most important for the livestock
procicer but they are also the most difficult to control and conduct.
A {ew vell-controlled experimants on experiment stations, along with
& nuzder of trials on cooperating ranches, are being conducted. Some
supplenentztion trials are detercining the seasonal effect of mineral
supplenents.

6, Contribution to Institution Building

One of the principal goals of the program is to stimulate mineral research
within the participating countries. To accozplish this objective, lsabora-
tories have been assisted by purchase o! chemicals, consumable suppliss and
occasionally, small equipment. This project has made and is continuing to
make excellent progress towards increasing cooperating laboratories' capa-
bility to carry out nineral analyses. In 197¢, a mauual on "Methods of
Mineral Analysis for Plant and Animal Tissucs" was distributed to all co-
operating laboTatories in one of three languazes - English, Spanish or
Portuguese. This publication standardized procedures for saxple collec-
tion, identification and analyeis. The seconc edition of this publication
vas publishe’ in English and Spanish in 1979 and a revised Portuguese edition
became available in 1980. The Florida Nutrition Laboratory has aided sone
laboratories by doing some of the more difficult analyses, including cobal:,
scleniuz, molybdenus and sulfur.

During the past 2 and 1/2 years, as pa-t of bullding up laboratory capabili-
ties, three-month laboratory training programs have been provided at Florida
to & laboratory technicians from Uruguay, brazil, Dominican Republic, El
5alvador, Mexico, Panama, Philippines and Venezuela. To further assist
laboratorier and standardize procedures, project personnel have visited all
cooperating laboratories to discuss and demonstrate laboratory techniques.
One or rore laboratories in each country are currently conducting the
majority of mineral analyses, except cobalt, molybdenun, seleniun and sulfur.
Several different experimental designc have been prepared and discussed with
cooperating country personnel., Froz these, a satisfactory experimental
des:ign has been developed for easch of their experimental situations., All
phases ! this preect have been conducted in complete cooparation with
indigenous and international research organizations. These organizations
and cooperating personnel are listed in the appendix.
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7. Utilization Plans

The ultimate objective of the project is to have livestock producers use
nutritionally formulated mineral supplements to correct mineral deficiencies.
Results of the ressarch 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 Central American Conference, International Workshop
on Feeding Systems (APHCA), CENTA Symposium, Thailand Mineral Conference,
Fourth Internationsl Symposium on Trace Elements, Chapingo Nutrition Confer-
ence, Colombian Animal Production Association, International Congress of
Nutrition, World Conference on Animal Production, Symposium on Feed Composi-
tion, Animal Nutr‘ent Requirements, World Conference on Animal Feeding,
Brazilian Society of Animal Production and International Minerals Conferences &4
well as at numerous national livestock meetings. Popular articles are

baing written regarding the value of using mineral supplements.

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

any, contein proper amounts of all of the required minerals. The four
tineral clements most likely deficient for grazing livestock are phosphorus,
cobalt, zinc and copper. Phosphorus is the =nost deficient and also the
rost expensive mireval; therefore, many mineral manufacturerc formulate
phospnhorus-deficient supplements. For many mineral supplements evaluated,
cobalt in the-ms$oriCy-of-ceses-is-supplted-in adeRuALE CUDSenITACiona T
However,“copper”and "zinc usually are generally provided ‘in very suboptimal
anounts, Livestock producers sre being informed concerning nutritionally
adequate mineral supplements and how they should be used.

8. Cost-Benefit Riatios

Major contributions of mineral supplementation are: (1) increase in
number of calves born and weaned and (2) improved rate of gain and

fead efficiency. There are some locations where mineral deficiencies
are sufficiently limiting that animals will not survive without mineral
supplementation. A recent experiment conducted in the south of Mato
Grosso, Brazil (Sousa, 1982, Pesq. Agropec. Bras., In press) reported
that steers gained 40 kg during 336 days when supplemented with only
salt compared to 144 kg when fed a complete mineral with phosphorus,
copper and zinc. The cost:benefit rstio of this mineral supplementation
vas shown to be 1:26. Mineral research in the Colombian llanas indi-
cates a number of macro- and micromineral deficiencies which affect
reproduction, rate of gain and even death loss. Using research re-
sults from a herd, systems approach the cost benefit ratio has been
gshown to be 1:15 in this region.
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ANNUAL RESEARCH REPORT

i« General Background

Mineral deficiencies have been identified as one of the major factors
limiting ruminant livestock production in tropical countries. Although
Latin America has 21X of the world's cattle, the annual slaughter rate
is about 12% compared to 382 in the United States. Many of the reasons

for the low levels of cattle production in Latin America are nutritionally
related:

l. Reproductive performance of cattle is low and average calving rates
are usually between 35 and 50% compared to the 85% average in the CU.S.
In the last extensive mineral research progress report (June, 1979),
ten supplementation trials carried out in 6 Latin Americar countries
were noted. In each instance, mineral supplementation had dramatically
increased average calf crops. Since that time, additional supplerenta-
tion trials in Bolivia, Malaysia, Thailand and the Philippines have
shown a dramatic reproductive response to phosphorus supplementation.

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.
Mineral and other nutritional deficiencies are directly and indirectly
& major cause of mortality. ;

3. Slow development of cattle to market welght is illustrated by the fact
that they reach 400-500 kg in approxirately five years. MNumerous
studies have shown increased gains from mineral supplementation in
Latin America. Often grazing livestock do not receive mineral sup-
Plementation and must depend largely upon forages to 6.)°3v 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 (AID-c5d-2498); cobalt, 43%; copper, 47%;
magnesium, 352; phosphorus, 73%; sodium, 60%; and zinc, 75%. Chemical
analyses of feedstuffs gathered under the University of Florida Latin
American Feed Composition Project (AID-csd-2498) have also revealed
that an extremely small number of laboratories are actively engaged
in performing trace mineral determinations.

Statement of Project Objectives as Stated in the Contract

The objective of this research contract has been to determine the esserntial
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 LOC diets and a subsequent
increase in employment and income levels. Selection of additional countries
was made in consultation with the AID/W Project Officer and was not limited
to those countries where prograoms were originally initiated.

This research was carried out with the following objectives: 1) to experi-
mentally determine the locations of mineral deficiencies, adequacies and
toxicities in selected arcas of Latin America where grazing livestock pre=-
dominate; 2) to establish by experimentation the biological response and
economic benefits of mineral supplementation to grazing animals; 3) to
experimentally evaluate methods of mineral supplement administration for
grazing cattle; and 4) to publiuh and distribute research information in
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Personal contacts have been made through visits and correspondence
with iaterested personnel in fourteen Latin American, 4 Southeast
Asian and 4 African countries. The countries involved in the mineral
research nrogram are as follows:

Latin America - Bolivia, Brazil, Colombia, Costa Rica, Dominican

Republic, Ecuador, El Salvador, Guatemala, Honduras,
Mexico, Panama, Peru, Uruguay, and Venezugla.
Southeast Asia- Indonesia, Malaysia, Philippines, and Thailand.

Africa- Kenya, Malawi, Sudan and Zaire.

Visits to cooperating institutions ! or 2 times annually are necessary
for stimulating mineral research. The program in Latin America
initially started with § countries and continually expanded to 14,
Programs in the Dominican Republic, Honduras, Panama and Mexico have

been initiated during the last two years. In late 1977, visits were
made to interested researchers in Indonesia, Malaysia and the Philippines
Thailand was
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order to stimulate the widespread use of mineral supplements. Research
activities have been divided into the following phases: 1) Reconnaissance
and Recruitment Phase; 2) Experimentation Phase; and 3) Distribucion and
Application of Results Phase. These phases are described in more detail
as follows:

l.

2.

3.

Reconnaissance and Recruitment Phase

In carrying out this first phasa of the mineral research project,
literature related to grazing livestock was evaluated and contacts

were established in the participating countries through correspondence
and personal visits. In each couatry under consideration, previous
research on mineral concentrations in soils, forages and animal tissues,
in addition to reports of clinical signs of plant and animal mineral
deficiencies at specific locations, were evaluated to determine the
highest priorities for cooperative mineral research projects.

Reseaich institutions and personnel with both the ability and desire

to carry out che proposed mineral research were located in the parti-
cipacting countries. Laboratory equipment and mineral analysis methods
to be used were determined by the contractor. The specific contribu-
tions of both the participating insticutions and the University of
Florida to the mineral research prograum were clearly established during
this initial phase.

Experizentation Phase

The experimentation phase consists of two separate phases: the Tissue
Collection Phase and the Mineral Supplementation Phase. During the
first of these phases, tissue samples (liver, blood and bonsz) are
collected from cattle ranches and slaughterhouses., Analyses of these
tissues serve to 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 permit an understanding of the soil-plant-animal relationships
with respect to minerals and other nutrients as well as toxic elements.
Following the Tissue Collection Phase, a Mineral Supplementation Phase
will clearly demonstrate production and economic benefits from mineral
supplementation. In addition to establishing appropriate mineral sup-
plement mixtures, methods of mineral administration in specific cactle-
producing regions are investigated also.

Distribution and Application of Results Phase

Experimental results have been and will continue to be distributed to
farmers, government oftficials and scientists. Results shall be pub-
lished in both scientific journals and extension-type publications
suitable for distribution to farmers through local livestock organiza-
tions in participating countries where pousible and chrough other means
considered appropriate by the Contract and/or th: AID Research Specialist.
Publications reporting this research will establi{sh the mincral status of
cattle~producing regions within participating countries. In addition,
publications should deal with recommendations for mineral mixturcs
suitable for specific areas. Results of experimental findings will

also be presented at local in-country short courses and conferancas
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in conjunction with annual aud semi-annual livestock meetings in each
country in addition to national »nd international scientific meetings.

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,
methods or techniques for analysis as well as technicians capable of
carrying out mineral research programs. In order to improve the
institutions' capacity to carry out mineral research, the AID-Florida
contract will continue to provide various types of assistance. Pub-
lication of the manual entitled "Methods of Mineral Analysis for Plant
and Anizal Tissues" has provided a systematic approach for standardizing
sample collections, analyses and methods of reported data.

The overall objective of the mineral research program has been to en-
courage the use of mineral supplements. It is increasingly clear,
however, that it is not enough to stimulate the widespread use of
nineral supplements but it is also necessary to insure that these
supplexents are adequate to meet the requirements of grazing anicals.
Often farmers believe that they are providing adequate mireral sus-
plements for their livestock while in reality the mineral supyl!ements
are extremely inadequate. Thus more work is needed in evaluating the
local commercial minera mixtures available to farmers.

In addition to the problem of inferior mineral supplenents sold in
the marketplace, many farmers have a poor understanding of animal
requirements and methods of administration of mincrals. For exarple,
even though phosphorus supplements are administered to some cattle in
Latin America, frequently the quantities are insufficient, the incor-
rect class of animal is emphasized (animals growing or in maintenance
versus breeding females) and minerals are supplied during the wrong
time of the year (dry versus wet season). Surveys from Colombia and
Ecuador indicate that many farmers dilute mineral mixtures with ad-
ditional salt in proportions anywhere from 10:1 to 100:1.

More emphasis needs to be given to training people to do mineral re-
search. People with nutritional and laboratory experience are often
available; however, these people frequently need short-term training
in mineral research techaiques.

Accomplishments To-Date

Findings: The activities comprised by this research project were
divided into three phases as mentioned above and the findings will
be discussed in terms of these phases as follows:

1, Reconnaissance and Recruitment Phase

In the early phases of the program, the project included 3 full-
time animal nutritionists and 8 part-time anizal nutritionists.
The staff was thereafter reduced and 1 full-time and 5 part-time
animal nutritionists were retained throughout the majority of
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the project. A larger staff was necessary during the initial
phase of the project to review literature, establish research
procedures and initiate contacts and research programs in the
respective countries. In January, 1982, 1 additional full-time
animal nutritionist was added to the staff in order to give
more emphasis to the research program in Ecuador and to assist
in summarizing the final data.

Mineral research information compiled in the initial phase

was summarized in three wmajor publications. 'Mineral Deficien-
cies and Toxicities and their Effect of Beef Production in
Developing Countries" was presented at a conference in Edinburgh,
Scotland and contained 176 rererences concerning the incideace of
mineral deficiencies or toxicities in the tropical countries. A
second publication, "Current Status of Mineral Research in Latin
America', contained 269 references and was presented at the ''Lacin
American Symposium on Mineral Research with Grazing Ruminants" held
in Brazil in 1976. The proceedings of this symposium were available
in Portuguese and later translated into English and Spanish at tha
University of Florida. Later in the year, an extensive review en-
titled "GCeographic Discribution of Nutritional Diseases in Animals"
was prepared. This review is 94 pages long and contains 45] refer-
ences, the majority of which deal with the lcucation of mineral
deficiencies and toxicities in developing countries.

Project personnel have made frequent trips to visit interested
researchers in the Latin American countries. In the early part

of the program, active research was in progress in the Bahazas,
Bolivia, Brazil, Colombia, Costa Rica, tcuador, c£l 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 now {nitiated
mineral research programs. Thailand was first visited in late 1678
for the purpose of determining if pmineral research was desired.

In April, 1979, the African country of Malawil was visited and a
mineral research program was established. Within the pas:t 2 years,
the countries of Sudan, Senegal, Kenya, Zaire, Mexico, Dozin!:can
Republic, Honduras and Panama have also initiated mineral rescarch
programs.

During the time covered by this report, project personnel were as
follows:

| full~-time Animal Nutritionist

5 part-time Animal Nutritionists
l full-time Laboratory Technician
l full-time bilingual secretary

| part-time bilingual secretary
10 graduate students

Experimentation Phase

A discussion of the rescarch prograwn in each individual country
follows:
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Bolivia

The mineral research program in Bolivia was initiated in late 1976, There
are three groups in Bolivia interested in doing mineral recearch: 1) La Paz and
Cochabamba - Instituto Boliviano de Tecnologfa (IBTA), 2) Santa Cruz - A coopera-
tive program between Centro de Investigacidn Agrfcola Tropical (CIAT), and 3) A
private ranch 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 in the Beni. The 3-year experiment was initiated in
June, 1977 and has now been completed, For year 1, the experiment consisted
of approximately 1,870 steers and heifers 12 to 15 months of age allotted to
the following treatments: 1) no mineral supplement, 2) salt only, and 3) salt
plus bone meal. Within each treatment, various combinations of injections of
selenium-vitamin E, copper and iodine and cobalt bullets were administered.
The weight gains for year 1 were as follows:

Average Daily Gain of All Animals (Year 1 Results)

Control Salt Salt + Bone Meal
Males 0.241 0.249 0.294
Females 0.257 0.227 0,285
Both 0.249 0,238 0.289

Mineral consumption for the first year was very low. The salt group consumed
11.5 g/day while the salt plus bone meal group consumed 16 g/day.

The design of the experiment for Year 2 and 3 was changed since the heifers
wvere moved out of the pastures into new areas, The steers remained until Octo-
ber, 1979 and then were sold for slaughter, The breeding season for the heifers
was four months, from September 1 to December 31, 1978, The control animals re-
ceiving no minerals were eliminated. The format for the second and third year
of the experiment was as follows:

Treatment Number of Animals Female Male
Salt only 472 200 272
Salt + bone meal 970 450 520

Total 1442 650 792

Results from year 2 were disappointing in that there was no difference in
favor of the phosphorus supplemented group. There were basically two reasons
for this: 1) An unusual smount of rain during the wet season resulted in very
little grazing area for the phosphorus group while the salt only group had a
msuch larger, more elevated pasture area. As a result, the salt group did not
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lose much weight while the phosphorus group lost a great deal of weight, 2)
Another reason for no difference between treatments was that there was unusual-
ly heavy rainfall at a severe point in the dry season. This apparently had a

"flushing'" effact and hoth greups had

a pregnancy rate of 88 to 897% compared to

a 63 to 652 rate for heifers the previous year.

Tovards the end of the second year, the loss of weight by the phosphorus

gcoup was reversed., For year J, the

phosphorus group had a distinctive advan-

tage over the group receiving only salt. Animals receiving only salt lost 9

kg of weight while those receiving phosphorus gained 12 kg, making a difference
between treatments of approximately 21 kg. Also. animals receiving the phos-
phorus treatment had a pregnancy rate of 12.5% higher than the control. Research
data from the 3-year experiment is gtill being analyzed. Abstracts on the data
have been presented at conferences in Panama City, Panama; Santo Domingo, D.R.;

Perth, Australia; Cornell University

: and North Carolina State University. An

article for the Journal of Animal Science has been accepted and a second article
is being prepared. From the analysis data, deficiencies of P, Cu, Zn, Na and

Se are in evidence or likely.

In Octobar, 1981, a trip was made to the Bauer ranch in order to determine
the feasibility of an additional mineral supplementation trial. As a result of
the last experiment, all of the breeding animals were now receiving phosphorus
supplements. Weaned animals, however, ware not being given a phosphorus supple-
ment. A decision was made to carry cuvt an experiment comparing the benefits of
a complete mineral supplement for weanea steers in order to determine: 1) the
effect of a complete mineral supplement on time required to reach slaughter
weight: 2) the effect of supplementation on performance, including weight gains

and mortality; 3) the mineral status

of weaned steers during both the wet and

dry seasons; and 4) to evaluate the econonic benefits of mineral supplementation
to growing steers. The experiment would last approximately two and a half years,
beginning in January, 1982 and ending towards the end of 1984,

The experiment would include two treatments, with approxinately 600 animals
receiving only salt (control) and the second group of approximately 320 animals
receiving a complete mineral supplement., The mineral supplement would contain

BioFos, trace minerals and possibly,

sulfur. In addition, the mixture would

contain 20% cottonseed meal to increase consumption. In the other experiment,

mineral consumption for weaned anima

ls only averaged 16 g/day. It is hoped that

the trace mineral supplements will be provided by the Pfizer company. Liver

biopsy, bone biopsy, forage and soil
during the wet and dry seasons. The
found at the end of this section of

The major part of the mineral r
{involves the M.S. degree program of
Ing. Peducassé has collected samples
from the Beni. For his egresado deg
collected samples from areas of Sant
These samples wvere analyzed in Gaine
to Florida for laboratory training.

samples will be collected twice a year
research proposal for this experiment is
the report,

esearch program in the Santa Cruz region
Armando Peducass€, For his M,S. thesis,
from the north of Santa Cruz and also
ree thesis, Ing. Peducassé had likewise
a Cruz to determine the mineral status,
sville by Lic. Hugo Pérez who had cone
The Florida mineral project has been

ass.sting the mineral program at CIAT by providing consumable laboratory

supplies.
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Ing. Peducass® will be finishing up his M.S. degree thesis in June, 1982,
He will be writing an abstract to be presented at the 1982 Animal Science meet-

ings.

In the La Paz region, nutritional research has been carried out at the
Patacamaya Experiment Station. Ing. Edmundo Espinoza recently completed his
M.S. degree at Florida and his thesis dealt with a comparison of the nutri-
tional status of sheep and llamas. Twenty sheep (10 castrated males and 10
females) and 20 llamas (10 castrated males and 10 females) of approximately
one year of age were used in this study. Animal tissues, blood, liver and
bone samples were collected, along with forages and soils, in order ro evaluate
the status of minerals, protein and energy. In the particular pastures grazed
by these animals, there were 8 to 10 different species of forages growing, de-
pending on the season. The proposal for cameloid research was presented in the
June, 1979 trip report and a summary of the results is found in the appendix,
Species differences and season differences existed, Nutrients likely to be
deficient include P, Zn, Se and protein.

Ing. Espinoza is now planning to go on for his Ph.D. degree. Prior to
leaving Gainesville last spring, he completed one quarter of coursework towards
the Ph.D, degree. It is not certain exactly when he will return for his studies
but in the meantime he will be working on the research component of his Ph.D.
program in Bolivia. There are three experiments being planned for this research
program. The titles of the proposed experiments are as follows: 1) Effect of
Mineral Supplementation on Fertility of Female Llamas; 2) Body Composition of
the Llama and Opti.um Slaughter Weight; and 3) Nutritional Characteristics of
Altiplano Forages from Three Regions, Outlines of the research proposals are.
found at the end of this section.

The first experiment involving the effects of mineral supplementation on
fertility will be carried out at the Patacamaya experiment station. The purpose
of this experiment would be as follows: 1) To evaluate the biological response,
particularly on fertility and weight gains, of breeding llamas receiving mineral
supplements; 2) To study the carryover effects of mineral supplements acdministered
only during the wct or dry season; 3) To determine the economic benefit of mineral
supplementation to grazing llamas; and 4) To establish the mineral and vitamin A
status of grazing llamas during both the wet and dry seasons., The treatments
would be as follows: 1) Control - common salt only; 2) Cowplete mineral supple-
ment administered all year long; 3) Complete mineral supplement administered
during the wet season only (October through March); and 4) Complete mineral sup-
plement administered during the dry season only (April through September). Ap-
proximately 30 to 100 animals will be included per treatment,

If the experiment is to begin with bred llamas, then the duration of the
experiment wvill be two years. Another option would be to start with 12 to 16
month old animals and the experiment would then last three years. Animal tissue
(blood, liver and bone), forage and soil samples would be collected every six
months, 1I¢ is possible that blood progesterone samples may be taken since fer-
tility and low production is such a problem with llamas.

The rescarch objectives of the second experiment dealing with body composi-
tion and optimum slaughter weight of the llama are as follows: 1) To establish
vhat age and/or weight is optimum at slaughter time; 2) To evaluate and compare
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the body composition of llamas with that of other herbivores; 3) Tu investigate
the weights of dissectable muscle, bone, fat, viscera and main salivary glands;
and 4) To evaluate and compare the mineral status of the llama at different
physiological states. This experiment would also be carried out at the Pata-
camaya experiment station and would involved 3}O weaned llamas allotted to the
following two “reatments: 1) Control animals fed "typical” altiplano diets of
pasture only plus salt (NaCl) free choice; and 2) Control plus complete mineral
and protein supplement to provide optimum nutrition. The duration of this ex-
periment would be one year (the normal slaughter time) or before, if a treatment
group reaches slaughter weight earlier. Slaughtered animals would be welighed
precisely for the amounts of dissectable muscle, bone, fat and various organs.
In addition, every rhree months animals would be sampled for liver, blood and
bone, in addition to forage and soil samples, for mineral analysis.

The third experiment involves collecting forages during both the wet and
dry seasons from three locations on the altiplano: Ulla-ulla (near the border
with Peru), Belem (northern part of Lake Titicaca), and Patacamaya., These
forages would be analyzed for the typical minerals, in addition to carotene, in
vitro digestibility, lignin and cellulose, The duration of the experiment would
be either one or two years.
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MINERAL RESEARCH PROGRAM FOR PATACAMAYA
EXPERIMENT STATION - LA PAZ, BOLIVIA

TITLE: Effect of mineral supplementation on fertility of female llamas,

LOCATION: Experiment Station "Patacamaya', La Paz, Bolivia, 100 km. south
of La Paz., Possibility of repeating experiment on nearby farm.

PROJECT LEADERS: Instituto Boliviano de Tecnologfa Agropecuaria (IBTA) -
Edmundo Espinoza, Juan Rodriguez and Zenon Martines.

INTRODUCTION: The most important limiting factor to cameloid production is
the low reproductive rates characterized by low rates of embryonic mortality
and often a calf in alternate years. In many cameloid production areas of
Latin America, numerous mineral deficiencies, imbalances and toxicities may
be limiting production. Most of the time, grazing cameloids do not receive
mineral supplenmentation and most depend largely upon forage to supply their
requirements. Borderline to deficient levels of certain elements were noted
for many native forages in a previous study (Espinoza, 1981).

Phosphorus supplementation has dramatically increased fertility levels
in grazing cattle from many parts of the world. Latin American countries re-
porting increased fertility rates resulting from phosphorus supplementation
include Bolivia (Bauer, 1976), Brazil (Conrad and Mendes, 1965), Colombia
(Stonaker, 1975) and Peru (Echevarrfa et al., 1974),

A study conducted in Brazil resulted in a 77% calf crop when bone meal
was fed compared to 55X for the controls .(Conrad and Mendes, 1965). Preg-
nancy rates increased from 502 for the controls to 84% when a complete min-
eral mixture was fed to cattle in the Zolombian llanos (Stonaker et al., 1975),

Atcempts to raise livestock productivity in the highlands will be un-
successful unless the nutritional environment, including protein, minerals
and vitamin A, is adequate. Although mineral supplementation is a least
cost input to improvement of livestock production, nevertheless, mineral
supplementation in Latin America is expensive. Limited research suggests
that there may be a carryover effect of mi: eral supplementation and that
the major benefits can be obtained by feeding minerals only during the
rainy season.

PURPOSE: 1) To evaluate the biological response, particularly on fertility
and veight gains, of breeding llamas receiving mineral supple-
mentation.

2) To study the carryover effects of mineral supplements admin-
istered only during the wet or the dry season.

J) To determine the economic benefit of mineral supplementation
to grazing llamas.

4) To establish the mineral and vitamin A atatus of grazing llamas
during both the wat and dry seasons.

REQUIRED RESOURCES AND FACILITIES: 1) A minimum of 30 and maximum of 100
breeding llamas for each treatment, 2) Pastures with strong fences suffi-
ciently large enough to accomodate all the animala., 3) Weighing and hand-
ling facilities. 4) Two persons responsible for daily supervision of llamas




management, sample collection, etc.; 5) Analyses of plant and animal tigsues
at the University of Florida in Gainesville and some at the Patacamaya labora-
tory; 6) A supplier of mineral supplements other than salt.

TREATMENTS: 1) Control - common salt only.
2) Complete mineral supplement administered all year long,
3) Complete mineral supplement administered during the wet
season only (October through March).
4) Complete mineral supplement administered during the dry
season only (April through September).

DURATION OF EXPERIMENT: 1If the experiment begins with bred llamas, then the
duration of the experiment can be two years. Another option is to start the
axperiment with young animals 12-16 months of age, in which case the duration
of the experiment would be three years.

SAMPLES TO BE COLLECTED: Animal and forage tissues could be collected at the
initiation of the experiment and every six months thereafter,

a) Animal tissue - Samples of blood, liver (biopsy) and bone (biopsy) will be
collected from llamas at each collection period. A total of 12-14 animals
would be sampled for liver, bune and blood for each treatment, If possible,
the same animals would be sampled during each collection period.

b) Forage - Pasture should be sampled at each collection period. Two sazples
each of the major forage species should be collected. Each sample should
be a composite and will be collected only after careful observation of the
llama grazing patterns,

¢) Soils - A composite sample, in duplicate, should be taxen for ach pasture
in relation to the sites where forages were collected.

d) Mineral supplements - Mineral supplements used during the experiment should
be analyzed.

COLLECTION PERIODS: a) Initiation of the experiment - January, 1982, Identify
all animals, weigh them, categorize by age and weight,
and allot to treatment groups, Weigh and record cin-
erals administered and collect samples for analysis,

b) End of six months period - Weigh all animals, weigh
and record mineral consumption and collect samples
for analysis.

¢) End of 12, 18 and 24 months - Same as b,

ANALYSES: Blood serum - hormones (progesterone), Ca, P, Mg, Cu, Zn and Se,
Liver biopsy - Co, Cu, Fe, Zn, Mo, Se and Vitamin A.
Forage - Protein, carotene, NDF, in vitro dry matter digestibility,
Ca, P, Mg, Na, K, Co, Cu, 2n, Mn, Fe, Mo, S and Se.
Soil - Available forms of Ca, P, Mg, Na, K, Co, Cu, Zn, Mn, Fe, Mg,
Se, Al, N, organic matter and pH.
Mineral supplements - A complete mineral analysis,

MANAGEMENT: Management of the llamas should remain the same in relation to
disease control, However, no substance containing a mineral or vitamin would
be administered. Young animals should be uniformly weaned at the same time
for each treatment group. The dates that a llamo is kept with the llamas
should be recorded,
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The following information should be recorded:

a)
b)
c)
d)
e)

Individual animal performance, including veight and calving dates,
Heat observations.

Mineral supplement consumption,

Death losses, etc.

Calving interval.






c)
d)
e)
£)

8)
h)
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Blood - Ca, P, Mg, 2n, Cu, Fe and Ca.

Liver - Zn, Fe, Mn, Se, Cu, Co, Mo and vitamin A,

Bone - Ashand specific gravity, Ca, P and Mg.

Soil - Complete soil analyses to include soil classification, pH, or-
ganic matter and available forms of the following minerals:

Al, Fe, Mn, Zn, Co, Cu, P, Ca, Mg, K, Na, N, Se and Mo.

Mineral supplements and complete feed - Ca, P, Mg, K, Co, Cu, Zn, Mn,

Fe, Mo and Se,

Other - Growth rates, f::d and/or mineral consumption, amount of wool,

length of fiber and carcass comparisons could be made.

COLLECTION PFRIODS: a) Initiation of the experiment -- november, 1981. 1ldenti-

fy all animals, weigh all animals; after blocking by
age or weight groups, allot next to treatment groups,
Weigh and record supplements administered and collect
samples for analysis,

b) End of three month period - Weigh all animals and col-
lect samples for analysis,

¢) End of 6, 9 and 12 month periods - Same as b.
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Mineral Supplementation Trial

Location: San Rafael Ranch, Beni, Bolivia.
Title: Effect of Mineral Supplementation on Performance of Weaned Steers

Project Leaders: Bernardo Bauer and Enrique Galdo - Bolivia; L. R. McDowell
and Marvin Koger - Florida.

Introduction: Phosphorus supplementation has dramatically increased fertility
levels in grazing cattle from many parts of the world., McDowell and Conrad
(1978) summarize 10 experiments from Latin America which illustrated dramatic
increases in calving percentages with supplemental minerals.

A recent l-year study at the San Rafael Ranch in Beni, Bolivia indicated the
benefits of mineral supplementation. During year 1, young cattle receiving

a supplement containing bone phosphate average 17 kg higher gains than controls.
During the 3rd year of experimentation, breeding animals lost an average of 9
kg weight while those receiving a source of phosphorus gained 12 kg, making a
difference of 21 kg between treatments. One limitation of the experiment was
the low consumption of the mineral mixture, usually less than 20 g/day. During
the first year for the weaned animals, average consumption was only 16 g/day.

In addition to the benefits of growth rates and reproductive efficiency, it has
been suggested by some studies that mineral supplementation decreases death los-
ses of cattle. In a 4-year study by CIAT in Colombia (CIAT, 1977 and Miles,
1981), death losses prior to weaning were 19.2% for controls vs. 10.5 for ani-
mals receiving a complete mineral supplement.

Purpose of experiment: (1) To determine the effect of a complete mineral sup-
plement on time required to reach slaughter weight. (2) To establish the ef-
fect of supplementation on performance, including weight gains and mortality.
(3) To determine the mineral status of weaned steers during both the wet and
dry seasons. (4) To evaluate the economic benefi: of mineral supplementation
to growing steers.

Period of Research: From January-April, 1982 to October-December, 1984.

Proposed Research: Animals are weaned by age from January through April. As
animals arc weaned, they will be randomly allotted to either 1 of 2 treatments
as follows: a) Control - common salt only.

b) Complete mineral supplement containing 202 cottonseed meal.

Approximately 320 animals will recieve the complete mineral supplement and 600
for the control.

The desired formula for the mineral mixture is as follows:

Ingredient Percentage
Biophos 40,0

Cottonseed meal 20,0
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Ingredien Percentage
Trace Minerals ,
a) Cobalt .002-,004
b) Copper .20 -.40
¢) Ilodine .016-.032
d) Manganese 5-1.0
e) Zinc 1.0-2.0
£) Iron , 1.0-2.0
g) Selenium .002-,004
Sulfur (Optional) 5.0
Common salt remainder
100%

Samples to be collected: Animal, forage and soil samples will be collected in
the dry season (June) and wet season (December)., a) Animal tissues - 12 to 15
representative samples of blood plasma, liver (biopsy) and bone (biopsy) will

be collected during June and December from both treatment groups. Tissue sam-
ples (liver, blood and bone) will only be collected from animals weaned in March.
The same animals sampled during the first collection do not need to be sampled
at later collection dates. For each collection period, representative animals
from the March age group can be used. b) Forage ~ 2 samples of each of the
major pasture species should be collected. Each sample should be a composite

and will be collected only after careful obtservation of the cattle grazing pat-
terms. Samples should be taken from both the mineral supplemented group and
representative pastures grazed by control animals. c) Soil - A composite sam-
ple in duplicate should be taken for each pasture. Soil samples should corre-
spond to location where forages were collected and numbered to correspont to,

the forage. d) Mineral supplements - Minerals used during the experiment should
be used as samples for the analysis.

Schedule: a) January - April, 1982 - As animals are weaned and weighed, allot
to either control group or mineral supplement treatments. Take a total of 12-15
blood, liver and bone samples from reprcsentative animals (March group) prior to
allotting to treatments. This would represent thc steer population vs. some from
each treatment group. b) June, 1982 - From each treatment group, collect 12-15
plasma, liver (biopsy), and rib (biopsy) samples from the March weaned group.
Also collect representative samples of forage and soil, c) December, 1982 -
Same as June, 1982, d) May, 1983 - Obtain 24 month weight. e) June, 1983 -
Same as June, 1982. f) December, 1983 - Same as June, 1982. g) June, 1984 -
Same as June, 1982. h) October - December, 1984 - Determine the final weight
and calculate age at slaughter,

Analyses:

Blood serum - Ca, P, Mg, Cu, 2n, K and Se.

Liver biopsy - Co, Cu, Fe, Zn, Mo, Mn and Se.

Forage - Protein, NDF, in vitro dry matter, Ca, P, Mg, Na, K, Co, Cu, Zn, ¥n,

Fa, Mo and Se.

Rib biopsy - Ca, P, Mg, specific gravity and ash.

Soil - Ca, P, Mg, Na, K, Co, Cu, Zn, Mn, Fe, Mg, Se, Al, N, organic matter and
pi. The nvnilabla forms of thesc minerals ahould be determined.

Mineral Supplements — A complete mineral analysis.




Management: Management of the cattle should remain the same in relation to in-

sect and disease control. Howaver, no substance containing a mineral or vitamin

should be administered. The date individusl animals are slaughtered should be
recorded.
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Bolivia Contacts

Mr. Robert Thurston

USAID/Bolivia

Gallareia Luz Building, Sth Floor
La Paz, Bolivia

Ing. Bernardo Bauer (Tel. 63218, Home 20873)
Ing. Enrique Galdo (Tel. 370995)

c¢/o Estancias Elsner Hermanos

Cajbn de correo 6007

La Paz, Bolivia

Ing. Juan Rodrfguez

Ing. Tito Rodrfguez

Ing. Zenon Mart{nez

Ing. Francisco Pereira (Director Ejecutivo)

Instituto Boliviano de Tecnologfa Agropecuaria (IBTA)
Edificio del Ministerio de AA.CC. y Agropecuarios
Avenida Camacho, Casilla 5783

La Paz, Bolivia

Dr. John Wilkins (Tel. 36867, Home 37732)
Dr. Patterson

Lic. Hugo Perez S.

Ing. Rufo Angulo (Jefe,Laboratorio)

Ing. Rolando Paz (Director, CIAT)

Ing. Filemfn Vallejos Rodas

CIAT

Casilla 359

Santa Cruz, Bolivia

Dr. Andres Parra L.

Dr. Jaime Parada (Dean)

Dr. Raul Grork T.

Dr. Mario B. Paniagua

Facultad de Veterinaria y Zootecnia
Casilla 702

Santa Cruz, Bolivia

Dr. Winston Sufrez A.
AGRIPAC Boliviana Cia. Ltda.
Casilla 3042

Santa Cruz, Bolivia
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Mineral supplementation of steers grazing fertilized guinea grass
pastures (Panicum maximun) in South Mato Grosso; iranda; Oct/78.

Mineral deficiencies in cattle in the territory of Roraima; Roraima;
Feb/79.

Effect of scascn of the yvear on mineral supplemantation of beef
cattle; Miranda; Nov/79.

Response of lellore steers to rineral supplementation in improved
pastures; Rio Brilhante; Jun/80.

Levels of serum incrganic phospherus as an 1indice of concegztion in
Nellcre females supplerented with different levels of phosphorus
while grazing native pasturcs; CKPGC; Cct,'80.

Effec: levels of phosphorus lementation on geains of beef

dp
steers 2 enc

1ng Erachiaria decurbens; irn Band-irartes; Dec/sl.,

Effect =f phosphorus supplementation on the development of two and

- -

three vear old steers graIlng guinca Grass pasture; Fio Brilhante;
Feb/82.
Project 11
Cara Inchada in Bbovinos: Morghology, Experimental Reproductiorn, Geor-
graphic and Csteodystrophic Classification and other aspects. Cooperative

Project: South Mato Grosso, Minas Gerais, Goias, Mato Gresso, Roramia, and
Amazornas.

Project 111

Mincral Supplementation of Beef Cattle in the Pantanal of llatou Grosso,
UEPAE Corumba. Edison Beno Pott,

Project v

identification and correction of phosphorus, copper, cobalt, iodine, and
zinc deficiencies of cattle in Amazonas. UEPAE, Manaus,

Proitect V

Research on distribution of mineral deficicncies in cattle grazing pacture.
Instituto Biologico, Sao Paulo, Waldemar Camargo.

Project VI

Identification and correction of mineral deficiaoncice in cattle UEPAL,
Rio Branco, Acre J.V. Valentim,

Project VIl

Cara Inchada in cattle. J, Doberoiner. Mato Grosso.




Project VIII

Determination of mineral deficiencies in cattle in southwest Goias. EMGOPA,
E. Vilela,

Project IX

Identification and correction of mineral deficiencies in cattle. IAPAR,
Parana. S.R. Morales-Vega.

Project X

Study of the causes of mortality in calves. EMPAER, South !ato Grosso.
R.F. Correa Gomes.

Project X1

Identificaticn anc correction of mineral deficien~ies in dairy cattle in
the Zona de Mata of Minas Gerais. CNP Dairy Cattle, M. de S. Dayrell.

Project XII

Mineral supplementation of dairy cattle. IAPAR, Parana, S.R.M. Veoa.

Project XIII

Effect of feeding silage and minerals on growth and development of Holstein
heifers. UEFAE, Aracaju, Sergipe. E.C. de Araujo.

Project XIV

Influence of ragnesium deficiency on development of calves. PESAGRO,
Cantagalo, Rio de Janeiro.

The AID/Florida Mineral Rescarch Project is cooperating vith scveral different
research groups in Brazil and these will be briefly outlined L2low.

Dr. Waldenar Carargo and Dr. Nelson Ferrnandes of the Biological Institute of
Sao Paulo have been cooperating with the Amazon Cattlermen's Asrociation. They have
been collecting samples, conducting rescerch and analyzing plant and arimal tissue
samples from 35 ranches in the Anazon region. Phosphorus, coprer, cobalt, and zinc
deficiencies appear to be widespread.

Dr. Enio Prates of the Federal University of Rio Grande do Sul collected
samples of native grass pastures fror four locations in Pio Grande do Sul, during
the months o! October, November, and December over a period of two years. Twenty-
three representative samples have becn analyzed at the University of Florida. A
cooperative mineral research project is being planned but changes in key personnel
wvho worked for the Secretary of Agriculture have slowed this project. Dra. Olga
Gavillon who has conducted some excellent mineral research took early retiremaent and
Dr. Jorge Lopes trnasferrcd under contract to the UFRGS (Federal University).
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Forage Cnalvses {,,.Cizale that chout £27 LF the forage sarel¢» Lieve less than
0.18% phosphorus, 5 ppm copper ana 20 ppm zinc. Forage and laiver sa~-)es are being
analyzed for cobalt and molybdenum at the University of Florida. '

Dr. Jose ARdalberto Gad@lha at the Federal University of Ceara, Fortaleza, and
his group plan to collect and analyze forage and animal tissue samples from five
different areas of the state of Ceara in northeast Brazil. Cobalt, copper, and
phcsohorus deficiency are thought to be wicespread, but no supplemental trials have
beern conducted.

Dr. Adilson Serrao and Cristo Nazare are working primarily with forages and
they plan to determine the mineral content of some of the forages common to the
F2Z0n region.

Erci Moraes, head of the UEPAE of Manaus - EMBRIPA, recently completed a study
cn the effect of levels of phosphorus on gain and fattening of steers Grazing
Brechiaria humidicela in the Amazon Reglon during the rainy scason. Treatments were
C, «.3, 6.7, &and 8.4 grams of supplemental phosphorus per head per day for 1G8 days
with daily gains 1n grams ~f 216, 379, 465, and 564 respectively. He plans to
cortinue this work in Roraima.

Dr. Milton de Souza Dayrell, Naticnal Dairy Cattle Research Center in Coronel
Pacheco, Minas Gera.s is studying the levelc of inorganic phosphorus in the blood
of lactating cows in the region of the Zona da Mata of Minas Gerais.

Sra. II.C. das Virgens is studying correlations beticen levels of phosphorus in
soil-foraze and goats in the semi-aricd trozics, county of laua, Bahia.
> g s 3

Dr. Moxon, Ohio State University, is heading up a study on the levels of sele-
nium in the serum of lactating cows in the state of Sao Paulo.

Scomonic returns from feeding mineral supplements in Brazil.,

This su-ject has been of majer cc.sern to the rusearch group CNPGC/E'™®"G.i'a,
Cermpo Grerde,

This study "Economic evaluation of alterratives tu nmineral supplementation of
steers grating fertilized guinea grass pasture” was recontly published (Pesq. Agropec.
Eras. Brasilia 17(7):1083-1068, jul. 1962). Treatments were: (1) ro minerals,

(2) salt only, (3) salt and dicalcium fhoschorus, and (4) treatment 3 plus cobalt,
ccrper, anl zinc. Returns to salt only were 16.98 to 1, salt and phosphorus 3,27
to 1 and treciment 4,2.75 to 1.

The abstract of another study follows:

Sousa, J.C. de, 1982. Responsc of stears to mineral supplementation wia,
grazing Guinea grass. (Panicum maximum Jacq.) Pesq. Agropec. Bras,

(In press).

Two huridred Nellore steer calves two years of age wero assigned to four exper-
imental troatments. This study was conducted on Sao Domingon Ranch, Rio Brilhante,
South Mato Grosso for 336 days beginning June 2, 1980. All animale grazed guinea
grass pasture (Panicum maximum). Lote were rotated every 14 days and animals were
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weighed and samples of blood, bone, and liver every 60 days.

Mineral
Treatments Gain, Kg Consumption
A. Salt + P + Micro 144 32/day
B. Commercial 130 21/day
C. Salt + P 68 18/day
D. Salt 40 16/day

Data indicate that phosphorus and zinc, within the treatments, gave the greatest
response. An econonical analysis indicated tnat treatments A and B would return 26

cruzeircs per cruzeirs spent for mincral supplement.
‘———-—\‘._—

Dissemination of Information

Technical circular No. 5 has been written by Dr. Julio Cesar de Sousa, CNPGC~
EMBRAPA entitled aspects of Mineral Supplementation for beef cattle. Thousands of
copies of this 50 page report is being widely distributed throughout Brazil.

List of Mineral Papers Presented at Brazilian Society of Animal Science Meetings,
15 to 21 of July 1982 at Piracicaba

Dayrell, Milton de Souza and Fermino Deresz. 1982. A study of the level of
inorganic phosphorus in the blood of lactating cows in the region of the Zona da
Mata of Minas Gerais. Abstract 100.

Lucci, Carlos de Sousa and Alvin L. loxon. 1982, Level of celenium in the
serum of lactating cows in the state of Sao Faulo. Abstract 104.

Lauro, Antonio ca Silva, Paulo de Figueiredo Vieira, Jane Maria Bertocco
Ezequiel, Vanildo Favoretto and Celio haimundo Machado. 1982. Lffect of mineral
supplementation on the development of calves. Abstract 110.

Rosa, Luis C.A.. Pedro de Andrade, Antonio T. de Andrade, Alexandre A.M,
Sampaio and Marta Meirelles, 1982. Effect of level of selenium on the retention
of the placenta in Holstein heifers. Brief llote. Abstract 126,

Rosa, Luis C.A., Pcdro de Andrade, Lauriston B, Fernandes, Alexandre A.ll,
Sampaio and Antonio T. de Andrade. 1982, Effect of administering sclenium and
vitamin E on weight gain of steers on pasture. Brief llote. Abstract 137,

Moraes, Ercide, Edson C. Italiano and Luiz C. Pientz. 1982, Effect of levels
of phosphorus on gain and fattening of stecrs grazing Brachiaria humidicola in the
Amazon Region. 1, Rainy Season. Abstract 156,



Italiano, Edson Camara, Erci de Moraes and Acilino do Carmo Canto., 1982,
Sulfur, trace clements and phosphorus effects on recuperation of guinea grass pas-

ture. Abstract 309.

Italiano, Edson Camara, Eci de Moraes and Acilino do Carmo Canto. 1982.
lfacro and micronutrients effects on recuperation of guinea grass pasture. Abstract

310.

Pimentel, Dorival !Monteiro and Luiz Roberto L.S. Thiaco. 1982, Total oxalates
in Setaria anceps Stapf cv. Kazungula. Abstract 384.

Valle, Ezequiel R. do, Julio C. de Sousa and Saladino G. Nunes. 1982. Min-
eral supplementation of Nelore females grazing native pasture. Abstract 191.

Rosa, Luiz C.A., Francisco R.A. Perdigao de Oliveira, Celso Augusto, Jose C.L.
Neto, Luiz R.A. de Toledo and Pedro de Andrade. 1982, Effect of selenium and
fertility of mares crazing improved pastures. Brief Note. Abstract 23:Z.

Virgens, N.C. Dzs, A.R.P. Lapa Bautista, N.A. Lopes Sobrinho, A. de C. Aguiar,
A.G. Serafim da Silve, P.C. Costa Mzia and A. Paiva Penna. 1982. Currela<ions
between levels of phosphorus in soil forage and goats in the semi-urid torpics
country of Uaua, Bakia. Abstract 241

Filho, Clovis Quimaraes, Abdias Macedo Maia, Terczinha Nogue.ira Padilha,
Serverino Gonzaga de Altucuerque, and Elsio intonio Pereira de Figueiredo. 1%E2,
Effect cf surplemerting forage and minerals along with a vermifuge on develcorent of
sheep and goats. 1. hkeprcductive Performance. Abstract 248.

riarcondes, Dor.zha Miriam S.S5. Vitti, Antonio 0. Lobao, Henrizuete M.G.F.
Schmide. 1982, Phcsphorus supplementation of sheep: effect on runwen v, leve. of
F i1 the plasma and rurmen and the incorporation of P 32 by microorcanism, zbhstract
252,

Conde, Rosell Gouveia, Alexandre A.M. Sampaio, Pedro de Andrade, Luis Claudio
de Andrade kosa and Antcnio Tadeu de Andrade. 1982. Effect of differcnt sources of
phesphorus in semi-purified diets of shecp on levels of calcium phosprorus and
magnesiut in blood and bones of growing sheep. Abstract 260,















Table !. Weight pains, intake and cost of mineral salt in 5 ICA farms.

E1l Nus Turipana Macapual La Libertad Obonuco

Salt Salt Salt Salt Salt Salt Salt Salt Salt Salt Salt

Comerc. ICA Comerc. ICA ICA Comerc., ICA Comerc. ICA Comerc. ICA

I1 11 111

Number of animals 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 wecight ¥ (kg) 208 218 159 163 160 157 163 188 189 229 229
Final wcight X (kg) 328 348 2717 273 269 206 219 243 243 312 315
Total weight gain X (kg) 120 139 116 110 109 49 56 55 54 83 86
Gain/day X (p) 267 288 716 692 653 274 313 562 551 921 959
Salt consumption/day/animal (g) 75 57 21.8 21.0 12.7 56 48 58 48 35 kK|

Cost of salt/kg (3) 10.3 18.6* 10.3 3.2 7.6 10.3 7.2 10.3 19.8% 10.3 2.9
Cost/a2nimal/day (cents) 77 1.06 23 3 10 58 30 60 95 35 9

*This high value is due to the use of pure phosphoric acid as a phosphorus source, since the cost of this one

is too high ($80/kg).

I = Comrercial salt (Pfizer).

II-1II = (differcnt preparation {for cach farm).

(It is possible to obtain a similar product at a lower cost).



The 1980 ICA Annual Report for the nutrition division is 51 pages long, 31
of which deal with mineral nutrition experiments., A list of the experiments
included in the publication is as follows:

Project 1. Deficiencies and toxicities of cattle in Colombia.

Exp. 1.1. Effect of urea and phosphoric acid supplementation on annual beha-
vior as compared to commercial salt. Carimagua.

Exp. 1.2, Ef{ect of copper and phosphorus on the reproductive behavior of beef
cattle. Turipanai.

Exp. 1.3. Effect of calcium, phosphorus and copper on the reproductive behavior
of beef cattle. La Libertad.

Exp. 1.4, Effect cf bicalcium phosphate, copper and zinc on the reprcductive
pararzeters of female Bon., E1 Nus,

Exp. 1.5. Effect of calcium and copper on the reproductive parameters of female
crossbred cattle., Macagual,

Exp. 1.6, Effec: of copper and zinc supplementation on the reproductive behavior
of dairv cattle. Obonuco.

Exp. 1.7. Minerzl status of iforages, blood serum and 1liver in the savannah of
Bogotd.

Exp. 1.8. Minercl status of forages, serum and liver in Bevaca.

Exp. 1.9 ‘ineral status o: forages, blood serum and liver in the Magdalena
Medio zone,

Exp, 1.10. Monthlv and seasonal mineral fluctuations in :ropical pastures.

The publication lists a nucher of experiments which compare a complete tineral
supplement with specially formulated minera! suppleanents and also notes defi-
ciencies of particular minerals in specific regions,

New research to be carried out will compare the folleowing treatments:
1) Commercial cineral mixtures fed all vear long: 2) Special ICA mixtures fed
all vear long; 3) Special ICA mixtures fed during the wet scason only, These
experiments will be carried out in three locations, with forepes and animal tis-
sues collected for anulysis every six months., Sanples will aiso te collected
from five or six ranch locations which have recently been designated.

Dr. Larede has pointed out the severe problem posed to ICA by the increas-
ing costs of miner.l supplements. As an exarple of how prices have increased,
various prices at different times have been as follows:

Date Cost
Jan., 1980 14 pesos/kilo
Julv, 1980 25 pesovs/kilo
July, 1981 40 pesosn/kilo

Four recent 1CA publications have dealt with mincral t=searih. The authors
and titles of thesc papers are as follows:

1) Huertas, Hugoberto, Max Alberto Laredo C., José E., Manzur and Edgar
Ceballos B, 1983, Efecto del cobre, f8sforc y calcio en ganancias
de peso del ganado ¢n pastorco. ICA Journal,

2) Laredo C., Max Alberto and Alberto Carillo Matiz. 1983, Estado de
nutricién mineral en hatos lecheroe de¢ la sabana de Bogoth, 1CA
Journal.

3) Laredo C., Max Alberto and Juvenal Gomez, 1983, Fluctuaciones
minerales cn pastos tropicales. 1, Brachiaria cn los Llanos Orien-

tales. 1CA Journal.
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4) Vvargas B,, Ricaurte, Max Alberto Laredo C. and Carlos Buitrago. 1982,
Efecto de la suplementacifn de Ca, P, Cu and Zn en ganado para carne.
ICA Journal.

During a visit last September (1981), Dr. Laredo discussed the forage analy-
sis progranm for the coming year. They plan to analyze 5000 samples this year,
The principal areas to be studied and the forage species to be collected are as

follows:

1. Llanos Orientales
A. Carinagua
a. Brachiaria
b. Atropogon
B, Villavicencio
a. Era:chiaria
b. Antrepogen
¢. DBrachiiaria and Kudzu
2. Tolima
A, Arnerce
a. Puntero
b, Panzela
¢. Anzleton
3. Magdalens ludio
A. Puerto Salgar
a. Puntero
b. Angleton
B. Puerto bovacid
a. Angleton
b. German
C. La Dorada
a. Angleton
b. German
c¢. Puntero

Forages will be collected every month from these locations. International
Minerals (1MC) and Florida will be assisting with some of the snalvses.

A mincral experirent at Carimagua in the llanos was set up by ICA to
evaluatc the seasonal need for wineral supplenents, Some of the treatments
were not as we had recommended as we felt that at least one treatmnent should
be control, with salt cnly and no phosphorus supplement. The treatments were
as follows: 1) complete mineral supplerent; 2) 70% salt plus 307 dicalcium
phesphate; 3) 70X salt plus 30% phosphoric acid; &) 70 salt plur 20% phos-
phoric actd plus 107 urca. These trcatrents were given to weaned heifers
and the experiment will have a duration of threce vears,

The treatmentr have been further divided so that anirmals receive the min-
eral mixtures either all vear long or just 5 ronths of the vet season. 1t is
interesting to note that in each treatment the group receiving minerals just
during the wet scason performed better than those fed all vear long. The reason
this experiment was deafpned wae to determine {f rinerals could be fed during
the wet season only, bascd on the theory that animalns vere losing wveipht during
the dry season due to lack of energy and protein, not lack of rinerals, and that
mineral rcquirements would be greater during the wet sceason when there was ade-
quate energy and protein available in the forages.
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Within the past year, Florida has had 10 forage samples analvzed, 8 of
which are from the llanos of Colombia (Miles, Soekanto) and 2 of which are
from the llanos of Venezuela (Velfsquez). The results of these analyses are
as follows:

~ sulfur Season Av. % sulfur

Sample 1 (Miles) .049

£2 (Miles) .040

#3 (Miles) 068

4 (Miles) 04y .0515

#5 (Soekranto) 076 Early Rainy

#6 (Soeianto) 057 Farly Rainy

##7 (Sceranto) L0853 Early Dry

& (Scenanto) .069 Early Dry .072

9 (VelZi¢gquez) .032 Drv

#10(Veldcquez) 075 Vet .0535

It is apparcnt thet more research is needed to determine the benefit of sulfur
stpplementation. Cn the basis of the andlvees, sulfur sunplementation is war-
ranted since ever. Jcrage value from the llanovs is less than 1/2 the recermended
requirement,

In 1979, an AID contract proposal entitled "Mireral Deficiencies Lirmiting
Cattle Producticn in the Colombian Llano:" was submitred, Assistance in the
preparation of this proposal was provided tyv Dr, David Schaer (former Rural
Development Officer in Celembia), Dr. Jumes Oxlew (forrerly of the Development
Support Eureau of AlD in Washington) and Mr. Wavne Miles. This I5-page document
pointed out the need for mineral research and the ¢xpected returns fres proper
mineral nutrition. It is hoped that this progrem will eventually be funded.
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Master's Proposal for Roberto Vargas

Title: The Mineral Status of Cattle in the Eastern Plains of Colonbia and Its
Possible Relation with the "Secadera' Condition

Introduction: The Eastern Plains of Colombia comprises appruximately 25% of
total land area of the republic and has about 6 million cattle or approximately
25% of the total cattle in the country. Due to poor soil fertility, lack of
technology and an insufficient infrastructure, cattle production in this area
is low. One of the most important factors of low production is mineral wmalnu-
trition; in this regard, reports from ICA and CIAT, as well as those from pri-
vate veterinarians, have demonstrated excellent responses from mineral supple-
mentation. The few studies carried out in relation to minerals have reported
severe deficiencies of Ca, P, Cu, Z2n, I and S, as well as an excess of Fe, with
rineral concentraticons varying from the wet to the dry season.

According to reports from ICA and CIAT, the condition respensible for the
highest index of in:zidence and mortality is the "secadera” condition. Despite
the severity of the problem, little research has been done on secadera. The
symptozatology and pathology of the condition is not well defined, but it is
accepted by most veterinarians that its origin is metabolic rather than infec-
tious or parasitic; however, its etiology is absolutely unknown.

Purpose: 1) To establish the mineral status of the pastures ir the Eastern

Plains.

2) To establish the mincral status of the cattle in the Eastern
Plains.

3) To establish the mincral interrelationships between cattle and
pastures,

4) To describe the symptomatolegy and patholegy of the secadera

condition.
5) To search for a possible relation between sccadera and the min-
eral status of the cattle in the Eastern Plains.

Date of Rescarch: The month of July, the time of year when secadera is most
prevalent.

Location of Research: Six» to ten ranches located in the arcas where the se-
cedera condition is most prevalent, in the states of Meta, Vichada and Casanare.

Institutions Involved: University of Florida, ICA, Cajs de Crldito Agrario,
National University of Colombia, Fondo Ganadero de¢ Cundinamarca, Fondo Ganadero
del Mcta, Comit# de Ganaderos del Meta, INPEC ltda,

Rescarch Proposal: As an introductory explanativi, for the purpuse of sampling,
it is necessary to take into consideration the places where the sampling will be
done. Because of the bad conditiona or lack of roals, lack of electricity and
infrastructure, difficult working conditions and the time of year when the sac-
pling will be done (rainy ncason), the conservation, delivery and preparation of
samples may be complicated. Soil, pasture, liver, bone and necropsy nomples will
be collected in any case, and fecal, 'blood serum and blood planna samples will be
collected Lf conditions permit. From cach farm, somples frem both healthy and
diseased animals (cows 5-10 yecars old, mainly) will be tuken, and a standardized
quest ionnaire for farm description will be completed. Two or threu necropnios
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TABLE 1. THIRD STAGE OF COSTA RICAN MINERAL RESEARCH PROGRAM

Supplementation Phase

Objective: To measure the biological response to mineral supplementation in
various problem areas of the country.

Tvpe of Animals: a) Beef cattle
b) Dairy cattle

Experimental Animal:

1 - Veaned heifers (male and female)
a) 150-300 kg
b) 300-450 kg

2 - Breeding herd

Treatments:

1l - With supplementation
2 - Without supplementation (control)

Parameters to be evaluated:

1 ~ Males
1, Monthly weight gain
2., Mortality rate
3. Clinical symptoms of mineral deficiencies
4, Trimonthly analysis of blood

a) Hematocrit
b) Serum minerals
c¢) Hemoglobin
d) Ceruloplasma
S. Biannual liver analysis
a) Biopsies for mineral analysis
6. Forage analyses
a) Minerals
7. Soil analyses
a) Minerals
b) pH

2 - Females

Age at first conception
Age at first calving
Birthweight of calf
Calf mortality rate
Weaning weight of calf
Conception rate
Fertility rate

Calving interval
Complications at birth
Milk production
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TABLE 1. (continuaed)

Location: Three representative farms will be chosen from each of the following
zones:

A) Central zone

B) Dry Pacific zone
C) Wet Pacific zone
D) Atlantic zone

Duration: Five years (1980 - 1985)

Personnel: Jorge M. Sanchez
Emilio Vargas
Juan Coward
Carlos Jimenez
Marfa E. Li
Carlos Campabadal



TARLE 2. MINERAL ANALYSES OF FORAGES IN COSTA RICA (WET SFASON)

Nn. of - - o ppm

Province Samples I'rotecin Ca P H K Ve Cu Mn Zn
San Jos¢ 31 18.02 0.214 0.252 0.183 2.61 196,05 12.54 56.93 29.81
Alajucla 367 10.04 0.814 0.139 0.13 1.48 319.29 5.9 58.81 16.44
Cartago 58 16.38 0.244 0.199 0.166 2.60 337.51 11.05 75.76 28.43
Heredia 36 13.71 0.311 0.238 0.214 2.32 224.63 §.01 182.01 31.13
Guanacaste 539 7.61 0.734 0.148 0.114 1.18 175.34 3.11 21.28 9.81
Puntarenas 22R 8.23 0.227 0.155 0.107 1.11 168.56 2._81 42.90 11.60
Limon 159 2.61 0.136 0.147 0.137 1.20 1103, 14 11.30 220.49 28.67

PROMEDIO 1468 11.97 0.161 0.153 0.155 1.79 360.65 7.82 94.03 22.27

6S



TABLE 3. MINERAL ANALYSIS OF FORAGES IN COSTA RICA (DRY SLASON)

Nn. of p4

———— + ————— DR ) W —-

Province Samples IProtein Ca r My v Fee Cu Mn Zn

San José& 81 16.01 0.235 0.099 0.280 4.06 227.99 10.29 73.26 32.86
Alajuela 391 8.96 0.203 0.101 0.180 1.99 313.32 6.55 84.22 20.58
Cartago 65 14,91 0.197 0.126 0.214 3.43 277.80 7.49 142.04 33.27
Hereoi. 20 1.54 0.196 0.151 0.178 1.35 125.00 5.00 103.50 16.00
Cuanacaste 521 4,05 0.271 0.080 0.139 1.08 213.44 3.23 39.71 23.51
Puntarenas 192 4,97 0.247 0.102 0.142 1.42 258.79 3.36 89.21 36.69
LinOn 62?2 8.44 0.205 0.110 0.24) 3.10 523.78 7.18 199.10 30.80

PROMEDIO 1335 2.27 0.222 0.109 0.197 2.35 277.16 6.16 104,43 27.67

09
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TABLE 4, MINERAL ANALYSTS OF BOVINE BLOOD SERUY

No. of mg/100 ml
Province Samples Ca P Mg

(Dry season)

San José 84 8.46 4.32 2.62
Alajuela 407 9,32 4.72 2.73
Caveezo 66 8.47 4,39 2.43
Hercdia 12 8.63 5.12 J. 44
CuLnzcaste 648 10,88 5,27 2.74
TuntoTenas 214 10,91 4,99 2.99
Lindn 123 11,45 6.99 2.89
fromellio 1554 9.73 5.10 2.83

(Wet season)

San Jes§€ 81 10, 34 5.02 2,26
Alajuela 369 10,84 4,63 2.42
Cartzzo 66 10.19 4,99 2,27
Herecia 34 10.59 5.62 2,37
Guanacaste 519 10,37 4.85 2.59
Punterenas 233 10,34 5.60 2.51
Lindn 163 11,29 .65 2.9¢

Prozmedio 1485 10,57 5.05 2,49
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TACLE 5, MINERAL ANALYSIS OFY LIVER TISSUE
No. of
Province Sanples Fe Cu Mp Zn
(Dry seascon)
San José 136 276,87 121.70 4,17 101,02
slzjuele 166 268,06 96.50 4.72 106,20
Cartago 10 127.88 59.40 4.31 63.64
Feredia 7 175,28 34,66 4.14 79.71
Cuanacaste 102 256.17 122.85 4,39 102.15
Puntarenas 20 374.89 59.19 4.16 112,97
Limdn k) 199.33 167,00 4,00 162.00
Promedio L4l 239,78 94.47 4,27 103,96
(V'et secason)

San José 62 254,24 225,24 6.69 165,50
Alajuela 42 392,49 72.83 8§.22 152,587
Cartago 25 226.67 256,83 7.38 235.98
Heredia L) 419,20 69.00 8.60 §9.40
Guanacaste 54 209.61 15¢.93 7.04 178.03
Purtarenas 18 <27.81 331.54 6.85 133.07
(LinZn) — -- - -— —

Promedio 206 288,39 165,73 7.46 159,09


































Cuadro 1. CONTENIDOS DE MINERALES EN SUERO SANCUINFO DE CARADO BOVINO ADULTO

Valnres Nermales

{Machachi)

Church

zintzen

Wil=on K.

Hervas T.

Vacas con problemas

(Atacazo) Vacas normales reproductivas
Concentracion rs/100 ml ™;:/ 100 ml m/100 ml mi:/ 100 ml me/100 ml
CALCIO 9.0-12.0 8.5-12 8.7 10. 14 10.40
FOSfOROD 4.0-9.0 4,0-7.0 - 6,32 6.40
MACNESIO 1.8-3.0 1.8-3.2 26.7 2.32 2.21
<0010 276322 299-375 174 347.3 344 .8
TOTASIO 14-18 18-25 381 17.19 18.60
Concentracion pe/100 m] ur/100 ml ur /100 wl v /100 ml ue/100 ml
COLRRE 100 70-170 ———- 99.9 95.135
HI1LKRO 150 200-280 1235 3183 I31.1
ZIXC R0-120 122-284 ——— 127.45 131.7
HMANGANESO 2-3 r.2-2.78 ———— 2.39 1.17
SELENIO +20 _—- S —

YL
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Estudiar las relaciones minerales entre el suelo, plantas y animales.

IV. MATERIALES Y METODOS

1.

Dos haciendas ganaderas por cada una de las siguientes localidades:
Pillaro, Ambato, Pilahuin, Urbina, Cuimiag, Tunshi, San Juan, Colunmbe,
Palnira, Chunchi.

Sangre. Muestras de alrecedor de 20 ml] con anticoagulante para ex-
traccién de plasma. An3lisis de Ca, P, Mg, Mn, Zn, Fe, Se v Cu, 10
animales per prupo en cada hacienda. 30 nuestras por hacienda. Total
600 mues:zras. Mlitodos del Dpto, de Nutricidn,

Heces. 10 zuestras por cada grupo de animales en cada hacienda. 30
muestras por hacienda. Total 600 ruestras para andlisis de parasitos.
Métodos del Institutoe Veterinaric 1,V,E,

Hfgado. <Cuatro rwestras por localidad, Des de vacas lecheras y dos
de rmachos Ce dos a tres anoe.,  Total 400 puestras. Las nmuestras sc
tomaran € los camales, Anrdlisis de Cu, Se, Fe, ', Mg. Las ruestras

se consemvaran en botellas con formol., Métodos del Dpto. de Kutricibn,

Suelo. Tres nmuestras por hacienda, c¢n los potrervs deonde estlin comicen-
do los anirales de cada prupo. Total 60 ruestras, Anilisis completo.
Métodos del Dpte. de Suclos,

Forraje. Tres ruestras por hacienda de los potreros en los que se
hallen los grupos. Total 60 muestras. Compocicidu boténice, huredad,
cenizas, proteina, fidbra, Ca, P, Na. K, Mg, Fe, Zn, Cu, Nn, Se, Mlto-
dos del Dpr~. de Nutricién,

Registros. Se mantendran registroyn individuales por hacienda con in-
formacifn sobre la localidad peopritica v pelftica, propictario, ex-
tensiln, etc., segln formularic adjunto,

A. Factores en Fstudio,
Localidades

Haciendas
Grupos

V. PROCEDIMIELTC

A.

Tipo de direno:jerarquico,
Esquema del anfilinis estadfetico.

1. Sangre v heces

F;v. G.L- CU".EO
2 2 el
Lncealidad (t=1) 0" +apo “(L)4-|ghuhi /(=1)

Hacienda/Lloc. t(h=1) of + ago L)
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ECUADOR CONTACTS

Dr. Vicente Gusumano
Dr. Fausto Maldonado
c¢/o U,S. Embassy
USAID/Quito

APO Miami, F1 34039

Ing, Maric Lalamz, Subdirector
Ing. Fernando Torres

INTAP

<555 San Javier

Casilly 2000

Quito, Ecuador

5. Anrel Ssicules
JAP
tacion Experimental de Pichilingue
Apartado 24

Quevedo, Ecuador

In
I~
ks

Ing. Vicente lcon

Ing. Telro Olcas

Ing. Thelros Hervas Ordones

Ing. Fausto Fivers (iicad, bept. of Nutrition)
Ing., Patricio Grijalva

Dr. Sam Porch (Soils)

Dr. Raul de la Torrc

Estacion Experimental de Santa Catalina
Apartade 530

Quito, Fcuudor

Dr, Kamal Do

c/o U.S. Embassy
AlID Progrum

APO Miara, F1 34039
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Deficient levels in both forages and liver samples indicated a problem with
this element. Zinc - Zinc liver concentrations were not particularly low,
however, forage levels ware extremely low, ranging between 13.7 and 39 ppm.
The majority of the zinc forage concentrations were less than 30 ppm.

The last visit to El Salvador was made in June, 1979. Due to severe
political upheavals in the country, including closing of the University,
no substantial mineral research has been carried out in 1980 and 1981.
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Guatemala Contacts

Mr. Clemence J. Weber

Rural Development Officer

c/o La Embajada de los EE. UU.
Zona 1

Cuatemrla, Cuateaala

Dr. Marco Tulio Cabezas (Tel. 45-65-8)
FAMCAP

P. 0. Box 2771

Guatemala, Guatemala

Dr. Ricardo Bressani

Ing. Roberto Jarquin

Divisifn de Ciencias Agrfcolas
y de Alimentos

INCAP

Apartado Postal 1138

Gautemala, Guatemala

Dr. Franciaco R. Rodas C. (Tel. 6462))
1l Calle 6-05, Zona 10
Cua‘enala, Cuatemala

Sr. Carroll T. Bodden (Superintendente de Agricultura)
Ing. Carlos Satt

Ing. Carlos A. Mayen

Bananera, lzabal, Cuatemala

Dr. Luis Antonio Meifa

DivieiBn de Biologfa y Nutricibn Humana
INCAP

Apartado 1188

Cuatemala, Guatemala

Ing. Francisco Rosal
Ja Av, 16-67, 2,14
Cuatemala, Cuatenmalsa

Dr., Carlon Tejada (Tel, 68-28-66)
Cranjanara

Santa Catarina Pinula,

Cuatemala
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The design of the experiment is to collect soil, forage, liver, blood and
possibly bone samples from 41 representative farms, both Yarge and small. The
breakdown in relation to size of farm is that 60% of the . arms are between |
and 10 hectares, 317 between 10 and 50 hectares and 9% are more than 50 hectares.,
The major forage species to be collected will include african star, Hyparrhenia
rufa, guinea and pangola grass.

The schedule tor this research progran i3 for the final proposal to be
submicted by mid-October, The nrogranm would then go ahead and start ordering
laboratory equipment and the experiments couid begin {n March of 1982, Samples
would be collected during both the wet and dry seasond. Towards the end of the
drv season would be mid-April/May and tovards the end of the wet season would be
nid-September/Octodber. A copv of the overall aroposal (retvped) qubmitted to the
Central American 3ank is included at the end of thisd portion of the report.

It is in Spanish an! ts called "Hases para lu elaboraciSn de mezclas minerales
suplementarias para la alimentacidn animal' (Bases fur the elaboration of sup-
plezentary mineral mixtures for animal feeding).
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Honduvras Contacts

Mr. Sctephen Weinger

Mr. Mike Swartch

Food and Agriculture Officer

Agency for International Development
¢/o Unitrd States Embassy
Tegucigalpa, Honduras

Dr. Jorge Romfn (Dean)

Dr. Simén Malo (Director)

Dr. Karl R. Fick (Tead Mill & Swine)

Ing. Candelario Rios (Beef Cattle and Pastures)

Dr. Nuillermo Torres Yu Fra (Veterinarian and Meats)
[ng. Aurelio Revilla (Poultry and Dairy Plant)

Ing. Carlos Bascha (Dairy Cattle and Goats)

Eacuela Agrficola Panamericana

Aparcado 9}

Tegucigalpa, Honduras

Dr. Antonio Flores (Tel., 135-1243)

Dr. Cerman Contreras

Unidad de Ciencias de Alimentos y Nutriciln
Centro de InvestigaciSn y Desarrollo
Apartado Poatal 1477

Tegucigalpa, Honduras
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Indonesia Contacts

Mr. Walter C. Tappan (Chief Agriculture Development Officer)
Mr. Michael J. Korin (Agricultural Development Office)

Mr. Gordon Fraser (Agricultu:al Attaché)

Ms. Retinow Sidarta

Agency for International Developuent

U. S. Embassy

Jakarta, Indonesia

(Medan Merdeka Selatan 3, Jakarta Pusat,

Tel. 340001, Ext. 370/371)

Mr. J. Jan Leswara Dr. Kenneth E. Harshbarger
Agricultural Marketing Manager Director, MUCIA-AID

Pfizer Indonesia Indonesia Higher Education Projects
J1. Roya Bogor Km. 28 (Dandaria) Tromolpos 3285/JKI

P. 0. Box 2706 J1. Iman Bronjol 25

Jakarta, Indonesia Jakarta, Indonesia

(cel. 870521)

Dr. Jenny S. Edwardly (Tel. 760709) Dr. Toha Sutardi (Nutrition)

Dr. Mohammed Ridwan, Director Dr. Juju Wahya (Aninal Nucrition)
Dr. C. Hendratno Inscitut Pertanian jogor

Pasar Jum'at Research Centre (Bojtor Agricultural Univ.)
National Atomic Energy Agency Fakultas Peternakan

Animal Science Section Jalan Cunung Gede '

P. 0. Box 2 Bogor, West Java, Indonesia

Ket ayoran Lama
Jakarta, Sclatan, Indonesia

Dr. R. H, Wharton

Dr. J. B. Lowry

Dr. Peter Coates (Laboratory Manager)
Dr. N. G. Yates

Department Pertaniar R.

CSIRO Australia

P. 0. Box 121

Bogor, Weat Java, Indonesia

Dr. Soekanto Lebdosockojo (Animal Nutrition - Tel. 308))
Dr. Soedomd R. (Dean)

Mr. H. Harcadi

Prof. Dr. Sukadji Runswihardjo (Rector)

Dr. Busono {International Re'ations)

Cadjah Mada University

Yogyakarta, Indonesia

Dr. Everett J. Warwick

Dr. Loy V. Crowdar

The Rozkefeller Foundation

F. 0. Box 6)

Yogyskarta, D.I1.Y., Indonesia
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ANIMAL BCIENCE DEPARTMENT
2103 MCCARTY HALL

TILEP TNE 00443021008 June 14. 1982

Dr. Roduney Vlard

Aninmal Scientist

Kiboko Range Rescarch Project
P.0. Box 12

:akindu, Kenva, ATRICA

Dear Rodney:

Enclosed egre the results of the mincral analyses on the 13 forage sanm-
ples that we received from you in January, 1962, I find this information
very interesting and I have made an attempt to give you ny interpretation.
Sanples 6 and 7 don't fit the forage pattern but not being able to find
them in the publications 1 have readily available, 1 am thinking they are
legures or browse or legume shrubs. I would be interested to know nore
about these forage samples.

1 have listed the critical nineral levels for cattle then the tineral
requirenents for sheep, giving the range found in NRC Sheep, 1975, page 47,
tables 10 and 11.

Calciums are somevhat lowver than we usually find with the exception of
sanples 6 and 7. Panicum maxinum, which we have analyzed, often falls into
our normal range. Note: LNothing was said about the raturity of these for-
agces and, of course, this is definitcely a factor.

Phosphorus levels arc sonevhat below the requirenent in some samples
but not as low as we often find in tropical forages. lLactating ewesa and
rapidly growing lamhs could be expected to recpond to phosphorus supple-
nentation if protein and energy v.ure not liniting.

Sodiuz levele are all low as would be expected.

Cobalt i{s not linmitring. Elininating sample 6 in calculating the menn,
it then beczomes 0.15 rather than 0.237.

Coppar levelc are relatively low and this, as wc¢ had anticipated, be-
cause of the previously reported lov copper levels atnsociated with the Rift
Valley. Although you aie outside the valley, previous reports from Kenya
indicate & falrly widespread coppur deficliency. Again, saqples 6 and 7 are
narkedly differont. Heteropopon contortus is the other extreme. Molyhdenu:a

levels are below the toxic levels of 5-20 ppm.



Dr. Rodney Ward
June 14, 1982
Page Two

Selenium levels appear to be adequatas.

Z2inc levels are low enough to cause concern and this again is what we
would expect. These zinc levels are about 50 lower than what we have been
obtaining in South America.

In general, situations where protein and energy may not be greatly
limiting growth and milk production, these forage nineral levels would indi-
cate low to deficient levels of sodium, copper, phosphorus, and zinc. We
do know that some individual animals within the same species utilize minerals
nmore efficiently than others. Some animals, over tine, even adapt to lower
levels. To what extent these factors are involved with the aninals and
breeds with which you are working is certainly not known.

This is the information we currently have. I hope this will be of
value to your important project. If we can be of further assistance, plcase
advise us.

With bust wishes, I remain,

rofessor and Coordinator
Tropical Andnal Science Prograns

JHC/d1r

ce: Dr. H.L. Popenoe
Dr. H.A. Fitzhugh
Dr. N.S. Raun
Dr. C.E. Haines
Dr. H.D. Wallace
Dr. G.L. Ellis
Dr. L.R. McDowell

Enclosure



(J3ek) e L D Wavdlniek)

Mineral .Analyses - Forages - Xenya /?K?., _/... Cacp wIH Or
l;l“/' (L’,'\’— i . /{(A.u‘}’ ‘,( 1ap AT —

! Elemont ca Hq P X Na Co Cu Fe Mn Mo Se 7n
t or ppm- ] 1 h 3 3 pLm pPem [1m 1 m [m pIvm P
Ct}x ical leove J.’& 0.30 0.20 0.25 0.60 0.06 0.1 10 30 30 -5 0.1 30

ke aiiad : P U-S2 o808 1607 O, 0Y=10 o/ S Jo-50 - wd > 4 ./ 3330
S-S0

Chloris -

roxburghiana .23 .12 .13 .58 .02 .13 1.1 174 30 .82 .23 1
Chryso0ogon auciter .25 .14 .12 .35 .01 .15 2.0 111 16 .58 .20 11
Cynodon

plectestachys .29 .18 .15 .47 .01 26 1.7 164 S8 1.74 .17 20
2igitona

nilaniiana .24 -13 .13 .38 .01 .12 2.1 s 143 1 .20 .25 11

| Eragrastis .28 .14 .18 .21 .01 .15 1.9 62 65 .94 .12 20
caesnitcsa
Greivia wenase, 2.2 .13 -13 1.03 .03 /.18 6.6 237 68 1.26 .28 21 =
et TLELLAy AN ‘640«\& o

MWI{J
7 Harmanniza, S.P, 1.13 .39 .24 .B6 .02 .16 7.0 153 20 1.00 .40 39
PATY ST RN L VN ';(‘:."‘“'L
k4 -’/-‘-JI-L
T .14 .11 .12 .39 .01 .13 0.7 119 as .56 .15 1

! ranicur =aximum .37 .30 .21 1.05 .02 .31 1.5 196 55 1.12 .20 10

= Tannlsetun -
masianem .21 .13 .10 .53 .03 .15 1.4 121 18 .45 .12 5

I Sgearla {cocomon) .14 .11 .11 .56 .0l .08 1.9 125 15 .64 .12 20

y Socrcholus
congoensis .29 .12 .15 .37 .02 .11 1.6 111 28 .10 .18 12

f Themada triandra .16 .08 .10 .42 .01 .07 1.5 100 35 .56 .11 19
Heon A0 .16 .14 .55 .01 .23 2.4 141 19 .02 .19 16

» (;4/ ~ Ei 5//-'(‘ lr/
A e AL.7 /e éi““: ? . Z/;”/’{-/(/



101

; Kiboko Range Research Expansion P
WINROCK g or ST L
ATi AL P.O. Box 12 Makindy, Kenya Tsl. 14, Makindy

27 July 1982

Dr. Joseph H. Conrad
Animal Science Department
2103 McCarty Hall
University of Florida
Caineaville, Florida 32601

Dear Dr. Conrad,

I received your letter of June 14 and carefully studied the results
of the mineral analysig of our forage sacplea., These sacples caxe from

very d =ant ts. The samples numhered 6 and 7, Crewia end Her-
rznnia, were jerennial nop-lesume shrubs which are consumed by cattle,

sheep and goats, Present research should tell us what percentage of the
diet of cattle, sheep and goats come from these two plunts.

Following the rains, we collected another set of samnles from pature
green plants, The specilen eaxnpled were the sane as the first group with
the exception ‘et the specie Setaria was not collected this timo and a new
specie, Cenchrug cilia.ris, was added. This change was based on our re-
evaluation of which plants are most avallable and most consumed. I have
sent these sazples to the U.S, with Dr, Deonis Child, who will forward
them to you, We would like to compare the mineral levals between the wet
and dry season plants. You may or may not wish to continue the analysis,

I would like to furtner inveatigete the copper and zinec deficiancy.
We could provide forage samplos tuken from egophazeal connulae of cattle,
sheep and goats at monthly intervala over a period of one year. I know
that such sazples would be inappropriate for analyzing minerals
containad in ruminant saliva, but thought we misht obtain a valiid
estimate of ppm of Cu and Zn. If you feol further study is warrented,
I would be pleaned to pruvide the camples.

Thank you aguin for your interest and assistance in our research
kore at Kiboko.

Cordially, /
jzggéﬁﬁznfékégdof
Rodney Wwaid

Anipal Scientist
Kiboko Range Research Projeot
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t:q:ﬁ,"%\ UNIVERSITY OF FLORIDA
L
IF-‘,%\.B INSTITUTE OF FOOD AND AGRICULTURAL SCIENCES

GA'NESVILLE, FLORDA 328"

ANIMAL SCIZNCE DEPANTMENT
2103 MECCARTY HALL _ August 5, 1982

TELEPHONE. $04-392:191}

Dr. Rodney Ward
Kiboko Range Research
Expansion Project

P.0. Box 12
{akindu, Kenya

Dear Dr. WVard:

Your letter of July 27 has been received regarding your response to
the mineral znalysis. Your comments were greatly appreciated concerning
saoples 6 and 7 because that certainly helped to indicate that they vere
not the perennlal grasses. This also is more proof cf why some of these
auinals can survive uncder relatively harsh cenditions.

We are looking forwvard to the samples which you forwarced with Dr.
Dennis Child. Ve would like to continue with the cellaborative mineral
studies as long as we have our currcnt funding sitvation with A.L.D.

It appears that your interest in continuing with copper and zinc is
well founded. 1 sce no difficuley with anzlyzing se-e ferage semples
which will be obtained using the esophageal cannulae with cattle, sheep,
and goats as you have indicated in your lettar. There are a number of
elements such as potassium and phosphorus which woull be of little or no
value because of the recycling in the sallva. Hovever, the prinary route
of excretion of zinc is in the feces with very small ascunts belng excreted
in ¢he sweat. I have not been able to find a diiect reference co the level
of zinc in the saliva. The mean route of copper secretion is elso in the
feces with only minute amounts evea in the sweat {Undervood, 1977, poage 73
and 209)}. Therefore, I would encourage you o rmove thead with the collec-
tion of some of these samples that could be used to study the copper and

zinc status.
coraly
1
15
oseph . Conrad

rofescer and Coordinator
Tropical Aniral Scicnce Progrums

With best wishes, T remain,

JHC/d1r

¢c: Dr. TPopenoe Dr. Raun
Dr. Haines Dr. Fitzhugh
Dr, McDowvell
Dr. C1'is

Dr. Ammerman
Dr. Wallace

FOLLE R Rl anmiidi Yued AL OHF PONLAY RERAUNEEA AND CONBEAVAY O CLOPENATIVE ENTaND ON &Kk M
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Blood phosphorus levels for the second and third collections averaged 6.3
and 6.8 mg? which would be considered normal. Forage phogphorus, however,
averaged only .06X at 114 days. The fasue of whether phosphorus vas beneficial
to reproductive rates vas confused in that three of the groups received concen-
trates high in phosphorus and cthe fourth group received minerals high in
phosphorus. A better experiment would have provided a control group which
received salt only.

From the results, it was apparent that the concentrates and/or nineral
supplements increased fertility levels., It was then decided that a new ex-
periment would be designed to separate the effect of minerals versus concen-
trates. The new experiment involved four treatments as follows: 1) complete
minerals (MIN) plus .68 kg concentrate (CON); 2) MIN + 1.3 kg CON; 3) salt
only (S); and 4) MIN only.

Treatment | Treatment 2 Treatment 3 Treatoent &
MIN+68 kg CON  MIN+1.3 kg CON S NIN
# animals 38 47 %3 55
X pregnancy 84.5 87.2 88.7 94.6

Mr. Braithwaite was extremely happy with the results. Anicals receiving
the complete mineral supplement had a Ligher performance. Likewise, the average.
birth weight for calvea was around 23-24 kg for controls while for ani{mals re-
ceiving minevals, it was 32.7 kg. Since minerals have been used for the past
several ycars based on the formula of the University of Florida, production
rates have bken extremely good.

On the Pahang Bif Cattle Co. ranch, there has been a severe problem of
animala losing condition and calves developing diarrhea. Ninety head were
lost as a result and the animala that did recover from the dtarrhea required
a long time to recuperate completely and gain welght, Cobalt deficiency was
suspected and cobalt bulleta were given to all antmala. This reasulted in
great growth response; however, no controls were {nvolved in thia Ctreatment.
Pasture levels have alao indtcated cobalt deficiency. Forages analyzed at
several laboratories in Australta have all had values lens than the require-
mentn for cattle. The farm had previously used vitanin B); {njections to
alleviate the condition. There wau a definite response when anfomals recefved
By2; however, this effect lasted only two to three montha,

On another ranch in the ares (Dara Bif), mineral deficlenclens were alao
likely a problem. Four years ago on this ranch, 10 weaned antmals were lost
due to what appeared to be cobalt defictency. Th anizaln lost welght rapidly,
approximately 100 1b fn a 3-week period prior to death.

Mineral rescarch programs carried out by Dr. Hutagalung and Mr. Veng Yew
Hew {ncluded one study involving water buffalo. Sixty anfmals, 2 to 3 vearn
of age, uere divided into two treatnents, ooe conainting of salt only and the
other of salt plua complete mineraln. The reasults noted higher growth rates
for thoue receiving complete mineralas and also increased ovarian activity.
In a sheep nupplementation trial, 60 animals wvare aliotted to the [ollowing
treatmenta: 1) control; 2) minerala plun 1 1b concentrate; 1) J 1b concentrate;
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As a rasult of the September, 1981 visic, it vas learned that there are
7 {nstitutions that are interested in conducting minaral research in Mexico.
One of the main institutions is the Inscitucifn de Ensefanza e Investigacifin
en Ciencias Agrfcolas in Chapingo. Starcing next July, Ing, Ricardo Barcena
Cama from Chapingo plans to begin a Ph.D. program at Florida in the mineral
research area. A trip to Mexico is planned for February, 1982, to assisc
Ing. Barcena wvith initiating expariments for his Ph.D. program.
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Ing. Olga Fresnillo (Home Tel. 54-48-53, Office 58-20-00, Ext. 437
Ing. Candelario Carrera Marquez

Ing. Jesds Albarto Guevara Gonzalez

Instituto Tecnol8gico de Estudios Superiores de Monterrey

Sucursal de Correos "J'"

Monterrey, N. L., M&xico

Dr. David Rodriguez Maltos (Home Tel. 2-15-72, Office 4-31-00)
Ing. Fernando Ruiz-Zarate

Ing. Lorenzo Suarez (Department Head)

Dr. Carlos de Luna

Dr. Jesds Torralba (Nutrition)

Universidad Aut8nowaa Agraria "Antonio Narro"

Buenavista, S ‘tillo, Coahuila, M&xico

Ing. Ricardo Silva Carrén
Nueva Espana 335
Fraccionamiento Urdiiola
Salcillo, Cocah., ME&xico

Ing. Jos€ Arroyo Luna (Home Tel. 2-14-92, Office 011-520841)
Muzquiz 727-5 PTE.
Saltillo, Coah., M&xico

Mr. Ed Deathridge (Agriculture Attaché)
Mr. Tcias Donnlly (AID Representative)
United States Embassy

Mexico City, Mé&xico
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Panama

The first contact in relation to mineral research in Panama was made in
August, 1981. The m2in contacts are Ing. Roberto Quirbz and Dr. Santiago
Rios A. Ing. QuirSz was extrexely interested in mineral research and had
been to the University of Florida for laboracory training from September
to December, 1980. While in Gainesville, a research proposal for mineral
research in Panazi had been written up. This is found at the end of this
section of the report.

Dr. Santiago Rios is the director of resecarch investigations with live~
stock. Dr. Rios hed received an M.S. degree from Costa Rica in which he did
nineral research with cattle in FPanami.

At the end of 1981, samples had been collected from 20 farms. The
jerity of thesec have been taken from the regions of Bugeba and Gualaca.
om each farm, one composite forage and one pooled soil sarple were col-
cted. Five blcod, 2 liver anu 2 bone samples were taken from growing
cers from slaughterhouses in the vicinity of the farms.

From the Cuzlaca area, six farms were chosen for collecting additional
sanples. Forage sacoples have indicated that over three-fourths of the samples
are dciicient in phosphorus, being less than .15%. Soil phosphorus concen-
trations are also low, with 95% less than the critical level. Forage coprer
is low but there is quite a bit of variation betveen samples. Some sarmples
had only traces of copper. Blood copper is low, with only 9 of 65 sacples
above .6 ppr. Serum zinc levels seemed adequate but forage levels were ex-
tremely low, with only 2 of 17 samples containing more than 30 ppm.

On a trip to Santiago, we observed animals chewing scnething which we
cssumed might be bones. Upon stepping the car and getting closer to the
anirals, we found that several were chewing on tin cans. This "pica" or
abunormal appetite was indicative of phospherus or scome otter mineral defi-
ciencv. Upon cxamining the mineral feeder, we found that only common salt
w3e availuble to these animais.

The Florida project has been and will continue assisting the Panama
mineral research prec: :m by providing consuiable supplies end doing soce of
the rwore di{ficult analyses. Ing. Quirbz w11l be going to North Carolina
this August to go on for his M.S. degree. 1In his absence, additional contact:
4n Panama will be Lic. Manuel de Gracia (chemist) and Dr. Jorge GSmez (veteri-
narian).
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A Proposed Mineral Research Program for Panami (IDIAP)

Introduction

In Latin America, livestock depend largely upon forages to supply their
mineral requirements. However, only rarely can forages completely satisfy
each of the mineral requirements for grazing animals. 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, 737;

Na, 60%; and Zn, 75% (McDowell et al., 1974), Phosphorus deficiency has been
reported in 38 developing countries, Mg in 17, Na in 14, Co in 21 and Cu in
20 countries (Fick et al., 1978; McDowell, 1976; McDowell et al., 1976).

In a recent survey made by IDIAP (1980), somc important problems of
livestock in Panami were pointed out: advanced age of heifers at first
calving, long calving intervals, low calving percentages and overall low
production. These problems, at least in part, must be directly or indirect-
ly related to mineral deficiencies or excesses. Mineral supplementation is
an uncommon practice in Panami.

Mineral deficiencies in Panami have been reported by several investi-
gators: Ca (Williamson and Payne, 1975); P (Chicco, 1972; Rios A., 1972;
Poultney, 1972, personal communication; Rosas et al., 1969; and UNDP/FAO,
1968); K (Chicco, 1972); Na (Chicco, 1972); Fe (Chicco, 1972); Cu (Ammerman
et al., 1974); and Zn (Chicco, 1972). It is important to point out contra-
diction s among some of those investigators about specific mineral deficiencies.
The reason might be different sampling times and procedures and different
statistical designs.

Regarding biological responses to mineral supplementation, Poultney
(1972, personal communication) reported an increase in calving percentage
from 42.0 to 80,0X with bone meal. Rios A. (1972) reported an increase in
calving percentage from 62.2 to 68.8%, a decrease in the time between calv-
ing periods and increased average daily gains with phosphorus supplementation.

Many investigators in Latin America have reported positive biological
renponses to mineral supplementation for both major and minor elements. In-
creasing fertility in grazing cattle with phosphorus supplementation has been
reported in: Bolivia (B. Bauer, 1976, unpublished data); Brazil (Conrad and
Mendez, 1965); Colombia (Stonaker et al.,, 1975); Perd (Echevarrfa et al.,
1974); and Uruguay (Schiersmann, 1965; de LeSn Lara, 1963). Bauer et al,
(1979) reported an increase in average daily gains in cattle supplemented
wtih phosphorus and within treatments, trace mineral supplementation resulted
in nonsignificant higher gains versus control animals. Lopes H. (EMBRAPA -~
Brazil, 11978, unpublished data) reported an increase in liveweight gains dur-
ing the wet season with phosphorus supplementation, which increased even more
when additional trace minerals were included in the dict.

As mentioned above, mineral status of livestock in Panamf has not been
well-defined. Therefore, it is extremely important to carry out mineral re-
search in order to determine with more accuracy the minaral status of grazing
cattle in Panamf,
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Objectives

- To determine the mineral status in the more important livestock regions
of Panani.

- To evaluate bio-economical responses to mineral supplementation.

-~ To provide practical mineral supplementation recommendations in order
to improve overall cattle production, including reproductive efficiency,
in Panami.

The following methodology refers only to the first objective, i.e., deter-
rining the mineral status of livestock in selected regions of Pananf, since this
information is necessary before proceeding to the seccond two objectives.

Methodology

1. Sazpling of ranches

1.1 Selection of regions. 1In each province, regions will be chosen based
on the follewing criteria:

- Beef cattle production priority: It would be made according to the
number of teof cattle ranches end the beef cattle population.

- Ecological conditions: According to the above criteria, ranches
selected musl be representative of ecological conditions of the
zone.

1.2 Selection of ranches. 1In chosen regions, predominant beef cattle
production systems will be determined (breeding and/or fattening).
The quantity of animals per farm will depend upon the predominant
management system. Tne research will be perforred on farms where
rineral supplementation is absent or only cemmon silt is used
(sodium chloride).

1.3 Selection of animals. The minimum quantity of animals pev farm will
be 24 (12 per class of animal) from a minirca of 2-3 ranches per region.

1.4 Collection of samples. Samples taken on forms would include blocd,
liver (biopsy), foragc and soil. Bone sarples would only be taken
if enimals were slcughtered on the ranch. The sanmples can be taken
from 1-3 classes of anicals, including grouving anizals (heifers or
stcers), breeding animals (pregnant-lactating cattle) ond fattening
animals,

2. Slsuzhterhouse sacpling

Bonec (rib) and liver samples to be taken from animals that were in active
production.

3. Sacrpliug periods

Two collcctions will be made, at the end of the wet and the dry seasons.

4. Sampling
4,1 Soi
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5. Analysis

The analyses will be made following The Methods of Analysis for Plant and
Animal Tissues prepaved by Fick et al. (1979). This manual likewise de-
scribes methods for sample collections.

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

5.2 Forage: N, in vitro digestibility, Na, K, Mg, Ca, P, Fe, Mn, Cu, Zn,

Mo, Co, Se and S.

5.3 Blood: P, Ca, iig, Zn, Cu, Fe.
5.4 Liver: 2Zn, Cu, Fe, Mn, Mg, Co, Se, Mu, and possibly vitamin A.
5.5 Bone: Bone ash, specific gravity, Ca, P and Mg.

6. Statistical Design - split plot design

7. Mineral Research Program

Basic requirements for mineral research include a wvell-equipped laboratory,
with the main:instrument for analysis being atomic absorption. Mineral re-
search fits very well into Ph.D. or M.S. degree programs. This would mean
completing coursework at Florida, returning to Panami, collecting animal
tissue ond forage samples, and completing the mineral analyses at Florida.
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Panamd Contacts

Mr. Tomas Ugarte

¢/o U.S. Embassy
USAID/Panami

APO Miami, FL 34002

Ing. Roberto A. Quirdz G. (Head of Laboratory, Gualaca)
Dr. Santiago Rios A. (Director de Investigacidn Pecuaria)
Dr. Rodrigo Tart€ (Director General)

Instituto de Investigacifn Pecuaria (IDIAP)

David, Chiriqui

Panamfl
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Peru

The mineral research program in Peru did not start until February, 1977.
However, a Peruvian student, Ricardo Valdivia, had been working towards his Ph.D.
since 1975. Dr. Valdivia's dissertation vas entitled "Effect of Dietary Alupi-
n»n on Phosphorus Utilization by Ruminants". Dr. Valdivia has now returned to
Peru.

Torce research groups are now investigating the mineral status of rumi-
nants in Peru. The main contacts of these institutions are as follows:
) Universidad Nacional Mayor ce San Marcos (IVITA) - Dr. Ricardo Valdivia
and Dr. Oswalds del Valle; b) Universidad Nacionul Agraria (La Molina) - Dr.
Juan Kalinowski; c¢) Universidad Nacional Pedro Rufz Galle (Lambayeque) - ing.
rflido Vidal.

[ J

lniversidad Nacicra! llayor de San Marcos (IVITA): Thic Institution has a great
~nterest Ir minercl research and has had quite a bit of expericince with rniineral
eralyses.  Atomic abscrption equipment is available and technicians are weil-

t

arch is undervay at the tropical experiment station at Pucallpa.
One of the main experirents involved phosphorus supplementation with irproved
pesture and native pasture. The various trcatments included a phoesphorus fer-
tilizer/supplementaticn at rates of 100 kg/ha, 500 kg/ha, 100 kg/ha plus direct
phosphorus supplementztion, and 560 hg/ba plus direct phosphoruys supplementatioen.
Ihe dircct phospherus supplementation was a mixture of 497 dicualcium plosphate
anc 60% salt. Anizale consumed approximately 50 g of miseruls per dav., Alwmost
couble the gains vere noted for the treatments of 100 kp/r> oi phosphorus plus
direct mineral supplementation over that of the control of 100 bg/ha. The 500-kg /ha
treatment was slightly higher; however, this proved not te Yo as ccenotmical as the
treatment with only 100 kg plus divect pheephorus eupple=entation,

Mineral rese

Additional IVITA cuperipents are undenway or being plinned for research
with crrelodds.  Wern {o undervey toe incroase the low feriility of cameloids.
better fertility has tesulted frow {iproved manosperent.  Llaras are spontaneous
ovulators and brevding ther several tires will have a favoreble effcct in that
the high «xbryotic death less con b . oinimtzed.

A recently cempleted student thezfs Ly Arturo Lerenze Rosales Fernfndez
entitled "ContribuciSn al Estudie d¢l Trendo Nutricional en liinerales de los
Canclidos Suderericanos cn el Altipliara" aralvzed blood aid liver rarcples col-
lected at slav hterbousies from 96 01,00, 9 llazas and 12 <teera.  EBlood Cu,

P ard Mg leveles vere generally norral, although Mver Cu frov tteers and alpacas
everaged 9.7 and 4.6 ppm, respectively., Some of the foraze aralyses from La
Raya arec ac f{cllows:

Rutrient Native (phalaris) Inproved Pantures
Ca, X A2 .50

P, X .08 .28

Fe, ppo 528 669

Cu, ppm 9.3 14,7
Protein, % 5.6 19.2

Ash, X 5.2 9.4
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deficiencias y toxicidades de minerules en el norta del Per(i". by Ing. Vidal,
Ing. Francis Villana, Ing. Ara and three other collaborators, This document
gives results of the various trials which wure as follows: 1) Suplementacidn
de minerales en gansdo vacuno y lechero en la Campiiia de Cajamarca; 2) Suple-
mentscifn de minerales en el ganado vacuno de carne de la CAP Udima; 3) Diag-
n8stic. de deficiencias minerales en la granja Procn-Cajamarca; 4) Diagnbs-
tico de deficiencias de minerales en el ganado vacuno de Batan Grande (zona
con problemas de coquara). Summaries of these experiments ara included at
the end of this section of the report.
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INFORME PRELIMINAR

Proyecto: Estudio de las Deficiencias y Toxicidad de Minerales en el Norte
del PerG.

TStulo del Proyecto de Tesis: DiagnSstico del Estado Nutricional Mineral del
Ganado Vacuno en Jaén

Alumno Reponsable: Rafael Antonio Guerrero Delgado
Patrocinador: HElido Vidal DAvila, I1.A.M.Sc.

Otros participantes en el Proyecto: Francis Villena Rodriguez, I.Z,
Carolina Aguilar P.. I.Z.
Dr. L. R, McDowell

Iustituciones auspiciadoras: Universidad Necional Pedro Ruiz Gallo,
Lambryeque, Perfi.

Nniversidad de Florida, USA.

Objetivos del Proyecto: El presente proyecto tiene como objetivos: determinar
los niveles de Ca, P, Mg y Cu en sucro sanguineo; Cu, Fe y Mn en el higa-
do; al igual que en forrajes se determinard Ca, P, Mg, K, Na, Mn y Cu,
para ver si gse presentan deficiencias o toxicidades de estos clementos
en el ganado vacuno que se cria ¢n la zone de Jaén.

De otre parte, permitirf establecer baies para futuros programas de suple-
mentac1on mineral en dicha zona.

Tratamientios y/o dizposicibn experimental:

Epocas de muestreo: Cpoca de lluvias (dos nuectreos) y fpoca seca (un
mucstreo)

Siatemas de explotacibn: pastos cultivados y pantos naturalec.

NGmero de animales wuestrados por Cpoca:

Muestras obtenidas: sangre en animales in vivo; higado y sangre en ani-

' males de camal; forrajes cultivados y naturales,

Fecha de inicio: Marzo de 1,978

Resultados a la fecha: Los resultados se muestran cn los cuadros adjuntos al
presente informe,

Ccmentarion: Durante la Epocn lluviosza hay abundancia de pastos (s cantidad
de paston naturales). ~« ha observado cierto grado de deficiencia en los
elementos Ca, P y Cu, tanto en animales que connumen paston cultivados,
como aquellos que consumen pastos naturales. Lo sorprendente observar
que, la deficiencia de Fésforo en mayor en un rlépimen con pantos culti~
vadonr, lo cual tiene cierta relacidn con el contenido de {6nforo del
forraje de algunon pantos y el tipo de animales (mejorados). La de-
ficioncia de cobre as definitivamente mfin alta en loa animales que consu-
men pastos naturales, estrechamente relacionado con la Jdisponibilidad de
cobre en los forrajes.
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En Ia eatacifn seca, en los animales que consumen pastos cultivados, se
incremsanta notablemente el grado de deficlencia de calcio y baja el grado
de deficiencia del f8uforo, en relacifn al primer muastreo. En animales
que consumen pastos naturales, el grado de deficiencia de f8sforo se in-
crementa considerablewments en relacidn al primer muastreo,
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Cuadro 2: Contenido de minerales en el suero sangufneo de vacunos en la zoua
da Jaln, Perf. (Epoca seca, Octubre de 1,978)

_Pastos Paotos Muestras
Minerales cultivados naturales camal
Calcio
Contenido de Ca (mg/100 ml) 8.1 1.0 9.3 £ 1.4 7.4 £ 0.5
Grado de deficiencia*, X 54.1 8.7 90.6
F8aforo
Contenido de P (mg/100 ml) 7.4 £ 1,7 6.4 £ 2,1 4,9 £ 1,6
Crado de daficiencia*, X 2.7 2.2 34.4
Magnesio
Contenido de Mg (mg/100 ml) 3.0 £ 0.4 2.9 £ 0,4 2,6 £ 0,3
Grado de deficiencia®, X 0 0 0
Cobre
Contenido de Cu (ug/ml) 0.7 £ 0.3 ).6 £ 0.2 0.3 % 0.2
Grado de deficiencia*, X 22,2 39.1 81.3

'Y

Para obtener los grados de deficiencia se hau tomado los siguientes niveles
marginales: Calcio, 8 wg/100 ml; F6sforo, 4.5 mg/100 ml; Maguesio, 2 w=g/100
ml; Cobre, 0.5 ug/ml.

Se tomaron las siguientes muestras:

Pastos cultivados (a(mero da animales) 37
?astos naturales (nGumero de animales) 23
>amal (n(mero de animales) 32
fuestras colectadas de suero sangufneo: 92
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Cuadro 3: Contenido de minerales en los principales forrajes de la zona de
Jaén, Perti (Epoca lluviosa, Marzo de 1,978)

Ca P Mg Cu
Forrajes Procedencia 4 p 4 X ¥g/8
Panicum miximum Jaén 1,01 0.26 0.32 1.30
Panicum purpurascens " 0.32 0.40 0.32 6.92
Panicum maximum Quiracas 0,98 0.33 0.38 15.29
Pennisetum purpureum " 0.32 0.42 0.20 11.37
Panicum purpurascens " 0,42 0.20 c.27 7.87
Panicum maximum Pucara 0.88 0.24 0.44 3.26
Acacia macrocantha " 2,46 0.17 0.36 3.68
Cordia sp. " 3.51 0.10 0.66 2.98
Boutelova aristidoides " 0.20 0 0.10 1.44
Bejuco toro® " 3.64 0.16 0.50 8.71
Luche® " 1.98 0.14 0.61 13.75
Prosopis chilensis Bellavista 2,16 0.16 0.27 2.56
Cordia sp. " 3.24 0.26 0.42 3,26
Acacia macrocantha " 1,06 0 0.15 0.46
P. miximum-Rinchozia Pomahuaca 1.57 0.18 0.58 4,38
P. mAximum-Rinchozia " 0.50 0.14 0.36 2.84
Pennisetum purpureum " 0.36 0 0.13 0.32
Panicum maximum " 0.721 0.07 0.26 0.60
Riuchozia minima " 1.35 0.26 0.48 4,52
Mezcla forrajes® . Santa Fé 2.81 0.06 0.51 3.82
Mezcla fcrrajes® " 2,83 0.17 0.52 3.40
Algodoncillo® Colasay 1,64 0.12 0,48 3.68
Pata de perro’ " 2,08 0.10 0.27 2,70
Tuyo® " 1.77 0.03 0.25 2,56
Niveles promedios en forrajes 1,61 0.18 0.37 4,5
Grado de deficiencia*, % 4,0 84.0 16.0 88.0

0 - could not detect.

*Para obtener los gradoe de deficiencia se han tonado los siguientes niveles
marginales: Calcio, 0.30%; Fésforo, 0.30%; Magncsio, 0.20%; Cobre, 10 ug/g.

*ralta identificar (género y especie).
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INFORME PRELIMINAR

Proyecto: "Estudin de las deficiencias y toxicidad de minerales en el norte
d.l P .'ﬁ"

—— ——— 4 = ————

Titulo del Proyecto de TEsis: Diagn6stico del estado nutricional mineral del
ganado vacuno lechero en la campiiia de Cajamarca.

Alumno responsable: Pedro -Antonio del Carpio Ramos (P.A. de Zootecnia)

Patrocinador: HE&lido Vidal DEvila; I.A., M.Sc.

Otros participantes en el proyecto: Francis Villena, I.Z.
Carolina Aguilar, I.Z.

L. R. McDowell, Ph.D.
Instituciones auspiciadoras: Universidad Nacional 'Pedro Rufz Gallo".
Lambayeque, Perfi

Universidad de Florida,
Gainesville, Florida, U.S.A.

Instituciones colaboradoras: Grupo Asesor Alemin; Universidad Nacional Técnica
de Cajarmarca; CAS Agrigan (Cajamarca); PRODAC (Cajzmarca); Ministerio
_de Agricultura y Alimentacibn; Predio ganaderos de_Cajamarca,

Lugar de ejecucidn: Campifia de la ciudad de Cajamarca, PerG.

Fecha de inicio: Marzo de 1978,

Objetivos del proyecto: Determinar en que estado nutricional mineral se encuen-
tra el ganadn vacuno lechero criado en los fundos de la campifia que rodea a
la :iudad de Cajamarca, a fin de poder corregir las posibles deficiencias
yl/o toxicidades mediante suplementacifn. '

Tratamientos y/v disposicibn experimental:

Epocas de muestreo. - Eboca 1lluviosa y €poca seca.

Sistemas de explotacifn - La axplotacifn del ganado se realiza al pastoreo
specialmente los animales adultos) los cuales pastorean sobre pastos cul-

tivados, Rye grass (Lolium multiflorum) y TrGbol blanco (Trifolium repens),

que se encuentran asociados en una proporcifn aprSximada de 80% y 20%,

respectivamente.

NGmero de animales muestreados por €poca: - Se han obtenido ochenta (80)

muestras por &poca de muestreo.

Muestras obtenidas. - Se han tomado muestras de sangre en animales in

vivo mediante puncifn yugular; de cada fundo muestreado también se tomb

muestrae de forraje. En ol camal de Cajamarca se matan muy pocos ani-

males procedentes de la campiiia, raz8n por la cual casi no se tomaron

muestras de hfgado.

Resultados a la fecha: En los siguentes cuadros se muestran los resultados
obtenidos hasta el momento.
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Se puede observar que en ambas Epocas hay deficiencia de Calcio, presen-
tEndose en mayor grado en la Epoca seca, deficiencia que no concuerda con el
contenido de Calcio en los forrajes debido a que todos ellos est&n con conte-
nidos superiores al nivel critico.

La ligera deficiencia de Fésforo en la Epoca lluviosa y el incremento
del grado de deficiencia durante la Epoca seca estf relacionada con el con-
tenido de Fésforo en los forrajes, ya que ademas de presentarse niveles mar-

ginales existe, en algunos forrajes, una tendencia a decrecer la concentracibn
de este elemento durante la &poca seca.

La concentracifn de Cobre en el suero en ambas €pocar est8 en el nivel
marginal (0.5 g/ml), observindose el mismo grado de deficiencia en ambas
gpocas. El grado de deficiencia de Cobre en los forrajes no es tan alta
como en el suero; sin embargo tiende a acentuarse el grado de deficiencia
en el forraje durante la época seca.

Cuadro 1. Contenido de minerales en el suero sanguineo de vacunos lecheros
de la campifia de Cajamarca (Epoca de 1luvia, Marzo de 1978).

Minerales Pastoreo en Rye grass:trE&bol

Calcio

NS de mMUeStYas « o + o s o s o & o o o 81

Contenido de Ca (mg/100 ml). « « « « & 8.92 + 1,63
Grado de deficiencia*, Z . + « ¢ ¢ o ¢ 25.92

F6sforo

NS de MUESETAB « « o« o o« o o o s o o 0 81
Contenido de P (mg/l00 ml) . « « « « 7.55 + 3.3
GCrado de deficiencia*, Z « « o « + + 11.11

Magnesio

NS de MUESLYAS . « o« « o o o o o ¢ o 0 81

Contenido de Mg (mg/100 ml) . . « o 2,59 x 0,84
Grado de deficiencia*, X . + « o « o« 9,87

Cobrk

NE de MUeStYas o « + « o o o o o ¢ o 84
Contenido de Cu (ug/ml) .o « o o o+ o 0.54 t 0.2
Grado de deficiencia*, % . « « ¢ « o 48.8

*Para obtener los grados de deficiencia se han tomado los siguientes niveles
parginales: Ca, 8 mg/100 ml; P, 4.5 mg/100 ml; Mg, 2 mg/100 ml; Cu, 0.5 pg/ml.
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Cuadro 2. Contenido de minerales en el suero sangufneo de vacunos lecheros
de la campiila de Cajamarca (Epoca saca, Octubre de 1978).

Minerales Pastoreo en Rye grass:tr8bol

Calcio
NY de DuGStTas . « « « o « o « o » o o 83

Contenido da Ca {mg/100ml) ... .. 8.5 $£1.73 Tt ot o T

Grado de deficiencia*, X . « . . « « o 43.37 o

FSsforo

NY de BUSBETAS . « o« « o o o o o o o o« 83 ToTTT o o T
Contenido de P (ag/100 ml) . 6.24 + 2,31

Crado de deficiencia*, 2 . . . . . « « 27.71

Magnesio o -
de TUGBEYAB . o . o ¢ o o s o o o o 83
Contenido de Mg (mg/100 ml) . . . . . 2,352 0,42

Crado de deficiencia*, X . . « » « « o 12,04

Cobre ‘ S N
NE de muestras . . - o + ¢« « o o o o o 81

Contenido de Cu (ug/ml) . . « « « o o 0.48 + 0.2

Grado de deficiencia*, % . . . . . « . 49.39

5 =
Para obtener los grados de deficiencia se han tomado los siguientes niveles
marginales: Ca, 8 mg/100 ml; P, 4.5 mg/100 wl; Mg, 2 wg/100 ml; Cu, 0.5 ug/ml

Cuadro 3. Contenido de minerales en pastos cultivados utilizados en la cam—
piiia de Cajamarca; Epoca de lluvia, Marzo de 1978. (Base seca).

Predios Ca,. X P, % Mg, X Cu, ug/gc
El Triunfo 0.62 0.5 0.25 9.7
La Colpa 0.69 0.23 0.21 9.7
La Victoria 1.09 0.35 0.21 12.6
Bethania 1.10 0.18 0.21 12,6
_ Huayrapongo 0.89 0.38 0.17 25.6
Miraflores 0.77 0.34 0.25 '16.8
San Roque 1.03 0.40 0.24 13.0
Huacariz 0.86 0.23 0.21 11.1
Tartar 0.74 0,48 0.34 15.2
El Carmen 0.87 0,35 0.27 12,2
Mayopata 1.29 0,38 0.39 16.4
CAP, Cajamarca 0.83 0.43 0.22 30.4
Alto Otuzco 1.11 0.36 0.38 .l
El Milagro 0.62 0.11 0.19 7.6
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Cuadro 3. (Cont.)

Ca, % P, X Mg, % " Cu, ug/gr
Promedio 0.89 0.34 0.25 16.01
Crado de de-
ficiencia*, % — 28,57 14,28 21.42

*Para obtener los grados de deficiencia se han tomado los siguientes niveles
marginales: Ca, valores menores a partir de 0.3%Z; P, valores menores a par-
tir de 0.3%; Mg, valores menores a partir de 0.2%; Cu, valores menores a par-
tir de 10 ug/gr.

Cuadro 4. Contenido de minerales en pastos cultivados utilizados en s campifa
de Cajamarce; Epoca seca, Octubre de 1978 (Ease seca).

Predios )4

(@)
[- ]
S

je-)
-

-~
e S
[r2]
ta

Cu, ug/gr

Bethania
Bechania
San Roque
San Roque
Huayrapongo
Huayrapongo
Huacariz
Miraflores
Miraflores
El Triunfo
Tartar

El Carmen
Promedio 1.34 0.38 0.28 15.54
Grado de de- : ,

ficiencia*, % ———— 50 33.13 41,6
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Para obtener los grados de deficiencia se han tomado los siguientes niveles
marginales: Ca, valores menores a partir de 0,3%; P, valores menores a partir
de 0.3%; Mg, valores menores a partir de 0.2%; Cu, valores menores a partir de
10 g/gr.
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Pa tacts

Mr. Lauren Schults
—Bura:-Davelepmant Officer
USAID/Peru
--cfo-American Enbassy
Lima, Pexi

Dr. Ricardo Valdivia (Elvira)
Dr. Cswaldo del Valle

San Marcos University
Laboratorio de Nutricifm Animal
I.V.I.T.A. :

Apartado Afreo 427

Lima, PerQ

Ing. Hariano G. Echevarria,
I.V.I.T.A.

Universidad Nacional da San Marcose
Apartado Afireo 4270

Lima, Per(

Dr. Juan Kalinowski
Universidad Nacional Agraria
Apartado Afireo 456

La Molina

Lima, Perfi

Ing. Helido Vidal (Agueda)

Ing. Francis Villena

Ing. Migual Barandiaran

Universidad Nucional Pedro Rufz Gallo
Lezmbaveque, Per(

Iug. Tomis Tello

Centro Regional de Investigaciones
__ Agropecuarias CRIA-II

Apartado Afreo 116

Chiclayo, Perl

Ing. Luis Ara Valera

Ing. Jos®.Vigo Hendoza

Universidad Nacional Ténica de
Cajamarca

Departamento de Ciencias Agropecuarias

JirSn Lima No. 549

Cajamarca, Per

Dr. Znrique Franco, Director
Dr. Julio Suman

Estacifn La Raya

Casilla 4270

Lima, Peard

28
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The Philippines

The first visit to the Philippines was made in December, 1977. The organi-
zations responsible for research in the Philippines are the University of the
Philippines and the Philippines Council for Agriculture and Resources Research
(PCARR), both located at Los Bafics. The main contacts from the Department of
Animal Science are Dr. Vicente Momofigon (Head), Dr. Arsenio D. Calub and Dr.
Perla L. L&pez. The main contact at PCARR is Dr. Alfonso N. Eusebio.

There has not been & great deal of mineral rescarch done in the Philippines
in the past. There is currently a three-year trace element research program
but this is for soils only and is supported by the Atonmic Energy Commigsion,
There is no atomic absorption unit at the nutrition laboratory. Soils are
prepared in the nutrition lab and then sent to the Soils Department. During
the last year, equipment requirements for mineral research have been met
through the World Bank loan program; however, time will be required for this
equipment to become fully functional. In the fall of 1980, Mrs. Leticia Palo
had been at the Nutrition Laboratory in Florida for a 3-month training session,
The Florida-AID program has also &ssisted the Los Banios mineral program with
consumable supplies, assistance w.th analyses and purchase of a muffle furnace.

Forage analvses completed in 1980 showed the following results: 1) 29
samples contained .06% sodium or less; 2) 2] samples contained .20X phosphorus
or less; 3) 15 samples contained less than 10 ppr copper; 4) 35 samples cortained
less than 40 ppm zinc; 5) 7 samples contained lesc than 40 ppm manganese; 6) 27
samples contained less than .l ppnm cobalt (rany of these cobalt values were
actually zero - this probably indicates a lack of sensitivity in the instrument
used to determine this mineral); and 7) Potassiux, calcium, magnesium and iron
were all in adequate concentration:i.

One experiment carried out at Muiloz, Nueva Ecija, studied the effects of
pineral supplementation. Seventy-three animals were divided into two proups,
consisting of 1) salt only and 2) salt plus a cozplete mineral supplenment.
The pregnancy rate based on a /-8 menths palpation was 57 and 792 for groups
1 and 2, respectively.

The major mineral resecarch project completed in 1981 wvas the publication
of a Ph.D. dissertation cntitled "Mineral Status Lurvey and Minural Supple-
pentation Trial with Breeding Beef Cattle in Calintaan, Cccidental Mindoro",
by Dr. Clenio T. Dumlao. An abstract of this thesis can be fouud in the
appendix of this report. The expcriment was conducted at three ranches in
Occidental Mindoro with the purpore of determining the nineral status of
the cattle in this regicn and the effects of nincral supplementation, alone
and in combination with protein and energy. Of 7% grasses analyzed, 72, 17.3,
72 and 49% were deficient in photphorus, potassium, gsoiium and zinc, respec-
tively. Of the legumes, 70.7, 62.5 and 12.5% were deficient in phosphorus,
sodium and zinc, respectively. In general, shrubs and broadleaf plants had
higher concentrations of minerals.

All three classes of cattle appeared to be deficient in serum copper.
Dry cows at all ranchen had borderline to deficient phonphorus; lactating
cows vere deficient in phosphorus and magnesium. As oexpected, serum phoa-
phorus was higher (P < .0/) among supplementad cows. Serum magnesium levals
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were highest (P <..0l1) during the wet seuson and lovest during the dry season.
Copper plasma concentrations differad between age groups and period of collec-
tion, being highesat during the rainy season.

Mineral supplementation did not affect liver concentrations, although
animals receiving salt tended to have lower levels of copper, zinc and iron
than those receiving minerals. Liver copper at initial biopsy was deficient;
all others were in the low normal range.

Youngev cows apparently respondad batter to mineral supplements, with
pregnancy rates of 57.1, 71.4, 42.9 and 42.9 percent for complete mineral
mixture, complete mineral mixture plus energy plus nitrogen, phosphorus and
salt, respectively, versus 27.41 initial pregnancy rate. A general conclu-
sion vas that mineral supplementation had little effect of the pregnancy
rates of older cows. Older cows, however, generally had significantly higher
(P < .06) pregnancy rates than younger animals. :

In early 1979, Dr. A. Caluband Dr. Lee ricDowell had visited the Sarangani
Cattle Company in Davao, Mindanao and at that time a discussion involving ini-
tiation of a supplementation trial with 4000 cattle took place. The treatments
were to have been: i) salt only, 2) salt plus bone meal, and 3) salt plus bone
meal plus various minerals. The complate mineral supplement was formulated to
contain baetween 60 and 80% phosphorus and betwesan 50 and 100X of trace mineral
requirements. All animals were to be weighed twice a year, in November and May.
Recordas were to be kept as to weight gains and performance. The planned dura-
tion of the experiment was two years, Blood, forage and liver samples were to
be taken; blood and livar from approximately 12 animals per treatment. Unfor-
tunately, however, the experiment was never carried out due to inadequate funds
at the University of Los Baflos and PCARR,

In 1981, another possible experiment was plauned to involve four treatments
as follows: 1) salt only all year long; 2) complete minerals all year long;
3) complute minerals only during the wet season; and 4) complete minerals only
during the dry season. Samples of forage, 30il, blood and liver would be taken
in the manner previously planned. If some animals were to be slaughtered, bone
samples could also be collected. Another suggestion was to start out with ei-
ther weaned heifers or bred heifers. Depending on the grazing pressure desired
for the particular pastures, a combination of young animals and old animals
could be used. A minimum of 100 animals per treatment would be required to
deternine meaningful differences in reproductive rates. At the present time,
it looks very encouraging that some type of supplementation experiments will
ba undertaken eventually.



134

Philippines Contacts

Dr. Ed Rice (Tel. 59-80-11, Ext. 404)
Chief, Agricultural Research Division
USAID/Philippines

APO San Francisco, CA 96528

(Office:

Dr. Arsenio D. Caludb
Dr. Vicente Momoiigon
Dr. Perla- L. Lbpez
Dr. Leo S. Castillo
Mrs. Leticia Palo

Dr. Benedicto Parker -

1601 Rambn Magsaysoy Center, 1680 Roxas Blyd., 16'th Floor)

Dr. Alberto Robles (Dairy and Pasture Husbandry Divisicn)

Mr. Clenio T. Dhmlao

Dr. C. B. Pérez, Jr. (Dean)
College of Agriculture
University of the Philiprines
Los Banos, Laguna, Philippines

Dr. Alfonso N. Eusebio
Director, Livestock Research Division

PCARR (Philippines Council for Agriculture and Resources Research)

Los Banos, Laguna, Philippines

Mr. Antonio Nocom (Tel. 88-52-59 or 88-40-83)

Mr. Vic Nocom

Ansa Cattle & Crop Farm, Inc.
P.0. Box 122 C.C.P.0O. Makati,
Manila, Philippines

Dr. Jimmy R. Escaio (Tel. 70-44-81) /
Director, Agri-Business Development
Carnation Philippines, Inc.

Corner Reliance and Pine Streets

P. 0. Box 427, Commercial Center
Makati, Metro Manila 3117, Philippines

Dr. Solomon Bloom (Tel. 85-85-22)
Consultant, Livestock & Feed Industry
7582 de la Rosa Street

Makati, Metro Manila, Philippines

Mr. Carlos Mata 7

Mr. Alex Cauldo

Sarangani Cattle Co.

Coneral Santos, S. Cotobato, Philippines

Dr. Bernardo Casio (Tel. 88-26-21)
Agricultural Manager, Pfizer, Inc,
Sixth Floor, Araza Bldg.

Corner Paseo de Rosas and Maka%l Ave.
Makati, Rizal, Philippines

Dr. S. K. Ranjhan =~

Project Manager (FAO)

Caribou Rescarch and Development Center
c/o University of the Philippines

Los Banos, Laguna, Philippines



135

Thailand

The first visit to Thailand in relation to mineral research took place
in November, 1978. The chief contact there is Dr. Pravee Vijchulata, a
recant graduate of the University of Florida who majored in ruminant nutri-
tion. Dr. Vijchulata works at the University of Kagetsart. The University
has outstanding new laboratory facilitie~ that have only been in operation
since November, 1978. The equipment is all new and every type. of instruaent
for mineral analysie is available. This is a central laboratory which will
be used by all departments of the Universicy. It contains two atomic absorp-
tion units as well as a graphite furnace, all by Perkin-Elmer. Additional
instruments are also available in the Animal Science Department,

The last two visits to Thailand were to attend the "First (and second)
Mineral Nutrition Conferences in Thailand”. At the second mineral nutrition
conference in 1981, a talk by Mr. Sornthep Tumwasorn entitled "Responsas of
Beef Calves to Mineral Supplementazion in Central Thail Villages". This
research effor.: involved comparing the responses of animals with and without
mineral supplementation in 7 villages approximately 100 km west of Bangkok.

A total of #3 animals were involved and were made up of indigemnous Thai
native and one-fourth Brahtman crossbred calves, An abstract of this research
is found in the publication section. The basic conclusions from this study,
as taken from the report, are as follows:

1) Forage mineral levels had the highest cnntents in the wet acason
and contained the lowest contents in the dry season.

2) Potassium levels in native grasses contained the highest content
among different minerals throughout the year.

3) Native grasses con-ained 112 protein in the wet period and the
amount would drop to 3% in the dry period.

4) The calcium level in the plaswa would drop from the new born calves
to the pregnant cows observed in the dry season.

5) The pregnant cow of indigenous native breed showed signs of calcium
deficiency and contained very low calcium levels in the plasma ob-
served in the dry season.

6) The phosphorus level in the plasma would increase from the new born
calves to the pregnant cows observed in the dry scason,

7) Tha potassium level in the plasma was at the normal range in all ages
during the dry season.

8) One-fourth Brahman crossbred calves had higher percent improvement
of livewcight change after supplementation than the native calves.

9) The animals responded the best to mineral supplementation in the
dry season while the wet season supplementation had the lowest re-
sponse.

10) Changes in hematocrit and hemoglobin parameters after mineral sup-
plementation were not significant.

11) Supplemented cattle had higher mineral levels in the plasmc after
supplementation but not aignificantly different.

12) Supplemented cows had significantly higher conception rate than
the nonsupplemented control group.

The main conclusion from Mr. Tumwasorn'c research wan that animals re-
ceiving the mineral supplement composed of bone meal, ground shell and salt
had a higher conception rate by 17% compared to unsupplemented controls. The



136

previous year a seminar had also been presented by Mr. Tumwasorn and his data
at that time from different farms indicated that there was an overall improve-
ment in growth by 3.6X. The conception rate was likewise wore favorable; from
a total of 36 treated animals and 28 controls, there was a calving percentage
of 63.92 for the former group and 42.82 for the latter. This experiment also
showed a greater response to mineral supplements during the dry season than
during the wet season. Part of this is due to the fact that during the wet
season, animals are working in the fields and often are kept in confinement
when not working. Thus, they have little access to forage. However, during
the dry season, they are allowed to roam and search for forages and therefore
are able to gain back weight they have lost during the working season.

The previous year Dr. L. R. McDowell had made some suggestions in relation
to the complete mineral supplement used in the experiment made up of 1 part
oyster shell, 2 parts salt and 1 part bone meal. The mixture was disturbing
in that it contained approximately 3% phosphorus and 16X calcium. Mr. Tumwasorn
had considered changing the mineral supplement for the second year but since he
had received positive results, decided not to make the change. For the second
year, however, he did run analyses of the supplement and found that the bone
meal was adulterated and contained even less phosphorus than supposed. The
results of the analyses were as follows:

Minerals Percentage, Range
Nitrogen 0.64-0,865
Phosphorus 0.50-0.65
Potassium 0.05-0.50
Calcium 16.05-30.80
Magnesium 0.40-0.48

Iron 0.13-0.19
Manganese 0.07-0.08

Zinc 0.003-0.005

This certainly would be an inferior mineral mixture in view of the phosphorus
and calcium contents but, nevertheless, it did provide a response during the
trial.

Also at the first conference, data from the Chiangmai region was reported
by Mr..Lindsay Falvey. Mr. Falvey is a livestock specialist from Australia
working with the joint Thai-Australian agriculture project at Chiongmai.

The title of Mr. Falvey's talk was '"Cattle Nutrition Rescarch in the Northern
Thai Highlands'.and contained the following observations: 1) Native pasturcs
arc the basis for the feed supply of livestock; 2) More often than not there

is u problem of insufficient radiation due to cloud cover versus lack of mois-
ture; 3) The highest rainfall is in August and thereforc the lowest production
of liventock; 4) Soils are poor in phosp! srus and sulfur; 5) The noi) conditions
are guch that protein levels of forages do not drop below the critical level of
7% until day 120; at this time, they still would not have gone below the criti-
cal phosphorus level of .18%; 6) Overgrazing results in an invanion by the
speciea Eupotorium, which i~ useless since animals will not connume it; 7) Min-
eral supplements are administered orally in a drench; usually a beer bottle ia
used and this method in very effective; 8) Animals werc not allowed to graze

at night, which corresponda to the typical practice of the farmers; 9) The
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response to minerals was mostly during the last part of the dry season; this
would be contrary to other tropical studies which note tha greatest response.
to minerals during the wat season when there is adequate energy and protein,
Nevertheless, this can be explained in that during the last part of the dry
season, thera is new grass growth which has resulted from the recent burning;
under these conditions in northern Thailand, the s0il moisture is adequate
even towards the end of the dry season to produce new growth; therefore once
again mineral supplement requirements ara related to new available energy and
protein supplies; 10) Studies are being conducted to determine factors influ-
encing feed intake, which is measured by esophageal fistulas and chromic
oxide; 11) Good results are being obtained from improved pastures composed
mainly of desmodium, With desmodium, it is possible to have up to ten times
the stocking rate; however, this needs to be researched further since at this
stocking rate, it is unknown what the weed invasion will be,

Mr. Falvey finally reported on the results of a trial entitled "Sodium
and Phospho :us Supplementation Studies in the Thai Highlands". 1In this atudy,
two groups of cattle, one of which received a daily supplement containing
sodium and jhosphorus, grazed native highland pasture in Thailand for a
period of %) months, Significant liveweight gains were recorded and differ-
ences in reproductive and calf mortality rates amplified the response in terms
of total productivity. It was concluded that the response was associated with
the sodium fraction of the supplement rather than with the phosphorus. Fron
the forage analyses, sodium values were .01% while phoaphorus was always above
the requirement of .18Z, Likewise, sodiun concentrations were lower in saliva,
rumen fluid and feces. Phosphorus levels appeared normal, The tissue and also
bone phosphorus and specific gravity levels were normal.

Another contact involved with mineral studies in Thailand is Dr. Southcombe
of the New Zealand World Bank Team located in Khon Kaen, Dr. Southcombe hasa
now returned to New Zealand. While in Thailand, lLe carried out mineral research
wvith both buffalo and cattle in both the wet and dry seasons, The major reaponse
to minerals seems to have occurred in the wat season but this portion of the
study is not yet completed. During the dry season, cows supplemented with
minerals lost only 10 g/day while controls Ioat 100 g/day. Calve~ in the ex-
periment gained 258 g while controls gained only 188 g. For buffaloes, animala
receiving minerals gained 21 g daily during the dry seanon while tha controls
lost 22 g, There was little difference between calves, with the aupplemented
group gaining 282 g and the controls gaining 242 g. There were definite problems
with this experiment in that animalas were taken for sale prior to completion of
the cxperiment, The experiment atarted with 10-15 anirzala per treatment but
vas reduced to 6 by the end. Dr. Southcombe noted that minerals were extremely
expenaive, conting $7,50/10 kg. He obaserved that results seexed to indicate
that animals cycle better when receiving mineralus.

At the necond conference on minerals, talks were held with Dr. Yod Yadhana-
sindhu, the director of a dairy farming promotion orpanization in Thailand,
Dr. Vadhanasindhy had previously done conniderable work in the mineral nuctrition
area and would have to be considered the pisneer of thin field in Thailand. Dr,
Vadhananindhu made the following comsents in relation to mineral nutrition in
Thailand: 1) Selenium concentrations in foragen arve low, with analynes being
in the arca of .0l ppm. ) Reproductive problemn {n antmals consuming dietn
of less than ]0 ppm manganese. Bringing this level up to BO ppm improved re-
productive efficiency. He also noted that in one {natan-e, adult animals did
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THAILAND CONTACTS

Mr. David Bathrick

Director, Office of Rural Developuwi.
¢/o U,S. Embassy

Bangkok, Thailand

Dr. Phaitoon Ingkasuwan, Rector

Dr. Sanchai Chansawang (Animal Breeding)
Dr. Pravee Vijchulata

(Tel. 5790113, Ext. 350; Ros. 5794253)
Dr. Boonlue Phusgphong (Nutrition Swine)
Dr. Norasih Trakulchang

Miss Sumalee Chaiputpanich

Dr. Chsran Chantalakhana

Dr. Alan Andrews (Pastures)

Dr. Kanchana Mskvichit

Dr. Pornsri

Department of Animal Science

Kasetsart Univercicy

Phaholyothin Road, Bangkhain

Bangkok, Thailand 9

Dr. B. K. Soni

Animal Production Health Commission
for Asia (APHCA)

FAO Regional Office

PHRA Atit Road

bangkok, Thailand

Dr. !'1ivd Creswell

Welgro Feednill Thailand Co., Ltd.
292/3-5 Ratchadspisek Rd. Yanawa
Bangkok 12, Thailand

Dr. Metha Vannopath
Department of Animal Science
thon Kaen Univorsity

Xhon Kaen, Thailand

Dr. Ayus Pichaicharnarcvag
Department of Physiology
Faculty of Vet Science
Chula Long Xorn University
Bangkok, Thailand

Mr. Suphon Ruttanapon
Veterinary Division
The Bast Asiatic Co., Ltd.
$3-55 Oriontal Ave.
Bangkok 5, Thailand

Dr. Sarote Khajaroen ¢+~
Dr. yaowamarn Khajaroen
(Animal Nutrition)
Department of Animal Science
Faculty of Agriculture

Khon Kaen University

Khon Kaen, Thailand

Mr. Charnvit Chiaravannont «~
Mr. D.C. Boskett

Dr. Vorachart Chaicumpa
Pfizer International Corp.
Silom Bldg. -~ 8th Floor

197/1 Silca Road

Bangkok, Thailand

Dr. W. R. Young

The Rockefeller Foundation
G.P.0., Box 2453

Bangkok, Thailand

Professor Rapoe Sagaric
Xasetsart University
PHaholyothin Road, Bangkhain
Bangkok, Thailand 9

Dr. Bo Gohl

Project Secretary

Intermational Foundation for Science
(IFS)

Sibyllogatan 47

Stockholm, Sweden

Dr. Yod Vadhunasindhu

Director, Dairgy Farming Promotion
Organization of Thailand

7 Soi Chaptmait

Prachacheun Rd.

Bangkok 8, Tha:land
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Trinidad and the Caribbean

An interest in mineral research in the Caribbean Basin has been ongoing for
many years. One of the first zinc deficiencies of cattle was reported in Guyana
(Legg and Sears, 196Q Mr. Reeza Mohammed completed a Master of Science Thesis at
University of the West Indies, St. Augustine, Trinidad entitled "The status of
certain trace minerals in cattle in Trinidad”. This work in 1979 indicated a
possible copper Jdeficiency.

The Mineral Project is currently analyzing samples of forage from Tobago
which were collected by Dr. P.B.A. Mbctya, Department of Livestock Scicnce, U.W.I.
This collaboration was undertaken because Winrock International personnel who
are providing technical assistance to the sheep project in Tobago thought certain
minerals including cupper may be limiting.

One of thc sheep producers on St. Kitts described a condition concerning
anemia, deaths, and apparcent trace clement deficiencies. This was reported in
the proceedings of the "Swmall Ruminant Production Conference" which was held in
Barbados in 1978. Wc are attempting to obtain some of these forage samples.

The University of Florida in a collaborative project with one of the cattle
producers on thc Caribbean Coast of Honduras has identified very low coppex
levels. This together with the long history of cobalt and copper deficiencies
in Florida would indicate the need for continued mineral research in the Carib-
bean Basin. Results of preliminary studies in the Bahamas and Haiti have been
inzcluded in previous reports.
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URUGUAY

Three short trips have been made to Uruguay 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 16th,
17th and 18th, 1978 were spent there. More recently three to five days were
spent there in July of 1979, 1981, and 1982,

Dr. Iam Newsam who was project manager of the United Nations Special Fund Project
with the Rubino Veterinary Research Centre has been very interested and helpful.
The analytical laboratory is under the direction of Dr. Teresita Sonia Alonso,
who came to Florida in September 1979 to participate in our mineral training
program. Their new Varian Techtron Model AA-6 has become operational. Dr.
Fernando Riet has blood serum phosphorus levels from several ranches in Uruguay
indicating osteamalacia is a scrious problem.

Ing. Agr. Adolfo Fernandez who works for Shell Uruguay Ltd. has had an
extremely important role in the mineral research project in Uruguay. Government
employees have difficulty obtaining funds to travel and conduct field trials.
Shell Uruguay Ltd. has been interested in conducting field trials and
demonstrating the value of mineral, protein and energy supplementation to
grazing cattle. Consequently, Shell Uruguay Ltd. has assisted with supplying
transportation, conducting field work and collecting samples while the analytical
analyses have been conducted by the Rubino Veterinary Research Laboratory.

The following letter from Adolfo Fernandez to J. H. Conrad dated Oct. 1,
1980 will emphasize some of the mineral research activities in Uruguay.

This letter is to update you in respect to our mineral project, but before
discussing the project in itself I want to mention that after many hours of
work and debates, I feel that the Rubino Research Laboratory is working well
again., You, of course, understand how important this is because from Shell's
point of view without their participation our mineral project would lack basic,
technical information and would be primarily a commercial project.

We can divide our project into two parts: the actual gathcring of information
and the subsequent transfer of this information *to the productive sector.
In respect to this last point, we can also divide our activity in two,

First, we held some twelve meetings with farmers (this was done by
Shell) at which, in order to promote¢ our supplements, talks were given including
the basic information gathered (and no advertisement). Personally, I think
it was a very positive experience. I found that after the meetings, farmers
are aware of some of the problems they face (problems are named and figures
mentioned) and how they can be solved. In this respect, we are planning to have
some twenty farmer meetings as a joint venture between Animal Health and Animal
Supplementation (Shell) in order to communicate the idea of healthy animal
supplementation and to obtain improved productivity on the cattle farm,
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The second way “e tried transferring information was at technical
meetings. This was doi.e in combination with the Rubino Research Laboratory.
A paper was written showing the results found at the first pasture survey
undertaken by us and it was presented at the "ler Congreso de Ingenieria Agronomica"
which was attended by some 600 agronomists from around the country. Three more
papers were written during 1980 and presented at the '2ndo Congreso de Produccion
Animal", a veterinarians' meeting.

The other part of our work is in relation to field research., We are now
managing eight trials, three of which are run jointly with the Rubino Research
Laboratory. Trials are now designed on a yearly basis so as to understand
better animal perfonrmance in relation to surroundings and certain physiological
parameters.

Taking this into account, one of the trials began in June of 1980 and will
end in May of 1981. Three treatments and a replicate per treatment are included,
i.e., a control, a mineral supplement, and a feed block group. Animals involved
are actually two years old and were weighed every 28 days. On each weighing date
blood and pasture samples are gathered and every three months bone and liver samples
are obtained for biopsies, The objectives are to measure response to mineral
and protein supplementation, understand animal performance in respect to nutrient
intake, and see if supplements used are formulated correctly.

A_second trial, quite similar to the above, tries to introduce the concept
of a supplementation system. This means using a winter protein energy supplement
and a mineral supplement during spring, summer, and autumn., Objectives and
methods used are very similar to the other trial.

. The third trial run in coordination with the Rubino Research Laboratory has
just begun but is designed to study animal response in reproduction efficiency
to mineral .upplementation.

So as you can see, after all of my doubts at the beginning of the year,
apparently 1980 is going to be a very productive year and especially a year
during which we had the chance of putting together many of our ideas (papers
written), during which we had a very rich human contacts (farmer and technician
meetings), and during which we had a chance to set up very interesting trials
which we are enjoying. Obviously we are having many problems but as work
goes on, we manage to solve them.

A number of public-tions have resulted from the mineral research program
in Uruguay. These include:

1. Levels of minerals in pasture and beef cattle tissues in Uruguay.

2. Levels of protein and minerals in natural pastures in Uruguay.

3. Mineral and protein supplementation nf grazing steers in Uruguay,

4, Effect of mineral supplementation on reproductive performance and gain
of Hercfored females and mineral levels in forage and animal tissues of
animals grazing native pastures in Northeast Uruguay.

The Animal Nutrition Research Laboratory has analyzed a number of samples
in order to assist research in Uruguay and to verify some of their results.

In 1978 15 forage samples were analyzed. Fhosphorus levels were between
.07 and 0.12%, cobalt levels between .09 and .24 ppm, copper between 1.1 and 3.5
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ppm, manganese between 296 and 606 ppm and zinc between 13 and 59 ppm.

Mineral analyses of 30 forages were completed in 1982, The levels
of the 12 elements which were found and an interpretation follow. . In additio
2 summary of 134 bone analyses conducted in Uruguay are summarized.

June 14, 1982

Dr. Teresita Alonso

Centro de Investigaciones Veterinarias
Miguel C. Rubino

Casilla de Correo 6577

Montevideo, Uruguay

Dear Dr. Alonso:

Enclosed are the results of the mineral analyses of 30 forages which
I brought back from Uruguay. This was delayed sore because of our slow
up in seleniun analyses.

You will note that we have listed the critical levels at the top of
page one and the means at the bottom of page two. As usuel, the phosphorus,
sodium, copper, and zinc levels are very low compared to the critical levels
EEH_EFGuIa receive Tirst priority in a supplementation program. Calcium
levels are borderline. Upcn close examina:cion, the selenium levels vary
greatly although the mean level is the came as the critical level. Samples
136, 137, and 138 tend to markedly incrcases the mean whereas samples 102,
104, and 116 have very low .02 ppm values. It would be interesting to look
at this closer from both a spccies and location affect.

I certainly hope you have had the opportunity to analyze these sanples
in your laboratory and I look forward to discussing these results with you
in greater detail.

With best wishes, I remain,

Professor and Coordinator
Tropical Animal Science Prograns

JHC/d1lr

cc: Dr. H.L. Popenoe
Dr. C.E. Haines
Ing. Adolfo Fernandez
Dr. H.D. Wallace
Dr. L.R. iicDowvell
Dr. G.L. Ellis



‘omposition of 30 Forage Samples - Uruguay, 1981 ;;l“"~L//}7ji
Se n

P X Na Co Cu Fe Mn Mo

\ or ppa D ' ' ' . ppm ppm ppn ppm ppm ppm Ppm
Critical 0.30 0.20 .25 0.60 0.06 Q.1 10 30 30 S 0.1 30
levels

100 .58 .19 1100 1.2 .06 0.09 2.28 76 148 .62 .06 20
101 .49 .21 .14 .9 .09 Q.11 2.89 83 8o .62 .06 18
102 .20 .15 .09 1.2 .04 0.28 1.84 57 453 .59 .02 22
103 .28 .19 20 1.0 .06 0.21 1.07 60 242 .70 .08 18
1C4 .30 .21 .16 1.0 .08 0.14 2.42 102 50 .58 .02 19
105 .43 .22 Q20 1. .05 0.09 1.69 95 207 .48 A5 19
109 .41 .24 .10 .9 .04 0.18 2.33 96 314 )1 .08 13
110 .36 .18 120 1.2 .05 0.07 2.16 100 231 .81 -— 16
111 .27 .16 220 1. .03 0.18 2.25 114 191 .58 .05 15
114 .23 .15 .08 .8 .04 0.27 1.51 144 182 .58 1 11
115 .22 .16 .03 .6 .04 0.28 2.87 696 249 .62 11 13
116 .21 .12 .02 .7 .03 0.22 1.98 286 252 .55 .02 10
117 .24 .19 .05 .9 .07 0.20 1.69 199 299 ..44 .09 14
118 .18 .16 .06 .8 .03 0.11 1.40 114 187 .49 .08 1
119 .20 .21 04 .7 .05 0.14 2.27 211 318 .54 Jd10 14
120 .26 .21 .01 .9 .03 0.21 1.55 107 221 ..89 .14 13

124 «26 .19 .07 1.0 .02 0.10 1,55 67 155 .83 .06 16
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Composition of 30 Forage Samples - Uruguay, 1981

(continued)

Ca Mg P K Na Co Cu Fe Mn Mo Se Zn
\ or ppe . D s 3 . ppm ppm ppm ppm ppm ppm ppm
126 .35 .19 .10 1.0 .03 0.10 1.53 88 298 .59 .06 22
127 22 .15 .08 1.2 .02 0.11  1.51 87 204 .58 .06 22
120 .47 .24 .10 1.0 .04 0.07 1.73 104 113 1.11 .07 17
129 .40 .20 .09 1.1 .03 0;09 2.12 155 126 .G2 .05 16
131 .27 .27 .06 .8 .05 0.00 1.40 72 >243 .67 .09 12
132 .24 .26 .02 1.0 .05 0.14 1.82 161 229 .80 .13 20
133 .28 .21 .05 1.0 .04 0.25 2.01 236 418 .67 .09 14
134 .28 .22 .03 .7 .03 0.10 1.17 144 220 .49 .05 10
135 .24 .20 .05 .9 .04 0.16 1.34 133 268 .50 .08 12
136 .27 .25 .04 .9 .04 0.40 1,71 165 209 .63 .30 15
137 .29 .29 .05 .9 .07 0.21 3.04 547 217 .66 .24 17
138 .22 .26 .04 .8 .06 0.20 1.53 190 218 .77 .26 13
139 .26 .23 .04 .8 .04 0.16 1.67 164 227 .54 .11 11
Mean 31 .20 .07 .9 .04°  0.16 as’ 226 .64 107 15
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UNIVERSITY OF FLORIDA

INSTITUTE OF FOOD AND AGRICULTURAL. SCIENCES

GAINESVILLE, FLORIDA 328V

IMAL SCIENCE DEPARTMENT
2103 MCCARTY HALL

TELRPHONE: $04-382:1811 June 25, 1982

Dra. Teresita Alonso

Centro de Investigaciones Veterinariass
Miguel C. Rubino

Casilla de Correo 6577

Montevideo, Uruguay

Dear Dra. Alonso:
Thank you for your letter of June 16 along with the partial analyses of 134

bone samples. We have been using the following values as critical levels
to interpret our data:

Bone Ca Mg P
Z Fat Free 24.5 L45 11.5
X Ash 37.6 .67 17.6

Specific gravity in gm/cc <1.68

The data you sent are based on minerals as a percent of the ash. Therefore,
we find that calcium is low in 82% (36 of 44), magnesium 31X (13 of 42), and
phosphorus 67X (28 of 42). We don't have s normal for zinc in bone but ac-
cording to the enclosed paper (Jour. An. Sci., 1954, 13:152), on composition
of bone meal, the mean was 489 ppm. Many of your samples were much delow
that but the results of the foragec samples that I gent June 14, 1982 indi-
cated the mean level was 15 ppm or just one half of the required 30 ppa.

We are using bone density values of <1.68 as the critical level. Using this
criteria, only 10 values out ot G4 were above 1.68 for the control group

and only 2 values out of 59 were above 1.68 for the supplemented group.

This will give you an idea of the way we are interpreting our data and we
can discuss these results futher.

With best wishes, 1 remain,

Professor and Coordinator
Tropical Animal Science Programs

Juc/d1r
cct Dr. H.L. Popenoe, E. uainue.ﬁ}n 3 Adolfo Fernandez, Dr, W.D. Wallace
D L Memevelt JiAC ORI T b
SMAAGE OF ABEMIQUL.YUAE AGMIOAA.TURAL ERFEMMENTY BTYATIONS COOPARATIVE BNVENDN BEMER

SEHOOL. OF POREET RAGSVURASES AND OO NIIAVATIDN CENTER FOR YROMDAL AGMLWTUAE
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Contacts in Uruguay, 1982

Dr. Thomas H. Kachele
Facultad de Agronomfa
Cltedra de Nutricidn Animal
Avda. Garzbn 780
Montevicdeo, Uruguay

Ing. qq;( Adolfo Fernfindez
Shell Uruguay Ltd.

Casilla de Correo 838
Montevideo, Uruguay

Dr. Hernién Caballero
11CA'Casilla de Correo 1217
Montevideo, Uruguay
Home tel. 50 27 51
Office tel. 91 33 78
91 27 93
Teleg. 11CA Montevideo
Sec. Rosita

Agricultural Attache
Montevideo

Dept. of State (ID)
Washington, DC 20520

Dr. Perdomo, Director

Dr. Teresita Alonso

Centro de Investigaciones Veterinarias
Miguel C. Rubino

Casilla de Correo 6577

Montevideo, Uruguay

Home tel. 50 76 22

Sr. Custavo Gutifrrez
Asamblea 749
San Jos&, Uruguay

Sr. Pedro Custavo Gutilrrez T.
A.P.L. de San José&

Treinta y Tres 739

San Jos§, Uruguay

Tel. 3997, 1980 L.A. Conf.

Prof. César Corengia
Universidad de la Replblica
Facultad de Veterivaria
Pando 2642

Montavideo, Uruguay

Sr. Juan Angel Peri

Librerfa - Editorial
Representaciones Alzaibar 1328
Casilla de Correos 1755
Montevideo, Uruguay

Ing. Agr. Mario Allegri, Director
Ministerio de Ganaderfa y Agricultura
Centro de Investigaciones Agricolas
"Alberto Boerger"

La Estanzuela

Colonia, Uruguay

Dr. Daniel Faggi, Decano
Facultad de Agronomia
Avda. Garzbn 780
Montevideo, Uruguay

Dr. Luis Cuenca
(contact either Dr. Alonso or
Ing. Agr. Fernandez)

Dr. Armando Sans, Nutritionist

Dr. Luis A. Bonifacino A., Animal Prod.
Dr. Mario C. Aragunde, Dccano

Facultad de Veterinaria

Avda. Alberto Lasplaces 1550
Universidad de la Republica
Montevideo, R.0. Uruguay

Dr. Mauricio E. Martinez
Uruguay 391

Salto, Uruguay

Tel. 2936

Dr. Artigas Lacabanne

Jefe Servicios Veterinarios Zonalas
GCral. Artigas 1151

Libertad, Uruguay

Tel. 60

(Sr. Miguel Arce)

Ing. Agr. Pittaluga
CIAP Albarto Boerger
Gral. Flores 390

Tacuarembo, Uruguay
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Venezuela

Contacts were first made in December, 1975, in relation to cooperative min-
eral research in Venezuela. Three research groups interested in investigating
the mineral status of cattle in Venezuela were contacted as follows:

University of Zulia in Maracaibo - The Veterinary and Agronomy Faculty-at the
University of Zulia is 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 c-mpleted. This experi-
ment involved 196 animals (both steers and bulls) divided into combinations of
treatments to include steers vs. bulls, Ral-Grow, selenium~vitamin E and copper.
The results of the 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. Further mineral research at Maracaibo for the
past 2 years has been at a slow rate.

Dr. Fausto Capote has been our principal contact for mineral research in
the Maracaibo region since initiation of the program. Therc are two Venezuelan
graduate students from Maracaibo at Florida at the present time; these two
students are part of Dr. Capote's programs at the University of Zulia. One of
the students is Mr. Esvan Paz who is working for an M.S. degrece. His thesis
research involves the value of basic slag as a phosphorus supplement. Mr. Paz
is comparing the retention of phosphorus as basic slag versus monosodium phos-
phate. Basic slag is a by-product of the iron industry and Venezuela is one of
the top ten countries inworld production of iron ore (basic slag); hence the
value of this research could be a very important contribution to Venezuelan
agriculture. In the research, Mr. Paz is feeding basic slag to both sheep and
poultry. Preliminary results of the experiment with sheep indicates that basic
slag has 75 to 80% of the value of monosodium phosphate. More research in this
area 1is needed.

The other student from Maracaibo in the mineral rescarch area is Mr. Oswaldo
Rosero. Mr. Rosero, like Mr. Paz, is a member of the faculty of the University of
Zulia. Mr. Rosero's research invovles the principles of mineral supplementation
and carry-over cffects of energy and protein deprivation on mineral metabolism.
This is likewise very applicable to Venczuelan agriculturc as cattle go through
severe loss of weight during the dry season. The experiment is attempting to
simulate the effects of the wet and dry geason on animal production and particu-
larly on mineral metabolism. This experiment 1s 18 montha in duration and began
with lambs, taking them through growth, prognancy and lactation. The University
of Zulia provided $10,700.00 to support thils research program.

Dr. Capote would like to spend a one-year sabbatical at Florida sometime
during the next 1-2 years. The main objective of Dr. Capote's sabbatical would
be: 1) To analyze raw data from mineral supplenentation and analysis experiments
carried out in the Maracaibo region. This would include the use of both ntatisti-
cal facilicies and the nutrition laboratory. Journal articles from thio research
would be written up and submitted at thisc time. 2) To prepare for teaching a
course entitlea "Ruminant Nutrition and Feeding'. This would be a courase for
M.S. degree students at the University of Zulia for which tho Florida staff will
assist vith backstop activicties. 3) To make plans for future research in mineral
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nutrition and forage quality evaluation in the Maracaibo region. This would
include learning procedures for mineral analysis as well as biopsy techniques.
4) To carry out the following experiments to asses mineral analysis: a) The
effects of forage and grain sample preparation on mineral concentrations;

b) The cffects of stress, feed and sample preparation on blood mineral analysis.
5) To statistically reevaluate data in experiments invelving voluntary intake
as affected by age and size of sheep and quality of forage.

Maracay - The main research effort involving Florida in Maracay has been the
M.S. degree program of Ing. David Morillo. Ing. Morillo's research program
consisted in collecting samples from nine ranches in several llanos states in
Venezuela one year prior to coming to study at the University of Florida. Sam-
ples consisted of forages, soils, blood, liver and feces. The samples were col-
lected twice a year, at the end of the wet and dry seasons. Tissue samples were
collected from two classes of animals: growing animals versus those in pregnancy
and lactation.

All the analyses of saoples have been completed as well as a large part of
the statistics. There were some problems with the statistics in that it was not
always possible to make collections from the saue animal during each season.

Also several farms were missing completely during the dry season. Several farms
had refused permission for animal sample collections because, in their own words,
"when animals were moved during the dry season, some would break their bones".

As a result, there is a certain amount of missing data which complicated the
statistical analysis. Early results indicate severe nutritional limitatioms,
including protein, phosphorus and copper deficiencies.

Unfortunately, Ing. Morille returned to Venezuela prior to completing his
thesis. He now feels that he will be able to return to the University of Florida
for a three-month period for the purpose of finishing the thesis, possibly during
1982. Prior to arriving in Gainesville, Ing. Morillo will complete the statisti-
cal ~spect of the research using the facilities at Maracay.

At the present time, a new mineral research program is in progress by Ing.
Alexis Moya. Ing. Moya received his M.S. degree working with Dr. C. B. Ammerman
one and a half years ago. For his Ph.D. research, he is interested in mineral
supplementation and cval ‘ation of the mineral status of cattle in the llanos of
Venczuela. Ing. Moya plans to return to Florida within two to three years to
pursue his studies for the Ph.D. In the meantime, hopefully, he will have col-
lected all the data from his proposcd supplementation programs.

Ing. Moya is planning 3 experiments, the first being undertaken at a ranch
named Turagua. This experiment was initiated on March 20, 1981 with 591 weaned
heifers of two years of age. One-hundred and {ifty of these animals will receive
only salt, while 44} will be receiving complete mineral supplements. The dura-
tion of the experiment will be three years. Pregnancy rates for these heifers
usually are about 25 to 35X. In this particular design, aninmals have free choice
access to minerals but arc only in the areca where the minerals are two or three
times o week. Apparently this procedure bas been successful to-date since the
mineral consumption is quitc high, averaging 60 g/day.

A necond experiment is being undertaken in Barquisimeto at a ranch named
Moron. In this experiment, there are four identical pastures where two-year
old bulle are fed specific treatments as follows: 1) Minerals all year long;
2) Common salt all year long; 3) Minerals only during the dry secason; and &)
Minerals only during the wet season. The number of animals per treatment are
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150, 70, 90 and 90, respectively. The experiment was initiated June 15, 1981
and will probably last one year. The aniwmals used in the experiment were very
uniform, the average weight being 236 kg. The experiment will continue until
animals reach 400 kg and weights will be taken every two months. Liver, blood
ard forage samples will be collected periodically throughout the experiment.
The product Ral-grow has been given to each animal.

The third experiment is in Apure state at a ranch named Hato El Frio.
This experiment will consist of three treatments of approximately 200 to 350
animals per treatment.as follows: 1) Salt plus bone meal and Rumavite: 200
animals will be selected to receive combinations of treatments of selenium-
vitamin E injections, copper injections and cobalt bullets; 2) A complete
mineral supplement; and 3) Salt only. Animals will be weighed three times
per year and forage, liver, blood and bone biopsy samples will be taken.

Jusepin - In Jusepin, Ing. José Velisquez of the Universidad de Orientc has
undertaken a very active mineral research program. Ing. Veliisquez received
funds from CONICIT (a research funding organization) to carry out this mineral
research program. Ing. Veldsquez is involved in taking soil, forage and blood
samples from 5 Llanos states. The first collections took place in the sitate
where Jusepfn is located, Monagas. Samples from both the wet and dry seasons
havr now been collected from 7 farms in Monagas comparing pregnant, lactating
animals to steers and heifers. Ing. Velusquez has also collected samples lrom
27 other farms in the states of Bolfvar (10), Antioquia (7) and Guérico (10)
during the wet season. In March, 1980, dry season collections were made for
these same farms. In 1981, he collected from a larger part of Guiarico state
and also began making collections in the state of Apure. The organization
CONICIT has given Ing. Veldsquez additional funds so that he can continue his
work in these additional states.

In the state of Antioquia, there are obscrvations trom 5 farmz vhich
stupped their regular mineral supplementation programs. The result was
extreme weight loss and bone problems. There are also very severe bene
problems reported on farms in Guirico state. This observation was also con-
firmed by rescarch undertaken by David Morillo fyom Maracay.

Ing. Velisquez has published a 58-page document summarizing the results
ot sample collection and analysis in the stste of Monagas entitled "La Sicuacibn
de la Nutricién Mineral del Ganado Bovino en el Estado Honagas" (abstract in ap-
pendix). The average soil values obtained for pH, organic matter, calciunm, nag=
nesium, potassium, aluminum, phosphorus and cation binding capacity during rhe
dry and wet season, respectively, vere 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 g5 3.52 ond
4.10 ppm; and 4.48 and 3.83 meq/100 g. The average forage content of nitropen,
calcium, phosphorus, magnesium, iron, manganese, ziuc and copper for the 2 sea-
sons were as follows: 0.62 and 1.18%; 0.1. and 0.19%; 0.08 and G.14%; 1706.21
and 567.54 ppwm; 105.97 and 145.23 ppm; 22.91 and 40.43 ppm; and 2.89 and 6.53
ppm, respectively. The average concentration of calcium, phospherus and nmagne-
sium in the blood plasma for the two seasons, respectively, were as follows:
10.47 and 10.36; 3.15 and 4.10; 3.05 and 2.87 mg/100 wl.

To summarize this publication further, the wajority of the pH sampler were
less than 5. As cxpected, organic watter war low. The following data illustrates
the results of the pasture analyses in the vet neason: Phosphiorus = Virtually
all of the forage samples were deficient in phosphorus. Only 7 out of 1000
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Mr. GCeorge Dietz (Agriculture Attaché)

Mr. Fernando (Freddy) Rondén

c¢/o La Embjada de los E.E.U.U.

Caracas, Venezuela

Ing. David Morillo Andrade
Av. 12 No. 49-67

Maracaibo Venezuela

(Home tel, 061 427385)
Apartado 1316 CIARZU
(Offi~e tel. 061 516343)

Dr. Fausto Capote
Facultad de Veterinaria
Universidad de Zulia
Maracaibo, Venezuela
(Bome Tel. 516706)
(Oftice Tel. 227286)

Dr. Hax Ventura S.

Urb. Doral Sur Calle &9C
12-91

Maracaibo, Venezuela

Dr. Ivan Hernandez A.
Av. 2 Eaq. Av. 3C
Resid. Irazu Apto
Haracaibo, Veunezuela

Ing. Eliecer Alberto Vellsco
Ing. Agr. José Hill

Mr. Edward Berbeu

C.A. INVEGA

Apartado 29

Valencia, VENEZUELA

Ing. José Velfsquez G.
Director

Instituto Univirsitario de
Tecnologfa de El Tigre
Carretera Salida

El Tigra Cdad. Bolivar

Zona Universitacias, El Tigre
VENEZUELA

Ing. Hernan Agmad
(same as above)

Dr. Alexis Moya

Centro Naciocnal de Investigacionas
Agropecuarias

Apdo. Postal 4653

Maracay 200, Aragua

Venezuela

Dr. C. Chicco
Director
(same as above)

Dr. J. T. Perdomo
Facultad de Ciencias Veterinarias
Universidad Central de Venezuela
Maracay, Venezuela
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Zaire

Kiatoko Mangeye, Professeur a 1'I.F.A., B.P. 28, Yangambi, Haut, Zaire,
Republic of Zaire received his Ph.D. at the University of Florida in Animal
Nutrition - Minerals in 1978, After his return to Zaire, he continued his
jnterest in mineral research and deficiencies but he was without a functioning
analytical laboratory to conduct the analyses.

puring the visit of J.H. Conrad to Zaire in March of 1981, 68 dried liver
sanrles and 9 bone samples were brought to the University of Florida for analy-
ses. The mean calcium and phosphorus levels were found to be 16.9 and 8.1% as
a percent of fat free bone. Normal levels are considered to be 24.5% for Ca
and 11.5% for P indicating that all samples were markedly deficient in both
calciun and phosphorus. All liver samples were analyzed for cobalt, coppes,
iron, manganes2, molyhdenunm, selenium, and zinc. Twenty-two of the liver sam-
ples had copper contents below the critical level of 75 ppm and 24 of the
liver samples had iron contents below the critical level of 180 ppm.

This minecal research project will continue to collaborate as best we can
with Dr. Kiatoko Mangeye who has a continuing keen interest in mineral research
in Za're.
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Interpretation of Data and Supporting Evidence: Available research data
indicates that phosphorus is the most widespread mineral deficiency for
grazing livestock. Copper and cobalt deficient regions extend over \ride
areas of many tropical countries but these areas are poorly defined. In-
adequacies 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 interpretation 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 needs for more specific data.

Research Design: Currently we are cooperating with mineral research pro-
grams in 23 countries and each country has a number of different regions.
Research personnel in these countries have certain problems and priorities.
A major effort is being made to assist each country in developing and ap-

plying acceptable mineral research designs and scientifically based research
techniques.

Research emphasis is being placed on reported "problem" areas which suggest
mineral deficiencies or excesses. This approach is more feasible than at-
tempting to map large areas where deficiencies or toxicities are not apparent

Sample collection and preservation under field conditions is a problem.
Separation of the serum or plasma from whole blood rapidly and without
hemolysis under field conditions is difficult. New techniques involving
bone biopsy to determine phosphorus status have recently been demonstrated
in various countries to avoid the difficulties of interpreting blood samples
collected under less than ideal conditions.

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
are representative of what the animale consume is often difficult and

the logistics of carrying on field research at locations distant from
research institutions can also be complicated. However, we were aware

of these problems at the beginning of the program and methods of improv-
ing sample collection, storage and analysis are constantly being evaluated.
Many worthwhile research publications, particularly in Latin America, are
not readily available to libraries and abstracting journals.

Dissemination and Utilization of Research Results

In 1976, 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. 1In
1979, both the English and Spanish editions were revised and second editions
of the manual vere published and distributed. The revised Portuguese edi-~
tion wvas available the following year.
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Nearly 500 copies of the proceedings entitled "Latin American Symposium
on Mineral Nutrition Research with Grazing Ruminants" have been distri--
buted in Portuguese throughout Brazil. In May, 1979, translations to

English and Spanish were completed. Approximately 2000 English and 1500

Spanish copies have now been distributed. Other articles that have been

presented at symposia and scientific meetings have also been widely dis-
tributed.

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 collabora-
tors and other interested persons. For example, 300 copietc 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 northerr part

of Mato Grosso, Brazil as indicated by age, season and sawpling technique"
and "Interrelationships among mineral levels in soil, rorage and animal
tissues on ranches in northern Mato Grosso, Brazil" have also been widely
distributed. These particular theses illustrated mineral research pro-
cedures very well, :

This project has stimulated tremendous interest in the mineral prcblems
of grazing ruminants in the countries in which we have cooperated. Re-
search, extension, producers and cormercial personnel have known the
problems existed; 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 mixtures and the
correct use of mineral mixtures. During country visits, most meetings
with researchers are in small groups. However, seminars on mineral re-
search are often requested and given to large audiences. A listing of

major presentations can be found under the Distribution and Application
of Results Phase of this report.

It is significant and noteworthy that organizations not directly involved
with the Florida/AID contract often request information on methods and
procedures for mineral research. Most of the information which is being
distributed has direct application and we see evidence that this informa-
tion is being applied as we travel within the cooperating countries.

A cooperative mineral research symposium in Brazil which was attended by
250 people was our first most effective way to expand the use of research
results. For five days, participants heard and discussed mineral research
recults and problems. One day mineral conferences have since been held in
Colombia and Thailand (2) during the past 2 and 1/2 years.

Many people have cxpressed an interest in finding the solution to mineral
problems. This project has encouraged them, provided standard techniques
for research and provided some materials for them to get started. The
following situation is frequently found: The interest eaxists along with
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some of the materials necessary for carrying out mineral research. Govern-
mental parsonnel recognize that minerals are limiting production but this
is not one of their top priorities., Research reviews and sample research
designs, often written in Spanish or Portuguese, have been provided by the
University of Florida. This information along with personal visits is
often sufficient to stimulate an in-country mineral research program. By
beginning in areas where mineral problems are evident, the probability is

good that a solution can be found and that it will be applied by livestock
producers in the area.

Mineral research for selected tropical countries is an extremely ambitious
program. We are currently working in 23 tropical countries and some of
these programs are just beginning to gather momentum. We would like to
expand this program into other countries as time, personnel and funds

pernit. It requires several years of concentrated effort to identify and
correct these mineral problems.

All research in progress is in full cooperation with LDC personnel and
institutions within the respective countries. During the reconnaisance
and recruitment phase of this contract, only interested personnel at
institutions with means of support for mineral research were selected.
The majority of both human and physical resources for mineral research
are still provided by the cooperating countries.

a. Planning the project: The mineral research project does not have a
standardized research plan that can be used in every country. How-
ever, standard models do exist and can be modified by personnel to
best coincide with specific conditions in each country.

b, The execution of the field work: Limited human and financial resources
are available within the framework of this project. What is available is
used primarily to supply technical information and ideas, consumable
supplies which are difficult to obtain within the cooperative country,
and, in some cases, seed money with which to initiate mineral programs.

¢. The analysis and reporting of results: Data generated within each
country are the property of that country. The University of Florida
assists wtih come of the more difficult analyses, interpretation and
summary of data when requested. Permission must be obtained in writ-
ing and credit given as co-author and cooperating agency when applicable.

Work Plan and Budget Forecast for Coming Year

Each of the 23 cooperating countries are in different stages of their min-
eral research prograns., Comparatively speaking, the most advanced efforts
have been made in Braril, Costa Rica and Colombia. The most expansize min=-
eral supplementation triale have occurred in Bolivia and a second aupplemen=-
tation trial with weaned cattle will be undertaken in the Trinidad region
of Bolivia in early 1982,

Mineral research programs are moving ahead in all countries except L1
Salvador. Programs in the Dominican Republic, Honduras, Panama and Mexico
have been initiated only within the last two years. FEven more recently,
cooperative programs have been initiated in Africa - in the Sudan, Senegal
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Kenya and Zaire. Due to the limited time remaining on the contract, exten-
sive follow-up in many of the latter countries will not be possible., In
these countries, the purpose of visits will be mainly for technical support.

Graduate student programs are now active or expected for the following

countries: Malawi, Bolivia (2), Guatemala(2Dominican Republic, Colombia,
Venezuela (3) and Mexico.

Procedures to be-used and activities to be carried out during the coming
year including the following:

- Provide personnel and facilities at the University of Florida to
help train 2 to 3 technicians in analytical procedures for mineral
analysis for 3 months or more.

- Work with new procedures for evaluating minerals (e.g., bone biopsy).

- Continue to improve analytical methods for analysis of selenium,
cobalt, molybdenum and sulfur.

- Encourage and assist cooperating country personnel to present
results at conferences and to publish results in journals as well
as 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 attendance at conferences,
seminars and workshops.

- Make personal visits to cooperating countries from one to two
times annually and provide limited financial recources and difficult
to obtain expendable materials.

Cooperating country personnel and the degree of commitment by their
governments are the principle factors which will ‘romote or impede ac-
complishments. Mineral programs in the coopersting countries will
progress in relation to the number of dedicated scientists vorking in
the nineral program and the support which they obtain from their host
governnments and industry.

Dissenination ond utilization of expected research results will continue
to be emphasized through publications, ficld days, conferences, seminars
and workshops. Approximately 3500 copies of the “Latin American Symposium
on Mineral Research with Grazing Ruminants" is ntill being distributed in
Spanish and English. The revised sccond cdition of the manual "Methods

of Mineral Analysis for Plant and Animal Tissuc" has been completed in

the past two years and is still being distributed in participacing coun-
tries and in other parts of the world in English, Spauish and Portuguesc.

The majority of the individual country .escarch information will be writ-—
ten in Spanish and Portuguese and will be published locally and regionally,
It is anticipated that this information will be presented at meetings of
ranchers and producers whenever appropriate.

Producers are secking aconomical waya of increasing the level of produc~-
tion and correcting mineral deficiencies has been shown to return at least
$2.00 for every dollar invested in many studiea,
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BUDGET.
FISCAL REPORT

April 1, 1982 - June 30, 1982

Contract No. AID/ta-c-1153
Between the United States and the University of Florida

. Funds Available To Date This Period
Category 11/1/74-9/1/82 6/30/82 4/1/82-6/30/82
Salaries $ 448.426.00 $§ 394,413.10 $ 25,255.95
Fringe Benefits 68,814.00 58,890.35 4,893.%6
Overhead 298,492.00 262,363.76 27,643,322
Cooperating Country &

3rd Country Nationals 33,285.00 33,285.43 -0-
Travel and Transportation 191,615.00 191,772.17 9,556.10
Equipment, Materials &

Supplies 295,970.00 319,665.03 28,977.53
Other Direct Costs 62,370.00 27,718.38 21.00
Totals $1,398,972.00 $1,288.108.22 $ 96.347.46
Overhead:

On Campus: 44,42 x 47,772.00 = $21,210.77
Off Campus: 31.62 x 20,356.18 = __ 6,432.55
$27,642.32

The undersigned hereby certifies: (1) that payment of the sum claimed under
the cited contract is proper ..ad due and that appropriate refund to AID will be
made promptly upon request in the event of disallowance of costs not reimburseadble
under the terms of the contract, and (2) that information on the fiscal report is
correct and such detailed supporting information aa the cognizant paying office or
the Contracting Officer may reasonably require will be furnished upon request by
the Contractor to AID at the Contractor's home office or base office, as appropriated.

BY

Title: Administrative Manager

IFAS
University of Florida

Date:
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2. Latin American Symposium on Mineral Research with Grazing Ruminants

1.

2.

3.

4.

9.

10.

11.

12.

13.

14,

Belo Horizonte, Brazil
March 22-26, 1976
(Listed in Order of Presentation)

Mineral Problems as Related to Tropical Climates, J. K. Loosli
(Florida) and Antonio Carlos Guedes (UF Santa Maria).

Classification and Distribution of Tropical Soils, Raimundo
Costa de Lemos (OESA and SEEBIA - Rio de Janeiro).

Methods of Analyzing Soil Fertility, Jose Mario Braga (UF
Vigosa).

Properties of Soil which Affect the Availability of Minerals
for Plants and Animals, S. J. Volkweiss (UFRGS - Porto Alegre).

Mineral Composition of Tropical Grasses and Forage Legume:,
Jose Alberto Gomide (UF Vigosa).

Water as a Source of Minerals, R. L. Shirley (Florida) and Jose
Herculano de Carvalho (MA, Teresina, PI).

Magnesium in Ruminant Nutrition, J. A. Carneiro Viana, (UF
Minas GCerais).

Copper and Molybdenum in Ruminant Nutrition, Jose Fernanco Coelho
da Silva, (UF Vigosa).

Sample Preparation and the Analysis of Animal Tissues, R. M.
Silva (UF Minas Gerais).

Calcium, Phosphorus, and Fluorine in Ruminant Nutrition, D. J.
Thompson (International Minerals and Chenical Corp. Joaquim C.
Werner (Nova Odessa, S.P.).

Sodium and OYorine in Ruminant Nutrition, J. X. Loosli (Florida)
and Jose Ribeiro (UFRCS - Porto Alegre).

Sample Preparation and Soil Analyses, Victor Congalves Bahia,

(USP. - Pirxicaba).

Potassium and lodine in Ruminant Nutrition, D. J. Thompson (In-
ternational Minerals and Chenmical Corporation) and Joao M.S.
Andrade (EPAMIC - Belo Horizonte).

Sullur {n Rurinant Nutrition, R. L. Shirley (Florida) and Artur
Merinnte (EMURAPA-Brasilia).
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19.

20.

21.

22,

23.

24,

23.

26,

27.
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Selenium in Ruminant Nutrition, C. B. Ammerman (Florida), S. M.

Miller (Florida), L. R. McDowell (Floriua) and Edvaldo Correca
de Araujo (EMBRAPA-Racibe).

Iron, Manganesa and Zinc in Ruminant Nutrition, L. R. McDowell
(Florida), R. H. Houser (Florida), K. R. Fick (Florida) and
Marcelo O. Mendes (EMBRAPA-~- Rio de Janeiro).

Cobalt in Ruminant Nutrition, . H. Houser (Florida), K. R. Fick

(Florida), L. R. McDowall (Florida) and Josas Harculano de Car-
valho (MA - Teresina - PI).

Never Elements, Fssential and Toxic, in Mineral Nutrition, L. R.
McDowell, X. R.‘Fick, C. 3. Ammerman, S. M. Miller, R. H. Houser
(FPlovrida) and Julio Cesar de Sousa (EMBRAPA - Sete Lagoos).

Biological Availability of Macro Elements, D. J. Thompson (Inter—

national Minerals and Chemical Corporation) and Marcelo 0. Mendas
(EMBRAPA - Rio de Janeiro).

Biological Availabilicy of Micro Elements - A review, C. B.

Amerman, S. M. Miller (Florida) and Jose Herculanu de Carvalho
(MA - Teresina - PI).

Soil, Plant, and Aninal Tissue as Predictors of the Mineral Status
of Ruminants, J. H. Conrad (Florida) and Julio Cesar de Sousa
(EMBRAPA - Sete Lagoos).

Evaluation or runeral Supplements for Ruminancs, R. H. Houser
(Florida) and Leonidas Valle (EMBRAPA - 3rasilia).

Current Status of Mineral Rasearch in Latin America, K. R. Fick,
L. R. McDowell, R. H. Houser (Florida), and Hamilton da Silva
(UFMG - Belo Horizonte).

Mineral Deficiencies of Cattle under Range Conditions in Brasil,
Carlos Hubinger Tokarnia (UFF - Nitarol) and Jurgen Dobereiner
(EMBRAPA - Rio de Janeiro).

Minera]l Recearch Studies of Rucinants in the Amazon Region, Nelsoa

S. Farandes and Waldemar V. Cazargo (Biological Institute, Sso
Punlo).

What Type of Information Do the Mineral Companies Need from the
Researchers, Joao Soares Veiga (TORTUGCA - Sao Paulo).

Identification and Supplementation of Limicing Nutrients for
Grazing Ruminants B, D. H., Van Nickerk (Voarmol Products = South
Africa) and E. Adilson S. Serrao (EMBRAPA, Balea).
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Bibliographic list of publications from Novcmber, 1974 through

Decenmber, 1977.
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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, Englsand.
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1975. Latin American forages. J. Anim. Sci. 41:282. (Abstr.).
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ca. 1975. Estado mineral del ganado en Guanacaste, Costea
Rica. ALPA. R2 (Absctr.).
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Short Course, pp. 33, Gainesville, Florida.
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del programa nacional de nutricidén animal. ICA - TibaitatA.

McDowell, L. R. 1976. Mineral 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, Scorland.

Fick, Karl, Sarah M. Miller, John D. Funk, Lee R. McDowell and
Richard H. Houser. 1976. Methods of mineral analysis for
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McDowvell, L. R., J. A. Froseth, R. C. Piper, I. A. Dyer and
C. H. Xroening. 1977. Tisaue selenium and serum tocopherol
concentrations in selenfum-vitanmin E deficient pigs fed peas
(Pisun sativum). J. Anim, Sci. 45:1326-1333.
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McDowell, L. R. 1977. Current mineral research in Latin America.
Eleventh Annual Conference on Livestock and Poultry in Latin

America. p. Bl0-25, University of Florida, Gainesville (in
English and Spanish).

Alongo Guzmén, Manrique. 1977. Evaluacién del estado mineral
del ganado y los pastos en los distritos de La Cruz, Caias
Dulces y Filadelfia de la provincia de Cuanacaste durante la
epoca seca.. Tesis. Facultad de Agronomia, Universidad da
Coata Rica, San Jos@.

Ammermar, C. B. and Ricardo Valdivia. 1977. Mineral supplemen—
tation for beef cattle in Latin America. Eleventh Annual Con-
ference on Livestock and Poultry in Litin America. p. Bl-9,
University of Florida, Gainesville (in English and Spanish).

Conrad, Joe H. and Lee R. McDowell. 1977. Raesearch in mineral
deficiencies for grazing ruminants. Annual report for AID
mineral research project contract number AID/ta/c/1153. Caines-
ville, Florida.

Dobereinar, Jirgen, Jerdnizo Alves Chaves, Ivan Valadio Rosa
and Richard H. Houser. 1975. Efeito de transferéncia de bovinos
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indena. Pesq. Agropec. Bras., Sé&r. Vet., 10:99-103.

Gil, Arturo, Lee McDowell and Joseph Tritschler. 1977. Defi-
clencias y toxicidades de minerales para bovinos y ovinos en
las principales ircas ganaderas del paf{s. Programa Nacional
de Nutricién Animal. Informe Anual de 1976. Bogotd, Columbia.

Lebdosoekojo, Soekanto. 1977. Mineral supplementation of
grazing beef cattle in the Eastern Plains of Colombia. Ph.D.
thesis. Gainesville, Florida.

Lebdosoekojo, S., C. Ammerman, N. Raun, J. GOmez and R. Littell.
1977. Suplementacidn mineral del ganado en pastoreo en los lla-
nos orientales de Colembia. ALPA. R-52.

Loosli, John K. 1977. Utilizaci8n de suplementos de nitrogeno
no proteico para rumiantes. Segundo Curso en Nutricién y Ali-
mentacifn. p. 1-19, Lima, Perf.

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 of Florida, Gainesville (in
English and Spanish).

McDovell, Lee R. 1977, Investigaciones mineralea en ganado en
Latinoanérica. Segundo Curso en Nutricibn y Alimentacifn. p.
1-24, Lima, Pard.

McDowell, Lee R., Joe ll. Conrad, Jenny E. Thomas, Lorin E.
Harris and Karl R. Fick. 1977. Nutritional composition of
Lacin American forages. Trop. Anim, Prod. 2:273-279.
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meetings, Habana. Cuba.
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phosphorus utilization by ruminants. Ph.D. Thesis, Gaines-
ville, Florida.

Valdivia, R., C. B. Amerma.., J. P. Feaster, P. E. Louggins

and P. R. Henry. 1977. Effect of aluminum on phosphorus
utilization by lambs. 1977 American Socicty of Animal Science
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Conrad, J. H., 1976. Phosphorus supplementation for increasing
reproduction in cattle. Ruminant Livestock Production System
Seminar. Georgetown, Guyana.
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Abstracts (or summaries) of selected papers submitted for publication
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which we:e not part of the last annual report are also included.
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Carlos Jiménez, Hernin Fonseca Z., Iomael Pontigo A. 1978.
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on Aninal Production. Buenos Aires, Argentina (In Press).

8) Echevarrfa, Mariano, Ricardo Valdivia, Oswaldo del Valle, K.
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Lacin Americen forages. Trop. Anim. Prod. 2:273-279.
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and K. C. Liztell., 1978. Mineral liver concentrations {n
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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 Annusl Meeting Amesrican Society of Animal Science.
East Lansing, Michigan. p. 430.

gg) Montoya M., Victor, Carlos Campabadal H., Enilio Vargas G.,
Hernfn Fonseca 2., Isuszel Pontigo. 1978. Composicibén mineral
de forrajes y su interrelacibn con los requerimientos de bovi-
nos en Santa Cruz, Guanacaste durante la €época seca. Vol. 1:41
(abstract). III Congreso Agron8mico Nacional, San José, Costa
Rica.

hh) Mont .ya Segura, Victor Manuel. 1978. Evaluacidn del nivel de
pinerales en te)idcs aninales (sangre e higado) y forrajes del
centbn de Santa Cruz, Provincia de Cunnacaste, durante la
Epoca seca. Tesis. U'niversidad d¢ Costa Rica, Facultad de
Agronomia, Escuela de 70o0tecnia, Sen Josi, Costa Rica.
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José, Costa Rica.
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tad de Agronozfz, Escuela de Zootecniz. San Jos€&, Cocra Rica.
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Bolivia.) Thesss. University Cabriel Rane Moreno, Deporcment
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Pérez, R., J. A. Flores, M. T. Cabezas y R. Bressani. 1978.
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Universidad de San Carlos de Guatemala.

Perla, F., L. A. Silva, G. Acosta M., F. de Moreno, L. R.
McDowell, J. X. Loosli and J. H. Conrad. 1978. Mineral status
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Michigan. p. 342.
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Vargas G., Emilio, Carlos Campabadal H., Hernén GSmez R., Juan
Coward L., Carlos Jiméne:z C. e Ismael Pontigo A. 1978. Con~
tenido de calcio, f6sforo y magnesio on el suero sangufneo y
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nSmico Nacional, San José, Cosca Rica.
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Jiménez C., 1smael Pontigo A., Herndn Fonseca. 1978. Conte-
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nal, San Jos&, Costa Rica.

Vargas G., Emilio, Carlos Campabadal H, Hernén Gémez R., Juan
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Cutris, San Carlos. Vol. 1:39 (abstract). III Congreso Agro-
némico Nacional, San Jos&, Costa Rica.

Vargas G., Emilio, Carlos Caspabadal H., Luis Palmer F., Ma-
nuel Pontigo A., Carlos Jiménez C., Hern&n Fonseca. 1978.
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1:35 (abstract). III Congreso Agronfmico Nacional, San José&,
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Velasquez, José A. 1978. Situacibén de la nutricién mineral
del ganado bovino en el estado Monagas. Universidad de
Oriente, Escuela de Zootecnia, Niicleo Monagas, Jusefn, Vene-
zuela.

Vidal, H., C. Aguilar, F. Villena y L. R. McDowell. 1979,
Deficiencias y toxicidad de minerales en el ganado en el.
norte del Peri. 1. Estado nutricional de minerales en vacu-
nos del departamento de Lambayeque. Presented 1979 ALPA
Meetings. Lima, Perd.

Villalobos Morales, José Leonidas. 1975. Contenido mineral
de cinco forrajes tropicales y su relacibn con la edad y el
valor nutritivo. Tesis. Universidad de Costa Rice  Facul-
tad de Agronomfa, San Jos&, Costa Rica.

Wong Reyes, Luis Eduardo. 1978. Contenido de minerales de
los pastos y del suero sanguineo de los bovinos en el cantbn
de Nicoya, Guanacaste durante la Epoca seca. Thesis. Univer-
sidad de Cocta Rica, Facultad de Agronomfa, Escuela de Zootec-
nia, San José&, Costa Rica.

Yew, Hew Peng and R. 1. Hutagalung. 1979. The nineral status
,.of cattle, forages and soils at the farm of the University of

Agriculture of Malaysis. DNepartnent of Animal Sc’ances,

Universiti Pertanian Malaysia. Serdang, Selangor, Malaysia.
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Abstracts (or summaries) of selected papers submitted for publication

or published since June 1, 1979. Abatcacts dated earlier which were

not included in the last annual report are also listed.

1)

2\

k)

4)

3)

6)

7)

8)

9)

Angules Sanchez, Angel A. 1980. Determinacifn del estado de nu-
tricifn mineral del ganado bovino en la zona de Santo Domingo.
111 Asamblea Nacional de la AEPA, Portoviejo, Ecuador.

Angules, A., R. de la Torre, J. Rivadeneira and L. R. McDowell.
1981. Valor de los anklisis de calcio y f8sforo sérico. VIII
Reunifn Latinoamericana de Produccifn Animal.(ALPA), Santo
Domingo, Dominican Republic (Abstract).

Axel Ibarra Crux, Jos& Christian. 1979, Suplementacifn de miner-
ales a ganado bovino en pastoreo de zacate guinea (Panicum maximum
Jack) durante la &poca seca en regifn subtropical. Thesia. Insti-
tuto Tecnolfgico y de Estudios Superiores de Monterrey, Mexico.

Arroyo, Gonzalo and Enrique Mauer. 1982, Effect of mineral supple-
mentation on reproductive performance and gain of Hereford femalas
and mineral levels in forage and animal tissues of animals grazing
native pastures in Northeast Uruguay. University of the Republic,
Montevideo, Uruguay.

Balcizar Rodriguez, Carlos Guillermo. 1980. Contenido mineral y
otros valores nutritivoas de las wolazas de cafa de azucar del norte
del PerG. Thesis. Uuiversidad Nacional Pedro Rufz Gallo, Lambaye-
que, Peru.

Barradas Lagunes, Hip8lito V. and Robert M. Cook. 198l. Contenido
mineral de suelos, pastos y ganado en dos regiones tropicales del
estado de Veracruz, Mexico. VIII Reunifn Asociacifn Latinoamericana
de Produccifn Animal (ALPA Resumencs, R-40,

Bauer, B., E. Caldo, L. R. McDowell, M., Koger, J. K. Loosli and J.
H. Conrad. 1981. Mineral status of cattle in tropical lowlands

of Bolivia. Fourth International Symposium on Trace Element Matab-
olisa in Man and Animals (TEMA-4) Programme and Abstracts, Perth,
Western Australia. p. 10.

Bauer, Bernardo, Enrique Galdo, L. R, McDowell, Marvin Koger, J. K.
Loosli, J. H. Conred, R. C. Littell and C. B. Ammerman. 1979,
Situacifn mineral de gnuado de carne en Beni, Bolivia. VI Reunifn
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Bauer, Bernardo, Farique Galdo, L. R. McDowell, Marvin Koger, J. K,
Loosli, J. H. Conrsd, R. C. Littell and C. B. Ammerman. 1979, VII
Suplementacion mineral de ganado de carne en Beni, Bolivia,

Reunion Asociacion Latinoamericana de Pruduccion Animal (ALPA), R-39,
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Bauer, Bernardo, Enrique Galdo, L. R. McDowell, M. Koger, J. K.
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tropics of Bolivia. J. Anim. Sci. Abstracts, no. 624.
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Loosli, J. H. Conrad and C. B. Ammerman., 1981, VI Reunion Asocia-
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Benavides Ramirez, Alvaro. 1979. Estudio del contenido mineral de
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epoca lluviosa. Thesis. Universidad de Costa Rica, Facultad de
Agronomia, Escuela Zootecniz, San Jose, Costa Rica.

Calub, Dr. Arsenio D. and M. Aripin Amril. 1979. How to Raise Rate
of Pregnancy. Philippine Farmers Journal.

Camargo, Waldemar V. de A., Joao S. Veiga and Joseph H. Conrad.
1981. Cu, Mo, S, 2n and Periodomtitis in Brazilian Cattle. Fourth
International Symposium on Trace Element Metahbslism in Man and Axi-
mals (TEMA-4) Programme and Abstracts, Perth, Western Australia,

p. 23.

Chi Chang, Horacio. 1978. Evaluacion del estado dc nutricion min-
eral del ganado bovino de los distritos del Rio Cuarto de Grecia,
Venecia de San Carlos y Horquetas y lLa Virgen de Sarapiqul, durante
la epoca lluviosa. Thesis. Universidad de Costa Rica, Facultad de
Agronomia, Escuela Zootecnia, San Josc, Costa Rica.

Comas Esquivel, Axel. 1977. Efecto de la suplementacion mineral
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condiciones de &poca seca. Thesis. Universidad de Costa Rica,
Facultad de Agronomfa, Escucla Zootecnia, San Jost, Costa Rica,

Conejo Morales, Luis Bernal. 1981, Diagnbstico del estado wineral
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de Coronado, provincia de San Jos€. Thesls. Universidod dc Cogrta
Rica, Facultad de Agronomfa, Escuela Zootcenia, San Jos&, Costu
Rica.

Conrad, J. H., L. R. McDovell and J. K. Loosll, 1981. Mincral
deficiencies and toxicities for grazing ruminants in the tropics,
Article presented at International Symposium-Animal Production in
the Tropics at the University of Gezira, Wad Medani, Sudan,

Conrad, J. H., L. R. McDowell and R. M. Maron. 1981. Tecnica wo-
dificada de biopsia costela em bovinos. Sociedade Brasileira de
Zootecnia.

Corapse, Hernan Ajamad., 1978. Diagn6stico de la situucibn mineral
en El Hato "El Estrecho" (Estado Monagas). Thesis. Instituto Pada=’
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pecuaris, Maturin, Monagss, Venerxuels,
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Cuenca, L., A. Fernandez, T. Alonso and C. Decia. 1981. Levels
of minerals in pastures and beef cattle tissues in Uruguay.
Veterinaria 77:103-109.

de las Fuentes Cabello, Filiberto. 1977. Deficiencias y toxici-
dades minerales del ganado bovino en pastoreo en Cadereyta Jiménex,
N.L. (Invierno-primavera). I. Determinacifn de niveles. Thesis.

Instituto Tecnol8gico y de Estudios Superiores de Montervey, Mexico.

de Sousa, J. C., J. H. Conrad, W. G. Blue, C. B. Ammerman and L. R.
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versity of Florida, Gainesville.
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Resunen

Cuatrocientas dieciocho muestras da suero sangufneo de vacas de carns de
1a RegiBn Litoral ecuatorinna envarics estados fisiol8gicos fueron analizadas
convencionalmente por los contenidos da calcio y f8sforo, con el propSsito de
evaluar el cstado nutricional de estos minerales y establecer su relacifan con
su contenido en los pastos. Al momento de recolectar las musstras de sangre
sae tomaron tazbifin muestras de forraje de los potreros en los cuales pastaban
los animzles examinador. lLos pastos, predominantementa Panicum maximuw, consti-
tufan la Gnica fuente da nutrimentos, puas duranta el Gltimo afio, previc al
zuestreo, ningln anizal habtfa recibido ningGn otro suplamento que no sea sal
conGn. Llas concentraciones de calcio sérico encontradas variaron de 5.0 a
16.7 wg/100 ml de suaro, promedisndo 9.9 wg, y 1as de {Ssforo de 3.0 a 8.6
mg/100 wl de suero, con un prosedio de 5.7 mg. Los contenidos dec Ca y P en
el forraje fluctuaron ds 0,25 a 0.651 y de 0.08 a 0.52X, respectivamente, con
promedios de 0,46 y 0,221, en su Grden. Los coeficicutes de correlacibn entre
los contenidos de sstos elementos en el suvero sanguineo y en el pasto fueron
de 0,39 y de 0.08, para Ca y P, respectivanente. Loa resultados obtenidos
confirman el poco o ningGn valor de los anflisis de Ca y P en al suero aanguineo
copo fndices Jel satado de nutricifn de estos dos minerales, rax8n por la cual
sc deberfa descontinuar su prlctica y recurrirae ufs bienal anflisis de otros
ealidna nua vaflaien la vardadera condicifn nutricional de los nissos,




183

Title: Effect of mineral supplementation on reproductive performance and
gain of Hereford females and mineral levels in forage and animal
tissues of animals grazing native pastures in Northeast Uruguay.

Authors: GConzalo Arroyo and Enrique Mauer, for Ing. Agr. Degreec, Faculty of
Agronomy, University of the Republic, Montevideo, Uruguay, 1982.

Soils: Yaguari considered good fertile soils.

Pastures: Unfertilized native pastures containing priparily Pasrnlua dilatatum,
Paspalum notatum, AXonopus compressus, AXOnopus afinis, Bothriocloa
laguroides and Eragrostis lugens.

Chemical snalyses were made at the Rubino Veterinary Research Laboratory, Parido.

SUMMARY

Sixty-two adult cows, 21 cows of first calf breeding and 28 heifers vere eval-
uated during spring 1980 and summer 1981 at the Agronozy Experioental Station

in Cerro lLargo, Uruguay. Each category was distributed at randeo in two groups:
A control group and another one vhich consumed a minerzl supplement. The oin-
eral nix contained8X P, 16X Ca, and trace eleaents (Mg, Cu, Zn). These ele-
ments vere studied in tissue sanmples.

The results thoued that there vas no effect in the reproduczive perforzance of
the adult cows because of the mineral supplementaticn. The pregnancy rate vas
LWigher (P<0.01) {n the group of firet cal! heifers vhich consumed the nineral
mix than those in the control group (70% and 277 respectively). All the hetf-
ers calved §n both groups the {irst year.

There vas ro difference in the daily gain of adult cows betveen the group vhich
consuned the nineral pix and controls during the period of 40 days poet partun
to veaning (£.41& kg/day and 0.384 kg/day, respectively). The daily gain of

the first calf! heifers vas higher (P<0.01) in che group vhich consized the win-
era! wix than those in the control group (0.430 kg/day and 0.225 kg/day, respec-
tively). There vas no diffarence in the average dafly gain of heilfern during
spring nor sumnser between groups. During the total period the heifers which
consumed the mincral mix hod a higher daily gain than the controles (P<0.01) (O.
407 kg/day and 0.329 kg/day, respectively).

The analysis of 11lood serum samples shoveo that 56% of tho sacples teken from
the control grou: and ihe 262 of 'ne ganples taken froa those snicals vhich
consuned the niniral wix average/ lover ¥ concentration than 4.5 ©3/100 nl
(considered os normal). The Ca serum valuce vere higher in the control's sam-
ples (9.4 mg/100 ml) than {n ths supplene ied group's sac-les (8.9 ng/100 al).
There vas no signtficative difierence, The Hg, Cu and In serum valuee vare
normsals. The liver Cu levels vere normal, The livor In levels vere lover than
thosa connidered ss normal (37 ppa in the control group and 61 ppa in the sup=
plenented group). The I bone levels were Jover than torsals during the fienmt
tuo wonths of lacration (16.8X {n controle and 16.9% (In supplemented cowr).

At the end of lactation, the F bone Jevele wore norzale (18.7% {n controls and
17.82 in supplesented covs). During the vhole period the Ca bone levels vere
lover than the normal (33.9X in controls and 34.9% tn supplezentod cove). The
Mg bone levels were lover than the normal (0.061% 1n both groups).
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Samples from the native pastures were taken each fortnight. Minerals and pro-
tein lavels were analyzed. The protein level was higher during spring (10.1%)
than in summer (8.6X) (P<0.0l). fThe mineral levels during spring were: P, O.
13%; Ca, 0.50%; Mg, 0.20%; Cu, 6.2 ppm; Zn, 24 ppm; and Mn, 411 ppm. Durfing
suomer the levels studicd were: P, 0.13X; Ca, 0.43X; Mg, 0.25X; Cu, 6.2 ppm;
Zn, 23 ppm; and Mn, 331 ppa. There were significative in Ca, Mg and Mn (P<
0.01). The Ca:P ratio wvas 3.6:1 during spring and 3.3:1 during rummer. During
spring the pasture protein levels were above the NRC's requirements for a cow
of 350 kg. During summer the pasture protein levels were lower than the NRC's
requirements. Only P levels were deficient in the native pastures. Even
though the Mn levels were high, there was no evidence of manganese ma toxicity.
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Conclusiones

Bajo las condiciones en que se realizf este experimento se puede concluir
lo siguiente:

1. Al inicio del invierno se encontrarcn niveles de f6sforo deficientes en el
suern sangu{neo de los animales y en el for:nje.

2. Los novillos que recibieron la suplementaciin con un nivel de 5 y 10X de
f6aforo respondieron positivamente en cuanto a sus aumentos de peso, con
respecto al testigo durante la etapa experimental de Enero a Abril de 1979,
El tratamiento con 10X fue el mejor.

3. Los niveles de {&storo en el suero sanguineo al final del experimento fueron
mayores en los animales suplenentados con 5 y 10X de fésforo en comparacibn
al grupo control; estos nivelus fueron ain mayores en los que recibieron un
nivel de 10X de f6sforo en el suplemento.

4. La relacifn Ca:P al final del experimento fue mis estrecha en el suero san-
guineo de lous novillos Jue consumieron las mezclas fosforadas con 5 y 10X,
en comparacifn al testigo y aln wls, en los que recibieron el nivel de 10X,

5., La suplementaciln de {8sforo fue ecenbmicamente redituable en los prupos
tratados en comparacibn al jrupo no tratado y sobre todo, en el que recibib
un nivel de 102 de {6sforo,
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de Produccifn Animal (ALPA), Santo Domingo, Dominican Republic. R-39 (Abstract).

Resumen

Un experimenco fue disefiado para deterninar el estado mineral de ganado de
la raza de ZebG-Criollo en Beni, Bolivia, cuya duracibn fue de 3 anos, En el
afio 2 del experimento, los porcentajes de prenc: para las 655 vacas bajo lus
tratamientos de sal (S) y de sal + harina de hueso (S + HH) fueron altos: 89.5
y 88.5X, respectivamente, En comparacibn los porcentnjes de prenez para 293
vacas en el afio 3 fueron el 12.6% nis altos para ¢l tratamiento de S + HH
contra el de sélo S (86.4 contra 73.8%, respectiv.nenre).Se analizaron nuesiras
de torrajes nativos sin fertilizantes, de sangre v de higudo (de biopsiz) que
fueron recogidas en Junio (Epoca seca) y en Novivnbre (Cpnza lluviosa) peora
cada afio del experimento. Se encontraron difercncias (P < .05) de aino * e
Epoca entre las concentraciones minerales. Para los perfodos de Junio -
Novie=bre de 1978 y Junio y Noviermbre de 1979, uc encontraron concentra: ;Lnus
de marginales a ceficientes en Ca (<.30%), Mg (<.22), Ra (<.06%), P (2.5, Cu
(<10 ppm), Co (<.1 ppm), Se (<.1 pp=m), 4n (<30 ppm) v pretetna (<7%) en 100,86,
71,75; 20,42,39,50; 100,100,71,100; 30,93,71,100; 70,86,49%,4%; 0,21,0,0: ©,,
93,68; 100,66,57,68; y 17,0,21, y 0 por ciento de los forraj.s, respecl.vaente,
Todas las concentraciones de K, Fe v Mn sobrepasaron laws necesidades v 1o Je
Mo no estaban en exceso. Concentraciones de nirerales en rucstras de hignrda o
suero fueron de marginales a deficientes en Cu, im, Cn, P y g durante ura o
c8s estacionea, Basado en los anflisis de forrajc de hirade v de suere, de-
ficiencias de K, Fe, Co v Mn, y toxicidad de Yo, ron puco piobables,
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Symposium on Trace Element Metabolism in Man and Animals (TEMA-4) Programne
and Abstracts, Perth, Western Australia, p. 23.

A periodontal disease widcly known as "cara inchada " (swollen face) has
been associated with cattle production in Brazil for more than 50 years. High-
est incidences are found in cattle grazing newly established lush pastures
which have been planted on fertile soils with pH around 6.0 or higher. Cur-
rently, the incidence in calves is often 20X or more in widespread areas of
Mato Grosso and other regions of the Amazon basin. Examination indicates a
periodontitis in calves as young as 30 days of »ge, followed by loosening and
shedding of premolars and molars and enlargement of the maxillary and, less
frequently, mandibular bones. Gingivitis appears to be aggravated by forage
consumption and reduced integrity of the periodontal ligament permits forage
impaction which impedes normal mastication. A severe diarrhea and emaciation
accompanies the oral lesions which result in unproductive animals and/or even-
tual death f{rom starvation. An initial experiment with 100 cattle in 10 groups
near Rondonopolis, Mato Grosso Norch, a region with an extremely high incidence,
indicated that the consumption of 50 grams or more daily of a mixture of macro
end trace elements prevented periodontitis. A subsequent experime:t was con-
ducted on a ranch near Paranaiba, Mato Grosso South, where Panicum maxioum
forage contained 4, 2 and 20 mg/kg of Cu, Mo and Zn, respectively. Cows dur-
ing gestation and lactation consuming & mineral mixture wvhich supplied 75,

75 and 45 mg daily of Cu, S and Zn, respectivoly, produced healthy calves
wvhile one-third nf the calves from cows receiving common salt without the
trace elements above cxhibited periodontitis at 50 doys of age. Controlled
experiments and extensive field trials indicate that low Cu and Zn, in addi-
tion to the Cu-Mo-S interrelationship, are involved in periodontitis of
Brazilian cattle. Details of the etiology remain to be studied but this

major deterrent to cow-calf production in vast areas of Brazil and to a lesser
extent in Bolivia can be controlled vith adequate and balanced trace element
supplementatior.
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Comas Esquivel, Axel. 1977, Efecto de la suplementacifn mineral sobre el
comportamiento reproductivo de un hato bovino de carne en condiciones de

€poca seca. Tésis. Universidad de Costa Rica, Facultad de Agronomfa, Escuela
Zootecnia, San José, Costa Rica.

Resumen

El presente trabajo se realizf en la finca Choluteca, situada en Orotina,
provincia de Puntarenas, se utilizaron noventa vaquillas ceb( encastadas de
edad entre dos y tres afios, con un peso promedio de 300 kg. que nunca
antes habfan parido, se dividieron en tres grupos de 30 hembras y a cada
uno se le asignb un tratamiento, de la siguiente forma: grupo testigo,
alimentacién al pastoreo, mis sal comln, grupo con fosfato ¢icBlcico,
alimentacibn con fosfato dicBlcico (17 kg.); grupo con mezcla completa,
alimentacifn en la misma forma que los grupos anteriores mis una mezcla
mineral completa.

Se utilizaron para ¢l empadre, con una duracion de tres meses, cuatro
toros Brahman a los cuales se les practicS examen de semen. E1 indice de
concepcibn se deterninf mediante al diagnbstico de preiiez por palpacibn
rectal a los cuarenta y cinco dias despufs de haber sido finalizada la &poca
de monta.

Las diferencias entre el porcentaje de concepciones fueron analizados
pediante la prueba de Chi Cuadrado, no encontrandose diferencias significativas
entre el testigo y los grupos suplementados.
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Conejo Morales, Luis Bernal. 1981. Diagnfstico del estado mineral del
ganado bovino, pasto y suelo en una finca lechera en el Canton de Coronado,
Provincia de San Jos&. Tésis. Universidad de Costa Rica, Facultad de
Agronomfa, Escuela Zootecnia, San Jos€, Costa Rica.

Resumen

El presente trabajo fué realizado durante los neses de julio y octubre
de 1979, y enero de 1981; con el objeto de diagnosticar el estado de
nutricién mineral de una finca en particular, tomando en cuenta como
parfimetros el suero sangufneo, el pasto y el suelo.

En el plasma s¢ estudib el nivel de calcio, f6sforo v magnesio. En
el pasto fué analizado el contenido de protefna cruda, y ul igual que c¢n el
suelo el calcio, fbsforo, magnesio, potasio, hierro, cobre, manganeso

y zinc.

En el suero scnguineo se obtuvo concentraciones proucediv de calcic,
f§sforo y mapnesio de 10.37, 5.78 y 1.85 mp/100 ml, de suero respectivimente.,
Fn el pasto, ¢ encontrd porcentajece de calcio, {§aforo, magnecio, potauio y
protefna cruda d: 0.3, 0.:0, 0,16 ¥y 20,66 respectivamentce. Mientras
que pata el hierrv, cobre, maupganeso y zinc, =c logrdh concentraciones nrenedio
de 214.6, 10.76, *2.05 vy 28.47 pom. tespectivemente. Lu ¢l sucle sc obtuvo
niveles promedio para el calcio, magncsio v potasio de £.33, 1.56 y 0,73
meq/100 ml. dJe suclo respcctivamente.

En base o los resultadoS encontrados se llegls a lar niguientes
conclusiones:

1- Llas concentraciones de calcioy f6sforo en el plavma sanguineo son
nornales, no asf el magnesio, que cocth aproximadamente en un 40X de
log animales bajo el nivel :rftico inferior.

2- El contenidu de proteina cruda, f6sforo, potasio, hierro y cobre
en el pasto Kikuvo satisfacen las necesidaden (N.R.C., 1978) pare e
ganado lechero. Mientras que ¢} calcio, maghesio, noDRANCKO Y ziuc no
logran satisfacel dichos requerinientos.

3= Todes los mincrunlcos precentes en ¢l guele tienen concentraciones noymales,
que permiten ub adecuado crecimiento del pasto.

4L- En gencral, el cstado minctal de 1a finca es ratisfactorio.
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Conrad, J. H., L. R McDowell and J. K. Loosld., 1981, Mineral deficiencies
and toxicities for grazing ruminants in the tropics. Article presented at
International Symposium-Animal Production in the Tropics, nt the University

of Gazira, Wad Medani, Sudan.

Summar

In tropical countries, mineral imbalanccs are = major limitation to
ruminant livestock productioir, Often grazing livestock do not receive
mineral supplememntation 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 lLatin Am€rican Tables of
Feed Composition: Co, 43 percent; Cu, 47 percent; Mg, 35 percent; P,

73 percent; P, 73 percent; Na, 60 percent; and Zn, 75 percent. The most
widespread mineral deficiency for livestock is that of P. Twelve reports

from tropical countries illustrate the dramatic increase in calving

percentage when breeding cattle were supplemented with P. Copper and

Co deficient areas are widespread in tropical countries. Mineral 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, Asian and African institutions to initiate and establish uineral
research. A systematic wapping technique, based on animal tissue and forage
concentrations, can ve employed to predict where mineral deficiencies
or toxicities will occur. Data from research in Brazil indicate that
positive correlations among soil and forage mineral concentrations for
Mg, Cu, Fe, Mn, Na, Mo, and Zn were low or nonexistent. Attempts to raise
livestock productivity in tropical countries will unsuccessful unless
the nutritional environment, including adequate mineral nutritior., is
likewise elevated. Mineral supplementation is s lecast cost input
to improvement of liestock production.
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Conrad, J. H., L. R. McDowell and R. M. Mason. 1981, Tecnica modificada de
biopsia costela em bovinos. Sociedade Brasileira de Zootecnia

Resumo

0 nivel de fSsforo em bovino & melhor demonstrado atraves de amostr. ~ da
costela do que o f&sforo inorganico de soro. A sensibilidade das costelus a
mobilizacao e reposicao de minerais t maior do que a dos ossos longos. A
cinza, calcio, fosforo e magnésio podem ser analizados a partir de osso ¢
expressos cm base de volume (mg/ml), percentagem de 0§30 fresco € 0S80 5€cCO
desengordurado. A gravidade especifica do osso fresco é dada em mg/ml. A-
mostras de 700 a 1000 mg podem ser obtidas pela modifi¢ao do metodo de Little,
D.A. (Aust. Vet, J, 48:668, 1972), usando-sc uma broca-scrra oca (trephine) de
1,5 co em diametro.

Escolha a penultinaouultima costela, depele, cscove com agua e sabao, dcs-
infete com alcool (iodado). Aplique 20 cc dec anestésico local (Lidocanina - 27)
nos dois espacos intercostais. Incise a pcle, fascia , musculos e periostec
(6-8 cn), afaste os tecidos expondo o centro da costela, Regule a broca na
profundidade descjada (1-1,2 cm) tal que a nedula weja atirgida. Perfure lenta-
mente para evitar aquecimento do 0880 (furadeira manual ou eléctrica de veloci-
dade controldvel para ser usada). Deslique ¢ gire a furadiera com pequenos
gcvinpentos laterais para deslocar o pedago dc osso da costela, Retive a breca
e remova a amostra. Examine a ferida, remcva fragmsntos osseo, aproxime muscu-
los ¢ fascias ¢ suturc e pele,
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Corapse, Hernan Ajamad. 1978. Diagnbstico de la situacifn Mineral en el
Hato "E1 Estrecho" (Estado Monagas). TEsis. Repiiblica de Venezuela,
Ministerio de Educacifn, Instituto Universitario Pedagogico Experimental,
Departamento de Educacibn Técnica, Seccibn de Agropecuaria, MaturSn, Edo.
Monagas, Venezuela.

Resumen y Conclusiones

El presente estudio fue realizado en el Hato "El Estrecho,'" situado

en el pueblo de Costo Abajo, Municipio San Simbn Edo. Monagas, Veneruela,
durante los meses de julio-septiembre de 1977; con ¢l objeto de determinar
la situacifn mineral durante la &poca lluviosa en la finca antes mencionada.

El &rea experimental estuvo conformada por 12 potreros, donde predominaba
el pasto pangola (Digitaria decumbens, Stent.) y 25 animales (10 becerros,
10 mautes, y 5 vacas lactantes), se tomaron 10 nuestras de suelo/potrero,
10 muestras de forraje/potrero y una muestra de sangre/animal. Las muestras
de suelos, forraje y sangre fueron analizadas en el laboratorio de acuerdo
a los métodos requeridos por cada variable. El anflisis extadfstico
utilizado fue la media aritmética, desviacibn stlndard y regresibn lineal,

Los promedios obtenidos en el estudio fueron: a) En suelos: 1.19,
0.81, 0.11, 9.91 weg/100 ml, para calcio, magnesio, sodio y aluminio, para
el fésforo fue de 3.31 ppm. b) En el forraje de 0,39, 0.20, 0.30% de
calcio, fésforo y magnesio y de 176.4, 314.,3, 4910.0, 38.17 y 4.152 ppn
de hierro, manganeso, sodio, zinc y cobre respectivamente. c¢) Para
las muestras de sangre (mg/100 ml) en becerros de 5.53, 3.71, 2.19 para
calcio, fésforo y magnesio, en mautes de 7,25, 3.56 y 2.88 para calcio,
f6sforo y magnesio,

De acuerdo a los resultador obtenidos en las condiciones del
estudio se puede concluir lo siguiente:

l1- Todas las variables estudiadas en suelo mostraron niveles debajo
de lo nomal,

2- Los niveles de {5saforo y calcio, en forraje y sangre fueron deficientes,
siendo mas acentuado para el f6sforo en ambos casos.

3- Ti cobre presentS niveles deficitarios en forraje, no pudiendose
detectar en sangre por no haberse hecho la determinacibn.

4= E]l magnesio fue el elemento que presentl mejores niveles tanto en
forraje como en sangre, considerandose como suficiente,

5« Los minerales, sodio, zinc, hierro y manganeso mostraron contenidos
suficientes en forraje, indicando escasa probabilidad de deficiencias.

6~ El anflisis estad{stico mostrS, que ninguna da lan pruebas de
regresi6n lineal fue significativa para todos los nivele- de significancia.
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Cuenca, L., A. Fernandez, T. Alonso and C. Decia. 1981. Levels of minerals im
pastures and beef cattle tissues in Uruguay. Veterinaria 77:103-109.

Summar

In the present study, information on mineral concentration in natural
pastures in different areas of Uruguay as well as in beef cattle liver, bone
and blood serum of animals grazing these natural grasslands was sought. On
field biopsy techniques (liver and bone) were also evaluated. Minerals
studied were: phosphorus, calcium, magnesium, copper, zinc and manganese.
Samples were obtained from nursing cows during late spring and summer and
yearling steers during autumn. Results werec as follows: low values of
phosphorus in pasture (0.11 - 0.20% of DM), in serum (3.4 - 5.8 wg/100 ml)
and in bone ash (15.9 - 17.3%); high levels of calcium in pasturcs (0.23 -
0.74% of DM), normal levels in serum (9.13 - 10.1 mg/100 w}) and in honc ash
(36.4 - 40.02); magnesium levels high in pasture (0.17- 0.25% of DM), normal
in serum (2.16 - 2.76 ng/100 ml) ond low in bone ash (0.53 - 0.71%); copper
levels very low in pasture (1.28 - 2,982 of DM), normal in liver (129.4 - 307.3
}2); low to normal levels of zinc in pasture (6.23 - 38.92 of D4), very Ligh
levels in liver (129.7 - 437.4 ppm); very high levels of manganese in pasture
(102 - 475 ppm of DM). Extraction of animal tissues for biopsies proved to
be feasible and a good technique for these studies under field conditions in

Uruguay.
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Espinoza, J. E., L. R, McDowell, Juan Rodriguez, J. K. Loosli and J. H. Conrad.
1981, Mineral Status of Sheep and Llamas in Bolivia. J. Anim, Sci. Abstracts
Na, 660,

An experiment was designed to compare the mineral status of grazing sheep
and llamav in the highlands of Bolivia. A total of 24 llamas and 24 sheep,
divided equally between sexes, were allotted to an unfertilized 20 hectare
pasture of nitive species. Analyses were made of forage, blood, liver (biopsy)
and bone samp.es taken during the wet (March) and dry (September) seasons.

Mean forage analyses for the wet and dry scasons, respectively, are as follows:
Protein, 13.8, 6.9%; P, .05, .09%; Ca, .87, ,43%; Mg, .25, .18%; Na, ,22, ,08X;
K, 2,6, 1,4%; Fe, 323, 164 ppwm; Cu, 10, 7 ppm; Zn, 49, 25 ppm; Co, .26, .36 rpm;
Mn, 53, 81 ppm; Mo, .68, .53 ppm; and Se, .06, .06 ppm. Borderline to deficient
concentraticra of protein (<7,0%), Ca (<.3%), Cu (<5 ppm), K (<.6%), Mz (<.08%),
Na (<.006%), T (<.25%), Zn (<30 ppw) and Se (<.1 ppm) were found during the vet
and dry seascns as 20, 53; 1, 40; 20, 53; 20, 20; 10, 20; O, 40; 100, 100; 0,
66; and 90 and 93% of the total foragzes, respectively. The percentages of iz-an
live: .. (<84 ppr) and Se (<.25 ppm), scrum Ca (<B mgZ), Mg (<2 mp%), P (<&.5
mgi), Cu (<.65 g/ol), Fe (<1.1 g/ml), Zn (<.80 g/ml) and rib Hone ash Ca
(<36%), Mg (-.67%) an¢ T (<187) that vere low to borderiine to deficient wore
38, 63, 100, 100; 0, 17, 0, 17; 8, 0, 10, 0; 17, 20, 5, 10; 13, 40, O, 403 57,
8, 35, 0; 23, 4, 20, 10; 1090, 52, 109, 75; 100, 100, 100, 100; 0, 50, 50, 100;
and 50, 100, 100, 100 for llamiss and sheep for the wet aud dry secarons, respec-
tively., 1liver Co (<.0% ppm), Cu (<75 ppm), Fe (<180 ppn), Mn (<6 ppm) and Mo
(1-5 ppm) werc generally in the normal ranges., Significaut (P < .09) species.
sex, aud season » specier interactions were found. Nutrients most likely defi-
cient wcre ptrotein, P, Ca, Zn and Se.
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Faria M., JesGs A., José VelBsquez und Gustavo L6pez M. 1981, Situacién de
la nutricidn mineral en fincas de las sabanas orientales del estado Guarico.
Boletfn No. 6, Estacifn Experimental Nor-Oriente Guarico — FONAIAP - 42 pp.
Valle de la Pascua, Venezuela.

Resumen

El objetivo del presente trabajo fué estudiar la situacidn de la nutricién
mineral del ganado bovino en las sabanas del Edo., Gudrico mediante andlisis de
muestras de suelo, forraje y sangre de bovinos en once fincas del Edo. Gulrico,
durante la Epoca lluviosa de 1978 y &poca seca de 1979. En las fincas selec-
cionadas se muestrearon cuatro potreros, tomdndose 10 muestras de suelo com-
puestas por potrero y 4 sub-muestras de forraje y se tomaron muestras de sangre:
de la vena yugular a 10 novillos for finca, A las muestras de suelo se les
determind textura, pH, capacidad de intercambio catidnico, materia organica,
bases cambiables y f6sforo. A las muestras de forrajes y plasma sanguineo, se
les determind nitrégeno, calcio, f8sforo y magnesio. Los valores promedios ob-
tenidos en las muestras de suelo para pH, materia orginica, calcio, magnesio,
potasio y f8sforo durante la Epoca lluviosa y seca fueron los siguientes: 5.21
y 4.9; 1,94 y 1.20; 0.64 y 1,50; 1.33 y 1.94; 0.08 y 0.14 meq/100 gr. de suelo;
2,90 y 5.08 ppm, repsectivamente. Los contenidos promedio de nitrbgeno, calcio,
fé6sforo y magnesio en las muestras de forrajes para la {poca lluviosa y seca
respectivamente. La concentracidn promedio en el plasma sanguineo para las
Epocas lluviosa y seca fueron: 10,59 y 10.15; 3.59 y 3.56; 3.40 y 3.94 mg/100
ml respectivamente. El 64% de los animales muestreados presentaron valores de
f6sforo inferior a 4 mg/100 ml durante la €poca lluviosa y 62% en la Epoca
seca. El 2% de los animales mugstreados presentaron valores de calcio infer-
iores a 3 mg/100 ml, durante la €poca seca y 17X de los animales presentaron
valores inferiores a 8 mg/100 ml. Solamente en la Epoca lluviosa el 142 de
los animales muestreados presentaron valores de magnesio en el plasma inferior
a 2 mg/100 ml.
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Fernindez Brown, Lizandro M. 1979. Efecto de la suplementacibn fosfSrica a
vaquillas en pastoreo de zacate buffel (Cenchrus ciliaris L.). II. Respuesta
bioldgica. Thesis. Instituto Tecnolbgico y de Estudios Superiores de Monterrey,
Mexico.

Conclusiones

De acuerdo a los resultados experimentales obtenidos y bajo las condiciones
en que se realizd esta investigacién se puede concluir lo siguiente:

1. Llas vaquillas suplementudss con las mezclas de 4 y 8% P mostrarcn
mejcres aumentos de peso que aquellas a las que se les proporcioné
1z mezcla testigo (0% P).

2. Los consumos de las mezclas que contenian fésforo fueron mayores a
los de 1z mezcla testigo.

3. Los niveles finales de calcio y fdsforo en los animales suplementados
con £8siero estaban dentro de los limites considerados como normules,
2 excepcidn de los no suplecentacos que se encontraban lige-amente
Geficientes en f€sforo.

L. Mediznte la suplerentacidn fosforica es posible mejorar la relacién
Ca:P,

5. Nc se encontrl respuestz a la cuplementacién fosffrica durante la
etzpa de crecimienrto de) zacate buffel (Cenchrus ciliaris L.).

6. FEl consumo de la mezcla casi fué nule cuando el zacate buffel (Cenchrus
ciliaris L.) es:zabe en crecimiento activo despuilc de la lluvie.

7. Llos esumentos de pesc se incrementan en promedio en forma constante al
sumentar el nivel de suplementacidn fosfdrica.

£. Lla suplementacibn fosfidrica 2 vaquillas en pasturec de zacate tuffel
fuf redituabdle.
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Fernandez, Adolfo, Carlos Decia and Teresita Alonso. 1980. Proteins and min-
erals in the natural grass pastures of Uruguay. Presented at the Primer Con-
greso Nacional de Ingenieria Agronomica, September 10-13, 1980.

Summary

From July 1976 to August 1977, 206 samples of natural grass pasture were
taken from four locations in the country (Paysandu, basalt; Tacuarembo, sandy;
Flores and Treinta y Tres, crystalline). The samples were analyzed for pro-
tein, phosphorus, calcium, magnesium, copper, zinc and manganese. The effect
of season, location and region (mountain range, hillside and lowlands) on chem-
ical composition was also studied.

The different seasons of the year showed a significant effect (P < 0.01)
on protein levels which ranged from 8.0 to 10.0% of dry matter (DM). Phos~
phorus content ranged from 0.11 to 0.147 of DM; calciunm ranged from 0.33 to
0.422 of DM; magnesium from 0.15 to 0.20% of DM; copper from 1.92 to 2.72 ppm;
and manganese ranged from 222 to 413 ppm.

Significant differences were found among the different locations for all
of the parameters studied. In Paysandi, the pasture was fourd to contain the
highest levels of protein (10.0Z), phosphorus (0.16Z7), calcium (0.492), magne-
sium (0.2227) and copper (2.71 ppm). The highest levelr of zinc (13.2 ppm) and
manganese (405 ppm) were found in Tacuarembo where the lowest levels of protein
(7.92), calcium (0.30%) and copper (1.70 ppm) were also found. The lowest level
of phosphorus (0.10Z) was found in Treinta y Tres. The lowest levels of magne-
sium (0.15Z) and zinc (9.4 ppm) were found in Flores while the lowest level of
manganese (155 ppm) was found in Paysandi. No significant differences were
found between the different regions for th parameters studied.
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Flores, Antonio, Jorge R. Flores, Ren€ P&rez, Marco T. Cabezas, Ricardo Bressani
and Lee R. McDowell. 1979, Estado de nutricibn mineral del ganado de carne de
la costa sur de Guatemala. VI Reunifn Asociacifn Latinoamericana de Producci8n
Animal (ALPA), R-41.

Abstract

Se seleccionaron 5 fincas de la costa del Pacifico de Guatemala, dedicadas
a la explotacibn extensiva de ganado de carne bajo sistemas de rotacifn de pasto
estrella de 30 dfas e irregular suplementacidn mineral. En 2 &pocas del afio
(1luviosa, I; seca, V) se tomaron un total de 70 muestras de pasto, 60 de higado
y 270 de sangre de un nlmero representativo de los potreros y animales existentes
en cada finca. Se encontrd que los contenidos de Ca, Na y 2n en la materia seca
de los pastos era mayor (P < 0,05) en V (5.5 y 3.3,; 33 mg kg-l) ?ue en ] (3.3 y
0.2 g; 27 mg kg-l); mientras que el Fe fue menor en V (174 mg kg~™*) que en 1 (233
mg kg-1). El resto de elementos no varid con la &época del ado, promediando 1.8
gr; 2.7 gMg; 15,2 g K; 92 mg Mn y 4 mg Cu kg 1. El 94, 90, 66, 56 y 16X de los
pastos analizados en I eran insuficientes en Na, Cu, P, Zn y Mg; mientras gque en
Vel 94, 75, 72, 41 y 34% lo eran en Cu, Mg, P, Na y Z.a1, respectivamente. L1 P
sérico fue afectado (P < 0.05) por la Gpoca (I, 68 y V, 75 g ml=l) y la edad de
los animales (j6venes, 80 y adultos, 64 ug ml-1), el Mg lo fue (P < 0.05) por la
€poca (I, 3} y V, 23 pg m1-1) y el Ca no dependid de ningunc de los dos factores
(100 pg m17™"). La &poca tampoco tuvo efecto sobre los niveles hepiticos de Fe,
Cu y Mn, promediando 325, 12 y 143 g g~1, respectivamente. A pesar de los pro-
medios Gptimos encontrados, se precentaron probl-omas deficitarios de Mg en V,
de P en I y de Cu en ambas estaciones, concluyéndose que cxiste carencia de P,
Mg, Na, Cu y Zn en los pastos de la zona y que E&stos no son corregidos acecuada-
mente por las mezclas ninerales actualmente en uso.
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Franco, Luisa E. and Jos€ A. Veldsquez. 1979, Suplementacidn mineral en el
engorde de corderos. VI Reunibn Asociacifn Latinoamericana de Produccibn
Animal (ALPA), R-61.

Se realizb el presente trabajo con lr finalidad de wmedir el efecto de la
suplementacifn mineral a base de calcio, f&sforo, sal comGn, cobre y cobalto
en cl engorde de corderos estabulados mediante los cambios de peso, consumo
de alimentos, conversifn alimenticia y concentraciones de minerales en la san-
gre. Se utilizaron 50 corderos mestizos West-African. Los tratamientos estu-
diados fueron: tratamiento I (racién de engorde), tratamiento II
(racion + calcio + f8sforo + sal comGn), tratamiento III (racidn + calcio +
f8sforo + cobre + cobalto), tratamiento IV (racidn + calcio + fos-
foro + cobalto) y tratamiento V (racién + calcio + fésforo + cobre). La
duraci8n de la fase experimental fue de 12 semanas, Las diferencias entre
las medidas de los tratamientos se determinaron por analisis de varianza. E1
consumo de alimento (g), aumento diario de peso (g) y conversitn alimenticia
(kg de alimento/kg de aumento), para los cinco tratamientos fueron los sigui-
entes: 1 020, 1 015, 980, 990 y 985; 88, 86, 90, 69 y 82; 11.5, 11.8, 10.7,
14.3 y 12.0, respectivamente. Se encontraron diferencias estadisticas signi-
ficativas (P < 0.5) en cuanto a consumo de alimentos y conversidn alimenticia
entre los tratamientos, resultando mayor el III con respecto a los denés; no
se encontraron diferencias estadisticas significativas para la variable aumento
de peso. Las concentraciones de los minerales en el plasma sanguineo (mg/100 ml)
al inicio y al final del ensayo para los cinco tratamientos resultaron ser para
calcio: 10.5 y 12.8; 11.6 y 12.9; 11,1 y 12.9; 11,4 y 12.9; 12,40 y 12,70; para
£6sforo: 7.6 y 6.5; 7.6 y 8.6; 5.2 y 9.1; 5.6 y 8.5; 5.4 y 8.3; para magnesio:
3.0y 2,9; 2.7 y 2.8; 2.3y 2.7; 2.7 y 2.8; 2.8 y 3.40; para cobre: 0.095 y
0.090; 0.093 y 0.100; 0.088 y 0.120; 0,110 y 0.120; 0.110 y 0.90, respectiva-
mente. En general los niveles de minerales en la sangre se incrementaron con
la suplementacifn mineral.
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Garcfa Avila, David Arturo. 1978. Suplementacibn de fosfato monosSdico-cama de
pollo a vanuillas en pastoreo de vegetacifn nativa en Gral. Cepeda, Coahuila

(Mayo-Julio 1978). 1II. Respuesta biolSgica. Thesis. Instituto Tecnolbgico y
de Estudios Superiores de Monterrey, Mexico.

Resumen

La presente investigaciSn se realiz8 en el rancho 'La Rusa', localizado en
General Cepeda, Coahuila, sobre la Carretera Saltillo-Torreén, Kilbmetro 43.

El objetivo de esta investigacifn fue la cde evaluar diferentes mezclas
minerales por meiio del peso vivo y la concent-acifn de calcio y f&sforo en el
suero sangufneo. La duraciSn del experimento -ur§ 84 dfas (inicib 6 de Mayo,
terminS 29 Julio 78), se utilizaron 27 vaquillas cruzadas con Cebd las cuaies
se sometieron a un manejo uniforme para su saiud e higienc. Ademis se recolectd

sangre a un 20% dc la poblacifn, para determiracibn de calcio y f6sforo cncon-
tréndose deficientes en {&sfero.

En base a los resultados obtenidos se dispuso a hacer ls mczela rineral n
1a cual se adicion8 a dos camas de pollo para proporcionar proteina y cnergia.
Los animales se distribuyeron complctcmente al azar y se foraarcn 3 tratamientos,

Las mezclas minerales fueron las sigulentas:

Trataniento 1 Trata:{ento II  lratamiento IIX
Cana de Pollo 0 25 50
(Zacate Buffcl)
Sal Microcminerales 1% 0 0
(VYMCO)
Sal Comin 57.33 34.37 10,41
Fosfato Monosddicoe 42,67 40,63 39.59

Los datos que se recolectaron pars la evaluacifn de las mezclas minerales
fueron:

1. - Peso
a) Peso inicial individual,
b) Peso ccda 28 dfas (individual),
¢) Peso individual final.
2. - Consumo promedio de las mezclas.
3. - a) Nivel inicial de calcio y {65- 'ro en el 3ueru sanguineo.
b) Nivel final al calcio y f6sforo en el suero aanguineo.

El anflisis estadfstico empleado anklisis de covarianza para ajustes de peso
y diferencia minima significativa (D.M.S.) para los aumentos de pesv, y para los
niveles finales de calcio y f&sforo en el suerc sangufneo, ne¢ hicieron mediante
anSlisis de varianza y posteriormente por prueba de Duncan.

*Hn. 1, Co, Fe, Cu, Zn.
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Los aumentos de peso fueron iguales para los tres tratamientos, no encon-
trndose diferencia significativa. Siendo los aumentos de peso, promedio gr/
animal/dfa 211.00; 93,00; 227.00 para los tratamientos I, II y III respectiva-
mente.

Para el consumo de f&sforo promedio por animal por dia los animales del
Tratamiento III en comparacibn que los Tratamientos II y I debido a que estos
Gltimos contenfan mayor cantidad de sal la cual limitaba el consumo.

las cantidades encontradas de fdsforo final en el suero sanguineo, fueron
no significativas. (Andlisis de Varianza y Duncan) pero se vela que habfa una
ligera deficiencia en los Tratamientos II y III, mientras que el Tratamiento I
era normal. Y esto se debfa & la cantidrd de cama de pollo encontrada en los
tratamientos II y III. La cual tiene ura relacidén Ca:P 1.3:1,

Para los valores de calcio final encontrados los anélisis mostraron que no
habfa diferencia significativa o sea ‘jue estaban dentro de lo normal. Fero se
ve que el Tratamiento I y II tienen nenos calcio comparado con el calcio inicial
y es debido a la cantidad mayor en cama de pollo en el Tratamiento III.

La relacién Calcio-F6sforo se encontraron rangos dentro de lo normal. Pero
se ve que la relacifn era mis estrecha en el Tratamiento I y se debia a que mno
contenfa cama de pollo en su racién.

En el consumo de suplemento promedio por animal por dia el Tratamiento III
consumi8 mis comparado con los Tratamientos II y I y se debfia al contenido de
sal en las raciones ofrecidas.

Conclusiones
Bajo las condiciones en que se llevs el experimento se concluye lo siguiente:
1. - La suplementacién fosfSrica a animales en pastoreo es econbmicamente

redituable,

2. - Las mezclas de f&sforo ofrecidas cumplieron con los requerimientos de
£6sforo.
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Gomez Rosas, Hernan. 1977, Evaluacién del estado mineral del ganado y los
pastos en los distritos de Florecia y Cutris del canton de San Carlos
durante el verano. TE€sis. Universidad de Costa Rica, Facultad do Agronomfia,
Escuela Zootecnia, San JosE, Costa Rica.

Resunen

El presente trabajo evalud el cstado mireral de los distritus Florencia
y Cutris del Cantbén de San Carlos de la provincia de Alajuela,

El material de trabajo de este estudio consistid de 75 nmuestras de
sangre, 22 de hfgado y 57 de pasto, obtenidas de 15 fincas de la zona. En
el suero sangufneo se analizaron, los minerales calcio, fésforo y magnesio;
en el higado, hierro, cobre, manganeso y zinz; en el pasto, calcio, fdsfero,
magnesio, potasio, hierro, cobre, manganeso, zinc y proteina.

El promedio de calcio, f8sfor. y magnesio en el suclo sanguineo en los
animales de la zona fue de 8.07, 4,65 y 2.66 mg/100 cc de suero respectivamente,
Solo se encontraron variaciones estadisticas (P< 0,05) del magnesio - ypor
fincas.

En cuanto a los iinerales en el higado se obtuvo urn promedio de 206,
85, 5y 90 ppm para el hierro, cobre, manganeso y zinc respectivamente,

En los pastos sc obtuvieron promedios de 10.22% par: protefna, 0,227
para calcio, 0.10X para fésforo, 0.23X par: ragnesio, 2.40% para potasio,
213 ppm para hierro, 7 ppm para cobre, 117 pnn para manganeso y 28 ppm
para zinc. Se encontraron variaciones estad .sticas (P<0,05) de proteina
por distrito y por especie de pasto, dc f6sf:ro y el magnesio por especic
de pasto, de pctasio por distrito y por especie y de cobre por especie
de pasto.
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Guardado Almaguer, Rafael Eduardo. 1977, Deterninacifn de deficiencius y
toxicidades minerales del ganado bovino en pastoreo en el estado de Nuevo
Lebn, Dr. Gonzalez, N. L. (Invierno). 1. Determinacién de niveles. Thesis.
Instituto Tecnolbgico y de Estudios Superiores de Monterrey, Mexico.

Conclusiones

Bajo las condiciones en que llevd a cabo este trabajo y de acuerdo con los
resultados obtenidos se puede concluir lo siguiente:

1. Existe deficiencia de f6sforo en la zona, ya que los valores de E&ste
se presentaron bajos en el suelo, forrajes y suero sanguineo.

2. Los niveles inadecuados de calcio en el suero, forrajes y suelo inter-
actlan con los elementos f8sforo y magnesio.

3. Existe una deficiencia de cobre en el suero sanguineo, posiblemente
debido a la interaccifn del molibdeno, sulfitos y su.fatos que actlan reduciendo
su absorcidn.

4. El suero sangufneo presentd valores altos de calcio, normales en potasio,
gsodio, hierro y manganeso, y bajos en fosforo y cobre.

S. En el forraje existen niveles altos en calcio, manganeso, potasio,
hierro, magnesio y zinc, valores bajos en cobre, fbsforo y sodio.

6. Se encontrd una diferencia significativa (P < 5%) entre ranchos con
respecto al contenido de manganeso en los pastos.
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Title: Mineral and Protein Supplementation of Grazing Steers in Uruguay
Authors: Alvavo Gomez Haedo and Julio Amorin, Thesis for Ing. Agr.

Place: Experimental Farm Banado de Medina, Cerro Largo, Kl 28, National
Road 26, Agronomy Faculty, University of the Republic of Uruguay
1982,

Soils: Y aguari, considered good fertile soils.

Pastures: Native pastures consisting primarily of Paspalun dilatatum, adesmia
bicolor, Paspalum quadrifarium, Cenchrus pauciflorus and Pitocheatum
stipoides,

Chemical analyses were made at the Rubino Veterinary Research Laboratory, Pando.
Animals were Angus, Herefords and crossbreds, initial veight 211-216 kg.

SUMMARY

Durante el perfodo considerado como irnvierno (25.6~15.10.80) todos los animales
perdieron peso. Los que recibieron el SPEM (blocks containing CP 30X, Ca 1.5X,
P 1.0%, Shell Uruguay, Ltd.) promedisron perdidas diarias de 27 grs. los testigo
188 grs. y los que recibieron el SM (mineral mixture containing Ca 16X, P 7.92
and trace minerals, p. 73) 94 grs. Existieron diferencias significativas entre
los tres tratamientos (P<0,05).

Durante la segunda rotacibn (15.10.80 - 7.1.81) las nixicss panancias fueron
realizadas por los anizales que recibieron €l SN (875 grs/dfa), sicendo Eutus
pignificativamente mayores que las de los aHXPalch testigo (798 grs/dfn) y de
los que recibieron el suplemento SPEM (720 gra/dfa). (P<0,05).

Para el verano (7.1.8]1 - 1.,4.8l1), las ganancias diarias de los tres lotes no
presentaron diferencias estadfsticazente wignificarivas (P<0,0b), niendo Estas
de 577 grs para animales que recibieron el SPLY, de 512 gre para los testigo y
de 552 gro para los que recibicron el SM.

Los contenidos de protefna en pastura no registraron diferencias wignificativas
entre invierno (11,82%) y primavera (11,69%). Azbos fueron significativamente
superiores (P<0,05) que el valor del verano (8,75,

Respecto al contenido de f6sforo en pasturas ne registraron diferencias signi
ficaticss (P<0,05) entre los valores de invier:o (0,20%), prizavera (0,19X) y
verano (0,15%).

Hubieron diferencias unignificativas (P<0,05) entre las tres eantaciones en cuanto
a loa tenorea de calcio en pastoras. Loa valores fueron de 0,76, 0,62 y 0,52%
para priwavera, invierno y verano respectivamente,

l.os contenidos de mapnesio en panturas se hacen minimos en {nvierno (0,17%),
intermedios en primavera (0,20%) y wmfixivos en verano (0,23%)., Ixistieron dife
rencias nignificativas entre las tres estaciones, (F<0,0%),

Los valores de cobre en pasturas moatraron mu nhxivo en privavera (6,59% ppm),
niendo eate valor significativamente mayor que los de invierno (5,806 ppe) vy
verano (6,00 ppm). (P<0,05).
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Huertas, Hugoberto, M. A, Laredo, J. E. Manzur, E, Ceballos. 1979 . Effect
of supplementation of Cu, P and Ca on grazing beef cattle. Contribucibn del
Programa Nacional de Nutricibn Animal y del Prorr.ma de Ganado de Carne,
Turipan8, de Ciencias Animales -CNIA, Tibaitatd., BogotZ, Colombia.

Summary

This experiment was carried out at Turipan® experimental station (Cordoba)
using Brachiaria mutica.

During the trial samples were taken of forages, serum and tiopsy of liver,
Animals were weighed at 28 day intervals.

The content of minerals during the trial showed a little difference
between the first and last period of sampling. The Ca, P and Mg decreased
vowards the final period in serum and Mn in liver. However, the Cu and
Zn incr:ased in serum with values for the number 3 and 2 salt respectively,
The Fe and Zn conter: increased in liver, but the Cu content in the liver
and the final was low for first and third treatment, and higher for the
second treatment. The mineral content in forages, serum and liver could
be good indicators of the nutritional status of the grazing animals,

Differences in weight gain although not significant was found between
treatments (142, 137, and 127 kg tor treatments 3, 2 and commercial mineral
mixture respectively). The unit cost of the mineral salts number 2 and 3
mixture was only 64.4 and 34.0% of that of the commercial mineral mixture.

The use of mineral mixture including only the deficient mineral elements
in the forage can induce similar weight gain to those induced by commercial
salts, but at a lower cost.
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Hutagzalung, R. I., P. Y. Hew, T. A. Bongso, M. R. Jainudeen and Syed Jalaludin.
1981. Mineral Status of Grazing Farm Animals in Malaysia. Fourth International
Symposium on Trace Element Metabolism in Man and Animals (TEMA-4), Programme and
Abstracts, Perth, Western Australia, p. 3l.

Low ruminant productivity in the humid tropics is due to many limitations,
the most apparent being the low feed intake and poor nutrition, which conse-
quently result in poor growth and reproductive rates. Phosphorus, cobalt and
copper are among the minerals which have been shown to be the most limiting in
grazing animals in Malaysia. Mineral composition of various soils, grasses,
animal tissues and mincral supplements is presented. Scveral experiments have
been undertaken in grazing animals, to study the effects of mineral and concen-
trate supplementation on productive and reproductive performances, including
tissue minerals, rate of growth/gains, conception rate, calving percentage,
birth and weaning weigiits and calving intervals. The results of these experi-
ments of which some are underwvay, are highlighted. Significent improvement in
rate of growth/gains, calving percentage, birth and weaning weights has been
observed in grazing animals supplemented with minerals and concentrates.



- 227

Abstract of Thesis Presented to the Graduate Council
of the University of Florida in Partial Fulfillment of the
Requirements for the Degree of Master of Science

MINERAL STATUS OF BEEF CATTLE
IN EASTERN DOMINICAN REPUBLIC

By
Maximo Jerez Gomez

May 1982

Chairman: Dr. Lee R. McDowell
Major Department: Animal Science

An experiment was designed to determine the mineral status of soil,
plants and grazing beef cattle in 7 ranches consisting of Romana Red, Cri-
ollo and Bralman breeds in the eastern region of the Dominican Republic
during the dry season. Twelve to 24 liver (biopsy) and serum samples were
collected from mature (3-10 years) cattle.

Regional differences (P < .05) were found.only for liver Co which was
higher in region 3. Differences (P < .05) am?ng farms within regions
were found for serum Ca, P, Cu, Se (P < .01) a;a Mg (P < .05), and for
liver Mg, Fe, Cu, Mo (P < .01) and Zn (P < .05). No significant (P < .05)
correlations were found between those minerals analyzed in both liver and
serum (Mg, Zn and Cu).

The percentages of mean serum Ca (< 8 mg/100 ml), P (< 4.5 wg/100 ml1),
Mg (< 2 mg/100 m1), Zn (< .4 ug/ml), Cu (< .55ug/ml), Se (< .03 yg/ml); and

1iver Fe (< 180 ppm), Zn (< 84 ppm) Cu (< 75 ppm), Mn (< 6 ppm), Co (< .05 ppm),
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se (< .1 ppm) that were low to borderline to deficient were 30, 95, 19,
97, 100, 4; and 8, 4, 25, 2, 0, 0% of the total animals, respectively.

Eight to 14 forage samples were collected per ranch. No regional
difference (P < .05) unslfound. However, differences among farms within
regions were found for P, Na, Ca (p < .01), and for Mg and Mo (p < .05).
Forage correlation coefficients (P < .05) above +.5 were noted for P-K
(r=.52), P-protein (x-.56), K-Cu (r=.54), K-protein (x=.58), Mg-Cu (x=.52),
Mg-N.D.F. (r= -.59), Zn-protein (r-.52), Zo-N.D.F. (r= -.51) and Cu-N.D.F.
(r= =.71).

Mean forage analyses (and the perceatage of samples low or border line
to deficient) were &s follows: Protein, 7.0% (50); Ca, 0.487% (24); P, 0.172
(83); K, 1.91% (0); Na, 0.07% (78); Mg, 0.26% (33); Fe, 154 ppu (0); 2n,
22 ppm (86); Cu, 9 ppm (64); Mn, 151 ppm (10); Co, 0.16 ppm (26); Mo, 0.31
ppm (0); and S, 0.12 ppm (48).

The percentages of mezn soil Ca (< 71 ppm), P (<5 ppm), K (< 30 ppm),
Mg (< 9.1 ppm), Fe (< 4.5 ppm), Zn (€ 6 ppm), Cu (<1 ppm), Mo (€ Slppﬁ),
end Co (< 11 ppm) that were low to borderline to deficient were 0, 96, 0,

0, 65, 85, 54, 0 and 12% of the 26 total coil samples, respectively.

3ae R. /"e@umm

Choirman
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Jerez, Miximo, L. R. McDowell, W. A. Hargus, J. H. Conrad and G. L. Ellis.
1982. Mineral status of cattle in the eastern region of the Dominican
Republic. J. Anim. Sci. Abstracts 1982 (Submitted for regional Animal
Science meetings).

Abstract

An experiment was designed to determine the mineral status of 7 grazing
beef cattle ranches with crosses of Romana Red, Criollo and Brahman in the
eastern region of the Dominican Republic during the dry season. From 4 ranches,
12 liver (biopsy) and plasma samples were collected from both young (12-24
months) and mature (3-10 years) cattle. Only mature animals were sampled
from 3 additional ranches. Eight to 14 forage samples were collected per
ranch. The following minerals were analyzed: liver (Cu, Zn, Fe, Mn, Co,

Mg and Se¢) and plasma (Ca, P, Mg, Cu, Zn, Fe and Se). Significant mineral
concentration differences (P < .05) among regions, ranches and classes of
animals were found. Of the total liver samples analyzed, 22, 7, 9, 3 and 5%
were borderline to deficient in Cu (<75 ppm), 2Zn (<84 ppm), Fe (<180 ppm), Mn
(<6 ppm) and Co (<.07 ppm), respectively. Copper Zn, Fe, Mn and Co were bor-
derline to deficient in 6, 3, 4, 2 and 2 ranches, respectively. Plasma Ca, P,
Mg, Cu and Zn were borderline to deficient in 5, 2, 3, 6 and 0 ranches, respec-
tively. The percentages of total forages borderline to deficient for Ca (<.30%),
Mn (<30 ppm), Mg (<.20%), Na (<.06%), P (<.25%), Cu (<10 ppm), Co (<.10 ppm), 2Zn
(<30 ppm), and protein (<7%) were found as 26, 10, 33, 77, 13, 61, 30, 86, and
47, respectively.
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Kalinowski, Juan, Alfredo Postigo, Victor Talavera and Miguel Vallejos. 1979,
Efecto de la suplementacifn mineral sobre la respuesta reproductiva de ovejas

al pastoreo en pastizales naturales altoandinos. V Reunidn Asociacifn Latino-
americana de Produccibn Animal, R-59.

Abstract

En la Sierra Central del Per(, en pastizales a 3 900 m de altictud, clasi-
ficadas como Piramo muy hGmedo subalpino, se estudid la respuesta a la suplemen-
tacibn mineral de ovejas en pastoreo. El ensayo se inicid en octubre de 1976 y
concluyb en enero de 1978. Tres majadas, con 911, 895 y 890 ovejas Corriedale
de 11 meses de edad cada una, fueron distribuidas al azar en 3 fireas de pastoreo
de condicidn regular, con predominancia de gramineas nativas de bajo valor nutri-
tivo, con una carga de 1l ovino por ha/afio. Los tratamicntos fueron: sal mis
yodo, cobre y cobalto (A); A mds hierrc y zinc (B); B mis fdsforo (C). Para e}
registro de peso fueron identificadas 50 ovejas en cada wmajada, con un peso
inicial promedio de 26 kg: para la evaluacidn reproductiva se considerd la ma-
jada completa., Despuis de 12 meses bajo los tratamientos se¢ encontrd diterencias
estadisticamente significativas en las ganancias diarias de las ovejas riendo &s-
tas (g/dia): 34.4 (A), 39.4 (B) y 41,3 (C). Al finalizar la paricidn se encontr§
diferencias estadisticamente significativas en los porcentajes de natalidad y en
el peso al quinto d¥a de los corderos, siendo &stos: 77.7 (A), 86.0 (B), B4,0%
(C) y 3.15 (A), 4.4 (B) y 4.6 kg (C), respectivamente. Tos resultados indican
que limitaciones en la ingestidn de z2inc y fosforo, principalmente, restringen
la productividad del ganado ovino de la regidn, no Jdescartindose la posibilidad
de otros problenas minerales,
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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 E, Vitamin A and
carotene interrelationships between forage and animal tissues., University
of Florida, Gainesville, Florida.

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 c¢nd feces were collected from 14
heifers (18-24 months) and 14 cows (3-8 years) twice during the year.
Significant mineral and vitamin concentration 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 lover (P<.05) in cows than in heifers while liver vitamin A was lower
(P<.05) during the dry season. TFeces 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%k) 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 51X during the
wet season had low liver Se (<0.25 ppm). Mean forage Se was low in 1
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 (<20ppm) in 2 ranches and 1 region
during the wet season. Of the total animals studied, only 3% during the dry
season and 9% during the wet season had low liver Mn (<6.0ppm) concentrations.
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Kiatoko, M., L. R, McDowell, J. R. Bertrand, H. L. Chapman, F. M. Pate, F. G.
Martin, and J. H. Conrad. 1981, Evaluating the nutritional status of beef
cattle herds from four soil order regions of Florida. I. Macroelements,
protein, carotene, vitamins A and E, hemoglobin and hematocrit. University
of Florida, Gainesville, Florida Agr. Exp. Sta. Journal.

Summary

The nutrient status of grazing beef cattle from four selected soil
order regions of Florida was exanined. Liver, blood, hair and feces samples
from 14 heifers and 14 cows, plus forage samples, were collected during
two periods of the year from nine ranches located in four different regions.
Soil samples were collected during one period. The soil order regions were
the Histosol (Southeast), Spodosol (Southwest), Entisol (Central) and
Ultisol (Northwest). Mean forage P values were higher (P < .05) in the
wet season, while mean hair P levels were higher (P < .05} during the dry
season. Mean forage, plasma, liver and hair Mg values were higher (P < ,05)
in the wet season. Plasma vitamin E, liver vitamin A and forage carotene
levels were higher (P < .05) dur ng the wet seascn. Mean forage P content
was deficient (<.25%) curing both seasons and varied from .10% in the dry
season to .16% during the wet season. Mean forage Mg (<.18%) and K (£.60%)
concentrations were deficient in the dry season. Forage protein was deficient
(<7.0%) in five of seven ranches during the Jry season. FExtractable soil Ca
exchangeable soil Ca, Mn, Al, H, soil organic matter and effective cation
exchange capacity were higher (F < .05) in the Histosol region. Extracteble
s0il K was low (<60 ppm) in all regions, except the northwest. Forage P
was critical (<.25%) during the dry season in all regions and varied from
.08 to .15%, while plasna P was deficient (<4.5 mgZ) in animals from
the southeast during the dry season only.
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Laredo C., Max Alberto. 1979. Informe de progreso 1979 programa de
nutricifn animal. Subgerencia de investigacibn, Division de Ciencias
Animales, programa de nutricifn animal. Research report. Ministerio
de Agricultura, Instituto Colombiano Agropecuario, Bogot&, Colombia.

Resumen
Una serie de experimentos fueron designados y conducidos para determinar
la localizacibn de deficiencias y toxicidades minerales y los beneficios
de suplementacibn wnineral. Los titulos de los diferentes proyectos son
los siguientes:

Proyecto 1. Deficiencias y toxicidades de minerales de ganado en Colombia.

Experimento 1.1 Efecto de la suplementacidn de Grea y &cido fosfbérico en
la utilizacidn de forrajes. Carimagua.

Experimento 1.2 Efecto de cobre, fdsforo y calcio en ganancia de peso en
- ganado de carne, Turipana,

Experimento 1.3 Efecto de la suplementacidn de nitrdgeno y fésforo sobre
ganancia de peso de bovinos. La Libertad.

Experimento 1.4 Efecto del cobre, zinc y dcido fosférico en la ganancia
de peso. El Nus.

Experimento 1.5 Efecto del calcio, fosforo y cobre en ganancia de peso
con ganado para carne. Macagual.

Experimento 1.6 Efecto de la suplementacidn de fosforo y cobre sobre la
ganancia de peso del ganado vacuno. Fondo Ganadero del Tolima.

Experimento 1.7 Efecto de la suplementacidn de cobre y zinc en los aumentos
de produccidn de leche. Obonuco.

Experimento 1.8 Deficiencias y toxicidades de minerales para bovinos
en el Valle del Cauca.

Experimento 1.9 Deficiencias y toxicidades de minerales en las Zonas del
Tolima y Cundinamarca.
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Laredo, Max Alberto, Juvenal LSpez. 1981. Fluctuaciones Minerales en Pastos
Tropicales. I. Braquiaria en los Llanos Orientales. Contribucidén del Programa

Nacional de Nutricifn Animal del Instituto Colombiano Agropecuario - ICA,
Tibaitat8. Bogot8, Colombia.

Resumen

Se determind el contenido de protefna y elementos minerales en pasto
Braquiaria de muestras tomadas semanalmente durante un ano, de 4 praderas
bajo pastoreo contfnuo con una carga de 2.4 animales por hectdrea, en la
Estacién Experimental La Libertad, Meta.

Se encontrd que el pasto Braquiaria puede suministrar hierro, magnesio
y manganeso en cantidades suficentes, para llenar las necesidades de los
animales en pastoreo y que s8lo el nitrigeno, fosfeoro, cobre, magnesic y
zinc estdn en niveles sub-normales o deficitarios.

Las variaciones estacionales muestran una tendencia a incrementar los
valores en la época de sequia, pero no significativas, nznteni&ndose
constantes durante el afio s6lo el f8sforo y magnesio. Los niveles de hierro
y manganeso se presentan demasiadc altos come para onst jtuir problemas
por deficiencias, aunque lo podrfan ser por exceso. Lstos elementos fuoron
significativamente nds altos en verann, L1 bajo contenido de minerales
encontrados en invierno concuerda con lo registrado en la Jiteratura,
de que cl aumento de follaje verde de los forrajes, produce la disminucidn
en el contenido de minerales. Este hecho se complica cuando los animales
incrementan el consumc de forraje y las necesidades de minerales. Lo
hallado sugiere garantizar la suplementacién de sal minerml, principalmente
en Epoca de lluvia.
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Laredo, M. A., A. C. Matiz, 1982 ., Estado de nutricifn mineral en hatos lecheros
de 1a sabana de Bogot&., Contribucibn del Programa Nacional de Nucricibn
Animal - Divisiuw do Ciencias Animales - oniA - Tibaitat&, Bogotd, Colombia.

Resumen

Se realizb un trabajo de muestreo en 14 fincas lecheras en la Sabana de
Bogotf. El estudio comprendib la recoleccifn de muestras de suelo, forraje
sangre e higado.

Se realizaron anflisis para conocer el estado nutricional mineral en las
anteriores muestras.

De esos anflisis se encontrd que solo el f&sforo, cobre y zinc presentan
valores sub-normales y deficitarios.

El consumo de los forrajes vy sales minerales comerciales no son suficientes
para garantizar el suministro de f&sforo, cobre y zinc para ganado en produccifn
de leche,



Lau.... Sanabria, Juan Carlos. 1979. Evaluacibn del estado mineral del ganado
bovino en , -an an los diarritos de Tejibave. S.n Isidro y Rives
del Cantln .. lg.dro de Yeres ivaiot= A -~ «= . ae San Jos&

durante 1r ...o iluviosa. TE&sis. Universic. ... . .a Rica, Facultad
ce agrcnomia, Escuela Zootecnia, San Jos& Costa Rica.

Resumen

El presente estudio evalub el estado mineral de los forrajes y bovinos
en los distritos de Pejibaye, San Isidro y Rivas del Cantdn de San lsidro
de Pérez Zeleddén de la provincia de San José. '

El pmaterial de la investigacibn consistid de 35 muestrus de sangre,
14 muestras de hfgado y 53 muestras de pasto, obtenidas de varias fincas
de la zona en estudio, la recoleccidn de las muestras se inicib en julio
ternindndose en el mes de septiembre de 1977.

Los promedios de calcio, fé6sforo y magnesio en el suero sanguines en
los animales fue de 11.44, 4.70 y 2.51 mg/100 nl de suero respectivamente,
se encontrd variacibn estadfstica (P<0.05) del calcio por distrito, wes
y edad del animal; del fésforo por distrito y edad y el magnesio por
distrito.

En cuanto a los minerales cstudiados en el higado sc obtuvieron los
promedios de 247, 284, 6 y 109 ppm para hierro, cobre, manganeso ¥ zinc
respectivamente. .

En los pactos se obtuvieron promedios de 7.42% para la proteina
cruda, 0.23% para el calcio, 0.13% para el fhsforo, 0.14% para el magnesio,
1.17% para el potasio, 231 ppo para el hierre, 4.8 ppm para el cobre, 86
pPpm para manganeso y 18 ppm pars zinc; sc encontraron diferencias sigrifice-
tivas (P<0.05) del hierro por distrito, mes, especic; del calcio por
distrito y especie; del fésforo por distrito y especice, del magnesio por
distrito y especie; de la proteina por distrito v especie; del cobre por
distrito vy espccie; del manganeso por distrito y del potasio por ecspecie.

Las principales conclusiones del presente estudio son:

1. De los minerales analizados en el suero sanguSnco, Goicamente el
f8sforo cn el distrito de Rivas era deficiente.

2. De los minerales analizados cn los pastos ut cncontrd que el fosforo
era deficiente en todos los distritos, el cobre lo fue e¢n los distritos
de Mejibave y Rivas mientras el cobre fue deficiente Gnicamente en el
distritos de Pejibaye.

3. Los anBlisis para protefna cruda en los forrajes nos indican que
apenas se logran satisfacer los requerimientos minimos en los distritos
de Rivas vy San Isidro, no asi en Pejibaye.
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Leal Villareal, Jos€ Luis, 1978. Evaluacifn del selenio y la peletizacifn en
la alimentaci8n de pavos (Meleagris gallopavo L). Thesis. Instituto Tecnolb-
gico y de Estudios Superiores de Monterrey, Mexico.

Conclusiones

1. - El selenio dado en cantidad de 0.2 ppm en raciones para pavos en iniciacibn,
tuvo una disminucién en el consumo de alimento, como una mejora en la
eficiencia de conversif. alimenticia, y no afectb el peso de los animales.

2. - En lo que se refiere al aumento total con diferentes dosis de alimento en
base & la suplementacidn de selenio a 0,0 ppm y 0.2 ppm de selenio y tipo
de alimento en forma de harina y Peletizado no hubo diferencia ya que los
cuatro tratamientos se comportaron semejantes.

3, - Con respecto a la peletizacién del alimento, &ste no mejorb los consumos
de alimento, ni los aumentos de peso de los pavipollos cuando se compard
con uia dieta harinosa,
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Martfnez L6pez, Carlos Alberto. 1978, Determinacifn del contenido mineral
en los pastos y sangre de bovinos en los cantones de Gulcimo, Siguires, y
Pococf. Tésis. Universidad de Costa Rica, Facultad de Agronomia, Escuela
Zootecnia,- San Jos&, Costa Rica,

Resumen

En Amfrica Latina el factor nutricional resulta ser el mids determinante
sobre la productividad ganadera afectando directamente la reproduccibn
animal. En Costa Rica se han reportado deficiencias v desdrdenes minerales
especialumente carencias cn fosforo y calcio en los pastos y sangre de
los bovinos en pastoreo; as{ también como niveles deficientes poco claros
de otros elementos en los pastos.

Este estudio se llevE a cabo en los cantones de Guicimo, Siquirres
y Pococ{, pertenecicentes a la provincia de Limbén, Costa Rica.

La &poca de nuestreo comprendif desde Noviembre de 1976 hasta Abril
de 1977 obteniéndose un total le B5 muestras de pastn y 125 muestras de
sangre. A las prinmeras se lcs determinf el contenido ao. calcio, fésforo,
wagnesio, potasio, hierro, cobre, manganeso, zinc ¥ proteina cruda mientras
que a las segundas se les determin{ el nivel (2 calcio, fbsforo y magnesio
presente.

Los resultados mostraron que los animales existentes en los cantones
en entudic no presentan deficiencias marcadas en calcio, {6sforo y magnesio
sangufneo con valores promedios de 12.04, 7.24, v 3.02 mg por cada cien
rililitros de suero, respectivamente.

Las muestras de pasto reportaron una clara deficiencia en su contenido
de {8sforo con un prormedio de 0.107 por ciento de la materia seca.

Por otra psrte no ne encontraron deficiencias marcadas en los otros
elementos con un 20 por ciento de deficiencia para la protefna cruda, un
41.18 por ciento para el calcio y 12,94 por ciento de muestras deficientes
en cobre. Para el magnesio, potasio, hierro, manganeso y zinc no se
obtuvo ninguna muestra deficiente ¢n los que al contenido de cualquiera
de estos ninerales en ¢) pasto se rcfiere,

De cinco muestras de hfgado analizadas se ¢ncontrb un contenido promedio
de 1987 ppm de hierro, 151.4 ppm de cobre, 4.2 ppm de manganecso y 164.2
ppm de zinc en base seca.



240

McDowell, L. R., Bernardo Bauer, Enrique Galdo, Marvin Koger, J. K. Loosli,
and J. H. Conrad. 1981. Mineral supplementation of beef cattle in the
Bolivian tropics. Article. San Rafael Ranch, Beni, Bolivia. University
of Florida, Gainesville, Florida.

Summar

A 338-day experiment was designed to determine the mineral status
of grazing beef cattle in the Beni region of Bolivia. A total of 1766 steer
and female 12-15 month old Zebu-Criollo crossbred cattle were assigned to
3 treatments: 1) control - no minerals (C); 2) common salt only (8);
and 3) salt (60%) + bone phosphate (40%Z) (S + BP). Injections of Se-vitamin
E, Cu, I and Co bullets were administered singly and in all possible conbina-
tions to 160 arimals within each major treatment. Cattle receiving S + BP
had higher (P<.001) gains of 96.4 vs 82.7 and 79.4 kg. for C and S
treatrents, respectively. There was & nonsignificant advintage for eech
trace nineral treated over nontreated groups. Males had greater (P<.(0Cl)
gains of 88.8 vs §3.5kg for females. Analyses were made of nonfertilized,
native forages, blood and liver (biopsy) samples taken during June (dry
season) and November (wet season). The majerity of soil (<5 ppm) and
forage (<.25%P) analyses indicated inadequacy in releation to  requirements.
Forage Mg (<.20%), Na (<.06%), Cu (<10 ppm) ard Zn (<30 ppm) conccntretions
were at deficient levels cduring both scusons vhile protein (<7.0%) and
I (<.00%) were low only during the dry season. Forage Sc was less than .1lppm
in 33' of the samples in Juuc. Three-fcurths of liver samples were low
in Cu, with tissuc Zn and Mg concentrations generally reflecting low
forage lecvels of these elements. On the basic of forage, liver and blood
serun analvses, ceficiencies of Ca, Fe, Co and Mn, ov toxicity of Mo,
are unlikely.
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McDowell, L. R. and J. H. Conrad. 1980. La importancia de los minerales en la
produccidn ganadera. Té&cnicas Modernas de Produccién Animal en el Trépico.
Memorias del Simposio EXPICA 80, Tegucigalpa, Honduras. pp. 35-66.

Resumen

En Latinoamfrica, desbalances minerales son la mayor limitacidn en la pro-
duccidn de ganado. Frecuentemente el ganado en pastoreo no recibe suplementacidn
mineral y depende grandemente de los forrajes para suplir sus requerimientos. En
muy raras ocasiones, sin embargo, pueden los forrajes satisfacer completamente
todos los requerimientos minerales. Niveles marginales a deficientes de ciertos
elementos fueron encontrados en muchos forrajes en las Tablas de Composicidn de
Alimentos para América Latina de 1974: Co, 43%; Cu, 47%; Mg, 35%Z; P, 73%; Na,
60%; and Zn, 75%. La deficiencia de calcio se sospecha o confirma en 11 paises
de América Latina, Mg en 14, P en 23, Na en 7, Co en 13 y Cu en 13 paises, La
deficiencia més esparcida es la de P. Diez reportes de Latinoamérica informan
que ha habid» un aumento dramidtico en el porcentaje de partos cuando el ganado
es suplementado con P. Las 3reas de deficiencias de Cu y Co tambi&n estdn muy
extendidas. Las deficiencias minerales prevalecen durante la estacidn lluviosa.

La Universidad de la Florida con la asistencia de la Agencia para el Desarro-
1llo Internacional estd cooperando con instituciones de América Latina para iniciar
y establecer una investigacidn mineral. En la actualidad, se estdn llevando a
cabo experimentos en Bolivia, Brasil, Colombia, Costa Rica, Guatemala, Ecuador,
El Salvador, Perl, Uruguay y Venezuela. La técnica de mapeo sistematico, basada
en concentraciones en los forrajes y tejidos animales, puede ser usada para pre-
decir donde pueden ocurrir deficiencias y toxicidades minerales. Datos del Brasil
indican que correlaciones positivas entre concentraciones minerales de suelo y
forrajes en Mn, Cu, Fe, Mg,Na, Mo y Zn son muy bajas o inexistentes. Los esfuerzos
para incrementar la productividad del ganado en los paises tropicales no ser&n
fructiferos a menos que el medio ambiente nutricional, incluyendo nutricidn
mineral adecuada, sea tambifn mejorado. Lla suplementacibn mineral es la inversién
de mis bajo costo en el mejoramiento de la produccidén ganadera,
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McDowell, L. R., J. H, Ccnrad and J. K. Loosli. 1980, Mineral Deficiencies and
Toxicities for Grazing Ruminants in the Tropics., Proceedings First Seminar on
Mineral Nutrition in Thailand, Bangkok, Thailand. pp. 34-68.

Summary

In tropical countries, mineral imbalances are a major limitation to ruminant
livestock production. Often grazing livestock do not receive mineral supplemen-
tation and must depend largely upon forages to supply their requirements. Only
rarely, however, can forages completely satisfy all of the mineral requirements.
Borderline or deficient levels of certain elements were noted for many forages
in the 1974 Latin American Tables of Feed Composition: Co, 43%: Cu, 477 Mg,
35%; P, 73%; Na, 60%; and Zn, 75%. The most widespread mineral deficiency for
livestock is that of P. Twelve reports from tropical countries illustrate the
dramatic increase in calving percentage when brecding cattle were supplemcnted
with P, Copper and Co deficient areas are widespread io tropical countries.
Mineral 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 ccoperating with Latin American, Asian
and African institutions to initiate and establish mineral research. A systema-
tic mapping technique, based on animal tissue and forage concentrations, can be
emploved to predic:t where mineral deficiencies or toxicities will occur. Data
from research in Brazil indicate tnat positive correlatious among soil and forage
mineral concentrations for Mg, Cu, Fe, Mn, Na, Mo and Zo uere lov or norsaxistent.
Attempts to raise livestock preductivity in tropical countries will be unsuccess-
ful unless the nutritional environment, including adecquate mineral nutvition, is
likewise elevated. Mineral supplementation is a least cost input to improvement
of livestock production.
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McDowell, L. R., J. H. Conrad and J. K, Loosli. 1980. Mineral Deficiencies
and Toxicities for Grazing Ruminants in the Tropics. Proceedings of the Inter-
national Workshop "Studies on Feeds and Feeding of Livestock and Poultry Feed
Composition, Data Documentation and Feeding Systems in the APHCA Region, Manila,
Philippines. pp. 174-187,

Summary

In tropical countries, mineral imbalances are a major limitation to rumi-
nant livestock production, Often grazing livestock do not receive mineral
supplementation and must depend largely upon forages to supply their require-
ments. Only rarely, however, can forages completely satisfy all of the mineral
requirements. Borderline or deficient levels of certain elements were noted
for many forages in the 1974 Latin American Tables of Feed Composition: Co,

43 percent; Cu, 47 percent; Mg, 35 percent; P, 73 percent; Na, 60 percent; and
Zn, 75 percent. The most widespread mineral deficiency for livestock is that
of P. Twelve reports from tropical countries illustrate the dramatic increase
in calving percentage when breeding cattle were supplemented with P. Copper
and Co deficient areas are widespread in tropical countries. Mineral deficien=
cies are often more prevalent during che wet season.

The University of Florida, with assistance of a grant from the United
States Agency for International Development, is cooperating with Latin American,
Asian and African institutions to initiate and establish mineral reszarch. A
ssytematic mapping technique, based on animal tissue and forage concentrations,
can be employed to predict where mineral deficiencies or toxicities will occur.
Data from research in Brazil indicate that positive correlations among soil and
forage mineral concentrations for Mg, Cu, Fe, Mn, Na, Mo, and Zn were low or
nonexistent. Attempts to raise livestock productivity in tropical countries
will be unsuccessful unless the nutritional 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, Lee R., Joe H., Conrad and J. K. Loosii. 1981. Deficiencia de min-
erales en ganado en pastoreo de forrajes tropicales. Memorias del Seminario
Produccidn y Utilizaci8n de Forrajes Tropicales, Colegio de Postgraduados,

Institucidn de Ensefianza e Investigacidn en Ciencias Agricolas, Chapingo,
Mexico. pp. 16-47.

Sumario

En Latinoamérica, desbalances minerales son la mayor limitacidén en la pro-
duccidn de ganado. Frecuentemente el ganado en pastorco no recibe suplementacidn
mineral y depende grandemente de los forrajes para suplir sus requerimientos.
En muy raras ocasiones, sin embargo, pueden los forrajes satisfacer completa-
mente todos los requerimientos minerales. Niveles marginales a deficientes
de ciertos elementos fueron encontrados en muchos forrajes en las Tablas de
Composicidn de Alimentos para América Latina de 1974: Co, 43%; Cu, 47X%; Mg,
35%; P, 73%; Na, 60%; and 2n, 754. Lla deficiencia de calcio se sospecha o
confirma en 1l paises de América Latina, Mg en 14, P en 23, Na en 7, Co en 13
y Cu en 13 pafses. La deficiencia mds esparcida es la de P. Diez reportes
de Latinoamdrica informan que ha habido un aumento dranmitico en el porcentaje
de partos cuando el ganado es suplementado con P. Las dreas de deficiencias
de Cu y Co también estin muy extendidas. Llas deficiencias minerales prevalecen
durante la estacidn lluviosa.

La Universidad de la Floricda con la asistencia de la Agencia pare el
Desarrollo Internacional estd cooperando con instituciones de Amé@rica Latina
para iniciar y establecer una investigacidn minercl. Ev la actualidad, se
estdn llevando a cabo experimentos en Bolivia, Brasil, (olombia, Costa Rica,
Guatemala, Ecuador, El Salvador, Per@, Uruguay v Venczuela. L.a técnica de
mapeo sistemdtico, basada en concentraciones en los forrajes y tejidos ani-
males,puede ser usada para predecir dénde pueden ocurrir deficiencias y
toxicidades mincrales. Datos del Brasil irdican que correlacicues positivas
entre concentraciones minerales de suelo vy forrajes en Jn, Cu, Fe, Mg, wa, Mo
y Zn son muy bajas o inexistentes. Los esfuerzos para incrementar la produc-
tividad del ganado en los palses tropicales no seran fructiferos a menos que
el medio ambiente nutricional, incluvendo nutricidn mineral asdecuaca, sca
también mejorado. La suplementacidn mineral es le inversitn de m3s bajo
costo en el mejoramiento dc la produccidn gpanadera.
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McDowell, L. R., J. H. Conrad and J. K. Loosli, 1981, Effect of Mineral Defi-
ciencies on Cattle Production in Asia and Pacific. Asian Livestock J.VI(2):11,
Bangkok, Thailand.

Mineral deficiencies, imbalances and excesses are severely inhibiting the
cattle production in tropical countries. At least 15 mineral elements like
calcium, chlorine, magnesium, phosphrous, potassium, sodium, sulfur, cobalt,
copper, iodine, iron, manganese, molybdenum, selenium, and zinc are nutrition-
ally essential for ruminants.

This report deals with the incidence and significance of mineral deficien-
cies and toxicities for grazing livestock in the trpoics and the methods most
appropriate for meeting these requirements.
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McDowell, L. R., M. Kiatoko, J. E. Bertrand, H. L. Chapman, F. M. Pate,

F. G. Martin, and J. H. Conrad. 1981. Evaluating the nutritional status
of beef cattle herds from four soil regions of Florida. Article. American
Society of Animal Science, Journal of Animal Science. Department of

Animal Science University of Florida, Gainesville, Florida.

Summar

An experiment was conducted to determine the trace mineral status of
grazing cattle from four selected soil type regions in Florida. Animal tissu
forage and soil samples were collected during the wet (September-gctober)
and dry (February-March) seasons from nine ranches located in four different
regions. On the basis of reported critical forage levels, mean forage Co
(<.l ppm), Zn (<30ppm) and Se (<.lppm) and liver and hair Se (<.25ppm),
were low during both scasons. Soil Se (<.50ppm) and extractable soil Zn
(<1.5ppm) were low in all regions except the southeast. Mean forage Se
was lcow in all regions. Of all animals studied in the wet season, 36 and
32% h.d low liver Cu (<75ppm) and Se (<.25ppm) concentritions, respectively,
In the dry season, 20 and 39X of the animals had low liver Cu and Se
concentrations, respectively, Hair Se was low (<.25ppm) in 90% of the
samples during the wet season and 100% during the dry season. During the
wet seacon, forage Zn, Mn, Co and Se were low in 89, 26, 63 and 84% of
the samples, respectively, while extractable (double acid) Zn, l!in, Co
and total Sc were levw in 57, 79, 63 and 1007 of the soils, respectively.

In the dry scason, 80, 20, 40 and 80X of forages were low in Zn, Mn, Co and
Se respectively. Of the seven trace mincrals studied, Se and Zn arc most
likely to be deficienz, with Co and Cu insufficiency probable in selected
areas,
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McDowell, L. R., M, Kiatoko, C. E. Lang, H. A, Fonseca, E. Vargas, J. K. Loosli
and J. H. Conrad. 1980. Latin American Mineral Research - Costa Rica. IV
World Conference on Animal Production, Buenos Aires, Argentina. pp. 39-47.

Summary

Three experiments were conducted to determine the mineral status of graz-
ing cattle in the 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/100 ml) and Mg
(<1.8 mg/100 ml) were borderline to deficient on 1, 3, 12 and 5 farms, respec-
tively. 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 supplements.

Of the dairy animals from San Carlos, plasma Ca levels were in the norual range

in all samples while 98 and 31% of the plasma samples were borderline to defi-
cient in P (<4,5 mg/100 ml) and Mg (<1.8 mg/100 ml), respectively. Low forage

Ca and P and high oxalate levels in Setaria sphacelata pastures may be responsible
for the high incidence of a milk feverlike condition in dairy cattle. The results
from three experiments indicate that mineral 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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Mejfa Ayala, Jr., Carlos. 1977. Determinacidn de deficiencias y toxicidades
de minerales de bovinos en pastoreo en el Municipio de Cerralvo, Nuevo Lefn
(Invierno 1976-1977). 1. Determinacidn de niveles, Thesis. Instituto Tec-
noldgico y de Estudios Superiores de Monterrey, Mexico.

Resumen

El presente trabajo se llevs a efecto en el Muni:ipio de Cerralvo, Nuevo
Ledn, durante la Estacitn de Invierno 1976-77 y cons 0 de un muestreo de
suelo, zacates, arbustos y suero sanguineo de bovino vn diez ranchos represen-
tativos al &rea a muestrear, con el objeto de determinar ‘os niveles, deficien-
cius y toxicidades en el ganado en pastoreo.

En el suelo se determinaron el pH y cationes extractables en el agua por
colorimetrfa usando el método Olsen; en los zacates, arbustos y suero sanguineo
se determinaron los minerales Calcio, Magnesio, Potasio, Sodio, Cobre, Fierro,
Manganeso y Zinc por el M&todo de Absorcidn Atémica en el Espectofotlmetro del
CIANE y el Fdsforo en el suero sanguineo se determind por colorimetria usando
el M8todo de Fiske y Subarrow.

Se encontrd un nivel alto en el suerc en Ca concordaundo con los altos
valores hallados para arbustos y zacates. Estos valores se pudieron deber a
una posible contaninacidn por este elcmento durante su procesamiento aunado
a otras posibles causas. El 90% de los animales tuvierom valores dc P cltos
que con los valores elevados de Ca dieror una rclacidn Ca:P normal (15)., 11
45% de los pastos y el 90X de los arbustous tuvicron niveles normales, pero
solo ¢l 20% de los suelos tuvieron un nivel satisfactorio de Iésforo inorginico
debido Esto quiris a lus caracteristicas propias de los suelos de csta repildn.

Los niveles cncontrados en suero, arbustos y zacates para Potasio v !Magnesio
son normales al compararlos con el nivel Standord. Sc obtuvieron vclores nor-
males de Sodio y Fiervo en los animales, no obstunte que para el primero tolo
el 10X de loc arbustos v 35% de los zacates tuvieron niveles normales, atri-
buyendo €sto a la suplcmentacifn de la sal comln dada por los ganaderos de la
Regibn.

El 90% de los animales tuvieron niveles defjcientes de Cobre y Manganeso,
aGn cuando lo tenfan en su dieta. Esto se dcbe quiziis a las interacciones y
relacioncs con otros minerales (Molibdeno, Colialto, Cadmio), cuyos niveles no
se determinaron. En cuanto al zinc, los altos vslores halludos en el suero
bovino pudieron estar dados por les altes valores del mismo cn arbustos ¥
zacates, asf como por ls deficiencia hallada en Cobre y los valores nltos de
Calcio,

Se halls as§ mismo, que los suclos para estas Zonas son calcircos con pH
pronedio de 7.8 y bajos en Fésforo.,

Asf mismo £e llegaron a las siguientes conclusiones: (1) Los anhlisiy de
forrajes reportan cifras altas en Ca, Fe, ¥ Zn; adecuadas en P, Mg, Ky Cuy
cifras bajas en Na. (2) Los ankliuis sfricos dun cifras altas en Ca, Mg y Zn;
cifras adecuadas en P, Na, K y Fe, asf como cifras bajaa en Mn y Cu. (3) Para
los anklisis de suelos dan valores altos en Ca (suclos ralclireon), v bajon en
P o sea suelos de pocs materia orglnica.
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Miles, Wayne. 1980. Article submitted to the Carta Ganadera of the Banco
Ganadero, Colombia.

Resumen

Un factor tecnolBgico de mayor importancia para mejorar la oroduccibn
ganadera en los trdpicos bajos y himedos es el uso de un suplemento mineral
completo vy a libre consumo. Muchos de los ganaderos ya han oido esta afirmacidn
pero muchos no la practican por varias razones. Algunos ni dan la sal
y otros mezclan un suplemento mwineral escasamente adecuado con un exceso
de sal adicional o la suministran de vez en cuando. El resultado es una
baja produccidn.

Una gran variedad de razones son esgimidas por las personas que no usan
los cineral en suplementacidn animal. Posiblemente el alto costo es
el icpedimento de mayor irportancia. El costo de sal mineralizado
en la Caja Agraria en Puerto Lépez, Meta, hace poco era $695.00 y
§795.00 por bulto de 50 Kg. para tipo ceba y cria respectivamente. Una
vaca consume alrededor de 20 Kg. por afio a un costo de $278.00 a $318.00
En Areas aisladas como el Vichada, por concepto de transporte se aumenta
en aprox:madarente $30.00 el suministro por vaca afo.
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Miles, Wayne H, 1981, Mineral supplementation can mean life or death in the
humid tropics. Article. Rangelands. Society for Range Management. Bogotd,
Colombia.

Summar

The 300 million hectares (750 million acres) of savanna rangelands
and 550 million hectares (1,375 million acres) of forest of the low humid
tropics of South America constitute an area having possibly the greatest
potential for expansion of beef production in any similar area of the
world. In general, current cattle production is at a low technological
level with overall low production. It is said that South America has
twice the cattle numbers of the United States and half the beef production.
Since production levels in the tropics are well below the overall average,
the production per cow is even less than a fourth of US averages in the low
wet American tropics.

While disease and tropical climate are factors in lower production,
low level of nutrition is considered to be the major problem. In recent years
a great decal of progress is being made through research and rancher experience
in the use of improved pastures based on Brachiaria decumbens, Hyparrhenia
rufa, Panicum maximum and other grasses.

The lnternationa! Center for Trupical Agriculture (CIAT), Cali, Colombia,
is on the verge of a major breakthrough that will provide persistent
perennial tropical furape legumes to use in combination with grasses. The
four most promising legumes include two natives, Stylothanses capitata and
Zornia latifolia, and two introductions, Desmodium ovalifolium and Prucraria
phaseoloides (tropical kudzu). Low levels of protein now reduce cattle gains
and these legumes promise to raise protein levels in forage. Daily cattle
gains on experimental prass lepume pastures are over 500 grams per day and
compare favorably with those n{ the temperate zone, Averapge rates of gain

on native range arc nov about 250 grams per day.

An arvea of uutiition rescarch which is receiving mieimal attention
{in the trupics, at the noment, is mineral nutrition, Vhile the US Agency
for Inteinational Development (AID) has 1ecognized thin ws a major problem
and is financing a program with the University of Florida at Cninesville
to promote mincral putrition vesearch in Latin America, therc seems to be
very little curreat wovk in this field in Colombia where the author ranches,

While Colombia ranchers say that they favor the use of mineralized
salt, moct cither provide mincrauls only occasaionally or dilute the mineral
mix with excesaive amounts of salt. Many provide no supplement. Once
reason in high cost. Cost per cow 11 about US$8.00 per year for the 20kg
(44 1b) needed. Another deterrent, according to persownal experience, is that
commercial mixtures do not adcquately supply one or morc of the minor eleuent
esncntinl to top production including reduction of death lonnes.

To underntand the {mportance of mineral nutrition to tropical beef
production one must understand that the oxisols of the navanna gpranslands
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and ultisols of the tropical forests, which are the most common soils of

the low humid tropics, are among the most severely leached, acid, infertile
soils that occur. Acid, infertile soils produce forages deficient in a
number of minerals that are essential to adequate nutrition for cattle.

In the area where the author ranches, phosphorus, calcium, sodium. copper,
cobalt, zinc, selenium iodine, and sulphur are either known deficient or are
suspect,

Unfortunately, little forage analysis or liver analysis work has been done
in the American tropics. More specific information is needed to develop
mineral supplements to fit particular areas. Most mixtures have been
designed with little or no research to show which mineral deficiencies
important for cattle nutrition occur in the area.

The Colombian Animal Production Association, composed of graduates
and advanced students of veterinary and animal science plus leading cattlemen,
sponsored, in September, 1979, a symposium in Bogot3 on mineral nutrition,
Dr. Lee R. McDowell, a leader of the US-AID mineral nutrition p.oject at
the Universitv of Florida, was invited the be a principal speaker. Hopefully
this indicates an awakening interest in the field.

An important mineral nutrition project was carried out at the
Carimagua Research Station in the Colombian "Llanos" in 1975-76 by Soekanto
Lebdosoekojo and published as a doctoral dissertation at the University of
Florida in 1977, Analysis of native forage as published in this report
showed that calcium phosphorus, sodium, zinc, and copper are deficient and
that cobalt that is barely adequate as a yearlong average is deficient in
the rainy season. The word "deficient" is used to indicate that level of
each of these minerals is below the requirements indicated in Nutrient
Requirements of Beef Cattle (1976) and Nutrient Requirements of Dairy Cattle
(1978) published by the US National Academy of Sciences.

The Lebdosoekojo analysis did not cover selenium, iodine, or sulphur,
which are also suspect as oeing deficient. 'Llanos" rangelands are usually
burned each year and are maintained as grasslands by these recurring fires.
Since selenium and sulphur are volatilized by fire and the soils have been
subject both the long-term leaching and fire, either or both may be deficient,
On our own ranch, thanks to the cooperation of Dr. McDowell of the University
of Florida, we have had one detailed forage analysis. This 6howed selenium to
be borderline with 0.1 parts per million (ppm). Prior to add:nj selenium to
our own mixture, we gave several thin auimals a Vitamin E-selenium injection,
The animals treated appeared to improve.

1 am not aware of any goiter among our cattle but feel that the inclusion
of iodine is justified pending more defi itive research, since our s0ils are so
geverely leached. Sulphur was not added to our mix due to the rather large
dietary requirement. We have forage analysis pending with the University of
Florida for sulphur and may add this mineral if the analysis indicates low
levels.

To complete the mineral availability status of range forages as shown by the
Lebdosoekojo research, potassium was barely adequate (.87% vi, 80% recormended),
iron was excessive (563 ppm vs. 50 ppm recommended), molybdenum was very
adequate at .54 ppm but not in the excessive range indicated in the literature
as adversely affecting copper nutrition.
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It is important to note that even with 'best” technology, 10X of the
calves at the Carimsgua Station die before veaning. This is excessive.
The Carimagua mineral supplement has not been modified as a result of the
Lebdosoekojo research and adds less than 2 ppam of copper and 3.5 ppm of
zinc to the diet of range cattle. When these amounts are combined with
levels in the forage 3s analysed by Lebdosoekojo, cietary levels reach
only about 37 to 382 of recommended dietary levels (N.A.C.). The
author would be interested to see a research trial to determine whether
the addition of more copper and zinc plus selenium and sulphur to the
Carimagua supplerent might improve hezalth anc reducce preweaning death
losses. On our own ranch, the addition of cobalz, copper, zinc, selenium
and iodine to the supplement has brought an unhealthy herd back to health.

An idea of the prospects for increasing cattle production in the low,
wet tropics is indicated by an analysis of current production compared to
potential production in the Colombian Llanos principally by better nutrition
The Llanos has an area of about 18 million hectares (45 million acres).
Currently this area contains about J million head of cattle. Extraction
rate is about 10% so about 300,000 head are rarkezed each year. With
better pastures plus better mineral nutrition, cartle numbers could reach
18 million head and the extraction rate could double to around 20%
to provide about 3,6000,000 head for sale each year.

The Llanos rakes up only about 6% of the savanna graselands, and only
2% cf the tropical forest lands are also included, of the low, wet Anerican
tropics.

Annual burning of “llanos" range is coxaon in Colombia. This is an
old practice, in fact, it occurred naturally btefore cattle vere introduced
in the area. Purpose of burning is to rezcve unpalatadble grass and to
encourage rore palatable regrovih. Cattle eat ash after a burn and this
along vith bone cheving are cormon symptors of mirneral deficiencies,

Better nineral nutrition is an area of techncliory that can be applied
guickly and for relatively low costs. It appears to the author to be
icperative that pore research effort be directec to this {mportant field.
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Miles, Wayne H. and Lee R. McDowell. 1961, Mineral deficienies in llanos rangelands
of Colombia. Article. World Animal Review (In press). Bogotk, Colombia.

Summary

Best available data indicate that mineral supplementation for cattle
grazing the Colocbian Llanos almost doubles kilos of weaned calf weight per
cow for breeding herds aa compared to herds receiving salt only. Mineral
supplement sales figures indicate that 50X to 80X of Llanos cattle do not
ruceive mineral supplementation., The emerging picture based on recently
available forage analysis data from three widely separated sites is thai
calcium, phosphorus, sodium, zinc, copper, cobalt, sulfur and seleniunm
are usually below recommended levels for proper nutrition of cattle.
Magnesium and potassium tend to be borderline to adcquate. Iron and manganese
levels are high to excessive, Currently available mineral supplements
provide calcium, phosphorus, sodium, cobalt and iodine but do not appear
to be adequate in levels of copper, sulfur and zinc. None provide selenium.
High levels of fractures and abortions plus several unusual animal health
problems combined vith high death losses all point to the need to improve
mineral nutrition for the Llanos cattle through widesprcad use of more
adecuate mineral supplements. Important veaknesses in the technological
base for botter mineral nutrition of llanos cattle are listed and a challenge
made for research to improve knowledge foz improved mineral nutrition
of cattle for the low humid tropics.
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Mohammed, Reeza. 1979. The status of certain trace minerals in cattle in
Trinidad, Thesis. Department of Livestock Science, The University of
the West Indies, St. Augustine, Trinidad, West Indies.

Summary and Conclusions

Research was conducted to obtain information on the status of certain
trace minerals in various tissues of cattle, in Trinidad.

Liver zinc levels for both North and South cattle were normal. However,
in the case of liver copper, 82.86 percent of the animals originating in the
North and 93.37 percent of those in the South were deficient, with the
rest of the animals showing a borderline deficiency. Liver manganese
levels were also borderline to deficient in all the cattle studied. Of
the North cattle, 42.86 percent showed deficient liver manganese levels
whilst 28.95 percent of the South cattle were deficient. With respuct
to liver molybdenum levels, only 20.5 percent of the cattle originating
from the South were molybdenum deficient, whilst the remaining cattle
from both North and South had normal levels. Liver cobalt levels showed
overall normalcy except for a deficiency in 2.86 percent of North cattle.

Serum zinc levels observed were normal for both North and South cattle.
Serum copper levels for North cattle showed 91.43 percent to be deficient and
the remainder to be borderline cases. All the cattle originating in the
South had deficient serum copper levels. In the case of serum manganese
levels it was difficult to arrive at a conclusion of the status of this
mineral since serum manganese is of little diagnostic value of the status
of this mineral. Also, the level of manganese in the serum is not normally
a reflection of liver manganese levels. Of the cattle originating from
North Trinidad 34.28 percent had serum molybdenum levels below 0.04 ug/120
ml, whilst only 2.64 percent of the South cattle had similarly low levels.
There are no reports in the literature seen of molybdenum deficiency
in cattle. Serum molvbdenum levels, like manganese, do not reflect
liver molybdenum status of the cattle studied from serum molybdenum levels.

It would appear that a deficiency of copper in the cattle studied
may have had an adverse effect on carcass weight. The same cannot be
said for manganese and molybdenum since it is not known whether these two
minerals play any role in the live weight gains in cattle.

From the findings of this research, it is imperative to sugrest that an
in-depth study is needed, involving the analysis of soils, forages and
animal tissues for both the trace and macro-minerals important in the nutrition
of cattle. Mineral levels may then be c..related with both physiological
and production parameters such as live weight gain, milk production,
reproduction, fertility and general health of cattle, in an effort to
improve the level of production of both dairy and beef cattle in Trinidad.
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Montero Gamboa, Santiago. 1979, Evaluacibn del contenido mineral en los
pastos y en los tejidos del ganado bovino en la provincia de San Jos& en el
Cant8n de Pérez ZeledSn y en la Provincia de Puntarenas en los Cantones

de Buenos Aires y Osa. TEsis. Universidad de Costa Rica, Facultad de
Agronomfa, Escuela Zootecnia, San Jos&, Costa Rica.

Resumen

El presente trabajo de investigacifn consistif en la evaluacibn de
la situacifn mineral en que se encuentran los distritos de Pejibaye, San
Isidro y Rivas pertenecientes al cantSn de Pérez Zeledbn, provincia de San
Jos€ y para la provincia de Puntarenas los distritos de Volcln y Potrero
Grande pertenecientes al cantfn de Buenos Aires y el distrito de Palmar
perteneciente al cantbn de Osa.

Se analizaron muestras de sangre, de higado y de pastos de la zona.
En el suero sanguineo se determinaron los minerales calcio, f5sforo, vy
magnesio; en el tejido hepitico hierro, cobre, manganeso y zinc; y en
los pastos, calcio, f&sforo, magnesio, potasio, hierro, cobre, manganeso, y
zinc. Ademds, se determind la proteina cruda en los pastos.

El nivel promedio de calcio en el suero sanguineo de los animales
de la zona fue de 9.23 mg/100 ml de suero, Se presentd variacidn (P<0.05)
entre los distritos. Tambien se encontrd variacibn estadfstica en el nivel
de f8sforo en el suero para los distritos cuyo promedio fue de 5.88 mg/100
ml de suero presentfindose diferencia significativa (P<0.05) entre los
distritos.

En el tejido hepatico se obtuvieron los siguientes promedios: 292,
140,5, 6.5 y 180 ppm. respectivamente. Presenténdose variacibn estadistica
entre los distritos Gnicamente para el manganeso.

Para los pastos sc obtuvo un promedio de 0.289 para el calcio
y 0.1512% para el f6sforo. Para los minerales magnesio y potasio, se obtuvo
un promedio de 0.121 y 0.82% respectivamente. En 1o referente al hierro,
cobre, manganeso y zinc se presentaron proumcdios de 370, 5, 140.9 y 50 ppm
respectivamente, Se present§ variacibn estadfstica entre distritos para los
elementon f6sforo, potasio y magnesio.

La protefna no present8 diferencias significativas para los distritos
y su promedio fue de 6,85X,
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Abstract of Dissertation Presented to the Graduate Council
of the University of Florida in Partial Fulfillment of the
Requirements for the Degree of Doctor of Philosophy

IDENTIFICATION OF MINERAL DEFICIENCIES IN
SOIL, PLANT AND ANIMAL TISSUES AS
CONSTRAINTS TO CATTLE PROCUCTION
IN MALAWI

By
Joshua Peter Mtimuni
December 1982

Chairman: Dr. J. H. Conrad
Major Department: Animal Science

An experiment was conducted in Malawi, Central Africa, in the dry
and in the rainy season to determine the areas of mineral deficiencies
or toxicities as a basis for formulating minerel supplements. Animal
tissue samples were collected from abattoirs; whereas forage and sofl
samples were collected from pastures grazec by cattle the last six
months prior to slaughter. Minerals vwere analyzed in samples of soil,
forage and animal tissues (blood, liver, bore).

The minerals found to be most likely ceficient in soil in both
seasons are zinc, cobalt, phosphorus, iron, copper, potassium and
manganese. Aluminum and fron in tk. soil} wer2 lower (P < .05) in the
rainy season than in the dry season.

In both seasont, minerals most likely to be deficient in forage
are sodium, selenfum, zinc, calcium, ragnesiva, phosphorus and copper,

Concentrations of most minerals in forage were higher (P < ,05) in the
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rainy than in the dry season, but calcium and magnesium concentrations
were lower (P < .05).

In all animal tissues except for liver molybdenum, concentrations
of minerals were lower (P < .05) in the rainy than in the dry season.
Percent deficiencies for most minerals were significantly higher in
the rainy than in the dry season except for serum copper and liver co-
balt. Serum phcsphorus was found unsuitable for assessing the phospho-
rus status of grazing cattle.

Liver and serum copper indicated severe deficiencies. Bone para-
meters indicated severe calcium and phosphorus deficiencies. Serum mag-
nesium and liver cobalt were not deficient. Manganese, iron and zinc
are likely to be deficient in the rainy season. Minerals most likely
to be deficient in animals are cepper, phosphorus, calcium, manganese
and zinc. Sodium, selenium and potassium are “ikely to be deficient in
animals because forages arec deficient in these minerals. ‘

Few correlation coefficients in soil, forage znd animal tissues

were greater or equal to * .5 at the probebility level of .05,
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Nogueda Otero, Roberto. 1976. Deficiencias y toxicidades de minerales de bo-
vinos. China, N. L. (Invierno-Primavera). 1. Determinacidén de niveles. Thesis.
Instituto Tecnoldgico y de Estudios Superiores de Monterrey, Mexico.

Conclusiones
En base a los resultados obtenidos se concluye lo siguiente:
1. Llos andlisis hechos al forraje reportaron cifras de calcio, potasio,

magnesio, hierro, manganeso, cobre y zinc adecuadas a los requrrimientos de
los bovinos,

2. Los forrajes resultaron bajos e inadecuados en distintas proporciones
en sodio y fésforo a los requerimientos de los bovinos.

3. Se encentraron niveles séricos normales de magnesio y bajos en f&sforo.
4. Existid diferencia altamente significativa (P < 0.01) entre Estaciones
para calcio, fdsforo y magnesio, excepto para cobre, potasio, manganeso y zinc

s€ricos.

5. El nGmero de animales para determinar calcio, fésforo y magnesio s&ri-
co, fue 100 (P < 0,001).
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Obeso Santos, Hugo. 1977. Determinacién de deficiencias y toxicidades minerales
de ganado bovino en pastoreo en el municipio de Ciénegas de Flores, Nuevo Lebn.

I. - Determinaci8n de niveles. Thesis. Instituto Tecnolfgico y de Fstudios
Superiores de Monterrey, Mexico.

Resumen

El presente trabajo se llevd a cabo, en el municipio de Ci€negas de Flores,
N. L. En los meses de junio a agosto de 1976, consistib en un muestreo y anflisis
de forraje (zacates y arbustos), tejidos animales (sangre) y suelo.

Se muestrearon 7 ranchos (en uno de los cuales se hemolisaron la totalidad
de las muestras de sangre), sin suplementaciSn mineral al ganado (con excepcidn
de sal comin).

Las t8cnicas utilizadas en la coleccibn y procesamiento de las muestras,
fueron las sugeridas por Fick y otros investigadores. Los analisis se hicieron
por Espectofotometrfa de Absorcidn Atdmica y por Colorimetria en los laboratorios
de suelos del CIANE y de ZOOTECNIA de ITESM, respectivameate.

En el suelo se determind el pH y los elementos Cu, Fe, Zn, Mn, Ca, ¥g, Na
y K, lo mismo que en forraje y suero sangufneo, excluyendo en este (ltice el
fésforo.

La determinacidn de F6sforo en sucvo sanguinco se cfectub en Colorimetrfa,
basfndose en la técnice de Fiske y Subarrow. El resto ¢e los elementor st ana-
lizaron por Espectrofotometria de Absorcidn AtOmica.

La interpretacifn de resultados se hize mediante Anlilisis de Variaonze con
distribucifén completamentc al azar para la comparacifn de niveles de minerales
entre ranchos y pureba de "t" simple para la comparucifn dc niveles de ivinerales
de animales j6venes contra adultoe. Tacbién se compararo. las medias gentrales
encontradas para cada uineral con loe esténdares tebrlcos.

El 50% de los zacates y ¢l 100% de loc arbustos indicuron niveles acriba de
los requerimientos paru bovines, mientras que los niveles s&ricos de calcio fueron
un tanto bajos comparados con los niveles norwmales (8~12 wyX). Lsto pudo deberse
a que un 35% de los zacates resultaron pobres en calcio, los cunles son preferi-
dos en la &poce de verano. Esta suposicifn en légica pucsto que en todor los
ranchos muestreados, se encontraron resultados altos y bajos en la proporeibn
Ca:P variando desde 0.21:1 hasts 9.5:1. Para adultos, y de 0.25:1 hasta 4.03:1
para animales j6venes. Se encontrS diferencia altamente significativa (P < 0.01)
entre ranchos para estc elemento, al compararse las medins utilizando la prueba
"¢"  1os datos resultaron iguales para los ranchos Ay D, las restantcs fueron
diferentes. Se «¢ncontr8 diferencia significativa (P < 0.05) en cl nivel de caleic
en animales jSvenes contra adultos, siendo mayores los segundos lo cual no con-
cuerda con la literatura.

La prueba de F del anflisis de variancia, revela que la media dc los niveles
de F8sforo de los ranchos D, G, A y B son iguales mientrau que la media de los
vranchos C y F son diferentes al efectuarse l1a comparacibfn cntre ranchos. Se
encontr§ significancia (P « 0.05) al comparar los niveles de F6sforo de animales
j6venes contra adultos, siendo de 6.42 mgX para los primaros y 5.39 mpX para los
Gltimos respertivamente; esto fuf corroborado por la literatura que clta niveles
séricos de 4~6 mgl para sanimales adultos y de 6-8 mgY para animalas jGvenes.
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La relacisn Ca:P para animales jSvenes fu€ de 1.02:]1 mientras que para ani-
males adultos fu€ de 1.65:1. SeglGn la NRC (National Research Council) (40)
recomienda para animales jSvenes una proporcibn de 1.4 partes de calcio por una
parte de f8sforo, mientras que para animales adultos recomienda l:1 partes de
calcio por 1 de f8sforo, per en un trabajo realizado por Barreck y Ordeza citados
por Cohen (9) no encontraron diferencias significativas en las tasas de creci-
miento de los becerros en proporciones de Ca:P de 1:1 y de 7:1, per sI afectaban
las proporciones abajo de 1:1 y 14.3:1 presentfindose transtornos fislolbgicos y
retrasos del crecimiento.

Los niveles de magnesio en suero se observaron desde normales hasta altos
en todas las muestras tomadas debido a que €l 1002 de las muestras de forraje
se encontraron por arriba del est&ndar normal, corroborando esto con la litera-
tura que dice que es diffcil que se presente una deficiencia de este mineral
puesto que no hay hasta forraje que no contenga el 0.17 requerido por el animal
(19). No se encontrS diferencia significativa al comparar los niveles de ani-
males jSvenes contra adultos. Para la comparacifn entre ranchos se encontrd
que las wmedias de los ranchos A, B, D fueron iguales y el resto diferentes.

El 86.2% de animales j6venes presentaron niveles normales y altos de
Potasio sérico comparado con el normal (18-20 mgX) (59), mientras que los
adultos estuvieron arriba y normales comparados con el estSndar teSrico;
esto probablemente se debe a que el 100X de los zacates y el 83.37 de arbustos
contenfan niveles mayores de 0.8% sefialado como normal por McDowell (35). Hubo
diferencia altamente significativa (P < 0.01) al comparar animales j&venes con-
tra adultos siendo la media para los primeros de 21.33 mgX y para los Gltimos
de 18.85 mgX.

Los niveles de Sodio sfrico fueron normales comparados con el estindar
teSrico citado por Fick y otros (22) que va desde 156 a 300 ppm. No se en-
contrd diferencia al comparar los niveles de sodio de animales j6venes contra
adultos.

Los niveles de Hierro, Cobre, Manganeso y Zinc fueron normales para los
dos primeros mientras que 1los restantes resultaron altos comparados con los
estindares tebSricos respectivos, debido a que el forraje presentd niveles
adecuados y altos, respectivamente.

Las principales conclusiones de este trabajo fueron las siguientea:

Los an8lisis de suero indicaron niveles adecuados en Fe, Cu y Na; excesos
en X, Zn, Mn y Mg, m'cntras que el Ca y P son deficientes principalwente en
animales jGvenes.

Hay diferencia altamente significativa entre ranchos para los minerales
Cs, Mg, K y no hubo variacibn para el con’ nido de P del plasma sanguineo.

Los anfilisis de los zacates reportan cifras en Cu, Fe, Zn, Mg y deficiencias
en Ca; mientras que los arbustos se observaron deficientes en Zn y altos en Cu,
Fe, Mn, Ca, Mg y K.
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Ortega del Angel, José Luis. 1979, Niveles de minerales en suelo, forraje y
suero sanguineo y suplementacibn fSsforica a becerros en pastoreo de zacate
Estrella africana (Cynodon plectostachyus Pilger) en regibn subtropical.

Thesis.

Instituto Tecnolbgico y de Estudios Superiores de Monterrey, Mexico.

Conclusiones

Bajo las condiciones en que se llevb a cabo este experimento se puede con-
cluir lo siguiente:

1.

En el invierno se encontraron niveles de fésforo al margen de la de-
ficiencia en el suero sanguineo de los animales, en la regibn donde
se encuentra ubicado el Centro Subtropical de Investigaciones Pecua-
rias.

Los becerros respondieron positivamente a la suplementacibn con fos-
foro, en los porcentajes de 6.98%, 8.72% y 10.45% de fosforo en la
mezlca mineral con sal comln, sin que hubicse diferencic entre los
incrementos de peso de los animales que recibierun los 3 diferentes
porcentajes de fSsforo. Lste comportamiento fu€ el obtenido en los
84 dfas de experimentacibn,

En los dos primeros perfodos experimentales no hubo respuestu a la
suplementacibn fosforada, percenel tercer rerfodo sf la hubo, resul-
tando con mejores aumentos de pesc los suplementados con 10,484 y
6.68% de f6sforo, en tanto que el de 8.72% y el de 0X dc f&sforo en
la mezcla mineral se comportaron iguales eutre sf, dando menores
aumentos de peso.

Loe niveles finales de fésforo en el suero sanguiuveo de los becerros
eszuvieron dentrc del rango normal en todos los tratamientos.

La rclacién Ca:P al final del experimento fuf mAu estrecha cn ¢l suero
sanguineo de log becerros suplementados con féaforo, en comparacibn
con los que no lo consumieron cn el suplemento.

Los consumos de las mezclas que contenfan f&rfore resultaron supcriores
a los consunos de la sal comGn sola.

Ls suplezent :ibn mineral de {Ssforc fué cconbzticmoente redituable y
suparior & la suplementacibn de sal comGn,
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Abstract of Thesis Prezzr::. 1o the Graduate Council
of the- University.of Fic-"z: : ‘zrtial Fulfillment of the
Requirements for tr: l::-=t of Master of Science

BIOLOGICAL AVAILABILITY OF FHOSPHORUS FROM BASIC STEEL SLAG
By
Esvdn A. Paz
May 1582

Chairman: Lee McDowell
Major Department: Animal Science

Basic steel slag (BSS) is 2 byproduct of the cteel industry with
a complex and variable chemical composition including ¢ considerable
amount of phosphorus (P). The byproduct has been successfully tested
as a soil amendment, but it has not been evaluated as a phosphate source
for livestock. Two experiments were conducted to measure the biocavail-
ability of phosphorus in BSS and to study the effect of this byproduct
upon animal performance.

The first experiment deals with a mineral bzlance using sfxte?n
Florida native crossbred wether lambs. A basal diet containing .048% P
and .45% calcium (Ca) was fed at a rate of 800 g (as fed basis)/animal/
day for 25 days to deplete body P stores in sixteen lambs. The lambs
were then randomly assigned to two P-supplemented diets: one with BSS-
phosphate and the other with monosodium phosphate (1sep), to .21% total P.
The repletion period lasted 15 days. During the last seven days of b&th

basa) and supplemental periods, samples of feed, orts, feces and urine
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were collected for analysis, and for computing a P, Ca, and magnesium
(Mg) balance. Feed intake, body weight, hemoglobin and hematocrit
values were also measured. The data indicate that BSS-phosphate is
almost as well utilized as that in MSP. Assuming 100% value for each
balance variable for MSP, the biological availability of BSS-phosphate
would be 77.8%, 83.8%, 86.7%, and 90;3%, respectively, for apparent
absorption, retention, and absorption and retention of supplemental
phosphorus. Compared to the basal period, BSS-supplemented lambs
tended to decrease their feed consumption and serum Hg Tevels. Three
of the lambs supplemented with BSS developed moderate diarrhea during
the supplemental period.

A second experiment was conducted with day-old chicks fed for
three weeks. Body weight, tibia ash, feed intake, and liver iron levels
were used as the main criteria to compare three levels of BSS-phosphate
supplementation (.07%, .14%, and .21% P) and the Fe content in BSS
versus the same 1eveﬁs of P supplied as monosodium phosphate, and three
levels of iron sulfate supplementation. BSS supplementation resulted
in significant reduction in feed intzke and body weight accompanied by
a relatively high mortality. In most cases, tibia ash of chicks
receiving BSS tell below that of birds receiving MSP. Ircn supplementa-
tfon increased liver Fe and mortality of chicks as cumpared to the MSP-
supplemented birds receiving “normal” levels of dietary Fe. Basic--

steel-slag-supplemented chicks did not differ from the MSP-treated

e R Do)

Chairman

birds in liver iron content.
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Abstract of Thesis Presented to the Graduate Council
of the University of Florida in Partial Fulfillment of the
Requirements for thc Degree of Master of Science

MINERAL STATUS OF GRAZING BEEF CATTLE IN THE TROPICS OF BOLIVIA
By
ARMANDO PEDUCASSE C.
May 1982

Chairman: Lee R. McDowell
Major Department: Animal Science

An experiment was conducted in Bolivia to determine the mineral
status of 3 beef cattle ranches located at San Ignacio de Velasco,
region I (60°58'W; 16°23'S) and 8 at San Borja, region II (66°50'W;
14°50'S). The sampling period corresponded to the dry season (Ocrober)
in 1979 and 1980 for the cited regions, respectively. Experimental
grazing animals were Zebu-Criollo, with varying degrees of crossbreeding
3 to 5 years old. Five to 9 soil and forage, 10 serum samples and 10
liver biopsies were collected from region I while 12 soil and forage
and 9 to 13 bone (3rd to 4th caudal vertebrae) and liver samples from
slaughterhouses were obtained from region II.

Mean soil extractable minerals (mg/kg, dry basis) from both regions
vere: Ca, 190.2, 430.0; Mg, 34.2, 157.5; p, 1.2, 1.0; Ns, 15.5, 157.7;
K, 90, 38.7; Cu, .3, .5; Fe, 24, 25; Zn, 1.3, .6; and Mn, 6.8, 14.7, re-
spectively. Percentage of borderline to deficient mineral levels were

Ca (<71) 4.5, 7; Mg («9.1) 0, 7; P (<150) 100, 100; X (<60) 90, 100; Cu
(<2) 100, 100; Fe (<30) 54, 74; Zn (<8) 100, 100; Mg (<10) 7, 26 of cthe

total sacples, respectively.
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Portillo Arteaga, Carlos G. 1977. Evaluszifn zel c¢stado nutritivo mineral

en pastos y bovinos para la epoca sec: er _:if ii-writos de Tilaran Centro,
Upala Centro y Bijagua, Costa Rica. T&:.. ‘oov v..cad de Costa Rica,
Facultad de Agronomia, Escuela Zootent.:... [ .: JcsE, Costa Rica.
Resuo ot
La presente investigacibn fue r-.._.:.z con el fin de determinar el
estado nutritivo mineral en los pastc. . en ios bovinos durante la &poca

seca, en los Ditritos de TilarSn Centro, Upala Centro y Bijagua.

Se utilizaron 18 fincas de diferentes tamafios, estas fueron tomadas
al azar y de acuerdo a la poblacifn animal de cada distrito. Se utilizd
para el anBlisis estadistico un disefio anidado y se efectuaron aniflisis
de correlacidén de los datos. El trabajo de recoleccidn de muestras se
inici8 en el mes de diciembre de 1976 y se concluyd en mayo de 1977. Se
tomaron muestras de tejido sanguineo, tejido hepético y muestras de pattos.
El tejido hepfitico no fue analizado estadisticamente, no s6lo por =5 haber
sido tomadas las muestras de las mismas fincas donde se tcmavor les muest:
de sangre y de forraje, sino tambien pcr su amero reducicc.

Los minerales analizados fueron:

Sangre: Ca, P, Mg
Pasto: Ca, P, Mg, Fe, Cu, Zn, Mn, K
Higado: Fe, Cu, Mn, Zn

Las concentraciones promedin de toda la zona para cada mineral fueron
las siguientes:

Pasto Sangre Higado
Ca 0.145% M.S. 9.33 mg/100 ml -
P 0.092% M.S. 6.62 mg/100 ml -
Mg 0.1272 M.S. 2,60 mg/100 ml -
K 1,312 M,S, - -
Pasto Sangre Higado
Fe 0.362% M.S. - 261 ppm
Cu 3 ppm - 174 ppm
Mn 0.060%2 M.S. - 11 ppm
Zu 18 ppm - 118 ppm

En cuanto a niveles sangufneos, el .alci- el f6sforo y el magnesio se
presentaron en concentraciones normales.

En el pasto de calcio, magnesio, potasio, hierro, manganeso, zinc y
cobre se presentaron en promedio general en concentracifn normal, sblo
el {6sforo result§ deficiente en promedio para la zona. El calcio, zinc
y e} cobre mostraron deficiencia en los pastos en algunas de lan fincas
unicamente. En el higado no hubo deficiencias para ninguno de lom
elementos analizados (cobre, hierro, manganeso, zinc).

Se recomiends para toda la zonz esi:itada la suplementacifn fosforada
y otros minerales en casos particulares.

Best Available Document
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Quijano Cardala, Eduardo. 1979. Estudio del estado mineral de pastos

y bovinos en la Epoca seca en los distritos de Bejuco y Hojancha Guanacaste,
Costa Rica. T&sis. Universidad de Costa Rica, Facultad de Agronowmia,
Escuela Zootecnia, San Jos&, Costa Rica.

“Resumen

66 muestras de pastos y 66 de sangre de bovinos fveron anelizadas
para determinar su contenido de proteina, calcio, potasio, hierro, cobre,
zinc y manganeso, y calcio, fésforo y magnesio, respectivamente. Los
elementos del pasto y sangre se determinaron por absorcién atbmica
(Fick et al., 1976) excepto la proteina por Kjeldahl (A.0.A.C., 1970) y
f6sforo por colorimetrfa (Fiske y Sublarow, 1925).

Las muestras, provenientes de 14 fincas de los distritos de Hojencha
y Bejuco y correspondientes a la estacidn seca (Novicmbre 1976 & Abril
1977), se analizaron estadfsticamente por el modclo Stepaise y las
correlaciones intraelcnentos.

Los elementos de minerales de la sangre resuvltaron en valores promedio
que se sitGan dentro de rangos reportados como normales por diversos autores,

Se presentaron ciferencias significativas (p < .01)cutre fincas respecto
8 la variable magnesio.

Las muestras de pasto resultaron cn valores normalcs, excepto el
potasio con 36% de ellos menores que el Smbito normal y 48% sobre C1l;
cobre con 63% bajo el dnbito normal y 36% sobre £1; zinc con 66% bajo el
fmbito normal y 36% scbre €1; protefno con 83% de cllos bajo el inbito
normal; manganeso con 887 sobrc el &mtito normal y hierro con 90X sobre
el Bmbito normal.

El f6sforo present? difercenciar significativas (P < .0l) respecto
a las variables distrio. El magnesic presentd diferencias sipnificativas
(P <,01) para distritos. El potanio presentS diferencias significativan
(P <.,01) para fincur v distriter. E)l Merro preocntd diferencian
significativas (P < .01) para {incar v estado de madurer, Ll cobre
present§ diferencioe significativas (F <.01) vara diastritos. I)
mangancso presents difeiencian cignifarativoae (P < .J1) para distritos,
finca y eatado de rmadurcz. La protefns presentl diferencins nignificriivas
‘P < ,01) pera distrito y finca y (P <« .05) estadn de madurez,

Se recomicndn cn Lure o los resuitados la suplerontacifin oral de
zinc (8xido o cloruro), cobre (sulfato o carbonato), f6aforo (harina
de hueso) y protefna (urea en nuplemento liquido).

Se debe investigar nis e)l posible efecto directo e indiracto de la
alta concentracibn de hierro, manganeso y potasio sobre la produccifn
animal,
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Robles Jara, Armando. 1969. Estudio preliminar del contenido de cobre y
manganeso en cuatro especies de un matorral microfilo caducifolio. Thesis.
Instituto TecnolSgico y de Estudios Superiores de Monterrey, Mexico.

Conclusiones

Bajo las condiciones en que se desarrollf este experimento y los resultados
obtenidos concluye lo siguiente:

1. Los contenidos de Cobre y Manganeso encontrados en las diferentes
expecies estudiadas, son adecuados para la alimentacibn de los bovinos en
pastoTeo; por lo que las probabilidades de deficiencia de estos minerales
en ganado en pastoreo son bajas.

2. El contenido de Cobre tiende a ser similar durante la primavera, en
las especies arbustivas y en las gramineas.

3. El contenido de Cobre tiende a ser diferente durante el verano, entre
las especies arbustivas y entre las especies de gramineas.

4. El contenido de Cobre varfa de una €poca a otra en las especies estu-
diadas.

5. El contenido de Cotre tiende a ser diferentc entre lso brotes tiernos
y las hojas maduras, de las especies arbustivas en las dos tpocas del afo.

6. El contenido de Manganeso tiende a smer similar, en las difecrentes
especies estudiadas tanto en primavera como en verano.

7. El contenido de Manganeso en las especies arbustivas varfa con las
estaciones del afio, siendo similar en las especies de gramineas.

8. El contenido de Manganeso en los brotes tiernos y las hojas maduras
tiende a ser similar para las dos especies arbustivas, en las dos Gpocas del
ailo,

9, Se recomienda muestrear las partes tiernas y las maduras de las
especies arbustivas para conocer con mayor seguridad su contenido de Cobre,

10. Se recomienda muestrear las especies en las diferentes Epocas para
conocer con mfs seguridad su contenido de Cobre y Manganeso.
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Rosa, I. V., P. R, Henry and C. B. Ammerman. 1982. Interrelationship of Dietary
Phosphorus, Aluminum and Iron on Performance and Tissue Mineral Composition in
Sheep. J. Anim. Sci. (In press).

Summary

An experiment was conducted with 24 wether lambs (31 kg, initially) to
study the interrelationships among dietary phosphorus, aluminum and iron. The
2 x 2 x 2 factorial arrangement of treatments :included two levels of phosphorus
(.17 or .42%), as NaH POb. twvo levels of added iron (0 or 760 ppm) as ferric
citrate, and two leveis of added alw inum (0 or 1450 ppm as AlCl .6H20).

Dietary treatments affected average daily gain (P < .01), with agded phosphorus
improving and iron or aluminum depressing gain. Phosphorus increased (P < .01)

feed consumption, while iron (P < .01) and aluminum (P < .09 decreased intake.

A phosphorus x aluminum interaction affected gain (P < .01) and intake (P < .05)
vhile a phosphorus x iron interaction affected gain (¥ < .05). Serum phosphorus
vas elevated (P < .01) by high dietary iron and reduced (P < .01) by aluninum,
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Rosero, O. R., L. R. McDowell, J. H. Conrad and F. A, Capote. 1982, Effect
of energy and protein on calcium, phosphorus and magnesium retention by sheep.
J. Anim, Sci. Abstracts 1982 (Submitted for regional Animal Science meetings).

Abstract

Two trials were conducted to study the effect of different energy and
protein levels on mineral utilization by sheep. Twelve wether lambs averaging
50 kg were adapted to matebolism cages for two mineral balance trials consist-
ing of 8-day adjustment period and a subsequent 8-day collection period (feces
and urine). In the first trial the animals were fed semi-purified diets high
in minerals (2-20 times maintenance requirements), with two levels of energy and
protein (low, .8 maintenance and high, 1.8 x maintenance). The animals were
fed the two diets for three months before being placed in metabolism cages for
retention studies, In the second trial the wethers were fed for another three
months with a diet low in minerals (.8 maintenance requirements, with two levels
of energy and protein, low and high). At the end of the second retention study
the animals were sacrificed to obtain tissue samples (liver, kidney, muscle,
heart and spleen)., Blood samples, liver and bone biopsies were taken for min-
eral analyses. Average retention of Ca, P and Mg (respectively) g/days for
four treatments were as follows: low energy-protein + low mineral diet (LEP
+ LM) 1,95, ~2,52, 1.11, High energy-protein + low nineral diet (HEP + LH)
-0.47, -9.43, 0.95. Low energy, protein + high mineral diet (LEP + HM) -10.05,
-2,05, 0.67. High energy, protein + high minerals (HEP + M) -2.83, -6,11,
2.71, Differences (P < ,05) retention and plasma Ca, P and Mg mineral concen-
trations were found. The effect of the respective diets on tissue mineral
concentration will be presented.
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Salas Morgan, Olga Jeannette. 1978. Estado mineral de los pastos y del suero
sanguineo en el Pacffico Cantral de Costa Rica durante la Epoca seca. Tésis.
Universidad de Costa Rica, Facultad de Agronomfa, Escuela Zootecnia, San Jos§,
Costa Rica.

Resumen

El presente trabajo de investigacibn consistil en la evaluacibn de la
situacin mineral en que se encuentran los cantones de Abangares (Provincia
de Guanacaste) y Cantbn Central, Esparza y Montes de Oro (Provincia de
Puntarenas).

Se analizaron muestras de sangre y de pastos de la zona. En el suero
sangufneo se determinaron los minerales caicio, f6sforo, magnesio y en los
pastos, calcio, f6sforo, magnesio, potasio, hierro, cobre, manganeso, Yy
zinc. Adenfs se determinb la protefna cruda en los pastos.

El nivel promedio de calcio en el suero sanguinec de los animales
de 1a zona fue de 10.93 mg/100 ml de suero, no se presentb variacidn (P<0,05)
entre los diferentes cantones, Si se encontrf variacidn estadistica en el
nivel de f6sforo en el suero para los cantones, cuyo promedio fue de 5.69
mg/100 ml de suero. [l nivel de magnesic en cl suero fue de 2.8]1 wg/100
ml de suero, encontrfindose en este caso diferencio significativa (P<u.05)
entre los cantones.

Para los pastos se obtuvo un promedio de 0.26% para el calcio v 0,092
para el f6sforo, no habjendo variacibn (F<0.05) entre los diferentes cantones.
Para el magnesio fue de C,18X, no hubo diferenciac significativas entre
los cantones (P<0.05). El potasio obtuvc un promedio de 1.46X pero no
present§ variacibn (P<0.05) entre los cantones. In el caso del hierro si
hubo variacifn estadfstica (P<0.05) para los diferenter cantones y tu promedio
fue de 222 ppm. Para el cobre y el manganeso nc ae encontrd ninguno
variaciOn (P<0,05), y sur promedios fuercn de & v 06 ppiz, Tespectivamente,

El rzinc con un promedio de 28 ppm no mwostrl difereancias nipnificativay
(P<0,05) para los cantoues.

La protefna solo presentl diferencies significativas pura las f{incas,
y su promedio fue de 4,97%,



Salih, Y. M., L. R. McDowell, R. M, Mason, Jr., and J. F. Hentges. 1981,
Mineral status of grazing Florida Brahman beef cattle. J. Anim, Sci, Abstracts
No. 735,

An experiment was conducted to determine the mineral status of Brahman
beef cattle grazing Bermuda-Bahia pastures grown on sandy loam soils of
Central Florida. During May, forage, blood and liver biopsy samples were
collected from 36 (4-8 year old) Brahman cows in early pregnancy. Mean
forage analyses are as follows: Ca, .30%; P, .22%; Mg, .22%Z; K, 1,43%; Na,
.09%; Zn, 19 ppm; Cu, 15 ppm; Co, .12 ppm; Se, .04 ppm; Mn, 66 ppm; Fe, 29
ppn; and Mo, .20 ppm. Critical levels of forage Ca (<.30%), P (<.25%), Mg
(<.20%), K (<.60%), Na (<.06%), Zn (<30 ppm), Fe (<30 ppm) and Mo (>3 ppm)
were found in 43.8, 68.8, 31,3, 0, 0, 100, 37.3, 25, 100, 6.2, 68.8 and OX
of the total forages, respectively, Mean liver analyses are as follows:

Se, .16 ppm; Co, .4 ppm; Cu, 229 ppm; Zn, 107 ppm; Mn, 9.9 ppm; Fe, 384 ppm;
and Mo, 2.8 ppm. Serum means analyzed are as follows: Ca, 10.4 mg%; P, 5.2
ogh; Mg, 2.3 mgX; 2n, .84 ug/ml; Cu, .90 ug/ml; and Se, .005 ug/ml. The per-
centages of mean liver Zn (<84 ppm), Se (<.25 ppm) and Mn (<6 ppm), and serum
P (<4.5 mgX), Zn (<.80 pg/ml) and Se (<.24 yg/ml) that were low to borderline
to deficient were 11,8, 100, 6.6, 40,0, 46,7 and 100, respectively. Liver

Co, Cu, Fe and Mo, and serum Ca, Mg and Cu were generally in the normal ranges.
On the basis of the analyses, deficiencies of Se, Zn and P are likely,
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Siller Berain, Eduardo. 1977, Deficiencias y :oxi-lizdes de minerales en
ganado bovino en pastoreo en Melchor Muzquiz, Ccan, Invierno 1976-77 y
Primavera de 1977. 1. - DeterminaciSn de Niveles. 1lnesis. Instituto Tec-
nol6gico y de Estudios Superiores de Monter—eyr. Meuitn.

Conclugics &t

Bajo las condiciones en que se rea.::z! efla investigacién y en base a los
resultados obtenidos, se concluye lo siuc.cnze:

Para Ioviorac:

1, - Los niveles de Fésforo (P) en el Suero de los animales se encontraban
bajos; los de Calcio, Magnesio, Sodio, Manganeso y Zinc, fueron altos
y los de Potasio, Cobre y Hierro fueron normales. Hubo diferencia entre
ranchos para Fierro y Fésforo.

2. - Los anflisis de zacates dan cifras bajas en Fésforo, Magnesio, y Potasio,
altas en Calcio, Sodio, Cobre, Hierro, Manganeso y Zinc.

3. - Para los anllisis de arbustos hubo valores bajos en Fésforo, normales en
Potasio vy altos en Calcio, Magnesio, Sodio, Cobre, Hierrc, Manganeso y
Zinc,

4, - El anflisis de suelo indic5 valores bajos de Fésforo.
Para Primavera:

1. - Hubo niveles bajos en ¢l animal de Fésforo, Cobre y Manganeso, normales de
Potasio y Hierro y altos de Calcio, Magnesio, Sodio y Zinc.

2. - Los anflisis de zscates dieron cantidades bajas de Fésforo, y Magnesio;
norzales de Potasio, y altas de Calcic, Sodio, Cobre, liierro, Manganeso
y Zinc.

3., - Para los anklisis de arbustos hubo valores bajos de Féaforo y altos de
Calcio, Magnesio, Potasio, Sodio, Cobre, Hierro, Manganeso y Zinc.

4, - E} Anflisis de Suelo indicl valores bajos en Fbaforo.

5. = Il contenido de Fierro, Cobre, Manganeso, Zinc y Sodio ¢n animales fuf
mayor en Invierno que en Priravera, Calcio y Magnesio estuvieron en
mayor cantidad en Primavera que er Invierno. Hubo diferencia en los
animales para Mierro entre ranchos, en las dos entacionesn,

6. - I} contenido en Plantas (zacates y a .ustos) de Vierro, Cobre y Zinc
fuf mayor en Invierno que en Trisavera. FYotasio y Magnenio estuvieron
en mayor proporcifn en la planta en frimavers que en Invierno. MNubo
diferencia en laas plantas para Fierro enire ranchos, en las dos eataciones.
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Siller Chapa, Victor A. 1977, Determinacibn de las deficiencias y toxicidades
de minerales en bovinos en pastoreo en el municipio de Sabinas, Coah. (Mar.-Oct,
1977), 1I. Determinacifn de niveles., Thesis. Instituto Tecnolbgico y de
Estudios Superiores de Monterrey, Mexico.

Resumen

El presente trabajo se llevd a cabo en el Mpio. de Sabinas, Coah. durante
el perfodo de crecimiento de las plantas de Marzo a Octubrc de 1977, muestreando
suero sangufneo, zacates, arbustos y suelo, muestreando 4 ranchos los cuales
formaban una zona representativa del Municipio, con el objeto de determinar las
deficiencias y toxicidades de minerales en el garado bovino en pastoreo.

Las muestras tomadas fueron preparadas para su anhlisis en el Laboratorio
de Zootecnia del Instituto y analizadas por ¢l método de absorcibn atbazica en
el espectofotémetro de absorcidn at8mica del C.I.A.N.E., con excepcidn del
fésforo que fue determinado en otro espectrofotémetro (ver metodologfa cn la
seccifn Material v MEtodos).

Se encontraron valores de Calcio muy altoc en forrujes, €n suero v en el
suelo (mis de 2000 kg/ha). Los valores dec fdésforo se encontraron muy abajo
del rango considerade normal en muestras de zacates, arbustos y suero,

El magncsio se encontrd e¢n cantidades normales en el suero, ligernmente
alto en las granfncac v normal en los arbustoes,

El potasir se¢ encontrl ligeramente altc cn las muestras de suero, iientraa
que las de forraje arrojaron cantidades ligeramente altas.

El sodic exist{a en cantidades normales, tante las muestras de suerc como
en las de forraje,

Los valores para cebre de los fcrrajes analizador, resultaron norimales mien-
tras que en suero estuvieron ligerarente bajoe sin sey difercntes ertnd{rtica-
wente ¢e 1o rnedia telrica,

Los valores de manganeso resultaron ligeramente bajor en lor arburtos,
normalen ¢n gramineas y un poco altos en el mucro.

Los valores de zinc v {1errv en los arbustos v pron{ncas revultaron muy
altos, sin crlargo, €l frerre estabn en cantidader norneles en el sucvo, nien-
tras que ¢! zinc sc¢ encontrabu en un nivel alto,

Las conclusioncs a que se llepl fueron las unigujentes:

1) Los niveles de Ca, K, Zn y Te resultaron altoe en Jas muestras de suero y
de forrajes, con excepcibn del Ve en wuero que veaulté normal,

11) So encentraron nivelew de sodio normales en el wuero y en los fovrajes,

111) Los valores de Mg remultaron rormelen on el suclo a penar de las variaciones
en los lorrajes,

IV) Los niveles de P reaultaron muy bajos vn la dieta v an conascuencia los
valores en suero se ancontraban deficientes,
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Tumwasorn, Sornthep., 1981. Responses of bee! ci.ves to mineral supplement
in the Central Thai Villages. Second Seminar on *:neral Nutrition in
Thailand, Department of Animal Science, Faculty c! Agriculture, Kasetsarc
University, Bangkok, Thailand.

Abstract

Mineral mixture of bone meal, grcon. shell, and salt was given at
free choice to 73 head of indigenours T.i.. nstive and 1/4 Brahman crossbred
calves. The control group of 77 head vet~¢ studied in comparison with the
supplenented ones, Seven villages abeut 110 km west of Bangkok were selected
as the area of the study during the years 1979 to 1980, WVet, dry, and
the extra period of supplementation were investigated for the improvement
of liveweight changes and blood parameters. The results showed that dry
season supplementation had the highest percent improvement while the wet
period treatment revealed the lowest responses. The ranges of improvement
varied considerably from 14 to 23% within the indigenous native calves
up to 21 to 31% of the Brahman crossbred calves, Changes in hewmatocrit
and hemoglobin values due to mineral supplementation were not significant
in all seasons, The analyses of plasma showed that beef calves r:.sed in this
area had very low P and Ca levels. It was also found tha: Ca level of
the pregnant cow raised in the dry seacon showed milk deficiencv., After
the supplementation, all treated calves had higher mineral leévels but the
amounts were no" significant. The supplemented cows had 17 rore conception
rate that the unsupplenented controls,




































