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Armando Samper, (Chairman}

Subdircctor General

Representante Regional para
América Latina

F.A. O.

Casilla 10095

Santiago, Chile

Presidente, CONIF (as of Dec. 16/74)
Apartado Aéreo 091676
Bogotd, . E., Colombia

Moisés Behar Alcahe

Director

Institute de Nutricién de Centro América
y Panam{, INCAP

Apartado Postal 1188

Guatemala, C, A.

Norman Collins

L

u.

v

Program Adviser in Agriculture

The Ford Foundation

Office for Latin America and the
Caribbeun

320 East 43rd Street

MNew York, N. Y. 10017, US.A.

is B. Crouch
Apartado 77-2
Santo Dominga, Repiblica Dominicana

J. Grant

Direcior General (up to Nov. 18, 1974}
Centro [uternacionat de Agriculiura
Tropical, CIAT

Apurtado Aéreo 6713

Cali, Colombia

Board of Trustees”

Luis Marcano
Presidente
Fundacién Servicio para el Agricultor
Apartado 2224

Caracas, Venezucla

Rafael Marifio Navas
Gerente General
Instituto Colombiano Agropecuario, ICA
Apartado Aéreo 7984
Bogotd, DD, k., Colombia

Roberto Meirclles de Miranda
Assessor
Secretaria Geral
Ministerio da Agricultura
70.000 Brasilia, D. F., Brasil

John L., Nickel
Director General (as of Nov. 19, 1974)
Centro Internacional de Agricultura
Tropical, CIAT
Apartado Aérea 6713
Cali, Colombia

Juliin Rodrigucz Adame
Apartado Postal 11-71
Mexivo 1, D. F., Mexico

Rafacl Pardo Buelvas
Ministro de Agricultura
Carrera 10 No, 20-30
Bogoud, 1, E., Colombia

* Asof Dacembar 31, 1974

Rl TS —

Luis Carlos Pérez
Rector
Universidad Nacional de Colombia
Bogoti, D, k., Colombia

Jobn Pino (Vice-Chairman}
Director for Agriculture
The Rockefeller I oundation
111 West 50th Street
New York, N. Y, 10020, U, 5. A.

Fabidn Portilla
Consultor, Banco Mundial
7804 Hamilton Spring Roacd
Acthesda, Md. 20034, UL S, A,

Edgardo Seoane
Presidente
Banco de Fomento Agropecuario del
Perd PR
Casilla Postal 26-38 . e
Lima, Perd

Philip Shedock N
Secretary-General ‘
Aassociation of Caribbean Universities
27 Tobugo Avenue, New Kingston
Kingston 10, Jamaica, W. 1.

Howard A. Steppler
Agronomy Department
MacDonald College
Quebec, Canada
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Theretorg, CIAT ressarch has fotused an the probiem of higher fertilizer prices
rather than shsolute shortages. At the price of cremical fertilizer increases, it
becomes mare profitable 1o seek altemative sources of plant nutrients, Furthermare,
the optimum, quality of chamical fertilizer per unit of land decresses unless the
ferlizer response i increased. In research being carried owt at present by OIAT
staff members, smphasie is placed on bivlogicat snd organic sources, as well o5
ways of improving fertilizer efficiency,

Biologics! nitrogen fixstlon by Rhirchium and rhizosphere organisms and
phosphate solubilization by organisms such as Endogons wwd Thinbacillus have
shown promising possibifities as alternatives to chemical fertilizers, Tropical forage
feguenes, when properly inoculsted, fix substantiel avounts of nitrogen, a3 do
tropicsl grsin legumes, Microbial fastors affecting phosphate solubility offer
exvellent possiilities for improved utilization of phosphate, but the incoulation of
soil with endotrophic micorrhizal fungi must yet be tosted under practicsl farm
conditions.

CIAT's present microbiclogy research is fimited to grain lequmes, and short-

term benefits from biofogical plant nutrition resesrch and training on grain legumes
are most likely to come from legume-Rhizoblum studies, ..mnx of trained personse!

“is the pringipal limiting fector in this work in Latin Arnarica; this is taken into
sccount when selecting persons for postgraduate training et CIAT.

Additionat field testing is needed to essure that specific ecatypes of wopical
pasture legumes, primarily Stylosanthes, are adepted to prevaiting loval ecological
tonditions. . .

Becsuse of the importance of using green inanure crops and crop resichues in
regions where 1and s rolatively inexpentive and abundan:, CIAT has initisted
axploratory work on thess in the Colombian Lianos.

Orgoing research st CIAT is aimed at improving technical axd oaomoﬁmw effi-
cisncy of chemica! fertilizers through (a) breeding and selection for varigtiss with
fertilizer response, particularly at low levels of sppiication, and/or improved tapec-
ity 10 extract nutrients from the soil; {b} agronomic studies on fartilizer apptication
practices; and {c} reduction of yield losses from diseases, insects, waends and ad-
yarse rainfalf conditions.

Specitic research chiectives along these ines, as well a3 progress made in 1974,
are detailed in the commeodity sections of this report. Attention to these matters
has fed CIAT to test promising material on low fertitity soils without fartilizer, to
give more attention 1o the timing and plaement of fertilizer, and o carry out
plant nutrition research as part of an apriculturst research system in which the
parts sre highly related.

Research pn improved weed control methods deserves partioutar attention, The
ecanomic payoff of weed control increases #s nitrogen prives rise. inexpensive
nitrogen way be used to improve the crop’s competitive position relative ‘.a wiods,
thercby reducing the need for other woed control measures. Because of this braed-
ing emphasis in rice, for example, wis changed to seek 3 somewhat wier plant that
would be more competitive with weeds and more tolerant of water shortages and
susit deficiencies. .

xn

Since international assistance agencies are making large Investments in the de.
wioping countries, steps were tekan in 1874 1w link these sfforts, both formally
amt informally, with those of CIAT and other international centers. -

s March, 1974, the directors of the internbtional agricultural centers met ot
CIAT with representatives of the International Bank for Reconstruction and De-
velopment and ggain at Wishingsen, D.C., during Imtemationsl Cermters” Week,
They learned more about the work of the World Bank and explorad ways whereby '
outresch programs might develop in concert with these efforts, particulatly with
respect 1o rural developmaent programs being urdertsken in mony countries, .

Later, the Unitad Naticns Development Programme and the Food and Agricul-
targl Organization sponsored 3 workshop at CIAT, where represantatives of some
seven internations! and regional centers exchanged views with the UNDP—FAQ
representatives aned thelr counterparts from Latin Americen countries nA ways 10
accelerste the application of agricultural resesrch developments in Latin Americs,
Plens for a similar meeting involving the representatives of the United States Agency
for inter-ational Development in Latin America were being devetopad at year-end.”

fn fate 1873, the three internationad centers in Latin America (CIP, CIMMYT
and CIAT) met with intaramerican Development Bank representatives and developed
# basis for a continuing program of spesial project sipport for training and outrsach
activities of joint interest to the centers and 18D,

CIAT miministration snd stafl, through such interactions, have been sbis 1o
identify ways of operating more effectively ih CIAT-country retationships. in
addition, this interaction helps to establish research priorities and 4 within-
countey framework for shamly concentrated research and the recruiting snd traine
ing of research waorkers and production speciatiets. This, In tum, anhancas the
Hkalihood that these persons will be utilized effectively ahter training.

Although CIAT attands initially to she problems of lowland agriculture in Latin
America, it is also concerned with research and production probioms in other areas,
particularly with respect to those commedities for which no other center has major
responsibifity. At present, these commuodities are beef, swine, casssva and field
beans. in suddition, working syreements with othar centers provide mechanisms for
the exchange of germplism and information, L

Meny imternational agencies and eountries have provided funds and technical
assigtance Tor astionsl research and praduction programs of the developing coun-
tries tor years, in fact iong belore the internationel agricultusal research canters
began operating, But continued prassures of population growth and the sontinuing
world fuod shortages sinoe 3977 bave emphasized that the major burdea for in-
cremsing food production 1siis on the national organizations of the developing

countries, In addition to carrying on adaptive and applisd research to Taitor new .y
varieties and technologles pmerging from the internationaf centers, the many socio-, "~ o

wonomic wspests of agricultural development can be hantied only by the nationel;, -
aysiieies themsalves, -

W

o omeewavnn e ) r -

AR
These concerns have besn articulated by the Technical Advisory Gomimittes of
the Consultative Group for Interaational Agricubtural Reseerch, by the Consultative
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Hesistance to most major diseases and pests has been encountered, arud rapid
sreening methods sre being developed. Weeds can be sontrolled etfectively by
shwee hand weedings; howewer, 166 vigorous weed control is needed when plant
population is increased.

cassava tecuires & balance between root and stem pro-

The plant ?EE for
. of thres to four is maintained through & long leaf

duction so that a feat ares index
iife,

Tentative critical levels for nutrients in isaves gm.g determined and marked
response to fertilizer was found, particularly to potassium,

An economics survey shows that most cassave in Colombia Is grown ::nwa
monoculture and is attacked by & large number of disesses and pests, Certein
practices, such as plant densily, appesr 1 be less satisfactory than those used for
opfimum production,

Field Beans. Fertilizer and other chemical shoriages, as g..a__ as imbatances in
international trade, have incressad the price of many faern inputs for both large
and small farmers. To counter this, the program has stressed n&.@_g_ﬁmﬁ of
technolagy which would insulete farmers againgt ehanging economic and supply
praoblems.

Vields of cluse to 3,000 ka/ha were obtained in replicated «a&n trials in Co-
lombia. Disease-free seed was made aveilable to 2 aumber of nationat .Edm_ﬁnu,
Using such materials, farmers in one area o Guatemala raised average yieids from
615 to 1,545 kg/ha.

Varietivs resistant to the leafhopper, Empoavca,and to Ewﬁm nﬂ:&ﬁﬁ such as
common enosaic virus, waeb blight, rust and bactecial blight were idenritied.

With initial charpetesization of 10,371 accessions in the m&ﬂﬁwﬁ: _...,u:# well
ureder way, a crossing program was initisted with the most promising selections,

Studies comparing conventions! maize-beans sssociation with n_m.s..gaw buars
grown on stekes or trellises showed that the tatter system had a considerable yield
advantage.

i 5 [ i f maize production in
Maize. CIAT's limited steff concentrated on wko&wmwu o
the Andean zone, snd thus served 4s an outreach setivity in CIMMY T's internationat
maize improvernent network.

As brschytic short plant muterisis appear 10 be more stable for haight expression
over the photmopetiod-temperature regions of the sw.saﬁm: ons, io«x on .-:am s.“mw
emphasized. Setection ad crossing in lwo gycles in 1974 helped to identily useful
combinations of charagteristiss in modifiad brachytic types.

Work continued on Hve CIMMYT hard entinsperm varieties, and grain was pro-
duced for bislogical evaluation with swing in 1975,

Xvi

In plantings with cassava and yams, drought stress showed no yield responss
from doubling the plant densities of brachytic, opague and native varieties, A
native veriety failed to respond to the presence or sbsence of casseve Or yams grown
in association. in 4 maize-cowpes wssociation trisl, the opagus, hard endospern
variety VE-21 did not respond to densities between 30,000 and 70,000 plants per
hectare. In addition, the gross income from the association was independent of the
refative proportion of the Two crops in the system, T

Such results indicate the need of further study of associated plentings and the
necessity of selecting o plant type that will serve the needs of -maize in both
monocuiture and associated cultures. ~

Rige. Twn varieties developed through the CIAT-Institvte Colombiano Agrope- -
cuario rice program, as well as other varieties introduced from {RRE, have made a
significant impact on rioe production throughout the lrrigated areas of Latin Ame-
rica. Data from Colombia illustrate what is happening at 2 rapid pace in Latin Ame-
rice. Rice production has increased greatly, elthough total srea in rice hes not
changet! significantly, The area in irrigated riee is rapidly expanding and replacing
upland rice. Wheress uplend yields remain uachanged, yields of irrigated rice have
risen from 3 to 5.4 tons per hectars since 1966. Dwarf rices have aimaost totally
displacad traditions! varieties and now occupy 98 per cent of the irrigsted rice araa
of Cattirpbia, . :

)

Bigst cesistance is now the primary objectjve of the program,and all crosses in-

volve one or more hiast-resistant parents, . ‘

- i
in 1974, CIAT - ICA retaased CICA B as 8 blastresistant, dwart, improved ﬂizm
quality variety. This stopuap variety lacks adeguaste vegetative vigor, and its blast!
sesistance is not expected 1o prevail for more then one or two years of commercial
planting, ’

Gheen the cost and unaveiiability of nitrogen Fertilizer, bresters now seek ma-
terial 15 10 20 centimeters talfer than the ysual height of present dwarf varieties.
This inereased height snd vegetative vigor are prpected to snable the rice plant 10
compate better against weeds without serious danger of lodging, At the same time,
it seoms likefy that improved control will tend to replace liberal applications of fer
sifizer in farming practice. . ’

Small Farm Systems. After explorstory studies of five sites in Latin America,:
the esearch unit salected \wo [ocations: Ls Méquina, s recent settisment on the
Seuth Coust of Guaternuta, and Cacaotat, sn established village o the North Coast
ot Colombia, for indepth studies of the {actors limiting production on small _..m_a .
hotdings,

o

Experience during the past year has ivd 10 2 forus on several criticet issuss which ™
ara basit to the goal of increasing production on the sawdl taim, and these will be >
studied by the group. These factors includs guestions related to multiple Cropping, .
choices among alternative inputs when capitel is himited, aofficieagy of legume- .
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he baske goal of tes BeefProgrem i3
1 datermine and demonstrate the rofe
of beef cottle in the agriculturat and
sconomic developmant of the lowland woeps
ies, in producing protein for human Con.
sumption, in creating jobs and generaling
intome, and in fanllitatiog sres development,

Soecific program obiectives wre o ingreuse
besf procfuction on lands that are not sult
shle for crop production, sz well & the
shoarter torm utilfeation of potentislly arable
fands for graring until necewmssry infrae
structuee for crop farming develops,

The specific program focus i on the ex-
tensive latosof grasstarad aress lapproximam-
ty 750,000,000 hectares) in the Llanos of
Yenezuelz and Colombia, Campya Cerrado of
Brazil, Beni of Bolivia, as well a5 similar
{ands eisowhers, These solls are generally in«
fertile, and rany have limied potential for
eommercizl crop produston,

CIATs principel field program is located
et the Carimagua station of the Instituta Co-
lombigno Agropecuario in the heart of the
Eastern Piains of Colombia, frequently re
ferred to in this report as the Llanos
Orientales.

Marked increases in cattle produttivity
have been obfained through the use of im-
proved grass and legume-grass pastures at
Carimagua. Weight gaing on molasses grass
{Melinis minutifioral, s pioreer irgroved
grass, were @8 high as 56 kpfhasvesr ascome
pared with appreximeaieiy 15 kgfhalvear on
native grass. However, even higher weight
gains of approximetely 200 ka/hadvear have
heen oltaimd when stvle {Stylosanthes
giyarenais) is inchuded in pastures. Stylo, 2
tropical forage fegume, ik much higher in
protein than the grasses, is dioughe resistan,
and hosts soil Fhirobia which cap symbioti
cally fix atmospheric nivragen in the soil.
During the dry season, catte on siyfobased

pastures gained weight, whereas catile on na-
tive anct improved grasses lost weight.

Supplementation often Increases produc-
tivity and profit in istosol grasstand sress.
Complete mineral supplementation has in-
creased colving percentages of first-calf heif-
ors grazing native grass. All native and m-
proved grasses grown on thess latosols, as
well # stylo, ars deficient in phosphorus,
Protein supplementation during the dry e
son enablad steers grazing molasses grass
pastures o gain weight while nonsupple-
mgnted steers lost weight.

Early waaning of calves at 2 1/2 months
eaabled cows grazing oative end molasses
grass pastures {on a margingt plane of nutri-
tion) to rebreed, All carly weaned calves were
keaithy and nearly as heavy as nursing
calves,

Health status also limits productivity, Sur-
vey teams have encountered the breeding
diseases bruceilosis, leptospirosis and infec-
tious bovine rhinotracheitis in the Llanos
Orientales. Incidence of the hemoparasite

diseases anaplasmasis and babwsiosis has been

variable, with anaplasmosis gencratly being
endemic and babesiosis being spotty, On the
North Coast, with higher cattle densities,
both homoparasite digeases appeoar o o
Bighty endemic, Wild animaf populations are
baing checked to determing poientiat heslth
hazardy to man ard Byestock.

The tconomists have concentraied on
datermining the economics of heef produg-
tion systams in latoso! grastand areas. Model
simudations heve been sondugted to deter-
mine (elurns to low cost inputls, such as
winoral  supplemeniation, which can be
sopdied In the short term. Compandon studies
isficote that the esteblisheent of improved
pastures, @ higher cost input, is econpmically
viabls sven though temporary nogative cash
flows are¢ jo be expected. Dther activities

have incfuded # reglonat workshop on seo-
nomie aspects of the Heestick sector in
Latin Amarics and 2 benchmark study of the
livestock sector in collpboration with na-
tional institutions in Peru and Ecuador.

A proatotype of a family fares unithes been
established 1© provide date snd experience
on how 1o make wvailable wehnology work
for small Tarmers Ins areus such a5 the Lianos
Orientales. 1t includes o component to pro-
duse food for the farm family and feedsigits
for mingr species and 8 boef cattle compo-
nent as the principsl commerciat part of the
anterprise,

Wark at CIAT, Pabmirs, as retaed to the
developrent of highly intersifiod systems
for smaH farmn unitls in fertite sof areay, in-
dicates that Hvewsight gains of 2350 kgfha/
year can he protuced with fertiized ang
irrigated napier {elephant] grass {Pennistauny
purpareum},

A seminar sponsored by CIAT on poten-
tals for incressing beef production jn the
American tropics was attended by 281 beef
production specislists from Latin America
and other pares of the warld.

CIAT co-sponsored and served a5 host
institution far a seminar on the management
of sails and the development process in trop-
ical America in February, 1974, Thare were
218 participants from 26 countries.

FEED SUPPLY

Malnutrition is the major factor associgted
with low productivity in beef cottte in the
fowlend wropics whers pastises sre markedly
deficient in protein end energy in the dry
season and often only marginally sufficient
in the rainy season, Methods to improve
rutrition of grazing enimals include im
provad management of existing paviurss,
sstablishment  of improved pastures, and
supplemetttalion-as necassary -1 Correst rak
tritional deficioncies of grazed forages,

Pasture plant introducfion and evalumtion
The search continues for legumus, both as

a component of improved fodder guality and
as & nivogen source. Spesific research ob

jectives include selection of legumes for allic®
soils with high adaptation to grezing. The
gerus Stylosanthes shows good promise for
such low soll fertility situations. The paran
niial species S. guysnensis demonstrated fuy
value under actual grazing conditioms in’
experiments st Carimagua, where it produced

mare dry matter under grazing then the

gnnual 8. humilis ov "Gordon.” Curmuiative

yields for the period January (o Septomber,

1974 werer S, guvanensis CIAT No. I8,

14,037 kg/ha; 8. hamilis v 'Gardon,” 5,272

kg/ha.

New sccessions were collected fram son
level to 1,800 maters. Analyses of soils from
colloction sites indigate the adapistion of
soime species and biotypes of stylo fo a wide

range of soil pH, phosphorus and caleium
status

New atcossions of stylo collecred in
Colombia ami Venezuela in 1973 were svalu-
sted in spuce-planted variety trials and in the
glasshouse. To assess the genetic variability,
yield and growth components of distinctive
growth habit iypes of S. guyanensis, 21 ac-
cewsions were studied in a glasshouse ex-
periment,

A space-planted variety trial contalning
37 aecessions of S. guyanensis was established
at Palmira to swdy dry matter production
under a seasonal cutting regime. A similar
experimont with 17 socessions wes planted
at Carirnagara. At hoth sites, under widsty dif-
ferant soil fertility conditions, anthrecnose-
resistant varieties produced high vistds,

Styio amheacrose {(Eolimotrichum sp.] is
endemic anif widespread in the troples of
South and Central America, Among 200 |
stylo biotypes observed in field plots or
wsted In plant house experiments, & high.
dogree of resistance 1o anthracnose was found
in only four S guysnensis, six 8. hamaw
and two 8. humilis. Anthracnose retittance™
appoars 10 have good potential for improv-
ing the porfarmance of the stylos in tropleal
Americs by incressing persistence and pro- -
© Atiic soils e GEMNBG A8 xtramely seld eglfsin

wihilth slumid ] ¥% the ta-

jon w6 tor saghangs compies. Thay are sinveat
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comiined with gotrd forage chavscters.

ductivity. Comsequently,  selegtion uf
intypes with increased disease resistance is
economically important.

Mew accessions are first tested in a humid-
ity - saturated chamber for resistance to
anthracnose, To assess anthratnose resistance
under field conditions, five resistant and two
suscepnible accassions of stylo esteblished in
smatl plats were inocutntad with 3 suspension
of conidia in wawr, A goot correlntion was
gliserved beiween giashouse and field test
resuits

Mature planis of 5. guysnensis var, La
Libertad,” eurrendy used in grazing experi-
ments, disployed satisfactory Held resistance
1w stylo enthracnose, but the disease re
sulted in losses in seediing stands, This va-
riety sad similar robust, high-yielding growth
forms, which develop a woody stam base
with age, especiatfy under lenient grazing or
infrequent curting, are vuinerabte to defolia-

Figire 1. imdigastus Colombisn Desmodium 5. shaws 4 high Jeval of resistance ta insect attack

2N

tion at the advanced stages of growth, Selec-
tion pressure is directed toward plant types
with » large mumber of crown branches and
growing points well distributed along the
stern axis.

Fitteon accussions of stylo wers comparad
for seed yield at Patmirs, Seed yields ranged
from 30 kgfha to 567 kgfha

Praomising selections of Centrosema,
Dasmodium and Macroptilium pra now aval-
abio for testing In vegional trials under a va
riety of scologial conditions,

& Colombisn stotype of Dasmodiam sp.,
possibly 2 forwsitous hybrid, continuss 1o
show profvise a5 a forage {Fig. 1. In addition
to desirsbie forage charatteristies, it is more
rosistant to leafmeting insncts than several
accessions of Desmodium intorwim. This
Dasmodium wilt be relessed for regional
testing when adequate seed supplies are avail-
able, The strongly stalpnifercus Desmodium

Figura 2. M, ptillum atea

heterophyllum warrants testing in combina-
tion with creeping grasses. This legums shows
good forage potential and adaptation to loce!
conditions,

Ample evidence from experimental plant
s of Macroptilium stropurpurewsm ov
“stratry’ indicates that this commarcisl cul-
tivar adapts poorly to eguatorisl latirudes,
Iy sutfered badly from sttacks of rhizattonis
aat hean rust. Sevoral experimental fines of
Mocroptilum sp. show promise as replace-
ment cultivars for commoreial siratro (Figs.
2 and 3.

A limited number of forage grass acces
siong established in observation plots inclute
14 Cynodon spp. and 2 Andropogon
guyinas. Cynodon is performing well on
kaline soils a1 Palmira, and it s more
vigorous than pangola grass  {Dgitaria
decumbens}. Test plots of Andropogan have
been establishoed at Carimagua.

v shvirely affacted by rhizoctonia sad baay rust,

[
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Figure 3, Disssse-casivtant Macroptithim stege
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Figure 4. Strongly stoloniferous, diseass-resistant
Centraserns hybrid (Fg),

Forage plant improvement and beeeding

f5 and Fa populations of she infer
specific hybrid Ceptrosema brasitisnum X
€. wiegmimwm e i e eleanned shigr
of tasting {Fiy 4}, Seloeted Fg familios werg
assassed for stofoniferous development n
swaord plots in the dry scason ared wgein in
the wet scasor, On hoth eocasions, dry
weight af stelon roots per sGlars meldr wak
significuntly higher for the F s than for the

‘Talie T, Meun dry weight of stelan ronis ol twe Fy tiyhridts und €

Table 2. Ruaciion’ of siscted Fg hybrids snd
€. pubescens scatypes to  Carospors
tunf spot and fed souseic virts. v

Hybrids Mean number of
or disease-aifecied
£, pubescant fenves per 0.5 m¥s LED.
17 -33¢(F T
sl 25
- 87 {F .36
17 .- 87 {Fg) 4
€, pubsscans
{Ecuador} 550
54
£. pubsscany
{Colombia} 576

« Glitgrances Lalwenn 0y fwd means are Nighly
significant (P=0.01})

C. pubescans control {Table 1), The sams Fgs
exhibited significantly better resistance Yo
commen teaf diseases of, for exampla, centre
vercospora leaf spat and mosaic virug than
indigenaus and introduced C. pubescens lines
{Tahie 2}. Seed incroase arcas of Fg popula
tions have beon established, and bulked seed
of Fys wiit be used for distefbution and
ragional dosting in 1975,

Sacd production

Sned of the pramising forage specieg bring
jdentified 18 required orgemly 1o permit a
vapled and thorgugh evalualion af both lege
umes snd grasses for specilic ecolugicalr
management situations and the datermina-

L pubEsCEI,

HHyhirichy and
wemtred Dty seamn

Wt scazon Mear:

C. prbrscans

thiotambia) 02
17 RT{F) 11.28
¥ 35{?"5} f210

Wit 564
1253 P44t
1392 34601

LED Pm 001 = 7.24

tion of their impact on anims! performance,
As cultivars are identified and developed,
attainment of new potentisls of lvestoek
parformance will depend upon availability of
vast guantities of good-quality seed 3t res
sonabls prices.

. Tropical pasture improvement hat reached
signiticant proportions only in terms of large-
scale comurestial sowings in parts of East
Africa and northern Austslis. Commercial
seed praduction Is highly developed in these
SEME regichs.

Many variables influence levels of seed
production. Sucegssful seed production areas
will be thoss where suitable combinations of
climatic, edaphic, labor and management
faciors exist to produce consistently reliable
high seed vyields and allow their efficent
recovery at harvest. Such suitable lonations
need to be identified for sach species.

Within tropical Latin Amaria at present,
there exists only 3 rudimentsry production
system of some grass seeds, wherpes there in

rone of sy tropical legume seeds, Grass seed .
is gleaned from naturslized pasture aress,

and the produt sold sommercizily Is simost

invariably of low purity and vishility. What

tegume seed i svallable i imported, of |
exceiterst purity, but with viabitity dependsnt

upon age and conditions of storage, imparted

seed is not necessarily adapted, snd importad

seed of nonsdapted germplasm provides no

shorteut 1o providing seed for pasturs fm.

provementL .

The Lalin American tropics are the centar
of origin of various valuable forage legume
gerwra, but the sampling of such geretic
resoucces for utliization within the same
region B virtuaily nil. It s highly criticst
that resoucces allocated 1o seed production
are spplied to germoptasm which has proven
to ba adapted. Theretore, seed production
tannol be an isolated, independent program
bur must be closely related 10 germplssm
davalopment and evaluation programs,

The pasture and forage seed production
program has five basic obistives: {1} to maxi.




fisld drying.

mire the rate of seed production nf promis-
ing species and ecotypes tor experimental
nurposes, (2) to produce foundation seed of
new cultivars, (3) to identify and study the
determinants of high vield of quality seeds,
(4) to provide a field training experience for
trainees interested in forage seed production,
and (5) to assist, where possible, the seed
production programs of national agencies.

‘The major emphasis during the past year
has been on the establishment of new pro-
duction areas at Palmira and Carimagua. In
ganeral, Palmira is used where close technical
supervision and/or high labor inputs are
required {Figs. 5 and 6}

Carimagua provides a location tor the
larger scale increase of species adapted to
allic soils. Production systems are conducted
there along more commercial lines. As seed
becomes more available, preduction will be
initiated at other sites with suitable co-
operators.

Five introductions of Stylosanthes
guyanensis are being increased at Palmira,

-

Figure 6. Thrashing a sead production area of Paspatum plicatuiurm following hand harvesting and

where a total area of 1.5 hectares were
established by transplanting sewdlings inlo
the field. At Carimagua, 5 hectares were
established with six introductians by direct
smed sowing. Three introductions of
Stylosanthos hamata were transplanted into
initial increase plots totaling 0.5 hactares

at Palmira. Selected introductions of
Cantrosema pubescens, Macroptilium
atropurpurevm, Dosmodium canum, D.

hetarophyllum and D. sp. have each been
established in increase plots averaging 0.2
hectare, -

. Previously established areas of
Stylosanthes guyanensis {1.5 ha), Brachiaria
ruziziensis {0.5 ha}, and Paspalum plicatulum
{0.8 ha) were maintained and hand har-
vested at Palmira,

Pasture establishment

Phosphorus and calcium deficiencies lim-
it the growth of most tropical forage leg-
umes and grasses during establishment when
planted on oxisols of the Colembian Eastorn
Plains {See Annual Report 1973, pp. 20-23).

Figura 7. Effect of P and K and their int

No potassium response was measurerl initial-
ly; but after three harvests, K greatly limited
growth in a greenhouse trial conducted at
Palmira with the soil described on page 49 of
the aforementianed report. This striking re-
sponse of S, guyanensis to P and K is shown
#in Figure 7.

The effect of K and P on dry matter
yield and forage content of K and P are
shown in Table 3. The K content of tissue is
much lower and the P/K ratios are much

ction on growth of S, guy
from which three crops had basn praviously harvested.

is on a Cari

narrower than in a similar wial on the same
soil, but in the field.

This experience emphasizes the impor-
tance of K in many tropical soils, in which
K-supplying capacity is often extremely
low. Both grasses and legumnes extract large
amounts of K {Table 4).

Under grazing management, K and other
nutrients are removed from the forage and
concentrated in areas of urine and feces de-

Talle 3. Effect of P and K on dry matter production and nutrient content of S. guyanensis on an oxisal

from Carimagua, fourth harvest.

e

Dry matter {Percentage) P
Trealmunis (g/pot) {Percentage) P (Percentage} K {Percentage} K
+P 0.17 0.34 0.36 094 -2
+K 0.43 .10 1.36 0.07
.
+PK 2.69 0.14 0.43 .33
1
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pasits.  Although removal of K from the
paddock is quite low, severe deficiencies can
sesult because of uneven distribution,

Band seeding and band spplication of 300
kyfha of basic sieg (155 P20;,45% CalOy
equivalent), following seedbed preparation
with two diagonal passes of an offset dist,
resulted in good stands of §, guyansnsis and
indigofera hirsuta sseded with Pawmpalum
plicatulum. Seeding rates were 1.2, 1.5 and

3 kg/ha, respectively, Hows 45 centimeters

apart followed the wheel tracke of the tractor
and drill. Compaction was sufficiant to assure

capiliary How of water to the surface
supply the maoisture requirements of the
germinating seedds and young seedlings.

Cutter ants seversly damaged a number of
wisls seeded with S. guysnensis and P.
plicasulum in 1974, (See discussion of axpe-
rienca on family farm prototype unit, page
49). Thelr order of preference was obzerved
1o be P. plicawlum } S, guysremiz ) L
hirsuta. Damage was greatest where wedbed
preparation was followed immediawly by
seetting and where gl native vegetation wis
destroyed (Fig. 8.

Table 4, Tisson vontent of N, P, K, Ca and Mg of trogical legumaes snd grasss grovwn an a2 anisol 3t
Carirague, Colombia. Trint was sstablishad in Apell, 1973; harvesind in June and QOctobar, 1973,

Harvest
Specie . date N p % Cs My
Stylosanthes June i Gag .04 0.7% 0.42
W EneTS Oetober 271 915 1,75 .89 042
T 246 3 3 33 1.49 0.82 042
Cantrockms June 257 R E 852 035 0.2
pubmseans Oelober 258 612 1.36 0.44 o2z
¥ 27 [ 8 ¥ 114 A0 o34
Desraaciven June 246 G2 .73 0.6% g.47
intgrium Qetaber 2.69 414 1.40 0.658 [+ 23
g 258 0% LU7 0.61 o494
Catopogoniim Junm A 010 1.02 nAZ 058
muconoidee Ootttar Z.483 o4 1.44% 0,54 0.26
X A8y [ AR ] 1,24 D3R 052
faniinis June 886 .08 .85 N3] 8.21
vaftstifioes Ootolwr 1.3 .31 £.37 807 621
¥ LI 6.1 1.} &.0% 8.2
Hypardunia June 1.4% a.46 G.88 #.20 4.29
rufs October 1.42 414 1.55 0,43 &.15
® 129 %08 1.2% 17 0.22
Faspaium June 1.0% 008 1.05 048 047
phicatubum ' October 1.28 0.0 B89 $,24 445
* 199 0.09 1.52 D26 .46
Brachiaris Junm (1] 0.06 087 0.9 0.30
dmguribens Cxtgher §.94 0.10 217 o4t 0.18
¥ 1.8 008 1.52 0.15 0.24
Lagames Tof4 2581 0.13 1.21 [+ %11 8.36
Gravses ¥old 128 4.09 .39 457 825
10
TS T e et

R X
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Figueg 8, Lusf cutier ants dextroyed 18 hectares

T ¢
of 5. guvanensis snd 40 hectares of F. piicensiom in

the saediing stags s the tarmily farm unit ot Carimage,

Pasturs weed sontrol

Qriz ot the prohlems in establishing forage
legurmes is initial waed competition,

Results from the trials on ranches on the
Narth Toast of Colombtia showed that Con-
trosema {Centrosema puhescens) was lnast
injmed by finuron (1 kafhal, alachlor (2.5
kgthal and DNBP {3 kg/ha). Forty days af-
ey application, new weods began to appear
with thass treatments. Dison gave belmr
num:& but siso severely Injured the leg
umes,

In scregnhouse trials at Turipanj i
vide sinctivity and weod na:w”awm,:wﬂw“.
enninl  soy  [Glycine  wightiil, shatro
{Macroptifum atropurpuresmi and Centro
sema werg studied. Cormmon wasds of the
area were soeded in the Hats 10 assuip 2 ani-
form population, The most selective angd
eftective weatments wore alachior, linuron,
floprodifen + alachlor and fluorexdifen +
mmcmcm. Amdications of methazole and
diuron ware highly phytotoxie, {n every case,

more injury was ohserved when the legums
seodds were brosdeast on the surfage than

when weded 1 tg 2 centimeters below the
sarfapy,

At CIAT's farm, 18 compounds were
tested in a sefectivity 1rial with Stylosenthes
puyanemis. Many herhicides known to be
selestive in other icgume specivs were used.
Adequate selectivity was demonstrated by
DNBP (3 kg/ha, prel and bentazon {1 and 2
kg/ha, post). DNBP gave fair weed controf,
#ndd bentazon was excellent for all broadiesf
vereds but did not conirol grasses,

Marginal selectivity was observed for
H.22234 and perfluidone teoch st 3 ko/hs,
pre}, Totstly nonsslective compounds in-
cluded dinitramine, AC-O2663, metribuzin,
alachlor, fluorodifen, linuron, chioramben,
S-6044,  oryziin, bifenox, oxadiaton,

* Names: of substancey usest as herbiciges in dif-
tarant chapters af this puklication sppeer with
initinl igttere In igwer cow. NMamys of commaer-
ehit peosucts appaar with inftls) lmiters 18 cope
1talx fEditte’s ngta).
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methazole, naprupamide wrel CIPC &
naptalam. Commelina diffusa, a commaon
weed, wis totally tosistiant 10 dinitraming,
AC 92553, linuron, S-6044, oryzlin and
naprogamide  bhut  wisy
matribuzin, = bentazon,
chloramben, perfluidone, methazole and
hifenox.

Brush eontrol continued to ba the major
concern on thi: North Coast ul Columbia, As
many species are resistant to foliar applica-

Table 5, Compsrison of nozzle size and sprayer

operator on the quantity of solution
spptied 10 s stamlard sire cut stump.

tiuns, cut-stump applicstion tochnigues witre
tested. A special nozzle lcalled a “‘lork
noztle''), designed in cooperation with a
local equipment company, directs a double
stream of the diesel fuel-herbicide mixture
to the cut stump, The fork nozzle was tested
with various back-pack sprayers and sprayer
operators an various sizes of cut stumps.

There was relativaly little variation be-
twensn thn freen opeiators and - sprayany,
which meane that tha applicatirs can he
I T AR L R LT ITRT L
Ulaldes B ad 6, (here was considesabie
varttlan i e odipnl sgny e thiny
nosrle sizes, It appears that either the TK-2
s LV 7% paepabet bas rerrpnrnnpedoel, as tha TV -1
buiaed a b it and g sl o e e
tor phsg

nizn ot tho el stomp alen quantly jntlo-
gnces  (he  optimeon amount ol solution
applied to wach (Tabie 6), Changes in the
diameter had tass elfect on the yutput than
did changes in the length (15 and 26 per
cent more, respectively, whoen the diameter

ol ml/xtump Ave T
sum;.lll.ll::::lll):life': N:::h lay three appllizstory wm": ar
i 1 2 3
TK 1 A9 9.0 8.3 At
TK--2 15.8 14.0 11.4 131
TK -3 15.8 164 13.6 15.1
Averaye lar
aperator 12,8 13.1 116

or length was doubied). Shruhs of rather
large diameter can be treated without greatly
affecting the cost of the apptication, How-
ever, the height of the cut stumps should be
closely controlled,as extra tall ones esult in
the application of more solution than re-
tpeehpend,

Baminl  bontiid  tpiple wime Brgsloaind
using the (ork 1kxesla tur cursluiap applic
il wenl a Copw oz dar dolime applica
tions. Twso soil appliad herhicides ware pvalu-
qinel Gonaeal iatings taboan naysey W) cinegs
Tt sla tneniths Wil Ahal e spastis
“arrayan’ (as yat unidentified) is resistant
to ofl Tolindy apgelined coropourely, Only
piciatsm 4 24D i 1 par cem solution of
tha comrmatial proghiet klal S0 e cunl
ol the shiubs nsated; whereiss 2,456-T,
dicamba + 2.4-0;2,4-0 1 24,51, DPX-1108
and glyphiosate were totally inelfective.
Karbutitate and tebuthiuron applicd 10 the

Tabie 6. Comparison of threa nozzle and four cut-stump sizés on the quaniity of solution applied

soil at the base of individual shrubs partially
tnfoliater]  but after six months had not
killed any of the shrubs, Cut-stump applica-
lions af 2,4-D - 2,4,5.T + 2,4-DP in cliesnl
tuel or 2,4-D + pictoram in water gava com-
plete control,

Mrthods of contralling two troublesome
hethaceous species were studied, Scleria
ptarota is a nonpalatable sedge with a
triangular cutting stem which spreads by
rhizomes, thus meaking it hard to controd,
Heliconia bihai is not consumed by catlle
amd invades pastures via rhizomes. Scleria
was completely controlled by diuron and gly-
phosate; whereas 2,4,5-T, diesel fuel, 2,4-D
+ 2,4,5-T, picloram + 2,4-D and DPX-1108
had no effecr. Heliconia was more difficult
to control; but glyphosate gave 85 per cent
control, and the combination picloram +
2,4-D, 82 per cent. Fair cantrol was ohtained
with 2,4,6-T, 2,4-D + 2,4,5-T and dicamba +
24-0. Diuton, UPX-1108 and dipsel fuel

tnvn ney eondtel, o nther triats, 4 yrace
{131 aulslaria i Hual sl wiigghudieny

(Dicanthium  aristatum} wers suscusstully
astalfishmd ult gonnolting  Belorin aml

Heliconiz with divron and glyphosate, re-
LTL R IET S B

Pasture antl forage utliization

CIATL hoatiyaartors 51 Palmira

The grazing trial designed to measure the
offect of nitrogen fortilization on beef cattle

- production continued.

=0 672 kg N/ha
1300 .. —4 BOO kg N/ha
ir—a 332 kg N/ha 12987
A 100 kg N/ha

-
»n
o
(-]

-
-

Body weight gain {(kg/hafyear)
a
g

8a1

Stocking rate, ntesrs/ha

Figure 9. Besf production on irrigated Pangoly .

wam fertllized with nitrogen,

faldu 7 pasands e datty galne adalalived
in 1974 and Figure 8, the gains per hectara,
Waliht galus werg Dighe than In 1073 ot all
stocking -rates within ' levels of nitrogen
aptalindd, eonrbiing & mnsimom precduitinn of
1,468 ky/ha ot weight gain with the applice-_
tion of 612 kilowams of nitrogen. Incre-

maents ware larger at higher stocking rates

{Tahle R),

Internal rotes of return were calculated
for all treatments using current values of
nitrogen and cattle prices with the sccumu-
lated production of the three years (1972 to

Y l i L L
4.17 600 G683 6.7 .50 833
. ‘!

—ay

per stump, Table 7. Averaga duily weight gein of stears grazing irrigated pengole gram fartilized with nitrogen
nl/stumnp [CIAT, 1973-1974},
3 i [ nyage Tor
Nozzla cuf-slurpg size d"‘m"l“r"'fﬂﬂ)-_‘ﬁr ﬂ\"‘h"l". -
size mm/15 em _20mm/50 ool ; /15 cm S toadls Stocking rate, ateers/ha " '_'
TK 1 7.0 10.0 8.1 10.8 2.0 Level of it 17 '
vel of nitrogen . 5,00 5.8% 6.67 7.5¢ 8.33 I
TR 2 10.2 13.6 13.0 16,4 13.3 {kg/asyear) {g/day) . o
X 15.7 - -
™ 3 115 12.5 145 19.3 168 546 493 485
Avg. of stump/size 9.6 13,7 1.9 15.5 337 453 469 ass “&ﬂ‘ W
[ i T
Avg for diameter 20mm 2116 40 mm =137 500 467 433 459 Py
672
Avg tor length 15¢m =10.8 I0cm =14.6 162 158 447
13\}
<y
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Table 8. Incresses in bt produciios ghtsinad in
TEtro.

.

10974 over 1973 in pangole grass tarsitized with

Stocking rate, steers/ba

Tavel of mitrogen 447 5,00 5,83 6.67 7.50 853
{kg/hafynas) Wr}
168 3 24 97 ~
332 wi1F 29 169
0 166 30 238
672 91 172 ey

19741, Hates of intust weae B all coses ke,
the bighest being § per cent in the TUH
kilograms of nitogen leyel per hogtare with
five stears per Rectara, Two factoss enteradd
this vear inte the sconomics of castle fatten
ing: the ingreste in the cost of nitrogen
fertilizer and the change in price of cattle,
The price of nitrogen increased from Vs
0.31/kg in 1973 to 0.73/kg ared cattle from
0.51/kg to 0.,53/kg. The inflution rata was 25
per cent; thus, deflated price of cattie to
1873 fevel was USS0.40/kg and _nlu-ogen
was 0.58/kg. This combination qf lru:(eased
price of nitrogen and decreass in price of
catte resulted in low returns

Table 8 presents a simplified calculation
10 determing the refative affect of these two
factors on intarnat tate of return. Duspite the
apparently high incresse fn nitrogen prices,
the decrease in cattle prices had a-greater
influence on economic return.

The grazing trisl designed to measuie beat
production on nonirrigated pard grass forti-
fized with nitrogen was discontinued, 25 re-
turms 1o fertiization werg not economicul.

Carimagua

The ranagement study of the native trop-
jcal savanng, which was modified in 1872
snd 1973, sontinued in 1974, This triat com-
pared the effect of burning the total srea of
the savanné once sach yedr 10 8 sgquemial
burning, dividing the ssvenna with firgguards
into eight oqual plots and burning sach plot
once & vesr, but in a segueniial arder
throughout the year. fach trepument was
tostod with cauttle under three stutKing sates.

L

Tabde 10 pressng fiis yem's 1pmslis,
Waight gans m all nepiments wand Tt
thar In 1973, The ducrease was particularly
great in the seqgsential burning troatments
but rose ax stocking rate increased, 1t would
appear that the combined ettects of yeprly
busning and higher stocking rates damaye the
productive fograge species of the savanma
although no apparent changes have occu_rre'd
in botanical composition and yield, This &

Toble 9, Interned rates of st of a0 intensive
fsttuning system on brigarted pangats
grasx whan calcuizted asing prices of
873 snd 1974, /0t

Degreasy
w betause of ¥
1975 1974 price
cattlopree (%) % Hh
1)
1973 23 15
8
1974 13 Y

Deceease due 1o
cattle peice {3} W

* VLIRS COMFESRONE 1O 3 systam ustog 168 kg ot
Riazyear and flve steers and nctude In
cases the produstion of three yoars of grazing.

* Nijroges piicese 1973 WES 0.3 1/ks
1424 WSS 0.73/%g

1973 UES 0.5 1Fkn
1974 3358 0.5 340

Catkio prices:

infation 1923 - 1974 - 25 par ceat

.

‘sable 10, Productivity of the native spvanna st Casimagus with twe wystsms of bursing "

1873 —~ November, 19741,

Dadty weight change Weight change in the period ::z';;:: L
Stockingrate DY season  Rainy #ASR  Dry sston Reiyssasom  Yew'  previcusyesr .7
{steerssim) {g/daytacimal) {kg/animat) (porusntage}
One burmning*
v.20 4 e é ‘57 8 2
0.35 -113 311 ~14 % 8t »
0.50 218 179 —27 ] 16 7
Sequential bumming=* |
2.20 ~ 81 334 -10 G| 7 40 &‘.; N :‘
0.3 347 255 -4 . 8 13 88
0.0 ~315 149 59 ® 1 TR

= Al the raa Was butned o November, 1972 and agibn In Nawamber, 1973,

% The arex was diviged by fireguards Bito sioht plote with ans piat burned ai eight differsnt timew |, . -

throughout the wear,

not surprising, as changes in botanical com-
position and structura of the savanna gensr-
aily oteur over 3 prolonged period of time.

All of the advantages obtained fast year
with sequential burning were lost in 1974,
With higher stocking rates, it will not be
possible to burn every yesr because there is
not anough dry forage on the ground 1o a¢t
as fuel. The decision was made te bum in
the future only when there are st least 2
ton/ha of dry matter at the time of burning,
independent of the burning treatment or
stocking rate.

During the first two years of p molgsses
grass (Melinis minutifioral grazing tisl, &t
was found that initiat fertllization with phas-
phorus and/or potassivm had no effect on
weight gain of steers, whersss the stocking
rate had & marked effect on per animal and
per hectars gain. Animals in all Tertlized
and stocking rate treatments lost from 350
1o 550 grams of weight per day during the
dry seasom

Lt

With these results in mind, this trigl was
moditied to test the use of a molasses + =~ °
urea suppisment during the dry season and
the effect of resting the pasture during the.”
dry swason, The three previous fertilizer trepr *
ments were then transformed to! {a) grazing |
molasses grass yeer around, (b grazing molas %
soy grass vear sround with the animals re-
teiving 400 grams of sugar cane molasses +
B0 grams of yrea {45 per cent nitrogen) per * |
animal per day during 124 days of the dry
season, and (c} resting the pasture during 124
days of the dry season {December 19, 1873 4
to April 22, 1974) and grazing during the ¢+
rainy sesson. Table 11 presents the results’ ’
obtained through October, 1974, rey)

Y

LR
£
Animals grating molasses grass without . »
supplement during the dry season sufferet n‘
severe weight logses. Molasses + urea sup- %,
plementation grevented these losses and *-
produced a small weight gain. Gains during
the tainy season were gopd, particularly st
tow stocking rates. Resting the pasture during
the dey season proved to be the bast way to

5

H
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Figurs 11, Effect of chaffing v the dry matter
i pf Stylosanthes goevaramais wae L
ﬁw«m 172 monthy' fast growth].

The sailection within sterns was particular-
ly pronounced in early Howering stylo {eight
monthy first growth after plantingl when
thit was offered #s long forage, While the
whole stem contained & per cent CP, snimals
st were allowsd to refuss 40 per cent of
the towd DM or 70 per cent of the stems
consumed stenss with 12 per cant CP while
the refused stemn contained less than 7 per
sent (Fig, 143

These dats emphasize the Importance of
selective consianption and indicats that se
feotion within stems might be equally a8
important a5 selection between leaves and
stem.

10

Stem Gry Hateer

Enuted Torem

T %~ ~B6#g 100

Parcanteps o stam dey matisr conmimad
Figure 17, Effact of chatfing on e selection

Prrsentape of CF in cansumad

m

T
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e st

8
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m hd 4 i

AT iz i3 TR
- of OF fn conmmed dey mater

fFigura 17, Effact of chlfiog on the relmion:
whip M“in! paroantegs of &cl.._r_. crpde iﬁ-..u
snd percentegs of cruds peotel in the
dry mmtter of Swylosenthed gevanarsis  ver, LE
Libartad, {8 142 months first prewth},

The results also indicate that in screening
varieties for nutritlve value, it might be i
porant ot only 1o determine the feaf-stem
ratio, but also 1o study the putritive yatae of
difforent stem fractiors.

Feeding value of Desmodium distormm,
Snitial trinls with Desmodium distortum have

"
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»md

wma -

$

- T
= 5 P a0 100

Percentsge of stey dry matier sonkimed

i 4, Effact of sehection on the perconings
mﬁcahaia in eovsted stom dry mattr of

for siem with ¥ highar crinte protele an...dm.ﬂwm Ma_ﬂhumﬁﬂncmg:uw var, L Lisertad 16 montha’

Stylntantnes gquysnsansis war, Ll Liberead,
meathy' Hret growkl.
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first growth] whae fed es long forsgs..

Tabie 15, Faad lot purformance of Zshu % Swnts Gartrudis steers fod shoppad siephant grass sd Hbitam,

Elephant grass
Elsphant grass Elwphant grass 4,5 kg CIM +
Exparimentsl tactory alore + .8 ky CEMH 2 kg molueses
iovolved A Y o .
Animals (Ms.) 4 4 TR
Tnfeial weight (hg) - aLe 2080 w70 ..
Final selght (g} 399.0 20,0 . Ae20
ADG (5)*/ 5220 5918 00 o
Wl
Total wt quin {kg) 752.0 £51.0 10148 3
DM (kgliynin (k) 1L6 e Toite W
Avy dadly M consumption {kg) 61 &4 7.8~

* Signiticantiy greater thun A or 8 (P {51}
1} Cottonmed moal
2} Byarage daily galr

shown that thiz forage & well accepted by
sheep and is also highly digestible, Young
materisl, S0 cm high, contalning 52 per cent
leaf, 11.5 per cent petioles and 385 per
eent storn amnd offered &t 100 g DMfig W75,
gave an intake of 75 g DM with a digestibility
of 68 per cent, More mature material, 180 to
200 cm lonyg, with 21 per cant leaf, 8.5 per
cent petioles, 2.5 per cent seed hoads and 688
per cent stem, gove an intake of B g DM
with a digestibility of B4 per cent when
offered st 100 g DM, Varying levels of faed-
ing showed a strong selection of lsaves, pet-
icles, infiorastance arwd younger sfem frae.
tiorns.

Intansive production systems

Intensive beef production research constic
tstes a minor portion of the oversil beef
program activities and focuses on the ute
lization of crop residus, by-products, and
intensively produced tropicel forages, The
land area and machinery used are kept at
mirsimum so the information ganerated will
be directly applicabls to the small farm, Yo
date, one trial has been compiletad with stears
fed in individusl stalts for 360 days using
alephant grass {cut daify] 8 the only source
ol forage, supplemented with cottonsesd
meal snd molasses (Tables 16 snd 18], A2
this level of productivity, approximately

o4
R
2,400 kg/mafvear of fivewsight gain were proe
duced with elepharit grass alone. reah

A preliminary study is undar wey in which
cagsava 1ops as a protein source we fed w
Zebu steers in combination with chopped
elephant grass, This study was [nitiawd sfrer
ohserving four steers being fed pure forage!
cassiva For six weeks in which no vieuah
disarders were nofed in the animals, How
ever, their average blood thyocienate level
{mg percentsge} was mare than 200 per cant
tigher at the end of the six wasks than jn
simitar steers on normal pasturs, i o

e
g aee

Table 16 Performence of aleghant graw produced
fom oo hectsrs under # Invanshw '
rsnagEmant systam, ¢

D8 (kq) produced (360 days) uﬁ»ﬁm
Cutting nterval [days) 56.0
Nitrogen applied (kg/ma/yasr) #500
D cantent () .83
Frotein content () DM EtEY
Dhgestibiliy {$) (i vitre) " sme®
*  ferigatad woskty during try ssasons 0
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ANIMAL HEALTH

During the last year, emphasic has con-
sinued tobe in the Lianos Orientates {Eastern
Piains} of Colombia, where the work pattern
has fogically developed from sxperiences
gainad in the Villavicencio slaughterhouse,
from visits 1o individua! ranches traced Trom
slaughterhouse findings, and from CIAT
work at the ICA ststion st Ceritiagus.

{nvestigations were carried out on 38
farms in colisboration with the Colombian
Cals de Criditc Agraric {aprarian credit
bark ). All the farms have cattle development
joans ard are distributed from Villavicencio
in the Piedmont eastwards across the Dapar
mmento del Mats iote the Comisarfa del
Vichada. The sreas of emphasis within the
animal health program were brought together
into a single field team gpproach, and infor
mation on all farms was coltested as regords
preeding diseases  {brucstlosts, 1LB.R,
leptospirasis), hemoprrasitic  diseasas
{anaplasmosis, babesiosisi, sotoparasites
{ticks and “'nuches”], marsgemant practices
and economics. The data that have besn
processed to the time of this report are
recorded separately below and referred 1o
under the tite “"Caja/CIAT survey.”

The first series of visits was carried out
during the wet season, The farms will again
be visited in the dry season with a modified
pattern of approach detertningd by experi
ence. For example, farms which have ure
explained abortion or infertility problems
will be visited to investigate other possibili-
ties. In addition, the wild animal program
will be orianted 1o the study of the epide-
miology of bovine disaases in selected local-

Table 17, Totsl wumbar of catite slaughiared In Montaris, Palmire and Viltavicancio sloughtarhoises,

ities. As the results become available, they
ars discussed with the Caja’y extension veler-
Inarians, who then take over the responsibil-
ity of implementing control measutes,

The smme spectrum of subjects i being
stadied in two uther ecologically ditferent
aress In Colombis. The first is a group of
ten farms on the North Coast thet collabo-
rate with the CIAT livestock produstion
pecighist tralning program. The secordd ks 2
group of ranches in the northers part of the
Cauts Valley used by the School of Yeters
pary Sciences of tha Upiversidad Nacious! as
ondarm training areas lor undergraduats
studeniy.

The development of both resesrch methe
cdology and of the technigques necessary for
disease control in these three regions makes
them suftable aress for the training of grado-
ate students, Such sress are required Tor the
development of the animal health segmant
of gutrzech programs elsewhere in Latin
Amgrica,

In the development of the special project
in hemapurasites (USAID/Texas A&M], the
principal effort contentrared on the oepfarm
testing of Immunization for anaplasmeosis and
babesinsis, The complementary specisl pro
ject in ticks [UK-ODM] started in Novembar,

The emphasis on epidemiclogy has result-
ed in a marked increase of accessions for the
serum bank, The number of sera stored from
field Investigations relating to beef, swine and
wild anienal work is now 19, 349,

snch for 3 singls pariod of sxaminatien in 1974, glving the rtia of mulax to tewates.

Male Female
Place Baried of time Total prdmals [Percentage) {Parcantags)
Monteria $arch 8. April 25 695 91 (1%} 604 (87)
Palmira Do, 19-~-Feb. 17 1,643 716 (44) 924 (56}
Vihvicencie March 13~Barch 15 257 102 [3%) 156 i61)

Table 18. Totsl ber of fumale cattle

ined by CIAT animal health staft in Monterls, Palsivs sesd

-

Villswicanclo sisughtarhiuses sand ths ratio of gregrant to nonpesgnant snirmals, .

Mace Total femalss ?nﬂ“ﬂ-& (Parantage)
Montarfa 328 259 {19} % (aly
Patmirs 408 276 (88} 129 ()
Viklavicensin 155 98 (63) 57 {3%
Brosding diseasey

Investigations were carried out in three
sfaughterhouses: Villavicencio {Llanos Orien-
tales}), Monteria {North Coast] and Palmirs
{Cauca Valley), Incidental and interesting
information was again collected concerning
ths high proportion of female animals being
slaughtered and the apparantly high preg.
aancy rate. For these three localities, Table
17 gives the ratio of maie to female animals
siaughtered, Table 18 the ratio of pregrent
to nonpregnant animals, and Tabis 183 the
distribution of age of pregnancy in fomale
cattle, Table 18 gives the impression of
randomly sclected female stock, as pil stages
aof peapnancy are represented.

Various factors may be involved although
there is general recognition that a fall In
price of beef leads to an incresse in the sale
of famalos of any age and vice versa, These
figures are relevamt 1o the ongoling investiye-
tions in the economics program. The preg
nancy rates are important in the study of
brecding diseases, and knowledge of the siy
nificance of the slaughterhouse figures in

szo;EQ..BB:an_,.uic:_ag:s_:.
able., v vod
O

Brucetiosis (

‘The apparent deteriorating bruceliosis pic..
ture in the initialty cerologically “clean’ cate
tle of the ICA/CIAT herd systems experimant
st Carimagun was further investigated. Fol-
towing agreernent with ICA, six consecutive
serum samples taken st two-monih intorvals
from 105 cattle were sent to the Pen-
Ameritan Zoonasis Center, The sers wem
m,xm“wmm& by the tube s, complement fixs
tion et and card test. With the tube test, 54
animals gave suspicious reactions. However,
the complement fixation and card 1ests gave
only two positive animals. The disgnosis
given was that these two animals alone could
be considersd positive, Al the other re
sctions were consistent ‘with the animgly
having recelved brucella vaccine sfter the
recommendid sight montie of age, However, -
the mmﬁww of sny such vaoeinstions prior 1o ¢
purchase is obscure, and the problem fs still
not ertirely resolved as to the source of
infection of the two positive resctors,

Table 19, istribution of age af pragrancy in pragsant fsmals cett exarmined in Menberis, Pabntics and
Villavicancio slaughterhouses by CIAT snimal health stasf,

Ages of prégrancy in 30-day groups

to full -~

Fiace 0~30 a6l W @i il will w210 to 340 em
Monterfa 3 18 2] 73 19 59 L & 1,
Patrnira 3l 2 9% 9 1% 37 a1 B Wy
Villavicencia ? [ 21 4 -3 ] 2% 13 QMM.
]
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fant axtension of the work will gontinue
1o be done in collaboration with ICA, Cur
rently, the Colomblan isolates of Ansplusma
marginale, Habegia bigeming and Bubesis
argentina to be usad in this work are helng
prepared and smndardized. The project will
be carried out on commercial dairy fams,
whers snsplasmosis and babesiosis ara ldee
sffied ps maior problems, Six commercid
farms have been visited, thpoe have heen
sampled for determination of the prevalence
of ansplasmosic and babesiosls, amd mors
farms will be visited snd sampled, Finsl se-
tection will be made at the beginning of
1975. :

Four seroiogical st used to disgnose
B. argantina and B. bigemina infections are
being compared for sensitivity, speciticity
and practicability, These are complement
fixation, indireet Huorescent antibodies, pas
sive hemagglutination and repid casd agglut-
nation. In addition, the rapid card aggiuth
nation test is being evaluated for the diag
nosis of B. bigemina infection under teld
conditions. These tests and comparizons sre
required far the epidemiological work on the
North Coast and in the Llanos Orientales
Caja/CLAT survey.

On the Noeth Coast a study wias made on
four farms to determine the age at which
calves are first infected with A. marginsle,
8. bigemina and B. argenting, in an ares
kriown 1o be endemic far all three infections.
Thirty cows, all in their sixth to ninth month
of pregnancy, were selected on each of the
farms, Serum samples wera collectad prior
‘o ang irmnediately following calving to
detorming whether complomant flxing anti-
bodies against Anaplasma or Babesia hemo-
parasites were present, Blood and serum
samples were coftectod and ticks counted an
each ealf within ooe week following birth
and at biweekly intervals thereafter until
anch calf was ¢ix months of s, Age of firsy
infection was detormingd by direct micre
scapic axamination of hiood and by s estogi-
ool tosiing. To the prosent time, results imdi-
cate that the rejority of tolves hecome
Intected with ail three heinoparasites during
the first thres maornths sfter parturition,

I the Liangs Orientales, serg from aff 36
Cala/CLAT surcey farms wers provassed for

¥
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A, marginale and B, bigamina. Although tests
for B. argenting have not been carried out
and a statistical analysis is presently in prog-
ress correlating prevalence with tick infesta
tion and menagement iactors, some obsetvar
sions can be mads, Aneplasmaosis appesrs en-
demic throughout the study area. On the
ather hand, B. bigsmina has a variable preva-
lonce between farms, and situations wers
given whers movement of cattls Could result
in mdult mortality from babesiosly,

Konitoring of the ICAJCIAT herd systams
experiment at Carimague contnued, Principal
attention was given fo the calves. A similar
endemic pioture for sneplasmosis was re-
vesled o8 present on the Cajs/CIAT survey
farms, However, anly 2 of 160 calves wmested
in September showsd complament-fixing
antibodizs for babesiosis, Tick infesuations
are slso Being monitored so that the degres
of infestation is being Kept at 5 level where
epidemic babesiosis is unlikely. The absence
&f relationship between tick infestations and
the prevalence of anaplasmosis found both at
Carimagua snd the survey ranches, s an inter-
esting obssrvation on the ticks' lack of de-
pendence for transmission.

The ICMH also participated in the Lianos
survey work in order 1o investigate the por
sible Involvement of the human population
iIn the epidemiofogy of bovine babesiosis
Medical histories were recorded, physical
examinations were conducted, thick and thin

hood films wore prepared, and sers was -

collected from 48 persons in five localities.
One individust with Ptasmodium vivax pare
siterla {malaria) was identified, Sera have
beon sent 1o the Paragitic Serology Unit
Center for Disease Controf, Atlants, Geurgia,
where serologit tests for Babasia and Plasmor-
dlum species ore currontly being conducied.

.mn_%-..ii

Otarvalions cantinue on the prevalence
ol Dermatobis haminis {"nuches’} in the
herd systems sxpesiment at Carimagua. The
specific foci of infection in the grazing
areat waire the same ot in previous years
ICA animal heslth steff handied the treat
monts, Observations were also matde on the
36 Caja/CIAT survey farms. Based on lutersl
obeervations on only one side of the cow, A
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nuches wars seen on ten ferms. On 21
farms, up to 25 per cent of the cattie ex-
amined were infected; on 4 farms, batween
25 and 50 por cent; and on ona farm, more
than 50 per cant. This last farm slsa had the
highest average numbet of nuchas per infeats
ed animal {3.9), An uneven, but declining
prevalences was found from west to aast.

Tha malor work was on ticks, The nsw
acaroloby unit i clowsly integrated with the
hemaperasitology and wild snimal susdley,
Part of the epidemiclagital work is 1w coliect

ticks from both domestic and wild animsls -

for identification and for the sstablishment .-

of colonies ot Peimirg, At present 12 species -

of ticks have been identified from the Lisnoz -

Tahle 21, Spucies of hard ticks {Acering: Diodides) found in the Carimageis arsét up to November
1974, and thelr mammaelisn or reptilisn: hosts, »

Tick species Host specios Commion hams
Aenblyormra sarteulerim Sigeradon sixton Cotton rat
Drwgypran kagprbert Kappler's aomedillo .
Dakypans subirvivoln Armadilio 1
Amblyornuns Calesmwy Cuocoitauy virginlanuy White-tatled duer N
Dhesypus kapglar Kappler's amadilio Coe
Myrmecophays Wridetyls Ciant anteater !
Tastantdus langlcsdate Long-tailed tamsadus .
Didalphis waarsupislis Commen opottum i
Mataching sudicsalatus Rat-taled oposnum .
Hydeoehoens hydrochosris Capybara - !
Arnbiyowims coastuny Qoplurus sp, Land rortoisa Bl ﬁ
Ambiyomma disimils iguens iguans Iguans T m
Aawtacols xp. Azcucols o
Bow zonstrictor Bos
Amblyomma rolundwtos Hydrochomus hydrochaeris Capybars :
oh
Arnblyamms longirovire Cowndou s, Tres porcupine oz
Amnbiparron maculebim Hos indivus Tubu
Lardotyon theus Crab-esting fox
Hydrochowray hydrochoeris Capybara
Anblyommas peces Cunientus Seca Paon
Angeantor nitens Equus cabatios Darsestic horse U b
S
Boophiluy sderapluy How tndicus Zabu o
Odducsiias virginisn Whiteaied doee . "
Hydrochonrat hydrochoerls Capybara M ey
ko lucine Didetphis marsuplatis Common oporsim -8 ‘
e
Rhipicephwlus sanguineus Canls tamiliaris Domestic dog =
a
ok
R
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"t is expecied that this size of herd (an  Cows and a total of 107 head, the tarm hag o 4
8 g = o - § % . example of one possible wolution] would negative cash flow during the tirst two years
E i =i P £ % vield at least the predetermined minimum  when owner financed and during to 19, 1
= 34 nat family income. and 1 with eredit. The corresponding inter- -
" [ T00n nal rate of return weas somputed at 15 per
5 3 B = = r = The analysis of the “optimal” rate of cent. .
@ 8 ' o = b 2 2 pasture davelopment and its implizations for ¢
- - " . im‘ienmgm finws and risk considerations will One of the most difficult problems Is the
2 kL 2 2z § Z be examined in future work, negative cash flow resulting during the first |
o = = S i g vears. The unit, sithotgh economically vis-
) . - 3 5 5 t?s:?i.;si“a:;*b?z: ézﬁm;i?i::: ;zndg’:: ble Sl iUdgegi by the rate of rewin, ha_a )
g 3 2 8 2 i 5 0= sleventh year Q;; 21 head sliy. Sern linancial feasibifity which is still uneortzin
= = 2 g1 - g ¢ eve - JaRg 21 head anmusliy. because of the presant credit system in Co-
= = sitivity analysis i“‘ime_’ thet these resubts o Future anslysis wiil sxaming the po- -
o 2 2EY %3 P % are sensitive 10 the caiving rate sssumption .. santribution of crops to the cash flow |,
@ M bl H 8 £ # bt oty marginally sensitive to variations in 25 part ! the production system gnd will ¢
- ifw catf martality rate, For example, o redie. #lso examins alternative eredit arrangsments, »
s % g ﬁ g% S 2 ton from 10 to & per cent in the iafs.w,
= o ) 29 83 o - Increwses salﬁinmepen&wompmmz period
3 % = from 21 10 23 head per year, Production systems Harger tarm} Carima.
el £ 3 3 ®B 7 Boog ) ) s region :
] ™ ;g : ;7; d g g B ﬁ Araaoh;.rprovadpastummb;gsﬁabhshed R
5 o n “ 13 wat devrmined g5 a function of hord size, A modeling sligrt, similar to that ds-
- |3 g . 8 Z33 z i 4 E LA During the first year {1}, investment congists scribed for the snalysis of the family faem, .
BEIE 3 i T S I " ‘:“: 2 ol buying the ignd, oxtoliishing improvert  wg appding to cme stiding of largar farms,
= 2 2 242 78 g8 iy pasiure, end part of the cost of the houss, The ecanomists simulated the effect on pro-
% R 5 : %3 ; = Booos P4 The main investment during the second year duction, zash flows and on the rate of ratun -
‘g - @ - " . 7 ity wes in caute sithough cattle wore resalting from changing the systam based on
% % 3 3 % 507 3 I 4 g % brought 1o the farm at the and of the Previcus axtensive grating of savsnna 10 & mors inten- a
o - % & s b = 3 vidr, No labor costs have baen charged ay iy, system, including improved pastures,
E M o . . sz cash outlays; all latior is supplied by unpaid : -
§ z 2 z52 33 I T I (vily mambers. With respect to saurces of Ay ix the ease with the sml taren, only
;" i T 3 4 ¥uodow oy " £ capital, cash flows have been computed ster-  one of the possible sets of assumptions with
o H . . 5 = vz natively for {3} alf cash outlays financed di- Tespeet to prices and technical epsfficionts is 37
: 3 £ K & 2 % oo b og rectly by the owner and (b} all cash outlays  reported here, An example of 3 traditionsl
9 g " 6 v o k! A - I Ty fivarcart with credit, at 2 rewl interost rate tacm with a total herd of 240 hesd, Including *.
* T - r EO% § gl of B par cent per year, with 4 years of graca 100 cows, was shected, L
Z E o , - 3 4 = z 33 and 12 years for repayment, Capital require- e
o : T . : I ments are shuwn in Table 26, At year 25, For the intensive system, improved pas "
H ?E i £ % £ 3 5;}?5 the farm bas a net value of pproximately  WUres are esablished on 120 hectares with |
i - ' § Cy Ng a T % yisat Col$ 500,000 {USS$ 20,0003, Stylosanthes and molasses grass: native "
E - - A - 1 . f: - vanna Iy avaitable at & carrying capacity of 5«?
[ “ & 4 E‘; ?:; # 5 a §§¥-3§§ When financed by he owner, the farm, hectares per animal unit. The same technicsl £ ]
% :; ! ﬁ IR - &;. P gg;% whih an initial berd of 15 tows, has 2 nege-  Goctlicierns reported ilm the tgmity tarm -
§ rg o o | Bee 5; tive cash llow during the first six yeors, or  were used, Under the |ntensi_ifa system, the ?
¥ i < iz 3 . il 3gsil? \ eight vears when initial capital is horrowed  herd stabilizes during the sixth yeat 9t s I
8 s 1§ %. . 5 E'g ] AN gg 3 {Tabte 25). The internal rate of raturn dor a predutermined maximum of 100 cows and |
’g 3. i g i f § i i 3 g gé 55%%% 5-year period was estimated 51 18 per cent. 278 higad in folsl. v ;
Iy i » = L i nm wEdla .
8 § 5 i g g i g & E i ?”# 2 T F o Alternatively, starting with the steady- - The effect on production, investment and |
g & g a - State size and composition of the herd of 36 cash flows are presented in Table 26 s and b,
k] ”,31%
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i ife-cycle cartie praduction studies (Cari-
magua, Herd Systams | Project, ICACIAT]

A¢ pointed out in the Fonde Genadero
survey, a key factor In explaining low herd
productivity in the Lianos Orientales is the
alternate year calving patterm because of the
failyre of nursing cows to rebreed, This has
become a focul point ol investigation. Poor
body condition ang potr growth rate are
swongly implicated a5 limiting sbility 10
reproduce. Time s prolonged for surplus
mates 1o reach an acteptabln market weight
gnd tor heilers to reach brsading weight.

in the ICACIAT Hifecyele cattle expeti-
mant at Carimages, the eariabdos bsing
studied for  improving reproduction and
growth economically on @ hord basis are
minerals, improved pastore, protein {uread
supplementation In dry season, early weaning
and crossywending.

the weight changes ia 8l herds for shout
18 months previoss 1o calfving e showa in
Figure 26.

Minsrals

Up 1o February, 1874, about 18 monthy
alter the exgeriment began and before the
first calving, minerabsupblemented haifers
weighed 1,20 times mors thar heifers receiv-
Ing oniy salt. On a gein basis, minersi-
supplemented heifers gained .63 times more
than the beifers on salt only, In contrast o
Africon results, mineral-suppiemented hefl-
ers actually responded more 1o minerals in
the dry season than during the wel season.
11 might ke inferred from this that the
fowland pasture used In the dry sesson was
of somewhst higher nutritive valus than the
upland pasture grazed in the rainy season,
The mineral comparispn was limited 1o
riative  pasture,

First-year calving and pregnancy raies
were greatly Jdifferent for the mineral-
supplemanted group. This amaunted to 34
sore calves born or predicted to ba born per
100 cows; that is, 1.49 timos more for the
mireral-supplernented herd {Fig 271
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Figure 26, Two graphs rprasenting! {A) changos
in waights of heilers on diffarent pasture systsms.
{B) Changss in haifsr waights on nstles painers
sifectsd by minsrsis, Chwck treatment enresents
standard mant systeena in the Limos, Graphs
A snd B both refer to the IGA-CIAT Herd Systena
Praject in Carimagus 1187248074},

These early results reinforce the recom-
‘mendations for feading gomplete minerals,
advocated tor so long by sl sgricutwral ad-
visory agencies, public and ptivate. It is dif-
ficult tn understand why there has been 50
littke adoption of mineral feeding. P!f?iapf
an axplanation such as that of Baver (1968)
pertains, He found in the Beni region of
Holivia that the sconomics of mineral sup-
plementation e cow herds was not Tavorable.

PR O—
* RALTR, B 068, University of Florida, Grutie
searck Shogrt Snuee, Gainewiiis.

Figusn 27, Hurd § on ﬁaﬂvg pasture and minwcsin, Teanty-nine calvings fro

nursing tows wars rabead,

However, in the prasent study with heifars,
return on mineral investment & at fesst two
e one. Comparative results with cows will
become available in future vears,

Consumption was about Y0 kg/vear/haifer
for sairv-oniy hords, 20 kg of compiete min-
ernl mrix on native pasture, 30 kg of complete
mineral mix on molasses grass pasture year
round, and 25 kg of complete mineral mix
per cow por yvear for herds on molasses grass
only during the rainy sessen. The mineral
Formuls was: 47§ salt, 47 % dicaltium phos-
phats, 69 traca mineral mix. The trace min-
eral mix was cupper sulfate 1.95%, forrous
silfate 5.0% zinc oxide 1.24% manganess
sidfate 3.08%, cobalt sulfate .29, potassium
iodids .07, wheat middlings 88,459,

linproved pasture

Seediod, Tertitized molssses grass {Malinis
minutifloral pastura is used exclusively for

herds 8 and 8, and in the rainy tesson for
herds 8 and 7 {Fig. 28]. It now saems clear
with heifers, @8 in the sieer expariments, that
molasses  grass progiuces  superior  cattis
growth in the rainy sesson but ls inferipr to
the lopwiand savarnw in the dry season whan
heifers corntinue to gain weight 3t about the

sgme rate a5 in the raipy scason on native

pasture, Calving was sarfier in molagses grass
pastures, bt it appesrs that on 3 first-year
basis, the caiving rate may be somawhat loss
than on native ssvannas {Tabis 29),

Ures-molasse; supplamentation in dry
saason

During Janusry-March, 1974, herds 2, 4,
? and 9 were allowsd appraximately 80
arams of urea, 4 grams of sl fur and 1/2 kilo-
gram of molasses per day. In molasses grass
pastures the cows consumed this smount
renlily, and 2 ratio of twi-thirds watar to
ane-hird molgsses-urea-sulfur mix was neces-

m 33 cows. Only two

Ry




s B ETY L —— - . e
R TR ol L Rt S BT o4 - : W o R
Y — -
. § dreu mulesses supplementsd heids, aid 8 g atly wenned cows conesivad. Exrly wesned ,
R . . &7 for eonsupplemanted herds. Thus, to COWS gained 14 kilograms in the two months
i dtn, sipprdarmontation hm s the v following waaning, wharess their kerdmates - -
o lenmeliesg satn ouly shnut 2 por cant among 108t § kilograma,
nunsing Hestcall heiters. .
" Preliminary exploratory expérience with |
A Exrly waaning enrlng for sarly-wannnd calves was tavorsbls,. |
I’ ) immadistaly sliar weaning, they wers kep? =
L Early weaning is ons means of prowecting 113 2 small shsd for stiuug twe wosks. They -
. the enw frovn taatational sirens, Five caivas recelvad dally 1 kilogram of a 20 per cent . |
= were sily wesped inoaneh of the eiglt heds protln daly oaff consantrate wnd até an
|2 wl mey anagygge ags sl (U loys 9 ranpiennt 1 ovmeagn of 7 kigpame ol grese sleaymed
n woimting othur talves o the expesinmnt si elephada  aid  pupeisl  Prses  fARBRGPUN
d i age oF ving monihs, wopariasl, axchisive of M courss slemy -
wu refused, Later they wers rotated among
T Whits 155 cliin thern biss Bonn o highnr in- tenan 1 bagtare pastieess! stylnpasto nageo
& brawding rate of nursing tows in the sx-  {Faspalum plicetulum}); indigofera-pesto ne-
: verfmant (21 per cont} than In Vhe Fondo  gioj molawes gras-puniaro, Thay refussd to 7 .
| herds (9 o 13 per centl, it is stilf low, in 2ar the Indigufers snd preferred moiases
] marked  Constont, e COWS with enrly  gan to pustes, Swylo and pasto hegro
w” woaned calves sanceived rapidiy; and 86 per  seemad highly palatable to them. Approxl.
i cent were found pragnant, X2 =81 P{.001 mately ons month following wesning, the
{Fig. vmv Even in ths mga?n«um fots, the concentrats was reduced to 1/2 kg/dey,
Figure 76, Za.ﬁ a on molasses %.v@?.-. } 5 £ ppk »&:1:-5.
dry sesson, 35 heilsrs producsd 33 calyws in 1874, By mpagw-u. 1974 s:_e_ twi wark bead, Even
wall-managed heiters do not eabrond whila nureing,
sary al times to prevent cepid consumption. & toss of 54 kilograms was observed in 568
tritake was mich more leivurely in the native  deavs. In contrast, on native pastares the
qavaniia pastibee sl lomy waltae wes Bmel.  Jittmropito ween oy 17 F flonpoains,
Supplamentmt Hard § Qonlasses grass} main-
talewrd welighit derbig tha dey samaon: whiioes As b Bepteshnr, 1074, v tedponiling
= in sosepnteroantad Haed B on molassocgriss, rate of mnsing cows was 11 0 81 for
w. “Fable 22, Vinight mnd caleing pragnancy parceninge of cuws in hard sysumn sxjsebinsnt,
Feb. 74 Aopt. T4
¥hight cova Calving-praguangy *
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Estimated daily costs including labor during
the first four months after weaning were
Col$4.80 LSS A7) for a deily gein of 47
kg/day, With a cost of Col§10.21 per kilo-
gram of gain,which compares favorably with
the prices of feeder and fat cottie of about
Cot$15 por kilogram (Gaemez, 1974).*

It is surprising that such high Jevels of
reproduction were found in alt trestmants
for the first-calf crop with the exception of
the noarminerat herds, Also i has been
gurprising that on an annual basis, cows
irazing Rative savanng have weighed 25 much
and reproduced as well a% on molasses grass,
The palpation prediction for raproduction
in tha second year js much lawer on all pas.
rires. This refletts the stress of lactation on
the first-calf heifer under these conditions,
Even minerals and molasses-ures suppiemen-
tation in the dry season seaw to do Httle to
ovarcoms lactational stress in firstcalf heif-
arh,

On the other hand, indications are that
rapid rebresding of first-calf heffers will oocur
under 2! rutritional regimes with eatly
wesning. For the savannas of Colombia, ifa
market could be developed lor eerly weaned
alves, a 70 to 90 per cent calf crop should
sasily be possibie. In addivion, the Lisnos
pasturas presently otcupled by feeder cattls
could be used by more gows, Little immedi.
a2 improvement in technalogy would be
nesded for this shift in the Lianos manage-
ment if sarty weaners were fo ba sold rather
than two-to three-year-old feedsr cattle.

Should subseguent yesrs of sarly waan-
frig tata not validate 1974 results, controfied
weaning at a later ags, such as pine months,
may still give an appreciabla improvement in
galving rates in the Llanos. This requires the
development of pastures and management
for calf growing and fattaning in the Llanos
or in other waditionat grays-fattering zones,
Alse this should result in improved mest
guality through reduced sue at siatghier and
alsp lowered fesd expenditure for maints
nance.

Family farm unit

A prototype 260-hectare small farm unit
was estabiished at Cartmagua in 1974 and
will enter 1975 operating under theoretically
stesdy-state conditions.

Fifty bsctares of pasto negro (Paspatum
piicatulum)  associsted  with  Stylosanthes
humilfs {21 nectares) and Indigofara hirsuia
{29 hectares! ware established and are ready
tdt grazing. There are 2 hectares of food
crops including uplend rice, cesseva, plantain
and cowpeas, plus 2 stmall vegetabde garden.
Approximptely 3,000 square meters witl be
irriguted during the dry season from the
Carimagua windmBl and sarth storage tank.
grimarily for production of food legumes.
The balance of the land remains in mative
savanna.

The steady-state herd consists of 38 cows,
2 s, 25 celves, 11 helters and 12 steers of
18 months, and & heffers and 11 steers 38
months of age.

The prototype unit has provided valuable
information regerding the integeation of dif
ferent components of technology Into 2
commercial-scale production unit, it is also
the only physical model of a series of gro-
duction units being studied by the egricul-

tural sconomics group to predict scale sffect |

on production efficiency and economic foa.
stbitity of various hard developrment strategies
{See pp. 33-35).

Pesture establishment began in April,
1974, Land was prepared by double disking
native savanna with an offset disk, the
segond disking disgonal to the first, Sceding
and Fertilizer applications were done with
pbroadoast fertilizer spraader and grass seecler
attachmant, seeding In AG.centimeter rows
followiryg whoel tracks af the trsctor and
drill, plus two rubber pross whesls for the
wo center rows, Germination and emergents
whare excetlent.

« GOMEZ, J. st ¢ 1974, ICA-Carimsgua {lun-
gublshad),

Fy

Figure 30. A walki |
Faemily Farm Unit, og cultlvator grastly raduces

An exgessiva leaf cutter snt popilation,
apparenily becausa of insufficient tirmma be-
twean destruction of cavanna gress and
planting, atmost entiraly destroved the pesip
negro and stylo but left the indigoters
unharmed, No 8. geysnensis seed was avail-
.E._n tor reseeding, thus S, humilis was seeded
with pasto negro 1o replace the S, guysnonsis
and paste negro dastroved by the ants; and
goud stands resulted,

In future seedings, careful attention should
be given to the tuster ant population. It will
probably be necessary to allow morg time
betwoen savanna destruction and pastre
steding. Land preparation could be done st
the end of the rainy season, thus lesving
four or tiee months tor ent populstion to
decresse hefore sesding the pasture at the
beginning of the next caity seasor:,

thes requirod Yor wetd cantrol in food crops on the

L L

) There is little labor availshie, which lim-
ited food crop production mord than was
anticipatad. To cvercome this problem, 2
mule aref waiking cultivator were added
:.:o.. 30 The mule afso pulls s B-foot
fertilizer spreader to spply time and fartilizers
on crops and basit siag on pastures,

bow

it wﬁ been necessary 1o contract kbor to
establish the prototype unit in one year, a
process thet would normally taks several -«
vears. To date, 438 man.-days have bean ™
required for comstruction of the house, wall ,
and fencing and for sesding pastures snd
woon crops. The invastment to date, not
including land and cattle, is approximately «
USS$ 3.000, This figure could be reduced by
ong half, producing pasture sseds on the,
farm and esteblishing pastures without using
a tractor, *

e ¢



Rwiue) syD W N} pue (sebrioy pue
sionmised) sunynauby 40 ARSI LelayDg
S “{ApuEqQsNY jBUNUE jedIdary) uabuiuebepy
‘oupipaw  AJRUpOIBA) WEY SEMA] WO
AVI1S 01 swed aney SISUUSI0S Bupsia

*ApuRgEni
e endosr ul AUt usBurusBegy
PUE ‘saseesip oimERdOWRY U (RwSrAIE
~BMUf) WY SEXB] ‘RIQWIOON Ul eueiBy
#feD aig pue (yDi} olendedoBy ouRuIO)
B0 oMUY 04) Ak IN0 DBLES 4T AN
foud Buruen PUR yOJRRSEE SALILIOURESS

. ‘ueagquEy
B Uy satpug T B 1O ANsaaauny Ayl o
wmilod swnia) efieso] syl pue snpeny w
WR B0 JRIED 3939 JIN] BYI O AlIDPCED Al

. OSADS U 1 S10% wEB04d jeen [yio By

30 elavell painegas SINUISID PUE 3AJISUOD
‘Benjeas "109))00 01 1y AY pelRRI 108
foud puoilBas e Ay pauswaidwos uesy sey
SHL "LVILD pue W31 Rjenrouap ‘nuag ‘sop
BRI "GOO "zRig ‘maneg W sweiBoad
ofieroy pue oangsed Buiprgow toolosd uone
<A pUR yopanpour selficasy pur sefmised
agenqeion g ul soedipiaed  1yin

e fiord Suiima pue ysimos
A yononposd aped Jaag URJLBWY wWiey
Sutuue uoprIoGe; 00 BuLssog Ut 9[01 5,1 w10
BupepsunD w moyRUeY tem SRURuBt Byl
Bumoyo) Bunssw Aspauc y “SESp] pue uop
Ripopa TAbopuyser 30 aBuRPIBYL B0u
w01 put ‘vonasnpesd Suseany o} sonblu
408 Ajluspl o3 ‘Aasnpsy apien  jpaq
g O MBUdosn BUIUanW L0100} o
U0 $0301 108ap OF padply Jeupus S| TR

,m m.,w - . . . N.. o ¥
. - R + - - lw . ... “. " . " -.:.
o — SR M. o o a vy
c
3] \ o
. : sriboad Sunies vennposd
4 ANOD Y § PUE URILIAGY IR OF WOy Bt
«,52_3..% BUL pUR snbmned sl gy Anunod-ul u:mma_.m:et U} DIUERSISE -0}
PP, RIEPLTIY CAGCTRE WL L W BAIGDAL WU DL «u_._-.::awu VEDLIBWY uey
“ oy S.h. PO RN Jaiy) DSty OF JRE Uil LHIH SEROBE 0 14 U S 4] ST Wl
G ueiog sty jeoidoly, ‘euwes gy OM€R OL SUOHMNS) jRUONEU 10) ,Fidu(Ril
A « - e T wen o1, $IANWIGE 1 J0 au0 SE PR My
S SN0 UOIDNPOIG HI015IA) U3 "PUIL Ll 1L
R HOVANLAG L SUDANLISUL [EUOTIRY YIIM LORBIOGRIOD
Sunpses Ay
X0 5 - supy U1 Sigussod jusiie 1s31eaf 943 01 Bunsy
,..w”» * 04 pus ainised cm xua w&MMMM ”wsw_& N0 aziseydus [ sesaned Bujuen uon
Lo 85y Wi JuEpMs pinp B D R anposd xo0usaAy iy 10 Buyuueid byy "An
y AOUOIB/00 UG BuppoM s Sl b nos wao s dnosB yoes URIIM IR0 PRUIES Jt
A Bm Py AuEULIBE) WOI, WBPRIS QUG IUEM L oo saey proam sesinod Bupuren
o [RIOIICR iz O MBI BT Ul Yi0M Yo 1985 a4 16 VODEIPI00 U
' sseuy Guiop Apusssad s STURDRLE QRAYL HE
. : U S 2003
¢ ¢ -wRa1 QIHOY [BLaIUE [1D o pausel Watl i 0003 O B B e,
. ok Gl 10 U3 AUl 18 globog W U] uonanpozd BIED jE3q O 18I
? “c ”.”M%q «5?*?%: sy 0 Abojoiea  PM1 JO BUIDUBISISUR Jaiaq B BaRy MOL Asiy
| it s o s ey sS4 4T 1 L
P “. . 'S -
T gﬁ«;_ %wwwh_u”zﬁweewﬁ,, %wﬂ §{EUOISS;0:0 JO4ID PUR UDURI 23 ..___w ejdoud
: . . N M M pediom Asqn  IYIMOW Jybla AL
Apuassid 2.8 SIUSPNIS PANUNELYID G FULNP PIULED] H{RUOISSEL0M0 B39 sBunp jo
LIS[OYSS puR SMO||0) gaiestel gpnjutiew sigt a:mseaw 0} Bjqissodul 8 3
JoIuoD poass BHGSRA Uy BUIZNRIORDS B0 uopessdo yoou
OO0 G 1 BEIN0N JRBA-EUO MY PRUIWOs  _gun B 30 Led [ebiaiul LB BWRDNY O} Anung
o3je Amyy 'jONMOD pRaM DIMISEA Ul PEAION nddo syl ey ‘YOUTS B UD PENIOM IO DAl
-l $BNbIuGIa) JURUGHEURIY PUR UIRSSD) Ul aagu pou WouM JO AUBW "SA0UIRIL BSaU L
BuiuRIT AMSUBIUY J6 SLOW aalyl uc.:_ouu.
QMY UENUILIOE B4l PUI RILDIDY 'JOpRA sa01es0E) Buniwy
‘(Apurgsny ‘Sasse)B pue sawnbs) aberay jenidon 1janaay eI

-[BS 1T '10PRNSY W01} YIRa JUINMS Bl se seqoues [BIoauiuod Buisn ‘uCnonpod
BIED J0RG UD pasndo) Bulmmil pRy aeyl
“sarbiuGen SEABUR A0V .o n i yfiie Uy BHILRIED JO 139D LON
-a0a0R] up BURMEIE LK) POAIBSRE GLINOL 841 o0 gy pEAOU SJ9GI0 BUL BYUM MOIERIH
SeHEMMIOD {0 Sy WASBEY ) UL DSRAIR oo yppanpoatl aums Ul Ly ie Buiuren
10 Wpuaadid Byl Sase D) FICD JO BULE  nonunuon LB o) “(SIUOW 390 3SN03
agteb ayy v asualiatxe PRUED BRIR IBRUEA  5g (o eseyd 154y B O PUI BRIV
{roads Jnoj pey dnoB yieey uiue aig), )
§Li0dei
openag w wesoud Bei0) RUORNRY  prnous saoex] U pemaddu gamy asanod
ayy jo jocdns W senbriysd MEISIED  spg jo saiARDE pUB SBARDRIGE BY) JO BUING
offA Up Ul PIEL Sem opendd TJVINL  PajRwp ¥ ‘{uonesunuues put SBuiey vo
: ¢ £h Sadeyn 8g) WAUNGS UEILBURY ULET USARS
WOl UBIUYDT AJOTRIDUR] S0 HERASHO]
E wiogy sPANRURSaId uam {p 1smbny pated
30 sunz ([EMBOIOTE BRI WYLM sInDiIRRL } Bugiea; Is1jeroeds uonanp
oo e Sinied AR L e ko
w Bupses paryepoeds poaesi (| Spud S ;
-aigay ¢ BuRAGG fL JopenDy fL BIM0R T et

L2
WOt} SRudIEsAD XIS 1094 Bl Burng Suruiess Mot uononpaid NOOIIBALY

nsuisy ssanpeibiing ONINIVHL

. - * e
‘s . S R AT T TP

R R R U R O G

N cuRatli N

LG 1< gt she.tRF « ‘SRS (T2

BiLES 5 A

-

L e T A

(g SHATON Bl

gt

]
b

i




—

S L A

£
W
4

; ST

T e

S L B oG SR I £ e 5

.

Y roductlont
R systems gj

T . : i ,"ﬁ{t é- Y.




Dadtn

yield of 46 wonfiw of cassava was
> obtaiaed alwr 12 months on relatively

poor oils, using Himited inputs on a
farmer’s field near C1AT, A& variety similar
to that which produced the highest yield
vecorded at CIAT has been used extensively
in the bresding programe in an atiempt to
produte highryiefding, diwess- and lnssct
resistant types,

The germplagn has now besn completely
evalualed for egronbroke chasacters, and test-
ing of the first hybrids is well under way,
The mast promising types selected so far are
urwiergoing Held testing in 14 areas of Lo
lembia

Resistance to most maor diseosss and
pestshasbeen encounterad, and rapid screen-
ing methods are being developed. In the case
af horpwarm, no varietal resistance hos ym
been found; but parasitismn and henta control
can be obtuired roadily and simply, Weeds
cant he controlied effectively by threa hand
weedings; however, ess vigorous wead con-
trol is needed when pignt population i
increased,

The ¢lamp storage systam has been devel-
oped further so thal cassava can sow be
stored for up to two months, packed in
moist sewdust in boxes.

Joint projecns with Canadian institutes
were continued, and Dr, . A, Hunt {Uni
varsity of Guolph) visited us for one year on
# joint physloiogical project, Dr. R. Booth
{Tropical Products institute} continued stor-
age wark st CIAT, Four dostoral candidates
from Nigesia, the United Kingdom, Cam-
eraons and the United States worked at
CIAT during the year on thesis research in
pathology, propagation and soils,

Students from Braxil, Venezuela and Ni-
geria pent varying intervals in training at
CIAT, Some 20 Brazifiang and 3 Venezuelans
siovled an intensive course on cassave
rasearch mathodology amd now form part of
the comprehensive rosemch network Heing
formed on a world-wide basds,

PHYSIOLOGY

& M Max 1t

o M Coi22

= MOol 1487

£ M Tl 1080

& M Col 1438
i

Lignt Intarcupreg (53
w58 223288

NT

5 kL] % AG
Prent papuietion {shousandsel

t&w_xzar Aslation b ﬁ! Hght Intarcepii
ot
wraue.._ﬂm&c.. 1) dy diy 4 172 months

Last year it was shown thet shading
decreased leaf fife, and i another trigl it was
shown that leaf falt started earlier at highor
plant 3&.&%82 iFig. 2), Hence it sppears
nﬁm at 1@3 plant populations in vigorous
verieties, increased leaf production is bal-
anced by increased leof fall, and thus jeaf
#rea inglex is not increased. But in less vigor-
ous varigties, such as M Mexico 11 aind M Co-
lombia 22, leal arez index can be ingroased
by using higher populations.

. Conseguently, in the more vigorous varie-
ties, total dry matter did not increase with
incroased plant population (Fig. 3% and in
the most vigorous type, M Colombia HET,
it actuatly decreased, prabably because of

mdcﬂu.%nﬁl&g Ixﬁ._“gli
culthvars st CIAT. vy Tt e 3

excessive feaf fall which was not collected
tingt harvest. The two varizties in which leaf
ares was increased also showed Increased dry
matter {Fig. 3],

Yield immedietely divided the varisties
inte the vigurous and porvigorous types,
M Colombia 22 and M Maxico 11 showad a,
plateau-type yield/density response, whereas
the others showed markod optims with
lowarr maximum yield kvols {Fig, 4], The dry
matter ront vield showed s simliar trend -
with M Colombia 22 giving root dry matter
yields 11 monthe after planting of 72 ton/ha,
The decreass in vield of the vigorous types
was due 10 5 decresse in harvest index |
{Fig. 5]. This sugpests that they produced :

This section has continued affore to o0

The plant ideotype for cassava requites 3 defins both a plant ideotype snd uptimal -~ R
balance between root and stem production  culwrs! practices for obtalning high yialds. o - hd ]
so that # leaf grea index of three 1o four is  Last year, we suggested that lack of lsaf m 1T 1.4 . Y .
mziretained trough a long leaf life, area wast one of the main reasons for low £ h :

yleids (Annual Report 1873). £ a0 N\s >

Tentative criticsl levels for nutrients in b z .
leaves heve been determined, end marked Increasing plant populstion is a classic i M ot 15431 g "
response 10 fertilizer was found, particularty  method of increasing leat ares index; how - t 2 .
to potassium, ever, when five varictios were planted at 4 »

CIAT =t different populations, the fight g /

An seontmrics survey shows that most  interception iwhich i3 closely related to loaf w an i , *
cassava in Colombia is grown under mono-  srea index] 4 1/2 months alter planting was ¥ _ 4 ot . . nEs
culture and suffers from srtack by a large naﬂnoosuwmaWmequwwumMnmua3 Mex- 5 10 P 0 5 19 20 w
number of diseases and pests, Certain prac- oo 11 and M Colymbia 22, Even in these b
tices, mich a3 plant density, appesr o be WG vericties, light intarception st high . nu”:» uuuq_.”»&n:. {thourssdsin) Flant ponuiation (housendamel i
igss satisfantory than those used for optimum  populations was no grester than in the other . re 2, Effests of plant popalation o fexf fali Figure 2. Frash root yields 105
production, warieties {Fig. 1). #1CIAT thras months siter plenting. et slant popuissons xt CIAT, - T
M 86
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‘Table 2. Maan faxd life {days) of insves formed st Tabie 3. w i newly forwed feran ntriard

75 duys befors expwriment Giniched that

life. Girdling the plant between the roots and
the lower leaves did not affect rate of loaf
fall,once again demonstrating that leaf fall is
not retated 1o rapid root butking.

l.esf life was studied on spaced plants

o Tor TN s ool

aver aperiod of time using single plants of M
Colombia 1438, Leaf life increased with the
age of the plant {Tabie 1}, In other experi-
ments 2t more normal spacings, this effect
was hot observed: however, more careful
cbservations are nesded.

|4

k

Figurs 10, Ma&nﬁm try 1o wee the ﬁmu ot planting dmw wraf 3ighl munﬁv; in Mm

sxparimant snd shading ssgeriment, respectv

a ditternrit piant agey in thres varisties m
A soaced plants during reiny season. m;Wﬂmhfﬂlnww
T i i i Mean kife of
; ?';:3:.&% " wz‘;n bia M c‘;'ﬁ:”m b {g??;n " Leayss abcisxed absoivsnd leaves
Varisty {x } {dnys}
7 &9 a5
¢ ¢ M Cedombin 22 3 73
7 &3 7 98 P
M Colombis 39 k) ]
8 65 -1} 126
M Colombia 113 5] BY
M Colombia 1813 54 72

The langevity of izaves of different varie-
tivs was also studied, Resulys showed oxtreme
variabiiity from wist to triat {Fig. 0L In
one trial using plants ot wide spasing {Tsble
2} ard in another with spacings from 10,000
to 40000 plants per hectare, guite large
varietal diffgrences were obssrved {Table 3).
The long lesf fife of M Colombia 113, a5
compared with ¥ Colombia 22, was nn

g
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Aras per tead fam?)
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Age of plent {imonhs)

Figure 11, Aversge loaf size of M Colombia
1513 ut difforent sges of thw plant.

ehsarved in any other trial. Thus, it seems
that genetic variation doas exist in laaf life
but that the charanter depends on plant age
and other as vet undetermined factors,

M Colomibia 1913 was planted at 45day
intervais, and when the oldest plants were
nira months old, leaf area per Jeal was
meggurad, Leal size increased at first and
then decreassd markediy as plant age in-
creused {Fig, 113,

The rate of leaf furmation depends on the
number of sctive apices and the rate of leaf
produstion per apex. The number of apices
increazes almost logarithmically with time in
abranching variety such as M Colombis 1438
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Number of rodts cut

?Egmﬂz. Dty matter yisld of roows

and total
whick root numbir in M Col
1513. CIAY.
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Reat numbee {mer pland)

Figure 13. Hafstisa batwesn dry root yield ssd
thick root mumber in M Col 1513, CIAT.

Yistad of dey rout par plant
(-3

{Table 1); however, leaf production rate per
wpex decrasses with time {Table 1} and shows
large varieisi diffarences.

Nevertheless, it is not enough to think
only in tarms of having sutticient and effi
cient teaf arsa for maximum dry matier
production. The roots must have sufficient
capacity to accept the dry matter produced.
M Colombia 1438 was planted a1 1 x 1 me-
ter spacing: and at B weeks and 12 weeks
after planting, three, six or nine thickening
roots per plant were cut. Eight and » hal?
maonths gftar planting, heavy rains and strong
winkds resubted in severe lodging, and planty
waere hervested the following day.

The rootlipping treatments had no visk
ble eMexts on the aboveground plant parts,
and light interception data showed only
small differences, suggesting that the trest-
ments had no effect on lesf formation and
retantion. There were no differences in node
numier per branch in any of the treatments,
which further supports this view. At the
fingd harvest, top weight was not affectsd by
the clipping treatments {Fig. 12}, Hence the
ntmber of roots per plant does not apparent
Iy affect top growth, suggesting that Top
growth may iske priority over roots when
limited carbohydrate iz avoiisble and that
axcess carbohydrale passes to the roots,

Although top weight was not reduced,
total root weight was mavkedly reduced by
the weatments (Fig. 12} Thut, ol pro-
dueiion decreased as root number ducreasad,
leading to the conclusion that root sink
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Figure 14, Effects of thick root cutting mt dif-

forent timet on number of roots per plant in M
Cot 1813 (CIAT) 8 1/Zmonths siter planting,

limitations may decreass total dry matter

production,
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Figurc 16. Rate of st production pey braich
of M Colombis 22 when ring batkad 81 stem bhase,

"

maintenance respiration In othor crops, The
crop growth rate of the ringed plants wes
essentiglly zero. whersas Untreated controls
increased weight by 1172 kn/plant in two
months (Fig. 17}, Thus, root sink strength
limits overall growth, has ligtle effect on the
raie of leaf area produstion and Seaf life, but
may in soroe cases atfect stem weight,

A plang ideotype

Data collested over the last three vears
enable us 1o prosent 8 tentative plang
ideotype a5 3 guide to breeders, The plant
thould have a large root sink capacity;
however, the methad by which this can be
determined is as vet unknown, It is suggested
that the plant type should have at least nina

| Tow'weight | |

thick roots per plant, 85 reducing below
this level has.been shown to decrease yield,

The top growth appears to be relatively
independant of the sink capacity of the roots;
therelors, it con be assumed thst the differ
ence between dry matter utilized for top
growth and el dry matter production i
sccounted for by root growth, Totel growth
per unit time can be described as a function
of leaf area index; a curve was fitted to data
from M Colombia 1148 (Fig. 18) 10 describa
total dry matter production as a function of
leaf area index, This curve favors high leaf
avea indexes, as the real curve is probably
more flat topped, W = (0.0041 + 0.018)")

L
waight production per week in g/m2 and
. = leat area index.

At a point when equilibrium is reached

E:

——— v -

The decrease in root weight per piant CIAT. tv=[0.0041+0.018 ]\ r2za8y) between leat fall and loal production so that
was mainly due to a decreass mmdoom _E__”.Em_. . ‘ . 150 K x& leaf arsa .znmax is constant, leaf arga index
{Fig. 13). The plants with roots cut at six Wwere ring barked at the stem base five 140 can be described a5 L = REA., whers B =
weeks showed some compensation for ropts momths after planting to prevent movement leaves produced per m? per week, € = ex- :
cut which formed new thickened raots; but of carbohydrate to the roots. Rate of loat 120 pected life in weeks, and A = ares per leaf :
by 12 weeks, compensation reached a level of production was minimally affectad (Fig, 16), fn m2, For each leaf it is necassary to heve o
only two thick roots per plant even in the and mean leaf size remained ungitercd (0.5 wol...... the full nodal unit, and it follows that stem
nine thick-root cut treatments (Fig. 14), The 9/leaf). However, unlike the previous trial , \ weight increase'S s given by § = ALN., where
maximum compensation in root size for the Stem weight was markedly increased (Fig, =z 1o e N is the weight per nodal unit including leaf .
reduced root number was only 30 per cent, 17), whereas root weight declined dramatical- 3 \m blade, petiole and stern. mmEm:.:n to the 1
whereas in order to have given equal yields [v. The roat weight decrease corresponds to e TOG Y asumption that yield Is the difference be- “
to those of the controls, a compensation of 2 Mean respiration rate of shout 1 per cent £ o0 wm)/_f wween top growth and totl dry matter pro-
160 per cent would have been necessary ©f Mean root dry weight per day, which is < R el dvre duciion, we find that:
A_U~W~ 18}, Thus, the nmﬂ!umﬂ\ of individuatl of the sam2 nature as that «QE-_SQ for W el || sy:\%\,ﬂs}s )] Wield = WS 10,0041 iQ.Qumu'm _ mmw
root expansion is limited uﬂn is :o—ﬂmc_m:. W L EA

ndent on the supply of carbohydrate. i ETY T p— ] .

e Py A . oot weight, lest Hife 12 wheks The average weight per stem nodal unit

A further wial was planted 0 ophserve & P = s oo Ll ] .| iwithout {saf biade plus peticiel of M Co-

effects of the roots on plant growth. Plants Glrdled E o lomhiz 22 wos 0.6 g whan leat (blade plus
& Test - F = — ir/ potiole} weight was 0.5 g with 8 lsaf area of
w0 , — 3 \ . N | 007 m2, Leaf lifo of M Colombia 22 Is
% 54 - - A pe f 1 - vy frequently of the ortder of ning weeks, and
3 a0 w | |Bmke | Sroen . this value was ysed a5 2 base with the arbi-
is i 30 f trary assumption that leaf iite decreased by
£% 10 612 weeks 3 sem - ™ 20 // 0.2 weeks for each lgaf arez index unitbe- - ¢
°% ¢ 5 wares il AN couse of shading, Putting these figures ints - =
.m 9 4 nl/.... - s | [ 00t waighy, est fite 8 wewks the model, we arrive 8t the Gurve shown in
Mmr:._ *! * m / MMWE mwm mngM an ovwwaﬁwm _Mamw.v area n
) sb - index of close to 3 for dry roor vield, Thisis |
8 20 40 80 60 100 120 140160 F, moon_ AT soon \LW _ T 2 2 4 5 6 7 8 lower than that sugaested by last year's re- . |
Gomperamtion in rec: woight rea S oy W iy SfL - Tagoe sults in whith M Colambia 113 had 7 leat w
far squal yisld .WWMM:M“ nwh“mma tamﬁ&nnawo“”g& Luat gran lndox area index of sbout B during Hs fast six .

. i an 55 months Figuee 18, Simulstion modsl months of growth, 14, however, we change -
o T e v e ewined rach coms Memings Than ring barked =1 five et " of groweth of cmt- e leat dife Tigure to 12 weeks, 45 was found .
g3 * &1

o e - - s,\.ll‘k.ltlv
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in one trial {Table 3), the optimum becomes
jass pronounted, grester labout 4}, and
yield increases mgrkedly in comparison with
planis with shorter teaf lite {Fig. 18L

it is ditficult 1o select for a specific leaf
area index, but harvest index may be @ better
selection tool (Fig, 191, 13 appears that seloct-
ing for a harvest index of about 55 per cent
coupled with fonger leaf life may be easier,

BPATHOLOGY

The rassavs pathology program has con-
cemiratind un e four mojur diease of thiy
crop in America: cassavs hacterial ,-mm_:
{1, phorns leaf g, the patlongation
disgnsns ard Cercoapors henningsii leal spot,
Alihuugh ssveral wguets on the sticlugy of
the cmssal agents of thess major Am&mmm
wues investipeiod, main elioris Wee direciod
1o study their epidemisiogy and control by
ssamcling for resistany warietios. Additionsl
investigations on other known leaf spots,
oot ot diseawss, the rontknat mmﬁuwﬁﬁ
and stake teabments for cassava éstablish-
minrit were also sonducted,

Although several unknown conditions
have also been observed in several cassava
plantations, only the “iroy skirt’ disease has
hoen studied, :

New rooting method

Ta produse plants for cassava pathology
invastigations, a simple method for the rap-
id rooting of shoot tips was developed.
Shout cultings, produced In propagation
frames, such as deseribed ' the Annual
fzport 1973, were cut with sterile kaives
and put In vials containing sterile distilled
water. These were placed under continugus
flupresoent light 2troom emperaiuie wm.» c,
soproximately]. Roots developed in five to
pight days, depending on the cultivar, aftar
which plants were either transplanted into
soil or nutritive solution, sccording 10 re-
guiremeants.

Cassava bacwerial blight

The prasence of CBB in ._..7.&_«2_ and
Malaysia (MARDN" was confirmed. Com-
parative studies have showri that isolates

62

toof fi70 12 wiwks

Losut 1He 9 wankd

tgrm? wi-1)
o3 38888

Drv roat yisd

A A I

W 20 ™Mo 40 B0 60 70

Harvait Index ﬁﬁ__

Eiguee 13, Simulaind yield of cestavs roots ]
s function of harvest index with two [aaf lves.

from Asia were physivlogically similer 10
some Amaaivan andd Afticsn isolalos,

Transfovation of CBH inside the host

By using A streptomytinesistan] mutan,
it was lounc #hat CBB movps ingide the host
rmainly through the eylem tthies. Thig maove:
ment appears 10 be related o the sustepth
bilfty of the cultivar and the water content
of the soil. Vimsl primary syroploms on
stems lollowing natueal infection {oankers
and gun exudation) sppoarsd mainly on
the green portion of the stem; the rature
and okl stem portions do pot show sympe
toms, hut the pathogen was regulady found
insicde the xylem vessals,

Whan primary infection took place on
thie upper part of the plant {leal or stem
ingeulation), the pathogen aiso itfected the
xylem vessels Jocated a1 the periphery of
the pith tissues at the matuse and old,
bauom purtion of the stem, In contrasy,
aber root or st base inogulation, the
pathogen was found only in the cpidermal
tisnues of the young, undignified portions
of the stem, Buds locsted on mature or ald
parts of mferied plants were commonly
healthy, ant the seouts (shoats] that stose
from these buds generally remained healthy.
Howsver, transiocation of CBE to the sprouts
may take place, depending on tha proximity
of the sterminfected xylem wassels to the
vessels of the sprouts. Since the vascular
tissups ©f the sprouts are located on the
periphery of the woody pertion of the stem,

* Malaystan Agricultursl Hesanrch and Davalop-
ment institute

the sprouts generally rempln free of CBB
during the fir 20 days following their
emargencs,

Alwr leaf spray inoculstion, the pathagen
moved through the petiole to the stem of
susceptible and tolerant eultivars, The move-
ment of CBB inside the petioles took place
through the xylem. vessels, The number of
bundlies infected was refawed to the distii-
bution of leaf spors an the leaf lamina, The
stemn became infecisd by CBB rmovement
through the trifurcated vasoular srrands of
tho petiole; the degroe of stem infection
was related to the number of infested
petioly by, Qnen GOR B insicde sten
wylem vessels, it moves up or down Tollowing
the sttareds of the vastidar burnelies, When
plants of the resistant cultivar M Colombia
47 woaw leal srny inoculatnd, the patho-
gen did not move 1o the stom and remained
its the Inaf loming, inducing oy angular
naf spots, *

Serouning nr resistance

Screoning for resistance under Tild comr
ditions bas piven consistont results, Rows
of wst cultiears sep plantad slerrurdoly, 30
centimetes spart from susteptible spreader
rowis. Two months after planting, the sus
coptibie spenatior rows sre JeaFrub inncutated,
Diseame diswoniration takes place dJuring the
rainy season, and evaluation of sl varieties
can be made three months after inoculation,

Using previously proven resistant, tolerant
and susteptible oultivars, o comparison was
mache of stern and {eaf inoculation techniques
uging plants, Leat inoculations gave better
andd moe cven hacterial estabtshment ad
development, provided that a high relative
humidity (96-100 per cent) was maintained
during the first 24 hours, Stem inoculations
produced  varlable results even in those
cultivars known to be highly suseptible.

LB dissemination

Four possible shernative methods of CBE
disserination have bean studied:

1. Hoot infection was schieved when 2
hesyy suspension of CBB {5 x 108 1o 102}
was applied both to the soii and to wounded
roats. But, considering the low percentage of

raot infection (7.0 per cent for susceptible 7
cultivars and 2.7 per cent For resistant
cultivars), the high bacterisl population re
quired for infection, and the relatively poor
survival ability of CBB, it appears that this
method of dissemination may occur only
rarely In nature and then in heavlly infacmd
plantations only, .

2. Soil splash infection was observed In
heavily infested soil but only pn thoss lesvas
that were located closest to the groumd,
Under controlied conditions with infested N
soils, CBB celts produend infection in cassava
plants at alt populations above 104 cellsfy of
snily bt below 100 caolls/g of soll, intactivity
was notl obtained, The number of leaf spots
induced decruasud as coll numbarfg of soll
decreased.

3. The ioHowing inseat spacies were found
1a be abie 1o disssminaie CBE mechanically
under controlled cordfitions: Paratherosis
claripalpis, Tabanuy 3., Ansthraphs ., :
Apis mellifara, Polistes sp., Erinnys olio .
llarva), Digbrotics 5, CEB wat isolated only
from the outside of thelr budics, These
inseet spegies veore commonly found in
infected cassava plantations In e Cauce
Vatley. Basod on thelr sctivities on the plants - .-
and the presorge of CBE cells on their bodles, )
the insecishave heon placed into two groups:

8, Incithental visitors thaet da not damage

the plarts. These Huects ars only -
presunt on the plants to collect the
plant products, such as nectar and
other sweet exudates; and during thelr
feading activities, they betome aon
taminated and  thereby  disseminate
the pathogen, This group includes
Paratheresia claripalpis, Apis maliifera
and Polistes sp.

-

b. Cassava pests. The darnage these insects
do may sarve 8s infection sites for CBB; 7
and if they thomselves are infested,
they then serve a5 idea! dissominators, |~
This group includes Ulisbrotiee sp., h
Erinnys wllo {larvg} and Anasthrapha i
. .

4, Studies on CBB dissernination through
true seeds are summarized in Table 4. These
results indicate that CHE does not penetrate

6
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seed tissues; axd sinco the baclerium wat
rict found on e seed coat, it aiso sppoars
shat iy does not sursive Tor a long period on
the sexi surface.

Table 4. Hasitx on CBE pressncs Gwids ovs
soeds, isoletions of samples taker from
the sndosparm 968 ambrion,

Repiication  Presevce
Trinly 1 2 3 ofCBR

Immature goeen sewds

from fufecind plants 132 145 13 e
Mature sneds lrom
infroted plants 135 140 132 -

Mature seads saaked in
» UBB suspansion ** 150 140 130 -

* Magative holatlon

*+ nangs dipnnd lor 5 reinites In a pastarist sur
prngton GE 3 ¥ 07 AoMa/mt Resk kgl tor 4B
nours st 2590 peeloa S0% REE, fwoistion trisle

CBB survival

CBB sppeared to survive better and longer
in sterite suifs 036 tayed than nonstaribe woils
(28 days). The optmen pli fo suryival
ameared to be 8.0 to 85, in which €8
supvived for 35 days under sterile conditions;
a higher nr lownt ptl rechasad tha dogree of
suryivat, CRE did not survive wall in Pupiydo
or Jamurd{ soils fwith high orgenic matter
content) but survived botier in CIAT soll
{iow nroanic matter contnt and 6.8 pH)
{35 days), which siggests pour competitive
sapraghytic shility, Thire wers no differences
betwoen sutvival of washed amd unwashed
CBR celis in suil. However, tleoding and
dugsication T defetsrious eijucis on the
survival of CBB. The calls survived for 7 and
14 days, respectively, in flooded and dry
sad,

These results suggest the possible eradica-
tion of the pathogen from infested soils by
fand tallowing or crop rotation, Since CHE
0l appears sensitive 1o dessication, its eradic
tation may be more effective if Jand s
tleared of infocted cassava plants before 2
dry sason, Alse, since CBE can survive for
mota than sx meonths in infected plant te-

54

bris, the climination by fire of 2il casava
debris andt volunteer plants is suggested,

Fhoms lesf spot

Etiotogical studies

Tha leaf spot dissase present n the
goolest cassava Qrowing Breas of during the
cool growing season, which charactaristically
shows concenatric rings on the Upper surface
of the infecred teaves, has been reported to
be induced by sevaral Phyltosticts species,
However, CIAT stialogicsl studins bave
ssown that iselates of the pathogen colleced
i Colonbia ore a species of Phoma, ac-
tording to the recent taxonomic characteris-
tics repored for this genus, The fungus
produges conidinphorss, which are flask
shaped (B0 y tength}, with small clongated
conicia without visible appendagos. Thess
conitfia are 3.5y (2544} in widith x A8y
{31621 in length. Each  pyenidium
produces about 1.5 x 108 ganitdia on Hina
twan-dextrose  agar at 207C. individual
pyenidiosporss clesdy show two oil gutuies
jnside the cytoplasma, which are locatod 8t
sach end of the sporos.

Ctadins have shown mat this lungus
frewes btk 207 €, (107 0 sy 270,
maximuim). Better growth was producad on
Hina boan-dextrosn agar than on gther arth
il awntin,

Screaning for resistance

Evaluation for resistance unler field son
ditions has given consistont results whin test
cuttivars wera planted in tows 30 contimeters
apait snd in cool preas {1520%CY. Spray
inoalatiun taguoous suspension of 682 106
spures/mt} was mpplied gt the beginnlog af
tha. rainy seasun when plants were Two 16
thres months old. Disease ratings were taker:
at the tred of the rainy season fbefore the
plants begin 1o depart from the syrmptoms in
the dry seasen} by scoring the percenisge of
defoliation, die-bsck and death symploma

1o cooporation with 1CA, 696 cultivars of
the GIAT and LCA cassave collections were
scroened, Nine of thess cultivers warg rated
as resistant, 250 a5 tolerant snd 437 as
susceptille (Fig. 200,

o roTE

Hgure 20, Fhome lesf : tield vosl
m%‘ukmﬂ wgrs plantyd in sows 30 cutmw in
o is.aﬂofm C, spproximetalyl. Spray inocus
Iation 162 ;:o: upares/mi} was applind ax the by

Ay rainy sesson when plants wars two

Disease {osses

Camparing the frush root vield of the
susceptible cultivar CMC-39, with snd with-
ot chemical controf, it was found that losws
mmltjnﬂ frmn the divensn worp alvsit 62 per
guent {ubte 51, The totersnt eultivars, CMG-832
and Nativa, produced 2.1 and 2,0 times more
than the susteptible tultiver CMC-39 with-
out fungicide application, Although the s
lected tolerant cultivar CMC82 produged
moreg thap the native cuitivar, this difference
wat nol signiticant (B2 test) {Table 5),

Superclongation dissase

Thit disease was first reported in 1972
and Is known to be causing serious epidemics
in wikhely m_wumé aczas of Colombia, The
causal organism sppesrs to be a species of
the fungal genus Sphaceloms. Although sev-
eral decades ago, 5 Sphaceloms speties was
reported as causing a disease on Manihot
sscufenta and Manthot glasysiovii in Nica-
tagua, Guatomala, the Daminican Republic
arud ﬁ{azil. no mentian was made of an
elengation of tha intermodes, which is charac-

.

+

Table 5, ﬁimlwmwmc:mhﬁ
siltivars.

spot In Thres sy
Ounitivar eollection surber El
CMO-39 {without themicsl control) 877+ gass
CMC-39 {with themical controlj*s  23.33 B
CHC-92 (1olerant cultivar) In4 ¢
Nativa (tolerint native oultivar) ]

* Ton/ha cacuigsd from din rensdamized

piats of 2% pantyeiot. Bordees wars silmk

* ¢ gengmyl sppiication *  ihe plants wwa
sprapet 10 “cua-off with 8 300 pom s
panslan avery lan days.,

Data foitresd by the sams lefler sre ot
sgniticantty ditfersnt £t s 35 probablity
e,

- % g

tnristic of the prsent superciongation disesss,
Thurefore, this may be a new or another and
mre serious manifestation of & previoust

established disease, Y

Disseminstion ‘

The disease appears to be disseminated
largaly by wind-barne pores: thy ypores are
sithar blown fresty, or within Siny molsture
droplats. Biwgm sprasd within & ¢apsave Tiald
or among seighboring plots can ba rapkd
during the ralny semson, During 8 recent
upidesnie, the discuse spread st loast 100
meters from ont cassava plot to another in

]

~n

about two weeks, The viabillty of spores ™

stored &t a relative humidity of 75 was sig-
niticant after 24 hours, and it appesrs that
the spures ara capable of surviving tha rigors

of wind dispersel, g

Spaore garminstion

The spores newd free water o germinate,
Germination is almost completely absent ot
a relative humidity of 100 per cent without
free woler present, Thae zppear 1o be no
significant selfdnhibitory factors upon ger
mination in agueous spore spersions {up
fo ¢ concentration of 1 x 107 spores per

-

millititer). Opstimum temperature for spore . -

germination in vitre is spproximately 28°C:
and mc,wtimum iemperature for fungal
growh livs batwsen 24-27°C, with a mink
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served 1o be higher than 20 per cent ini many

plots, These loxses ate mostly associated with

geveral facultative parasites of suprophytes

that are generally known to cause font rot,

domping off or grawth yetargation, Thirteen

fungicides were wlected to trest cossava
cuttings beforn planting. Pretiminary resufts
showed that germinatios i general was not
juhibied by any of Taw churnicals, excopt
by NC-B938 {Fisons experimantsl funigicidel

at high concutrations. The growth rate of
the garmiatud prauts from srentod Cuttings
was reduced by some fungicides at the high
concenirations during the lirss two months
after thalr anwegence, Stored cuttings reated
with the ¢ iHerent fungickis showed varisthe
Jovais of fngal Infestion, Fungicides, such
25 srasan 75 {tetramathylthiurom disuifidle,
matuprax  (Mckechria Choricats  Limited
euperimental fungicide) asgallal (Metoxlysthyl
mercury chioride} end NC-BOSE, sppear 10
give the hest promction secording o ths
cafeulatod Intansity of indeeilor.

ENTOMOLOGY

Major ermphasis was placed thiy year on
determining yield losses associsted with in-
secy pests, Resistence evplugtion to thrips
was wrmyinated, and empbasis will change 1o
spider mite and shoot fiy resistance. Biolagi-
cal control was also studied when resistancs
wae not enceamivred. Stren was placed on
identification snd Biological aspects of mi
nor cassava posty that hove the potential of
being sarious pests of disease vecrors,

Cussava hornworm

The cassava hormworm popuistion &t
CIAT was low throughout fhe year. The
highest populations in wookly samplings of
7h planhk waore anentintoratl, sy laet yoar, H
Fabruery and from July to Atgust, MLCHAT,
mexlmum: sgg popriation was 0.8 aggs nar
plant, st 1CA, 45 The maxing larest
populstiony were® 0.2 and 10 larven par
plent, respaciively, Frequently, ne #iot of
tarene wete: Tound per ssmpling priod.

To timulmtas hormworm demage, plants
wera dofoiiatnd ag differant lavels sod times,

Takis 7, Lowt araw, nowber of lanven and oot yisld of cloney Lisoers and CHEC-B4 under wnificlsd

datgHutim
Pazentags defullaied ¢ 2 49 % 40
Memthis rinfoilared 6 210 210 [ 4] £ 101
LSé T, Munea
Tesral tnvymy [redradipling 1,186 1,408 1A5% 1097 A48
tanves/pinest at harvenst 3 523 260 97 368
- Avaiage laal eres at time of
it wash defoliation {emefplant} 27381 17,758 23,770 27,556 25,269
Yield (ky/plant} 47 4.5 . 4.1 4.7 4.3
oMC-34
Totai isvwm produced/plant 1,242 1,3%% 125§ 1% )47
Lanvap/plant at harysst 459 A28 X1 iy H2S
Avsratn lnal srenipinot hatore
sach defobiation tem?) 36,735 24,505 41,602 31,488 56,465
Yieid {kg/plant} 5.1 51 4.8 47 49

Dafoliatlon at the 20 per cent fevel from and 3.7 respeg-
. for Lisners
N«%ﬁ n months decreased yield in Lisars tivslyl. 1t bs probsble cu.:h%wm.whu% fortlk
not in CMC-84, Defoliatibn at tha 40 per Ity soll conditions, the effects would have
cont level aamch moath decrewsed yield in  been more wvers,
both varleties when carrled out from two to

e months but only reduced yisld stightly

The avarage horvworm consumes 1,107

in the six 16 ten months' pericd {Table 7). om? of leaf during [is [ife cyeie. The number

Thus, guite wvers dafollation during the fst
sr growth stages has Hite effect on yleld:
wiharoas at narlior siaget It he greator effects.
In no case war the yield reduction grest
Howsver, leaf arns Incoxes fn this experk
ment were consistenily bigh {meany of 2.7

of hornworm fareas thet would have ¢
aused

the defoliation in the axperiment at Jifferant

stages & shows in Table 8, Under ithe fer-

tile, good concitions of this experimant, high -~

favaly of hornworms could be tolerate :
little yield meduction: less than 10 vh“w

Table 8, Number & hoveowars larvas gvich san cemplate thalr seesiopmwnt on the les? sres cormmpond

ing tn varioas smounts of sriifigle defolistion.*

) 10 ] 40

Ldntatiaind
Variety ””M“m”“ mﬂ:MHHMBL 218 i-
10 610 610
Linpnera 2 o2 o8 - -
3 0.9 L6 - -
4 £.2 . 7.3 P -
5 (¥ 143 - -
Y @ 1.0 [EX [ 8
7 7.8 itl s8 10.3
] 8.1 14.0 &7 174 .
v 1.8 30 L8 43
s Ba 2 &8 8.4 - -
3 12 12 - -
4 44 7.9 - -
s 43 1.8 - -
$ o5 20.3 5.9 a9
7 94 Ml - T YRS
8 38 234 10,0 22,3
v .8 9.3 43 24

.
Cinm Inrvs SOSKTE B avirage of 1,107 cm2 cassava lnmves unill pupaAtion.

o )
Pl .




with 40 per cent defolition "esch month
from twe to ten months.

The relatively high threshold population
for yield reduction is favorable, Pesticides
can be usad az 8 minimum level. This will
enhance biological control by Trichogremma
arx Poliztes. N

£gg parssitsm by Trichogramma re-
mmained around B0 per cart, but reached 100
per oept In several counts. The #gy parasite
weag identified as T. fasciatum, Of & ssmpls of
323 perasitized eggs, sn aversge of 23.7
¥, fascintum sdults emerged per ogg with 8
minimum of 8§ and 2 maximum of 44 aduin
emerging from one ogg

Laresl predation by Politter cansdensis,
B paper wasp, was enhanced by placing two
2-meter high structures covered with paim
leavas In the cassave fields, Five wasp nests,
each eontaining about eight wasps, ware
placed in each structure. After six months,
thase two wasp houset contained a tolat of
B3 nests with nearly 700 wasps, However,
wasp  parasites were found in the nest
parasitizing the Poliztes pupae, This dipterous
porasits was identified as Oxysarcodexin 5p,
{Sarcophagidas), which in turn is parasitized
" by a Hymenopietous parasite.

Desplta this high level of blological con-
trol and the high thrashold jury level, the
hornworm population way reach econamb-
cully soricus levels. They should dhen be
controlied with Bachitus thuringiomis, avails
b in an Insecticidal formation called Dipel,
‘fhis does not demege the ratursl enemy
pomplex. w

Shout fiy

Sitha penduis aitacks the growing point
of cesseva, which subsequently dies. Another
shoot Hy was identified ss Ansstraphas pichali.
it sttacks briow the growing polnt, snd dam-
age symptama arc whitish excretions from
entrance holes, tunneiing in stems snd some.
tirnes ge-back,

The economic importance of Silba was
evaluated by simulating the damage. The
treatments made were control, control with
pesticides, 50 per cont of shoots cut, and
100 per cent cut, The last two were migds
under inweticidal protection and it it
monthly intervals, The shoot remaoval was
made twa to five months or six 0 ning
months after plenting,

The yisld of the branching variety Lianera
wat slightly reduced at 100 per cent shoot

Toble 9. E%ﬁ%gﬁaggaﬁnina*zggﬁi.

“fime remaved
{months} ¢ o= 28 &%

Varinty ¥ removed g 8 2 100 50 100

Taemingl buds pey plant
Lisnera 219 20.8 1%.7 19.2 240 3.2
Macy, 150 15,0 16,1 15.4 24.5 159 15,8

L LT . ,

Tolal Jeaves per plunt’
Tianeca 1,135 945 :11° £4% 1,900 1,013
Mecy, 150 1,191 1,193 W1 b7 L3 1800

Frash root yisd (tanfha)
Llanara tO4L2 40.7 42,2 ji K 9.4 A2.4
Maca, 150 30.8 38 6.8 224 328 07

= pontrot protecte with pesticidas

0

-

Tabis 10, Relstionabip between theine rosistancs wed Mathairines anc oyenids conwnt of &1 clonds

?

&
¥

Number of Damage No, thripef Lasf cyanide Raiea/lnat ksbe
clones o o, bud {ppm) [Aversge)
3 ) o 752 21,540
6 H 34 567 12,730
5 W2 L2 942 5470
’ 3 1.6 928 54
¥ 4 LY 894 &

4 5 4.4 925 618

removal 8t two to five months {Tabe #},

N Shoot removal from six to nine months did
not influsncs vield. The laie-branching
variety Mecu, 150 was more susceptible to
shoot removal than Liancrs at earllar stages
but showed no effect of shoot removat at
six to nine monthy, Pernoval of shootu did
not increase the number of branches, except
at 108 per cent removs! from two to five
mondis in Mecu. 150, The 1otal number of
leaves produced was not reduced, sxcont in
Lianers when shoots were removed from two
1o five monthy, The application of pesticides
did not increase the root yvisld, Comsequent:
iy, quite severs attacks of shoot fly can b
wisrated uncler fertlle conditions with lttle
effect on yiekd, .

Low tavels of frval pacesitisn by Opius
. ware found on Silbe and Anastrepha,

Thrips

Theevaluation of the germplasm bank for
thrips resistance was wrminatad. Approxi-
mataly 50 par cent of the Clores were
grouped in rasistance class O or 1, on aOto 8

Tabla 11, tnflyence of flowering on thrips saistance and laaf pubsscance.

resistance scale, with O as no damage. Lt
year's resulls, showing that resistance was
wlated to hairiness of the sxpanding lesf,
wa vonfirmed {Table 10}, Plant ape did not
influence leaf pubmscence, Plants am usualfy
ot susceptible after flowering, which i
reiated @ decreased leaf pubsscence {Table
1L in sress with dry wasons and thrips ~
muav§~ rexistant varieties should be plent-

Tu determing the economic importance
of thrips, 5 wial was plwnted with two sus
ceptible and wo resistant varieties to thrips,
with and without irrigation, with and with-
out pesticidel protction (Table 12). Thrips
fevels were Jow even in susceptible vatieties,
In the irvigated trial the resistant varieties
did not show yield Increase beoause of the
use of pasticides, The susceptible varieties
gave 3 2.2 tontha yietd increase, which csn
b attributed o thrips control,

fn the nonirrigated trisl, visids of the
resistant varieties incraasedt by 1.7 tong with
usa of pesticites, the susceptibls ones by
48, Thus 48 - 17 = 3,1 umme yield

Dasris g6 tating Halre per loaf loha
Ruwmbher of Belors After Before Ater
clones Howmring fiowering flowering fAowering
3 3 3 13 ]
4 a 2 17,580 2,220

"
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Tabin 12 ¥isld of two macantible (Max 34 and Macu. 1171 and two resistent (Max 28 snd 31) varietin
to thrips attack, with and without insecticidal peotastion and jrrigetion (tonfhal,

Icrigation Ny irvigation

Varlaty Tuseeticides No {nseotivides Isrecticides N insecticides
Resiatant

M Mex 23 213 1%} 5.2 534

#4 Mo 31 69 21 363 36,0

Besrage 7.5 9 263 4.6
Suseeptibie

M Max M 323 219

Mecu. 117 4.3 35.2 41.5 380

Avcrage 338 e 378 a0

reduction results from thrips. This assumes
that aii varieties were equpily attacked by
e other cassava insects. However, the exs
periment was not expossd to an intensive
dry season, angd  thripg attack generally
reached damage grade 2 in the susceptible
varieties, rarely reaching grade 3. Yield was
reduced by 3 ton/ha esven with these low
fevals of attack.

To explain differences in thrips artack in
dry and wet seasons, thrips populations in
the growing points wore mueasured hefora
and giter sprinkler irrigation, Thare was no
difference in numbers of thrips found per
growing point after 1wo hours of irrigation;
heweover, emergence of theips from the soil
was reduesd after heavy raing or irrigation
{Table 13).

Spider mites

The mite species aitacking cassava were
idenitified, The four principat specles arm
Mononyohelive Mononychus) tansjos, M,
magregorl,  Tatranvchus  lurticae? | and
Oliganuchus sp. In the tast species, the aduit
mites wel: 3 white cover in small areas along
weins and leaf marging, under which the
eggs and mites can be found, Under heavy
infestation the older leaves will drop, 1t may
ke difficult to find resistance to several
species ol mites In one ¢amava clone.

Cutworn
Several trisly wers planted to evaluate

various pesticides arad methoeds of application
for cutworm contral, but ¢utworm infesta

Table 13, Numbar of theips smerged from 2 cm? of soil atter ral n o frrigation.”

MNumber of theips

First Sspond
Treatmet expeciment sxpariment
Coptrol 6f.3 51.8
15 and 37.5 mwm rain, respectively - OB 4.1
treigation {until 12 cm waler penetration} 16..0 03

* Avarage emergence i four days i TReas replicatss

n

Table 14, Martality of outtings of different langths
of casvavn after sheot removal for twe
months to simulsts sutworm demage.
Shoots wera removed eomtinuonsly when

B em long.
Cutting size  Morwality  Cutting vian  Mortality
tom) H fom} th
Lianeca CMC-i4
10 &5 i i1
n 35 20 H
b 25 30 -]

tions were not sufficlendy high to be con-
chusive. To simulate cutworn damage, shootz
wiere continuously tut st 5,10 or $6-canti-
mator heights on cuttings of 10, 20 ot 30
eantineters o length for two months, The
axpariment was done with Llanera snd CMC-
84, 1t appears that Llanera is muore usoep-
tibde to shoot removal than CME-84 (Table
14); snsd in areas with cutworm problems, it
is recommended o use longer cuttings, Also
cutworm-simulated attack was more severs
8t shoots of Scentimeier lengths as com-
pared with 10 or 15 contimetars, Cuttings
fram older plants wers moie susceptible to
simutated damage than thoss from younger
plants,

One maoethaed of insceticldal protection
for cutworms, scale insects, termites, etc,

may be the disping of eustings in saetividal
solutions, prior to planting. This method
may siso be applied to prevent sprped of
insects in planting material shipped to other
areas, Varibus insmcticides were Wed In
jowezt, average and highest commercial dos
sges, The cuttings were submerged for 6 or
20 minutes in twse solutions, Neither pasti-
cides nor length of treatment infloenced
germination or plent growth (Table 15} Only
high dosages of pesticides reduced germing-
tion and piant growth,

Storsd caxzavy

Dry castava was stored in field and labn-
ratory in burlap secks or cotton bags, Of
Both varieties (Llanesa snd EMC-84) 2 kilo-
gran samples of dried chips were exposed to
natural infesmation. The amount of powdar
produced by inssct activity was higher for
the sweet variety Lisners, when storsd in
burlap sacks {Tabla 16]. The most importsnt
intect tmuting thin demage was Dinodersn
minuin,

Other inmcty

*
"

Several ather insecty attack camava, but
their damage is of little importance. There is
#great lack of knowledge shout them, Efferts
are belng made to identify them and study
thelr biology at the USDA Insect identifice
tion laborstory,

Anastrepha plckell attacks the stems and
fruits, This is » problem in hybridization. It

Teble 15. Guemination swl pixnt growth of Lisnurs sfter tresting outtings with pesticides by submarsian.?

4 germination at Taaves Frosy
Insscticide 20 days 60 days I plaat weight {g)
Lorw dotage 455 5.8 an 79.5
Average dosage 454 550 F 74.0
High dosage 35.0 48,5 F] 5.9
Submerged 5 min &30 687 » 5.0
Submerged 20 min 58.4 6.1 at o
Controi &84 80.5 33 4.9
* Axsrsgw ot Purathlon, DI Sasudin, Monitor and Sevin in the towest, medium and highsst
faf dosagae r datinn

n
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of gég: zontrol cultivars sre shoven with standard
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H 1 a3 3
%3 - 22 8 & 1 1
X 28 2z 3 1
3 3 4 9 2 T
>2 % - %1 2 7 * #
g 1 0 w oz 2
& a5 $ ¢ 2 =2 3
15k * 18 M 30 B35 g4 1% 7T A F4
Z 1B 24 & 2™ g 18 3 3
LI a 12 20 2 ¥ & 2 1 .
. & "0 7 e , 7 2 1 1 1 3
1 W 15
Totsl plant waight (kp/plant)

ant root yield wi six months st planting (Vaives

e 27, Relationship tetwess tatil plant wei "

Using plovic acid paper, HCN in teaf and  gree of coloring, grades of 1 w § were adopt-

root wat determined, Depending on the de- ed. So Tar, no cassava cultivar with zero

Rooe yiwld ikg/plant}
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Figporm 20, Sralatinnenin hetwean Hessae? livlun aivd 1ant yieid a2 e sonihg s plenting,

8.8, Lianars
M Col 22 ‘M Col 113 .
1 .
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Figure 29. Aslationship betwesn totsl plant weight and hareast index mt six monds sfeer planting.
HCN has keer found. No meaninglul cor- detected by grade 5. Five percent pf the

refation between HCN in leaf and rout was collection fell inta this eategory, Spme of
found, So called “itter cassava” could be the nice-tasting cultivars, such as Lignera,
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Tabiz 21. MCN cortered i roots snd yield of tesseva. *
Mol 113, 1 Lignark Average root yistd at  Minimum roor Maximum root
s | 2 1 HOH rating No. of 10 months ylekd within yieid within
. i 3 t 3| % (root, 10 monthe}  collections [kgiplant) rating class rating clasy

- e} y 7 3 7 1 % R& ot 77 .
5 s 1 2 4 LR - - L 25 4,56 19 0.2
k) . . .
3 vt s 8B ” 2 341 4232 0.4 1.8
E 1 & 31 15 23 | @ @
b1 s s a2 5 1 3 sifjsr m i 3 709 4,33 0.1 13.0
3.0 1
H $ 4 e 18 35 3g Al o9 -ww 2 s el 3.84 0.1 10.4
5 a 20 36 4% 59 St 49 ~ 38
* 3 14 3o 47 A7 51 47 asl ¥ B 1 5 127 349 ot 2.4

s 4 40 a@ @ 11 4 12 10 7 4

9 ar 2z 12 6.6 2 2 3 t,2 2 ! facsere
¢ 0.25 0.50 G.7% Hybridization

Figure 31, Anlatlonshin betwese haeveat inde

M Colembiz 22, arvd M Me 35, 1
sitied as grade 4; while the majority

xiro 55, were clas:  between

of

rivaes were more or fess evenly distrity

Haryyst index

x sod root yiekd at 1an menths after planting.

grades 1 and 4, There was ne Indi-

cub  cation that bitier Cassava had higher yickding

wtod  abiltty {Table 21

o Sl 22
1 M 4 C..._a..i
ol el e M Cei 113
2 «..l—»i 5 | 11 2 1
+ 12 39 _E m ova 6 w0 1
k] AR T 3433 7D [ b3 F Fa 1
% 18 36 g 22 -1} 16 19 4 2
£ 5 26 9 \Jaa e 2 5 3 8 2 2 1
* g ¢ =6 W5 TaETaa 1 6 MW 3 * 1 ..
i 1 5 18 A2 an 27 30 19 14 3 H p § 1
M , s 1z o8 a5 @z P o 7 @2 2 2 u_
8 4 5 & 1w m 27 2 W 8 8 a + 2 !
8L . 4w v 2 1 17 & 7 1 1 ,
L] i LI 21 W " 11 L] ¥ v i 3
* i G £] $5t 11} L1+] o 8 e 3 ? F
2 [ ] %o 4 4 ot
g l* _F 4 4 3,3 2 1 . .
iG w0 30

figwe 32. Avlatianship bet

Toiat piant weight {xa/phani}

woen total plant waight and harvost bmdex at 1en manths wlter pasiting.

Approximately 35,000 Fy seads of ghout
250 gross combinations wore obtsined out
of about 36,000 female Tlowers artificially

“able 22 Chaeacteriviics of satsctions frag:

pollinated during the year. Some of the
frequently used cultivars in hybridization are
tisted i Yable 22, and the pumber of Fy
seeds in somie reprosentative crosses produced
during the year are given in Table 23,

iy asnd i hybridizati

Hurvest MWW““ Leal area Early Easy oR8 Superelonga-
indax weight  etention  maturity harvest  resisiance tlon resistance
Llanera + . +
M Colombla 22 b [} f 3
M Coloambia 113 ol
¥ Cotombia 197 34
M Colombia £47 s
M Colombta b i
M Colorabia 755 + + 5
M Colombia 914 Ex 4
M toxica 23 + + 3 i
1A Mrplen &5 [N} i B
M Menico b9 + e +
M Wenezuola 185 Aed- 4 "
M Fenepuela 270 + +
M Venezuela 307 + +

..

*

Wi &

ot




Table 23 Soms of the pr g cartuve hyt mads #t CIAT, 1974,
Number of
Flowers ¥y sendn Seads Gesminpiion
Crosses Pagent fines pollinated obtained  sown (%
CM 305 M Col 113 % M Cot 22 1,093 1,279 w07 73
M 369 M Col 2% x M Lol 647 595 34 o 92
s K11 M ol 22 x M Col $67 270 538 451 69
o1 S22t B Col 32 2 M Vaa 270 a8 52Y% 472 96
oM 323 M Col 22 x ¥ Mex 5% 457 742 742 91
CME 325 4 Cot 232 x M Mex 55 190 301 228 o0
1326 M ol 22 % 5} Ven 307 453 63 §73 B4
O 327 M Cot 113 % M Mex 55 1,578 1,52% 590 1)
O 334 o Mex 55 x Mol LY 419 415 82 57
M 536 M Mex 56 % M VYen 270 157 076 por 72
ol I M Mex 59 % M Gat 914, 100 ki 47 Vi
i 344 M Cui 113 x M Yen 307 442 :{ 287 TR
< 345 ool (13 x MMk 59 3% 184 132 %
CH 343 M Col 647 x M Ven 507 148 187 &4 .
8 350 M Col 867 x M Ven 307 173 23% 126 &4
©M 367 M Cal 113 % 2 Col 647 1,252 1347 - -
T 375 MCot Fi3x Mol FALS 5 801 - -
CM 378 Mol 113 x 8 Ven 270 156 531
i 507 W Mey 53 x K Ven 357 428 638 "
cCM4al %] Mex 59 x M Ven 307 29 43 - -
CHR 412 M Ven 270 = M Col 647 109 87 - -
A rominkadsty high gounlation hatwnen g b
pargeital averagn and Ty averdge was ohwined £ B . u Y.
in harvest ivdex (Fig, 331 The same type of BE. b A
correlations in total plant weight (Fig ) 2E? w bl
arf ront yild (Fig. 351 warn low, Whily m 5208} M 3. ra™
utmest 2l tn wibed E s latled gl well T €T N . .
or could uot grow vigreusshy, planis ol high § ¢ m . O3
harvest index produced selled Fos with .:Er gfa . ., -u .
harvest index ang vice versa (Fig, 331 Thus, £ 2E *
the inheritonce of harvesl indux is fargely eyl I
controlicd by the addirive aene effect, whare- 2 m p . °
a1 that of total plant weight 15 complicated, w E2
possibly including genie M:En,a:um. This s o2 3 _ X
gests that harvest index is an excellent char- * wﬁ»m; w et e

acter to

take into account in planning @

hybrifization scheme,

The primmy abjective of hybricization is
o up-grads the barvest ind
through controlled pallinatie

nx of popuiation

Eggurn{

Paranral tverals in harvest indax {ren

trvontlss #f sef DLANYIRD WiTh atols o5l

13 Ragression
avarags by harvast index
sas, without lose  white sheelal.

of parental avacsge on Fy
iSaltad Py ix indiceted by

B

t: . 5
T )
£ E

Mﬁ.ow . »

nmw » -

LI Sagaa¥

m.mmm e iy «*

dff | ol

L gt .

133 o’ 0

3 o s .
0 20

Parontnl averugs in voim plant weight
{rwn manths after planting with stakest

Figure 34 Ragretion of parental avers

Al . ¢ on Fy
sviarage it fotal plont i

o ? satel p weight (Selfad F1 is indicsted
g overall hetmrozygosity. Genes for resisi-

umnm to important diseases are added gradu-
ally.

Salection

Seed permination raws of B2 w 60 per
cont are sasily obitained with a majority of
cultivars Without any spezial treatment, Seed-

Fy averags in rant yisid (Rg/pient,

seoriing, nine months ofter

%mn_.:_ﬂ 3, Frgremsian of
N pavantal
wrarag in rout Yiid {Sailed ¥
. d F3 & indicated [

Foraaisl pversgs In rooT piskd
{kg/Dlang tan monihs sfter
planting with takes)

£ . .
W , . . -
bmm, - -O “0e L]
“ L)
& o3
m .nv. %9@0.
ma. os&u‘“ L}
5 v
o . "
§ 2} P *
m. B » -3
m 5
2D {3 N .

2 &4 §

#enrago o Fy

lings are transplanted, beiween one and two
Bo_.:aa atter sowing, at 1 x 2 meter spaging,
which Iy so adjusted a3 to sllow gach _na:o“
type to axpress its maximum yislkding poten-
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e 1 Wn Opsnpollinated Fy of 25 m m
ef.. M...... ﬁ B Gnlountin 1347 w!
>3 W 15 Mm Dypan polinews § ¢ -
g2z of Ligners £z
B
k-1
1i
238 » m 3
tia
53 . 53
w WM o ﬁnﬁm ¥laid a8
) s # 1% LEIN L
Age of swsdiings imenths atter
trangpinnting)
Figure 37, Age of swediing snd the sixe of oo
metis vertations in yield trais,

tial and minimize the gifect of intergenotypic
competition. At $ix months after transplant
ing, the seediings usually have & fow woll-
formed roots; and several cuttings for plant-
ing can be made (Fig, 36},

t1 is necessary to know what amzm.ﬁ:os
exists betweon seedling observations and
those from stake-planted material. To amwor
these questions. cuttings from about 3,000
¥y seedlings that came from the .:i. group
of controlled crosses and 38.3.__52“%
were planted in an observational yield trial
without selection at the seedling staga.

Variations of Fy seedlings in root yietd
wiil tetad phast weigin e n:._u....._wamwm,s theany.
ataly 1o the age of swdliog (b, 34, Ue
viriatian B harvest Tidey seespied 10 sganh A

- . Li oo
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£%y
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m.wu. i nﬁ P .
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Hnot vield »i sesditay finaly
Tz lesct, niem snuntbe aline
tracsdnetiedg ot T o 4 A 100 nawr gl

| o S0, Hegewasion of date of sndling slants
on et of the sbaks alantwd planiy of Yhs Gene
ganutypm in root yisld,
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Marvest index of saeuitng planty
{the same poputstion ax Pig, 44)

ot duts of seedling planis
o T R
enotyp in harvest .

platpau at shout ten months after transplant
ing the seedlings. Ten months after trane
planting e seedlings, the variation i root
yield, harvest index and total plant weight
were judged (o be sufficiently great to ensure
an easy lipld seloction, Gorrslativa belween
data from sedling plants and that from the
stake-planted material was gaud in root yiekd
{Fig. 38j, harvest index {Fig. 39) and twotal
plant weight (Fig. 40},

Sinee afl the data suggest that wiection
with soedling plants is highly cifeciive, an
iapsiie wietion witl b improsed o the
stegond group uf by smedling, which inclis
wach gesstypes as M Colambic 22, M Co-

Lid

e oy 331
- hd

LR M L

ATTES DIBIY oS Whent

Poat s D5 TR STOSMREG .

THIN grae T Wi R OF Stk

| pparn M, __!&!ﬁmﬁ ol dinia ol wertling pisits
on that nf tha sisks plarted plonty of e some
gonntyg n fopsd daey waighe,

fambia 113, M Lalombis 647, M Maxico 55,
and M Mexice 59 os the parents. Since
Cwssava reguims a Tage spraee oy e proper
evaluation of guch genotyny, the pumber of
Senotypes that can be accomodated por unit
of ficld ares s limited. On the other hand,
a reproduction of the same genotype can be
regcdity made through stem cuttings. Thus,
having distinct evehsation fields for different
selection items ix ressonable,

Hence an observational yield trial 8t Cari-
Mogua, Llanos Orientales rendwrs 5 good
selection opportunity for poor, atid solls with
8 prolonged dry season. Another trisf at
Caribie, Sants Marta gives 2 selettion oppot-
tunity under high temperatures where the
vegetative growth is rapid. The pathology
group evaluates numerous gerotypes for
eassava bacterial blight and superslongation
digeasn outside GIAT while the injtial sefec-
tion with seedlings In CIAT is meant 1o be
based on the maximurn yielding potential of
each genotype,

Material exchange

Cossava ariginated and diversitied in Latin
Americs. The CIAT cassava germplasm ool
leciion s the biggest and possibly the only
o an an intmeatkaml seate st presest
Than, J1 s e o GIAT 1asproamibaitithe, e
provide grmetic auntmials for other cassavi
1y gungranrn i Hie wurld, Abgat
16NN open-potiinatert seeds from 203 ¢ol-
lociieam e seesd 0 thr WWTA s tpam in
Mageia,

A ot eater srmbir of £ ot nan
Yo perosdescantt oy 10 bis nvaitidting o gty

Bt weedling Huld st GIAT, Thus, we wa
tracky 10 iRy setds o B o hyBidls Hag we
reagieithne

wt peromidng Iy ather  oatsaes
proeevs enzbalibe Gulvindele "es b,
@ datal ob gheas 3000 By seenls, which eane
feomn stk voemnes oy 4 Qolptnbee 161y M
Celambia 2%, 8 Cotombia 72 x M Dolan-
bia 442, 14 Cobanlng 27 « 8 Voimpnta 110
anl M Ol 110 2 M Maxios &5 woenn
wetd 1o e nepetold breederageonami in
Bezrit meul ae HTA,

AGRONOMY
Population and staka size

Frials yynre carried out at thren sites: Me-
dia Luna {20 maters), L3 Zapata {1,200 me-
ters} and Chinchind {1,800 meters). Stakes of
the most common Jocal variery were used in
each rrial. The plots were fertilized according
1o solt analysis; weeds were controlled; and
when insect attacks became serious, insec.
ticides were applied. A savare attack of both
bacteria {CBBI and superslongation disasse
otcUrred at Shinchind,

In a1 wials It was observed that plants
from fonger stakes wers larper up to four
months afer planting when they bacame
mare equal, Thus, larger stakes may help 1o
give better weed control in the early growih
stages.

At La Zapata, no significant interaction
tat the 5 per tent lovel) botween stakp size
and population was detected. Mean yiehd of
fresh roots nervased from shout 31 w0 38
ton/hz as plant stake size increased from 20
to G0 centimetess and decrested 10 336
tonfha, #s stake size wag ingressed to 80
centimeters {Fig. 41), These yietd ditfarences
were small in Comparison with those associ-
ated with population changes. Yield increased
from 217 to 414 ton/ha as population
increased from 5,000 1w 40,000 planisfha
{in, aT), Huwrenr, 1o0 i than 78 e
Hierlers bong dusk b sestivu o i dienete
e i aily nat sabeable on the Colsnbion
markel; and with more than 20,000 plants
per Dentars, e peecentage af srnll, nney
sidrabily snmes wis g {able 241, Ernw
quently, & poputation of 20,000 plants per
heeian: with A 1o G0 cantimeler stakes
weanthl sy tn e spbirmoan,

fasithis fremn Chinestrind were similar, s
wan varlobile (Fig, 425 As in Lo Zipats,
etube sivn hard Bitle s ot s ginhl, gl A0
Wtk s Wetn Bty aootagh e ghey
ebisl s itnieans yindeds,

Pl guapabatio (ML UV O PR TR
yirdd fcieans v o o# level of 28 i,
Heweua, ov o b Zagvda, tha sennium of
cummmercial tools decrawd  markedly as

.
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Figure 42, Stskoe sizw sod sisnt population aftact ot yisld at Chinchin, Caldas.
o i a0 " 16 wa o petformance Detwenn locatdons end yuars:  ccological contfitiung in sovetal seusons using

Hrapn abrn (om)

Pimert e intiar Ol iavantls}

fipara 41, Staka slzs and pleat populstion witect on yintd st Ls Zuputs, Walls,

piant populatinn was yaised 1o 40,000 plants
' per tienigr,

to Modis Luna, yllds were extremely
poor, possibly becaum of the wvers thry
weasuns aned a pour iocsl viricty. Resully were
exiremety yatiable and difticull 1o iestarprol
{Fig. 43}, Unce again, 40-contimeter stakes

Tyhits 34, Plant pogiistion aliect on parcentags ol
frash cormmarcisl rostr at La Zaoats,

Commercis roots
frare than 35 om long and

FPopulation 5 om in diamrter®
{plantsfns} 4]
5008 100
£0,080 , e
N Hnn A%
40,001 0

« Far Crtnbian markats 8 oot uneter thisssmls
Al LaAunssen cperantrglak

appearod best; bt fower poputations L1500
plantspar hartrsd wate wptiesal,

In ot locations, it was abwrved fhat as
plant population ncrnawd, yieki abse v
emaed: but the manter of roats per plant,
sjrre nf rgots and horeest srudux decinasnl,
whersas ratural contral of weeds improved,

Yield teial

Table 28 illustrateshow the same varieties
hehave in ditferent locations and populations
and in differant years.

in 1973, ning verleties were pianted in 2
replicated yield wrial at CIAT {1,000 meters)
i & fertile soil with pH 6.5, In 1974, the
same nwine varieties, plus the variety Totima,
wore planted 8t 1a Zepato n 2 soll with
mredium 1o low fertility ond pH 4.7,

M Cudennbia 7 a (pomisieng warlety nf
£rAl andd raoked East e thae UL LCIAL
trial, b 2wl pebotion o W) et met
vt s tanked sinth at L Zagsap i 1A
Mt nf Hue vatinggien showed differencss i

hmn Llanera yisking equatly well in both
:m:.;miﬁ::., tolitna (which resembiles M Coo
lombia 113 ami whirh has chown good yinld
oo bial af GIATL (Uig 44) slmm:;:t;
ceptional yinkd potential {Table 28),

‘ﬁ_xe mszgffa sttess the Importance of con-
duting mgiorad Bials pver & witde 1eg of

the same technology, s¢ # (0 be able to
selert the bast virinty or wsrletiog due any
partigsiar site, Tha resulis aiso inddicats the
pnibiility &5t Blentitying varictios tha? per-
torm wall under & wide range of conditions
freum tha rosuits of the reglonal trials alrsady
planted with promising verietios st 14 sites
in Colernhin,

L] [P SV B

Toniha

Btake alze f2m}

FrEvan

] " a8

Beant poprlatiinn {Hussenndda)

Fapun A1, Stake sira and plant population on yiekd st Madia Lunn, Magdstens

i,
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B, 4k Bm?um%m,_z“#m:m !
wuﬂ.ﬁﬁm in S_nme The levels of nutrienis iIn
tha plant that carrpgpandedt 10 aax.m:._:mﬂ
dry matter productlon were: ) 485% ,
0187 P, 1143 K, 1.07% Ca, 0.42% Mg 2n
0.16% S (Fip. 46},

" 3 i Lnrvnea
Finueo A0, Respuete ol 2 1 ® At X In

plants 16 earious Javets {in ppm)
atriwt voiutions,

Appsication of phosphorat In kit Pl

Eigare A7, Totl dry tawtier peoduction of six.
:.anﬂ_.ﬁ Llanare pisnts 38 rolated to four w...ﬂ
!iggi&virminﬁinﬂmusm

s,

Numerous chemical analyses of camsavs
plants in the field at twe 10 four months
abtei plantiy inedicate thaet sezernal mc:mnﬁ
contents in young, tully spenmi lpaves are:

5 - N 40 -~ 100 ppm 2o
Mw - mwm P 16~ AgppmB
10 - 20% K g— 12pemiy
575 - 1.5% Ca 50 — 150 ppm M
025 - 107 Mg 1080 —~ 200 pran Fe

Zinc deficiency symptams normally o
pear when the leaves contain s than i
ppm Zn, Thase lewls may seive us 2 Mx:a”w
guitde but vary sustunliat Wikl vaietins @

age of planis.
Resporse to ferritization
Pot axperimants with Carimagua soil

isurs 47 shows the respoist of cassavd
0 mtwmos lpwols of ¢ appiied 25 .Mwﬂe
supaiphosphate TSP} or basie siag on _ m
wagua ot (Tatle 281, THP wa m.m”ad M
superior at inteprnndiate lovels of m_ﬁwaw.:m,m
The P content af e lunes cprrosyrstfiisg e
maxirnum production of dry matier wes 0.

negative response at high lovels of spplica-
tion. Meximuan production of dry matier
was obtained ot a Kievel of 1,10 w 1.30 per
cerit in the leaves,

Tha negative effect of high KTI applics-
tions was substentiawed by ancther pot ex
perimont. This expariment alss indivatod the
nearty neghinible rosidual effect of even high
ratas o ECI apphications.

The suptioizy of K50, owr KO i
miest likely thie 10 30 § response of cassava
grewn pr Catunafjas soify, 1his was substan-
tiatad Ly 8 mings slement pot oxperiment,
which chicated & saniticant positive re-
sponse to Ca, 5 and Zn, a slight response to
Mg and Cu, atf a regaibve response to B,
Mo and Mn,

o

) 3 1
a5 G OB 200 200

Ropiication of potstine In ky KaOfha

Forel dry matr [gistantd

Figte 40, Totst dry matter production of
sic-pgretheolet Llsorera phosts me rolated to fes lovels
”m twa souircis of K applisd to Corimagus soll

pots,

. . Kbl o i LR il - LW AL I, TR
- li"\lihlt.ﬂt.i:s: T e F- 3 S
te 0,22 per cent P. Dry matter production n“”ﬂ- .
ard P levels in the leaves werp much fower ¥
S0ILS 20 than those obtained in the fiekd {see above}, ke/otant
ot nutrients - ndicating that rost growth and nutrient bL
Optimal evels of vert sbiorption were seriously reduced by the lim- s . e
The disgnosis of aczxﬁn.m_ mﬁgnam_ﬁx M 3 iteci volume of soil in the pot. e £
cassava i amwﬂgwﬁgaﬂmnmnhw Wﬁnuno:a and W@i Another experiment showed maximam aRN
imformation {essential nutrients in tha 2 w\ dry matwr production with the apphication X
optimal levels of e $ of 100 kg P30y /Mo as TSP which produced a
plant. 3 0 i P content of 0.22 per cent in the loaves. The
| .
. o same experiment showed that oniy at high 3 L
Figure 45 shows the m«ﬂnﬁﬁmoﬂ%ﬂ ,m © ‘Tripie miperahosshats g jevels of applicetion was there any significant
tion and the torresponding | ” residual effect of P applied in the previous
1 { 3 B-month-old Lipners plan 3 * Busic siap i
in the leaves of 3. thus with low * — , semesier.
grown without stakes {and thus WID 0 20 ! H 7 we | 0] L
atvariousfev \ :
..é%rmw Mﬂﬂmﬂﬂmﬁ:ca. e highest tevel of : Figure amw shows the response of cassava
in saf N was not sufficiant 1o shisin L 1o varfous «..,w# of K .Su:ﬁ_ a KCi or
B0 ppm e o avser production, Definits o K350, to Carlmagua soll. The K450, was
waﬁcwb* »Mﬂmw dry matter were chstained ut = 80 1900 el superiar o the KCI, the latter producing a b bk Fof
rraxima o .

Pipsre 49, Root yiokd of Lianore o3 related to
spplications of 200 kg N and PzDg/Me and 300 kg
¥30Ma in Jamundi.

Fiehd expariments

Cassava plonts extract large smouits of
K #rom the soil. Casava’s farge K require-
mmnts wire shown by an NPK factorial ex
pevimiany in Jamund!, just south of Cali.
Mihough these sois have an injermodiate
exchangeable K contens (Table 28} and a
fow P oontent, the only signilicant response
was o K, with a slight response o N st P
i the preseren of K (Figure 48),

fn anther sobl Tow in P and of inkonedt-
e K comtent at La Zapata {Table 26),
cavava rexpended mainly to applleations of
K and 16 a lesser gxiout tg applications of P
mul N Ui, W0 An safysis of Hie Son
Lrisichal design used Intigsted & significant
reponse (ot the & per gent evel) o the
applivgton of each chenent. The squation
of the tesponse surfate was galenlatnd 20 bo:
yicid =243 + Q4B N + 05GP + 1.71 K -
034 N7 4 0,24 P2 4 0.72 K2~ 028 NP
L NK - 0.5 PR {P as P05 and K o5
KO, exprossed as kgfba, with yindd oipenssed
us ton/bal, This equation shows quantitlathe-
by the importangn ot K fertiiizatien ralotive
o that o N and P, even in 2 suil Jow in P and
intermandinte iy K e Is afse apparent that the
response to N may be negative above an
optimsl level,

Tl i W
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ey ggtion, The S i0 the SCL had no significant

T e vt t j 786 kg Sfha was
Cawsnen yintd lon/al autriant elfect since aba“" g
e t— ) ':n ) applied fo the entire pxpetiment in the form
wrpopkeo (8 72 P22 Ficeo,,
. B- ol o
Y s B ot Al triaks pizied @ Carimagis batwean
'; ‘53 . Agedd and oy, 1074 suiderad to o axlund
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Cigaze: DAk Flasponst ot Lipntra 1 yarious inurly
ot NP smd X spplisd at La Zapeta.

§ i wud @
tn an adjpcent figld, beans $ho
dramatic response 12 P applications {se®
pays 1451, indicating the impuortance of P far
Lauans srd K lor cassava.

Field trials at Carimagus shwgd n}azkud
yisual respEOSES n} cassavi |a_ap;:lmafmns of
Vi, Mg, NP K st §. Figure 51 shuws
he rgsponse O Cassavy o 1 fowels applicd a8
urea angd S-coated urea {SCU L. When tr‘aczim-
awed, the wred wat supurior to the B{RJ, but
when ali the N was spplied at onte 81 50
days, the SCU was inferior a1 thn jow !eveii_,
but much superior &t the high leve! of appit-

Casuve
roms
wnine

6

Liveen .
Gulhyr cunted HRER {snul

26 Gnpptlat o1 50 duys
245 T msinn ol 80 cays
o Fuppitoa ot 120 deyS

100 200

Applitation uf B own kgfht
o bavelt
§ g L1, Runpone of Llpnmez o twen SOES
snd 'a:\:lm; of N aputind & spiit wpptations n

Cavimagus.

ferums Bag e bl Bt Bt i
plt planis fust many el Mhs iy

H ﬁém‘k of thi growing peints This
the woed growth an¢l in some cases could
orivusly ablect yietds. Mugsursrnenis of ptant
neight, visua! syaiyations

- e ar two ond fouf manths af
e 254 fotlowing tantathve conctusions:

jht LR Gepiously allect
., by the
tollowed by

‘x 1o teven monthi
o ot ingrsanid

and foliar analyses
af age slipwed the

pnly a small positive e

v 2‘35&?;5& ir %Mc«aa. £yen without

N application, the N content of lnaves

was as high 88 5.AQ per veny,which

ingreamgd ¢ §.12 par cont with the
spolication of 200 kg Miha

a5 & sigrificant poshive yisual
% :::::-Zn:dio i‘g'm Liania to lwels of
150-200 ky Palgfha. Without P apphi
pation the P eonient o tho leaves was
(0,40 por cont, whiieh inmeafm! 1 .54
pur Gend with the applinzation of 150
kg P,Os/he P contenis of camine
toaves wers high compared with other
crops (seldom ahove (.2 per cent} gven
without P appiication.

. Thergwass marked positive response W
3 ?‘Qpﬁugims,wim K50, being 2
pinnfics suurcs 10 Kl Applicutions
ol KCi plus plamental B were superiof
1 KCI atgne, indicating the importante

of § forijtization.

= i Brse

&, There was 3 maekad pcsutvn‘ respon
& Mg applieation, with MgS0, being
spaetine 10 Mald Whan tand placed.
fhaar laten jpnpensed  the snit pit ex

cussieety,

5, There was & marikisd posithve susponse
13 Beme up to B 1on/ha in the Chira®
dir Anucins variely. This & c:m_tmry 1
st sfmpvtion, whith imhc;s%ﬁfi 2
nayativn HESROITT b fuigh time anplicy
it Lining dusreansdt thi: tupt mﬂé
g uf M, 46 aref ¥ T B e

Fupera U2, Zine-dath

tontents wors little sttected by liming.
Eurtior nogative responses w liming
susuited .in typrical £n Jeficiency symp-
toms {Figure §2) and low lovels of 2n
in the leaves {11415 ppm with G ton/ha
ot fitne]. On the contrary, this Chirosa
variety wrothued no 2o deflitiency
symproms aned had 4 high Zn content
of 4% ppm st the § 1ontha lme {ovel,
It appears that the argative response
of famsaen fer Bigl loweds of lime s
waiy e ta Zo tebicicrcy in Sk
msgesn tasil,

. Nand placemen) of fantilirers in single

o doubly, interrapted bands alongside
thie stake was ruich superior te brond.
Gast plagnmenl, The latter mathod pro-
ducad  pxeussive  wend  gowth  pnd
stun el Cassiven plants,

varinting.
WEED CONTROL

Study of the inwractions betwesn wesd
cp;mfii systems, plan