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FOREWORD 

Th1s ptopo~al was prepared as a guideline for developing a productiva pasture-

animal research and traininb program for the Centro Internacional de Agricultura 

Tropical (CIAT) fhe purpose of the program IS to provide needed high animal pro-

tetn foods for humdn consumption to Improve health, strength, vigor, and initiative 

Incentives of IndiVIdual persons and the prosper1ty of farmers and economies of de-

Jelop1ng countr1es 1.n thL ltumid tropics by using the land, animal and climatic re-

sources more etfect1vely In countries where consumption of animal protein is l<;M 

( tn est1mated ~upply of 25 6 gm in Colombia as compared to 64 4 gm daily per per-

son 1n thL U S the natural grasslands represent a reservoir whereby food pro-

duction can be Increased in two ways (1) bringing unproductive and idle landa in-

to more efficient use to increase output per hectare and (2) increasing output per 

Furthermore, as the human population increases, the better and more access-

tble grasslands Will be diverted toward production of foodstuffs for direct human 

.... onsumptlon ~ven as this evolutionary procesa continues, immense tracts of less 

tillable land will remain for pasture development Improvement of the natural grass-

lands .-tnd efficieut production and utillZation of sown pastures are long-range 

and formidable tasks that CIAT should assume 

-The efficient ryroduction of livestock products from ruminants on soils not suited 

to crops for dtrect hum~n consumption depend on adaptive, and la ter original, re-

search information pilot demonstration and tra1ning of farm technicians and ex-

tension and research personnel The resolving of the biological complex of climatic, 

soil plant and animdl Input factors and their interplay for efficient animal pro-

duction depends on an integrated team approach as given under program objeetives and 

procedttres (S Le t • ons IJ tnd V) 

The proJeCtton Lncompasses a comprehensive and expansive scope, recognizing that 

1ts elaboratton must be appropriately and conveniently phased into the developmen-

tal 'ctivJties of LIAT and colldborative Institutions as presLribed by available 

techn1cal and phyblLtl rebourLes The costs of the program will be very sizeable, 
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tt•e deterrents do uot appear to be unsolvable, the potentialities for improvement 

are excellent 

Jt was sug5est~d rhat this propasa! be projected to include African investiga-

tions Politic 1l unrebt in several African countries and time scheduling did not 

perrrit travel tu this continent for a review of pasture-an1mal developments in the 

var1ous ecolog1Lal zones and d1scussions with pasture and animal professionals 

The p•oblems aLong w1th obJect1ves and procedures for resolving them, giVen in 

this teport apply spe~ifically to the hot, humid tropics but should have general 

appllcatior to the International Institute of Tropical Agriculture Pastura and For­

age ProgtaM 
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ll PROGRAM OBJECTTV~S 

To inVéSt~gate and develop simple year-around pasture and forage systems of a quan­

llty and nutrltional value for eff1cient production of various l!vestock enterprises 

and to d1sclose max1mum econom1c potentlals "f 1 roducinb livestock commodities from 

tropl_al •oils and environments as needed sources ot protein and energy for humana 

To attaln econom1c success in this project all input factors, as soils, pastures, 

anrmal nutr1tron, animal health, etc , are lmportunt and nust be coordinated and direc-

ted toward high outputs per an1mal and per lJnd >tea lt is 1mperat!ve to stress out-

puta per animal and per land area as high torage yields are meaningless if their uti-

lizable energy for an1mal product1on is low Likewise, excellent animal hygiene con- -

trols or other manipulations that do not function to maintain and increase ecQnomical 

outputs of animal products are academic 

An integrated team approach directed toward fully exploiting the complex interplays 

of Llimatlc-soll-plant-animal factors in producing animal produces should be enthusiaá­

tlcally pursued Sorne goalb lo be atta1ned dre Ql lmproved an1mal nutrition through 

use of long-l1ved pasture perenn1als w1th h1gh dry matter production, (2) rapid pro­

duction cycles - first calf born when heifer& are less than 30 months old, (3) long 

and effic1ent reproduct1ve l1fe of cows with a yearly average of an 85% raised calf 

e op, (4) catrle w1th des1rable marketable ~arcasses weighing 275 kilos in two years, 

and (S) da1ry cows w1th un1nterrupted and reasonably high levels of production (average 

of 13-15 k1los ddll> for 280 days) for succ~soiVé lactations 

All of the ~ubsequent objectives should be ad~1n1strated and directed toward realiz-

1ng thP prtmarv ob¡Pctive Jn a total progr1m of research Cheaply produced feed is 

1mperative a~ liVPbtoc¡,. production cannot atta1n economic status without it, thqs the 

hiO~rng >nd utt!J7lny of pasture 1nd furagc' t,r profitable livestock enterprises 

~hould have r1rst resedrch pr1ority Wh1le research 1s in progress, however, priorities 

may need to be altered 

A ..!.!!_~twns wlth Sown \lmproved md Inlroduced) Pasture Species 

To charactertze and select olZeable land sites that may be economically 



2 

developed Jor ,,gntftcanL productton contributions because of favorable soil and 

ecologtcal factors rox growtng desirable pasture plants 

a Broad »utl d1bst1tcdtton maps are to be made from aerial photographs by a 

ream of spect1lt,tb (plant ecologtst, geologist, and pedolog1st) 

b Cltmatl" condttton& wtll be descrtbed for the underdeveloped land areas 

Pha~<. 2 Ad q t tv~ rebLJr<h - tntroducing and te~ting ot grasses and legumes for total 

and seaSJC.dl gr >Wtll longevlty, c.ompetttion, and herbage acceptability 

d Respon~e Lnterd~ttons w1th modifted envtronments such as burning, seedbed pre-

paration c.ult1VJttng dratntng, trrtgattng soil amendments, herbicides, insecti-

cldes, dOd defolidt1vn tnten,1ttes will be evaluated with small plot clipping trials 

thdt are o~ca~ivntllv grazed 

b To flfld adapted troptcal legumes rhat flX nitrogen efficiently for themselves 

and grd,, as»oc.iatc, 1nd that are readtly c.onsumed by ruminants for the improvement 

O aOl~al performln e and Ieproduction 

1 l<hllo~-'-' stra1ns 1nd c.ompdnionabillty tn grass associations will be investi-

11 f ulle~ttono ot legume and Rhizobta variants will be obtained from the ex-

tenstve e<plOllatiOOb and plant introductions by e S 11 R o in Australia and in­

troduct 1ons by the U S DA and other forag~ proglé""ams Germplasm legume and 

Rh1zob11 v1r1.nts w1ll be maintatned 

11 C>operate 1n reg1onal testing of tropical legumes 

e ro •nve&tlgdte po»slhle ~ymb1ot1c nitrogen fixing relationship with tropical 

grass~s and Jtb practt(~l explo1tation 

Phase J To test selected •reLtes and varieties of pasture planta for total and sea-

onal\lLl !lLI'->l .... ttlll L •¡,grL&S 1 V<'neb', acceptabi lit y to ruminants fed ad libitum 

or grazed dnd tor quaJJty ol herbage 

1 rt ~"Es and 1 gutre, wtll be grown tn monocultures and mixtures of the best sdap-

ted ciitd ompdtl'llL :=.!Jt:.Ltes wtth treatrnent var1ables such as fertilization, defolia-

tton tnt<>n~Hy .>n<t f ,eque!IC) ,,rage of growth), and 1rr 1gation under intermittent 
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graz1ng or dlte<nate graz1ng and cutting 

b ~rel1m1narv data on herbage quality w1ll be evaluated by chemical analyses 

(Van Soe"t and other methods) and ..!.!l v1tro or in~ (nylon bag) techniques 

Fur the more prom1sing species data on nutritive value indices (digestibility 

coefficlent, and consumption) will be obta1ned at severa! morphological stages 

of gruwrh by dd l1bitum feed1ng green chop or as hay 

e P1lot éxpel!ments w1ll be initiated to 1nvestigate cultural and management 

practlces ~nd gr3zing sequence" ror obtaining year-around grazing 

Phase 4 Advanced ?asture - An1mal Program 

To d!scl)Se th~ potentidl output of animal produces per hectare and per beast 

from selected grasses anJ legumes grown alone and in mixtures Adapted and pro-

mising specléS w1ll be evaluated with animals in grazing experimenta Data will 

be obta1ned on the lnfluencc. of pasture species on animal nutrition and on the 

quality aod q~ant1ty of animal products The effects of the animal on soil-plant 

interrelationohips will be studied so as to characterize changes in production po-

tentlaL& whlch m1ght re&ulr from the cycling of animal excreta (animal to soil to 

plant to an1mal)over a per1od ot years In arder to make wise compromises bet~een 

ourputo per ammal and per hectare the mixtures and species being grazed will be -evaluated at two or thre;rstocking press~res based on herbage available per animal 

It 1s very 1mportant to m~~thorough economic evaluations of al! grazing trials 

Ihe economl-t should be a team collaborator at the time of planning the grazing and 

other txpcrim€nts 

~orre v1rlablto tu be evaluated with simple factorial combinations are rota-

tlOOa} v, cOO[lOUOUS grazing SOl! fert1lity levels, irrigation, leguminoUB 

et te~. ts u~r lLmtnt u y feed inb will be practiced only to avoid animal loases at 

ii Herb¿ge dVrtJlabiltty through selective grazing, influences nutritional aspects, 

hence d11gnootJc s unpl1ngs of íorage produced and consumed should be made monthly 

ni lrt .k, and dig<-sttblllty and chem1cal and botan1cal compositions of pasturage 
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ma> te ot ctln d 1u11 •6 ~e sonal per tods when d1stinct differences uccur in herbage 

quollt.J 

1V n ar11Itlun an ~"' produce~ and the1r characteristics, supplementary data 

w~ll bF- tuk~....n u liver bload, 1nd rtJmen samples 

v !m btlbat os shou ld 1 nclude a srudy of methods of animal management and con-

trul ot d '""s"' and ¡:,au~ires, rt.e effects of an1mal concentrations (stocking 
• 

prL&~ur¿,¡ n 1 el,Lb and parasite infestations and the influence of pasture nu-

t,_¡ Jf J f} 
J u rence~ o'1 an1rrú roler~nce ro disedses and parasites should be 

stuHed 

b r~ dc~elc¡o uLpendctble pctsturage of suttable nutritional quality for year-around 

graztng throubh rl"e manlpularion of so1l, plant, and animal factors when disease and 

po aslte LOf1t 01~ are e.rnploycd w1th ctll variables 

1 'el r, t r< tr J..tde the mant¡.,ulation of ittigation and fertility to aid in ob-

tdlnlng IUHE u,11 nr plctnt gc.Jwth at Vctrious seasons 

1" Plunt f" e ~ IrcluJe grazing 1ntens1ty, sequence of species within and among 

pastures and per!od1c resttng to accumulate growth that may be grazed in~ 

111 Animd t 1dvi~ JnLtude their numbers on a land ares (farm) by manipulating 

the btteulOg calv1ng m3rket1ng and lactat1.ng curves to coincide with seasonal 

t.ndt.btlvns l' nutntlon (quality and amount of pasturage) 

e Tv dev•Jop d ll-morth reed program(s) through flexible utilization of pasture for 

Forage harvested and stored during periods of ex-

ctbS brcwth wtll be fed dur1ng per1ods of slow ratee of dry matter production Arres-

ted gta<lng ttets ,n oppurtunity to study the influence on parasite populations 

1 ~u eh re< d p vgram~ may be arranged by us1.ng a single species or a series of 

-.pe:. J€.5 Jr rtll.t11Jes 1n d1tferent pastureh 

11 '>peuc., drd mtxtures will need to be evaluated for yield, quality and loases 

w1th metl odb ot ún,ervation at morphologi.cal stages of growth as well as for ease 

Of(OO':.éiVHlH 



111 FJ.,,¡bJ" maut¡.,ement ol an1mal~ whtch considers their nutritional requirements 

"nd th<= undul 1t110g y~tüd "nd quallty of pasture and forage 

d Suppl.,mentary fetd~tufts 

1 To In\eo "gdte the product1on of ~upplernental crops lo be fed as greenchop, 

silage, hdy vr grazed ~ ~ when pasturage is low 

ii To eval 1até th., uttlizatton of cellulosic by-produces 

tii To ~tudy the u~efulnt=ss of cheap urea supplernentation with molasses or other 

organl _<mpouod& as a medOS of irnproving animal performance 

fhase 5 To conduct related 1nvest1gations for the establishment of methods for con­

trollfng or alleviating dOY st=rious deterrent(s) that may interfere with efficient 

animal productton from pastures and forages as they appear during the research in­

vestigations or may be encountered by cattle producers 

a Factvr& that rnay require special research are 

i Nutntlon Thl~ wtll 1nclude research on nutrient content and utilization in 

rum1nanrs, supplementdtio'l of pastures, or other forages for rnaximum efficiency 

and causes and contrul of rnetaboltc d1sturbances 

11 Phystology of reproductton 10 males and females Research will be directed 

toward uncover1ng the causes of reproducttve fatlures and studying preventative 

mea sures 

ih Paras nes and diseases Effects of livestock-pasture management and certain 

anthelmenr1cs un interna! parasttism w1ll be investigated The effectiveness of 

various drugs 10 controlling externa! parasttes will be studied Disease pre-

v<ontlon wlll cvrt&lst of using sound management and irnmunization against prevalent 

dtseases lt other di~eases or toxtctties arise, these will be investigated 

iv Soil prohleut'i a~ lnt~rrelated with physiologicsl plant disturbances 

v Nernatod~s and instcts that alter plant growth 

vi Plant dl~eases 

Vll Conttol nu acoure~ tor severe ~eed Jnfestat1ons 
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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, defoliatton management, water, insect, disease, and herbicida control, disk-

ing or cultivating old sods, methods of harvesting, processing, and atoring aeeds 

b Commercial seed production by qualified persona will be encouraged as information 

becomes available 

Phase 7 To intensify plant exploration and international distribution and to improve 

grasses and legume~ through breeding, selection, and genetical studies 

a Collections of introductions and accessions 

1 To identify species and develop genotypes that furnish feed during periods of 

low production Early evaluations will be meda with animals ~y intermittent 5raz-

ing and ~~. 1a vitro, and chemical evaluations 

11 Maintenance and distribution of vegetativa and seed germplasm 

b To conduct basic genetic research and to develop techniques which support breed-

ing investigations of various plsnt species 

e 

i Modes of reproduction, floral biology, pollen production and receptibility, in-

compafabilities, aeed formation and dormancy, apomictic reprod~ction, dehiscence 

and ahattering, etc 

To participate in i~rnational programa of grasa and leg~ improvement 

i For allocating breeding reaponsibilities with species so as to concentrate 
'-

efforts, 

ii For participating in the establishing of atandards for avaluating speciea and 

varieties, 

iii For developing varieties adapted to sizeable ecological regiona, and 

iv For production and distribution of foundation seed stock ' 

B Utilization and Improvement of Natural Grasslanda 

1 To inveatigate the yield and nutritional value of various botanical componente 
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of natural grasslands in ctifferent environments 

a Output of Qnimal produces per ruminant and per acre at different stocking 

pressures will be obtatned as outlined in Phases 3 and 4 

i Variables to be investigated include fencing, controlled burning, mowing, 

drainage, arrested grazing, and supplements based on nutritional fsctors such 

as energy feeds, urea-protein, and minerals 

2 To develop simple low cost methods of establishing higher quality and more pro­

ductive gras~ea ,nd legumes by judiciou~ stocking in combinations with practices 

such as burring and dratning, seedbed preparat!on and serial applications of seeds, 

fertilizers ard pesticides 

3 To develop a 12-month grazing system(s) for producing beef cattle through the 

manipulation of dnimals, and natural pastures in combination with seeded pastures 

and supplemental forages 

a Supplementdty soJl, pldnt, and an1mal data as outlined in Phase 4-a should be 

obtained to a!d In explaining the results 

4 Data are to be evaluated economically and an economist should cooperate in de­

signing gra<lng and other experimenta 

C Animal Environrrental ~ontrol 

1 To evaluate under lAboratory controla the significance of tropical condiciona 

such as high temperature and humidity on animdl production 

a This area should be investigated if animal performance is subopttmal when 

nutrition ana other biolo8ical input factors are controlled 

O Animal Bret'od!ng 

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

through breeding 1n humld tropics under normal stresses of temperatures, humidity, 

diseases, lnsects, and nutrition 

a The main breeding s~heme will be to rross natlve cattle with high producing 

imported Ldttle with tl>e obJe<.tive of retaining che adaptive characteristics of 

the nativt'o stock and tht'o righ production rate of the imported stock Aleo, 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 Train1ng and Educat1ona1 Program 

1 To deve1op on 1nternationa1 educat1onal and training program for the promotion 

of pasture-an1mal programs 

a Research personne1 
i Postgradúate and postdoctorate in-service experience and tra1n1ng to eupple-

ment basic training 

b Extension per5onnel 

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

workshops 

11 lnvolvement for short per1ods with research projects 

iii Methods for accumulating and disseminat1ng 1nformation 

e To aid in training óf technic1ans for managtng pastures and animals 

1 In-servlce short course and tra1ning programa 

11 Brief 1nvolvement with research pursuits 

111 Repeat short courses 

d Special educational prog~ams 

i Short courbes, work shops, symposia, conferences, and seminars directed at 

specific audiences 

e Accumulation, rev1ew 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) Uti1ization of the natur­

al grasslands through better mandgement of such pastures and animsls (2) Destruction of 

natural grasslands by flre or other ways and growlng of seeded species after changing the 

soil environment Both or thebe concepts have mer1t and universal acceptance of either 

concept alone is untenable Fo< example there should be endeavors to mainta1n and im-
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prove the production of native species in environments where there is a drastic ahortage 

or a very erratic distribution of moisture and where irrigation is not available as in 

the short pra1rie grass region of U S A and in sorne climatic zones of all continente 

Aleo, very infertlle, droughty, or flooded soil environments should remain in the natural 

vegetation When yearly rainfall is reasonably high and reliable for a period of six 

months (more or le~s) 1t is usually preferable to destroy the native vegetation, if the 

soil environment can be altered at low costs, so as to grow more productiva and nutritious 

seeded pasture plants It is quite possible that the vcry low nutritional value of native 

species in many natural grazing lands is attributable to natural selection processea be-

cause palatable and heavy grazed species have gradually disappeared from soda 

The value of native species are strongly influenced by the fertility status of soils 

In temperare arid and low rainfall regions soils are usually shallow but high in bases 

and fair in organic matter Pastures on such soils are nutritious, but total production 

would not justify the use of seeded species The native vegetation in humid tropical 

areaa is generally of very poor quality because of the extremely infertile aoila Fur-

thermore, as mentioned above, the more desirable species have been eliminated 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 indigenous soda on lateri-

tic soils, and the seeding improved pastures may be quest1onable 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 higbest 

fertility of such soils is 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 ex~remely acid, the availability 

of calcium, magnesium, and potassium are often no more than O 5 me per 100 grama 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 Phosphste 
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fixation is usually very high For such infertile soils, longtime experimente are neceas-

ary to ascertain the feasibility of using seeded species when soil fertility has been 

changed Growing species that are better "m1ners" 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 m1neral 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 1ndustry during the twentieth 

century in subtropical Florida may serve to 1ndicate potentialities in tropical regions 1f 

The small adapted cattle, able to survive the harsh nutritional, parasite, disease, and 

insect stresses, were remnants of ~panish cattle introductions that had crossed with other 

breeds, During the th1rd to fourth decades, mature cows normally weighed about 550 lbs 

and aversged a raised calf about every th1rd year 

cattle populations and they grazed natural pastures 

There were few fences and sparse 

One beast averaged ranging over five 
\ 

to twenty acres The native grasses on the sandy, acid, infertile soils 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 ox1dation 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 daily cattle requirements during much of the 

year Burning the range was an excellent practice as this concurrently destroyed sorne 

parasites and the woody, mature, 1ndigestible grass sods The young regrowth, improved 

1./ Observat1ons of various 1nvestigations by R E Blaser during 1937-46 while associated 

with the University of Florida 
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somewhat by the ash after burning, was nutr1tious 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 nutritional stresses Poor herd management, Texas fever, 

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

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

the winters because of starvat1on 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 progresa occurred later by changing the soil environment and seeding improved 

pastures 

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

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

tive grasses, employing jud1cious 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 

practica!, 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 th1s century there was 

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

20 acres required per head Now with changed soil environments and introduced pasture 

qlants, along with good herd management, calf crops average 80 per cent for the bette~ 

herds Stocking rates have increased sharply, realistic liveweight gains per acre for 
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adaptad apecies under natural ra1nfall are around 350 lbs 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 1ndustry now underway in tropical Australia 

starts with selected areas with favorable rainfall and where soil nutrient deficiencias 

can be corrected for growing adaptad grasses and legumes of good nutritional value All 

of the grasses and legumes for the improved pasturas are plant introductions from other 

countries Introduced species are studied in various environments with and without al-

tering soil environments and promising pasture planta are soon evaluated with cattle 

Adapted and semiadapted species are further improved through natural selection pressures 

from the new environments and by objective plant breeding programa 

Practicas directed toward improving the natural savannahs per ~ in the above men-

tioned tropical and subtropical regions have not resultad in dramatic changas These 

natural grasslands, however, made larga contributions when used in combination with im-

proved species for developing reliable feed programa 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 and • 
per acre on extensiva 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 critica! periods, and good herd and breeding management 

The very signif1cant natural adaptation of cattle to disease, insect, and nutri-

tional stresses that are common in tropical reg1ons should not be overlooked The 

l/ Personal ohservat1ons and commun1cations 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, croas 

breeding with Brahma bulls has aided 1n developing cattle races that are especially adap-

ted to tropical environments 

Although the aforementioned improvements in soil-plant-animal interrelationships 

were slow, the potent1als for beef cattle product1on from improved pasturas in the tropics 
i 

appear excellent The princ1ples that have been established may stimulate spectacular de-

velopments if they are used 1n adapt1ve research and directed toward meat production in 

many undeveloped biological complexes 1n the tropics Such adaptive research should not 

be done to obtain or1ginal information for publications, in1tially, research will serve 

best where practica! experimenta and demonstrations furnish information for increased ani-

mal production on farms For example, the research principies established from the studies 

of a biological complex of infertile sandy acid so1ls, 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 principies for improved species in Australia and other tropical zones 

may be "transplanted" with sorne 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 SlTUATION AND SCOPE OF SOIL-PASTURE-LIVESTOCK PROGRAM 

Land suitable for crops that are consumad directly by humans should not generally be 

used for livestock production This 1s so because the production of nutritious high pro-

tein animal produces for human consurnption is very inefficient as comparad with the pro-

duction of grass and leguminous cereals fruits, and vegetables for direct human consump-

tion Grain consuming simple stomached animals (poultry and swine) convert concentrate 
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fee~s into animal products more efficiently than do ruminants The conversion effi-

ciency of consumed pasture and forage feeds (dry matter) into liveweight gain rangea 

from h to 15 per cent for ruminanta, the valuea for dreaaed carcasa weights are lower, 

ranging from 4 to 9 per cent Thua, the production of human foods through ruminanta 

are luxury enterprises unless abundant supplies of low coat feeds are used as effi­

ciently as possible Thia low efficiency of energy conversion to uaable huma~ foods 

makes it clear that the economic foundation of ruminant livestock enterprises dependa 

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 digeatibility 

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 pasturea and feed-

stuffs that would otherwise be wasted By supplementing with urea, very fiberous feeds 

may be converted into high quality protein products for human consumption 

Low cost feed for the production of livestock produces can be most economically ob­

tained from pastures in environmenta with long grazing seasona where there is high so­

lar energy, favorable moisture with goo~distribution, and favorable temperaturas for 

high ratea of dry matter accumulation In auch environments meat, wool, and milk pro­

duces produced at low costs can be highly competitiva commodities in world trade Ex­

amples are the exporta of livestock products from ruminanta from New Zealand and Austra­

lia The favorable cost-price production relationshipa in these countries are associa­

ted with land values, labor, mechanization, and other low input costa for feed pri­

marily from pastures 

The production of livestock produces by ruminants from yearlong grazing seaaons uaing 

judicious pasture utilization and practicas in tropical environments have potential eco­

nomic advantages The rapid development of the beef cattle industry in humid tropical 

Queensland is indicat1ve 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 dis-

tribution is often a problem) h1gh l1ght 1ntensity and favorable photoperiods (2) Adapted 

and improved tropical grasses and legumes with high economic dry matter yield potentials 

of reasonably nutritious pasturage (3) Information on soil and plant management for ob-

taining economical dry matter yields from plants (4) Management programe of cattle 

adapted to the nutritional, disease, paras1te, 1nsect, and environmental stresses (5) In-

tegrated research directed toward JUdicious man1pulating and compromising thé soil-plant-

animal interrelationsh1ps Nonetheless, the business of producing livestock is and will 

continue to be faced w1th unsolved and unexpected temporary deterrents in Australia as 

well as in other hum1d tropical regions 

There are potentially ser1ous deterrents for economical production of livestock pro-

ducts from ruminants in the trop1cs 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 an1mal diseases, insect and parasite pests is more severe in tropical 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 biological 

complex The development of the l1vestock industry in Florida (tropical and subtropical) 

during this century encountered these complex problema and hinderances, but the solution 

of them serves as an exhibit of poss1bil1ties in tropical environments The advancement 

of knowledge through experiences and research in Florida, Australia, and other tropical 

areas have established principies that may now be used in adaptive research and demon-

strations for rapid progress 1n s1milar environments 

There are huge tracts of land 1n the trop1cs that appear to be suitable only for 

economical production of pastures and forages (Appendix B) Large grassland areas•ate 

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

~------------------------------------------------------------------~~~ ~ 



1 • 

16 

with other herbage plants for grazing hay, silage, or greenchop Acreage in grasslands 

exceeds the combinad area for wheat, corn, oats, hay, rye, soybean, sugar beets, rice, 

flax, peanuts, potatoes, and tobacco- approximately 30% of the land area of the globe 

is covered by grasa Over 60 per cent of the worlds agricultura! land is non-arable and 

su1table only for grazing One survey of 7 7 m1111on 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 terma of livestock feed supplies, grasslands furnish aver one-half of the total 

in many temperate areas and 85 to 90 per cent in tropical regions Grassland pravides 

the environment and "grass" is the sustenance of the ruminant Latin America is endowed 

with abundant land resources for pasture and livestock production Its agricultura! land 

area approximates that of the United States (511 and 504 million hectares, respectively) 

There are almost twice as many livestock units in Latin Americe 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 Americe 

A Natural Grasslands 

Natural grasslands, with various indigenous species and different soil and micro-

env1ronmental conditions, make up most of the grazing areas in the tropics Of 1,139, 

2 
155 km of land in Colombia, approximately 40 million hectares are covered with naturalizcd 

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 Braz1l, 125 million hectares, 93% Peru, 27,600,000 hectares, 93T, Ecuador, 4,656,000 

hectares, 90%, Bolivia, 11 3 million hectares, 90%, Venezuela, 16 7 million hectares, 90%, 
• 

and Africa, 696 million hectares, 90% plus 1/ 

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 variatione 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 planta near water-

ing placea, while pasturage sorne distance from water may not be utilizad In general, 

the vast regions of natural grasslands support only a fraction of the cattle in a ~oun-

try - e g about 8% of the cattle in Colomb1a are found in the Orinoco Basin which has 

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

1 Availability and nutritional problema 

Utilization of natural grasslands is condit1oned by seasonal distribution of herbage 

caused largely by soil moisture and partially by infertil1ty An abundance of herbage is 

generally present dur1ng the ra1ny season as new shoots or new seedlings develop and grow 

rapidly Such young, leafy herbage is usually consumed in large amounts and is more di-

gestibile as compared to mature plants The crude protein content of sorne 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-

siological maturity proceeds, the leaf-stem ratio widens and nutritiva value declines 

The plante become progressively low~ in protein, minerals, palatability and intake, 

digestibility, and higher in fiber and lignin The energy and protein utilizad by rumi-

nants declines sharply because of intake and digestibility reductions Tropical grasses 

are generally lower in minerals, digestibility coefficients, crude protein and energy 
~ 

utilized by ruminants than are temperate grasses Digestibilities of tropical species 

seldom reach 65%, values of 50-60% are common (versus 55-78% for temperate climste 

species) Mature tropical grass may drop to 25% lesa as compared to 45% for temperate 

grasses 

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

l/ Figures for Bolivia, Venezuela, and Africa are taken from the FAO 1966 Yearbook and 

represent permanent pastures and meadows and probably do not include all of the natural 

grasslands, other f1gures are estimates made by Daves Wm 1960 Temperate (Troric~l) 

Grasslands Proc 8th Int Grass Congress 1-7 
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lower Below 7% crude protein, voluntary 1ntake of the poor quality grasa is limited 

so that the requirements of the rumen flora ~nnot 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 1ntake in ruminants During dry sea-

sons, the further decreases in d1gestib1lity of grasses may occur due to loases of sol-

uble mineral, energy and protein constituents from respiration, leaching and microbial 

fermenting With low intake and digest1bility, 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 is prolonged so 

that slaughter occurs when animals are 6 to 7 years old Under such nutritional stresses, 

there are often breaks 1n breed1ng 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 d1seases, 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 importapt to examine the problem of a year-round feed 

supply of an adequate nutrition level s~s to support a given livestock enterprise 

Provision of supplementary feedstuff might be an expedienéy, the growing of special crops 

for silage or green chop, the ut1lization of plant refuse byproducts, or urea supplements 

during nutritional stresses are feasible solutions For instance, feeding supplemental 

protein to very low protein d1ets 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 ptoduction, 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 alternativas 

such as providing off-season pasturage from sown species msy be implemented It may bo 

more practica! to irrigate sown species for off-season production than to conserve íor-

age, 
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Immature and actively grow1ng pasture planta will more nearly provide the mineral 

needs of ruminants than mature planta Plant constituency var1ea with the mineral con-

tent of soils and of pasture species for g1ven stages of growth A survey of severa! 

commonly occurring nat1ve 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 lmprovement) may be the initial step toward animal improve-

ment on the low fertility natural grasslends In fact, data obtained by ICA with salt 

supplements 1n the Llanos Oriental1s of Colomb1a 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 resultad in decided increasea 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 acherne of intensiva grazing coupled with 

resting or rotational grazing might permit further increaaes in stocking rates Alter-

natives mentioned earlier in th1s 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 

vegetativa sub-climaxes with dynamic ~ural shifts qt species The cattleman's aim 

for many tropica~grasslanda must be to improve the natural sward by-encouraging the 

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

methods Research must aid in resolving the economic exploitation of this biological 

complex 

2 Burning 1nfluence 

Use of f1re, 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 aids 1n the reql&tance 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/ 
- Personal communication w1th Inst1tuto 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 interact1ng factors and d1fficulty of experimentation, hence 

many conclusions are based on h1storical evidence without precise measurements Burning 

may be deliberately used for bush control, to r1d land of coarse, unpalatable herbage and 

to reduce the encroachment of undesirable spec1es Burning of mature woody grasses de-

stroys 1nedible and dead plant refuse and encourages new palatable herbage becauae of 

less light competit1on Ind1scriminant burning when regrowth will not occur is too often 

the practice Without Judiclous 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) 

Addit1onal research is needed to evaluate burning practices (part1cularly in Latin America 

since most of the available data are from the U S , Afr1ca, and Australia) The effects 

of grazing and burn1ng are 1nterrelated and must be stud1ed together - e g in Queensland, 

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

(Heteropogon contortus) but 1n protected areas the preferred kangaroo grass (Themeda 

austral1s) predominated Other factors to be considered 1nclude season of the year, amount 

of 1nflammable material, frequency of burning, weather condition before and after burning, 

and resistance of the plant species to fire 

Burning often and at cr1t1cal t1mes, concurrently with fert1lization and grazing, 

has been an inexpens1ve method of establishing sown spec1es by attaining reduced competion 

from natural grassland spec1es 

3 Grasses 

A number of ecological surveys show an abundance of grass species in the tropics 

More than 1000 have been clqss1f1ed 1n Mexico, over 800 in Brazil, 600 in Colombia, and 

300 in Costa Rica 
1 

These surveys are florist1c in nature and do not provide information 

on seasonal d1str1bution, yield and nutritive value The CIAT Program should include 

research to evaluate the contnbut1on of var1ous dominating species in swards wi'th graz-

ing animals This c~n be done by seasonal sampl1ng, chemical analyses, in vitro or in - -
vivo d1gestib1l1ty stud1eq, and by graz1ng tr1als Other 1nformation could be obtained 
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as an adjunct to graz~ng trials, e g botanical composition, plant nutrient content, and 

digestibilities from on-going grazing experimente 

Species replacernent and succession are important factors in improving natural grass-

lands for more intensive management (effic~ent product~on) and improved nutrition Thus, 

introduction, test1ng, and evaluation of spec1es must be carried out under varying eco-

logical condltions lt has been shown that ~ntroduced superior species permit higher 

• grazing lntensities than for ind1genous plants - e g one beast per hectare on unfertilized 

molasses grass (Mel1nis minut1flora) in the Llanos Oriental~s of-Colombia, 1 5 - 2 O head 

per fertil~zed hectare of Brach~ar~a decumbens and Hyparrhenia rufa vs one head on 5 to 

1/ 20 hectares of natural pasture- As rap1dly as better pasture spec~es are ~dentified, 

animal evaluatlon studles (intake and digestibility trials with later grazing experimenta) 

should follow along with agronomic aspects of establishment, forage production management, 

maintenance In sorne areas spec1es replacernent may be accomplished without tillage, e g 

close graz~ng rnowing or burn1ng, and sow1ng seed of Melinis minutiflora (molasses), 

Hyparrhenia rufa or Panicum rnax~mum (gu~nea grass) or transplanting vegetative pieces of 

Digitaria decumbens (pangola), Brachiaria spp or Axonopus micay, etc Combinations of 

these pract~ces coupled with so~l ame~ents may be an economical way to establish other 

~mproved pasture plants 

4 Legumes 

Legumes are scarce and make no signif~cant contribution to grazing under natural 

grasslands on acid and low fertility conditions 
1 

Assuredly they will become important 

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

Sown Pastures) 

5 Fertilizat1on ~ lim1ng 

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

principies of the "survival of the flttest" during mat;ty years, wtll rarely give an econo-

ll Personal communication with ICA Pasture and Forage researchers 
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mical response in terms of increased animal products The ash constituents for lime or 

fertiliz2r nutriente 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 implementad concurrently with introduced pasture species evaluations 

A knowledge of soil nutrient status and fertilizar responses become increasingly impar-

tant as artificial pastures (h1gher yielding and more nutr1tious) replace the natural 

grasslands • (See Fertilizing and Liming under Sown Pastures, Section B-3, belOll) 

B Sown Pastures 

Tbe best possibilities for improving livestock products per animal and per land 

unit are with sown pastures Sown tropical pasture and forage species possess potentials 

for high rates of dry matter accumulation and nutritious herbage as compared with natural 

grassland spec1es Nutritious forage from deslrable 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 ares 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 ma~be no better than for natural grasslands On the 

other hand, with favorable management of th~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 management, 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 lesst costly operations for obtaining high produc-

tion per acre and per animal should be the goal 

• 
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1 Animal evaluation 

11 Pastures and forages ~ se are of no value except in terms of animal uses and 

11 products 

yield and persistence 

Sorne improved grasses have been characterized by agronomic studies auch as 

Limtted animal performance tr1als have been conducted for short 

11 periods but usually with methads that d1d not realize the per animal and hectare output 

potentials The general lack of progress 10 animal productton in the tropics may be 

11 attributed to isolatéd actitudes and research efforts, the resources already available 

11 have not been explolrtd to advance animal productton 

develop1ng alternative pasture and forage management systems that furnish reliable nu-

Research is especially needed on 

11 tritious feed suppliés at low costs for the longest possible part of each year Ruminants 

cannot hibernate, the} must have feed however, antmal breeding cycles should be manipu-

lated and timed to tir the expected flush growth curves and seasonal nutritional undula-

tions 

As soon as feasible ClAT should sponsor animal evaluation trials to explore nu-

11 tritional and product1ve potentlaltties of grass species Sorne of the more important 

grasses ready for pasture evaluation with ruminants tnclude guinea (Panicum maximum), 

(K purpurascens syn ' Brachiaria mutica), puntero or JSragua 
~ 

(Hyparrhenia rufa), 

11 
pangola (Digitaria decumbens), molasses (Melinis minutiflorB), Brachiaria decumbens and 

~ ruziziensis, and elephant (Pennisetum purpureum) As programa develop, other pro~is-

11 ing species should be investigated with graztng exper1ments Initial investigations 

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

11 critica! 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 (e) the 

11 period of major transfct of cJtbohydrates from derial to storage organs, which ususlly 

occurs at the onset of the dry season 

11 Corolldry scud1es of forage tntake and digestibility along with in~ and ~ vitro 

and chemical determtn;ttons c;n provtde supplemental and suhstanttsting evidence on the 

-11 value of spec1es, selecttons or varieties of grasses and legumes lnvestigations should 
1 
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be made under severa! soil fertility levels, at different times of the year, and with 

planta in various stages of growth 

2 Conservation and supplemental ~ 

Supplies of adequate qual1ty and quantity of feed with year around pasturas for 

rum1nants should be a target as conservat1on 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 conservad during 

periods of tlush 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 add1tional structures, mechanization, and labor The feeding value of conservad 

forages are almost always inferior to freshly grazed forages due to loases in minerals, 

protein, vitamina, and highly utilizable energy materials Dry matter is lost by mecn,an:L-1 

cal means, respiration and fermentation The concurrently high temperaturas and humi-

dities in trop1cal areas may aggravate storage losses of conservad forages 

The lack of year-round plant growth often l1m1ts 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 b~t a scarcity during the dry period 

As planta 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-cdlf operation, but for effect1ve and efficient animal performance sorne type of 

supplementation is requ1red There is a paucity of information throughout the tropics 

to provide for alternativa feeding systems Sorne studies show that timely fertirization 

with rational herbage utilizat1on 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 poss1b1l1ty but costs 1nputs may be prohibitiva annual crops such as for-
1 

age sorghum and Dolichos lablab and perenn1als such as kudzu (Pueraria phaseoloides), 

Leucaena leucocephala and Ca¡anus ca¡an for greenchop or rational grazing could be used 

but management may be too demand1ng and costs too high, plants may be selected for brow-
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sing but little is known of this potentiality 

Waste plant products from fruit, vegetable, and sugar cane industries sho~ld 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 product!on in the tropics 

3 Fertilization ~ lim1ng i 

The best improved sown pastures occur on the river valleys on alluvial soils where 

soil pH and ferr.l1ty are rather favorable As such areas are used for intensive cropp­

ing, pasturas will be grown on the leas fertile more,acid soils 

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

grasses and leg~rras alone and in associations when grown on different soils The ferti­

lity status on later1tic soils 1s a deterrent because of the acidity, phosphate fixation, 

and unfavorable chemical characteristt~s for correcting these adverse properties Avail­

able data on sorre of the more fertile soils show quite high yields and sharp increases 

in plant growth with added incrementa of fertilizers 

There is strong evidence that the production of certain grasses is sharply increased 

by some sort of a symb.otic interplay~ Observations i~umid Northern Colombia indica­

ted decided improvement in color, possibly prot~n content, and yields of elephant and 

1/ guinea grasa strains - This mechanism should be fully explored 

Wide d1fferences occur among grasses in adaptation to the inherent soil nutrient 

status - e g molasses grasa (Melinis minutiflora) and Axonopus micay are generally con­

siderad low fertility requirlng grasses snd do not markedly respond to added plant nu­

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

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

low in crude prote1n content, even with elevated doses of nitrogen Still, it is superior 

to some other nat1ve spec1es Conversely, many tropical grasses readily respond to applied 

!/ Personal observatlons in Colombia 
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nitrogen, which tncro;ases tne qua"It1ty of hérbage and the percentage of crude protein, 

e g pangola gr"ss at rne Paln~r" Exper1ment Stat1on in the Cauta Valley with no nitro-

gen, produced 3 O ton~ ctry torage per year and contained 6 o:r crude protein, but with 

600 pounds of nltrogEn the yteld was about 24 tons of dry ma~er with up to 16% crude 

protein Grasses dlff¿• 1n tho;1r requtrements and ut~l1zat1on ot phosphorus mo1asses 

grass has 1ow "na bufftl grdSb (Cenchrus ~~~~ ~yn Pennisetum ctliare) has high re-

quirements They dloo dtfter •n the1r need tor potassium, mo1asses grass ha¿ 1ow require-

ments as com¡arPd wlth butnea pangola and Rhode~ gras~ (Chloris gayana) These grasses 

grow wel1 on sotls h1gh In so<1Ium whLh subsututes ln part for potassium All 1egumes 

are lower 1n bOdlum eyulreménts than br,~ses, hente, grasses 1ow in potassium and high 

in sodium m~ght be espectall} c0mpat1ble wtth legumeb 

Sulphur or mtnor <!lemento may l1mit ;~rowth and perststence in certain localities 

Tropical legumes d1ffcr 1n aútl nut11ent requ1rements- e g Townsville lucetne (Stylo-

santhes hum llo), Ubcd extenst\cly tn thL Austral11n dr}lands, can thrtve on extremely 

low phosphorus so~Jo (plant t1~sue ma} contain less than O 10% phosphorus which is be1ow 

the approx!mate O ll•% minimum needed by graztng an1mals), whereas perennial soybean <Q!v.-
' 

~ javantca) req<, rtb a hl¡ b leve! ~f pho~ph,nus The~atter is aleo sensitive to mag-
,.. 

nesium shortages ln many areaa, especial}y soil~ low 1n lime, molybdinum is needed 

1/ for legumes -
-

As a coroll"ry to plant-sotl nutrient relatlonbhips plant mineral constituency 

should be 1nvest1gated 1hl• often reflecta the nutrient status of the so11, and serves 

as a guide to needed ferttlizer for yield responses Mineral composition of pasture 

plant ttssueb 1s uoeful for d!abnos1ng adequate mtneral levels for livestock Lime and 

plant nutr1ent requtrements wtll 1nteract with methods of pasture uti11zation, more 

fertilizar 10n wlll b~ r < qu 1t tJ under cultur ,d pr 1r t te es where a1l herbage is removed 

as compar ed wlth g1 .u1ng Graz1ng exper1mcnts wtth ferttlity levels should be conducted 

over a per1od ot ye11b tu establ!,h productlon patterns through the dung-urine to soil to 

1/ 
- Pt:rsonal communlCdtlon wlth pa-.u re researth workErs in CSIRO, Australia 

' ' " ,, • 
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' plant recy~l1ngs 

-1 Tropical 1tg mEs art pot~nt1ally ve•> lapo tar<t tn pa~tu<e mixtures for two reasons 

(1) Low soil nttrvgLr 1n rropll 1l sotls ltmtt~ the growth rate potentials and applying 

-1 fert1lizer n1t<..;g<en 1~ ot!En not e,ooc1m1 al tvr produ.tng livestock products because of 

low food ccnvLr&lon etfJcler.y Tro~ al ILgu~~ •re estlrdted to r1x lOO to 350 lbs/N 

1 per acre yearly w"•n pro 1 erl) rnoculuiLd ,wd dlltured \2) Legumes hdve decided effects 

1 on antmala, C.du~lll5 ""['" c.ú 

cattle In Au~trdll::~: drdnatt 

,d ~·owih <ates o[ 'alves and larger 

,u .es, w1th r•oyl ~1 pasture legunes ln different micro-

rl enJitonmE.nts has bcEn dttrrbutet te d<Í<¡Ihc Cultural IE&earch With ffiuoy introduced 

:1 
1 .. _ 

~1 

• 

-1 

legume.s, ad¡:.qudt€:: pl.ant nntr l(!lt ~hlzub!~~ strdln, thdt ttx nitrogen efficiently, ob-

jéCtlve pl-..nt brcedirg tor antrrdl utlllzatlu\ ,nd &uitabh. g<aGlng management Annual 

legumes are us~....d lfl 'far~h t..O\ tVrnnL t~ W.1.th long per!Jd.., of drought, whereas, perenn-

ials are usEd n r \oratl~ Id ntall are~~ 1r~flL ,} legLnt strains atso make signifi-

cant contrtbution-. 1n b .. un1d t.OJlconrrent& 1n Ha,._, 11 

A nurnber or r OflC-d lt:t,Hllt.. ~pe lL::, c .... _ 10 ~own pasturE's 1n South America -

---Generally, legun.es 1n pa,t • é s~atds dppear sporad1cally and erratically A number of 

other legumes appear prom1s1ng b~t have not beLn fully evaluated Glycine !avanica, 

..-1 Pueraria phaseoloi<J.~:O Leuc~<.nu leucoLephala ~yn L glauca) Vlgna spp etc The 

find1ngs in A~~ttdlla ~ugge~r that the c.ultutinb ot tropical legumes must be re-eval-

-1 uated in var1ous mL ro-en\ltronments in troplLal Sour.h America This could have a very 

-1 
' 

-1 
' 

decided economJ~ a~d ~utr1t1ona1 intluEnct on Cdtrle produ tion 

ln the CIAr prograa speL tal atr. ll io'l should be gtven to legume bacteriology since 

tropical species h ve h!t,het degru~ of IHnzol>onm speClf 1c1ty than most temperate legumes 

One point oE importan,• u, '""t nany ot the Rhuobia tnlecrtng troplcul legumea are al-

kal! producerS and cdfl th 1• SIC'W Hl •Cld S>rlS as COOlrdSted [0 ac1d producing bacteria 

1nfecting mo&t te-rrper re lerurr -. (J t ht r 1 ctJr~ to he (On~tdered rlre (a) date of sowing 
• 

' ( '"- l 
(. '\. 
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to avoid high sotl nlrratt level oaused by mrneral~z3tion of organ~c matter at the be-

ginning of the ra1ny sL,son (br length of ttme tor est~blrshment- the Australians 

found that Jt tLquuu lb Junb " two ye '' or Lrt dn specres of tropical legumes to 

become fully establtsh<d l 1 Jerol~ .. t."n mdna¡;e~uent to perm1t regenerat10n- rnost of 

11 the tropical legu!'leS ;, ow 1 rom rhe crp" rl he sre~rs (tennnal growth) and produce sorne 

11 
axillary branrhes 

temperare legumes, Id• 's~uranre •hat defrcrent plant nutrients are prov~ded either 

but gene: dJ LY do not tt..generate trom stolons or crowns as do many 

11 through natt. al soll t~ r urt} ur by fd[llizPr .:unendments and (e) cornpetit~on from com­

panion gtasses 

1 5 Plant pro te Uvn aud w~e<l e ~nt t ~l 
Pests 1nclud1n~; ~e,eJs HtSPcts apd diseases are almost untouched ~nvestigations in 

tropical pastores and !JrJges Suppr essron ot ,.._eds (her baceous and 1.oody species) is 

11 generally done by hand 1 JCCI and on lunit< d areJs, ravages oí insectb are usually un­

heeded and only a tbW SLtveys hale becn ~ade on prevalen~e and damage by plant diseases 

11 In the deveJopment of a C'IA" Pasrure-1 1vestork Prc~r1rn attention should be given to 

11 

11 

these disciplines, but ln coopeldllOn t;lth the d]lted SC~entrsts 

6 lrnproved sele t ons r t ;pl tl pasture and for•ge plants 
-~ 

The few 1rnproved rroprcal pasture and forage <pec~es have beeQvdeveloped by selec-

tions among natural vananrs r rom phenotypes wh~ch appeared superior ~n forage yield, 

11 tiller produ~t~on lealrness ~olor drsease tolerance and pers~stence Varietal names 

have been given to sorne 1ntrod ced accessrons atter llmtted test~ng 

11 
generally without 

selection but mass selPction mdy hc.Jve been imposed The more sophisticated breeding 

11 procedures have not bLen employed 

adequately sampled 'lobt of the ttopl_tl grasses are hibhly apornictrc but generally 

nor bhould they be untll natural var~ation has been 

11 suff1c1ent sex..1ol E¡.vodu ..... t.lon c .... ur-, to dllow d1.vers1ty of types among segregating 

progenies 

11 Recently seJet Jl lonc~ Jt Ir1pet1al bl1.sc. (A)lonopus s opar1us) with resistance to 

11 "gummosib (a hactcr ral dlbeusL au ed by Xanthotnúnas axonoperis) "ere tound among na-
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turally occurrtng 1~riants and 1 elea"ed te Colombtan fdrners At the Palmira Experi-

ment Station in rhe fau a Valley, an improvcd selection of forage sorghum with high 

-11 herbage yields and oleran.e to .ertain dtseases was developed by hybridization and 

A similar improvement program of this species selection among segr~gdttng generations 

l! 
is catried on in Australld-

An tntensiJe tropLal 1ebume b1 cedin¡, pto¡,rom in Austr.llia led to the ralease, mul-

tiplication, and seed dtstributton of Siratro created by the hybridization of two in-

troductions of Fha~e3lus arrop~tputeJ~ and selLCtton under heavy grazing into the F5 

generation Two variet1es 01 Desmcdtum - 11greenleaf 11 (R_ intortum) and 
11
Silverleaf

11 

(R_ uncinatum) - were developed after mass selectton among direct introductions, three 

named varieties. of pe ennial soybean (Glycine :javanica) -
11

Cooper, 
11 11

Clarence, 
11 

and 

11Tineroo11 - carne after several genera•ions of adaptation, Townsville lucerne (Stylo-

santhes humilis) aro~e after rrany yc~·s of natural sele=tion in northern Queensland 

Seeds of chesEo tmprcve.J strains are _ommetc.ially aJailable in Australia 

7 Collertions and inll Jduction~ 

Grass-legume tntroduction gardLnS futm a part of the "visitar circuit" on most 

experimental Stdt1ons ard School o1 A5ronemy canp~ses in Latin America 
'fi> 

In many in-

stances they have existe~ for unrecorded years - to the degreeothat origin has been 

lost with antiquity Sorne exchange of material occurs but viable and useful informa-

tion generally cannot be founu, nor is there an organizad scheme for coordinated evalu-

ation and subsequent use by farms This is not always true, as pangola grasa (Digitaria 

decumbens), a vegetat~vely propagated pasture plant was introduced into Latin Americe 

in the early 1950's and promptly spread over a larger ares 1n a shorter period of time 

than any other tropicdl &pertes In reality, di&seminatfon proceeded too rapidly, as 

many farmers destroyed excellent srands of guinea gtass to establish the "novel" pas-

ture crop Much to their d1smay, it was discovered that pangola required more caretul 

management and a higher sc1l fertiltty than many of the presently used species 

ll Persondl comtuunication wllh ICA dnd CSIRO forage and pastura workers 
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Introductions and collectionb of exotic materials often become the instrument for 

prompting pasture and forage 1mprovement Certainly, diversa germplasm forma the basic 

foundation for a breed1ng prcgram CSIRO in Australia through ita plant introduction or-

ganization acquired severa! thcusand tropical and subtropical grasses and legumes during 

the past th1rty y~ar• Screening and assessment involved the close collaboration of sev-

eral specialistb in different ~nvironmenrs Planta that appeared promising for a parti-

cular envtrorwent w~re advanLLd ro a ccoperating group ror further testing, commonly un-

det grazlng, dlld iu' ScLi ,.vJl~ti~n alJ diSttlb~tiOn So~e 18 n~w 0 rasses and legumes 

have been devel~ped to thL sta~e of commercial exploitation by such a cooperativa effort 

in Australia A n~be- of the~e plant tntroductions carne originally from Latin America 

and are presently being re-int"oduced 

A centralized and ~oordinated fo-age and pastura plant introduction organization 

1s needed in ~atin Amer1cd At pre~ent there is no such organization Beginning in 

the late 1950's a,d zith added impetus 1n th¿ Ldrly 1960's the IRI Institute eponsored 

an extPnsive gruss-le&ume colle<tion UÁpedltion in Brazil As a consequence one of the 

largest collections of plant materials in South Amer1ca exista at Matao in Sao Paulo, 

Much potentially valuable plant material enterad into independent exchange programa, 

but an adequate evaluation system fai~ed to materializa - largely b~cauae of inadequate 

funds and a lack of a unified Interamer1can Plant Introduction and Testing Program 

CIAT should give purpcoeful consideration in assuming a leadership role in promoting 

auch an organ1zation 

One requisita to pastJre and forage improvement in the tropics will be the accumu-

lation and evaluation of germplasm tater, plant breeding dnd genetic investigations 

must be actively pu<sued in dLveloping superior varieties The role of CIAT may be that 

of providing the impulse and supplementation for national programe rather than actual 

engagement, 

8 Seed pradL tlon Ei tropical pas~~ forage plants 

Seed and planttng stocks of tropical grasses and legumes on a commercial baais dv 
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not exist, except fut " small number i o Australia Multiplication of improved saed 

stocks in thdt CúOtlnent 1s limtted and distribution to the outside is generally re-

stricted to a few po• nds of seed at exo<bitant prices ~s compared with temperate pri-

ces) as compatea wlth tLmpd"te zone g1asses and legumes Oñe small seed plant in Costa 

Rica (at Cattago, ne~r ~an Jose) processes severa! grasses but only for local consump-

tlon The mintstry ot Agrt~ulturL in wost countttes prov1des limited quantities of 

sorne plant1ng stocks but fo 
' te most part, s~ed mo•ements are from farm to farm With 

certain intrcduct ~n, seed go~s rrow an experiment stat1on to the more aggressive cattle-

men and then trom t«n h to tall 1> Foc sorne spe~ies, such as guinea grasa, molasses grasa 

and Jaragua tHyparrhen1a ~1, cattlemen use h3nd labor to collect their own seed O cea-

sionally sorne exceso seed is rrarkered locally but v1ability and germination and vitality 

of seedlings 1s extremely low- e g local seed of guinea grass 1n the Cauca Valley showed 

1/ 
a germ1.nat ion ot les' t han 1 07 

Technolog) ,ot ptudJ 1ng pu e s~¿d of good quality is a ~omplex enterprise- crop 

produ(.t!on, seed har 1c.~t 1n5 process1ng, :::.ter ~nb, and distr1but.1ng A lack of such a 

seed produc1ng and nJ ket1nb bErJlrP 15 a deterrent 1n the trop1cs Seed deteriorares 

rapidly be~ause ot hig>, humldity and temper .. t Jres which encourage microbial activity 
=~ 

Adaptive research ts nt..eded to apply the technlques, methods, añd procedures from the 

temperare regions The Austtallans have made a beginning and other seed research or-

ganizations can look ro them f~l leadersh1p 1he role of CIAT may motivate and stimu-

late national activlty Ir will be necessary for the CIAT Program to engage in basic 

and applted rese .. rch on phenolog1cal investigations and other factors that influence 

floral developm~nt ond th~ p1oduLtion of high yields of qual1ty seed 

9 E'-onom1 .... analys1s ~~ !n.estock .E!Eduction ~ pastures 

lt 1s almost 1mposo.1hle o ttnd conctete 1nd valid economl.C information base!) on 

precise ~oses of vattous 1nput fa_tcts and final produces ProJections have been made 

in Colombia, but rhe hdSlS tot rhe1r crrp1latton have been der1ved from rather mea~er 

l-' Personal cont1 t w th H\ to1a¡,t.. WL>rkms 
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1 observations 

expertments should bt des1gn~d 1n consultat1on wtth econom1sts so that rel1able cost 

In the devetopmcnt ana crgan1zat1on of the ClAT Pasture-An1mal Program, 

1 projections may be madc 

.-1 
--1 

e Animal Managemen•, ~utrHlon, fhyeiology, Par1s1tes dnd Diseases, and Genetics 

As mentioned preonmsly he p 1mary ubJectlve c>f the program is to provide addi-

t1onal h1gh-quality 30 'al ptote1n lo ltumdn consumption by utilizing pa~ture .and forage 
i 

rops or other f1brctiS low pr~teln feeds More medt and other animal produces are need-

1 ed for solving the m~tn wo ld p oblem ot human nuttition protein dehcicncy 

these products must be pr ~d- ce! efficL<.n ly 

;,l 
-1 

However, 

1 

~1 
1 1 
l 
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One or the major detei ents to efftrte~t livestoLk production 1n the humid tropics, 

such as Latin Amer1ce lS the l::w J., 1r::al r eprodu tlve rate In sorne areas calving per-

centages are as low ao 30 ' ,o P= en ln reastng the percentage to a respectable 80 

to 85 per cent wo~ld at ~= _ d ~"P ~eat product1on in such areas even if the other 

production levelg rem11ncd rhr stn _ 'Jnt h• 1 t t 1nes" and poor growth of the offspring 

are the rule rathet tiHn ,hE e ep' Mmy nLw-botn ralve~ do survive oc gain weight 

at such a slm; rate tha't tt uuy ;:,q,<re 11 e to s1x years for them to reach acceptable 

market gtades as ... omp:n ~d e )- .b mc"t.hs 1n the unffed S tates High death losses are 

connnon, frequentl:y reach1ng 20 re 40 pcr cent Generally milk production in the trop1cs 

1s ridiculously low 1he low rspr~dJ t1\e rates unthrijt1ness, poor growth, and low 

milk produc.tion dre due to a 'lU'fl e of fa tors 1ncluding malnutrition, interna! and ex-

rernal parasites d1sea,e, p:>ot ,r-w al managemcnt and probably temperature and humidity 

In order to remove deterrents and to atta1n ' h1gh rate of animal production from 

pasture and forage~ w1th max1m.m et'--1ency rcse,rch will need to be conducted in ru-

minant nutrtt1on, p1r i:&ltf' our rol d1se1. l prLVLilt ton -1nd control, reproductiva physio-

logy and genetiLs 

1 Rum1nant nJtrltion 

In reg1ons where pasrure~ 'ld rei totabes thrtve usually maximum economy of pro-

duction can be aclueved by us1n h gil le,eb uf thPm 111 rdtlon~ of rumin1nts 
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forages at g>ven stag~s ut marut1ty LOntuln sufi1c1ent energy to support h1gh levels of 

animal product1on PastJrage espec1ally natural grasslands, is often deficient in pro­

tein and in ce tain m1nerdls, even wlth lush growtb As the plants mature, the problem 

becomes more c.rltical Not only w1ll the levels of proteln and certain minetals dro~, 

but the forage will tnc.rease in rrude fiber and hence, l~wer the energy levels for ru-

mtnants Therdore to properly nuur ish e 1ttle tor g1ven levels of production, the nu­

ttitional dererrents w1ll necd ro be mapped and corrected Of course, a flexible manage-

ment systclf would be 10 :)[det to rrake mdximum use of the for>ges at various seasons with 

minimal supplemcnt~tlon For ex3mple da1ry cows at peak production, beef cows with 

young calve~ and fat en1ng cattle could be grazed on the lush, young, leafy, high e~r~ 

h<.rbage O o the orhe hand dr y cows pregndnt beef cows and stocker cattle could u ti-

~iz.e the htgh flber low protdn and low energy forages 

It is nor antlClpdted •hdt studt~s would be condu~ted on nutr1ent requirements 

These (requirements) are cbraJnable from accepted feed1ng standards Rather, studies 

will be c.cnducted til a~cert 110 t he levels of the var1ous nutrients in the forages and 

the efficien~y with wh1 h rhey are uUli¿ed ¡,roro these sFudies, supplementary levels 

may be calculdted dnd reoted 

Even in areas ot the world w1th good nutrltion, along with disease and parasite 

control and good an1mal management, certain metabolic d1sturbances are encountered 

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

(bloat) Although the ~3use(s) of these 15 not clear in all cases, they can usually be 

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

will have to be followed to guard aga1nst such possible disturbances If any of these 

become serious problems, rescdr eh wlll need to be directed to f1nding the cause(s) and 

pteventative mea5utes 

2 ReprodJct1Ve phystology 

Since pocr Ieproducttve performan~e 1s one of che main problems hampering efficiency 

of anim•l prodúC.tlun 1n the tropi~s resea1ch will need to be directed in this direction 
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Initially, research should be dnected t~ward uncovet ing the cause(s) of the low calv-

-1 ing percentage In other words, is the poor pe1formance due to malnutrition, parasitism, 

• 
-1 

disease, or climate (t~~peratutt and h~midity)? Undoubtedly, any one or more of thesé 

could intertere with the estrus cy·le, semen quality, concep~on, implantation, and em­

.,.1 bryo survival lt is likely thdt a combination of these factors are involved under 

~1 
present gtaztn¡; and management ptocedures in the tropic.s 

• 
After the ause(~) of rh¿ poor reproduct1ve performance is established, preventa-

ti\e mea~ures will be t stcel IhLS mJy 1nclude good 1n1mal management procedurLS, nutti-

ent supplementdtion, use ot dtugs and medication, and appropriate breeding systems 

3 Diseasa and p•rasite control 

There has bcen a "7plJ Lnr attitLde by livesto_k men in tropical environment~ th>t 

cost of loases dused by d1sease dnd patasite~ 1s one ovet which they have little or no 

control 0f.3ths ftOTu disea~Ls su eh a~ toot and mouth, anaplasmosis, rabies, snthrax, 

lncidioL~ losses f1om diseases and parasites in 

the forn of unth1!1t ncss l'W tate ot ga1n poor milk production, and poor reproductiva 

performance, ~lthoJgh le~s Gttiking ~ause tremendous losses in productivity and effi­

~ The parastre and d1sease problem, although serious in beef animals, is a~cen-ciency 

ruated in dat-y cattle as a result of wore inten&J!led production 

In all the rese"tch and dE"monstrati:ms sound management systems should be foll01~ed 

Also, immuni2atlo, S¡ldinot ouch disease~ as blackleg, anthtax, and anaplasmosis should 

become routlne proced~re 

Research should be condutted concern1ng the effect of l1vestock-pasture msnsge-

ment on interna! parasttism For example, rotational or st1ip grazing should be com-

pared to continuou~ graz1ng Also anthelmintics, such as phenothiazine and thiaben-

dazole, bhould be tested The use ur various drugs and method ot application for con-

trolling external paras1tes ~hould be tested also 

4 Genetics 

Undoubtedly, l1vestock 1nd1genous to the troptcs are more resistant to the para-
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S.1tL .. <.1nd ccttaln tt ..... eJ">E" p (.. dtrt' 10th a1L..t ... 1h S<- .<re otten not very effLcient 

prodüc ers of m\.-a r 1'h .... retor~:., 1n order to temovc the deterrents to 

high product!on .ro e~ftcl ... n f 1t wc lJ te dL'lrab 1 P to develop breeding plans which 

would r~ta1n tnF ~1sranr or adap ~e 1...bdr..1cte 1St1c b of tñe I'ati\e cattle and imptove 

perforrr~nce Ke ults obt llllf1 1'1 <oJo bl, 1nd!r~te t.hat by cert:lin crosses, the re-

s1stance ot th'- u tl ._ .;rtl• rnd thc hl},lr •tlk prolucln, 'lblltty of the Holsteincan 

be tetuincd 

} t ""'l ~ f one f~"'t meat 

pLoduc.tlon ani e ¿ 1 r r!J.I< p Jd.H·t en, .... ould I h.,\e to be maintain<od Thcrc is e;i-

d~n e r-n3- HolbrE: ¡, sc~e- ... .::. 1 L eff1.. .. 1e lt pxod1-ez~ of qu~te desira.ble carcasees Thus, 

geneti"S c<.S~lr 11 bhou!l b- 11rred 11 thh á1uct1rn ~3th ... r than toward dcveloping separ-

ate btec...dlnb ::,) ... ( _ i ;e t..Jl and m11k prad ct1::n D al p1rpose cattle for mcat and 

1 1 L l[ 1 ~n; y .... ~~ ~n !urc~cun coLntxies Holstein feeder steers 

Sell al -1. pr _...¡(L..- t c~w-c"lr herd, solely for meat production, 

ls p<1ttrr 1..dJv r h ._ r t .1 r 1 t..nt r t 111 nll k-m._ 1t t.ntct pr-lseb 

lnltlally 1... e.x) J t "">1 tdnt .._ o e OL u o P vtole&s1ouals in the following 

he l\f .Jt-d.t! an1 ral !1Sn..15 t.rrenr specialibt, veterinarian, nu-

tr1tlon1~t xep od r tv pl yJ ol-:.g1st end bi~hemic;t This wLll mak~ it. possible to 

J trols 1n f"'dnctgement, dtseases parJ.s!tism insects, and 

nutrit~ n te.. lllX1rrlze p3 J e-3ninJ.;¡1 our puts .1ni ~lmultdneou::l) diagnose any limiting 

Tbt.re m 1 t ols~ be "P opportunit 1 for each 1nvestigator to 

pursue 1.ndet1(.nJent r c .... e-::~r h 

D 'T al ni ng Pr~~ Dt:::-.~ TI t~tion t.f Tnfotrratton, and Collabor3t1on with National 

Instltut1on::. 

TliP S J( oS t 1 li J .J,:, 1 ' 1 \. L ... l ( k l 1 üb r JHI uf ( rr,r wlll flnally be determined by 

the mdgnitudt- d H reas S l 11\-L~tv .... k pt úd l t S in o<.ntries in tropical environments 

·I- 1n fJ(urt years .)\. .. h ii!C t.a~e;:. in pr Olll..t1on rrust be t.conoml.callv profitable - i e 
r 

free rf sub~la tJ 1 M'-111'1~ful ~" L'-" dep• nds on p1otr=ss1onal and technical &killa 
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in research pursuits and trained personnel for adult education and techn1cal skills st 

-1 the farm level Excellence restr1cted to research and development will cause the pro-

l 

íl 
gram to stagnate unless extension-promotional programa are encouraged through trained 

leadership Programa may fail at the farm level, unless training of technicians and 

;l 
1 

adult educat1onal programs are envisioned CIAT should take leadership in the necessary 

bro~~ training (exper1ence and education) program(s) It is envisioned th~t CIAT could 

¡1 
rl 
1 

deve~pp a training program to advance pasture-animal production patterned after that o[ 

IRRI
1 

Th1s training and educational venture could be carried on very effectively within 

th~ integrated method of proceed1ng as g1ven 1n this proposal 

pends on the competency of the staff of National Programa \lithin the corps of researo..h ~ 
The advancement of principies to improve production of livestock commodities de-

rl ~10rkers who occupy pos1tions in the National Programs are ind1viduals with advanced de-

~ 
grees from outside the region and others w1th 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 project1ons are l1mited to a narrow outlook within the confines of a 

loc.al situation Add1tional tra1ning and experience outside sectional environmenLS 

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

l 

rl 
n1ques, and procedures) and motivating the new '~rop" of research personnel 

Trainees from CIAT could form the operating team for coord1nated regional activi-

rl 
ties lt is anticipated that the fiAT Project Leader(s) will aggressively participate 

in the coordinat1on, collaboration, complementation and supplementation of on-going 

~ 
' 

National Programs This must be 1nitiated befare the products of a training course 

reaches fruition The basis for a continuing and lasting International Pasture-Animal 

~ 
1 

Production Program depends on train1ng of future sc1entists and technicians 

The integrated reb~arLh dpproach should be especially suitable for on-the-job 

experience by research and extension personnel and by technicians trained for servicing 

1 and conducting practlcal progr~ms 

' 1 ; 

~ considerable amount ot litLrature existb for the agronomic aspects of this Cl~• 
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project, but published information on pasture-animal investigations is meager Infor-

mation occurs in local publications which do not receive wide distribution A series 

of British Abstracta reviews meny of the lesser known Journals but even they do not 

reach many libraries in the tropical regions P~oductive 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 literatura 

V PROCSDURE FOR DSVELOPING AN INTEGRATED PASTURE-LIVESTOCK PROGRAM 

The objectives given in Section II auggest that these bread research and training 

programa for efficient production of animal produces from pastures, embodying soil, 

plant, animal and climatic input factora, and their interplay may be developcd in otaBGD 

toward a complete program The costa and efforts in research investigations to improve 

animal production efficiency will be three to six fold more for meat and milk livestoc~ 

enterprises than for a total single crop (rice) investigational program Because of the 

complex interplay of soil-plant-animel factors, progresa will be slow as compared to 

any single crop program 

will add to the costs 

Thus, the need to conduct investigations for additional years 

-<:: 
;r 

Investigations with animal production arE!very costly as comparad with single 

crop enterprises beeause of larger lend areas, more facilities, much more professional, 

technical, end labor personnel for herd management, and attentive animal care during 

the entire year For example, the lend area needed to eveluate four variables in terma 

of animal liveweight gains (output per animal and land area) would be 1000 to 1500-fold 

more then that needed to compare the yield and quality of two crop verieties The four-

factorial treatment comparisons would not produce very useful data unless two or more 

stocking retes were imposed concurrently, thereby requiring eight variables to evaluate 

four Furthermore, the liveweight data would apply only in a general way to milk pro-

duction and animal reproduction Such land costa make up only a smell fraction of the 

added costa Other costs include all specialties of single crop cultures plus animals¡ 
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fences, water t tctltttes tor wetghtnb milking, qnd car"ass evaluations, antmal para-

site, disease and tnse,t rontrols and in''Stlg~tions and the conduce of experimenta 

through se~eral 3I11m31 gLnerartons in reprodurtlon 1nvest1g~tionq 

The soll-plctnt tn,esttga tonol complex with a stngle crop 1s much less costly be-

cause fewer tnvesugat FJns and less ttme 1s requited when campa red with a pdsture-

livestock complcx lh1 lb attJJbuted to the m1n) ¡ IassP~ 1nd lepumes in seeded pas-

cures and ndtural ¡,rabsiandb thdt must be studted wtthtn pasture e1aluation programs 

Adaptive "'est:arch breed1nb and gf'netlcS tor 1nproJcments tert.~lity and soils re-

search, and cultural dnd rranagernent 1nformation 1s scarce as compared with wheat, maize, 

and rice Also tn,esu¡,at lons wlth pastJr<' p~·ennials that are eventually used in 

grass-legume m.lx .Jte;:, tequ11e 'llore tine ..1nd spa_c than for dnnual crops Finally, such 

soil-pasture 1nvesttgattcns mcty be ot speculattve value Jnless evaluattons are made 

wtth antmals 

The success of thtb proJect will be me:1sured prtmartly by the output of livestock 

commodltieq in subsLqucnt yeat~ ro obtatn tJptd and appltcable results it is most 

imperative to use .1n tntegrat•d approach, tnvolving a te.1m of cooperating specialiste, 

where all individuals are cance•ned and ded1cated to the task of producing livestock 

"'" products through the -~mplex tnput factors and thetr tnteract1ons Extreme departmen-

talization symbol1c ot many land grant un1versit1es and federal proJects is a con-

ven1ent administrative dev1re but it often deters livestock productton because it iso-

lates the spectahsts irom the 1mpor tant tntenelated factors 
l 

The bus1ness of animal 

productwn ts not departmentalized 1t ts d symphony of an ecolog1cal interplay of in-

put factors Thus, the adm1n1strative setup fot ltvestock product1on from pastores 

should have a dire,tor th1t encourages lndtvtdual spectalists to contr1bute to the eco-

log1.cal symphony Jn su lt t "" lfut lb m1nú~ mL< t on th~ pl mnlnb and debating tablc, 

1nd1vidual1ty i& m~1nta1ned 1~ ntlnds 11e not to be amalbamated 
1 

Each sc1entist may 

make contrl.butions In 1 dudJ nJdnner t t team tespon~1b1lity and other or individual 

reseaxch fhe unlL mav be ~m-tll or l1r; e, but ll should be objectlvely coordim¡ted 
• .. 

J 
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to make an impa~t >u h progtaros w1th ~oordlndted efforts of team members for augmen-

ting the productlon 01 an1mal prodLcts have had tremendous 1mpacts on animal agricul-

ture in New Zealand anl Austtal a 

In case the cowplcte pa&t JrL-<mlmal p ograu annot be 1n1t1ated at one time, the 

phases 1n Sert1on 1! are generall} ¡,loen 1n ord~r of pr ior1ty for 'growing into" the 

pasture-liv<-sto k 1mest1gat1onal progt 11 The tLntat1ve >trangemLnt of the pr1ori-

ties should not be m~b< on~trued ..JS Telat!VC' ::.lblllt!cauce of. ~< ientifl-< endeavors. since 

no one spe idltzatlJn 1s morL Jr~p t1nt l1~n ar¡cthFr 

deterrents ~r spec1al potentJ~lltlPS be ome appatcnt, the order of 1nvest1gational 

prior1ties should be altered 

An.., succes.stnl llvf'stvck progr::~.m that w1ll ::, HVi"ve t> onoml.C cycles must have am-

ple supplies of olsture or cther luw cost feed that i~ ~ufficiently nutrltious to 

atta in opt1mJm g"l. owrh and rLp,..od_c 1on ut~_.s of rmr 1nanrs Other factors such as dis-

easE:.S can nullii,¡ J t...SponbE.S t ..1t hibh n P t it1ona.l stdndards usuall) 1nterac.t to reduce 

the adver&e impa1 ts ir )ID e r JJn disedbt...~ par1.sitt..s ronception detetrdnts or enviran-

ments Ihe research philosoph} fur vULCC~s musr b, onL to utilize the solar flow of 

energy to plants and rh~ subvcqucnrly el uorated cmpounds by plants and ruminants as 

A 
efficiently as poss1ble 1n tetws oi animal products by man1pul~ting so1l, plant and 

an1mal input factors 

lo.hy are catrle < ltPr p11~es not nm• booming 1n the humid tltopics? The favorable 

temperatutes all ye~r along w1th lnph l1ght 1ntensit1es and favorable photoperiods, 

suggest tremtndou::. potent 1ul t~e::. Lot hac.ness1ng the flow ot rad1ant energy through 

the plctnt to rumtnants Ihe tact thdt th1s porent1al has not been explo1ted to any 

degree of efficien<y rs sttongly 1trrlbuteJ to 'fragmenteJ research that has not 

diagnosed nor SCll Jt.1 tht.. p1d r 1 1l 1111 rpJ lY uJ problC>m<:; of raislnb livcstot.k Today 

tl-e reason& for Sl.lboptJmum dnlrral pet íormancL rema in unknown For example, lmJ calf-

ing tates mdy occur be-3u~e el nultttlon dise~~es pa11~1tes physiological, or gene-

tt.c fac.tors An lOlCfJ ttd tt1rn eflott w1uld pinpolnL ptoduct1on detelrents and de81g 



40 

Pate the need for spec1al •nvest1gat1ons This 1s the t1me for a team of specialists 

to incorporare the1r talents with ded1cations to nttain the primary objective 

Because of in1t1al _osts development, procurement of personnel and facilities, 

work with sorne of che pasture-livestock phases may need to be staggered (Section II) 

The inicial invest1gat1ons may be done w1th steers at low costs when compared to a herd 

for reproducr1on invest1gation~ When rons1de11ng steer performances the data may 

' serve only as a rough index for poss1b1l1ties 1nth animal herds A livestock business 

will never be successrul W1thout ra1s1ng calves effic1ently Thus, a beef herd should 

be ava1lable as soon as feastble to study and man1pulate the factors that •ntluence 

fertility concept1on calv1ng (per cent ra1sed and rate of growth) longevity and re-

productive life histor•es A _ompetent animal ecologist should manage the herd Re-

productive princ1ples 1n beef cattle apply d1rectly to da1ry herds Hork with dairy 

cattle may be delayed however mil k product ion potentLJ.ls cannot be proj ected without 

data from ~d tating cows 

The employment of dual purpose herds (meat and m1lk product1on) for improved pas-

ture output and erfic1en y may be an 1mpor tant objPctive in the future 

Training programs bhould obv1ously be ~tarted after a s1zeable research program 
_¡¡:: 

has been developed Research statfs data,.and soil-plant-animal-facilities are neceas-

ary for the implementat1on of various tra1n1ng programa 

Staff1ng and phys1cal facilities will depend on the magnitude of the program 

VI STAFF AND FACILITiES 

A Profess1onal Staft for the Pasture-An1mal Program 

The following l1st 1ncludes min1mum specializat1on and dual responsibilities are 

1ncluded in several of the position categories The professional staff should have 

trn1n1ng and experience to qual1fy as associate or as senior research officers and 

should accept dual respons1b1l1t1es in research and train1ng agendas Severa! spec~al-

ists would be needed in1t1ally 1n certa1n categor1es such as pasture agronomists 

(soil-plant-dnimal interrelat1unsh1ps) Sorne profess1onal categories could be initlalLy 
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served th:roubh consul t;nt~n1,>~ ""' ¡ing in length of se•vice 

P~stute Agtonomisc (3) 

oil (h~~lst (P1ant Nutritionist) (1) 

~Olí and legume Bactério1ogist (1) 

ÓlO<!ht.rlSt (l) 

t.henlS (Organlr and Inor¡,anic) (2) 

' 

( ¡ ('" 1 ) 

t~.zi!Ien ~ 1t t r ton1'3l 

1 e r r 1 z i ..11 

At1~ul Path2A~g1st 

Fccd ~,1ert1~t (ot_at and milk processing) 

S.Jl l'ry~ld t ( Ttrlgation) (1) 

1 J;¡ot B eeder (Ctass and 1 egume) (2) 

~ d l'hysiolog1st (Ptaduction) (1) 

or~t ~u ia, (1) CIAT 

f. ¡¡ ..... ( t()i•AI 

Ab 1 Jr ,,1 En lr-~r (Co~strJ,tion, Ma~hinery) (2) CIAT 
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ElEetronic Specialis• (1} CIAT 

1 Journalist (Editor) (1) CIAT 

Pldnt Ecologist (Consultant) 

1 Geologist (Consultant) 

Pedologist (Consultant) 1 
Educacional and Training Programs for Technicians, Extension, and Research B 

1 Personnel 

Objective rPsearch for the advancP~ent of practica! production of animal products 

tropical regions will scagnate at the research leve! unless farro and industrial 

ltechnicians and extenslon personnel are trained to extend research principies Here 

again as with research ln the soil-plant-animal complex, training programa involve 

lmany input factors and areas of special1zation as compared ~<ith a "cash" ero~ This 

will add costs and 

lfor specializat1on 

•ime to training programs 

and additional experience 

Advanced training programa that allow 

to augment research and teaching pro-

lf1ciencies, should 

1 Initial 

be available opportun1t1es 

Personnel 

1 
1 
1 
1 
1 
1 
1 
1 

a Journalist and editor -- research artd education, CIAT 

b Informatioual spec1alists and lectuwrs -- coordinate educacional and 

tra1ning programa, 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 facilit1es 

Small offices for in-training scientists 

Seminar rooms -- (small) -- ClAT 

General cea and coffee room -- serve as meeting and discussion 
ares 
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Auditor1um fcr lecture- CIAT 

Central ltbrary - CIAT 

Ar ccuunng off ice - CIAT 

1 hotographic and dupllcating laboratory - CIAT 

IIJusiP6 dormitory for t1a1nees and single CIAT technicians 

Centtct! Dining factlittes - CIAT 

Cotrages ror resident married technicians that look after 
animal a 

2 Suppcrttng racilitles 

Hachine and repair shop and storage - CIAT 

Woodwork and paintlng shop and stotage - CIAT 

Machine storage -- several sheds - CIAT 

llectrontcs shop and stotage - CIAT 

Envtron~ental contr~l building for seed and antmal investiga­
tions 

Tsolation barns -- diseases and parasttes 

Quarontine bjilding 

1 
Dairy research center - open housing, milking parlar, maternity 

space 

Hay driers and storage building 

Upright stlos (8 x 25 ft ) and bunker silos 

Pole Latn roof cover for feeding and handling animals to obtain 
data on digesttbiltty coefftcients and nutritive value indic ea 

Weather recording station and equipment 

Feed storage and mlxing 

Equ1p~ent for land preparation fertilizing, seeding, pastura 
m3Intcnance silage and hay making, green chop, weed control 

Fenctng 

Heat drying uf bmall p,sture and forage samples 

Lqu1pu1e.nt tor bn•~lll p1ot 1nvest1gdt1ons 

Pick-Jp~ and trJctot~ 
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Greenhouse space - CIAT 

Phytotron (Controlled chambers) - CIAT 

Statistical laboratory - CIAT 
• 

VII REVIEW OF SELECTED INVESTIGATIONS AND SUBSTANTIATING INFORMATION 

A Year-round Pasture and Forage Systems - Animal Evaluation of Pasturas and 

Supplementary Feeds 
i 

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

the development of year-round feeding systems for cattle on sown (improved) pasturas 

As cattle numbers are concentrated on the most productiva pasture landa the immedjate 

impact would be an intensification of the better grazing areas (i e regions vherc 

more than one beast is carried per hectare -- in the four departments of the northe,n 

coastal plains of Colombia Atlantico, Bolivar, Cordoba, and Magdalena, about 5 85 

million hectares of pasture land eupport 6 86 million head of cattle) These partially 

developed grazing landa ere readily accessible to urban cantera, generally, improved 

grasses which are responsiva to applied plant nutriente have already been established, 

agricultura! experiment stations are located within the region and available resLarch 

should be directly applicable ' 

Information existe to show~at a number of the tropical grasses are highly re­

sponsiva to applied nitrogen Forage yields increased linearly with additione or ri-

trogen up to 1000 lbs /acre (Appendix C-1, C-2) when grass herbagewas removed Under 

grazing it would appear that less nitrogen was needed Stuhies in Brazil (Appenduc 

D-1, D-2, D-3), in Colombia (Appendix E-1, E-2) and in Australia (Appendix E-3) suggeJ-

' ' ted tbat from 30 to~ ~bs /acre of nitrogen would be eufficient for high ~ields when 

applied at intervals of 6 to 8 weeks Tlmely applications of nitrogen stimulatep pea< 

ture output Under rotational grazing nitrogen topdressings were made after eacl~ 

resting period (Appendix E-1 E-2) or after each second rest period (App~d~ E~3) 

With continuous grazing a seasonal topdressing generally corresponde to tbe rhythmlLJl 

~owth cycle of the grass, rainfall distribution or temperatura effecte (~ppe1di- D-1, 

' 

; 
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D-2 fi-J E-' 1 

Fert thzed < 

E-3) J n lh u z 

3 yt..ars nt .1~ 1'-. 

200 kp, 'h~ l "" ' 

t.utrterrs/ht t 

r. n l..,r 

'\p u l 1 ~ 

" 1 

l p ..... t 

net tel rr oJ b._t l¡ L l 1 

dJx ~-4) J~e vi 1~00 h 

4) 

b, e ' prod ll! '" mu e rhdn 2000 poundq ot llveweight gain 

~,¡J(!'bJJ ,\ 1 pe~rl•x F-1 l-21 and Au~tralia (Appendix 

ll 1) Ltl]l.OI)( 1 1 1/ d ) I 1..,~ uuld IH m H keted a t. 2 to 

J )"t-dl., 1 lt n rrr .. d rdnhL c(JnJutonb n1trogen at 

'11 1 ...>' 11 111l be'l l( ttrm'> lf lotJ.1 Digestible 

tr J 11 "'W 11 il 6<.1.l 1/h._ r hut d1J n'Jt aftect age of 

uld " 1 f 20
5 

ond 60 "" al 5 ga e an annual 

L th t rt r tlt7t r nt r el ln P..Jert.o R1co (Appen-

L 1lt-l -1() r 

) e~ l¡ beef ¡:a r o (' 

! Ill7~! .J~ ( olflparPd lO 6QQ lbb increased 

11in0 L'Pa-Hy "as alno~t doubled from 

1 4 tC 2 2 QÜ(I p0 [ d ~ T t" ...., 1 t( l - (} t t ~~ p uttl~ w~~ 1ncreased from 8 1 to 15 9 

pLr t:nt 

GT pdStJre~ n~' 1~ 

of &tle~ted ~d t 11 

fertlllZPl ]L l 

1 t ..... f 

11 d '1 

L J 1 1 Il( 

-:~.nr lllp tLJ th f 

1 pt 1 1 p LL l 1 tll whu .. h m--1y hL expeLted w1.th 

h 1 t 121 1 Zl t hr> J¡t Eer en .... es dmong grasses 

J t l) !'1 t 1 e .._um¡:-.:tre Jltt~tt-nt ma.nagement systems 

~t nr JfC ba~td 011 preQenL pr1ces of nlttogen 

~ trvgLn e~ts w1ll dPcltne, as has occurred in 

the Un1ted ~Ldtr lhus re:d JC' LP5 pnStJI e P' 0 i r lf n l. ~t"' 

gener:IlJ) low 11 1l en ....<HJrtnt ~nd t t/lluhlv ct.._¡.,ud to mendments the practica! 
1 

potentlal~ rrtg~ ._~ l1 s 1 '"" '~ 1 ..- ' ' , r 1 t 1 

An1wa tr111s Sllu~ld t pro Je lnawlel,e >f teeding (pasturing) sys-

t - r 1 11 H ._uppl~n ...... u1 lthln) pr1.ct1ceb Type of 

des1gn depe~db to 1 ~tLJ Jo.t->flt UH 1 C. j 1 p J l t hL p >st u e whether it is the main 

l" r 1 1 1 1 { fl ) l ,..., 1 ' pruv lL L~Ll tor only a ffeason of 

the year J n 't L ) t...r 111 Lar"J< t. t nc ~ 1 J- ~..a~ )It becomt.:::. rt 1 ttcal and may determine 

the ovet -a J J J. 1r L l ,_ r 1 \V ly e tl~L . .it 1011 Jt tLtJ (or pro"ision of supp-

1'' ¡11 r 1 n r l" l u t t t. 1 , ose maxirnum grazing 
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int.ensir} L)ü.::d..._t .. , t \1 r1 pi 
Hi .:.vu.nd pdStltre managewent can be used 

In view ct tht ¡:.re cr r- l..t::l J P"~;- th antn~<l rJt hlDndl status in the tropics 

thefirstr 1 rttJ J lt-dc...lrLrh_¡ .. 1 
.e of gra s~s ( tn pure sund and la ter 

as mtxtut.=..!:>) t r 
-1 I 1 r h I\ ...... H ... at e pot ent 1.,-d anlral performance 1 Graz-

1 1 •. -t ¡ 1 1 t .., 1 t n1 ::,t IH e JU iuere-1 in relation to 

\ J. ) J 

Produ r.~.. lt¡ ._, b 1l 
í opi h lJrrlleJ by the 101, feeding value 

' .... r- e-, e ._ 0 ,:.s of grow-

tt thdU tf l ... l ~ ... uL Af .11 ~ 1- J .... tL(U~.-.., in SOttheac;t Queen.::;~land and 

data rrom )< tn11 i<l<.iJ ~".~' 'l i fe rr.; llrú1! d y matter digestibilicy of or-

~h rd gra¡s"' " lbt. p, e 
~~ ,..1!!!. __9'Tl.,e~c;oni 1 (a common Australian 

-• •lldl) ,,, ~1n1rrum dtgestib1lit1es dropped 

to 48, 60, J, ¡ r L 1 e 

A~ pla re: n 
t.., e op1 dl tlct-..::,e art.. redw.ed (Appendix 

f<-2' e g iY!th 1 r 1 U(t 1 t 1 (1 1 1) ' 1 , J tlo<- J >Jly lnt 1k1 reached 70 gm 
(l ' \ 

¡.,c. -- cli J ¡.,.- t t 1 • ' "'-lbhr but when mor e mature (250 days 
t..hy we1ghr ot to1 ln 

1 of age) d v{I¡>Pd 1 , 2 L"' 1 t K 

24 gm ~t ,)J dd¡s fnJqwl~g,c_al~condltiou of the rof3¡,e plant also affects intake 1 o..t.tting and t~edtn., ~~bpalum J.!.~l'=.!"_!.J.!_¿- rApp<mdix F-3) in the early seeding stage, but 

1 
lusl plant hrcv.th 6 ~~ 1 la l.f ir y Ir l [ [ t 1Il1 k~ Ji 9lt "m per head with sheep with 
ÍL"Sted leavt~, t j lt " 1 1 nt d 617 with lea;es and 

L e )~ CKl to gm some 

1 fro&tcd S t t:,. S lt dtOpf~l to -~ ¡-.Ir ::. "lf'l bt .--rrlte plant. Wob severely frosted it 
decrfétsed tJ J '> 9 

"' 1 Dlff?l< 
t kt. l l 1 1 ( 

t<lJtLI ~<trh n1mu1 dh.t"nsion which 1 deperd~ to J , r .Jt 

reu.ai,s 1n tht r ren ~ fJP€ r 

1 1 d t •• 1d 11 lW I(Hlb hl. u• d1gLuted material 

I - ,_, >e'" dtpha• t grass harvested after 30 

11 days of te~rowch q 1 r f' 1 t, J 11 
o p ..... -"' tt z mr,t [he !~.-TP1n~nt dlge&tive ttac.t and 

1 
;,ren cut atter 70 J ')b -t )wr 11 6) h l.lr--. 
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Resulta with temperate grasses suggests that rumen bacteria! activity may be de-

pressed if the percentage of crude protein drops below 8 S For tropical grasses in-

take declines markedly when the crude protein percentage falla below 7 This indi-

cates that the low feedlng values of many mature tropical grasses are due to low con-

sumption caused by st.bopcrmum crude protein for the rumen flora To 1mprove animal 

production when eatrng suLh forage (especially durrng the dry seasons) it is necesssry 

to increase the amount of feed ingested Since soil morsture ususlly limita plsnt 

growth, other management practicas must be investigated Irrigation, forage conserva-

1 tion, supplementation of urea and energy feeds or the growing of special arable crops 

1 
could furnish good quality feed when pasturage is unavailable or of low quality Such 

information is not generally available nor is it put into practica! use 

1 Inferences can be drawn from present knowledge that suggest more intensiva stu­

dies Feeding values of legumes do not decline rapidly with maturity (Appendix F-2) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Daily animal intake (gm o 73 dry matter /kg -- liveweight) for perennial soybean (Glycine 

javanica) remained at 80 and 92 gm when plante were 150 and 250 days old, for Siratro 

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

be realizad by accumulation in situ such legumes as Pueraria phaseoloides (tropical 

kudzu), Dolichos lablab, Cajanus cajan, Desmodium spp ,L!!'caena leucocephala, etc 

Accumulated growth of legumes would be utilized by rational grazing Forage sorghums 

and sudangrasses perenniate in the troprcs and with adequate soil moisture and plant 

nutriente they can be harvested at inrervals of 6 wks , yielding 40-60 tons of fresh 

material per hectare per year They could be ensrled, fed as greenchop forage, or 

grazed A host of other crops such as maize elephant grasa, etc can also be en-

siled Pasturage may Le aLLUmulated in situ by restricting grazing or by timely 

cutting when combrned with fertilizar application Irrigation stimulates plant growth 

during dry seasona but itb 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 Utea supplementation of low protein grasses has notable 
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le:¡sumes Jn tt ._ r r l' ~ bL 11 .... tt t r 1 L ~ epi tltot thLy ~rL t"plcal tn or1gin In-
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A tt l1 1 ~ k -.te'"''"' rrat b.Jc.te ld arL not c.alcium-

1 1 rd l JS t h._ hobr legume plant 

1 ' 
¿ 1 ( ít)pl 31 ] r ~E- ctiL ~apable Ot extract­

rJ <.t" L l w ale lun availability, as l _, "' e-' 1 

\ o, lru~ 1 tl lt..b tu nd nu-lt !Jtlng Rhizobia are 

, 1 n11m 1 1 Ll i .... olla th Ht 1tL temperate 

tili~t a1ka11 buff~rs to counterbalance 

._c;,p._,n<...,..., rn l.f - n t 1h l 1 t"' tn2 Irlease Jf molybdenum, 

...., r t ,. n r 1n t 1 JII )t 1 1u.lt.::~ r1tht....t LhJ.n changes in 

'-.[lho.J 101 1 \ ... 1 1 1 1c.1 sl ¿d ch.1t other clement" su.__h 

1 t l t-ln lttn hut • eh lnfotm tl~n '" lacking for 
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of about ~ ir'hL 1'1 C'l L1 r ltlus ~uJ ~urr flourished, it responded similarly in 

Australia urtil "' sudfu cr íU112 'blu'll fe nd 3 wng intr.:>Juctions from Africa preved te 

be speciftc and exc<.¡ le< ,lly dticl<nt. Jn ,yr.biotJc nitrogen fixation As a cense-

quence thls n pl al lc¡;urre L bec< m.in0 rt Lo,ometclal signiticance and may obtain as 

great. 1mpott.anr-e .~s o Ht:. t 1pctatE:: leoJ es 11 ~~~tr~lidn plot tr1als and under field 

conditions tl-• ¡lonr" gr • <llKJiidntly r~o 1 k1 rxcellent ground Lover and produced 

a sward 30-Jf lnch< 1~ t,¿J 1 l t The 1 btrre 1a corrpatible when mixed with pangola, 

¡;: 1 o ., , 

1 1 
W83lt: pl o( ~ 

r 

Trovicd.l lLEH,..t" bt tLr 1 L) fH d...l-- ¿"- CL 'wn regenerat1ve shoots but grow from 

the tipa and ~111 y 11 Ma'"lJ 11 e ";iltng 3nd \1ne like and do not readily 

root at the TLjto bl J.Zl lb m.ln<"1~L.rr nt dirrers frcm that of temperate legumes 

MGJt Cl..Jpl~-:~1 l tUl r k do 1 nla-¡,ed r Jr 'oot, t ut "erondary roots arise further be-

low rh ;:,oll .... ur lc1 e ao ( )t' p:u a te (E- pt..t re .... rt.c it: ... This suggests a modified 

acherne fot trairt.endnre t ' crl ln5 ~ggrPssiveness of many species ~s poor, 

thus the e~t abllsrunLnr al 1od 1> pr o)onb~,[ und aSter growing grasses may predomi-

na te frop1r1.l 1 eb) it. ~r 1 ., l1tfc1 tn WJ.tt.r r(,_.c,uirent.ntq, plant culture, soil re-

qtdrements etc In<. 1m ~tl!,~t1ons 'Hh tropi~al lLbu.,es in Lat1n America are mea-

ger and &pe ial Rh•zob1a stra1ns have no. been considered Most of the available in-

formation d'te Itom introjuctlon gard n obse~v~t1ons, where management regimes simi-

lar to tnr~.:u"' rur gra ... s._s nd tLinpe1::1t Z)ne l~e kmcs 'iJete used Re-evaluations must 

inch.d'- rt..cc...nt 1 1tuc.ll lnto-naticn r .,1onorni dnd animal uses may be studied 

cont.\.Jr t..utl}, f1r~ jn p.1 ~ tard anr1 J:3 .... e! ln conbin-:1tion with grasses Programm-

iug experimenrs w1th r oplcal le¡urne• wlJ! t<.quire the collaborat1on of a "team" wit:h 

replebL-ntEJt Jvc ... f ro 1 b\ ~'( r 1l dJ.H 1pl Jn ~ 

!-.ot only d" le¡;Jne ~P ie, prr• lj<o ntuogen for an assoc1ated grass but their 

ptesence in a pa-,ture ....... cd _sualJv ~uc;r-n1ns the nu r It ivc value of the pasturage 

l./ Pers<Jndl 1 ¡ 1 A C"(ffif!uU :lt Oto \.1111 l1A dt \S RO rorage rtsearch workers 
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Limited research shows that the tngestion of tropical legume planta does not decline 

with maturity as with grasses (Appendix F-2) Furthermore, digestibility remains at 

a high leve! and may 1ncrease with those which produce large amounts of high protein 

seeds 

Addition of a legume to ava~lable feedsturfs improves the unit area carrying capa-

city, increases live"eight ga1n per antmal and enhances calving percentage (Appendix 

G) Overseed1ng natiJe (natural) grasslands in Australia with Townsville lucerne 

(Stylosanthes 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 O acres Furthermore, steers gained as much as 300 lbs /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 grasa (Themeda australis) and apear grasa 

(Heteropogon contortus) never gave gains of more than 100 lbs /head/year, much of 

this was lost during the dry season, cattle were marketed at 6 to 8 yeara with a car-

cas weight of )SQ lbs It 1!> signlficant to note that grazing one steer per acre of 

Townsville lu~erne was equtvalent to feeding 2 O lbs /head/day of a high protein 

supplement Also brood cm;s on native pasture had a calving rate of leas than 45% 

as compared to 68% and more when grazed on Townsville lucerne l/ 

Townsville lucerne ts 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 ts grazed in situ during the remainder of the year and 

seeds are actually licked from the soil This legume has helped to revolutionize the 
1" 

cattle raiaing industry tn Australia lt carne originally from Brazil This auggests 

the unexploited potencial of othe! legumes found in the tropics 

C Improvement of Natural Grasslands 

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

essentially unexplored ' It the proJected animal protein needs (as based on expected 

ll Personal 
from the 

communtcatlon wtth M J T Norman Division of Land Research, CSIR0
1 

)lata' 
KaLherinc Exper1ment Station Northern Territory ~ ' " 
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population i>~redSc>' Ldn hL lccepted d~ a tutger (Appenú1X Hl pares of these immense 

areas must be mot~ ettL~....tlJ 1} tlllzed Theli dLveloprnent will be slow and arduous 

but inroudS hu. P t rt.u ¡r¡~dt unJ THH 
1 S Q-LSt f Jr expJnSlJO pttShe& Still forward and fur-

t.het tnto the Ill!1L ... Jc.1n-i (..>E:~ AppLndlx 1 f JI l. .. h .. a' 1ons and tiesc ipt.1ons of the natural 

grasslands In 1-arJP Arcrr <.1 18Ltie ntubers 111 Ldtln Ameri .... a have 1ncreased in re-

c.enc years {AppenJ1 kJ or1d e\t..n grEate numhcrs dte proJr red for the fucure, as 

Prob le--~ er n• •"d lf ¡ -r e unJ toragF 1mpro emenr 1n he partially developed 

reglons ~E' b .B 1.~.vur dt n-tl ot L0l 
o ~ d L std R1,a • "" be eompounded tor the 

~:ore rerrcte dn 1 und.;:: 1 p 1 Jn .. J.s Resedc h shu.lld l-oad the wav ~nd sever al develop-

rnenls suggLst r t, tr 11 r e 1 Júll'- 1 un 1!::. f Lrtb ible At thL La L1bertad Experirnent 

3tation di 11SH .. n.., lnl) ,.)n 1lü.r bra¿tng hlock .... ontrol of brush, and occasional mow-

1ng inl..reased ttle r t 
1 'P clty - appron"Jutc.ly 2 O hectares per beast as eompared 

to J 5 O 
Thc mJdJ J.td p-tuttl (.. .!lnd graz1ng f"l.J.nagcment caused sorne of the more desir-

able grdSb sper¡ec; to 111 ....... -1~ J.nd el1n1n.:tted 'vfTe tcdler- growing less consumed types 

nrreasing thL ~rv h nb 1 1te uJ.Jnt.. rn...ay n r 
l•·Y~ glVL 51gn1flc1nt irnprovement as demon-

strated by wcrk 111 liJt.. Nl h""rJl Tertlt_ry cf Aut:.trtlll 
Repl:~cement ot native (natur-

alized) spt.c et. Wlflt 1 l'IL ou r1t1ve gras::.e::, {bottJl rusttc but product1ve on the low 

fertil1t} sotlo- e g mJlas~eb grass (Melrnls nttnutiflora), Axonopus micay, Hyparrhenia 

~ <..an Increat:.c. thL C11Iytng capacity 1nd e]pvate pa~ture output At the "El Pinal 11 

Ranch near OrotuL rn the Llano~ Orlrntolis a rnoJaosPs ~ra~s pasture supported one 300 

k~ steer p~r hectare dnd ~ace a l1vewer6ht galo >t 1)0 k~ in 10 months 
Normal stock-

ing on thu. Lar,_¡ WlS 10 1 t .... tdte::, per anlm.Jl 
An example of the poss1bil1ties has 

also been demunstr .lteJ vn 1 tanc.h 1n lhe l ake Maraca1bo reg1on 10'-' north of the equa-

tor wher e, w lt hu t J 
•h ltl Hl 1 ut on .uupru'f"d and Wt.ll-mlntgcd p<.~stures, 1800 cattle 

were carried on 2 LOO !.to t <LS 

lmptovemf"nr 'I 11t n 1 o '> ... 1.-~nJs 'ihoulJ pzocecd along an eJolutionary pattern 

from :::.lmplL t.:> mt.ré tn en L\t. n.Jutf.,Lffitnr pr1c.ri ..,s 
IJ"11n~ the ptocess improvements 
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such as the follr~J¡n¡; ~h" Id be cons1det d 1nt:roduct1on of mo<e ptoduc.tive and nutri-

tive grasse~ dna legumes J"'' ot fertüizets (Appendix K), improved grazing manage-

ment and use •f ~ ~r l - rtal ftPO&tuff& 

A stud} vf dr~ r~t ~r dlheqtibility oi natutal pasture forage in Australia was 

considerobly l~w •ha, l,troduced (1mpr1 ed) grasse& (Appeudix F-3) The reduced dry 

matter tnta.Ke "~' <~ 1ktn; bun;; ahout 1' l trtat of the improved grass 

Studle~ <n NJ tn Que nsland Aust~alia 1lluatrated sorne of the improvements which 

An undeveloped nat1ve range c.arried 

on<. anit al on ~O a~ es ,_,¡, a y .. atly uJtput ot 2 O lbs dressed meat Clearing and 

develop1ng th~ .reo with s Mn paqtJres loweted the stocking rate to 3 O acres per ani-

mal gave a y~ari} ga1n ot ld9 lbJ or 6J O lbs /acre/year There was a c.ost of $13 00 

pet acre (A •~•r~u n) Lr c. le" n~ ren Jn~¡ oetding, tertilizing, establishing faci-

llties foi odltl dlpplnb .nJ .,,mal handlirg At the current price of $20 00 (Aus-

tralian) per lOO 1bS c>t ~eH ~.pen&e~ w.,re d'tra}ed durtng the f1rst year of opera-

tiJn (App~rdh L-l) ~uch ph nomen1l re~_;lts ace not to be cxpected with all under-

developeri gtd;:,~land art ilS b-L they d0 suggt....,t r remendcus potent1als 

D Yast~(P drd Forage Crrp~ IlltrodJCtlon& and Re~ional Testing 

In the d .. •l0pment cf ~ Pasture an1 Fordbe Pro~ram ene must take inventory of 

the present Sltu,ri~n ~n1ch suggests the evaLJation~nd ut1lization of those grasses 

nnd legumes currently 1n ~se Introdu t1ons and assessments of pasture and forage 

crops are conunually done ly resenrl w0rkerc at the t<Xperimental stations and Coll-

eges ot Agncult• re dnd by uncltctb but ;:¡ddttional knowledge fq needed Species and 

varietal tnal, 1 dh b~eu 'onducted 1n ,. mrTbcr of locations in Colombia since 1955 

Informat1on >- aJatlable ro >.ndl~ate 'ldaptdtlon forage yield, and response to fer-

tilizer S 1m 11 r 1lnH í ' e dvdlltbl" ftom other countr1es, but not a1ways con-· 

veniently fnund 1n publbhcd r~I r 

Constd~(ln0 thP tl'tl rme llt~rt ol tda¡lu al, and Lcological conditions in 
\ 

Lat.::ln A:metLr..t a -f-lOitcu :::, ft-f'"n1u
0 

-1ni tPvtlng program should be instituted in colla-
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boration with oth.-r Nauond 1 programs lnformation is needed about 1) adaptation, 

• 11 2) seasonal product1on 3) quanr1ty of herbage on a seasonal basis 4) qualLty­

nutritiJe value ~t v~rlous tlmLS ot rhe year 5) flower1ng and seeding, 6) prevalence 

11 of d1seases, Inste ts and other pests and 7) persLstency A~ronomic evaluation should 

11 
be carried out under at least t~o level~ of t•rt1ltty Such trials can be handled 

similarly to the lntun3r 10ndl Cere.lls Umfo11nlty Tests These testing sites should 

11 not be show places but de_15ned to evaluate the species under cond1tions comparable 

11 
to those r'er wt lLf-t th<-, wlll be J~ed 'Appendi~ M) Stnce seed and propagating ma-

terials ate not generally a'B1lable CIAT headquatters can serve as a focal point for 

11 
early screening, malntaintng 1nd dtstributing of rraterials and in the accumulating 

and disseminatlng ot 1nfornat1on 

E Laboratory Techntgues tor Nutrttlve Value 

of their nuttltive alue and 1ngest1on w1th animu.l~ becomes imminent lt should be 11 
Aftet the 1n1tial ~r•e~nlng cf fot"ge and pa~ture crops, preliminary evaluation 

11 
kept in mJnd that e olog11 al taLtors m~v intluen<e nuttiuve value Intake and diges-

ttbtlit} data tor mo~t pasture and for3ge crops have been obtatned by cutting and 

11 feed1ng to lnd1v1d.Jally pe ~Ll cattle or shecp Descr1ptions of these techniques 

11 
may be found 1n the l1terature The quanttty of forage needed lo measure intake 

and dtgesttbtlity ~1th steers and wtth sheep (approxtmately 2 O tons and 250 pounds 

11 
of dry hay respeLuvely) pred.Jde th.; c~~e ot these methods to screen the many 

trop1cal grdsscs dnd leg.J~es Scltuble lahoratory cechniques can be used to advan-

11 tage 1) Srnall herb1vorous arl<Y'"ls surh as thL rabbit (which ts not suitable because 

ot lLW d1gcst1ve etli 1~n) toe rough>ge) and the small marsupial Setonis brachyurus 

11 wh1ch has a rum1nant-l1ke lilbLbtiJn 2) ChLrrical 1nalyses for determtnattons of pro-

teln dnd uu le flhLr b 1t rddr IOn,lup~ wlth digL~tibtlity are hi¡.,hly variable, sol-

11 
uble sugars •hlch dté relat~d to d1¡.,~~rlb1l1ty and perhaps to intake silica which is 

11 pos>tiJely asso~Jd<~d w<rh t~de f1ber and negat1vely rLlated to protein, sugar, mois-

11 
ture and digestJblltty and motbturc wh1clo 1s reldt~d to 1ntake and digestibility 

3) In~ dlgebtwn rn wht-h b-'"1 l<' of (LeJctufh <rP inLubatLd with rumen liqJJ.or 
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4) N}lon bag dry-matter dlgebtibility in which 

samples of feedstutf are SJum<>rged in the rumen of a fistulated animal The latter 

two technique~ are Slmple <a¡. id inexpcnsive to c.onduct., reproducible under con-

trolled conditíons dnd req 1<L small samples of forage (Appehdix N) Several studies 

ha ve bhOWO that they 1IL ~...ump1rable to re"1lts obtained by in vivo trials 

These methods r nnot reprodu<..e the effccts of selecttve graztng 1n the field 

where forabe qJall ty 1s measur¿J and desrr1bed in terms of animal performance Ani-

I"Jal ~ al.J1 1~t- 1'11 cr~ 1.J"- ,rt: rr-3tl"~ f the for..agc 3.gron0mic;t 1.nd the animal 

sci~ntist and they ~ust be collaborat1:ely •rried out 

F Pasture and For tge l.! op lmpt ove1nent through Breeding and Genetics 

Little Wúrk has bc<-n bne ,.,n breeding nd genetical tebearch aimed at pasture 

and fordge crop tmpr~veme"'l i 1 rhe trcpi,G Most of the plant breeding effort in the 

~roptcal reg1ons 1~ d1rc~ttj lGward crop~ ~ JLh as o n, r1ce, o1l seed, pulses, cotton 

cacao, cúffee ur ao .,¡ o~o.n by th<.. FAO wor id Llst of Plant Breeders Grass and leg-

umc br eed 1 nb 10 tht t r op1 e o md subt rop tLo r~m" "" tn the pioneennr stabe with work 

done mainly in Auotral!d dOd In the IJ b A - Georg1a, 1exas and Florida Simple mass 

selec.tion has bean at rted out a' Kttate K"nya and specif1c hybridization (mainly 

w1th elcphant g ass• Wdb accomplished in India Most of the improvement has been 

achieved by select1or Jman.; naturally occ.urrtn, type~ A wealth of material exista 

in the troplcS ard tne atray úf diverstty 1s gtnerally unknown In most tropical 

countries a VdSt "tor<-'hot.s~ of nattve grasses and legumes await genetical investiga-

tion Only a ttact1on cr the ava1lable 5Lne pool ha" been assernbled Invasion of 

ag11Cultural entLipuseo into uncleared te1pons may result in the loss of valuable 

material needPd tor LCntlnJ~d prugress 1n pa,turc dnd forage plant improvement 

The charact tl'-tL' s~~~ ht 111 !he '<lection and hteeding of tropical grasses and 

legumes are as roll~ws , 1C. ea~ed and prolonged herbdge product1on high quality for-

age which tmplieG lea toes~ anJ h1gh nurt lttve 'alue, high palatability (especially 

111 gra~ses - a rredl\lh h al of 1 egume arceptablltt y cou ld be an advantage for persilij-

tency¡ Lap1a reg..._n.:t t1 r .-:~ltt.C deroJl.:itl.on toleranc.e of pests dnd diseases, cpm­
' 

' 
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1 
patability wlth othtr 'J>Lrles uniform1ty of flowering, adLquate seed formation, ease 

of establishment, 1nd d t 1c tent Rhtzohtum symbtosis for legumes Thts broad spectrum 

cannot be explored concurrently Invest1gat1on has shown that 1mprovement can be 

attained w1th many ot the charaLtertstlcs bermuda grasses (Cynodon dactylon) have been 

1 bred for increased fora¡,e yteld a l11ghu percentage of leafiness extended period of 

vegetattve growth, 1nproved ammal occeptlbllity and recenrly using the nylon bag tech-

1 

1 nique to mea~ute dtgest1b1l1ty a var1ety was developed w1th ~uper1or nutr1tive value 

Rhodes gtabs (Chlons gay.,na) s~lecuons wer e made tor the followtng leaftness dur-

ing the summer (ralny ~ea,on) un1form SLedtng in the autumn (cool dry season), drou-

ght tole1ance, ~rrproved .:;tolon1ferous h b1t and motL dense swards Variation in pala-

tabillty has been tr~ouite ed dmong types of Setarta sphacelata Dtfferences occur in 

c. ude p1otein value~ ')t ¿Ulned (Panlc urr max mum) and Paspalum pl1catulum Increased 

perststency was noted among type; of ~~1ghum almum lncreased forage production, in-

tensifled stolonlferous hahtt Hnproved ¡wiststency under dry conditions and less 

seed pod shattutng dL\Lloped IHth Sicatrcl a vanety of Phaseolus atropurpureus 

Differences tn su~h chald '"''" .1~ tlme 't maturlty rate of growth, forage yield, sto-

Ion developmPnt s11e and shape ~f }Gdf wete found arnong var1et1es of perennial soy-

be.,n (Glycine ¡av<nica) Stud1es have shown that nutrttive dtfferences occurred among 

selections ot Paspdlum pltcatulum (Appendtx O) 

Mode of reproduction in a ~pe.tes determine~ the extent of variability 1.n its 

plant populat1ons D1vers1ty is w1de 1n Lross-polltnated types but l1ttle or none 

exists w1.thin ~losely self-poll1nated ecotypes Phenotyp1c and genotypic differences 

do occur arrong spe-ies found 1n d1ffe1ent regions Apomicttc strains usually have 

sorne degree of sex<~c~ll ty and vanab1lity The manner of reproduc tion is known for 

many ttoplc.a and sub+- 1 op1 d pdstur t tnd for tbl. spec.1es but certa1n processes may 

be altered by environ¡ental conditions - L more than 507 crossing may occur in 

torage &orghuma 1n thc troptcs as <O'llpctrf'd to 6/ 1n tht. temperare regions guinea 

grasses (and oth€.r'-.) 1111y í Jowtr rhyrhml dlv 111 uca~ w1th di'ittnct wet and dry sea-
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sons but throur:,hout the yt JI .11 loe llltlLS \vith lntermit.t.ent rains Befare launching 

a breeding pr<..braot a det~ll.;d knrwleJ¡,f' ol tlordl biclc¡;y ts nPedeJ such as the fac-

tors infl.1en Ing lowe 1n tr 100 ~e;¡__, n e[ jt'JT whe:.n flG\.Jerin6 oc.curs time of an-

thesis, lnterv<.Jl rur JJ.:Jllen tt b .... deJt...lO}Jrrt:nt anJ tate of growth dm.m the stigma to 

~he ov .Jle anJ r de o! en b 1. _ dl;: ;el prrent whLt e apom1x1s is suspec.ted 

It ib pn-,<.,1l t_ th t 1 .1. '1 w1lJ nr.t lnltldtt.. brLt...dlnf:, progt'lms with a host of 

spe~ies (o• evct• le) bec~t~• or the ase array oi pdsture and forage crops available 

The tole 0! C..1 ..... 1 11 t1t. te th t. rr co r ¡_n-;j. 1ng an l s tpplenentrlg work of the National 

Programs ~-<lle cr tr e m e bdSi<.. lnvestigdt1on lth florü biolo¿y and genetical StU-

1 dies migbt bt r ~V Lted ~t ''" C1AT heddqt.al ter~ 
¡ 

G Se~d Prt !.1 Jn dOJ Distrlb.Jtiul 

omme•ci~l value without an effective 

scheme fot ~ t..~ Jr It..u ... c ntt u 1 Kt..t- 1n6 - ttns dL.e>S not. ~xist in I atin America nor in 

Atc1ca A ~ulst~n[fdJ 1r ~t..\ tnent In St..Ld production technology trust develop in the 

tzop¡r<; ..:.0 ~ ed t -..( ~ul tr .... 11( ctl p 1 tt re. and toragt: Spt...Clebo flow f1eely in national 

1 
and internatL .. r rr1de. rh Ill~l~ as u< u.r!:. í r thL ttrpetate bpeClLS The system 

uscd in tempLt :~tt. t ~i,l )fl::. t.. h d1c~ dn tmrnt...n.,e I.t....:.ecvo1r of product1on and merchandis-

1 ing -escurces and bki1lb 1hr >ugh yea ' o! devtlopment, seed production and mechan!-

zat1.on has bu' eme nl¿,ttl¡ s¡. L ld.t.lzed entt...rpr _se 1n tempera te zones Somehow a pas-

1 It will require the 

1 
mobilizatton uf k,uwl•d&e ' n rhL te petute zone anJ adapttve research in the tropics 

and subtropl-S DLtern n r ltlgenutty pt...csjJttnce dnd Lapital w1ll be required to 
• 

1 
' 

prodJce l~tge bLpylle~ t qu3lit} ~eed of trrp1cal grasseb and legumes Tropical spe-

cies are otte 1 h 1 ~ vtr-t>.., tvWt...rlng tJs..,ccks and woody shrubs with low seed set and 

1 ha"e tead1lj -:.h' H~ 11 ~ ..... o-:. 11111 Jr 11tlot ~~...t..n;:.l.~ WJfl• non-uttfotmity in seed ma-

1 
tur lty Hut antl 10 1d en 1r mrrcnt<:. heap added prob.1ems onto the task of harvesting, 

btOllng a.n1 ~ .... -iu 1ng 111 11 q llt' ;:.etJ Tln .. ;, ;,Lar LlY of sced vf good germination, 

1 purity and "' "~ 1 t 1 [' •l pr blem 
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In the early 1960's rhe stdte departmcnts ot agr1culture in New South Wales and 

Queensland the UnlversitlP5 of the two statcs, the Division of Plant Industry, the 

Division of Trrpi al Pdsturcs and severa! pr1vate seed companies launched a coor-

dinated program to de\tse 1reans for seed mult1pl1cat1on, processing, and distribu-

tion of troplcdl grasse.s and legumes 111 Australia By appl1cation of available 

knowledge dnd through modlirra'ions of re hn1qucs and procedutes seeds of named 

varieties of seve·al spe.1es a e produced commerc1ally - 'Silverleaf Desmod1um" 

\Desmodium unc1natJ~¡ Gr eenlc~f Desr-odiul'l' (Q. intortum), "Cooper" and 'Clarence 

Nandi" and Kazungula' Setaria (3. sphacelata), "Rodds Bay" 

and "Hartleys" Paspalum (.!:_ plicatulum), 'Coloniao" and "Green Panic" guinea graases 

(l'anicum maxtrum), ~1ratro (Phaseolus dtropurpureus) "Miles Lotononis" (!; bainesii), 

"Oxley" and 'Schofiud' Stylo (Stylosanthes guyanensis syn S gracilis), "Townsville" 

lucerne (Stylosanthes humil1s) It ha~ been demonstrated that seeds can be mechanically 

harvested ftom g•asses heretofo e never ccrs1dered - e g in North Queensland 1 O ton 

of para grass ~e~d WdS dl<ect comb1ned fro1 lOO acres and 100-300 pounds per acre from 

1./ 
Brach1ar1a ruz1ziens1~ 

Developrrent ot a seed 1ndosrry 1s an 1mmense task w1th rnany unknowns thus it is 

recornrnended that CIAT co,s1der ernploy1ng a ~eed Special1st (productlon and processing) 

to cootdindte eftorts 1n this u1s~ipline 

1/ 
- Personal conununlc.=tr 1 :Jn w1 th Be la. Grof 

:,outh Joh'1~tora Au~t 1 a 11 , 
Trop1cal Agricultura! Research Station, 

¡l, 
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VIII CENTERS OF RESEARCH ANO WORK IN PROCRESS 

Colombia 

1 Palmna ( .. u a Vall~y 

2 

3 

4 

a Stafi - 2 p3sture a~ronomtsts an1mal scientists 

b Areas of resear~h -

1) lnrrodurtion dnd test1ng ~peLies and var1etal evaluation 

2) Advanced test1ng w1th selected spec1es us1ng animals as integral part 

or C1al <..ttlon 

oJ Crop cot~LiOlS w1 h pabt~res ctnd forage crops 

3) A>cnmal evaluauon of chosen spectes - sorne investigation conducted in 

past and m3re projected 

d) D1gestil1ltty st~dtt~ of pasture and fctage spe.ies 

4) Breedinb ~~ fora¡,e sorghum and De,modtum spccies 

Tur ipar d near Mvnt~rl~ S1nu Valley 

a Staff - 1 pasru,~ agr JOO~l&t dfilmal scient1sts 

1) Research 1n J 1rtous a;,pec•s of tntroduction and strain testing, fer-

til1ty ttfals limited aniwal evJluation of pasture species 

2) Regional ~esting proJected using animals-

"La Libertad' n~ar Villavicencio Llanos Orientalis 

a Staft - l pastJre dgtonomtet animll scientists 

b Areas of research -

l) lntroduct1on and spec1es testin¡,, agronomic studies at "La Libertad" 

station an~ 1n Rebtonal rests dt Orecue and San Mart1n, 

2) Llr-it~d l»pLCto 01 dillmal evalu"tion of pastutes at 'La Libertad" and 

piOJected dt u.e_ue dnd San Martin 

Na1ta1ma hl hp1!131 follmd Valley 

a Staff - l pd;,turL d¡,ronvmlbt (pdrt tlme) ~upt.rvlsion and direction frl"ll 
' • 
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1 b Are<l ~.-f p::.:,é r t -

1) ..-liOtLl t.lt I ;-, aL Sp C.1"'5 tf>~t.lng c~nd &~..-me. agronomiC evaluatiODS Of 

1 
1 'E1 Nus , ~..1 .... 't 1 ll1n 

d Jt-:¡ff - 1 ¡:. -t e " ronomi~ t !p- t ti'ú_)' an1rr . .d scleQtists 

t t Pr " 
rf l CoL~ _h !1mlte~ j -t )dl'"'tion.:., a5roromic and ani¡¡¡al tria.ls 

N f rle " ]~ r P .,.p· ¡h~· Ir~ wo tld "'frPr the grea.test 

1 -rfi u j \ L ! l ltJ ' 1 Wl • l r thL. nu1 futuLe Throughout 
~ 

1 rh~ e 'J\ r tn¿r ~t 2 r,l ' re 35 e 1c,.,..,1~r J three of whcn ha'e Ph D' S in 

pbnt be~ d "" ~d~t e r i b Li _p d'1d l 1 vp eco\og), pl"nt and soil nutri-

1 t 1 on ) L r a M - ir -,Lt r:! 1~na5"),m~nt Jnd animal nuttition and another 

t, BL'J 'J l t> oh Hinlng advdnLed tiPgreeb in the near 

1 f.H e 
1 

'1 
1 l ln_,tl,..Ut<"' N {irr~' J. '"' _sr tgnc c::.tH s 1\gropec !Jt lo.S ~PHA.P), fiehilingue 

1 ' )[JlÍ - J d r cnv L,-c 

b Ar dS 'JI rcJ _ h -

1 
1 

2) limlted tf1Jl 

' eS t J( ~~~1 studlcs wir~ pasture planta 

1 4) 11 1tPu r tll tea!! n ,rd d!stnhution of see<l darf!ely vegetative) 

L l h, ..)<tf't D u 1 ~ 

" &t t• - J r r 1 ¿ .::tgtvnOPlS 

b b. L S O! 

.~,..) ln .. ,.Gi .. t t JOS H 11 1 d6Io"1ol~ic evalu~tions of specles 

Note JrrmPdtarL crlltb '"'Do ccJoirl hL¡_,lll w1th JNIAP, novin'l into animal gr!lZing 

u1~1~ 3L h_ li< h1l1.ngu• Stotl"n •nd ex¡.ansiun of agronomie studiea (inc.l'ud-

1 i I ~ l J J 
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Peru 

1 Estac1on F per1mental A,r,_ola de La Mol1na Lima 

a Staif - 1 pasture ohronomlS' 

b Area cf te~cdrcll -

1) lnrrodu non garden, lim1ted spee1es evaluation and agtonom1c studies 

2 Universtdad At,raru t tcultad de A¡,ronomia, La Mol1na Peru 

a ~tdff - j p3btJre dgronomists (teach1ng and research) animal scientists 

b Alea~ of ese clt -

l) lntr oduc t tons und spe~ies e\ ah.:ttlons, l1m1ted agronomic studies 

2) Ltmttéd breedtn~ (sele-tton) w1th alfalfa 

3 EstaLlan E•petlffi(Pt11 d~ T1ngo ~ar1a 

a Statt - ? 

b Areas o( reséat h -

1) Lntroduct1on' •nd hpP< l' .tgronomic evalu~lions, preliminary species 

tlldlS undt L bidt.lnb bome 10 YLII~ ago limltLd to the former two at 

present 

4 Unt:ers1daJ de ld Amazonia - lqu1tos 

a Staff- 2 pasture agronomiStb ltedching and resear~h) 

b Area of research - Introductions and specits testing 

Note W1th the disconttnuous gu1dance from the North Carolina Project up to 10 or 

12 people have been trained 1n pa,ture and iotage crops development and manage­

ment Prescntly rncbl of them are d1spersed 1nto other d1scipl1nes A re-

cent move by Ncr th ( trollna to c,tahlish Corwnod1ty Programs should create a 

favo1 1ble envLJltllllLnl for coopLr~tton among the experimental stations and 

S~hools oí Agt<>ll ¡ Ll •~ anrrcipdted that three N C employees will staff 

the Pasture and 0 or ge Corr~od1ty Program S1nce those who hold pasture and 

forage posHI<Hl' 111 the ~chools of Agronomy '~ere formerly assoc1ated wit;h SU'A, 

the ptobpects 1<> Jll1hor tllon wltlan 1 E'IU die <'X< ellenl In addition, the 
' • 

Di re tvr ot the Co nnt.;dlty Group has ex¡.rresscd a desire for regional co9per;!t:!,b'n. 
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Venezuela 

1 Centro de Investigac1ones Agronom~cas Maracay (Facultad de Agronomia aleo 

situated at Maracay) 

a Stafí - ? 

b Areas of resear~h -

1) Intcoductlons and spec~es testing limited aspects of agronomic snd 

animal evaluat1ons w~th pasture species, in late 50's and early 60's 

d1gestibil1ty stud1es w1th nat1ve pastures 

2 Estscion Experimental de Calabozo (aituated in the Llanos), reported work 

with ~ntroductiona, agronomic and an1mal trisls with pssture species 

3 Estacion Experimental de AraLue - reported observstions of grssaes and 

legumes in collect1on and grain sorghum breeding 

4 Eatacion Experimental de Zona Arid'l El CuJi Stste of lsrs - collection of 

grsases and legumes 

5 Eatacion Experimental del Zuila (Facultad de Agronomia also st Zuils) -

collection of grasses and legurnes 

Note Most of the above 1nformat~on carne from the literature so it ~ould be sd­

viaable to survey the work underway and explore posaibilities of collabors-

tion 

Bolivia 

1 Estacion Experiwental Agrícola Los Llanos", General Saavedra, 65 km from 

Norte de Santa Cruz ( ) 

a Staff - 1 pasture agronomiat 

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

with forages 1n 1966 

1) Collaboration with USAlD and British Mission 

Note The Solivian troplcc lLLOrding t o reporta of those who have collected and 

worked there tnve m umapped potential in regard to pasture and forage 

species ~nd undoubtedly an1mal dLvelopment 
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Puerto R1ro 

1 College of A,;r lCU 'e U e rt JyagueL 

a Staff- 1 part rtme gas~ eLologiSt 

b Area of lLbearch - brass collect1on (of s1gnif1cant size) 

2 Agr1cultu al Experrmcnt Stat1on Kro Predras 

a Staff - l pastu e ¡¡,ronomJst ful 1 ume 2 sorl agronomrsts (USDA) part 

t1me 

b Area of research -

l) Jntroductrons dnd specres testrng 

2) Agr ononuc and anrmal trrals (lrm1ted but excellent work) on a priva te 

fdrm ner1r OroUJ\1~ JO h.m ftom 'ian Juan economic evalua.tions 

3 Corozal LXper1ment Statron 

a Stari - J past> re ogronomrst (part t1me) and l forage crops breeder 

(pare tlme) dnlmd s .... lLnrrsr 

b Areas ot rc!:>eat(h- lntrodu .... 1ons sorne agronom1c studies l1m1ted animal 

trldlb prel"mrndry b1ted1n; of D1grtar1a (collaborat10n with Schank of 

FlorJ.dal 

~ Gurqbo Exper1ment Stat1on 

a Stafí- l pasture agronomrst (part trme), anrmal screntrst 

b Area of research - Sm,ll pasture and forage collection l1mited agronomic 

dnd 1nPn1l tr J lt:. An~mal ~l Jcnce Dep1rr-ment) 

5 !sabela Experrment Stat1on 

a Staff- l forabe breeder (part trme), animal scientrst 

b Research - Breedrng ot prgeon pea and lrm1ted anrmal evaluat1on of pas-

1 ut L 1nd 1 1 l} \n11n 1! llu ..... t mJry <.,Lct ton) 

6 Las LaJaS I:.xpPrlnt:!OT :::,t1fl.on 

a S ot [ - 1 pctstu r 1:,t:>rmn1St anlmal sc1ent1st 

b Re~P1rrh- LtmlrLl Jntroclu tJon<:: tnd agronom1c stud1es 
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Note An~mal ev1lu3tton t JJJE w1th dSS0~1ated econom1c analys1s on improved grasses 

1 have contuhuted ~q;mf 1canr ly to Lhe advance of pasture development and should 

hdVL appJl OflOD 111 L..ltln AffiPllC8 lt lS suggested that a feasib1l1ty study 

1 be m,dP 1 o _JI coy the pcbslb 1l1ty 0f w_attng a Lat-.tn Amertcan Pasture and 

1 
Forage Crops ln roductton ~t•tt~n 1n Puerto Rtco (perhaps as a consortium of 

the USOA Lft\J SL Lt 11 U~ l.ntVLtC.,ILLf'S 1nd other in~tltutions) 

1 Bt a21l 

1 Departamen ~ de Pesqu1sas e Exper1men~acao Agropecuartas (DPEA) M1nisterio 

1 da Abfl ultura, R1u de Jane1ro - Reg1ondl Experimental stat1ons as follows 

1 
a Instlt"to Pesqulbd' E'pcrlmentatao Agrope_uarldS (!PEA) do Norte Belem 

J 1 J i 

1 b IPEA do Nm dest Re-líe Pernambuco 

lPEA d~ L ')Te LruL. d lS Almas Santa 

1 d 'PFA do Lentio-ve .... E Se te L.J.gOiS Htnab Gera1.s 

1 
e IPEA du Cen ro- ul f.Jn 47 e tn po l'l~ndL {near R1o de Janeuo) 

Note fhe Re¡, tonal ( lllLI '"> llP bt 1ng J, V< Jopcd b) the Mtnl'try of Agr1culture in 

1 collctboratlon ~Itcl th IRl lnstltute At each of the above named S sites 

plus the e.xpt.ttmeut ~t ttlon be1ng establ1shed near Braz1l.1a 1ntroductions, 

1 agtonom1c and prtsture t11als are underway or proJected Undoubtedly these 

1 
c(nters rLp L~ent SILLS whc f' c:ooperrttlvt.. rec;e'lrLh could be done but further 

detatls are needed ln add1t ton th< re are a number of state experiment 

1 stat1ons wh~re l1m1ted esear h 1r pastores and forages lS carr1ed out It 

15 re,~mmended hcwevc' th2t the feds1b1l1ty of reg1onal collaboration be 

1 expl::> td th Ough DPEA 

1 
2 lRl lnsruuto.. Rtscn h '"ltaTJLn ~1ltdo S.Jo Pudo 

a Statr - 2 JciSL~ e ag1onom1sts w1th add1t1onal staff located 1n Campinas 

1 and RtJ (
1

L J -lnelrv 

b Are::I~ t 1 r~se.11 ii - 11H odu_t ton~ and vtt lOUb ac;pectb of agronomic ~tnd 

-1 'lnJrnJl IJ 11 tilllb el p1:,ruro.. .....,pc(1es lebuiiiL hacter1ulogy 
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Note The most product1ve and sign1t1cant pasture and forage research for the 

'campos reg1on has been done by the IRI Inst1Lute at Matao and other sites 

(on ranches) in Sao Paulo Re&~lts from these t11als are directly applica-

ble and are be1ng moved 1nto tne lPtA programs 

Costa R1ca 

1 [nterdmlt1Ldll In..,tttutc olA) II(Ultut 1l c.;l LLO<-L~ (LILA) Turri1llrt 

a Stafl - 2 pasture agronom1~rb ~n1mal bCient1bts 

b Area of research - Introductlons and l1m1ted aspects of agronomic and 

an1mal tr1als 

Note Pasture and forage investlgdtlon at Turrialba has been erratic and sporadic 

dutlng the pa~t decade, lacking or1entation 1n the use of animals to evaluate 

pasture plants 

Trinidad 

1 lmpe ial College of Agrlrulture Tr1n1dad 

!:>ome ar-her ">1ynJfíL1nl 1nd tnlorm1tivL pdptrs hdve been publi:=ohed on inves-

t1gat-1on conducted 111 TrlnHiad Much of 1t should have application to parts 

of the trop1cs Tl¡ere apparcntly ha& been a lack of cont1nuous orientation 

10 the overall progtam 

Jamaica 

1 Crove Place Abrtcultural Statton lama1ca 

Invest1gat1on has been reported 1n areas of introductions, agronomic and ani­

mal stud1es 

Note Before collaboratlon 1& ant1c1pated 1n Costa R1ca, Trinidad, and Jamaica a 

survey &hould he m~de of pr <''><'ni work faci11t tes and staff 
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IX APPENDlX 

A The RaPge Cattle Lndustry ln Flortda 

Quotdt ions t r om Dr ll G Kn k 
l 

an1mal sctencisc on che development of the 

cattle tndust•] and the tmpJI tanLe of p.IStJre~ along wHh good herd management are 

pertinent 

The nat1vc cow gradudlly de"e~oped th<- character1sttcs that enabled her to 

exisc and reproduce under ex.remely hard cond1t1ons Starvat1on rat1ons mineral 

detlClc.n ..... leS TP..<.1S h ver c;e;cre \Vt....ather 1nJ compLete freedom to roam \·H~eded out 

all antmals tlML l11d dny lllilLrent weakness fhe tesult w1s 1n extremely hardy ani-

mal that hcts been flL mutn,tcty of the Flortda cattle tndustry tn che past and is 

today che fot.ndd J.<Hl &tock ot the Stdte's cormnercial herdb 

"Purebred and gradE rottle brought tnto the scate by the sectlers usually did 

not last long but rh<... {ew L1lves c;trcd hy thf>bC 1mport1.t1ons and out of native cows 

were an lTnpr ovement .:;ver the1.r dams and a gradual upbu1ld1ng too k place The one 

permanent tactot h'"'wever w1.s th_ Nat1ve cow l~hen 1t wa" proved th1c the failure 
1 

of che tmported anrmdls w1" due tJ •ns•fflctent teed, deftctency dtseases and ticks 

and furthet demcnstrated that these dtfftculttes could be overcome by dtpping, a 

conttnual alLrt Jor ttck~ supplytng phosphorus copper cobalt and 1ron along with 

better feed the s1tuat1on began to 1mprove and the nat1ve cow l1ke the 1mported 

cattle responded w1th 3 faster growth race breater stze more calves, and higher 

qualtty n1eac 

One of ttte ea~1est wa)S to start ~ lttle 1mprovement was to prov1de cattle with 

the essent1al m1nerals det~ lLnt in th~ nJtlve pasture M1neral boxes in most pas-

tures were a novelt> befote 1935 buc by 1940 there wen. few pastures that did not 

have one ot nozc l.att1.-. 1t riJe K.Jnf...e r1ttlc !:>tation on nttlve range ate an average 

of 41 3 pounds complete mtnerdl pet year durtng a three-year per1od beginning in 

l KHk W Irte 1 iT g t.atr LC' J..Oduc.,try lO rlorLd'l Me<.t1nb of thP Grassland 
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1948 wh1le thase t-n 1mptoved pasture ate an average of 11 8 pounds Earlier records 

at the Station show that ows l1v1ng ent1rely off nat1ve pasture have consumed an 

average of 94 pounds of complete m1ne al 111 d year 

"Cattlemen thaught that most of the1r troubles were over with the disappearance 

r of the Texas fever t1ck and the correct1ons of the m1neral def1ciencies of the feed 

Purebred hulls of sever ,¡ beef brE'eds m~tPd to thL n~t1VL cow gave considerable re-

sponse 111 gtowthy claves Wlth the Hrahm3n ~1res excelling 1n this respect However, 

1 
better attle cost more üOU necded more attentlon than the nat1ve cow and 1t was th1s 

cost plus _are thot brought to l1ght othet requ1rements It was not until the ne-

1 cessity fot furn1slnng a mote adequate feed supply throughout the year was recog-

nized that thP e ~as rap1d and _ont111ued •mprovement 1n the qual1ty of beef cattle 

1 produced 

1 
"1t is estlmated that over one-half of the l,md atea of Florida is used for 

pasture Th1s land ranbeb from roll1ng sandy p1ne land to muck and marsh area with 

1 many intermed1ate rypes Over 1 500 000 'rreb hav< been Ubed for the establishment 

of tmproved pasture The work ' fmproved 1s d m1snomer in many 1nstances since with 

1 poor preparat1on betore plantinb and ltttle or no ma1ntenance 1fterwards the resulta 

1 
were d1sappo1nt1ng even though better types of grasses were planted 

"Overstock1ng pastuteb hag always been and btill is too prevalent This prac-

1 tice has resulted 1n small cattle lowered product1on and heavy losses under any 

severe cond1t1ons lt 1s ebt1mlted that on m'ny ranches and farms disposal of from 

1 lO to 25 per cent of the hLrd would result 1n greater total production with a lower 

1 
_vst per unit of prodLCtlon Man,gement of herds and pastures did not receive much 

attention unt1l the lower cartle pr1ces forced cattlemen to consider these factors 

1 J t they Wt!r0 ro 1 m t 111 111 1 11...., 1111 ..... 

"Cattle productlon JS llm!ted by the amount dnd quality of available feed With 

1 1mproved pastures thcre hdS been a steaJy 1ncrease lO beef cattle numbers until on 
1 

1 
January 1 J 95• r '1er P '" r L 1 500 000 heqd The rveragL we1ght of the range cow 25 
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years ago was about 5'>0 rounds wlllle toda y H lS 800 pounds' 250 pounds more In 

add1t1on to 1ncteased n1mbeT& and greater s1ze, thete are more calves which grm-1 off 

fas ter lmproved feed 1ngher quallty cat t le and changed management practices have 

hePn re&ponsthlC' fo thl r lllt nd0uo., u¡rteF-.e 111 ht ef produ( tion tnd the potential of 

1 Florida pastuLeS "' JUSt hun, dtscovered 

'A que~tton ¿, euEryone's m1nd IS tl1e pioductlVltY o[ Flor1dt pastures Fac-

1 tors wh1clt attect the amo~nt dnd qual<t) of pasture have rece1ved much attention at 

1 the Range Cattle Stat1on s<nce 1t was estab11shed 1n 1941 Good pastures and good 

cattle cannJr be separattd 

1 Grade cows hav1nb JO vE:rage o[ 13 1 'lcres ot nat1ve pasture per cow 1n a 5-

1 
year per"od produced 26H rounds cal[ g••ns per year wh1ch 1s 20 pounds per acre of 

1 pasture These cows had 65 pet cent ralt rop and the calves averaged 400 pounds 

group oi ows en rhL Sdfl< h.tnd ut pJbtur, mJ supplcmLnted w<th 10 pounds grapefruit 1 
wh~n weaned 1t <;t u1 rnonrh& wtrh lJ S íow rood pr1dL as sloughter animals Another 

1 da1ly fot 120 days dur '"' rhe WLI\ter produu ,¡ 104 pound~ calf ga1ns per year and 23 
: 

pounds ga1n per a re of p~~rutL The'>e tt...sults were obta1ned during w1nters when 

1 teed cond1t1on~ on the r~nb~ w~re gond 

1 
Co"s on a ombJ n.1t1on of one acre ot 1mproved pasture and 4 5 acres of native 

range per an1mal produccd an avetage of 340 pounds calf gains per cow yearly This 

1 1s an est1mated ga1n of 20 pounds pet dcre of nat1ve range and 218 pounds per acre 

of 1mproved pastutc Ther e ~>.as an 80 per ce nt calf crop, the calves averaged 425 

1 
1 

pounds at "ean1ng and grodLd U S Good These cows obtained all of the1r feed from 

1 
the p1.~turt. Con rollul 111rl ULf<.rr"rl p 1nng wa~ practlcPd on the improved area but 

rhe ... ows had acccss to the nat1ve range at all t1mes 

1 'A hdd ol 62 < ow' 1 tJlng 7J ocre~ oi pc~stur<- made up of one-third Pangola-

Whne clov.;r and t 'o-th u ds Fango la g< ass had 310 pounds calf ga1n per acre of pas-

1 ture and 375 poundb pe cow Thc calf crop w•s 80 per Lent the calves we1ghed 

1 
450 pounds <t wcantn1 and hrddeJ U S H1gh Cood 

'There l.S a l1.Lk oj ¡H ISrunel w ... th tra1n1.ng <-tnd Lxper~t...nce to manage an inten\'" 
• • 



Appendix B Land Use Human and Catéle Numbers, Animal Output Energy and Protein per Capu~/ 

Cal /caEut/da:z: 
Human -' Inc Catt 1 lnc An1~als Carcas Milk Pots 

Reg1on & Total pop since pop s1nce slaught wt per
21 

star 

country c1rea Arable Granng 1965 1950 1966 51/52 1965 1964 Cow- Cereals Foods 

1 000 hec taras 000 000 000 kg kg no no 

Un1ted 
S tates 936 339 185 152 ¿~6,214 194 572 27 108 862 35 33,b8 265 3665~ 665 91 

r 1 "'\ 
Bol1V1d 109,858 3 091 11 323 4 114 36 2 317 87 192 220 - 954 270 

Brazil 851 196 29 760 ~o1 274 81 451 56 90 692 76 7 843 191 430 1121 413 

Co1omb 113.834 S, 04 7 14,606 18 068 60 17,078 15 2 021 208 270 761 357 

Ecuador 27 06, 2,894 L,200 S 164 ~8 1 600 4J 27~ 155 500 633 239 

Peru 128 5~2 2 618 - 823 11 750 65 3,500 11 - - 680 843 381 

V ene-
zue.la 91 205 5 219 16 706 3 752 73 6 55 17 Ol.J ~ 6 6/0 774 291 

q 

1./ FAO i rbk 1966 a~d cSu~ AgrlC Stat1st1cs LH 1067 

Jj 'lo of ,ll~_ng LCW~ = l S 15 987 000 Co1orr.b1a - l 83 01) venezuela - 3 300 000 

co 
"' 

Available 
1965 prote1ns 1965 

M1lk "T"otal A·umal 
no gm gm 

390 92 o 65 1 

~9 48 6 12 4 

111 71 3 18 7 

180 54 4 2J 9 

61 43 7 14 2 

6~ )/ j 18 3 

16- 60 1 25 4 

~ -- 1111!1 __ 1111!1 __ IIIIP --~ .. .. ~ ~ .. ~ ._ 
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In~tea~cd Ptodu, tJn of Dry Fv age of Tropl_al GtaSbCS wtth Added Incre­
mentb o N1•rogen ~<'<tiltzer (rrowdet et al- Colombta) 

1 lnfluen,e of rate ona r me of N appl1C1t1on on forage yiLlds of pangola grasa 

Time of N 1ons/arre an-dry forage by r a t. es of N (lbs /A)~/ 
900 1200 Application o 1;0 300 600 ----

1) 1/6 atter 
every harvest 1 40 2 85 6 15 14 95 20 80 24 20 

2) 1/3 every 
2nd harvest ' 45 3 60 i 7 os 13 75 18 80 24 60 

3) l/2 every 
3rd harvest 1 45 415 9 50 12 35 17 90 21 00 

~/ Data for dry fotage ytelds ate averages of 3 cycles (6 cuts per cycle) for a 3-year 
period total N appl1ed for a cycle of 6 hatvests 

2 The effe_t cf nitrogen fett1lizat1on on yields of five grasses harvested by 
cutting every 60 days (numbers show pounds of dry forage per pound of incre­
ment of N) (V1cente-Chandler Puerto Rico) 

~ 

"' ,..; ... 
"' "' >< 

"' ¡,.¡ ... 
'-' u ;:¡< 
o "' 
<.. "' 

"" >< 
a: "' """" " <.. " o o 

0.. 
Q ...,., 
"' " H <1l 
>< <IJ 

" o 
.e .... 
~ 

50 1-----r----~-------------,--------------------------. 

1 1 

40 ~-+--- -- -----:::+-------------+ 

1 / 
Para Grass 

30 5 

Pango1a Grass 

>O ~+-----11-_'1=-ol.::::_a:_..::::c_s-=_Gr-;_ts..,_+l-------l 

L~ ¡_ o 
JQ(j I¡~JI) H()0 

N li'OCJ:.N rLRflllLAlLON 1 P<'ull<h Nrtrogen 

----------1 
1,600 

App1ted PLr Acre Yearly) 
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Appendix D Effect of N1trogen Fertilizer Appl1ed to Grass Pastures on Cattle OutpuF 

1 Influence of n1trogen fert1l1zarion on the livewe1ght ga1n of Zebu cattle in 
Braz1l \QUlnn Mott and B1sschoff- Brar1l) 

Companscn of 3N rates on Colon1al gu1nea 
a/ 

grass pastures-

Da y» b/ 
lO Nitrogen Tre3tment-kg ¿hect-

Season Per1od Non e N-0 N-lOO N-200 

L1 e1<e1ght ga1n - kg /hect and stock1ng rate - steer,s/hect 

Summer, 57-58 168 283(2 13) 289(2 39) 430(3 77) 612(6 12) 

W1nter, 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) 

~/ Jangada Ranch ~ao Pa>lo 

~/ 200 kg/hect r 20~ and 40 kg/he·t sulfur Oct 1957 plus 20 kg sulphur Oct 1958 

Summary of Colon1~l Gt>>S Trltls 

( 

1 Zebu catt1e e>dy iur nnrket at 2-3 years of age as compared to 4-6 under range 

cond1t1ons in Braz1l 

2 N at 200 kg/hect more than doubled y1t.1d over N-0 in terms of TDN/hect steers 

per hect and llveweight ga1n/hect but did not affect age of finish 

3 Response and reGldual of w1nter-dry season app11ed N greater than summer-wet 

season appl1ed N 
\ 

4 A response to S appeared dur1ng the second summer season 

S The treatmeñt of 200 kgthect of N lOO kg r 2o
5 

and 60 kg S gave an annua1 

net return of dbout $45 over the no fert1l1zer control pasture 

) 
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2 

3 

4 

5 

6 

1 

2 

2 Liveweight ga1ns, srook1ng rates and protein contents of fertilized and unfer­
tilized past~res d~r1ng 168-day Súmmer season- November 7 1961 to April 24, 
1962 (Qulnn, et al -Braz11) 

November 7 1 1961 to AEril 24 1 1962 
Live wt gain Crude Stocking Live 

Grasses and treatments 1 s teer protein
1 rate - weight 

Total Daily 1n grass steers gain/ha 
k m % /ha k 

Colon1ao Fert1lized 122 8 731 10 10 2 90 356 1 
Unfertil1zed 129 1 768 9 47 1 66 214 3 

Jaragua Ferti1lzed 136 5 813 8 73 3 09 421 8 
Unfertil1zed 135 o 804 6 26 1 85 249 8 

Pango1a Fertilized 95 8 570 8 37 2 86 274 o 
Unf ertilized 98 7 588 6 38 2 29 226 o 

Tanganyika Fertilized 117 3 698 10 65 3 15 369 5 
Unfertilized 100 8 600 8 68 1 22 123 o 

Mo1asses grass Fertilized 2 123 1 733 10 21 98 120 6 
Unfer tilized 73 7 877 8 81 1 08 79 6 

Coastal Bermuda Fert111zed 110 4 657 9 41 1 95 215 3 
Unf er r llized 102 3 609 8 22 1 01 103 3 

Average of 7 samp1ings 

No stocking for f1rst 84 ddys of summer 

~ 
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3 Liveweight ga1ns, sto-k1ng cates and prote1n contents of fert11ized and unfer­
t1lized pastures dur1ng 112-day wrnter season- July 18 to November 7, 1961 
(Qutnn, et al Brazrl) 

Tu~ 18 to NovembLt 7 1 1961 
LlVC wt ' 1.l.n 

Lrude Stocking Lrve 

/S t Lt. r protetn1 
rate weight 

Grasses and tr'=":Irments Toral Datly 1n grass steers gaw/ha 

kg gm 1 /ha kg 

Colon tao 
(Panicum max~mum) Fert11..Lzed 18 8 168 6 J3 2 06 38 7 

Unfer nlrzed 4 4 5 41 2 23 9 

Jaragua 
(HyEarrhenia Fcr ttltzed 14 8 132 4 67 1 75 25 9 

rufa) Unf er u1r zed - S 4 3 67 1 75 9 

Pango1a 
(Digitada Fert1l1zed 19 6 17J 4 72 2 63 51 S 

decumbensl Lnfer ttltzed 2 6 23 3 69 2 60 6 8 

Tanganyrka FeTtJ lueod 8 6 77 6 94 1 17 10 1 

(R_ maxim.;m) Unf et t urzed 4 ') 40 5 06 1 13 5 1 

Mo1asses gr ass 
(Meltn1s Fert tlrzed - 1 9 17 5 23 1 61 3 1 

minut1flora) Unfe ttlHcd 4 2 38 4 43 .l 61 6 8 

Coastal Bermuda 
(Cynodon Feort llr¿ed - 2 8 25 5 57 1 98 S S 

dactylon) Unfer ttlt zed -23 5 - llO 5 45 1 75 - 41 l 

Average of 8 sampltngs 

~ 
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Append1.x E Increa"ed An1mal Per formnnce wl.th Added N1.trogen Fertl.lizer 

1 Case H1story 1 (1963 data from Dr R Astralaga - Abonos Colombiano, S A) -

1 Locnt1on - Cauca Valley Colomb1a - La Ch1ca Ranch owned by Alfonso Jara-

2 Pasture and Grazing Scheme - 2 frnegadas (2/3 ~ect ) of pangola grass divided 

1nto 4 paddocks tor rot<~tronal graz1ng (lO dnys prstur1ng nnd 30 days reqt) 

3 Fert1l1zer and Irrigat1on - 100 kg of N/hect f1rst graz1ng period and 50 

kg thereJfter supplemental 1'1 Igat1on when needed 

4 Cattle and I1vewe1ght C nn - 6 Cebu steers of approx1mately 2 yrs age per 

tanegad3 (corresponds to 9 375 per ~ectare) da1ly livewt gain O 775 kg per 

animal x ~ 31 - 7 26 kb per hect or 2 652 kg per year (est1mated) 

5 Cost 1nputs ar1d return per hectare* -

1 InterE:~t en V'llue oí 9 37 antm'1]..., 

b Land lnvestment (8/ rulPrc~t) 

e Value oí N (utea) 

d Irr16 at1on equtpment (~ yr amorttzat1on) 

e Interest an 1tr1gation equipment (5 yrs ) 
1 

f irr1bat1on Ctl&t 

"' 
Gross retu n (2 652 45 kg x $L 40 pesos/kg ) 

937 50 

480 00 

1000 00 

400 00 

120 00 

200 00 

Total 3257 50 

6365 80 

Net 3108 30 

(pesos) 

" Pasture was al ready establtshed - from 800 to 1500 pesos establ1.shment cost 
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2 Case H1story 2 (1963 data frcm Dr R Astralaga- Colowb1a) -

1 Locat1on - Lauca V~lley Colomb1a - Caucaria Ranch owned by Luis E Sardi 

Gar ces 

2 Pasture bize ¿m~ gt a? ing schedule - 7 5 fanegadas o E para grass divided into 

12 paddoeks fot rotdt1onal graz1ng (9 da¡s pastur1ng and 27 days rest) 

3 Fertilizer and irr15~tion (as above) 

4 c~ttle and liveweight gains (Cebu with results similar to the above) 

3 Case Histcr 1 J, \Á~67 d.·a tro~ M• 'ohn E1ansl -

1 LoLat1on - Par~da Rescarch Station, Mareeba, Queensland Australia 

2 Pastute and grdz!ng srhem~ - 1/3 acre paddocks for rotational grazing - on 

2 ~;eeks and '>ff 4 wPeks, w1 th dlsk1ng after each second grazing period to 

distr!bute droppings (Protein ~e~k of grass reached 25 daya after applying 

N yearly ranbL ft"~ 10-20/ on 1 dt, welbht bos!s) 

3 Fcrtil1zer and ir<lgation 300 lbs /A ot N (6 appl /yr ), 200 lbs super­

phosph~te (22/ P20J) 100 lbs K20 supplemental irrigation as needed 

4 Cattle and 11reweight ga1n'- J steers (18-20 mo) per acre, 5 groups turned­

off per a~re ove, 2 yr period ~pprox1mately 1100 lbs /A/yr dressed beef, 

average dail; ga1n 1 85 lb /head/day 

5 Cost inputs and return per hectare - In1cial outlay of $250/A on cattle, 
~ 

pa~ture cost or $93/A/¡r (1ncludes 1nterest on land $43 fertilizer cost, 
1 

4A feer of \later at $3 50/A ft and $25/A labor), return of about $125/A 

from estdbli&bed pdsture (dpproximatLly $50/A establishmPnt cost) as compared 

te abú~t $450/A from tobacco (growr in the SJme region ) 

Note Dr B Grof Tr>pi~at Agricultural Research Station South Johnstone, Queens­

land reported tha 70 acres of Pangola g•ass receiving 1000 lbs /A/yr of 

arrnonium sulphate support' 3 steers per acre w1th total animal gains of about 

2000 lbs per d're .Y 

1/ 
- Personal communl_d[lGn nni J ~lt 
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4 Case Histcry 4 - \Dar, fro~ Jase Vi,erte Lhandler - Puerto Rico) 

Grass pasrures 1n P~crto Riro rtsponded btrongly toan 1ncrease in fertiliza-

tion frJrr tOO t~ .80(1 lrs /A yearl} of 14-4-10 Beef productton increased from 

570 u 101¿ lt>. /'1 yL 1 1ri tot..1l Ji,_,Pstible n;trle¡¡ts from 4,300 to 6,700 

while -arr,i r,; apacny W:J.s ..1lnoot doubled, trom 1 4 to 2 2 600 pound steers 

per acte i-'"'rage 1 suTed 1 y thL a t le iucreased f rom 8, 900 to 13,400 pounds 

cf dry n-tter ~et dclL yc~rly 1t- prctt•n -ontent trom 8 1 to 1~ 9 per cent, 

It Wa<; pro11C.tt le lfllifaSC ttl•z tlon up to 1800 lbs /A yea•ly The 

add!tional )JO po BJ _f .t ewrlgl t pradJOti was ~orth $110 compared with 

Ti e effe•t l > '••t> <L• lFJels en thL product.vttv oc elephant grass pastures 

14-4-10 t.J:::lbiiL farr) in~ D-y fora5e T D N Protein 
per acre g:::~1n 

yedrly ~~~ 
lbs lbs 

CJpa Jty ~...or3.Iüe~ 1 Consumed b/ rontent of 
60º--l_~~- \ead~- pct acre- ForagL 

n:> lbs % 

1 600 SIO 1 " 8 900 4,300 8 1 

1 
1 8UO 1 o 12 

3,000 1' 190 

2 2 \ 'l 4 ()() 6, 700 15 9 

L 5 13 600 --s,100 17 6 ----
1 al Differcnct in to-ag~ h:nvested frorn pdHLd stnpb cut befare and after graz1ng 

1 b/ Calculatrod fron bodt we1ghts, dJys 01 graz1ng and gatns - weight 

1 
1 
1 
1 
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Append1x F Feedinb Value ot Tropical Pas•LrLs 

1 Maximum and !!'lfllli'UIIl d¡y-mauer d1gest1b1l1ty oi tropl al a11d temperate pasture 

plants (Mllfoc d tnd Hc n 011 - Ausrnl11 l 

Hax1mum Hinimum 

P1.sturt. 01 spc.t 1~.., 
( ount ry dcgestlbilltv d1gestibility 

1 Pasralum ~~~!!.!!. 
i\t1 ( 1 111 1 71, 31 

2 Uroc.hold ~lans 111 ~ t l_ hd "' 34 

3 Botl"-rtoch.1v t ln~Jlpra. K en ya 61 45 

4 Or"hard biaS S - var S; 7 llk 76 48 

~ Peren"lldl ryP6 tass - a S24 UK 80 60 

2 Dd1ly anirndl 1ntake (b•/kg hve"e1ght O 7J) of subtroplc.dl pasture plants 

1 

2 

3 

4 

5 

6 

whe11 grow11 111 S E t.¡u<o~nsland 111 1962-o1 (H1lford and H1nson- Australia) 

l.rasses 

Buffel - \ar Molopo 

Sorghum lli'1U01 - V ti rrooble 

-Rhodes - :a1 Samtord 

Rhodes - Jal Lallld'-

Pangola 

Glyc1ne J_tVdnlCci - var Looper 
_¡ 

JÜ 

7 J 

78 

42 

bl• 

63 

Phaseolus 1trop~rpUILU~ - vdt S111tro 

A¡,'- of gt.:t~ ... 1n d ty~ 
80 150 

55 42 

6'• 49 

40 

62 59 

50 29 

80 

72 

250 

22 

92 

75 
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3 Differences 1n nutritional values of 3 subtropical grasses when fed to sheep (M1lford - Australia) 

Start of 
10-day D M D M 
cutt1ng d1gest 1ntake 
period Grass 1 g/hd/day 

1 4 57 1 Cenchrus c1l1aris L (Buffel grass 48 1032 
'4est Aust var ) 

2 Paspalum pl1catulum (C P I 2741) 

3 Natutal pasture domtnantly 
Bothr1ochloa 1ntermed1a 

13 5 57 4 e -lllarts 

5 P pl1catulum 

6 Natlral pascure 

10 6 57 7 e ClllariS 

8 p pll atulurr 

9 ~ac~ral pa~tu e 

9 8 57 10 e ctl1ar1s 

11 P pl1catulum 

12 Natural pasture 

45 

41 

44 

43 

35 

44 

;0 

28 

35 

38 

32 

916 

456 

769 

677 

333 

910 

582 

315 

740 

359 

149 

Crude pro­
teJ.n content 

1 

7 4 

4 o 

5 5 

8 o 

3 4 

2 5 

' 2 

3 5 

2 6 

7 1 

3 4 

2 2 

Crude protein 
d1gest1bihty 

l. Remarks 

S 7 Fu11 bloom 

11 

17 

43 

lO 

-118 

1¡4 

9 

- 98 

29 

4 

- 11 

leafy 

Ear seedtng 
leavPs dr\ _pg 

Mature Je > 
drv 

'latu .... t:! lea es 
dvtng 

Ste'IT"s su .... c. .... -ent 
leaves frosted 

te;~. ur? \e: 

dry 

Iaturt=> D-.1alv 
rrosced 

I ea es and sume 
s ems frosted 

Dr\ ard ~te .......... y 

Frostea ;.:>-v 

dry 

~evere y troscea 

Dr¡ ard stt .... uílY 

!_l_l ______ l_l_~~~~ 
.,---.----..--.;~-:..:_,-,~.c...---= -1 
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4 Nutr1tl Jt... Jdl~~ nf elephatlf gra:>s cut dt o~ar1.o•L:. scageb c.t growth (Butterworth 

and A<~ab - VLnez.Jelc.d 

Age of llry ' [ de 1 ) tl t ~ ll M D M Rate of plarats [[d[[t-f ..2..!~ f lhtr dige t intake passage ----days " 1 " "/ gm/kg O 75 hrs 
30 ~2 'l 28 6'i 67 45 
50 18 7 l? 60 65 53 
70 29 5 l8 58 70 65 

1 

1 

l -. 
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Appcnd1x ( fflul ut 1 lSfll({_ lH qt. Oll leptJdu fJ.Ve JerformHaL >f Cross-bred Cows 

(19 35-5 /¡ \A C. wat n1ck - Honda) 

Grass White Clover-grass 

Stock1ng tate, a r-es/ ow 2 00 1 25 

P1 e¡;nancy pet c:ent " ta t 1 ng cowc; 47 00 79 00 

Pregnancy pet ..... ent nonldc.tatlnb rows 95 00 100 00 

We1n1ng per CLnt al, cows 64 00 83 00 
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Appendix H Pr~je~ted World Human Populat1on and Animal Protein Need 

1 Estimated human population and anticipated animal protein per person based 

on "low" population p<ojections !_/ 

Region 

North 
America 

Latin 
America 

Africa 

Range 

Low 
Medium 
High 

Low 
Medium 
High 

Low 
Med1um 
H1gh 

Low 
Medium 
High 

People 
000,000 

3 162 

1962-64 

208 

229 

248 

Protein 
gm/day 

23 5 

63 7 

2'> 6 

11 6 

Peop1e 
000,000 

4,071 

248 

352 

367 

1980 
Pro te in 
gm/day 

2Q 9 
24 o 
29 2 

66 2 
76 7 
97 1 

21 2 
24 o 
31 8 

9 9 
113 
15 o 

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

1967, Pages 263-264 

p_l Exc1uding Russ1a and China 
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LoLatlons dnd Descr1pt1ons of Natural Grasslands 1n Lat1n America 

(Rosevedre - En¡,land) 

1 Savannahs of Hot Climates 

a Or1noco ~lood Pla1ns or Llanos of Venezuela and Colombia 

i The Venezuelan Llanos lie to the north of the Orinoco River (2,580 km in 

length) and occuples ~n aren approx1mately 1 000 km long and 325 km wide 

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

tdry or the Or1no• o) to the Atlantic coast of Venezuela A gradual slope 

reaches from the bas~ of the Andes, wh1ch extends into Venezuela, towards 

the Or1noco but alt1tude seldom exceeds 180 to 220 meters above sea level 

(a) The temperdture r"rve at Cuid<d Bollvar (eastern part of the Llanos) 

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

peratLre dur1ng the course of the year is far from being uniform over 

the vast reg1on, even at equal alt1tudes At Calabazo 1n the central 

LL.mos dre found the W1de&t monthly var1at1ons recorded in Venezuela 

(b) Mean mnual rainhll fluctuares trom 800 to 1 800 mm and days of rain-

fall from 75 to 150 There are two seasons -- a rainy period which be-

g1ns 1n Ap11l, reaches a maximum 1n June or July, continuing until Octo­

ber with occas1onal showers 1nto November and December and a dry period 

dur1r1b January to March in whtch there 1s no rain The rainy season is 

dlways accompanied by 1nundat1on of vast tracts of land especially in 

the V1r1n1ty of the Or1noco 

11 East of the Andean range and transect1ng Colombia from north to south lies 

the Colombtan Llanos It 1s d1v1ded by a western proJeCt1on of the Giuana 

III¡.,hl~nd~ 1 rom <he t,rc ... t Ama7on PI un& further &outh 

(a) In c11mdtlt and other env1ronmental cond1t1ons the Colomb1an Llanos 

reserrble that of Venezuela and 1ndeed being continuat1on of them Mean 

temperature• 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 - Match being quite dry 

b "Campos" of Central Brazil The central grasslands region compriee 

parts of the states of Sao Paulo, R1o de Janeiro, Guanabara, Espirito Santos, 

Minas Gerdi&, Goias, Mato Grosso and the Federal District Climatic conditions 

are variable but thib h~ge region has a common pattern of rainfall dietribution 

frequent and heavy in the summer and very little in the winter - en annual 

range of 1 000 - 2,000 mm 

and 26°C 

Average annual temperaturas fluctuate between 19° 

i The "<lnnpos cerrados" are mixed formatione of trees, shrubs and underneath 

grasses which occupy extensive areas on the central plateau of the atetes 

of Sao Paulo, Minas Gerais, Goias and Mato Grosso 

ii The Ntllmpos limpos" are open bunch grass formations with no trees Both 

types extend into the northern region of Brazil and occupy parta of Amapa, 

Roraima and Rto Branco of the Stste of Maranhao 

It is eetimated that there are some 160 million hectares of vegetation of 

these types in Brazil 

e Savannahe of Bolivia and the Gran Chaco 

i Bolivia - The eastern Llanos or savannahs of the Department of Santa Cruz 

and part of the Department of Cochabamba form a part of the larga 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 landa and remain inundated for much of the year 

1i Gran Chaco - a region of scrub forest interspersed with patchee of savannah, 

extending northward from about 30 latitude into Paraguay, eastern Bolivia 
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dnd western Braz1 1 - a lowland plau1 with few interrupt1ons Sorne of the 

rl 
' 

highest te~peratures recorded in any part of South America occur in the 

Chaco During the summer r~iny se~son vast areas are under water 

d Savannahs of the ~r zon Baqin attd tht Gu1and~ 

1 1 The great Amazon (orest 1s gener dly regdrdt.d as one vast forest, but 

numerous gr:tssy ba\annahs 1ntertupt the thlLk cover of trees The most 

-1 1mportant savannahs are s1tuated 1n the northeast on the R10 Branco (to-

wards the front1er cf the Guiana3 and in the lower Amazon between the Rio 

Negro and R1o X1ngu tr ~butarleb Flooded savannahs are found along the 

1 littoral and 1n the lower Amazon, with l1ttle or no woody vegetation but 

a lush herbaceous cover in which grasses predominate A non-flooded type 

1 is comprised of grass and legume species, dicotyledons of other families 

and interspersed with shtubs or bmall trees ("Campos cerrados" and "limpos") 1 
One series of the,L t. ompos followb the Atlant1c l'oast (including the isle 

1 of HataJo- one uf thc most devLloped zones for cattle production), another 

1 
l1es along the rourse ot the Lower Amazon 1n the State of Para, another is 

sitJated on the upper extrem1t1es of the rivers Branco, Trombetas and Jari, 

1 a fourth extends 1nto the basu¡ of the southern affluents of the Amazon, in 

the extreme south-of the States of Para and Amazonas -

1 (a) Temperatures 1n the Ama?on 1eg1on are not excess1vely high, around 25"C 

Wl.th a lmv dnnudl range Ra1nfall for the whole region is abundant, in ,_ 
1 sorne 1nstances over 3 000 mw and a h1gh degree of relative humidity 

1 
There 1s d "o-ralle<! dty 'ea~on or summer July to December, in which 

the1e mdy be pdrtt~l or ~nttre ahsence of rain 

1 il. Upland 51.Vann lhr., o ( ttpy cHI l XlLilSlVe dted ln qouthwebtcrn Guiana and con-

1 
t1nue to the ea"' 111 broken form tnto Surinam and French Guiana With an 

elevauon of l00-150 meters they have an undulating surface, broken with 

-1 granite n1asses wtnch dre somPtlmes hLav1ly toresLed Ra1nfall does not 

exc.eed 1500 mm nnually and 1 Lllt'tdlly occurs wlthin a four month period 
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e Bolivar Savann'h~ of Cúlombia and Lowland Savannahs of Costa Rica These re-

gions occupy an unu&ual po&1t1on among the grassy savannahs of Latin America 

in that they cont,in areas of 1mproved pasturelands which are of vital 1mpor-

tance 1n supply1ng the meat requ1rements of their countries 

i The Bol1var savannahs stretch along the Magdalena River covering a vast 

lowldnd that seldom excePd~ 200 meters and extend over the coastal region 

where elevations may reach 350 meters Annual temperatures range from 27 

to jO e w1th compdrat1vely small fluctuations Ra1nfall 1s 1rregular and 

unevenly d~str1buted averag1ng 300 to 4350 mm 1n 22 to 145 days One 

period of drought lasts fiom 3 to 5 months 

i1 The savannah& of the Pacific lowlands of Costa Rica rise to 750 meters in 

the prov~nce of Guanaca&te twhich prov1des a high proport1on of the country's 

beet) Trop1cal temperatures ptevail but are of less s1gnificance than the 

two seasons w1nter or wet lasting from May to November, and the summer or 

dry from DecembLr to April Annndl precip1tation ranges from 1040 to 3050 

mm 

Semi-ar1d Graz1ng 

Northeastern Btazil is hot and mostly semi-arid It 1includes the states of Bahia, 

Sergipe, Alagoas, Pernambuco Para1ba, Rio Grande do ijprte, Ceara and Piaui and -the Terr1tory of Fernando de Noronha An equatorial climate prevails in about 

35 per cent of the reg~on and subtrop1cal 1n the remainder An average maxima of 

36"C and a m1nima of 18 6" has been recorded Two well-defined seasons - rainy 

and dry - are generally recogn1zed About 8 per cent of the region receives no 

more than 255 mm of ra1n annually about 25 per cent 255 to 635 mm and the re-

mainder over 6]) um WJtl• rPbuJar ''' dLfinL 1 di~trib••tion the latter quantities 

would be satlsta,toty tor pasture development but the entire monthly amount may 

occur dur1np vtolent storms of short duration In sorne localities there may be 

rain in December dnd Jdnuary hut none dtterwdrds 1n sorne years none may fall be-
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tween January and the end of March with downpours in April and May, and occasiou­

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

"Sertao , which makes úp the greatest p1rt of the region, extensive cattle raising 

is practiced, us1ng local b1eeds of small bite and low productivity 
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Appendix J ProJ ectcd lncr e ase in Cattle Numbers for Colombia !!l 

1958-60 
b/ Projection A-

b/ 
Projection Ir-

Base 1965 1975 1965 1975 
000 000 000 000 

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

% Increase 16 60 13 29 

!!1 Based on a study made by Harold M Riley 1962 

_ 1 ~/ ProjeLtl1n A- 1 24 antual 1nc1ease 1n pcr capita consumption anda 2 5% 

increase 1n pe1 capita incorre 

-1 Projection B - Same level of consumption continued as in 1958-60 

-1 
Note The 1961 e&tln,dte 1s 17 078 000 

~1 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
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Appendix K Product1vity of Introduced Grasses in the Improvement of Natural Grass-

lands 

1 Influence of fertilizer on the forage yield of introduced grasses 

~ 

Tons dr::z: matter eer hectare 

1 Grass No fertilizer Fertilize#" 

~ 
o 9 9 4 Axonoeus scoparius 

1 • 
1 o 3 1 Digitsria decurnbens 

f 1 3 6 o 

3 2 5 6 

H::z:earrhenla rufa 

Axonoeus mica::z: 

f 
í 

3 4 9 5 

3 5 12 3 

4 8 32 5 

Panicum maximurn 

Brachiaria decumben~/ 

Pennesetum eureureum 

• 1 1 
~/ Data from La Libertad Experiment Station Llanos Orientalis Colombia 

1 

1 
!!/ Kg/hect - N 150 at establishment and 50 after each harvest, P

2
o

5
, 150, 

' 
' 1 
1 
1 
,J 

'1 
'1 
1 
1 
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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 Sm1th -

Austral1a) 

1 Stocking rates and beef gains with native and improved pastures 

Stocking rate Dressed wt of meat 
Experiment acres/head 2er head l!er acre 

lbs/ r lbs r 

Stage 1 (undeveloped) 50 lOO 2 o 

Stage 2 (cleared & developed to 
sown pastures) 3 189 63 o 

Stage 3 (20% of area cultivated 
for w1nter fattening) 1 5 210 140 

Sorghum almum/green pan1c 
(Panicum maximum) pasture 2 o 240 120 

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

head an average good farmer w1ll run 1 5-3 acres and the poor farmer 2-4 

2 Cost of clearing and establish1ng pastures 1n the Brigalow Region of Australia 

al (3,000 acre unit) -

1 Clearing - pulling forest with chain and cable 2er acre 

drawn between two crawler tractora $ 3 00 

2 Seed (m1xture of Green panic Rhodes and Sorghum 

almum and alfalfa 4 50 

3 Seed1ng into ash from aircraft 50 

4 Fencing 3 barb suspension fence built by contract 

at $JOO/m1le for 640 acre units 1 50 

5 Water Farm dam or bore plus ret1culation 2 50 

6 Cattle yards and dipping facility 1 00 

Cost of pasture ready for use $ 13 00 

~/ Add cost of house, farm shed and purchase of renta! of land, plus interest, etc 
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1 
Note Excerpt of letrer from J E Coaldrake, D1vis1on of Trop1cal Pastures, \lho 

supplied the above 1nform1tion 

1 "lf we take the fipurc of 60 lh of medt/acre/yeor at the current price of $20 00 

per 100 lb , then the gro ~ return of $1L 00 ppr acre per yt>ar allows d wide margin 

lagainst which to charpP 1ntere't purchase pr1cc of store cattle or cost of breeding, 

Thia is why tht re n• up L > LOO lp¡>llcunt' for <' H h new block u( bri¡,alo1• ~and etc 

lthat the govern'lJCnt relea ...... t...s for development 

1 In the case of bn¡, olow land rcgrowth of the leguminous tree often becomes a 

problem lf th•s •s treated by acr>al spray•ng w1th 2 4 5T 1n the f1rst season, the 

lcost is now $4 00 pel acre for hormone and fly1ng 

~irst year then plourh•n¡ 

ltng currently costs 51 50 

lf allm1ed to grow on past the 

1s at pre~ent the only sure control This shallo~r plough-

to $2 00 per acre per t1me 1\10 ploughings are generally 

teeded [O preparC f<Or l C! Op 
0

liLiJ " for>¡ (' >O[S Jhls blVCv ' rcturn of 30() lb 

l1vewe1ght per acre (or upwards 1f ra1n are good) for the crop, 1 e roughly 200 lb 

~eat per acre pPr ve'' Plm•;,h• n¡, plus • roppin¡. to climin1te regrowth cun be a highly 

frofitable business In hrigdlo..r Luuntry 

1 
1 
1 
1 
1 
1 
1 
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Appendl.Y H Adaptatioll' and Y1elds of Sorne Trop1cal Legmnes and Grasses in Ha>~aiil!_/ 

~ 

Rainfall Elevation Soil Green i:ield, toJ.s/ac.,..e 1 Trop1cal legumes inches feet (plus) fertl.lity Alone Grass ,-,ssoc 
Not Irr1g 

a Desmod1urn canum 60 - 150 3000 
' 

V low 

b Desmod1u~ ~ntortu~ 60 plus 2500 - 80 

e Leucae~a 1eucocenha1a 20 - oO 1000 p 35 5-35 .L'J 

2 Trop1cal grasses 

a Brach1ar11 ~ut1ca moist 2000 heavy 60 

b DH~1_tar1a aecu'llbens 4000 mod 80 

e Pennisetu~ clande~tin~ 35 plus 6000 rod 4-10~ 

d Pan~cu-n rna'\.unum 25-80 2CLO \ ~od iOO-r ...... -3 .... 

e PanlL.Un M1.'\.trPurr 20-45 2:JOO 'llOd 4-3 
\ 

f Cy;odon dact' 1on 15-80 3000 l,eavy L 

1!_1 Data from Coop Ext Ser Unn of Hawau Leaf1et5 101 t1rough 107 and 110 111 and 114 

- - - - - - - - - - - - - - - - -
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Appendix N rordpt:. N e Jed md PtPC1S10n o[ Mcthods Uscd to Est!mate Forage Quality 

1 

? 

3 

4 

5 

6 

7 

8 

9 

10 

'1f Hum ti 'b d~.., 1r T1fton C'eorgJa (Burton et al) 

1-lfl'tliod ---
Da1ly ga1n of s.tccr<., 

Dry m.ll f"('r 1 IH 1J '1 

Dry matter d lfl tJblllly ( t ed btec.rt~) 

Dty ntJtter d 1pestJbll1ty (nylon h16) 

Ury matlLr [h 1 Lilll!-,l 

Crudc.. prOtLln content 

Percent lclvc..c., ( lty b..J lS) 

Crude f1ber Otll nt 

1/ Dry forage net.dLd for cl!gestlbil1ty studH"!:.-

Dry m1tter dJhc.~tlbility tf d LJ eh <'p) 

Forage Needed 

11· '500 kg 

? ,700 kg 

1,450 kg 

40 gm 

60 gcr 

10 gm 

20 gm 

10 gm 

lOO kb 

8 gm 

cv 

12 9 - 31 3 

6 7 - 16 9 

2 S - 3 2 

1 7 - 3 1 

4 5 - 6 4 

5 o - S 4 

6 7 - 13 o 

3 3 - 5 3 

]j 
Per&ondl corlmuni<. .. atlon forage research workers Cornell University 
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Appendix O Differences ~n Nutritional Values of Two Var1eties of Paqpalum plicatulum when Fed to Sheep 

Start of 
10-da' 

(M~lford - Australia) 

cutt-ng Var1etL 
pe 1od ---~ 

1 21 l ... 5) a e P I 2741 

b L ? :;: 11826 

2 28 ) )6 a e F' r 2741 

b e P r 11826 

3 9 9 ) a e P T 27~1 

b e P 1 11826 

D H D 1 
a1gest 1.ntake 

g/nd/dav 

57 1333 

56 1509 

42 521 
~ 

44 1019 

40 4)7 

50 818 

erude pro- Crurle prote_r 
tein content d1gcsnolllt) 

'Y 1 

9 5 ~8 

10 3 60 

3 o - 10 

5 3 39 

3 8 Q 2 

4 !. 20 

~ 

i\_-a,..,s 

Young 1:::a~ 

\.oung lea! 

'lature ste-•y 
lear e~ 

!ature so"le 
greer le.af' 

'-'c:.r _ E ~ 
~ es 

ftOSL < :--e 
sterrs 
base 

'1at..1re lea 
frostt..C. 
ste""T1s g 
base 

------------------
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