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FOREWORD

This ptoposal was prepared as a guideline for developing a productive pasture-
animal research and training program for the Centro Internacional de Agricultura
Tropical (CIAT) Fhe purpose of the program 1s to provide needed high animal pro-
tein foods for human consumption to 1mprove health, strength, vigor, and initilative
incentives of individual persons and the prosperity of farmers and economies of de-
;eloping countries 1n the humid tropics by using the land, animal and climstic re-
sources more effectively In countries where consumption of animal protein is low
(in estimated supply of 23 6 gm 1in Colombia as compared to 64 4 gm daily per per-
son 1n the U S ) the natural grasslands represent a reservoir whereby food pro-
duction can be 1ncreased in two ways (1) bringing unproductive and idle lands in-
to more efficient use to Increase output per hectare and (2) increasing output per
animal Furthermore, as the human population increases, the better and more access=-
tble grasslands will be diverted toward production of foodstuffs for direct human
censumpticn  kven as this evolutionary process continues, immense tracts of less
tillable land will remain for pasture development Improvement of the natural grass-
lands and efficient production and utilization of sown pastures are long-range
and formidable tasks that CIAT should assume

The efficient nroduction of livestock proddzts from ruminants on solls not suited
to crops for direct humin consumption depend on adaptive, and later original, re-
search information pilot demonstration and training of farm technicians and ex-
tension and research personnel The resolving of the biological complex of climatic,
so1l plant and animal input factors and their interplay for efficient animal pro-
duction depends on an integrated team approach as given under program objectives and
procedures (Scections 11 ind V)

The projection cncompasses a comprehensive and expansive scope, recognizing that
tts elaboration must be appropriately and conveniently phased inte the developmen-
tal activaties of CIAT and collaborative institutions as prescribed by available

technical and physiual resources The costs of the program will be very sizeable,
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the deterrents do ust appear to be unsolvable, the potentialities for improvement
are excellent

it was suggested that this proposal be projected to include African investiga-
tions Pelitic:l unrest in several African countries and time scheduling did not
perrit travel to this continent for a review of pasture-animal developments in the
various ecological zones and discussions with pasture and animal professionals
The pioblems «iong with objectives and procedures for resolving them, given in
this report apply spe.ifically to the hot, humid tropics but should have general
applicatior to the International Institute of Tropical Agriculture Pasture and For-

age Prog:am
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PROGRAM OBJECTIVES

To invest.gate and develop simple year-around pasture and forage systems of a quan-
tity and nutritional value for efficient production of various livestock enterprises
and to disclose maximum economic potentials _f ,roducin, livestock commodities from
tropi.al soils and environments as needed scurces of protein and energy for humans

To attain economic success in this project all input faercrs, as solls, pastures,
animal nutrition, animal health, etc , are i1mportant and must be coordinated and direc-
ted toward high cutputs per animal and per lund 1rea 1t is imperative to stress out-
puts per animal and per land area as high forage ylelds are meaningless if their uti-
lizable energy for animal production is low Likewise, excellent animal hygiene con- ~
trols or other manipulations that do not funcrion to maintain and increase economical
outputs of animal products are academic

An integrated team approach directed toward fully exploiting the complex interplays
of ¢limatic-soil~plant-animal factors in producing animal products should be enthusiag-
tically pursued Some goals to be attained are () lmproved animal nutrition through
use of long-lived pasture perennials with high dry matter production, (2) rapid pro-
duction cycles - first calf born when heifers are less than 30 months old, (3) long
and efficient reproductive life of cows with a yearly average of an 85% raised calf
¢ op, (4) cattle with desirable marketable .arcasses welghing 275 kilos in two years,
and (5) dairy cows with uninterrupted and reasonably high levels of production (average
of 13-15 kilos daily for 280 days) for successive lactations

All of the subsequent objectives should be administrated and directed toward realiz~
ing the primarv objective in a total program of research  Cheaply produced feed is
unperative as livestock production cannot attain economic status without it, thys the
frowing nd uril:ziny of pasture and forages tor profitable livestock enterprises
should have rirst research priority thile research 1s in progress, however, priorities
may need to bc altered

A Invest.gations with Sown (improved ind introduced) Pasture Species

Phase 1 To characterize and select sizeable land sites that may be economically



2
developed tor -ignificaant production contributions because of favorable soil and
ecological factors rox growing desirable pasture plants
a Broad su1ll (lissification maps are to be made from aerial photographs by a
team of spectilists (plant ecologist, geologist, and pedologist)
b Climat1. conditlcns will be described for the underdeveloped land areas
Phase 2 Ad i tive rescairch - 1ntroducing and testing ot grasses and legumes for total
and seasonal growth longevity, competition, and herbage acceptability
a Response .nteractions with modified environments such as burning, seedbed pre-
paraticn cultivicing draining, 1rrigating soil amendments, herbicides, insecti~
cides, and defoliation 1ntensities will be evaluated with small plot clipping trials
that are occasivntlv grazed
b To find adapted tropical legumes that fix nitrogen efficiently for themselves
and gra-- associate- ind that are readily consumed by ruminants for the improvement
0 anlmal performin e and reproduction
L khizobi: strains ind companionability in grass associations will be investi-
pated
11 follections ot legume and Rhizobia varilants will be obtained from the ex-

tensive exploitations and plant introductions by ¢ S I'R 0 in Australia and in-

troductions by the U S B A and other foragg,progfﬁms Germplasm legume and
o

Rh1zobi1 viriats will be maintained
11 Croperate in teglonal testing of tropical legumes
¢ To investigate possible symbiotic nitrogen fixing relationship with tropical
grasses and 1ts practicil exploitation
Phase 3 To test selected species and varieties of pasture plants for total and sea-
onal v1eld pLisislence  1,pressiveness, acceptability to ruminants fed ad libitum
or grazed and for quaiity ot herbage
1 €1 .ses and 1 gune- wil! be grown in monocultures and mixtures of the best adap-
ted and ompdlihlc species with treatment variables such as fertilization, defolia~

tion totenslty and frequency tstage of growth), and irrigation under intermittent
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grazing or alternate grazing and cutting
b Freliminary data on herbage quality will be evaluated by chemical analyses
(Van Soest and other methods) and in vitro or in vivo (nylon bag) techniques
For the more promising species data on nutritive value indices (digestibility
coefficients and consumption) will be obtained at several morphological stages
of gruwcth by ad libitum feeding green chop or as hay
¢ Pilot experiments will be initiated to i1nvestigate cultural and management
practi.es and grazing sequences ror obtaining year-around grazing
Phase 4 Advanced Pasture - Animal Program
To disclise the potential output of animal products per hectare and per beast
from selected grasses and legumes grown alone and in mixtures Adapted and pro-
mising species will be evaluated with animals in grazing experiments Data will
be obtained cn the influence of pasture species on animal nutrition and on the
quality and quanticy of animal products The effects of the animal on scoil-plant
interrelationships will be studied so as to characterize changes in production po-
tentfals which might result from the cycling of animal excreta (animal to soil to

plant to animal)over a period ot years In order to make wise compromises betyeen

outputs per animal and per hectare the mixtures ;nd species being grazed will be
o
evaluated at two or thr%y‘stocking pressures based on herbage available per animal

It 15 very important to ﬁEEE‘thorough economic evaluations of all grazing trials
The e.onomi.t should be a team collaborator at the time of planning the grazing and
other expecriments

1 »ome viriubles tu be evaluated with simple factorial combinations are rota-

ticnal vs (ontinuous grazing soil fertility levels, irrigation, leguminous

eftects upf lement 1y feeding will be practiced only to avoild animal losses at
high stocking pressures

11 Herbage avarlability through selective grazing, influences nutritional aspects,

hence diignostic sumplings of forage produced and consumed should be made monthly

111 Irtike and digestibirlity and chemical and botanical compositions of pasturage
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may be ot ain d Turig o€ sonal periods when distinct differences wccur in herbage

qualil,
1v n adilition U an ma: products and their characteristics, supplementary data
wiil bF faken v liver blood, nd rumen samples
v Ilmestlyat ns should 1nclude a study of methods of animal management and con-
trul 01 d -eas-- and parasites, the effects of animal concentrations (stocking
pressures) n 1 €1ses and parasite infestations and the influence of'pasture nu-
trsty n 4 Il rences on aniral tolerance to diseases and parasites should be
studied
b I~ develop dependable pasturage of suitable nutritional quality for year-around
agrazing throuyph rte manipulation of so1l, plant, and animal factors when disease and
pe as1le conl Ots asre employed with «all variables
1 so1 fi L s 1r iuade the manipulation of irrigation and fertility to aid in ob-
talning wore uill rr plant growth at various seasons
11 Plant fa o o 1ir.lude grazing intensity, sequence of species within and among
pastures and perlcdic resting to accumulate growth that may be grazed in situ
311 Anfmal tictuls 1nctude theit numbers on a land area (farm) by manipulating
the breeding calving marketing and lactating curves to coincide with seasonal
wndulations i~ nutrition (quality and amount of pasturage)
¢ To devilop a 1/-morth teed program(s) through flexible utilization of pasture for
grazing and fcr t v and s1lage  Forage harvested and stored during periods of ex-
cess growth will be fed during periods of slow rates of dry matter production  Arres-
ted gracing Iters in Oppurtunity to study the influence on parasite populations
1 Such reed programs may be arranged by using a single species or a series of
-pe 1€5 or risxtuires 1n dirferent pastures
11 Species ard miXtures will need to be evaluated for yield, quality and losses
with met} ods ot onmervation at morphological stages of growth as well as for ease

of cunserviti
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{11 Flexible man,ement ot ammals which considers their nutritional requirements
and the unduliﬂ1ng yi1eld and qualaty of pasture and forage
Supplementary feedatufts
1 To 1nve- :gate the production of supplemental crops Yo be fed as greenchop,
silage, hay or grazed 1in situ when pasturage is low
ii To evaliate the utilization of cellulosic by-preducts
111 To study the usefulness of cheap urea supplementation with molasses or other
organi .cmpounds as a Means of improving animal performance
fhase 5 To conduct related investigatlons for the establishment of methods for con-
trolling or alleviating any serious deterrent(s) that may interfere with efficient
animal production from pastures and forages as they appear during the research in-
vestigations or may be encountered by cattle producers
a Factors that may require special research are
{ Nutrition This will include research on nutrient content and utilization in
ruminants, supplementation of pastures, oOT other forages for maximum efficiency

and causas and contrul of metabolic disturbances

ii Physiology of reproduction 1in males and females Research will be directed

coward uncovering the causes of reproductive failures and studying preventative
measures

1i1 Parasites aud diseases Effects of livestock-pasture management and certain
anthelmearics on incternal parasitism will be investigated The effectiveness of
various drugs i1n controlling external parasites will be studied Disease pre-
vention will consist of using sound management and immunization against prevalent
digeases It other diseases or toxicities arise, these will be investigated

iv Soil problems as 1nterrelated with physiological plant disturbances

v Nematodes and 1nsects that alter plant growth

vi Plant diseases

vi1 Cont:iol measures for severe weed Iinfestations
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Phase 6 To develop methods of producing, processing, storing, and marketing abundant
viable seed supplies of desirable grasses and legumes Phenological characteristics
as related to factors that affect seed production will be studied for species
a Some treatment variables to be investigated are row vs sod sowing, fertiliza-
tion, defoliation management, water, insect, disease, and herbicide control, disk-
ing or cultivating old sods, methods of harvesting, processing, and storing seeds
b Commercial seed production by qualified persons will be encouraged as information
becomes available
Phase 7 To intensify plant exploration and international distribution and to improve
grasses and legumes through breeding, selection, and genetical studies
a Collections of introductions and accessions
i To identify species and develop genotypes that furnish feed during periods of
low production Early evaluations will be made with animals by intermittent graz=-

ing and in vivo, in vitro, and chemical evaluations

i1 Maintenance and distribution of vegetative and seed germplasm
b To conduct basic genetic research and to develop techmiques which support breed-
ing investigations of various plant species
1 Modes of reproduction, floral biology, pollen production and receptibility, in-
compatabilities, seed formation and dormancy, apomictic reproduction, dehiscence

and shattering, etc

To participate in international programs of grass and 1egd;§ improvement

1 For allocating breeding responsibilities with specles sc as to concentrate
efforts, =

1i For participating in the establishing of standards for evaluating species and
varieties,

i11 For developing varieties adapted to sizeable ecological regions, and

iv For production and distribution of foundation seed stock

B Utilization and Improvement of Natural Grasslande

1 To investigate the yield and nutritional value of various botanical componcatec
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of natural grasslands in different environments
a Output of animal products per ruminant and per acre at different stocking
pressures will be obtained as outlined in Phases 3 and 4
i Varisbles to be investigated include fencing, controlled burning, mowing,
drainage, arrested grazing, and supplements based on nutritional factors such
as energy feeds, urea-protein, and minerals
2 To develop simple low cost methods of establishing higher quality and more pro-
ductive grasses ind legumes by judicious stocking in combinations with practices
spuch as burring «nd draining, seedbed preparation and aerial applications of seeds,
fertilizers ard pesticides
3 To develop a 12-month grazing system(s) for producing beef cattle through the
manipulation of unimals, and natural pastures in combination with seeded pastures
and supplemental forages
a Supplementary soil, plaent, and animal data as outlined in Phase 4-a should be
obtained to aid in explaining the results
4 Dacta are to be evaluated economically and an economist should cooperate in de-
signing gracing and other experiments

Animal Environmental Control

1 To evaluate under laAboratory controls the significance of tropilcal conditions
such as high temperature and humidity on animal production
a This area should be investigated if animal performance is suboptimal when

nutrition ana other biolofijical input factors are controlled

Animal Breeding

1 To improve the rate of reproduction, longevity, and productivity of ruminants

through breeding in humid tropics under normal stresses of temperatures, humidity,

diseases, insects, and nurrition
a The main breeding s heme will be to cross native cattle with high producing
imported cattle with the objective of retaining the adaptive characteristice of

the native stock and the Figh production rate of the imported stock  Also, selec-
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tion may be directed toward using a given strain or type of cattle for both milk
|

and meat production

E Training and Educational Program

1 To develop an international educational and training program for the promotion
of pasture-animal programs

a Research personnel

i Postgraduate and postdoctorate in-service experience and training to supple-
ment basic training
b Extension personnel

{ In-service training at one or more locations and special training courses and

workshops
ij{ Involvement for short periods with research projects
{11 Methods for accumulating and disseminating information
¢ To aid in training 4f technicians for managing pastures and animals
i In-service short course and training programs
11 Brief involvement with research pursuits
111 Repeat short courses
d Special educational programs
i Short courses, work shops, symposia, conferences, and seminars directed at
specific audiences
e Accumulation, review and dissemination of information pertinent to pasture and
animal research workers

III CONCEPTS OF PASTURE IMPROVEMENT FOR LIVESTOCK PRODUCTION

There are two primary concepts of pasture improvement (1) Utilization of the natur-
al grasslands through better management of such pastures and animals (2) Destruction of
natural grasslands by fire or other ways and growing of seeded species after changing the
soil enviromment Both or these concepts have merit and universal acceptance of either

concept alone is untenable  For example there should be endeavors to maintain and im-

b
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prove the production of native specles in environments where there is a drastic shortage
or a very erratic distribution of moisture and where irrigation is not available as in
the short prairie grass region of U S A and in some climatic zones of all continents
Also, very infertile, droughty, or flooded soll environments should remain in the natural
vegetation When yearly rainfall is reasonably high and reliable for a period of six
months (more or less) 1t is usually preferable to destroy the native vegetation, if the
¥

soil enviromment can be altered at low costs, s0 as to grow more productive and nutritiocus
seeded pasture plants It 1s quite possible that the very low nutritional value of native
species in many natural grazing lands is attributable to natural selection processes be-
cause palatable and heavy grazed species have gradually disappeared from sods

The value of native speciles are strongly influenced by the fertility status of soils
In temperate arid and low rainfall regions soils are usually shallow but high in bases
and fair in organic matter Pastures on such soils are nutriticus, but total production
would not justify the use of seeded species The native vegetation in humid tropical
areas is generally of very poor quality because of the extremely infertile soils  Fur-
thermore, as mentioned above, the more desirable species have been elimipated leaving
those which are tolerant of low fertility conditions

The concept of replacing native species on alluvial or reasonably fertile soils in
tropical areas is unquestionably desirable The destruction of indigencus sods on lateri-
tic soils, and the seeding improved pastures may be questionable and should be pursued
with caution Lateritic soils, as in the Llanos of Colombia, may have very desirable
physical or structural features, but they are usually extremely infertile The highest
fertility of such soils 13 near the surface where there is limited organic matter
Lateritic soils are characteristicly very low in base exchange capacity (3 to 10 me ),
and often are only 5 per cent base saturation They are exgremely acid, the availability
of calcium, magnesium, and potassium are often no more than 0 5 me per 100 grams of soil
Lateritic soils are low in minerals, except aluminum and iron The buffering capacities

of aluminum compounds are extremely high, making it difficult to alter the pH Phogphate

J
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fixation 1s usually very high For such infertile soils, longtime experiments are necess-
ary to ascertain the feasibility of using seeded species when soil fertility has been
changed Growing species that are better "miners" of soil nutrients and concentrating
cattle on smaller areas will only aggravate soil depletion  For such soils, the availa-
bility of lime and low cost fertilizers are very important considerations Supplying
calcium and phosphorus as mineral supplements to the cattle on natural pastures may be an
economical way of avoiding further mineral deficiencies and permit the profitable raising
of cattle

A Development of the Pasture-Livestock Program in Florida and Australia

The development and improvement of the beef cattle industry during the twentieth
century in subtropical Florida may serve to indicate potentialities in tropical regions Y
The small adapted cattle, able to survive the harsh nutritional, parasite, disease, and
insect stresses, were remnants of Spanish cattle introductions that had crossed with other
breeds, During the third to fourth decades, mature cows normally weighed about 550 lbs
and averaged a raised calf about every third year There were few fences and sparse
cattle populations and they grazed natural pastures One beast averaged ranging over give
to twenty acres The native grasses on the sandy, acid, infertile so0ils were low in essen-
tial macro- and micro-mineral nutrients and low in protein Broken pelvis and other bones
caused by calcium and phosphorus deficiencies, other nutritional disturbances and in-
sufficient trace minerals, such as copper and cobalt, occurred but at first were the un~
known deterrents Native grasses were very low in protein, since soil nitrogen and or-
ganic matter remained low because of the high oxidation on sandy soils Legumes which
fix nitrogen were absent from these natural savanahs The utilizable energy and protein
found in the native grasses remained below dailly cattle requirements during much of the
year Burning the range was an excellent practice as this concurrently destroyed some

perasites and the woody, mature, indigestible grass sods The young regrowth, improved

1/

= Observations of various investigations by R E Blaser during 1937-4%6 while associlated

with the University of Florida
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somewhat by the ash after burning, was nutritious for several weeks or months-~during

this period cattle grew and gained weight rapidly Young cattle usually encountered

severe nutritional stress, many died others reached breeding condition at an age when

today's Florida cattle are grandparents It was common to sell late weaned calves to

butchers because of severe nutritiomal stresses  Poor herd management, Texas fever,

low nutrition, and severe screw fly infestations of unattended cattle caused high mor-

[
During the third and fourth decades in this century, many cattle died during

tality

the winters because of starvation due to the lack of energy and protein or mineral mal-

nutrition on native pastures (quality rather than availability). Mineral supplements

on natural pastures gave decided improvements in animal growth and reproduction, but

spectacular progress occurred later by changing the soil environment and seeding improved

pastures

Today, Florida is a cattle empire--all problems are not solved (Appendix A)  Apply-

ing needed nutrients to soils establishing adapted grasses and legumes to replace na-

tive grasses, employing judicious grazing practices, exercising good herd management and
hygiene, using better and adapted cattle breeds, better control of pests and supplemen-

ting deficient mineral nutrients are all links in this chain of success The foundation

of the Florida animal production program is improved pastures Improved pastures depend

on initial characteristics of soils and their amendments, total and seasonal yield and
quality of pasturage, adapted species, available supplies of good seeds, irrigation where
practical, and good animal grazing management Pasture quality has profound effects on
ruminants--research in Florida and Australia shows better calving and animal growth when
legumes and grasses occur in pastures as compared to nitrogen fertilized grasses

With natural unimproved pastures on the sandy acid soils in Florida (savannah vege-

tation) and poor cattle management during the first decades of this century there was

about a 30 per cent calf crop and 5 to 20 lbs of liveweight gain per acre with 5 to

20 acres required per head Now with changed soil enviromnments and introduced pasture
plants, along with good herd management, calf crops average 80 per cent for the better

herds Stocking rates have increased sharply, realistic liveweight gains per acre for
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adapted species under natural rainfall are around 350 1bs per acre as compared with 2
to 4 fold increases with nitrogen and irrigation

The rapid development of the cattle industry in the humid tropics of Queensland,

Australia;l/ is similar to Florida developments Cattle on natural unimproved savannahs

(grass-tree vegetation) require 5 to 40 acres per beast Under such nutritional stresses,
calf crops average less than 50 per cent and steers are often 5 to 7 years old when they
attain suitable fleshiness for marketing

The dynamic development of the cattle industry now underway in tropical Australia
starts with selected areas with favorable rainfall and where soil nutrient deficiencies
can be corrected for growing adapted grasses and legumes of good nutritional value All
of the grasses and legumes for the improved pastures are plant introductions from other
countries Introduced species are studied in various environments with and without al-
tering soil enviromments and promising pasture plants are soon evaluated with cattle
Adapted and semiadapted species are further improved through natural selection pressures
from the new enviromments and by objective plant breeding programs

Practices directed toward improving the natural savannahs per se in the above men-
tioned tropical and subtropical regions have not resulted in dramatic changes These
natural grasslands, however, maqg large contributions when used in combipation with im-
proved species for developing reliable feed programs Animal and acre outputs from ex~
tensive operations on native vegetation have been improved by mineral supplements and
good total management Indeed, initial improvements in meat production per animal ?nd
per acre on extensive operations on the better natural grasslands may be most easily
and economically attained by implementing simple managements as fencing and controlled
burning, supplementing minerals that are deficient in soils and herbage, urea or urea-
protein supplementation at critical periods, and good herd and breeding management

The very significant natural adaptation of cattle to disease, insect, and nutri-

tional stresses that are common in tropical regions should not be overlooked The

e ————————

1
—/ Personal observations and communications in Australia
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natural selection pressures that have improved the productivity and adaptation of native
cattle have been substantially augmented by introducing new germplasm For example, cross
breeding with Brahma bulls has aided in developing cattle races that are especially adap-
ted to tropical environments
Although the aforementioned improvements in soil-plant-animal interrelationshipe
were slow, the potentials for beef cattle production from improved pastures in the tropics
‘
appear excellent The principles that have been established may stimulate spectacular de-
velopments if they are used 1in adaptive research and directed toward meat production in
many undeveloped biological complexes 1n the tropics Such adaptive research should not
be done to obtain original information for publications, initially, research will serve
best where practical experiments and demonstrations furnish information for increased ani-
mal production on farms For example, the research principles established from the studies
of a biological complex of infertile sandy acid soils, woody native grasses of low nutri-
tional value, and cattle adapted to pest stresses 1n humid warm Florida should have appli-
cation to the Llanos regions of Colombia and Venezuela and to the "Campo cerrado” of
Brazil Research principles for improved species in Australia and other tropical zones

may be 'transplanted" with some modification®to other tropical areas for improved pasture

—
-

and animal production

All phases of beef cattle production, from year-around grazing of improved seeded
pastures or from well managed combinations of seeded and natural pastures, have been
attainable without supplements The possibilities with dairy cattle without supplements
in the tropics have not been fully explored and appear less promising than with beef
cattle production

IV SITUATION AND SCOPE OF SOTL-PASTURE-LIVESTOCK PROGRAM

Land suitable for crops that are consumed directly by humans should not generally be
used for livestock production This 1s so because the production of nutritious high pro-
tein animal products for human consumption is very inefficient as compared with the pro-
duction of grass and leguminous cereals fruits, and vegetables for direct human cansump-

tion Grain consuming simple stomached animals (poultry and swine) convert concentrate
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feeds 1nto animal products more efficiently than do ruminants The conversion effi-
ciency of consumed pasture and forage feeds (dry matter) into liveweight gain ranges
from 6 to 15 per cent for ruminants, the values for dressed carcass weights are lower,
ranging from 4 to ¢ per cent Thusg, the production of human foods through ruminants
are luxury enterprises unless abundant supplies of low cost feeds are used as effi-
ciently as possible This low efficiency of energy conversion to usable human foods
makes it clear that the economic foundation of ruminant livestock enterprises depends
on low cost feeds that are produced on soils not suitable for crops to be used for di-~
rect human consumption Feeds for ruminants must be reasonably high in digestibility

and consumed in large quantities to maintain the nutrition requirements above that for

maintenance, otherwise, the efficiency of production would be even lower than previously
mentioned On the other hand, ruminants utilize "woody" low protein pastures and feed-
stuffs that would otherwise be wasted By supplementing with urea, very fiberous feceds
may be converted into high quality protein products for human consumption

Low cost feed for the production of livestock products can be most economically ob-
tained from pastures in environments with long grazing seasons where there is high so-
lar energy, favorable moisture with goo®™distribution, and favorable temperatures for
high rates of dry matter accumulation In such enviromments meat, wool, and milk pro-
ducts produced at low costs can be highly competitive commodities in world trade  Ex~
amples are the exports of livestock products from ruminants f£rom New Zealand and Austra-
lia The favorable cost-price production relationships in these countries are associa-
ted with land values, labor, mechanization, and other low input costs for feed pri-
 marily from pastures

The production of livestock products by ruminants from yearlong grazing seasons using
Judicious pasture utilization and practices in tropical enviromments have potential eco-
nomic advantages The rapid development of the beef cattle industry in humid tropical
Queensland is 1lndicative of potentialities Many interrelating factors have contributed

to the economical production and development of the livestock industry in tropical Aus-
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tralia (1) Favorable temperatures - frostfree to light frosts, 'tl'fL TEIG.:(AN: dis-
tribution is often a problem) high light intensity and favorable photoperiods (2) Adapted
and improved tropical grasses and legumes with high economic dry matter yleld potentials
of reasonably nutritious pasturage (3) Information on soil and plant management for ob=-
taining economical dry matter yields from plants (4) Management programs of cattle
adapted to the nutritional, disease, parasite, insect, and environmental stresses (5) In-
tegrated research directed toward judicious manipulating and compromising thed soil-plant-
animal interrelationships Nonetheless, the business of producing livestock is and will
continue to be faced with unsolved and unexpected temporary deterrents in Australia as
well as in other humid tropical regions

There are potentially serious deterrents for economical production of livestock pro-
ducts from ruminants in the tropics Most forage and pasture plants are lower in nutri-
tional value than temperate plants This may retard conversion efficiency to animal pro-
ducts Infertility of soils affects the nutritional status of pastures and forages
High temperatures may reduce protein content and enhance carbonaceousness of herbage
The incidence of animal diseases, insect and parasite pests is more severe in tropicsl as
compared with temperate environments Conversion efficiency of fibrous feeds may be in-

-

hibited by climatic factors such as high temperatures and humidity Other deterrents are
high capitalization and lack of trained farmers and personnel to manage the bilological
complex The development of the livestock industry in Florida (tropical and subtropical)
during this century encountered these complex problems and hinderances, but the solution
of them serves as an exhibit of possibilities in tropical environments The advancement
of knowledge through experiences and research in Florida, Australia, and other tropical
areas have established principles that may now be used in adaptive research and demon-
strations for rapid progress in similar environments -

There are huge tracts of land in the tropies that appear to be suitable only for
economical production of pastures and forages (Appendix B) Large grassland areas-are

used for the production of forage grasses and legumes alone or in combinations aid often

7y
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with other herbage plants for grazing hay, silage, or greenchop Acreage In grasslands
exceeds the combined area for wheat, corn, ocats, hay, rye, soybean, sugar beets, rice,
flax, peanuts, potatoes, and tobacco - approximately 302 of the land area of the globe
is covered by grass Over 60 per cent of the worlds agricultural land is non-arable and
suitable only for grazing One survey of 7 7 million square miles in 20 Latin American
countries classified land use as being 20 per cent grasslands, 5 per cent cultivated
‘

(arable plus perennial crops), 50 per cent forest (with limited grazing), and 25 per cent
waste lands

In terms of livestock feed supplies, grasslands furnish over one-half of the total
in many temperate areas and 85 to 90 per cent in tropical regions Grassland provides
the environment and "grass" 1is the sustenance of the ruminant Latin America is endowed
with abundant land resources for pasture and livestock production Its agricultural land
area approximates that of the United States (511 and 504 million hectares, respectively)
There are almost twice as many livestock units in Latin America as in the United States

and Canada combined (213 7 and 114 7 million head, respectively) Nonetheless, only

about one-half as much meat, one-third as much milk, and one-fourth as many eggs are pro-
duced in Latin America as in North America

A Natural Grasslands -

Ratural grasslands, with various indigencus species and different soil and micro-
envirormental conditions, make up most of the grazing areas in the tropics Of 1,139,
155 km2 of land in Colombia, approximately 40 million hectares are covered with naturalized
or native grasses and there are only 4 million of improved (sown) pastures and forages
Estimated hectares of grasslands and per cent classified as "natural" in various countries
are Brazil, 125 million hectares, 93% Peru, 27,600,000 hectares, 937, Ecuador, 4,656,000
hectares, 90%, Bolivia, 11 3 million hectares, 90%, Venezuela, 16 7 million hectares, 90%,
and Africa, 696 wmillion hectares, 90% plus 1y "

Animal output from natural grasslands is low, estimates of carrying capacity are not

certain but range from one beast per 5 to 25 hectares Marked seasonal variations in
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growth and quality of herbage occur because of dry seasons, when the vegetation dries

out to form coarse fodder of poor quality for browsing Scarcity of water often causes
poor herbage utilization because stock concentrates and overgrazes the plants near water-
ing places, while pasturage some distance from water may not be utilized 1In general,
the vast regions of natural grasslands support only a fraction of the cattle in a goun-
try - e g about 8% of the cattle in Colombia are found in the Orinoco Basin which has

40% of the total grassland (approximately 16 5 million hectares)

1 Availability and nutritional problems

Utilization of natural grasslands is conditioned by seasonal distribution of herbage
caused largely by soll moisture and partially by infertility An abundance of herbage is
generally present during the rainy season as new shoots or new seedlings develop and grow
rapidly  Such young, leafy herbage is usually consumed in large amcunts and is more di-
gestibile as compared to mature plants The crude protein content of some indigenous
grasses may reach 8-10% on a dry matter basis Bunch-type grasses make up much of the
sward and stem elongation and flowering begins before the onset of dry periods As phy-
slological maturity proceeds, the leaf-stem ratio widens and nutritive value declines
The plants become progressively lowek in protein, minerals, palatability and intake,
digestibility, and higher in fiber and lignin* The energy and protein utilized by rumi-
nants declines sharply because of intake and digestibility reductions Tropical grasses
are generally lower in minerals, digestibilicy coefficients,ﬁgrude protein and energy
utilized by ruminants than are temperate grasses Digestibilities of tropical species
seldom reach 63%, values of 50-60% are common (versus 55-78% for temperate climate
species) Mature tropical grass may drop to 25% less as compared to 45% for temperate

grasses

In the mature tropical grasses crude protein may fall to a critical level of 57 or

Y Figures for Bolivia, Venezuela, and Africa are taken from the FAD 1966 Yearbook and

represent permanent pastures and meadows and probably do not include all of the natural
grasslands, other figures are estimates made by Daves Wm 1960 Temperate (Tropical)

Grasslands Proc 8th Int Grass Congress 1-7

T r
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lower Below 7% crude protein, voluntary intake of the poor quality grass is limited
so that the requirements of the rumen flora cennot be satisfied This also has a marked
effect on intake by decreasing the rate of digestion A possible deficiency of certain
minerals in the forage may accentuate the problem  For example, a phosphorus or cobalt
deficiency has a profound effect of lowering feed intake in ruminants During dry sea-
sons, the further decreases 1in digestibility of grasses may occur due to losses of sol-
uble mineral, energy and protein constituents from respiration, leaching and éicrobial
fermenting With low intake and digestibility, as during drought, cattle go hungry for
lengthy periods Nutritional requirements drop below that needed for maintenance, hence
cattle lose weight, may have low and delayed conception, and maturity 1s prolonged so
that slaughter occurs when animals are 6 to 7 years old Under such nutritional stresses,
there are often breaks in breeding cycles so that yearly calving percentages are unduly
low, making 1t difficult to maintain herd replacements and provide cattle for slaughter
While breeding, control of diseases, and other input factors are important under such
conditions, first attention must be given to the problem of adequate nutrition through-
out the life of the animal It is important teo examine the problem of a year-round feed
supply of an adequate nutrition level somas toysupport a given livestock enterprise
Provision of supplementary feedstuff might be an expediency, the growing of special crops
for silage or green chop, the utilization of plant refuse byproducts, or urea supplements
during nutritional stresses are feasible solutions For insgance, feeding supplemental
protein to very low protein diets usually increases the rate of digestion and hence in=-
take of low quality roughage Crude protein and minerals should be supplemented, if de-
ficient A low level of supplement containing a high urea level would be satisfactory
for animals at low production, such as pregnant beef cows The minerals could be supplied
in the protein supplement or by allowing the cows access to a mixture containing the de-
ficient minerals mixed with salt Under extensive grazing schemes, other alternatives
such as providing off-season pasturage from sown specles may be implemented It may ba
more practical to irrigate sown species for off-season production than to conserve for=

age,
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Immature and actively growing pasture plants will more nearly provide the mineral
needs of ruminants than mature plants Plant constituency varies with the mineral con-
tent of soils and of pasture species for given stages of growth A survey of several
commonly occurring native grasses and legumes in Colombia showed a prevalence of low
phosphorus content in many regions, but calcium was generally adequate  Mineral supple-~
mentation (indirectly pasture improvement) may be the initial step toward animal improve-
ment on the low fertility natural grasslends In fact, data obtained by ICA with salt
supplements in the Llanos Orientalis of Colombia indicate a yearly per head increase of

1/

50 kg of San Martinero cattle stocked at one beast per 5 hectares = Thus, a simple
management practice resulted in decided increases in animal outputs and permitted a
carrying capacity almost three times that normally used in the region  Other practices
such as judicious mowing, controlled burning or a scheme of intensive grazing coupled with
rtesting or rotational grazing might permit further Increases in stocking rates  Alter-
natives mentioned earlier in this section should be examined by the Pasture-Animal Pro-
gram of CIAT After all the application of man's knowledge has altered the development
and maintenance of grasslands more than any other factor Most grasslands are unstable
vegetative sub-climaxes with dynamic ngfural shifts of species The cattleman's aim

———

for many tropical- grasslands must be to improve the natural sward by encouraging the

development and spread of more valuable species components at low costs and with simple

metheds  Research must aild in resolving the economic exploitation of this blological

complex

2 Burning influence

Use of faire, ignited by man and lightning, has probably been the most ancient and
important influence on vegetation The morphology and growth patterns of perennial
grasses are alds in the resistance to burning injury perennating organs are close to or

protected by the soil, seeds ripen and fall to the soil before the advent of hot and

1
1/ Personal communication with Instituto Colombiano Agropecuaria (ICA) Animal Scientists
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dry weather and only one seasons growth 1s destroyed The effects of fire are contra-
dictory because of many interacting factors and difficulty of experimentation, hence
many conclusions are based on historical evidence without precise measurements  Burning
may be deliberately used for bush control, to rid land of coarse, unpalatable herbage and
to reduce the encroachment of undesirable species Burning of mature woody grasses de-
stroys inedible and dead plant refuse and encourages new palatable herbage because of
less light competition Indiscriminant burning when regrowth will not occur.ie too often
the practice Without judicious fire management the "harsh” grass species may be favored
at the expense of the "soft" species which do not survive when burned (e g molasses grass)
Additional research is needed to evaluate burning practices (particularly in Latin America
since most of the availlable data are from the U S , Africa, and Australia) The aeffects
of grazing and burning are interrelated and must be studied together - e g in Queensland,

grazing of annually burned pastures promoted the dominance of the undesirable spear grass

(Heteropogon contortus) but in protected areas the preferred kangaroo grass (Themeda

australis) predominated Other factors to be considered include season of the year, amount
of i1nflammable material, frequency of burning, weather condition before and after burning,
and resistance of the plant species to fire

Burning often and at critical times, concurrently with fertilization and grazing,
has been an inexpensive method of establishing sown species by attaining reduced competion
from natural grassland species

3 Grasses

A number of ecological surveys show an abundance of grass species in the tropics
More than 1000 have been classified in Mexico, over 800 in Brazil, 600 in Colombia, and
300 in Costa Rica These surveys are floristic in nature and do not providé information
on seasonal distrabution, yield and nutritive value The CIAT Program should include
research to evaluate the contribution of various dominating species in swards with graz-
ing animals  This can be done by seasonal sampling, chemical analyses, in vitro or in

vivo digestibility studies, and by grazing trials Other information could be obtained
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as an adjunct to grazing trials, e g botanical composition, plant nutrient content, and
digestibilities from on-going grazing experiments

Species replacement and succession are important factors in improving natural grass-
lands for more intensive management (efficient production) and improved nutrition  Thus,
introduction, testing, and evaluation of species must be carried out under varying eco-
logical conditions It has been shown that introduced superior species permit higher
grazing intensities than for indigenous plants - e g one beast per hectare Jn unfertilized

molasses grass (Melinis minutiflora) in the Llanos Orientalas of Colombia, 1 5 - 2 0 head

per fertilized hecrare of Brachiaria decumbens and Hyparrhenia rufa vs one head on 5 to

20 hectares of natural pasturel/ As rapidly as better pasture specles are identified,
animal evaluation studies (intake and digestibility trials with later grazing experiments)
should follow along with agronomic aspects of establishment, forage production management,
maintenance In some areas species replacement may be accomplished without tillage, e g

close grazing mowing or burning, and sowing seed of Melinis minutiflora (molasses),

Hyparrhenia rufa or Panicum maximum (guinea grass) or transplanting vegetative pleces of

Digitaria decumbens (pangola), Brachifaria spp or Axonopus micay, ete Combinations of

these practices coupled with so1l amengments may be an economical way to establish other
improved pasture plants

4 Legumes

Legumes are scarce and make no significant contribution to grazing under natural
grasslands on acid and low fertility conditions Assuredly Ehey will become important

as improved pasture management practices are adopted (See Section on Legumes under
Sown Pastures)

5 Fertilization and liming

Natural pasture species on acid, low fertility seils that have become adapted through

principles of the "survival of the fittest" during many years, will rarely give an econo-

1
1/ Personal communication with 1CA Pasture and Forage researchers
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mical response in terms of increased animal products The ash constituents for lime or
fertilizer nutrients that have been added would usually increase, but the utilizable
energy and protein may be expected to remain low On the other hand, liming and fer-
tilizing should be implemented concurrently with introduced pasture species evaluations
A knowledge of 801l nutrient status and fertilizer responses become increasingly impor-
tant as artificial pastures (higher yielding and more nutritious) replace the natural
grasslands (See Fertilizing and Liming under Souwn Pastures, Section B-3, béiow)

B Sown Pastures

The best possibilities for improving livestock products per animal and per land
unit are with sowm pastures Sown tropical pasture and forage specles possess potentials
for high rates of dry matter accumulation and nutritious herbage as compared with natural
grassland specles Nutritious forage from desirable species interacts to reduce the
harmful influences from diseases, parasites and other stresses of ruminant animals

Sown pastures (improved and artificial) comprise only a small percentage of the
total land area used for animal production in the tropics Because of poor grazing
management, choosing unadapted or nutritionally poor species, and/or low soil fertility,
animal output from seeded pastures may,be no better than for natural grasslande On the
other hand, with favorable management of thé'soil-plant-animal factors, one hectare often
supports two or more beasts during wet seasons and about one beast during dry seasons
Carrying capacity and animal output have been sharply increased by fertilization (parti-~
cularly with nitrogen and phosphorus), good grazing managem;nt, and by irrigation of
adapted and nutritious species

Sown pasture regimes require more capital outlay per unit of land than for natural
pastures, thus, the manipulation of the interrelated factors for high outputs are pro-
foundly important Much technical skill is needed for the management of sown pasture
enterprises, but the simplest and least costly operations for obtaining high produc-

tion per acre and per animal should be the goal




1 An;mal evaluation

Pastures and forages per se are of no value except in terms of animal uses and
products Some improved grasses have been characterized by agronomic studies such as
yield and persistence Limited animal performance trials have been conducted for short
periods but usually with methods that did not realize the per animal and hectare output
potentials The general lack of progress in animal production in the tropics may be
attributed to Isolated artitudes and research efforts, the resources already available
have not been exploited ro advance animal production Research is especially needed on
developing alternative pasture and forage management systems that furnish reliable nu-
tritious feed supplies at low costs for the longest possible part of each year Ruminants
cannot hibernate, they must have feed however, animal breeding cycles should be manipu-
lated and timed to tit the expected flush growth curves and seasonal nutritional undula-
tions

As soon as feasible CIAT should sponsor animal evaluation trials to explore nu-
tritional and productive potentialities of grass species Some of the more important

grasses ready for pasture evaluation with ruminants include guinea (Panlcum maximum),

para (P purpurascens syn Brachiagig mutica), puntero or Jaragué (Hyparrhenia rufa),

pangola (Digitaria decumbens), molasses (Melinis minutiflorg), Brachiaria decumbens and

B ruziziensis, and elephant (Pennisetum purpureum) As programs develop, other promis-

ing speciles should be investigated with grazing experiments Initial investigations

T

should be conducted without energy and protein supplements In grazing trials three

critical periods for growth of grasses which reproduce from seed and not vegetatively

should be considered (a) the flowering period, (b) the change from seminal to a coronal

]

rooting system (generally occurring about one month after seedlings emerge), and {(c) the

=

period of major transfcr of citbohydrates from serial to storage organs, which usually

-

occurs at the onset of the dry season

Corollary studies of forage intake and digestibility along with in vivo and in wvitro

and chemical determinitions cin provide supplemental and substantiating evidence on the

]
[

value of species, selecrions or varietles of grasses and legumes Investigations should
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be made under several soil fertility levels, at different times of the year, and with
plants in various stages of growth

2 Conservation and supplemental feed

Supplies of adequate quality and quantity of feed with year around pastures for
ruminants should be a target as conservatlon and supplementing feeds complicate feed
production systems For environments where plants are dormant, woody and of little
nutritional value over prolonged periods, however, forage must be comnserved during
periods of flush growth for feeding to cattle when shortages or low quality of pasturage
are problems Forage conservation demands breadth in management ability and higher costs
for additional structures, mechanization, and labor  The feeding value of conserved
forages are almost always inferior to freshly grazed forages due to losses in minerals,
protein, vitamins, and highly utilizable energy materials Dry matter is lost by mechani-
cal means, respiration and fermentation The concurrently high temperatures and humi-
dities in tropical areas may aggravate storage losses of conserved forages

The lack of year-round plant growth often limits full exploitation of sown pastures

and forage crops Plant growth patterns are cyclic because of available moisture, gener-
ally with an excess of forage during the rainy season but a scarcity during the dry period
As plants become mature quality diminishes since they are low in utilizable protein and
energy, and are high in fiber Under these conditions a grazing scheme can be programmed
for a cow-calf operation, but for effective and efficient animal performance some type of
supplementation is required There is a paucity of information throughout the tropics

to provide for alternative feeding systems  Some studies show that timely fertilization
with rational herbage utilization extends the grazing period, forage accumulation in situ
provides available fodder but is usually of low quality, ensilage, hay making, and irri-
gation offer a possibility but costs inputs may be prohibitive annual crops such as for-

)
age sorghum and Dolichos lablab and perennials such as kudzu (Pueraria phaseoloides),

Leucaena leucocephala and Cajanus cajan for greenchop or rational grazing could be used

but management may be too demanding and costs too high, plants may be selected for braw-
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ging but little is known of this potentiality

+

Waste plant products from fruit, vegetable, and sugar cane industries shoyld be
investigated as potential feed supplements, especially with dairy cattle This is vir-

tually an unexplored area but 1s one needing attention and a solution could make a tre-

mendous impact on animal production in the tropilcs

3 Fertilization and liming

£
The best improved sown pastures occur on the river valleys on alluvial soile vhere

!

!
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soil pH and fert.lity are rather favorable As such areas are used for intensive cropp-

)
[

ing, pestures will be grown on the less fertile more,acid soils

There is a need for characterizing the differential and potential responses of

R |

grasses and legumes alone and in associations when grown on different soils The ferti-
1ity status on lateritic goils 1s a deterremnt because of the acidity, phosphate fixation,
and unfavorable chemical characteristi.s for correcting these adverse properties Avail-
able data on sore of the more fertile soils show quite high yields and sharp increases
in plant growth with added increments of fertilizers

There is strong evidence that the production of certain grasses is sharply increased
by some sort of a symb.otic interplaym Observations in,humid Northern Colombia indica=-
ted decided improvement in color, possibly prot®in content, and ylelds of elephant and
guinea grass strains 1/ This mechanism should be fully explored

Wide differences occur among grasses in adaptation to the ipherent soil nutrient

.
r[:
!
!
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status - e g molasses grass (Melinis minutiflora) and Axonopus micay are generally con-

gidered low fertility requiring grasses and do not markedly respond to added plant nu-

trients Paspalum plicatulum {(brown seeded paspalum), which occurs naturally in some

areas (Llanos Orientalis) and becomes more prevalent with rudimentary management, remains

low in crude protein content, even with elevated doses of nitrogen Still, it is supertor

to some other native specles Conversely, many tropical grasses readily respond to applied

;j Personal observations in Colombia

e AR
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nitrogen, which 1ncreases the quantity of herbage and the percentage of crude protein,
e g pangola grass at tne Palnira Experiment Station in the Cauca Valley with no nitro-
gen, produced 3 0 tons dry forage per year and contained 6 07 crude protein, but with
600 pounds of aitrogen the yreld was about 24 tons of dry macrter with up to 16% crude
protein Grasses diffev in thelr requirements and uvrilization ot phosphorus molasses

grass has low and buffel grass {(Cenchrus . liaris syn Pennisetum ciliare) has high re-

quirements They also difter 1n their need tor potassium, molasses grass has low require-

ments as comjared with pulnea pangola and Rhodes grass (Chloris gayana) These grasses

grow well on soils high in sodium whi_h substitutes in part for potassium All legumes
are lower in sodium equiremencs than grisses, hence, grasses low in potassium and high
in sodium might be especialiy c(ompatible with legumes

Sulphur or minor clements may limit zrowth and persistence in certain localities

Tropical legumes differ 1n s0il nutrient requirements - e g Townsville lucerne (Stylo-

santhes hum 1l1s), used extensively 1n the Australian drylands, can thrive on extremely

low phosphorus so1l- (plant tissue may contain less than 0 10% phosphorus which 13 below

the approximate 0 14% minimum needed by grazing anmimals), whereas perennial soybean (Gly-
1

cine javanica) requifes a hizh level f phosphorus  Thejlatter is also sensitive to mag-

o~
nesium shortages In many area., especially soils low in lime, molybdinum is needed

for legumes 1/

As a corollary to plant-so1l nutrient relationships plant mineral constituency
should be investigated 1his ofren reflects the nutrient status of the soil, and serves
as a gulde to needed fertilizer for yield responses Mineral composition of pasture
plant tissues 1s useful for diugpnosing adequate mineral levels for livestock Lime and
plant nutrient requlrements will interact with methods of pasture utilization, more
fertilization will be riquired under cultural practices where all herbage is removed
as compared with grazing Grazing experiments with fertility levels should be conducted

over a period ot yeirs tu establish productlon patterns through the dung-urine to soil to

1/
=" Personal communication with pastire research workers in CSIRO, Australia
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plant recyrlings

4 Tropi.ai legimrs

Tropical leg mes are potentially very ifmpo tant in pasture mixtures for two reasons
(1) Low s0il nitrogir 1n tropilt il soils limits the growth rate potentials and applying
fertilizer nitrugen 15 otten not &.onomt al tor producing livestock products because of
low food eonversion etficiercy Trop al legure ire estlrated to rix 100 to 350 lbs/N
per acre yearly wuen pro,e€rly jnoculated and cultured (2) Legumes have decided effects
on animalsa, cCauslng Im[ro ed 11462 ;< o« ages 14 growth cates of calves and larger
cattle In Australils drasati su €8> with tropl ul pasture legunes in different micro
ensironments has been attributetl tc ad g tive cultural research with many introduced
legumes, adequate plant mutrient  hhizebiur stralns that t1x nitrogen efficiently, ob-
jective plant breedfrg 1or aniral utilizatiov ind suitable grazing management Annual
jegumes are uscd 1D "Farsh ooy ronme to with long perluds of drought, whereas, perenn-
1als are used n I voratle :a atall ateas Teuricil legune strains also make signifi-
cant contribution- ta homid ¢nsiconrents 10 Haw 11

A number of 1 Opical lepubhie 5p€ 1es Coo 1n .own pastures 1in South America -

Dolichos, Stylosanthes Cent cems Phaseolus Clitsria talopogonium Teramnus, etc

—_—

Generally, legumes 1n past: & swards dppear sporadically and erratically A number of

other legumes appear promising but have not becn fully evaluated Glycine javanica,

Pueraria phaseoloides Leucuena leucocephala -yn L glauca) Vigna spp ete The

findings in Australia suggest that the culturin, of tropical legumes must be re-eval-
uated 1o various mL ro-environments in tropical South America This could have a very
decided economi. and nutritional intluence on cattle produ tion

In the CIAT program spectal atte irion should be given to legume bacteriology since
tropical species h ve hipyhet degrees of Rhizobium specificity than most temperate legumes
One point of importanie is itnat many ot the Rhizobia intecting tropical legumes are al-

kall producers and .an this grow 1o ictd s31ls as contruasted to acid producing bacteria

tnfecting most temper te lepgur - Other 1 ctors to be considered are (a) date of sowing
+*
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to avoid high so1l nifrrate level caused by mineralization of crganic matter at the be-
ginning of the rainy scison (b) length of time for establishment - the Australians
found that 1t 1cquires s lung 15 LWo ye 1~ o1 urtaiin speclies of tropical legumes to
become fully establishcd ( » dereliat.~n management to permlt regeneration - most of
the tropical legumes , ow 1rom the rip, cf he srers (terrinal growth) and produce some
axillary branrhes but gene al.y do not i1.generate from stolons or crowns as do many
temperate legumes, (d' 3issurance rhat deficient plant nutrients are provided either
chrough natv al svoi1l te ri:1ty or by fertilizer amendments and (e) competition from com-
panion grasses

5 Plant piote tiun and weed ccntizl

Pests includin, weeds 1insects and diseases o«re almost untouched investigations in
tropical pastures and forages Suppression or weeds (herbaceous and woody speciles) is
generally done by hand litc: and on limited areis, ravages ot insects are usually un-
heeded and only a tew su:veys hase becn made on prevalenre and damage by plant diseases
In the development of a CIAT Pasruie-livestork Prcgrwn attention should be given to

these disciplines, but 1n cooperation with the allied scientists
F

6 Improved sele t ons t € Jp1 1l pasture anquorage plants

The few improved rropical pasture and forage <pecies have beeg developed by selec-~
tions among natural varianrs rtom phenotypes which appeared superior in forage yield,
tiller production leatiness .olor disease tolerance and persistence Varietal names
have been given to some 1ntrod ced accessions atter limited testing generally without
selection but mass selection way have been imposed The more scphisticated breeding
procedures have not bcen employed nor should they be until natural variation has been
adequately sampled Most of the tropi.1l grasses are highly apomictic but generally
sufficient sesuol eproduction c. ur- to allow diversity of types among segregating
progenies

Recently seveial lones ot Imperial grase (Axonopus s coparius) with resistance to

"gummosie (a bacterial disessc au ed by Xanthomvanas axonoperis) were found among na-

)
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turally occurring Jariaunts and teleased to Colombilan farmers At the Palmira Experi-
ment Station in the Cau a Valley, an improved selection of forage sorghum with high
herbage yields and oleran.e o _ertaln discases was developed by hybridization and
selecrion among S&gr.gating generations A similar improvement program of this speciles
{g carried on in Australla L/

An intensize tropi.al leyume biceding proprowe in Australia led to the release, mul-
tiplication, and seed distribution of Siratro created by the hybridization of two in-

troductions of Ehasealus arroplrpureds and selccrtion under heavy grazing into the F5

generation Two varleties ol Desmodium - 'greenleaf' (D intortum) and "silverleaf"
(D uncinatum) - were developed after magss selectlon among direct introductions, three
nemed varieties of pe ennial scybean (Glycine javanica) - "Cooper,” "Clarence,' and
"Tineroo" - came after several generarions of adaptation, Townsville lucerne (Stylo-

santhes humilis) arose after rany yeca~s of natural selection in northern Queensland

Seeds of these imprcvel strains are _owmercially azailable in Australia

7 Collections and intioductions

Grass-legume introduction gardens fuum a part of the "visitor circuit" on most
experimental stations ard School ot Azrontmy C?%EJS&S in Latin America In many in-
stances they have existed for unrecorded years - to the degreé that origin has been
lost with antiquity Some exchange of material occurs but viable and useful informa-
tion generally cannct be found, mor is there an organized scheme for coordinated evalu-
ation and subsequent use by farms This 1s not always true, as pangola grass (Digitaria
decumbens), a vegetatively propagated pasture plant was introduced into Latin America
in the early 1950's and promptly spread over a larger area 1n a shorter period of time
than any other tropical species In reality, dissemination proceeded too rapldly, as
many farmers destroyed excellent stands of guinea grass to establish the '"novel" pas~
ture crop Much to cthelr dismay, it was discovered that pangola required more careful

management and a higher so1l fertility than many of the presently used species

1/

=  personal communication wiith ICA and CSIRO forage and pasture worketrs



b |

R i S S=———

s~ S A

2 B ke B Bk B Bk kM R B ChN RN T

T

porp——
-

<

£

30

Introductions and coilections of exotic materials often become the instrument for
prompting pasture and foraze improvement Certainly, diverse germplasm forms the basic
foundation for a breeding prcgram  CSIRO in Australia through its plant introduction or-
ganization acquired several thcusand tropical and subtropical grasses and legumes during
the past thirty years Screening and assessment involved the close collaboration of sev~
eral specialists in different enviromments Plants that appeared promising for a parti-
cular enviromment were advanced ro @ ccoperating group ror further testing, commonly un-
der grazing, ond tur secl p.odiction el distribstion  Some 18 new _rasses and legumes
have been developed to the stage of commercial exploitation by such a cooperative effort
in Australia A number of these plant introductioms came originally from Latin America
and are presently being re~intzoduced

A centralized and coordinated forage and pasture plant introduction orgenization
is needed in ratin America At present there is no such organization Beginning in
the late 1950's and rith added impetus in the carly 1960's the IRI Institute sponsored
an extensive grass-legume collection edpedition in Brazil  As a consequence one of the
largest collections of plant materials in South America exists at Matao in Sao Paulgs,

-

Much potentially valuable plant material enterad into independent exchange programs,
-y

but an adequate evaluation system faited to materialize - largely because of inadequate
funds and a lack of a uplfied Interamerican Plant Introduction and Testing Program
CIAT should give purpcseful consideraticn in assuming a leadership role in promoting
such an organization

One requisite to pasture and forage improvement in the tropics will be the accumu-
lation and evaluation of germplasm later, plant breeding <nd genetic investigations
oust be actively pursved in developing superior varieties  The role of CIAT may be that
of providing the impulse and supplementation for national programs rather than actual

engagement,

8 Seed produ tion of tropical pastures and forage plants

Seed and planting stocks of tropical graeses and legumes on a commercial basis du




31
not exist, except for a small number im Australia Multiplication of improved seed
stocks in that continent 1s limited and distribution to the outside is generally re-
stricted to a few po' nds of seed at exoxbitant prices f(as compared with temperate pri-
ces ) as compared with Lcmpesrale zONne grasses and legumes Ofie small seed plant in Costa
Rica {at Cattago, near >an Jose) processes several grasses but only for local consump-

tion The ministry of Apgri_uvlturc in wost countries provides limited quantities of

%
gome planting stocks but fo e most part, sced movements are from farm to farm With

certain intrcduct 2n- seed goes I10M 4an experiment station to the more aggressive cattle-
men and then trom tan h to tan b For some spe.ies, such as guilnea grass, molasses grass

and jaragua (Hyparthenia futa), cattlemen use hand labor to collect their own seed  Occa-

sionally some excess seed is rarkered locally but viability and germination and vitality
of seedlings 1s exfremely low - & 8 lo.al seed of guinea grass in the Cauca Valley showed
a germination ot les: than 1 07 L/

Technology .01 proda ing pu e Sced of good quality is a complex enterprise - crop
production, seed harscsting processing, stcilig, and distributing A lack of such a
seed producing and 131 ketir, servife 15 4 deterrent 1n the troplcs Seed deteriorates
rapidly berause ot high humidity and temperat.ires which encourage microbial activity
Adaprtive research 1s nceded to apply the tEchniqjg;, methods, and procedures from the
temperate regions The Australians have made a beginning and other seed research or-
ganizations can look to them f~s leadership 1lhe role of CIAT may motivate and stimu-
late national activity It will be necessary for the CIAT Program to engage in basic
and applied research on phenological investigations and other factors that influence

floral development and the production of high yields of quality seed

9 E.onomt. analysis of livestock production from pastures

It 1s almost impossible o 11nd conctete 1nd valid econovmic information based on
precise costs of various 1nput fa.tcis and final products Projections have been made
in Colombia, but rhe hasis tor cheir ompilation have been derived from rather meager

1/

2/ parsonal cont1 t w th [(} rorage workers
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l observations 1n the deveiopment ana crganization of the CIAT Pasture-Animal Program,

experiments shoald be designed in consultation with economists so that reliable cost

projections may be made

¢  Animal Management, Nutritin, fhyeiolopy, Parisices and Diseases, and Geneties

2

As menttioned previsusly he p imary objective of the program is to provide addi-
tional high-quality an val protein to humsa consumption by utilizing pabcure{and forage
rops or other fibrous low precein feeds  More meat and other animal products are need-
ed for solving the main wo ld p oblem ot human nutrition protein deficlency However,
these products must be pr.d. «d efficien ly

One or the major dete: ents to effirient livestock production 1in the humid tropics,
such as Latin Americe. 1is the lcw amiral reprodu tive rate In some areas calving per-
centages are as low as 30 > 40 p= en In reasing the percentage to a respectable 80
to 85 per cent woald at .z . d 9nie meat production in such areas even if the other
production levels remiincd the s Ynthrittiness and poor growth of the offspring
are the rule rather than (he e epr Miny new-horn ralves do survive or galn weidght
at such a slow rate that 1t msy =2quire 11 e to six years for them to reach acceptable

market grades as compated ¢ 5-.& mo~ths 1n the UniTed States High death losses are

— » -

common, frequently reaching 20 rc 40 per cent Generally milk production in the tropics
1s ridiculously low The low sepr.di tite rates unthriftiness, poor growth, and low
milk production are due to a nurte of fa tors including malnutrition, internal and ex-
ternal parasites disease, poot ariral management and probably temperature and humidity

In order to remove deterrents and to attain 2 high rate of animal production from
pasture and forages with maximum etf._1ency research will need to be conducted in ru-
minant nutrition, pirisite ontrn! diger ¢ prevention ind control, reproductive physio-
logy and genetics

1 Ruminant natraition

In regions where pastures nd Fer forages thrive usually maximum economy of pro-

duction can be achieved by usin h gh tevels of Lhem 140 rations of ruminints Cectain
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forages at given Stages ot marurity contaln sutticient energy to support high levels of

-1

animal production Past irage especially natural prasslands, is often deficient in pro-

tein and in ce tain minerals, even with lush growth  As the plants mature, the problem

]

becomes more critical Not only will the levels of protein and certain minerals drop,

pbut the forage will 1increase 1in ~rude fiber and hence, lower the energy levels for ru-

1

minants Thercfore to properly nour ish cittle for given levels of production, the nu-

)

tritional dererrents will pecd to be mapped and corrected Of course, & flexible manage-
ment syster would be 11 order to rake maximum use of the forages at various seasons with
minimal supplementaticn For example dairy cows at peak production, beef cows with

young calves and fat ening cattle could be grazed on the lush, young, leafy, high epargy

hcrbage  On the othe~ hand dry cows pregndnt beef cows and stocker cattle could uti-

Lize the high fiber low protein and low energy forages

:
)

It is not anticipated rhat crudies would be conducted on nutrient requirements
These (requirements) are cbrainable from accepted feeding standatds Rather, studies
will be ccnducted to ascertiin the levels of the various nutrients in the forages and
the efficiency with whi h chey are utilized rrom these studies, supplementary levels
may be calculated and rested - a

Even in areas ot the world with good nutrition, along with disease and parasite

control and good animal management, certain metabolic disturbances are encountered

Pt gy IS

These include grass tetany muscular dystrophy, ketosis, milk fever, and tympanites

(bloat)  Although the s1use(s) of these 1s not clear in all cases, they can usually be

TS

prevented by the use of ptoper management oI supplementation Initially, precautions

)

will have to be followed to guard against such possible disturbances 1f any of these

“

become serious problems, rescarch will need to be directed to finding the cause(s) and

)
|
:
|
1
g
|

preventative measures

2 Reprodictive physiology

Since pocr reproductive pericrman.e 1s one of the main problems hampering efficiency

of animal production 1in the tvoples reseatch will need to be directed in this direction
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Initially, research should be directed taoward uncovering the caugse(s) of the low calv-
ing percentage In other words, is the poor performance due to malnutritiomn, parasitism,
disease, or climate (temperafure and humidity)? Undoubtedly, any one or more of these
could intertere with the estrus cy~le, semen quality, conception, implantation, and em-~
bryo survival It is likely that a combination of these factors are involved under
present grazing and management procedures in the tropics

After the ause(s) of rhe poor reproductive performance 1s established,‘preventa—
tive measures will be t sted Th.s may include good 1nimal management procedures, nutri-
ent supplementation, use of drugs and medication, and appropriate breeding systems

3 Disease and parasite control

There has been a2 ~rplu ent attitude by livesto_k men in tropical enviroaments that
cost of losses daused by disease and parasites 1s one over which they have littrle or no
control  Deaths fron disea-cs such as toot and mouth, anaplasmosis, rabies, anthrax,
and various infect.ion. are ve y high Incidiovs losses from diseases and parasites in
the form of unthi itk ness Irw rate ot gain poor milk produetion, and poor reproductive
performance, =lthough leas srriking cause tremendous losses in productivity and effi-
ciency The parasite and disease problem, thhough gerious in beef animals, 1is accen-
tuated in dai~y cattle as a result of more intengified production

In all the reseatch and demonstrations sound management systems should be followed
Also, immunization againat <uch diseases as blackleg, anthrax, and anaplasmosia should
become routipe procedire

Research shculd be conducted concernming the effect of livestock-pasture manage-
ment on internal parasitism For example, rotational or strip grazing should be com-
pared to continuous grazing  Also anthelmintics, such as phenothiazine and thiaben-
dazole, should be tested The use ot various drugs and method of application for con—~
trolling external parasites should be tested also

4 Genetics

Undoubtadly, livestock indigencus to the troplcs are more resistant to the para-
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g1te, and cettalp 11-eise p o ilert 10 th ateas Th s« are often not very efficient
producers of mear rilk, bewztel Theretore, 1n corder to remove the deterrents to
high production ird e.ficien y it we ld be desirable to develop breeding plans which
would retain tne s16tant or adap 1 e characte 1stics of fhe rative cattle and improve
perforrance Re wits obtiines 1m (o)c bis indicate that by certain crosses, the re-
sistance ol the n t1 « attle ind the high 10tk prolucin, abtlity of the Holstein can
be 1etuined

;D , LINUTSIUN S o ene £~ meat
productlon ant ¢ 2+ ¥ 1.k p odact ca, would 1 have to be maintained There is evsi-
den e tna. Holsre u scsere 4 ¢ effictewn prodi_ers of quite desirable carcasses  Thus,
genetirs resear h shouird bo simed L1 this dirqcrirn ~ather than toward developing separ~
ate briecding syt . L <ot and milk prod cticn D al pirpose cattle for meat and
milk hia « be = & 1 1eal AR} ve ta an larcpean countries Holstein feeder steers
sell at . proare. d hincdom ' Low-calr herxd, solely for meat production,
is putitrtrialiv 1t h o ¢ tacient tran N1lk-weit enterprises

Initially i. e1y J ,2tant o o ¢ o1l wo e prtofessicnals in the following

disciplites t2 b- he 4f stat! antral nanagerenr specialist, veterinariam, nu-
tritioniot 1ep od r1v ply, oclogast end bifehemist  This will make it possible to
exercise all pocsitle knowt 3 trols 1u iranagement, diseases parasig;sm insects, and
nutriti n to vaxirize ps J e-aniwal oufputs ani simulteneocucly diagnose any limiting
ur anteract.o cb fo.12 s There m1 £ s1so be ap epportunit, for each investigator to
pursue indepenlent rc.ogar b

D T aining Pre.rn , Dis-ctu aation ¢f Tnforwation, and Collaboraticon with Natfonal

Institutions

The sic 56 b otli Jast ¢ 1 veots K trogyram of (TAT wlll finally be determined by
the magnitude ¢f 1r teas s 1 livestock prod: ts in ountries in tropical environments
in farure years v h 1nt ecases in pr aucrion rust be economically profitable -« 1 e

free ¢f subsia ¢s 1 1 Mcir1ngful sa ces depinds on protessional and technical gkills
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in research pursuits and trained personnel for adult education and technical skills at
the farm level Excellence restricted to research and development will cause the pro-
gram to stagnate unless extension-promotional programs are encouraged through trained
leadership Programs may fail at the farm level, unless training of technicians and
adult educational programs are envisioned CIAT should take leadership in the necessary
broad training (experience and education) program(s) It is envisioned that CIAT could
develpp a training program to advance pasture-animal production patterned after that of
IRRI, This rraining and educational venture could be carried om very effectively within
thg integrated method of proceeding as given 1n this proposal

The advancement of principles to improve production of livestock commedities de-
pends on the competency of the staff of National Programs Within the corps of research
workers who occupy positions in the National Programs are individuals with advanced de-
grees from outside the region and others with local training that lack in experience
or education or both Too often the scope of research does not extend beyond the nation-
al boundary and prejections are limited to a narrow outlook within the confines of a
iocal situation Additional training and experience outside sectional environmen.s

could benefit many of the researchers by up-dating ideas (new principles, methods, tech-

niques, and procedures) and motivating the new 'crop" of research persomnel

Trainees from CIAT could form the operating team for coordinated regional activi-
ties It is anticipated that the CIAT Project Leader(s) will aggressively participate
in the coordination, collaboration, complementation and supplementation of on-going
National Programs This must be initiated before the products of a training course
reaches fruition The basis for a continuing and lasting International Pasture-Animal
Production Program depends on training of future scientists and techniclans

The integrated research dpproach should be especially suitable for on-the-job
experience by research and extension personnel and by technicians trained for servicing
and conducting practical programs

A considerable amount ot literature exists for the agronomlc aspects of this CIA:
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project, but published information on pasture-animal investigations 1s meager Infor-
mation occurs in local publications which do not receive wide distribution A series
of British Abstracts reviews many of the lesser known Journals but even they do not
reach many libraries in the tropical regions Productive research and extension may
be stimulated by exchange of ideas and information  This CIAT project, in collabora-
tion with the Library Science Program, should consider means for accumulating and
disseminating pertinent literature
V  PROCEDURE FOR DEVELOPING AN INTEGRATED PASTURE-LIVESTOCK PROGRAM

The objectives given in Section II suggest that these broad research and training
programs for efficient production of animal products from pastures, embodying soil,
plant, enimal and climatic input factors, and their interplay may be developcd in stages
towvard a complete program The costs and efforts in research investigations to improve
animal production efficiency will be three to six fold more for meat and milk livestock
enterprises than for a total single crop (rice) investigational program Because of the
complex interplay of soil-plant-animal factors, progress will be slow as compared to
any single crop program Thus, the need to conduct investigations for additional years
will add to the costs ' e

Investigations with animézmproduction aré€ very costly as compared with single
crop enterprises beeause of larger land areas, more facilities, much more professional,
technical, and labor personnel for herd management, and attentive animal care during
the entire year TFor example, the land area needed to evaluate four variables in terms
of animal liveweight gains (output per animal and land area) would be 1000 to 1500-fold
more than that needed to compare the yield and quality of two crop varieties The four-
factorial treatment comparisons would not produce very useful data unless two or more
stocking rates were imposed concurrently, thereby requiring eight variables to evalugte
four  Furthermore, the liveweight data would apply only in a general way to milk pro-
duction and animal reproduction  Such land costs make up only a small fraction of the

added costs  Other costs include all specialties of single crop cultures plus animals;
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fences, water ticilities tor weighin, milking, and car.ass evaluations, animal para-
site, disease and ilnse.t rontrols and inv-~stigations and the conduct of experiments
through several animil generarions in reproduction investigiations

The soi1l-plant 1nvestiga tonial complex with a single crop 1s much less costly be-
cause fewer investlgatinns and less time 1s required when compared with a pasture-
livestock complex ihy 1s attiibuted to the mimy jrasses nd lepumes in seeded pas-
tures and natural grasslands that must be studied within pasture esaluation programs
Adaptive vesearch breeding and gepetics tor 1anprovements rertilicy and solls re-
search, and cultural and nmanegement i1nformation 1s scarce as compared with wheat, maize,
and rice aAlso 1investigations with pastire pevennials that are eventually used in
prass-legume mix .res require more tire and spa.e than for annual crops Finally, such
soll-pasture investigaticns may be of speculative value anless evaluations are made
with animals

The success of this project will be measured primarily by the output of livestock
commoditiea in subsScquoent years To obtain rupid and applicable results 1t is most
imperative to use an 1ntegrat-d approach, involving a team of cooperating specialists,
where all individuals are conre*ned and dedi.ated to the task of producing livestock
products through the .>mplex input factors anémthe1r interactions Extreme departmen-
talization symbolic of many land grant universities and federal projects is a con-
venient administrative device but it often deters livestock production because 1t iso-
lates the specialists fiom the 1mportant interrelated factor§ The business of animal
production 1s not departmentalized 1t 1s a symphony of an ecological interplay of in~
put factors Thus, the administrative setup for livestock production from pastures
should have a dire.tor that encourages individual specialists to contribute to the eco-
logical symphony Jn su b r w {forts minds mect on the plinnin, and debating table,
individuality is ma1intained is minds 1re not to be amalgamated Each scientist m%y
make contributions 1n 1 dual manner 1 ¢ team tesponsibility and other or individual

research fhe unit may be -mall or larpe, but 1t should be objectively coordinated
4

~
3
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to make an impact su h progLams with coordingted efforts of team members for augmen-
ting the production o1 animal products have had tremendous impacts on animal agricul-
ture in New Zealand ani Austral 4

In case the complcte pastare-~animal p ograr annot be 1nitiated at one time, the
phases in Section 1! are generally yiven in order of priority for 'growing into” the
pasture-livesto k 1nvestigational progr The tentative airangemcent of the priori-
ties should not be misconstrued us velative signlticance of «cientific endeavors, since
no one spe ializatiun 1s more amp t1ant han ancther D. 1ng the investigations, as
deterrents or spec:al potentialities be ome apparent, the order of anvestigational
priorities should be altered

Any suaccesstul livestock program that will sairvive ¢ onomic cycles must have am-
ple supplies of pasture or cther luw cost feed that iIs sufficiently nutraitious to
attain optimam growth aud reprod.c 1on  a«tes of rwrinants Other factors such as dis-
eases can nullifi, responses tat high nirritional standards usually interact to reduce
the adverse impacts trm e t13in diseases parasites conception deterrants or environ-
nients The research philosophy fur ouccess musr be one to utillze the solar flow of

energy to plants and the subusiquently el bLorated cmpounds by plants and ruminants as

o~
efficiently as possible in terrs of animal products by manipulating soil, plant and

anmmal input facrtors

Why are catrle e:iterprises not now booming 1n the humid tropics? The favorsble
temperatures all year along with high light intensities and favorable photoperiods,
suggest tremendous potentlal tles i1cox hacuessing the flow of radiant energy through
the plant to ruminants Ihe ract that this potential has not been exploited to any
degree of efficiency 15 stiongly trributed to 'fragmented research that has not
diagnesed nor solvsel the pea 1 31 ant rplay of problems of raising livestock  Today
tte reasons for suaboptimum anural periormance remain unknown  For example, low calf-
ing rates may occur be.zuse ¢! nulrition diseases parasites physiological, or gene-

tic factors Ao intepr ted team eftort would pinpoint production deteirents and desig
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rate the need for special investigations This 1s the time for a team of specilalists
to incorpordte their talents with dedications to attain the primary objective
Because of initial _osts development, procurement of personnel and facilities,
work with some of the pasture-livestock phases may need to be staggered (Section II)
The initial investigarions may be done with steers at low costs when compared to a herd

for reproduction investigations When considering steer performances the data may

¥
serve only as a rough index for possibilities with animal herds A livestock business

will never be successtul without raising calves efficiently Thus, a beef herd should
be available as scon as feasible to study and manipulate the factors that influence
fertility <conception calving {per cent raised and rate of growth) longevity and re-
productive life histories A _ompetent animal ecologist should manage the herd Re-
productive principles in beef cattle apply directly to dairy herds Work with dairy
cattle may be delayed however milk production potentials cannot be projected without
data from 1ia tating cows

The employment of dual purpose herds (meat and milk production) for improved pas-
ture output and erficien y may be an important objective in the future

Training programs should obviously be started after a sizeable research program
has been developed Research staffs data, _and so1fﬁplant—animal~facilities are necess-—
ary for the implementation of various training programs

Staffing and physical facilities will depend on the magnitude of the program

V1 STAFF AND FACILITIES

A Protessional Stafif for the Pasture—-Animal Program

The following list includes minimum specialization and dual responsibilities are
included in several of the position categories The professional staff should have
training and exXperience to qualify as associate or as senior research officers and
should acecept dual responsibilities in research and training agendas Several spzcial-
ists would be needed inirially in certain categories such as pasture agronomists

(soil-plant-animal interrelatiunships) Some professional categories could be initlally
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gserved through consulrantsnipo varying In length of sevvice

[

Pasture Agironomist (3)

oil Chenist (Plant Nutricionist) (1)

so1s and Iegume Bacteriologist (1)
Biocherist (1)
Lnerls (Orgenir aad Inorganic) (2)

Weed Erologist (1)
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tomen Mitr fionlst

cnimil Fca . igt
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Atim.l Paysioclogist

R pr ¢1 rion Physiclogist
gsutmil Parasitclogist

At 1mul Pathalceglst

43124l Breeder

Fcod “ttertist (m_at and milk processing)

plat Paysi logist (L)

:
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!
)

S.i] Prysic1 ¢t (Ttrigation) (1)

1 lant B eeder ({rass and legume) (2)
Y d Fhysiologist (Production) (1)
f1 1t t i!alu,1 t (Namirologist) (2)
stat »ti ia (1) CIAT

E e~ v () (1Al

A, 1 ir ral En ir_er (Constra.tion, Machinery) (2) CIAT

= B B B B
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Electronic Specialist (1) CIAT
Journalist (Editor) (1) CIAT
Plant Ecologist (Consultant)
Geclogist (Consultant)
Pedologist (Consultant)

B Educational and Training Programs for Technicians, Extension, and Research

1)
Personnel

Objective research for the advancement of practical production of animal products
in tropical regions wiil stagnate at the research level unless farm and industrial

technicians and extension personnel are trained to extend research principles Here

again as with research in the soll-plant-animal complex, training programs involve

many input factors and areas of specialization as compared with a "cash'" crop This

will add costs and time to training programs Advanced training programs that allow

for specialization and additional experience to augment research and teaching pro-

ficiencies, ghould be available opportunities

1 Initial Personnel
a Journalist and editor —- research and education, CIAT
b Informatioual specialists and lectururs =—- coordinate educational and

training programs, accumulate and arrange information, and handle guests

C Physical Facilities - Office, Laboratory, Teaching, Housing

1 Research and Education Programs
a Offices and specialized or other laboratories for all professional staff
listed (see VI A)
b Other physical facillities
Scexetary offices
Small offices for in~-training scientists
Seminar rooms —— (small) -- CI1AT

General tea and coffee room -- serve as meeting and discussion
area




43

Auditorium fcr lecture - CIAT

Central library ~ CIAT
Acconnting office - CIAT
Ihotographic and duplicaring laboratory - CIAT
Housirg dormitory for trainees and single CIAT techunicians
Cential Dining facilities - CIAT
L4

Cotrages ror resident married technicians that loock after
animals

2 Suppcrtaing tacilities
Machine and repair shop and storage - CIAT
Woodwork and painting shop and storage - CIAT
Machine storage —-- several sheds - CIAT
klectronics shop and storage - CIAT

Environmental contr.l building for seed and animal investiga-
tions

Tsolation barns -- diseases and parasites

Quarantine bailding

Dairy research center - open housing, milking parlor, maternity
f?\ - space

‘ﬁay diiers and storage builzing

Upright sailos (8 x 25 ft } and bunker silos

Pole bawn roof cover for feeding and handling animals to obtain
dara on digestibility coefficients and nutritive value indic es

Weather recording station and equipment
Feed storage and mixing

Equiprent for land preparation fertilizing, seeding, pasture
maintenance Silage and hay making, green chop, weed control

Fenciug
Heat drying of emall pasture and forage samples
Equipuent for small plot 1investigations

Pick-ips and rractors

1
1
1
A
3
i
!
1
1
1
1
1
1
1
1
1
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Greenhouse space - CIAT
Phytotron {Controlled chambers) - CIAT
Statistical laboratory - CIAT

VIT REVIEW OF SELECTED INVESTIGATIONS AND SUBSTANTIATING INFORMATION

A Year-round Pasture and Forage Systems ~ Animal Evaluation of Pastures and

Supplementary Feeds

§

tasture and forage crops research in the initial phases of CIAT should focus on

i i win wis i mia o s ok e ok ih Tk B b e = e

the development of year-round feeding systems for cattle on sown (improved) pastures
As cattle numbers are concentrated on the most productive pasture lands the immediate
impact would be an intensification of the better grazing areas (i e regions vhere
more than one beast 1s carried per hectare -- in the four departments of the northern
coastal plains of Colombia Atlantico, Bolivar, Cordoba, and Magdalena, about 5 BS
million hectares of pasture land support 6 86 million head of cattle) These partially
developed grazing lands are readily accessible to urban centers, generally, improved
grasses which are responsive to applied plant nutrients have already been established,
agricultural experiment stations are located within the region and available rescarch
should be directly applicable '

Information exists to show that a number of the tropical grasses ar; highly re-
sponaive to applied nitrogen Forage yields increased linearly with additions ol ri-
trogen up to 1000 lbsﬁ;acre (Appendix C-1, C-2) when grass herbagewas removed Under

grazing it would appear that less nitrogen was needed Stﬁgies in Brazil (Appendix

b-1, D-2, D-3), in Colombia (Appeadix E-1, E-2) and in Australia (Appendix E-3) suggea-

1

14
ted that from 30 tp-50 1lbs /acre of nitrogen would be sufficient for high yieldé when

"

applied at intervals of 6 to 8 weeks Timely applications of nitrogen stimulated pas
ture output Under rotational grazing nitrogen topdressings were made after each
resting period (Appendix E-1 E-2) or after each second rest period (Appendix E~3)
With continuous grazing a seasonal topdressing generally corresponds to the rhythmical

growth cycle of the grass, rainfall distribution o1 temperature effects (Appejdi* D1,
F

L
"

-
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D-2 D=3 E-~"

Fertilized < 1 bie ¢ prodici mu e rthan 2000 pounds ot liveweight gain
per acte as sh wn b, it 1 ¢ Tslarbia A pendin F-1  k-2) and Australia (Appendix
E-3) In Bruz |t a1r¢ bsr attle ov 1 1ilvs d prss ovuld be marketed at 2 to
3 yedrs ot an s puael ¢t years 1 e noamsl range conditlons nitrogen at
200 kg rhe € omet hoaod: Vv Lo o onir gel 1 terms of total Digestible
hutrierts/he t te o« L 1d l: ew g1t palifhe 7 hut di1d not aftect age of
£ Dlsr Lse I Uk Lot [ S VI IVIVANN 1 P205 ond 60 k, of 5 ga e an annual
net ret 1t of  hoet 40 il ! ¢ th 1 terralizet ntrcl 1n Paerto Rico (Appen-
dix e-4) ise or 1400 h « o 14=1 =10 r rtilizer as c.wpared to 600 lbs increased
vea ly beef ga 1 r O e Di2 Gbs 4y ore tyin, capa.lty was almest doubled from
14 tc 22600 pocd ot =ste e 1t pe p uteln was 1ncreased from 8 1 to 15 9
per  ent

These tesult 1 1ac 1t N £ I opeetr yoane potoaria] which way be expected with
tropy 1l , asséo Lt d ¢ g vl h 3 terrze the ditferen.es among grasses
CT PaStares nied 1s v ¢ 4 I 1t gfom e ¢ compare diftcrent management systems
of selected pa t - p 41 > 1 st f nc arc based on pre=ent prices of nitrogen

ferttlize, Ju 1 anricaip ted thr notrogen ¢®8ts will decline, as has occurred in

- —

the United “tatlrs thus redicirg pastare prol e (ats Since tropical soils are

generaliy low 11 1t en content ~nd 1 sciably cespond 1o mendments the practical

{

potential. wigh o s =ab e 0y Tty

Animra tr1a1s should | ~ 1gned t pro Jde tnowlelpe »f feeding (pasturing) sys-
tems  sru kg Lt~ roob o aser s 4o {or «upplencarition) prictices Type of
design depends 1o i wrea stent un btc}p tps et the pistu e whether it is the main
or 50le S3re f 1e ry vt yo o ois 1 prov o Leed tor only a geadon of
the year s The D er 1 LENCe n@ Tl cason becomes critical and may determine
the over-all S TR Lert o 1y © use ation ot feed (or provision of supp-
lementaticn) v 1y, 1 1ot | prroro) tn the latter <ase maximum grazing
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intensiry wrasicterr vy pl 'wiry:e ad suund pasture mandgement can be used
In view ¢t the pre crr (ca1 o preso th anim.l cif 1.10n4l status in the tropics
the first p % rity L 3¢ _asace th. ot -¢ of gra sus (1n pure stind and later
as mixturssd tr g Py, st th 0 Liuate potential aniral performance CGraz-
in, (feeding) ayot oot i b at e toavst be e iagerei in relation to
farm mana, e 1 thiy

Predu tu 11y o, 10 toal 14t ¢ oopi is limited by the low feeding value
-1 ' ! ! fron ' £ Lues of grow-
tt than tt [ P AP w1 ae ~tvdies In soitheast Queensland and

data rrem ts tnte ! Kio.4, Hawed oty te 74 lwan d y matter digestibilicy of or-

¢h rd grass w 3 /o4 pe ¢ ol ye o« & ’15p3lam _ommersonii (a common Australian
grass) 747 o1 U o 11 4 st _lap 7 oga ~w alten) 27 minimum digestibilities dropped
to 48, 60, 3. 1 4 p o Lo v oy

As ple te £ oa arul oneae sy ¢5 toplal tasse  are reduced (Appendix
F-2% e g with 10 ure bty ot 0 iy b L) the d11ly 1nt ke reached 70 gm
dry weight ot rogs, i ke 02 ot 4 vl Mvy oulayht but when more mature (250 days
of age) d upped 5 42 ,m L 187gt1a gra~s 4 clined tiom b7 gm at 30 days to

24 gm .t .5) days Frnysiol~gical*condition of the Iorage plant also affects intake

vutting and teedin, raspalum plicarsl o fAppendix F-3) in the early seeding stage, but

lust plant ,ccuth b 7¢ 1 da 1, Ary maco v 1ot ke of 9¢ zMm per head with sheep with

fi~sted leaves, t ¢ - 1 t

oot oake & Mimd to 677 gm with leaves and some

frostad stevs 1t dropred to ¢ Lns wWitfn Pe ~7111e plant was severely frosted 1t

decreased to 549 o

Differe - ke b0 a0 relared with runen distension which

deperds to o .1 ut t ! i b bavn ad how long  he mdigcoted material

rewaiis in the « men  pper I- v=t  aeta elephait grass harvested after 30

days of rejrowrh qQ el 45 0 O pe=c ttr aet the yominant digestive tract and

when cut atter 70 Jiays ot Wt b3 hour-
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Results with temperate grasses suggests that rumen bacterial activity may be de-
pressed if the percentage of crude protein drops below 8 5 For tropical grasses in-
take declines markedly when the crude protein percentage falls below 7 This {ndi-
cates that the low feeding values of many mature tropical grasses are due to low con-
sumption caused by suboprimum crude protein for the rumen flora To improve animal
production when eating such forage (especlally during the dry seasons) it is necessary
to increase the amount of feed ingested Since soill moisture usually limits plant
growth, other management practices must be investigated Irrigation, forage conserva-
tion, supplementation of urea and energy feeds or the growing of special arable crops
could furnish good quality feed when pasturage 1s unavailable or of low quality Such
information is not generally available nor is it put into practical use

Inferences can be drawn from present knowledge that suggest more intensive stu-
dies Feeding values of legumes do not decline rapidly with maturity (Appendix F=2)
Daily animal intake (gm dry matter/kg 013 liveweight) for perennial soybean (Glycine
javanica) remained at 80 and 92 gm when plants were 150 and 250 days old, for Siratro

(Phageolus atropurpureus) it was 72 and 75 gm , respectively Thus, forage quality may

be realized by accumulation in gitu such legumes as Pueraria phaseoloides (tropical

kudzu), Dolichos lablab, Cajanus cajan, Desmodium spp , Leicaena leucocephala, etc

Accumulated growth of legumes would be utilized by rational grazing Forage sorghums
and sudangrasses perennlate i; the tropics and with adequate soil moisture and plant
nutrients they can be harvested at intervals of 6 wks , yielding 40-60 tons of fresh
material per hectare per year They could be ensiled, fed as greenchop forage, or
grazed A host of other crops such as maize elephant grass, etc can also be en-
siled Pasturage may be accumulated in situ by restricting grazing or by timely
cutting when combined with fertilizer application Irrigation stimulates plant growth
during dry seasons but ite potential use and economic value in the tropics awaits in-

vestigation Feed supplements such as molasses and other byproducts may enhance in-

take of low quality forage Urea supplementation of low protein grasses has notable
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potentl lity sin ot s 1nant pratein 1€ julrerent may be urea

B Tiop ¢ 1 T

(fa.se  LIfTH t1at 1o [t is suppl ed through the decom-
positr 1 of cr fro the e tabizataon of ulttcgyen with the onset
ot the rii1= H [ R throvgn ol ase £ on N captured by
158C lulie | f1 t oyl toticers it a4 su 11 am unt by lightening
and rainral Ty -~ (ar p 1 !« cheapesc source o nitrogen but their
use ha & 1t g1 oart oo f t ottt dug ton Surcess with
legumes 1n the tr poos bo o with e o cpt that they ure tiepical 1n origin In-
vasion inte b2 terg. 21705 ¢ o M1e 11w the ditferertration and progressive
tham €5 10 4, n Fa 1 .t 1. vith b owe rcditied ctypes led to erroneous ideas
about g wiry in the t it i ,ut b1 ve 1y lugy ray be the key to success
in the te—- varin tt nw o £ p1 val tw = pply inrluenc.s the formation
and fancti ring, 1o dale v Lk siesws fhat bdacte 14 arc not calcium -
SEns101l « [hey 10e 11t vaits ¢nty  pd t 1% the host legume plant
which regulie g 1t o topt 21 1 p me. arc «apable or extract-
ing raler ™ e 4 o™i o et rlete 1o} w alciun availability, as
contrastel A o, LI\){.I-ii leg w nd nodivlating Rhizobla are
more to'ervat o< L bl al 1ol fns yeres 11 1l sotls thin dre temperate
1 w1 ones LI F IOURY o roe, tt ytea Rbig tia pr duce arkall buffers to counterbalance
a_ d % il s1tuati, “afumSes My - 30t th Lt t~ tne telease of molybdenum,
wnivh 15 1e 1ired 1 ttet 1, rt xn Tin tisn > 1 iules rithet than changes In
prt st - A wt1r fia st ed that other clements such
ab Sulph: and  abait 1~y i 1ot but s «h inform tion 15 lacking for

Ia fn Arc & &t o | rs

=
The sperrire v teltronship 1s very 1mportant Many
tropi al 1 . t tny 141 n bur nitropen-fixation may

he luel .t v 1 onis Poines=1r 1o led a helght
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of about 6 ir~he 11 Col b1 r triits «ud ~zver flourished, it responded similarly in
Australia urtil a streiu or Rhizdbium fc nd aiong introductions from Africa proved to
be specific and excej Icrally etticient In =ymbiotic nitrogen fixation As a conse-
quence this tz pl al lrgure i. becrming <t commerclal signiricance and may obtain as
great importance as & e ¢ ipctate leys es 11 Austialian plot trials and under field
conditions tr- plant- gr » suzariaently frro 1led cxeellent ground cover and produced
a sward 30-36 inche 1in hef,lt The 1 gime 13 cerpatible when mixed with pangola,
g 1n =, 1 h o~ h r = 3 {pty 244 enr roizdsides and
waste plac o —

Tropical ligure geier1 1y pr da.. ew Cown regenerative shoots but grow from
the tips and <11l vy 11 he Mam, 3te tralling and vine like and do not readily
root at the redes i (1223 1y managlr nt dirrers frem that of temperate legumes
Moot tropieal L ,uic 1o cloy nla-yed rsr roots tut -econdary roots arise further be-
low rh 501l _usta & as (3par a tc te per (€ feficvo This suggests a modified
scheme for wairtenence ¥ ¢t lizati-u > «fling aggressivenees of wmany species is poor,
thus the establisimenral |  10d 1s prolongud and aster growing grasses may predomi-
nate fropical “epsie sp 1 s litfer 1n warer reguirenents, plant culture, soil re-
guirements ete Ine imv Stag.tions v1ith tropical legumnes in Latin America are mea-
ger and spe ial Rhizobia strains have no. been considered Most of the available in-
formation ame 1rom introduction gard n obscivatrions, where management regimes simi-
lar to tn.ase ror gra.s.s nd temperat zone le.mes were used Re~evaluations must
include recent vaitural into-natica r wionomi and animal uses may be studied
concur ently, firs dn fu ¢ tard and li*er in counbination with grasses Programm-
ing experiments with v opical lepumes wiil 1equire the collaboration of a "team" with
reprerentatives {oos sever il disciplin s

hot only d.: legine =p 1les prr 1de nitrogen for an associated grass but their

prtesence in a pa-ture w~-td .suallv susrains the nu ritive value of the pasturage

1/

=" Personal ccmrunl 3rio.s with t0A a1 S RD rorage research workers
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Limited research shews that the ingestion of tropical legume plants does not decline
with maturity as with grasses (Appendix F-2) Furthermore, digestibility remains at

a high level and may Iincrease with those which produce large amounts of high protein
seeds

|
Addition of a legume to available feedsturfs improves the unit area carrying capa-

city, increases liveweight gain per animal and enhances calving percentage (Appendix

G) Cverseeding native {(natural) grasslands in Australia with Townsville lucerne

(Stylosauthes humilis} and using 100 .wt of superphosphate per acre dramatically

changed carrying capa.ity from one animal per 15 to 25 acres to one animal per 1 5
to 3 0 acres Furthermore, steers gained as much ag 300 1lbs /head/year, maintained
body weight during the dry season and weighed 950 pounds at 2 3/4 years of age At

this same location pastures of Kangeroo grass (Themeda australis) and spear grass

(Heteropogon contortus) never gave gaina of more than 100 1bs /head/year, much of

this was lost during the dry season, cattle were marketed at 6 to 8 years with a car-
cas weight of 550 1bs It 15 significant to note that grazing One gteer per acre of
Townsville lu.erne was equivalent to feeding 2 0 1bs /head/day of a high protein
supplement Also brood cows on native pasture had a calving rate of less than 45%
as compared to 68% and more when grazed on Townsville lucerne 1/
Townsville lucerne 1s an annual legume that produces 6000 lbs /acre or more of
dry matter, plus a seed crop of nearly 1000 lbs /acre during a 3-month rainy period
in northern Australia It 1s grazed in situ during the remainder of the year and
seeds are actually licked from the soil This legume has ﬁflped to revolutionize the
cattle raising indusgtry in Australia It came originally from Brazil This suggests

the unexploited potential of other legumes found in the tropics

C Improvement of Natural Grasslands

Pasture and forage research with natural (native) grasslands in the tropics is

1
essentially unexplored It the projected animal protein needs (as based on expected

1/

=" Personal communication with M J T Norman Division of Land Research, CSIRO, data:

from the Katherine Experiment Starion Northern Territory }'5 LI

an
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population i reases' can bo ictepted as a target (Appendix H) parts of these immense
areas must be mcis errectis 1y tilized Theit development will be slow and arduous
but inrouds ha e tcen made ond man's q-.5t for expinsion pushes still forward and fur-
ther 1nto the oinit- iand (see Appendix 1 fur locarions and Hesc iptions of the natural
grasslands 1in Larir Areri a vattle ninbers in Latin Ameri.a have increased in re-
cent years {(Appendi ) and even greate numbcrs are projc ted for the furure, as
shown by the anticip ted 1975 estimate ir Lolembia (Appendix 1)

Proble~s er 0t «7d ir | -t e anl torage 1mpro ement in  he partially developed
regions e g B fivar atnal o Lol t a4 o d C sta Ri_a' an be compounded tor the
rore rercte ant unde 1 p 4 31eis Resear h sheald lead the wav and several develop-
menLs suggest that g i} oduc 1on s feasible  Ar the La Libertad Experiment
Station disisicn. 1oty onaller sracing bhlocke ontrol of brush, and occasional mow-
ing increased the ¢ ¢ , 4P €1ty - approximnately 2 0 hectares per beast as compared
to 150 The m2d1 ied pauta < and EraZing management caused some of the more desir-
able grass species to 1n. 4.  and eliminated <ure taller growing less consumed types

nereasing rhe sro k ny 1 1te olong Ray 0 € duwaiys give significant impiovement as demon-
strated by werk 1n the Ny necn Terti1t_ry cf Australia Replicement or native {(natur-
alized) spec es with ety nu ritive grasses (still rustic but productive on the low

fertilicty soils ~ e B mdylasses grass (Melinis minutiflora), Axonopus micay, Hyparrhenia

fufd can increase the crrying capacity ind elevate pasture output At the “El Pinal"
Ranch near Orocuc in the Llanos Orirntalis a molasses Lrass pasture supported one 300
kg steer per hectare and gate a liveweight gain »t 150 kg, in 10 months Normal stock=-
ing on this rarc: wis 10 lectares per animal An example of the possibilities has
also been demunstrated on 3 ranch in the ake Maracaibo region 10" north of the equa-
tor where, witho t 1 ipscion tut on tmproved and well-minged pastures, 1800 cattle
were carried on 2 LU0 he r s

Improvemenr <i 1t o swlanls should proceed along an esolut fonary pattern

from swmple to mcre 1n en Ive DalligeMen! pricti ~s Diraing the process improvements

v
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such as the foll-wing sh. ld be considet d introduction of more productive and nutri-
tive grasses dand legumes Jsé O fertiilizers (appendix K), improved grazing manage-
ment and use ~f - prl - rral foeeustuffs

A study of dry rat er digestibility of natural pasture forage in Australia was
considerably low rhan rneroduced (impry ed) grasses (Appendix F-3) The reduced dry
matter infake was <1 iking belng about 173 tnat of the improved grass

Studies «n No tn Que nsland Aust-alia 11lustrated some of the improvements which
can be made with natire pas uces (Apperdix 1-1) An undeveloped native range carried
onc aniral on 50 a. es +.th a yrarly curput of 2 0 1bs dressed meat Clearing and
developing the irte« with s wn pastares loweted the stocking rate to 3 O acres per ani-
mal gave a yearly gain ot 189 \bs or 63 0 lbs /acre/year There was a cost of $13 00
pet acre (Aistrail n) for clea m, Ien InQ seeding, terrilizing, establishing faci-
lities for :ater dipplng, and amimal handlirg At the current price of $20 00 (Aus-
tralian) per 100 ibs of meirt éxpenses Welé d~trayed during the first year of opera-
tion (apprrdis [-2) such ph nomenil res:lts are not to be expected with all under-
developed giasoland arcvas b.t they do suggeot tremendcus potentials

D rastute ard Forage Crrps Introdictions and Repional Testing

In the de tlopment ¢f a Pasture and Ford,e Program one must take inventory of
the present situarion wnich suggests the evalasation-and utilization of those grasses
and legumes currently in ase Introdu tions and assessments of pasture and forage
crops ate continually done ty researct wotkere aL the experimental stations and Coll-
eges of Agricultrre and by ranchurs but additional knowledge is needed Species and
varietal trials iave been tonducted 1n 4 nurber of locations in Colombia since 1955
Information 1. avatlable t» indl.ate adaptation forage yield, and response to fer-
tilizer  Simil r 1luact 1 & availible from other countries, but not always con-"
veniently found 1in publizhed 171r

Considerin, the eit eme l1iari al edajhi al, and ccological conditions in

5

Latin Amerire a  _pl0lar s reenilly ani teoting program should be instituted in colla-
Il

v



boration with other National programs Information is needed about 1} adaptation,

2) seasonal production 3) quantity of herbdge on a seasonal basis 4) quality -
nutritise value at various times ot rhe year 5) flowering and seeding, 6) prevalence
of diseases, 1nsects and other pests and 7) persastency  Agronomic evaluation should
be carried out under at least two levels of tertilicy Such trials can be handled
similarly to the [ntcenarional Ceteals Uniformity Tests These testing sites should
not be show places but de.igned to evaluate the species under conditions comparable
to those rder whkich the, will be 1ced ‘Appendix M) Sin.e seed and propagating ma-
terials aie not generally available CIAT headquarters can serve as a focal point for
early screening, maintaining and discributing of materials and in the accumulating
and disseminating ot information

E Laboratery Techniques for Nutritive Value

After the i1nitial acreening of forage and pasture crops, preliminary evaluation
of their nutritive alue and i1ngestion with animals becomes imminent It should be
kept in mind that e ological tactoes mav intluence nutiirive value  Intake and diges-
tibality data tor most pasture and forage crops have been obtained by cutting and
feeding to 1ndivadially pe 1el cattle or sheep Descriptions of these techniques
may be found 1in the literature The quantity of forage needed to measure intake
and digestibility with steers and with sheep (approximately 2 0 tons and 250 pounds
of dry hay respectively) preclide the use or these methods to screen the many
tropical grasses and legames Sctitable laboratory techniques can be used to advan-
tage 1) Small herbivorous arirals such as the rabbit (which 1s not suitable because

of lew digestive etti 1en 3y for roughige) and the small marsupial Setonis brachyurus

which has a ruminanr-like digestion  2) Cherical analyses for determinations of pro-
tein and crule fiher bat relatironships with digestibility are highly variable, sol-
uble sugars whilch are related to digestibility and perhaps to intake silica which is
positively assoctdaicd with 1t.de fiber and negatively related to protein, sugar, moils-—

ture and digestibility and moisrturc which 15 related to i1ntake and digestibility

3) In vitro digestion tn whilh saujles of fcedetuft~ 1re incubated with rumen liquor
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and a proteclytic enzyiwe (pepsir) 4) Nylon bag dry-matter dlgestibility in which
pamples of feedstutf are sabmerged in the rumen of a fistulated animal  The latter
two techniques are simple :apid inexpensive to conduct, reproducible under con-
trolled conditions and req 1ce small samples of forage (Appeddix N) Several studies
have shown that they 1rc compirable to results obtained by in vivo trials

These methods ¢ nnot reproduce the effccts of selective grazing 1in the field
where fora,e giality 1s measured and desrribed in terms of animal performance  Ani-
mal ¢ alsr 1ot - 13l cr- 1de '0f rratac- f the forage agronemist and the animal
scienrist and they must be collaberatively arried out

F Pasture and Forige rop lmprovement through Breeding and Genetics

Little work has been izne »n breeding nd genetical research aimed at pasture
and forage crop impr-vemen i1 the trepi.s Most of the plant breeding effort in the
tropical regions 1s dirccted tiward ceops s1ch as o n, rice, o1l seed, pulses, cotton
cocao, cuffee et¢ as stown by the FAO world List of Plant Breeders Grass and leg-—
ume breeding 1n the tropics ind subtropius remiins 1n the ploneering stage with work
done mainly in Australid and in the U 5 A - Georgia, lexas and Florida Simple mass
selection has baen atried out ar Kitaie Kenya and specific hybridization (mainly
with eicphant g ass) was accomplished in India  Most of the improvement has been
achieved by selectior .mong naturally occurrin, types A wealth of material exists
in the troplcs ard tne artay of diversity is generally unknown  In most tropical
countries a vast storeholse of native grasses and legumes awalt genetical investiga-
tion Only a tiraction crf the available gene pool has been assembled Invasion of
agiicultural enterprises Into uncleared regions may result in the loss of valuable
material needed tor centinied proegress in pasture and forage plant Ilmprovement

The charact risti_o s~ght 1n the sclection and breeding of tropical grasses and
legumes are as 1ollows .i¢ eased and prolonged herbage production high quality for-
age which tmplies lea iness anl high nuriitive value, high palatabiliry (especlally
in grasses - a redius le pl of legume acceptability could be an advantage for persig-

tency) 1apla regefer t1 ¢ atter detolilatlon tolerance of pests and diseases, cem-
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patability with other spicies uniformity of flowering, adequate sced formation, ease
of establishment, and cfficient Rhizobium symbiosis for legumes This broad spectrum
cannot be explored cocncurrently Investigation has shown that improvement can be

attained with many ot the characteristics bermuda grasses (Cynodon dactylon) have been

bred for increased forage yield a higher percentage of leafiness extended period of
vegetative growth, improved amimal acceptibility and recently using the nylon bag tech-
nigque to measute digestibility 4 varlety was developed with superior nutritive value

Rhodes grass (Chloris gayana) sclections were made 1ot the following leafiness dur-

ing the summer {rainy season) uniform sceding in the autumn {(cool dry season}, drou-
ght tolerance, inproved stoloniferous h bit and more dense swards Variation in pala-

tability has been ercouite ed dmong types of Setaria sphacelata Differences occur in

¢ ude protein values ot ,uinea (Panitur max mum) and Paspalum plicatulum Increased

persistency was noted among types of Soirghum almum Increased forage production, in-

tensified stoloniferous habit 1mproved persistency under dry conditions and less

seed pod shattering developed with Siratro  a variety of Phaseolus atropurpureus

Differences in such chala ters 4 time ¢t maturity rate of growth, forage yield, sto-
lon development size and shape of leaf were found among varieties of peremnial soy-

bean (Glycine javainica) Studies have shown that nutritive differences occurred among

selections of Paspalum plicatulum (Appendix 0)

Mode of reproduction in a spe.ies determines the extent of variability in its
plant populat:ions Diversity is wide in cross-pollinated types but little or none
exists within .losely self-pollinated ecotypes Phenotypic and genotypic differences
do occur arong spe.lies found in different regions Apomictic strains usually have
some degree of sexuality and variability The manner of reproduction is known for
many tropica and subtiops 1l pasture ind forige species but certain processes may
be altered by environmiental conditions - « 3 more than 507 crossing may occur in
torage sorghums in the tropics as (cmpared to 6/ in the temperate regions gulnea

grasses (and others) miy {lower rhyrhmi slly in ireas with distinct wer and dry sea-
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sons but throughoutr the yessr 11 locilities with 1ntermittent rains  Before launching
a breeding preyram a detailed kncwledye ot tloral biclcegy 1s needed such as the fac-
tors influen 1ng lowe 1n 1100 wedao 0 of year when flowering occurs time of an-
thesis, interval 1ur p2llen tibe developrent and rate of growth down the stigma to
the ovile and r de ot enb . desel prent where apomixils 1s suspected

Tt is poss:lt. th t (xvi will) ant 1nitiate breeding programs with a host of
species {or eveu 1e} becaisc or the ast array of pasture and forage crops avallable
The rele ot Ci-1 31 ht te th L €L €O r1_na 1ng anl s:pplementing work of the National
Ptograms b.me ¢r tle m < basic 1nvestigation 1th floril biology and genetical stu-
dies might be < 1u ted 4t rre CVAT heodquarters

G Seed Pre ia m and Distribation

An improved arser r selortion h s n ommecrcial value without an effective
scheme fot s 1 4r tvu-e nd o Reting - this dues not exist Iin latin America nor in
Atcica A osubstoontidl arp v ment 1n sced preduction technology wust develop in the
t10p17S w0 s &d L setul Lrovical pr rure and torage species flow freely in national
and internati.r t rade ch niels as u curs | r the tirperate specics The system
used in temperate r.g13n5 « b dles an 1mmense resecvolr of production and merchandis-
ing ~escurces and skills Thr wugh yea s ot development, seed production and mechani-
zation has beccme nlbn;! $pe ldslzed enterpr.se 1n temperate zones Somehow a pas-
ture seed i1ndustry mst be dev~loped rapidly in the tropics It will require the
mobilization of kaowledge « r rhe te peruate zone and adaptive research in the tropics
and subtropi.s Dutern n ¢ a1ugenuity persistence and capatal will be required to
prodace large stpplies t quality secd of trepical grasses and legumes Tropical spe-
cles are ofter b 1 y vire-> tuwerlnog tusoccks and woody shrubs with low seed set and
have readily shy te 1 plos nlfor 1atlar scenses with non-ur Lfctmity In seed ma-
turity Hot snd 1w i1d en 1ronrents heap added probiems onto the task of harvesting,

storing and p odu 1ng ny g lity seed Thus scar 1ty of sced of good germination,

purity and vilt i1 is st 1l pr o blem
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In the early 1960's the state departments ot agriculture in New South Wales and
Queensland the Universities of the two states, the Division of Plant Industry, the
Division of Trrpi al Pastures and several private seed companies launched a coor-
dinated program to devise rweans for seed multiplication, processing, and distribu-
tion of tropical grasses and legumes in Australia By application of available
knowledge and through moditicarions of re lhiniques and procedures seeds of named
varieties of seveal spe.ies a e produced commercially - 'Silverleaf Desmodium'

\Desmodium uncinatin, Greanleaf Desrodium' (D intortum), "Cooper" and 'Clarence

Clycine" ‘G jasani.a) Nandi" and Kazungula' Setaria (§ sphacelata), "Rodds Bay"
and "Hartleys" Paspalum (F plicatulum), 'Coloniac" and "Green Panic" guinea grasses

(Fanicum maxinum), Slratro (Phagseolus atropurpureus) "Miles Lotononis" (L bainesii),

"Oxley" and 'Schofieid' Stylo (Stylosanthes guyanensis syn S gracilis), "Townaville"

lucerne (Stylosanthes humilis) It ha. been demonstrated that seeds can be mechanically

harvested from grasses heretofo e never ccrsidered - e g in North Queensiand 1 O ton

of para grass secd was direct combined froan 100 acres and 100-300 pounds per acre from
1/
Brachiaria ruziziensil.

Developrent of a seed indistry 1s an immense task with many unknowns thus it is
recommended that CIAT consider employing a Seed Specialist (production and processing)

to coordinate efrocts in this discipline

1
Y Personal communicarion with Bela Grof Tropical Agricultural Research Station,
South Johaston: Austiali
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VIIT CENTERS OF RESEARCH AND WORK IN PROGRESS

Colombia
1l Palmirta {au a valley
a Scaft - 2 pasture agrenomists animal sclentists
b Areas of resear.h -
1) Introduction ond testing species and varietal evaluation
2) Advanced testing with selected species using animals as integral part
Or €sal atlon
a; Crop rotacleos w1 h pastares and forage crops
Animal evaluation of chosen species - some investigation conducted in
past and more projected
a) Digestibility studie, of pasture and fcrage spe.ies
4) Breedin, ~. forage sorghum and Desmodium spcciles
Turipara near Monter:is Sinu Valley
a Staff - 1 pastues agrrnomist animal scientists
b Areas of research -
1} Research in Jiricus aspects of 1ntroduction and strain testing, fer-
tiliey trials 1limited aniral evaluation of pasture species
2} Regional testing projected wusing animals”
"La Libertad' ncar Villavicencio Llanos Orientalis
Staft ~ 1 pasture agronomict animil scientists
Areas of research - -
1} Introduction and species testing, agronomic studies at "La Libertad"
statlon and 1n Reglonal rests at Orecue and San Martan,
2) Lirited ispects ot animal evaluation of pastures at 'La Libertad" and
projected 4t Ore_ue and San Martin

4 Naitaima k] Fspina: Tolima Valley

a Staff - 1 pasturc aproncmist (part tlme) supervision and direction from
4
L

LS
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174 fi.ady _Ttels ot ~ iaitats', Savennalb oF Bogota
b Area of rese v lo-

1) ~rtroda titfs i @ Sp ¢les teatlng and scme agronomic evaluations of

pie drC sPe ~  véop Yolallons with pasturés and forage plants

'Ei Hus , wa™ ™ 1 1lin
da ovraff - L p ot & 4 ronomist fp-t tim.), aalral scientists
t £r . ~f 1esva b [imited i-t »di~tions, agroromic and animal trials
Frte 1 14 pprar that I woild ~frer the greatest
T u 4T3 * 1 wy vir the nes futwe  Throughout
rhe ¢or tnaet . re 3g c1cmist.  ithree of when have Ph D's in
plant bre d ng j&st @ i ptr.r and (10p ecology, plent and soll nutri-
tion 3 < & M _ ir j =tir= Tanag>ment ond animal nutiition and another
in pistu naT g, I Ly 8LV ‘. b oh aining advanced degrees in the near

fir e

Ecvader

1

Instarare N ¢fera’ LR _ST lgac Lotk s Agroped 13tlas (INLAP), Tichilingue
1 atatf - T 4 (onw fot  ari1mil soleptist
b Ar 4as o1 rcos -
1Y Iat-odictl 7 1dens a~a =peciles testing
2) limited trisot of agron vic evaluations
1)} frojes el o - 8 * sri7mal studles wich pasnure’plants
4) 11 1tea ¢ Tt tcatl u ad distributfon of seed (largely vegetative)
1hs s2art D our
a St t° - 17 r1 e 2z10nonls
b & ¢ 5 ot se T(h -
L} Inm~cil toons 111 1 agronomic evaluiations of specles
Irmediate crllab rariza cuala beyiu with INIAP, noving into animal grazing
tiials 3. ho Pichiiiogue Stacien and expansion of agronomic studies (includ-

ir, 1 1 sty e work) at narto Deplmgo
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Estacion F perimental Agri.ola de La Molina Lima
a Staff - 1 pasture agronomisf
b Area c{ rescarch -
1) Introdu tion garden, limited species evaluation and agronomic studies
Universidad Aprarii bacultad de Agronomia, La Molina Peru

staff - 3 pasture agronomists (teaching and research) animal scilentists

Atea~ of ese ch -

1) Inttoductions ond species eraluations, limited agronomic studies

2) Limited breeding (sele.tion) with alfalfa

Estacion Experimepntil de Tingo Maraa
a Statt -7
b Areas of resear h -

1) Intreductions ind 1-pecls 4agronomic evaluatious, pteliminary species
tr11als undet pracing some 10 yons ago limited to the former two at
present

Unisersidal de lus Amazonia - lquites

a Staff - 2 pasture agronomists fteaching and research)

b Area of research - Introductions and speci@s testing

With the discontinuous guidance from the North Carolina Project up to 10 or

12 people have been trained in pasture and forage crops development and manage-
ment Presently most of them are dispersed into other disciplines A Te~

cent move by Nerth (airolina to establish Commodity Programs should create a
favor ible envircnmuent for coopcration among the experimental stations and
S.hools of Agton vy It 1. anticipated that three N C employees will staff
the Pasture and For ge Commodity Program Since those who hold pasture and
forage positivn- 1u cthe Schools of Agionomy were formerly associated with S£BA,

L
the prospects fo >lliborition within leru are excellent  In additionm, the
f

*
Dire tor of the Comudlity Group has expresscd a desire for regiomal cogperatiﬁn
hl



Venezuela

1 Centro de Investigaciones Agronomicas Maracay (Facultad de Agronomia also

situated at Maracay)

a Staft - 7
b Areas of resear.h -

1) Introductions and specles testing limited aspects of agronomic and
animal evaluations with pasture species, in late 50's and early 60's
digestibility studies with native pastures

Estacion Experimental de Calabozo (situated 1in the Llanos), reported work

t

with i1ntroductions, agronomic and amimal trials with pasture species
Estacion Experimental de Aracue - reported observations of grasses and

legumes in collection and grain sorghum breeding

Estacion Experimental de Zoma Arida El Cujil State of lara - collection of

[

grasses and legumes

Estacion Experimental del Zuila (Facultad de Agronomia also at Zuila) -

H

collection of grasses and legumes

i

Most of the above information came from the literature so it would be ad-

visable to survey the work underway and explore possibilities of collabora-

tion

Beolivia

!

1 Estacion Experimental Agricola Los Llanos", General Saavedra, 65 km from

|

Norte de Santa Cruz ( )

a Staff - 1 pasture agronomist

!
L

b  Area of research - reported grass - legume collection and 22 experiments

with forages in 1966

-
L

1) Collaboration with USAID and British Mission

The Bolivian tropice iccording to reports of those who have collected and

worked there have in untapped potential in regard to pasture and forage

-

species 1nd undoubtedly animal dcvelopment
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Puerto Riro

1 College of Agricur.u e [liyagues

a Staff - 1 part riume g ass ecologist

b Atea of 1esearch - ,rass collection (of significant size)

Agricultu al Experimcnc Station Rio Piedras

a Staff - 1 pastu ¢ igronomist full time 2 so1l agronomists (USDA) part
time

b Area of research -
1) Intrcdu~tions and species testing
2) Agronomic and animal trials (limited but excellent work) on a private

farm near Orocovis 30 km  from San Juan economic evaluations

Corozal Lxperiment Station

a Starf - 1 pastire ngronomist (part time) and 1 forage crops breeder
{(parc time) animil s.lcnfast

b Areas ot reseatch - Introduc lons some agronomic studies limited animal
trials preliminary breediny of Digitaria (collaboration with Schank of
Floruida!

Gurabo Experiment Station

a Staff - ) pasture agronomist {part time), animal scientist

b Area of research - Smill pasture and forage collection limited agronomic
and anim1l tri 1s Animal science Department)

Isabela Experiment 5Station

a Sctaff - 1 forage breeder (part time), animal scientast

b Research - Breeding ot pigeon pea and limited animal evaluation of pas-
ture  ad 1oy animit Hust andry Scction)

Las Lajas Lkxperinent >taricn

a S atf - 1 pastu ¢ groromlst animal scientist

b Research - Lwm:itcl introdu tions ind agronomic studies
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Note Animal evaluation r 1u4le with associated economic analysis on improved grasses

have contributed sigaificantly to Lthe advance of pasture development and should

have appli 7rion tn Larin America It is suggested that a feasibility study

be made 10 .ar ey the possibility of lo.ating a Latan American Pasture and
Forage Crops [n roduction station in Puerto Raco (perhaps as a consortium of

the USDA CIA!l se eral U S Lmiversities and other institutions)

Brazil

1 Deparramen 5 de Pesquisas e Experimentacao Agropecuarias (DPEA) Ministerio

da Agr1 ultura, Riu de Janeiro - Regional Experimental stations as follows

a Instituro Pesquisas Expcrimentacao Agrope.uarias (IPEA) do Norte Belem

[

} 351

i

IPEA do Nordest Re.ife Pernambuco

IPEA dn L ste CLrue dis Almas Bania

TPFA do Lent:io-Je- &€ Sete Lagois Minas Gerais
e IPEA do Cen tro- w1 km 47 Cupo Crande {(near Rio de Janeiro)
The Regional «<ntcrs 11e being doveloped by the Ministiy of Agriculture in

collaboration witn th IRl Institute At each of the above named 5 sites

plus the experiment st :tion being established near Brazilia introductions,

agronomlc and pasture trials are underway or projected Undoubtedly these

centers rep csent siles whe e cooperdative research could be done but further

detalls are needed In addition there are a number of state experiment

stations where limited esear h 1r pastures and forages 1s carried out It

15 re.nmmended hcwever that the feasibility of regional collaboration be

explo «d th ough DPEA

TRI Insraitate Rescar ht Starien Mitao Sao Prulo

Starr - 2 jastu e agrtonomists with additional staff located in Campinas

and Rio doe Janerro

t
I T & B BN N BN BN S AN O B B D = B .

Areds (1 reseir h - ant odu.tiens and virlous aspects of agronomic gnd

animil v o1 t1ns ¢f pisfure specles  legume hacteriology
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Note The most productive and significant pasture and forage research for the
‘campos region has been done by the IRI Institute at Matao and other sites
(on ranches) in Sao Paulo Restlts from these trials are directly applica-
ble and are being moved into tnhe IPEA programs
Costa Rica
1 Interamcrlcan Institurce ol Aptircultur il Sciences (LICA)  Turriilba
a Stafi - 2 pasture agronomisrs animal scientists
b Area of research - Introductilons and limited aspects of agronomic and
animal rr:ials
Note Pasture and forage Investigation at Turrialba has been erratic and sporadic
during the past decade, lacking orientation in the use of animals to evaluate
pasture plants
Trinidad
1 Impe ial College of Agriculrure Trinidad
Some arher significant nd informitive papers have been published on inves-
trgation conducted in Trinidad Much of 1t should have application to parts

of the tropics There apparcntly has been a lack of continuous orientation

1n the overall pregiam

Jamaica

1 Crove Place Agricultural Station lamaica

Investigation has been reported in areas of introductions, agronomic and ani-

mal studaies
Note Before collaboration 1s anticipated 1in Costa Rica, Trinidad, and Jamaica a

survey should be mide of present work facilities and staff




IX APPENDIX

A The Rarge Cattle industry tn Florida

1
Quotations trom Dr W G Kirk animal scientist on the development of the

cattle industry and the importance of pastares along with good herd management are
pertinent

The native cow gradually devesoped the characteristics that enabled her to
exist and reproduce under ex.remely hard conditions Starvation rations mineral
deficicnoles Tex3s fever seJere weather and complete freedom to roam weeded out
all anumals that had any inlherent weakness T'he 1esult was 1n extremely hardy ani-
mal thar has been ne mainstay of the Florida cattle industry 1in the past and is
today the founda ion stock ot the state's commercial herds

Ypurebred and grade rattle brought 1nto the state by the settlers usually did
not last long but the few calves sircd by these i1mportzations and out of native cows
were an imptovement cver their dams and a gradual upbuilding took place The one
permanent factor h-wever w1is th. Native cow When 1t was proved that the failpre
of the imported animals wis due to inszfficient teed, deficiency diseases and ticks
and furthe: demcnstrated that these difficulties could be overcome by dipping, a
continual alert 1or ticks supplying phosphorus copper cobalt and 1ron along with
better feed the situation began to improve and the native cow like the imported
cattle responded with a faster growth rate ¢reater size more calves, and higher
quality meat

One of the easiest ways to start cittle i1mprovement was to provide cattle with
the essential minerals det1 1ent in the native pasture  Mineral boxes in most pas-
tures were a novelty befoie 1935 but by 1940 there were few pastures that did not
have one or more Cattie 1t the Range Cattle Station on nitlve range ate an average
of 41 3 pounds .omplete mineral per year during a three-year period beginaning in

1
Kirk W o 954 Ine 111g cattle wndustry in TFlorida Mecting of the Grassland

Farming Commitrfce
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1948 while those ¢n i1mproved pasture ate an average of 11 8 pounds Earlier records
at the Station show that ows living entirely off native pasture have consumed an
average of 94 pounds of complete mine al 1in a year

“Cattlemen thcught that most of their troubles were over with the disappearance
of the Texas fever tick and the corrections of the mineral deficiencies of the feed
Purebred bulls of severil beef breeds mated to the native cow gave considerable re-
sponse 1n growthy claves with the Brahmun sires excelling in this respect However,
better attle rost more und necded more attention than the native cow and 1t was this
cost plus .are thit brought to light other requirements It was not until the ne-
cessity for furnishing a more adequate feed supply throughout the year was recog-
nized chat the e was rapid and .ontiunued improvement in the quality of beef cattle
produced

"1t 1s estimated that over one-half of the lund atea of Florida is used for
pasture  This land ranges from rolling sandy pine land to muck and marsh area with
many intermediate rypes Over 1 500 000 -1cres have been used for the establishment
of {mproved pasture The work " Improved 1s a misnomer in many instances since with
poor preparation betore planting and little or no maintenance ifterwards the results
were disappolnting even though better types of grasses were planted

"Overstocklng pastures ;;9 always been and still is tod prevalent This prac-
tice has resulted in small cattle lowered production and heavy losses under any
severe conditions It i1s estimited that on many ranches and farms disposal of from
10 to 25 per cent of the hoerd would result i1n greater total production with a lower
-SSL per unit of producticon Management of herds and pastures did not receive much
attention until the lower cartle prices forced cattlemen to consider these factors
1t they were 1o « miumn 1o usins

"Cattle production 1s limited by the amount and quality of available feed With
improved pastures thcere has been a steady increase in beef cattle numbers until on

Januaty 1 1954 there were 1 500 000 head The iveragc weight of the range cow 25
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years ago was about 550 rounds while today 1t 1s 800 pounds, 250 pounds more In
additzon to increased nimbervs and greater size, there are more calves which grow off
faster Improved feed nigher quality cattle and changed management practices have
been responsgitble fo  rhw 1t mendous turreise in beef production and the potential of
Florida pastutes 1s just being discovered

‘A question .1 everyone's mind 1s the productivicy of Florida pastures Fac-
tors which attect the amount und quality of pasture have received much attention at
the Range Cattle Station since 1t was established in 1941 Good pastures and good
cattle cannsr be separated

Grade cows having in verage cof 13 3 acres of native pasture per cow in a 5-
vear period produced 268 pounds calf giins per year which 1s 20 pounds per acre of
pasture  These cows had 65> per cent calt rop and the calves averaged 400 pounds
when weaned 1t s¢ cn months with U S fow Cood prade as slaughter animals Another
group of ows cn rhe sare kind ot pasture ind supplemented with 10 pounds grapefruit
datly for 120 days durim: the winter produccd 304 pounds calf gains per year and 23
pounds gain per a re of pasrtuic These 1esults were obtained during winters when
teed conditions on the range were gond

Cows on a ombination of one acre or improved pasture and 4 5 acres of native
range per animal produced an average of 340 pounds calf gains per cow yearly This
1s an estimated gain of 20 pounds per acre of native range and 218 pounds per acre
of mproved pasturc There was an 80 per ccnt calf crop, the calves averaged 425
pounds at weaning and giaded U S  Good These cows obtained all of their feed from
the pasturec Con rolled md dueferred sricing was practiced on the ilmproved area but
the .ows had access to the native range at all times

‘A had of 62 (ows Laving 75 acres of pasture made up of one~third Pangola-
White clover and tvo-thiirds Pangola grass had 310 pounds calf gain per acre of pas~
ture and 375 pounds pe cow The calf crop was 80 per cent the calves welghed -

450 pounds 1t weanim and graded U S High Cood

'There 1s a lack of parscunel wath training and experience to manage an intenp
¥

-




Appendix B Land Use Human and Catrle Numbers, Animal Qutput Energy and Protein per Caputl/

Available
Cal /caput/day 1965 proteins 1965
Human £ Inc Catt / Inc Animcals Carcas Milk Pots
Region & Total pop since pop since slaught wt per,, star
country area  Arable Grazainmg 1965 1950 1966 51/52 1965 1964 Cow~— Cereals Foods Milk Total Animal
1 000 hecctaras 000 000 000 kg kg no no no gm gm

United
States 936 339 185 152 426,214 194 27 108 862 33,158 265 3665~ 665 91 92

"
Bolivia 109,858 3 091 11 323 4 36 2 317 192 220 - l 954 48

Brazil &51 196 29 760 .07 274 81 56 90 692 7 843 191 1121 7L
Colomb 113,834 5,047 14,606 18 60 17,078 2 021 208 761 54
Ecuador 27 06: 2,894 2,200 5 58 1 600 155 633 43
Peru 128 522 2 €18 . 823 65 3,500 843 o7

Vene-
zuela 91 205 5 219 16 706 6 55 60

FAO 1rbk 1966 and .SD~ Agric Statistics for 1967

No  of mila_ng cows = 1§ 15 987 000 Coiombia - 1 83 0137 venezuela - 3 300 000
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Appendix C  Incieased Produc 1on of Dry F. age of Tropi.al Grasses with Added Incre-
ments o Nitrogen tertilizer (Crowder et al~ Colombia)

1 1Influen.e of rate ana r me of N applicition on forage yields of pangola grass

/

Time of N Tons/acre air-dry forage by rates of N (lbs /A)é

Application 1,0 300 600 900 1200

1) 1/6 after
every harvest 2 85 14 95 20 80 24 20

2) 1/3 every
2nd harvest 3 60 7 05 13 75 18 80 22 60

3) 1/2 every
3rd harvest 45 4 15 9 50 12 35 17 90 21 00

a/ Data for dry forage ylelds are averages of 3 cycles (6 cuts per cycle) for a 3-year
period total N applied for a cycle of 6 haivests

2 The effe.t cf nitrogen fertilization on yields of five grasses harvested by
cutting every 60 days (numbers show pounds of dry forage per pound of incre-
ment of N) (Vicente-Chandler Puerto Rico)

50

Napier Gra

Guinex Gras

Para M

3 e
vy

w
o

Pangola Grass

~n
o

YIELD OF DRY FORAGE
(Thousand Pounds Fer Acre Yearly)

Molas o5 U1 ass

=
(=]

SURNSR L —

200 400 K00 1,600
N [ROCEN ¢LKTIITZALLON {Prunds Nitrogen Applied Por Acre Yearly)
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Appendix D Effect of Nitrogen Fertilizer Applied to Grass Pastures on Cattle Qutput

-

1 Influence of nitrogen fertilizarion on the liveweight gain of Zebu cattle in
Brazil (Quinn Mott and Bisschoff- Brazil)

a
Compariscn of 3N rates on Colonial guinea grass pastures*l

- )
-

Days b/
in Nitrogen Treatment-kg /hect =
Season Period None N-0 N-100 N-200

=

L1 eweight gain - kg/hect and stocking rate - steers/hect (
Summer, 57-58 168 283(2 13) 289(2 39) 430(3 77) 612(6 12)

Winter, 58 168 42(0 86) 45(0 86) 44(1 48) 54(1 45)

-

Summer 58-59 196 243(1 69) 257(1 65) 474(3 10) 692(4 55)

=

Winter, 59 140 34(0 68) 24(0 70) 41(0 98) 47(1 04)

g/ Jangada Ranch »>ao0 Faalo
b/ 200 kg/hect P,0, and 40 kg/he~t sulfur Oct 1957 plus 20 kg sulphur Oct 1958
Summary of Colonial Grass Tri:ls
1 Zebu cattle eady for mirket at 2-3 years of age as compared to 4-6 under range
conditions in Brazil
N at 200 kg/hect more than doubled yield over N-0 in terms of TDN/hect steers

per hect and livewelght gain/hect  but did not affect age of finish

i
1
1
1
1

Response and residugl of winter-dry season applied N greater than summer-wet

season applied N \

A response to S appeared during the second summer season

]

1
N

The treatment of 200 kg/hect of N 100 kg P205 and 60 kg S gave an annual

net return of about $45 over rhe no fertilizer control pasture
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2 Liveweight gains, stocking rates and protein contents of fertilized and unfer-
tilized pastures during 168-day summer season - November 7 1961 to April 24,
1962 (Quinn, et al -Brazil)

November 7, 1961 to April 24, 1962
Live wt gain Crude Stocking Live
Grasses and treatments /steer protein, rate - weight
Total Daily in grass~ steers gain/ha
kg gm % /ha ke

Coloniao Fertilized 122 731 10 10 2 90 356
Unfercilized 129 768 9 47 1 66 214

Jaragua Fertilized 136 813 73 09 421
Unfertilized 135 804 26 85 249

Pangola Fertilized 95 570 37 86 274
Unfertilized 98 588 38 29 226

Tanganyika Fertilized 698 65 15 369
Unfertilized 600 68 22 123

Molasses grass Fertilized 1 733 21 98 120
Unfertilized 877 81 08 79

Coastal Bermuda Fertilized 657 41 95 215
Unfertilized 609 22 01 103

Average of 7 samplings

)
2 No stocking for first 84 days of summer

.

s e om =

3
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3 Liveweight gains, sto.king rates and protein contents of fertilized and unfer-
t1lized pastures during ll2-day winter season - July 18 to November 7, 1961
(Quinn, et al Brazil)

Ju'y 18 to November 7, 1961
Live wt j1ln Crude Stocking
/steer protetn rate
Grasses and trcdtments Toral bBaily in prass steers
kg g / /ha

Coloniao
{Panicum maxlmum) Fertilazed 18
Unfertilazed

Jaragua
(Hyparrhenia Fertilized 14
rufa) Unfertilized -

Pangola
(Digitaria Fertilized 19
decumbens) Lnferrilized 2

Tanganyika Fertilized 8
(P maximum) Unfertilized 4

Molasses grass
(Melinis Fertilized
minutiflora) Unfe tilizcd

Coastal Bermuda
(Cynodon Fertilized - 2
dactylon) Unferti1lized -23

Average of 8 samplings
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Appendix E Increased Animal Peiformance with Added Nitrogen Fertilizer

1 Case History 1 (1963 data from Dr R Astralaga - Abonos Colombiano, S A ) -

it St oo g gy

1 Location - Cauca Valley Colombia - La Chica Ranch owned by Alfonso Jara-
miilu Arango
Pastute and Grazing Scheme -~ 2 finegadas (2/3 hect ) of pangola grass divided
into 4 paddocks ror rotational grazing (10 days pasturing and 30 days rest)
Fertilizer and Irrigation - 100 kg of N/hect first grazing period and 50
kg thereafter supplemental 1vrigation when needed
Cattle and Jiveweight Ciin ~ 6 Cebu steers of approximately 2 yrs age per

fanegada {corresponds to 9 375 per hectare) daily livewt gain 0 775 kg per

OIS TR e ey T GE SRR A

animal x 9 37 - 7 26 ky, per hect or 2 652 kg per year (estimated)

~

Cost 1inputs aud return per hectare* -
1 Interest cn value of 9 37 animils 937 50 (pesos)
b Land 1nvestment {8/ interc.t) 480 00
Value of N (urea) 1000 60
Irri,ation equipment (5 yr amortization) 400 00

Interest on 1rrigation equipment (5 yrs ) 120 o0
!

T AT T TR T

Irragation cost 200 00
P

3257 50

Gross retu n (2 652 45 kg x $2 40 pesos/kg ) 6365 80

Net 3108 30

Pasture was already established - from 800 to 1500 pesos establishment cost

-

I
]
I
I
I
]
I
|
I
I
|
i
|
i
]
i
1
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2 Case History 2 (1963 data frem Dr R Astralaga - Colombia) -

1 Location - tcauca Valley Colombia - Caucaria Ranch owned by Luis E Sardi
Garces
Pasture size and grazing schedule - 75 fanegadas of para grass divided into
12 paddocks for 1cotational grazing (9 days pasturing and 27 days rest)

3 Fercilizer and irrigation (as abave)

4 Cattle and liveweight gains (Cebu with results similar to the above)

Case Hister,; 3, {4967 do=a frzm M Tchn Evsans) -

1 Location - Parada Resecarch Station, Mareeba, Queensland Australia

2 Pasture and grdzing scheme - 1/3 acre paddocks for rotational grazing - on
2 weeks and ~ff 4 weeks, with disking after each second grazing period to
distribute droppings (Protein peak of grass reached 25 days after applying
N yearly range fu~m 10-20/ on i1 di, werght basis)
Fertilizer and irrigation 300 lbs /A ot N (6 appl /yr ), 200 lbs super-
phosphate (22/ P203) 100 1bs KZO supplemental irrigation as needed
Cattle and 11reweight gains - 3 steers (18-20 mo ) per acre, 5 groups turned=-
off per acre over 2 yr period approximately 1100 lbs /Afyr dressed beef,
average daily gain 1 85 lb /head/day
Cost inputs and return per hectare - Initial outlay of $250/A on cattle,
pasture cost ot Sé;}A/,r (1ncludes 1nterest on land $43 fer}ilizer cost,

4A feet of varer at $3 50/A ft and $25/A labor), return of about $125/A

from established pasture (approximately $50/A establishment cost) as compared

tc aboat $450/A from tobacco (growr in the same region )
Dr B Grof Tropi-cal Agricultural Research Station South Johnstone, Queens-
land reported tha 70 acres of Pangola grass receiving 1000 lbs /fA/yr of

arnonium sulphate supports 3 steers per acre with total animal gains of about

2000 1bs per arre L/

Personal communi._dticn ~nd 7 sit
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Case Histcry 4 - (Dat: frov Jose Vi.erte Chandler - Puerto Rico)
Grass pastures 1in Pucrto Riro responded strongly to an 1increase in fertiliza-
tion fror €00 to .BOO lhs /A yearly of 14-4-10 Beef production increased from
570 to> 107« Tts /a4 yo 1 ard total i1 estible nitriepts from 4,300 to 6,700
while _arc, 114 apacity was alnost deubled, ftrom 1 4 to 2 2 600 pound steers
per acre  F-rage 1suted ty the a tle increased from 8,900 to 13,400 pounds
ef dry nctter per acre yearly it. prote’n .ontent trom 8 1 to 15 9 per cent,
which apprua tos tnat of lepume herbage
It was protitatle INiYease til'z tlon up to 1800 lbs /A yearly The
additional 530 po na _f 11 ewrligit prodiazed was worth $110 compared with

in.reased fo t1llze .usts »f aboat $48 dincluding application

Tle effert { 5 ferty cer Yesels cn the productivitv or elephant grass pastures

14-4-10 Welphno Carryin, D~y foraze TDNRN Protein
per acre gain Capa 1ty LOFSJﬂeg Consumed / Content of
yearly par_ac -~ 600 1p sree learly — per_acre — Forage

1bs lbs no lbsg %

600 570 1 4 8 900 4,300 B 1
1 800 1 02 22 13 400 6,700 159

3,000 L,190 ¢ 5 13 600 8,100 17 6
o

"

a/ Differcnce in tc-age harvested from palred sirips cut before and after grazing

b/ Calculated fron body weights, days ot grazing and gains - weight
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Appendix F Feeding Value ot Troplcal Pasiures

1 Maximum and minimum dry-matter digestibilaty of tropi al and temperate pasture

plants (Milford ind Min on = Ausrtrilin)

Max1imum Minimum
Pisture Ot SpCL1€s (ountry digestability _dipestibility

-

Pasralum commeyv~ il Au trali 14 31

[

Urcchola pullulans wiotr lid 57 34

6/ 45

Botbhriochiuvs 1nsilipra Kenya

Or~hard grass - var S37 [UN 76 48

Perenntal ryegrass - a UK 80 60

‘-Fl

t

Daily animal 1ntake (' fkg liveweight 0 73) of subtropical pasture plants

]

when grown 1n 5 E Quecnsiand in 1962-03 (Milford and Minson - Australia)

Ape of grass 1o diys
(rasses 80 150

r“n-;‘

Buffel - var Molepo 55 42

Sorghum 11lmum — Vit Creoble 64 49

Rhodes - var Samrorﬁ 40
Rhodes - sar (Lallidc 62
Pangola 50
Glycine jivdnicta — var Looper

S
Phaseolus 2LropLIpuUicus = var Sirpatro




3 Differences in nutritional values of 3 subtropical grasses when fed to sheep (Milford - Australia)

Start of

10-day DM D M Crude pro- Crude protein

cutting digest intake tein content digestibility

period Grass / g/hd/day / 4 Remarks

1 4 57 Cenchrus ciliaris L. (Buffel grass 48 1032 7 4 57 Full bloom
West Aust var ) leafy

Paspalum plicatulum (C P I 2741) 45 916 11 Ear seeding
leaves drv.rg

Natural pasture dominantly 456 17 Mature ve ,
Bothriochloa intermedia drv

£ .iliaras 769 43 Mature lea es
dving

plicatulum 677 10 Sters su.c._ent

leaves frosted

Nat. ral pasture 333 la ure e
dry

c1liaris 91¢G lature opaaly
rrosted

pli atulur Tea es and sume

5 ems frosted
ac.ral pastu e Bev ard ~re~~y

cirliaris Frostea Je-v
dry

P plicatulum Severe y trostea

Natural pasture Dry ard ste~my
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4 Nutriti/e salue ~f elephant grass cut at varion. stages ¢t growth (Butterworth

and Acias - Venezuiela)

Age of Dry e de DM b M Rate of

plants Malber pretern dige t intake passage
days 4 / 4 gm/kg 0 75 hrs

30 12 1 65 67 45
50 18 7 60 65 53

70 29 58 70 65
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Fasruce Powrage on deproadu twve lerformince

tA ¢ warnick - Floraida)

»f Cross-bred Cows

White Clover-grass

Stocking tate, a res/ ow

Pregnancy per cent
Pregnancy per .ent

Weining per cunt

a tating cows
nonlactating r ows

al. cows

1 25
79 00
100 00

83 00
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Appendix H Projected World Human Population and Animal Protein Need

1 Estimated human population and anticipated animal protein per person based

on "low" population projections a/

1962-64 1980

Range Pecple Protein People Protein
000,000 gm/day 000,000 gm/day

Low 3 162 4,071 20 9
Medium 23 5 24 0
High 29 2

Low 66
Medium 76
High 97

Latin Low 21
America Medium 24
High 31

Africa Low
Medium
High

The World Food Problem - A Report of the President’'s Advisory Committee, May

1967, Pages 263-264

Excluding Russia and China
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Appendix I Locations d4and Descriptions of Natural Grasslands in Latin America
(Rosevedare - England)
1 Savannahs of Hot Climates
a Orinoco llood Plains or Llanos of Venezuela and Colombia
i The Venezuelan Llanos lie to the north of the Orinoco River (2,580 km in
|
length) and occupies an area approximately 1 000 km 1long and 325 km wide

Roughlv 1t forms a semicircle from the Guaviare River in Colombia (a tribu-

tary or the Orino: o) to the Atlantic coast of Venezuela A gradual slope

d';‘

reaches from the base of the Andes, which extends into Venezuela, towards

the Orinoco but altitude seldom exceeds 180 to 220 meters above sea level

(a) The temperature curve at Cuidad Bolivar (eastern part of the Llanos)

closely parallels that of Port of Spain, Trinidad Variation in tem-

~er

peratire during the course of the year is far from being uniform over

e,

the vast region, even at equal altitudes At Calabazo 1n the central

Llanos dre found the widest monthly variations recorded in Venezuela

L]

-

Mean innual raintall fluctuates trom 800 to I 800 mm and days of rain-

fall from 75 to 150 There are two seasons -- a rainy period which be-
gins 1n Apiil, reaches a maximum 1n June or July, continuing until Octo-
ber with occasional showers into November and December and a dry period
durin, Januaty to March in which there 1s no rain The rainy season is

dalways accompanied by itnundation of vast tracts of land especially in

t

the vicinity of the Orinoco
11 East of the Andean range and transecting Colombia from north to south lies
the Colombian Llanos It 1s divided by a western projection of the Giuana
Highlands trom the great Amazon Plitns further south
(a) In climatic and other environmental conditions the Colombian Llanos
reserble that of Venezuela and 1ndeed being continuation of them Mean

temperatures to about 500 m above sea level, range from 27 to 30°C
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(b) North of the Guaviare River and from the base of the Andes precipita-
tion ranges from 1200 to 5600 mm and occurs in 70 to 240 days It is
unevenly distributed, being interrupted twice during the year with one
period durlng January - March being quite dry
"Campos' of Central Brazil The central grasslands region comprise
parts of the states of Sao Paulo, Rio de Janeiro, Guanabara, Espiritoc Santos,
Minas Cerails, Golas, Mato Grosso and the Federal District Climatic conditions
are variable but this hige region has a common pattern of rainfall distribution
frequent and heavy in the summer and very little in the winter - an annual
range of 1 000 - 2,000 mm Average annual temperatures fluctuate between 19°
and 26°C
i The "(ampos cerrados" are mixed formations of trees, shrubs and underneath
grasses which occupy extensive areas on the central plateau of the states
of Sao Paulo, Minas Gerais, Goias and Mato Grosso
11 The “Tampos limpos' are open bunch grass formations with no trees Both
types extend into the northern region of Brazil and occupy parts of Amapa,
Roraima and Rio Branco of the State of Maranhao
It is estimated that there are some 160 million hectares of vegetation of
these types in Brazil
¢ Savannahs of Bolivia and the Gran Chaco
i Bolivia - The eastern Llanos or savannahs of the Department of Santa Crus
and part of the Department of Cochabamba form a part of the large area known
as the Gran Chaco, which is shared by Bolivia, Paraguay, Brazil and Argen-
tina
The '"wet savannahs', Llanos of Yacuma and Mojos, lie in the northern, river-

ine lands and remain inundated for much of the year

i1 Gran Chaco - a region of scrub forest interspersed with patches of savamnah,

extending northward from about 30 latitude into Paraguay, eastern Bolivia
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and western Brazil - a lowland plain with few interruptions Some of the
highest temperatures recorded in any part of South America occur in the
Chaco  During the summer rainy season vast areas are under water
d Savannahs of the Ar zon Basin and the tuianas
1 The great Amazon forest 158 gener :lly regdarded as one vast forest, but
numerous grassy savannahs incterrupt the thick cover of trees The most
important savannahs are situated 1n the northeast on the Rio Brance (to-
wards the frontie: cf the Guianas and in the lower Amazon between the Rio
Negro and Rio Xingu ti.butaries Flooded savannahs are found along the
littoral and in the lower Amazon, with little or no woody vegetation but
a lush herbaceous cover in which grasses predominate A non-flooded type
is comprised of grass and legume species, dicotyledons of other families
and interspersed with shrubs or small trees ("Campos cerrados" and "1limpos’)
One series of these Gimpos follows the Atlautic Coast (including the isle
of Marajo - one of thc most developed zones for cattle production), another
lies along the rourse of the Lower Amazon 1in the State of Para, another is
sitiated on the upper extremities of the rivers Branco, Trombetas and Jari,
a fourth extends into the basin of the southern affluents of the Aéazon, in
the extreme south-of the States of Para and Amazonas —

™~

(a) Temperatures 1n the Amazon tegion are not excessively high, around 25°C

with a low annual range Rainfall for the whole region\is abundant, 1in

some instances over 3 000 mm and a high degree of relative humidity
There 18 a so-called diy ~eason or summer July to December, in which
there may be partial or entire absence of rain
Upland savannihs o cupy an (xtunsive area in southwestern Guiana and con-
tinue to the east 1n broken form into Surinam and French Guiana With an
elevation of 100-150 meters they have an undulating surface, broken with

granite masses which are sometimes heavily torested Rainfall does not

exceed 1500 mm naually and ; cnerally occurs within a four month period
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e Bolivar Savannihs of Colombia and Lowland Savannahs of Costa Rica These re-

gions occupy an unusual position among the grassy savannahs of Latin America
in that they contiin areas of improved pasturelands which are of vital impor-
tance 1in supplylng the meat requirements of their countries
i The Bolivar savannahs stretch along the Magdalena River covering a vast
lowland that seldom exceeds 200 meters and extend over the coastal region
where elevations may reach 350 meters Annual temperatures range from 27
to 30 C with comparatively small fluctuations Rainfall is irregular and
unevenly distributed averaging 300 to 4350 mm 1n 22 to 145 days One
period of drought lasts from 3 to 5 months
i1 The savannahs of the Pacific lowlands of Costa Rica rise to 750 meters in
the province of Guanacaste {(which provides a high proportion of the country's
beef) Tropical temperatures prevail but are of less significance than the
two seasons winter or wet lasting from May to November, and the summer or
dry from December to April  Annual precipitation ranges from 1040 to 3050
mm
Semi-arid Grazing
Northeastern Brazil is hot and mostly semi-arid It'includes the states of Bahia,
Sergipe, Alagoas, Permambuco Paraiba, Rio Grande do Nprte, Ceara and Pilaul and

—

the Territory of Fernando de Noronha  An equatorial climate prevails in about

35 per cent of the region and subtropical 1in the remainder An average maxima of
36°C and a minima of 18 6° has been recorded Two well~defined seasons - rainy
and dry - are generally recognized About 8 per cent of the region receives no
more than 255 mm of rain annually about 25 per cent 255 to 635 mm and the re-
mainder over 635 wm  With regular o1 definel distribution the latter quantities
would be satista.tory for pasture development but the entire monthly amount may

occur durinpg violent storms of short duration In some localities there may be

rain in December and January but none atterwdards 1in some years none may fall be-
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tween January and the end of March with downpours in April and May, and occasion-

ally an entire year may pass without rainfall 1Tn the typical dry zone called

"Sertao , which makes up rhe greatest part of the reglon, extensive cattle raising

]
L

is practiced, using local bireeds of small sise and low productivity

1
1
1
1
1
A
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Appendix J Projectcd Increase in Cattle Numbers for Colombia a/

3

1958-60 Projection AE/ Projection BE/

Base 1965 1975 1965 1975
000 000 000 600

14,402 le,667 22 994 16,259 18,632

[

%2 Increase 16 60 13 29

I

Based on a study made by Harold M Riley 1962

Proje.tisn & - ' 24 amual lncrease 1n pcr capita consumption and a 2 5%

increase 1in per capita income

Projection B ~ Same level of consumption continued as in 1958-60

Note The 1967 estimate 1s 17 078 (00

t

[}

qI
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Appendix K  Productivity of Introduced Grasses in the Improvement of Natural Grass-
lands

1 1Influence of fertilizer on the forage yield of introduced grasses

Tons dry matter per hectare
Grass No fertilizer Fertilizedéj

Axonopus scoparius 09 9 4
F)
Digitaria decumbens 31

Hyparrhenia rufa 60

Axonopus micay 56

Panicum maximum 9 5

b/

Brachiaria decumbens—

12 3

Pennesetum purpureum 32 5

a/ Data from La Libertad Experiment Station Llanos Orientalis Colombia

b/ Kg/hect - N 150 at establishment and 50 after each harvest, P205, 150,

KZO’ 25
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Appendix L  Cattle Production from Native and Sown Pasture in the Fitzroy Basin
Brigalow Region of North Queensland, Australia (Coaldrake and Smith -
Australia)

1 Stocking rates and beef gains with native and improved pastures

Stocking rate Dressed wt of meat
Experiment acres/head per head per_acre
1bs/yr 1lbs/yr

Stage 1 (undeveloped) 50 100 20

Stage 2 (cleared & developed to
sown pastures) 189 63 0

Stage 3 (20Z of area cultivated
for winter fattening) 210 140

Sorghum almum/green panic
(Panicum maximum) pasture 20 240 120

a/ It is estimated that where experimental production is held at 1-2 acres per

head an average good farmer will run 1 5-3 acres and the poor farmer 2-4

2 Cost of clearing and establishing pastures in the Brigalow Region of Australia

/

(3,000 acre unit) a

1 Clearing - pulling forest with chain and cable per acre
drawn between two crawler tractors $ 300
Seed (mixture of Green panic Rhodes and Sorghum
almum and alfalfa
Seeding into ash from aircraft
Fencing 3 barb suspension fence built by contract
at $300/mile for 640 acre units 1 50
Water Farm dam or bore plus reticulation 2 50
Cattle yards and dipping faellity 1 00

Cost of pasture ready for use § 13 00

a/ Add cost of house, farm shed and purchase of rental of land, plus interest, etc
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supplied the above information

"If we take the fipurc of 60 1b of meat/acre/year at the current price of $20 00

' Note  Excerpt of letter from J E (oaldrake, Division of Tropical Pastures, vho

per 100 1b , then the gro s return of $12 00 per acre per year allows a wide margin
lagainst which to charpe interest purchase pricc of store cattle or cost of breeding,

Ietc This 1e why there are up Ly 200 applicants for ewh new block of brigalow land

that the government relea.es for development

l In the case of brigalow land rcgrowth of the leguminous tree often becomes a
problem  If this 1s treated by acrial spraying with 2 4 5T an the first season, the

Icost is now $4 00 per acre for hormone and flying If allowed to grow on past the

ng currently costs $1 50 to $2 00 per acre per time Two ploughings are generally

eeded to prepare fur 1 ciop ~uch s foriye Hts

(irSt year then ploughin; 1s ar present the only sure control This shallow ploush=-
l'\ Jhis pirves 1 return of 300 ib
1

iveweilght per acre (or upwards if rain are good) for the crop,1 e roughly 200 1b

eat per acre per ver Ploughing plus «ropping to eliminate regrowth can be a highly

rofitable business in bragalov country
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1 Tropical legumes

a

b

C

Desmodium canugm

Desmodiumn intortusn

Leucaena leucocephala

2 Tropical grasses

a

b

o
=)

Brachiarii mutica

Digitaria aecumbens

Pannis=2tum clandestinum

Pan.cum masimum

Panicun mawimumr

Cy1cden dacty lon

Data from Coop Ext Ser

Univ

Rainfall
inches
60 - 150
60 plus

20 - o0

moeist

35 plus
25-80
20-45

15-80

of Hawa1:

Elevation

feet (plus)

3000
2500

1000

2000
4000
6000
2cLe
2500

3000

Adaptatiomr and Yields of Some Tropical Legumes and Grasses in Hawaii®

Leaflets 101 tirough 107 and 110

a/
Seil Green vield, toas/acre
fertility Alone (Grass assoc
Not Irrie I-rig
v low - - -
- 80 -
P 35 5-33 1y
heavy €0 - -
mod 80
rod 4-100
~od 100+ -=3.
mod 4-3
heavy s
11! and 114
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Appendix N Forapc N cded ind Precision of Methods Used to Estimate Forage Quality

nf Berm di, ass ar Tifton Ceorgia (Burton et al)

Met hod Forape Needed

Daily gain of stcers 14,500 kg
Dry matrer inral o1 1 o 7,100 kg
Dry matter dipc tibility (ted stecrs) 1,450 kg
Dry matter dipestability (nylon bay) 40 gm
Dry matter por ong gt 60
Crude protein content

Percent Icives (lity ba 1is)

Crude fiber ont nt

Dry forage necded for digestibility studlesi/

1
1
]
1
1
1
1
1
1
1

Dry mitter digestabibicy (f d 1y <h ep) 100 ky,

Dry matrer thiy ¢ ribiliry (an vitio) 8 gm

hl
n

= Personal communication forage rescarch workers Cornell University

1 1
I

EE == Em me =




Appendix O Differences 1in Nutritional Values of Two Varieties of Paspalum plicatulum when Fed to Sheep

(M1lford - Austral:ia)

Start of

10-da- DM D 4 Crude pro- Crude prote.r

cutt.ng cigest intake tein content digestipilaty

pe 1od Variety o/hd{day 7 / R_"av-S

1 21 1. CPI 274l 1333 g 5 48 Young l=af

L P 1 11826 1509 10 3 60 Young leat

scemny
c-

Mor . €
fros.
sters
base

Matcuare
frostec
stems ¢
base

-
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