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Foreword 

Tropical L到in America, like other developin旱防車ions of the world, is strugglin車
against the crushing, interrelated problems of povert) 每 hun嘉軒‘ malnutrition an吋
intlatìon • problems that have been complicated by unprecedented urban expan剖開 as a 
result of rapid 益emographic囂rowth and migration to the cities from rural areas , I ncrea間社
&草ricul跑開1 productivity is an essential componenl in Ihe alleviation of Ihese probiems 
Those who rem剖n in the rural areas musl produce mo時， not only 10 improve the standard 
ofliv的g of their own families but .Iso 10 feed the島rowmg percenta草e of people enga惡ed tn 
nonagricultural activities、

The combinalìon of rapi位ly rìsing population and increase這 purchasìn惡 power 15 
expecled 10 result in an annual íncrease of 3 to 4 percenl in demand for food during Ihe 
neXI ten years. U nless food production rises at an equally rapid pace, growìn鑫 ínf1ationary
pressures on food products can be expected. Thís can only creale additional hardshìps on 
the lower ìncome 5e草men峙。f the populatìon who spend most of their income on foo益 and
who nee泣如 improve both the quantity and quality of theír food consumption in order to 
overcorne serious malnutritíon 

Impressive progress has been made in agricultural production‘ however, this has been 
nullìfie社 by demographic growlh, ln Lat品 Am軒ica ， CIAγs major area of responsibility , 
population ís currently 制timated to be increasin耳刮 Ihe rate of 2 會 percent yearly. In the 
world 品 a whole , agrícultural produclion has advanced at a sli喜悅Iy more rapid pace than 
population durir戀 the past 20 years, but the 廿 istríbution of these increases has been 
disastrously uneven. The tropical, developíng countries who have suslained three fourths 
of the populatíon ìncrease,have achieved only one fourth of Ihe increase in agrìcullural 
prodUClion. A loolc at the map will readily indícale lhat most of Ihe world's hungry 
nat時間 are located between lalitud的 300 north and 300 south. Agricult服al productíon in 
thìs area, in spite of wa口n weather permitting year-round croppin盔， îs increas悶拉 les發
rapidly than population. In these parts of the world , there are technologìcal obstacles 10 
production, the solution of which is vilal 10 all manlcind. 

Contínuatìon of past trends is unacceptable. A great part oflhe increases in production 
in the past has been brought about by exp叫“ng the a血。unt of land under cultivation 
and by using more purchased inpUls. The shortage of land Ihal can he brou草ht inlo 
productìon wíthout Iarge investments, the rising costs of fertilízers and pesticìdes. the 
恥ed 10 lower pro社駝的on costs in order to minimize ìnflationary 甘en缸， as well as the 
ur草ency of the situation，時quire that new 但chnolo鼻:y， which will make possible吐ram剖lC
lDcrer玄tents in productivilY, be developed and made available to farmers 

CIAτ。 as an international a草ricultural research and 缸ainîng centεr dedica tcd 10 the 
improvement of human welfare througli increased food production in the tropics , can 
conlribute to this urgenl need. 1 t must be emphas組ed ， however, thal CIA T is only one Iink 
in the chain of in前itutions required 10 accomplish this important lask. The r協tional
inslilution is Ihe key in the adaptation and delívery of new technology developed at lhe 
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mtεrnationallevel and in providíng feedback regardíng local needs and problems. CIA 1 
IS、 therefore， workingclo甜Iy with national agencies in the是evelopment and t的tingofnew
tecbnology and in training with the purpose of developing specific skills. as well as a sense 
of urgency, in the development an社 delivεry of technology at the national leveI. 

CIAT expects to benef鼠忌。th the rural and urban poor by developìng new technology 
that wíll increase food production wìthout raisin喜 COSIS. It is essential that th路 new
technology develope社 at CIA T increase productìon 制 lower unit costs and req恥re a 
描inìmum U5e of purcha5ed inpuls. It must be economicaJly viable種 socially acceptable and 
悅。logically 5uitable under the conditions of low resou!ce farmers. 

Substantial progress, described in deta i! for each program in th時 report， was 昂ade
toward the achievement of these goals i鈍 1975也

Rese塾rcb and training bi露bligbts

In re車ional cassava variety tríals in farmers' fields at ni悅肘。logically different 
locations，問n早ing from 10 to 1,450 meters in altitud丸 and wìthout the U5e of fertilizer , 

insectic忱。r fungic肢， CIAT selections yielded an avera於“ 30 tons I ha, as compa悶d
嗎，ith an average y話Id of 18 tonslha for the local variet時s.τhese results 悶dicate a g時剖
potentìal for improving cassava yieI釘 by varietal ìmprovement without the need for 
costly purchased inpu個 There are stron串指di間tions that resistance to 缸。nomically
ìmportant pests can be bred intofuture hybrids. Evaluatìo踐。fa natural infestation by the 
Oligonyebus spider mite in 1,8841ine5 in the germplasm bank 開dicated that 427lìnes were 
resìstant. Furthermore，的海luation of 45 Iines by artifi的aI infestalÍon with Mononycbell制
sp. revealed severa! lines 鳴tith 在ood intermediate resistance 

There ìs a1so optìmism that the nitro草的1 fixatìon barrier今 which has so far lìmite吐出IS
very 削eful process ìn beans, can be broken. Some variety I cultu自 co祖binations have 
produced considerably higher levels of fixa lÍon than those prevìously recorded for 
Phaseo/us vulgaris. Another development that points the way 10 future higher yieldin囂
bean hybrids 峙 the discovery that high bean yields and hi軍h rates of nitrogen fìxatìon are 
closeIy correlated wìth Ihe length of the growìn惡 period before 琵owenng

In 1會75 importa肘 advanc的 were made in the buil桂 ìn串 of a 息ermplasm base for the 
公velopment of legume-based pastures 10 increase beef productìvity 組bstantially on the 
vast, but infert i1e, alli. savanna 50i!s of the 甘0似的. Additional coIIectìons from Braz泣，
Colomb峙， Guyana and Venezuela increase社 the number of total Styl翩翩tbes spp. 
acce峙的ns to 570. Although Stylo揖nth個 stiII app開峙的 offer great potent凶， grazing 
trials 拉伯nonstrate甚 the seríous 益amage that stemborers and anthracnose leaf disease can 
in詰íct. Fortunately, sources for resìstance to both have be叩 identified ín the germplasm 
coIlection 

Swine feedin車甘ials 是emonstrated that 剖mple diet5 based on whole grain 50r車hum
produced almost as goo是 resuIts as the best 通íet-s utílÍzi滋客車round cereals. Thís should be 
particul訂Iy useful 10 smaIl farmers who wish 印 feed home-grown pro社ucts to swine and 
do not have acce55 10 grinding equipment or capital to purchase it. 

CIA T's agricultural 叩gmeer re自ntly completed and tested a prototype 2ιinch 
diameter axial 日ow pump. This 割了nple pump, driven from the pow肘嗨ke-offof a traclOr, 
delivers appro恥mately I cubic meter per second a草都nsta head ofup to 1.8 meters , Sucha 
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ii!) 
low-lift, hì草h volume pump司 which can be reversed to move water in either direction, 
appears ideal for irrigation and dr缸nage ìn many of Ihe seasonally f100ded ar臨仰的叫th
America, where even lìmit容是 water control could greatly reducecrop losses and providea 
tremen益。us potential for rice production 

Substantial pro草ress was made in the trend towards trainin草 productìon and r品earch
toams for specific countries. Thεfirst experiment‘ combining th措 philosphy wìth the 
transfer of the practical training phasc of the livestock production trainìng course to the 
ho甜e country of the trainees, was highly 經uccessfu l. Eleven Paraguayans spent seven 
品。nths on selected ranches learning practical skills under the superv闊的n ofCIAT and 
U niversìda是 Nacional de Asunción staff 

Organízatíonal developme目的

In addition to these achieverr賠nts ín research and lrainin囂， there were a number of 
organizational developments desìgned to enhance tbe advancement and transfer of 
technology. Through workshops, proce這iures were outline益 for the cooperative testing of 
new bean and cassava varieties and the establishment of the L斟in Amerícan bean 
即札.ork， where CIA T wiU provide trainin萃， germplasm and consultation services under 
the ovεrall guidance of a Bean Technical Advìsory Com扭Ittee

A mechanism for validating technolo草y under real farm conditions was ìncorporated 
into the individual commodìty programs in 1晉75 through the establishment of outreach 
production specialist positions and the assi車nment of full鴨t.ìme economists to each of 
CIAT's m持。r commo挂Ity pro草rarns.

The C1A T administration has been reor草.anized 10 replace a single Deputy Director 
General with two high-level positions: Associate Director General (International 
Cooperation) and Associate Director General (Research). The assignment of a fu拉伯tlm.
staff member at this level to 揖ternatìonal cooperation ensures an expanded effort in 
strengthenìn草 relations with natìonal programs and in the transfer of technology. 

Inlemational 凶悍前ation

Three Rockefel1er Foundation-funded CIA Tstaff assigned to the lnstitu如 deCienciay
T.cnolo車ia Agrícol齡(ICTA) in Guatemala, as well as a number of Guatemalans who 
completed tτaining at CIA T, continue述 \0 contribute \0 the development of this 
innovative organizatìon, M ost of ICT A '5 triab of vari到ies and cultural practices are 
conducted in farmers' fìelds. In 1975, 229 experiments and 562fiel益 trials were conduc\ed 
with farmers ìn fìve 臨lected 記囂的ns in Guatemala. A fiv恥year plan was drawn up for 
expansion of this type of work ìn Guatemala. 

CIAτstaff traveled extensively in Latin America in 1975 to establìsh cooperative 
pro草rams and provî借閱queste挂 consultant servic如 throughout the contìnent. Such 
travel involved 777 man-days of consultation in the followin草 countries:

Argentina Ecuador Panama 
品。Iivia El Salva吐 or Peru 
Brazil Guatemala Puerto Rico 
ChiJe Honduras Venezuela 
Co泣a Rîca 軒fexico
Domìnican Republic Nicaragua 
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The Director General an廿 the A峙。ciate Director General for lnternational 
Cooperation visited most of these countrios \0 discuss increasea collaboration between 
CIA T and natíonal programs 

Administrative developmen的

ln 1975 the CIAT Boar社 of1、rustee5 welcomed two new rnembers: Dr , Luis Paz Silva 
(Peru) and D r. Victor Oyenu且:a (N;geria) , Durìng this year the terms of office expired for 
DL Roberto Meirelles de Miranda (Braz;1)，。玄。 Fabian Portilla{在cua善。r) and Dr. Philip 
Sherlock (Jamaica)可 ln addition Dr. Moisés Behar Alcahe(Guatemal的 found it necessary 
to 闊別皂白 as a Board member 也le to his new responsibil的yasCh時f of the Nutrition U nit 
at the Worl拉 Health Organization in Geneva , At its annual m悅ting in 1975 電 the Board 
elected 治e following new memhers: Dr. Paulo de T, Alvim (Bra扣除， Dr, Almiro 
Blumenschein (當razil)， DL Matthew Dagg (U nite是 Kin串通。m， working ìn N ig盯ia) and 
Dr. Werner 了rel校 (Ge玄many)。

This year CIA T lost the servìces of several mernhers of the se甜。r staff who ha這
contributed greatly to the establ時hrnent and executìon of CIA 1"5 programs în its 
formatîve years, These were Dr, F ,C. Byrn帥， who move吐 to N ew Y ork to become 
Director of Research and Trainîn串 ìn the newly formed International Agricultural 
D的'elopment Service; Dr, Peter Jennings, who also moved 10 Jliew York to beco間C
Associate Dírector foτAgrîcultural Sc悍nces ofthe Rockefeller Foundatìon; an社 D r. J ，H，
Maner, who moved 10 Salva'益。r，話razil ， where he will head up the agricultural aspects of 
the Rockefeller Found的îon's cooperative program wîth the Universidade Federal da 
Bahîa , 

CIA T welcomed the arrival ofDr. Kenneth 0 , Rach拾， formerly Assistant Director and 
Lea往前 of the Grain Legume Improvement Program of the lnternatìonal Jnstìtute of 
Tropìcal A草riculture in r嘻嘻盯班， as ìts new Associate Director General for Research. Dr. 
Anthony Bellottí was al50 welcomed as a new senìor staff entomologist ìn the Cassava 
Program , having heen pro的ote通 from a postdoctoral positíon，誌針. Jes白s Cuéllar was 
promoted to Executive Offic叮 from his previous position as H ead of H叫nan Resources; 
and Mr , Alfonso Díaz, Station Superintendent, was elevate時 to the senior staff level 

CIA T considers th剖 the basic food situation , particularly ín Latin Ameríca wh軒e Qur 
major effort is concentrate丘， is urgent but not hopeless , The results now be車mnmg to 
emerge from our youn草 prog問m are exclt的臣， and mechanis如shave b間n es除hlish叫 to
tr創lsfer these findings to national pro惡rams for adaptation, validation and delivery to 
farmers , By focusin章。ur efforts on those areas where international centers have the 
gr時test comparative advantage, by adh.r叮咚 tü the principles of complementarìty and 
cooperation with colleagues in national programs, by orientíng our efforts to the 
important r這Iher than the întercstin盔， and by maintaining a multidisciplinary effort to 
solve ì屆portant production problems, CIAT isσptim盟約c about makin草 sig知fìcant
progress , We expect that thesc aehievemcnts will contributesubstantially to the solution 
of basic human problems and bring about increa甜d welfare and human dignity to many 
Our staff of outstanding scientists from 13 nations 時 de吐時ated to this task , The results on 
the pa革，es that follow give us hope 
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Climatological data for 
four CIAT research s泊的

CIAT scient祖ts conduct primary 
research at four centers ín Colombía: at 
CIAτ 這 headquarters near Palmira; at the 
Turipaná and Cari血a車ua research stations 
of the Instituto Colombiano Agropecuario 
(ICA); an挂 the Popay主n researeh station of 
the Secretaría de Agricultura del Cauca. In 
a社社itìon， testin草 is done at many other 
locations throughout Latin Ameríca 
Summary d到a on temperature, raìnfaH 
and edaphologieal con心ions 剖 most of 
these stations are 1isted ín thc indivìduai 
reports of the Beef, Bean, Cassava and 
Maize Pro車叫ms reprinted from th時
comprehensive Annual Report. 

In this section are data for long編terrn
monthly temperature and rainfall avera辜的
剖 the four primary localÍons in Colombía 
Data for the Turipan直就atlOn 時 from the 
station itself: data for the other Jocations 
are from a社ljacent (Popayán and CIA T) or 
nearby (Carimagua) weather mea鉗制海

statíons. Detaìled 忌斜a for otheτ 
c1ímatolo韋拉.1 factors are available for a 
long period at IC丸's Palmi月吼叫的成 Th時
社ata prOVl益的 a eomprehensive pictu呵。f
con晶ítions under which much of CIAγs 
p口的ary crop screen聞單 work is conducted. 

Palmíra 

The climate 的 Palrnira， ìn the Depar
tamento del Valle、 represents a typícal 
equatoríal uplan益 environment with a 
bìmodal rain!all dìstribution (Fìg. 1) 。 τhe
comparatively low mean annual rainfall is 
due to the oro墓raphic effects of both the 
eastern and western Cordílleras of the 
And帥 Negligìble seasonal mean 
temperature variation stron學Iy contrasts 
with slrong seasonal variation in raÎnfall. 
The two dry seasons are norn講ally shorl. 
Julyand Augusl are the 這ríest months with 
NE winds pτedom研討mg
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Popayán 

The clímate at the research sìte near 
Popay孟泣， in the Departamento del Cauca、
is aJso representative of equatorial upJaηd 
c1 imates in other areas oftheworJd (Fìg , 2) 
The bimodal raínfall 社IS廿ìb叫Jon ís quite 
訓milar 10 Palrηìra although raìnfall , 
particularly in the second wet ,ea50n, is 
much hígh肘 The lower ambient 
temperatu賠§位ìrectly ref1ect the hìgher 
altitude. 

Turíl'an是

The c\ìmate at Turìpan之 in the Depar
ta峙的1to de Córdob札 IS stron囂Iy represen編
tative of other lowland tropical en
vironments with a unimodal rainfall 
distribution at sub咕quatorial latìtudes 
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contr品sting wet and 益ry seasons、 high wet 
season rainfall and higher temperatures 
during the dry season (Fig. 4). 

(Fig. 3). The higher mean temperature is a 
direct reflection of the lower altitude 
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Carimagua 

fhe tropical savanna climate at 
Carimagt阻， Departamento de Meta，的
typical of inland regions in the equatorial 
and sub-equatorial zones with a more or 
less unimodal rainfall pattern, strongly w 

Mean tempcratures (12 yr) 
3已

可」32 

mean 

約lIJi1mum

28 

24戶

20… 

w 
S 

320 

24í) 

160 

ZHZCE-EE 

~1ean precipitation (3 yr) 80 

i 

p 

Flgure 4 阱。財神多 祖甜n predpitat帕綠 and

tempe祖祖他有 for Carirnagua are4 (met叫rologìcal

station 肘 E，重點ión Las G恥iot;醋. c朋tro de 
g曲arrollo Integradu. Comisaría de Vichada: L剖-
4'30"N. Long. 700峙'W (approx);叫“tude 150 mete時L

XVII 

" 
N 

i 

o 
i 

f、 5

O Li心斗…斗一-'-…L.J 明斗

JFMAMJJ 

Flgure ::t MOl叫lly mean precipi組tion and 
抽mperatures for T間掙趾頭 (met帕rological紛前拉n at 
ICA research station. Turipaná. Departamento de 
CórdQba: Lat. 8í'N、 Long. 1(jQ、i\'; altitude 13 meters ),. 





Beef production systems 
HIGH LlGHTS 11' 1975 

The overaJJ objectí呵。f !he CIAT Beef Cattle Pr。這uctíon Syste胎s Program is to 
develop economícally viable technology to increase beef cattle production ín the lowlan社
Amerícan T ropicsιPrincipal attention is 在iven to the infertile allíc soil savanna lands 
which cover an area of approxímately 300 million hectare,. It is es tÍmated that one-half of 
the 150 品ilhon head of cattle found ìn the A恥erìcan lowland 甘OplCS a間 located in these 
allic soil areas 

Primary r.se釘 ch emphasís is on improving the nutrition of b間f cattle through the 
d前e10pment of legume-hased pasture systems. Supporting researeh is conducled in 
am臨alhusban廿 ry and anímal health leadin囂的 integrated beef caule production systems 

Principal field research is carried oul in Ihe Colombian Llanos. This includes work at 
the Carima草ua stalion of Ihe Instítulo Colombiano Agropecuarío (ICA), an社 also on 
private farms and wíth the c,'Ja Agraría. Ad丘 itional field research 時 under way ín Ihe 
North Coasl of Colo品bi比 wí lh lhe collaborat的n of ICA, the Caja A囂rarìa and private 
farmers. S upportin墨 field and la boralOry research ís conducted 剖 CIAT and olher 
locatíons in the Cauca Valley 

Traìning for research workers includes io-service tr制約的在 and 間，alilatíon of車站拉uale
student these忌. Livestock pro挂泌的íon specíalists receive c1assroom and Iabo也tory
instruclion at Cl AT and field 甘aining on prívate farms. Technical assistance is províded 
10 un.、iersuy trammg pro車rams

Major research and 臼aining higl咕咚hlS of the program are: 

τhe CIAT Forage Germplasm Bank is now a working collectíon of internatíonal seale 
The bank contaíns somc J , 200 accessior峙. includ的車 570 accessíons of Stylosanth剖， the 
predominant teguminous 草enU5 of economic impor泊nce in allíc soil savannas 

fhe 部tylosanthes screening an甚 evaluatíon project seeks to identífy high yie1d間囂，
你的時lent cultivars adapted to a1líc 50íls and resístant 10 anthracnose (ζolletolricl"，m 
X如何sporioides Penz) and stemborer attacks , RegÎonal trials were initîated 師時間zillo
evaluate stylo germ斜斜品. ln these t的特、 CIAT varieties gave the highest dry臨前.teryields
and anthracnose resìstance ratings 
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在eed pl'oductìon of potentiaUy useful accessíons of Stylosa削hes， Centrosema and 
O的modium speci的 has advance話 in terms of se成 pro益uced and 挂 istributed and ìn new 
productìon aτeas established. 

ExceHe闊的紹說話hment of Centrosema puh的cens and Desmodium ìn lOrtum io 
Pangola pasture wa墓。btaíned by 甜edín辜的 stríps followín墓 band applíc海tíon of 
囂lypho5ate‘ to kill 在rass in the strips 

In native 車ra~ses. no advantage was shown fOf ~equential burnín墓。f separate plots al 
m學切合fferent times throughout the year as compared 如 burning the ent;時 area at the 
bcginning of the 至:1 ry season 

Cattle grazín農 Br取 hiaria deCW]lbf'llS pastures had cons治erably higher w的意ht gains 
than cattle grazíng Hyparrhenia ru.戶 ， Jl{elini..,' minuliflo悶， and Paspalum plicatulum 
pasture 

Use of ea5s3va forage as a proteín supplement for low protein, e!ephant grass based 
díets ;mprovcd growth ratc an桂 feed effícíency of steers 

Prevalence studies for bree叫ing diseases司 hemoparasitic diseases and ectoparasites were 
carried out în four tropical area s. of Colombia奄 three of them as traínìng exerclses 

lnterpretation of lhe resulls of the anima! disease prevalence studies was started in 
terms of econo伯拉 impact to the farme r. Costj benefit studies of dísease conlrol were 
started with anap!asmosis and babesi ，沌的， and model simul別時ns were made for 
comparison of control strale郎的 for foot and moulh disease 

Si晶ul剖ions of varying sîze cattle units indicate the ìmportance of reducîng total 
investment in the establ時hment of improved past駝的， by limiting the amou l1t 01 
improved paslure to that neede丘 for the critical phases of the livεstoek prod uction cycle, 

and by reducing establíshment costs 

Phosphorus and trace míneral 組pplementatíon of cattle grazing native gra制 past駝的
has increased calving percentage by 44 percen1. Early weaning of calves at 80-會。社ays of 
a紋 has increased calvi玲 percenlage by 43 percenl and reduced the rebreeding interval by 
4.5 months. 

Trainin在 was provl'往e是 this year for 草 postgraduate interns、 13 special trainees, 7 vísiting 
rεsearch assocíates conductíng theìr doctorai research嚕 3 research scholars and 20 
liveslock pr。這 uction specialist trainees. 
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ECONO於tICS

Varíations in cattle production and 
pro余Ictivity 愉〈了。lombia

lnvestment hehavior in the Hvestock 
indus廿v ín Colombia was swdied 的 order
to m叫surc the dynam ÏC-s of rcsponsc to 
chan革的 in beef and 自ílk pric帥、 credìt 
vol圳市， etc , áS they affect sIaughtering and 
herd sÎzc. M oreover, au explanation was 
sought for the annual varÍatioos in the 
pe闊的tage offemales 泌的真htcred、即制ly of 
which were pregnanL It was necessary to 
recstimate herd sizes accordin墓 10 a草c and 
sex for certain pcr的ds of tíme. Although 
some data were available for Colombia‘ 
你們 soc出ed unreliable、

Table I summarizes some of the results 
of the series compifed by CIAT cconomists 
for the 194位 -74 period , Tcchnological 
parameters based upon researchers' 
opinions and olher becf cattle studies Were 
冶金ed in its preparation. Thc decreasin惡 rate
of ímprovement 0 1' t惋惜 para的eters could 
be partially explained beeause 01' rc惡ional

catHe displacemcnt toward areas with 
poorer soiL The stability of thc rate of 
extraction (estimated at 12 percent) is 
indicative of thεsteady state of her益
pro廿 uctivity between 1940 and 1974. As 
comparisons , the 1970 extraction 旭tes in 
Argentina and BraziJ were 25 and 15 
percent , respectively.* 

fhe second stage of this work奄 which is 
stili bein在 d己veloped. will help in explain
ing tt咒 behavior ofherd sizes an垂 slaughter
over a period of time 、

Economi的 in 間lation 10 .nlm31 health 

During 1975、 the 泣。velopment of 
methodologv f.叫 the costωbenefit analysis 
ofvar的問 levels of foot and mouth disease 
control in C'olomb賠 continued

rhe first stage ofthis investi息ation ， done 
last year‘ consiSled of estimating 10峭的 per
farm due to foot and mouth disεase m 
sw的e( 197這 Annual 說eport). This research 
served 泣s a basis f令r developing 認

'" F(l r C pJomh:a. :he .~laugh!cr data dld 泣。t indudt, 
d:I TldölÍ n已忘lauιntcr ùr îlkgaì c 荒 port ach、 lllö

鬼。3



fahle L Va吋atiQns扭 beef caìtle herd斜著峙， calving and mortalitl rates and proportion of rnal恥 andf~ma]e‘
slaug制ered in Colombía 

Aver自gc 且nnual ra\t nf: 
Slaughter of 

l!1cr亡法" mtrease rcductiun ín fem<JI.e~ JS 
ln hcrd i::1 calving moIiality <i. 01 阻al的 b , tracti {lf) 

Period si;:e (c i:) 問:c (特) rate (~汗} sla泣ghtcred mtc (~i) 

• 。刻，

恃叫“49 。 6 2.2 -1) .9 f句) .俗? 65.0 12.0 
1950-59 J.I 。 5 。 2 -0.5 66.0 12.0 
悅。0.69 2.4 。 3 -<1.1 心。 1 59.0 11 約

197t弘 74

乞，，\!.~ ..l已巳 r !f 寫的 l 、，"，

Cal1k}他何們 (hd!! j 、(~:

hp1f" 1M 19台。

mlcro叫onomic sîmulation m。這el
applicable to beef cattle, making it possible 
to 'S姆拉v 10絲路 at the farm leveL As part of 
the methodology, CIAT嘲笑 anìmal health 
tea即昌的咚ned an epidemiological modd of 
foot and mouth disease occurrençe for 
en益εmlc re紋。Z站 (Fig. 1). The unit of 
o起servation is the bee1 cattle popuJatton 01 
治 reglo 口， 活的 trïbuted ln nlne 
epidemiologicaJ categories (Xí). Cate墓。ries
arc interconnected bya serìes of relatio往往
that involve anir統計 f10ws from one 
category ìnto another (F íij. Solí通 lines
show the direction a síck animal may take 
ln an endemicarea where there are periodíc 
outbreaks 01 foot ar的 mouth dîsease , 

fhi s. analysis was expresse往 as a com “ 

puterized mathematícal model by 
cconomists with thc aìd of CIATs 
b的melrìcs leam. The modeJ was deveJoped 
in stochastic 剖ld dynanlÍc terms，恥的車
Markov's theory of 叫ochastic processes , 

Flows wefe 問presented by probabi!ìties of 
tnlnSlt! o況 (Pij)， which indicate for each 
sta紋。i、 the dìsease the fraction of animals 
that arc transfcr凹凸 from c1ass i to j , as a 
proporllon of the total animals that leave 
dass i 

Thc model makes ít possible 10 predict 
the natural cour5e o[ the disease for a 
perio凸 of t的時 in an endemic re草lon or 

".4 

67.0 !2.3軍事專

country, as weH as under different methods 
of control. Thus 0的e ca位 appraise relatíve 
merits of each co制rol method bv 倡一
位mating concomîtant co-st-benefit 缸ows

The economics of massivεand períodic 
preventive vaccination is consÌ;社ered as a 
possible strategy and a set of transitíonal 
probabíl削e扒拉ifferent from those used 峙
descríbe the natural evolution of the 
disease wìthout thìs , vaccínation , was 
這efìned. An add泌的nal f10w between 
susceptìble ar咕咕sÌsiant anîmals appears 
for thìs strategy (dotted lin< ín Fígure 1). 
The ma巷口itude 01 thìs f10w depends upon 
the percentage 01 the population vac
cinated against 100t and mouth dìsease and 
the efficíencv of the vaccine ìn relation to 
the de喜悅e of immunity , It is assumed th削
the starting poÎnt for the vaccinat ion 
model is a long-ru肌 stab!e endemic 
sítuation , in which there are no olher 
interferences in the natural course of the 
disease. The selected unít of time was one 
week because ît was the minìmum cornmon 
denominator ìn re!ation to the Jenglh of 
each sta墓e of the 益的ea5e. The applicatìon 
of Mark肘;s processes 品akes it possible 如
símulate the proportion of animals ìn each 
epìdemiological category throughout the 
period 01 ti血e untíl the 肘w long-term‘ 
stable balance í5 reache社 by means of a 
m辮討ve vaccination plan. The mo公i
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Figu咒 1" Fto~ çharl of Ihe dîfferenl epìdem帥I02ìulεateguríes identified fur foot 2nd mouth disease in an 
endemic r呵ioo，

pred時ts the number of sick anìmals and 
dealhs per week , The 錯me model ìs 
applìcable to alternative slra!e車站S

Economic 10sses associated withεach 
alternalìve wíll be obtaìned from the 
sìmul斜的n mlCrOeCOno由 íc 品。c蚓、 1n other 
words, the epídemiological 仰。del wiIl 
make ìt possíble to evaluate losses al !he 
re草ional (or nalional) level司 位剖ng es
tuna把這 losses per anímal by means of 
simulation analysis at the farm level 

Tables 2-4 show some preliminary 
res.ults obtaine益 by símulatin惡 a
hypothetical vaccínation campaìgn on the 

Colomb峙n Norlh Coast, usín島 an
epidemìological 血odel wìth Markov's 
processes. This analysis ca f! be use是 10
examîne parameter sensitivíty an昔
confiden自 levels

Economics of beef production systems 

As a conlinuation of the project describ
ed in the 1973 and 1974 Annual Reports, 
some methodologícal elemenls were ín岫
clu位e挂 durìng 1975 an廿 applìcatíons of lhe 
mo挂念1 !o a famìly farm prololype and 10 
large-scale ranches operating under COfi
ditio肘 si前ilar 10 those reprεsented by the 
Carimagua 甜gîon were carríed ouL 

A 譬



Table 2, I.Qng遍"erm 蟬Hm前峙。f 血e number (}f susce開íble and diseased cattle in 問'Iation甜甜eeffídcnc、 of
foot and mouth 叫ccint.

Vaccîne effîcìeocy (gH 

65 70 75 80 85 

(X 10,0001 
:\0 , of 5U草cèptible

Hnimal~ 2.354 2.23月 之 125 2.026 1 ， 93。
久 nnual 扭扭;bidit} 240 2。這 17位 139 10往

弘I!m;"I"'11、 增影'; \-Jccm;;!"d. .. ~fl:'!uar 、 ;;c.仇閑"色列“正 1 ，、 3鬼知之間<<“:“'"象 a nd <111 thH (Jf紛 k e\ erl' 4 Y~;H、 UJ2月 pwhal>ìlil、們 1.. J1 3rmmd(oO!
Jlld mOI) ~r Ji 、i!~W 純"何ald.

As regards metho俞)10且y during 1975, 
emphasís was On rÌsk elements such as 
calving rates, cattle price f1uctuatÌons and 
pasture establishmenl and longevity. The 
results reporte丘 below include only lhe 
probability treatment of calving as the 
other rísk clements are still being analyzed , 

Far削Iy f.r棚 p，ototype

The simulation of alternative produc
tíon svslems was conducted wilh data 
collect吋 al the family farm unit on the 
Cari的a在ua station. * 

The main restrÎc tion sel On the farm was 
a 的aximum herd size of 36 cows可 which
was estima ted 如!2'enerate a fam iJv income 
of at lea5t US $400 annually , Table 5 

~ A dc;,çríptlon of tnc deve!opment and íadîtìes oi 
the famil、 lilrm umt j" în thc 1974 Annual Report 

summar凹的 some of the possible sy前的ns
analyzed 

Basically九 systems with or without 
ímproved le車ume and g閃開 pastures were 
compared. For systems without improved 
pastures, mana囂的nent ís beìng intensìfie已
by practices .uch as early weaning , fec挂mg
of complete minerals, technícal 峙的stance
(especially in animal healt划， tnve泣ment 10 
stock waterers~ etc 

To 話etermme tεchnical coefficiem levels 
aη社 variations within prevailîng systcr混亂 a
survey of the area is bein草 done ，
Nevertheles5, on the basis of farm visits 
and secondary informatio泣， it is known 
that thεprevailing systems vary in produc 
tivity coefficients and that there are farms 
represented in each of the first three 
systems 位escribe吐 ín Table 5, Technically 
speaking, case 4 ís al80 fea8ible on the basis 

ra肘，b知，泊Ic .ì Long兮也s純..m 帆討臨剖軒 of Ihe number of 5U師"凹ep抖8悔1，拭牽乳‘ sick 禽齣z拾奮攝d 佐恤arne肘r.剖g叫

7尹伊仰，祕甜‘opu加t切a州ti峙‘o仰m電 穹嗨a<叫c“J汀a間扭d 第呵g伊a剖i抽"'羽t f如0肘 and mouth d樹1，伽$研e闖a臨s盟且趁&-
VaCcln~t~'d populaüon {蕊?

50 。(1 70 80 90 

(X lû ,ÛOü; 
\: n. nf 5USιιp lÍb:e 

<1 01m且!s 2 、912 2.5語6 2,325 2, 113 1,936 
九 nnua[ :norhidi l\ 412 3J2 232 156 lOg 
:-.; 0" 01 carncrs 191 147 111 的3 5' 

4、內心 M1i1 1W辰、 州; \aL"'''' ， 11H11tll' l\也"'iI正州州州州ks caëh 、“r: " 50'; ra'e {>f ..n"á: ,wJ J份叫tlreak ,''''''<1 " \'c..r-

~.6 



rabl l' 4. l ，ong~term es紙，第ales Qr the number Qf susce:ptìble and sîek animals in relation 如 the frequcncy of 
foot 訓d mo削h disease oulbreaks 

An öutbre祖 k everv也

3 、:ear:. 4 V(:<!fS F 丸 ears 忌、 ears

,X IO.üOO) 
~o. of sosccptiblc 

animah :‘9 第) 1.9.16 1.890 1.943 

Ann垃al morbidit、 jJ泉 108 88 7持

'\' 0. 01' CiHricrs 71 58 39 44 

^，喇叭叭'"爪 "心、aü"， r-at闊的4 川紅"'" Irf.m \l n 杭 4 時你的auo們的，'("1<，';侃而毛 f at': <tnd a 50(-; rl!le or 的份“

。f previous experimental re5ults. There are 
good probabilitìes of adoptin車 the
mana惡ement lmprovemen但 of caso 3, 
which would help spread that system. 

ln thec犯組 of improved pastur肘， p齡ture
managemenl has been varied 10 change the 

percentage of the farm's total area with 
improved past位es. Cases 5 and 6 have 50 
hectare5 of improved pa5t眩目， and eattle 
are vaccinated and fed 25 kilo車ram. of 
complete minerals per A. U. per year. These 
practices re5ult in hi草h calving rates (70 
percent) and 間ake it p05sible to sell males 

rabJe 5. Sím叫剖ion of al甜甜訓he productîon 帶到e冊s ror the Carimagua family farm.1 

AnnuaJ 
Area Total nt:I income' 

Cah!J ng lO i1ial (1.000 liS幸? 及其te
Total lmprovcd rate Mortality in時stmcnt2 。f relurn,1 

S,stem 你叫 pa軍ture((7t ì (O/C) {令在) 仆，俠;0 US的 year 2 yc這 r 7 (rd 

Wirhout improved 

pas1ur<:" 

1, Bree<l i月-Growing 500 。 40 7.5 9 J 。 5多 。 g.已 6.2 
1. Bre.:dìng..(J ro\\"ing 況時 。 50 7也學 97 。 55 1.20 8.0 
3. Breed的g~Grow問g 失勢。 。 多。 5-~ 9.7 。 63 1.38 10.0 
4 ß，時<f ing"(iwwing 500 。 。。 5-: 10 .4 。 46 1.2 1 7.4 

\Vilh lmpw\'cd 

pas:un: 

5. Brttding-Growir 思 250 20 70 5-3 11.9 。“3 1. 92 8 可

6. Breeding-Fattening 立時 20 70 5.) 11.9 0.69 L7。 9.5 
7. 聽reed間學-Growing 2曳) 8 70 丹 .J 10.8 。 32 1.4< 6.9 
話 Bn:cding.f'3!tcnìng 5師) 4 70 5-3 IIS 。 25 L5 1 6.1 
9. Fattening 50 ?別 4 11. 5 2, 70 2.70 諧。

10. Faltening 50 1帥 4 13.0 2-40 2.40 18.0• 

A! pr眠~!f>r I 世'-Iu~ l1er of !<)75 In咕咕 I her注。'! J6 c<l恥 P'"丸 .'''Lng<'f ‘Hhm，l!s d電吋 h丹:h 的<.""['(叫你♀ amJ !O 

1.ι!ud~、、 alue 01 ~aak 
fxtbde , , 'alue d n(l p~ prOOlK<!區的d C" !l~0m吋 ""11 l~r!l1 

(), Ibe !D t注: .!l"肘~m""t

T且~_:n!< 帥"ι01V> .de時1 "，)'1 P恥\1. 1': ，---，吋

lakln且 m'廿 C"U..:kflllìon 戶讀到包咒"哩l a:uj dooblr !fl~ t!hl "1 r持sture e.ut、btlm肘a
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wel辜hing 370 kilograms in about three and 
a half years. l f farm activíties 3re to include 
brecdîn缸， case 6 is the mosl profìtable , wìth 
50 inslea注。f 20 hectares of ìmproved 
pasturcs 

The moSI ínteresting poss治íhtyappεars
10 be lhe plan of buyin車 feeder 5teεrs for 
fattenìn惡化as己的 On the 扭扭s of re5ulls 
obtaine廿 ín the fírst stagε‘ the be話t
potential 1S ìn fatteníng steeγs rather than 
III 的creasing reproductíon or breedìnε 
productivity. ln other wor這S， the ínvest 
lIleηt and expenses required to reach a hi草h
level 01' breeding productivity by 倡一
tablishing improved pastures appear 10 be 
unprofí蛤ble. An interme挂扭扭 calving and 
mortality Ievel ‘ which gíves a relatively 
more attractive return on income can be 
ach甜、 ed throu臨h management alonc. 
without improved pastures. As in挂icated in 
case 9. legume 閑話ure 時 C討raordinarily

attraclive when dedicate社 to fattening 
cattle only , provided the supply of feeder 
steers remains at its present leve1 

As regards small ranches苟 the feasibility 
of this Icchnoio草Y should be examined 
rememberíng the foHowing faetors 

L The 啦啦al totai capitàl ínvestment 
requíred 10 produce the predetermined 
nllmmum mcome 站 from US $10,000 10 
$12,000 

2. It is difficult ex ante 10 determine 
月uantitatively Ihe e'也 tcnt that the resultant 
famBy income is suffkient to cover not 
only a competitive return on capilal but 
a150 10 cover the alternative C081 of family 
labor induding administration , 

3, The resulting internal rate of return Ìs 
quite sensitive to cattie prices. ln Table 5 
for exampìe. if cattle prices increa主e from 
Col $101kg (constanl) 10 $13lk息，的
addition to a 1 pεrcent real annual increase 
on the latter‘ the rate of return 桶cr.a50S by 
?也53. 在4， 56, ti3 , 104 an是 103 percent for 
C拙的 1 、 3 ， 4， 5 ， 7 ， 8 and 9, respeetively. In 
othe，斜，ords‘ price variations affect bOlh 
the level and the profitabilíty of systems 
A~R 

4. ln addition 10 the rate of retum , cash 
flow may be u摺挂 to measure the success of. 
a system. As an ilIustration, this 訓tuatlOn
was presented for the second and seventh 
y',ars--an initial and post凸evelop恆ent
period … but dala are also available for 
each of the 25 vears of each series 

5. The rate of return on total investment 
is presenled rather than the rate on owne益
capital (or financial rate) , althou喜h !he 
lalter is available. The reason for this is 
that although the latler is 草reater than the 
former、 it is not because of technology but 
because of the subsidized mterest rate 

6. Results are available for measuring 
încome return and pro益uction sensitivity 
to variations in calvîn囂， mortality and 
replacement rates , pasture lon車前Iiy， etc. 

7. In an improved legume pasture 
system , a 70 percent calvìng rate may be 
lower than !he real potenlÌal ra!es. The 
ηlaXI白lU位1 potentìal level has been es
tìmated al 75 to 80 percent 

在 Herd size in a fattenin皂， nonbreeding 
sysle品 was det前mined on the 1玲sis that 
the !otal ínitial investme帥， inclt泌的g
animals, was εquallo the case ofbreedìng 
on improved pastures. This 間qmres a 
pasturεthat wil1 assure a minimum 島制nof
500 gra臨s per day句 so lhat 300也kilogram
animals are bought and sold within a year, 
weîghîn鑫 an 的'crage of 450 kilograms. The 
case analyzed was a 5。一hectare farm with 
all improved pastures and 75 anin協泊~ with 
a 4 percen! mortalíty rate 

Lar草e~scale cQmm軒d剖 ranches

The probable impacl of alternative beef 
production systems on farm productivity 
and economîcs for com血ercîal farms of 
approximately 5,000 he叫ares， located in 
the Llanos Orientales , was simulate挂 ma
model. Three prímary sys切ms were 
studied 。

1. Tbe 甘adilÌonal system, The feed 
supply is based only on native savanna 



grass wîth no mineraJ supp)ementatìon; 
operatìons are Iimited 峙 breeding an益
麗的別時，自lling 3- 10 4-year-old sl闊的 as
feeders. Heifers enler bree正iing herds at the 
age of 3, and calving rates arefrom 42 個 50
percent. 

2. The traditional system wi祉，四mplete
mineral 棚pplementation. The feed supply 
in Ihε 純me as the first system except for 
either a 14 or 27 kgl A.U.I yearsupplernent 
of complete m冊erals. The lower mineral 
rale re5ults 掰開Iving rates of衍， 57and50
percent, over three cycle5, while the higher 
血ineral rate increa5es calving rates 10 45, 
57 and 60 percent. Heifers enter the 
breedin草 herd at the age of 3, and steers are 
501益 weighing 30 kilo草rams more than ín 
the first system. Compared to the fir肘， this 
sy到em requlres greater mvestments 10 

manageme肘， feeder5 for the rninerals an毛i
stock waterers 

3. Improved p制ture sy揖em. ln addition 
to the native savanna pasture, improved 
legu血e pasture is also available and 
animals reccive the comp!ete min盯al
supplement al a rale of 27 kg 1 A. U.I year. 
Calving rates increase from 50 to 70 
percent. Ei草hty perce剖 of the 51eers reach 
rnarket wei草ht at 2 to 3 years of age, the resl 
are sold at 3 to 4 year5 of age.ln thesleady 
stale, 1.3 hectares of improved pasture 
were 都signed per cow and her portion of 
youn草.er animals, which for all cows is 
equal 10 20 percenl of the area 

The pasture is established at a cost of 
Co1.$ 1,600 I ha; there is an additional 
expense of Col.$25，統沁 for Ínfrastructure 
over the estÍm剖ed costs for the mineral 
system.τhese costs correspond to 1974 
prices for ìnpuIs. 
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mve揖ment at r開I ìnterest rates of 0 and 5 
percent~ 問specttve旬， payable ìn 12 yea的警
with a four可year grace perìod. Moreover, 
loa位sfrorn 囂。vernment organÌlalÏo肘 with
funds for livestock ope賠tions are analyz“ 

ed. 

R輔團Its of large farm analy關§

The results below do not include the 
analysis of risk described in the ìntroduc
tìon. All 5ysterns analyze益 include br臼din草
and growin惡 and estimates have been 
挂eveloped for a 25-year perio社 Growing
faltening operations are inelu位自1 when 
legume paslure 旭 avaìlable、 Tbese resulls 
are valíd only at the relative price5 
conSl丑ere社 Shoul是 conditions of in編
frastructure ìmprove 50 Ihat relative 
transportauon ∞5ts decrease, the 
Iraditional system tends to becomc less 
compehtJve 

Table 6 gìves the rates of relUrn 的 total
investment and the rates of return to 
capital Qwne挂 The former is a reflection of 
the sy5te妞's benefit忌; the latter reflects the 
cattle pro挂ucer's subsidy through credit. 
On the basis of the interesl rate5 considered 
an吐 the proportion of credit to owned 
eapìtal (maximum of 50 per闊別)， the 
financial retum f()r owned capital is 
considerably 車reater than the economic 
return種 which could be a source of 
distortÌon in 間lectin車 technolo紗. As 
observed earlier when comparin墓
economìc and financìal rates , credìt sub
sid時s favor the a益。ption of improved 
systems when they obli嘻e cattle producers 
to adopt a certain technology. 

If the calvin露 rate on native savanna 
p船站re is 42 perce眠， rates ìn 剝削11到ed

improved systems are both econo血ìcaUy
and financially advantageous compared to 
tradí缸onal systems. Alternative妙， if the 
calving rate on unïmproved pasture 
systems is approximately 50 percent, the 
estabhshment of improved pastures does 
not significantly ïncrease Încmne returns 
1 n terms of ìncome retums, systems with 

A“9 



Tahle 6. 1"帆船e returm from 叫mulated alternati'H 圳、，.間S on 5.000.ha catt1e 間結晶的組 the Llano萬

Orientales、 ('olombia.

5毛毛 stcm

lmpmvcd pas:u re 電

了raditl(l泊的斗 stcm 役 .ß)'

Impr。有 ed pa~ture 、

T raditional 峙。h;m (I ~A)-' 

M ìnera! supplement (1 1 j4 

fratt! tiol嗨 I ÍlYStem (!-E生〉
Mineri:l! ~upplement (1)' 

悶悶cra! 關押lemcnl íll 
Mmera! supplen紛前i!1l
fτaditional s、加tem (!.Aj 

fniÜal 
hcrd 事'"
(noωws) 

Inh:rnaJ mte of rcturn 

on cauleman';; ('wn ('a伊拉d

ún rhe total 
Jn veS! mcnt 

1 呵?

，e亂1 intcre~1 at 
m三 弓弓L

300 19.2 26.5 24.6 
)00 lH 21.2 24.1 

:“。 164 21.0 !9.2 
300 15.0 24.û 2扮 3

1掰 14 ï 20.ï J8.2 
100 14.7 20.1 17.9 
300 144 20.: 17.9 
100 L1.2 16.1 14.9 
100 12.1 15.6 IJ.X 

100 12.0 17.7 lJ.! 

wÎtb 
F;ondo 

Ganadero 
7894474514 1553084445 22122Ill--

Cahi耐心k 叫旬的約;171)'仆，叫叫

Cdv'''fl ) "k ,,( Sl~ 
Calvwg f，.k 叫 40'

< ahlflt: r",te 01 45 建句 a r.d fJ.I', I 巷、 t." 、 j \qlh 27 氫彈 mnwmhi.\ l 、叭"

CJ_<mg r高kol 也多 5~ ""J 笑W; (1 、~..r- l ‘μ(1'. 14 .g 們'"'功;為 l 、\，第2

mineral supplementatioo 00 uoimpγoved 
pasture have no advanta藍e over no 
supplementation. 

In the i用prove這 sysle賄，開come returns 
were quite sensitîve to changes în input 
prices; lherefore, theelastìcìty of supply for 
mpu脂 (fertili甜甜， tractor costs~ seed , etc.) 
wíll ìnf1uence the rapid sprea社 of the new 
lechnology. Within the systems studied, 
there are economies of scale ín re1ation to 
inìtial herd size. These can be interpreted as 
each production system beín直 more
profílable when an enterprìse be萃10S near 
the level and composítion of the correspon
ding steady 5tate herd. 

If the low value ofthe lan社 18 consi益ered ，
the level of investment required for 
improved pastur的 appean; 10 be high, 
compared to traditional systems. ThllS, it is 
important to U8e research 扭扭丘之間e costs of 
101prove社 paSlUre by varying management 
strategy, reducing establishment costs, 
usíng fewer inputs and a泣。ptmg mmlmllm 
tillage. 
A.to 

t
j

殉
A
M
S

議

。

n
d

時
a

叫M

n
u
軒
U

念

W
M
恥

的
追

S
M
U

￡

m
u
y
d
i
h
'。
s

u
n
s

恥
，k
a
y

w
j
a
f

品

已

!
l
i
s


n
a

咀

C
R
e
n

o
e
e
s
l

益

肘
，
H
F
p
n
u
b￡

M‘
osoa 
g
r
e
e

注

P
S

且
即

C

叫
m
m
m
恤
叫
你

剝
削
也
種a
v
a
n
u
g
e
b

主

a
a
3

f
f
v
e

凹

Ierir 
O

心
彷WL知
路
U缸
恥
引
劃
恥
?

舜
L恥"
g

“
“
刊

P;tE 
心
、v

幻

§
s
L
b

配

h
u
H
η
W
W
“

O
P
E扭
d扎H 

a
i
s

泊
江
伶
&
a 

吶n
M
n
z
H
c

r

、
〉Js
s

e
d
p

丸

E

主
主

t
e

、

o
R
a
d

.
到
前
討
問
沱
呻
吟

e
d
v
e

銳

s

h

可M
P
U
泣
」
M
u
u
w
e

I

阻

w
w
w
v
u
n
c
叫
w

vaosauNn 
ohabda 

PASTURE~且 AND FORAGES 

Plant ìnll'odu前ion

Syslematíc collectìon of forage legume 
germpl削m was Ínitíated with special 
funding from lhe Internatíonal Plant 
Genetic Resources Board in 會75. An 
extensìve coBectlon of 甘opical forage 
legume 墓。notypes was assembled from allic 
so ì1 savannas of tropical South America 
Regions explored include the Cenlral 
Plateau and Planalto regions of Malo 
Gro捕。 ín Bralíl電 and Guyana, Colombia 
an挂 Eastern Venezuela. 



M ost collecti ng was done in the allic soi1 
savannas of trop>ca1 50uth America (Fig 
2). These savannas are within lhe 1,500-
and 2,OOO-mm rainfall regions. 50i1 pH is 
generally less than 5 and , sometimes , as 
10w as 3. 8. The predominantexchangeab1e 
calion is A1 , which oflen accounls for more 
than 60 percenl of lhe exchangeable 
cations. Growth of cu1ti、lated crops is 
severe1y restricted due to loxic effects of 
A1 

The Br且i1ian Campo Cerrado is a 
particu1ar1y rich source of forage Jegume 
germplasm. This broad geographical 
reg10n was traversed a long an east
westl north-south transecl from Porto 
Ve1ho to Brasi1ia and Be1em. The northeasl 
and subcoastal central regions were ex 
pJored in the 5. Luisl Fortaleza I Porto 
Nacional lriang1e and in Bahia . The Gran 
5abana in Venezuela and lhe Rupununi 
savannas in Guyana were the northern 
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1imils of exp1oration in the allic soi1s 
reg lOn 

Fifty-five 1egume introduclions were 
received from Ecuador and are now being 
observed in the nursery. These materia1s 
were collecled througnoul tropica1 
Ecuador by staff of the lnstilu to Nacional 
de 1 nvestigaciones Agropecuarias (INIAP) 
and the Un iversity of F10rida 

Witn this year's accessions, the C IAT 
Forage Germp1asm Bank is a now a 
workjng collection of international scale. It 
contains some 1,200 accessions, inc1 uding 
570 of 5ty1osanth閉， the predominant 
leguminous genus of econom ic impor t.a nce 
in allic soil savannas. The majority of new 
accessions afe variants and ecolypes of S 
guyanens悶， S. scabra , S νiscosa. S. 
capllQ間， S. hamata, S. humilis (Fig. J), 
and species of Centrosema , 
Calopogonium, Zornis, Desmodium and 
Ph.seolus 
民
叭

BRAZIL 

E •. 
哼 毫 ~ I 15" 

,. 
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Flgu re 2. Route!o or rOfage pl3叫“plor:.ll lions in Iropi曰 I Soulh Atntrica , 1914.75 
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Figure 3. Stylo個nlh目 3ccessions in CIA T's forage germplasm bank 8ft from widely differing eεological 
zones and possess distinctive morphological and agronomic characte閱(.) 五 scabra from 8razil; (b) S. viscosa 
from Belize; and (c) S. sympodialis from Ecuador 
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Rapid propagation of these new 
accessions by seed and vegetative methods , 
and the characterization and screening for 
desirable forage traits and insect and 
disease resista nce >s under way. Future 
plant collecting will be planned on the baSlS 

of these evaluations. Ecological regions 
which yielded promising material will be 
revisited and thoroughly searched for 
additional genotypes 

PropagatioD studies 

Lacking adequate quant >ties of seed of 
new stylo accessions , a m自st propagat lOn 
method was developed to produce suf
ficient material for preliminary screenÎng 
of S. guyanensis. The rooting medium 
consists of washed , fine river sand over 
coarse sand with perlite as a mulcb 
M isting is controlled by aD electroDic leaf 

The basal 2-2.5 cm of cuttings 20-25 cm 
long were dipped for five s亡conds into 3-
indole-butyric acid (IBA) in solution at 
either 1,000, 5,000 or 10,000 ppm. Cuttings 
were then planted either 5 or 10 cm deep in 
the medium. Cuttings receiving th e 10,000 
ppm IBA treatment and planted 10 cm 
deep rooted significantly better than the 
other treatments (Table 7, Fig. 4). An 
average of 93 percent of cuttings receiving 
the optimum treatments footed and were 
ready for transplanting in 16 days 

Sty10santheses eva1uation 

The stylo screening and evaluation 
project seeks to identify high-yielding 
persistent species and biotypes resistanlto 
anthracnose (Colletotrichum 
gloeοsporioides Penz) and stemborer 
attacks. Stemborer, tentatively identified 
as a species of the genus Zaratha 
(Lepidoptera, Blastodanidae), a previously 
unrecorded stylo pest, is causing serious 
damage in stands at Carimagua. Of 17 
stylo varieties estabJished there, only one 
(CIAT 191) was resistant to both anthrac
nose and stemborer attacks 

Twenty-nine of 105 new stylo accessions 
were highly resistant when inoculated with 
conidia in water and scr.時間d for anthrac
nose resistance in the planthouse 
Preliminary data indicate the existence of a 
higher degree of resÎstance among varieties 
of S. scabra, S νiscosa， S. hamala and 丘
capitata than in the S. guyanensis group 
(Table 8). Resistant species and varieties 
are being planted at three sites 
Carimagua, Palmira and Santander- to 
test responses to anthracnose in the field 

Regional trials to test stylo germplasm 
adaptation were established in Brazil at 
Campo Grande (La t. 21 0S) and at the 
Federal Ex perimenl Station , Planaltina 
(La t. 160S). In Colombia , a new testing site 

T able 7. Effect of Ihree com:entrations of 3-indoJe-butyric ac:id (IBA) On rool produclion by S. gu)"anpn.HJ 

cuttings planted at two depths.1 

5-cm planting depth 

JBA Mean no. Mean root 
(ppm) roOIS I cu ttin Jength (cm) 

。 5.2 2.5 
1,000 11.9 4.& 
5，。∞ 16.0 4.5 
10.0∞ 57 . 9*則 9.4* 

T~nI)咕咚ht l.Ia)'5 a(lcr pla l1l m,!i 

Va l l.l<:$ 叫th i n culumns 3阿 ~ 't! n ， f ， (anl )y \l， ffc rc叫“ ‘悅 1 ';(. (" ")() I 5% ，")帕咧

IO-cm planting depth 

Mean no 
rOOIS I cutt Jng 

10.9 
15.0 
32.& 
66.8 ..... 

此1ean rool 
length (cm) 

3.5 
4.1 
6.1 
8.0'" 
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F ;起u re 4 Rooted stylo cultings produced 叫 mist propagalion beds in 16 days, using J.- indole -b叫ynεacid al 
10 ,000 ppm concenlralion 

Of 21 varieties of S. guyan ensis planted 

at Campo Grande, five late - and three 

e ar ly-m a tur ing va ri et ies had high 

wa s es tablished near S anta nder (Cauca) on 

a red-bro wn , acid (pH 4.9) ultis ol with a 

high Al co ntent (2.4 meql lOO g) 

AnthraεnQse res'~有岫nce ra tings of 105 accessions of Slylosa mhes :.l! CIA T fa ble 8 

NO. of accessions that are 

t
yn) hM7 

的哈
呵
呵。

H
M
O 
E( 

H;εhly 

susceptìb 1e 
( 1.05- 1.( 7) 

Susccptlble 
(0.88- 1.05) 

ModeralC\Y 
reslslant 

(0.71-0.88) 
200003 4ooool 404008 4 7

4

8

l27 

S. guyonenHs 

5 hamow 

S. scobra 

5 ，ωρ/lQIO 

庄 、 ISC050

Slvl o均 anthcfoo sp 

Arc <In Irans{ormoo valu e‘ 叫 Wtlghled mc~n~cakul111ed rrom p口centage "rkavc:s afr~ICd a吋 ;;evenly s帥rcof i nfeC I盼叫。:: noinf，仗hon 自

= sp叫‘三 Imm;2 = ð\治制 J 3 = so% or more of Jea{ 祠 I 'ca aff<<led 
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Ta ble 9. Rcgrowth yields of 14 S. g U1"(mens i.s varieties cut len centÎmelers high afl er 28 days 

Dry maller yield 
S tubbl巴 leaf

C[Al leavcs .. 
acccSSO lon arca dry weight Lea r: Slem Je晶 ves Slc rns 

no (cm2 1 pla nt ). (mgl plalll)* rallO (g I p[am) (且 I pJant) 

[36 269.55 [, 243.92 3.85 5.40 6.89 
94A 241.80 1,017 .42 2.48 5. 36 7.63 

lJ5 215.37 934.60 2.72 5.63 7.70 

69 21J.88 824.42 2.90 5.09 6.97 
46 2[ 1.37 1,0 I 8 [7 2.14 4.91 7.43 

191 208.97 1.023.35 2.80 4 86 6.84 
133 199.27 [.04590 2 68 4. 79 6.74 
92 [99.24 1 ，日08 26 2.57 453 6.33 

130 189.12 90 1. 88 2.83 5.20 7.0(‘ 
50 179.72 74532 2.96 5.29 7. 16 
73 176.95 880.37 2.15 4.39 6.50 

[26 170.12 69 1. 56 2.63 5.40 747 
15[ 163.15 77 1.98 303 550 7.43 
77 [48.76 78872 2.19 4 64 學 96

LSD(P<0.051= 52.92 24 1.23 。 4 5 0.52 。 83

M個sured btJow It冒 cu !l.ng htl且hl 01"1 d:t ~ 0 
仁orr<:la l lO n cocfrlcicnt for rcgro....th 川Jú l . [ubbk IC.1 f~ rca r=U 66(P = O.OI ) 

resistance to anthracnose. The Auslralian 
commercialcu It ívarSchofield ,íncluded as a 
check, was severely affected by the fun gus 
At the end-of-season harvest ín May, 
ClA T var ieties 30 , 63 , 135 a nd 136 had the 
híghest dry matter yíelds and anthracnose 
reslstance ratmgs 

At the Planaltina stati o n 18 stylo 
varieties under o bservati on were not 
affected by anthracnose whílst the 
Brazilìan co mrnercia l variety 1022 in a 
nearby rieJd was severely in fec led 

Growth characteri stícs of 14 S guyanen 
sis var ie ties were slud時d at 5 a nd 10 cm 
cuttíng he ights. A fter 28 days regrowth of 
all varíetíes was sígnifícantly higher in the 
1O cm cu tting lreatmen t. Varieta l 
dtfferences were shown in lea f a rea a nd 
wetght remainîng aft e r cutting and lh ese 
parameters were corre lated with regrowth 
yie ld (Table 9 , Fíg. 5) 

A luminum toxicity in Stylosantheses 

Aluminum toxicit y in allic soi ls can be a 
maJor problem for no ntolerant species. A 
prelîminary experiment in the greenhou se 

15 [ …69 ~ O.1 1J8X:::O.77 1J s. ~uy 184 
5EL 13 s- EHV' 3.4』 •• 

S 且uy 1059 s. sca 1048 
• . E 

3 5 

口C' 3 

• 
.;'，...、
ý.. ã s 間 1嘲

10 20 30 40 50 60 70 80 90 tOO 

Rt:sldual lei:l f arεa cm! 

Figure s. Rel8rionship between resid ual Icaf area 
bdow 10-cm ~ ulljn g height and dry malter prüùuced 
by S. gUJ'anen叫它 and S. j.cab({J accessions in four 
" ceks 
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was carried out in solution cuHure to 
determine ifStylosanthes cullivars differ in 
Al tolerance. Figure 6 s ho ws the response 
of one selection of S. guyanensis (CIAT 
64A) collected from an allic soil in the 
Llanos Orientales, and a selection of S 
hamala (CIA T 11 8) collected from a nearly 
neutral soil in Venezuela. The two 
accessions clearly differ ìn Al tolerance, ìn 
this case according 10 Ihe acidity oflhe soil 
of origin. Screenìng within species will be 
continued to select cultìvars fo r AI 
tolerance and P utilizalion efficiency 

The effects of Ca and P concentralions 
on Al loxici ly were also studied. Figure 7 
shows Ihal a fïve-fold increase in Ca 
concentration greatly reduced Al loxicily 
symploms in roots of S. hamala (C1A T 
118). Small aDolic別的ns of lime or other 

Ca-bearing amendments, which a re insuf
fïcienl 10 greatly affect soil pH and AI 
saturation , may nevertheless have a 
phys io logical effect in reducing AI toxíc íly 
Figure 7 also shows that a n increase ín P 
concentration stimulates root and top 
growth ín the presence of Al but does not 
elim inate the darkening and defo rmatíon 
of lhe roots caused by lhe AI 

Corroborating the fïodíηgs of the 
so Jutio n culture experimen凹， between and 
within s pecies variations in response to pH 
a nd Al s ta tus in soil was observed in 
Stylosanthes accessíons. Al Sanlander a 
local ecotype of 丘 guyanensis(CIAT 184) 
and another accession from the Colomb祖n
Llanos (CIAT 64A ) lole ra led low pH and 
high AI levels , but S. hamala (CIAT 11 
a nd another S 

igure 6. four groups o( planls grown inωmplele nulrienl solulion(pH 叫 From lefllo righ t: Ihe two groups 
al le(t are: S. hamata 118 and S. guyanensis 64A, r個pectively grown in solulions conlaining 2 pprn Al for Ihe tïrst 
6 weeks and 4 ppm for the last 4.5 weeks. Two groups at right are: S. hamo lO 118 and S. guvanens;s 64A. 
respective旬， without Al , for 10.5 weeks of the experiment. Plants of S. hamala 118 ìn solulion containing AI 
show greatly reduced root growth and dark stubby roots with many short laterals which are typicaJ symptoms or 
Alloxicity 
A-16 



Figurc 7. Jnteraclions of AI, P and Ca on root growlh of S. hamofa 118 

performed poorly , exhibiting general 
yellowing of the plant tops 

Liming an a llic soil (pH 4.4) to pH 6.1 
reduced the dry weight of tops and roo ts of 
S. capirola and S. guyanensis eco types 
which originated from a llic so il sites. S. 
guyanensis accession CIAT 182, from a pH 
6.4 site, and Centrosema responded 
positively to lime application (4 tonl ha of 
CaCOJ) when grown in allic soi l. S 
capiWla did no t produce root nodules in 
the lime Irea lme川 ， but nodulated normal
Iy a t soil pH 4.4 and at an AI level of 3.0 
meql lOO g 

Forage plant improvement 

Work in this area was confined to field 
testing and distribution of previously 
seJected maLerial , i.e. , Centrosema hybrid 
CIAT 1733，五 guyanensis CIAT 136, S. 
hamala C IAT 11 8, Demodium sp. C IAT 

336, Desmodium dis lOrtum CIA T 335, a nd 
Macroptilium spp. C IA T 635 , 614 and 612 
These legumes were also established in 
field trials a t Santander with one of the 
following companion grasses: Brachiaria 
dec um ben s , Andropogon gayanus. 
Urochloa mosambicens凹 Hyparrhenia
rufa and Panicum maximum 

Colla borati ve forage species eva luati on 
was initiated with Emprasa 8rasileira de 
Pesquisa A且ropecua ria (EM BRAPA) , in 
Brazi l. and arrangements were made for 
other trials to be conducted in the 
Dominican Republic and EI Salvador 
Seed of promising species was supplied this 
yea r to pasture researchers in 12 tropical 
Ameri c犯 n co unlnes 

Seed produc1ion 

The seed production unit concentrates 
on producing seed of potentially useful 
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accessions Lo enable their ex tensive evalua 
tion. In 1975, new production a reas of 
legumes‘ especially S tylos.nthes spp . and 
Centrosem. sp p. have bee n established 
The unit ha s received harvesting and 
processing machinery which sho uld greatly 
increase seed production capacity and 
effic iency 

Stylosanthes guyanensis 

Two second-ye. r sla nd s of CIAT 18 
tot aling 1. 2 hectares were hand-harvested 
.H Pa hnira and yie lded a n ave ra且e of 60 
kg I ha of scarified pure seed. T he essenl川
Iy man ua l syslem of ha仰的ling and 
processing the seed required about 70 man
days l ha 

AI Pa lmira an 0.8 heCl a re area of C IAT 
136, with a densilY of 5,500 Iranspla nts l ha , 
y叫ded 160 kgl ha of sca rified pure seed 
Ha rvcsting was between Dec..:ember and 
February with pea k yields recorded in 
early Janua ry. Ave rage plant age a l 
ma turit y was eight moηths . Only 10 
pe rcent o f Ihe pla nts regenerated 50 the 
area was di scon tinued . S imilarly pop 
ula ted p lo ts o f CJAT 184 and CIAT 64A 
yielded 48 a nd 11 kg l ha , respec t附Iy， jn 
April. High so il mois lU re and weeds 
affect ed yields of these pJo lS 

Fi rst-yea r sta nd s of several access ioos a t 
Ca ri ma且ua produced only 15 kg l ha of 
scarified seed. Y時lds were lhe same in both 
the norma l Ja nuary harvesting seas on a nd 
a}so;n March following limited dry season 
!rngat lO n 

Some 20 hectares of C LA T 136 have been 
eSla b lished from seed 31 Palmira a nd 
Cari magua. These areas are a lm ost mature 
a nd will be com bine harvested early in 
1976 
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St egastra bosquee/la (Chambers) , 
(Lepidoplera , Gelechidae) is a se riou s pest 
at both PaJmira a nd Carimagua and 
requ ires contro l measures. M ore definition 
IS re自 uired of mi nor element req uirements 
at both locat ions. As demonstrated at 
Palm ira , the woody malure pla nt base of 
CJAT 136 does nOI recover rap叫Iy after 
cutting a nd this will reduce the producti ve 
life of seed areas. At Carim agua stand life 
is a lso seriously reduced by a buildup o f 
stylo anthracnose and stemb orer 

Stylosanthes ham.!. 

Fourteen accessions of S. hamarQ were 
estab lished ín sma ll pl o ts a t P almira 
Average yield was 135 kgl ha of p ods a l 
firsl manual ha rvest. O ne hundred 
kilogra ms of pods have been produced 

Centrosema sp 

Two F 7 lines of Ihe hybrid C 
brasÎhanum x C νIrgtnwnum are now 
estabJished al Palmira . A bamboo a nd wire 
trellis system has been const ructed over 
this 1. 5 hecta re a rea. The first harvest is 
ex pected in Febru. ry , 1976 

D的modium spp. 

A planting of Oesmodium sp. (CIAT 
336) was combin ed in Oct ober; the yield 
rale was 35 kg l ha of pure seed. An area of 
D. canum (C IAT 353) was hand-ha rvested 
Iwice (Ma rch and July. 1975); lo tal yield 
was 40 kgl ha pu re seed. A small area of D 
heferophy llum is mainlai ned as a so urce of 
fu ture pro pagating mate rial 

Brachiaria decumb ens cv. Basilisk 

lnitial production areas were pla nted 
vegelative ly a t bolh Palmira (0.8 ha) a nd 
Ca rimagua (0.6 ha) 

At Palmira , atrazine was used both as a 
pre -emergence and postemerge nce 
(between rows) trea tmenl fo r weed control 
Inter-row mecha nica l cultivat io ns were 



weeks later by a postemergence application 
of bentamn at 1.0 kgl ha , Trifluralin , 

dinitramlne an社 butralin incorporat臥j in 
the soil a1 recommended rate~ Îníure吐 the
學tyJosanthes. Vernolate was selectlve and 
could be used when Cyperusspp , wee過sare
the predominant species 

A similar trìal in Cenlros叭l1U puhescens 
at Palmira showed that pre-emergence 
applications of alachlor alone , 2.5 kg: ha , 

or 10 CO肥bin泣的n with 泣如何n or 
犯法。ro吐ífen gave exceHent weed control 
with no crop injury , Cucumisme!o was not 
controHed bv alachlor alone but was 
ccntro l1ed bv the mixtures 

0180 required ， τhree 世ifferent mana草emenl
systems involvln在 mechanical slashín草 an吐
血Irogen application were applicd 10 
individual subdivisions , Irrìgation was 
app1ied as required , trash was remove社
after cutting, and harve8tíng wa8 by 
dírect combining. The harvcsted material 
was shade an社 sun dried then proce將edin
an air-screen deaner and a gravìty 
separator. Results are 5>ummarize益 10
τa色le 10, 

再1akueni;

and An輔
Panicum maximum C\'. 

lI rochloa 翩翩翩nbicensis

dropogon gayanus 

A total 01' 1.5 hectares was ve惡etative-Iy
planted 10 'th的e species at Palmir是 and
Carimagua lhe 、、eed conlro1 unit ha句 deve10ped a 

method to a~sî~1 ranchers 頭 ishing to 
estahlish forage ìegumes ìn grass pastU rc~ 
GJyphosate wa, applied in 25-<:m bands 
space忌。nc meter apart at the rate of 1.0 
kg I ha of the area act啦!你 treated. One 
week later s.ccds of Cenfrosema pllbescens 
and [)e .smodÎum intorlum were scattered 
ìn the ban吐 ûf dying P缸3墓。la pasture 
Cattlc \vere kept out of th c- area for three 
months an詰 exccllcnt lelmme eS1ahl拈h

ment occurred 

Al Palmìra a sín器lemaηagement systcm 
involved mechanical slashin皂、 trash
removal. irrigation, a 50 kîlogram nìtroger .. 
applicatkm per harve法 cycle、 and
harvestin醇 wìth a combi耐心叫s wae 
processed as previously dcscribed. The 
其lak肘nt gumea 墓ras.s h的 yielded刮目alof
17 海 I ha 01' gravity-cIeaned seed and the 
Vr的 hioa mosamhicensis has prod uce正j a 
to旭1 of 7甘 kgl ha fro品 three harvests. 
betwcen July and September. 1975 

路ecause most pasturc wccds are seed點

propa莘剖ed. germinatïon 封回ls have bcen 
conducte忌。特I?r a two弓 ear period on J 2 ûf 
the mo泣 common 中cçics. Three…hundred 
secds of 斜的 spectes \\'亡阿華ermînatcd
cverv tv\' o I尬。nths în Pctri dishes con 
峙的閉路 a thin 1的泣。f moist sand. Fi莘ure 8 
shmv忽必孔t most specÎe~ had some d orman‘ 
cv and reached their pcak germination four 
1n cîght :nonth~ aher han c~ t. ，')'1叫間cwua

((Jr!lÎthlia and ~ 'enwtiio pmefì." are exccp
litlll~. complctdy 1的 11啥 !heir 寺 iabilì月 aftcr

four month持 Paspa/wn f控scÌcuJalUm

月thc('u/obium !anceolatum. ('ordl'a cofvc
(oca and Cnidost υlus ure f1S did no1 
gcrminalc during ihc 24-month period 
I'his in益 icates that thev ei i.hcr han:, a 在 el 、
long dormancy pcriod or lhc~ 何呵。 Ire
different cn\'lronmental conditions to 
germm剖e since in thc ;:eld aJl of them a:-c 
known to rcproducc hy seeds 

Pasture weed control 

Weed cûntrûl trials in Str(osonth“ 
guyanensis contmued at Palmiraτhe best 
controt and grealesl sdecti、 lty occurre垂
with t的uralìn ， 0.4 kgl ha or 扮:'-I BP ， 1.5 
k草 I ha pre-emergence‘ wh咐1 fo l1owed four 
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Brush control research continue社 in the 
Atlantic Coast area of Colombia. Spec揖i
atlentlon was glven to speCles reslstant to 
folíarly-applied herhicides. Cordìa ω/oc 
co叫 was killed by OPX-3674 尉 .2 草1m2

applied to the 50íl at the base of the plant 
(間uivalent 10 2 k草 I ha on a over浴缸
treatme認1 basís). Oeath was slow 制 the
herbícide had to be leached into the root 
zone and then translocated throughout the 
plant. N everthele峙 it was the most 
effectìve treatment and by only applying 
thc herbici益e at the base of臨ch plant, very 
líttle inj ury 如curred to the p剖ture-

。PX-3674， at 立在1m'， karbutilatc , at. 75 
辜 1m2• an吐 tebuthiuro見到 2 泌的" all 50il 
appli弱，車ave good but not complete 
control of Piper marginmum. Cu卜stump
treatments 則你 2，4-0 + 之4.5-T or 
picloram + 2,4-0 + 2人5-T， both in a 1 
percent solution with diesel fu斜， gave 
completεcontroL Another species、
Bredemel'era .fIorìbunda. was completely 
killed by basal applications of 益i的eI fuel 
alone or when fortífied wíth 2人已τ(2悠}
or 2.4-0 + 2.4.5-T +之4-0P (10毛). The 
small brushy 認reed Sìda spp. ís a frequent 
problem. It was controlled hest by com 
bínalÍons of 立，牛兮兮 2人5-T (2終 V; v) or 
dícamba + 2.4-0 仆必 vlv). Glypho扭扭剖
校主 percent solution also killed Sìda but 
caused excessive injury to the pastu時

grasses. OnJy in cases of間vere ìnfestatÌons 
and the absence of desírable grasses could 
th站 latter compound be used 

A prac幻cat Guidc for 話rush Controt in 
Pastures was prepared an拉站 being

mcorpor次ted ínto a gencl“I bulletín cover
ing many aspects 01' pasture weed c毛主的rol
which will summarize the results obtaíned 
during tne past four years of research in 
this area 

Pastllre and forage utilization 

The Program' s. activitÎes were continued 
at Palmíra an益 Carimagua th時 vear

Palmira 

The grazing Iríal desígned to measure 
!he effect of nitro草en fert ìJizatìon on beef 
productìon on a Pangola 草ra5s (ρIguarw 
decumbens) pasture was continued until 
October 1975 with no changes ín the 
experìmental des嫁給 D剖Iy weight 草缸的
for 位給兒 in the experiment are presented 
ín Table II and total 草泌的 from the 
pastures are displayed ín Figure 9 

Weìght gains p軒說eer and per hectare 
were low位 than those of the two prevíous 
years. mainly due to the lack of írrigation 
water for prolon草ed periods. N evertheless、
the respo的Ses to nitrogen app1ìcations and 
to increases ìn stocking rates were sìmíl訂戶

Sínce domestic prices for fertílízer and 
cattle have rCf切都ned the same 的 Colom
b閥、 the low returns reported la5t year have 
鈍。t chan且ed (internal rate of relum 
adjusted to 5 percent of the capi祖linv的甘苦
because of inflation). However, this ìnput
product pnce relatíonship does not 
adversely affect beef eattle pro益ucers from 
other tropical countrîes such as Venezuela 
and Brazil司 wher'εit would seem 
economìcally feasìble to use ni甘ogen on 
pastures for intensive fattening of steers in 
areas near large consumer markets 

From the data obtained during three and 
a half years of research ‘ ìt can be said that 
Pangola grass clearly responds to fertiliza “ 

t lOn and that vali拉車eneralizatÎons can be 
made. Thìs phase of thc experimcnt was 
fíníshed in October‘ and the la5t ex
perímental phase w制 beguηimrnedíately

În the same area and with [hc l:iame dcsign 
lt will measure the net effíciency of the 
utìlìzation and Çner孟)' and nitrogen 01' the 
grass for beef fattenin萃

Desmodium distortum , an erect‘控制lual
species well-acceptcd by cattlc啥時 a lìttle… 
known tropical forage legume that sεems 
to have good productíon potential 

3、 .21
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、 î t:l d 'l increa:;.e when the plants are cut at a 
Jater 此{ge. )n pmc tÎcc. lt seems easicr to 
cut the plant 帆 hçn ìt rcachç, a heìght ofO.9 
to 1.0 meter thus obtaining a yicld of 
‘ lpprO\!mateiy ten tons of dry mattcr 

Earlicr intake 泣udJe~ \vith p l.? nned shccp 
( 1974 丸 nnual f是eport) indicatcd thut 丸heep
:.dcct位j the 廿 iff屯erent part~σf the n 
dis{(! r!wn plant ìn the fo lIm、 ing ordcr 
C的 ö. pctiol~s已 uppcr and basa! parts of 
thc ~\cm. I n tcrm咎。 f digc:.tibilîty 、 thís

Sj'H:TIC:-' 糾結 hèS-l amün在 (hc tropícal speci的
問ahιd in 、 i、 O~ and it seemcd that the 
dîgc\tîhilîty of the uppcr parts of the stem 
、，..'a~ as good a~ that of the 1cavcs. Figllrc f 1 
gl、"，'~ the pcrcenrages fOf each p乳rt of the 
planL Y ounger cuts show 詰 hìgh content of 
lca \'C::- 糾正j young stc的 (tnternodes 1 to 11). 

仿制modíum 、 ields were measured b\ 
mak ing S \l CCCSS1VC 已ut tJ n拉伯 \\henthcplants

rcached heíghts 01 0.6. 0.9. 1. 2 and 1.5 -前etcrs. Yielùs frnrn SUCCC\S1Ve cuttin l!泛的'C
向b

\hown in Fi拉llrc 1υPwm這 CUl at υ 豹 mctt':'

reccived se、 cn cutung丸仇 hercas thosc cut 
几 t I 5 mcter :i receivcd on1v fhc. Thε 
gradual rεductÌun in yiclds from su忱的日刊
位lt “ n拉持正i charactertsttcοf annual plants監
:an bc 、een: thl~ rcductÎ iJD is more 
pronounced in oidcr rlants. Cumulati、 c
~ïel小 an.:' presented in Tablc 12. Total 
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Table 12 C umulathe vi曜lds of Dew!':;dwnJ 

,h\{, lrfH'i/ eut 講t 、 arious height有 h

l刊品的 t neî主ht ðt CUll! :1g (口，)

。 1 0.9 1.1 1.5 
~'o. of 
("ultm抄 ftons pf DM , haì 

5 7.53 976 11.54 13.13 

6 !'\.3ì 10.96 12 事2

可 9.21 

D. distortum can be recor卸的必e社制 a

墓。。位 cuttíng forage for supple闊的蛤i
feeding of cattlc 

c麓rima軍ua

Grazing trtaJs were comînued wÎth 
native savanna and four grasses well愉
a進apted to the envÍronment at Carima萃悅，
Emphasis was place詰 a!so on lhe use of 
urea and molasses supple扭扭扭tionduring
the drv season 

Table 13 compares weíght 草ainsof試eers
graúng natÎve savanna burned once (the 
entire pasture) at the heginning of the dry 
season wüh gains obtainεd after seq uentìaJ 
burníngs (usìng fireguards to dívíde the 
savanna Ínto eí惡ht equal plots and burníng 
one plot at a timed uring the year). During 
the dry season. weight losses íncreased as 
the stocking rate rose. D urìng the rainy 
自品。爽> animals game垂 weíght. comper卜
削叫囂 for dry season los8es; by the end of 
the ye缸， they had 臨ained approxímately 60 
kilograms 3t the low and medium stocking 
rates (0.20 an社 0.35 steersl ha) , There was 
no advantagc whatsocver in sequential 
burnjn囂 during this year. Figure 12 shows 
chan擎的 in forage availabilit)\ wbìch 
depends 00 the type of burning and on the 
subseq uent pa到ure growth 3S affectèd by 
stocking rate句 Initial diffcrences 1剖開n as 
the year pro直rCSl'iCs. As can be sccn in 
Fi皂ure 13 the quantity 01 forage available 
rem部ns at a very low level 社 uring the dry 
season (~ovember 紛紛arch). At all 
stocking rates、 forage availabîJîty decreas
ed after the fírst burni位g and then 

remained eonstant, except at the highest 
stocking rate when ava iJability decreased 
considerablv、

The evaluatìon of the productívity of thε 
speCles Brachiaria decumbens. 
的'parrhenia rl{戶， Paspa/um p/ica lUlum 
and the míxture p, plicatulum wíth 
lndigο介ra hir.知ta began this yea只 Melinis
minutif70ra was indu社科i as a comparison 
The four grasses 悅。me社 to be besta社apted
to the 7.0ne, although only P. plica叫lum ís 
native. The legume l. hírswa was inclu吐c至1
because it is native 10 the plains of 
Venezuela an謹 has many pos軒說lities of 
beíng utilize這 in the zone of BarÎnas 
(V忍nezuela). The see益 was initially ob間
偷偷總 from Barinas and multiplied 揖
Palmira. 

Table 14 shows the weight 皇ains ob
tained with the four pasture學 fhelo臼 wíth
絞刑inutiJlora were n祝 grazed durin蠶 the
dry seaSon sínce it is known that this 
practice produces weight losses in cattlε 
(Table I到 The pasture planted with a 
mìxture of P. plicalulum and I hìrsuta was 
not established well e泊。u辜h to have 
animals grazing durin且 the dry sεason 

The three 車時55es H 叫你， 是f
rninutiflora and p, pJicatufum gave simìlar 
results and thus offer three possibílitíes of 
low-yieldin草 gra5ses adapted to allic soils 
p , plicatulum has proven to be highly 
susceptible to 泣 iseases and ínsect pests. (n 
add仗的 n to the stemborer and 
Hel臨inthosporium repor記d the previous 
year, rhis year it was attacked by the false 
army協orm which ate all the folìage司
making it necessary to rest the pasture for 
4岳 days ， The false armyworm alsoattacked 
思主 tnmUllβorG b就 nol H ru{a or B 
G鳥7cumhens 血泊>cwnbens y時Ide技 con
siderably mo閃 than the other three 
grasscs. Weî萃ht gains on Brachiaria durïng 
the dry sea80n should be interpreted 
cautiously. however, since durìng that time 
there was a population (estìmate益 at less 
than 10 percent) of Sfγlosanlhes gU,lfanen
sis remaining from the <:0品bined plantin草

、，lJ
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Da!c 

卡 19枝 n: 1 可 AvaHabHity of forag~ on n.alin:sanmna pasture entîrel}' burned annuall~' and gnued continuou‘Iy 
at three 鈍tocking r3ft化

done previously. S guyanens的 迢站句

appe盯ed completely by thc end 01' thc dry 
season because of the stcmborer and the 
greater vígor of the grass 

B. d，叫 umhen這 offcrs morc possibilíties 
as a pro社 ueer of better qualily forage than 
the other grasses téste述了WO observatíons 
were made: The fírst w削 the dealh of 12 
51eers durmg the firsl days of 草razing on B 
deCl衫nbens durin草 the 闊的y scason. The 
勾mptom述。f intoxicatîon were swel1in惡 of
the ears and at the base of the horns, which 
exten拉吋 10 the re51 of the body. The 
animals díed w羽絨n 立是 hours after the first 
symptoms appeared. Wilhin the惡roup， the 
youn在er. recently weane卓別limals were 
affeeted. The problem 寸 ìsappeared after an 

A-2b 

mlen剖ve grazíng with a large number of 
steers. rhe second observatìon relates to 
the ye Ilowíng of L主 decumbens as the rainy 
season pro芷re明. T I!-: S) mpturns are sÎmílar 
to a mtro草en deficìency. Howcver時 the
grass showed no apparent response to urea 
applicattons. It shoul社 a150 be noted that 
{he stock服墓閃閃 on 且 decumh軒13 this year 
was "ery low duríng thc first part of the 
ramv sea~on 

ReporlS that animals do not consume l. 
hirsUla \\'ere received frorn areas of 
Venczuela other Ihan the st.te of Barinas 
Ob問rvatlO ns 剖 Carìma喜ua confírmed thís 
inform袋tìon. Animals consumed a Il thc 
草ra站(以 plicatulum) but apparently ate 
none 01" the 1ε喜U泊1e

、
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1 .4為tecr~ I 

p(J>fJalum pùcalu!um*象

。 5 況如何 Iha

。?只teen， j ha 
1 0 sleers I h.a 
L4 st仰的 I h,l 

Ifldi結oJao hinula -+-

PaSfialum p!f( aru!wlI 

。 9 qeer鬼， ha 
i.l浴teers ! ha 
L 7 stecr~! ha 

46om sto3 
41 
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The grazing trial 制th M. minul if70ra 
was repeated this year on the same pastures 
and with the same design. The three 
expenme的al treatment5 are: (a) oon
tinuous grazing the whole year with no 
supplemεntation; (b) contínuous grazing 
the whole year bUl each animal receivÏt憑自O
grams 01' urea and 400 grams of molasses 
daily in the dry sea50n; and (c) grazing the 
pasture during the rainy season, rεstíng ït 
in the dry season. and no suppJements. 

Resul但 are given in Table 15.11 was found 
that \\leight losses. of animals that were not 
supplemented during the dry season were 
less thís year than for the previom year 
(500 versus 300 grams daily). Possibly for 
thìs reason , compensatory gams were oot 
obtained as in the pre、lOUS year. 

In all treatments an益。n all pastures. 
W的ght gains werεlower this year than ín 
prev lOUS years、 possíbly d位e to the 
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prolonged dry period lastíng until May嚕
a仇er carlv raÎns io March 

A trial was established to determíne the 
effectofureaa必 cassavu meal 甜pplemen
tat lO n of anirnals 辜rU7ln墓 natîve savanna 
duríng the 正lry sεason. A prelímínary 臼st
was 問n this year încludìn惡 four trεatments 
compared duríng thc dry sea5on: 400 g 
molasscs + 80 g u附r閃附e叫叫a叫la削削州m叫m仿削Y
m ο la峭i峙削ssc叫叫%叫1 aní凹1m口na叫11 da吋y扒: 30 g ur附e蚓叫a叫lan叫llmπnal糾l叫1-
d心a迫吟y: a剖nd 00 Sup呵巾p吋lemen削1刊t (c趴o附n削lt廿rol). AII l 
剖111ηm即巨a吐15 r吋ec臼el\、 e吋d 5alt and dícalcíum 
phosphate free choìce , Rcsults are gíven in 
Figure 1 進 Supp!ementation was extended 
until May、 nevertheJes~丸 there were weight 
gaíns afteτMarch、 possibly oecause the 
two or threc rains in March we甜甜f1ïcient
to stimulate pa圳lfe 麗的泌的“ Weight gains 
from March to May wcrc equal for 311 
treatments、 except fOf that of urea alone 
From f\ ovcmber to March、 all animals 10討
論J軒在ht losses of unsupplemented anÎmals 
werε 軒在nifiçantly greater than for those 
recervmg urca 加Jd 捕。lasses. Losses of 
anlmals fe岳 mola締的 and urea alone were 
mterrr甜苦 late心 The effeçt obtained with 
mola話es aJone is interestin墨 an益 seems to 
confirm the hypothe茲的 that a sma l\ 
quantity of easily metabolílable ç軒"

、-28
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hohvdrates facilitates the utilization of 
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animals' normal salìva. Cntïl August, the 
non .s upplemcntcd anî閑話b had ma naged 10 
rcg別給 50 perccnt of the wetght difference 
regi:s tered at the end of the dry scason 
After March, the response of thc group to 
urc法 alone Ìs not ea到 Iy ex plaíned an吐
rcquires furthcr checkin草

A preliminary trial ""制 estabJished to 
study the effect of 叫ppJement捕草 anìmaJs
草razmg natîve savanna during the dry 
season with soybean meal supplìed 廿 aily or 
the weekly tolaJ ìn ooe day of the wcck 
Results are gìven in TabJe 16 

Fceding a protcin supplement datly IS 
inconvenìent in he的 managemenL I f the 
給me rcsults could bc obtai ned by f1的d的g

the supplement once a week consíderabJe 
labor C<洶洶 be saved and the problcm of 
prefcrential coη s.umption by 益Offilneenng
animals、 couJd he all們的 ted somewhat 
The advanta莘e of the groups supplemented 
wìth the higher JeveJ 01 取巧 hcan mcal ís not 
~urpnsing on pastures such as these that 
contaîn 2 to 3 percent protein ìn the dr} 
s.eason 

"-orage int翁ke and di章制tibilily

;\$ part of the cffort to 位ctcrminc the 
nutntlVt 、 alue of tropical forage sp L'cÍes、
錯。me of Ihc 的ore lmpOrlant Spt:C1CS were 
fed to African malc shcep. Re~ult s. are 
summari/cd in Tahlc 17 

Very imr雪ortant for the Program~s 

ohjectì刊s ís the fact that the nutrìtive vatue 
01 the specìes Sttτlosanthes gu.\'anen日三 lS

hìgh tn both dìgesttbìlíty an吐 intakeeven in 
muture plants (eight months of growth) 
I'hc nutrîtiveνaluc of native grass is 
exlremely 10混血Jrìng the dry season, but ìl 
mcrcases c的nSI這ε問bl\' when ìt " 
supplemented with a protein source of 
either urCH or coHonseed mcal 

The<e r的ults explaín Ihe response 
obtained with urca and molasses 
supplemcntation of steers grH訂ng thc 
nat I\'e 油vanna奄齡 an increase în fora草e
întake and digestibiHty. When molasse~ 
E抗的S\、 as s"pplemented wìth Slylosanthe簿，
fora在e dígestìbìJìty 制的 intake increase泊，

thís 的。nc rnoré indicator of thc impor
lance of Slylosanthe學 for improving the 
nurritton 01' animals 近 uring the 時 ry season 

ANIMAL HEALTH 

The a>m of the anímal health 松am from 
the tíme of its inceptìon has been to assÎst 
I1注岳cve10pment of economíc preventive 
mcdtcine programs for becf cattle ìn the 
tropìcal lowJands of Latin A阻erica. More 
specìlïcally this can be expresse廿 as:
dcfiníng disease spectrum and prevHlence益

的casuring the economic ìmpact of dìsease; 
measur嗎 the 00511 benefíl ratio o[ con 
tml; and i社￠削 ifying diseasc areas where 

2、 .2Q



raÞlc 17 , Intake 揖nd díg軒說bilily of 帥me tropÎcal for過ge 嘩pecies.

Quantity of 
forage offlε>ed 

梧的Mlkg

metabolic 弱。

Slr/osomh的 Kii 'l'Om!n5H

3 month,' growth 100 
5 mnnths' regro恥th 100 
6 mo位ths' régro\\ th l欲}

容 month且時 rcgrnwth I似)

主、eníro瞬間a (matuîc) :開

Eletìft tC<l lly 11m再 erîng) 120 
Hemarthrill 

6 months' growlh 96 
144 

M吟l;h~:. grass 
{in drv sea~nni j伽)

.... Latîve gr車"
(in drv s..:ason + f:ì ineralsl 89 
(in drv ~ça，on'" mincr:l1日

命晶。1.峙的命 urea\ 89 
(in dr丸 seλ1>Oö + mtncr品i革

+ co:1廿R耳ecd 泣ì..:alJ 起9

more research is required to achìeve 
controL 

The leam is divided into uni峙。I
microbiolo學y. palho!ogy , he血。也
parasilology. eetoparasitolo早已ýan述 wil廿life
studies. Súìffing has been provided by Ihe 
eore budget of CIAT and throu皂h two 
specially“funde廿 proJects弓 one tn 

hemoparasítology‘ with Texas A&M 
lI niversíty and the United Slates Agency 
for Internalíonal Development and the 
other ín acarolo車y ， with the United 
K íngdom Overseas Development 其4捕時扛y
(UK ODM) 

Princip袋I collahorators in Colombía 
have b僧俗 the Caja de Crédito Agrarío, 
Industrial y Mínero (Caja Agraria) and Ihe 
!nternalíonal Center for Medícal Research 
(ICM龍)

A 丸。

Dry mattcr 
intake digestíbitity D~'1 

峙的 Mlkg digestibî;ity 
rnetabolìc wtj {f'( ) 

63 41 65 
6θ 43 。2
67 43 64 

等。 35 5g 
79 36 4已

57 有電 已 i

57 、世 M 
余2 41 67 

3S ;。 41 

46 15 32 

61 26 39 

56 3ü 44 

In the past Ihree years the slralegy has 
been fírst 10 work Ihrough the 51aughler 
home、 following leads back to the farms of 
origín of caltle. A 關押C于 was then planned 
in Ihe Col。如hian L1anos (日epartamento
of Mela an位 Comisaria of Víchada) to 
益etermíne the prevalence of diseascs 
thought 10 be si窮nífìcant and 如何latethcm
10 the m，主nagement and ecology of the 
farms vísiled. As part ()f the input ínto 
CIA T traínín草 actlv山es司別的ìlar wúrk was 
promotε益的 Ihe North Cûa5t region 
(Departamenlos of Córdoba and Sucre), 
the Cauca Valley (Departamento ofValle)‘ 
and the norlhwest sect的n of the Depar
la剖開to of Caque紋， as well as in 
Paraguay. A request for survey assÌstance 
was a)sQ m的 from Campo Grande , Brazi! 
ln the laSI year, a slarl was made 村問late
this accumulating knowledge of dísea5e 
prevalence to impact at rar的 !evel and 10 
社evelop the methodology for costl benefit 

、



analysis of control slrategìes. Supportive 
research continue忌 111 order to ïrnprove the 
effieiency of prevalence sludies, 10 clarify 
the epi.吐e凹的logìca! piclure and 10 devise 
control a !ternalives. This report will 
discuss pro器ress in a1l these area5. 

Concurrent with this main !ine of 
譜的elopment into ar叫na! dise的e
econo距1品 both thesis student an益
postgra廿 uate íntern intake sharply in
creased. In particular, a línk was estab!ish
ed with the tr斜ning program of the Centro 
Panamericano de Zoonosìs (CEPANZO) 
的話uenos Aires. Two Înternational 
workshops were organized , one In 

hemoparasites and the other in ec
toparas泌的， and attracted dele墓前的 from
Australia, Africa. Europe and North 
Ameríea as well asfrom 11 Latin i屯田野lcan
countríes. The workshops c1arifie.社 the
cor如non problems of Latin Americao 
countrìes 10 the two areas, indicated the 
research nee丘 s‘ and define廿 a contribution 
which could be made bv the CIA T animal 
hea!th team 

Dìsease pre,,'alenèc studîes 

Characterization of farms under suney 

A questionnaire was devisεd with the 
help of economists ìn the Beef Program 
aod completed for 37 of the farms visited ìn 
thc Colombian LI‘悅。s. A lI farms had 
received loans frorn the C勾次 Agrarìa
Despite ohvíous lì的itations imposed bya 
就糟le visì t. a cru公 outline emer惡es for 
framÎng future en有Ulry

The farms occupied a wì吐e band of 
countr)i stretching from tne 糾紛mont Jn 

the West almost 10 the Venczuelan border 
i 位 the East and bounded 00 the :\ orth bv 
the Meta Rìv盯 Orìgìnally‘ the farms were 
arran草ed into five groups、 fourínMetaand
the other representíng part of Meta as well 
as farms sampled ìn Vìchada in the East 
Although sorr甘闊的lagement differences 

eX1S記述， partìcular!y between tbe Piedmont 
and 斜斜斜扭扭， a l1 37 are considereíl 
10車etber for the purposes of thìs survey‘ 

Farms avera絲草伊￠咀 3夕52 hectares (r阻an草Fε 
173一28，0(似lOla蚵n吋吐 carried an ave軒rage of 594 
head of e叫a剖a仗t口tlε(range 125切 i仁，480). The 
Qver悶all s吭tοcki拉n港皂 density was one a剖n
pc軒r 6.4 h忱B甘ee叫t缸e岱S. AII f必h訂rms except two had 
some area of introduced grasses. T知 most
popular were: p削忱的(flyparrhenia rufa)、
23 farms; 墓。rdura (九lelinis mìnulÎ，斤。ro)， 23
farms、 and 話rachiaria spp. 19 farms. 
Thrity吋ne of the farms CI品med to feed 
minerals , 

Only 16 farms attempled 10 number 
th剖r cattle and only 14 attempled 10 div治c

their herds by age or sex. Theearliest age of 
weaning was eìght months (11 farms) 

The birth rale avera車ed 50.7 percent 
(ran草e2'弘75.7) ， c浴If morlality average廿 7.8
percent (ran你{自峙的 and adult mortalìty 
averaged 2.2 percent (ran革命 0-6). The 
diseases consìdered the most î研portantare
皂iveo m Table 惚，“ Secadera'~ emer萃的 as
the c1ear leader but is obscure in definitíon 
Farmers describe the condition as bein萃
的的cam自ab which cease to thrive as if 

j ‘lo!e I K Tht!'冊。“ ïmportant health problems in 
cliIttle reported on 37 ranches in th~ 
Llano~ Oriê甜甜軒 of Colombía , 

:\Q，口f
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overcome by the multìple challen萃的 of 
maJnutrition and disease. A 軒昂ilar condi
lÍnn in thc ~ orth Coast re惡íon ofC"lombia 
時 caJJed “ huequer翁~. The condítion called 
"blacklε缸" al矣。 necds further ídentífica悶
tion. Thcre may be dífficultíes in differcn-
1latm草 blacklc在 with hcmorrhagic serμ 
1lcem閱 (bovinc pastcurellosís) and 
common snakehttc. Althou惡h ticks were 
not spcó t1call)/ mentioned asa prohler札 33
of thc farms regularly díppcd lheir cattle an 
avcrage 01' once every 29 days (ran芸e 學-
180) 

The most common vaccinations 領...ere

(by numberoffarms): fo叫蕊伯拉 mouth (32)、
blaekle喜 (31)， salmoncllosís ("peste boba們)
(2在) an咀 bruccllosis (9). The avera草e
number of va訊;inatíons per a闊的al p盯
year was 4、 27(ran且eO伯利 Díseasc control 
mεasures cost an avera惡e of Co l. $91 
annually per animal 

1mproved mana惡ement of existing 
resourccs combine桂 with cffective preven 
tîve medicine programs woul這 m
them時Ives signíficantly 時íse the level of 
productivîty\but the lack of both social 
amenities and 說cre~t from absentee 
landlord話 arc maJor rcstratnts 

聽reedin聽 diseases

BruceUQsìs, The consolidate丘 resul帖 are
gìven in Tahle 19 and are 5i品 ílar to those 

published in recent years by ICA for the 
關me area5. Since the low prevalenee of 
bruccllosìs co約stltut的 a mìoor reproduc
tive halard on the farms surveyed 奄 no
further brucello別s mvestlgatlOnS are 
planηed. A sîmilar prevalence rate was 
found in thc Mato Grosso of Brazil, 

.. 

Infectious bovine rhìnotracf扭扭isl-
pustular vagìnitis (1揖R)， Thi豆 viral dÎsease 
causw草 either re持piratory or genital infec、
t lOn5 l~ now reco草nized as beíng 
wídespread in beef cattle ín Colombi毅、 fhe
consoh社atcd result' are given in Table 20 
and theîr sìgníficance 1S beín萃 ass:essed. I t Ìs 
not clear why the prevalence in the north of 
the Cauca Valley is 50 low 

Leptospiros脂， Prevalence data for lep 
tosplrOslS are 岔路played in Table 21 and 
c1early show that this 惡roup 01' infectíons is 
W泌espread ín beef cattle in the tropical 
areas of C、。lombia， Table 22 shows the 
prevalencc of those serotypes known 10 
cause clìnical disease in othcr parts of the 
world. Thcre is evidence from Australía , 
'" ew Zealan益， Nonh America and I 蛤 Iy of 
an increaslng prevalence of Leptospira 
Ira肉。'0 which appears to be replacing 
Lepluspira pO !11ona a~ the most common 
叩rotype affecting cattle. Austratia reports 
givc a 5-10 percent abortion rate and a hígh 
prevalence of mil益闊的titis. A 訓milar

tdhklq I1 re、 alenc~ of ho‘ ine brucl'lIu旬章是n areas of C!泊。mbia 魂nd Br過J:iI. 1974-75. 
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Prevaltnce of infectious bovine rhinotracheìtis! pustular vaginìtis (IBR) in cattle ìn areas of 
Colo聞bìa. 1~7.j 75 

raÞle 20 

Prevalence 
4 呀?

P;Jsitin 
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B發besiosis. F時Id survey results for the 
two known Babesia specìes infectÌn草 catt1e
are shown in Tables 24 and 25. As wìth 
anaplasmos峙 the conc1usion can be 
re斜 hed that ìntrodl的時時sceptìble cattle 
ìnto any of the lowland tropìca! area, of 
Colom年la 崎mpled shou!d be attempted 
only after ìmmunìzation. Wìth babesìos怠，
however. prevalence dìfferences between 
farms ìn the LJanos Orìentales ìndìcated 
that enough 到Jsceptible adult animals 
could exìst ìn somc herds to cause deaths if 
moved into areas of higher challenge 

Ectoparasit研

Ticks. Collectìon and ìdentìfìcatìon of 
ticks ìnfestìng cattle were made on 37 farms 
surveyed in the L1anos Orientales of 
Colombia 該用'phil的 microplus ticks werc 
identified and quantìtate益 on each farm 
and were almost equally distributed 
A mhlvomma c叮ennenSi仇 Amb秒omma

L..my. Hldln:Cl hnn姆拉IUl jJw:i"n lc',l 

assessment of 法草nifi瞞你e Îs bein惡 made
for South American tropical situatíons 

Hemop禽賠sitic diseases 

Anapl剖mosis. 控制ults of fiel社 surveys
for anapl斜拉osìs are shown 的 Ta性le 23. 
τhe conclusion can 尪e reached that 
íntroducing s.usceptible cattle into any of 
the lowland tropical areas of Colomb站
站mpled should be attempted only after 
ÌmmunÍzation. However. the range of 
numbers of posítive animals betweεnfarms 
in the L1anos Orìentales in這ícated 廿iffering
degrees of 問demici吟， that 峙， differing 
degrees of chaJJen囂e. The Cauca Va l1ey 
appeared 10 be of a lower degree of 
endemicity than the North Coast or the 
L1anos Orientales, with a comphcating 
factor that the same farmer may keep cattle 
bo廿1 in the endemic vallcy botto的制din

adjac-ent mountain pastures where no 
tranSrl'HSSlOn 15 occurnn草

Prevalence of bovint' lt'ptospirOl、 is in areas of Colombia. 1974.75.* 1'a t> k 21 
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triste and AnOCenlOf' nilens were deteçted 
on only three farms 

Supportive R esearch 

Breeding diseas揖

Epidemlology oflepto叩Im.ls. The hi且h
prevalence of Ieplospirosis found in beef 
cattle ln a l1 tropìcaJ areas samp)ed requìre忌
two ìnitial investi惡;ations. Firstly, the 
serologîcal 問sults needed confírma!Ìon by 
the cu!ture of or惡ants晶s from infected 
cattle, and. seeondly噎 10 suggest conlro1 
strategy. it Vlas necessary to determÎne 
whether re開rvoirs of ínfection existed in 
w iJd anímal popu!atìons , 

Pcrmissìon was ohtaine社 to slau惡hter

four cows having high titers 10 Leptospira 
har功。 (1:800， 1:8奴1.1:1600， 1:1600) and 
attempt 如 cuhure the or車amsms.

A!though no positìve cultures were ob 
lained from Ihe organs of any animaL 
histopathologica! examinatìons of a l! 
ki述 neys showed a chronìc nephr此時 com‘
patib!e with a leptospirosìs ínfeclÍon 

On this same farm‘ Ihree 峙。!atìons of 
Leptospi悶 have been made from 
Proechymis sp , (spiny rat) and 。“e from 
Ca/urο秒lyS philander (Phí!ander 
opossun>), and are now being c!assified 

H emoparasitic dìsease第

Development of diagnostic techniques. 
fhe hemoparasìte workshop or在amle社 m
M ay confìrmed the nee吐 for 訂mp1e farm
!e時! tesls for anaplasmosis and babesio剖S
Special attεntion was therefore 車IVen to 
card agg!utinatìon te5ts for λnaptosnra 
marginale, &.灼的ia argenlina and Babesia 
bigemina, and C''Jmparìsons bε1、veen all 

J ahk 2 有 Prevaltnce ()f bo吋ne 逸的apla、mo叫學 (A fJ“plas俏。 1I1l1.rkinaü: j ìn areas of C叫omb除兩 1974-75
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T.lbk 2~ P間\'íllcnce of bo、 Înc babc弱。51S fBah創ia arxeruino) i口總reas of Colomb泊， 1974刁$

Farms 
A J'';必 rcst* 且ampkd

Lla峙的 Orienta!的 IFA 3? 

c，主uça \ ,,;]1..'\ CF 。
IFA 3 

. I 'Irl!, thc 叭 mrl~f 叫" ，只.ih、r t( f- , , -c lil'j"缸: 1 1I"， !e池、川 Wlllh

available t<5t, to det軒mine scnsitîvìty待
specificity、益uration of antjbodies、 and
practícability and suitability for fieJd and 
laboratorv u~e 

1'he United 5tatc, Department 01 
A草riculture (U5D丸) provided materials 
for compari仰n te~ting under Colo的bia!，
conditions 01 th的r card aggJutination 控5t
(C1') for Anaplasma marginale with the 
standard complement fixatìon (CF) te5t 
u時d by 1'exas A&M 話taff at CIAT A total 
of 342 時叫m samples were examined from 
nme 叫sceptíbJe cattle ìntroduced into the 
"<orth Coa叫阿辜的11 of CoJombia、的'ablìng
a comparison before and durî說話 natural

ínfectìon. 1'hc 仁T devcloped a positíve 
agglutination reaction 鼠的leral day !:!o after 
the CF reaction and lhe po日tive react lOn 
persísted. In contrast, the CF reactíon 
fluctuate廿 between tracc' (normally read 的
negativel and a 1:80 ti記rγhe CT was 
superior in accuracy and simplicity to the 
CF lest in the ,.outíne 拉拉華位。sis of 
anapiasmo咐， and. moreover, can be used 
in the fieJd. The CF test is probably onJy of 
use m 社íagno制n墓 anaptasmosis On a herd 
basis and ín those experîmen t.ìl situatlons 

于是era Püsitivc Prevalencc 
U足泊 mincd :.t:r益 ('主}

2.9這6 3.6 13 
40) 247 已!

B弩 頭。 25 

where it 時間lportant to recognìze an initìal 
rapid ri悅 of compleme刷品xatíon titer 
aftcr natural or artificial infectlon , 

4屯 thcsis di .ssertation student set up a 
car這 agglutination tesl (BCT) for l扭扭扭。
blKeminu and compared it wíth the indirect 
臼uor剖cent anlibody (lFA) and comp\e
ment fixatto位(C'F) te5ls. A Babes間
bigemina antigen \vas divided loto 13 
fractions to compare different p時間rvatlOD

methods. T he beSl one… preservat lOn 10 
seaJed glass via 15 al 40C 法ner adding 
penicíllin an吐位repto血yClo--- gave a con
sistent reaction for six months. Using this 
antigenic fraction the BCT was ca甘ied OUl 
晶的e ficld in four region5 of Colombía 
Data are 晶晶lable for 300 plasm犯組mples

)n the samples from known endemicareas唾
IFA gave 91 percent p05ílíve reactíoη丸
BC1'. 7岳 percent positíve and CF, 57 
percent posÎtive 丸 11 teslS read ne惡atlve
from areas kn的.\11 to be free ofbabe別的IS.
fhe BCT has a fieJd application for rapíd 
dia草nosls of B , bigem的a on a herd ba5ís. A 
sìmîlar tεst for B. argentina i5 bein草
developed. 

I db:e芯 Prf"\aJenr e- of bQvine babð:壘。‘ íÍ'> t舵的恥的 t!(::，t'mùw) 附 arei!lS of 【。to個bia ， 1974-7譽，
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IFA and CF t.5t5 for diagnosing B. 
argentina and 且 biger削na infectíons in 
cattle w前e also comp，a閃電1. A IOtal of 372 
蟬rum samples were coHected from nine 
susceptible cattle inlro益uced 0010 the 
~ orth Coast region of Colombi丸 agam
enabl的意 comparisons beforc and after 
natural infectionτhe IFA techni咕ue
detected 且 argentina antìbo是iêS an 
average of 莓.0 weeks earlier than the CF 
te5t and B. bigemi削 an avera車e of 2.5 
weeks earlier. 80th testscould differentiate 
the t\\'o species but a few crO$S reactÍons 
occurred. lF A titers were relatively I吐露her
than those of the C F te前， which oc
ca5ionally 惡ave a trace readin惡丸lthou嘉h
both are laboratory test5, IFA has imp叫“
泊位 adva船ages over CF in 剖mplicity.
economy and speed. 

A postgraduate intern demonstrated a 
po揖ible refinement 10 the CF test for B. 
argemina and B. b(當emina by proving that 
complement fixationanti串ens were presεnt 
in the plasma of acutely infected. splenec句
to鉛ized calves an挂 could be use忌
successfully in theCF test. Thesí草nifícance
is that plasma is discarded in proce以1fes
normal!y 叫“ to prepaγεantigens from 
Bab蜘ia spp. 

D軒elol'm棚tofim珊unizin草I'rocedur軒
agai階電削aplasmosis and babesi制is. A 
mcthod of immunizing cattle against 
anaplasmosis and babεsiosis is beÎn草
evaluatcd 悶 the Cauca Val!ey in collabora
tion with lCA. The usual method of using 
whole un可 uantitated parasite距ic bloo性 as
the vac的ne is too variable in result to be 
acceptable for use in valuable stock旬
Australian methods of quantitating whole 
parasí“mic blood、 an吐。f vaccìnating 
against B. argemina alone is very 
successful and popular there. However, 
Australìa has no recognïzed anaplasmosis 
problem an寸， ín Colomb峙， B. argentina 
and 且 bìgemina appe海r to be equally 
patho揖emc lfl ex penmen悅1 situations. The 
metho社 developed by the CIA T 
hemoparasite unit involves storing an 
tigens for A. margmale and both 聽ab的ia

A~36 

spp. at low temperature and títrating the 
anhgens m 車roups of cattle to calculatc the 
minimum ínfective dose of each which is 
required to ímmunize animals in the fiel這
τhis year 吋us加問站 wc記 made to the 
low 記mpera如re stora惡etechniques and all 
stabilates are now kept in liquid nitrogen 
The vaccìne u給d contains the appropriate 
dilution of each ofthe three organisms.ln a 
laboratory trial , 14 susceptible calves were 
inoculate挂 without incident and 間slsted

chall研ge to homologous strains eight 
weeks later. 

Economic analyses are being 忌。ne on 
the same farms where the efficiency of the 
immunizin直怯chnìque under commercial 
C沼nditìons 站 bein草 checked. A decision 10 
be ma益e eventually is whether the system 
c3n be developed and expanded on a 
commercial 甜ale.

Trypanosomiasis (Trypanosoma vívax). 
The existence of the Afrìcan trypanosome, 
Trypanosoma νivax， in Latin A由enca 時

known fro間 a sen的 of largely anecdotal 
references originatîn草 în all countrÎes 
bordering the Atlantic, from Panama to 
伽阻il. Little research has been done, 
probably due 10 the lack of adequate 
益lagno試ic methods. The method of 
transmïssion 時 unkn(【)wn. A master~s 

candidate from τexas A&M establìshed 
the indìrecl fluorescent antibo廿v test 10 

Colombia in 1972, and proved that the 
infection existed in the Colo臨bìan L1anos, 
thc North Coast and the Cauca Valley. A 
doctoral student 鳴。ow expanding the 
epidemiological studies by analyzing eon 
necled outbreaks on four farms in the 
Cauca Valley. Economic losses ínclu這ed a 
severεdrop in milk production on the one 
這airy farm, and emacï帥的n of beef eattle 
with sporadie mortalily. The symptoms are 
simîlar to African sîtuations where cattle 
have been under líght or occasional vector 
ehallenge今 Three of the four outbreaks 
woul益 not have been 垂 íagnosc，昌、;vithout

the fiel往 work of the investìgator. This 
means trypanosomiasis may be mo時
prevalent than recognized because of 

• 

這



confusion with other hemoparasìtic dis
eases. 

囂的。par獻itic di輸船軒

Ticks were studied durìng the fìfst fu l1 
year of the sp血ial project financed by the 
UK ODM 

Thìs project was established because 
甜rìous production los.es from tick 時
f的tatìons have been recor這ed on other 
cont掰開ts in circumstances comparable to 
those in tropical L剖inA闊前ica. Losses are 
both from reduced weight gains due to the 
direet parasitic effect of the ticks and 
because they are important vectors of 
拉諾ease. Either cause of los. is sufficient 
economic reason for control 

Before a natîonal governmentdecídeson 
a tick control policy the fol1o智ing basic 
inform的on 1S req剖red: (l) the tìck species 
p付給nt a伯拉 their distribution; (2) their 
importance in transmitting disease; (3) the 
life-cycles ()f the ticks in differin息 en
vironments; and (4) whether the ticks are 
res組組nt to a借口cides.τhc last two factors 
are essential in decíding the most 
economìcal c油ltrol 位rategles 鳴lork ín the 
tick unit followed this total pattern of 
問qll1rem叩t

Specìal服ed 記sourcεs were developed. A 
moated tick bam for disease transr扭扭的n
experiments and 益。uble-fenc紹， moated 
pad位。cks were built. Clean tick colony 
lines of the m句or bovine tick speci也 we間
m部ntained. The Boophilus microplus line 
祖 now in its twelfth generatíon and 
Anocentor nitens in 的 fífth 揖reeding

colonies of Didelphis marsupialis (com
mon opossum) and Zygodontomys 
breνicauda (cane rat) are now established 
as two of the laboratory hosts for rearing 
the 廿íffercnt 試ages of tick species. The 
checklist of !ick specíes an這 their d時tribu備
tion in Colo品bia (1974 Annual Report) 
was e"panded. In collaboration with ICA , 
studíes were e"tended from domestic and 
wil挂 mam間發Is 10 bir毛is. A doctoral student 

reviewed the lite問.ture and prepa阿拉 a
manual showin車 the known h描ts and 
distribution of 172 tick species in Latin 
Am軒lca

Research literature is unclear On the 
ability of 齡ophilus micropfus to transmit 
Anapfasma marginale even though 
anaplas約10品s is thought to be a major 
disease in the tropics and Boophilus 
microplus is common ín the same 
localîties. T ransmissÍon trials were es
ta悅目hed and the thí浴缸tempt is currently 
under wav 

A doctoral student stu禱ied several 
aspects of on-host ecolo皂y of selected tiek 
species of economic importance to the 
cattle indust吟 in Colombia. The work 
閉cluded the following segments: the 
establishment of a 華roup of cattle in the 
fiel社 10 study tick loads, distribution 
pattems on the ani冊aI實 and seasonal 
incidence of Boophih時 microplus; the field 
rearing of the same tick at 3.000, 2，450種
l 、800 and 1 ，故)()臨eters altitude for studies 
of oviposition success and d服atîo泣， Iarval
pro挂uctivìty. and longevity; collation of 
weather data. and the study of diurnal 
activity of larvae in 耳ras8 to jud草e the 
amclioratin草 effect on litter lQne 
mÎcrocìimate of the pasture cover. 

Collaboration continued with Ihe 
Wellcome Laboratories, Berkhamst叫，
在衰草land ， in acarícide resistance studies 
Three further consignments 0 1' tícks we問
dispatched. 

The ectoparasite workshop Of.草anized in 
August reveale挂 the ne紛紛治entify tick 
taxonom路ts in South America and to 
stan通ardize taxonomic keys. A small 
workshop will bεheld in 1976 combining 
taxonomy with methodolo墓y in deter蜘
miníng tick distríbution. 

Wild ani棚al studl蜘

The Annual Repo口s of 197J and 1974 
contained checkli到s of mammals to惡:ether
with their parasites and infections that are 
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Jr;panosoma cruzi Înfections: Basclìne 
蛇口l. \\-:::咒L'ollectcd from Carìma島間社aff l'arm 
on ;J丸。 luntar三 basis and sent to the ^ 
] nstit 月It o Nacìonal de D晦旱nóstlco e 悅
lnvc山吝汶口ón de la Enfenne吐ad de Cha惡as f 

in ^得cn!Ì na. Five I<:;A employee, had 
J) 

posìtive sera. Thcy were identifjed 奄 check-
ed for heart ìrregularities and treated. The 
ICMR contínues to check on the pre5ence • 

of ìnfected Reduvìi，直 bugs ín the vícinity of (; 
Carìmagua. Th時 1$ an nnpOI個nt service to H 
!h lS [5olate益 communlty

foun通泣 Carìma孟ua. Thìs work was done 
10 d前ermine conditìons which may be 
pathogenìc 10 血an or his 譜。mestlc
anìmals. partícularly caUle. The mosl 
important infections foun挂 were an un
known Echinococcus 沛~ Trypanosoma 
cruzi ìnfeetìon (Chagas' dì,ease of man) 
and Ti門 ponosuma eνansÎ infectlon. Con“ 

ttnU朋g work on thesc infectîons is reported 
below 得 but the emphasìs of the wìld a即mal
studies changed. The technical staff were 
Incn.:asJn暴行 C研ployed eìth軒 on the farms 
εhosen foτintensive exa研ination or on 
teaching assignm凹的 One tcchnìcian was 
loaned for a month tothe ICAI USDA foot 
and mourh eradicatíon project in thc 
Chocó region of Colombia , 

I<..c t: inococcus sp.: The ínfection was 
found ìn Pro軒hymis sp. foγthe first time 
as wdl as in the t"\H) agouti specíe'S 

Cunicu/us p叭。 ané Da5JprOCla 
fú !iginο阱。 Attemptδ to estab削lish t甘h，甘毛c fu削Jl圳1I l 
iJfe cyclεfor rη昂3ηlakinη19 a positive îde討zη， tíf品tca
t仙1μ〈ο亨m此、 co位剖:μm趴u蛇ed a剖t t巾h缸elκc茍泌 R. Se肘r叫a fro品

S討taf泣i 污吭:冶 ttoncd at ιC、an位2泣naj萃tμua 鴨were sent to 
CEP八~ZO and the results were negative 
Th. 時改n area of work whìeh has to be 
brou主弓t to a conclu肘。n. If this partìeular 
speCìes I 、 iυund to be capable of infectìn萃
cattle、 thls repi ;s'_'nt這 an lmporta的 poten

tÎal loss of prod:.:ction. In Argemi抗a. for 
example、 in[1εctíon with Echinococcus Îs a 
prìncipal cause of condemnation m 
、lau且hter house\ 

Trypanosoma eνansi infections: Thir
teen strains from Carimagua are now 

A<l~ 

stored at Jow temperature at Palmìra. They 
are derived from domestìc horses (2)、
domestic 忌。gs (3) an這 capybaras

( lf..drochoerus h主dr飢 hoeris) (8). A 
master's student ís comparing the an
tigenicity of the strains from the three host 
sources 10 confìnn that thev are the 時間e
specîes of 甘ypanosome

。isease impact 剖 f.rm level 

Breedìng dí關恥輯

Tcn of thc farms surveyed in the 
Colomblan Llanos were ('ho穹的1 for cJoser 
and continuous examîn前的n. Table 26 
give~ the abortÎon rate討 in a single f 2“ 

month periodτh.esc are minimal fi露ures a“ 
thcre may be abortÌor時間 early gestation 
whiçh are unnoticed 

f' arms A and B 、毛 crç furthcr as~峙的ed
Farm 丸 ha之1 a few reactors to brucellosis 
(6 , 130) that were slaughtered or 
transferred elsewhere , The number of 1 話訣
reacto r> was also neglígible (進! 110) 
Howe、cιlhe number of Icptospirosis 
reactors was hìgh (29166). Bull給法 ere
negative for trichomoniasis and vib抖。如

!'ahk 2ft. Abortj(叩開會科 ìn len beef herd苛 in the 
Ucpartilmento of 九1..袋 Uanm.

Oric削封阻 CnlombÎa Ob'ierH:d 崩 a 12~ 

醋。的愉 pcrìod

:\0 üf 
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Fann B 削milarlv had minor numbers of 
reactors to bru嗨Ilos閱 (2193) an益 lBR
(317你 but a high number of leptospirosis 
reactors (69: 72). Again, no trichomoniasis 
or vibriosis could be detected. The cir悶
CU臨stantial evidence is that leptospirosis is 
the main reproductive disease prohlem on 
忌。th farms. Observations and collation of 
data are contînuìng 

Recor益s from the ICAICIA T. herd 
systems experiment at Carima車站aare now 
sufficiently co臨plete 10 aS8.SS the caJving 
and abortion rates in the in社ividual herds 
a車ainst the eli即 ination of brucellosis from 
the eχperimentj absence of vìbriosis and 
trichomoniasis and observed low 
prevalence of IBR and leptospirosis 

H啊，岫pa捕sitic diseases (anapl肘mos缸，

babesiosis) 

The prevalence data indicate that high 
血or組lity would occur if susceptihle cattle 
were introduce社 into any of the areas 
捕mpled

In studies of calf-hoo廿 infections of the 
four heef herds sampled in the North 
Coa前電 the 112 calves examined were first 
infected 剖 a mean age of 1I weeks with 
both A. margínale and B. bígf!mína. Mean 
packed cell volume (PCV) values 
significantly decreased durin草 a two-week 
períod following ínfeclÍon but all calves 

recovered rapí挂ly， The two infections did 
not appear to have any economic impact. 

However, the siluation in the Cauca 
Valley was different. Herds are eitherdairy 
or beef alone, or sometimes mixed 
operations , The hou制只草 of calves on dairy 
farms means that they are 叫posed to first 
infection at pasture only at about six 
months when innate age immunity is 
waning. ln addition, some stock 臨ay be 
reared at hi草her altitudes where transmìs
訕。n îs not occurrin皂、 Animals with 
susceptibil成y cause挂 by either reason have 
acute andωmetimes fatal infeclÍons. The 
dírect losses described ìn the records of one 
farm studied are in Table 27. D位部led
epidemiolo草ical work is bcìng done on 12 
farms 10 delermine and collect thεdala for 
measun位草 economìc impact也

“ Secadera'" 

The importance of Ihe “ secadera'"' 
complex was 益 iSCllssed in the sectÎon on 
dísease prevalence studies. As a result, a 
follow-up visll was made to one farm 
whe l'e production and animal heaJth 
records had been maintained during 1會73-
75 by the resident owner who was also a 
vetcrinarìan. 

Twenty-seven cases of secadera had 
occurred 闊的叫你的 years， 9 in 吟吟， 1I in 
1974 and 7 的 Jan.-。氓、 1975、 A Il cases 

Tahk 27 Oirec1 eC個愉臨it:lo捕。前 a daíry farm in the Ca器f攝 Val1e)'; Col明nbi趴抽used by an謹pla禪師閑話攝nd
"峙的寞。、忌. (Jsn. l ， 1970.Ju卿 30. 197的

Losses (正在sls Cmt5 
from of lor Total Aver論ge

?叫。. of lotal Jeaths dru !2.:> labor 105s lo~si head 
animob deatbs (c叫$) (Cο1$ 1 (CoISI (Col 事) fCoL$) 

1970 205 3 捕、啊。 IO ,:n9 3,5 13 29、982 146 
1971 224 5 23 ,250 l 多 39倍 4.801 是3 .449 194 
f9 ì2 236 11 60，0(站 22.4 17 5.745 8泉 162 3ìJ 
1973 21S 5 27.75詞) 22.302 7.167 57.219 262 
197是 245 8 52.棋}。 29 .580 9.124 90.704 369 
1975 240 3 一、 23.5間 21 、441 5.431 50 ,172 211 
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occurred in cows lrom 3 10 11 years of a草ε
(average 5-1 i 2), representing ìn thìs age 
and sex group an annual incidence 悶ngeof
4 ,0-6.5 percent. Twenly恥three of the cases 
耐re in cows whìch had 泣的盯 recently
weaned a calf or were nursing a ealf when 
symptoms were observe丘 Eight animals 
died even though eaeh one reeeìved a 
Z岔開ìmu恥。f and in many cases as many as 
four antibiotic treatments and supportive 
therapy , and were 韋iven the best pasture 
available , Seeadεra has accounte丑 for 25 
percent of the total deaths ìn breeding cows 
on the farm during that period ‘ Cowsthat 
recovered from sec必era required 4峙
months 何時紋的 normal conditio肘，
durin萃 which tíme they failed 10 rebreed , 

A common opinion amongst 
veterinarians workîn在 in the L1anos is that 
nutritÎonal stress in ani朋als which are 
C准，rriers of anaplasmosis causes a 
recru益的cíng clinical infection. The theory 
needs to be ehccked with accurate clinical 
an是 serological data, 

Cosll benefil anaJysis of control 

τhe work on prevalence slud時s and 
economic impacl of disease progressed far 
enough to cor剖nence cost 1 benefit analysis 
of control. 

F 001 and moulh disease 

CIAT ceonomicsan吐 animal health staff 
are using I'oot and mouth disea悅的 the

mam p lOoeenng area m ar間nal health 
economícs.. The reasons for choice have 
bεen. fìrst, the internatíonal interest an益
concern; second, theavaila年ility in Colom
bia of outbreaks; third , the relative 
I'reedom from co酷plicating management 
01' concurrent disease factors; and last, the 
eXlstence of lar草e campal囂的 I'or both 
eradication an垂 control so that the 
CO說 1 benefit of cOAtrol strategìes can be 
compare至1. The suc的ssful metho品。logy
de問loped after outbreaks on pig farms 的
the Cauca Valley gives a better understan
din草 of the requirements for work with beef 
A -40 

cattle. An epid臨別。10墓ical model 01' tbe 
“留ase has been prepare通 10 assìst 
economists in preparin車 their correspon輸
din草 econo臨時s modeL A co品plementary
and mo時 detai!e甚 description ìs gíven in 
the Economics section of this report 

Hemoparasitìc di甜點輯 (anapl制mosls，
babesiosis) 

F arms have been selected from the 12 
under economic study in the Cauca Valley 
to analyze the benefits ofimmunìzing stock 
against anaplas臨肘Ís and babesiosis 
Equal numbers of calv的 under normal 
management and immunized calves are 
being compare益。n each farm , Calves on 
two farms have been immumzed up to 
now , This study 措 b創ng carried out in 
collaboration with ICA 

PRODUCTION 
SYSIE其1S

F ood crop productíon 

Green 翩翩1Ure crops for am. 5oi)s 

Last year effects of liming on dry matter 
production and nitrogen yield (kg :>l l ha) of 
severat green manure crops grown at 
Carima墓ua were reported ()會74 Annual 
Report) , Highest N yields were obtained 
with indi囂。fe悶， followed by cowpea , 

velvet bean an這 crotalaria. After incor
po時tÎng the green manures~ two varieties 
each of corn (日-207 and Carimagua-2) and 
sorghum (BR -64 an正j Eδ7) were planted 
across the g間en manure tre剖ments. They 
a180 rεCCIY吋章。 kglha P;()5, 50 kgl ha of 
k紋， and 50 kg N I ha as urea split-applied 
at 10 and 57 days、

Corn and sor惡hum are very susceptìble 
to 80B acidity and yiel謹S of both with zero 
and 0.5 ton 01' lime 1 ha were practically nìl. 
The results reported are the average. of the 
2 and 6 粉紅81 ha lime treatments only 
Sorghum was harvested as green fora於



was established to cornpare effects of four 
tillage systems on corn yields aft.r the 
initial application of 2 t的s oflimel ha an益
the production of one uniform corn crop 
Although yields were low due 10 Al 
toxicíty, híghest corn yields were obtained 
wíthout soil tillage, placíng only the corn 
時sidues frorn the first crop ín thεrow as a 
soil mulch 

In 1975 another 2.6 tm側n叫Z
applied and 1益缸三立n註i芷fοr口間1I掰玄nl妙y incorporated, 冊，
G闊的車 the lime level to 4.6 tons I ha. The 
followin車 uniform crop of upland ríc活
(varíety CICA咆6) produced an excellent 
yield of 4.7 tons I ha. Again usin惡 four
tillage systems, a crop of black beans 
(Porríllo Sintético) was sown τhough not 
yet ha押的te益， the weight of green pl朋ts
and green po合的社icates best plant growth 
wìth a minimurn tma墨.e system of one 
disking without ridgin囂。 This system 
appears superior to the tl羽ditional system 
of plowin皂.d時cing and ridging. 

because ofbird dama草e to the grain. Figure 
15 shows the response of the corn and 
sorghum 時rieties to incorporated green 
manure cropsτhough yields were low噴
both crops respon述“ b的t to mcorpora
tion of∞wpea， followed by velvet bean or 
indi囂。fer益， an是 least to íncorporation of 
crotalaria. The poor response 10 crotalaria 
could be due to its very low N -content 
(1.5%) cornpared with the other green 
manure crops (2.今2.8%). Cowp臼 mcor
por'ltion, howcver, consistently produced 
highest yiel吐S of corn and sorghum, despite 
its lower N yield than ind嚕。，fera.

With the risin在 cost of "machinery and 
fuel and the availability of hetter he• 
b詰2丑聞， worldwide interest in syste間s of 
mml臨um tilla草e has 囂reatly increased. 
U nder the Llanos situation, rn服Imum
tí1lage f or f 00丑 crop productìon seems 
h都治le after sufficient lime has been 
applied and íncorporate益 In 1974 a trial 

TiIlage systems 

E-57 發起也64

7.0 

6.5f 

(
總
局

:lL 

SHSSCMU 吋

m
U
A
M
W
h
v
p

勾
心
〉

E
a
o
M
W
叫E
叫

nun-BQPV 

氛。

4.5 

4.0 

氣。

5.5 心
灣
同-
S
E
E
ω
E
b
x
靜
。
“

獨
立

g
g
o
h
M

l 綠
軍

A
V
E
Z
〉

l 
仿
制ω
L
W
O
盼
耐
旬
位
呵

! 
鳴
u
n
H
b
p
0
)

1.4 

1.3 

1.5 
{
毒
品
一
室
。
但
}
單
獨
尪
記
草
草

。

Avg. {}f 2 and 6 tonsl ha Iime treatments 

Flgurc J5. R肘ponse of 捕。 maize and two sorghu鞠 varieties 10 the i啦。峙。間位。n orvarious gret:n manure 
叫。伊 befo時間吋ing 剖 Carimagna

"~-41 



Plantain fertilízation 

Plantain is a staple foo益 for people ofthe 
Llanos and is produced around the 
farmhouse , în old corrals, or in clear自i
gallery forests where it grows we11 and 
apparently without nut口tional problems. 
However , when grown in plowed savann盞，
without fertìliza!Ío筍， plants develop poorly 
and hardly set fruit; they seem 10 suffer 
from se時間1 nutr諒的nal problems. ln order 
to determ臨e the plan t's main nutritìonal 
requirements on these savanna soì恆， an 
experiment was planted in 1972 with 
vanous levels of N. P, K, lime and farm 
manure, using a San Cristóbal ex:perimen
tal design. After analyzing the harvest of 
1974，廿eatment levels were slightly ad
justed. Table 28 shows the total yields for 
1972 如 mlι1974 and for mid-1974 10 
1975‘ averaged for each treatment over a11 
other treatment combinations. 

ln the firsl period, greatest response 
ca抽efromar冷lications of 200 kg 主ρIha，
100 kg Pρ5and IOlonsm紹ure I ha. There 
was little response to liming or nilrogen. In 

197章， grcatest response a車ain was obtained 
from the highest level of K followed by 
applications of P , N and farm manure. 
There was a large response 的 the recent 
application of 1 tonl ha oflime, compared 
制th lhe residual effect of other lime 
treatments applied in 1972. lnilial紗， a 
benefieial effect of the 會72 lime 
appJi崎tions was aJso observed, but Jater, 
production dropped due to apparent 
d isease and I or míeronutrient problel鴨"

H肘dpro電luction systems 

The purpose of the herd systems and 
related early weanin哩 experiments i5 to 
províde information for ,'evelopíng life
cycle product的n systems that will increase 
productivity 乳nd profit usíng today's 
catt1e. pastures，記chnology and manage
ment skills. In addition, th時 expenmen棍"
tìon wiH assist inte直rally in identifyín草 and
characterizin草 technoJogical barriers 10 
achievin草 furthe玄 production inéreases 
The overri益的車 consideratìon is to deter~ 
mine how 10 feed and mana皂e the CQW SO 

5he rebreeds，別nce most CQWS graz間E

rablc 28- \'ield 問呻onse (}f plantajfl (fr軸h fruit) 如 lìming and (ertilÎ 1-a錄。n， (祠"臨a~ua

1972 lO mid-1974 mld~1974 to 1975 

Treatment (kgj ha) Yie!d (tonsj hal Tæatm叩1 (均 i ha) Yield(tons i ha) 

man泣re 。 1- 8.毛 manure 3 核彈 1.28 
10、000 4.75 9.000 1.51 

N Q 336 N 。 1 10 
100 3.23 50 1.6g 

九 0， 。 186 沌。s 30 081 
100 4.73 90 197 

K乏。s 。 。 35 K ， t為 到} 。 73
2制) 6.24 150 2.05 

lime 。 7.07 Hme 到伊 0.80 
500* 5.85 1,000** 209 

2 制]{)' 8.48 2、∞O' 。 24
飢似彈* 8.63 6.綴。O' 134 

lm\詰益rl' hcd ，(;可 n::

U L!me 為I'þhcc m 19~5 
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pastures in aUíc soil areas don't conceive 
again until the nursing calf is wea ned、
resulting in a calf every two years 

H軒d systems e軍peri綜lent ， ICA-C1AT 
(C arimagua) 

Th;s ex perím<nl 時蓓的igned 10 deter
míne lhe life-cycle effeCls of variOl時
management practíces and production 
ínputs‘ T reatmenl variables between herds 
ín c1 u位 e pasture systems , mineral 
suppler啦啦atlOn‘ and protein supplemen
祖tion durin車 the dry season. W ithin herd 
treatments include early vs normal wea忍心
悅話， and altemative use of Zebu and San 
M盯tinero bulls in each her也

Pasture treatments 

Pasture lrealments indude 藍razing of 
native pasturc all yeal 、 molas時s grass 
(Melinis minutiβ'ora) ìn the rainy season 
and natlve grass ïn the dry season , and 
molasses grass all year. Whereas ,easonal 
differences have been l1oted. year“ round 
animaJ performance, as measured by 
growth and reproduction, have been 
similar on aJl pasture re車1m的 where
mineral supplementation has been provid勵

的社 Firsl-calf heifers which received 
mineral supplements weighed ap
pro別研討εly 330 kilograms (1 974 Annual 
Report)、 jUSl before the beginnin車 offirst
calving and had similar calvíng pεrcen倫
ta章的(在6 to 91 %) in the first year's calfèrop 
(Table 29).10 the second ealf crop for the 
first sïx rnonths of 吟吟， calvîn草 percentage
侃紅伊拉 from 54 to 83 percent, wit缸 hí草hest
percentages (65 to 83) obsεrved 、Nith the 
regime of 啦。lasses 草rass În the rainy 
season and native grass ìn dry season 
(Table 30)、 Calvin草 percentagcs for CQWS 
on eìther native g月錯。r 捕。lasses 息rass

alonc were similar (55 to 61 您).

ln analyzing reproductive performance 
s1絨毛;e the initiation of breeding between 
May, 1973-Juo巳 1975 ， avera在e number of 
calvings Icow was slightly higher for the 
molasses grass-native gτass combination 
(1.62) as compared to nati"e grass alone 
(1. 47) an益 mol制問s grass alone (1.45) 
Calving interval also favored the native 
車間給molasses grass combination (14.9 
months) as compared to native grass alone 
(1 5.4 months) and molasses grass alone 
(15.8 months) 

τhese results suggest little advanta草efor
improved molasses 草rass pastures。

fabl t' 29 , E置可roductive perfúrtn甜ce in tht first calr t仰伊{值1守崗 born bl"lw輯錯岳重bruary and Decemb肘想
1914) H甘d Systems 1. Carimagua. 

Time frnm h.::gínmng of 
7刊的.01 ~O. of "甘. of C'alvìn車 Ahortions hre叫ing to concepti(蹄

freatmcnt Hcrd 虹的W在 birth革 abortÎo位在 (令? (C() (münth吋

Control 28 14 It 50.0 39.0 5 ， 2是

Natlve pas1t;r，ξ 2 J] 17 u 515 39.3 7.74 
Hnd s:alt 3 29 t5 7 51.l 24. t 9.7名

Nalure past泣 re 4 31 27 弓" PI 6 三 4.27 
and còmplele- mine-rab 5 B 30 90.9 3.0 4.74 

Nal!\ιpas!ure and 自 了5 乏。 3 85.7 8 前 4.2D 
mola娟的 gras古 and 7 34 )1 。 91.2 。 。 5.15 
(ornr1ete mín.:(控h

悅。lasscs gra~s and 很 34 31 。 91-2 O.D 4.55 
1.:0臨pk:tc min l'raJs 9 .Q 2京 3 875 9.4 3.85 

2、心4)



函，

t 
dnk 30. UCl間.ductivt'伊rform揖nce in the 'iCcond nllf 臼叩{問1，軒 born or 帕 be bnrl1 in 197到糊d toíal number of birth ", and aborttons to 如何， Hc咕均每tem l. 

Cari酷agu融、

Time 
:-';o.of 'i0. 01 1975 !啥 75 hetween 

N廿. \11 hìrth:-. abortlOlì í>, ruhillg ;Ih" f'l!仆!l.'i GdVtrlgs. T olal rntal 
I rca!menl “軒d ":0再暫且 1975 1975 jl'() (I'i) (m()ntn吋 hirths ahortìøns 

('(lllln\1 2討 !月 合 5.4 :u、 2 1.5 29 1 ) 

、~<lt!n~ p.btun: 2 33 12 。 6月參 。。 20.4 29 IJ 

and ;;alt 3 29 19 (1 手 5 .5 0.0 20.9 34 7 

:'\a l!丸 e ra"tnre à )1d 4 )1 19 。 1> 1.1 。。 i 革命 40 2 

!.:()mplt'h; IHln..:ra b. 3 11 1 泓 。 54 月 。。 :多 2 4~ 

、" <1 11川、 ra~ llJ n:: and b 1 可 29 。 x2.9 。 。 15.2 59 

rnnl品的es g: r社"品nd ? 14 22 。 吧 4.7 。 o 14.7 5) 。

compk: tc mîncI 且h

V1 nla卅仁、 gra'>s ;l nd 前 .14 19 。
55ψ O,(] 15.2 50 。

~'I) lI lrh."te mi !1èrai、 9 ]2 
" 

2 革命有 O.J Hd 4的 4 



However where pasture land is Ii mitin草、
production can be increased by es
tablishin息 improved pastures, which will 
草enerally have a hígher stocking rate than 
native grass pastures in the rainy season 
Also, improved grass pastures will often 
provide a higher plane of nutrition during 
the rainy season可 resulting in ímproved 
performance of animals în more nutrient 
demanding phases of the production cycle唱
e 品 breeding bulls. weaner calves, broo吐
COWS穹 fatlenin車 cattle ， However, ímproved 
grass pastures may or may not have an 
advanta紋。ver natlve 墓rasses in the 這ry
season. Aetually 九1elinus minutiflora bas 
shown to be inferior (1974 Annual 
設eport).

These results aJso 的通icate that the lower 
areas with high water tables can be used 10 
advantage d也ring the dry season 5ince 50il 
mOlsture 時 adequate to support pasture 
pJant growth , The 1的ual grazing proced ure 
的 to util服e the higher, well-drained 
savannas in the rainy season, and the lower 
areas in the dry season. An exceptÎon 
would be pastures based on tropical forage 
legumes、 which are generally deeper rooted 
than gra峙的 and can 泊P subsoH moÎsture. 
They will oflen providεgood pasture 
du的ng the dry season in the higher well
drained areas‘ 

持líneral 揖.pplemen插話。n

Cows on natìve pa叫ure that receive益
的問叫al supplementation had si皂nificantly
剎車her calving perc叫tages (P< , O 1) in the 
first c81f crop than non呵supplemented cows 
(88 vs 529紗， short的 intervals (P <: ,01) 
between beginning of breeding and con
ception of first -calf heifers (4 ,5 vs 8, 7 
months). hígher number of calves i cow (P< 
001) through mid-1975 (1 A 7 vs 1.02) , an廿
shorter interval (P<:, QOI) between calvíngs 
(15 .4 vs , 20.7 months (Tables 29嗅到) an這
31) , (三alculated abortion rates were 
S1g泌的ca削Iy lower)!P< ，(約 1) 凹的neral
supplemenled her社 s (0 ,5 vs .32 abor
t lOn討 ì eow). Mineral supplementation is a 
rea社ily applied pro社 uctlOηpractice that 

will oftcn increase prod uctivity and profit 
(Fig , 16) , 

Prolein and en甜蜜y supplementation 

Supplementation during the early p"rt 
of the first years bree位朋皇 season (1973) 
with a urea-sugar supplement 挂治 not 
improve calvin草 percenta紋， nor reduce the 
ínterval between initiation of breedín皂
悅的。位 的d conceptìon offirst-caJf heifers 

τhe fore囂。"導 treatrnents were discon
tinued. an社 mol都ses-urea-s位lfur(500-80-4
g!head!day) supplementation duri時 the
dry 間ason (Oecember through March) 
was inìtiated ín Oecember, 1973 in one of 
the two herds in each pasture regìme with 
minerals (herds 4, 7, 9) and without 
minerals (herd 2) , Up to mid-1975 
molass的“urea 州pplement眠的nhasha丘 00
Sl且nificant effect on calvin惡 percentage or 
ìntervaJ between calving (Table 31) , 

Serum phosphorus levels 

Bloo拉攏泊pJes have been taken oncε 
evε矜持ìny season (ApriJ to November) 
an垂 once every dry season (Oec海mber 10 
March) sìnce helfers were first brought to 
Carimagua in February‘ 1972. Bloo廿 sera
were analyze社 for serum ìnorgamc 
phosphorus and ìnitìa11y for some other 
minerals 

Data in Table 32 and Figure 17 are onJy 
for heifers that had not calved and did not 
reCClve a protem 的lergy supplem目前 Just

before blood samplìn耳

Un lÌJ July 1972, all heifers were grazed 
togcther on native pasture wìthout mineral 
supplementat lOn. Serum P Jevels were 
sirnìJar for a11 herds durir海 th盟 peno挂 and
wer;εlower ìn the raíny season than in the 
dry season 你<: .01) , 

After the samplìng 帥 July 1972, the 
heìfers wcrc 拉拉ided into nìne her挂s and 
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抄在

rab Jc J 1 Calving intcrval. cOJlteptions、 abortior的祖nd births, May 1973 to .'u間 1975， 11軒d Sy絨的.， 1 ‘ c晶rì鼎ll g，t論"

Calving !\ vg Avg Avg. 
抖。.01 intcrvu! rotal COflccptlons Total ahortion ro{ ,tl hirths 

Trcatmcnt cows (monthsl C白ncepttons (lefÚ\W :dmrlìon早 (lcr cow blfths (lCT cow 

點1inera&~

Salt 62 20.1 83 1:\4 10 可2 。1 1.02 

Salt +- min甘1叫草 64 15.4 。7 1.52 1 0多 94 1 哼7

Pastur~ 

Natîve gra名單 64 15 .4 91 1. 52 3 05 94 1.47 

Nativc: gr晶晶揖 φ

mola革將$學ra!>s 。。 14.9 J 15 1.67 3 04 112 j 的2

M olasscs grass 66 ]多 8 101 L5J 5 。每 9。 1.45 

ProteÎn 揖upplemcntation

~onc 131 16.5 202 1.54 11 J lH 191 1. 41站

Urc措+闊的la再問在 130 16.8 194 1.49 20 15 174 1. ~4 

Weani許藝

Kormal 223 17.3 321 1.44 28 13 294 UI 

E.arly 38 12.9 14 1.95 了 。8 71 1.87 



1" !gurc 時 Cow、研組mg 帥ti、金笨rass th甜甜cei\'cd 翼 complete 開îneral 端pplemcnt h.ad 44 perc閉t high.er 
，.1吋ng rate>; than tho、管警hat receh <<1 {叫‘<;，，1(

treatmεnts began. Heìfers that continued 
on natl、 e pa到 ure without mîoerals con“ 

tinued to have high盯 serum P levels in the 
drv scason than in the rainv seasoo. Herds 
on nat l\.-e p的tu問我ith mínerals showc社
much 5maller differences in serum P 
between rainy and dry seasons, and had 
consístently higher serum P levels in the 
時間y so肘。n (p~O.05) than those on native 
pasturc without mincrals. 10 the dry season 
the effect 01' mineral supplcmentation was 
剖ther very small or even negative (March 
1973 and Januarv 1975). Heifers on . 
molasses 起rass and minerals ha挂 con

SI時.ently highcr 5erum P levels all yearthan 
heifers on n益tíve grass and minerals. This 
dfect was acccntuated in the dry season. 
H軒fers on molassc往車ra:-;s had higher 
serum P levels in the dry 5e先50n than in the 
rainy scason , Heifers on molasscs grass ín 
the raìny sc訟son and nativc grass in the dry 
,ea50n (herds 6 and 7)α}nfirr封信d thcse 
trends in that P levels durÎr豆豆 the faíny 
scason were 別milar to the herds 草 and 9 on 
molassc:, grass‘前沿 P 1evels in the dry 
sea l\on sirnilar to her社s 4 and 言。n natlvc 
gras治

Duríng the t暗里inning of the first 
breeding season (April-June, (973), herds 
2-9 were divided into three groups 帕
拉etermine the effects of 5upplementatíon 
with urea哺u草ar and cottonsee社 mcal (l 973
Annual Repor彷徨 Ure如su星arsuppleη1enta

的on SI缸nìficantly re吐uced serum P level (P 
-< 0.05) (τable 33). Cotton5eed meal 
supple詣的tation sïgnifícantly increased 
serum P level in cattle on native gra閥
、Nithout minerals (herds 2, 3). Even when 
cottonsee社 meal was fed , cattle on 
molas.ses 草raS5 had hi墓her scrum P Ievels 
than those on native pasture 

M olasses-urea-sulphur supplementa也

Üon duríng the 1973-74 dry season 
sígnincantly reduce益 serum P levels (P< 
0.05) of cattle 草razm草 natIve pastures 
(l、訟ble 34). The same trend was notεd ;n 
hcifers that ha吐 not yet calved in January 
1975 (Tahle 35) 

ln Septemher 1974 (闊的y season) , C叭的
議!ith nur討泊在 calv色" had 叫起nificantly lower 
serum P levcls (P<O.05) than heifers which 
had not yet calved (Table36)一 SerumP was 

、-4可



函長, 
Table 32 :\1 CMn seru間醋。時ank phosphmus le閉氣{閉gPIIOOml 諾阿盟， i.n heifcrs before cahln麓

rcb. 19 ì2 Jul\' 1972 站缸. 1913 June !9H • e/). 1974 Scp t. 1974 JarL 1975 

HerJ Tn.* \0. Mcan ln."\ \1 \1còln Ift*.'\o Mc品" I":t. :'\1 0. M:.:an ，，，干?可\). Mea t1 I rL'" No. Mean [n" No. Mcan 

、 3x. 5, 21 戶、 ~X 3 ,9t 人.10 已失笨 " ~O 5:17 、 14 4 )0 /丸 N 自J7

、4 J丸 可缺 5.49 丹、 .17 月齡4 ^ .1 1 7.29 A 在 4.62 A 22 5.51 

三 八 38 5.60 A 3句 .1 .9J A 2g 多答7 A 5 且是前 A 25 '5 7 J A 21 .1.0余 A 16 5.29 

4 A 可? 5 哼哼 八 1令 4.{)X B 29 5 拭7 R ? 5.09 B 6 多 54

弓 ~ 了許 售.10 八卦 4.01 n 25 5.34 日 7 已 72 B 2抖 6.14 的 9 5. !2 刊 7 5.20 

已 /、 、? 5.<日 ^ 1鼠 ).91 11 23 有 44 正 7 已 7月 ;毛主。 5.69 ζ 有 5 , 14 B 勻 5 .3已

心? ^ .18 5.2時 人有多 J.Q9 ß .16 4.x6 ( ? 7.n2 C 9 5 多3

K A 38 5.77 久 35 4.0) C 26 7 ,09 ζ 7 6.25 C 21 6.79 < 6 5.91 < 、 7.00 

9 A 17 5.17 A 37 3.83 C 35 愁。4 ( 7 5 的6 C 3 5. )5 

• 1 fC.且tmt:"nt. A' 'j,l tiv\: p<t\!且呵 • "Ûl WÜV: 前叫h時 p<l此位吋昏哨悶叫祖 I m~J\ tndlldln Jl P. C M廿1，、材、，.削、+州 I~ ，.， .tl 鼎的帥d，甚至hJ1)! l' 
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but not in those that receìved a mìneral 
supplement (Table 36) 

While the above mentìoned effecls were 
marked ìndced, ìt should be nole吐 that
after July, 1972 large dìfferences between 
replìcate社 herds also occurred 

not reduced as much in míneral 
supplemenled 1賠付s (牛街 as ín non
supplemente昌 herds (2 and 3). A! the 
be車ìnnìng of the dry season in January 
J975, lactatíon tende社 to reduce serum P 
Ievels ín non-mineral supplemented herds 

E呵ect of前捕關d 輔)tar a鈴d coít欄帽ed me到綿押1，棚ents 棚"...備 P levels，Jur油 1973‘
, 

Tablè 33 

Suo-trealmeJlt 

C ottonseed meal 
?這。 Me;J n

5.94 

5.62 

5.89 

5.62 

7.ÛJ 

6.88 
0 斜

tdo 

(;, 26 

Sugar +- l;r灣a

No. Mean 
AAunHCCL

<

7
?
7
6

的
主

7
7

423 
U.l 

4.67 

4本 75

。 30
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前 2'

5.20 

?7777AVG? 

Control 
No. Mean 

2009232583 
6
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4336674"55 6577777? 
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Results of another experiment to com續
pare effects of early w品問íng on rebreeding 
of co、NS from thrcc commercìal ranches 

\\'i!lwul 附加叫、 \\'11h 1110峙的叭 and the ef!斜斜 of dífferent feeding 
Mmn 一」立立aιλ…一儡一二;斗λp附m叫草仰悶由臨s f，伽O肘7 伽叫
m仔z ￡益i站cu品s佼俗，沱ed in thc next sect lOn 

1時壯的.:nl 、、(). MC<ì n Sü. Mè心n

Llhìc .~4. HffC{ of 個ppìÍ'mentatio洞 Hith mola峭的

and 綠rea 0-0 ~t'rum l' Ic、..盔、 Februan 1974 

Early weanÎng exper;ment ;n Uanos and 
CIAT 

多 7ï丸。

IIc~d 

A complementary early weaning experi 
ment with three ranchers in the Llanos was 
1I11tl叫ed to detcrmìne the effect on 
rebreedin島、 and also to compare dífferent 
calf rearin聽 tech血ques. A group of 100 
cows wcre selected that had calve拉法t the 
begin眾的基 of the dry season‘ lhat were 
open. and th削 had nursín在 calves. Ono
half 01" the calves were wcaned at 90 社ays of 
agι 扮nd thεolher half contìnued nursin在
A 11 eariv weane社 calves were taken to 
C1A T (Palmíra) where dífferent feedin學
regimes were compared (Fíg. 19) 

5.20 

. !rc'.!t l1涓涓而 n;n"ρ ，q~配合'.<1 1 ，，~h ， B n<H l、" 1'4叫的可 ror;c..,! 

叭叭叭、 luJ'n主?豆 "訂戶怔了、 )!f_' 鈍 '<'1 1;1<- 14' \1'仇恨( ~，叫 "lj! l' 

多爭。
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系 91
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Z討

5, 7! 

“14 
5.69 

已7y

25 

3語

,\0 

21 

(、ows whose calves were earlv weaned 
had a signíficantly hígher pregnancy rate 
(X' <.01) four months aftcr calves werc 
",eaned a, compared to their herd males 
who werc 的 11 nursíng calves (76 vs 10.9約
(Table 37). This difference. of course可 will

n忽rrow with tîmc. However, w“h another 
Llanos collaborator. a 100 percenl 
pregnancy rate was noted În cows eíght 
months after calves were early weaned , as 
compared to 50 percent in cows still 
nursing their calves. Rcmoval of the 
nutrÎent draín for t先ctation for cows on a 
marginal plane of nutrìtion e1irninates 
exc的SIVe w剖ght 10伯、 enabling the cow 10 
re起reed sooncr, 

In each of herds 2 through 9 位ve CQWS 
haνe been selected for early weaning of all 
lh的r calves in successlve calt一 crops at 2.5 
的。前hs of a草e. A highly si單位ificant
împrovement was obtaìned in rebreeding 
of heifers following the fim calf crop 
throu草h early weanin車 (1974 Annual 
Repoπ). However噎成臨 recognized that lhe 
甘ue effecl can onlv 性e measurcd over at 
least two successive calf‘ crops、創ld that 
improvcment in rebree諒的g would 
prohably not be as great followin島 later
calf cro阱， as compared to the firs l. Up to 

mid-197乳制ell into the sεcond calf crop, 
carly 泌caning has had a highly signifïcanl 
effecl W帽.:: .()()l) .0 re挂 UCI站在 the interval 
betweεn calvin囂s (12.9 vs 17.3 months), 
and inc間a別給車 birthslcow (1.87 vs 1.3 1)、
compared to normal weanîng at nine 
month這 01 age (Table 31 , Fi揖 18)

Early weaning 

Call rearíng and feedin草悶熱闊前時sted

iO CIA T íncluded fresh chopped 
穿tylosanthes g削 anensis and Desmodium 
diswr1Um fcd in corral司 and Brachiaria 
rnurlca (Para) an吐的modon nJemfuensis 
(5tarεrass) as pasture, each with and 
witho悅 750 g I concen1rate , head I day 
(Table 38). Over a!l lreatments‘ calves lhal 
received concentra te had 叭叭ificantly (P<亡
。 1) higher gains (399 vs 274 草 I head I day). 

Feedin嘩 and mal時gement 阿拉mes for 
the earlv weaned calves arc deseribed in the 
1974 Annual Report. Of the limíted 
number of animals, that have reache丑 18
i尬。nths of a辜札 norma} weane吐 calves 
weighed 50 10 似) kilograrns more than 
early weane益 ca)ves句 sugge試ing that basÌc 
里rowth was red uced in these early weaned 
calves 
j、也舍。
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T abk 35. Effcct of lac恤金iòn 3nd suppte冊cntation 't\'ith m叫恥ses an-d UteR un 氣í，'fum r le\ t'1s:. .J anua宮、I97毛

Withoul rnp!a~se" url~a 

Maín Hcikrs (的1阿拉帆 ith \的1卜lacnHlng Cl)恥、 If~'lh; rs 

Herd lreatment 001 çalve位 nur~ing t:al、的 {扭扭 r!v weancd 似的 l'~) n是 11 ~ah l"tl 

No M且.n :\0 Mean 咒。 九.1ean \口:v1 c品n

人 8 6.37 13 5 卷。

、省已 A !尋晶.9學

、 A 16 5.29 12 4.25 3 6 ， 3~ 

4 好 $究 11

5 B 7 5.20 i 泉 532 5 5.27 

。 8 7 5.J6 20 5.01 苟言 45

自 f, 4.7位

a l J 7.00 21 6，尋7 5 5 圳

9 f 可 多有多 i

Mean 5.84 5.3 有
5.6“ 5 , [的

(U01/>'\:\早htcd)

車空間~ltrrl(!l r A. tlat,,,,, p~ ，11Jr".. ,ah unh , B: 1'1< 1抖 c pa ，l肛霄 .mH\Cf且 I 1111\ ,r;dudtn,j! P, C: Mda、吋、 )!f"恥， n: lI'\alll l11刊 I<>C h.Jt(lnl' P 

\V l1 h mniil).se~ + Ufril 

C..nv:-, w1th 亢的n-l<\ctatíng c\\w持

口 ur， ing l <l1\1.'\ ! carlr \'耳 caned caiv e'肘

尺。 叫你這η 咒。l 乳1ean

9 峙的必 4 4.7表

70 5 14 4 仇。4

21 4 前5 琴。荷(，

H'i 5.65 5 仇 27
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EfI阻 t of 祖dation on 時間間-p le河Js of cow零售 Septernber '974. 

Heifers 
not calvcd 
:-':0, Mcan 

Non~lactating co協$

(early weaned çal 、't:'s)

No 的白色n

COW\ with 
nursm發 calvcs

~o. Mean 

Ta制e 36 

\hm 
Treatment Herd 

9904919 

-22121 

4.6。

2.49 
5.52 
5.22 
多 12

5.23 
5 州)

5.4 1 

主
持
吟

5
5
5
G
6
5

5.34 
3.96 

2.02 
508 
4.]8 
490 
4.7自

5.66 

5.32 

13 4.30 

5.51 
3.0的

5.54 
5.12 

5.14 

553 
5.91 

5.7多

431693963 -22 AAARBCELE 
1
2
3
4
5
6
7
0

。

9

Afterthe two-month trial , allcalves were 
placed to墓.ether in Para pa5ture, where lhey 
wiU rem部n until they reach 18 monlhs of 
a草e ， N ínety-two 垂ays after termin倒閉囂 the
trial , differences between pasture 
treatments and COllcentrate flεedin惡 were
much 時duce社 (Table 3息).

;0 rn:ltmerw A' native p趴.t"'e ->- >;111 (111;\: II (泌Ilve r"~!U心 t nUìNal Il:i" ，n;<uò滴露 1': c: V. "I:J、河、拉伯.~，' m仰er~l M側的dudmg r 

These data indicate lhat early weanin草lS
a practice lhat could be applied in the shorl 
terrn for sígnìficantly ìncre品ing calvin囂
percenlage‘ However, ìmprovement ín 
rebreeding will be economically advan伽
lageous only if cosl of feeding Ihe early 
weaned calf lS not excessive, and îf basic 
growth of the calf i5 not impaired 
Inve:stígations will continue lo determïne 
the feasibility of ear!y weaning 言)r~ancy 闊醋。f dam擊刑航捕，隙縫純d

nu扭扭1 weaned calv軒言。嘟 mont蜘 after

early 哥哥甜甜姥笨. ('aja A笨，績，終'('IAT，

可iJlavìεen口"

I ablc 37 

fwo experl臨ents 當ere conducted at 
Palmira to evaluatc pcrformance惑。f
Cf(妄談sh時d steers (Charolai學 x Zebu) fe社
chopped elephanl 星rass aìone Qf wjth other 
feeds 

In the first experiment‘絲絨的rs were 
assigned randomly and fed in泌的dually

according to the four treatments shown in 
Tab!e 39. Due 10 reduce廿 fo除ge pro位 uc
tíon !atcr in the period ‘ Ofle anìmal was 
removed from each 廿eatment gr削Ip afler 
5even months , During the 364 day怠。flhe

Intensìve production syste撤$

Perccnlagc pn:怠nam

[)扎時1S wltn 
叫 rÌ\ wcaocd 

calv<:S 

E討~í皂hε5t gains wilh fora盡e alοn蛤e were 
ob祕t組ai泊ned with S扭r grass pa踹5t知ur悶e (394 
車釗Ih祕ea吐 Ida符y) [，必迋οd祕3沾混泌11趴low恍e必d 絢C仿ce的55肘vel詠y by 
n.蛤P吋'smodi，昀u拼m di扭r的or吋tu叩ilη丸， Para pasture a犯忌
Stylosamhes guyanensis (346, 200, 157 
gl head I day). These rcsults indicate that 
calves weaned as early as Ihree months of 
age can be successfully reared on improved 
grass pastures with only limìted amounts 
of concentrates, withoul the need to feed 
fresh chopped forages in confinement 
feeding regimes. Pasture systems are 
attractive, în considerahon of reduced 
problems with d站ease and parasítísm. 
redu記述 labor input奄 and Ihe Iimited 
amount of pasture required per calf 

的盯了給 with

nursmg 
ca:vcs 
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cxpcriment , the one hectare of elcphant 
grass produccd 之岳3革 kilo翠ram:; ot 
l!ve\νeight g泌的 (ineludiηg thεfour ~tccr:... 
during t l1..: first 詰cven rnonths) , Table 39 
shm.vs performancc for the 12 steers 
eornpleting the experimcnl 

Steers recei、 m草 cottonscc這 Hh:al an這: or 
rnolasse; with the elephant 草rass gained 
fa吼叫 than tho s.e consuming only elephant 
grass , Addinιmolasses and cottonsεed 

mcal incre孔s.ed dry mattcr consumption、

whilc cotton間ed meal alonc or co品bine益

wÎth mo)的時請 produee位 more cffìcient 
ga lOS. 

1 n a second eX perime則會泊位ivídualiy-fed

stecrs received chopped elcphant grass 
alonc or wìth freshly cut ca~、“:WU forage as a 
protein supplement in proportîons shown 
În Table 40. Steers consuming eîth盯 level

01' cassava forage gaîned signifîcantJy 
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ff扣l'污泣-茲舟tl扭tε;[ and corη1、\crtcd I 仁仁d more cffic;泣çnt廿h
i治h

i♂5尹1缸叫2泊i拓玄恥S ， PC缸r泛forrτ1<1剖nce剖于誌毛 Oî t廿hc n、蕊.\lο} g:-{)山口 p"，

rece針i丸 If紅1益 cas站κ已a、h‘a for口丈泣i皂e (吐j 1氏吋dn'可t di口:1扣cr
污泣1草ηnificantly ‘ indicatîng that the 25 perccnt 
Ie九 elοf cassa、 a pro、 idcd sufficÌent proteîn 
Noa這已扭扭 effec臼W盯e noted among stce的
consumîng thc fröhiy cut caSSä\"d forage 

Field application of re5ults 

Aithough 浦江ïcîent data arc n01 )氓
的品lahh: to 品casure thc 品dívídual and 
COHrblln.:d effects of the foregoîng produc 
t lOn practlccS、 these rcsult!> çlearly indícatc 
that sígnifìcant ìncreases can bc achie\ε挂 tn
ammaI pro拉法ctívíty and productívíty I hec 
lare. by applyín草 available tcch鈍。10缸子
Produçtion practÎccs that can bc applie苦的
the short tenn ínclu這εrnm訂al 叫pple1耽心

tatìon. early weaning and pasture sy斜的ns
肘mg 品ltlve aI凶 lor í血prove社革問糕的問



1 ;,r.1;: J9 I'{'rformanc t' of {"harolaìs 文 Zebu 叫甜rs fed çhopp l'd elepha削l!ras\ aloo(' or ~upplemented \t ith 
çot!(帥、eed meal Jlnd or 棚叫制開‘ f肘 3M da}'s. 

Elcpha倪志rm、社;pp !c，ncntc寸 wíth
I I,.'ph;!!;t 
2fa、古 .5 kgCS\.1 1" 

almh" 5 "gι%間 lk立 mHj 3 年學 m廿1

'\:amOCf 廿J animaj" )、 可 建

、
Imü法 I wdgh: (kgj ~50.0 25ìJI 24 1-: .0 265.0 
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hígh areas dur的學 the rainy season an注 applícatíoo of ímproved pro挂uctwn prac竭
natïve pastures in Ìow areas 吐uríng the 也y tíces , and has demoostraled his capabílíly 
seasoo. 11 is ex pected that use of legu蹈學 to manage the unit and perform necessary 
based pastures will further mcrease farm work. 
productivity. partìcuJarly ín lhe dry 
控制00. Valt泊位lc information has been obtaíned 

on the es傾斜ishment an社 grazing of 
Family fann unít legumelgrass pasWres. Slylos削thes

humilis popul啦ion has markedly íncreased 
The family farm unit IS opε時!ÍonaJ whereas Stvlosanth臼 guyanensis has 

un挂er steady 5tate eondílio點 as descrì位ed declíned in associatioo with Paspalum 
in the 1974 AnnuaJ Repo院、 fhus far the plicalulwn. P. plicawlum ha5 persisted. 
farm operator has proven respon訓ve to thc Il1digofera hirswa was rea丑 iJyεstablished

f;!Ìlk 40. Perfo阻lance of 等teer~ f;叫出叩p.d 成ephant gra綠 alone 肘 with cas捕時 forage for 嘲M 冊。nths.

n.:phιn<萃r:“弘 ?于干 clephant gru叫
.1恰ne i" 25{干 cas~ava forage 

'U l1l ber 01 animab 1 3 
lnitía: wdg~t Ikg) 265.5 276, 3 
Fìnal 叮叮嚀划 Ikg) 342.5 392.7 
九\\:fdge d品 ily gain (g) 頁)忌。 .::161.0<1" 

Drv matter consumcJ 內容 Id.抖 5.4 前 3

C，臼de protein (1 f,)** 已。 9 可

f'ecd efltC'it'n l;\ H 17.6 13.7b 
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m co冊Þinatio怨、九líth P. P在calulum
衍。毛>\'cver，扭扭ce catHe thus far have refused 
to graze the l. hirsu的， Jll'parrhenia rufa 
was stnp*see岳ed to reduce 1. hirswa 
population 

Calculated herd calving rate ín 1975 was 
50 percent. lower than e玄pected. lt is 
expected that calving percen協ge will 
improve somewh剖 when the 50 hectares of 
ímproved pasture become available on a 
continuîng basis. There were no deaths in 
either calves or older animals 

Productíon of food crops has 在:enerally
met expectatJons. Accεptable yíelds have 
been obtaíned with cowpeas and rice 
Platano seedlings have ma這egoo丘 growth
A f10ck of chickens to produce eggs an社
meat lor the farm family are maintaíned 
using farm produccd fee合tuffs

M odel simulatíons of small farm units 
based on beef cattle εnterpnses are 
repo門ed în the Econornics section of thîs 
report 

TRAINING 

Eí草ht poslgradualt? inlerns received 
tramln惡 durmg the year in the 時eef
Pro草ram ‘ This cate眶。ry of traÎ血ng totaled 
認 man-months or about sevcn mo削hs of 
i叭Hnln草 per individualτhe internships 
deal principally with the teaching of 
research methodoJogy within the dis耐

心plinary interest of the trainee. Various 
scientists În thεanimal health and fora萃的
sectíûns supervise河:1 these trainees 

The number of sp的 ial Irainees (!SO 

classified when they stay Jess than three 
months at CIA T) increased substantìally 
over the past year. Thirteen students (29 
man-months) spent approximately two 
monthseach at CIA T. Nine of the 13 were 
supervised by staff in the animal he訟法
section: the others dld short-term projects 
in thεpastures and forages and weed 
control sections. 

J、也冬6

The number of vtsiting research 
associates is al80 ìncreasíng rapídly. Two 
doc: torai students are now workïng on theír 
dîssertation pr(句ects in anímal health. two 
in animal productio鈍， two in pastures and 
forages and one in a話ricultural economics. 
The rnajor Cüsts aSB楓;íated with these 
projects are funded by educational 墓rants
from outst謹eCIAT‘ The re組arch 話。ne bv 
these assocìates contrìbutes to the 叭lerall
objectìve of the program as well 剖 partially
fulíïllíng theìr unìversity requíremεnts 

During the year, three research schoiars 
rcceived their masters de囂rees with eìther 
partial or !Otal financial support from 
CIAT、 Twü degrees were awarded for 
projects in animai health and one in 
econornlC;電 Three other research scholars 
have begun their 闊的ters programs and 
will reccive their degr“ees in 197且，

fhc total 
C峙at扭e耳οne借S 1站s 3鴻§紛岳 man-months ， about 30 
man-years of training and two man-years 
of traìníng per senior scíeotist in the Bee! 
Progra綜1

I.ivestock Produclìon Specialist Traíníng 
Program 

The fourth Livestr苦ck Production 
Spe划alist T raining Program (ιPSTP) 

began March 1. 1975 aod lastcd for 的1
冊。ntl睹。 ßased 00 information 侈的ed
from previous LPSTP's. several chan妒忌
were made to strengthen the program、

(1) Since maoy factors such as nutrítion奄
ma nagement and p間ventive medîdne are 
阻gnifiι:antly dìfferent ín the productíon 01 
beef cattle 峙，皂、，vme‘ it was decide社 10
concentrate on beef cattle in the fourth 
course (1975) an益 desí且n a separate course 
for swine production to be offered in 1976 

(2) I 位 reVlεwíng the activities of 
耳radu斜的 from pre叫ous courses, it was 
found that they were doìn車間內 little to 
rmpa口 the knowledge gained at CIA T 10 
colleagues withing theÎr own ìnstìtutions 



一a basic 0美jective of the LPSTP. A 
contributin草 factor to the limite挂扭扭ess in 
achieving a “服ultiplier effect" 斟 the
national lcvel appears 10 relate to the f話說
that only Iwo or thr明抖抖lClpants were 
enrolled from each counlry. Thus, an 
insufficient numher of personnel were 
being trained from a single country to 
effect any change in the traditional 
a草ricultural education process 

Thereforc, in the fourth LPSTP, par
ticipants (nine Colombians and 1I 
Par札guayans) werc selected from only two 
countrÎes. Selection was contin車ent upon 
their returning to a position whe甜 the
knowle益ge gained at CIA T would he 
util缸ed 問 training other這 within their own 
ms t1tuttQflS 

(3) Realizin車 that recent college 
gra tJ uates ìn anìmal science and veterînary 
m取1îcine 帥ed to be better p問pared to 
cope with practical aspects of animal 
production，血。re university instructors 
{狗可。 of the to臨持 were selected to 臨ke the 
course. They w話1 he in a position 凹
的troduce and I or improve production 
cou時cs at the uníversity lev哎，

(4) The ra位ch phase of previous cours制
was always conducted on commercial 
ranches on the :'IIorth Coast of Colombìa, 
ìrrespectìve of the 臨tìonality of the 
partícípants. F or ease of admìnìstratìon 
and logistic support, the loc海tîon was ídeal; 
however‘ it was less than ideal for non“ 

Colomhian 廿'aH甜的電 who encountered 
difficulties in adapt;絲 to the local environ
ment. The socìal customs. economic 
relatìonships in livestock productìon, trade 
names for local agricultural chemicals and 
drugs, and even the local vocabulary for 
agricultural tεrms presented problems 
which made the learning experience 
so血ewhat le5s than optìmal 

To elíminate these barriers, the 1975 
course wa益時5truclured 50 that thεII 
Paraguayan traínεes spent only three 
months at CIA T (in the theory phase, 

崎kin車 advantage of the fac i1itìes and 
learning from the scientific staff) after 
which they returned to Para草uay to do 
their ranch phase. One training assistant 
was placed in Paraguay to assist the local 
însti加tions in carryìng out the ranch 
pha鈍。 fhe Unìver海ity of Asuncioo's 
Faculty of Veterínary Me甚icine and the 
Min關ηr of Agriculturc are 閱pporting the 
trainìng program there 

Colombian traínees are being traine是 in
the North Coast of Colombia as hefore. 
The level of d的content霄，軒說， which Wa;l a 
time-consumin草 element to be d臨Jt with io 
other courses, has all but disappeared 

(5) Also, for the fi削 tìme ， al1 ranches 
selected for practìcal traíniog have gover翁，
menl development 10訓時 This ìs viewed as 
a demonstration of the rancher's ínterest in 
ìmproving hìs ranch and thus provides a 
mo甜 favorable environment for the 
traÌnee to work. 

In ad謹ition to ìts fonnal training 
functio鈍， the LPSTP provid路 the oppor
tunity for trainees (all college 車給社uates)
and CIATstaff扭扭nbers to study ín-<lepth 
the ranchers' proble血s and actively p肘，
tîcípate 絲t the ranch lcvcl) in the search for 
better technology which wíll he ac臼pted
aod wìl! contribute to improvìng ranchers' 
situatiolls. Following are some practi胡l
observations obt制拇d from expe扭扭扭

with the LPSTP 

Exper臨終ces in the North Coast of 
Colombía over the past four years cl欄rly
show that milk productíon 00 beef 叫ttle
ranches is an inte喜ral part of the ranch 
operation and accounts for a large portion 
of the 血ilk produced in the re草ion. The 
increasìng popularíty of the 翠ystem would 
indicate that it ìs profítahle; however, 
ínsufficíent data exìst to make any coo
clusions. Calves from non-milked cows are 
heavier at weanin草種 howev盯‘ the difference 
叫 18 months 時 less notìceable indicating 
that p間weaning retardation in 除lf growth 
by pa口ial mìlking of the dam II祖y be 
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recovered (compensatory growth) by one 
year postweanin草

Thìs syslom requìres ( 1) the cows tocalve 
throughout the year, and (2) that the calfbe 
present at each 珊ilkíng to stimulate mìlk 
lel-down , Thìs productìon syslem makes 
the adaplìon of convenlìonal beefproduc 
lìon managemenl techniques very dìfficult , 

The establ的hment of a breedìng season , 
嗎，hich makes weanìng. seleclion, herd 
health弓 record keeping and marketing leS5 
complìcate已給 virtualìy i血 possible ， The 
p問控制 5yS甜甜 (dairyl bcef) approache這
more closely that of a d剖ry oper討!on、
whìch requìres a more ìntensive Iype 01 
management. Thus a very elahorate 
mana耳ement 5yS扭扭扭 needed in a re草IOn
where the more basic animal managεment 
and health practices are diffícult to imple
ment 

The mo就 critical problem (in term5 of 
avaìlable solutions) encountered by the 
LPSTP ìs that òf m部ntainìng an adeq uate 
nutritional level durín草 the Ihree 即 10 fìve “ 

mon甘3 挂ry 5e.son , Thìs problem drastìcal即
Iy reduces annual meat and 臨ilk produc四
lion in many lowland regions , The 
preservation of forage (hay or sila草e) is 
unattractive due 10 high cost and weather 
complications 剖 critica~ harvest times 
Usín息 mature sugar cane a~ a dry season 
supplement offers promìse because of ilS 
abilìty 10 prod uce large amounts of stored 
ener學y during the wet sea50n and maintain 
.t怠。utritive value 廿urìng the dry season 
when it ìs needed , The LPSTP心;ooperatmg
ranchers who have fed 弩之19ar cane during 
the 社ry season are convJnced that jt has a 
place in theîr mana墓前nent pro草闊的S

Development of instructional matcr阻ls

An ìmportant functìon of trainin車間的e
anîmal sciences area Îs to work with the 
scientìsts in the development of instruc
tíonal materials that are used in CIA T 
甘aining prog阻ms and also ma社e avaìlable 
lo national ÌnstitutÎons , 

A。學專

Prìor to 1975 the majorìty of the trainìng 
materìals produced were ìn writtcn foml 
wìth relatively fe嗎， illustratìons, Color 
slì泣的 were use挂 for teaching; however , 

COplCS wcre not av品lable to give to the 
trainees bec品l5e of hi車h cost of repro社uc
tlon 皆知n 益。ne on a small scale, 

It was apparent th剖 iufor扼制îon
generated at C1AT and el服where shoul挂
be organized and put into a format most 
conducive to learning. By so doin缸， the 
qualì!y of instructìon would be improved 
a位d valuable time ,required several tìmes 
each year 10 repeal ba制c prìneìples in 
research and production methodology 
could be 罰。re effectively 的ìlize社 for other 
top.cs , 

Thì5 year work began 00 developing 
aud枷'vÎsuals吧 ìn the form of sli挂elca盟ette
prograrns, utilizing exí信ting equipment and 
facìlìties , Twenty吋ìght programs con
叭叭ìng of 35-mm color slìdes plus a written 
scrìpt and I or audio cassette were begun , 

Thirteen of Ihese were completed on the 
following lopics , 

( 1) The care and mana草ement of baby 
pl惡s from bìrth 10 、.veanmg

(2) The Baerman technìque for iden 
tifying Dictyocaulus larva , 

(3) The McMaster 能chnìque for iden
tìfying gastroìntestinal parasite eggs and 
OOClSt selmena 

(4)τhe control of we治ds ìn lowland 
甘opical pasture路

(5) Identifïcatìon of weeds in tropìcal 
pastures 

(6) B間f cattle mana墓eme那間 the
low land troplc比

(7) Methods of cattle ìdentifìcation, 
castratìon and dehomìng 

(詩) Necropsy technìques ìn bovìne , 



(9) Necropsy techniques in swine 

(1) Babesía card agglutìnation te5t 

(1 1) Cornmon diseases in swine. 

(12) Preparation of anti革開

(13) Immunization p闊的ice ìn Ba忌esia#

OUTI主EACH

Outreach continues to receive particular 
attentÌon since the effectìveness of the Beef 
Program 位 contributìngωthe develop
mεnt of the lowland tropics will be largely 
determined by what is done throllgh and 
with national instìtutions 

Follow-up contínlles of ví5its an位
contacts previollsly made in a1) Latin 
AmerÎcan coun峭的 to identify trainees , to 
províde technical counsel as possible an這
when soJicíted , and to explore possibiliti自
for collaboralÍve projects. 

rhree workshop5 were held , The fírst 
on hemoparasite5…brou喜悅 to辜的h盯車5
partícípants from 17 countríes. Thc 甜'cond
was an ectoparasite workshop on the 

ecology and control of external para5ites of 
cattle of economíc importance in Latin 
Am盯ica. ParlÍcipants inclu吐e吐 75
specialísts from 21 countries. The thir丑 was
a workshop on tl雄 cl現ract軒ízation of the 
lívestock sector in selecte這 countries， with 
29 participants from the Americ都

Special project support wa還 prOVl益ed by 
USAID for the cooperatíve Texas 
A&M. CIAT hemoparasite project; by the 
U nited K ingdom Overseas Development 
Ministry for work ín aearology; Inter
natíonal Board of Plant Genetic 
Resources , in forages; Wageníngen U n
iversíty, in tropícal animal husbandry; 
International Mineral and Chernical Cor
poratíon苟的 soils; International Fertilizer 
Development Center, in soi站; Ford Foun
dation 1 in livestock economics; aI宜昌 Inter 
American Development Bank，也 traínin1豆、

Collaboratìve r的eareh an這 training
projects were carrìe善。ut 朋 Colo服bìa with 
the ICA, the Caja A車時rÎa， and prîvate 
farmers , A挂ditionally‘ collaborativε
甜甜arch and t除inín草 was conducted in 
ar叫nal health with the lnternational 
Centerfor Medic丸al Research, Cali, Colom
b盟 and the Pan帽Arn盯ican Zoonosis 
Centcr 

PUBLICATJ。可S'

Animal Health 

AYCARD!, E. 鈍， Enfennedad的 de la reproduccìδn. Cali、 Colo揖bia. C1AT 賠75. (Ah擎的忱。

Paper pre緒的eda電 11 Con氯feso L!吹出oam軒içano de Buiatría‘ Ma悶caîbo， ve肘zuela、 1975

; SALAZAR, J. and CORTES, J 、電 lnfe叫ious bovinc rhinntracheiris survey in range 
cattle. Cali. Colombi<l. C!AT. 1975 (Ab寫tracH

Paper pre前ntcd 31 XX World Velcrinary Congress、 Sa!onica. Gr間閥、 1975

事 This list indudè'話 on!y journal drtícles published outsidc CIAT、 \cncs
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CORRIER, D , Ç, TIle叩idemiology of bovìne anaplasmosÎs阻d babesiosis. in the lowland trop峙。fColombia
Cali, Colombìa, ClAT, 1975 (Abstract) 

Paper p甜甜甜ed 閉 Workshop on the Epidemiology and Control of Anaplasmosis and Ðabesiosís în 
South America, Cenlfo Intemacional de Agr悶d制問 Tropical. C剖1， Colombia, 197章，

E.V ANS, D. E. Points arÎsÎng from tl.ck distrib叫ion data 削 Latìn Americ8. Ca1i, Colú臨b議， CIAT. 1975 
(Abstract) 

Paper presented in Works恥p on the Ectoparasîtes of Economic 1間pon甜甜峙時eC叫 tle Industry în 
Latln Ameri帥， C的哎ro lote的祖donal dc Agricultura Tropica1. Calï, Colombii鼠， 1975 

GOl\'ZAl配囂， 1巴.趴yTODOROVIC，賞這.A.Evaluacíónde la inmun話ad 已。 infecdosa y的térilεn elcontrol de la 
habe割的i8 ho\'ina. Cali, Colombia, CIAT, 1975. (Abst跑前}

Paper p時間叫ed at II Côngreso Latinoarner【臨00 de 器Ultf妞， M a racaiho, Ve-nelue鼠， 1975

GUZ揖A?幣， V. H. Inroxìcación crónicá por ác諦。 cianhídrì叩開 rat齡 y 棚 interaccíón con la p闖關抽 y 01 
tiosulfato de sodio de la dieta. Ca!i. CQlombia , CIAT , 1975. 17至p

Report 伊們叩ted în p泊rtial fulfillment for the 混血ter of Science de皂白e， Universîdad 
N缸ionall1酪tîtuto Colom說ano Agmp開uan。可 Colorn說器時75

………吵吵一一_ y MORALES, G. A. 1"'0且cación en bovinos por nitr叫樹亂E孟晶ulados en pasto eìefante. Cali, 
Colombîa, CIAT, 1975. l6p 

揖ORALES， G ， ιLeptospirosis ìn dornestìc animals and i給 lrnpor扭慌e as an occupational di甜甜悠閑 human

beings, Cali, Colombia. CIAT, 1975. {Abstrac() 

Paper presented 剖 10th Congreso 1削inoamerìcanû de Patología, R削fe ， Brazil, 1975 

呵呵叫…叫一 Sylvatic 開chinoco閻明 ís. as a threat 如 human beings in newly colonîzed area!t Cali, Colombia, 
CIAT. 1975. (Abstra前).

Paper p時sented at 10th C ongreso l品ïnoame附ano de Patologia，恥 cife. Brazîl、 1975

The involvem個t of the capybara (Hydrochoerus hydrochoeTls) 朋 the epidemiology of 1: 
的袍:msi， Ca1í、 Colombia， 1975. (Abstract) 

Paper presc叫闊前 10th Congreso L 的noamericano de Pa制。對3. Recife, Ðraz.il, 1975、

一--悶悶悶悶心血一 τhe pathology öf swine dysentery. Cali、 Co扭扭蝠， CIAT、 1975 叭械制。

A咐。

Pap研 pre揖叫ed at lOth Cöngreso Latinoamericano de P割。logla. R科融、 B站站， 19柯

and BELTRA筒. L E. The study of swine diseases in the Cauc認 Va l1cy. Cali、 Colombia

CIAT, 1975. 63p 

Paper p問話nted în Curso Organî祖do de Porcicultu悶， Mcdellí泊、 Colombia可 1975

BELTRA~ ， 1,. E. and AYCARDI會盔. Three agents involvεd in swine dyscntery 揖
Colombîa, Cali. Colombîa. CIAT, 1975. (Abstract) 

Paper prescnted 恥 XX World Vct翩翩ry Congrc~"" Salon給3， Greece, 1975 



MORALES. 1; , A.; VAJ ,DES. A. and BELTI這AN， L. E, Swine aphthous fever devas臨ting malady in the 
tropíc~_ Ca!L Colo悶b悶， CJAT , 1975, (Su血ntary)

Paper pre,en ted 問 XX World Veterinary Co給軒的§、 Salonica. G丹忱傘. 1975 

車UBINSTEIN ， FTGENIA M. ànd BElTRAN, t. E. Economk 10益ses from foot and mouth dise都e: a çase 
study on a pig far翻開 Colombiaτropieat An蜘1M Health and Produ叫帥n 7;149-15L 1975 

THOMPSO慌. D.{了 A review of k1抽wledge of lhe ve<:wrs of bovine anaplas:mosi~. CaH, Colomb尬， CIAT.

1975. (Abstract) 

Paper presented in Work晶。'p on Epidemiology and Corltrûl of A閥pl峭的osisand Babesio繡的 South

Am甘，e禽， Centro lnternaçional de A~ricultura Tropie剖. 1975老

τhe contributíon of the bas!c組Îentist to arthropo吐 C抒ßtroL Cali. Colombia , CIAT奄 1975

(Ahstract) 

Paper pr明捕扭益問 Workshop on Ec!opar剖ites of Economic Impo仿制出帕 the Cllttle Jndustry in 
Latin Amerka, Centro lnternacional de Agncultura Tropical, 1975 

τODOROVl缸， R.A.S軒'ologic diagno細審 of babesio~is: a revÎew. Trop益時 IA到mal H('81th and ProductiQn 1: 1-
14 , 1975 

Babesiosis. Calî、 Colomb況， CIAT , 1975. (Abstract) 

Paper present插到 Symposium 00 Immunology of Anirnal Di盟運前s Cau時d by Blood Portista. XX 
World Veterînary Congress, Salonica. Greece, 1975. 

?這 on<l即nical control ofhlood pa悶叫es (8ab四.ja spp.). Cali, Colombia, 1975. (Abstract) 

Pàper p自sent叫 at XX WorJd Veterinary Cong時也令主alonj帥， Greece、 1975

Y GONZALEZ , E , F. A惱nces 悶Clent剖開eI峙rod磁，gnóstico de babe剖開s bovina. Cali. 
Colo由b闕， C1Aτ，內?主 (Abs.tract)

Paper pr甜ented 冊 8的ión J!lφEnfermedades T鬧鬧知祉lles y por He組科研組rios. J I Congreso 
Latinoamericano de BuÎatlÍa‘ Maracaibo. Venezuela , 1975 

可 GONZALE草. E. F , and ADA悶札 L G. lJab訕地 bigeminu， Babe.çia argenli甜1 and 
Anopll的;ma marginale. Co吋nfcrlÍous i阻munity in bovines. E東perimental I宇宙輔訟。扭gy 37;179-192 
1975 

電 LOPEZ. L, A, .nd GO"lZALEZ , E. 1丸 80vine babesios.ís and anapl剖mosis: control hy 
premunition and chemopropnylaxis. Experimental Par臨ítio}ogy 37:92-1個 1975

and 苦El，LE里.C. H有 fhe premunition of adult cattte agaìnst babesiosÎs and制旭p!asmosis in 
{'olo用bia. South America τropic叫 Anímal H愉Jth and Product岫錢 7， 125-13 1. 1975 

WELI念，缸.A. Meth個ls of 1ick con(ro l. Cali. Cùlomhla. CIA r, 1975. 5p 

Paper pre總剖吋削加h Inter-American Mcetìng (即開闊討越llcvel) Qn Foot and Mouth Disease and 
ZoonüsÎs ControL Pan-Am盯ican Health OrganízatiQfi. Gua!e冊ala. 1975 

一一---恥句"一司-; ANGEl., D , and MORALES. G. Ma晶晶alωn re惚 n'-oirs of l}:vpanosoma i'vami 揖 the
L1anos Orie削ales of Cofombîa. South Amerìc扮 (Ahstrac t)， Journal (lf Protozoolo軒 22:57A. 1975 
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WEU.S, [. A.; AYCARDI, E. .nd MORALES, G. A. 闊的hodology of dUiCaSC investìgation in tne lrop:CS 
ιali. Co!omÞia , C1AT. 1975. (Absua<:t) 

Pôlper prese叫cd al XX 丸Norld Veterinary Cong呵呵 Salûnica. Greece, 1975 

E全是I!UdnIC.';

、 ALDES. A. and ESTRAOA , R. D. The 問'e時ètion of crcdit and price po 1 îci叫 in thead。抖的n ()f tcdmology 
the (品e of imprúved pa5wres 的 Co!ombian tmpical SBvanna. Ca!i. Cülùmbia. C'lAT、 1975. J4p 

Paper presented at Seminar on Agricultural Pf刮cy.lnter 八merican Development Rank. W指hmgton

口C. 1975 

anù FRANKU'I，峙. L. Crεdlt and príce polîcîes and thc adop tÎon of 紛chno!ogy: an ex 
an紛 analysi<; for catt1e ranche盔的 the Eastern Plaiηs of Cûlombia. Caìi. Co10取制a 、 CIAT、 1975 ， 37p

Paper presen紀d 剖 International Work峙。p on the Economic Analysis in the Dcsign of\仁、有

1 echoology for the Small Farmer、 C('ntm Internacìonal de Agrícultura Tropica l. CalL Co:omb的
1975. 

、 (;UTIERRE萃， N. Y PALADlNE袋. O. Modclos de sistemas de pr制;ucción de ga:;ado de 
carnc. Ca !í. Colombla. ClA守， 1975. (AbstracO 

Paper pre目前e<I剖 V Reunión L泌的。這品erit"a l'l u de Producción A削肌改l. Maracay , Vene/uc!a. 1975 
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Cassava production systems 

HlGHLlGHT豆豆 lN 197學

The cassava pro車間m'so垮εctÌ問話泊 provide the technolo草y for obt制ning hígh cassava 
yields with low input levels. It has de時loped si品ple cul如ral and sanitary practices 10 be 
used wíth ímproved 嘉軒mplasm or varieties. whích are the maínstay of this technology 
Thîs new 單位mplasm will consist of efficient plants that arc naturally resistant to di時ases
a挖苦 pests ， as well as to certain soil conditions such as acidity and low fertili句。

An efficient plant ís one that has a correct balance between the source of production 
the leaves • and the product sought~the root$. lt has been found that the correct balance 
for an efficient plant ís best achieved by varìeties that maíntaìn a leaf area ìndex (ratio of 
leaf surface to ground surface area) of 3 to 3.5. Model data 8Ug在est that the be泣 vanetles
are those with a long leaf life and with branches that begin 盼你衍了三剖 fo泣r to sìx months 
In the absence of restríctíons (i.e. ，社lseases an這 pests) an社 with a nearly perfect balance , 
yíelds of about 25 tonslha year of dry roots should be easily obtaínable under CIAT 
condítions. 

Although CIA T ha社 pre圳的sly developed technolo軍y for producin臣 "seed" material 
frεe of cássava bacterial 扮得知， there were doubts as to wh的her farmers would always 
accept 化的前efore. varietal 防部stance was investigated. A rapid ínoculatíon procedure 
was 挂eveloped for use in screening, whereby plants are infected by clipping leaves with 
înfested sc話sors. Good resistance was found in a very lîmíted number of cu1tivars‘ 
howev缸， lt w品 foun益 10 be 甘制單位三itted to the progeny from 閃創，tant lines crossed wilh 
扭扭eptíble 1闊的， thereby makin喜 íl possible 10 produce high-yieldin草 lines. Similar r宮 sult，
were obt品ned with superelon草atìon disease and Phoma leaf spot (of looal í朋portance)
and with the Cercospora leaf spols (ofworldwide prevaJence). However , a new bac佳rial
di盟ase奄 probably spread by ínsects, was discovered 

Work continued 011 the evaluation of însect-resistant lines an泣。n control measures 
Substantiallosses occurred in lines susceptible tothripseven un益er thecon過itions of high 
fertiJity and fairly uniform raínfall found a\ CIA T. A lar墨e part of the germplasm ba位k
was found to be thrips resistant. Stu社\es on sp沾自 mÌles， common in dricr cass.a va
growmg areas, su晶晶的t that some cassava 1ines 扭ay bεresístan t. AI\hou揖h \he use of 
insectici且es does not constitute a major part of our 把chnology苟 low levels 0 1' iosecticides 
placεd aroun丘 the se泌的alerìal areeffectively used to coo\rol pests nonspecific \0 cassava 
that reduce germinatìon and seedlíng establishment 
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The breedìn車 program ìs attcmptìng to combìne the compo肘nts of effìc附1t plant5 and 
reslstance wíth other characters such as improve丘 postharvest shelf Iife and ìncreased 
starch comenL The dísconcertìng lack of correlatìon between sìngle-row yíeld and 
populatíon yíeld 現 as 0、 ercomεby usîng harvest in丘ex as a selection criterion. It was a150 
found that there was a high correlatîon ofyíeld data between se的j Iing and 51a ke心planted
惡ener鼠的符學 as early as seven months after transplantín藍、 which is very hclpful for more 
rapíd 甜lection ， Yiel吐s of 60 tonsl ha were obtai肘述 at CIAT usm學 varieties selected by 
these techni有泣es

Data collection was complet自j for the agro-economìc survey of‘ ca峙的a productìon in 
Colombia. So faL analyses have been made for disease an按 msect 的cídence‘ soíl
characteristics. yìeld trends an垂 the use of ìmprove往何ehnolo惡y ín fívc ecolo紋cal zoncs 
Average yields were below 8 ton, ha in four of these zones an忌。nly 12 tonsl ha 的 the hest 
zone 

Regional trials using minimum input s. but good cultural practices (wee益 control、 clean
間ed ‘ optìmal plant populations) were carríed out at níne sítes in Colombia> Local 
丸'anetles 的C: la且eù 18 tonsl ha in les8 than a year> whích ís much hí學herthan those ohtaíned 
bγlocal farmers (3 to 12 tonsl ha)> \J剖ng selected CIA TI ICA lines, yiel泣 s were f urther 
íncreased to an average of 30 tonsl ha , Thus large yield íncreases C3n be obtaine丘 by
別的ple impr的?ement in technology and dramatic ìncreases by combining these with 
improved varieti的， The economíc 8urvey shows that the híghest yíelds (up to 43 tonsl ha) 
\\'ere ob峙的ed in the Caicedonía region , where the Federación Nacional de Cafeteros 
eooperates with CIAT in the íntroduction of new technology through two e及tension
oftlcers !rained at CIA 1, In the acid soil, of the Llanos , representative ofvast areas ofthe 
甘0烈的 that are prcsently very unproduct叫‘ yields of 25 tons 1 ha were obtaine社 ín 9112 
months by using ìmproved technology and good fertilízer practices> 

These techni可 ues are bein草 taught to traìnees ‘ during the past year there were students 
f仰的 Asía ， Afríca and thεA品erícas. A workshop was also held 別的AT to standardizc 
research rnethods for evaluating new material: and as a result the basis for regional 
iεstm翠 pro孟晶ms in 16 countries 寫恥的tahlíshed
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ECONOMICS 

Agro.配:onomic 削alysis

The data co話ection and 臼rtain parts of 
thεanalysis for the agro柵肘。"。問ìc 叩rvey
of cassava production in Colombia were 
C滑mpleted during 1爭75. Final results are 
presente是 for disease and 間sect inciden峙，
soil characteristics, yiel是s and use of 
rnodern technology in the production 
process, in addition 10 the príncipal results 
and conclusíons from a co描parative
economíc anaJysís of selected cas祖va
croppmg systems 

Tablc 1 shows the presence of diseases 
00 組mple farms for cassava crops four 10 
eight rnonths of age , The presence of sorne 
d時eases was 息時atly influenced by crop 
age; data for crops of other a惡.es may be 
obtained directly from CIA T. While 
considerable dìfferences were found 
amon草 zones ， brown 1eaf spot (Cercospora 
henningsii). whìte leaf spot (Cercospora 
caríbaea)and Phoma leaf spot (Phoma ']).) 
were present in many of the cassava lots in 

all zones , Superelongation (Sphaceloma) 
was found on a large number of farrns ìn 
Zone 1 II , while cass銘、 a bacterial blight was 
important in Zones IJI, IV and V. Another 
potentìally ìmportant disease, fro草 skin
root dise制e， was ídentified in Zone L 
Althou草h this disease was found on a 
relatively small number of farms, yields 
were severεly affected. 

Thri阱，直aU閑泌革的 (Cecidornyíi社ae)and
whiteflies (Bemisia sp.) were found on a 
large proportion of sample farms in all 
zones (Table 2) , Other insects of local 
importance ìnclu西e miles and fruit f1 íes 
(Anastrepha sp ,)‘ 

Resu1ts of soil 但5tS taken on sample 
farms are 甜甜rnarized in Table 3 
Considerable dìfferences were found 
among 7.0nes; however, ít appears that 
ca錯的a ìs most frequently cultivated 0飽
問latively heavy , inor嘉軒3時， low.fertilily 
soils wilh a low pH , low organic matter 
content an這 low phosphorus and 
potassium contents , Zone 11 had the 
hìghest yíe1ds and a1so lhe highest 
potassium content in the soi1. lJntìl further 
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Tab!e 1. Dí蟬制.i鎧cid甜甜 in 恤峙齣鏈。經 sample farm in 缸時，on軸.. (percentage of farms and area affect甜L

Sro三:çn leaf spût 
Whìte Jeaf 叩ot

Cercospora !eaf blight 
C'assava ash disease 
Phomà leaf spol 
Superelo益gallO n

Ca萬saya bacterial blig怯
Root roì 
Powdery mildew 
Fmg skin roQt disease** 

Il 111 ]V V 

F剖 m~ Area Farn叭令rea Farms A問a Farms Alea F治nns Areu 

5331300600 687390 

43i 

i21AVZOO300 3931 
1
9
5
4

等
。

5
4
3
1

…

69e73ooooi 

3313 

80761222zl 27544I 
75 9.9 
24 2.0 
峰會 28 .5 

52 5 可

o ú 
63 7.3 

!4 1.3 
o 0 

24 3.3 

ú 0 

71 294 80 42.7 
29 3, 7 57 2L7 
49 7.6 55 25.1 
9 1.2 9 3.0 
o 0 0 0 

24 3.9 Û 0 

25 11.0 30 8.6 
o 0 0 0 
5 0.8 0 0 

o 0 0 0 

.. l11ódell." me'J~，，"ed J.t lime CJ r4n'e~1 

" L (訓t.a; It Valk 制d QUI叫做lIL ToLma; !V , M~:a. v 、“gda!t !lA

analysis has been ma益e， however! ìt would 
bep自由制ure to conclude tha! the higher 
potassïum content 15 an lmportant reason 
for the higher yields in other zones as in 
Zone II 

Althou草h the use of modern 記chnology
diffe路 among zones, regional differences 
are le58 marked for cassava than forcertain 
oth訂 crop8 such as beans. The 攏。到

advanced 晶S祖va product時n， from a 
technolo露ical point of vìew‘ is found in 
Zone 泣; the mos! traditional systems are 
four治 in Zones !, III and V (T紋，!e 4) 
奴制ly cassa va producers in all zones u時
間轉ctk~des， but tl時 use of chemical 
fertilizers , fungicides an社 herbici吐esislow.
Machìnery 時協縛 only for land 
preparatlO位; ìts use ìs determined primarily 
by topography and farm si間，

Table 2. Insecl incidence in cassava on 揖臨ple farms In 臼ve zones (Percentø.ge of ran恥 and area affeded) 

V 

Th rip穹

Gall m泣g自

Whttefl制 (Bem阻a sp.) 

Whìteflì的叩P

Leaf-cutter am!> 
Shoot f1ies 
Fruit !l ie主(i n stems) 
Leaf月hoppers

詞。rnw的官臨S

Chry益。mclids

Oeaf b('t;tJes) 
τingid:s (lae亡知當時

哨位的

11 III IV 

Farms t-\ rea Farms Area Farms Area Farms 屯"訟 F，指Z捕。 Area

59 14.2 
25 3.! 
70 34.3 
48 14 .4 

10 2 主

8 I.J 

7 2.0 
2 0.2 
o 0 

366 023 567 

88 3辱。

44 8.3 
14 1.7 

5 0.3 
5 0.3 

30 8.1 
75 25.6 

:.: 0.8 
2 0.6 

100 63.9 
69 8.9 
37 16.7 
12 3.8 
24 2.5 
3 0.7 

14 6.3 
o 0 
o 0 

A
U
W
《
J
A

且
可

。

l

O
T

刮

a
y
a

丹
已

U

lo1 638 

95 62.9 
65 8.6 
25 13.2 
o 0 

o 0 

24 8 。
5 0.6 
o 0 
o 0 

86 29.2 
84 15.3 
70 15.5 

5 0.9 
2 2.6 
o 0 

9 10.2 
18 1.6 

11 1.1 

'
。

9
3

94 

3 

503 
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可
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Table 3. Selected soil cbaracterisfics on sa揖ple f.rms (average by :zon時

。rgamc 晶晶ter (今已} 5.22 
Less tha益 4噁* 26.20 

Phosphorus {ppm) L78 
Lcs.主 than t5 ppm. 100.00 

Potassium (r間qllOO g) 0.21 
Less than 0.30 meq: 100 g* 80.30 

Aiuminu間 (meq! loog) 4.37 

pH 4.69 
Less than 55* 100.00 

Sodiu血 sa脂raÜon {略} 1.46 

Calciuml m益單位的i溢的 1.66 

Exchange capacity (meq 11研D g! 20.33 

Pt:rcentage of farffiS 

Cassava yields were extremely low in 
Zones 1, III and V. Quantitative analysis is 
P扭扭揖Iy bein草 carried out to identify the 
principal factors det釘闊的紡車 yields. This 
analysis has been completed for an 
extended sample offarms in Zone 口， where 
yields ranged from 0.5 to 43.3 tonsl ha, 
with an aver扎.ge yield of 12.6 tonsl ha. 

11 !II IV 、4

3.69 多 33 3.53 1.93 
75.00 32.20 60.00 97.70 

31.89 2.62 21.36 已9.66
35.90 l創J.OO 72. 70 31.R0 

0.45 。.26 。 12 。 22
37.50 7辱.:m 94.60 81.80 

0.06 0.84 2.84 。。已

5.73 5.2! 4.7多 6.59 
12 .50 83.10 8910 6.80 

0.46 。 18 0.48 5.1 6 

主毛主 lÆ7 2.65 4.37 

15.26 24.08 11.80 9.75 

Independent of cropping system, rainf話 II
and soil potassium content were identified 
as the most important factors affecting 
y時Id in Zone 11. Rainfall pattern and 
q阻ntity during the crop cyc1e were 
classified for each farm as normal, 
excessÎve or deficieηt， accordin車 to the 
farmεr's perception. Sixty percent of the 

Table 4. Farm 甜甜. )'Îelds and 甜lected technology characteris:ti峙。rc齡組時 production 00 組mple f:軒鞘島

(average by lone) 

11 111 IV V 

A喃地皇宮 farm 級時(她) 7,2 :31.5 16.5 61.3 18.0 

Cassava acrea賢世仰的 2.9 已 4 2.0 9 .4 5.3 

Input use (悅。f farm時

Fertdizers 18.0 35.9 8.5 21.S 13 .5 
lnsec惋惜的 96 ,7 609 79./ 85.5 36 是

FungÎCídes 。 3 1 。 1.8 。
結erbicides 。 10.9 O 3.6 。
p，問ha將d seed 為1.0 23A 。 12,7 27] 

Credit 29.5 12.5 10.2 236 20.5 
Technic詣 1 assJsta位ce 1t2 6.3 27.1 1.8 9.1 

M肘h:mícal land prepa間tion

(惕。 f farms) 。 答1.3 3.4 SùJ} 52 ,! 

MonOCf(J ppin島(辱。f farms) 77.1 48 這 7[.2 74Æ} 36 .4 

Cas閱va yields (tonsl ha) 4.2 12,6 3.0 6.2 ,\7 
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farmers reported excessive rainfall while 
the rest said rainfall had been normal. A 
simple comparison of yields under these 
two different conditions showed a highly 
significant difference of about 12,000 
kgl ha. Average yields on excess rainfall 
lots were 8,238 kgl ha , as c叩ompa盯r間ed wit 
20 ,509 kgl ha on lots w仙 normal rainfall 

On t he basis of soil tests made on the 
sample farms , lots were classified into two 
groups according to their potassium 
content: the level of30 meq 1100 g was used 
as the minimum acceptable leve l. About45 
percent of the lots contained less than this 
leve l. Average yields on these lot5 were 
estimated at 7,388 kgl ha and 19,812 kgl ha 
for exceSSlve and normal rainfa l1, 
respectively. Yields on lots with 30 
meq 11 00 g or a bove were 9,259 kg 1 ha and 
20,857 kgl ha for each of the ra叫all
conditions , respectively. Hence a simple 
yield comparison indicated that low 
potassium content reduced yields by 1 to 2 
tonsl ha 

A more complete analysis of the impact 
of rainfall and potassium content on yiel心，
using a production function approach司
showed that the impact of rainfall was 
11 ,800 kgl ha and that of potassium, 1,700 
kgl ha , supporti時 the results of the simple 
compansons 

Analyses aimed at identifying the 
principal factors causing low yields in the 
other zones are yet to be carried out; but it 
appears that Jn addition to the 
aforementioned factors , frog skin root 
disease in Zone 1, superelongation in Zone 
III and cassava bacterial blight in Zones 
III, IV and V may also be causes ofthe low 
vields 

Economic analysis of selected cropping 
systems 

In approximately 30 percent of the 
area dedicated to cassa、 a in Colombia ‘ 
some 40 percent of the growers mix cassava 
with other crops (1 974 Annual Report , 
p.106). Because of the importance of mixed 
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cropping in cassava production and 
because of the lack of information on the 
relative economic behavior of such 
systems, an economic analysis of selected 
cropping systems was carried out in Zone 
II. The objectives were (1) to estimate 
relative yields、 labor use , costs and net 
returns for each of the systems and (2) to 
identify factors-other than relative net 
returns-influencing the farmer's choice of 
cropping system for cassava in Colombia 
cassava alone, cassava and maize, and 
cassava and beans 

Zone II (Valle and Quindío) was chosen 
for the analysis because of its irnportance 
in cassava production and because of the 
large number of farmers with each of the 
three cropping systems within a small 
region. Slightly more than one half of the 
cassava producers in the region grew 
cassava alone. Cassava mixed with maize 
or beans was found on 34 percent (17 
percent each) of the farms while the rest of 
the farmers grew cassava mixed with other 
crops 

Farm size , area planted to cassava and 
use of modern technology on sample farms 
by cropping system are shown in Table 5. 
There is a very strong correlation between 
the level of technology and cropping 
system. The highest level oftechnology was 
found among farmers growing cassava 
alone司 monocropping was basically found 
on the larger, more progressive farms while 
the small farmer tended to use mixed 
cropping. The larger producer's preference 
for monocropping is based partly on the 
expressed belief that net returns per unit of 
land are higher、 which in turn appears to be 
based more on the influence of the 
extension agent than actual experience and 
partly on the fact that credit is easier to 
obtain for monocropping. Hence , 
institutions providing credit and technical 
assistance seem to play an important part 
in promoting monocropping among the 
more progressive farmers; 間， those that 
need credit and recelve technical 
asslstance 



fabJe ), Far冊封甜 and use of modern technQlogτb} cropping 均純雀開叫去。ne 11. 

Farlll 日 Îze (ha) 

CaSS3va acreage (ha) 

Percentag('‘。f farmers u~i日益
ChCUHcal fertililer~ 
Inl1ecÜdóes 
Fun喜kîd的

Herbîcîd草草

MachmC f\ 

Credit 
Technìcal as苦 lshmce

rhe main reasons für maintaínin暮 a

mixed croppìng sys扭扭， as expresse廿 by

the p甜苦uçers~ were (1, to maintaio a 
supply of beans and I or 制帥) as well as 
cassava , for home consumptio缸， (2) to 
provide f or ca辜h incomes 吐unng the 
cassava growing cycle。削ld (3) to 0忌tam a 
higher net return per unit of land 其{any
farmers felt that cassava yield5 woul挂 not
be greatly affected by the presence of maize 
and I or beans, hence the land 、tV oul益 be
more efficiently exploited by 
ïntercropping. The present economic 
analysis does not disprove the validity of 
this; however，說 should be noted thal bean 
and maize yields are extremely low. 
Furthermor札 cassava yîelds are far below 
those obtained bv thεbεst I在rmers in the 
reg lOn. 

Survey farmers seeme挂司經i控 willing to 
change from onc system 10 anolher. From 
1972 to 1974, more than half of them (53.2 
percent) change挂 from 0πe syslem to 
anotherωThe pri問缸y reasons for changing 
[rom míxed 10 monocropping were that( 1) 
the p時間ous crop had fa i!ed and the farmer 
was expenmentmg to 治entify a better 
system, (2) the farmer was told that 
monocroppín車 was better, and (3) no bean 
andlor maize seed-or fun這s to pay for 
it一-were ~抑制lable al plantíng tíme On the 

Ca、~a\'3 Ca市、法1 祖

C削~a\ 祖 and λnd 

a!廿 ne bcan~ malzt! 

6S íi 穹斗。 !先?

:穹之 是少
品。

多了 2 ~H f. l 兮兮
67 .4 1i1 I 4L7 
43 。。 。。

!7A 4 拷 υo 

拉2 已 gl 。 5~ ， 3 

45.7 2頁提 失 1

害。。 19 位 。 。

other hand奄 [arme時 changing from mono 
to mixed cropping did so because they 
wanled 10 gr的. maize andlor beans for 
home consumption 

A slightly tendency toward increased 
monocroppìng was f our的 among Ihe 
survey farmers durìng 出is three“ year 
period. This trend was not represented by 
an lncrease 描 the number of farmers usíng 
詣。nocropp出車 excIusive妙， bul 悶th缸 by

an 間crease in Ihe 的umber of farmers 
having both cassava alone and 
m悅rcropped simul論neously and the 
resultír這 reductíon în thεnumber of 
farmers having only a míxed cropping 
system. The primary reason for this 
tendency seems to be the desi時 to tr于
monocroppm車也itially on a limited 5cale 
while maìntaining the more trad丘ional
即ixed cropping systems 

Estim剖ed labor and production cosls 色y
cropp的車 system are shown in Tables 6and 
7. A considerable difference in labor 
requirements 'Nas found. The hí揖her total 
labor requlrements for mixe這 cropptng
systems are a result of higher 問司山rcments
for plantinι 叫gilance and harvest描品 The
difference5 in labor needs for land 
preparation and input application can be 
attributed to the differences in the level 01 

ß.7 



I dbl:: 6. Labor u、e b} production .a c枷U~ and croppin擎的做臨{融制>>days I gro"， ing 事間相詞) in l ,ont' 11. 

i 挂 nd prcparat lOn 

Pi品min日

Rep!aming 

Inr lll 揖 pplt.:a lÌ llll

恤.eed >.'on:ro: 

Vj意"泣 nce

Hii f\. r;,ting 

先eeJ CoCt"ction 

。t_" I.:~ acIÎvlÎt也甚

Total 

lechnology (mechanízed land preparatíon) 
mentwne丑 earlíer and nol 10 the croppìng 
system per se. 

Although IOtal varìable com differ 
a罰。ng systems. these differences were not 
statistically si草nificant ， basícally hecause 
the varíation was great amon草 farms
wìthín each system. Principal cost 
differences were found in (1) seed~ 
because of the high cost of bean see吐; (2) 

Cas臨時 C品楠吋

Ca祖品'a and and 
起 lûne beans malle 

7.4 8.6 14.7 

9.9 17 .3 11.9 

0.7 0.6 。 5

5 已 3.8 1. 7 

62.1 77.3 6日 8

10 .4 !這 7 2句話

14 ,3 20.2 11 這

2_7 3.3 3.2 

14 1.2 1. 1 

114.5 147.0 152.1 

fertilízers , insecticides and fungid益的→
hecause of the 也fference ín use; and (3) 
harvesting-.because of the higher costs of 
harvestÎng beans and maìze 

Cassava y詰Ids were e可ual when cassava 
was 草rown alone or with beans (Table 器).
鳴ihen grown with maizιyíelds were lower. 
Although the yield 益iffetence was about 
立，1閱。 kgl ha , ít was not 氓犯tistícally
SI車nificant， primarìly because of a high 

Table 7 Variable c喘必 {CSS ha尸 by prod紛dìQn ac1ivity .and 慰問pping 時istem 朋 Zone 11. 

Ca的品1 真 Cassava 
Cas!油、2 and and 

alone beam. ma>"

I.and prep譜 ration 44.66 46.71 4 1.44 

Sçc這、 pLJ.斗 ing and repla詰hn辜 24 會3 56.97 26.15 

Ferti!!lcrs. ins:::çtí可:這時‘

fungiddô and applicatìon 32.22 21.29 6 .38 

Wccd control 8啥 73 103.07 暴 LOì

Han'csting 7.46 10.70 14.48 

。ther \-.~riab !e costs 8.93 4.51 2.49 

T otal varîable costs 202.53 24325 1ì2.01 

t-~，"j-，可 "k'" 踹何制取J t 廿J S~ij 二. l 持 1

8-8 



Tu. þle g 、 ields ， va[ue of pn閥uction and margin for ßxed (òsts 制惜 net returns by cropping可、tem in lone 11 

ÿields (túns! ha) 亡制峙哺

Beans 
拼31ze

Value of producùm (IJS革 1 ha)' 

Total variable costs (CS革 10的

Margin for fjxed costs 
and net retUrns 

Ca斜益、a

a,one 

)2.9 

8'方9

20) 

已67

Cas旭、a

and 
beaD:. 

13.2 

0.16 

9拯4

243.25 

742 

Ca哥叫\'1:1

治 nd

ffi<l. lïe 

11.0 

815 

172 

合4)

• A、erilj!e r: nu~ 附<"，.~é 1m 越m"會 ;a:m思"對>'ilsa_ t SS&Î ,JJ: ;nr; bearl、 US$hl: 泠空‘，，，- "惚，<:， (iS$j 1J'η\"fl 

vanatlOn 服 yields within the croppin早
system. Furthermore, a production 
function analysis 挂id not reveal any 
點車制品晶nt differencεamon車 cassava y峰i你
for the different sy5temS. The data províde 
strong e的dence that the presence of beans 
and maize intercropped with cassava did 
not reduce CaS5aVa yields on the 組血ple
farms. Since no si車nificant diffe閃nce was 
founda攏。ng total variable .0呦， it may be 
concluded that net returns per unit of land 
from cassava alone are be10w those 
obtained from cassava mixed with 鳴斜拉
or beans unless yields or prices of the latter 
crops are zero. ReJatìve net returns from 
the mixed cropping systems depend on the 
relative prices of m甜甜 and beans. At the 
current price ratio (}f P (Maize) 

一一…一::-;- = 0.18, P (Beans) 

cassava a結社 beans provi挂e the highesl nel 
returns. 1、;et returns from the two systems 
wou1d be equal al a price ratio of 0.23 

On the b品is of the findings from tbis 
study, it appears that net returns from the 
cropping sy尉C揖s are slìghtly above those 
fro品 cassava 血。nocropping among the 
samp1e farms. In additìon to re1ative net 
return悠 it appears that farmers favor 
mixed cropping because they want to 
produce maize a l1d beans for home 
帥的umption and they need cash 朋come
during the cassava crop cyc1e. On the other 

nand , certaÍn institutional pressures favor 
monocroppm晶。 τhe survey farmers 
seemed 司組te willing to experiment with 
croppm草 systems other than the one they 
were current1y using 50 they would 
probably shìft rapidly toward wruchever 
syste蹄 offered re1atively higher yiel社
potentials 

PHYSIOLOGY 

Efforts to define a p1ant ídeotype for 
cassava have continued. Last year the 
ln泊portance of having a leaf area index 
(LAI) of aboul 3 益前的惡 the root bulkin串
period. coupled with a long leaf 其fe， was 
stressed mainly through a study based on a 
hypothetical model. Th時 year the 
experimenta1 data confir臨含注 this 
hypOlhesis more 挂írect1y.

M Colombia 113 was planted ín a 
systematìc 毛ien剖峙I design to 車ive different 
1eaf area indic臼 Two harvesls were taken 
at a 81恥week interv紋， durin惡 whíeh time 
a l1 fa l1en leaves were col1ected. Leaf 1ife 
was quite short at about seven weeks (Fig 
1). Crop growth rate incr路給社 wíth LAlto 
about 110 g m-2wk• at LAI 4; a色ove this 
1eve1 it decline益 rapid1y (Fig. 2). The reason 
for this decline is not apparent but 即ay be 
due 10 hi學h respiration rates at higher plant 
populations or the large proportion ofvery 

8.. 



ω 
明
治

" 心0_ 

C , 
A 

" . 令已

。 1
~ 5 2;少

女主毛

ζ16，...ι…………于一~
~ 

主 L
2 3 

lAt 

F;t~~H .. , 3 餒。01 l+C'Ì震ht inaea全管盆、 a fum::tion {}f 
i 廿 În M ('拼命輛輛a 11.1 

的 正了。lomhía 1 Ll an已 M CoJomhía 22 
were grown 抗 1 x J m spacing. In thε 
trealed I'Jots ‘ half the young Jeaves werε 
removed as lhey formed at 注ifferent

growlh slages. In M Colo的bia 22 于自治s

decreased markedJv when LAI was 
reduced al all sta!涉外趴在.4). As ma扭扭um
LAl was alwavs less than 2, this result was 
consistent with the idεa of an optimum 
I.AI of 3 to 3.5. In M CoJombia 113 lhe 
control plots had LA l's below lhe 
optimum at 100 and 300 days butabovεlhe 
optimum at 200 days ‘ plots with leaves 
removed at 100 10 200 days had LAJ's 
sìmilarωthe control at 100 and 300 days 
but belúw the optimum at 2.1 at 200 days 
The treated plants 可 ielded 97 percent as 
的uch as the controls; thus il appears lhat 
lhe control plots exceeded the optimum 
wh的己的 treated plots were below九 once

a在ain pl軾的主 the optimum between 3 to 4 
(Fi鑫 4). In plots clipp口1 at 0 to 100 days 
and at 200 to 300 這ays ， LAI's were 
eon斜拉erably lower for long periods and 
yiel吐s were substant揖lly reduced (Fig. 4) 
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during !he 訓X 精 l'eks after leaf formation 閻明
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young lea"\'es at hîgh populations. In rnany 
crop話 photosynthesis increases wìth leaf 
age and then declines slowly: at hígh 
populations with a le益 f life of only 42 day鼠、
it í, probable that average photosynthesis 
括有的記 low. Root growth rate showed a 
m，甘ke述這ecline from 45 島 m- 2wk- 1 at a 
LAI 0 [3 to 35 to less than 20 g m -'wk- I 叫

a LAI of 占2 (Fig. 3). Thcse data confirm 
the hypoth站站 that the ophmu朋 LAI for 
root growth in cassava Ìs 3 to 3.5 durin草 the
bu!king perio昌

Leaf area index Îs a functìon of 
iodivídualleaf sìzc、問te of Icaf formation 
per apex, branching habit an益 Icaf life. 10 
o吋C司在是 plot' plante這 and harvested at 
different tim帥， there wa~ an increase in leaf 
síze up to three to four ffi<叩ths aftcr 
plantin里 after which timε電 it decr這ased
(Fig. 5). Similardata werefound for CMC-
9 grown in entomolo直Y plots (Fi品 6). Both 
、 arieties branch (CMC-9 profusely and 
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10 percent. M Colombía 22 and M 
Colomb也 113 were 皂rown at 1 x 1 m 
spacíng. O l1ce a拉第ín Jíttle dífference 
between the two varlcties 秘 as found; 
furthermore the ìnçrea叫 Irom 10 to 40 
weeks was simílarto that found ín the other 
trial 了he number oí‘ Jeaves formed per 
branch coul益 be very precisely 這escribed by 
the equation Y = 2.草5 tan- ' (0.02961) ín 
the ca5e 01 M CoJombia 113 (Fig. 8). From 
these data .1 is concluded that Ii ttle varíetaJ 
dîfference exists in the number of leaves 
forme謹 per apex. 
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一一一一J300 
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、

Shading was íound pre、 îously to re吐 uce
leaf Ilfe. M Colombia 113 was plan怯d in a 

D恥::; after pla r.!Ìng 牡丹utcd P 川1<;)

Figurc 4 , Effe{'終 of removing 間辱。fthe leay間制

白骨 fo雪捕前 different grow(h stages on yield and LAI 
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CMC品4 leS5 profusely)兩 and it was 
thoughl that this decrease 的 leaf size might 
扮 related 如你的車es in brancb number 
However , the same trend was nole泣的 M
Colombia 1120, a nonbranchìn耳 vanety
(Fig. 6); thus leaf size tends to 垂ecline with 
time after about four months althollgh 
great variability ex峙的缸吉姆ng vanet1師，

12 

-ejib 

-

Fí g: uτ-: 6 , I-eaf aruÎ pl'r leaf uf n“《。叭 a highl~ 

br剖lched 、 ariel 、. and 九1 (叫。mbia 1110. a 
00羽brancl:ì ing type 

為戶 11

九 l ，mlh" ,tflcr platltl l1 g 

6 4 2 
The number of leaves formed per 

çon位nllOUS branch was measured on 
spaced plants、 The cumulatíve numl咒r
formed per apex íncreased with llme from 
10 to 40 weeks after planting; howe、 er‘ Ihε
rate of increase declined (Fi惡 7). There was 
little difference among varíeties; i.e.. about 
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systematic densíty trìal and leaf life w掰
開闊.ured. 主品f life 悅目開sed ìn 
proportion tothe LAlat the time the leave. 
for間絡 (Fig. 1). These 岳a!a 5uggeS! that ít 
wìlI he difficult to obtain LAI's above 4 as 
Ieaf lífe drops very rapidly ahove thi.level. 
The low efficiency of 前缸ntainíng hígh 
LAI's for root 草rowth 的g. 3) is not only 
explained by mutual shadíng and reduced 
crop growth rate but al80 by the extra 
間ergy used for producing a lar車enumb位
。f short-lived leaves whose efficiency ís low 

120 

110 

10。

~ø : 

80 

10 

6Il 

in terms of energy produced per unit of 穹
energy 時pended ín forma tÍon. .fi' 

Leaf life of spaced plants was measured 
for leaves formed 10 to 23 weeks after 
planting. Leaf Iife did not apparently 
change with pla甜 age (Fig. 9). Consistent 
van剖al dífferences were found: The 
variety CMC-9 (Ll制訂的 ha益 a 
consìstently lon車 leaf life (94-114 往往ys) in 
C均mpari益。濃 to the other four varieties (66-
9單位ays). Thi. difference is not likely公路 to
sbadìng because tne plant. werεwidely 
spaced (2,500 plants I ha) 組d CMC輛“
(with a s挂ort leaf life) is of about the same 
VIgor 制 CMC關9. It is tnerefore ∞ncluded 
that large and useful dífferen居s ín leaf lífe 
eXlst amo綠草 vanetles.

刊的e data 刮去在gest tbat tbe key to higb 
root yields in cassava is to maintain LAI at 
tbe optimum level for 齡 long as pos日ble
是自祖g the root bulldng phase. τhere 
appea凹的 he little genetic variation in rate 
of 1揖f formation p討 apex and the 
t帕拉ency for leaf 割Z詹 姆 decrease afterfour 
months; hen甜 manípulation of tbese 
characters 蛤 maintain optim法mLAldoes
not app盟r possible. On the otber han忌，
variation does exist for leaf life and 
branching 泌bit so these can be 
manipulated to maintain the optimum 
LAI. At present the interaction hetween 
泌的e cbaracters and the envirom臨nt isnot 
known. 

The model 10 describe the exist，叩ceofan
optimu臨 LAI and tbe ove悶11 growtb of 

) 
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Figure 9. Leaf life of 白ve va即“揖制. fun捕。'ß of 
枷恥的研 planting (spaced 蟬酬時.

cassava was based on tbe fact that top 
growth takes precedence over roo( growtb 
and th副 roots a自ept the .x，館品
carbohydrate produced by the tops. 
Shading five咐lonth吋Id plants of M 
C冶10揖bia 22 redu自d the num ber of new 
leaves formed p虹 apex by 的 percent ，
íncreased 1臨fsi研 by6p前cent細注摺duced
stem wei單ht changes by 8 percent. 
Tberefore, the e鞋'ects of reduced 
carbohydrate 錯pply on top growth 盯e
mínímal at a level of 50 p前的nt sbading. 
On tbe other hand , shading reduc泌的斜
拉ry weight 純crea臨 by 35 P前'ce剖，

lI-n 



confirming tha! top growth has prefer怒也能
(nOI 叩頭plele) over root 囂的wth.

Many varieties of cassava flower and 
fruit 問adily; howεver， little is known ofthe 
effects of flowers an謹 fruit production on 
root y時圾， Five varìeties were grown as 
spaced p1ants and f10wers were 扭扭ovedas
they formed. This was quite easy to 述。 up
loabo位 seven months af1認r p1antin臣， wl睡n
it became difficu1t witho位 damaging
plants and severa1 flowers could nol be 
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removed. Ten months after plantin皂， the 
roots and tops were harvested. There was 
no 時1ationship betweεn yie1d and number 
of fr也ts P盯 plant; therefore, ít was 
concluded that flowerin囂， at 1easI at 
moderate levels, had 00 adverse effect on 
root yield. 

Many farmers in Colombia remove side 
or sucker branch帥、 At CIA T il was found 
that these suckers 車enerally have long 
internodes and very small lea ves. This 
suggest海 that 1eaf production per unit of 
stem weî車給 is small and that these 5ucker5 
wou1d be rath肘 inefficient ìn pr。這ucing
exce錯 carbohy社rate to meet theìr own 
needs. M Colombia 22 and CMC-84. a 
low~ and a medium~ví在or vanety, were 
planted in a systεmatic den5ity 挂esign.On
treated plants the 5ucker5 were 時moved
every month. In CMC-84, lreated plants 
yielde這 sli喜悅ly more at all pla泊t
popu1atio肘 the mean increase was 
approximately 1.5 tonsl ha of 是ry root5 
(F穆巴 10). The le5s vigorous M Colombia 22 
yielde挂 about 2 lons, ha less when suckers 
were removε垂 at low p1ant popu1ations but 
a忌。ut 3 tonsl ha more al hi斜斜削t
populatio肘. Maxí血um yíe1ds were abouI 
16.5 tonsl ha with suckers and about 1 草
tons I ha without suckers. It appears that 
suckers are useful only at low populations 
wíth low vi墓。r types; otherw時e theyare 
ineff王cìent and reduce yíe1ds. 

PROPAGATION 

In the 1973 Annual Report a 
propagation method was descríbed. Small 
皂白的I shoots were rooted in peat po白血Ued
with sterilize挂紛至1 and p1aced ín a 
propa草剖ion frame: afte玄 rootíng they werc 
transplanted in the field , This system was 
costly because of the need to sterilize 50i1 
and purchase peat pots. 

Recently it was found that young green 
shoots roote是拍到erile water組tisfactorily、
Green shools 侈 cm 峙的 are placed in small 
說asks containing boiled water (Fig. 11). 



Figure ! 1. Shoots roote:d in water. The學e plants ha ve pa輔.d 會he stage when 嗜好 should be pla:nted‘ 

After about one week, a callus fonns on the 
base of the shoots 銷社 very shortly 
afterwards small roots appear. When these 
roots appear, the plantlets c海n be 
transplanted directly to the fiel益 if it 時 well
p時pared. The plantlets must be planted 
deep enough (up to the lowest leaD so they 
do 泣。t 社吟I out. 

PATHOLOGY 

D扭扭車 1975 emphasis was placed on the 
identification of cultivars and the testing of 
F Jlines for 時sistance to the major diseases 
of cassa va ìn A目前'Ìca: 臨ssava bacterial 
b1ight (CBB), Cercospora leaf spots 
(Cerco.司pora henningsìi and C. vicosae), 
Phoma leaf spot and the superelongation 
disease. Several etiological aspects of the 
causal ager汰。fthe supe時longation disease 
and of an unknown bacterial disease of 
cassava (bacterial stem rot) were 
Învesti車ated ， as well as methods for 
screenín墓 for resistance to the major 

cassava dise諧的. The survival of CBB in 
plant tissues and exudates is being 
investigated under controlled 
environmenta! con是itions. Assess鳴ents
for diseasεlosses (some of which are still 
under way) were established by planting in 
loca!ities where the severitv of each 
particular 必將部e was great. 

Cassava bacterial bli酬

Scr輯ning for resistance 

Although screenìng for resistanee under 
詰eld conditions has gìven consistent 
results, final evaluations are possib1e only 
after a rainy season, thus requirin藍
extensive tir肘 after ìnoculation to obtain 
re訓lIts. A simple method for rapid 
screenm車 uno吐er 草reenhouse conditions 
W發s de、eloped. Sìx to ten cuttin草s per 
hybrid or cultivar are grown in pots inside 
a 藍reenhouse with about 83 perce削 relative
humi這ity (maximu蹄 99 perce肘，
mmlmu帥， 65 percent) and a temperature 
of 240C (maxìmum, 340C; minimum, 
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U 3. Dlp the sterilîzed sc!'òSors 
into the bacterîal 

鑫垃spenSlún ，
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iDeath OT 
dieback) 

Figure 12 , Clipping me臨od foJ'甜甜甜抽g {，前軍閥l$tftn甜甜 CBB.

190C). When plants are 30 to 35 days old, 
five to seven leaves are clipped with scissors 
infested by dipping into a bacterial 
suspension of 1 .5胎 3.0 x 10" cellsl ml. The 
first leaf symptoms occur seven days after 
ínoculation; 1會 to 24 days later, gum 
εxu益atlOn 峙。h輯們，ed along the stem on 
the 怠uscep但每1. genotypes. Resistance is 
evaluated 4♀始給你ys after inoc泌的on.

(Fig. 12). 
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Interactions between b鑫ct軒ial
concentrations, serial ínoculation莓， plant 
and inoculum ages were also investi草at酬&
Best results were obtained when ono
month-old plants were clip inoculated with 
36-hour.old cultures at a concentration of 
1 to 3 x 10' cellsl ml. A h恥 relat附
humi益ity (more than 80 percent and a 
moderate temperature (around 240C) gave 
besl re叫做。



Dis組驛 evaluation ror 貫制Îstance

An evaluation of 870 Fllínes obtaine挂
from different crosses was made foτ 
resístance 10 CBB under greenhouse 
conditions by inoculatíng síx to ten 
plantsllí冊 (Table 9). A higher percen祖ge
of 扭扭stant lines appeared when CBB
resÌstant cu1tivars, 城羽絨 had b甜負
identífied after screening the entíre 
嘉明mplasm collectíon, were used for 
controlled hybridizations. This 就跨欄8the
ímportance of usín車 CBB-resístant sources 
and controlled pollínatíons for a hígh 
breedín草 efficiency for resistance to CBB。

Simultaneous to the screening of 
hybríds, several well-known cultívars such 
斜 Llane悶， M Colo捕bia 22, M Colombía 
113 and M Colomb攝 647， were also tested 
by using the c1ip inoculation method for 
CBB reactìon. Results were in complete 
accordan如 with tho錯 obtained ìn 
repeated fiel，社 trials. Cultívars 1ike 孔f
Colombia 22 an性 M Colombia 113 were 
very 5US臼ptib糙， both in the fiel控制d by 
using the new inoculatíon method under 
greenhouse condìtions. M Colombía 647今
whích ha是 always shown re學ìstance to CBB 
under fìel挂 conditions ， showed hí草h
時sistance with clip inoculation. These 
re5ults confirm the efficiency of the clip 
ínoculation technique; mo時over. a 
co點治erably larger amoun! of material揖a
be tested in a short time wìth thìs method. 

"的時間 10臨鴨

Data taken by the cassa va 紛H 草roup at 
Carima草ua show that CBB could reduce 
yields of the tolerant cultivar L1anera from 
50 to 90 percent when the 這lsease appeare挂
during the first four months of growth 
This obviously su斜的tsth剖 CB草 serìously
affect. yìeld ín cassava plantat峙的 inareas
where there are prolonged perio益s of 
rainfa時， such as in the Llanos Orìentales of 
Colombìa. When infection occurred 
immediately after g肘即ìnation， yield was 
more severely reduced than when it 
appeared four months after planting. N (as 
urea) or K (as KCI) applícatìo酪 d社! not 
corrεlate with CBB severity, but Mg 
applications (as MgO) increa.e ìts severity 
and re社uced yìeld 

CB臨 survival

The survival of CBB in soil was 討udied
during 1974. Durìng 1975, CBBsurvivalin 
exudates and plant tissues was 
investi教ted. Results up to October, 1975 
showed that CBB may survive for more 
than four months and at hìgh 
concentratlo郎 (1 X 107 cellsl 血1) in plant 
exudates stored at room temperature 
(around 240C 剖ld 70% RH) or in a 
controlled dry environrr祖nt by using CaCl2 
(240C and 20% RH). C詩話 also appears to 
survive for the same perio益 in pIant tissues 
but 削 lowεr concentrations than in 

Table 9 駐守討ua餒。n of resistance 10 CBB of F;l cr-o掌關.. 晶。ng cultiva間W餒，連 diffeunt degrees of 穹的樹ance:.

Total 悅。〉 Disease rating * 
of 安全

Cross type C閉路es 2 3 

Open PQtlína紛d línes 59 1 (1 6略)'* 9 (!5 .J。正) 49 (83.1%) 

Control pollinated lìnes 267 3 廿;完) 64 (23_9特} 200 (75 。每}
(SUS紹ptiblc x Sus自ptible)

Control pollinated I闊的 544 30 (5 .5噁} 178 (3 2 ， 7 t;字? 336 (6 I.SÇ;) 

(Susceptible x RcsÎstant) 

• l)，給-a，~ ~1' 1'\g- !灣當"怖tan t. 2 = mle綿的 J = ，UK哩p!ihle
.- Perc'entajh' 於hu像dω:he 100aJ 叫mb時 oflm弘協主吋 ~f crO '>':i I)re 

8-17 



exudates , CB B surv持al in necrosed stem 
tbsue is longer than in necrosed petiole and 
leaf tissues. These results slress Ihe 
irnportance of our prevlous suggestlons fOf 
a carefuJ eliminalion of all .assava 社ebris
and voJunteer plants by burnin藍 in order to 
ε問dicate CBB from infeeted plantal闊的

C.rcospora leaf spots 

Work on Cercospora leaf spo臨 was

concentrate話。n C. henningsii (brown leaf 
spot) 帥社 C 圳、osae (blight Jeaf spot). the 
most 將rious and wi泣的pread pathogcns in 
cassava pJantations located beJow 1200 m、

8εreening metho合

Cerζ ospora henn附gSll aI童話 C vicosae 
are prevaJent and endemic at CIAτ等
possibly because of rhe coηtmuous 

plantin息。f cassava and the favorable 
environmemal conditions for disease 
挂的'elopment. Field evaJuation was 
possible throughout the year. giving 
conststent results when readings were 
taken on seven- to 軒在hr-rnonth-old plants 
spaced 1 " 1 m apart , Disεase ratmg was 
evaluate挂 on hybrids an益 cultivars by 
calculatin草 the percentage of infection of 
the leaves for each pathogen. Res lStant 
hybri社S or cultivars were those which 
showed narrower Ieaf Jesions and 1自s than 
10 percent of the total leaves infected. 

Checking 454 的ld 449 leaves of two 
學位sceptible cllltivars (\1 Ecuador 150 and 

M Panama 64) from their e阻εrgence to 
lear drop電 it was found that only 13 and 11 
percent , respectively. of their leaves 
rcm剖ned healthy. Of 32賢 lea、'es of CMC-
84‘ a cultivar resÌstant to C. henningsìi but 
susceptìble to C vicosae~ 27 percent were 
healthy. In contrast , 90 perce的 of the 
leaves of M Mexico 59, a cuJtivar resistant 
\0 both Cercospora spp ., 時間ained

healthy , It was al50 fOllnd that healthy 
leaves of the susceptible cultivars (M 
Ecua逞。r 1狗叫Jd M Panama 64) fen about 
17 percent later than the disease述 ones.

lt appears that the envìronmental 
conditíons at CIAT are good for the 
occurr聞自 of these two dis臨時S‘ therefore，
field evaluation for 亡。 henningsii and C 
vicosae resistance coul社 be succe岱fuUy

泣。ne in areas located at around J 倪鴻 m

altitude with steady rainfa l1 distrihution 
throu叭。ut the year. Evaluation 鴨綠st be 
taken seven 攏。nths after pJantin島、 It
appears that high plant density per area 
tncrεases dîsease sêverÎtv an社 therefore the 
effícíency of screenín耳，

Evaluatíon for r棚Ìstance

The εvaluatíon of resistance to C 
hennin嘉浩 ìi and C. 叫'cosae ín CIAτ法
cassava germp!asm is presente位 in Table 
10. Resistancεto C. henningsii(58 percent) 
was higher than 10 C. vicosae (1 1 percent). 
This suggests that resistance to C. 
henningsti Ís 斑。re commonly found and 
eaSler to mcorporate. 

1 able 10 , Field e\'$luation ofresistance to 心r的'pwa henningsii and C ...ícma州的ClAT'.i抽瑚YlI germplas論，

叫lectìot1結晶1 cultiHl.rs) 

C hnmingsii 

C. .'Í(mae 

t"'aluatl l1 U fo, both pùthogens 

。 蚓、“、t ril"時 1= !e""，j關t. 2= lflkr.是何可 E 泌'i;;~rtih!e

>. p們自~Li"" ，e]的吋 1'.' Ih~ I< ll'll l'.u:nn;e, "j 叭"，ua:eil 山lti沛的
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Many of the cultivars resislant 10 C 
vicosae were also re割stant to C. henning5íi, 
but the resistance 10 these two pathogens 
does not appear to be linked in any way 
because there were cultíva拓 wìth resÍstance 
to either onεA relatively satísfactory 
percentaιe (8 percent) of resistance 10 both 
patho草ens exists ìn CIA 1"5 cassava 
germplasm 

The evaluation of resistance to C 
hennin~手.wan晶 ζ vícosae of F 1 hybríds 
among cultivars with different degrees of 
resistance is presented in Tables 11 , 12 and 
13. As was found in the evaluatìon of the 
germplasm (Table 10), re剖stance to C. 
henningsií among F 1 hybrids was much 
mOfe frequent than resÎstance to C. vicosae 
(Tables 11 and 12) 

F or both C. henningsií and C. vicosae, 
higher percentages of resístant líncs were 
obtaìned when resÌstant cu1tívars were 
used as the cross pare削s (Table \3). There 
seems to be no apparent barrier to 
incorporatîng resistance to the two 

Cercospora spp. into one genotype; hence 
the resistance to Cercospora can be 
incorporated into any favorable genotype 
by usíng resistant parents in hybrídil.atíon 
programs 

Tbe superelon揖atioß disease 

Etiological studies 

The ídentífícation of the 阻恥al agent of 
the superelon基atíon dis臨時 ofcas甜va was 
confirmed as a specíes of the fungal 伊拉us
Sphaceloma嘲 the pathogen may we\l be 
Sphaceloma manihoticola, which was 
previously reported c削sìng a somewhat 
símilar disease on Maníhol 剖culenta and 
lf. glaziovií in Brazil in 1 會50. A host range 
訴訟dy of the superelongation pathogen was 
ma社恥 的聞單 a number of available 
Manihot and related species includin直 M.
你culenla， M. glaziovìi, M. ωrlhagenensis， 
M. faetida， 年1. silvest悍 Rìcinus
commun旬， Jatrop /uJ gossypifolía and 
Euphorbia pulcherrima (poinsettia). Only 
M. 自culenta and M. glaziovii were 

T ahle j 1, Fìeld eval隘的神n of 甜"“ancc to Ct>灼的poru henninf('iii 納悶章+n le.r 叩。t} of F i cross t's among 
culthars with different degrees of resistan間

1'<11al nO. üf fl注重品且e rafm萃，
Pollínalion 估計em

F1 cr甘~"e， 主 3 

Self組pol!Jn孔 ted

Rl'~istant 之" 12 {4iJι'( 1*" 但 (27(:;..) 的 ()支持}

1 叫erant 52 [5 129((-) 23 (44c(-) !品 {27';毛)

月mceotih!e ; ‘ 2 :291 () 古 ('1 呵? 。{ Ü';;;.'j 

Comfolled po泣的Htwn
Rö Ì\tant '( Röis:挂 n( 2‘9 1(10 j6:!'三} 前9 (271";) ,10 i 1I u'G) 
Re主持t:1n~ \: Tokfllnt ?“ 17 (J5I:;) 4.':: (5.Vi- I ') {l l 究)

Rc\)~tant .\:叮 u品ccptin h: 2)多 40 (;7-"() 毛主 2 (.19c;) i 的{抖。f')

! olerant \ Tllkrant l. 240 159 tl 3' iJ 3n G7''( ì ?這是 兩間)

't olel l1 nt '( Stbccr!ihk I 、 JJ: 3作 (20';，: j 2晶宮 (20(ï) 咎。4 í紛)c.t)

ro !c r品 nt... Röi吋.a nt 3.967 之 1 呼:: (55''( 1 h而是 ( ! ;i'i) i 、 11! í2S( i) 

于'U、εeptihk 咒 ]'(l h:rant 4(, \) (:::;1;) !示 r:nc;J 1,>; i42可 d

三毛1、c亡J"l!hk 咒 i主ç~:q‘lnl 7{月 ‘.1.\，丹寧 1 ;1 25 {-'J"f ,:1 (!iV'() 

Joul : .:1 21 

' 。“eav: .J !1呵?當 .e叭他圳、 z 銘心 r'Jllt 1 ，自肉、“p!.hk

“ p(t<e"l~tc -電均純d 10 持 éWI ，，; hWl~c' 前 1;. 111甘、叭 .!h'~!éd <;τ<>% 扒 r'
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f;.\b!e 12. Field tvaluation of rtsistançe仰 Cerc開pora vu肘。e (bUgbt leafspot) of Fi crosse、 among culti、腳。

、修祕 h dìffenmt degrees of resi5tance 

PûllînatÎùn system 
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S-\l S也ptìb!e x Re~!sta n! 

rotül 
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“ P蛇仇<'rt~~gt rd訓<， ωthe lo:a, r純種hel {)[ f! I!lR' ~.a!t悅'd' er曰“ wp冷

infected by the patho車.eo ， and the pathogen 
was isoìated from nat前ally infecte泣 plants
belongin盔的 these two specí的. However,a 
Sphaeeloma sp. previously reported as S. 
poinsel1iae, isolate社 from infected 
poinsettia plants, induced symptoms on 
cassava Sl臨ilar 10 those induced by 
Sphaceloma sp. on cassava. Until further 
evìdence can prove otherwîse, ít is 
suggested th.t the superelongatìon 
pathogen 臨ay be the same fungus as 
reponed by Bìtancourt and Jenkìns as 
Sphacelomα manihoticola 

rhe conidia of the superelongatíon 
causal agent are produced on ph划地的制祕

are small (avera車ìng5.3 混 2、7紗， oblon草 to
oblon耳-ellipticaL The conidia swell greatly 
prior to g前minat悶nτhe effects of 
temperature, moisture. light暨 spore
concent抽tìon and age of colony upon 
conidìal germinatìon wεre 記sted. Free 
moisture was show終 to be 臨時ntial for 
germìnatìon, and optì臨um germination 
occurred at approximately 28.50C. Lìght 
and spore concentratìon ha是 little or no 
effect upon 車:ermìnatìon ， but the 
percentage of germination decreased with 
increased colo紅yage

Thea詢問mentíonedd剖a were necessary 
to estabJ詣h a suçc的sful system for 

T，而 tc D. Fie-ld 扣 afuation of r關砌的組峙的咄 Cf!r('(!spυra henningsii and C '..ù ζl.me of Ff 甘叫ses among 
clìlth'ars w絡b dîrferent degrees of re-吼叫ance

Po l!inatìon syHem 

Se!ιpoilina. :ed 

Self-poilinated 

p發rental reáctîon 

r olera犯，
SU5ceptible 

Rcsìstam Imes I r.;o 
of tìncs evaluated 

峙。f
reMstancé 

13 .4 

0.0 
Control pollin給t<d
CO!1 ~roi po!!ina!ed 
ControJ pollinated 

Res.istant 又 Susc亡ptible*

To!erant x Susceptibìe* 
Su!';ceplíble x Susceptible* 

I J I 82 

O! g 

2251976 

238i 6.0ì5 

2i 198 

23.6 

19 

1.0 

rotal 47617 .3 18 6.5 

• hd詞時 W甜 rcC! prclcøl (、，mbi "，，1Õ，'n~
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rable 14. Yields of two r軒istant (R) and 0伯e su玄eeptible (S) c氫拼ll lil: done when the ~uperelonga1ion disea!.e 
個叫rr吋Iì\le months .afttr planting 

Yie!d (tonsl ha) 

Repliçate Uanera {R) M Col 22 IR) M Coì 113 仿}

2913 3主多? ;,ï _~7 

2 .:~\.23 3! ，。令 27.87 

1 32.90 37 ,67 之5.53

Avera串「 28.42 31.43 有222

~ ，~t differen("e ~et現代玲'"峙的， ,,; the aoo\ε!h:ee y1c il:h 叫$ f1 QI 叫“fICar，\ ~I the '''", ，e'c' 仆 lé'，'1

artifícially ìnoculat摺g youn草 cassava Înoculated one month after plantìn草 ma
plants. A minimum of approxim剖ely 的ght second trial, inoculatìon was ma吐e five 
hours of free moistu問 was necessary for months after planting. Where infection 
infection to OCCut. Increased disease occurred early‘ yield losses were 
incidence and severity OCCUη'ed as the approximately 80 percent. After the fifth 
number of hours under free moistu間間。nth after planting‘ no signìficant loss 
increased. No conc1usive evi諒的lce of was recorded (Tables 14 and 15 and Fi喜
pathogenic racεs of the fun車us has been (3), 
observed yet. Histological stu昏睡s of 
峙。culated leaves showed that the fun草us Dis時mination
directly penetrates the bost 

Disease d時賠minatìon an益自duction ìn 
Di....s.lo輔制 plant establ時hment by the use of infected 

planting material was studied with the 
Yields can be greatly reduced in heavily sus自ptible cultiv缸 M Colombia 113. 

infected fields、 Two resistant cultivars, Cuuin草s (1 44) taken from healthy and 
L1anera and M Colombia 22, an吐 the diseascd plantations were planted in an 
su紹eptible cultivar M Colombìa 113 were isolated locality , After 25 daysgermination 

Table J5 亨 ields of tWQ f e:>>is祖nt (R )and ont 點嗨seeptìblt 的) CaSMl vá donc when the superelong;剖ion di偷相間

甜甜符吋啊le month after pla削Ing

R", plicate LI益 nera (R) 

19 ,08 

一， 17.32 

3 19.17 

、verage 18 、 52牟

• !.SD r.e l*el::l rrean ~í~l(b ;.\1 't.. F , 1:;，-τ: 指 J 04 , 

Yíeld Honsl h3) 

M Cùl22 (RI 

18.05 

t 多 45

17 .43 

16 ，9往

站 Colll .1 (叫

J.7手

咒 7電

1, ::5 

.1 58 
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perce說t of the susceptible cultívars yielded 
less than the regional a ve悶革已 In contrast警
70 and 100 percent of the tolerant and 
resístant cultivars. respectively嘍 produced
more than the regional avera紋， When 
harvest血j at the end of the 忌ry season，會3
and 68 percent of the very susceptible and 
susceptible cultivars, respectively, y屯el謹ed
less than 6 tonsl ha; but 92 and 100 percent 
of the tolerant and resistant cultivars 
yiel益e廿 more ， To increase yields in areas 
above 1300 m, where Phoma leaf spot 
disease Îs more severe and endem峙~ 1t IS 
necessary to incorporate resÌstance to thís 
disease Înto hì草h可rielding cultivars 
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By grouping cultivars in accorda瓷缸
with theìr dîsease ratin車 (Figs ， 14an社 15) ， it
can be seen that yields increase when 
resistance to Phorna leaf spot íncreases. 
Some of the re削tant cultivars yielded only 
as 朋uch as the tolerant ones (Fig , 15), 
which could 色e related to 單位letíc yield 
a bility per sε 
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was reduced about 3 percent; 2岳 percent of 
the plants obtained from 丘iseased cuttings 
were inf，慈cted and the wei墓ht ofleaves and 
5tεms was reduced by about 41 percent 
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畫'l1oma leaf spot 

Thec秒rrelation b剖ween disease reactíon 
and y時Id of more than 348 cultivars was 
det訂mined 15 months after planting , A 
惡roup of 113 cultivars wa可 harvested at the 
end of the rainy season司 and another group 
of 235 cultivars was harvested immediately 
after the dry season , The cultivars we時
planted in rows (1 m apart) of 11 
plants! cultívar (0 , 50 m apart) with two 
rep1ications. 

、 Îcld íkgl m:) 

F ，李;1問 14. Yield of 23學t."Ultivar~ grouped 
M帥rdint; to their reaction 如們帥mu leaf 唔明白

《凶thars were han:ested 15 間。n咄電 after pla前ingand

制的e end of the rnin~ 體制州

Fresh root y時i社s in the area (Popay這n)
average 6 [onsl ha , When cultivars were 
har、 ested at the end of the ramy season, 
100 percent of the very suscεptible and 8是

缸.22
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Figurc 15. Yield of 113 culth'ars grou尹ed
acco會ding to th的r reactíon to Phoma leaf spot 
Cul恥arsw軒eharv軸心dl學 months after planling and 
甜的lt end of ìbe dry 甜.，峭的‘

Popayán area , nìne hi惡hJy resìstant 
c叫tÎva時 were pJanted in EJ Oarién (J 430 
期)， where the disease occurs wìth 軍reater
提ven哼. In botb Jocalities , the suscept治le
cultìvars showed complete defoliation, 
dieback and , in many cases 、 death;
consequently、 totaI plant weìght was 
considerabJy reduce謹 rhe resìstant 
cultivars 在rew normal仰， producing a hìgh 
totaI weight of Iresh matter accordin車 to
the intrinsíc vi在or of each cultivar (Table 
16). It was conclude益 that these highJy 
reS1Stant cultivars could be used 
甜ccessfully in any breeding pro草ram for 
re對stance to this dìsease 

鸝acterial 棋em rot 

A bacter叫 spec船 pathogenic to 
cassava was ísolated from rotted stem 
samples taken from three 謹ìfferent
cassava-growmg areas. Preliminary 

cultura l. morphol。在icaL physìological and 
biochemical 甘sts. as wei) as dìsease 
symptomatology. showed that this 
bacterial specìes and the 社 i sea se it i nd uces 
are far different from the cassava blight 
bacterium 

Tests suggest that the species belongs to 
the genus Erwinia. It is a Gram-negatìve. 
rod-shaped perìtrìchous organìsm that 
grows well on several sugar 把edìa ‘
pro丘UCIn草 round ， whnεand entire 
colonÎes. It produces gelatinase; causes 50ft 
rot m potatoes. carrots and cassava slides; 
Iiquefies pectate gel and does not use 
sorhìto l. 

Bacterial penetration and esta blishment 
occur through wounds. whìch in nature 
may be 品used by ìnsects. Infecte這 plants
were aJways dama草ed by Ana借閱pha sp 
(fruit f1ies). but not aJl Anastrepha-infecte挂
plants showed bacterìal infeclÌon. The 
relationshíp between insects an淫的IS
bacterium to patho草棚的s is stiJl 

rab!!.: Ih. Total plant 嘗到ght of cultivar<; res的tant
(R). toJcrant (T) Ilnd suscep的 bl. (S) 室。
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unknown ‘ the insect damage 路 further w甘e investigated for ínsects attackin車
d時叩開ed ìn the en峙悶。logy seclÌon. planting mater揖1 and germinating pJants. 

Patho惡的1IC t的ts showed that the 
organism is restrÍCted to stem tissu的
lnfected plants show blackish necrosis, 
then wilting and finally 挂ieback. Buds 
locate社 along 朋fected stem portions are 
first invaded and neçrose挂 thus the 
infected ,Iem parts may be lost for plantìng 
purposes. Even Ihough itseffect on cassava 
production ìs unkηown~ it appears tha t the 
most irnportant factor is 悶lated 時 the

da用age 10 bu缸， which could be reflected 
m ger那ìnation and crop establ措hment

when planting material is taken from 
infected plants 

Cassa va rust 

CassaV3 rust was first reported in 1887. 
SlX different species belonging to the 
Ure挂inal order are reported , but neither 
their taxonomic status nor theìr 
墓<0車raphic d的trl趴圳on had been define這
A cooperative 到udy bet ween the Instituto 
Colombiano A紋。peCl酬。 I U niversidad 
Nacional31泌 CIAT was initiated this year 

The characteristic taxonomìc features 
for each pathogenic spedes were 
昌etermined. Keys for th出r taxonom lC 

idcntification are bcing produced with 
d的cnptlOns an益iIIustrative diagrams 
based on samples obtained from diffe時nt
herbaria 

ENTOMOLOGY 

An extensive program to evaluate the 
cas淵va g肝閉plasm bank for 'resi到ance to 
several mìte specìes was iniüatεd th時 year
A proce是ure was developed to evaluate 
resiSlance to mit的 Continued emphasis 
was placed on determining yield losses 
associated with thrips，臨了tes， fruit fli的 and
shoot 俗的 Studies were undertaken on the 
biology , ecology an吐 importance of 
whiteflies an西 fru1t flies. Control practices 

B一 24

lnsec! and mite population f1uctuation獨

A two前year study of tl時 factors

inl1師ncing insect popul的tons m cassava 
was completed at CIAT durin惡 1975. Th is 
的sect complex includes mites, thrips. t Ì1e 
èassava hornworm ‘ the shoot fly (Sìlba 
pendula) and the caSSàva lacc bug (ValÌga 
maniholl). Three cuttings in two 
replications of 90 cassava varieties were 
plante益。n May I. Au萃的t 1 and N ovember 
1, 1973. Fifty va刮目i臨 were plante益。n
February 1 and May 1, 1974. Monthly 
evaluatîons we付 ma益 e of the 
aforementione社 ïnsects

M皇te populations were measured by 
sampling the central p泛抗 01 the plant and 
countíng the number of mites foun社 llla
2心cm2 leaf aI'ea. ThrÍps populations were 
determined by evaluating the damage 
using a visual scale of 0 to 5 (0 = no 
挂amage ， 5 會 apical an吐 lateral buds 
6叫d). The number of parasítíze社 an哇
nonparasitízed c溫ssava hornworm eggs 
were 組mpled weekly and larvae 羽.rcre
counte益 on 75 randomly chosen plants. In 
additíon a 1尬。 nthly evaluation by variety 
was ma謹e. Shoot lly populations were 
measu閃過 by montbly counts of the to臨i
num ber of growing tips per plant and the 
number of attacked tips. The pereentage 01 
infestation per varìety an丘 per pla帥mgwa~
thereby determined. Populations of the 
cassava lace bug (nymphs and adults) wer< 
組mpled by inspectìng three leaves frorr 
each of the upper, cent玄al and lower parl, 
of the plant 

During the first three months afte 
plantin皂、 attack by thrips, shoot l1ies 
hornworms and the cassava lace bug wen 
the mo刮目時間 The míle popul剖íons

howeve r. incrcascd with the a車εof th 
plant (Fig. 16) , The 社 ry period wa 
especially favorable for higher populatíon 
o( rhrîps (Fig. 17 ), mites , lacc bug乳 ~ho(

Ilies and 叭嚕。側的n by the hornworm 



T etranychidae and indu次 Mononyche/l;惱
拇n句'oa， M. mcgregori. Telranych叫“rlícae and Olígonych叫 peruvianus. M. 
lanajoa and T. urlicae appear \0 be the 
mo討 important spec時S on a global basis 
0. peruvianus is of limited impor扭扭ce
while 舟f. mcgregorí has been reported in 
li加ited regions of C"l{\mbia and 
Venezuela 
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這 The Mononychellus mite 揖 usually

found around the growin草 points of the 
plant on bud趴 young leaves and stem.; 
low盯 leaves arc le.s affected. The leaves 
emerge from the bud marked with yellow 
spo低 l05e theìr norrnal green color and 
becorne defor揖仗。I'he attacked shoots 
lose their green c帶10r， turnin草 rou車h and 
brown. The stems andεavcs 挂，.
progressively from top 10 bottorn (Fig. 18)已

8 

Figurc 16. Moo曲1)' t'uJ臨tions of MOllonychelius 
mcgregori, TelranrâlUs urtiçQ(! and 01igom'chus 
þèruvianu.t mite popubtión心攝相sured on 贈veral
e甜甜喃喃村前res.

? 6 

A丞e of crúp {mooths} 

害4 3 2 

。arna草e from the T的撤nychus臨終e firSI 
appears on the low前 leaves of the plant 
Darna草.e first shows as yellow dols alon草

Mi穹的

Four sp削ies of mít的 have been 
identified as attacking cassava m 
Color羽絨a. All belong 10 the farnily 
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官、

Fignre 18. TypìεaJ damage caused b)' Mononycheltus sp, on the grów拙， poin的 of the CH縛ava plant. 

Figure 持 Scvere leaí damage and webbing ca珊ed by Tetranythus unù:ae 帥lder帥肘rolled environmenta) 

conditions‘ 
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!he 肥ain leaf vein and even!uaUy spreads 
over !he whole leaf, which turns re這dish
brown or rusty ìn color、 Beginning with the 
basal leaves, severely infeste吐 leaves dry 
and drop; under 5eVcr. attack plants may 
持，e (Fig. 1 會).

Presence of the Oligonych.甜 mlte IS 
charac!erized by a small whitish web that 
the female spreads on the undersides of the 
leaves, commonly alon草 the center and 
lateral leaf veins. Yellow to brown 益。ts
form on the leaf's upper surface、 Damage 時
more pronounced on the lower leaves. 

A procedure was 挂eveloped [0 evaluate 
the cassava germp!asm bank for resìstance 
to the Tetranychus and Mononychellus 
mites ur浴缸臨時間house condìtions since 
na!Ural infes!割的ns 阻 Colombía are 
泊的ther hi喜h enough nor suffíciently 
uniform for field 站起ening， Cassava 
varieties are plante益的 floor beds or pots in 

a screenhous:e and arεsurrounded with 
plastíc to raise the temperature 10 340C 
Leaves infested wíth mítes are placed on 
o帥-month-old plants 10 悅。cula!e them. 
Resistance is evaluated at weekly intervals 
from two to 別x weeks after inoculation; 
seco誼通 and thírd 肌oculatíons are made if 
the initíal one was not successful 

Screenin草 for Oli章。nychus resistance 
was done on 1.884 varieties in the 
缸盯 mplasm hank durin皂 a natural outhreak 
on the CIA T farm 

Preliminary results in挂icate that there 
are only low levels of resistance to the 
Tetranyehu. mite but intermedìate 
resistance 10 both the MononyeheUlIs and 
Oligonyeh主義的 mites. Of the 427 varietìes 
screened for res旭tance to the Tetranychus 
mile, only one varíety (M Colombia 114) 
was selected as having a moderate level of 
resistance. Several varietìes, however, h孔.ve

Tabk: ! 7, Rt's錯祖nce of ca掃aya vari剖，則 to three spedes of mìt制e

Mlte 
No.of 、 arîeties Resistance eval:.ia也 NO.of 、-anetles Ifi 
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been 時lected as promising for future 
testìng. Only 45 varíetìes have heen 
evaluated for resistance 10 the 
Mononychellus mi詣， but several li僻S
appear to have go。這Inter崩ediate

resistanee. On the varietíes screened for 
resistance to 0諾伊nychl峙， 0.5 蛤 1,205 
webs pcr leaf were found. Sεventy-two 
varieties had less than 10 webs per leaf 
(T able 17) an挂 16 varìeties less than 5 

Scirtothrips 
manihori , 
Frank詞唱IÎella

stenopterus. 
Euthrìps 

williamsi a鈴d

Corynothrips 
moniho打，
f可Ì'ankliniella
sp. 

Yield reductions 蹄duced bv thríos 
attack were stu挂時d in two trials on the 
CIAT farm ‘ In the firsl tríal thrips attack 
was heavy during the dry sea50鈍， and losses 
were up to 15.4 percent in suseeptible 
cultívars and 11 pereent for intermediate 
resistant cultivars (Table 18). Yìeld 
reduction in thrips心susceptible cultivars 
was attríbuted to 011 insects attackin墓
cassava; 1n resïstant cultivars it was 

of thríps have been 
attacking cassava: 

Thrips 

Five specíes 
2社 entified as 

18.C，晶a.錢 yields of 由rips-s螂扭ptible (S)，胎ter臨ediate r制區扭轍。) and resístant (泉}阻鈍iva時，能說

觀。nths 啪'j er planting響兩曲 afld 哨愉OUt In牌位Idd訓 application﹒
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attributed to aJl insects except thrips 
A盟uming 俗話 insects other than thrips 
attack cultivars equally, the greater yield 
reduction ìn 5usceplìble cultìvars can be 
attributed to Ihrips damage 

In the second trial, yield reduction due 10 
thrips was estimated by the reduction in 
yields of plots without insectici位al
protection as compared to protecled p!ots. 
Yield reductìon r閥an呂臨!ed fr昀。鵑 5.6 percent 
for M. Cοi祕ο闊b泌§站a 16紛9岳 t切028.4 pe叮rc倪e純鈴剖t for 
M妙吋呱!. Cο i跆O削bia 17岳?欠 W1措th an a削ver舟&墨e

間叫du叫ct削

i口7.2 pe盯rc偕e叩n剖t(τ'abl誨e 18約).

White 富rubs

While 在rubs， the larval stage of a beetle 
(Scarabaei控制) feed on the roots of you位g
plants, causing considerable damage. 
Grubs feed on the bark and buds of 
recently planted cuttin跤 reducing
germination. Attacks are more 提Vere tn 

fields that were in paslure prior to the 
planting of caS5ava 

Two conlrol methods of insecticidal 
application were studied: Soil applications 
of a granuJar or dust insecticide were made 
at the time of plantìn囂， or cuttin車s were 
submerged in an insecticidal solutìon for 
20 minutes before ~lanting. Two varieties 
(CMCδ9 and 57) were treated wìlh eight 
insecticides and one herbìcide; 參take
germination was recorded 15 , 25 and 35 
days after planting. In another experiment 
usÌn草 the insecticides carbofuran and 
disulfoton , three metho公 of appli開tion
were studìed: incorporalÍon in the 80H, 
placed below the cutting or around the 
cuttlng 

Results in the fir51 experiment show that 
whìte 窮rubs can reduce germination 
markedlv unless controlled. Of 160 
cuttings planted in the four control 
replicates, 1 幻 (95 岳 percent) 甚id not 
germinate due to white 鑫rub damage 
(TabJe 19). Aldrin and carhofuran 
(granulated form only) gave the best 
control with 80.6 and 73.1 percent 
germinatìon, respectively. Disulfoton (50.6 

r abje J 9. Effects of the applìcation of several 扭轉dldd醋。ntheger血 i帥tion of c輔導ava cuttings ín the pr，制開扭
。f 肘lite grubs (8甜捕b鍾的dae).

ζ" 
Ir姆拉ti c-ide 筒。 germma-
treatment 。οsage l!ermÌnated* tÎoo" 

toxaphene-DDT 1.2 1泌的 Iloo liters H10 34.0 21.3 

闊的。fur的 (gra阻lated) 3 sl m' 1I Î 。 73. 1 

car忌。fUran (dip) 1的 ccl 1的 litersH單位 17 。 1。每

Herbicide 2 lîter~ .. 2 kgl ha 11.0 10.6 
{alachlor ... diuro語)

meth蓮問ìdophos 100 CCI JOO lìters Hz仿 15.0 9.4 

fenthîon 75 ccl 100 Iíters HzO 48.0 30.0 

d!學ulfoton 3 義 !plant 8l.0 50.6 

aldrÎn 60 kgl ha 129.0 80.6 

di37.inon 70 ccl tOO jiters 1-I,t.O 14.0 12.5 

Cúntrol 勻。 4.4 

• RlIndomlted blOÇk of 是 p)Qts of 晶。 cu! t1 ng， ~r piol 
U SlgnÎ石油紹祖! I percent !t_-e! 
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!.l hk ::.υ The ..fr..tt h- e帥<;S of 1he distribution of the placcment uf 自1.' Rranu蛤ted in蛤訂kid制 carboruran and 
disulf叫olÎ for 重he control or 利 hite grubs (Scar袋 baeídøe) ，
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percent germination) gave moderate 
co制ro 1. but the remain公r 01' the 
zηsecticídes gave Iittle or no grub control 
Thc dip method of application was not 
dfective 

(n the second experiment , carbofuran 
(granular) applied below the cutting gave 
thc best results (Table 20). This resultcd in 
only a 7.5 percent reduction in germtnation 
as compared to a 275 p盯cent 悅duction in 
the control 

Cassava fruit fli5 

C泛ssava fruit flìe8 have become one of 
the most 8erious pests of cassava in the 
coffee-growíng reg lOn of Colombia 
Originally belíeved to be only a pest of the 
ca'sava fruit , two species of fruit f1 í肘，
4nasrrephα pickeli and A.manihoti 
(Tephritida的 have now been ìdentifie益 as
al80 attacking the ,tem. The female prefers 
to oviposit in the fruit but frequently 
ovìposits in the 80ft tîs s.ue ofthc stem of the 
youn惡 cassava plant about 10 to 20 c血
below the 墓rowing poin t. The young larva 
hatches and bores its way into the pith 
region of the stem ar吋 tunnels 這ownward
rhis tunnelìng is a point of entry for a 
bacterial pathogen that can cause extcnsive 
rotìing 01' the stem (See patholo訪問叫峙的

。uring their initial 說ag肘 1 the larvae are 
whlte、 turning yellow later. Thc presence of 

the Larvae wit hin the stem can often be 
noted by the white liquidεxudate that 
fJows from the larval wound down the 
stem , This extensive rotting often causes 
色leath of the growin在 point of young plants 
(Fi草、 20). On one fiel通車4 pereent of the 
plants were observed with this dama草t
while in another field about 75 percent of 
the plants ha社 collapsed 20 to 30 cm below 
the growing pOIl法

H!wrc 20 Extensi影e rotting and death of the 
~rO\\'ing poÎnt 恤越“d b) a hacteri~1 patho僻的'"
afl,socíation ,.,. íth tb t> larnH~ of the ca給ava fruit fly 

(A!.， a~t ，eph 是‘p.)
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Whitem肘

Whíteflies (Aleyrodidael are distrib位ed
over many ofthe cassava-growir培訓夸as of 
the world. Several species have been 
ìdentìfied as attacking c先ssava、 these
indude 7可rialeurodl帥、ariabilis. 8emisia 
taba肘• B. IUbercu/a仰， Aleurotrachelus sp 
and Aleurothrixus sp. A lJ hough 
indications are that whÌteflies may not 
eause direct damage due to feeding , they 
are of particl社ar importance because of 
their ability to transmìt mosaÌc dìsease in 
Africa 也 In addit的n a s:ooty mold growin草
on their excretions mav have an adverse 
effect on plant photosynthesis 

The biology of the white f1y 1 γariabilis ， 
commonly foulld in Colombi扎 was stud距拉
under field conditions ìn screenεd caεes 
(Table 21). 

An evaluatîon for resÌstance to lhe 
whitefly Aleurotrachelus sp. was made on 
1&9 ca別ava cultivars during a heavy field 

J)此 ! f,j 1 主 lJ 50 

10。 均空三 主 3.59

96.1 句兮， 土 I !.h是

。但 4 9多有 土 1 立在

90 ‘>
均勻 主 iO 5;) 

、一、 i 呼之 土-可 i

!5 l',;:< 主 J 1:: 

uniform. but ünlv one eva]uat lOn was , 
made and thcrefore needs to be repeated 

Casss\'a hornworm 

A svstcm for biolo郎cal control of the 
cassava horn鳴。rm (Erinnyls ellv) was 
describe廿 in the 1974 Annual Report. The 
combínation of egg para別 tísm by 
Trichor;rarnma fasdOlum and larval 
pτedatìon by the paper wasp POIiSlt!S 

erVlrocephalus 鈍lpressed the horηworrn 
population at CIA T throughout the year. 
There has been no outbreak at the CIAT 
farm since thes t: biologkul control agents 
were ìntroduced in 1973 , 

Hornworm outbreaks were st:Udied on 
two nearby farms. In both cases an 
insectícide had beell applied to the caS8ava 
crop for insect (thrips and fm;t fI、) eontrül 

1 泛的e 22 , E、.1<險制m of 189 c<t~帆a、.a cult仰籠rs. for 
"‘istanc t' to the \'I hit l'ny A:eurotrachelU\. 

infestation. The oblonεpupal sta草e of this 
whitefly is biack with a white waxy rotal 
εxcretìon around the outεr ed惡e ， makìng it nv , "f 

每p

Daoldg? uting* 

easy t。如前t on the leaf unde叫做ι<.'l:l1l\arλL-iMJ一一 3 4一二
SeveraÌ varieties were îdentified wÎrh very J i'-吵了 31-， ..:: 72 .~J j 

low levels of 的fe位ation (Table 22). .…一…←…一一一一一一一一一一一…一一
indicating that resistance to' P 糖 1。就 I， l，、 n;c ，l~L"h ,::; k" I!",,, 2川 d I~~ 們到的凶 3
Aleurotrachelus sp. is availa年le in the .:=20 1:>峙，的 t k，'州州、叫‘=品;c，!ilJ'i 叫抑、(""，t叫叫 4

!" .- _.~.._~.- ::::時 7的州 d :~a、"狀:“{怖的 15::;:\ü l\> l僻叫 k~h'、

cassava ger期pl的m bank , Infestat的n was 州州叫

ß-Jl 
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Tr討i拉cho書ram肘z酪n祖a was bctween 50 and 尋o gF持附':rmp抖2峭m 帥1η1軒重峙n

percent. The Polistes wasp was introduced 
into both fíelds. In the first field there has 
been no further outbreak for six months; 
the second field ís still b的特 studíed

VARIETAL 1品lPROVEMENT

Duríng the past three years a substantìal 
amount of basic data on germplasm and 
genetic behavíor and selection efficiency of 
the cassava plant was accumulated 
E valuatìon of more th如 2，000 entries in 
the germpla鑫m co l1ect的n was completed. 
Hybrídizatìon an社 seedling selection 
techniques were established. Selection 
based on harves! ín社ex of the plant proved 
to be efficient. both genetically and 
physíologica l1y 

Duríng the year , appro到mately 230 
cultiva時， 3,000 hybrid línes and 章，000

hybri這 plants were evaluated and 
harvested in a replicated yiel社 trial ， an 
ohservalíonal yield tríal and a hybrid 
selectíon field、時spectively. About 160 
hybríds 1凹的， 1, 200 hybrí益 línesand 25 ,000 
hybrid se.吐s were planted ín the rεplicated 
yíeld tr崎 1 ， the observational yield trial and 
the selectíon field. respectively 
Approximately 3告，OC她 hybrid seeds were 
produced from about 250 cross 
combinations , A m句。r part of these seeds 
are sown at CIAτwithin 剖x monlhs of 
ha抖的 t. 紛me are 時前 to breeders in 品any

countries of America. Asia and AfrÎca 

A yield of more than 紛 tons I ha I year 
was oblamed in a replícated y時 ld trí祉. The 
hi草heSI yìelding cultívars at C1AT are 
outperforming the local cultivars 符。t only 
誠 CIAT but also outsìde CIA苦; thus yìel是
lmprovem側t through modìfying Ihe 
culÜvars 提出ns a forthcomin草 reality.

Ger臨pla學臨 colleclion

The p時闊別 status of the CIAT 
茜ermplasm collection is presenled ín Table 
B-.ll 

No , of 
cultlvar基 ?這位 。f

('ountry of maintained cultivars 
"'犧m at ore事00\ evaluatcd 

Culnmola 1位76 li科6

屯 C位t'1'L!c!a 269 255 

[c垃泣dur 1)4 IJ4 

\-kxico 68 感5

Bla/ i! 22 5 

PaJ1am詰 立。 20 

i句eno Rko 16 15 

Co~td Rica 16 。
Dornìnìcar.試 cpubìic 5 。
Pcr位 '令, , 
Para重 Ud 2 2 

Total 2l JO 2)42 

23. Useful genotypes have bcen i是entified
for all the major di路ases and insect 
problems也

Yield trials 

Select吋 mainly on lhe basís of harvest 
index and root yîel社 when grown in single 
rows , 232 cultívars were har間的ted in 
replicated yíeld trials at CJA T. The 
experiments ha社 Iwo replicatiolls and a l1 
harvested plants had two border rows. The 
niue central plants we時 harv路te桂 12

months afler plantínεin each replicate. No 
fertilizer. fungîcíde or ìnsectîcíde was 
applied to the experiment 

Data on the bcst-yielding cullivars are 
presented 明 Table 24. One cultivaryielde益
mQre than 60 tons I ha, eleven cultivar軍
yielded morc than 50, and three gave a dry 
matter yieI這 of 觀。re th削 20 tonsl ha. 
Llanera, a local cultíva言， yiel社ed 26.7 
tons I ha offresh root or8. 7 tons of rool 昏了y
matter. These results suggest Ihe possibility 
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and hence leaves; resultin草除 a low total 
dry mat賠r accumulation. 
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叫ltívars th削 yíeldedmo賠 than 50 tom ! ha 
compo臨 the upper 0.5 percent 持lection
from the original colleetion，此時 obviously
岱lporta削 to start a selection prog闊的 with

a very broad variability of germplasm (
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2違章3

High total plant wei在ht a怨這 harvest 
índex are very importa削 ìn obtaÎnin在 hi喜h
yíelds (Fì紗. 21 and 22). There seems 00 
way of 0話ta阻ing high yíelds when lhe 
harvest index 時 less than 0.40. Harvest 
index was negatívely correJated wílh leaf 
and stom weight (Fig 立封電 thus confirmin車
that the top 訊社 roots are competing sìnks , 

The types with 100 vi息。rous top 草rowth
have a very low harvest index; and the 
types wíth a very high harvest ìn社ex cannot 
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root ji佐ld in pHpulation trial 

A remarkable varîetal var捕tlOn was 
observed iηÎniLÌal vegetatíve vì且0，" lnitíal 
vigor was bigbly correlated with leaf ar必
就em welght at harvest and negatívely 
correlated wíth harvest índex 、 however 1 it 
was not SI惡nificantly related 10 yield (τable 
251. Cnder CIAτconditions ， which are 
re車arded as nearly idεal for obtaining high 
yiel心. Ihe yield of more than 50 tons i ha 
was obtaíne廿 wìth a rather wi吐εrange of 
initial vi墓。仁 However ， when considering 
less favorable conditions for cassava 
gro丸之th that are more representative ofvast 
cassava-growing areas in the tropics ‘ the 

rhe correlatton between yield data in the 
sìngle-row an丘 popula!ion 廿ia1:; was 
surprìsingly lov志 (Fig. 24), probably 
heca use of intensi、.e mtergenotyplc 
competition. The correJation 起etween
harvest JO謹ex 位 the sin藍le-row and 
population trials (hg. 25) was high. As a 
resuh. the harvest index in the single-row 
Irial was híghly correlale丘 wíth Ihe y話Id in 
the popuJalion trial (Fi辜 26); this indicates 
that harvest index as a selεction trait ís 
even bεttcrthan yield itself when gεnotypes 
are tested at the observatîonal vÍeld trÌal 
level 
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among 15 best yielders in 300 lines 
evaluated. This su草草ests that there are 
hígh-y時ld selectíons a位apted at least to the 
altítude range from 0 m ín C缸ibia to 1,000 
m at CIAT. 

types with hígh initial vi窮。r may be given 
more importance than those wÎth a hi基h
harvest in性。x and low vigor 

Seleclion 

From a total of approximately 串，000 FI 
hybrid p1an話， ab。也]斗200 were se lec甘don
the basis 01' harvest index and root yiεld 
(Table 27). These materíals were 
forwarded to the observational yield 廿關ls、
and some are also being observed in 
Carimagua and Caribia 

Yields decreased paraliel to the 社egree or 
lodging index (Table 26). Like almost any 
other crop, 10吐gm車站 fatal 以.) cassava yields 
and should be avoide通 at all cost 

The high corre!ation of yiel益 data-i.e. ，
harvest index. root yield and total plant 
weight-between the seedling and the 
stake-planted generations has been 

A number of 阻lected cultivars and 
hybrid lines were planted in Carima草ua
(Llanos Orientales), Caribia (Northern 
Coast) an挂 Popay在n (mountain zooe). 1π 
Carìbia, the center of cassava production 
in Colombia , M Mexico 紗， M Colombia 
約8、 M Colomb組 146單 (CvIC斗成 lCA
selection) and M Colombia 16草4 were 

Trials ou的ide CIAT 
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fahJe 1i'. Duta on 甘如:“。n of I-'! b~brids. 

A\'crage A丸 erage

vlç:d 01' ÄverJ嘉ε h品f\ e~t

fot :l l \〈可 :'H ::tag<? ~e~c(tcd hancst irlde哇。f

泣。 01 h\'~tid;;. v;eld of hvbrids index 01 島的音ctcd

Cross P話 rcη" h\ bnds sdected &11 !wbrîds* fkgl plantì a\l 缸瓦 hrids h\"brí這』

CM 305 M Coi : 13 x M Co! 22 150 40 S.Y 7.1 69 69 
C,j 30司 \1 COt 22χMC叫 340 254 13 SJJ 7, 7 58 64 
n叫 309 ~t1 Co; 22 x 揖 Co[ 長47

?可7 193 5.2 7.1 62 65 
C ，j 汁。 ~1 Co\ 2互之 MC吋 667 310 i? 3.7 7,6 55 61 
CM 3l 得 M Col 22 x 叫 C\.l! 1292 74 12 5.2 8.2 峰已 67 
CM J21 M C<); 22 耳 M Ven 2iO 423 。9 4.4 ?。 64 69 
CM 323 \1 Col :::2 且 M Me.x 時 6<50 140 4.6 8.J 62 64 
CM)月尋 M 研制 55 x M CuJ M7 35 10 5.2 Hl-3 已 j 66 
CM 342 M Co! 22 x NI Col 14串串 178 17 7.6 。4
CM 345 M Cúlll3 x M l\tcx 59 lùO 部 1役。 59 

CM 356 M Cul 647 耳 M ÿ1ex .55 3多 J! 8.2 61 

. ，.，但"吋圳 1 、 2 圳、r>:U:"' 1C anc h"nc 、 :(.J !(可用 "位已足 i\ ，'f o"n， pl.iI' L有它

conmmed. This high correlation or high two years、 Of 20 of the best yield訂趴制辜ht
efficiency of selection with seedlin車 planls had been used quite actively in 
exists as e剖 ly as seven months after hybridization and several hund時d
Iransplanling Ihem (民車 27). Eνen if Ihe selections from these hybridizations are 
蛤叫ling plants are kepl until 15 monlhs, already being evaluated in observational 
the時 correlalions do not improve (Fig. 28) 廿ials 1n an是 outsíde CIAT. There 時 agood

chance of perfecting such cultivars as M 
$闊的 only a few planting slakes 喘口 be Mexico 給 and M Colombia 14紛. which 

obtained wílh 蛤edl的g planrs less Ihan εasily outyield local cultivars in and 
seven monlhs old. 此時叫llikely that the outside CIA T. by selectin車 from the hybrid 
breeder will practice selection wílh seedlíng lines which exisl in Ihe order of tens of 
p1anls before Ihe plants reach this age. The Ihousar泌s if Ihe problem i5 high yield 
results 忌。. however, sug志e5t thal very potential and wide adaptal到Iity. Thu霉， Ihe
effic琦削 seedling selection is gua悶nteed emphasis in our hybridization program has 
whenever the planting slakcs can be cut shift叫 to dìsease resistance and some other 
fro血 the seedlíng plants as lon惡 as theyare characteristics such as ion甚 rool 也是rability
wideìy spaced to avoîd ìnterglεnelypic aftcr harvesl or hi草h slarch content. 
competJtlOo m a rea仰nab!y unifor由 field

Ad益itions to the hybridizalìon pro車間掰
Hybridization are given in Tab1e 28. M Co1ombìa 638 is of 

particular interε51 be明use ít seems to 
Re5ult5 of the yield Ir臨I were significant, combine y時Idìng abílily 、.vith hi車h

not only because quì扭 a few cultivars resistancc 10 cassa va bacterìa! blight. As a 
yielded well but .150 because many ofthese result of one ínitial cycle of hybridization 
high盼yìelding cultivars had been actively and se!eclion. severa1 hybrid line5 wíth a 
utilized ìn our hybrid肌社ion program for high harve前的dex and resístance to CBB 

B.3i主
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Harvesting of seedling plants 
拍拍即hs after tra訟splantin到

Figu拇指 Harv輔.ting 胎制 of s<<dling plants and 
the effidency of甜ection.

of stake-planted plants. By nature, this 
type of analysis 時 more accurate and 
practical than the forrner. A highly 
sig甜ficant reg間制ion was ob祖ined not 
only in harvest index hut also total plant 
weight. τhe regressíon ín root yield itself 
was not as high as in harvest index an是
total plant weight; nevertheless, it was al閥
割gnifi時間 (Figs ， 29, 30 an這 31). This 
enco肘ages breede的臼 believe that alrnost 
any character with practical meaning can 
語e ínherited, thereby justifyin草 the factthat 
a large part of our hybrídizations are by 
controlled pol1i ni血t10ns.
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The pathology group has shown that 
there are at least five 問題jor 桂iseases to be 
taken into account when breeding for 
resistance. Highly 閥割stant genotypes for 
cassava bacterial blight and Cercospora 
leaf spots were i位entífied (See pathology 
section and Table 28). The data suggest 
that this resistance can be readily 
incorporated into agronomically desirable 
types. Highly resistant genotypes for 
Phorna leaf spot, a disease prevailing 端
ternperate dimates, were also i是entified;
but it is not yet known whetherthis is甜sily
lncorpor議ted into high-yielding types at 
low ternperatu間s. Several moderately 
resistant types for superelon車ation disease 

Disease resìstance 

Figure 27. Cor間lation of da1a for seedling pla缸"
抽orizontal axìs)糊口耐ed剖 50V開 months compared 
10th訓。fthestake-pl鍾ntrd plants (verticaI aχb)o!the 

捕me genotype 

were identifie是; thus hybrids such as CM 
309-41, CM 309嘲5岳 and CM 309可206 are 
actively used in hybridization 

露-37

Using the data with seedling plants, a 
hi草hly signifi闊別問gression of parental 
avera草;e on Fl hybrids average in harvest 
index had already been shown. The sarne 
type of analysis was rnade with both the 
pa錯別s and the F 1 hybri訟， usm草 the data 



~ 1able 28. 正可bu揖derÎ捕目。( c-uÞìva Fl> ûr hybrid lines frequently u帽d in hybridizatioJl þTogrn蟬趴
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M ('016沿7 +恥

組 Co!6奇事A H , 

M Co16命? H。

M CQI 1292 H 

MC叫 1468

站 Col 1684 H 

MM悅目

M Mcx 59 ，司， " 
M Ven 17的 +可牛

M Pan 114 H 

CM 捕私41 .. H 

《剖 30'1-56 命+ 司H

CM 309-206 一-+
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figurc 有 J. Relatìonship between aVèrage total 
pla削 weight of parents and the r，肘pectìve F I hybrids 
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The Ob5ervationaJ y童的社 trial at Caribia 
was iufec蛇d by CBB, and a clear varietal 
difference in the reaction to this dïsease 
was observed. The observationaJ yield trial 
at ClAT was freεfrom CBB. The varietal 
yields of the two locations were compared 
at each leveJ of the CBB attack in Caribia 
(Table 29). The yield difference of about 
3.5 kg between CIAτand Caribía wíth 
resistant and tolerant cultivars (C話盟，
grad的 1 and 2) represen帖 the 喜eneralyield
difference between !he !wo Irials. With 
hi草hly susceptible cu1tivars (grade 5), the 
yìeld diff，刮目Ice was 6.4 kg. Results indicate 
Ihat even un社前 a moderate level of CBB 
attack, resistant cultivars are hî直hly
desirable , rnoderately susceptible cultivars 
glve a slgn的問nt yield reduction, and 
sU5ceptìble cultiva閥、"m give dìsastrous 
r.5u!ts. Thus , the fìr5t cultivar to be 
recommended shoul廿 possess at least a 
moderate leve1 of CBB resistance , if not a 
hìgh one, in addition to hi草h yieldin草
ability with wide adaptabilíty 

F!gurc 29. Rel師知nship between avera電e root 
yiel啦。f pa問耐‘ alld the r時伊cth'c f 1 hybrids. 

were iden tífie忌~ however唔 11 措 not known 
how effective the resistance of these types 
will be and how lon車 Ihere到stanc定 willlast
Needless to say, all resistant types are 
actively hybridìled with high明yie1din草
types and amon草 themselves‘
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τhe observatìonal vield Irial at 
Carimagua wa登 heavi!y infected by CBB 
and superelongation disease‘ Practically 

})-]9 

J主、ιrage hafvest ind的; of parents 

5才.igufe 30. ]這份冀的onship betweel1 肘erage han四g

ìndexe電 of paren鈴 and the re話pectjve F 1 hyb叭ds.



Cumparisor益。f root yields at Caribia and CIAT at dîffen>nt Icvel o;; of variet剖 ζBB 間action.

亡諮B

aH扎çk

問 Canb眩，

Yield 
at CIAf 

(kg! pl剖叫.，.

Yicìd at 
Caribla 

(kgl plànr戶*

1、-abJe 29 

Differcnce 
Number of 
cu忱的，'ars
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4
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6.52 

7.54 

38779 
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5732 

12145 
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cultí vars. Assu悶in喜 20 percent as a rough 
average for 忌。th， conver車間的苦iagra朋S
from root speci封c gravity 10 starch content 
of (1) the whole root and (2) of the peeled 
root over the whole root are a1so presented 
(Fí品 34).

a1l the pl制臼瞬間 wiped 0叫， and ollly M 
Colombía 638 gave roots of edíble 訓時 The
re削Its simply índicate that Ull是er

extraordinari1y heavy attacks of CBB and 
組perelongatío罰， an extreme1y high level of 
resistance to these 副seases is required; and 
in the lon直 run ， this level of resistance 
should be íncorporated ínto high-yieldin草
types 
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Starch contenl and rool dur種bilily

Since a sÎ草nificant portion of cassava 
productíon is cxpected to go for anímal 
feedin草 and starch extraction ìn the future~ 
yield should be expressed in ter冊S of root 
社ry matter or starch yíel忌、 as 、Nell as root 
fre這h yield. Varìetal varìation in root 垂ry
matter content was great, even among the 
20 cultivars 時lected 00 the basis of fresh 
weight yield (Table 24). This suggests that 
the yield ceiling level has not been reached 
as 時gards dry matter yíeld per a問a per 
tlme‘ 

Fi扭扭 32 錢egres訟。n 01 ro剖包伊cific gravìty on 
dr} 臨attu 帥ntenl (r開始棚，鴨t.d 績t 11 montbli). 

Specifîc gravÍ!y (>f whole root 

The correlatíoos hetween root specific 
gravity and root dry matter content and 
between root specific g時vity and root 
starch content were very high、 Conversîon
diagrams from specífic gravity to dry 
matter content and starch content in the 
peeled root are presented (Fí車s. 32 and 33) 
The proportion of root peel fresh we總ht to 
whole root fresh weight and the starch 
content of root peel varies accor是mg to 

B-40 
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Spedfic grJ.、 ity of the 挑 hole root 

Figure 34 , Regression of the呻組鵲C 霎時洞ty o(the 
~'hole root on the starch con1ent of的ewhole 峙。e 帥ld

the proportlon of starct電 ln the peeted roo會.，

comp3Ted 岫 the whole f1開導b root. 

1.16 

Figure 33. Régres斂。n of root spe仇fÎé掌ravit海.. on 
starch content 叫 pet!led root (roots 怕抑制ted af 11 
捕。M幅弘

1.14 

Specífic grav江、 of who le- root 

1.12 1.10 

found edíble even at two weeks after 
harvest. There ís a large 血前車in of error 
a峙。clate廿 wíth the two metl姆拉s. The 
correlatíon between rhe fíeld and the 
laboratory evaluations w制 not hi在h but 
acceptably useful. After elíminating all the 
cultìvars or Iìnes whìch showed 
unacceptable decay ín any eval l1atìon. 
there were ,tìll a certaìn number of 
cultívars and hybri岳 lìnes th削 survived a1l 
evaluatìons. There seems to be no 
assocìation between root 心rabìlity and 
yìelding abìlity. The selecred marerials are 
being utili記述問 the hybri社izatì個
疚。且ram， an西 the 革開etic beha vìor of this 
cl描racter is b的創單位U益ied 老

root durabìlíty after harvest has been 
observed , Two 血ethods rep扭扭ntmg two 
extremes of ∞誼通itions to which cassava is 
sl1bjected befo時間缸keting or processÌt這
were devised to evaluate thís characteristíc 
ln tbεfíeld evaluatíon, 15 randomly 
5electe這j roots were left in the fìeld for two 
weeks and then evaluated by chopping 
them , In the labo路tory evaluation, 15 
randomly selected roots were kept insì社ea
仰的n 剖 a normal te蹄perature of about 
24'C. After one week, all the roots were 
choppedan挂 the de單ree of streakíng 00 the 
root was evaluated , In thís way, the fítness 
of stored roots for human cons扭扭ption ，
am血al feeds and starch extraction can be 
more objectívely evalualed , AGRONOMY 

During 1975, 90 percent ofthe work was 
dooe outside CIAτprìncípally 位
collaboration with farmers and national 
agencies such as the Instituto Colombíano 
Agropecuarío (lCA) , the Federaci6n 

B.41 

In the 車間at majority of cuJtîvars, root5 
simply decaye卓 after three or four days 
whether they were kept in thefield oriηthe 
laboratory. Howev缸， roots of some 
cultìvars of hybríd lines 秘"ere occasionally 



.Nacional de Cafeteros an這 regional
departments (50cretar!as) of agriculture 
Although work was 逞。ne on cultural 
practìces, m句or empha$.is was place忌。n
regional tria Is 

Regional 甘ials

Cassava shows 囂reat variability. To 
select a variety base這 on marke桂
differences in character 15 easy, but to select 
compatible 惡enetlc characterîstics that 
react favorablv to several envïronments 
and pro吐uce opt imal yields Un法制 iηtenslve
growing conditions is difficulL For this 
rea50n , yield evaluations in the field must 
still be ，ηa廿e

From the 14 甘祖ls pJanted in different 
regions of CoJombia (Table 30)‘ ninc have 
been harvested. Five triaJs 閑時 planted in 
cooperation with lC A奄 three with the 
Fed盯acíón '\acionaJ de Cafeteros and one 
with the Department of AgricuJ扭扭 in
5antander del 5ur 

Multiplyi總 promising vari甜甜

The rapid propa學alion method (see 
seclion on propagation) was use益 to
multiply 22 promisin車 vanet1的 m
sufficienl number 10 plant 21 re草îonal
trials. Ase.xual "seeds" (cutti很喜，) from 
these varieties were distributed to the 
Phíllppines, Auslralia, Guyana危 Ecuador奄
Venezuela and Mexico 

。每j肘吋V制

As Colombia is a reJatively small 
country that off，剖 s a wide 島.amut of 
c1im前正訊社叫aphic con益泌的品， il is ideal 
for evaluating promisin罩、iarÍetîes for thelr 
pro丘之lctivity and adapt.tion. The tr時Is
have two main 0詞jectives: (1) to measure 
the components that have the most 
inlluence on yidd under 這 ifferent
envíron單間tal conditions in 叫做r to 
extrapolate results to other regions. both 
wlthtn an益 Dutside Colombia; and (2) to 
replace local varieties with improved 

診--12

varíeties that not only give higher yields 
but that are aJso dísease an益1nsect
resistant , tolerate poor so î1s, are easy to 
harvest an挂 are of superior qualíty for 
human consumptíon and În益 u ;，triaI uses 

苦耐hnology and m剖hodology 程sed

The same technology was applie是 to a lJ 
tri.ls ‘ the use of modern , expensíve inpuls 
was avOl益ed ， PlanlÍng was 忌。ne on ridges 
when the soil was hca vy an吐 on the flat 
when soils were very permeable or sandy. 
A randomized block design wilh four 
replîcations was used. The soîl was 
analyzed 悶 εach replication , and a 
pluviometer was ínstalled at <ach site. The 
regíonal variety or varíeties were used as 
con付。lsτhe harveste挂 area was always 
surroun吐ed bv at lea說 lwo border rows , 
either of lhe same variety o! at Jeast one of 
the harveste吐 varÍetv and othεrs of the 
neighboring line. Stakes (20 cm) were 
planted vertically at a population density 
of fO_OOO plantsl ha 

Cuuings were 唔ipped in a 主 percent
訂aZ3n solutìon for five m肌utes to preve剖
the rottin息。f cuttings and the 桂eath of 
seedlings at the time of 車軒的ination ，
Toxaphene-DDT 40-20 was applied al a 
rate 01 1 喜all ha to conlrol 50il ínsects thal 
art not specilìc to ca5sava but that could 
hinder normal germination and good pJa既
是evelopment durír畫藝 the ínitial 5ta!芋，

A mixture 01' preemer辜的ce herbîcides 
(diuron and alachlor) wa5 apphed 
immediatεly after planling in variabJe 
dosa喜'es according to so i1 texture (Ta起le
3兮兮iuron was used to control broa社leaf
W自ds and alachlor, grasses. Weedings 
were carne挂 out in accordance with the 
rainfall pattern of each region. Caτímagua 
was the only 別te wherεfertîlizers were 
used. lnsects attackingthe aerial portion of 
the plant and diseases were not controlle話
阻 order to determine the true potential of 
the promising varíetìes under the 
conditions fou咐。n the majority of 
cassava-gro泌的g farms 
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percentage was 25; 剖 Caícedona ， 20; and at 
CIA T , 34, Rejected varíetíes are replaced 
yearly wíth new ones beíng tested for the 
first tÎ的e. Thîs is a contìnuous, dynamic 
process ìn whìch excellence is- the crì結rìon

for selectíon 

2,0 kg diurùn 

了“ ble

亡海v

Each síte was vísítcd eí島以 II期的 to check 
the development of the trial, collect data 
an是 order the necessary weedings 

Results 

A悉了e草ards díseases , there was a severe 
outbreak of bacteriosís at Carímagua and a 
moderate outbreak at Media Luna, La 
Zapata and :çataima , Althou車h c1ean 
m剖erial was taken to aH sìtes, it ís 吐ifficult
to p甜vent contam賄的íon where the 
disease already exists 

2.5 hters aJaèhlo: 

2.0 htcrs Hlachlor 

The re∞mmendation ofvarieties in each 
country correspond鑫 10 the respective 
natìonal agency; however, CIA T an社 the
local age ney conduct a fíel社 day at harvest 
time to inform farmers about the results 
an這 let them 悅leet thεvarieties tha! best 
如it their needs , They 岔開 recelve see益 10
的ake their own evaluatíons. A 時喜ister is 
kept of tbe farmers and the places where 
the varieties are to be planted , So far, the 
criteria for selectin星 varíeties for the 
second or third year of tríal have been 
f1exib悅， dependin草闊別nly 也pon the zone 
and the behavìor of the controL At 
Rione車時， for example, !hose variet甜8that
outyielded the best re車ional one 忌y 50 
percent Were selected, At Media Luna , the 

2.01i1 t' f弓， 1治chlur‘伊

1.5 kg dîuron 

1.5 kg diu“,n 

1.0 kg dl位ron

S;it loa:了1

C1a\' ìo溢的

Sa泣è、

Superelongatíon disease was also found 
at Carìmagua , Phoma leaf spot deeimated 
the 品ajoríty of varíetíes at Daríén, which 
explains the low yiεlds obtaìned at this site 
(Table 32) , AIl !hree types of Cercospora 
were found at all sites, but C vìcosae was 

Princípal characteristiç益。f the promi 'iÎnfe Cà會組va varieties ptanled at the 1974~1肘奈何itOnaJ t rî-a!、rable J2 
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Difficu1t 

Moderate 
Dìfficuit 
Ea時
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1, 5(J* 
1.98 
2 曲

2.23 
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2.25 
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悶 Mex 23 
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仁MC-9 (M Col 1438) 
CMC-40 1M Col I 科科

Cv1C~76 (:-..1 Cul 150S, 
ιMC'-84(M Col151 月 1 5 
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r‘ lble B. Fre想hw叫ght 盔的相d dry m制驗r yieJd 純叫 halh叫耐帥攝制:Iili varieti軒 at nÎ財路ites in Colo個bia~ harnsf叫削 l' mo副拙

Rio r正cgro Media Luna Darien La Zapat這 仁的cedonia Nataima El Nus CI人T Carimagua 

EW. D.M F.W. D.M 手 W F. W D.M I.W 。 M F.W 口問 F.W D.M F 鳩f D.M F 三V

Trial varÎeti的

說 Mex 59 34.7* 20.5 28 ,7* 22J) 24 29.2* 30 .s 40 缸， 49.0 43.6* 44.0 14 ,6* 16 。 3可 1 35 。

CMC-1位咚咿 2巷，信* 21 略 29.3* 25.8 5 .3<1< 18.3 17.6 32.0 3笑? 45.3* 40 。 15J)'" 17.3 42.2* 42.3 

(MC X4制 2仇。*立。句: 17品* 15 已 4.0 26.6 29 .3 2/.1 可 19 11.告* 1納 1 26,0'" 1月 2 40 ,3* 這4.7 7.:\* 

CM(>76** 2β8"' 25.9 18.2 19 至 1.4 17.7 17 .5 32 .4 35.3 26.7 29.8 20.0* 24.9 3峙.0' J9.1 

M ('01113 22 ,9 16.4 J:L4 IO.H 2.5 多科.'\1* 43.9 老1.2 l~"2 2) 很 18 .5 15.6* 18.0 立在其* 29 ,0 1.6 

C悶C-9** 20.2 21 .4 餒。 7.8 0.1 20.7 2 1.2 24 -4 立起聽 17.7 16.7 7.8嘲 9.0 J L7 J I.9 

純 Cnt 22 19.8 17.4 22 .1* 24.0 。。 20.0 22./ 可1 ， 7 苟且起 34.5* 3啥 a尋 13.6* 18.2 39.尋* 4已勻 4.1 

問前州立3 14 月 12.0 11.8 12.6 1 日 35.6* 41 5 39.{'* 43.6 24.5 24 諒 4.5 耳。 34 .3* 36.3 5.R'" 

M Col 67] 25.1 * I 唔，。 10.5 10.8 32 怠.. 38 ,2 25.0 28 哀 4.7 

M Mex 55 12 的 X.I i 純抖 到1.1 2前將 31.4 

Regioßôtl varîetie先

('nlom l'Hana 15.7 12,0 

Torwlla Negrita 11 ," 濟 4

V這lwt"."、 "fl!""\'uJ hn II W，-;~!)J. ，'C甚"τ也i

Pro司肺、mv 1(' 月"諸nC1IC ，
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most frequent at Rionc草ro and Media 
Luna. 

As for in提前扒La Zapata was severely 
3ttacked by thrips、 which were also 
reported at Caicedonia、 although in 
smaller numbers 

ln relalÍon to dry matter、 there was a 
great deal of varíatioo, as c這位 be seen in 
Lable 33 , Taking into account only the 
four most outstan位的車 varieti嗨， ít C3n be 
seen that as fertilitv Încreases so 泣。es 位 rv
matter Cöntentτab!e 34) , It was 
ínteresting to fín述 that in 3reas of low soìl 
fertìlíty such as Medía Luna、 thcre were 
varìeties 50 eff比íent as CMC-84 (13 
percent morεdry m剖ter than M Mexîco 
59) , These data areespecíally ímportant for 
the starch and pellet日mg În益ust rÌes and 
shoul社 be taken into account in the final 
evaluation of varîeties 

The principal characteríslÍcs of the 
outsta治這mg pro血泊1l1g vanetles arc glven 
ín Table 32. Data on fresh weíght an這 dry
matter content are given in Table 33 , The 
島eneral average yield for the best regional 
va口的'es 剖 the níne 制tes in Colombia was 
]7,8 tons I ha , In comparison to the 
es!imated natíonal average (8 切問 I ha). 
there ïs a 挂ifference of 9 , 8 tons 1 ha , Results 
from thc agro-economÎc survey carried out 
on 300 Colombian cassava farms sug囂的t

that this difference lS 的t!'n greater 
Therefo丹、 the national average was 
surpassed 122 percent through such 鈍mple
a惡ronomlC practlc恥的 planting clean , 
treated seed; ìncorporatîng Ìnsecficides in 
the soíl al planting; and keeping the crop 
weed free , The best CIAτIICA hne 10 each 
re巷的n gave aD average yiel挂 of about 30 
tons I 惱 suggesting the 剖lOrmous yield 
potential through usin島 not only 
1的prove位， low-inpul technology but also 
împroved varieties 

Cultural practÎCes 

Plantin草 systems

A Irial to determine the effect of planting 
system (on ridges or on the l1at) on yield 
was carr時逞 。ut in collaboration with 
ca協ava growers from the 白嘉ion of 
Caicedon泣。 where the majority of farmers 
plant cassava on ridges. even on the slopεs。
The farmers do this to reduce root rot. 
which occurs when the soìl is very m01st 
Since some farmers had found th割的's

system produced fewer roots 1n 

comparison to planting on the f1at. a tríal 
was designed to determine whether this 
was true. The local variety Chiroza was 
used with a fixed population of 1白，000

plants I ha , Weed control was practiced; it 
was not necessary 10 apply either fertílízers 
or insectìcides 

Tabk 34 可Variation ín dty matter e酬ltent (peTì:~nta寵的 offour out被'ílnding 、 arit"ties、 according t。如te and soÎl 

fertìlitv. 

CMC-4ú C\IC而為

tv{ M(, x 59 (丸1 Col 14告訴} (M ('ol J5(3) ~\i1 Co: 22 

\kdla L垃結晶
1.0'"" \' P K te\ e!s. 19,) 24.9 "q ,O 29.0 

~ataima 

\1 ~dîutr. :\PK Jc\'e~s 33.0 2浮只 ,15 , 7 建立 9

Calcedonia 
High :'\'PK !e\ 世Is 40 .4 }h ,,\( 豆豆‘嗔 4、~

La Zapat品
Hìgh ~. 10現?在nd K lève:~ ,145 ~!.S 、倘有 其n.白
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rab]e 35: Yit'ld~. barvest ind間，阱，甜甜age of 開mm酬M 糊的 and 間增ht of 閥 mmerdal 閥的 for 伽
different pla:nt popul剖ions of the 祖riety Ch賀。za， laken at 340 d峙§
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notadv時able in a11 cases; soil texture must 
be taken into accoUnL On sandy S9i1, 
planting should be done on the flat; and on 
heaνy 5oi}s , ridg'εs shoul社 be used to avoid 

!hu !il i.~方 1"'((1 ~J r旬，恥、d"-ld ;\1 : .. uH:iùm 

Harvestin直 was done at 341 days 
Average yield on ridges w.s 2書，4 tonsl ha 
whereas on the nat it was 32 ,2 tons 白
Nevertheless, plantin草 c.ss.va on the flatis 
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Plantsi 11a 

Figun: :U.. Effect of planl pop叫atìon on fresb weíght yield of totlll number of roots from four different pla削
type .. 
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Between the 7,000 and I 久000 plant 
populatìon, there was a difference of 4,790 
kg I ha , significant at 5 percent with the 
Duncan test (Table 35). Neverthel的鈍， th的
higher weí直ht ís not profitable because as 
the populatíon increases , the percentage of 
com 部 ercial roots decreases. 
仁、onsequently， a population of 7,000 
plan話 I ha 時泌equate for the conditions in 
Caicedonia聖 where the roots are destine晶
for fresh consumptîon. 

the danger of rotting. Although yieJds are 
lower when cassava is planted on rid臣es ，
harvesting is easier. This 時 not evident in 
the case of Caicedonia because of the 
spe<:ÍaJ soíl conditions of Ihis region. When 
pJantin醋。n ridg!峙， an average of 1,070 
kg I rnan was harvesle益 durin囂 a seven
hour day, as compared 10 896 kg for the 
other system. In a simiJar trial 剖 CIA了， it 
wasfoun挂 that planting on ri吐ges reqUlre丘
12.6 tractor h時 I ha , whereas planting on 
the flat required only 8.4; therefore, the 
latter systern 話 recomrnended on 50i1s 
where rottin富的 not a serÎous rÌsk. 

In cassava, optimaJ plant population 
這epends upon the height of the variety. The 
fan-shaped trials have provided a great 
deal of ínformatíon, but further study is 
needed ín relation to the dìfferent plant 
types. 

Plant type ve詔us population 

τwo short an卓 two tall varieties with 
different branching habits were 揖lected.
Populations ranging from 2.500 10 尋0多000

Optirnal plant populations on ridges 

In order to determine the optimal plant 
popuJ鼠的n for the medium峭height variety 
Chìroza, a trial wa學社esigned using low and 
high populations in contrast to the 7,000 
pJants I ha comrnonly use挂 ìn the region 
Popu1ations ranging from 4，∞o to 17,000 
plants I ha were used. 

是
言
。
←

們禱ntsl ha 

Fìgure 36. E甜甜t 叫 plant populatio給 on fre 'iib weight yield of叩mm研討al roots from four dîfferent plant 句 p.，
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plant~、 i ha 法 ere used. The tnal wa主
harve況e昌 at 367 davs 

Fi泣 ure 35 sho\\ s the trend for total root 
pro吐泣ctlon 、 that is‘ as plant populatíon 
l!1Creases. C{l:-;長&之 a production increases. 
This would be the idcal case for countries 
!ike 詰razil and Thailand 、 where cassa、 a 15 
pr廿C的學cd befoæ bein揖 markete止 ln the 
1974 !\nnual 設eport (physiology section) , 

population curvcs tende社 to descend 袋 Z
這位 000 plantsl ha. In thi, case、 however.
thcse curves do not descend at this le、 el
because weedi ng w的這one onl)..- three tîmes 
and v、eed populations \.vere lower at hi在hcr
densities‘ whereas in the physiülogy trîals. 
\V eedìn惡 was done throughout the triaL 

10 dτca谷、毛 here cassava is consumed 
fre .s h. it îs necessary to fin社 an optimal 
plant populalÌon for comm訂cîal root 
production (root s- 100草er than 25 cm and 
more than 5 cm in d峭的eter). For the short 
νanet法院 and the tall 司 nonbranchíng 
vurieties , thîs was 10‘000 plants 1 ha: 
whercas for the tall , branchin皂、 ariety ， the 
optimaJ populatíon was 5,000 (Fi品 36)
Each 、 arÌ~ty P.1 ust be analyzed separately 
and cannot be compare卓嘎 as each has a 
這 ifflεrent genetic nature that deter扭扭es tts 
potentìal yieJd , lt was also found that as 
pJant populatíons íncrease, the number of 
\.veeds decreases. Branching varleties let 
lcss li在ht throu起h than nonbranchíng ones. 
thus exercísing bettcr weed controL 

SOILS 

At the beginning of 1974 varíous 
experiments were plante益的 the acid ,oils 
ín Carímagua (Llano5 OrientaJes) to study 
the responsεof cassava to fertilizatÌon and 
to 社e!:erm\ne the best agronomic practices 
for this type of 5oí!. A severe attack of CBB 
eliminated several experi揖闊的 and 
affecte挂 plant growth to a lesser extent 叩
others. In October‘ 1974 several 
已 xperimenb werè repeated in Tranquero. a 
few kiJometers from Carimagl峙; and thesε 
remamed free of CB當 until harve5t. The 

拷問序。

re:; i江 It5 of the T ran持uero and the least 
affccted Carimagua cxpenments are 
reported bdow. Except for the element(綜
under stud、 the tt的ls received a unîform 
f.rtìlizer apphcation of ! 12 ton lime i ha 
\.vitha 仁災約草 ratío of 10:1:100 kgNl haas 
ure比 100 kg P2Û sl ha as trìple super
phosphate; 200 kg K201 ha. half as KCI 
and halfa這在 2S04; and 10 kg Zn i ha as zíuc 
5ulfate The 、 arietv Llanera was used: all 
e.xperíments were harvested at 9 J 12 or 10 
months of age 

Fertilization 

PO悟ssium*

1n la5t year's report it was indîcated that 
k 拈 the element that 由 ost limits {糾結va
yields in many soils. The importance of K 
wasag恥n demonstrated in Carirnagua and 
Tranquero. as well as in Jamundí, on an 
aCl廿 but relatively hígh base-status soíl 
(1974 Annual Report , Table 26, p.91) 
Stu謹yíng the effect of three 50urces of 
KI KC I. KCl + S and K2S04) in Tran有uero ，
ít was found that 1' lan站 with the KCI 
treatments had severe yellowing oî bottom 
leaves. indicative of S deficíency, at three 
momhs of age while those with KCI + S and 
K::S04 applications re血ained green an社
showed better plant 雇rowth. Sulfur coηtent 
of Jeaves , av廷γaged over three levels of 
applicatìon‘ was 0.29‘ 0.30 and 0 .37 
percent for K Cl, K CI + S an益芷 2話。4
treatments , respectively , The S contents 
、.ere above the 0.2-0.25 percent !eve l. given 
as the critka1s content for most crops; but 
cassava may have an unusually high S 
re月制rement as it was the only crop 
showin島 dear S-defìcîency symptoms in 
Carímagua 

Figure 37 shows the yield response to K 
applicatíons in Jarnundi andτranquero 
In Jamundi there was a sìgnîficant 
response to the application of 120 kg 
K2Û 1 闕， but no s恥íf臨誠 d馳rences
werεobserve廿 between 在CI and K 2S04.ln 

*' 'J hl:- and thc nexr t為 o exptnm-:Oh werc pa r! ()f 11 

Ph [ì !t世在!" rîÜJ~i.:t 



Llanos soils (4.0-4.5 ppm) , Y賠lds in 忌。th

trials were hi車h. pa閃閃ularly for the 
Llanos，、"here a yiel世 of just under 20 
IOns I ha was obtained 

Jamun啦
←一

A complete factorial triaJ of three levels 
of N by three leveb of K was es怯blìshe位 in
Tranquero to study the interaction ofthese 
important plant nutr時nts ， There was no 
response to N in the absence of K. but there 
was a strong p。但live response 10 K in thε 
absence of N (Fig. 3紛 Cassava yíel丑s with 
no N and 300 革的 were nearly do的le
those obtained with no K and 2∞ N.ln the 
presence of K there was a positive response 
to the application of 100 kg 1\ I ha bu川
subsequent negatíve response to 200 kg. \n 
the p玄esence of "N there was a strong 
positive response to the applìcatíon of 150 
均 K糾 ha (as KCI). but there was 如
additional yiel社 increase with 300 kg 
K 2Û 1 泓

了可鬼K interaction KC'l 

KtSO‘ 
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K applicatio拉開g K2口1 1>叫

Jt appears that K is the main element 
limiting y時Ids. bm once the K 閃qUlrement
is satisfied , plants respond to a 即oderate
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Fígu付 37 ， 1這回;ponse ofc酷臨個問 the application 
of 輯、leraf le時Is and 棉師開會。r 1正 ín Jamundi and 
Tran單Jero; harvesi at lO Jlnd 9 112 montbs, 
g的脾ctjvelv.

T ranquero cassava showed a large 
re這ponse to applícations of 120 k草 K2Û 1 ha 
as KCI and 240 kg K20i ha as KCl + S or 
K 2S0 4. The ne喜atlve respon閥臼 high KCI 
applications could be due to a hi約 leaf
NIS 時tio of 17.2, as co目pare這 to 15.1 an社
俗.8 for comparable KCl + S and K 2S0. 
treatments. ln oth肘 crops N I S ratios ovcr 
15 are generally indícative of S deficiency. 
Also, the high chlorideapplication reduced 
the uptake of到lfate by anion competition , 
intensifying the S deficíency even more. A 
吐írect tOJ<icíty of the chloride anion (as 
observed in p的atoes) 時 also a possible 
explanatíon since the high KCl treatment 
had a chloride content of 0 .1 1 percent in 
the roots as compared to 0.09 percent [or 
KCI .. S an社 0.0位 percent for K2S04 
treatments. The Jack of significant 
differences between K sour阻s in Jamundí 
was 胎ainly due 10 a lack of S respo泊嗨，
which is 兔iue to the higher S slatus of these 
vokanìc吐sh inf1 uenced soils (7.8 ppm 
available sulfate S) compared with the 

.1-:必



but nol 100 high application of N 
lnformatìon ìn lìterature ìndicating that 
high N applications increase leaf g頁。wth
bUI decrease root growtb was not 
corroborated in th站 experiment since leaf 
area as well as yiel社 were depressed by high 
N applications in the presence of K. Root 
dry 'matter production was hi喜hly
corr斜斜e吐收攏。.97) 則th total dry matter 
production 

Although yields increased , K 
fertilization reduced tbe N content and 
thus the protein content of rools 
si單位ífícantJy; nevertheless , protein 
yieJd 1 ha was increased. The applic的。nof
K reduce益 the M草 content of leaf bla社es
and petioles, possibly inducín喜扎4草
屋eficìency ， resulting in a yiel挂 reduction
Wilh the h敏 K treatments 

級agn的iu臨

Since cassava plants grown in 
Carima喜ua 皂白leral1y have a very low 扎19

content in the leaves, a trial was establìshed 
to determine tI甘 significance of M島
fertìlization, usíng two sources and five 
leve!s of M草 Fi囂ure 39 shows that cassava 
y泌ds can be increased by 10 tons 1 ha, 
applying 50 kgl ha of Mg as M揖S04.
Higher !evels of MgS04 were delriment剖，
possibly due 10 induced Ca deficiency. Ca 
levels in pet的les 剖 3112點onlhsdec闊的“

總

A 

-A 
V 

M 
W 

2諸
位

>

from 2.95 組 1.38 percent by hígh MgS04 
applieations. MgS04 was a more effective 
source than M墓。 because of its hi草her
solubilíty and the presence of sulfate, 
whích apparently is essentìal for oplimum 
cassava pro桂uction in these soils. The yiel泣
。f泌的啦!悅，如 h啥hest obtained 10 da扭
in the L1anos, is very promísíng in vìew of 
the fact that ít was achíεved afler 9 112 
months 

Li鵬e x minor eleme輔 interactions

Durin車 a previous evaluat的n 1t was 
observed th剖 móst cassava cultivars 
produced hi喜hest yield粵、Nith applicatíons 
of 112 or 2 tons 1 ha of lime but showed a 
81roηg negative response to hí在her lime 
applications. At the 6 tor叭 ha Iime le咐，
many varietîes showed甜vere chlorosis and 
deformation of the growi乘車 points， which 
was attríbuted to a possible 垂eficiency of 
minor elements. 丸Ithou軍h the problem 
was thougbt to be due mainly to Zn 
deficiency, an experiment was planted to 
slU吐y the ínleraction of lime with all minor 
elements except Fe, which is abundant 阻
these sOI話. Within main plots with 
appl閥tions of 0, 112, 2 and 6 tons 1 ha of 
lime, subplots of minor elements (added 
individually and in complete combinat峙錄)
v .. 'ere 扭扭blished 、

The effect of liming on pH an譜 AI has 
k閃閃ported be詢問 (1事73 Annual 
Repo說， p.211). The Chiro臨 varíety used 
was intermediately affected by CBB; the 
a1tack was less severe 駐 high levels ofli臨z

applicat姆拉. During the entire 車rowth
cyc1e, plants did oot show deficíency 
symptoms, and there appeared to be a 
positive response to the application of 2 
and 6 tons 1 ha of Iime. 

75 
Fo!iar analyses at two months (F培﹒ 40)

100 in益icated that without Zn appHcations the 

Mg applicatjoll (k嘉措glha)

F弩之jre 39. I這esponse of 帥S揖nto咽甜甜Ilé\'els of 
applîed ma麓neslum us論g tWQ dífferent Mg souTtes In 
Tr間quero; 抽H輔嘗到 9 112 months. 

>>.52 

Zn content decreased from 72 to 38 ppm 
with the appli叫tion of 6 峙的 lì鞘elha
With applicatio削 of20 均 Znl 綴， Ihe Zn 
content decreased from 212 to 71 pp臨. As 
compared to other varieties, Chirosa had a 
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Figure 42. R的p-oo~ of 閥割a惜 to minor eJe:ment 
appl糊糊ns 越t a. lime level Qf6 tons! ha卸 Carimagua:

harvest at ten months 

Ltme applîcation (tom:: h的

positively up to 6 tons lime I ha.τhìs was 
the onlv minor element !reatmen! wíthout 
a yield 時duction at the high lime level 
τht拍電 the ne草ative response of cassava to 
even moderate lime app1ications‘ nol 
observed in any olher crop studied, is due 
to induced Zn deficiency , 10 which cassava 
時 apparently very susceptible. Fi草ure 42 
shows the yield response to a11 minor 
elements at the 6 tonsl ha lime level , 
m挂icating the relatìve importance of Zn 
and, to a lesser extent, Cu and Mn. At the 
lower lime levels, the response to mìnoT 
e1ements was 前na11er、

hgure 40. The effect of 誼冊e applkadon on the 
zinc 閉眼tent 甜甜§輯、a leav時叫甜甜d without 軸心

applíed zinc. 

high Zn eontent; but without Zn 
applications ils Zn content (38 ppm) was 
deficienl although il was not lowenough to 
produce deficiency 5y甜ptoms， which 
單位lera11y appear below 20 ppm. 

Figure 41 shows yield 時sponses to hme 
applícations wìth and without added Zn. It 
悠c1ear that without Zn there is a negative 
response 如 the hí草h lime applìcation 
whereas 科'ith Zn the variety responded 

l'iutrìent eontent of plant parts 

Table 36 shows the nutrìent contents of 
leaf blades, petioles and roots at various 
b闊的 during the growth cycle.τhese 
nutrient contents correspond to near 
maximum yields tn Carìma暮之la; they give 
an indìcatìon of what may be considered to 
be “ nor符雄1" nutrien! conten!s although 
these may vary to some degree according to 
soils, varieties, climatic conditions an挂
fertiHzation, 
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N, P an挂 S contents were higher ín the 
leaf blades than ín the petioles while levels 
of K, Ca and Mg were much hì露her in the 
petioles. The petioles also showed a wi益er

B-會3

1 、me applìcation (tons! na) 

Figur也 41. 1這蟬pons.e of εassava to Ume 
呻p!ícatio師叫枷 and without 績。jJ.applied linc În 
Carimagu到 harve級削 ten n這叫



fablc:< f, ~、 utrÎe削 content of旭f blades and p叫。1封閉 upper 時酬py and 1'0叫s at 、 ariou5 tlm.es duríng tbe 
U仰抽吋cle {)f 個喇H 拘捕 grown 鍋 Carímagua

Leaf blades 

、10nths 2 4 6 

\'(';\ 5 做) 4.90 s.()O 

P('iJ 0.2ì 。 25 。 25

;又打几 u;。 1.60 i 多。

Ca (~'fd OÆIO 。 60 。 70

.\1g(咚} 。 2 支 。 23 。 22

S f' () 。 17 。 34

ZniPpm) 科} 60 

ran且e for the 1alter group of e1ements and 
thus were more 捕dícatíve of theír nutríent 
叫atllS. Roots had a 的uch lower nutrient 
contenlthan eíther leaf bla寸的 or petíoles 
!\1ost elemental contents 社ecrease廿 slìghtly
during the growth cycle with the exception 
of Cà. Ca an社 Mg coments in Carima草ua
were low compared LO those on many other 
soils and may have resulted ìn relative!y 
high K conlents 

Economics of fertiUzation 

試!itho出 fertílizer applícation , cassava 
vields in the Llanos soils 3rt extremelv low 
(5-10 仰的 I ha). An ade向uate level of 
fertili7ation wou1d be the application of 
500 kg i ha of dolomitíc Iíme守 100k黨 NI ha 
as urea. band applìed at seedin在 and 60 
day比 100 kg P2Û 5i h丸 ba犯忌 applied as 
basic sla草 at 結edin草; 200 kg K2Û. ban註
applíed as KC l; 2主 kgl ha of e1emental 
sulfur 、誰nd two folíar applicatìons of Zn as 
2 percent zinc sulf.袋但已

At current fenîlizer and t路nsport eosts, 
this amounts to about $4,500 ín fertílizer 
and S 1.500 in transport costs Or a total of 
56,000 i ha. At c肘rent prices for cassava 
(草31 kg) , the cost offertilízatíon can be paid 
for by producíng an extr品 2 tons of 
cassava I ha , Wíth a pote削山間Id increase 
(due to fertilizatíon) of at least 15 to 20 

ß一長4

Petíole~ RoòtS-

弓 4 6 10 

1.60 150 1.40 。 50

íl l3 。 12 。 12 。 05

330 2 品。 2.20 0.80 

1.20 1.50 1-50 。。這

o 有? 0, 3U 。 41 O.os 

0.14 。 13 。 OS

t005 I ha. the applica lÌoo of fertilízers 
seems economícally justífie挂

A章ronomic practic的

Methods of fertilization 

Compa訂ng vanous rnethods of 
apphc剖Îon of a cor玄lplete fertilízer 
(broadcoast, band, circle and spot placed). 
it was found that broa益ca5t applications 
were entírely ineffectÍve ìn supplying 
nutríents to recently plante丘 cassava ，

inducing excessÎve weed growth only 
Amon話 the localized placemenl methods, 
SpOI placement eíther ío the stake hole or 
的 cm from the 泣a悅，品 well as the síngle仇
。r double-int盯rupted ban過 placement ，
looked 冊。叫 promising al the early grow出
現&革e ， At two months of ag弘 pla肘s had 
heígh峙。f 31 to 36 cm wíth localized 
ferti1izatíon , as compared with 19 and 20 
cm for the broadcast an社 check plots、
respectively 

Time and method of seedìn富

In are_as with a pronounced 益咚r season, lt 
i8 impoγtantω 苦的ermine the best tìme of 
see寸m在 in relation to the dry season 
Monthly seedings were carríc益 out
bctween October an往 Jur呵， when the trial 
had to be 村rminated because of CBB. In 



rah:t' ，<吟、 ieJd如“r"始a可 ap旭nted in Carima~ua al 
惘。Oìhl~ 帥妞fVals 00 ridges or on the nat: 
harvest a1 ten month筠

Y:elè (10汙~: ha) 
、，l\)nth of 
planrin手 Ri己也甘 Pat 

OçtühcI 8 可 l i 認!

\'"止mbc: 許 6" 17 早

!xc\':mne~ 12 ,U 1"' ,,1 

JanU:I;'\ * 17 ,7 ?品 4

← ehmar\ 鼎 lð.9 2(L2 

\hn.:h* 14.5 ì 2 K 

代pr:\ ".0 , 

、1." 105 9.1 

J~;n ，，: 12 誰 !ì. 7 

。 "月的甘甜、rn g.a::，>n剖，肘，時

•• ，盼、ι\ ， e ，(j Óll<c H Jamdg企 b、 P' I"、

Carimagua Ihe dry 將~ason extends from 
December to March. with highest 
precipitation in June and July. The 
January , February and March seedin惡s
receîved 0肘 irrîgation at time of seeding 
SlDce soils m帥sture was entirely 
inadequate for 主ermínatìon

Best yields were obtained by seedîng one 
to three 即onths before the onset of the dry 
season or durín草 the dry 5ea50n when 

IrngatJon 、，-'as r l)s~ible ， LOWöl yicl社s were 
obtained seedin器 two to threc mOfìths 
before the \\et峙的 months when high 
rainfall coincides \\nh a period of high 
plant susceplibility to disease，、 and root 
fürm叫ion coincîdes \1. ith a period of 這011
moìsture stress , Set~ding on ri拉辜的 was 
better during the 玩 et season plantings 
whereas seeding on the f1at was better 
durin惡 the dry 5ea坊on planl的gs (Table 37) 

WF:ED CONTROL 

In the agro-economic .':i urvey conducted 
la51 ye訂可 bracken fern (Pteridiwn 
aquilínum) was found 10 be an iml'ortanl 
weed in sevcral caS::iava噶rowm惡 reglOns
None of the berbicides recommended for 
cassava give ef1εctive control of thls 
rhi哀。m的ous weed. A法 a po吋的nergeηce

herbicìde, asulam 15 reportcd to control 
bracken fern ‘ a tríal was cond ucted 10 
determme its selectivitv ïn two cassava 
vane軒的 Applicatíons of 2 and 4 kg I ha 
were made over the top of 必-day-old

cassa va or to the lowεr half of the plant5 

fhc oveHhe-top application eaused 
sevcre inüial ïnjury to both varietìes at the 
high rate but only 10 M Colomb臨 137 at 
the Jow rate (TabJε38). There wa5 partial 
recovery from the initial effects when the 
entire pìant was treated. Sprayin草 the

fab!e J8. Toleran l'e of two cas油 va vandi的 10 ~帥"臨甘genc~ appH值針。ns Qf 倒叫繼臨

Asulamτate 

一『
4 

2 

4 

4 

Ch考c-k

P治rt of pJant treated 

Lo玖er halí 

En訂閱

Lβ法 e:' ha!f 

Endn: 

零三.，叫訓、t;JIt油hcre íì = r.o ;:1J"宮、"寵 n)p kll!eJ 

U 1)'、 . ..，=也狗血紅叩恥呀?你提

Injury rating* 

\1 CoJ 137 \1 PJn 的

30 DAA*'" 制) DAA JO 日AA óo DAA 

1.0 12 。 8 1 月

0;,-' 3.5 、 1 、。
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Hlghly selective: 

THble 39_ SummarJ ()f 曲ree ye.ars' re電earch on 甜lecthe he時kìdes 抽 '"S抽珊，

Marglnally selectlve' Nonselective4 

alachlor 
oenth lOcarb 

butvlate 
chloTbromuron 
Cl PC + napta!am 
dîuron 

biftnox 
butach,OI 

chlorømben 
cvanaLn(' 
dinitramîne 
D九 BP

DPX令自774

f1uorodtfcn 
F排 C.25211

H-222J4 

fluomcturon 
!inufQ n 

ametr\'n 
amitroic (postf 
atraLJr.ε 

bentaLOn (post} 
bromacì! 
dalapor: (post) 
DNB? ípos t) 
口PX-l 108 (púst) 
。PX-3674

methabenzithiu7UTon 
metribuzin 
ox誌d:azon

:τ。5914

mcth:.uo:e 
napropam-ide 
n1tra!tn 
nitmten 

hner 
間
尚

b
m

址

m
A
I
S
訓

a
u
a
k

中
眩

間
的
朋
叫
蕊
此

cerr-npppsu 

EPTC 
glyphosate {posl) 
karbutüate 
MSMA (pos t) 
paraquat (pos t) 
pro:net :,yn 
tebuthíurn t\ 

terbu!ryn 
2. 4-D !p肘。
vernúlate 

, AI: h~rb:'-'ld(‘叩抑制的 P'叩;ant ln的rpO !'a 1仰。τprfemerg~l1l:';"闊別別時;~ I:I1,e\s 01iWf"附閃閃。

No ，，'tjU叭 b C!心ιae\J;，n a:h心， 1HtlωI Ìle norftlal rale 
, f\.'û ;rll'..fI 4! 流 C 屑 ('rl:l~!均 le ~I，!t 認衍。“ τI1jury 到 dUJblc and <;ua,h.:pk rQte; 
主 Srf! C惱，句w、科"叫惚惚，“omrt1\:lld:d 泊的

, P('~te r1f!ge~~、 1，<;UllT'_~nh "、en: ap l'lierl 0v~r t !1~ lop ，，1'毛CJng 玲玲的;;l l' lanh

lowe l' half cause這 only sli草包 înjury at 
either rate. Therefore. wher;εbracken rern 
is a serious problem. directed applications 
of asulam should be tested 部 a possíble 
control mea還ure

As a condu肘。n to the intensìve 
herbîcide sC l'eening activities in cassava 
which began ín 1972, a large selectívíty tríal 
was carried ot比 The recommended rate 
and four tirr隨s this ratεwere applíed 
preen祖rgence in a medìum側記盯ured 50il 叩
the variety :VI Colombia 113 , lnjury 
ob甜rvatìons were taken durìng the fírst 
詢問e months , and folíage and root vields 

自學6

W軒e taken ten months after plantíng 
話ase益。n these and all prevíous trials, a 
summary of the rela lÍve 提lectivity of 
herbici社es in cassava js presented in Table 
39 

Twenty司three co甜pounds were found to 
be highly selective , These products applied 
sìngly or in combination would provîde 
effectíve treatments for nearly all weed 
species common]y found in cassava
growing regíons , In addition, the 
marginally selectíve compounds could also 
be recommended under most conditions if 
applíed correetly 
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Be磁 production systems 
HI{;HLlGHTS IN I會75

The Bean P刊E間m contlflue接 to develop and consolidate in 1975, its second full year of 
op盯泣的仇， Priori泛的 established after an in -depth analysis of bean production problems 
in Latín Amerìca empha訓間: germplasm characterization and supply to national 
programs; assistance ìn docu血entatíon an社 training for LatÎn American scíentíst~; and 
development of bean production systems which minimize the need for costly fertilizers 
訊社 chemicals ， Staff appointments in physiology and sy仗的ns agronomy have allowed 
conSI桂erable progress 捕 these areas in 1975 , Fo l1owing are some major highli草h站 for the 
year 

In the first full year of bean hybridization，且5 parents were used ìn an intensive crossing 
program , A total of 斗， 530 pollinizations representing 1 ， 266 廿ifferent hYbridizations were 
made, with 35,400 F 1 and F 2 prO單位'Y 缸el社 teste通

Hi惡h experimental y時Ids were obtained in both bush and c1 imbing beans, giving 
prOllU摺 of farm yields previously thou自ht to be unobtainable in th描 species. In bush 
beans , the maximum yield ìn rep1icated plots was 4,26 tons I ha; ìn c1imbin草 heans under 
臨onoculture ， yields consistently ran在e挂 between 4.5 and 55 tons I ha 

~ Varietal trials for bush beans continued in 1975, and high yields were again commo泣
Scientists atten社 Íng the Bean Breeding and Germplasm Workshop helped 這evelop and 
approved plans to establ指h an international series of variety trials in 1976 

Nitrogen flxation studies al Popayán showed rates offixation 日milar to those reported 
for soybean , The ten vari叫Îes studie挂 fixe吐 an average of 25 kg N I ha OVer a 120-day 
period 

A n agro-econo問 ic study of major Colombian bean growing areas was carried out 
glvm草 important information on disease 闊的拉問ce and severity奄 production problems and 
seed stora草e and quality 

As part of íts new responsibility for coordinating L誠的 American bean research , lhe 
pro車站站。rganized conferences in 1975 to discuss bean breedin品華ermplasm and d時ease
problems , The Bean Advisory Commi1tee also met 10 review pr。在ram activítìes. Twenty‘ 

討x trame呵，的c1uding two PhO an挂 three MS can社ldates， receive丘 trainìn旱 at CIAT 

There were additìona l1y so如e changes in research emphasis withìn the program 
Germplasm evaluatìon played a les s.er role than ìn previous years. while work with 
clímbing beans and maize-bean assoclatìon s. receÎved more emphas. is.. Work on spíder 
mites-~previously throught to be of major i品portance ìn Latin A merica --~ was replaced 
by studies on the Tarsomenis mite 

, , 、，
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ECONOMICS 

An analysis of bean production 
processes in four regions of Colombia was 
begun in 1974 (1974 Annual Report). The 
primary purpose of the analysis is to 
provide details of the bean production 
process that will be useful for establishing 
priorities in agricultural rcsearch and 
public policy. The data collection for three 
regions, or dep.訂tamentos，. was com-
1吼叫“ in 1975 and is being analyzed. While 
S何時 ofthe 阻sults presented here are for 
all fo凶 regions， the discussion emphasizes 
the Valle 悶'gion -for which the data 
analysis 時 most advanced 

A章ronomic factors of bean production in 
Colombia 

Tech泊。logy levels and bean yields 

The 177 farmers surveyed are located as 
follows: Valle. 31; Huil惚， 105; Antioqu晦，

22 and Nariño, 19. Beans are usually grown 
削 a monocrop in the Valle region, while in 
Hui尬， Antioquia and Nariño, they are 
predominantly grown with maize. In 
H uil., some area is .Iso planted to beans 
alone. Other cropping systems include 
potatoes, peas or peanuts.τable 1 shows 
the farrn size, use of modern technology 
and yields for the four regions. Valle is 
characterized by relatìvely large co自由盯
ci邊1 fa持制變 extensive use of mo通em
technolo斂，的onocroppm草 an挂起latively

high bean yìeI社s. Narì益。， on other hand, 
consists 關inly of 5n鳴11 far電話， wìth very 
li閑話ed use of modern technolo器y~ mixed 
croppìng and 時latively low bean yields. In 
Valle yíelds on small farms 嗎lere only 
slight1y more than half the yields on large 
farrns. Table 2 shows that even within Qne 
re草IOn，、Nide differences exist among 
croppm車 systems and technology levels 
em l'loyed for bean production. 
Dìfferences arc particularly marked in the 
use of ìrrigation. certified seed, herbicides, 
credit and technìcal assìstance. 

• A d叩盯岫men峙的 a pol泌ical sub~divisio l1 sÎm Îlar These findíngs would indicate that 
to a state or provincc. research efforts to expand and improve 

C-3 



1 油te L Char;H'terist醋。l b<削 produeti扭扭 f叫r rtgion惱。fCo)ombia.

V諱lIe H扭扭

Avera在é farm size (h的 48.0 25.2 

Area in 海ean早(挂在) 22.6 5.9 

Percenla喜e of farms using: 

Irr;莘atwn 45 3 

Cert:fied seed 52 ? 

Ferti!ilcrs 9是 24 

Herhicides 33 Q 

Insectìcìd軒 87 23 

Fun學Ic:des 97 10 
亡時Ò Iì 87 53 

1 齡hnic圳的sìstance 71 30 

Mixed croppm鼻 。 74 

\1achínery l掰 <14 

加削 yield (kgl 站) 906 683 

Bean equÎvalent yíeJd ~kglhaì 開6 位4旱，

• n a，=扭ÜI ,1> ,,!lJbte 

t\ntifi4.uia NarÍJ品。
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1 able 2. Select叫 characters for bean production farms of three 臨揖詛 Valle

r發rm $lZe 

small medium large 

Avc問ge fan許 size fha) 2.8 2 1.0 11多。 心

Area ín he真的 (ha) 2.4 17.0 是75

Percentage of faml早日囂的鑫;

lrrigatíòn 18 44 71 

〈了erufied seed 18 22 。4

Fertilizers 9Q 100 100 

In 5QJl 40 f地
。這

On lcave甚 。。 78 100 

Herbicldes 20 33 45 

Insecticides 91 7思 91 

(aþplied by:) 

airplane 。 22 64 

trac lOr 。 22 ' 亨?

backpack sþrayer 100 容9 卷毛

Fun且正ídes 100 100 100 

C間dit 73 89 1前3

Technkal a峙的tance 27 89 11時

\1 ixcd cropping 。 。 。
Mcchani/3tjün 10C t 版) 100 

Bean yÎeld (k容 ;h挂} 683 896 1,1 18 
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productivity must consider the specific 
production system and region toward 
which the efforts are focused. New 
t甜hnology for lar草.e-scale monocropping 
islikely 10 be adopted rapidly by the larger, 
more pro草ressíve farmers characterized by 
the Valle re草;on. Special effo口s may be 
船“綠 to design and diffuse technolo草y 10 
benefit small farmers typical ofNariño and 
Antioquia. 

Dìseases and insecls 

Angular leaf spot, rust and bacterial 
blight were common 捕 all regions. Other 
diseases were important for some but not 
all the regions (Table 3). The yield ímpact 
of some of these dìseases is discussed in a 
later sectìon 

A large number of 的問'ct speclcs were 
found 賠 the bean fields uηder observation 
wíth Empoast:a and thrip. among those 
most frequently found. The percenta草e of 
farms affected by each insect species 
differed 鑫時atlyamong 阿拉ion. (Table 4) 

Soils 

了。 ass時t in understanding fertilizer u摺
and yietd試 5oi) samples were co l1ected on 
each farm of the survey. These samples a r< 
beìn喜 analyzed for 軒在amc matter, p討 an謹
levels of calcium , ma島位的ium， phosphorus 
and potassiuπL 

Planl population and se.d 10明

The average plant population 30 通ays
after planting was estimated to be 387,000 
plants 1 ì祖 in Valle. Planl popul剖lOn per 
hectare tended to be hi草her on large farms. 
A considerable loss of .自d or see社lings
occurred during I.he first 30 days after 
planting. Establishment losses of50and 32 
percent were foun泣。n sma l1 and large 
farms , respectively. The causes of such 
large 10.阻s are being studied. 

Using product的n function analysis and 
with curre就 seed prices at US $7001 t間，
the optimum plant population was es
timated 叫“9，主00 plantsl 恤， and 揖ax-

T ahìe 3. Percentage ofbean fl盯rns in four regìonsofCo扭mbìawhεredi親制es were obsen:ed during eìther of 
two visits 

Region 

Va lJc: HuHa~ Antioqu自主 !'Jarìño毛

V isits: 11 Il 1I 1I 

Angular leaf spot 74 lOO JO 78 91 91 32 79 
Rust 9是 94 。3 71 41 至 8 26 16 
Bacterial blight 55 起4 40 7ì 。 。 53 79 
Gray spot♀ G 3 44 63 68 自2 63 53 
魚缸inracnose Q 。 5ü 51 86 100 37 42 
FJowery 在pots 。 G II 72 73 后4 10 47 
Powderv mildew O 。 。 28 50 68 。 。
Vim島 10 19 21 的

。 。 21 11 
Root rot 39 IJ 19 多 9 37 S 
Leaf spot 。 Q 21 II 14 9 ló 5 

c阿p 甜甜甜甜:在ι100 d<1 ys 抗日t 1, l(Þ Jl) da:r, after plantit唔.IL 紹給 day< a;t肘 plam:m j1

Cröf'借踹瞎話擅自Q20d的~_ Vlsit t J品如再la}'l> "f\tr piaotmg: [1. '1似地.;Ia}$ 揖íte: plantih事

Crop 叫a抽血 1 2lJ斗串起 d，抖. ViSH L 峙甜甜 d挂悶品fler r迫的早早電 11 ， 90，(叫 d的1 訓tN phmìÍ持農

Crop 將抖。n 帕且".你Y>. V udt l. J(I.-40 day, afler 1'2r!tíng; U，紛』咒1 d3}、叫tnp!a:山時
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Percenta:ge of beao fa:r攝S 抽 four regioos of Colombia wbe間§悶棍終W甘e ob$ervoo dur扭g甜berol
two visits. 

Table4 

、

Nari晶。AntiQquìa HUÎla V的1.

11 Il II 11 Visit家

。
。

。
。

。
。

。
。

4 
o 

14 
11 

O 
G 

IJ 
1) 

lnsec1s att.暐ing

時吋ling;私

CutWQrms 
Crickets 

3399569 36792 ?$383?0 36664 
4
6
G
A

嗎
?
o
o

-367 86984GO i3663 7925380 778833 6997824 378?41 6667760 
3982 

299i629 
3636 

Sucking 1攝甜恤

Apbìds 
Thrìps 
Stinkbug 們輯覓捕 sp.)

Empoa揖a 中 (adults)

(nymphs) 
Whitefly 
Gargaph關 'P

32 
5 

58 
47 

。
55 

。
6事

多?

30 
的

55 
42 
43 

26 
0 

L揖f 臨íoe開.

Agr叫羽yza sp.< 
Ur瞬間)za sp, 

Hc輔Ichalep輔 sp

a他O
O
O
A
O
Q
'

。
i 

050093 

ZJ 

5

的
o
o
o
o

-
4
鐘
，
《V
A
H
V
A
O
弓
ι

i1 
692407 
33 

36?902 
2i 

356332 1515 306936 i3 
Leaf fl牌dc問:

ES1igmene sp 
Trithopl越sia sp 
H“dylep1a sp 
Urbanus sp 
Spodoptera sp 
Chrysomelîdae 

6636 ilz 
A
M
V
A妙
的
u
w仇
υ

0093 -32 a
u
仇
"
V
A
H
v
n
v

oo28 135 OGOO 
M
竹
品
峙
。

oooo Pod daf號.嗯)01 語寫ects:

Heliothis sp 
Trìchoplu甜. sp 
M軒uca sp. , Epínotì盒帶

Diptero !lS 

。。59 82 。。O S'c臨borers-:

Mites 
T ettanychus sp 。。e 。48 16 。。

Labor use 

Figure 1 shows estimated labor use in 
bean pr。這uction in Valle by productíon 
actívíty and farm síze. Bean productíon ín 

imum production was esti血ate社 to be 
obtaíned al 總昏，6∞ plantsl 悔. 1 ncreasing 
the plant population to the economic 
optímum level at current seed prìees was 
estimate述如必d 14 kgl ha to yìelds 
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位 Small farms 
重鐵州開m farms 
亡了 Large fanns 

18 

16 

Jij 
14 

To值1

20 

10 

另
一
的
話
?
絡
圖
均
要

Harv臨tingPes.t and 
dis甜甜

co瓷缸。1

12 

Cultural 
practl帥益

壽nd weed 
control 

Fertilizatìon Plantîng 

10 

6 

4 

8 

z-EU?SE 

Figure 1. Labor 圓e in bea純 prod給您咎。n by activity ar站起rm stte, Valle j C"蛤鵬bia. 1975. 

cost of seed and planting accounts for 
about 25 percenl of lolal varìable costs, 
followe社 by disease an挂 pest control (20%) 
and land preparation (15%). A con
別derable C081 diffeTence w的 foundamong
8ize groups of farms. Total variable cosls 
on small farms were eslimate通知 be US 
$2331 ha an是 for lar草e farms, US $3281 ha 
The cost differentials among farm s盟ε
草roups were due pri血arily 10 the quanlity 
of fertilizers , insectìcide怒， herbicides and 
fungîcides applied, and to a lesser extent, 
10 differences in harvesting eosls caused by 
yield differences 

Ihe region 時 highly m脫hanized ， hence 
labor use 盟 low relatìve to other re揖lons
Weed control and 叫Itural practices 
accoun\ for about half of Ihe total labor 
use. The amount of labor U5e這 in the 
production proce扭扭削的er forsmallthan 
for large far悶s and 時 particula r!y
pronounced for weedin草 and cultu問i
practices because fewer small farmers use 
herbicídes. Labor use for pest and di5ease 
control al50 differs hecause lar草.e farmers 
use trac切的蛤 apply in甜:ChCl苦的 and

fungìcìdes while 8ma)) farmer. tend to use 
backpack sprayers. 

Table 6 shows estimated gr05s an控犯的
returns from bean production in Valle 
durin草 the survey period. As farm size 
increased , yìel血， 組組1 c05t5 and net 
returns increased. The benεfj( I cost ratio 
increased from 1. 15 for small farms to 1.45 
for lar草e farms. 

Eeonomie faclors of bean production in 
f了。lombia

ε-7 

Production co慈愛s and returns 

Table 5 shows estimated variable costs 
by production activìty and farm size. The 



τab!e5 配stimalt'd variable cosu ofbean pr!站幫“。n 00 three farm siz肘， Valle regio且.Colomb絲， 1974-75

smaH 

!CS$1 hal (r(} 

Land preparatiQn 33.87 14.5 
Seed and plantîng 67.57 29.0 
FertilÎzer a品d appliιauon 17.37 7.5 

lrrigatíon、 dralnage

Cultural practiccs and 
weed comrol 3怠。? 15.8 

的ísease and p的t control 3S.3J 16.5 

Harve~ting 15.83 6.8 
Othcr CQ5ts 23.23 9.9 

Total 232.87 2棋協

A pr。這uction function analysis was 
conducted to determine the optimum levels 
for v犯ríable cosls (excJu吐íng harvest閉塞
costs) and yields per unit of land*. lt was 
found lhat thc current level of variahle 
costs, (US $25 L77Iha)was 0φ1I品um for a 
product price of US $5331 ton. At the 
average price receive益 by farmers of US 

" Har可vc&t ing costs were excluded from 、iariable 1.'0位藍

ín the production funcüon analysis bec甜甜臨時 are

determined by the q削11Ìty prod臨時 and oot vice 
versa , Hence, sincc harvestin學 costs a時 fixed pçl 
unit of outpm in the re抄的實 these costs were 
紹說racted from 的e proouct price 圳的e margina! 
aoalvsls 

Farm size 

medium largc 

fUSS ha) 朽是) (VS$lha) (特)

46 主? 17.0 42.70 130 
。1.00 22、主 67.57 20.6 

22.93 8.3 24 .4β 7.4 

3.47 L3 5.57 1. 7 

30.63 11,2 泠冷 9.4 
57.50 21.0 74.23 22.6 
21.67 7.9 45.27 118 
30.47 11.1 37.80 11.5 

274.24 100.0 328. 2是 1悅。

事5501 t凹， net returns would be maxi閉眼C這
at a variable co泣。f ljS $2601 ha, which in 
return woul社 íncrease yields by 18 kgl ha 
and net returns by US $1. 271 ha 

Prîces 間的ived by the survey farmers 
ran單ed from US $400 to $720 1 ton. Atthe盟
prlC肘， net returns would be maxÌmized at 
variable costs of ljS $152 and CS 事3261 ha. 
respectively. Before plantin巷，問putable
private eompanies offered the farmers 
contracts with a guarante，社 price of ÜS 
$5在31 too. l.ess than one-fourth of the 
farmers accep說d such contracts. Ap
parently at the time of plantin囂. farmers 
expected fu扭扭 prìces for beans切 beequal

Table6 , E請ìmated 輯。nomìc rt1>uJ錯。fb峙的 production on th甜~ rann s-izes , V剖1，間斜"札 {'olomb祠， 1974w

75 

Farm size 

'1詰址Il medium large 

'{I巳 Id (kglha) 683 896 1.1 1移

VaJue of production (ÜS$ i haì 366 508 626 

Total costs {US草 1 ha) 317 352 432 

亢的 prufit (uS$1 ha) 49 15已 194 

B密結e!hlco5t ratio 一1.1 5 1.44 1.45 

(一8
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10 or greater than the contract price, and 
that th措 price would form the basis for 
dec臨的ns on mînimum levels of input use 
制ld variablc costs. AI the contract pri間，
the optimum variable costs were cs位mated
to be lJS $2771 ha. Hence, it may be 
concluded that the 甜押ey farl1lers invested 
sli草htly less than the optimum amou酷
whether the actual average or expected 
minimurn prices are considere吐。詞。wever ，
gìven the rìsk and uncertaìnty associated 
wìth bean yields and prìces, it appears that 
thεfarmers were as close to optimum 
investment levels 品 could possìbly be 
expecte忌，

8oure.s of yi.ld 1055的

A production function analysis was 
carried out 10 eslímate y時Id losses caused 
by sεlected factors. T able 7 shows the 
estimated y時ld 1055 from eìght factors 
assuming a totally affccted 101. Also shown 
is the percenta草e of the 扭扭I bean areR 
affccted an社 thc total IOS8 to the region 
A時ummg consta制 prìces， i.e. an ìnfinitely 
elastic demand弓 an吐 usmg avera囂e prtces 
持自ived by the su抖tey farmers (US 
$5501 ton}, the IOS8 to the region 吐ue to 
adverse 悶ìnfall conditions and lack of 
water contro1 was estim剖ε益 to have been 

almost US 草i立即illion for the crop cycle 
beginning in October種 1974: The 1088 
ca削弱 by rust was estimated at slightly Ie路
than this. The presence of bacterìal blight 
reduced average regìonal yield5 by 137 
kgl ha an，吐 total regional produc!íon by 
about 1 ，7(海峙的， Other importa賊心ctors
Iimiting y時Ids werc the presence of 
Empoasca and an辜ular leaf spot、 Certífied
seed was used on 5會 percent of the area 
τhe potential gain from usíng certìfìed see泣
。n the remainder of the 訂閱 w，時間tlma!.挂
to be US 草0.5 million. The potentíal gaíns 
from optìmizin草 variable costs and plant 
populatio酪 were quite sma l1 

The estimates presented ìn Table 7 are 
gross rather than net losses. To obtaìn net 
losses! costs and secon益ary benefíts 
削socJa te桂 with reducíng or eJiminating 
Josses need to be estìmated. F捕ally， the 
的timates in Table 4 should be interpreted 
制th caution becal主持 of theìr prelimin缸y
捕他re， the small number of observations 

* Sincc alm<則 all the black beans 伊oduced i的 Va.lIe

are exported and since the quan絨毛.y accounts lor a 
“naH pmportion of帕tal supplies ìn thc markets to 

\..herc 泣的 expor紹d. the assumption of 開finÎtel}

ela~tic demand is probably valid for the lî間 .1旦

consîdered here 

Table 7. E吋輛甜甜 2。每組5 ín bean pmduction r10m 扭扭cted fa前仰臥可~lalle regiún , C嚼。mb阻， 1974-7學

ε車1、 l。在日 in

totally 遲ff<仿ted Jot Area Es t. lo自"'， Valle 
affected 

Factor (kg!ha) {努戶 (今f) (kg! ha) (01) (tons) Value 
I\)S$I.ooO)' 

Adver里e rainfall 416 .1 1.5 42 175 16.2 立 168 1.192 
Rusl 斂。7 25 .. 1 主已 172 16.0 2, 130 1.1 71 
Bacterìal bhght TotaJ 100.0 12 137 J3 .f 1.697 933 
Empoa鞭鑄 315 25.8 35 110 Ill B 1.362 749 
Angular leaf spot 538 3ï.5 15 81 8.2 1.003 552 
Certified seed 186 17.0 41 76 7.7 941 517 
Variable co革ts f8 1. 9 223 123 
Plant populatioJl 14 1. 5 fïJ 95 

P軒ctr:拖拉 muet:l ()刊的(i(F.a~ed 缸"f3gf }-1C泊， 1 ，、 e'\lfl\~!"，d !ù弘 CLf;串的守 pat\lçulM fa"l軒r
Esfi品$!ed '<;(1;1);: ')i 阿g">na. j"略諧的描un: pric..., nf CS軒的1.甜點
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and the 時間re difficulty in 甜悶悶IÌng the 
effects of the various factors inl1uencin草
yields. 

BREEDlN(三

Hybridization p費。gram

Hybridizatíon among prom時間草甜lec欄
tío附 in the bean germplasm bank began in 
1974 using ten progenito閱(1974 Annual 
Report). In 1975實 the number of 
progemto時 was increased to 85 , widening 
the number of characteri甜的泌的話 sou草ht
and greatly accele賠ting the hybridizatíon 
prog扭曲. By October of this ye缸， 4,530 
pollínations representing 1 ，2岳6 different 
hybr絨服ations ha社 been completed. Dur
閻麗 this pro草ram. the 0、lera l! efficiency of 
polJmat lOn rose lrom the 3 1.5 percent 
reported last 只ar to more than 50 percent 
This is discussed more in the next seclÌon 

Two cycles of intensive crossings have 
been com pletedιFrom the original ten 
progenitor materials, 23 F 2 single erosses 
and 51 F 1 double cro時 populations were 
develope忌. These materials were field 
grown thís year and 27 bulked populations 

and more than 450 朗dívidual plant 
5e!自tions made. While it is p時mature 如
崎Ik of firm yiel謹 figures based on low 
den5ity plantings, two resuJts deserve 
comment. (1) P45會 prove桂 an excellent 
parent. AIl outstandin草 F 1 double cro時
間的盯íals include丑 this 提i間hon as a 
parent, as did eight of nine F 2 mass 
selections from single c玄oss郎平 。}。
Prelimi輪ry yield, in the double cross 
progeny werc, ín 草eneral ， considerably 
higher than in thosεfrom single crosses. 

Table 草 shows t絃hε par悶en啦t翰袋糾Ima削te盯n揖al誌sand
char悶ac討te盯削n昀s肘tÎc品ss鉗《οlU咚1憑惡ht誌t 泊 the second group 
G討f、 crosses. E 
tabl位ish已悶n草 base popul拉at紅ions which unit扭e益
謹i古ffere叮n則11 sources οf草e剖z泊lesforquan位tat lVe
Iy inherìtcd characteristics, i.e. rust 
resistanee , eommon bacterial blight 
reslst平nce and yield. Combinin草 simply
inherited features such as co!辦non mosaIC 
reslstance in prominent com位lercial

varieties îs also stre師ed. Further crossing 
and evaluation of hybrids will eontínue in 
1976 

The bean team as a who拾， aided by 
discussions at the breedin喜 workshop in 
Oetob討‘ devoted much time to公velop研l1:

Table 8, Brcedil海皂roups and cros.'i國削ade for genetic impro\'ement 回去 vuJgaris， CIAT , 1975。

Nú, of 
cros浴盆， Groups of dcsirahle factors und盯悅目的g

峙。 Sour且 S of tolera為ce (5) to c師說自on bacteríal blight (Xomhom在 nus p彪的帥的 anrl high yield 
p叫enrial

183 Sources of tolcrance (科 lo web blíght (Thanatephorus cucumeris) and high yield pöte剖泌i

143 So剖ces of r刮目tan臼(訂閱 CO間冊。n mosa!c vt間 s (Marmor pha， 時 lil. hîgh yield potential and 
comm肝cial varietle!> of Latin A的盯院&

118 S卸o

a叫i 9媳6 S帥r侃<e郎'0叫f 閃§岫"泌n肘c咕.(6科)掉吋吭 (Ur昀0111 已“τ甘'f!S ph加aseol約}吋) and h制2繪g妒hy叭Îeld pο3祕e 闆附l叫

13 Sou間es of resìstance 均 to yelJow mosaic and comr肘惚惚1 varietîes of Chile 

37 Sou問es of lolerance (2) to golden 甜(lsaic and commen:íal varieties oJ 付onduras

J I Sourccs 01'閃師姐則給(I} tO ángular leaf 叩叫( Isario{J 的 grismla) and high yie!d pote剖 ial

棉5 亡。mbînation of phy鈍。logic characters: latc flowerîng(3; , Înscn斜斜Jjty to phot<帶叫 iod(J)， 甜lbili時

in g:mwth }協 bît 0) and l1 igh yictd pote行 tial

C.l0 
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a methodology for improving and dis
tributing new lines of P. νulgaris. It would 
appear that in the short term , much can be 
achieved stressing simply inherited 
characters 5uch as resistance to common 
mosaic and anthracnose , and combining 
these into better commercial varieties. This 
should be achievable by single cross 
hybridization to incorporate disease 
resistance coupled to a backcross program 
to recover desirable seed characteristics 
Improving quantitatively inherited 
characteristics, for example tolerances to 
common bacterial blight, leafhoppers or 
golden mosaic virus, and incorporating 
these into high yield backgrounds will 
prove much more difficult. Recurrent 
selection procedures like those shown in 
Figure 2 for Empoasca seem highly 
appropriate. Here intermating and selfing 
would both be practiced, with siblines 
tested first of all for Empoasca tolerance 
(A-factor) and later on for yield (B-factor) 
Even here , individual disciplines will have 
to give high priority to developing screen
ing procedures which permit distinction of 
relatively small differences in resistance or 
yield levels 

Hybridization techniques 

As stated earli缸， pollination efficiency 
was only about 32 percent in 1974. To 
improve this rate , a study to evaluate 
crossing methodology was begun this year 
Crosses were made in a screenhouse 
without environmental control using P4 
and P5 as female and male paren阻，
respectively. Among the factors studied 
were: (1) use of p.4-chlorophenoxyacetic 
acid to prevent abscission of pollinated 
flowers; (2) pla間ment of wet cotton 
around the pollinated flowers; (3) time of 
pollination during the day; (4) removal of 
all flowers not to be pollinated; (5) the need 
for repollination; and (6) time of emascula
tìon relative to pollination 

The results are shown in Table 9. 
Maximum efficiency of 81 percent was 
achieved using the hormonal applications , 

making the crosses up to midday, 
pollinating only one flower per raceme, 
and removing all flowers not being 
pollinated. U sing the wet cotton around 
the flower increased f10wer abscission, as 
did any situation which permitted compet卜
tion for nutritients between the fertilized 
flower and other flowers on the plant. The 
non-slgm日cant increase in efficiency from 
repollinating does not appear to be prac
tical 

Inheritance studies 

Bean breeding trainees are directly 
participating in a series of studies to obtain 
information 00 the inheritance of main 
limiting production factors 

1 n rust resistance studies, two indepen
dent F 2 populations were evaluated in the 
field by the use of a local inoculum. The 
sources of resistance were PR -5 (P568) and 
Cacahuate 72 (P569). As shown in Table 
10, both studies indicated that resistance 
was dominant and simply inherited 

A genetic study of common bacterial 
blight tolerance was done in the 
greenhouse with the resistant line Tara 
(P567) and CIA T's C-6 inoculum. The 
average reaction of the foliage to the 
bacteria is shown in Table 10. The nature 
of the disease reaction was quantitatively 
inherited and showed additive gene effects 

GERMPLASM 

Evaluation and documentation of the 
CIA T holdings of P. vulgaris and related 
species continued in 1975. Major activities 
have been in four areas of work 

(1) The germplasm bank includes ap
proximately J ,800 accessions for which 
only very limited numbers of seeds were 
supplied. These materials have been 
planted in the screenhouse to minimize loss 
of individual accessions可 and will be field 
screened in 1976 
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Figure 2. Recurrent selection proc四s for genetic 且mprovement of P. vulgaris to obtain combinations among 
two polygenic factors from an initial 10-15 progenitors. CIAT. 1975. 
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rable 9 Effec1宮。f 糟開ral treatm輸給 ror incre間ng the 肘。制愕 etfici叩叮 În J哭叫/穹aris. CIAT, l 'i7學

Erficiency ~ean tempemtu悶 Mean rdτhum 

Treatmcnt {現} I"C) (:亞)

Hormon寺* 8 1.0 J I.O 54.5 

H ormone + wet cott仆詩 wool 7 1.0 30 。 53.6 

Wet cotton wool 62.() 29 是 52.4 

Ched 74.0 29.1 57 .4 

Single po lJination (with 

no comp剖Itton effe叫，) 63.3 24.6 9&.2 

Repollin在tion after 24 hr 台已 6 24.6 98.2 

Presen位記。f other 矢。瓏:cr芷

議t po !lination 40.0 24.0 98. 2 

Two polhnated flowers 

per 時間前t 旁聽 3 29.8 851 

Ema甚culatÎon and then pol-

lînation after 2尋 hr 3 1.4 25.3 96.1 

. p'吋hl"'o l'henox~a"etl(晶da

Table 10. lnherìtance studies of 穹制ìstancf' to rust. Uromyccs phaJeoii, and tolerance 10 CQ閣mon bacterial 
bligh舍• Xamhomona為 phaseoii. ìn P. vulgaris. CJAτ.1975. 

Oh草erved data Calculated (3: 1) 

Generation Re草 1St Susc ResÎsL Susc X' P 

R ust inherilunce 

P, (P459) 20 

P, (P569) 20 

Fi 4 

F可 12。 49 131 44 。 840 5{)-.3ll 

P, (阿制、 20 

Pz íP459) 20 

F, 4 

fJ 2 171 73 183 已} 3_147 10-.05 

自Iighl inh.:ritance 

口isease re，巷ction 九 o. 臼f
Generation 2 可 是 plants 

汽伊的9， 8 8 
P2 \P567} 8 8 
Fj 3 4 
EJ 2 33 3{S: 45 23 ;有9

拇 ean react !O n 10 

the diseasc 

制
開
叩
開
咒
H
H削

這

1
3
2

C-13 



T able ! J. Character鎔位的 d.1肘mined for P. νulgaris germplasm. ClAT. 

1. Days to e冊軒gcnce

2. Plant vÎgQr 
19, No. brancnes with pods. 

泌的ranch 削~Ic

36. Root rot~ 
37. CQmmon mOS:lK vir垃直

21. Seèd叫 p惱 3在 Goldcn mo臨時間ru草

22. See這 shape 39. Chlorotic moule vi.制

3. Hypö(;otyllcnglh 
這 Hypocoty! color 
S. Leaf size 23、純:ljm 間dω10' 40. Bactenal hlÎεh< 
6. LAI 2是 ?在econda時， 革時d ∞lor 41. Empo單幫揖

7. Effeçti、它 plarH hcight 25. Seed 學I fJ S草 42、 Apion 
8. Nooe numbcr at l10wering 26. S但d weíght 持 White fly 
9. I對 de numbcr at ma脂叫》 27. YJeldlpl控 nt 44. Red spider míte 

10. Dav ", to t10wer initiation 2K Harvesl indcx 的 T ropical mitcs 
46. Zabrot哲學11. Durntion nf 在owenng 29. Tota! drv maHer 

12. Flo、、/C'f cúlor 
13. Sensí\iv1ty to photoperîod 
i是 Gro\ltth habit 

30. Degree of lodging 
31. Yicld trial rankìng 

Resìstanee: to: 

47" Beun >wecvils 

O備研 characters:

4K Rhizob岫m efftc能益cy

! S. P~ant height 
32. Ru~t 

16. :如em wîdrh 
17. No , race的e~ per plant 
18. :-\0 pod食 per plant 

33. Artgular Icaf sp肘

49, Other referen研S. tú u(:(;e s.Sion 
50. M ixcd secd 

34. Web blig說 51. Clean seed 

35. Anthracoo>;e 
竺2. Specìes 

(2) In 1975 it was decided to increase the 
number of descrip仰r ter昂s use位 for the 
germ斜斜m collection from 26 to 52 , The 
complete list of descriptor terms is shown 
ín Table 1 L The additíonal data n時ded ís 
being collected ff(}m new fíeld plantíngs of 
2,000 accessions per semester. Data for the 
acc的slons ín now maìntaìned on tape司 and
is bein在 adapted f or use with both the 
EXI說 and SAS dat. retrieval and analysis 
b丸 stems

1 的k 12 切，泊tlo訕。f 叩ecifi時 cháfarteri泌的

among 2,216 ac-ce持姆餘~ Qf P. vtllgarí, 
e可nlluated )壘 f CIAT‘ 1975 

Da、芳 lo.:-ml..'rgc l1ce

H‘Iy~ (0 f! o\ltcrin穿

P[anl hd在ht

望牛 12 da、苓

29-72da、已
22 心 220 cm 

;也沒C們nö per p:lÌ nt I ~ 29 
Pod;; þ t.""r räcenw 5 
l'紗d\ per p[ant 3 - 47 
Secd ;, per pod 2 10 

給以 d wl:ight 12-5泛， 11掰叫 d，

St:cd 法 cì g:ht p(.:r p[anl I . Jì 怠

。泣、、 to ha刊℃喝 61 - 110 

[-14 

(3) To date more than 700 selections 
have heen made which show promtse in 
one or more attributes. A catalo惡ue
describing these promislng materials is 
being prepared and will be available early 
in 1976. In addition, the catalogue will 
describe the frequency and variation for 
partìcular characterìstics in the total 
germplasm collection , The ranges for 
certain characters are shown in Table 12 

(4) Thc 革:ermplasm bank i豆 continually
rec的ving and ,hipping soεd ， ln 1975, l , l05 
ncw accessions were receíved 、 principally
from Mexico and Central Am盯ica， whìle 
samples of 2，車32 accessions were forward
ed to other cenlers , 

PHYSIOLOGY 

Growth and development s電udi制

The varieties ICA Guali. Porrillo 
Sintético and PI 310740‘時presentlflg
plant types l. 11 and 1II, respectívcly, wcre 

美

、



and msects frúm protectlOn adequate 
diseases 

Key 車rowth parameters for Porrillo 
Sint訂ico are shúwn in Figures 3側是 4. Dry 
matter production reached a maxímum of 

analyze且 exhal描hvεIy in 1975 to better 
understan社民 νulgaris growth and 
development processes under tropical 
conditions , The experiments were con
ducted at Palmira at a densíty of 30 
pla既s I m' with furrow irrí草atìon an這

Lca.f area index 

?od w它是 II drli 
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FJower productíon ar豆豆 subsequent

deve!op血ent was mappe正! on repres甜，

tatî、 e plants of each variety as shown in 
Fígure 5, The pattern of "flower" 
(pods <: 3 的) aod “ pod" (=3 cm) 
abscìssion is summarÎzed ìn Table 13, I n 
the 社el位rminate varíety ICA Gua!í, wíth a 
研制Ímum ofeÎ草ht nodes 00 the maín slem 
at f10werin臣， 口。毛可v-ers borne dîrectly on 
nodes 7 and 在 all abscissed as díd flowers 
whích formed lale in the flowering process 
on 10wer branches , The same pattern of 
absclssîon w肘 evident in the indeterminate 

450 gl m' and declíoed as leaf fan 
accelerated after a ma制mum 藍白的1 Ieaf 
area of 3 ，0 的'1m久 Crop growth rate was 
virtually Hnear from 泌的。o days from 
S閻公ng wíth í10weríng occurríng at 38 days 
and physiological maturity 剖 about 80 
days , Node pr。這uclion contínued well ínto 
the flowering phase and reached a max“ 

imurn rate at preflowerîn息。f 18 ve草etative
nodes produced: m' I day , Pod abscìssíon , 
even un社er the exce l1ent 囂rowmg con~ 

ditions at CIAT, was ,evere during the 
be甜 deve10pment phase 
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Table 13. S叫翱瓷缸y of flowering 割草d pod 甜甜甜ion data for t融制 va.rieti輔 of p, vulga阱， CIAT， 197M

Variety 

Growth habît 

Total number of 罰。、.vcrs I plan\ 
Pods 3m.閥割d<3 cm 
Pods abscis 叫 >3cm
Mature pods I pl研 2

rod s剖 efftC給ncy (現)

Flowering period (days) 
Period (A) fúr fi時 t60態t10wers (d錢ys)

Pod 峭的f紹信ncy 血Jríng A (的
Per的d (器) for final40% flo Yters (da}'s) 
Pód 揖t efl后C 的ncy durin辜 B (哇}

varieties but in addition, abscissíon was 
evide肘。n main stem nodes produced after 
Ilowerin車 Pod 5et for a11 varieties was 
significantly hi草除玄 in the fi凹t-formed
Ilowers, the extreme case be捕草 Porrillo
Sintét品。 where Ilowers that forn時吐 durin草

the last 16 days produced no pods at a1L 
Clearly. flower an挂 pod abscission is an 
a時a nee丑聞草 major res叫rch e血ph心S時

h ICA 
Gualí PI 31074, 

111 

39 

13 

Porr詰10

s師發ttco

II 

39 
20 

31 
21 
司 9 5 

9 
469-OOOYO i3316 

?
是

7
0
0
7
6

id--7 

484647 2i3i 

Analysis of the 如ta1 soluble car
bohvd話te. ín the maín .tem is shown in 
Fígure 6. The pattern of carbohydrate 
storage was 說rongly relate垂 to growth 
habit wíth ICA Guali showin串 more than 
12 percent total earbohyd圳的 (starch pl偽
su車制~) durín草 the postllowerin草 ph都已封y
contrast. Trujillo 3 (a Type IV variety 
inclu是e是 in this ana1ysis) showed a relative-

15 P 
• JCA -Guali Type I 、

'!." 

人
A Porrîl1o Sintj缸iιo Type 11 
"PI 310140 Type III 
。 Truji諱。“3 Type IV 

10 
F Floweríng began 
P Significa刺t pod fillìng began 

何妒“ 稻。

E ω 的

位。e
F I 可rF 草t/ 、‘ 、b

;; 

11 時 25 32 37 4ó約 83 95 

Days after e用ergence

2午îgure 6. 1、otal mll扭蜘隱瞞舟。，hydnte 扭n加。翩翩'hod) in 10組r varieti捕。r P. vulgaris (Typ揖 I.IV) in 
何論就on to d時1:1 fro桶位鐘..，管制'e at CIAT (l975A). Jnitiation ofßu彎，你ing lInd significant pod 話11輛車 shown 10r 
組ch varie-ty. 
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Iy constant and very low carbohydrate 
level at all growth 5tages , Carbohydrates 
d站時a甜d rapidly in the determinate 
variety only when significant bean filling 
had commenced , It is unlikely that 
photosynthate 5tres5 per se is the direct 
血use of flower a說<1揖ion in thís variety. 

Sourte航線鵲anipulation

A 摺ries of experimen脂 with Porr泣10
Sint是tìco involving shadin車 (48% intercep
tìon); carbon dioxide fertilization, leaf 
thinning and photoperiodically induced 
extension of the preflowering phase, we悶
U揖社 to alter the development pattern for 
the diffe甜甜 growth sta草的 shown in 
Fi車ures 3 and 4 , Shadin革 (Table 14) 
r紛uced yields in the preflowering (心4 to 0 
day5 before flowering) and flowering (0 知
什4 挂ays) phases equally , Yield reduction 
during preflowerin島 Wa5 associated with 
reduced node density and a subsεquent 
decrease in the number of potentìal 
racemes , Sh擔心ng durín草 flowering díd not 
affect node production but was associated 
with a lower numb缸 of racemes. Y盟Idwas
not reduced by the postflowering令 14 to+ 
2誼通ays) treatment m吐icating th的
preflo、N"er n。這e production and pod set 
efficiency in the nowering phase were the 

main factors controllin惡 yield potentíal ín 
this crop-environment situation 

Leaf thinnín車 (τable 15) in the Jate愉
flowerin星 (+13 days from Ilowering) and 
bean fillin車 (+22 days) 戶口。“阿du間d
yields sígnificanl妙， but consìdering the 
話veríly of the t賠錢tm自1t， yield reductìon 
was not 皇reat. 10 this case, yield reduction 
was as紹ciated with lower mean bean 
welg悅， as would beexpected whena major 
proportion of the leaf system is removed 
during the period of active bean filling , 

Applyín草 carbon dioxìl性e to fíeld 
canopies 10 aller source sìnk balance has 
proved an exce lJent physiological tool ìo 
other crops , Prelimina勾結udies in which 
CO 2 was applied prellowerin草 increased
yields 19 pe扭扭t. This will be further 
studied ìn 1976 

When the photoperiod se粥itìve varìety 
Porrìllo Sìntétìco was grown at 
photoperiods 給ngm車 from 13-19 hours, 
flowering was delayed by up to 6 days wìth 
a consequent 71 percent yield ìncrease, to 
3,388 k車 I ha (Table 16), Thìs ìncreased 
yìeld was associated with a 26 percent 
閉口紛將 in node density I m2 at flowerin草
an社 a 58 percent ìncrease in final bean 

τahle 14. Effect叫彌ading (48% interteptîon) during three grow血s阻擊峙。n yield and Ilssodated p前ameters
of t 'Y. Porrillo Si緩緩ticQ， CIA T. 197學A，'

Growth stage 

Pre f10wering F!。可'ien給學
Patameter (咖 14to 的.* (0 to • 14) 

Grain yie1d 78.2 74, 3 
Total dr子 matter 79.7 79, 3 
H品rvest index 97.1 92.4 
說acemes I 啪2 80.4 ì8.0 
Pods i m1 81. 2 81.1 
B飽問 Ip叫 952 90! 
Bean weighl (mg! t玲在n) 99.5 99, 0 
N叫帥 1m' 79.0 98.0 
設aceOl的 1m2 &0,0 78 ,0 

.加ta 1.'\1'1芳在淵 ωpercelltage of 帥你站ded ct'則叫 rlot :nean eρ Il lfol yt~ld '"齡 2盯在 Im)íl4 l'忱的附加凹的
.• 0:1 da. {)多{i perlX"lll "f pWt"H泊 ha\-c a: le盔、 I O!le j] n臨 r

Postflowermg 
(+14to+2討

91.2 
93 , 7 
96.9 
88 .4 

10 1.2 

9逞。

96鳥多

92.0 
88 .4 

c “ 19 



了的於 15 日'fect ofleaf 由m剖開 at 愉ret' growth 訓呵冊。n yield and assocìated parameters ()f 肘. Porrillo 
S閥終tíç{) ， <:IAT . 

lJe益 n

ri前c ot 在法Id '\' (}. 01 發ean 恥 t fh:an \\ t 
Ihinnìng 咚 ~m") pods I m" Igjpod) !mglh扭扭 n)

Controì 274 (!咐l; 236 Ll 6 22~ (1教Jj

1);的。.， 222 (B !l 211 1 。有 去)5 (梅)

D,j\' 13 15:: 克 551 (74 。紅) 1~2 l ~Ol 
Da\ 主士為h lbl ó制 220 O.K2 172 í 75) 

+ 1\1<-.'" A 1;ωHl\v}-， ",Ih 'U 恥 JAC I叭，如只V 叫，.( J舍的 C ， 101' 甜的j!ruv. lh 、 32X

u 0，ι 山、iI :'0 ;'<'f，♂ n' ,,! plaηh Ì'，!ω 1<，，: ，;附 fl(l'.'~

... 1":,)'1 LLn巴山 l:t~lt. ，-， ;.:C ,.",J 的“

這e別的 per m心 TolaI dry maller pro廿 uc
tìon and bean size also increased , The rate 
of vegetativc node production duríng Ihe 
extra sîx days hefore 泣。weríng was 19 , 3 
衍。拉伯 Im'ld峙， 益 r日al扭e 剖叫nη沁3甘ila盯rt岫o】 t你ha試Ifοrt出h站C 

yη10圳r盯、m

The incrεas駝e吐 pod set a ppear恃slοbεdue to 
d ε cr防ea穹提ed ahs呵ClS間Slο n扎. particu larly on those 
no丑郎 (on maín slem and branehes) whích 
normaIIy wouid have been produeed after 
flowering. The results of three treatments 
applied during the pref10wεnr豆豆 phasc are 
刊m桶前技ed ín Tab!e 17. These 社ata

confirm the importance of increased nodε 
structure by the time noweríng com恥
mences. An increase in the length of the 
preflowering phasecould be the mo斜 rapìd
means to achievc improvemcnt 

Yield potential in a 萌ride range of 
genotypes 

Physiological data was taken 00 193 
且enotypes representl約旦 a Il four growth 
habits (Type lV varíeties supporte泣。n 2-
meter trellis). A correlation m削rlx show“ 

I';:tblç !ó Effc(t of pbQtoperiod conlro' of tht" preflowering pha學e on yield and other par剖u('ters or cv 

• 
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The posiHve correlations of node density 
with raceme dcnsity and bcan dcn剖tyand
thc nonsignificant relationship between 
no社c density and othcr pod characters夸 i.e
podsl racemc and bean numberl pod 
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ing the inter吉它lations of a widc range of 
characters is shown in Table 1 在 These
results arc furthcr evidence that nodc 
density (in this case measured at maturity) 
is the first 5e有宙的ial dcterminant of yield 
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, 
When yields of 2岳 varíeties were com

pared there was a strong 時lati就lship
betw聞n node densìty at flowerìng and 
bean yíeld (Fì島ure' 7). Only three bush 
varieties wíth h戀h node density 拉法 not
follow th時 trend ， In thísexperiment, yields 
were high with climbing beans producìn車
up 10 5 tonsl ba a給 bush beans 3 tons I ha 
Further studies with c1imbin在 beans ， either 
in monoculture or assocíated wïth m削話，
are reported on page C-53. 

suggest th肘 node numbers can be in勵
cre齡必 without negatìve compensations in 
otber yield components formed later in the 
sequence. The negative correlation 
between bean density and weìght (-0 .56) or 
p。這 density and hean yìeld per pod (一位必}
suggest tbat postflowerin車 photosynthate
limi協tíons could be 起mítíng yield potential 
ín those varíeties wíth hígh sìnk size種i.e.
pod den剖tyl 闊天

Pboloperiod iose制itivily

One hundre吐 seventy-three promìsing 
ac拇指ions from types 1, 11 and 111 were 
screened for photoperiod sensitivity in the 
first semester of 1975 usín露 ao ílluminatión 
system prevíously dεseríbed (1973 Annual 
Report). Thirly-nine percent were inse和
sltlve 如 the 18-hour photoperiod regíme ín 
the field al CIA T (Table 19)、 No corre)a
t10n 的 εvident between photoperiod 
response and growth habit or maturity 
辜roup. lnsensitìve varieties occuπ舍是問
each growth babít group and in materíal 
with a.wì是e range ín number of days 10 
flowering 

The strong posítive correlation of total 
dry matter with yield (0.9令 and the ralher 
poorer correlatíons wìth harvest in益的
were also apparent last year、 Inereased

no益e structure and leaf area obvíously lead 
to increased dry matter production. 

。

Gro切th habít . l 
o It 

9111 

o IV 

Densitv 
22 plants I m1 

6 

學

'‘ 
rable 19. Number of photoperioo inscnsitive 

varietíe當 indentifíed in 18.hOUT 
photoperiod from among 113 prom划的萬
戶悅dgαris varieties.峙 n切fion to growth 
habit and day各甜甜QW軒ìn皂，C1AT， 197竺A，
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írrígatìon approximately 13 day. after 
f10wering commenced, and (b) four 
irri草atíon. over the 80 10 11心day growlh 
cycle. In general, .Ire.. plot yields were 
lower in 1975 (Table 20). Lower overall 
yields were associated with a low plant 
den.ily 心e to the írri萃的on syslem used 
which required planting in wide furrows. 

。f tho.e showing reasonable re.i.lance 
in 1975, P7灰白 appeare社 10 escape Ihe 到ress
by having an ex蛤nded f10wering period 
and producing pods on later formed 
f1owers. P729, P730 and CIAT G-03836 
appare削Iy can wilh.land sl甜甜 during tbe 
益。wering perio性別nce they did not have ao 
exten桂cd f10wering period. 

Photoperiod insensitivity has con柵
tribuled to wide adaptation and has been a 
featu時 of international research in wheal. 
rice and other crops. The wide raoge of 
pot的llml .ources of insen.itivity identified 
in thìs study will a lJow breeders con
si晶erable f1exibility in ensuring tnal elite 
materials produced at CI Þ:T will be 
insensitive. The existence of late-f1owerin車，
insensitive accession. could lead to high 
yìelding materíals wilh high node 是ensìty
and w滋e adaptation 10 photoperiod. 

The influence of temperature, par
tieularly night temperatu蹄， in altering the 
photoperìod is beìng considered in a 
collaborative study at Cornell University‘ 

Stability of growtb habit 

Results obtained in 1974 demons控ated
the importance of growth habit stability in 
prom路ing materials grown in a range of 
climatic conditioos. In 1975, in collabora-

Drou草ht toIerance screening 

An experiment 對聽ilar to one described 
in 1974 was conducted at La Molina, Peru. 
Twenty genotypes were tested. Two irriga
tion regimes were imposed: 絡) One 

l-1eld e亨通知atÎon of drought 扭扭甜點， (197SA弘甜d stress: 帥ntrol yield ratios (l974A). I.a M叫mA，
Peru. 

τabJe 20 

Control yield (tons I ha) 
lde肘約翰斂。n

Stress: co前rôl yield ratió * 
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tJoηwith Cornell Uníversíty, fíve type 11 
selections showìng stable growth habìts 
across widely 往 ifferin車 condîtions in 
Cotombía an丘 Ecua益。r have been com
pared wìth fíve varieties showìng unstabte 
growth habits (variabte expresδion of 
apicat d扭扭nance)， Eight regimes of 
tcmperatllre , daylcngth and light intensity 
were utilíze泣 The 間5ults support the fieJd 
evaJuatìons for stability , Further studies 
on this characler are in progress 

MICROBIOLOG\' 

V缸iet)'~straìn interaction 

Microbiology studies durin草 i 事75a農al:-!
emphasìzed varietaJ response to inocuJa
tlon , rather than strain testin1子

Preliminary experiments at Popay品R
compared 60 acceSSlons of p , vulgarf,\ 
either inocuJated with thc ,tram CIAτ57， 
or uninocul試ξ(j. Differenceεbetwèen 
acceSS lO ns varicd wjdelv in nodule numbçr 
泣。dule 益ry wel惡祉， yicJd and percent ]\ 
(1'a色 1. 2 J) , 1 n add ition , some acce益S10ns
for exampk 72 VuJ 26549‘ appcare挂 to
noduiatc morç easitv wìth soil- or seed 心

borne rhiJ: o說a than did othen,. Plant 
nitrog:en increased up to el草ht-foJd ìnsome 
accessìonsafter mocuiatioo (Fig. ê:), whiie 
overall 、 yteld incrεased 10 percem 

Ten accessions. including the most 
prom俗的喜 seJect的ns from the above 
experiment, were t~en cümpared 削 Pop咱

a于是n ， The accessions differed in growth 
habi t. noduJation characterîstìcs、缸。wer
îng and maturity tîmes and maxÎmum LAI 
Two blocks of each line were sown, one 
ínoculated 協 ith the strain CIA T 57 and 
iime pellet吟; the other pelleted but not 
inocuJated , RepJícate samples we時 taken
from each block at weeklv intervaJs 
throu臨h most of the growing season and 
were tc說ed for reduclÍon of acetyJen札
nodulc numher an社社ry wei惡如司 Jeaf and 
stem dry í,\tl' îght. seed w的ght and pereen可
tagξnitrogcn and carbohydrate, Thc 
method for mcasuring acetylcne reduction 
îs shown in Figure 9 

Fix叫ion rates of up to 20μM C)H4 
produced! pJant ~ hour wcre achíeved (F這
10 1. This lö ::l Ís cümparable to fixation 
rates found Jr1 other grain legumes. The 
maximum 1巳亡\ 01 sp銘ific nodule activity 
(S汽 A I obtamed, J 00- J 20 u M C加 4
produccd I g nodulc dry wel草棚 j 祉， also 
comparc fa、 orably with JcveJs reported 
cl s.ewhere. The duration of fixa位。n was, 
ho\\εver、 rn法ch shorter than has been 
rεporte廿 for pea泣ut and soy性ean wÌth most 
lines îixing JittJe nitrogen before day 39 , or 
泊 t da\ 74. Despite this奄 fixat的n gaïns for 
the tcn varÌeoes average社 more than 25 
kilograms!\ 2 Hxcd i ha‘這uring thc 120-day 
gro\vth period. and inoculated plOb 

f結 hk 2! Re呵)()nsl' ()f SClè叫ed 緝犯軌。f p , '.'ulgan 、 to 1這位dohium inoculation 

t nlnocu Î<.J I~'d Imlc '..l latcd 

:可廿duk :\oèulc 
r-. oduk、! dr\' '\\'t Yi.:ld , !可。益ulö' 吐"祖 I Yickl N 

p'"n! in;芷 plam) 問 I p;ant) ((>i,1 pldnt PhH1t) 1 月已)

209'7誼 是í) j 。 10 7,55 4.2l Hl些 r ， 340.:] 13,02 是 50

?s.o心 1 200 3,02 之手、 221 ,0 已2Î ， O 5 ，]動 161 
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Vaçutainer tóp 
扎生etal cap 

Va-cutainer 
Syrînge Insulating tape 

Two~way B.D 
needleholder 

(4.1 Sa闊步le analysis by gas 

chromatography 

1-liter clear 
glass jar 

Root sample 

(1.) Setting up sample 

(3γfaki時裝as sa冊ple usìng 
vacutainer tube and 
two-wa多 ncedle

(2.) Repla闊的ent of 
iOO cc aÎr with at-etylene 

IncubatÎon for 30 minutes 

C:.25 

Figure 9. Me揖uring N fixatÎon b)' acetylene reductjon , 
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Figure l(}. A叫Iylene reductjQ焉知 10ur varieties of p, t'utgar i:ì at di官."蚓、ragé> 1t1 the growi鈴響 s~ason

outyielded those without inoculation 巷y20
percen t. Total N accumulation rates‘ 
averaged for the 10 acccssions, are shown 
in Figure 11 

39 46 竺3 60 
Day羽毛 a !1er pl:tllting 

hgure 11. N a位組mulation per pl甜1t in P. t'uIKari~ 

制 a 間鴨"掰開世凶剖íon， (averaged for 10 vurietìes 
studi重d).

61 32 25 

Thc balance and movement of encrgy in 
thc plant clearly influenced nitrogen 
fixation by the ten accessions. Thus, (a) 
f叫t

dropped near flowe 口n萃品‘ the decline in 
specific nodule activity heing most 
dramatic (Fi揖 12)實 (b) accessions which 
flowered early (í.e. Bayos) fixed much less 
ni甘ogen than did late-maturing 5clc氾lÍons、

C-2。



Porrillo Sintético 
72 Vul 266ß9 
Trujil10刁

Bayos 
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Figure 12. Change ip specific nodule actîvity 加!\1 dhylene produced: g dry wcight of nod啞目 'h吋 durìng the 
2rowÎ睹過eason for four c揖種mon P. v叫garis varieti咽，

for example 72 V ul 2時689 íF,g. 13); “) ìn 
the preflowerin墓 phase nitrogen fixatíon 
levels correlated with leaf wei草ht; and (d) 
levels of fixation I unit leaf wei惡ht also 
differed considerably between varieties 
with P 5昏昏A being low ìn efficíency of 
en釘釘叫:“回tíon for nitro草en fixatíon 
(Fig. 14), 

Sha謹閻麗 (Table 14) an社 time to maturìty 
stud闊的法ans have demonstrate挂 the

ìmportance of sìnkωsource reJa封onships to 
final yìeld. Similar balances appear \0 
control nitrogen lïxation. S tudi，巴金 m 
pro岳閃電s are concentratmg on the 
廿'anslocation of energy from leaves to 
root s.費 and 00 how 草rowing habits, flower
mg pat甘口時， and maturity characteristîcs 
affect the energy available for fixatio位， It is 
of note that CHO levels obta捕科1 in these 
expenmεnts were very sÌmîlar to those 
reported in Figure 6. 

〈 ω27



、
ment in P. vulgaris (Fig. 1 衍. The 
microbio)ogy and phy血。logy groups wiu 
collaborate in furthering these studies. 

Comparis棚。，f nitrog側缸xation In b翩翩
翩矗盼你甜棚

• 72 V ul 26689 
o Bayos 

Since P. vul;宮前臼 is generally considered 
inferior 10 soyhean in symbiotic nitrogen 
fixat的n. an experiment was undertaken at 
CIAτ， to compare fIxation in the bean 
varieties Trujillo 3 (Type IV) and Porrìllo 
Sintético (Type 11) with thatin the soybean 
van說y Pelìkan. Plants were grown in a 
soil-sand bed and sampled every ten days. 
Characteristics considered were the 3am. 
as reporte挂 in the experiment on page 
C-24. 

74 

Figurε13. Cummu誠如t N fixation CUf\'輔 {Qr

precocious (Bayo的 and 誼ter ßowering (72V蟬 26689)

acces總ions.
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fertìlizer, lhe poor performance ofTrujiIlo 
3 al both Palmira and Popay孟n 1εworry' 
m囂， Stu訟的 are continuin缸 10 determine 
whether other Type IV plants respon追
到milarly to inoculation 

Strain trials 

Straìn lrìals usíng the host variety 1CA恥
Pijao were repeated ín 1 會75， the 緝捕m
CIA T 57 agaín being most efficient in 
nitro車:en fixation as measured byacetylene 
reduction , Yield 必fferenees were, 
however, not 剖gnifìcant甘心fferent.
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5cre地~mn益 of accessíons în the germ明
plasm bank for leafhopp盯(l卦npoasca
krf1emeri啥穹的íslance continued to have 
hìgh prìorìty; screenìn囂。f all materials for 
whích se港社 was available was completed 
thìs year. About 1,000 Iines were selected 
for furlher testìng , Of those, 395 wìll also 
be 配給ened for nymphal populatìons ìn the 
hope of detecting resìstance mechanisms 
other than toleranee. The 14 most promis, 

ìng lìnes have been selected for diallel 
crOSS Î.lg to raÎse resistance levels and 
mea組問 whìch parents form the best 
combinat助ns for thìs , The lines are P6C, 
P231 , P346, P458A , P478 可 P511A， P512A，
P560誼， P680A, P681A, P682A、 P722，
P723A an過 PI200恥會?在

Inoculant supply 

As in previous years the soil 
糊口。biolo器Y 且roup continued to supply a 
wide raη車.e of Rbìzobium cultures 10 holh 
sc蛤ntìsts and fa盯ners in Latin Amer結a

Empoasca kra討論eri

R揖istance selection 

ENTOMOLOGY 

Day of flQwering: 

Fi鑫肘 e 15 良e-lation betwcen days until 缸。wering
and nodule dry w磁盤 lt ìn p, vulgaris 

部gnifìcantly more no心le tìssue than eìther 
b晶n varìety. fínally pr。這ucmg 攏。re than 
Iwìce the weìght of nod泌的 foun社 m
Porrillo Sintétìco or Trujíllo 3. Nìlrogen 
fíxatíon also was consìderably greater ìn 
thc soybean (1午1品 16)， bolh bean varìetíεs 
respondíng poorly to ínoculatíon under 
CJAT con桂itìons. Experiments are ín 
progress to determine íf lhis was due to 
h穗h temperatures. 1n view of the probable 
depen桂ence of srnall farmers on clìmbìn惡
varietìes with limited nitro萃的1 applied as 

• Soya Pelikan 
• TrujíUo 3 
電'Porrillo Síntétic 

20 

10 

h 
.c 
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Resistance levels of 54 varìeties were 
measured în the wet season to compare 
wìth r.sul!s from last year's dry season 
(Table 22) , The yìeld reduction in w說

‘三“29

Days aft前 p說叫Ing

F.ígure 16. Levels of acetylene redudíon in two bean 
vluieties and one 相"Þ揖n variety 曲rirtg th.. =rowmg 
season 



Table 22, Levcls 6f r輔紹祖11冊。Z 甜!ected 掰開揖ions of P. 、 ulgar“峙 E kraemeri, as determined b}' }'ieJd 
岫甘組歸s resulUn~ fTom p崎血ide prot輯CÎon(w甜甜甜。n pl鐘歸祖的. “ 

Yìe!d per plant <.的

Not 
Accessio誌 Prot脫俗d

73 V的 3624 10.88 
PI 200-974 9.03 
72 Vul 25泣1-1 9,58 
Pl20鑫 769 7,99 
BunZl 7,95 
Line 32 10,06 
Brazil 1059 7, 19 
Brazil 1074 552 
Brazìl 1089 9,98 
72 V ul 25299 M ?學9

Braz.il 1031 2,34 

season plantings was much less, and 
selectíon 73 V ul 3624 actually yielded 
more without pestici社e t闊別 ments， This 
su且gests that Ihe resistance level found in 
some lines th肘 far may be suffícíent for a 
low ín忱的ity of Empoa揖a attack , Some 
l闊的， however‘ rankεd among the best ín 
the dry se發50n ， but perfonned poorly ín the 
wet season , Specific adaptations probably 
play a role ìn these types of experí即叩ts

lncrea:.e 
Protected 們設

9.76 也 11

9.28 3 
10,60 11 
10 .42 30 
10.59 34 
14,61 45 
11.30 57 
9.3勻 ?。

17, 15 72 
14.7 1 86 
7.41 21'7 

Nohí拉h level of re別stance to 五 kra打nen
has been foun挂 50 fl“r within p , VU你ans
For this reason other species were tested 
for resÌ就ance in the hope that interspecific 
crossmg ml孟ht ìncorporate this resistance 
Ìnto co現.mon beans.ln preliminary screen
ing higher levels of resislance were found in 
Olher spe剝削， 1芯，問 p， mungo (Tabie 23) , 

but the varìation in resistancεle、 els in 
lhese specíes also was large , Other 

Table 23 濕的ist糊ce range cxp自章揖d ìn 聽阱lphal (0閥的 il1 selectìons of Phaseolus 帶血i.宰相 E. kruemerí, 

病岳恥。f 吋mph吋 10 leaves 
at days after plantin莘

Selection 
SpeClε藍 泣。 20 35 幸。 Avg 

P. acurìf'o lius 3 5 4 4.0 

2 17 54 13 28.0 

P. hmalus 雪 1I 、 6,(] 

2 1等 102 37 5LO 

p, aur咐'S 。 。 。 3
(1/. rudi叫“J 2 2 2.0 

P. muη'gú 。 。 。 。。
rγ munf!o) 之 。 。 (] 。。
Co剖rols

Calíma (S詰銬，) 17 54 18 30.3 

73 Vul 299 (Resis t.) 3 19 9 10.3 

(:..10 

, 

有匙



i ‘IÞk 立這 人、 era~c number nf L krae!1wri n)mph、 cmprgintt per t'nt叮 in fn'('~ç恥tí\'f O\'lpo、巴的紗Jl tt'~t." and 
number of maJ科 in r抽出時 prfferen叫做叫，

OVlpO且 ItlOn tcsl 

Frce- No. F老edin揖 test
^ccession choiçe ιhok..: (00. 咐品a.les)

白，

Dî"col-Cali品品 ìL7 a* 75.0 4.往 a

P 6RO 54,) ab 58、7 3,3 ab 
Bra/il lOR7 50.0 ab 81.0 2.3 h 
ICA-Pijao 46.3 b 53.7 3.6 ab 
Bralll 3是3 36.3 b 67.7 :U ah 
ICA-τu ， .10.3 b 6ú.0 1. 3 c 

Dl\tII桃ÍlIH) ;(\IWf'!Isfnllo‘你" 勻的( ,,,,me k:(~r JH' 的訓仇gnifinwllv drtrcc'1!圳、 perc-<'!It 1e,,,1 

的at盯ials of species crossable with P. Icvel of nonpreference is low. A肘沌的那8
γulgaris arc bein草 evaluated. was not foun昌 in these six varìeties (Table 

25), nor in 54 ad注 itional accessions tested 
Resistance mechanism against E. T olerance, although foun這 ìn field screen
kr師鵬eri ing, could not be measured accurately in 

laboratory trials 
M ore detaile挂吼叫2的 were ma社e on the 

resistance mechanism of síx beaηv缸時ttes
with different resístance levels、 10 free “ 

choi臼 oviposìtion and feeding tests (the 
lalter with males only) , a significant 
oviposìtion and fee益ing preference existed 
for Diacol榴Cali的a. a susceptîble variety~ 
compared to ICA倘Tuî. a tolerant varíety 
and the least preferred (Table 24) 
Ho~崎ver:嘍 the nonpreference disappeared 
when the leafhoppers were confined to one 
variety only, and equal numbers of nymphs 
emerged per variety. This indicates that the 

tn trials wìth excised leaves in nutrient 
solution, seven adults 00 each excìsed leaf 
cause吐 grade 5.0 damage on D間col“
Calima. after 3 days，的ld 3.1 on ICA-Tui 
(scored 00 a 1-9 scale). Although the 
obscrved varíation in respon給e was too 
惡reat for this technique to be used 間
screening for íncreascs ín resistance on 
ìndivídual plants in se皂regatmg pop
ulatïons , further studies are in progress to 
obtain a more precise screening 
methodology (5ee also page C也33)

τable 25. 1輛t for antibiosìs ìn 5i寵 P. vulgaris ace軸釗O附‘

Duratlon of Adult 
nymphal 持 urvival in A\g. wcìght 

Acte:-.sions stage (d品y~) 6d持ys (c;) (u g) 

f) lac曰1.Calima 11.0 94 144 
Hran: 343 107 79 140 
IkviJ 1m:? 11. 2 起6 1.1.1 
ICA 咿Pijao 10"7 9是 144 
p 長鼠。 11.0 92 141 
JCA.rui 10 希 92 141 

(-31 
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Lif~ cyde and 時productio錄。f E.
km科neri undeJ labora.tory conditi惜這.on
0個cc，心Calirr關 plan給.

Table2已
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Deve!opment 
stage 
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9lII23 
Egg 

First instar 
Second instar 
τhird instar 
Fourth iDstar 
fifth instar 2。

員。 l5,2 

64 ,8 
58.2 
107.2 
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Figure 17. Distribution of 呵gs Qn leaves of Dia開t
乞討ima plants during the first five weeks。

e草草s per plant were found in the 
cotyledons , During the fírst four weeks弓
more Ihan half the eg島s per plant wcre 
found in these leaves(Fig , 17) , Egg counts 
were made under the microscope after 
c1earing Ihe leaf tissue wìlh lactophenol 

、
A relatively high level of eg車 paraslhsm

by Ana蠶rus sp‘(其1yrmari社ae) was found , 

When planl 錯mpleswere c1eared of ìnsects 
and subsequent numbers of newly 己的erged
nymphsan挂 paras扭扭 were recorded，辱。 1。

在6 pen自nt egg parasïtîsm was foun益 (Table
27) , These may be overeslÌmat部 assomeof

話ecause bean entomolo惡y literalure 
lacks much ìoformalÌon on the b的logy of 
E. kraemeri, a stu挂y was made on some 
aspecls of ils bìology. using lhe susceptible 
varìety D揖col-Calìma as lhe hosL The egg 
slage lasled almost as 100草 as the nymphal 
perìod (Table 2的 The perìod from egg to 
egg lasled 24 , 2 days and adults Ii ve電j an 
average of tWQ months‘ The adults 
preferred the petìoles over the leaves as 
OVlpO割tion 5ite5, On lìne 73 V ul 3品24.82
percent of the eggs were found in petìoles 
aod only 18 perce叫 ìn the leaf blades. A 
remarkably high percentage of tl峙的個i

Bíology 01 E. kraemeri 

Levelof 均發 parasitiS醋。f E. kraeu作úby A羽agrus 叩{問yrmaridae).

、
τable27 

A vg. no. 01 em軒ged insects 

Parasitism 
{容)

Anagr酬

adults 
E. kraemeri 

nymphs freal叮lcn1

66 28、 511.6 
held coll巳Cled

plants 

的

('-32 

14.2 9.2 

F能 I t.I c.'<posed 
pla叫s ( 4 days, 
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n -l=n1 
the eg直s are infertile an挂 newlyemer草ed
parasites may oviposit in developing eggs 

z
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The relative damage ca的ed by 挂 ifferent
d軒elopmental sta單位。f E. kraemeri was 
.lso studied usingcxcised leaves in nutrient 
solutions、 Ten insects in each developmen
t.1 stage werc caged on the leaf, and the 
number of davs untilleaves started to curl 
and dry along the marg現s was recorded 800 

41詞。

lS 

? 5 3 

20 

~o， of nymphs tol訂ated befo叮嚀r吋m&

Fi發ure (9. Yitld (kgi h的。f Dlacol C訓ima when 
az間drin ({t35 lite冒 a.i. \ha) w恥嚀叫.y.ed wben the 
吋mphal pop叫封神n had reached 0肘，自r啊，但會..，

控峙的§酪前的抖T leaf'扭可， of three r叩lic制峙Z 吋，

Preliminary results ìnd組ate that adul!s are 
more damaging than nymphs and that the 
fourth nymphal instar ìs more 社amaging
than the fìfth (Fi串 18). In the fiel社 there
was a close correlation bclween darr油器e
caused by Empoasca and the number of 
nymphs per le浴f (Fì品 19). In this experi勵
ment monocrotophos (0.35 lìter I ha) was 
applied each tìme the nymphal population 
reached one, three, fìve or seven nymphs 
per leaf. The frequency of sprays ín the 
甘εatments with five or seven nymphs p盯
leaf was the same, as after the fi時i
application the population 社 id not reach 
seven per leaf again. These data in晶lcate

that f()r each additìonal nymph p軒 leaf，

y時lds are reduced by 7 pereent. However‘ 

the relatìonshìp appears non-Hnear at hi喜h
ny明phal populations 

The plant 草rowth 5ta惡e most susceptible 
to Empoa甜a attack was de但目ninedbynot

《三-33
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controlling the ínsects durin惡 one of the 
followíng growth stages: plantin草 to first 
trifoliate formed; fírst trifoliate forme社 to
15 days thereafter; from that slage 10 
f10weríng‘ from f10wering 10 pod-fillín本
and from pod-fiJI ing to harvest. !t appcars 
Ihal beans are most susceptible 10 Em
poasca 控制nage from thc time the firSI 
trifoliale 的 formed until15 days thereafter 
Control of Empoasca up 10 !1owering is 
essentÎal if yiel公 are to be maintained (Fig , 

2的‘ These results are simîlar to those 
recor謹ed in Tables 14and 15 , These stud時s
will be used 10 better define control 
treatments that are tímelv and effective 
a草ainst E鞘poasca.
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總
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Pl,u nt growth stagc 

1 ahh: 立自 Yie姐 redu~ti()n by P. IO({H on 揖2軒U:d

Înfested and uninfl甜甜d plants 01 Díaco)~ 
Calima beam 

司，

一一一一

:-.; o. of plants 
NO.of 

podsjp泌的
'S~ed ! 

p1ant (g) 

銬。 uninfcsted

9) 的leSH.. -rl 
10 , 1 13 , 1 
5, 6 5.8 

M扭曲

Empha的s thîs year was 0ηthe Tar
sonemì謹 mite， Polyphago/a舟。nemus
latu.L Studies of its ìmportance on an 
individual plant basis showed 5岳 percent
yield loss following míte attack (Table 28) , 

Dama草e cause丘 by the mÜe ìs severe and îs 
often místaken for virus attack 

、

The mite multiplies 削Iremely rapid紗，
passing from eg辜的咚且 in only five days 
under laboratory cQn丘ítions (T able 2悅，
Each female pro拉法ces an avera且e of 48 , 3 
eggs (Fìg, 21 ),ChemicaJ control ofthe mite 
was effective with carbaryl and 
monocrotoph的

Whitegrubs 
、

Whitegrubs, Phyllophaga sp" 
sometimes cause problems on newly 
cultivated land. A chemieal control study 
showed that carbofuran (3~毛在ranular) ，
furrow appl時d under the see譜 and
incorporatlOηof 社isulfoton~ aldrin or 
toxaphen• DDT , ín that or社er， were rnost 

Tahle29. A\'('ra籠è len削h of de、 elopment討 sia車輛

of P. /aflls ‘ 地

Stage 
D詰ralion ra詰草E i\vg. ùuraUnn 

;d諸多.~) (da予吋

2 -3 2.0月土。 1

;一 2 103 三 O!

J.()(j 

♀ 7 - n; 15.位在土 3 ， I 

<1" 11 - I 是 12.50 之:2 1 

oe uw rc 
}
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lanile 
P~ç口d.，pup正l

Adult 
1- ît; un: 20. YÎetd (kg I ha) Oß an averageoffour bean 

varieties when no ins祠的jcid肘 wen: applitd during one 
01 組咄 ()f fÌ\'e 館開愉悅咱這時 nf the plant , 削、，on';I' H 、卡以 ;11 !hc L r."，""叭 22.]例
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expressed as eíthεr a low OVlposÎtion rate, 
low perce但問學e adult emergence or slow 
developmen t. Some examples are 
presented in Table 3 1. 

6 

何
一~

Z. subfascìatus can be ∞制rolled by 
stonn草 beans in the pods , Eggs werefound 
on pod walls and larvae penetrated the 
pods、 but die挂 ms泌e wìthout enterin草 the
bean seeds (T ablε32)， The artíficíal 
damage to the pods consísted of cuuíng the 
pod típs 帖 alIowa垂 ults toenter at ùne end 

o 5 10 
Age (}f the 車(啦ys)

話
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的
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r
z
c
y

← 181會15 

Chemícal control studíes wcre contínued 
wíth pyrethrín compùunds , Dosages ùf 1.5 
ppm 惡ave 120 days prote仗的几 while 2.5 
間d 4 ppm províde lon島er protection 

Malathion powd軒 (4早已) and the 
fungicide thìram formulated as a mixture 
of thiram (70%) an是 methoxychlor (2%) 
gave good control of Zabrotes (τable 33) 
τhe crÍtical dosage of thìram for preven
ting ovíposition ìs aroun社 50 ppm while the 
commer的al dosage for preventìon of 
damping吻。ff is about 638 ppm , Studies are 
continuing on the use of thiram without the 
methoxychlor addìtion. 

Fig山還 210甘posìtion curve of P. latus in ~he 
løborator)' on 認'llves Qf ICA Pijao. 

Stored bean ìn開cts

The search for resistance 10 Zabroles 
subjαsciatus was continued hecau訴 some
pro闊的ing sources like Pl 30弘709 lost 
時制stance when seed was planted, 
harvested an.社 retesled. From 296 ad吻
ditional lìnes tested in 1975 , 70 were 
selected as showing promise of reSlstance 

effective în reducin草 losses of seedlings 
from whitε在rubs (Table 30). While car
bofuran was more effective applied ìn the 
furrow. endosulfan 草ave better control 
when incorporated 

Number of s~dlings killed by whitegrubs follow i:ng insectJcidal treatr制約h;.Av電. .. replícat，峙
CIAT.1975. 

Table 30 

Avg. no 
~eedtiogs 

killed 

7.3 a學

少 3ab<:

19.0.b 
20 ,f) a 

τype of 
app!Îcation 

fU fT Z)\\" , underseed 
mcorporatcd 
incorporated 
inCOrp(lrated 

\1 ateríaJ 

0.9 kg 
n.9 kg 
0.9 k, g 

1. 2多 kg

1之ate

a.i.lha 

24.5 abc 
27.3 肘"

40.0 cd 
29 老 bc

26.8 abc 
主多 3 bc 
68.3 d 

suτra<:c spra} 
incofporated 
furrow有 undersc.:d

ìncorporu t<.'d 
incorporatl:'J 

mrorpor削 cd

8zzaaLE 
O
K
L
K
K
Z

筑
、

609905 
1

的
o
o
z
o

carbofu:an 3 g 
(';!rbofuran 3 拉

山、u]J olo l) 5 g 
a~d(; r; 2,) 

!\l入詞 phcne-DDT

.4心201

( \~holo荒
<:odo‘ ultan :; 1, 

~nd(除ulf法公) g 
k軒zη咐穹%言叭"叫l仆Jfothl‘ρ1π 5 g; 
{) 

Chcd 

C-35 

、“ 1"，，，、心"叫“!'J， t l:，'、)1 m." !c' 1h'i Jn' ""{、i?~n ，çj，， !h d ， fkl~nt ,'': !!'J,. 5 p(:r印，，'們d



Table31. Exa間pl酬。f 驛lections ex仰的sing difft!"rent degr甘s of resístançe 附 preU臨inary tests to Z • 
.wh仲scr研制* ~ 

Emergencc 
Sdection Sclectcd fo r: No啊。f<1姑且 (仔)

話rafi! 103尋 Low ovipositJ()o 9.0 JU 

P 364 R Low 9c emer露en凹 4 1.5 20 多

P 514 510協 deve!opment 95.0 4ìA 

Di是lcúJ.Ca!ima 100.0 840 

(Su且.c. check) 

. 丸 \cr;\伊叫"“ !:?hçal防">，511 何措汪 m((的te<J ....;Ih f(lm pairs 01 總;u!t> )re:lb.'ln的訓

rablc32.lnf('s臨言如n of 7.. 5ub/asCÙJl的 after expos扭g

undama但('d and damaged pods and sbelled 
電eed，*

~O. üfeggsj No ， ofad泣 H~ I 
freatmenl rcp!icati位訂 rξpliιation 

; ndamanged pods 0 ,& O.R 

PI,ANT 
PATHOLOGY 

Common bacterial bli草hl

Screenin車 for resistance 

Developmt 

perÎod 

峙 7

52.2 

5 l.2 

4U 

)ama草cd pods 162.0 11 1.7 

這hellcd bean l. 203.7 162.8 

Fiel這 :.creening for tolerance to comrnon 

bacterial blight was continued , During the 

fìrst semester. 3岳6 varieties from CIA T and 
• ，神似~d ， of J) ;licol~'a l;md ;xr ~tp1í ~~~;0r.附叩開Ji'，法 dlh，]乎 Michígan S崎te U nîversity were teste益 by
侃吋吋'"甜的 inoculatíng wíth Xanthomonas pha, 

Table 33 Co轉trol of Z subfasciatus wíth m到撞thíon and thíram I 血etboxychlor.*

Treatmenl 惜。"的時，到

level five days ~o. of egg~1 汽 o. of adults 1 Emergence 
(ppm a.i.) (特) 問pìication rephcatíon (0毛}

融alathion po，，" d肘

抖吋}

。 27.8 259.0 I J 1.8 50.9 

5 9 1.4 12.0 2.4 20.0 

10 100.0 9 .4 。。 。。
20 1 (賀。。 5.8 0.0 。。
40 100.0 6.8 。。 。。

前úram powder 

{了59(.) and 

nethox)chlor powder 

仗。正}

。 2.9 236 .4 3的 4 42 多

113 章。 o 3.2 。。 。。
375 85.7 。。 0.0 0.0 

638 9累 6 0.0 。。 。。
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F說“伊甜甜tion of fjeld~grown pl削"
and 時cìsed I捕V間。f bea!官 V前ietìe海帕

Xantho n1unas phaJf'oli, isolatc C 6. 

Tablc 35 

Exci間d

leaves 
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Foliage reaction 

Fidd VarietiC這

fara 
Julcs 
G.N. # Se l. 27 
PI 207-262 
Red Kidney 
Sanila c.: 

Gratiot 
Seafarer 
Duva 

,solate C6司 usíng methods sírnilar to those 
reporte社 in 1974. Tolerance ofthevaríeties 
Jules, Tara and Pl 207-262, which were 
screened previous令， was confirmed (Table 
34). P56 1 and seven MS (J lín制 were highly 
tolerant 除 common bacteríal blíght. S ome 
quest lOn rema悶氣 howe、ler ， as to the 
virulence of the C6 ;5olate 

Ratin容?論 t\llerarH: 1", m\、'oc羽\dj 種抄寫管ptihk: S'" sus~epublf 

In 1975 anεvaluation w的 ma謹eof 1,500 
accessÎons fro自 the germpla5m bank; 196 
were resístant and will be incorporated into 
an lnternatíonal Bean Rust Nursery 
(IBRN) to 色e tested against raees of the 
fun郎IS not found at CIAT. 

Rust 

Sereenin囂 ror resistance 

Screenin草 mdhod using exeise在 leaves

A rapid method for screening tolerance 
to common bacterial blight was sought 
TrifQliate le.aves of nìne varieties were 
excised and petioles in將rted in distille社
water in Erlenmeyer flasks. The leaves 
were inoculaled wíth Xanlhomonas 
ph的euli， 路。lale C6 各y!hεwater soakin草
method and maintained in a humid 
chamber. Symptoms appeared at seven 
謹ays and observations were made ten days 
忽fter inoeulat的札 The same reactions as ìn 
the field were ohserved in all varieties 
起到e性， with the exception of Duva (τable 
35). Further work needs to be done on 
aspects 5uch as inoculum lev訟， leafage剖ld
medium for maintai即ng leaves, hut the 
rnethod seems valuable in detecting foliage 
reactions to the disease. 

F oliage reaction ot bun \'a到mj~ and 
lines to Xanthumonas phaseoli 認olateC
6. at CIAT. 

TaÞld4 
v 

An I BRN of 108 entríes, resistantto rust 
in various countries, was sent to 14 
cooperating institutions during the year、
Twenty 能把 were shipped , and results are 
already available for S;X. The accessions 
Ecuador 29學 and Compuesto 
Ch闊論i詰πan囂。 2 were re恥stant ìn all six 
countnes 

Reactìon 

10 the IBRN planted al C1AT , 13 races 
of Uromyces phaseoli var. Iypica were 
repo討。d. The evolution of races of the 
fungus was studie益的 a contmuous screen
tngηursery. Races 3月， 10， 28， 2告， 32 and 33 
were found穹 the mo剖 prevalent b的沿革 29
and 33一 Based on their reaction with the 
differentiaJ variety US 81孔 two bíotypes 
were identífied. one correspondìn車 to race 
.l and the other to 29 

1. 5* 
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Ju!es 
Tara 
P561 
P458 
MSl: 42.772 
MSU 42.842 
MSL 42.935 
M~這 U 42.950 
均?這U 42 ,954 
MSU 42 %4 

M引J 43 個 9

、，';;J山 er (~!hccptibk check, 
~-'igli(J sinensis (cowpea) 
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Losses due 10 ru揖

ln an experimen! similar 10 that desçrih他
ed in Ihe 1974Annual Report, ICA Tui and 
ICA Pijao, susçeptible and tolerant 
varieties ，、.vere infected wîth rust spores at 
different stages of plant development. 

The yìel謹 of the susceptible variety Tui 
was reduced 85 percent when the infectìon 
occurred the first w甜k after emergence 
an性 82，車0， 77考 24， 18 and 11 percent苟
言espectlvely， during successÍve weeks , as 
compared to the tolεrant Pijao, which was 
reduced 34 and 31 ，立在 21 ， 14, 10 and 4 
percent, respectively 

Chemieal control 

To determine the best chemìcal control 
for rusI, the variety ICA Tui was planted 
and then sprayed with varìous protectants 
衍， 25 and 35 days al‘ter emergence , A 
P時lìmìnary evaluation was made fìve days 
after the last applicatìon. Plots prote前ed
wìth maneb (3 kgl ha) yìelde通 100 percent 
more than the controL Chlorothalonil (2.5 
kgl ha) and fentìn aceta!e (0.8 kgl ha) 
ìncreased yiclds 85 percent噎 whereas
trÌforine (1.5 Iìters I ha), pyracarbolid (3.0 
liters i ha) , carbendazìm (1 kglha) and 
oxycarboxin (1 kgl ha) yíel益ed 55, 52，是o
and 30 percent，時，spectively， more than the 
controL In one of the two semesters in 
whích the experìment was carried 0肘，
beno往anil perform自! as well as trìforine , 
pyracarbolìd and oxycarboxin 

其是 ixtures of the best fun草叫苦的 were

lesled. Oxycarboxin plus captafol 恥
crease社 the yields of Porrillo Sintéti∞“ 
percent, as compare益 10 increases of 48 
percent in mixturcs of oxycarboxin with 
chlorothalonil, fen!in acelate and 血aneb

or tridemorph wìlh fenlin acetate. 

Anthracnose 

Screenin官 for r輔istance

Usin在 a screening 甘chnique 扭扭í1ar to 
that for rust. J(除剖ceSSlOns龔自lecled fro甜

C.38 

amon嘉軒扭扭的那 reported 切 be re剖stant

間 other countries~ 吼lere tested 品P妙的F叫
(1,600 m) and Bo墓。絡 (2，忌。o m) 
Preliminarv resul!s indìcated Ihat Cornell 
4望。 242 ， Wìdusa, Preto 141 and 145 and 
P459 were resÌstant at both sÌtes , The 
react îon of some 軾的路lons 位ìffered from 
one sÎte to another, SU皇島C心tm車 the presence 
of different races of the (ungus 
Collelotrichum lindemwhianum 

Losses due 10 anthracnose at Popay垂n

。iaco1 N ima an忌。iacol An忌lflO were 
use河j as susceptible an岳 tolerant varìeties、
respectively. The plOls、 rephcale廿 four
times , were inoculated weekly for seven 
weeks after emer辜的1帥. The absolute 
control was protected with benomyl (0.5 
kg I ha), applied weekly , The inoculated 
plots 、1.!ere al時 protected 叩峙的 days
before Ihe inoculation , The ìnoculum 
(50，(浴缸 COIll社ìalml in 過íslìlled water) was 
applíed as a low勵pressure spray, late in the 
afternoon when the relativεhur知dity was 
about 100 percent 

Yields of the susceptìble variety Diacol 
NÌma were reduced 95 percent when 
ìnfectÏon occurred one week after 
emer草.ence. During the next four w的郎，
losses re閉ame挂 cons旭nt at around 8自
percent and then declined to 38 and 27 
percenl after lhe sixth and seveηth weeks. 
This patho草en causes s盯ìOU810峙的 during
the whole growing period，鈍。t only due 10 
folìar infect峙的 but al50 to s悅的 and graìn 
ìnfections. 10 the 切lerant variety Diacol 
And悶。， the weekly losses we問 10 percent 
les5 th細 in the susceptìble N ima. When the 
environmental con謹 ítìons for ìnfectioll 
were not partìcularly suìtable, los8 patlerns 
were similar to thosc for rU5t 

Ch.mical wntrol 

As shown ìn the agronomy sect時n (p 
C~50)，冊。re careful chemical control of 
anthracnose 臨時再uíred for secon社
semester plantillgs in Popayán than for 
thσse of the drier fìrst semesler(Table 36) 

' 
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labk: 3色 Ch徵羽街叫 control of anthraεnoSè in tbe v寫 riety D泊col Nìma (Popay是純 19748電 1975A)

t達) of in訂閱se

Yield (kg!ha) over th盟 control

D的e

Fungícidcs \k怠 I ha) 1974B 

captafoJ 3,5 i 、 157

benomyl 0.5 960 
carbendazìm 0.5 87! 

maneh + lÍnc i;;m 3.0 ì24 

C挂rbendalÎm 1.0 711 
chlOtOlhalonil 2.5 595 
fentin acetatc 0.8 523 
capt連詞 3.5 立79

thiabendazole 0 多 l7S 

sutfur 3.0 126 
(;opper hydroxîde 2.0 115 
oxycarboxin 1.0 41 
有苦mtozene 三忌。 31 
Contro! 45 

The increases obtaïn自i were spectacular 
Captafol , benomyl and carbendazim 間1S
ed yields to 2,471 , 2,033 and 1,936 percent 
for the second-semester crop and 4吾吾

percent for the first 甜mester， This 
pathogen is the major yield-límiting factm 
at Popayàn 

Comrnon be組 mosaic virus (C器MV)

Seed contamination 

Because CBMV is transmissiblethrough 
給ed‘ the 泣se of vìrus心free seed makes it 
possible for farmers to raise their yields 
signir.cantly (1974 Annual Report) 
However電 the reproduction of thìs seed 
req臨時s special care , which is difficult for 
farmers to do themselves. Experiments 
were therefore designed to establish the 
recontaminatÎon of 贈給 un位er field con也
ditíons , When plots were planle吐 with
cIean seed奄趴Nay frorn sources of con
tamînation 可 the harvεsted seed reηlained 
free of virus , However , in plots planted 
close to contaminated pl削恥‘甘ansmlSSlOn
was 16 and 15 percent for the susceptîble 
、 arietÎes rCA GuaH an廿 ICA Duva and 8 

1915A 1974B 1975A 

i 會602 2,471 393 
1,28] 2,033 295 
1 ，84主 I、936 468 
1,406 1,509 333 
1,617 1,480 398 
1,003 1 、222 209 
1,539 1 月62 314 
1,287 520 296 
的32 289 94 
331 180 2 
641 155 97 
491 9 52 
561 18 73 
325 8 。

an社 6 percent for the tolεrant ICA Tui an社
P459 , when the few aph尚s present in the 
field were not controlled. When the vector 
was chemically controlled, the level of 
contaminatíon was signif時an tly red uced. 

See寸 transmission i鈞、anous promlsm草
m剖erials observed varied from !O如 60
percent 

5甘肘nin軍 for r輔i吼叫ce

Some accessions resistant and 給lerant
to CB MV were r哄的ted with various 
strains of the virus.τhe varíelies Top 
Crop , Monroe , Jubila , Widu捕， Amanda, 
Pínto 114 and the CIAT accessions P393哩
的必需 Perú 0257 and PI 146-800 were 
se1ected a 5, sources of resîstance to be 
íncorporated into the breeding program 

1，0組組是ue 個〈了揖MV

fhe long-term study of economic losses 
resultin在 from CBMV was conc1u位ed this 
year; the methods used are g位 en în the 
1974 Annual Report , Yield reduclions of 
94, 95，鈞、 68 ， 43 and 20 perce削 were

c“ 39 



determíned for the two red varieti肘， ICA

Gualí and ICA Duv丸 ascompared with 89, 
79, 36. 34. 29 and 16 percent for the two 
black varieti喲， ICA Tui and Jamapa , for 
the plots artíficially inoculated witb tI玲

、 îfUS everv week for seven weeks af控r
germmat lOn 

聲ean gold個 mosaic virus (BGMV) 

Screening for resistance 

No source of resÍstance to BG其1V has 
been 挂出的fíed 出 the 3,700 accessions 
叫u益 ied to d叫e. A n 1 nternationaI BG M V 
Nurserv has been established to test further 
tolerant co lJectíons selected in co lJabora
tìon with the Instìtuto 社e Ciencías y 
Tecnología Agricola (ICTA) in 
Guatemala. Seed multíplícation lS being 
carne挂 out for the l44colleclÍons included. 
The IBGMN will b釘 planted 品 several

locations in BraziJ. Puerto Rico電 Jamaica.
Guatema甸、 EI Salvado仁 Costa Ríca, 
Colombia, the Domínican Republic, 
Nígeri晨， Kenya and Indía. The first 
IBGMN was plante益 only in Guatema詢，
and some materíals with apparently hi直her
IOlerance than Turrialba I and Porrillo 1 
were selected. These materials were CIAT 
P747, P474, G-026在9， P516, P657, P昏75，
P54<且， P-5 and Guatemala 417 

Identification 發nd purification of 
BGMV 

C1AT 站 attemptm草 10 吐evelop a means 
of 挂entifyín島 the numerous virusHke 
di將ases of beans in Latin America, whîch 
would nol ínvolve carrying living material 
from one country to ar姆the r. A bank of 
antísera ís being built up for this purpo揖
for those vÎruses fo叫ld in L泣ín America 
and the (、aribbean 的 lands

當ean 草olden mosaic , lsolated fro的 EI
Espinal (Colombia) an益 Santa 1凶la (EI 
Salva禮。 r) ‘ was stu社 ied in 1975. 
M echanical transmission was highly ìm
prove疇. and 100 p削cent infectÍvity was 
obtained by grindin囂 15“ to 20-d ay-old 

-:'-,f{l 

infected leaves in phosphate buffer, 0 .1 M實
pH 7.5‘ plus 1 percent 2-mercaptoethanol 
The planls were inoculated in both primary 
leaves‘ which had been previously dusted 
with 品。O-mesh carborundum. The concen
tration of the virus in the plant dropped 
dramatica!ly 40 days after inoculati帥;the
molarity of the buff，εr also played an 
important role in its sta bHity 

The virus was kept viable in de的Îcated

tissue over CaC12 at 半C for up to three 
mo削hs. It、JJas found to ha ve a therrnal 
dcath point of 550C, a dilution en社 I~oínt of 
1:1 28 an吐 an a囂的車 In vüro at 230C of 72 
hours ‘ The virus was stable in the huffers 
phosphate. herpes and bora村 atO.1 M.pH 
7.5 ‘ less 肘) in Trìs 討 CI; and not 叫 all ín 
EDTA 

1'he virus was purified by treatrnent 寫 ith

7 perccnt 鈞一butano l. precipitation wíth 
Baker polyethylene glycol 6000 plus NaCI 
(6 and 1 percc則， respectîvel州、 and
centrifugatiün 00 sucrose den~ity-gradient 
colurnns. A zone formed at 2, 3 crn from lhe 
menlscus contaïned the causal agent of thc 
bcan mosaíc d詰ease. as 給hown by repeated 
ínfectivíty 削描ys. Samples from healthy 
extracts taken at the same depth did not 
show any infectivity 

The particles 01' the BGMV have a 
special morphological structu閥、 they
appear in di肥企何可 and the bonded s泌的。f
the paired partícles h ，且有 e a l1attened 
appe位rance (Fíg. 22) , Almo叫 no sm草10

partícles were soen (100: 1). The bondcd 
particle measufcd ahout 32χ19 mm 

Antíserum prpared against the Co!om 
b臨n form of BGM V will be use寸 to
compare the virus forms prese前 în the 
挂在ferent countri的 of L剖in America and 
the Caribbe制1 的lands

Bean chJorotic mot會le 、 irus (臨CMV)

Thi ::i virus Ís transmitted by &1η 1.... 1il 

!ahaâ, The natural host ìs Rhindw.via 
millíma , a common tropîcaJ weed , I n 
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soybea肘， íl causes a dìsease wìlh sy血P
的ms símil缸 to those of BG M V ìn beans. 
The symptoms of the vìrus on beans are 
chlorotìc mottled patches and some curlìng 
剖ld deformatìon of the leaves. [n some 
vanetles It 開闊的 witches'相broom and 
severe 到U就叫g symptoms. Studíes are 
under way to determine whether chJorotie 
mott役， Rh間cosia mosaic，血。ttled dwarf, 
cr肘nplin且‘ Abutilon mosaic, Euphorbia 
mosaic and Sida mosaic díseascs are 
caused by the 3ame virus. An [nternationaJ 
Uniform Host Nursery, ready 10 be sent to 
different collaborato時 in Latìn Arnerìca, 
1I誼 C制bbean isJands宅 Africa and Asia金
will help in the identification of thi3 
complex in the near future 

60 

40 

Screenin寶島。r resistanεe 

Resistanee to chlorotic mol tJe was not “ffieuJt 10 find. The ClAτcollectíons P-6、
P458, P527, P225 and P457 are highly 
feS1S脂叫 to thîs virus奄 Panamito 27R and 
ICA Duva are hì單hly susceptible 

swelJin草

、，

Pcrcentage of defoliat悔自

Figutc 23. Losses due to arti益dal derolìation in the 
"arietie;;. lCA Guali and Porrillo Sin從tico 剖 CIAT.

(1975) 

、

confirmed previous observations on the 
varieties lCA Gualí (把這) and Po汀illo
Sintétìco 給laek). It is clear that the mo試
critìcal stages a闊的itiation of flowering 
an社 the pod-fìlling perìo益， followin革 the
seedling sta且成 After the ìnìtiatìon of the 
physìoJogìcal 珊atunty、 defolìation has 
little eff枕t on y賠ldτhese results fully 
support those obtained in physioJogícal 
studies (p. 仁-19).

Rugose mosaic (R j\.fV) 
mosaic (SMV) viru學輯

TheRMVan丑 theS~V，廿ansmì!ted by 
seve陪1 beetIes, are increasing in impor
taηce in Guatemala and EI Salvador. The 
1974 studíes on identìfication a結社
characterization have been continue注 by
trai財閥 from EI Salva性。r and Mexico 
τhe two diseases belong to thc same 草roup
of 由u1ticomponent víruses, and antisera 
against aH the strains found in GuatemaJa, 
EJ Salvador, Costa Rica and Colombia 
have been prepared. They show that aH 
lhese diseases ma y be ca use吐 by the sa品e
VlfUS、 conslstm車 of sevcral strains. There 
are scveral sources of resÎstance that could 
be încorpora控d in如 new vanetlCS. 

and 

、

S.ed pathology 

Production of seed free from pathogen，電

The 悶tionale and benefils from the use 
of clean see益 have been presented ìn 
previous annual reporls. Clea削n草 seed of 

ArtifidaI defoliation 如 estimate disease 
10峙的

Percentage of defoliation versus lim. of 
defoliation 

These experiments. started in 1973, were 
concluded this year. The results (Fiι23) 
C削42



se.謹-borne pat ho且ens contÎnued as a 
priority projcct A total of 1,453 varieties 
and coUe<:tions were c1eaned ìn the 
screenhouse. Included were promìsing 
materìals for the breedín草 prö車ram噎
dìfferential varìeties öf several pathogens, 
the IBRN、 as well as varieties from 
Colombia, Guatemala, Peru, Honduras, 
Ecuador、 Mexìco and Chìle. A totaJ of 
1,008 were further increase社 in fiel吐 plant
mgs 

rhe sεarch for areas to produce cJean 
secd contìnued , and cooperatìve projects 
are under way in Brazil、 p軒u， Guatemala, 
Ecuador and Colombia. Studìes are .150 
consìderìng the possìbility of producing 
seed of certain varieties in regions un
favorable to particular pathogens rather 
than to sen吐 it back to the ori車ìnal
10時tlon

Internally 開闊-bome fun到

Seed coJlected as part of the agro
economîc survey reportεd on page C-3 
was assayed for percentage of germination 
an謹 internally seed-borne fung i. An assay 
was made of 100 seeds from 閥ch of nine 
seed lots per departamento.' Internally 
seed-borne f泣ngì representing the follow
tn草草enera and species were recovered from 
the seeds: Aspergíllus nÍger. Aspergillus 
sp口， Penicillium spp. , Fusarium oxy
sporum. Fu組rium spP., RhizoctonÍa 
solani, Colletotrichum lindemwhianum. 
Pbomopsis spp 于 AUernaria sp旬， Rbizopus 
sp川島10nilia sp.電 Cladosporium sp. , 
PeyroneUaea sp步 Isariopsis griseola. 
Macrophima pllGseoli, Botrytis sp. , 
Aεrostalogmus sp. , Sι lerolinia 
sclerotiorum, Pestalotia sp. and several 
other uni益的ltified fungi 

Of the 3,600 seeds assayed in this 5tudy, 
1,154 (32 percent) containe位 internally
5ee社舟。rne fung i. Of the seed th剖 con
taìned fungi, 823 (71 perçent) did not 

'" A Colombian po!itical dìvisÎon sì泊在ìlar 10 a stale of 

prOV1nce 

在erminate. F酪arium spp. were isolated 
from 32 percent of the nonger甜ì1nate這i
50也ds‘ followed by Pbomopsis sp. (13 
percent), Colletotrichum lindemUlhíanum 
(9 percent) and Rhizoctonia solaní (8 
percen t). A typical screening for intemal 
see吐 bon玲 fungi is shown in Fi草ure 24, 
which comp制的時ed from H uila with 
C1AT clean seed 

Seed from H uìla had more internally 
seed-borne fun釗 an挂 less germinatíon than 
seeds from the other three departamento5 
(Table 37). Of 900 seeds assayed from 
Huila, 737 (81 percent) contaìned fungi 
and 53位 (60 percent) dìd not germinate 
Seed lots from Huìla ha桂的 much 硝 100
percent 血.fection by fun辜 and only 且
percent 草erm問ation. This study índicates 
th前 internaJly seed-borne fungi are an 
important factor 間 reducing 5eed quality 
and 皂ermination

Fun草icíde 組ed tr軸tment

Movement of fun草icid軸 into s..,ds and 
tbeir effect on internally seed-borne 
fu包車i and bean g甜mination

Poor“quality com臨ercìal seed of the 
variety Tuì was studìed in detaiL The 
percentage of sεeds with internaJly seed給
borne fungi and the percentage of germina 
tion were 88 and 劍，認speclively. Fungi 
representmg seven 草enera were located 
within the seed coat (testa) tissues an忌
。ccasionally ìn embryo tìssues 
紋。tyledons). When 時ptan and thiram 
were applied to the seeds‘ they penetrated 
the seed coat tissues and occa肘。naJly the 
embryo; they elfectively con甘olled fun囂i
wíthìn the seed coat(Table 38). 話enomyl(a
systemic fungicide) also pcnetrated the 
see社 coat and the embryo and was effective 
against fungi. Fungìcìde see社 treatment
significantly increased the percentage of 
z盯問時ation on PDA and er玄lergence în 
sterile soil ari苦的 the field and significantly 
reduce謹 the percentage of fun喜i in seeds , 

The use of fungicides for 臨ed treatment 
wOllld be beneficial where poor叩Jalìty
seeds m u sl be usεd for planting. 

C.43 



手19urι24 的ATd抽鎧$牌d (a)anddìsea甜dseed(制 rrom話叫la.N。“自晦eamQunto(s軒d巾。實椅e
H帥la 101. 

When high明quality， d時ease-free seeds 
were treated with varíous fungici泣的， ther;ε 
were 00 benefits; however, when low你
qua詩句，性措ease益 see謹s werc treated wìth 
the 峙的e fungìcìde, significant încr間組s in 
percenta島，e of emergence and stand were 
ob脂i仿ed.

was íntensified 忌uring 1975 with 14 yield 
trials sown to datε. Three levels of testing 
have been used: 

(1) In Preliminary Variety Trials Iarge 
nu防治ers of m剖crials are screened at 
C1 AT, then sometimes screened a 提cond
tIme 削 the hi軍hcr altitude Iocation of 
Popay.在n ， Accessions 3re grown under 
co臨petitive condîtîons with repìications. 

AG星星ONO島fY

Varie!al 甘ials

The testing of accessions fOT ~月eld Ofthe行o promi討戀問lectìo肘 the bean 
po控ntml under experimental conditions team has identified to date‘ 331 were 

Tablc37. M驢n perecn個ge org缸臨掛叫咱結晶 vilro~ total rungi ...00 seeds 州出 rungi 臨剖 dld n剖 ger湖扭at.

from seeds fro個 fom departamentos in Colomb泊，拿

Departamento 

有 01' nongt"rmi一

náted s目d ，
with fungi -

60 

現 of germìn削的n 每毛 of tota[ fungi 

82 
10 

17 

19 

10 

11 

Huila 
Valle 

。

1
8
6

4988 

7 

Antioqu泌

Nari話。

Ðl.I..ro m也 1個時村電 per '!ach of J'l\n: 削 d !o!!有依r d~p鑫，，，叫凹 '0
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Table3終 Per帥ntage of intern攝Iys剖吋~bornefu個尉. germìnatîon in 吋tro(PDA).and emergence in sterÎle 帥iI
(蠶reenhouse) 齡ld í鈴 the field of poorω削llllify seed (去 \'ulgotÎs c\ ‘ Tui). either nontrcated ortreated 
wìth capian, thirωn. or beno回yl

Germinatíon 
m \'Itr特 (PDA)

taptan 73 

thíram 72 
henúmyl 73 

Confrol 41 
L5D 至今2 19 

l 特 29 

selected for hígh yíeld potentíal and are of 
the non-clímbíng type. One hundred 
twenty-s悅。f thε50 have passed through 
Prelímínary Varíety Tríals. Seed of the 
記mainïng materìals is bein在 CI臨ned
and I or multiplíed for testíng duríng 1976 
Most hí草h Y時Idíng varíeties are black 
seede成 but some prom時的車齡cessÌons of 
other colors have al80 been ídentífíed 
Evaluatíon forcommon bean mosaic virus、
rust and bacteríal blí草 ht are íncl位ded ín 
these trials老

(2) Unífonn Varíety Tria詠嘆 using the 
same 40 high yíelding varíetí闊的 each ，
have been planted at CIA T, Popay是n.and
其10ntería ín Colombía and at Boliche. 
Ecua盛。仁 The major aím ofthese tríals i汁。
test adaptíon of promísin草 m剖erials to 
different environmental ∞祕itions

The Uniform Varíety Tríals frorn CIAT、
Popayán and Bolíche have heenharveste這考
the híghest yielding varietíes from each 
locatíon are shown in Table 39. Four of the 
best five varieties frorn 1974 甘ials (fíve 
l闊別ions) are a接aín arnong Ihe highesl 
yíeldíng varietíes thís year. The hí草hest
yíel廿 ing varíeties with the best adaptatíon 
論ere P45雪(Jamapa). P302 (PI 309-804)電
and P511 (S-182-R), while P675 (ICÀ即
Pijao) 詩詞譜 P560 (Var 51051) Were hígh 
yíeld肘 S tn only some of lhe locations. The 
varíety P566 (Porrillo Sínt丘t;co)， the 
hí革h的1 yielde; ín the 1974 tríals , suffere這

E扭扭默的cc

τolal 

S!erîle soil rleld fungi 

。8 53 14 
的命 52 15 
65 47 12 
J) 35 88 
18 8 lJ 

28 12 21 

severely from hacter,al blight and ranked 
only tenth in 1975 

(3) Internatíonal Varíety Trials are 
íntended as a collaborative activíty in 
whích promising línes from CIAT or 
natíonal bean breedíng programs would be 
tcsted over rnany locations. 

Duríng Ihe second semester, fíve trials 
were seede益 in various locations in Colom
bia and Ecua禱。r 10 detenníne the 阻ost
approplate 臨的ho益ology for these 甘措1.‘
The format used ís shown ín Table 40. This 
expen甜ental methodolo草y as proposed by 
the C[A T bean team , was díscussed duríng 
the Beao Plant Breeding Workshop ín 
OClober. Suggestions from workshop 
partícípants wíll 話e taken into consì小era
tlO況， with the mo挂íf時d InternatÍonal 
Varíety Trials to 悅目前 to collaboratíng 
ínstitutíons in early 1976 

Bean fertilìzation studie海

Boron fertilization 

Earlíer studies on boron deficiency, a 
major problern 00 the CIAT farm are 
reported ín the 1973 and 1974 Aonual 
Rεports. 10 1975 a few addilíonal stu通往s
were undertaken. maínly 10 det肘'mme
residua1 effects of B applicatíons and 
varíetal díff，ε玄enc峙. Fígure 25 shows Ihe 
effect ()f B applicatíons on yields of three 

，-4學



Tah!e 39 lligh軸t ~íelding bean 倒霉的事ions 朋 Ihrèe Unjfor潮 Yìèld Trials in 1975‘恤臨抖rèdwi油 1974 tri.als 

CIAI 
access lOO Y防Id Growth 

Locatínn 00 于\arne {tonslha} type Color 

ClAT (1 9758) P-459* Jamap學 V. 3.31 11 biack 

P~737 Jamapa CR. 3 位9 biack 

P刁 11' 5-182一次 3.07 11 blàck 

P~302* PI 309品。4 29鼠 11 black 

P~5令O' VaT 51051 2.96 11 black 

P-506 73 忘乎包165是2 2.95 11 whìte 

Popay揖間 P-498 Puebla 152 3.09 111 black 

P-302敗 PI 309-8。這 .1. 04 11 b!ack 

p 竺 12 S-16ιA-N 2.8這 11 black 

P-588 ICA-H l.lilsano H2 11 black 

P-326 PI 310-740 2.80 111 去\lack

P-45伊 Jamapa V. 1.78 11 hlack 

ßolkhe P-302* 的 3掰 804 2.56 11 hlack 

P~459" Jamapa V. 2.52 11 black 

P-445 Gua t. 2226 2.47 11 bla毛k

P心675* ICA-P弩尬。 主毛6 11 bl趴:k

P418 〈了位1. 12-E 2.42 11 black 

P-511* 5個 182-R 2.37 11 bìack 

1974 Tri器1$** P-5血6 Porrlllo SÎnL 2,.1 2.~ 11 black 

P-675~ ICA句 Pijau 2.3 .1 1 11 bJack 

P-737* Jamapa C民， L9 - 2.7 black 

P-4;伊 Jamapa V. l占 2. (， 11 blad 

?句560* V且r. 51051 2,[ - 25 11 black 

Am()n意忌的生。HJ?rí&b ~!1訓 ka'\ t恥。"訟法

主叫叫扭 r:!n g:'; I川川、以1I1t I!l'~t' 羽 h ， )\e lucat"" 、

τ持ìe 4(} I~roposed 的ptrímental methodol。如 fOT Jnternatjotlul Bean V甜iet ，. Trials 

Nu恥b肘。r.咐"甜口 25、 of whlch 20 a問 Cürnmon to aH sîtes and 5 an: local 、 iirietles or sc!cctioflS; (lf rhe 20 
common van帥的 10 .1時 b!ack and [0 鼠 re 01' othtr (:o!ors 

D輔ig鈞、 friple :aHlce" wíth three n:plications 

Plot sÎle: 3 美金= 15m入 cDn~ .istmg of6 rn v.-\ of 5 mctcr len斟h 泊的1 SOcm bcn\'ee:n HlWS; the area to be bat三令必 lxl ís 

2x4 “怨。"'

Plant Population: Ry thínníng ad~ o.:l>ted 10 250.0f的 plant~' 1滋

Insect and di"扭扭 control: As locally rccommend毛:-d forgood bean producfl帥、 one addîtional repli泣的00 or two 
φlit rcplicad。如 can be planted without 開提ct J;ì od : or disea時 controllof [,xaJ nb"er、 atìons nn dlSC肘G

a!叫問自;::l rcshtanCe 

Ferì尉lation. weed contro[等寓言，d 前i阱，如此 ^s 1恥all)- r平。用mendcd for good be叫 P叭，eu叫 '00
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The seeding of 14 promising va l'íetìes 
with th問e levels 01' applied B revealed 
greater susceptibility 10 B deficiency ín 11 
black吶seeded varìetìes Ihan in Ihe two red
seeded varieties tested (Fig. 26) 在~un草
bean (Phaseo!us mungo) ac!ually showed a 
ne當ative response to B fertilization. The 
critical B level of 20-25 ppm in leaf tissue 
was confirmed for the 11 black 位ean
vanehes 

~JL71 
一--'-1

2.0 

When B deficieney ìs not seve悶 enough
to inhibit ínitial growth. foliar applications 
may be a more economical alternative to 
50il application. In one trial hi草he5t yields 
were obtained with three foliar 
application5 of 0.1 percent B 如 solution~
equivalent to about I.percent Bora" orO.5 
percet哥 Solubof. ConcentralÍons of 0.2 
and 0 .4 percent B resulted in severe toxicity 
symptoms and yield reductions 

山十 !:iiJJi
u…上一」一

(
河
￡
一
切
自
勻

W
B叫
乳
白
您
的
d
￡
h
h切
吉
它
可
h
M
L
r

B appJied (kg! ha of Borax 1 

Figure 25 , Effec綴。fQ帥閥混 app1ícation oharìo蜘

惜重揖 of8oß)制恥。f ICA.Tul 恥ans i.n愉，.. 
subsequent seedings. CIA T. 

Phosphorus fertilizatioß 

Phosphorus is the maín element lim心
íng bean production ín many soíls ofLatín 
America. Figure 27 shows the resp。但5e of 

一……~……-一……也ω抖 的一一一

6. Red beans (2) 
o Black heans: (11) 
.他lung beans (1) 

t, ig-ure 26. Ufeds of柚ìl 呻pl臨鈞。附 ofB on yields 
uf t~o red 3nd 1I black bean \arìetìes (阱。5(;，O!US

I'Ulgaris) and ont' mung bean (Phaseοlw munK吋
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subsequent crops of the variety Tui. 
Durîn皇 the ínitíal seedin囂。 1 kg Blha was 
suffícient to atta研 maxímum yields. 
However, in later see益 ings the residual 
effeet of thís applicatíon was insuffícíenl 
a概I maxímum yields were attained only 
from the init捕 1 applícation of 2-4 kg B I ha. 
Sínce symptoms of B toxì的ty have been 
observed at the seedlí位g stage ìn several 
field5 削 CIAT fol1owin草 applications of志
3kg 位 11吼叫pecially durin草 dry weather, it 
ìs recommende過 to apply only 1-2 kg of 
B jI誦， and îf neces翰叮. to 時peat the 
applícation Ihe following 5emester 

治民呵'plied (kgl ha (Jf Börax) 

'j ,5 

。

To determinethe nee垂 for B fertilization , 
critical levels of 窮的 leaf tíssue and 50il 
must be es組blished" Co叮elations between 
bean yield and B co位tent of leaves and soil 
show甜 that yield increases may be 
expected from B applications if the B 
content of the upper leave心 at t10w位的"g ts 

le55 than 25 ppm at豆d if the ho卜water
soluble B content of the 50il is less than 0.4 
ppm. 



P fertìlìzer pre時ntthe 崗位't 蛤tisfy

re有制rements ., 

、

Two additìo犯al sources, fused 
magnes阻m phosphate an是 rock phosphate 
pl這s sulfur were s:帕拉ìed. Yìelds wìth f叫“
magnesium phosphate were not 
缸辜的ficantly different from those w泌h
TSP辱 and the rock phosphate + S mixture 
was not much 這ifferent from rock 
phosphate alone. These two sources are 
thus not shown 丸 correlatíon between 
bean yield and percentage of P in the upper 
leaves at t Ílne of Oowering showed a crítìcal 
P content in the leaves of 0.35 percent。

必 Ba齡$鈴做沁2犯叭c叫叫，1叫i

.. Tri叩EψpJ蛇￠ 扭p伊e叩h加0'呼p抽捌2仗e

0帖§卜τ心 p伽h加峙…os抖P肉峙枷枷1仗糾叫e叫叫(ο州2恥圳恥昀川L江川a甜叫削c咐i培d)汁• 
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Ni甜。事en fertilization 

Previous trials by INIAP establishe是
that nitrogen is the major limiting element 
for beans in Boliche. A cooperative trial 

P appI姆拉gj ha of P, 0 ,) 
Figure 27. Re$pûnse of PorrHlo S蹄tétìco be掛岫

時間ral levt'b of P from four 甜""餌. Pop帥的

(1975A). 
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~ Fìgur，ι28. N,t 閃電um (Col.$) frum b甜純 fertiUza.

tion with \';lrious sources and level霧。f P, Popayàn 
(1975A). 

beans to P in the extremely P-deficient 
volcanìc ash soil of Popayan. Usìng the 
soluble source trip1e s結perphosphale

(TSP)‘ highest yields 、間re obtained with 
300 均 P 2Û sl ha. With Iess soluble sourc的
suchas basic slag, rock phosphate and rock 
phosphate 20 percent acidulated with 
sulphuric acid , beans responde益 to up to 
4混o kg P撈到 ha. Basíc sla在 was the most 
efTective source when all sources were 
broadcast and incorporate泣 Band place
ment of TSP would probably have im
proved itseflicieney. Rock phosphate from 
Huila was the least effeetive source, but at 
hígh rate5 , it was definitely beneficial an社
郎。nomica1. The partíal ad心J!ation of 
rock phosphate 問creased its efficieney to 
that of TSP. This treatment會 which can be 
done 00 the farm , increases the cost of the 
lertililer from Co l. $4.6 to Col $9.51 kg 
P 20 5 but makes ít a very at! ractive P 
source in comparíson withτSP whích 
p間sently costs as much 都 Col $24.51 k草
pρ刊Figure 28). Basíc s褪色 bei略研
甘emely effective as well as cheap (Col 
$4 1 kg P譯)璋的 the most economical 
source, but its production ís limited and 

、
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was estab!ished to study levels. source.可
tímes and methods for applying l\. Levels 
as h怒話 都 800 kg !'I i ha were used ω 
determme possible negative effects on yield 
as well as 如泣飢ermine the true yield 
potential of Porrillo Sint忌的co under the 
favorable climatic conditions of th時
stalion. Figure 29 sbows that a maximum 
yield o( 3.76 tons I ha was obtained with 
this bush bean variety. and that ;\1 
f悶的ona!ion had no positive effect on 
yield. This corrobora!es re5ul!. reported in 
the 1974 Annual Report. Fi蠶豆lfe 30 shows 
00 significant訟fferences between urea and 
ar加了lOmumωlphate， but indicat時 that
ban益 placement was considerably inferior 
to broa社<a5t applications at all N levels. 
Beans respo認這ed positívely to rates as high 
as 200-400 kg N I ha, wilh no negative 
respon組 up 10 8∞持 Nlha.

N 軍 P 融teraction

The effe心 I of !'I and P fertilization 00 
yield and protein q臨Iity of three bean 
varieties was studi制這 in four locations 
during Iwo semesters. The yìeld 賠sponses
of the varietyτui in Popayán, La Zapata, 
各位社 Carimagua areshowninFigure 31, In 
the high or車制ic matter, volcanic ash soíl 

(“
uz-ndoww 

Z
自
叭w
m

50 10秒 200 800 

?\I applied (kg! ha) 

Figure 29 , R軒:ponse of Porrilló S軸線電ico bean 仰
揖veral levels o( N ap抖ied at seooÎng or as 呼蜘
叩阱開tìons ， Boliche，如幽dot ， 1975的

2 

( z es 

句白o 的h 

支EUA O 

且認耐υ 自

ßand applied 

• 。

Broadcasl app!ied 

ò ammonium sulfate 

@ 
50 100 2帥 40。 8輛

?這叩pli騙性gl ha) 

Figure 30, J這輯ponse of Porríllo Si削產電ko bean to 
se\'('raJ Icvels of N 船卿棚。r ammonium 甜甜...制，d

appli吋 by bandi終賽前 b開叫闊的&呵. BoUche, 
E蹦蹦師 (1975A).

。fPopay是給 bean戶 responded prìncìpally 10 
P and only when the P喻need was satisfied 
was there a c1ear 問sponse 10 N. In the 
highly infertile oxisols of Carimagua beans 
respon社ed principally to 爽， 3n謹 onlywhen
the N -need was 雄tisfied was there a 
response 10 P. 10 the volcanic ash
influenced soil of La Zapala, with 血，
lorme益iate organic matter and low P 
content, beans responded eq臨lIywell to N 
an吐 P‘ In alllocatio肘， maXlmurn response 
to P was obtained at the high N level and 
ma幻賠U船間sponse to N was obt剖ned on 
the hi藍h P level. 

A囂ronornic p闊前餘的

Time of seeding 

The lime of seeding trial in Popay訂單
甜porte述 in the 1 會74 Annual Report w發S
contínued. Figure 32shows that with insect 
and dísease control, excellent yields can be 
obtained 時edin在 beans from D甜ember
Ihrough March when monlhly precipita
t10n 話 about 150-200 mìllimeters. Ex
tremely poor yields were obtained with 
seedings from May Ihrough October, 
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practically 00 草rain cou!d 恥 harvested ， Jt 
is possible that insect populatiúns an拉
拉時ease Înfections built Up more 叩開時Iyin
this experiment than is normally en
countered wh臼 beans are seeded only on峙
。r twice a year. The re5u!ts may thus 
represe削 an ext何me 扭扭ation， They do 
indicate電 however堅 that -commercial bean 
production is most likely 10 be successful 
during first 指mester plantin惡S

hecaus. rainfall was limited from May to 
Au星ust but excessÍve from October to 
December. With the 帆ception of seedings 
ín March and April、 insect and disease 
con1rol w品的話ntial for reasonab!e y叫做
10 the second semester. high rainfall 
ìncrease討 anthracnose to the cxtent that -. 

‘ 

Two trial, were secdcd at CIAT to ,tudy 
the effecls of mu!chin耳 with cròp residues 
on weeds有關i! temperatu陀、 humidi紗，
fertility and yields ofbeans , Table 41 shows 
that hiεhest yields were obtained with a soil 
cover of maize resídues , ricεstraw. and 
社ead A副aranthus 、veeds， The !atter 
significantly increased the soil P and K 
levels. possibly eliminating P deficiency 
(critical P-Ieve! inso i! isaboùt 15 pp鈍。.AII
mulch treatments 草reatly 阿拉uced weed 
growth, plantain leaves bein黨 most and 
Amaranthus least effcctive. The treatmcnts 
decreased soiJ temperaturc about 2-2 , 5"C 
but had litt !e effect on hum泌lty

恥1ulching言
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泣
泣

Month ;lf St'泊的2
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lable41. F:ffect of 峙篩 cover on productíon of beans. weed growth and 俯拾 char缸，，，繭的也

茲的! anal、 ~es4

Bcan vìeld Wccds Suil tcmp .1 Soi! 
Trcatmem íton且 I hal 均 1m") ("C) humidity ('-(1' IppmP) Im'4 K IIOOgm) 

恥，♀edJ check l 線; 948 26_7 20 g 12.6 。 44
W匙串cd-free .:hcck 1. 92 292 2長 2 20.) 
\1aÎ1C n:siduçs 2.tlfi 20M 24.2 21.1 11.8 0.44 

Rice stra\\ 2.05 3.36 24.6 20.8 14 .4 0.49 

Plantain lea\"es 1.94 184 24.0 20.6 IH 。 4已
Sugarc講話音 leave、 1. 9主

3。這

Dead wee岱
{危臨益ranthus) 2.2) 728 

We叫， COJ!~èW": a! (,mc "f han心l

A況r-age o( fL'.l f d但cnnlilauo祭品( I:)-.çm é(:>lh 
'̂<rapç \< three dd<:rffil ;'l 1I1 i州計 2。可 :n deplh 

Sοij al'.ak毛nAj惚r ha t\ ~~l 

2每 5

25.2 

Contact herbicides f砂r hastening 
maturity 

Hi直h rainfall during maturation can 
cause plants 粉 resprout and reflower at a 
tíme when prevíously formed pods are 
dryín車 The newly formed leaves prevent 
the proper dryìng of these pods and pod 
rolting may resul!. Under these con社lt10ns
the applicatíon of a contact herbicide like 
paraquat can mcrease defoHation and 
h都ten maturity. One application of 
paraq關t( 1$毛) 10-20 days before harvest 
was the most beneficial of several 
tr開tments and had no detrimental effects 
on seed 墓前mination of the two varietìes 
tcste社

W.ed conlrol in bea訓導

M創le or beans grown alone were 
compared to maizc and beans grow話 m

aSsoclatlO n、 to 廿etermine whether 、、 eed
eoηtrol inputs were equivalent in the three 
svstems 

Maize and b闊的 were planted on the ,ame day in beds 1 島 mcters wíde wíth 
eith肝 two rows of maÎ7.e and three rows of 
beam or 1'\,\,0 rows of maize an廿 onc rowof 
bcans per bed , A h- rachytic maÌzcand hush 

20.7 12.7 。 71

21. 7 23.1 。 71

bean va r'Íely were used. Treatments incl叫“
ed no weeding. one or two hand weedin軍s
and use of a pre-emergence herbjcìde , 

Twenty days after planting there were 
fe當erweεds in the 用。noculture bean plots 
than in the maize or 血aJze an往 bean plots, 
retlecting the competitive ability ofa dense 
populatíon of beans (240,000 plantsj h的
This relatio肘hip persisted until harvest 
(Table 42). Intercropped maize likew時e
had fewer weeds than m創ze alooe. F or the 
weed species present. onc hand weedin島
gave adquatc oo O[rol io all systems. 00 this 
basi先給lcre was no adv;說 ntage to mtercrop
pmg 

Bean yíèl位s were reduced 83 percent 
both for bcans alonεand associated with 
matzc‘ when no weeding was performe注
y時lds of 品。nocropped m剖ze wcre reduc
cd 68 percent when not wee譜ed、 while in 
assocÎation with beans. the 1055 was only 47 
pcrccnL This sug萃的的 th剖 m3Jze 15 誦。re

tolerant of competìtion from beans than 
from weeds , 

Another trial was conducted to detcr 
míne which herbicides ca悅色c used safelv in 
a m剖ze-bçan assocìation. Muíle (hybrid 
糾 -253) was plantcd and nine herbicides 

c-售 1
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were appl賠d. Beans (variÇ!Y Calima) were 
planted lWO weeks later、 AII Ireatments 
except DI\話P 且ave acccptable grass 
controL wh ì1e broadleaf comrol was less 
effcctivc \Table 43). No herbicìde caused 
any observahle injury to elther malze or 
beans 

Plant densitv studíes 

Bush beans 

ln experiments on appropriate plantíng 
廿ensÎ !Ìes for bush beans電 vield plateaus 

丸。 5.4 177 A心一、 匈 。 94
:20 5.5 :司 7

了。 :.O:ì 
9 穹的 i 紙) H ll.9毛

hH 1., {Uü 1 A 。 16

were observed for densities above 200，也00
plants I ha. This pl削eau was independent 
of pla削 type and plantingsys時間(Fig.33) 吋

row dista治ce (Fi也 34) ， an泣 bean varîety 
(Table 44). Y耐心 from 立 to more than 3 
tO l1sl ha were obtainεd. The results co恥
firm ínformation presented in the 1974 
An l1ual Report. Agaìn, only limited 
variety I densíty interactions were foun拉
關lOn且 the varíe口的 and systems tested 
Populatíons losses during the growin在
season complicated the evaluation of 
response to plantin晨 densíty 111 bush 性eans
!n one trial , estahlished densities of20 , 40、

fable41 [ffe叫 of nine pTe吋羽lt'tgence hcrbicîdes on percenl鈍震e weed contTol and ~'teld of ft1的le and bean'ì 

grown in assodation 

Gr，晶晶日 民ma.dleäf
Yidd (t蚓、 I ha) 

Ra.t:: ::ontrol事 contro!寧寧

Herbìc二G' (kg ~ ha) t 交) (i:;-) 前eans "注i/ l!

立位。rodifen 3.5 gS 75 910 3.4 

!lnuron 1.0 90 4<l 8自6 2.7 

dnrarnbcfl '\.0 教〉 “> 775 3.8 

DNBP J.() 20 90 n自 1.9 

trifluralin 1.5 '。
70 為 50 3"2 

dinitram\fl\: 。 75 70 70 9支吾 32 

butralin 1-5 90 80 等前5 2.8 

pen符咒說 !În 1.5 85 60 82至 3.3 

“令22234 3.0 
錯。

60 940 3.2 

駒，開dv check 。 。 16多 。 7

'物品\， Jfl~f a l'plιcaLrm. l'叩Ç<lJl'lIl'l相"你們叭間re EIn心 II1<， md" 紹， ι<-Il l11"， 'hùm ，"{ω'10m I!nd úPI'Vh!Ø4 fi"/<; 帥的
.. .ul da'~ af\er ..pp !ical如 11. PrOOo份制，導 ~pet'仇叫re. .4'''''l"<lnli"-,, ,lUhw>. ，tf"，，，， .r;/l l'a 冷orOl111a. PllfIlå恥 iltl!/("-1(州 f.u;幼ν hill 旬l'r4
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Plant pnpu!atio削閉關1 期)

Figure 33. Ïields of two hea的管arieties 3t four 
densities 臨 two pla叫ing systems, CI A T 

60 and 話。 plantsl m
' 

were reduced to 
approxímately I 峙， 2昏， 36 and 46 plantsl rn' , 
respective)y, at harvesι 

Cl詠梅in聽 beans

The need for rnore deta í!ed evaluatíon of 
plantîng densíty 朋 clìrnbín露 beans was 
stresse社 ín the 1974 Annual Report 
Resul恆的is yearconfïrrn the need forpla肘
densiti的 hìgher than those conventionally 
used , but sug島的t that desirable planting 
densitics afe I的s than the 40 to 80 
plantsl 由 ori辜的ally considered , U nd前
farrners' cond必 ions， it is common to plant 

" ~ 
m 
r 

'" 色，

H』
驚
心
，
胡
同

P!a;nI popu!utíon (f 、攝制 ha;

Figufc 34. Yields o[ Porrillo Sìnletìco at two row 
spat扭gs and four p蚣nt densiti~﹒ Botiche， Ecuador, 
(9748) 

both rnaize and beans 剖 a ma別mum of 
40,000 plants I ha , T 0 evaluatεthís practÎce‘ 
mail.e was planted at a constant density of 
40,000 plantsl ha with bean densities 
ra呻吟 from 蟻。00 抽 320，000 plantsl ha 
These treatments were compare社 10
rnonocrop beans planted on a tre!l is 
support system 0 1' bam boo, wire and twine , 
over the 值觀e range ín densitÎes. 1 n th話
system there was one 血eter betweεn 
甘ellises and two rows per trellis. Figure 35 
shows a reductïon in maíze yield w Îth 
mcrεasing bean population, as well as an 
mcrea盟 in maize yìeld when both crops 
werc plan祖d 剖粉，000 plants I t闊的

fahle 44. Ef(e('l of plant population on the yield or be4ltJs of 叫ne prornìsi伯震 \'ariedes. C'lA T. 

YieJd Iton!>ìba) 

Plants. i ha: 200、棋掉 1制)、。做} 的制誨。 A，品

IC A~Pijao 1.1 每 3.12 3,08 3.13 
7JVu165萬的 3.25 3.02 3,04 l , lù 
問:“M.I 月 27 3.12 2.92 3.10 
τ u< 258 2.52 2.54 255 
Porrillo Sintêtlcü 2.66 2,29 2.70 2.55 
屆主30 var. 51052 2.ìO 2.41 2.24 2.45 
73 \r uJ 6589 2.71 2.66 2.05 2.47 
Porrìllo 11 I 2.21 2.42 2.39 2,35 
15。一 1.1 1， 9晶 i 可7 1.65 1 月

九莘莘 aJl varietle;; 272 2.59 2.51 

‘三.53
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Plant populatiun ( I XKìù i ha) 
(Mui/c dcnsit j' incr悅b軒 1 ， 1 泌 tth bean d('n~íty) 

Fig Ul、; 36. :\'loß制rop yìeJds of bean!. and 吋e悶S of 
Înlercwpped beans ;u吋 m對甜叫 four )llanl de閻明裙、

crop protection, and harvest (partially a 
functìon ofy措ld).τhe number of crops per 
year depends on avaîlabîlîty of ìrrigatîon 
water and labor to install the svstem. lt îs 
probable that small farmers with limìted 
resources could profitably utílize either 
monocrop b闊的 on artifidal supports or 
assoc Ía led maize and hìgh -<lensity beans 10 
achieve hìgh returns fro的 family la bor 00 a 
small area. The early harvest of maize as 
惡reen ears would facilitate more than the 
normal two cropS each year 

Research on the beanl maíze system 
pr。這juced tentatÎve conclusîon咎。n relative 
planting dates, densítìes可 spatìal orienta
tion of plants‘犯n社 desì基n of the system 

Mu1típle cropping 

aeph--zcz2LMmM 

(叫別:rc d舍的時間üfor甜瓜峙，抑。 planh.1 h叫

326 

In agronomic trials comparing maize 
vεrsus lrellís or slake support systems、
10值1 crop 、.alue of b帥ns or beans plus 
maize increased appreciably at hlgher 
plant densitÎ帥、 and were almOSl ìndepen
dent of the crop sy叫em (Fig. 37). Max
ìmum crop va]ues were obtaîne謹 from Ihe 
monoculture svstem at bean densitìes ov盯
紙。00 pla時，.ha. and from the maize 1-
bean 話ssociation at bean 社enSJltes over 
的 000 plan結 :h札I\et profit from these 
systems îs a function of co鑫ts of the initìal 
installation (monocrop cJimbin且 beans)，
seed (varies with density). pJantin惡 and

associatìon. There 15 no apparent 
sy杭eml 社enslty tn倍raction. as the bean 
yie1ds in both monocrop and associated 
crop sy就ems were highesl at I紛，000 bean 
planls 1 ha. The difference in bean yields 
between the two systems was s啥叫起cant at 
all den針tìes. Figure 36 compares yiel過 s for 
m剖ze and beans when four maize types 
were used as support益 for the Chilen 
varíety P259即A. Yiεlds of this varíety in 
monocrop leveled al 2.0 tonsl ha 

Fígure 35. Yít'lds of hean and maÌle 帥 monocrop

and 是n assodatíon at four bean densities.. 

Bcan plant popu!的00 (1秒的O[ha)
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Fig l1rc 37. Value of maÎ1.C and lwan‘閣。nocropped and j研制!i()('iatìOß for 甜間開I plant denslties. 

The optimum plantmg date for bush beans 
(200,0001 ha) 15 15 days 秘fore rr關Îze
(4(),OOO! ha) , al CIAT. In thì5 assocìatio九
bean yields were not reduced 叫囂nificantly
from the monocrop lev訓 j nor W3S malze 
yiel挂 affected_ This reJationship must be 
tested at higher plant densities an廿 yield
levels , PreHminary observa1Ïons of climb 
的g beans with m制自 10社icate that 
simuJ組neons plantin益的 optimum f or bean 
production. with only a 冊inimum effect of 
compeht lOll on ma日e yields. 

At a given density, maize plai1 tin囂
system and spatial row arrangement were 
shown to affect bean y賠Ids (1會74 Annual 
Report). T 0 further reduce the effect of 
maîze compeütion for li皂ht ， trials are in 
progress to tntercrop p缸閃d rows of maÎze 
with four rows of beans. Climbing beans 
stiU have an adequate support sysle剖，

being al the mc剖 only 4() cenlÍmeters from 
the maile rows 

The effects of crop association of fall 
army worm (Spod，σIplera jn哼伊."rda)
attack in 現aíze are íIl惱trated 時 Fi草ure 38 
The association of m恥ze with bush beans 
planted six days before 廿三em甜甜 retarded

ïnfestatìon , comparedωthe monocrop 
maize check. With a climbing bean planted 
seven days after the maize, this 吐iffer哈拉ce
was drasticaHy reduce廿 This same pat時間
~f diff，白白的al ìnfestation perslsted over 
three conseculive observation dates, and 
cven after the Spodop缸ra infestations had 
been chemicallv treate話. This reduced 
incidence of a principal maize insect may 
be one of the reasons sma lJ farmers use 
these multiple cropping systems怕的surea

harvest and minimize risk at low levels 01 
technolo惡Y

C.丐f長
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h學ure J想 V總.U ørm~wo會間攝festation 扭冊的闊前咐，闊論get.. ín thre("cwpping systems. CIAT 

COLLABORA TIVE 

ACTIVITIES 

Duτing 1975 the CIA 1 話oard of 
T rustees agreed to the proposal by the 
Technical Advisory Committee of the 
Consultative Gro位p for Internati，月lal

A喜悅cultural Research that the CIA T 
H帥 n Prog問rn coo吋抓到e the es崎blish

rne肘。f a Latin American Bean Research 
Network , With this goal in mind , the Bean 
Program has acce)erated its coUabo時hve

expen冊C肘al prog悶rn and has established 
fÎrm contacts with most natîonal bean 
rC5eafch programs in Latin Am盯lca

Activities during 1975 have been in five 
areas 

(J) T悶ining: Dur悶g the year, the 
program rcceived three post~ and two pre~ 
doctoral student札 thrce swdents for the 
MS degree , and a total of lB other 
postgraduate becarios. For the fírst tíme , 

C-56 

five hecarios from the same country were 
trained at CIA T as a multidis口plinary
group 、 An intensÎve one-month 廿ainmg
course in bean production for experîme恥
tal studies, is planned for 1976 

(2) Docum聞組tioß. Documentation of 
avaìlable bean literature was again 
emphasize廿 ín 1975 with mo問 than 1,000 
car垂s dlstributed to over 320 scientísts in 
the be提n r含有 earch fíeJd. Li terature on 
symbiotk nítrogen fixation èontinue社 (0
be distributed by the microbiologist 

(3) Conferences. Two conferences were 
organized durin惡 the yea亨 j the first on bean 
breeding and germplas岱. the other 00 
aspects of plant protectio鈕. A rnajor result 
of the breed間g-g.盯mplasm workshop wa在
a better definitíon of how CIAT should 
manage its breeding program to satisfy a 
muJtipJícity of demand5 from natíonaJ 
programs (5ee page C-l l), D剖恥Is for an 
înternational series of varîetý tria!s were 

.. 

美

.. 

、

、



al50 presented 剖 lhis meetin臣、 and

accepted ín princípJe (5eeτable 剎時. This 
will be軍in when suffícíent cJe滋n see桂
becornes avaílabJe in 1976 

(4) Review meetin囂﹒ An external revìew 
of the Bean Prog時間 W削 held from Oct. 
21-23, 1975. Current research , research 
tren這s and staffín車 pattern and r忍耐
quírements were revîewed by a committee 
in whích Latin Arnericans predominated. 
and where the major question to be 
answered was the relevance of the CIA T 
program to other areas of South and 
Central Am前ica.

(5) Collaborative research ís under way 
in several countries of South and Ccntral 
Arneríca, and referred 10 frequently ín thε 
precee益紡車 text‘ Major actívíties have been 
the varietial evaluations in Ecuador; ru到
resistance nu路ery screenm在 ìn 14 coun-

的侶 the evaluation of golden mosaic 
tolerance in Guatemala; and RhilObium 
an益 fertilìzer 8tU吐ies in several parts of 
Colombia. lCA and the Secreta fÌa de 
Agricultura del Cauca both were promi
nent ìn these studiesτhe agro吋conormc
study reported on pa草e C “ J, depended 
heavily upon support from several 
collaborating 悶棍itutions

Additíonal collaborative projects with 
several developed country ínstitutions are 
under way, generally, in areas where the 
CIATpro車時間 hasì的suff臨時ntequiprnent

or expertise to undertake the stlldjes. Thus 
students at Cornell U niversity are 就udying
stability of 囂rowth habit in beans (1974 
Annual Report) and photoperiod
控rnperature interactions. Michi伊拉$扭扭
U niversity and H okkaído U niversity arε 
al峙的volved in th措 prograrn

PU BLlCA T10NS. 

Econom Íf:J 

INFANTE. 身1. Y PINSTRUP-ANOERSEN ， PιAnálisis agronómico del proceso de producc的n defríjoJde una 
zona: altamente tecnificada. Valle del Cauca. Colombia.ln Reunión Anualdel PCCMCA , 21訟. San 
Salvador, EI Salvador哥 1975. Proceedings 1:397442 

E雪tomo!ogy

秘éI I.OE， ι. and SCHOON級OVEN‘ A. VAI'<站缸hanÎSIDS of resistan自 of Empoa.w:a kraerneri in Phaseolus 
vuigaris L. J. o( Econ. Ent (în press) 

一-一一一叫“; SCHOO :"olHOVEN, A. VAN; and LAVERDE. L. G. r悅 biology of Empoasí'O knumu?ri 
on Phaseotus νu/;會aris ， Ann" of EnL Soc. of Am. (io pre品)

九.fuJfiple Cropping 

乎認ANCIS， C.A.; FLO錢+ c'A. and TEMPLE‘ S.R. 先dapting varierìes for intercropped systems 帥 the tropics 
Cali. Colon血泊訂IAT. 1975. J6p 

Paper presented 的 Mul叩le Croppmg Seminar. Annual M自1ing of the American Soclety of 
Agro鈴。my、 Kno文vil1eτe<間， υS.A. 1975 

* Thl~ li~t 的c:l udes ün l) journal artîdes pub lJshed outsidc CI八 3 、甘n的

C.5ì 
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í PIU1S('IJI1I "γuiJ{l1 ris)兒叫 llnd thcìr cE'cct nn \c“2吟hornc fungi l\ nd germir.aliüll. In !\nnual Mceting ,-.f 
~h C" Am的t'an Phy仰伊thrdogical S叫Ìdv. Carîbbcan Dî可泌的刊 Call， ColomblJ , 1975. Proteedi吟詩{in
prt's、}
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rurnalba (in press) 

一……-一一…一- and ('ASTA~O‘ M ， StabiJit~ <!nd puríÍlcatíún 01 悅的 golden m肘圳、 irus. In l\ nnual \.~ 
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damage. In .A. nnual 闊的叫19 叫 thc American Ph叫opH!holog: ica! S他letv. Carîhbeùn DivìMt1n, Ca鈍。

Co!。即bia. !975 , Proceedings í 閉口rc間

一一………一一一……一-， GALI~D。可 J.; ALVAR[Z ‘ G. Defoliadòn artificial para 的timar pcrdida t> por dañ怕只
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Colomhi3 , ClAT. 1975 16p 
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Swine production systems 

HIGHLIGHTS IN 1975 

Duríng I 會75 there was a basic change in the orientation of CIATs Swine Pro.且ram
towards a new phílosophy emphasi說ng 缸ainíng and international cooperatîon actìvities. 
The basis of research activities in the program's e"perimental farm unit has bee削hestudy
ofthe major 詰milÍng facwrs in relation to the efficient utílization of potentially available 
feedstuffs for swi問 production in Latin Am訂ica ， ""utritional research on the ulìlìzation 

• of cassav., rice meal or polishings and opa有 ue-2 maÍze în swir時 feeding systems has 
receíved príoríty, The practical evaluation ofthese feedstuffs has co叫ínucd to be oriented 
towards the development of integr剖ed lífe-cycle feedin息 systems， This year experim叩怯i
data on the use of cassava m問I and opaque-2 maize have been eompleted through one lífe 
cycle 

Upon 記訂了ünatíng the long-但rm research on the performance of natìve pi妒， an 
improved breed (Duroc), and their respective crosses în tropicalzones, information has 
heen complcted on the performance of two consecutíve litters and on the evaluatíon of the 
carcass quality of the animals reaching 鳴arketin皂、weíght. In both litters‘ the performance 

• of native pigs was lower than that of 割的er unprove社 breeds Qr crossbred pj草S

• 

In animal health thεmaÎn objective was the economìc evaluation of health problems 
affecting swine production , In addition, the Animal 紅ealth Unit contínucd to buíld up 
basic 悅forrnation on the m削n diseases affectin皂 swine production in different areas of 
Latin America in order to e諮詢 blish prioritíes forfuture research prior to the development 
of economíc preventìve and! or control methods 

The Swíne Pro車站m hasstrongly supported close collaboration with national programs 
in Central and South America, where the po結叫愉 I of 吼叫ne production lS beín且
evalua給社 Trainin在 activitÏes have been dire心話之1 mainly at traíning professÌonals from 
CIA T's cooperatíve pro草rams in L剖În America; 的草ht professionals receive這 traíning 的
swine pr。這uctÌon in 1975 
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S~毛IINE NUTRITlON better energy I proteín balance than the 
fresh cassava alone 

Cassava ln additioo to its effect 00 palat法bilitj，
the presence of HCN or cyanogeníc 

Whcn fresh Ca5SaVa is red free choice to compounds ín caS8ava ratíons may have 旬
章rowing 防部 1ts CO洽sumptíoo is 1imíted; toxic effect on a nimal nutrition. T rials witIJ 
this 也 one aspect of swine nutritíon that has laboratory rats fed bitter ca5sava meal勵
not b自n satisfactorily solved. Palatabí!ity based 社 iets (6(話。 mg HCNjkg 挂 ry matter) 
has been mentioned as one of the possible showed that during the 辜的組tion period 
ca帥的 for the low consumption of fresh the placental barrier protects the fetuses 
cassava. ln the 1973 Annual Report, from high levels of cyanide or 茲s principal 
mention was made of the marked d前oxification prod ucts, thi臼cyanates
differences in consumption of fresh sweet (1 974 Annual 且eport). In order to study 
and bítter cassava by finishing pi草s. the pos5ible toxic effect of high levels of 
Hydrocyanic acid (HCN), present in small cyanide in diets for 草estatmg sows, an 
quantìtìes (50 to 100 ppm) even ìn sweet experíme品 was carricd out usin草 fresh

cassava rools, could affect palatability. In sweet cassava plus a protein supplement, 10 
recent studîes with growing-finìshìn惡 pí甚s which increasing levels of HCN (色， 250ao社
fed fresh 時捕ava mixed wilh 15 percent 500 ppm) were addcd in the form of 
sugar or molasses, ít was found th到 po蛤閥叫m cyanïde. There were slï皇ht

palatabílity Was 5lightly better than for 拍etabolic al按時tìons; nevertheless, 00 
fresh ca5saVa (Table 1). The intake of adverse effects on fetus viabílity were 
protein supplement w品 less (0.85 vs 1.02 observed. Further observatíons 船ade
k息 jani鼎all 過ay) when 時ssava was mixed durin皇 the lactation period of these sows 
with su草a r. Although there was st íl1 an did nol show the presence of residual 
excess 10 protein intake, the sugar- or effects fro血 these treatments made during 
molasses-cassava mixtures. provided a gestation 泌的 could affeet the later 
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rable 1. PerfQrmance ofgro~lng-fi甜喘抽gpigsfl吋 a prot創畫畫 liupplement free choice and cas喃喃 mixeduiíh
15 percent molasses ur 關伊E

Ca;;;;~ì\品 (as:-<I\ a • l'a卸的注，

l'、"謊話l..:ter.s* a:O lH: m(;là~\e\ E位芷江 f

DaUy gaìn (kg) 0.09 。 71 0.74 
Daily feed intake t kg) 

Ca出品、法 2.99 :t)ì ':;.IJ 
Supplcment {敲詐ï protel的 L02 。。、 。 但5

τ行tal Dn matter 2.03 2.2可 1.lì 

Ft'叫 i 軍am 2.97 3 !令 2.9) 
Dai!,v proteìn intake {k章) Il54 o 呵! θ 4t 

Daily d\益<."5tihle en,,'rgy 
Ìnlake (kcal) 的 273.JO 8.850 多。 詩 7台?到)

Perct: nt品ge of pr01自m tntakeU 2.\45 20.44 18:9很

* \~~.Hl." 12 1"~' Pd 叫tm，'o! 悅心 oj，，1....、圳， 10;，1 v. c" I'JH ': <} k,,: .i' llr川、先l'!)1. ill \~ I l~ iw \1 1 仇叫川心ι'ur

H Ib叫州的叫 l<'r

performance of either the sows 0 1" thctr 
littcrs. 

Because of their high HCN or 
cy捕。在enic glucosi公 conlent， care must be 
taken whcn usiηg bitter cassava varieties 
bcc淵1<e of theír p05síblc toxic effect. The 
preparatíon of 叫將ava meal reduces the 
討CN contcnt and thus considerably 
díminíshes the Iimítatíon5 found when 
usíng fresh bitter ca55aVa. Nevertheless, 
pigs fed díets based on meal ma丑cfrom the 
bít!er cassava varíety CMC‘ 84 (73.8 
percent) had a lower rate of gain (0.5。可S
0.59 k露 I day). con學ume挂 le55 fee這( 1.47 嗨
!己7 kgiday), and had a lower rate offeed 
effíciency (1.32 vs 1.51 feed I gain) than pigs 
fcd diets based on meal prepared from thε 
sweet cassava variety Llanera (73.8 per
闊別). J udging from the analytícal results 
of these meals, lower performa nce could be 
partíally due to the hi惡her HCN or 
cyano辜的líc glucosíde content of the bitter 
cassava meaL 

Experímental results obtained thus far 
su認的t that palatahility factors and 
aspects of nonlethal toxicity from resÌ社ual
HCN could be respon到 ble for the lower 
performance on bîtter cassava meal令部副1

dlets. [n order to detoxify the cyanide 

D4 

lOn、 it ís neccssary to have a dietary 
source of sulfur that wíll permít the 
conversÌon of cyanides into thiocyanates 
(-CN +日一→呵SC'\)

ln order to assess the efficienc}' of several 
sulfur compound鼠， a trial was carried out 
wíth 惡rOWln農 plgS fed diets based on bitter 
cassava meal (70 percent). supple鼎的led

with 臨的hioníne (0.2 percent). sodíum 
thiosulfate (在 79 percεnt) or elemental 
sulfur (0之 percent). Supplementation with 
methíonine gave the best weíght gains. wíth 
a dailv feed 悶take similar to that of the 
control (Table 2). The other two sources of 
sulfur gave slightly lowerγesults as regards 
wel車ht gaíns; but the feed conversíon for 
pigs on the diet supplemente益 with
elemental 叫Ifur was símil盯 to those 
sllpplementε廿 with mcthíonine τhese 
resultsconfírm previous experiments (1973 
Annual Report). ín whích the a位dítion of 
methionine ìmprovcd the 句uality of the 
protem 閉 cassava meal-b前ed diets 制約ce
cassava 1S most deficient ín this amino acid~ 
hcsídes it permib the adequate detoxífica
tion of the cvani挂e or cyanogen組草lueo別de
still present in the 品eal. The addítíon of 
elemental sulfur apparently gives símilar 
results …at least as far as feed conversion is 
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rat手k 2. Effc l':t of the addìtíon of 叫Ifur ("ompn泌的d、 In a hi[t訓州州恥a meal-hl:l~ed djct on !hé pó:晶)rm;J nl~t>
of gro"în很 finh.hi回~ pi~" . 

Bit • cr c~t;; \a\a 紹lcal-ha~叫 dl<.'h

+位?兮" + {).2~ i 
'" O.2ci ;.udium e\emer: tal 

Paramct<:r長'* Cont只>1 mcthioni詰， thli作 ulfat<: 其 ulf Uf 

1 };l ï每 gaìn (kg) 0.67 0.70 。已! (H\.5 

抖彷 .J于 Jeeèγòtakc (kg j""* 1.:-: 1 1.77 1.5革 J64 

Fc~>己 I g~lÍ n"* 2.43 2.29 232 2.29 

• M側的叫 r"e l"砂間叫“InI."n t. l"d t內心、 Idu;\1 、 424的紛紛位扒';lIhll \\e.仰的‘峙的 !;rjJ l 削圳147 i h 
“ 鋒的咐 >n ",,-dr1<:d ktd 

concerned… under the couditions [)f the chopped daily and 草lVεn 10 the pigs in open 
experimen t. feeders. A prolein supplement (40 percent 

crude protein) was available in a 提para妞，
CIAT's Cassava Production Sy位ems aUlomatic feede r. Although the results 

Program has conducted a serÎcs of ex呵。btained were from a reduced number of 
pe叫做!otal trìals desígne丑 to study cassava anîmals during a short experimen怯i
storage and its effects on the b lOchemical period (28 days) and must beconfirmed on 
and biophysical changes that occur during a lar草e scale‘ there are certain tendencÎes 
訣。問ge in fiel廿 clamps or in storage boxes th制約。uld be considered for future 
( 1 會7尋 Annual Report). In cooperation with research. There was )ess consumptìon of 
the S則ne Program, a nutritive evaJuatÎon stored cassava than fresh. and less bitter 
was ma挂εof the roots stored in ficld cassava (cither frcsh or stored) was 
clamps for a minimum oftwo weeks before consumed (Table 3) , Th的 límited con
泌的車 red to the pigs、 τhe 肘。red roots were :;umption of cassava \\tas compensated for 

rahl;: 3* 每 trwωf field clamp storage 0昀 tbe nutrÎtive value of sWéet and bítter εa，、ava for ~ro""Îng pig、

E文pen位1emai 、'(ttiable~

Sweet cas;，趴在 Bitter ('a~s草、正t

J'、，1 {'ol 22, 
P~ r;t illeters" Fre"h S!JfeÙ Fresb 

Dn m叫(ct çontent ín roots ('i)** 

A、 cragc èaÎI~ ín!akl: (kg) 
ζa~s泊、.a

PrOlcin supplcmt> nl u * 
1'0[..1 dl 、 m叫(e.

D位 i!y gai的 (kgJ

hed : gain (1'l3:~cd on dr: 間attn)

‘、4l益"οI tl l>"". rlt、 211-dll‘"旬..

40,0 38 ,7 

1.90 ;已8

。 5J 。 9J
i 立7 1. 5的

0.57 。 75

2,23 2.06 

.• I If"" '1la心是仿 C叫:給叭悅的此kli l:lkd 你叭H1 "'mpk' 川刊刊p"叫 Ç ，h，~持 dunη't! ;!K !h ",; \h叭 ()f lh ,' tr,;;'. 
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by a grealer 閉組ke of prolein supplement 
電o that the lot31 dry mal1er intake was 
剖milar for all groups. Tbe performance of 
the growín墓 pigs was acceptable in all 
groups: however咱 pi草s f，的社 stored sweet 
ca"ava had the 1多的t 惡ams ‘ partly be.cause 
Ihey ∞nsurr睹這 more of lhe prolein 
supplcment. The differences in texlure and 
thc poorer or在anoleptic quality of thε 
stored roots apparently affected accept
ab話ity ， It is necessary to a往往 that as the 
reed conversion data on the basis of dry 
matter refer to a short experimental period 
(only four week吋 they 這 o nOl reflect the 
results that could be obtaìned durìng the 
惡rowing-fïnishing period (weanin惡 1090 kg 
livew軒在ht).

Samples of swεel (M Colombia 1148) 
and bì1ter cassava (C M C峰是) varíetîes 
肘。red in field clamps or storage boxes fora 
two明week period, were shced, ovεn 廿ne社 3t
的仗， and lhen ground inlo meal. In an 
experiment with laboratory rats, ìt was 
found that storage ín either sy吼e鞘這íd nOl 
affcCl meal palalab i1 ì勻， 萃的wth perfor 
ma毅ce ， feed íntake or efficiency 

Whole 蠶悶in maize and sor草hum

Scveral experimen臼 were conducted to 
lesl the 位i1ization of w hole g闊的 malze

and sorghum in ordεr to elimináte the 
problem and cosl of grindin皂、 whích 時 one

ofthe mo旱 t lìmíting factors on sma l1 f3rms 

ln the first cxperirηent ， a m訊turc was 
used of 80 p仙cem whole g問鼎 maÌze and 
20 percent protein supplement hased 00 
的ther snybean. cottonseed. sesame seed 、
meat or fish 出eals (Table 4). The growing 
pl惡學 responded better when the maize was 
ground and mixed with the oH時r m
grediellts (control diet). Intake of whole 
gram 臨aize was consìstently low肘， and the 
animals wasted 3 lot of food trying to 
時parate the grain from the SUPI多Icment ìn 
order to consume mo何必 the la!ter 

To eliminate some of thεproblems 
帥的)unt t'red ， anotner experîment was 
carried out. in which the whole grain maize 
was soaked in 附加 for 24 hours 泊 one of 
the treat前cnls. ln addition可 the protein 
將pplement was fed free choice in separate 
fceders (Table 5). Therc was a 霎時ater
consumption of the soaked mai切， but 
there was an 悅目的 of protein ìntake in 
bmh cases, espccially by the pìgs fe岳 the
dry grain. Performance improve這 whenthe
whole grain maize was soaked , but Ît was 
not equal to that of ground mai詣，
especially when it w削 mìxed with the other 
ingredients în the controÌ diet 

rahle 4. Ufed of l\'缸tle gTain maizt'，~hased diets w誰h different protein ‘紛:pplétnents* on由ep肘forman悅。f
寞rowing pigs. 

位aíl苦 avcragc

Gam I;ccd 
Trcatmcnts** (kg) {kgl 

(ì:ound ma17C 一筒。、 beans 。 72 1.92 

\Vhnk (tr拾 in COHl plu i> 

C叫tI)I)sccd - m:.:-at . fi~h 。空5 1 是忌

lot泌的eed 祖 sesame secd - mcat 。 39 134 

f削帕nseed ~照sa;ne 時叫 meat w $0) beans 。這7 1. 54 

:':>CS:Ir:心、.eed so\'be忍耐 -mεal 052 {7已

Cotto鈴汽<，d ‘勻。、 béan莒 。.56 1.70 

• I "，...~、法 prl<" I>，~"t\喝C!~ ted 111 lhe ,;,rm cf f!羽絨毛W 巴ak~ 10 dlt'f"，n:叫j'WpOf\"'''，. H(t'例dlllg ;，1 叭。划"泊的海r: c、叫

“ M叫"悅。gL! r咕!， ntr lre 認 mεfl1 ， 49-4仿制.1 扒 mti，，! \tc' j!hl. I';Hj k" 品 1肌;11 w心gh t， 55.4均 1m ttK ;c:n1 rt!1 !lr<lui' 

1)-. 

Feed: 
ga:I'. 
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2 命9

J .4J 
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3. .18 
303 



fab!e 5. Ufect offeedíng dry and s在地ked whole grain 臨aue plus a proteÎn supple棚cnt* on the perforn輸"CC
of growíng pig$ , • 

Paramcters*事

Contτ01 
{闊街何， SBM) 

吼叫。le gram mail_C 

。rm.md
ma17e $oa缸cd**. Dr、

。 76 0.72 。一68

2.02 1.66 1.31 

。 43 051 OÆ6 
2 毛主 2.17 1.97 
3.22 3.01 2.90 

Dai1y gain (kg) 
Daìly f，出d intakc 班到

。 82

Malzc 
Supplemcnt 
Total 

Feed I gain 
2.42 

2.95 

。 Theptútern 州內lemtrll. whìch 的成lI:nerl 的 perçent au.-lc pr<;!tflri. wa忌 :ed ír~f ch<llce m甜抖rMdt霓紅"

..姆總!'I ()f 14 P'抄 ptr trelllmem; 1j.，d們給祠 1; lI" 'n>tiai we1gh. n R k~民恥訂"'、~"dg;h!. 56 。屁幫

... 8的吋治"心!4rieri feed 

• 

On the other hand , there was not 80 
much difference in píg performancεon 
whole or ground 50r:孟hum‘ Bes泌的， proteín 
co帥"品ption and feed waste were lower in 
the sor轟hum，based diets (Tables 6 and 7). 
Gaíns, a8 well as feed effícíency, were 
comparable. There was a slíght exeess of 
proleín supple前ent intake by the pigs fed 
the 進ry grain; hut in the other treatmen妞，
the consumptíon of the supplement was 
with血 the normal ra恐龍e for pigs of that 
age 

Rice 備棚I (bran andl 啊 polishings)

During the last few years, ríce produc , 

tion has increased considerably in most 
Latin American countries; consequently秒
the avaìlability of its by-products (me.訓，
bran an益 I or polìshìn囂的 has 喜rown apace. 
1 n many regíons, the prìces of rìce and i組
by中roducts c海闊pete favorably wìth the 
cereal graìns (especíally maize and 
sorghum) tra社ítionaHy used in anilI三al
nutrítion , However，的e 慌iJization of rice 

Table6. Effect of fl科啦ng dry and soaked wbole grain 間嗎枷捕。'n performance of grow紐g píg廿

Daily average 

Gain Feed 

IIÞ 
Treatments (kg) (kg) 

Ground sorghum -t' proie!n suppJement 0.68 2.03 
Whole g問in sorghum + proteìn 5upplement 

Dry - fe這里eparately ~ ad !ibitum 0.6已 1,93 
Dry -開闊ed - controlled 0.60 1.97 
Dcy 喃 mix-ed ~ ad lìbìtum 。 61 1.92 
Soaked 佩 led 時para!ely ad libitum 。 65 I.S8 
$(陪ked - mÎxcd 可 comrolled 0.54 182 
Soaked - mixed 可 ad tibit臼m 0.66 2.24 

Feedl 
gam 

2.99 

2.93 
89988 21934 33233 

Mea r: Ijfω'，!:ht p;g\ pe盯了官司lmctlt 的惕I\) tr蟬，“喃地1 \\<c!ght , J!(; kg: ;n Ima! wt":客M 如" kR for tllt ~()mr，，1 gmur 

• 
的“?



i 的 I t: ï , Effed of feeding "'holc grain sorghum plus a protein 叩pplem開戶。的 the perform~ncc of t!rtJ叫ng
pig笛

Pa:am?t臼伊激

J)aily ga\ll i kεy 
Daìly f('cd intake (kg:) 

Sorghum 
Supp;err:e::~ll 

lotal 
Feed! g制訂

Cúntrúl 
i品。rgham

.. SB~1) 

ü. 6ó 

2.ü4 
.1ü9 

(ì round 
$or學hum

。 69

1.58 
。 49
2.07 
3 似〕

\\'I:ole graln sorgh垃跎

Soakcd考場* Dr\' 

。 6的 i1 .f，長

1. 55 !,J 7 
。 4& 。 5 .1
2JJ3 1.9ü 
3.07 2 忽忽

~ 111" In,ki" '''P抖"m~rJ 場恥h(色的“ fv0 夠抑自霄，“吋e rr 流才知認叫“，，，忱的"恥仿制鼎的tc hvdè.、

“、~，'~Il υj .4 :>，~、 pt! I:>.'Jln凹， 49-dIl‘ tdøl; J、I1wal wèígrl 1'{:5 <P 別令 11M 鳴叫話:防建， iJ k" 
'u Ba、叫"" :llr-dr 怯Ll !l'd

does not generally give the results expected 
since high levels of rice rneal in diets 
adversely affect weight gains and feed 
elficiεncy m growln在勵自nishing pigs 
A蹈。ng the possible causes for this lirnited 
performance are the level offi忌er content 
(hulls), the availab話íty an昔 balanee of 
am悅。 acids (protein qualit紗， the interac
!Íon of minerals , and the effect of pro
longed stora草.e (rancidity) 

rhe effect of fiber content had been 
studie社 previously (1974 Annual Report) , 

ln the earli軒的periments the amoun! of 
protein in the experímental diets 、，vas

variable; but in the p間sentexpenmε阱， the 
content of 錯了b臨n meal (SBM) w都

adjusted 10 ob!aín isoproteic diets (1\' x 
6.25), thus eliminating the factor 01 proteín 
qllantity as a possible variable , Gains were 
practica1ly iden!Ícal lor all 草roups ， hut pigs 
fed rice meal with grollnd hulls added 
neede挂帥 consu血e a greater quantity of 
feed daily !o obtain the same weight 惡ams
rr 先ble 8) , The reduc!的n of the d港estible
enefl苦y content 01 the diet8 containing rice 
hulls can be seen even when 別怒發11 percen 
tages were added 

These resul!s and those previously 
reported (1 974 Annual Reporl) suggest 
that the guantity of supplementary protein 
(SBM) ín 挂Îets with 岳o per的nt ríce meal is 
app別的tly not a factor of pri品e 1品por-

I abk &. Perform臨時 01 妒。制ng pigs fNi ís位proteíc di~必 b都~d 00 ri甜甜甜3 的揖ainíng durerent levek of 
hull,;,* 

Ricc meJI ((i) 的 54 45 42 Jó 
Rice hulb (作} 。 12 18 24 

Daîly ga:n (k的 0.64 。 64 0.64 。 64 0.64 
Daily ÎI.';.'d intake i k的 L81 L87 2.05 1.91 2.05 
主ccd 1 斜的 H4 2,91 3.17 3.07 3 有多

j)，辜的.tihle ener帥'(k，.!I kg D揖} 35。這 3, 233 2.971 2、849 2.58(三

. Me~r "j ltn p.恥t1"rtr以性的首位t 恥 mi(i~1 ，，~革h:. :J 1 kg.ρhuil v.d革細、 52 1< ..g 
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Table9 , Perf的nnance of grtlwing-fín紹h抽g pig5 fed ri悅踹棚I-based d紛紛削油 differ帥t profeïn 
黨秘密p)em闊的

DaiJyavc悶ge

Dietary treatmcnts Gain (kl抄 Feed intakc{kg) Ft.'\:d I gaÌn 

Comrol: mailC + soybean mC"al 。 ìO 2.29 、 11

恥ce 臨時抖的略) plus 
Soybèan meal 0.57 1.89 3、 16

Fi:\h meal 
Mrat mcal 

。 67 2.1 ! 3.03 
。 60 1.93 3.0H 

1立法h meaJ + cottonsecd 的e叫 。 61 立。是 3.19 

• Mcan of len pigs per treatmeot 訕 o:ü! wtíþlH 111 <; kg主i!\' final 祕ClþÍlt 科震主g Îr., It!<: (oo!rol gro叩

臨ncc in the dep扭扭的n în performance 
ob組rved in growìng pigs. In 恍惚絨
的pen扭闊的. the co血bination of rice meal 
with protein sources otber than soybean 
meal were studied in 耳rowing-finìshing
pigs ín order to assess the possíble effect of 
the supplementary protein quality. In spite 
of tbe fact that performance with the 
protein sources other than SBM was 
hetter, ;t was not equal to the control diet 
of common maize plus SBM (Table 9) 
。盟的削ppleme約時正j with animal protein 
were consumed at leveìs th拭 were com“ 
parable 10 the control d;et and feed 
efficiency was similar. These data suggest 
that protein quality may he one of the 

limiting faclors in the effìcìent 支持e of rice 
mea l. 00 the other hand. it has been found 
ìn rice meal-based 謹ìets(except for studíes 
O鈍 the effect of ad吐ìng hulls) that the 
consumption of feed IS conslstent]y lower 
than for the control. 

I n order to stu益y furlhεr the possible 
effect of protein quality, an experiment 
was carne丑 out with growìn藝沙且學 fed a 
ba關I diet composed of 60 pereent rice meal 
and SBM , supplemented with tbe amìno 
ac治 s ly肘ne an這 methionìne (Table 10) 
Lysìne 叫pplementatìon producc'<l an 
adverse effe甘、 whereas the addìtíon of 
methionine produced gains similar to those 

raþk 給 Eff叫t of I}sine and methionÎne supplemen嘗到ion 00 the uliliz耐神n ()f rìct'-based dlet、 for 2fO"-閑事
pigs.... 

口aily 品 verag.e

Fced i的注ke

Trca!m\Ò nt*" Gain (紅在} Ikg) 

Contrül: mai7C 品 soybtan m巴al 。 65 1.82 
600:;,(, ric t:: mcal + s附加納悶eal + 。 61 f. ïO 
說 15弘 !ysinc 0 多是 j 色。

成 l幸存 mdhionine 06弓 171 
。 15，忘掉，討拙吟。結叮叮 melhionine 0.61 1.7的

關注 ricc mcalφ fJsh 的cul 0.62 1.61 

• M的擔的1"之圳的"I~ pn !rCa1m<;fi;;4<J..day IÑI; a、'"川崎 I w~ight 行?阿卅 4 用， "呵帕約? ~g fN thc '''1衍，叫 F代"'1'

•• hOf!rúle “~ d.d、紅 lku!lI ted (() ~l! ppl) ;6 j'W B;'!1法臼Ud:{: prOl cl們

f'ee-d I g誼i抗

:2)0 
2.sr 
2}s后

2,72 
2.89 
2.61 
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i {) t山 I.! Udllut\ 支持 prOlcm 、 uppiieJ
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、 kln l.!!、、日益[ quaH竹。i 戶 ho::-;pth}rUS 111 flce 
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,I",nu r:l pìlO叫司 ijOru~ fe!泛位。n:-.hlP tn tl1(' 
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叭，心!Hct 情 d pj扎 nt tHl:!1只 J 亨 1 \J-，t ,)t rh;;: 
"hos()horus is tο 1.II\Ù in f 門守志仆rm ;)f ph :y tí正
只[\lJ"'d1! !l )1οl1$ Aflli:h 15.ηthc rn這jonty \. 
k 、“ J叫v<J iiab!e to 桶。即啥叫HlC alilmab 
D: .. :ts ".，v íth 單位 le 、 e l:這 pilvhw 
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句兒 i:1.-;n;ublc /叫c phytate,‘ thereby rcduc

:1 ，倍 t;.ç;γ.allab!iltv of 、 his minor dεment 
、 èverthele叫"法:J.i:LOrial experuTl位η1

、;這、1.!!.ncd to stud、\.1Ì fferent rat lOs uf total 
且流: t-otaì P ,)11(1 thc!r ínteractions \.\ nh t仇。
1νd哼。f llnc (售o .lnd 100 rpmj în t;'w form 
'l 1. !l1Cυxidc. nρ\mpron:血ents m 釵圳、 th
拉法JnS were ob時n:cd {:1 comp恥 ison 10 thε 
cl'ntro~ group、 feed întake on the rîc..:~ 
b‘ t'íed diets did not 1ηcre泛注C

1 悅 expenment叫阿sul!s obtaíned 10 
d叫e sug名的t that tl1e nutritive 可 uality of 
nce meal depen話s to a 囂reat extent on Hs 
crude fiber content, whìch increases wìth 
the ad社iüon of hulls. 000母叫uality rice 
meals (悶、 low cru吐e fíber con!ent) ωn be 
used al relatively high levels (40 10 品。
percenl) as a princípal source of ener.草yÍn
díets íf good現uahty proteîn sourçes are 
used. Further studies need 10 be done 10 
clear up cer旭叫齡pecls of in臨時ction
between amino acíds ìn order to find a 
practical sol凹的n 10 Ihis problem, especial
ly in re揖ard 10 the supplem叩tatîon of 
methionine, which Ìs apparently the 
lin泌的只Q arnino acid. The reduced intake 0 1' 
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"、、 ;ll Ìl"lÎ ìn :.1 ，: 11 師 :;1υduc\ 、 lurin芋 :~e
:::-[1 ,\', 'll ,:! í:tll"!;\iìg ph以~C、( 1('; 可 J 乏nd !9ì3 
\1 .1 1 山:l H-':pOilS)\、啊 nheless. w, 
Ll訂戶:1 1 、 c 、“ l:te '1 ‘，，1 、! oeεη"圳的 Z豆豆 meJ
il.l! th;; ladaildη j1cn仆d 、、 hen tne pτolem 
帆cni、 lrl: 門。、 t crìticat hcca i.!;.,è 01' the 
ddd:rí.l11al reqUlrune r:;、 '":ìr rr'..lk rro吐Ui;
lr乏'.'

<:'-"1::;, p1 、 i !ld!仁、、，; i;l; pl亞海他rld ral扎扎
有心 y;nd :;1扎 f <'.;司令 n o j.1au u..:三 rnall.C 、、 as

"、ed a:; t'lè 仆 !w: enr.: r u.之 .)d Lil C志。 tw‘ t~ not 
心 ui f"lcient íσp:g pcrfor肘;J nCt: dunn缸
bClati廿:1. ir1 bct只tm豆、oW琴 t !lt' 't.::gativ!: 
en 己ct \屯 ~1S fl1郎nlv ，enéc~etl în v.l"l~nt losses 
t iλbl亡 1 l"L \' ncrea長1(1 rats j tle 門101he[. a :s 
玖 011 as her ürf叫pnng ， \-\-泊瓜、 IITected

In the，e 叭叭叭血凹的詩刊 1比atmωh

Wcre used with different combinations ut 
upaquι-2 malze and three protein levels , Tη 
1wo 仆f thè\ 1..: t 悶atJnent~、 the dict \\ as 
changed at 2M days ;n order to evaluate 
diffcrenr feedíng syslem, duriηg thεfirst 
half of the lactatíon period (5岳正lays)
because of the 按ifferenee in milk produc編
t. ion during these two phases , As can be 
seen ín Table 1I 、 there was a dear 
nutritional advantage for sows that con 
削m甜 opaque-2 m刮目 (95 P軒cent pro 
tein) during the r. r:位 phase an位 opaque-2
maize plus soybean meal (13 P軒cent
prot凹的 untîl weanín話 Performan時 m

terms of weight g剖n for the sow and 
performance for the liUers were equaJ or 
beuer than the other opa那時枷2 maìze 
treatment泛用 spite of the f3ct that total 
protem consumptìon during lactat lOn was 
Icss、收cept for the group that consumed 
onl、 tque*2 maize durin孟 the wllllle 

rice mea!吋ba ，， _~d diets su且gests t hat certain p、
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I 叫)1:.; I 立 起時間duclìve performan間 of ~í1ts f1叫 diets: ba明do給 ca~隔ava meal‘ opaquewl maize. or éommoß 
mailC during (}肘 ljf{' cyde.* 

Experimental variahle 

(可Offillìon Opat之間企 C刷品va

Paf :.l m;;-ter ma17C m，畢'" mcal 

\。仆f 在d!:-. 10 12 14 

F法 fro鴨 ing data 
、、~o pig、: littcr 10.0 9.0 8.4 

Individu,!l pig \\t ikg) 1.09 1 10 。 97

1丸，可品mn喜 dafa

片.. o. pigs: ll! tcr 9.4 7.5 前.6

Imlivicual pi藝 wt (kg) 15 第7 15, 42 15.70 
Utter 活 II 益事} 145 .4 11 1.1 103.6 

Lilr 心<'lC' 卅 u;t: fl仿fllwr 扒汀 rnrn:"肌:C (l fY川hh，rç 事!thí時 lhe e'perl何時nI~1 ,.Ecb duríq;: lhe gwwing , fin詢編倪志 prcst品 11<)(1. g~;;tatl<)n 

a叫 L.叫“用f>ën"，:h

τotal feed intake per gilt during the life needed by the anirnals fed the common 
cycle, inclu挂帥草 the starter diet for the maize-hase吐 diets. On the other hand , the 
sucklíngpi訟， was similar(approximately 1 red脫“ quantity of crude protein prese甜
(onl animal) for all groups. (Table 13). The in cassava rneal an益 its poor quality le這組
rnost noticeable differences correspond 10 the high SBM req制rernents (2岳曳。 k紗， as 
the supplernentary protein needs, in this compared to 149.1 and 53.7 kg for the 
case、 soybean meaL Because of the high“ cO品鳴。n maize and opaque-2 maize瞞based
quality prot制鈍 。f opaque-2 maí訝， anímals 拉法站， respectívely , Therefore, in order 紡
fed these díets 間quíred only 36 perc相t of balance lhe experimental díet based 00 
the quantity of SBM (53.7 vs 14會 1 kg) cassava me紋。 animals needed 章。 percent

rahlel .ì Intakedatafurgîltsf，吋 ditts based on cassava賄eal ， op叫哨.2 刷刷間，or cnmrnon maiZf dl的ngone

llfe cvc!f'. '" 

E耳perirnental variable: 

ComllìOfl 。P'悶棍-2 Cassava 
Paramch;r Ilìll:lIe 防131ze meal 

TNal int~ke (kgi 
1)[::[ 1 、00 1.4 977.9 1.079.6 
~1a ìl t:~ 796 .4 %70.2 
Ca~~說 va meal 754.1 
Sov!:站在拍悶eal 149.1 5.l7 269.0 

Propürtional infake of SBM t Sé) 100,0 3的。 180.4 

"斜~、 jnùt<:別叫utdì mtakc 01 (hflU治虹、仗，np: red化"'有 con'''H11cG h等.t glltdu: ，r.μhC f.r，，，， inE.lm，、 !nng ， FrCitc"Mat j() n.g~，!l!.I j ，;日 mè 1.teI"U，>玲

;她 rw.d ，. .nclmllnjl tt戶皂白I fur th隊 hacr
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τa.ble 14 eC'.d<c! 仲 • r of Zungo (Z) nnd DuTOc 的}闖闖﹒

Parame[er Z x Z. 
No. 說. tîttcrs 7 

F且rrowîn惡化，ta

Nú . of p聯 Ilitter 8 。
Individual plg w1 (主g) 。 96
Litter w[ (kg) 8.2 

、.vcaning data (56 d峙吋
No. of pigs 11川" 5.9 
1位dtvidual pig wt (kg) 10.53 
Litter wt 拉到 61.7 

• I'arcn! dC~;i! llalÍ(>n'，妝泊，凡電o• 

more SBM than the conlrol group. The 
lower performancεs in the cassava meal 
group can be partially explained by the 
effect of the protein quality食 possibly due to 
the methionine deficiency in both the 
cassava a吋 the SBM 

Experimental observations confirm the 
theoretical 哨位mates of protein 5a叮咚 or
protein supplementation derived from the 
use of high-lysine mai文化 such as opaque-2. 
On the other hand , when cassava m組1 is 
used , there is a need for 草rcater nutritional 
and econo耐ic considerations io order to 
obtain results as satisfactory as those ofthe 
control dîcL 

The performanee of native and impro..d 
swine in tropical zones 

Studies mea叫阿拉g the perf ormance of 
native and improved swine (Duroe) and 

DxZ ZxD DxD 
4 3 是

9.0 9.0 9.0 
1.0話 1.22 1.31 
9.8 11.0 11 、8

6.8 6.0 5.5 
13.10 13 .56 13.15 
8每一是 81.J 72.3 

their respective crosses were continued ìn 
collabora鈍。n with the Instituto Colo回
biano Agropecuario (lCA) at the Turipaná 
Experimental Station 開 Montería. Part of 
this research conslÍtuted doctoral thesìs 
work of a research associate from the 
rechnical lJ niversity in Berlin. A brìef 
description of the techníques and ex
perimen崎1 design used is given in the 1974 
Annual Report 

Table 14 草ives the results obtained with 
the second litters from the foundation 
breeding stock used in theexperiment. The 
number of pigs in the second lìttcr of the 
Zun墓。 sows was similar to th剖 of the 
Du仰的。 although their average weight (as 
was also true of both their fïrst litters) was 
slightly less.τhe total number of weaned 
pigs in the seeond Iitt釘 was slightly low盯
than for the first litter; nevertheless. their 

Tab!e 15. P~rfQrmance 01 Zu峙。.I)ur研制ld cro喝喝間d 伊那枷rin慰 th~ growing-fi甜甜輛紅 periods 學

Pardnlctcr Zx 三章毒

日益ration (d時吋 lk2 
丸，倍.01 揖 nìmals 16 
Daìly gain (kg 0.44 
Daily fe錯的扭扭 (k且) 1.9 月

t如ùlg誼in 4.3R 

• I'críod fr o..'Tl‘油兮的謊言。;tr f1 r{1 ~"nil蚓、物 li! lI\the.ft l1t 
.... I'arcnt d開學oauo教學<Ylf X ~，卅

的昆主 ZλP 盯耳的

131 128 126 
19 14 12 
0.61 0.1九 f 。第3

2.42 2.3k 2.44 
3.99 3.92 3.90 
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K屆ney hislologk~'11 ，/;>;;J'屯的車 叫.t' of
lepto'lpirosis found ";，，， 11叭的!n'f'giCUJ

ìraPPE'd on 捕fect臼 píg farms 

No.of 
animal革 、;0. wilh q: wíth 

E峙的inc-d l的i廿們 i拉革ion革

自 。 o 
27 11 4V 
黨) 13 43.3 
尋ò 30 635 

111 54 4,;6 

rats aCling as carrìers of th時 serolype‘
Histolo車時al examínations 01 all Ihe 
kidneys co l1ecled showed that 48 percenl of 
them had lesions compatible wíth subacule 
or chronic leptospírosi8 (Table 18). These 
are stron辜的di叫tíons ofthe悶's role in the 
epídemiology ofthedísease. The resultsare 
evcn more importa削 jn relation to human 
health as L ieterohaeorrhag前e and L 
pomona are the two 揖rotypes most 
commonly found infecting man 

The 臨 portance of L 
iL'lerohaemorrhagiae infcctions ín pigs was 
checked by experíme服al infections with 
Ísolates from rats. There was no 臨ortality;
but in all ca8es, inlerslitial nephritís was 
found ín the aulopsies. 

Eradication by 81aughter ìs not feasible 
because of the high prevale純ce of infectìon 
on the farms. Melhods of control and 
cra益îcatìon using antibíotics and rodent 
conlrol are being sludìed on in挂ividoal
farrns , particularly ïn areas where there are 
leptospiral abortìons. 

Porcine enteroyiruses 

Serum samples sen! to the Plum lsland 
Animal Disease Cenler in 1974 gave 
slrongly positíve reactíons 10 this group of 
vÎruses. When this evidence was consídered 
to且叫her wilh Ihe clinical and hís!ological 
findin墓s ín a herd of pi車s where cases of a 
central 肘rvous system dísorder were 

盼“16

OCCUτnn旱， there wa8 a strong likelihoo忌
that ít was Teschen 垂isease. Final confir
malíon depended on the 峙。latìon and 
characterízation of the virus. Thís has been 
donεan甘 sen! 10 Plu晶 lsland. There is very 
liUle information available in L剖in
America concernìng this group of viruses; 
whereas in countries wilh highly developed 
8、"ine ìndustrìes, the enterovìruses have an 
i血portant economlC lmpact 

Swíne dysentery 

Afler identífying swine dysentery 挂ue to 
Treponema hyodysenreríae for thc ÍÏrst 
tïme 融 i割的 Ameri嗨，捕formatÎon on 
丑!a益鈍。前ic and control melho廿s was 
謹 istributed to veterinarians workìn草 10
bOlh public and private in8tìtutíons. The 
disease 路 probably wí世espread on com
mercìal pig farms. New outbreaks weγc 
rapidly controllεd usìng broad speclrum 
antîbîo tÌcs. 

A 甘臨I was carrie性。ut to determine the 
relative importance and interrelationshíp 
between Treponema and two olher causal 
agents of dysentery, Vihr鉛印Ii and 
Balantidium coli. 

INTERNATIONAL 
COOPERATION 
AND TRAINING 

In 1975 contacts were exlended wilh 
some national 朋stítulions that 通evelop
tramln草﹒ researçh and 8wine pro通uction
programs in Latin America , Visits were 
made to those ins t1 tutÌons an挂
profe治制onals developin草 national swine 
productíon programs. Their prc導ects were 
studied as a basis for evaluatìng priorilies 
ìn future trainin囂綿d technìcal coopera
tion programs. M aps ofCentral and South 
America, localín矗 these ínstitu!Íons. are 
presented in Figures I and 2. The type of 
cooperation has been classífied into three 
cate揖ones maccor有janeewith the following 
crìteria: 



• 

• 

• 

區

o Oth叮叮ational or regioflal pro路rd:TIS

Figure 1. Sw抽~ pmduction projects ín 乏:enfral America 

1. CIAT I national institutíons 
cooperative programs. This category 
抽cludes those sítes where CIA T has 
partìcipated most directly on the basis of 
agr的men!s and priorities established by 
the IυRqCIAτProject. In these cases 
there has been 在reater collahoration in 
technical assistance, in the training of 
professiona話1 and ìn the financin囂。fsome
installations for the swine unit. CIA T has 
participated in the時 projects from the 
begínnín章， including the selection of the 
sÎte, plannin草 and supervision of the 
閉frastructure an益 the projeetion of im
medíate activities. On the basis of these 
agreements. the cooperative projects 
should pla臼 emphasìs on the 甘'a!血ng of 
professionals and swine producers, the 
transfer of tcchnolo紡種 thedεvelopment of 
SWtne pro挂uction at a regìonal and 
natìonal level. and the conductin囂。f
applied research orìented 仰 solve local 
problems. 

2、 Technical assìstance for natìonal 
progr制制 that are already es臨blished. This 
category incJudes those national pro惡rams
where CIA T has provided in社írect
cooperation sporadical紗，的pecially ìn the 
areas of research奄 training aI豆豆1 technical 
assistance. Each of these projects has been 
M扭扭d several tìmes during the year as a 
startH啥 point for greater interna lÍonal 
cooperation in the future 

3、 Other programs 咐妞re there 前e
pos結ihil綠樹。f future cooper到ive projects. 
Thìs covers natíonal or regíonal pτojects 
vÌsìtεd and evaluate社 by CIATstaff. where 
there has been only an exchange úf 
information. CIA T cooperation, especially 
în traìning and technical assistance, can be 
mc甜ased in many 0 1' these sites in the 
future 

The principal activities rclated 10 ìnter
national cooperatîon an廿 training

D-17 



figurc 2. Swirte produ就如n projtt.:ts in South Americli 

pro車站的S ln swme pro社 uction are given by 
country 

Bolivia 

The construction of a swine unit for the 
cooperatíve Unive鴨綠ad Gabriel René 
心-Iorono; Proyeclo Heiferl C1A T program 
in Santa Cruz ( 16戶 was finished 謹uring the 
• The numher in parenthe擎的 refers tù the OflC used to 

lúcate the sitcs in hgures 1 and 2, 

。-時

present year. with the teehnical aη社
financíal cooperation of the IDRC I ClA T 
Project. Facilities include bui}.挂ings for 
lactatÍng sows, growin革-f臨時hing pigs. 
postweaning corrals、 an泣。ffïce and 
warehouse facilities. The eq uipment and 
the foundation bree至iing 眠。ck arrived by 
的idyear，剖ld the unit is presently func
tlO如η車。 The production of breeding stock 
for promoting development projects and 
for carrym草 out local research activities 



• 

.. 

• 

wilI be ínítiated 這uring the first monlhs of 
玲玲， A coordinatin孟 comm泌的司的a吐e up 
of representatives from the aforemen
tioned cooperating entities, was created 
wíth the purpose of formulating a work 
plan and províding technical assistance for 
those professionals doing re認arch令
t崎詢問皂的d extensÍon work. These 
professionals participated m training 
activities of the Swí肘 Pro革ram at CIAT 

Other contacts have been established 
wíth the Comíté de Obras Públicas ín 
Santa Cruz and Chuquísaca (17) , ín an 
attempt to integrate activities 8uch as the 
production of breedíng stock, swine 
development and tran8fer of technology to 
鑫、.ine producers through the Cooperative 
Project. A preselection of possible can
dídates for the 1976 traini伯拉 course at 
CIAT was made of professíonals from 
both ínstitutìons 

Costa 錢ìca

Construction of the b削ldíngs that wíU 
house the swine unit forming part of the 
cooperatÎve Unìve的ídad de Costa Ríca, 
UCR IClAT program 肌 A但我品(7) has 

not yet be車un. Through the lDRqCIAT 
Project , tect現ícal and 訂na肘ial assistance 
was gìven ín 1975 to be草in activities for 
promotm惡 the development of swíne 
pro岳之Jcttonτhe site, plans and budget for 
construction are ready; only a few legal 
re苟明sites need to be fulfi lIed before the 
unïversity wiJl permit constructÌon to 
begín 

As part of this prog時間， a CIA T swine 
specîaHst went to Costa RÎca for six 
months as an instructor of the s、Nme
produetíon course at the t;CI是 Depar
tamento de Zootecnia. Several research 
projects werc begun on local nutritional 
proble阻s as 姆拉的 for 且raduete degree 
theses. Other 帥部plementary actívities 
carried out by thís professional included 
several conferences for swìne producers 
and the organízation of a Central 
Amerìcan swine production course 
prog闊的med for 1976 

In 1 會 75 two Costa 1是icans particípated in 
CIAT's 訂atnm車 program. One of them ís 
on the staff at UCR and the other at the 
'V1 inisterio de Agrìcultura y Ganadena in 
Guápíles (8). Foundations have been lai益
for a more effective integration between 
these two entities in thc promotïon and 
dev海lop品ent of sw的e production ìn Costa 
R ica. A preselection was made of two 
tcchnîc泊的 from the ministryforatten吐出車
CIA T's 1976 traínin當 pro龍ram

Peru 

Cooperatíon with this country has 
contmue忌， mainly through the lnstituto 
Vetertnario de Investi惡acíones Tropicales 
y de Altura (IVIT A) in PucaIlpa (15). The 
constructíon of facilitÎes for a 恥\，Ine
productìon unít housìng 20 10 30 breedín惡
soWs was begun and shoul通 be finished at 
the be草mmn草 of 197在

The professional ìn charge of IV IT A‘s 
cooperative swine pro草ram participated ín 
the traíning program atCIAT. Atthesame 
time. he rec帥、led technical assistance for 
the ìnítíal phase of the project (building the 
ínstaIlations for the animals , trainìn惡
pmgrams, immedìate plans for local 
expenments吧 elc，).

Contacts have also bεen made wíth other 
instítutions, especially the Sociedad 
A草rícola de lnterés Soc;al (SAIS) and the 
Mìnistcrío 公 Ah如entacì6口， with the 
purpose ()f sel.ectín島 candídates for future 
CIAT training pro星閃ms.

Colombia and Ecuador 

Most of the cooperative work in these 
countries has been carried Ollt through 
ICA ín Colombìa (Il , 12) and the Instituto 
Nacional de Investigacîones 
A草ropecuarías (INIAP) in Santo 
Do朋íngo and Quí\O、 Ecuador( 的， 14). The 
actJVltl的 developed this year were related 
to specìfic research projects an挂 the
trainîng of professiünals 
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Cooperative ICA I CIA T work on the 
evaluatíon of the native breed (Zungo) ha, 
continued; results are presented in the 
se位ion ofthis report 00 the performance of 
native and improved swine io tropical 
zones. Two Ecuadorians were trained at 
CIAT 垂uring 1975. One of them returned 
to 1 N IAP aft.r one year. A research 
aSSOcíate returne，接 after finishing h時 thesis
work at CIAT on theutilizatíon of opaque-
2 maÌle in 泣起ts for lactatin草 sows.

Other countries 

The most important activities developed 
în other countries are related to trainìn囂
programs for prof'的sionals belong間草 to
national Înstìtutions and technical 
剝削stance for swine programs through 
periodic consultations an這 visits. This 
group includes the I nstituto de Ciencia y 

‘F 

Tecnología Agrícolas (ICTA) and the 
lnstituto Técnico A墨rícola (ITA) in 
Guatemala (1, 2); the Banco Nacíonal de 
Fomen拇指 Honduras (3)有 the Centro de 
Desarrollo A草ropecuario (CEDA) of the 
Ministerio de Agrícultura y Ganadería in 
Sonsonate and San Salvador, Salvador(4, 
5); the Banco N acional (6) an益 the
Ministerio 社e Agricultura y Ganadería in 
N時aragua; the U niversi社ad de Panam車
行0) and the Ministerío 注e Desarrollo 
Agropecuario ín Veraguas、 Panama (9); 
and the Mínísterio de Agricultura y 
Gana社ería În Asunción, Para車uay(18)‘

τwo professionals from Nicaragua an挂
one from Panama partícipated in CIATs 
tram mg prog賠ms. Also during 1 會75， two 
research fellows returne必 to N igeria after 
fíníshíng work for their 丑。ctoral theses as 
part of thc IDRclclATI Universíty of 
lbadan Project. 
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Maize production systems 

HIGHLIGHTS OF 1975 

Activities of the CIAT Maize Program have shifted from a Palmi月-based ， resea rch
oriented program tO one of collaborat ive services with the Centro Imernacional de 
Mej ora miento de Maíz y Trigo (CIMMYT) in Mex ico. This program will principally 
support national pro且rams in the Andea n Zone and in tropical Brazil. An excellent sp>nt
of cooperation exists among maize scientists of these cou ntries and the lWQ international 
centers invoJved 

During 1975 , materia ls from CIAT's breeding program were tested in on-farm trials 
and recombined into bas ic genetic sources (populations )、 which may be useful to national 
progra ms and conveniently combined into exi sting CIMMYT materials. In breed ing、
emphasis has been placed on developing short ma terials that resis t lodgin皂 . a m3Jor cause 
of yield reductions in the region 

• Inlernalional trials co nsisting of 30 CIMMYT experimental varieties an d six Jocal 

a 

checks were planted in coopera tion with the I nsti tuto Colombiano Agropecuario (I CA) 
at several locatio ns in Colombia 

Thirteen on-farm trials were conducted near Montería. Average yield s of almosl 5 
tonsl ha indicate that reasonable yields are possible for this tradition al maize area 
Establishing and mainta ining a favorable plant density appears to be a m句 o r factor in the 
improve ment of maize yields in this and similar areas 

The CIMMYTI CIAT collaborative services program has assemb led and distributed 
nationa l program materials to be tested in highJand and lowJand regionaJ triaJs"t 18 
locations in six tropical countries 
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PLANT IMPROVEMENT 

Reduced plant height 

Mai ze breeding work has concentrated 
on genotypes with reduced height and a 
stable p1ant type. The tendency of 
traditionally tal1 maize types to lodge is 
apparent in Table 1 

The program focused on full -s ib fami1y 
selection in materials homozygous [or the 
brachyt時-2 gene. As il1 ustrated in the 1974 
Annual Report , there are many variant .s of 
the "original" brachytic, with its thick 
stalk, wide lea ves and very compact 
internodes. Such a plant type is not 
acceptable for int ercropping with climbing 
bea ns o r yams，的 climbing and vegetative 
development are inhibited by a maize p1anl 
with compact int ernodes. Thus pla nt s were 
sib-pollinated wilhin rows that were 
reasonabl y uniform as 10 the p1a nt types 
described in Table 2 

11 wa s hypothesized thal Type 11 wou1d 
possess optimal support characteri stics for 

association with climbing beans and yams 
and that T ype 111 wou1d not only have a 
better distribution of dry matter but wou1d 
a1so be rnore responsive to higher densities 
in monoculture. This hypothesis was tested 
in co l1abora tive studies with the Bean 
Program. Modified types 11 and 111 were 
compared with the new 1C A brachytic 
hybrid H-210 (comparab1e 10 Type 1) and 
the popular normal hybrid H-207 . Th~ 
value of a maize genotype as support was 
determined by the production of climbing 
beans. Preliminary result s showed no 
significant differences am ong different 
mai z.e types as support s for clirnbing bean s. 
(Table 3). These insignificant differences in 
the fa ll-off po int fo r bean yields as maize 
densilÎes increase will be studi ed in greatet 
detail ‘ using method s that will reduce the 
confounding of mai z.e and bean densilies 
and that will ha ve more appropriate 
planting dates and system s for these 
association s. Under optimaJ conditions at 
Palmira , the ICA no rmal and brachytic 
hybrid s outyield ed CIA T' s op e n 
pollina ted brachytics. Mai z.e yields were 
high , a l'eraging more than 6 lo nsl ha 
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Resulls of 13 on-farm tests condu叫ed near Monl曰“ (1975A)Table 1 

No .o( 
lrI al~ 

Average 
yield (kg I ha) 

A verage 
lodging (%) vr<l in Ortgm 

Pla nt Iype 
anu va nelv 

1
222265

l5 

6.861 
5.03前

5.737 
5.295 
3、 273

3.948 
4可 969

5.3 11 
5,525 

740933600 2343354i5 
Norma l white dent 
Hard ye l1owopaque 
Hard while opaqu: 
Ha rd ye llowopaque 
Hard yellow opaque 
Normal yellow 叫m
Normal yellow l1 in t 
50ft yellow opaq Ut' 
No rmal wtl11e nlnt 

CIMMYT 
CIM MYT 
CIMM Yl 

CIMMYT 
ICA 
ICA 
ICA 
ICA 
ICII 

Normal 

Lò PO :l>ta Cz 
YHE 
、.VH E

Comp. K 
ICA vE-21 
ICA V-I06 
ICA H-207 
ICA H-208 
lCA H-154 

42222 4.440 
5.029 
5.284 
2.783 
3,140 

68320 
No rmal white nlnt 
Normal white Oinl 
Normal whi le Oi nl 
Normal ye !low nlnt 
Normal yello、.v nint 

Clll1 
CIA r 
CIAT 
CIAT 
CIAT 

Brachylic 
ß, 1 (BI) 
8, 11 (BI) 
Br 111 (81) 
Br 11 (Am) 
Br 111 (A m) 

4 、90226 
A vera ge(all materinls 

over alJ Jocallons) 

maize yield and rank order were variable 
among the systems test ed. Correlations for 
rank order (r= 0.72**) and yield (r= 
0.66“) belween the two maize-bean 
systems were highly significa nt, suggesting 
that maize selections made under one 
associated cropping system would be very 
successful in the other system as well 
Similar studies of var iety by system 
interaction are being conducted by the 
CIAT Bean Program to establ的h
reasonable and inexpensive screening and 

A second colla bora tive maize-bea n 
experiment sludied the importance of 
variety by system interaction in the 
selection of maize plant lypes adapted ror 
both monoculture and intercropping 
(Table 4). Bea n densities were signi日canlly
higher than in the previous experiment and 
in facl reduced lhe maize yields, which 
nonetheless were high in all sys tems. There 
were no significant differences among 
maize familie s in each of the three systems 
in the fjrst maize tria l. CorreJations for 

Tab Je 2. Characteristi臼 of three differenl 1ypts of b凹chytic m.ll Îze 

1 nlernodc 
compactlOn 

Height 
(m) Leaves 

Brachvtlc 1 
8rachvtic 11 
Brachvllc 11 J 

Extreme 
Reduccd 
None 

、，Vide. large 
、.Vide ， largc 
Na rrow , reduced 

SlaJk 

Thick 
Th 恥ck

Thjn 

1.2 

1.5.-2.0 
1.5-2 日
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Table3. Yield of a climbing bean (P-259A) associattd wilh (our maize vllrieti間， phmled 01 four densiti時
(CIAT, P訓míra ， I '11SA) 

Bean yield (kgl ha) 

M a iz.e and bean density. 

Ma ize va riely 30 50 70 90 Averagc 

ICA H-210 (brach. ) 4 76.2d...... 440.8de J34.2defg 2個 4gh 363.9x 

Brac h. 11 BI 466.0d 459.4d 334.4defg 202.0gh J65.4x 

Brach. 1lI B I 49 1. 0d 45 1. 2de 241 .0efgh 238 .8efgh 355 .5x 

ICA H-207 (norm a l) 41 1.Odef 28 1.6defgh 218 .0fg h 177.8h 27 2. 1:< 

Bean mon oc ul(ure 1,754.8c 1.954 .0bc 2.290. 4a 2、083.8 b 2.020.8y 

Average 7 19ιm 717 .4m 683 .6m 58 1.4m 675.4 

• Thou ~and~ of planlSI hJ. or ma'lC a吋 be...n ，

•• Mc...n \" ~ I ucs In lhc same column. ro llowcd by 自 hc ~"lmc I~Uc l . dco n削 d ， ff，叮 嚀 '8n ， roc.1mly J.lth... 5 f!"<: rαm lc~el 

Table 4. Yield (kgl ha) and rank order of 15maize geno lypespJanted alo neand in a惱。“別的n wilh bush and 
climbing beans (CIA T. Palmi悶. 1975A).* 

System A Syslem B S yslem C Mai ze rank 

by system 
M ai ze variety BuSh Clim b ing Maize Av 
or family Maize bea n*'" Maize bean... monoc uhure A 8 C maiz.e yield 

1188 3.853 455 3,403 424 4 個3 13 14 11 3.966 

1577 3.629 5 19 3.584 411 4.668 14 13 10 3.960 

1768 4.207 422 4,581 450 5.437 9 5 4.742 

1389 4,470 405 4.441 445 4.01 5 4 8 14 4可 309

1464 4可 106 479 3. 3 日 8 402 4, 167 11 15 13 3.860 

1443 4 .228 372 4 ‘ 437 36 1 4.961 8 9 6 4.542 

110 1 4、630 325 4.924 372 4.934 3 3 7 4,829 

1030 4,248 483 4 .39 3 344 4.81 5 7 10 8 4.485 

1599 4.880 337 5可 076 383 5 ，叫3 2 4 4,986 

1586 3.064 4 35 3.923 41 3 4.7 17 15 11 9 3.9日 l

1449 4.18 J 323 4可 603 520 3,855 10 4 15 4.21 3 

40 日 4 3.926 4 37 3.849 528 4,503 12 12 12 4.093 

ICA H. 20 7 4.866 372 4.470 341 4,992 2 7 5 4 .776 

ICA H-210 4,310 362 4.533 335 5.]]4 6 6 3 4,725 

Tu且peño Caribe-2 4.445 310 5.331 449 5.367 5 2 5.048 

Average 4、 203 402 4.324 412 4 ,76 1 4.4 29 

• Yicld corrd3 lÏons: rA自 ~06f>'﹒ : rAC = O.日 rBC =046. Raol.. (oHcla'.ons r AH=O 72" : '" r:::;o 的 :0 Sf,. 
A H- - -- .,\ C RC 

•• v:me.y ICA P.jillo. 300.000 p l，;]刑 ~I ha . y時Id 'n m<J llocuhurc‘ 942 kg lhl 
••• v回 ro e ly P-259A. .lOO.f)的 planl s l ha. y,eld m monocllllUte. 2 . ~J2 k.ll l ha 
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I 的le 5. Yields (kg I ha) of mai7.C selections in brachytic and p仙113 baja popuJations (Cl AT. Palmira 
19748. 1975A).. 

Avemge yH::!d 

19748 1975A 

Populntlon AII I"amlhes Seleclt:d fam ilic)> AII famíli的

、.Vhite bracl lY lic 3.091 4.276 7.'以j

Yellow brachvl lC 2.582 3.5 18 8.229 

While pltwla baJ .:l 3. 676 5.477 8.479 

Yd low pl"nt<l baJa 4.714 5.008 7.378 

A叫r;!~l. of IWO r cphc~l lO n< 

seleClion m elhod s foτcrops grown in brachytic selec tions, a re plicat ion of 
association, using as prololypes Ihe bea n- planla s bajas has been planted at 66,000 
maize sys tems, which are ex tremely impor- plants f ha to eva luate density respo nse 
tan1 in Latin Arn erica 

Two cycles of full-sib selecli on a nd 
crossi ng of se !ec led families have p roduced 
ope n-pollinaled populations o f while a nd 
yellow modified brachytics that are 1. 5 to 
2.0 me le rs l a ll 、 res is ta nl 10 lodging a nd 
wilh yields near those of normal hybrids 
(Tables 1 and 5) . Since preliminary results 
indicated Ii ttle Or no variety by sys tern 
interaction , current plans a re lo combine 
Iypes Il and 111 during the presenl se lect ion 
and cross ing cycle . A high densi ty replica 
lion (66,000 plants / ha) has been pla nled to 
eliminate genotypes Ihal respo nd pooriy 10 
Íncreased pJ a nt populatio ns 

S horter planl heighl is al50 <he principal 
crîterion in half-s ib se lec tions of white a nd 
yellow 、 ‘ plan la s baj as .'" An altempt has 
been made 10 improve lhe adaplation of 
Ihese maleria ls , originally from CIMM YT , 
to Andean Zone growing conditions. A 
better f1 int grain lexLUre is also being 
selected to improve ilS acceptabilìty to the 
local or sma lJ farm secto r. As in the 

• The le . m pla nla baJa f('fers lO the rcduced planl 
hcight lUlributcd 10 many genes. each wít h a srnall 
erfect; in conlras t. the rcd uccd hcight 01" brachylic 
malerials is attributable 10 a singlc gcne with a large 
effect 
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Materials for poorly drained areas 

ln 1974 a ClMMYT material (La Posta 
C2) was found to be highly 10 le ranl lO hi且h
pH and poor drainage al CIA T. ICA and 
CIAT plant breedecs collaborated in the 
selection of Ihe bes t ea rs from Ihe best 
famili es. The resulting comp osite was 
divided for planting at seve ra} locat ions, 
incl uding Ihe same poorly drained C IAT 
lot and a farm near Montería , whe re it 
yie lded almosl 6.9 lons (Table 1) . La Posta 
has bee n mass selecled for still an ot he r 
cycle to study its response to conditio ns of 
excess 50jl m o istu悶; il should al so be 
compared to other materiaJs in several 
poorly drained loca tions 

Protein qu.lily 

As C IM M YT is emphasizing the co nver 
s io n of hig h-yield ing normals to hard 
endosperm op aq ue-2 , CI A T's ro le in 
breeding fo r protein qualil)' has been 
limited 10 testing pro misin g C IMMYT 
populations a nd recombining opaque-2 
with brachylic-2 

Rece nl cycle5 of while and ye llow , hard 
endospe口n opaques have performed much 



• 
better than earlier counterparts. This can 
be seen in Table 1, where yields of all 
opaques tested near Montería averaged 
more than 5 ton51 ha. The 1974 average lor 
these materials was only 2.4 tnns. Y ields of 
2.6 and 3.7 tons have been obtained with 
Composite K and ICA VE-21 , respectively , 
in a farm trial in Cundinamarca. It is 
apparent that shorter opaque materials 
would be desirable to reduce the high rate 
01 lodging. Therefore , CIAT ha5 limited 
further breeding of opaque materials to 
recombining hard endosperm opaque-2 
with brachytic-2 into a high-yieldinι 

open-pollinated yellow variety. These 
materials are nearly ready for init伯 1 farm 
tes1mg 

Six opaque varieties , including five with 
a hard endosperm , have been multiplied 
for ra1 and 叭.vine feeding trials under way 
in CIA T's Swine Program. One of these 
varieties (ICA's experimental variety 
VE-21) , an ICAICIAT selection Irom 
CIMMYT's Vera Cruz x Antigua x 
Venezuela opaque population , has been 
increased for more extensive farmer 
test lOg 

• Resistance to D iatraea 

• 

The stalk borer Diatraea spp. is found 
1hroughout tropical Latin America. Prin
cipal damage is yield reduction and 
lodging , which makes the maize crop more 
difficult to harvest and of little value as a 
support lor other crops. Chemicals for 
controlling this insect effectively are 
expensive ,and their distribution from one 
area 10 another is uncertain. Therefore , 
genetlc resistance must be sought 

CIMMYT and Cornell University have 
collaborated for several years in develop 
ìng and testing an lnsect and Disease 
Resistant Nuersery (l DRN) , which in 
cludes artificial infestation and selection 
for resistance to Diatraea in Mexico. From 
287 maize lamilies (1974A cycle) that were 
sent to CIAT, 32 were selected , represent
ing a range in plant maturity and com 

binations 0 1" damagc 10 Jeaves and stalks 
ICA H-207 was included as the local check 
variety. PJants were artificia lJy infested at 
55 and 60 days , with four larvac two lo 
lhree days old. Damage、 evaluated at 
harvest by splitting the slalks , was hcavy; 
and there was a highly significant nega tJ ve 
correlation between damage and grain 
yield (r= -0.5681**). Stalk damage ratings 
at CIM MYT and either stalk damage or 
grain yieJd at CIAT were not significantJy 
correJated. The results do not necessarily 
mean 1hat materials selected for resistance 
10 Diatraea in Mexico are n01 resistant in 
Colombia. They do suggest that materials 
selected for borer resjstance should be 
5Cτeened under natural or preferably 
artificial infes1ation ln a number of 
localities with different combinations of 
insects , plant genotypes and environments 
Results from this tri訓， which should be 
repeated in another seasoo , suggest that 
CIAT would be a good location for such 
testmg 

VARIETAL TESTlNG 

International trials 

Yields in 11 CIMMYT progeny and 
expenmental variety trial5 (Table 6) , 
planted in 19748 and 1975A , were ex 
cellen t. These experimental yjeJds are for 
two replications of single 5-meter rows 
Open-pollinated experimental varieties are 
produced by CIMMYT from reserve ,eed 
of lamilies selected for yield (Table 6) 
reduced height , and re5istance to lodging 
and ear ro t. A replicated trial of 30 
CIMMYT experimental varieties and six 
local checks produced average yields of 5 
ton,l ha. A hard endosperm , yeJJow 
opaque populat lOn gave the highest 
average yield (6.6 ton5). This ,ame ex
perimental variely trial has been planted at 
three other locations in Colombia in 
cooperation with ICA and is planned for 
another two locations in order to study 
varietal stability from oear sea level to 
1,400 meters on diverse soils , from the 
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Tah1e 6. Yirld (kg l ha) from intrrnalÎona l C間1MYT Irials (IWO replicalions) planl rd 訓C1AT Walmira 
19748. 1975A) 

Trial Var je l ;c.~ 

La PostaCa 256 
Co!!ollero 256 
Il) R. N 256 
日lanco Subtropical 256 
/\m ;tnllo Subtropicitl 256 
日 rit\l ul' .COS 25已

Tllxpt: ño Canbc 2 25的

1M叫 l 且 Col. Gr 1) ETO 256 
Hlanco CTI:-.l ahno 256 
恥h:l. T rop Hlanco 256 
Expcrimcntal V<Jf則 . e:-:'" )6 

I ， ' ur 叫')， r. ， '"帕

fertile soils of the Valle del Cauca to the 
highly infertile soils of the Llan os Orien
tales. Additional progeny and experimen 
tal variety Irials were planted in 1975B 

Key acti vities of the C IMMYTICIAT 
collaborat ive services program are 
regio nal t ria ls of national program 
ma le r的 I s. Tria ls for eight highland and ten 
lowla nd loca tio ns a re being sent to the six 
collaborating countnes 

On-farm trials 

八 number of fa rm tria ls we re co ndUClcd 
at Montería in collabo ra ti on with theweed 
control and sma ll farm groups. The 
principal objectives of these trials were ( 1) 
to evaluate C IAT brac hytic materials and 
loca l varieties a nd hybrids in monoculture 
and associated wi lh yams. (2) to determ ll1e 
optimal plant densities for the m刮目
varieties. and (3) to eva luate several weed 
cOOlrol allernatives for maize production 
on sma ll fa rms 

I nte rcsl 川且 co nc ll時 ìons ma y he drawn 
from the 13 trinls; the mosl important is 
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Yield 01" lamdtes 

y tcld of chech 
Trial 弓elcclcd

(Av) (A叫 I3 C51 IA , 

3. 152 4、6 1 0 3.744 2.536 
3. 122 5. 1 4且 1再 1 9 2.942 
4.196 5 學42 5. 188 -'.435 
J.4~9 5.044 3.297 2.610 
3.329 5.138 3.387 2.330 
8.514 10.925 7 包59 6.103 
8.534 10.799 6.0 f.1í 4.MI 
7.105 9.20 1 6.277 5.058 
7 、400 8.956 5.003 4 月 39

9.3 12 11 .3 ]9 6.327 5 .4草b

5.004 6.602 6.550 可 884

that reaso nab le maize yieJds are possible 
fo r lhis area (Table 1) . In spite ofdelayed 
rainfa lJ and subsequent Jlooding in some 
zo nes , 1975A was a n excellenl season for 
maize. AII I CA 、 C IAT and CIMMYT 
materia ls produced severa l tìmcs the 
traditi ona l average yield s (a pprox imalely 
1. 2 lons l ha) reported for the Andean 
Zone. Furthermore , a ll hard endosperm 
opaque varieties were eq ual or nearly eq ual 
to norma l hyb rid s a nd varietìe .s at com
parable plant densities 

Planl densi lY wa~ the princip叫 limitin且

factor in varie tal performance across all 
loca tio ns. A typical exam ple of density 
effects on maize yields for Ihe ICA hybrid 
H-207 is illuslrated in Figure 1. Rc叫111 S 
we re similar for a lll oca tio ns and for a ll J 4 
mate r附 I s tcsted . The imporlance of ade
quate popula lio n dcns il y may a pply 10 :1 
large part of the Andean Zone. ESlima les 
art that 70 perccnt increases in yields of 
unimproved Holivian nattve V3 f1 ell e治 co uld
be ob tained if higher plant dens ， t ， c ，這 co uld

be implemenled 

Over a ll locations <.l nd varieti口前R
percc l1l 0 1' lhe seed plλn ted r rod lIccd 
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plants for harves t. Oblaining and main 
laining high-quality planting seed from 
harvest ed opaque maìzes stored under 
tradìtional farming conditìons is a poten
tially serious Iimitation 10 a moreextensive 
distribution o f such materia ls, and must be 
examined 

• 

La Posta C2, selected from a 19748 
CIMMYT progeny Irial for its perfor
mance under adverse cond itions of high 
pH and poorly drained soi ls , yielded 
eXlremely well under simila r conditions in 
a field near Monteria. An ad ditional cycle 
of selecli on has been completed at CIA T 
The acceptability of a soft, white. dent 
grain lype is limited but ca n be improved 
by recombî nation with rnQfe desirable 
types 

Lodging data (Table 1) indicale that 
brachytic varieties sho uld have distinct 
advantages Qver normal plant types as 
SuppOrl for yams. Amon且 the three 
selected brachytic plant types , no 
differences were observed ìn the relative 

growt h and c1 imbing abili ty of the yams 
Variations in yields of yams supported on 
norm al and brachytic maizes should show 
the importance of Ihe lodging observed 

A number or the o n-rarm maize trials 
includ ed weed control treatments , par
ticularly the use of preemergence herb卜
cid es. Previous studies have shown that 
farm ers have a labor s hortage during the 
malze-growmg seasons; an efrecti ve 
herbicide treaunenl plan could alleviate 
thìs situation 

Atrazine or linuro凡 alone or i n com
bination , or atrazine a nd alachlor gave 
slightly higher yields than the farmers' 
usual sySlem o f" Iwo or three ha nd 

吋 weedings. Since rainfall was light during 
the fir st 301050 days of these trials, weeds 
were not as abundant or competitive as 
they would normally be 

The labor-saving potential of herbicides 
was also tested in nontillage systems 011 
three farms. The nonse lect ive, nonresidual 
compounds paraquat and glyphosate were 
applied a lone or in comb ination with 
preemergence herbic ides to the we~d s 

present 剖 planting time. These treatments 
were com pared with the farm ers' 
traditiona l land preparation method s 
Results were promising for both products; 
when used In combination wilh a 
preemergence herbicìde, they gave better 
COnl ro ( than when used a lone 

These rarm trials have demonstrated 
that at adequate plant densities, yields ofa 
number of no rmal , brachytic and opaque 
varieties are high enough to justify inputs 
5uch as fertilizers , insecticides and herbi
cides 

REGIONAL ACTlVITl ES 

CIMMYT and CIAT acted as hosts of 
the 1975 meeting of And ean Zone maize 
researchers in Mexico. Participants ex
plored ways in which the collaborative 

E-9 



services of the two centers could best 
su ppo鬥 nalional program efforts to 
increase maize production. CIMMYT 
provided an in-depth look at its materials , 
popula lÎon development scheme and farm 
tes ting methodology. National program 
lea ders presented current maize produc
lio n data for their respective countries , as 
well as sho rl- and long-term objectives for 
improving production. National prog ram 
activities for reaching these goals were 
prese nted , fo llowed by di scussions of how 
CIMMYT and CIAT, through their 
collabora tive services program , could best 
support national program acti 、lities In 

research , va rietêll development and t es tin皂、
a nd the training of scientists and produc 
tion agronomists. A number of the 
particîpa nts made a brief vis it to P alm ira 
on their re turn in order to see C IAT 
programs and services 

As a result of the Mexico meetings, 
guidelines were es tablished for the regional 
program. which will encompass the five 
Andean cou ntrîes and tropical BraziL The 
key areas of support include 

[-10 

1. A more Iibera l a nd rapid exchange 
of g巳netic materials at a ll stages o[ 
development among nationa l programs 
and between nationa l programs a nd 
CIMMYT 

2. The rormation of na tio nal ma ize 
tra ining programs at the product io n 
ag r o no mis t J ev 訓 enc ouraglng
profess îona ls from severaJ counlri es to 
participate in the course prese nta tion 
Suc h a course ha s been planned by the 
Bo li v也 n nat ional program fo r the 1975B 
season in the slate of Santa C rul. 

3. The facilitation of field-Ievel interac-
11 0n among sC le nl叫s from different 
co untries to broaden the exchange ofid eas 
and germplasm on a regional basis 

4. The establishment of uniform va riety 
trials of national p叩gram materÎa ls for 
bo th the highland and lowland t rop ical 
a reas. The agronomic practi ces fo r these 
t 1" ials were developed al the conference in 
Mexico , and th e materia ls have bee n 
distributed for planting during the next 
seaso n 
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HIGHLIGHTS IN 1975 

Extensive testing of 14 promisin囂的ce Jincs was complcted and six were selected for 
further evaluatíon. purífication and multiplícation. It 的 expected that one or two of the 
most prom時ing Iines will be named and 間leased as varietí的朋 197我

Breeding 10 develop a lar且e quantilY of 且ermplasm with resistance 10 lhe ríce blast 
d詰eaSe has progressed alon草 two approaches. One approach attempts to comhine 
multiple sources of resistance into new varÌeties. A total of 587 multiple crosses w的'e
produced an挂 from these可 resistant plants were sel叫led and transplanted in the field to 
provide an enormous source of resistance. ln the second approach , a 聞訊ilified. multiline 
procedure ís beíng employed to combíne blast resistance with favorable agronomic 
characteristìcs 

:- Progress has been made in the chcmical cootrol of wccds and voluntccr and red rice也
τhe problcm is especially dílTicult as selective herbicides are not effeclive againsl lhe 
voluntçer rice as a weed. Cornbinations of h盯bicides wcrc 給前ed and somc effeetívcly 
eontrolle吐 pesl planls while not harmíng the later seede西 ncc.
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Knolgr必嗨. another imponant wee吐 m nce. propa墓atcs both by seed and stolons and a 
two-stage progra閑時 necessary to achicve proper èontrüL Stolons must be chminated 
bcfore pla叫ing the crop‘ then standard herbícidcs f or controllin軍 germinating草除部 secds
can be used 

An îrrigation pump was developed which combi俏的 low productionan技 operating costs 
witha 別用ple method of installation in a concrcte culverl. 1 he pump is powered from the 
PTO of a tractor. Fínal design plan持 will be rc1eased in 197毛

rheorehcal work was done to impr叭e machìnc mohilitv in sort fîclds and the results 
succcssfully applied 到 the Palmlra statio札 When lugs are remoycd from large tîres and 
the tires ÎnDated 10 a low pressure the ìncrea長ed deOcction and surface contact area 
provides improved tractton and superïor mobi1ity 

Various CIAT unìts havc cooperalcd to devclop a continuou~、 ricc production system 
for the Palmira statìon. The systcm will facilitate rcsc訪時h and traÎnÍng functîons by 
providin學 fíejds at varíous sta早es of rice production throu芷hout t hc ycar 

F. 電
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Economics research ìn t he R ice Program 
has been diγected to documentìn甚 and
analy品袋草 the impact of new rice varietÎes 
in Latìn Am軒ica. The 到udy 站 composed

of two major parts: (的 a general revìew of 
rice areas , yîelds、 production and trade ín 
Latin America an社 the Caribbean, with 
emphasis on m削suring the contribution to 
output of the new high-y賠Iding varìetìes 
(HYV's); and (b) a detaíled analysìs of the 
economic benefits from the new varieties in 
Colombia with 甜甜前時n to the distrìbu
tion of the henefíts , 

The first part of the study involves a 
時rvey of all major rice pn地位cmg counω 

tríes in the region司 to obtain the data for 
estImatm草 the contnbution 01' the new 
、lanetI間 to production. Thìs survey. now 
beìng conducted in collaboration wìth 
national and ìnternatîonal agencies. wiH 
provide data to up-<late Ihe ìnformatìon 
províded in the 1972 Annual Report 

a' 

,
ii1jil 

Table I has been constructe挂 from
prelímínary survey 控制a. The results are 

shown by re揖ion in Latìn America , Brazil 
has be叩 exduded from the analy抗s. While 
she produces aboul one-half of Latin 
Americu's rice, the majority comes from 
the upland sector. where yields are very 
low , 1 nclusion of 臨時zil would mask the 
ímpact of the H YV's 血 other regíons , For 
l剖ìn Am盯ica (exclu述問g Brazíl), the 
prelìmínary estimate is that rice produc忍
tion was 40 percent hìgher in 1974 Ihan ìt 
would have been ín the absence of HYV's 
Thìsfi耳ure could be ovε臼tated due 10 so血ε
confounding wíth irrìgatíon (especially ìn 
the data shown for Soulh America), but 
conversely no allowance is made for the 
fact thal some of the expansìon in areas 
的ay not have taken place in the absence of 
HYV's 

lt woul社 be íncorrect to altribute a l1 
íncreased produclion solely 10 the im
proved genetìc potentia I of the HYV's 
Expanded usc of inputs, improved cul紅lfal
practlces 翁的社 the ro1" of national and 
grower organiz.ations are a l1 împortam 
complementary inputs 

Ríce production in Colombia has 
double這剖nce 196息， due entìrely to exω 
panded area an社 yields in the irrígated 

缸..1



切研

A 
Tahlc L E嘗嘗ìmated contribution 紛f hj~b yieldinR 峙rîeti輔 (HYV'吋 of ricc to 相臨 I yield !oJ in re j.!:j啊，心 of I.at揖 Amerìca. 1974. 

:Me.x, icn South 
and C(" t1 !rrll Am<:nCd (()\ombia 

仁aríbbean Amenc推 (exd. 訟r融;:ii) ( Irrigate譜}

l. T ot品 1 tlreu 1 LOOO hll) 452 ,0 2丹 7.1 1，0何訣。 27月 。

2 , To:al production (1 ,000 toos) 1,022.0 472. 2 3 、 647 ， 1 1 毛20.1

可 YIl' \d (tons I haì 2.2己; l.K .l守 :U52 究 20之

4. HYV's 誰閥混 (1,000 h'l 2稅)是 157.9 3毒品命 2792 

5 Traditi口11;11 area 刊、刑)。川) 251h 99.2 701 品 J..7 

己 rr品dit lO nal 可 idd itonsl h3) 1. 77諺 !, 2l:!4 2.399 3. 100 

7 I"mdnion詰 I production 11 ，0部凹的} 447 前 127 這 1.6級2 學 話 5

K HYV\ plodnctiorl n乳制)0 ton~J 574A 344.9 1，9仇4 月 lA1L7 

乎+討 YV's vicld (tQn丹 1 haì 2 渴66 2.1M 5 耐心 5.224 

ro , YlclJ màqün {ton其 I ha) LO求? jL90(} 2f建 1 1.1 三4

11. Adcitio詰al production (!β00 tO I1圳 217.9 142, 1 L037.2 573.9 

I? Addìtìon扎 1 pr的d怯C !lon l'γ) 27.1 43.0 .19.7 6i.~ 

恥，叫何時~ and derì'\'llti明~: I 121' 日 0，抖抖"們 的 C1AT. !l Y\' 

Ilil 
1:1) 又!<)()

J‘ 咐鼠 " 

l.atin 
Amcrka 

(excL Bnu:ìì) 

1, 7Ç7.0 

5.14 1,4 

2 緝令 i

744.9 

1,052. 1 

2.040 

2、 146.4

2、995 ， 0

4.021 

1.981 

1.475.6 

4{)月
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sector. The competitíve positíon of the 
upland seclor句 where yields have been 
constant at 1.5 lonsl ha , was reduced and 
the proportion of nalÍonal output from the 
upland sector feU from 32 to 10 percent 
Irrigated yields r05e from about 3100s1 ha 
when ß1uebonnet 50 was the major variety 
to almost 5.5 tons 1 ha with the new dwarf 
rices (1974 Annual Report). The sowin黨已
of dwarf rices rose from 5.5 p盯闊別。fthe
irrigated area in 1969 to almost 100 percent 
in 1974. The estimate桂芳 iel心 of
Bluehonnet 50 and the HYV‘ s at the fann 
level are shown in T able 2 

As a result of rapi，吐 ly expanded produc
tion ïn Colo品bia ， real prices received by 
producers in 1972 werc almost hall the 
1965 level想 T配overing somewhat by 1974 
(Table 2). This has meant that Colombian 
ωnsurnεrs have benefitted frorn the 
technological change.. Net incomcs of 
producers 紋fter 扭扭tm草 variable costs) 
would have been higher withont the new 
可vanett帥，

This pattern of the distribution of the 
b扭efits has resulted because the extra 

productíon was vcry largely 哀。ld on the 
domestic market, whcre the deman挂 for
rice is moderately inelastic. Rice export墓
have be心n in益 irectly discouraged because 
of the taríff poJicies favoring the manufac
turíng s臼ctor. With these 扭扭f品， the 
eχchange ra記 can be 扭扭扭taîne三1 al a level 
lower than would apply in their absence, 
thereby rnaking exporting less attractive 

fhc retail price of rice ín Colombia has 
'1ot tended to cheapen as has farm príce 
(Table 刀、 As a result. the ricεmarketin草
臨ar喜鵲 has ri組n very substantially. This 
鴨綠m 時 the difference between the retail 
pnce an社 the larm price expressed as a 
percentage ofthe farm price. Prior to 1968 
it bad becn constant or falling. Wíth 
greatJy expanded production、 the millin皂，
transport and distríbutÍon activities had to 
handJe almost twice the volume of rice 
between 1968 and 1973. However、
preliminary analyses suggest that an 
increase in the rnargin from 115 percent(in 
1968) to 218 percent (in 1973) was much 
greater than could be acc。這nted for by 
risìng costs ín these actívitìes. Thus, some 
benefits attributed 10 consumers may have 

司. ï abk' 2, Yíelds and pric揖 for Bluebonnèt 50 and hi帥 yicl射時悶悶給制 (HYV'持。g 持時間《啞的曲扭，
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Estimated Estimated Producer 缺昔E挂 il

V 自dd、 vield. pnce. prlCC 
Bluebonnet 50 HYV\ padd) millèd Markctîng 

(tons 1 ha) (ton月 1 ha) i 章Cûl:t口n)' ($('0(1 知彷 l' mar由立皇位傘，但

!964 3.09 3.25 ;有 347 3、480 158 
1965 芳。 1 3.85 L:,92 3 谷50 142 
19仇的 }.02 ，.司， 1.507 3.56g 13ì 
1967 3.29 5J';4 1.41 誰 3 ，25分 130 
196倍 ':U6 5.65 j ‘452 .tl17 115 
19的9 3.04 5.51 1.217 2 這 77 IJ6 
1970 3.14 。 07 1. 171 2.勻Y 勻"勻 14] 
j(}7! 3.<毛主 的 29 lρ4是 2.735 162 
1972 3.02 5.49 893 7.49.1 170 
1973 2.9進 5.37 9?g 3.11 J 218 
1974 2.84 5.22 1.1 51 3.]21 188 
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accrued as relurns to factors in thls sector 
While not altering the total benefíts from 
new rice varieties. this a.pect has impor
tant 挂的tributional i用plications. and future 
work wiU exa品ine the components of this 
lncrease 

BREEDlNG 

Potential new varieti的

In 1975、 the CIAT Rice Program 
continued cooperatíon wÎth the Instítuto 
Colomb倍鈍。 Agropecu前的 (IC A) ín 
developìng. testìn墨 and multíplyíng 

promisíng lines for future varîetíes. Fo街心
teen lines were tεsted at 21 locatíons wíth 
irrigation and at thrce locations without 
Ir r1草ation Ìn major rice areas of Colombia 
These regíonal trials were financed by the 
Fe正ieración Nacional de Arroc河eros
(FEDEARROZ), conduc甘d by personncl 
of FEDEARROZ and ICA，別叫 evaluated
by staff of those groups and CIA T 

Table 3 shows average yields for the 14 
Iines and the fí、 e commercîal varietÎes in 
five major c1 íma!Íc and rice produc間主
regíons of C 010甜bia. N ursery and field 
甘ia1s were al.o conducted in Guatemala, 
Panama and C osta Rìca an益 mformatìon

rahk 3 A\'crag~ ricé yit'ld直指益;悔)'" of 14lines 垂nd 5 varieties in 21 irri.伊拉d rc瞬間ml trial.. in Colombia 
!I975AI 

'htlle τ口lìma 九毛cr誰ge.

and atl位 丸tlanìic Northea:,! 九1da 的i

Cauç，剖4戶* Huila(的 Coas1i 4l LGn氓 J) ι4) 10ιatwn~ 

I.J n<:1<. 

是4。可 代337 8、914 學、已?前 已宗失1 5,)0) ).029 
44j ì< 多 145 7.715 7"110 6 悉妙。 4、長 75 的 559

毒品 19 7, 736 鈍。級) 6、 461 5.613 d 拉契合 已.805

d品21 久例令 說9其令 趴J:;7g 6.39但 4.902 7、0。三

.1422 7)lH4 9.221 6.31已 已 <;71 A‘雪09 亨、 12結

443已 抖的 6.910 5.961 5373 1715 5.M4 
毛41各 7.2J6 6.625 見。祖 j 的 250 4.437 5.6í' ! 

是440 軾的 )IJ 義‘弓之5 ，.5已3 7.456 九445 7、台 79

4444 7、459 鼠 451 7分20 長 9恭3 .. :L Ý4J 6.9詩 l

4461 正統呀。 6.69長 前汽3.5 為 1 話。 乏必毛44 5.t~H而}

446三 5,X74 7,29tì 7.2秒 2 7.!fl6 4ζ25 在心4)電

~..t ()7 7.771 7.是90 泉。但已 已 513 4.46ñ 6,521 
4斗爭訴 K51雪 X.095 "'1 2命前 裝、三70 4詛咒?毛 ?電1、2

牛毛忌。 7.175 司法90 6.1 斗。 句 J I t'< 2.617 6.13尋

(.. , J!nnlí.'l 'C w) 
丸 an Cl lt'、

C!CA (, :U2電 7 ， Z停學 h ， 1 針可 仇。了。 ，其了? 5- .X 可F

(lCA 4 6.4。“ 7.091 吭， 711 (;、 171 三令9持 (:j)挺起

11違約 命向前 XI 7.0前 l b立23 5. -:毛早 2.0。前 5)<2!> 

IR 22 多7) 0 6.21 加 長 11 有 :L:9H Hl(;昆 5 ，4拉 1

Bluchor1rh:t 50 4.222 4可 254 4.69K 4A ...J.(> 之‘許在長 4.10:' 

• Y".I,:, ~fê J." d~' :>."-<1 0 、 11('('

•• ;\umrc'! .11 :na , ~，)l'a lJ(巾 ，位哲斜拉!l ;"'-; 

主@



F‘mìck was lhen transp1antcd into a single 
row to obser 、 e unifonnity ()f plant t于'pe
anJ \ldd , Eight I闊的抗 ere rejectcd bceause 
of undesirahle plant characteristics 01 
bccame of rcported suseeptibility !O rice 
blast in the regional trials 

Bccausc 01' thc seriousness of the ricc 
blast djseasc on commcrcial varieties. seed 
multíplic泣ion of the six remainìng blast 
rcsistant lÎnes was accelerated by pulllng 
young plants、 separating their tïllers and 
retransplanting , T able 5 shows the 
pedigrees and amount of seed produced for 
these lines , Thc resistant lines 4440 and 
4444 were segregating for grain type an丘
will be repurified and multiplied again in 
1976 

A ne、N svstem of cominuüus rice 
production discussed later ìn thîs feport 
will be used for multiplying see垂 as

necessary 

collected on resî~lancc to rice blast disea蛤
caused by Pyricularia ()月'zae. Six lines 
were 時lected fro的 the 14 based upon their 
yiel廿s and obscrvations of blast resìstancc、
lodging. Sogatodes reaction. growth cycle. 
plant height. shaltering rate an丘 millin基
an社車rain quality , T able 4 comparcs 
reactìons to rîce blast and the milling 
quality of the six lines wíth co晶晶crcwl

varìetíes. After another season of regional 
!rials‘ onc or two of the lincs will he na品ed
as varieties and basîc seed will be re1cased 
in 1976 for certified seed production 
Fi學}fC 1 co即pares the 毛主 ualíty and length 
of 華T泌的 of the six promìsing líncs 
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在xten~ivc purjfication an吐 multíplica向

tìon of the 14 advanc楓j genetìç lìnes were 
accomplíshed durín車 1975ψr "，，:o悶hundred

fífty panìcle selectìons of each line were 
planted in se沁dbeds and material of each 

Seed multiplícation 

, 
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Blast resist紐約ce

if A small group of elite sources of blast 
resistance has been ídentif但是 in the world 
collection of rice by the Internatioηal Rice 
R前earch lnstitute (I R R 1) and cooperating 
national programs. These sources h,rve 
demonstrated broad resistance after 
several years of evaluation ìn ma位y
countr埠s. The CIAT Ríce Program has 
transferre正j resìstance from four of these 
sourccs .. ... Tetep, Dìssí Hatif, C46心 5 and 
Colombía 1 - into agronomícally 紹自?
table plant types. Bree丑er seed of superíof 
resistant line 、 selected f rom thesεcrosses 
was produce蓓的 1975 for seed multiplica
tíon, regìonal testing and the release of new 
vanet時s in 1976. These new varieties caτfV 
resístance 且eríved from only one paren t. 
Experience indicates that sin草le~source
resistance breaks down after a few cycles of 
commercial pla設tings. 

... 

. ,

p 

jT 

fwo new approach峙的 hlast breedin草
were initiated ìn 1975 to prolong 
reslstance、 The fìrst method attempts to 
combíne multíple sources of 問斜斜的了ce 10 

new varìeties. T 0 achieve thì趴 ten 忌last
resÌSlant, advance益 lìnes were selected 
from yiel這 trÍals. These lÌnes canγdifferent 
levels of resi話tance from Tetep嚕。浴缸 H仙L
C46起的制Id Colombia L They were 
íntercrossed to give 45 single crosses that 
were planted in March , 1975 only to 
produce the new crosses and not to be 
advance通知 the fíeld. A total of 587 
multiple crosses were harvested ín Au且ust ，
i 會75.

j .層

• The multí口le crosses were produced by 
selectívely combiníng the F I sin惡le crosses 
and crossing thcm with an addjüoηat line 
having the blast resìstance of the varìety 
Carreo位 another source of broad 
re日stance. Over 12,220 seeds were prod uc
ed frorn these multiple crosses which 
recombine three or fúur distinct sources of 
resîstance io each combination, Fiftcεn 
crossed se心ds of each multiple cross wεrc 
ger的inated. the seedlinεs exposed to blast 
disease, and the resistant ones transplanted 

ìn the fìeld ín October, 1975, provìdin草 an
enormous source of resÍstance and other 
germplasm for selectíon 

rhe second approach 10 blast resistance 
bree泣如皂 ìsa modific仕的ultiline procedure 
featurin墨 two híghly productive lines well
a且apted in the Americas. The Iínes 4417 
and 4421 were each crossed with a series of 
sourccS of broad reslstance havìng 囂。。往 to
excellent agronoη1ic characters , F 1 com
binatìons wiU be backcross抗1 in 1976 to 
lines 4417 an吐 4421 to recover their plant 
and graìn types. 技esîstant selec位ons from 
Ihese backcrosses will be carried throu岳h
the se草rega!ing generations while selecting 
for the phenotypes of the recurrent 
parents. By the F7 generatìon a large 
number of phenotypically simil訂 lines
having dìs!inct genes for resistance wiU be 
available for ìnternational evaluatìon , 

Natìonal programs can bulk seed of 5everal 
sìmilar lines carryìng distÌnct resìstance 
factors to produce their own multilìne 
vanetJes 

I的電ernational regional trials 

The Rice Program has t時ined 68 rice 
technìcìans from 13 Latin Amεrican and 
Carìbbean counl口的 Upon returnìn草 to
theìr home countries, some of these 
persons continue to work closely with 
CIAl in evaluating gene!lc mater晶i

developed at both IRRl and C1AT 
Ob時間制的的 from these cooperative t.sts 
provìde valuable informatìon on the 
adaptation of certaÌn 草enetic 1ines or 
varieties over a broad a閃aan丑 undermanv
climatíc and soíl condítions. In recent 
years , CIAT has sent seed of pro臨時間草
lines and varìeties toε.very nce巴producin草
coun!ry 間 Latin Amεrica for evaluation , 

The ríce agronomist has made annual VlSÎts 
to most of these natÎonal re桔訂ch sìtes to 
assist in evaluatîng the materÎal, to assess 
thc relíabilíty of research results and to try 
to advise on ways of s廿en草thenìn車副主d
improvìng the program 

I n gcnera l, p悶ctically all thc CLI\ T‘ 

i 起 RI Jines are 扭扭stat泛 to the raccs ofblasl 
安 9



ìn Centml and 怠。ut l1em 且razi l. U ruguay , 
Argcntin札 Paraguay and Boliv 措， Li ne, 
注nd 、 arictìcs that an: 抗useeptìblc 10 blast ìn 
Colombi. are also usually 5usceptible in 
Guyan札 Venezuela ， Ecuador. Peru. and in 
Central American and Carìbbean coun 
tries. \Vherever the varieties are resÎstant “nd g(h)d cultur詰 1 practiccs are used司 thc
better dwarf plant, adapted mal盯旭1 is 
~'ieldîng from one to two ton5 morc pel 
l10ctare than tra吐 1I的nal local varicties 

AGI主ONOMY

毛有扮d and volunteer rke 甜甜甜i

主lechanical lan往 preparatlOn can 
de5tro、 wec社 s and \'olunteer rice. however> 
this practice also brings up 用。rew拉拉諾ed
to germinate later. C盯tain herbicídcs can 
control weeds durìng germination w泌Ic
othcrs conlrol eSlablished wceds. The 
objective is 10 5elect single herbicides or 
combinations which control weeds and 
whìch can al50 be applied in a manner to 
control vnlunteer and red rice. Control of 
thc twü rìcc weeds is urgently needed , 

especia l1y in direct-see廿ed rice areas where 
two or morc crops per year are possìble 
The dual control ofweed, and volunteer or 
恍若 rice rules out lhe use of selcctive 
herbicìdes. 

必εchanicalland preparation was com
pared to two applicatlon丐。f paraquat after 
rice and wee位 s had germinated. Thτ的
相(;("CS\iVC W忿忿d crnps were killed by rotary 
tillîn囂的 dry soil in one treatment while 
paraquat was appli t:d twice at ten-day 
m給科 als (甘 5 kg ha a.i. each time) in 
a.nother treatmen t. Pregerminated 蛤ed
was broadcast over the 自ltìre area , N 0 
additional wecd control measures were 
made after seeding. however , had they 
hccn applied , it is possible that yields 
wúuld not have diffcred. Results of these 
exploratory lrìals show that two 
applieations of para甘uat may be superior 
to dry land prcparation. M uch higher wecd 
an位丸。luntecr rice infestahons occurred in 

F- (O 

theτotary tillc這 plots due to bringing up 
w自吐話ed from lower depths. Resul結 wi\h
para吟 uat indicated that applving non
seJectîve herbic裕的間的. effecti、 ely control 
wee叫 s and 、。luntecr flCC bcfore planting 
the maiηcrop 

A 5eries of experiments followe式 one m 
which herbieides wcre applied \0 the '0;1 
before gerrnination of 、.vccdsand volunteer 
rìce , while in the second, hcrbicîdes were 
applíed to the growing wccd自 and

volunteer r;ee 18 to 25 days after g盯mma
t10n 

Although 叭)ffi<: rice herbicides in the 
fi刊t experiment con,;derably reduced 
wecd infc討atlO孔 none was sufficìently 
eHectlvc in conlrolling volunteer ricc 
E臼部inatìon. Only atra7ine ‘ a corn her 
bìcì益c used as a check a\ 1 kgl ha active 
t仿真redícnt、 effeetively control1e丘 ger
mlnatln基 voìunteer rice an 正I wceds , 1 n \he 
secon控告xpen酷的流、草rowmg wee是s and 
volunteer rice were best contro l1 e往 by two 
applíeations ()f paraquat 紋.5 kgl ha , each 
applícation) 31 18 and 25 社ays after 
germina\ion, althnugh glyphosate at the 
關me rates and times was almost as 
eflective. A m間\ure of 4 kgl ha of MSMA 
+ 1 kgl ha of 2、叫) also gave good control 
when applíed 18 days after weeds and 
volunteer rice germinated 

Residual herbicide effeets 

^tra7ine、 which controlled volunteer 
ncc ‘ grasses and broadleaf weeds best, 
normally has a residual effeet in the soil for 
seve問) months" Preiiminary tests in 1974 
、是法h different f100ding períods ind;cated 
that nondin韋伯u l1ified the residualεffect of 
atrazine and s:everaJ other herbìcides 
Add傲。nal h訂bicide tríals with at時zmc，

metribU7.in , alachlor , 2 牛。電記rbutryn an誼
民 H2512 were ma這e in 1975. Aft白話。。這mg
for ,10 days the are.s were 桂raine益 an這
,eeded wi\h pregermínated rice. Figure 2 
illustrates 囂。od control of volunteer rice 
and weeds with a mÎxture of alachlor an話
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atrazine while Figure 3 shows no residual 
effect 00 gro、毛 th ()f rice seede位 after
f100ding for 30 days 

Three herbicides, atrazïnc; metríbuzín 
and lunuron 、 were app lieð at 悶commend
ed, double, triple and 1 or 有uadruple rates 
V olunteer rice and weed control and the 
residual effect on rice planted after one 
month of flooding were evaluated with the 
results shown 的 Table 6. Atra訓n~ COf三個
甘olled volunteer rice and weeds best but 
also killed from 161040 percent 01、甘間f1ce
planted 3fter 30 社ays of flooding 
Metribuzîn and iinuron co削roll自1 both 
rlceand wee吐s well and al50 bad Iíttle or no 
residual effect on reseeded rice after Ihe 
f100din早 period ， althou草h the 2.0 kg1 ha 
rate of metribu7Ín did retard growth 01 a 
rew of the rice plants. Furthcr experiments 
are in progress to better 吐εfine the 
忱的icíde、問te and tíme of f100d ing and 
other cultural pract峙的 before recommen 
疇的喜 re5ídual herbìcide5 to control 
volunteer ríce and weeds 

Tb. knol車間臨 problem

the ed墓e of the field and bunds by means of 
stolons but ít also ís a prolífie seed 
producer. In the screenhousc, sÎχher
bìcîdes were evaluate益 for control of 
knotgrass 的tablish就I by 5eed or 51010n5 

N one of the herbicides te51e社 was

e[fective agaínst stolons whilεse穹的 a1 were 
excellent in kìlling geτminating seeds 
Propanil was most elfective when applied 
at the 2-3 leaf 5ta車e since knol在rass hadn't 
completely emerged when the application 
was made at the sin草le leaf 5租車e.OxadílOn
and butachlor also controlled 草訂晶晶atmg

5eeds well. No herbicide seriously injured 
the rice 

If knotgras5 ari8es from stolons苟 00
effective pre一 or postemergence treatments 
can be recommende位 for use in fke , 

紛紛on5 should be elimínated before 
planting ríce by mechanical or chemìcal 
means幫 then g盯mm剖開車 see心 may be 
controlled by standard herbíeide 
applícatíons for control of germinating 
grass seed an是 grasses in the 卜3 leaf stage. 

The “ hoja blanca" tbreat 
fhe 草rassy weed Paspalum distichum 

(knot喜rass) Ís spreading rapidly in nce “ Hoja blan帥 ìs an ímportant disease 
車rowing areas. I t usually encroach的 from occurrín墓 ìn cycles‘ the last epídemic beìng 

fable (;. Re吸du寫J effect‘ ()f three herblddes În 弱lC suil after f100dîng (t)r onc 醋。nth be(ort planting rÎCf 
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in 1957-64. The vector of the vìrus is the 
plant hopper. Sogalodes oryzícola, which 
can also destroy rice crops Ihrough direct 
feedin草 CIAT's Rice P rogram has 
emphasized rcsislance to 50章制。desand aU 
the newer varieties are resîstant to thìs 
veclor. Only CICA 4 is al50 resi5tanl to thc 
virus but field ohservations indicale Ihal 
resistance to 5。單alode零 proteets the variely 
from viru5 attack. jl,'o hoja blanca out
break or Sogatod揖 damage has bcell 
confirmed through 1 會74， 5ince the release 
of the new 吐warf varìeties. 
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Anlicípatin惡 a possible new cycle ofhoja 
blanca or the appearance of a new race of 
the insect vector, CIA T has requested 
cooperatíng national programs to report 
vìrus or ìnsect damage i位 comm前叫“
dwarf varietie5. Two reports of problems 
with the IR 8 variety ;n Colombia were 
investigated this year. ln one Ìnstance a 
field was severely damaged by hoja blanca 
and Sogatod揖 Insects were collected at 
both of the locatíons, mult;plìed 剖 CIAT
an挂 evaluated on a sot of varieties of 
known reaction to direct feedin惡 injury
None of the insects collected werefound to 
be f:凹的 a new race 

ln Peru a report of virus 這amage in IR 8 
and local varietíe5 w的 Ìnvestí教ted an通
severe hoja blanca attack was co犯fírmed
although f，的N msects were presenLτhe 
affected field5 were all transplanted crop5. 
I t is apparent thar virus infeclÍon occurred 
in the seedbed5 before trar時plantìn車， an 
early growth stage when no variety ìs 
res的tant to the viru$. An ìnsecticide 
applìcation ìn the seedbed5 was 
reCQ臨mended to eontrol Sogato攝制， an益

thus the virus, in [uture crops. N 0 evì益的lce
su草車εsts the presence of a new race of 
Sog翩。4國 ìn Peru. 

A 閃po口 of heavy virus and Ínsect 
damage in IR 8 and other varielÍes was a150 
received fro臨 Cuba. A 5et of differental 
varÌet時5 was sent to Cuba to cJarify 
varietal reactío帥. A reciprocal 能t of -

jilrigazajjt 

Cuban varieties was re有泌的ted for evalua
lìon at ClA T but ha5 not yet been received 

ENGINEERING STUDIES 

可Water control 

A 2牛inch 昔賠meter， aJ毛主al flow pump 
was completed, in5talled an往前就ed d肘ìng
1975. Thìs pump, when 述riven at 540 rp氓
from the power takeoff of a tractor, 
dehvered 55 峙的 cub站 melers per mmute 
against a variable h時社 from 0 10 180 
centimeters. The pump i5 desìgned for ea5e 
of local manufacture and low co剖 ~both
of the pump and its 揖stallatìon and 
operation. Desi草n change5 are bein在 made
before rel即將 of the designs in 1976τhe 
most interesting feature Îs the simple 
mountìng of the pump 10 a horizontal, 
concrete pipe culvert 也stalle益 in a drain 
crossíng under a road or protective levee , 

Macbìne mobility 

S ince tractor mobility in satura ted fields 
in an important factor in rice production 
for enabling efficient waler leveling, 
wetland preparatìon and t月nsport of 
harvested graìn from fiel郎l the 
agricultural en草ineer worked on thìs 
problem while on study leave at Louisiana 
State Unìversity. Prediction equations 
泓'eredeveloped for torque, tractìon , rolling 
爬到stance， and sinka草e of pneumatîc tires 
ìn 80ft clay soils. The5e equations combine 
thc variables of tire wid銜， d晶met盯，
deflection , weight on tire an吐 soil cone 
10益ex values. Figure 4 illustrates the 
relatio酪hip between measured pull and 
predicted pul l. ln a practical applìcation of 
the theory at CiAT, \Vorn-out lugs were 
removed from a us削1 23.1 x 26-ìnch rice 
an社 cane tire to permit the tìre to fit within 
the limited space of a combinc made for 
srnaller tÎr耐心 τhe smoolh tires were 
ìnflated 10 about 3 psi or leS8 allowin惡 a
large 位e t1 ection on the soi1 5urface. This 
垂et1ection proví益ed better mobìlity 
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CONTINUOm美

RICE PI主ODUCTION

CIA T's Experiment Station Opera lÌons 
unít and the Traìnin甚 and Conferencesand 
Rice Pro草rams have init也組d 值 project to 
develop an inten 話ive and continuou~， rice 
productíon syster泣。n the Palmira :;tation. 
The ohject ive is 10 m。“fy aod inte耳問lethe
besl ()f A如ao technology 10 Latin 
扎merícan condhíüns and to fully utìtize 
the land , labor. waler, and other resourccs 
削 allti鼎的、

Ficlds are prepare益 and pu挂dled in 
water to achìeve soil conditions typical of 
AsÎa. then pregerminated rice is hroadcast 
5ee廿ed. Two to five hectares of rice have 
been planted each week sínce August 、
1975 ‘ Príor to August a similar pro惡ram
εxísted but wíth only periodic plantings as 
time and cor泛泛的ns p盯miltcd ， Although 
these occasional piantìn草s were larιely 
made to level and leach 50íl函， and to 
Improve 仔ngahon an亞 soìl uniformíty for 
later croppin惡 valuable experíence. prac
tÎcal training and a cash crop were 
obtained , Good stable yíelds are possible 
泌的ng all sea5on5 , Since 1972 , almost 
1,300 ton5 of rice have been produced wíth 
an avera車c yield of 5.8 tons! ha 

TRAINING 

fhîs year four trainee1\… f rom Brazi l. 
Para喜悅y. tl時 Dominìcan Repuhlic an這
Guatemala … were trame挂 in Ihe Ricε 
Program‘ and 17 other1\ in crop production 
甘atnm草 spent part of their tÎme in ríce 
producti。但

The continuous rice production schcme 
mentioned earlier will strengthen training 

for rice productíon 蕊recîali~t.s in the fmun: 
by pro丸 idíng fieids at all stagcs of produc
tion, at all time話 fhea、 ailubility of rìce at 
aH growth ~ta草es wíll permit trainees 10 
participatc ìn all operatìol支持 and see 
prohlcms without waiti認志 as would be the 
case \、 íth onl)' one planting pcr season. The 
廿aining: time can be condcnscd by movin草
the trainee throuεh all phases of rice 
production‘ and at the :mmc !jr肘， the 
tra的εe can return or progress to any phase 
、.v here more concentrat lOn 15 nccessarv 

勻，

Combining 時ed production ínto the 
progr乳m wíll form a complete package of 
rice technolo惡y: lan社 developme r況 ， land 
prepaτ別1011， irrigation. plantÎn比 fer

tilizìn也 weed and insect control可 problem
ìdentîfìcation哼 harvestin品， drying , proce5s四
川萃， markctìr室里. and mana惡ement oflab肘，
mach闊的遙遠nd 品。ney ， This integrated 
tramm皂 will be on a field 科ale where the 
best practiccs are used an吾 new technology 
or modïficatior研 are fiel廿 tested hefore 
being recommended to farmers. Cost data 
will be obtain叫 most budget costs wíll be 
metfrom 他le怠。f seed and commercial rice 
rhe effort is expecled to serve as a pílot 
project for possible within -country 
production，昌emonstration and trainin草
centers. 

Extenslve travel to all rìce驅車rowmg

countnes 叫 Latìn America has enabled 
program staff to collect photographs of 
almost every problcm that mi草ht be found 
in growmg ricc. An ídenüfication m剖mal
containÎng color photo草raphs of tne most 
important insect , disease and other rice 
produetion problems of tne regio l1 was 
F泣泌的hed this year. The booklet is ex即

pected to be of great value to rice 
technicîans and producers În ídentìfyíng 
production problems. 

F.I 學
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Training and Conferences 

Postgraduate training and confcrence 
activities at CIAT continued to expand in 
1975 at a pace closely related to (l) the 
pro草ress m 到ructunn車 the 5taff and 
strategies of the research pro車站ms; (2) the 
new technologies they are generating; and , 
(3) the recognition by nat的問1 institul間的
of the role of CIA T and of the oppor
tunities it offers for the tran8fer, adapta
tion and adoPlion of scientific a這vances m 
the commodities for which it has respon
sibility 

Expansion of training and conference 
activities and those of the Information 
Services U nil justified a reorganizati。但 of
the former Training and Communications 
Program. lnformation servÎCes functions 
were merged with those of the library and 
documentation cenler and are reported in 
the next chapter 

TRAINING 

During 1975, 201 professionals from 27 
counlries were lrained at CIAT. Ap明
proximately one胸half of these were 
post草raduate interns, of which 5草 were
research interns an位 45 were production 
interns. Table 1 summarizes the distrib.且“
tion of trainees by categories and by 
commodity or field of specialization. T able 
2 lists the countríes frorn whích v缸峙的
C剖egories of trainees carne. A complete Iist 
of trainees al CIAT in 1975 is at Ihe end of 
the Training section、

The number of trainees (201) at CIAT 
duri約旦 1975 repre摺nts an 在 percent 
increase over the previous year. The 
increase in numbers of profe時ionals
trained at CIA T in the six years 剖nce
traîning activities began i5 shown in Figure 

Table L τ悶inees pro間時叫 by CIAτ 抽 1975 da閥混ed by 鞘ajor field of 叩ecia!íza伽n and trai削ng

c:ate益。ry.

Po發 tgrad pProc dstugcrat1dOe IZ 
Visiting 

research Re時arçh resear社1 Spec:îa l Short 
Field mtcrns mterns scholar草 as&octates tramecs CQur草哲早

Beans 20 (10)* 主 5 5 
亡的單ava 17 3 2 3 
Rice 2 (7)' 2 2 
Crop production 24* 
Beef 9 21 這 10 n 
Swîne 6 2 3 
Sma l1 farm 

svstems 
Others 2 3 是 30 

Total 58 45 20 21 27 3G 

. Of th~ 訊地惜肘" ín {'rop Pr自由tlíon_ Jù ， p~:ial汙叫 m a<:an~ ， ~ S;X~地 lilC幸的肉已.'>: an<J ì 11M)叫 in gCI\>!ra: çt呻 r"叫l叫叭〉

G-I 



苦ramtfs proces‘甜 by ClA T in 1975 cJassified byεount吋 of orig帥

一一一一…一-._----
Postgra<L Visitìng 
prod泊ction 鼠的earch research 

Înterns scholars assùCiate~ 

Postgrad 
rescarch 
mtern治

TabJe 2. 

Short 
{'ourses 

Special 
tramees τotal 

28713974306521lsJ3324i3iio747 

istilli-

、2
h

236 

6 

2 

<

心、-

3 

可

'、4 

134 

3 

、" 

ili2 

2 

感

Coo削ry

Argentina 
Bolivla 
Ðrazll 
Camεroon 

Ca !1ada 
Chi!e 

CúlomÞîa 
Costa Riça 
Dominkan Repub!k 
Ecuador 
EJ Salvador 
Guatemala 
Húnduras 
Indonesia 
Mexico 
?這 ethcrlands

\iC3ragua 
、:lgeria

Panama 
Paragua} 
Peru 
ThatIand 
l:nìted Kíngdom 
t: rugua、

USA 
Vcnewela 
、，Vest Germany 

Total 

13 

勻
心

2 

2 

7 

5 

!3 

3 

12 

、

8 

20313541 

, 

8 

3 
3 

4 

21 30 27 20 45 58 

The d賠tribution of trainees by com
modìty programs，這ìscipHnes and 
categories of traìníng is 車ìven in Table 3 、
CIA 1's prìmary programs --beef, beans 
an社 cassava ~-are 挂oing the largest 
proportìon of the total traÍn肥皂 at the 
Cent肘。

T raining in com鴨oditiesl. Worthy of notice is the proportìonal 
increa甜間 traînees classìfied as research 
scholars (MSA candìdates) and visiting 
research associates (MSA level 
professionalsand PhD candidates)全 at間Ild
which is favored by CIA rs staff. 

Training 忽ctivities specific to each 
commodity are reported ìn the respective 
program sections , These activ詰ies mostly 
involve research training in one discipline 

The CIAτstaff has acquired a more 
忌efinite awareness of the extremely impor
峙的t role CIAT柵trained young scientists 
from national institutions can play ìn the 
local validation and 廿ansfer of new 
technolo車站s generated by the Center's 
commodity research programs. 

G-l 
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Figure 1. Numb('穹s of 'rainee.. a會C1AT.19發8.7飛

ofacommo桂i\y prograrn. ln thecase ofthe has been tríed by the Bean Prograrn, for 
Beef Progra血， these activìti時 also include Chile and for Guaternala , an晶 in the 
the structured Livestock Production Cassava Prograrn, for Thailand an挂 for
SpecìaJíst Traìnin惡 Program (LPSTP), Mexìco. Althou車h results remaín to be 
fourth ìn a 盟泣的。f ten to 12.mo削h 甜冊. thís taetic appears to have a greater 
courses that began ín 1970. chance of success for the rapìd transfer of 

CIA 1"8 technology and for national 
The team approach commodity research than the traditional 

one'at-a-time approach to trainín車時間n
Ils恆 from nat詢問 instítutions. ln the 
fUlure this approach wilI be encoura草εd as 
much as possìÞle. 

197有74 73 n 
Ye,tr 

71 70 。919也8

Trainin草 in man咚emenl of experimental 
stations 

G.] 

EarIíer effors ìn station management 
lraíning have evolved thís year into a 
comprehensÎve training plan enc府m“
passing the various aspec臼 of this impor
tant operation in research ínstitutions 
There ís an apparent need 10 a88ure 
adequale adminístratíve and tεchnical 
support, at the experimentaJ station lovel, 
to natlOn剎時search progra血s in bεans. 
cassava, nc丸 maizc ， beεf and swine. This 
need，色。車ether with the comparatìve 

A notable development in trainín墓 for
commodíty research 朋 1975 is the 
51惜ultaneous trainíng of “ co阻modity
re目arch teams" or 叮叮蚓rch-pro社uctlOn
commodity tea 拇s.'令" 片了ηfηh肘i時s approach seeks to 
b缸吋ng Ihree 0肘rmo肘re yo肌仰ur玲2恣喜 S時ci挖e叩n削仙t訂1時Sl峙s from 
Ihe same ìnstitutìon I帕。 CIAτfor
a sì扭n啄glecorn臨odity ， a剖I thesamet註íme. Each 
trainee should specialize in a discipline of 
critical irnportance to the produclion of 
that species in his country. In the case of a 
productìon specialíst traine金， he should 
concentrate on one commodity. ln this way 
泛的 possíble 10 e舟山p interested counlrics 
wilha 時If.旭reinforcin惡 team of at least three 
scientîsts centered on one commodity奄l. e. a 
breeder, a pathologisl and an agronomísl 
or a productíon specialist. This approach 

管.

i
司
，
j
j
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Grand 
101為1
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叫秒。program

Short 
cou們e
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tnunees 

Visiting 
research 
ass紗C 會錯 1.討

F這個ea甜h

scholar學

Postgrad 
productíon 

mterns 

3 

830 ii ? 

6 

3 

4 

2 

2 

2 
5 

2 

Field of specialization 

animal health 

ctonomlC給

pastu問警& forages 

pastures &. forages 

microbiojogy 

、站的'CI coòtrol 

Li\i已忘tock Productîon 

Spcctalist Traîning C'ourse 

BEEFI 

21 21 

警7
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2 

13 10 4 

2 

21 9 Beef ~ total 

SWINE I nutritlon 

productìon 
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6 
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advantage CIA T has in station operations, 
Jusl1日的 the Cent軒暑s involvement in this 
type of trainin露， on a limited basisτwo 
expen珊enta! statíon mana侈峙， one each 
from Guatemala and Venezuela , each 
received three months of trainìn草 as
postg悶duate ínterns in 1975, Five more 
plan to come to CIAT in 1976 for stays of 
four to six months 

Training in crop production 

Since 1970, CIA T has con丑 ucte必 sÏx
Crop Production Specialist Trainin車
Programs (CPSTP) with support from the 
Interamerican Development Bank (ID語)
and otherdonors‘ These seven to 12-month 
events avera車.ed 18 participants and 
simul祖neously covere益 rice， beans~ maize 
an這 cassava， These courses were integrated 
for efficiency of instructio鈍， takìn草 advan輪
tage of 仇gronomíc commodities among 
them. Such an approach was desirable 
while most of CIA T's commo社 ity
programs were still in the early stages of 
development 

After five years of trying varìous 
structural alternatives for the CPSτP， a 
seven-month course has been developed 
with compone泊的 th剖 make it flexible 
enough to be used for in廿三vidual com
郎。這ities but complete in terms of content 
needed for a comprehensi峙1 yet m且depth
coverage of 給bject matter. 

Durin囂 the fifth CPSTP this year_ the 
postgr乳duate ínterns were encoura耳e昌 to
specialize in one crop of príority imporω 
tance to their respectìve coun甘ies. Out of 
20 participants 松ix from Guatemala, fi吋
from Chile, three from Ecuador, four from 
Colombia and one each from 1可lcaragua

and Paraguay), ten chose to specialize in 
beans. seven chose rìce an這 three preferred 
to 割的ultaneously stu挂y two crops that are 
components of a rotatìon or are grown in 
association. Besides providin草 technology
on the production of crops哩 the course also 
offered an opportunity to increase func
tional koowledge an位 skills 00 (l) field 
G~ 

的pe口的ents for validating technolo鈴; (2) 
specific product的n economÌcs-farm 
managernent aC Í1vltle巴 applied to thecrops 
stud跨世 with particular emphas惱 on cost 
analysis; and , (3)的mmumc剖ion skills and 
說rate草ies for tr發nsfer of technology, 
including how to organize and con垂 uct
within-<:ountrγtr創nìn思 Sevemy-five per
ce制 of course time was 泣的rote桂 10 
prac!Ícal learning dírectly 00 production 
fields , experimental plots and small farms 
in the Cauca Valley.τhe olher 25 percent 
of the time was invested in prog時mme社
conference-d îscussîon sessio肘 cost
analysis, reporlin草 and independent 
readîn學

Short course by programmed pla剖in軍

As part of the fifth CPSTP, intereste社
particìpants receÍve社 spccíal training in the 
practice of organization and teaching of a 
two-week practical short course using a 
methodology of 的 pro草rammed planting," 
first developed at the lnternational Rice 
Research Institute for rìce and later 
adapted to beans at CIAT. A speclal 14一
位ay short course on bean production was 
organized for professors and final year 
討udents of the Colle且.e of Agrículture of 
the National Unive賭徒y at Palmira. 

The method consists of ten plots oÎ‘ any 
size wilh each one plante社 at intervals of 
appro恥mately seven to ten 往a狗， begin
ning76 丘ays (or a full growing cycle len草th
minus the numbcr of days duration of the 
course) bcfore thc slart of的e 14-day event 

In this way, the ten standard plant 
growth stages 3re ava iIable sequentially 
from lan唔 preparation， seeding aη社
emergence throu車h vegetative growth , 
flowering and 盡raín 吐evelopment up to 
maturrtyan益 harves t. AlI of the stages are 
present in the field durin島 the 14 days (or 30 
days) duration ofthe short course. By thesε 
means, the traditional classroom short 
cou時es of límited value given ìn many 
natto臨I institutions may be 時placed by 
practical opportunities to 罩了。、i'l acrop with 
new 結chnology and acquire proble揖
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• 
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diagnos lÍc abilítíes, and a'5ocía!e吐 cost
analyses under a real sítua lÍon , 

It should be noted tha! this method 
depends on the avaíl.bílity of írrigatìon 
and should be con丑ucted durin草 the d l'y 
season or at least durin惡 a mil廿問iny
甜aSQn 10 avoíd problems in land prepara
tíon and early sla喜 es of planl growth 

year-ol挂 Crop Productíon Program, 
organized and con忌恨ted by former 
trainees in C1A r , CPSTP; and , (2) 
prelímìnary assistance to the Instítuto de 
Ciencias y Tecnología A車rícola (ICτA) ， in 
GuatemaJa in collahoration with for品er
CIAT Irainees 10 organíze a 剖x-month
trammg pro草ram in crop production, to 
begin ìn March 197息 and planned 10 
co制inue as a long-term program 

U tilízation of trainin露 by CPSTP par-
ticipants Short courses 

A 組rvey of the actìviti的 of the 20 
particípants in the fifth CPSTP after they 
rcturned to their home countrìes revealed 
that 14 of them were actively working ín 
T的時rch and development of commodit時S
thev were trained on at CIA T. Two are 
ínvolved full-!Íme with uníversity educa
tion; three arc in charge of organílÍng erop 
production trainìng courses în national 
research instÍtutíons (in Chile種 Ecuador
and Guatem泌的 and one 峙的anag帥g his 
own farm , 

Within也ountry traini時

The major in-depth involvement of 
CIAτthís year 扭扭囂ard to assìst的E
within-country traíning took place ín the 
form of the sìx明month wíthin“ country field 
phas峙。f the LPSTP for becf. Eleven 
particípants from Par能guay did theír fìel，吐
work portion of the eourse on ranches in 
that country, in association wìth the 
\.:nìversity of Asunción and the M in站tryof
Agriculture (但均 page A-57) 

By the end of this course, a meaningful 
ímpact had aJready been made at the 
unívcrsity there~ resulting ín a decision to 
a是d one more year of supervis叫， in-fíeJ社
trainìn草 to the requíred currìculum for 
vcterinary medicine. 

Other successful efforts of CIAT ín 
support of within-country 甘am晶晶 includ
e挂(1) límited but productive assistance to 
the Instituto Nacìonal de lnvesti直aClOnes
Agropecuarias (!NIAP) 剖 Ecuador，

through instructíonal inputs to its two-

A fo旺-week Short Course on Weed 
Control was co叫sponsored by the Inter 
national Plant Protection Center of 
Oregon S tatc lJ niversìty and CIA T and 
held ín June and July , Thírty participants 
came from the following countríes: Ar惡仰自
tina (2); 器olivia (3); Braz址 (6); Colombía 
(6)等 Costa Ríca (吟 Ecuador (2); 
Guatemala (1); Honduras (1); Panama (勻，
Peru (5) and Venezuela (2)已

CIAl、s Bíometric Unít taugh! a two旭

week course 。但 Experímental Dε'sign for 
Field Experímentation in míd-1975 for the 
benefit of traínees and research associates 
and 的sistants ， Emphasis was on proper 
planníng an社社的唸n of fieJd experiments, 
rather than on statistical analysis 
procedures that can better be handled by 
間ntral biometrìc services 

Finandng of training 

IntereS! from outside donors to sponsor 
traìniη辜的 CIAT continue社 at a 紀latívely
hí草h level in 1975 , Only 絞。f 201 tminees 
were financed 訕。即 CIAT's core budget 
this year. Twenty心nine other sponsors 
províde桂 funds for 110 others and nine 
甘甜nees were 間If-supported (τable4)， The 
IDB ha5 generally been the prímary 50urce 
of funds for productíon tr的ningcourses. A 
serÌes of sîx courses …three ìn crops and 
three ìn livestock ~ w制 complete晶的 1975
wìth ID話 financing， These courses, three 
more crop courses fínanced from oth肘
sources and the other training courses 
conducted or 斜斜叫“ wíth by CIA T are 
shown in Fìgure 2, 
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Table 4. T間in削sp時間ssed by CIAT in 1975 c1as!可ified by sour咽叫咱pport

Zdb 穹 Pu~tgrad Postgrad Visiting 
rcsearch P"叫ucHon Rcs巳:HcÍl "凶 car，的 S f\ècial Sho!t 

Source ûf support'" mterns '"'缸rns scholar悍 a草草。ιmtcs tramees C討urse草 Total 

National8nd 隔ternational inlere幫結:

A草ency for Intcmatlonal Developmenl 

{人 ID)USA 2 3 

AID 揖nd OrcgQn St晶tc University , lJSA 30 30 

Hanco Ccntral de Guatcmal誼， Guatemala 

B品nco Nacion晶 i dc Créctlto Rural‘ Mcxico 

Ccntro Internacional de Agricultur品

l roplcal (CIAT) 51 12 13 3 3 82 

Ccntro Panamericano de Zoonosis , All月entina 5 5 

Corndl LJnìvcrsily電 USA 2 2 

Corporaci6n Autó位。ma Region品I dcl Valle 

del Caw.:a {Cvq, Colomhia 

[cumcni的1 Schol訓，咄ip Program , 

Wesl (1軒many

Fcdcración 持揖cional de Arroccros 

{令 EI花八RROZl. Coiûmhia 

Fnndo 得acionat de Inve叫Iga臼onc盟

Agropecu品n，且盟 (FONAIAP)， V也 nc"7ueIa 2 

Food and Agri<: ultu問 Or辨別芷atîOrl (FAO) 

of the United Natlons 2 3 

Ford ←。也ndalìon司如何A

Interamcrican Devclopmcnt 詠ank (ID諒) 23 4 29 

Inter刊ational Develop冊封It Research 

Ccntre (l DRC), Cana<l品 2 2 

• Atr的rhlllk 晶.f finand.ll~Ullf"河! prnv吟吟 Þy 廿ft l;ny，lghorw:說lltzat肘，扣耐m叫



心恥車已
aa心 軍區K 咱 d,- 略、-一 ' • • • • Table 4, Continucd 

Postgrad Postgrad V心ltmg
r借閱時h prod u..:ti耐n Research research Sp配ial Short 

Source ùf 巷口 pport. interns interns 間holars assQCiate想 tram位置$ courses Total 

lnternatìonal Fertilízer Developrnent 

Center (lFDC) 

Instituto de Ciencîa y Tecnología 

Agrico!as (Icr A), Guatemala 2 G 7 

In耳tituto Cülo帥bÎano AgropecuarÎo 

(lCA), Colombia 2 3 

I01>tîtu lO Supenor de Agrirultu時 (ISA)，

Domínicau 長epublic

Midwest lJ位iversities ('on革ortium for 

lntern譜 tional ActÎvitîcs (MUCIA)，如先A

Peace Corps , USA 

Promoóón A器mpecua l'Ìa ， S. A. ‘ Par品guay

Rockcfe!kr Foundation , USA 3 3 

S口(Tc!aría de Estado de Agricultura旬

Domîniιan Rc:pubhc 

Technk揖1 UntV自rsity of Berlin ‘ 

1暫且可tG軒的品ny

了'u!anc Oniversity. lJ SA 2 2 

Univen吟dad CentraJ de V cne7uèla 、

Vene/uel a. 

UnÎvcrsidad dcl Tolima, Colúmbil'l. 

!)mvcrsity ()f Il !î詩刊的， USA 

West Germanj九 Government of 主 3 

2sew-蠅pported 9 9 

Tüt祖i 58 45 20 21 27 30 201 

• AI! or butk 叫“附ncÎa! ... uppmt pmvid<<1 t>y or thn\祖gh ç，rg且olt.ati"n í品dicßlè唔
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(IDB) 1I11111111111111111111111111111111111 LPSTP (1Il) 
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(1 D昀弩雲言瑟瑟雲量這司 CPSTP(V)
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(1 CI'511' (11) 

一一 一一白ìJniv. dcCa泣的(你1.)
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叫，局也)，

Status as of 
Dcc 、 1975

(c認 cúmpléted)

此10， of trai肘ng
completed 訕。1

口缸， 1975 Arca or Study Cou則'TName 

CCCCC

<

C

CCCCCE 

恥

C
C
C
C
C
C
C
C
E
C

5$9555 
3
3
2
4
6
4
3
2
2
2
5
5
0
6
3
5
1
3
a
7
3

月

5
3
9
3

叫
往

3

lil 

C抽叫va !plant br時副ng

Be.血 I ag. engineering 

Cassava' bcans' plt pathology 

Bca肘!開tomol呻Y

Swine ì production 呼叫ems
jstalion üperation Í'> 

1美 ice I agrωnomy 

Animal hea 1ì hi 加m叩aras伽logy

Animal health I hemoparasitology 

給W間c I productîo俗、，ySlemt>

!可，veed contro! 

8叫 os I plant pathology 

Ricc! plant brecdin厚

的闊的 !agronom多

I agficultural 時stcms

概也ln:;j侃lomology

Ca范sava 1 agrnnúmy 

Cassava I agronυ叫

的ccf i p，lstu旭、& forußes 

Bcans 1 physioloεy 

《二制aHlj plant breeding 

Cu討拉伯 va I plant patho!的'gy

B叫ns I agronorny 

怯￠閃a 犯肘， 1 pla闊純l br巳間缸d晶"彷呵2球民

恥恥t仙州岱叫1 ‘峙t咕往 削on削彷岫m、llC恥C抄

C心t“$喃圳a叫 | 泌吋gro冊η0 叩y 

Bc叫a侃位m笠 l'峙g. C叫c缸εο叩3丌nom給

泊恥‘心:‘cf正f仆!p仰，χla恥a扣峙叫，叭咐品抗卅t札加ur尋籽制r刊悶‘c叭」瓜s&j如紗阻gc仙緝

Mexico 

1:1 Salvador 

Costa Riça 

GuatemaJa 

Ecuaùor 

Guatemala 

Bnt7 il 

Peru 

Peru 

Panama 

Colombia 

EJ Salvado[ 

Dominican Rcpublic 
Colon神給

Guatemala 

El Sa!vadür 

Brazil 

Mexico 

F: cuador 

Guatema1a 
Rrazi! 

ßrai' ìl 

EI Salvador 

Braz i! 

Colombia 

Mexico 

Colombia 

Bolivia 

3戶酬金vad峙.1e R輔earch 1鈴純rnS!

Aco:罵:筒， Jesus 

Aguílar , J叫eW

Aguilar, Roberto 

AloflSO, Frcddy 

Alvarado. hbián 

Rácaro，已1anue!

Hand的問食《悶、肘鴿cy

Hazalar. Hern法ndo

f叫自ròn ， Guill盯mo

Carri70、有;l jçente

Concha, Alrred喔，

Concs. René 

('ucvas. Federω。

Cha丸句ez. J凹的 AUl'elio

Del Valle , Rlcaroo 

Dcras. C、nrlos

J)os Sa肘。$， María AUXlliadora 

Erives. Marcelo 

Farfán , ('抑10為

hgueroa , ('ad研i Fnrique 

F閃1間， Wania , María 

Fukuda. Çhi~cru 

Garda. Ca r!~)s Mano 

Gasta札 Orival

Giraldo. HClnân 

Gon7áleλVictor 

G肘iérrcz. J ohn 

Uurtado, Erwm 

約
因



Statu!{ as of 
n眩， 1975 

(C <= compteted) 

Mo. of tr削間的g
completed a :s of 

Dec 會 1975

!肘)!c 5. ('ontinucd 
c 
!于

H 

N 

Arc訕。f Studγ 

lbe, Dünatus 

Jampat, Than此肝n

l.ópc/. (Jtt~tavo 

Madruga、C\audio Rnbertü 

M帆rale抗 César Guilknno 

Morcn約 Maria 'I r:問問

M 日ñoz， .Iairoe Eduardo 

Musmani, Mlguel 

N obrc, Adilsωn 

Nuñez , Jose Ignado 

Ort:l. César GuiUermo 

i刊及其圳、?秒'1a rtÎn 

Qui叫，~ro、 Manuel

QUlr抑 Carh的

Ramtls , hxlerico 

民似jdgueλRoberto

t之“.janarìdpichcd、C' hareim;uk

RuνJ()沁人dân

~a\a7a r ， Luis r'arlo喀

巴~a!cti毛'1 1. Ana丸:anns

lay , Ju‘In 

r t'ruya , Ro時 MCfct:;de~

1'010. J 匙，台él品canas

Var兵法>.， H0dor Arm技ndo

V~:ga ， Jul帥 Akjandro

VídlUkll、 Vichan

ViU“ 做C llI:
Vil!這 !ob。可 J ol\.é 

W州d、 Ro怠。 llO

Y 、:c. j忱的 10 G l:fard\) 

<

C 

C 

C 

C 

ccccr 

}t

<

FC(

C 
<

C 

555355 

1
7
4
3
3
2
4
'

。

7
3
$
9
8
9
$
5
7
4

句

3
3
0
8
1
3
4
7
5
3
3
6

i 

c制sava! biometrics 

化、訪時ava 1 plant p叫hológy

An圳圳I刊m恥al h恥c剖喇t“愉圳h圳E叫!竹h叫c也凹crn泣泊珊rno叫‘ο叮叩〉汙par圳泊8叫仗山O咐〉泊i

8恥恥恥圳e咄吋;沁滔c咐f 1 帥削削圳1峙叫a叫i 岫i恤圳t掛圳彷糾i悄m間a附削C叫削ro恥枷圳ω付lω慚胺

t防恥吾祕c蚓S叫心;μa崎a惚.gron附龜K盼û間y

的C<l點! phy:s iology 

諂也anslb自 on叫flCS.

Switle 1 productlon systems 

Ca肺ava lagro釣ωmy

Cassava I entomolo~y 

-1st訓時n ope間划。的

Hcans:lag 配Of)om\cs

Beefi pasturcs & Ü叫嘉軒! microbîoJogy 

Beam;1帥的朋叫。那

Hc朋sjpla削 brcedjng

h糊va Jagr開onη

Ca叩avalp擔nl breeding 

污、Nine 1 production 吟istcms.

Bcflx泌 Ib削letnc岱

('a臨街va I agronomy 

的cansl pla泊t hrccding 

Beefl animal hcalth I çjln. path 

Be~n weed cünlr叫

Bc叭叭 jeníomolngy

Swi羽elp叩ducl的n systcm s: 

f泊品犯v.1 法grooomy

恥ans 1 plant br時ding

Cassava ~略ronomy

Cas可 av斗 plam p肘缸，10的

污、~ine! productlon 萬ystel涓涓

Count呵!

于.;'i，geria

rhaÎ!and 

Colombìa 

B吋zi\

Peru 

ct叫“mb惚

Colombia 

Cústa Ri叫

“r;lI il 

Me:x呵。

Vcneluela 

("o!n的 bi，a

M叫做，

Chílc 

Honduras 

Brazil 

Thailand 

NicaragtlH 

Colomblll 

Mcxico 

Chi!c 

ßuli、'"
EC\JadQf 

Cülombi‘t 
Nìcara皂u，

l'haìland 

FI 位dv，~dωT

Mcxicu 

Mexico 

Co結a R Í<:a 

Namt~ 



τable 5. Cúntinucd 

Stams as 0:" 
D"，、內行

{C-== comp; t:tedì 

叫 o. of t阻lmr.g
compl叫ed 的 of

DcC".. 1975 Country Na;ne 

司，

、
PQ$tgrsduatt Production lnterns 

ccccrcccccccccctC(CCC(CC 

5 

7777?77?72677727272786407 
只lcáragua

Guate阻ala

Chile 
Chîle 
Paraguas 
Colomhia 
Colombia 
Chîle 
Colombîa 
Perú 
E的lador

Gua!emala 
Gua闊的ala

Guatemala 
Bol叭>a

Guatemala 
Bol的，a

Coloì':l bia 
Gll的emala

Guatemal.a 
Ecuador 
Chile 
EC \Jador 
Chilc 

Crop Produ前ìon

Agurto‘ Luis Aurelio 
Amèzquita , Mario 
Ayres. Alejandrù 
A)時S、 Clam Lu l. de 
Benitez, Daniel 
Caicedo. Marino 
Ceballt尬， Luis Fcrnando 
Cuadra. Pedro 
Delgado. José Leona吋O

Florez , 0問歸自

F阿信念變Efrén

Gonzálcz、。a制10
Gonz這 lez.. Leopoldo 
H盯nández. Caγ10$ 

La lorrc, Vicente 
Lara , José Rolando 
L1CUú詰趴九，larlo

lÓpCl, Javier 
Ma:donadú. l'\'fa間oA

M的oeu、民au!

?叫adin帥， Carlos 
Seeman, Peter 
Suing , Ger最rdo

T，宣ka、 Vicente

C
C
E
C
C
C
C
C
C
C
C
C
C
C
E
(
C
C
E
ι
c
 

的
叫
閃
閃
時
3

時
間
的
呻
吟

m
M
O
O
O
O
O
G
O
O
O
G

Jj:j;l11ljif--ltli 
Paraguay 
Colombia 
Colombl<l 

Colombia 
t!SA 
Paraguay 
Paraguáj 
Paraguay 
Colombia 
Paragua多

Colombia 
Paraguu} 
Co:ombia 
CoJombìa 
Paragua、
Paragu誰?

Colombia 
Paragca、
P制 aguay
P.，鼠忌uay

Colombia 

Livestoc全 Production

Acosta‘ Sabino 
人lVàrado ， Jairo 
Arciniegas, Fabio 
Beltrãn, Luz Ste l1a 
Bovd、 Charles

CabaUero. Luis 
Cabral. Seνenano 
Es.pinol忽略 José Maria 
Femá. nd缸， Armando 
GonzáleλBrau1i o 

1師léncz ， Josê J 
MacÎeL Adalbcno 
毋rtiz. Flavîo 
Piedrahita , F raocIsGo 
Regúnega, Ccls.o 
Romcro, Celedooio 
Rubio、 J缸品e

Ruiz. ~1ìguel Angel 
Segovia. Tranquiiinú 
Tnnidad , Juán A 
Vi1lamil, Luis Carlos 

一

i1*ji-jpz 

‘ -J 

(;.)3 
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M
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f able 5. Continued 

St.atllS a~哇。f

Dec. , 1975 
(C "'" comp!eted) 

此種 o. of trainin皂
compleled as of 

Dec. , 1975 
lnstitution 

where enrolle<t Area of 5t叫yCountry Name 

-CCCC 

“

CCC 

C 

C 
C 

6 
4 

12 

3,5 

4 

。
抖

。 5
方

a 
3.5 

12 

3, 5 
12 

12 

3 
e 
a 
o 

rCX.ib A&M University, W可A

U, of lUinois. USA 

1人。f London , England 
Michigan S!ate Univcrsity, USA 

U. of Florida, USA 

U. of lbada鈍， Ni怠ena

I"cchnl削! Univ , Reflin. West Gcr的anv

Tulane University, USA 

Corncll tl niversity, US^ 
Mkhig﹒柚子ltat話 Uníversi時， USA 

Cornell linive組成y、 USA

Michîg.an Statc llnivcrSl哼，1I SA

U. 0 1' M ìrlnCSO脂， lJSA 

U, 0 1' Florida, USA 

Tcchnical Univ , Bcrl的4 、Ncst Gennany 

J. Líd.reg Univ. Gîesse位 Getmany

U. of M innesot祉， USA 

U. of Florida, USA 

J. Liehcg tJ niv. ùieíiscn, G軒間相y

U. Qf lbadan, Nìgeria 

Tulane Universi句， USA 

Colombia A制m剖 h個i愉 1 parasitology 

USA Beans j plant pathology 
U. Kingdo lTl Animal Ìl拾aUh

lISA 呵。ils I 抖甜sphate rock 

USA Beans 1 agronomy 

Nigcria Swine 

Wesl Gerrn訓ly Swine 

USA Animal healtll 

的A Ca蜘叫阱叫 pathology

白開始Z瑚ia Beans 1 nitrogen fixa ti.on 

Cameroon Cassa叫 phy俺ioln韌

Canada Beam 1 ec帥。mlCS

Ch組il誌e Ec吋o削$仇怕1岫o闊駝間旦 la缸nI!

E日1 Salv暐ador Be啊哲elll抖沁姆屯咕s鈴t削L泌ur，叮r叭4叫消 &. for站agei峙穹

、、Nest Gc甘， m制lyγBeef 

W 帥叫tG伽1e盯n泣叫Z

Col，扭乏。、ηmbi娥a Beef 

lndone冷ia Bcef cattlc productìön 

West'Ü間闊的 Beans I production 

持19cna Swinc 

USA Animal health 

VisÎ喻19 R esearch A捕。cial棚

Bel均為nco也11， Jes也， A

EUis可 Michael

E旭肘呵。這víd Eric 

Ha的mond， Law間nce

必 udgcl惚， Robert 
jub.τltus 

Klee曲anu， Gunter 

Klote丸，也 irby

Krau 'Sz, J o~erh 

M削 tlncz ， RomeQ 

N gnng.i, Amos 

PefV間， f)ennis 

Rubinstεin de:. Eugenìa 

Salal'，副局提aunCIO

Schetlenberg, Rupprec Ìlt 

Sd阻ltze-Kr祠的， Rainer 

Sermno、 Alfr叫。

Soekanto, Lebd峙。ckoÎo
訕。lherg， Alexander 

Tewe. 付lu備ìde

Yatc鐘， Juanito 
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Tablc 5. Continued 

Name Country 

R軸四fch Scholar且

Acuña , Luis G Colomhia 

AltierL Miguel Angel Chîle 

Alvare;: , Camilo Colombia 

仁在rdenas. Moi時8 Mex紙。

Caht晶晶肝、 Jairo Colomh的

Celleri. Waltcr 純 Ecuador 

Domínguez, Car!o~ Colo摺bia

(;l.I rtts , Cado且 Colo鈍\bla

Hidalgo, Rigoberto Colombia 

Laherry‘ Rafael Peru 

M attos, LUi' Leonor Peru 
闊的mJ刷、1.圳poldo Colombia 

Morale;;, ViCtOl Colombia 

R ，lmÎrel 呵 I.uis E. Cûlombia 

Rlv帥， Lî bl且，do Colombia 

R結eda， Camilo Co!ombia 

?是ílm l1 VO<l， Ottü G也atemala

Santa Marí藹， Gilberto Guatemala 

Santos可 Jorg君 Colombîa 

Vargas , Ocr<l vio Ct)lombi挂

細情~ 

• 
叫一一……叫喘一…一.

lnstìtt主tion

M關 of Study wher電 enroJlcd

一 i crop productJon U. of Guelph. Canada 

I phystology I w. control E料、 Graduado弘 ICA‘ Colombia

Cassav社 1 ag. economics U. Católica dc Chile 

Beans j plant pathüJogy Esc. Gra<.l uados、 ICA、 CoJombia

Ricel p她叫 p剖hology Esc. Na l. Agricultura, Mexico 

Swìne I nUlrition Esc. G時duad肘， ICA , Colombia 

-Icr刊p production U. of Guelph、C'anada

!峙， en學ineerìng E，ιGmduados， ICA味 Colornbt3

Beans I physiology Cornell University , tJSA 

Cass誰V謹 I plant pathology E時. Gr似fuados， LCA、亡。101泣bia

C說ssava I plant pathology U.N的. Agraria. Perú 
i削吋闊別rol Esc Uraduados, ICA嘗 COJombla

i soil micr<甜。logy U. of Ftorida, lJSA 
/ 

Beefl snim封閉icrobiology U. Antioqui札 C旬lombis

B記efl ag. 拉開omics U. Cat凸 lica dc Chile 

Beeflanimal hea!th EK Graduados. lCA , Colombîa 

- 1 ag , economics U. Católica de Chitc 

I ag. ecooomics E耳U‘ Gntduados， ICA令 Colombia

Swine 1 nutrition U. of Guelph, Canada 

lenlo用峙logy Cm位dl U nÎversity啥 USA

MOt of tminiz。18f 
completed as 

Dee.. 197學
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12 
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有
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Statu盞是囂。f
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(C，冒 completed)
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C 
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fablc 主 Co的inued

Status as of 
D鈍， 1975 

{C 混c<)間 plet，吋}

Mo. of tr削11m!，':

completed 峙。i
Dee 句 1975

b
t國
‘
你

Arc 是 of Study Count叮Name 

cccccrccc 

C 
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C

《
仁

C
C
r

、

C 

心

C
U
f
f

5-55 

2920122113222233232332$2225 
Food and h約usmg

Agricu!t uml 肘。nnmlCS

Animal hea!th 
B時fI pastures & forages 

Bcefi pastures & forag~s 

Anim<tl hcal出

A曰imal health 

的imal h叫Ithlb的lngy

A即mal h它的hlwo!ogy

Rural sociology 

8叫ns! micrûbi叫ogy

Rice i agrono !lly 

i soils mlcroòio!ogy 

Beefl 仰sturcs & fo時ges

Cas跑時 i略目。尬。的臼

一 I soils mîcrobiolû盼r

HC1.'fl pastu穹的& forages 

Animal hcahh 

AnÎmal health 

Hccfj pastu此時& fo r.ages 

ßt'efl pastulcs & forag恥

Ri印 !agronomy

Rural 怠。ciolngy

Libnuy & documentatîú l1 

(抓捕va I beans I soils 

時can寫 I microo叫峙，

路eall吋 cntomolo即

Mexlco 

('ülombia 

Oruguay 

Hûlivia 

VcttClucla 

Br仙i

Br叫iI

IJSA 

USA 

N叫herlands

VCllc.tuela 

Parag是絨Y

COÎombia 

LJSA 

Ecuador 

Colombia 

Vcnel.uela 

M叫“。
Brazil 

Netherlands 

Netberlands 

Paraguay 

?刻的hcrland:.

Dom的ican Rep 

Dom問ican Rep: 
VeHel. uela 

N前herJands

紹，學eCÎ叫 1 ntinees 

Alvarel..作Iga Luda 

《、uîc<:do、 ftîla rn:th

Celrangolo, Robclto 

Cùrtel、 Mig以上i

D'j帥的嗯 rra的e，叫。

口袋 Si1va， Amad的

Dc Figucircdo, Marcio 

Doc社 I )igna M ar!a 

Doc剖，惜aría V泌的n.

Dorre哈姆彗n ， Hans 

Fcrnånde去 de、 Thishe

GaJeano, A氓。mo
Garda, Alvaro 

Keim，口袋叫d

1 給ιUfla醉、 Hugo

Munc"肘， Fernando 

NaUJCH俗， Romuald仿

OroI.CO, Luis 

Pereir鈍， LuÎs Gon灰缸ga

Rcw的kcl， Bcrnardus 

紋。W如ke\， Margare必，.

Rodas. Jorge E 

StrohÚRCh、 Pdcr

favc r<.ts de, Dul個 Marí晨

raverclS、 P紋lro

Ic鈍。1、丸 dc Deh治

Van D割草草， Wün 
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Table 5. Continued 

Status as of 
訪問.197主

(C; ，o臨pleted)

M o. ()f tramthb 
00蹄pleted 帥。f
。臨電 1975

CCC

<

c
f
r

、

E
C
(
C

〈
戶
、

C
C

《
仁
〈

T
F

心

c
r
、

C
C
C
C
P
p
t
f
E
C

Area of Study 

Wccd Control Sh州 Course

Weed Confrol Short Cours泊

Weed ('ontrol Short Course 

Wecd ('ontrol Shorl Cou附

Weed ('00([01 Short Course 

W自d 的)ntrol Short Course 

Wccd Contml Shnrt Course 

Wecd Control Short C制Irse

Wced CO l1trol Shorl Cou rse

Wced Control Short Cour~e 

Wccd Cúntrol Short C'n Ul本C

荒島'eed Control Short Course 

Wccd Cûnlrol Short Course 

Wced C開衍。1 Shorl Coursc 

、"'e似j Control Short Course 
Weed Control Sh制定 CnUfSC

Wccd C{)ntrol Short Cüur防se

Wc叫c吋dC的帥2η削2泌啦tt如E“4ο叫》址1 Short Course 

Wcα臼t忽:d C趴呵、on叫n叫t甘ro叫1 Sh叩"叭r鬥，('了0削t

W，以叫I.:d C、。側n叫t帕g似叫4叫》泊1 Sh川o咐1付穹 丸仁、ο叫ur附s間管

We叫 ('0叫n削1忱咐t訂τ01 ~誌4 鈺恥'"叫， ( ο u 站e 

Wc叩cd C‘Y冶z彷叫暑吭叫n削，，，叩叫ω叫! 只 hort Course 

W甜d 仁ontrol Shùrt Courst' 

Wecd ContlOl Short COUI閩

、Need C、 ont口，1 Short Cou的C

Wecd C(lntrol Short Coursc 

、.vced Control Short Coursc 

Wccd Control Sh叫叫、0urse

、Nced (‘ontml Short Cnurse 

、v肘d Control Short Course 

Cútlntry 

Alvar\:九 Guillermü

Andrade、 Voni

入的lcío ， Filîocrto 

Boh6rql!C入 José Gabr.ieJ 

CIc的o;:nt Achill的

CortC7., Miguel 

Covol仇 Loren/o

Cha t} ui l1a. ü;;car 

f)el1'Agústino、 Eduardo

F圳、。終icardo

Garridl入 luan

Hu創收a、Fé釗lixx 

iarar貨Yη1illo ， Hemando 

Larn.:a、?可c!son EdUHrdo 

I ，ópe入 Ricardo lu的

i的pc人1.u尬。rltl !1do

Ma祟。 [nri4uc GontaJo 

MartînCL. Enriqu，也

叫 UñOl ， Jos丘 Alvaro

Odeñana‘ O t{ o Rafad 

Orrego, I)i t'go 

Raigo71L J uan 

i之t'strq蚓、 Manw..'1

RodrígUeE, RoJand的

Silva , Flquin 

s見\10 ， Adolfo 

Crbina. ~or加"0

Vcla、;ÇQ、安、ranCl~CO

丸Na:-民allo ， lü"hio

l 扎 kc吋C! ive

Colomhia 

Br:uil 

Pero 
Ecuad的f

Brazil 

Bn自:r il

Braj月 il

Pcru 

Argen tÎna 

ßra7il 

Vcnel:UC!d 

Perú 

Co!omhía 

Pcrú 

Argentina 

Pan3rná 

Vcnezuela 

Co!ombta 

Gu紅temala

Ecuadm 

Colümbia 

Cülombia 

ColomÞJ泌

怠。livia

Pcrú 

Costa R i叫

Honduras 

怠。livia

8叫吋

Brazil 

Name 

酌
，
州
)
可



Pos絃octoral appoint酪ents

CIAT has n(1 W for晶a 1ízed fellowsh巾

。pportunities for postdoctoral research 
projccts within the commodity program氣
fhe T raining and Conferences Program 
now administers these fellowshrps. The 
postdoctora1 pro直悶悶的 P口的arìly in記2小

ed to inîtiate young scÎentlsts with out叫an叫“ng acade由k records ínto research in 
甘opicr三 l agrículture and ínto commodìty 
production orientatîon. However. it ísalso 
a mca恥 for providing ad挂 itiona1 間search

manpower, On a short-term basis, for 
certain prioríty or temporary problem 
areas of the commodity programs 

Three post益。ctoral fellows were ap
pointed to this pro車ram in 1 會75 to conduct 
research projects wíthin the Be諸位
Program. The fellows and their research 
mterests are: 的r. F. Eskafí (ento闊的ogy)。
Dr. Y. Hayakawa (phy訕。10車y);and Dr. K 
Y oshií (plant pathology)自 The three 
fellowshíps are fun丘ed by the Rockefeller 
Founda位。n

CONFERENCES 

An improve社 pattern of planning and 
叫ecution of conferences has emerged 
社un口車 1975 as experiεnce has been 
ac有uired 扭扭lectin喜 parhClpants an益 in
settmg up meetmg pro草rams白

There has been a de且mtεtrend towards 
limiting workshops an這 semmarstoεroups
of 30 to 40 partícípants and CIA T events 
have rarely had more than 60 participar惜
Apart frorn the 10gistícal advantage derív叫“ from mo咕 limíted numbers, there has 
been a notíceable 闊的開躍。f ìnteraction 

Ç-18 

among participants and greater coherence 
of resuhs 

Pre咐reeting planning has a150 been 
tightened. Whereas wide organ的戀
問sponsibi1ity has been given the Manager 
of Conferences an挂 Symp05ia. final 
往ecìsion-making r的ponsibílity ha5 been 
narrowed to 0肘， or at most , two persons 
within a steerin且 commíttee. This step has 
also increased flui社lty an丘 reduced
duplicatíons and 草aps ín 10草Ístîcal aspects 
of meetìngs 

Wíth regards to conference proceedíngs 
or even Just rep l'o臼ctions of authors‘ 
verSl0r峙， p1ans have been made to 也c1ude
the Inform眠的n Servíces U nit ín the first 
phase of or耳anizìng a workshop or 
seminar. Thís shou1d force planners to 
間ake an earher 社ecisíon on what to do 
about ìnvíted papers, and will insure a 
quìck pub1ícation of the kind of docu揖ent
reqUlre吐， wíthín the norms of CIA T's 
standards. 

The year 197雪 has been a very busy one 
with a very hígh rate of conference roo扭
occupancy. For the first tíme, 0位 síx
occasions this year, records showed 100 
percent conference facility öccupancy 

Fifteen events were organized , spon
sored or co-sponsored by C1A T and 
attende這 by 650 invi甘d participan阻 an社
about 300 observers (Table 長). FourCIAT 
tramm草 courses also utilízed various 
conferenee facilities from 幻血e to tJme , 
while throughout the year、 the cor封閉odity

'programs frequently use one or 悶。re

conference rooms for internal meetings. ln 
a位ditíon、 CIAT hosted 33 other events 
which were sponso間社 by numerous 
institutions and whìch involve述 more than 
1,300 persons 



Events held inζ:IAT tonferenée fací話給軸 În 1975. τable6 

ij2di--

No.of 
part!Clpanh Event 。益!<

30 

60 

70 

20 

2。
這。

75 

10 

態。

12 

35 

8 

11拇

15 

C揖sava Advisory ComrniHee and T esting Program 

CIAT Pro聽ram Reviews 

τhe epide闊的logy and control of anaplas品。“s

and babe忌的si s. in Latin Amerka 

P剖ential of the Latln Amcri站到 Tropics令

llCA“ Trópicos 

Wurkshop 011 、latu間 and 口啥的ization. CIA T 

Agricultural Systems Program 

C1 AT Presentation Day這

The ecology and control of e日，crnal parasites 

o-f cattle of economíc importance in Latín America 

Revîew of A nim尉 Health Unit 甜 C1 A.T

Workshop 00 Genetic lmprovement of 口ry Beans 

and Germpl點m 仗的ources

Bean Program Advisory Com間划ee

Cha時cterizatiun of the caule industry in 

se!ected countries 

EconomÎc analysis in the design of new technoJogy 

for thεsma!! farmer 

M肘ting of agri吼lJtural econom玲ts from 

fnternat時nal Centers 

Bean Protection Workshop 

CIA T Program Review‘ 

CIAT 叩Qn關閃念

Jan. 29 - Feb" 6 
Feb. 1 品已

Mar. 17-22 

和智a、 22-24

Aug. 25恥30

Oc t. 20-22 

:"IIov. 17.18 

?這 QV. 2恥28

Ap r. 14- J5 

Sep t. 1-2 

Oct 約一 16

Apr. 7一 12

Nûv.29 

Dcc l-3 

Dec 弘 12

.~ 

手，
似}

aig3AVZJ 3332 
CIAT spon叩開dtraln曲gcou時..，

Livestock Production Specialists 

Crop Productìon Specialist盡

Experimental Desi嘉n Course 

Livestock Production Speclalîsts 

Feb. 3-JuJv 30 

Mar. 3-Mav 30 

Mav 19-31 

Dcc. 1-19 

等鐘。

35 

35 

0050 3144 

Sponsored by other ir酬ÎtutíOßS;

SENA.闊別00討 repr時e-ntatlves

meetîngs (14 evcntsJ 

問arketing Management 也 I>>;COLDA

Mectîng of Latin Äm訂ican Minis甘刊

of Agricul悔自

、-1 eeting of Colombîan MÎnist軒s {)f Agriculture and 

mar忽ge呵。f re!ated instÎWtlnn語

U約iversìdad Nacìonal (Co]mnbia}. oric自ng 00 CIAT 

Productìon Mana.ge即約lt - I:>1 COLDA 

Seminar on Nu{ntioo 且 Cuthohc Relief Servìccs 

A.pr. 12-14 

弘1ay 13、 15

May 25-30 

June 2-13 

Mm吋咐

Feb. 10-15 

Apr. tl 

志，
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Table 6, Continuoo 

Event pa:ru<:jpants Date 

Junc 16-21 

June Ig~20 

June 24 

June 27 

July 2-5 

Sept 15~19 

Oct. 6-8 

Oct. 25 

Nov. 12~15 

Nov. 28-29 

Dec. 4-6 

Dec.18 

No.of 

Meeting of regional representative弘 Fríedrích

Naumann Foundatìon m
m內
心
m
N
M
N
n
M帥刊
。

結eeting of lCA 記gional ma浩特:ers

Managem已:n t ìn Ma iz.e and Sorgtn蟬，一 FENALCE

Meeting of Colombi帥 Rcgional Agricultura! Secretarîes 

Mecting of Banço de Ia Repûblîca branch 間阻g軒S

AID regÍonal repre揖ntahves 聞自ting

Catholîc ReHef SefV\CeS--USCC Representa:tive s. 

COOMEVA General A駒embly 100 

5聞d Production Ma的agement ‘，，"COSEMILLAS

M間i\ng of the Fcde用“ón de Asoci研IOnes

16 

de Odontó!ogos 您
的
神
盼

American Phytopathological So帥ty-Carihbean Dívìsion 

Meeting of the Asoci研站nde M錯icos del V剖Ie

Ap r. 8-11 

Nòn翎CIAT spon.sòred 紛紛叫ngcou時輛，

30 ICA Pastures and For札學時 CQufSe

拉伯26
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Library and 
Information Services 

The Librarv and lnformat蛤n Services 
Pro車組m 洛西edícated maínly to diffusín草
10 scientists throughout the world , 
technícal ínformat的n related 10 the com
mo社ítíes on whích CIAT does research. It 
is also responsible for the íns!Ítution's 
public ímage. Thus, the pro惡ram was 
reorganízed at the beginnin車 of 1975 into 
three subprograms or uníts: Library and 
Documentatíon, lnformatíon Servíces and 
Publíc lnformation Office 

Libr缸y and Documentation Cent缸

The library's collect峙。 stands at 35，日的
volumes (íncludíng bound journals) and 
receíves 1 ， 28尋 scíentífic journals regularly. 
10 addít的n to the normaI actívities of a 
specìalized library, there is a documenta備
tion center providing abstract cards on 
eassava, beans, animal health and Latin 
American agricultural 但onomlCS、 τhis
center had about 2,000 subscribers 述unng
i 會75. Some 2,500 documents were proc
essed ín the four areas mentíon持l and a 
compí1atíon of 2，。♀o abstracts on cassava 
was publishe益 in book form. 

τhe Tabl的 of Contents service, whereby 
scientists may request photocopies of 
前ticles frorn scientific journa1s間ceived by 
CIAT、 was modifie娃，華roupm益 the jour
nals ìnto three categories: anima! scîences, 
plant sciences, and agricultural economics 
and 這evelopment (CEDEAL) 

In th閥、vay il was possible 10 extend the 
service to a11 agricultural scientists on 
CIAT's mailìng lisl for Latin America. An 
estímated 2，∞。組lentJsts were receivin車
this service as of 1 anuary 197巷. To 
facilitate payment of photocopies inter-

national紗. a system of coupons was 
desígned 

Short bíbliographies, containing as 
many abstraets as available, were pro
duced by the library on specifíc topics by 
specia1 request; these were inc1uded as a 
CIA T pub1icatíon 組H軒 for further 社iffu
sion, available 011 request 

Public Information Office 

A total of 3,000 vísitors (ínc1uding 
gro泣ps) were handled by this office during 
1975. In addítion, the policy of re，草ula r1y
ínformin草 the public on the development 
of certain conferences and symposia hel是
at CIA T was initiate益，叫imul剖ing
relations wíth the rnedia. Technical art時les
on CIA T appeared not only in the 
agricultura1 sectíons of the Cali and 
Bogot孟 newspapers but aIso ìn some 
natíonal and intern剖ional magaz闊的

Information Services 

The addition of 說aff and equipment 
made it possible to pubti必 an社 distribute
33 CIAT publications. A major chan車e ín 
the format for the Annual Reporl is aIso 
being implemented for this year. Separate 
commodity 問ports are bein車 issued for 
distribution to lndividuals accor吐mg to 
their special ínterests. The comprehensíve 
report has a more limìted distrib帥的n 10 
research centers and Iibraries only. In 
ad這ítion ， a summary 摺port emphasizing 
accomplishmenls in 1975 is inten益ed for 
the 草eneral public 

The fo l1owíng publications were issued 
ín 1975: 

G.21 



AS- 9 ~ otì~ClA T. Noviemb阿 Diciemb悶， 191竺 4 p. 

AE“ 9 這 oti-CIAT， No\'ember~Dec之mber. 1975 尋 P

BS- 6 Informe AnuaJ. 1975 , 286 p. 

BE> 6 Anr豆豆lal Repor1, 1974. 260 p. 

(,S- :2 El potencial de1 frijol y dc otras leguminosas de g時00 comεstible en América L討問a. 272 p 

CE- 2 Potcntial uf fìe!d beans and other food legumes ìn L品înAm軒Î.ca. 388 P 

CE白 7 The potentiai of the lowland tropics. 100 p 

CE-9 Horizontal resi鑫tance to 泣le blast disease of rice. 246 p 

CS寸。 El potencìal p.ar成 1a produccîón de ganado de ç封給e enAm訂ica tropicat 307 p 

CE-I0 Potcntial 師叫盯ease beef production in tropi悅1 Ar悶rica. 328 P 

CE- 1I 組討hods for allocating resources .in applíed agricu1tur討時間arch 的 Latin A朋erica. 65 p 

的-11 Métodos para la asigna的n de recursos en 泌的v~tigación agrícola apiicada en Am是rica Latî.na 的 p

DS- 5 LOZAN啥I J.c. y BOOTH, R.H. Enfj軒前edades de 1論 yuca (Manihat的，'tûema C時前Z). 1974 持 p

{紋εprmtεd)

ES. 5 OIAZ. 聽晒。時 PINSTRUP.ANDERSE:-l. P. Y ESτ袋ADA. R.D. Costos y 前iiización de î恥umosenla

producóón de yuca en Colombia. 36 p 

ES. 6 缸瓦AVIJO，錄。 yMA:-lE袋， J .H. El empleo del banano de recha.zo en la alimell悟dónporc閉a.l l'lAP﹒

CIAT. 20 p 

ES. 8 LOZANO, J.c. EI a草ublo bacteri益1 de ia yuca (CBBl 12 P 

ES-t6 DOLL, J. Control de 血剖ezas en cultivos de clima cáHdo. 12 p , 

I':E.17 800τH. R.H. Cassava -storage. 20 p 

ES.18 RlI lZ DE I，ONDO揖0， N.y 啊?可Sτ錢lIP.ANDERSIN ， P. 。前cnpc!δn de factor晶翩。ciad伽 con
bajos rendimientos de 阻aiz en fincas peque起齡 de tres depar開mentç 等 de Colombia. 44 p 

ES.持 G1JTIERREZ，缸， INFANTI, M. Y PINCHINAT. A. Sltuadón del cultivo del fríjol en A蜘缸，ea
Latina. 36 P 

FE. 2 ICAζIAT herd systems pr吋ect Cari臨時間， 8 P 

FS“ 3 lnformacÍón sobre los prog時間as del CJAT (gúia para vìsita叫自)， 8 P 

FE~ .3 Infú何說剖ion on ClA T's programs (a guide for visito話). 8 p 

FS. 4 CEDEAL 6 P 

FS- 5 ProgHlma de sis扭mas de producción de frijot 42 p 

FE﹒書 Bean production systcms program. 38 p 

FS~11 Lista de publicaciones dcl CIAT. 33 P 

GS. 1 CARDE:-lAS. J., FRANCO. O. Y ROME誼o. C. CJ的lfIcadón de herb削das. ICA -C IAT 44 P 
(Reprinted) 

GS司 6 Guía para ìa p問paración de COfηpendios， lICA-CJA T. 74 P 

G翁.15 CHEANEY. 皇室L. y JENNINCS, p , Problemas en cultivos de lirrOl en A朋缸ica Latina. 96 p 

G[.15 CHEANEY，畫畫L. and JENNINGS, P. Field p宮。blems of rice in Latin Amerìca. 96 p 

HE>26 2,000 abstracts on cassava (Mamïl凹的culenta C闊前吋 Vol. 1. 584 P 
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Research support groups 

BIOl\lETRIC抖

TheB時間etnc-sιnit at CIA T ìs a SefVÍCe 
group whose responsïbilitîes are the 
fo 1lowíng: to 惡jve assìstance m the 
planning and 益esígn of experiments and to 
render consulting and data ar日lyses
services to all rese，孟 rch and trainîng 
programs at Cl A T 

8的ic F unctions 

Consultations and statistiε錢 I anal\'ses 
。

τhe l;nÌt offers consultant services príor 
to the ìniti別的n of an experíment. After 
havíng estabHshed the hypotheses that a 
researcher wants to test with his experν 
的ent. Biometrics collaborates in the 
plannin草 of this research. in the decisíon as 
to the type an這 sìze of the sampl乳 andin
the selection of the eλperímental deslgn to 
be used. Once the experìment has been 
carrìed out , the ü n泣的 responsible for 
making the sta!Ìstical analys峙。f the data 
obtained 00 the basis of the experimen臨l
desìgn used 

τhese services have been ren社ered to a1l 
CIAT pro車rams and to some collaboratin萃
的stítutions such as rCTA m Guatemal溢，
INIAP ìn Ecuador內 EMBRAPA ín Brazíl 
an益 ICA in Colomb咱也

Evaluation of technology 

The BîometrÌcs lìnit coHaborates wJth 
research programs Ìn order to measure the 
ímpact of new technology that CIAT is 
testm草 A classíc example ís ìls collabora
tion in the desi草n and analysis of regional 
fíeld 甘的15 for neW bean or cassava 

varìcties: another example is the support 
主íven to the analysís of becf cattle and crop 
pro性 uction systems expenments 
Howe、 er、 the most rele、 ant ìs the design of 
mathema lÍcal models that permìt the 
仇aluatíon of different technologícal alter
研討lVèS tO Improve a草rìcultural and 
hví.'抗ock productíon 

Researéh to 帥lprO\'C st剖istiear techniqu輯

Durin惡 1975 ， the Unit placed emphasís 
on the study of desìgns and the analysìs of 
more complicated mo廿els that arose out of 
research pro墓ram needs. such as 

1. Mo位els for un起alanced 吐C制皂ns a泊位

analytical techniques for each type of 
desìgn 

2. Experímental desí草肘 with mixed 
models (mo社e1s where fixed and 
ran益。m factors are used simultaneous
ly) 

3. 其.1 athematical mo廿 e!s to represent 
bìolo且IC汪之 1 phenomena. In addìtion to 
the common regressìon models , the 
U nit has worked wìth models based on 
Lìebig's la、N of lìmits , 

4. The intr。這 uctìon of two-stage least 
squares technJques for simultaneous 
equatíons models 

Inordertoren社er services efficientlv an社
rapidly、 the lJ nít has in叫alied an I祖 M3780
temlinal for direct communicatîo位 wìth

the IBM 370 1145 computer of the Depar帽
tamento A廿mínistratìvo Nacional de 
Estadística (DA :'Ii E) 的話。gotá ， CIAI 
receives valuable assistance from DANE 
through a collaborative agreernent On 

G-23 



info討nation service5. The Unit U5eS the 
Stati.!紹al Analysis Syslem (SAS) of N orth 
Carolina S!ate Unìversìty as a prineìpal 
mean5 of slatistìcal computa!ìon. 

Collaboration with 

Commodity Programs 

The Bean Production Systèms Program 

An information sys!em has been 
柱的曜ned to handle data for the germplasm 
collection of Plwseolus vulgar且已 For thi5 
project the U nit ha. continlled llsing SAS 
as a data management syslem, and most of 
the objectives stated 凹的ally have been 
accomplishe苦. Speeifically, the U nit has 
created a computer總based fíle for Ihe bean 
草肘mplasm eollections and 揖lectìons ，
which wìll be the ba5is for publ站hing a 
catalog of all ex時間19 information on the 
most promísin草 materials

The U nìt ha5 a150 provided experimental 
母的I單位 and analyses serviees for the 
physiology , hreeding‘ patholo草y~ en
tomology and agronomy sectìons of the 
Bean Program. At the same tìme. it has 
collaborated in the data management and 
analys的 of the agro-economic survey on 
bean productìon in Colombía, which 話 m
the process of being analyzed 

Det盯描ination ofthe optimal síze, shape 
and number of replicates 

In the trial a split plot design 秘性h ei車ht
replica控5 was use這 with whole plots 
(number of beds: 1‘ 2 Or 3; each bed was 1 
氓的er wid吟; subplot5 were fûrmed by the 
lengths of the beds (l, 3嗜 5. ì , 9 and II 
meters), thus making a total of 18 plol 
configurations per replìcate 

ln order 10 determine optimal 1'101 sìze, 
the coefficienl of variation (CV) was 
computed for each 1'lot size and charted 
a車制nst plot size (X) (Fig. 1). Thefollowin草
model (CV 管 34.84 X-O• 54守 was estimated, 
usîng 1east squares 

T 0 find the optímal X唔 the first derivate 
W制 set equal to one correspondin惡 to an 
optimal 1'lot 割le of 6.72 m' , which for 
practical purposes 5hould be sai挂 to be 7 
rn之

10 Ihe 挂etermÌnation of the most 
adequale plot shape. several seleetion 
cr山era were use廿

1. Optimum number of beds was selected 
on lhe ba訓S of the one with lhe lowest 
coeffícient of variation. which cor
responded to two beds with a CV of 
14.46 percent. Combimng this criterion 
w;lh th削 of optimal size. a length of 3 
mcter句 was chosen, whÎch giv的 aηarea

close to 6 m' 

2. Taking Into account optimal plot size, 
variances were taken of plots that had 

= 34JS4)(<I. '4 

位

The U nit conducte通 a hean yiel這 trial ín 主
eollabora tìon w泊 the program's e恥 E
tomolo草y group to dctermìne the most 三
adequate size, shape of plot and numherof ~ 
replic刮目 in order to minîmize experîmen 5 持r ~ • 

G ﹒、、..

-
• 

tal error. Several methods for calculating 
yield per plot were al50 evaluated ‘ The trial 
was conducte泣。n theexp位imental farm at 
CIA了. Palmìra. Línea 32 was chosen from 
a lotal of 12 materials because of ils high 
yiε1ding ahilily and ils use, not only at the 
experimental hut also at the eom捕前的al
leve l. 
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t1,e same area or one close 107m' , 

1 sing this criterion, the size with the 
lea就 variance was as follows: 

{kg\' 
S2.. 5唔，9001.，-斗

\naJ 
For tWQ be挂 s， each 1 meter wi社e and 3 
詣的ers long, 

rkg\' 
52 = 會晶，車221于一1

、 na!

but consid盯ing Ihe smaller size of the 
horders in plots with two 3"鳴說軒心ng
beds, this dimension is recommended部
a useful area , 

10 order to calculate the optimal nu能ber
of replic割的， the methodology used was 
that proposed by S , Romero , E, Carney 
an益 B ， Rojas ,* lt was found thal this 
num忌er was equal to three 

τherefore， for research on beaflS 益。neat
CIA T, where it is oecessary 10 estimate 
yiel丘， it is recommende益 to use plots with 
Iwo seed be是s 90 to 100 cm wide and a 
minimum of 3 閉eters long and that the 
basic arrangement be replicated at least 
three times , 

The evaluation of 馳veral metho你 for
酬tim剖in蠶 yíeld in experimental plots 

話ias was evaluated for various meth。這s
U時益 in estimati況且 yield. One method that 
has been used 10 evaluate germpl綿mwhen
there is Iittle 5ee是 avaílable consists of 
estimatíng y賠Id from the 品 erage of five 
plants in competition. taken at random 
from the experi服en揖1 plot. Bias was 
estlmate社制 follows:

當ías~ P (5) - P, 
P(5)，抖。這ucctìon (kgl ha)，祕sed 00 a 
sample of 5 plants 

P, " Total production per plot 

• I之OMERO， CH.S 、 CARNEY、 E .J. Y 絞。JAS， B
La potenda de la pruebaεn losdî盟有的 expenmen~

tales: Agrociencia l( f)叫“50， 1%6

The overestimates found were 甜F
prising; on the average , they ran車ed from 
1.757 to 3.029 均 i ha for the 18 proposed 
ar悶忍囂的nents; that 縛 overestìmates

between 爭3 ，8 and 177 ,3 percent , There does 
not seem to be any c1ear relationshíp 
between bed Iength and the size of the bías , 

Although technical articles often 揖叩勵
t lOn “ the taking of representative 
samples," serious limitations arise ín 
practice as far as representativity is 
concerneιThis is even more serÍous ìn 
situations wherεthere has been no c1ear 
definition of the population being 
蹋的pledωEven in populations usin孟 a
smaller number of elements, whìch as a 
whole can be observed prevíously by the 
sampler, the takin草 of representatíve 
samples has its difficulties as can be seen in 
several experiments, whích al紹 proves
true in the case at hand whcre there was a 
systematic overestimatíon of yíelds 

In addítion to bias, yíeld variability is 
taken into account, usin草 standard devia
tion to measure this facto r. There was草reat
variation in yields , whích were base益 on a 
sampling of five plants , 

Although an es!Ímator may be biased, 
this method can be used in practice if there 
is a way of leamin草 the size of the bi都帥
。拾好如 makethen駝的sarycorrections， ln
order 的 find the degree of association 
between P t an益 P(5)， the coefficient of 
correlatíon between these two elements 
was calcul剖ed at the plot level‘ resulting in 
a very low value (0 , 0969) 

ln spi扭 of this heíng a 剖mp話， economìc 
system from a practical poínt of view, thε 
method for estim別的g production on the 
basís of five plants is not satisfactory from 
a statistical poiot of view due 10 the great 
varíabìli紗， the bìas and the low degree of 
assoc關tion found between the productio彷
measured and total plot production (Fig 
2). 
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well as through the analys.s of all the 
ínforma1Ìon obtaíned as of July ‘ 1975. 

τhe HeT‘j Systems ( project has been of 
great interest to the Biometrics U nít from a 
statistica! poínt of view. Due 10 tl背 síze of 
the experí臨C肘，切 the great ηumber of 
factors and ínteractions that a主管 to be 
stu益結d simultaneOl時紗 ar必 to the 
alterations that have had to be made to the 
original project奄泊的 experíment does not 
follow a tradítional experimentai design; ít 
has a number of confoun吐血I faclors , and 

The Beef Production Systems Pro話ram

The Unit has al50 lent assistance 10 Ihe 
"lIer謹 Systems 1" proje肘， whích was 
be話un in Juiy of 1972 and which will be 
continued at ieast until the end of 1977 
Because ofthe lar車evolumeof的formation
generate吐 by this project, it was necess~ry 
to design a 往前a management system tor 
the data. So far these objectìves have been 
accomplished throu惡h the creatíon, 
mai位enance and reor草anizatìon of the file 
of data used for reference and analysis, as 
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some combinations of factors are not the preparation oftheirtheses, particularly 
ioclu吐泌的 the treatments. 10 additìon, w成h supply an社 demandmo吐els for heefin 
there are an unequal number of obser編 Colombìa
vatIons p訂 treatment.

In order to carry out the 組alys時， the 
experiment was divided înto three stages 
according to chrooological order: grazinι 
reproduction and calvi l1g. In社ependent
analyses were made of each of these stages. 
studying the effect of 挂iverse relevant 
factors. I n each case the model correspond
ed to an incomplete. unbalanced factorial 
design. The 5tatistical computations need
ed for the respeClive analyses of varial1cc 
and covariance were m必e using the so
called Harvey's program,' whìch ìs a l1 

adaptation for computer use of analysis 
technìques for unbalanced designs 
developed by Henderson" 

The Vnit also collahorated with the Beef 
Productìon Systems Program in the 
“ Early weaning on com血er臼al farms ìn 
the Colombian Pìedmo削.， project ín the 
selection of the experimental 丑聞ign 10 be 
followed and ìn the carrying out of the 
statistical analysLq . 

Economic 酪P肘峙 。f beef .attle 
production 

Collaboration was extended to thc 
Econom時s U nit of the Beef Production 
Systems Program in estahlìshin囂 a
computer-based simulat的n for the evalua-
1ìon of beef productìon technologies. Thi忌
割mulation is used to aid CIAT research 
through the testìn囂。f tcchnical coeffìcíenls 
ìn herd development 

T rainees doing rescarch on econo臨時s of 
beef al.o receìv軒這 assistance as regar社s
討atistical models and analyses required for 

'" HARVEY , W,R. Least 叫uares a阻lysi;; {Jf data 
with unequa! subclass numbers. USD丸

Washíngwn 悴的

學拿 HENDERSO，"，、 C ， R. Estimatìon "，[、1triance and 
covartan且 components. Biometrlc,-: 226-252, 
19約

Animal health 

Dataanalys的 have been done for studìes 
on animal health喧 nutrìtion and herd 
manageme肘. especiaHy in what refers to 
the epìdemioJogy for beef cattle 益時eases III 

the Llanos Oriental的. ln addìtìon. the 
B時metrìcs U nÌt participated in the pl剖宜，
nm甚 and design of the cooperative 
CIATITexas A&M Vnìvers均IICA proj
ec丸 U Economic aspects of the immuni路，
tion of cattle agaìnst anapJasmosis and 
babesíosis," as weH as in the generaJ 
developm即t of methoðs for ep治emì
ologìcal studÌes. 

Pastures and fora草甜

其1ethodological research was c草nducted
to adapt a certain kind of experim叩lal
design and ana!ysis 10 experiments related 
to paslures and fora惡es evaluation. The 
nat泣re of the experirn扭扭 is characterized 
by lim挂ations ín operational costs and 
dìfferent types of herd or pasture ma悶ge哺
ment and by the biological barriers that a時
found implicìtly wìthin the structure of the 
experimental trealments. 

Th. Ca鞠aVa Produdion Pro草ram

A mathematical model w甜苦的igned to 
simulate the physìolo直ìcal behavìor of the 
cassava plant as re似的s the pr肘，e罰。f!eaf
and root for間atÌon. The results are 
presented in the respective section of the 
cassava prograrn 

A methodo!ogy of analysìs was 
developed for the cassava re草ional trials to 
leam the factors that influence the pcrfor
mance of the materiaJs being 就udied. It站

hoped that thìs analysi丸 base社 on linear 
modeJs. will contrit>Ute to strengthening 
the model of the development of the 
cassava plant‘ particularly with respect 10 
factors such as 80話， climate. diseases and 
pests 
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The Unit 措 conducting a joint experi
ment wìth the Cassava Progra帥， the 
purposιs of whìch are 

L To determine the 自sponse of leaf area 
index to fertilization with N and K an寸
t帖 relatíonship to yield. 

2. To establish a new methodology for 
conducting trials to det釘mine the 
response surfaces. Thìs research is 
being 益。ne specifically in relatìon to 
this crop since tradìtìonal 垂eSlgns
re哇uìre ve可r extensive experimental 
areas, whìch are cos t1y wìth a large 
plant like cassava 

3. T 0 ut i1iz.e the respon認為urface as a 
variable ìn the simul割的n of the 
mathemalìcal model 往前eloped to 
descrìbe the behavìor of the 臨時ava
plant 

Training 

A short course wa學畢lven on 
“ ExperìmeI支tal D臨ìgns and M cth。“ for
Research at CIA T." Partìcipants ìncluded 
research assoc組組s， aSslstants an位訂ainees
from the different CIAτprograms an桂
Pεrsonnel from lCA. The course ìnclu社ed
mnese臨時的 (two hours 社制Iy each) on the 
following topics: experimental methods ìn 
a惡ricul油re and lìvestock sciences; the 
metho勾 for 臨anaging an 制periment ín 
the field to isolate the hypoth的位 to be 
tested; characteristics of experimental 
4的igns and theìr resp如tìve field 
technìques; approprìate designs for 
experiments with anîmals; fundar肘ntal
concep詣。f statistical a阻Iysìs; lìnear 
mo是els as a basìs for experìmental de恥草n;
exampl的 of analyses for dìfferent desìgns 
阻 crop eλpenments an是 in the anìmal 
SClences種 pastures and fora囂的; and systems 
for handlin且 data obtained ìn the 
訊perìmental process、

10 ad社îtion to these services rende凹d
princìpally ìn the fìeld of .tatìst;c，令 the Unit 
has a.sumed responsìbilìty for maìnt剝削ng
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and developin草 quantitative methods for 
evaluating techno!ogy within the content 
of the farmer's 制tuation. This is hein耳垂one
throu車h the use of simulation mode!s using 
computers. Wìth these methods, work on 
experiments wìll be ìntegrated with 
regional trials to evaluate the technolo惡y
generated by the CIAT commodìty 
progra由S

WEED CONTROL 

Control of purple nu甜ed窮e

Research was c。這tlnue益 to leam more of 
glyphosate種s behavìor ìn the tubers of 
purple 即Isedge (Cype，即s rotundus) 
G Iyphosate ìs a postemer草ence ，
tr胡slocated herbicide known to control 
peren nìal weeds‘ Sìnce purplenutsedge 誼 a
prolific luber producer (up 10 45 
mìllion! ha) pr叫se 凶formation of 
glyphosate's actìon on the tube時站 needed

The fìrst trial compared effects of 
various rates of 惡Iyphosate and 2，牛。
(reported by several authors to be effectìve 
on purple 叫幅“ge) on the inìbition of 
sproutm車 by tubers produced from a sìngle 
tuber planted in pots 90 days previously 
At the time of applìcatìon an avera車eof70
new tubers had b個.pro心的也 al1 formin草
pa討 of the same pla肘， and bein草 able to 
receive the Iranslocated herbicìde. Ten 
days after applicatìon, the folìage was 
removed from the parent plant, the tube時
間時 du車， counted and planted and 
observatìons ma益e on the number of 
tubers sprouting 通uríng 串串謹ays after 
plantìng (Fi囂. 1). 

Both rates of 立，4-D faì!ed 10 珊hibìt
sproutìng and neÌlher 0.5 nor 1 k車 Iha of 
草Iyphosate gave signifì闊別 re控制t10傲。
Only half the tubers sproute‘j afler foliage 
treatment w協2k草 Ihaof車lyphosate while 
the 4 kgl ha ra結 almost totally ìnhìbited 
sproutíng τhìs is very signifìcant as ìt 
sugges臼 that eradication may be possible ìf 
a l1 tubers ìn the soils could be made to 
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rowndus tuber孽，

司令

sprout and the folíage then trcated wíth 
glyphosate , It was also apparent that most 
sproutíng occurred wíthin 惡。是ays after 
plantíng. Neverthele峙， a仇er 1 哩。 days the 
nonsprouted tubers were rcmoved from 
the soil an社 appeared 10 be intact. Tubers 
were soli益 and the fJesh was 在enerally white 
but washíng them with water for variúus 
days 社id not cause sprouting. Testing 
dissecte廿 tubers wíth a tetrazol叫m solu
tion îndìc的ed that most were no longer 
viable. Why they remained firm and 
whether they will ever sprout are being 
mvesU草ated

• Two Iríals wcre done 10 d目前mine Ihe 
time neede位 b剖ween Ihe application and 
the accumulation of 叩fficient glyphosale 
ín the luber to prevent sproming寸 Two
rates of glyphosate were applied to the 
foIiage of 90-桂ay“old purple nutse謹ge in 
pots , A I specific times after applicatío鈍，
the leaves were remove挂 to prevent further 
translocation into the tubers、 The tllbers 
were imm絨線tely cut from the rhízomes , 
counted and pJante謹 ìn fresh soil. Perìodic 
observatìons on the nun治er of sprouted 
tubers were taken (Table歪 1 and 2) 

The !ìme aUowed for translocation in Ihe 
first trìal was túo long to fìnd the 
mìnìmum. Less than seven days were 
sufficient 10 give excellent sprout inhìbi
封閉， especially at the higher ratε ln the 
記cond Irial, shorter translocat的n 1I盟的
and low盯 rates were employed. At the 1 
kg . ha rate, 72 hours were n間，ded to 臣Ive
excellent inhibìtion. With 2 kgl 划， 36 
hours were a挂C可uate. Thus, Ihere is an 
ínteraction between rate and time such tha! 
at hí墓her rates less time ís needed for a 
sufficient 有uantÎly of 草lyphosate to reach 
the tuber an吐 prevent sproulín囂， while at 
lower rates‘ morc tíme is reqUlre挂 To
obtain nea r1y total inhibition, at least 2 
k耳 I ha of 草Iypho組闊的肘t be applied. ln 
both trials Ihere was little difference 
t咒tween the number of tubers sprouted at 
5岳 and 95 or 100 挂ays after plantín草
Observatíons were 組ken for 180 daysaft軒
planting but essentially no 品。re lubers 
sprouted after 56 days. 

Since glyphosate is translocated fro昂
the aerial to the rool portion of Ihe plants, 
lighl intellsity could be i血portant in this 
process. In crops sllch as banana, coffee, 
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τablc L E:釘"ecloftìr附 for tran海峙cation of two rat峙。Iglyph備到eon叩開揖ing of Cyperus rOlund;的 tubers
(Expl, 1), 

穹i， of tubers sprou1În主
Glypho愉te Transjocalîon 

i位kpgpli 給d time tdays 2.8 daylí 56 days 95 du\^" 
ha) 議 ftcr iipplicat !O話? after planting after plantìng after pl t1 tlli盯在
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cassava and citn詞句 considerable shad in草
can occur 剖 gound leveJ and may in 凶m
re益 uce trans)ocation 制nce Ihe weeds will be 
photosynthesiliη在 Je55. This hypothesis 
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W的 tesle社 by appJying 1.5 kg I ha 
glyphosale 10 purple nutsedge plants 
growln草 under shades providing 1rom zero 
10 92 percent Iight interception , Twenly-

i 的 le .2, Effecl of tjme for tran~loc剖Îon oftwo rutes ofgl}'phosateon‘proutìng of (rpt>rti是 ruwndt6 (ubeN 
(Expt. 11 弘
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Table) , SI'間.uting 耐 Cyperus 月2削'dus tube時 after 才reatment of曲e 伊rent plant 叫th glypho攝電伊饋贈的
shading. 

q comroJ of f了 lU忌ers sprout!詰鑫

% $hading par2E8 nt dpan iants 
of 28 davs 56 dav~ 

P品rent plants aftèr planting after p!antîng after planting 

。 94 [[ 22 
)0 94 2 6 

49 94 3 希

。1 9的 2 6 

13 91 。 3 

92 60 。 4 

ContrQl 。 92 92 

.. 

U kllha afglY t\ hr均純益?!hl“ 10 par明t phmls bc:Drf 油站mp，

eight 普ays later the percentage control was 
observed and the tubers were dug, counted 
and 問planted to determine theír sprout間草
capacíty (T able 3). 

Control of the foliage tended 10 decrease 
as the shade increased above 73 percent 
However, glyphosate was equally effective 
at inhibitin直 the sprouting of tubers 
誠tached to the treated plant at all shade港
In fac t. the least effective trcat晶晶twasthe
nonshaded one , This is attributed to the 
fact that these pots were exposed to full 
sunlight and even though the pots were 
watered daily, on hot days they ten吐ed to 
dry out. This very Iikely afffected 
translocatíon while the other pots were 
sltaded and were not subJect to such drying 

conditions , Apparent紗， glyphosa結 would
be equally effective under theshade露 found
in perennial crops、

The highly systemíc nature of glyphosate 
means tltat perhaps not a11 of the plant 
need be treated to achìeve maxim um 
effects. 1 n another trial, 25, 50, 75 or 100 
percent of the foliage on 90都day-ol是 purple
nutsedge in pots was treate是 with I k草 I ha 
glyphosate , Control ratings were taken 14 
and 28 days later. Tubers were then du囂，
counted, planted and periodíca11y observ輔
ed for sprouting (Table 4) 

Purple nutsedge control increased both 
with tíme and as the percentage ofthe plant 
treate益 increased ， Perhaps the glyphosate 

τable 這 Effeds Qf glyph偏籠給當闊別間相t* on control of pa:r~nt pJant and 叩，routÎng of tubers 抽 C中erus

r01Undus . 

• 

a可

il 

4辛 control 叫 parcnt plant 。(' of iubers sproutîng 

14 da\'s 28 dav蓊
塢的f p-arent aner after 
plant tr，母ated applieation applÎcaÜOfl 

。 。 。
25 16 Jû 

50 26 49 
75 25 58 

100 43 70 

"軍;長直"皂Iyphü~晶"

28afdtear >hs 56 days 
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95 96 
53 59 
27 34 
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In addítion to control 5tudies with 
purplenu脂edge會 the effects of soil moisture 
and !exture on four pJant biotypes were 
ínvestigated. Tubers were collected in four 
regíons of CoJombia (Val誨， Tolìma , 
Córdoba an且每fagdalena) an丑惡rown in 
soil at moisture Jevels of 25堅 5日， 75 or 100 
percent fíeJd capacity or at the satur，制的n
point of the 50i1. Dry rnalter production 
increased as soi1 moisture increased up to 
75 perceηt of field capacity (Fig.2). There 
were n。這ifferences among biotypes ín 

Soil mo絡站閱(呢?

Figure 3, Eff研t ofsoíl 蹄。h個問加four soil typtS on 
dry rnatter productÍQß of Cyperus rOlundus Irom 
VaUe. Colombia ín 120 days. 

folíage dry malter production. The effects 
of so;J rnoisture on luber production were 
simil釘 to tho盟。n drγmalter production 
and even io saturated 80i15, many 摺bers
were produced. The 相ost prolific tuber 
producers were pJants from Córdoba aηd 
Magdalena (1 43 and J 4 J tuber三 ;p帥，
respectiveJy)種 followe益 by those from 
Toiima (l 35! pot) and Val1e (1 241 pot). 
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M ore marked differences were cau5ed by 
changing soil texture (Fi車沿. The heavier 
soils pro是uced more 這ry matter than 
lighter soi!, with maxirnum production 
comíng at the point ()f rnoisture saturation 
In contra前， sandy and very sandy textured 
soi!s gave three ti胎es less total dry matter 
production and less growth occurred at 

II m IV V I 
OL一一 u.呵呵呵且一〕 斗屯和…… J一…"---'

5 10 15 20 25 

Soil mo!sture (%) 

Pigure 2 監控'ect of 2:5，詞. 75 and 100 percmt field 
問pacity 枝， 11. III and IV , r輔pectively) and 時il

岫turatíon (叫開 growthoffo田 biot掙晶。fCyperus

ronmdus 
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saturation that at fíeld capacíty. Near!y 
ídentical r的ults were observe過 for the 
number of tubers produced 

Both trials in這ieate that nutse丑惡e would 
be a more s盯的阻 weed in heavy, wet soils 
than 盟 li草hter， wel1祖是時ined soils. Thís 
part1y accounts for the 普ifficulty of 
controlling purple nutsedge, by whatever 
means, ín heavíer textured soils. 

Many new promísin耳 herb位治es for 
purple nutsedge control were tested in 
screenh別是說 and field trials. Excellent 
results were obt剝削d in the screenhouse 
with preplant incorporated applicatìons of 
K.1441 (5 kgl ha) , 1.:44，紡車 and 11 -44,344 
(L5 k草 I ha each) and H司25紗3and H秒2691 日
(4 k惡 I ha each). Perfluidone , AC.20晶，246
an卓 AC-206，490， all at 4 kgl ha in p時m
emergence, also gave excellcnt control. 
Poor control was ohtained by K輸223 ，
cyperquat, bentazo泣， MBR-12325 and 
amitrol 

In the fïeld ‘ only 11 -4峙，078 ， U 44,343 an社
K心441 have given acceptable contro l. 
F urther trial多 will be conducte至l.

W輯4 錯ed germlnatlon 

A two-ye這r study was conducte挂 on the 
z訂觀ination of 20 weed speci肘. Seedswere 
collected and germin似的nt品ts conducted 
every two months to determine which 
species have a 症。闊論ncy period an益 which
ones would survive durin草 the entire test 
period 

Cyperus esculentus 槌d C. rotund:師
germinated poorly durin墓前le entlre 
period, confirm用車 that seed 嘉軒悶品卸的nlS

not an important means of propagation for 
these perennial , tuber-producing weeds 
(Table 5)τhε 惡rass see你車enerally had 
low germinatio鈍， with the el<ception of 
Rottboellia exalta峙. For thís species, 
removing the hull from the 詩詞 increased
g盯mínation and decreased its 往前血a肘y.

The seeds of dieotyledonous species 
車eneraUy had high 草ermination. The onJy 
species whieh were not viabJe after two 
years were Andropogon bicornìs and 
Eclipta alba. 

Control of raoul grass 

Raoul 草rass (Rollhoel/ia exaltata) is a 
rapidly spreadín草 weed in many areas of 
Latin America. 1 ts seeds float on water and 
are also often transported in crop see拉怠，
especìally sorghum, due to the símilarity ín 
Slze an益 W割草ht. 1 t ís particularly 
trouhlesome in 臨缸扭 and sorghum since 
none of the herbicídes currently avaílable 
for these crops control it. 

Raoul grass first appeared in lower ar悅色
of CJAl、 farm in 1 事72. 1t is highly 
probahle that seeds were carried in flood 
water 是 uríng a previous year from a nearby 
f為rm whích has a serious infestatíon of 
raoul grass. Sínce it was found , a 
methodícal ví車ílance program was es恥
tablíshed. Infested areas were periodícally 
checke垂 an社 all raouI 在rass was pulled and 
removed fro現在elds. In three years the 
草rass has been eradicated from CIA T's 
fiel訟，銷社 in most locatíor峙， this was 
ac心。mpl路hed withín I 學 months. This 
practice should be followed by farmers 
irnmedíately after díscovering a n.εW 
infestation 00 their land. If its 間moval Ìs 
delayed , the likelihood of era昔icating this 
seríous weed ís reduced. 

Since raoul grass is sprea揖ing rapidly in 
many areas of Colomb悶， an educatîonal 
campalgn was con述這cted in cooperation 
with the Instituto Colombiano 
Agropecuario (lCA), theSociedad CoJom
biana de Control de Malezas y Fisiología 
Vegetal(COMALFI) and several herbicí這e
manufacturers、 A total of 250 farmers. 
agrono訂lÍsts and extensìon agents from 
several areas 削tended a three-day pro辜闊的
one day each in three Ioc斜峙的 to leam the 
identìfication and biology of the weed and 
how to prevent íts spread and to era社icate
or control it once it appears 
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rable 5. G的甜natîon 叫捕時混 of 20 weed 叩e<i峙的軒 24 months 

A草e at 
Grnnp 寫ìaXl前1U的百

and germmatlon 
specl的 (mo) 

Cyperaceae: 
Cypcrw, c!icuienlus 22 

Cyperus rolundus 立。

Gramincac: 
4拙Jropogυn bicornÎs 2 
Digúaria SanKWf1Q街， i立

Echinoch1oa co/作num 2 and 10 
正lcr孔sine mdica 14 
LePllh'hiuajilffomlιS 12 
Panicum lascicula!um 20 
Rouh(Jellia 札xalww* 已
Rmtho{'/fla exaltara抖 8 
Rounnellia εxaúoro*艸 12 

Dlcütyledons; 
Amaraf/ l/ius dublU~ JO 

CorchοrUJ vrinocenû毛 22 
CrowJaria striala 20 
EcltpU1 alha 10 and 12 
ε'uphorbia hypt'riq(ol悶 6 
Jlel Í1ero l1 fhera remformis 12 

lpomoea hederifoUa 12 
Li!onotis lu:pel r.1efu!ia 。
MomordÙ'a charantùi 6 
Porwlaca oleracl!a 8 
Sjda rhombifolia 6 

• [)"bul"，，j掠奪;j ;:υrtd and germ: !lale..J 

u H t.!I<<I將吋，tored anJ 你們!i~nmn~給 d ，“你()ut rht hu! 
... Il ul每d"吋，1m叫別叫做符合的關吋

Trials were al.o 益。ne to stu挂y the effects 
of shadeo治 the growth and development of 
raoul 皂玄a5s. Pots seede過 wíth raoul gra時
were placed under shade chamber5 an社
weekly 0 bserva!Íons were made 

ln to詣1 darkness、 the seeds 單盯mmate益
butd時益 twowe法ks after emergence (Table 
品). Plant heí車ht încr;εased as the shade 
increased and the difference5 were greater 
at 70 than at 35 days after planting 
Shadín囂 delayed tillering but only 73 
percent or more sha詰c markcdly re挂UCe注

G-34 

Avg 
germtnatton Range in 

during 24 mo , germlMit lOn 
(每1 (穿毛}

28 0-25 

。 4 。 2

0 多 。 4
13.2 。“ 42
175 4 ~ 2啊r 
6.2 。 -13
35 。 16
J4 。可 16

66.5 39 - 89 
57.1 8 - 88 
42 ,2 。句 92

31.0 6.55 
3.7 。- 9 

34.0 24 - 50 
5.8 。、 16

10.3 。 50

。 8 。 3 
41 .4 9φ 主3

9.7 立 φ51

53.2 閻明 80

54.9 39 - 66 
2.8 1. 6 

tt時 number of tiller. produced. Dry malter 
production by foliage was high up 10 章。
percent shade. 

τhe seed prod uctÎon data show why 
raoul grass 15 50 a車gre鴨 ìve. Numbers of 
seeds per plant ìncreased 46 percent when 
under 47 P研cent shadin各 compared to 
seeds pro益 uced on plants ìn full sunlì辜!泊、
Apparent旬， il beco閻部詣。re prolific ìn the 
sha位e and this helps explain its competitive 
nalure with all crops. Even un益er 92 
percent sha吐怠， 35 seeds per plant were 



Respoose of Roubol!l/ia éxalul/a 10 sl祖曲的必TabJe 6 
1-

NO" of 
seeds 1 
plant* 

251 
398 
472 

336 
324 

228 
161 
35 

Fo1iage 
dry wt 

(第 I plant) 
868i25;4 3333321 

l'\ O" of tiHel三

。

4
4
3
3
i
o
o

7 davs 
aHer 

pJanting 

知N
V品
泣
村
時
封
口

7
4

35 days 
after 

planting 

Pla叫 heig柏拉m)

絡
站

H
U
u
m
m
m斜
抖
廿
日

70 days 
after 

planting 

82 
107 

128 
Il7 
Il3 
164 

138 
87 

35 days 
aÍ!er 

plantin毒

海品ading

of plan豆豆

。
30 
47 

55 
63 
73 

80 
91 

roo** 

a拉拉ition to increased competence削quired
by participants, CIATestablished valuable 
internatíonal contacts for future coliabora
t lOn. 

,. Harv<'lì h:d 77 d龜V~ 1I仇~r l'Wf>II t1g 

H 11: \0電，Id盯制約$. all l' lanl~ dled afwr :"'0 W你如

pro丑uced. Thus, if raoul grass isal10we通 to
germinate, il will 叫rvive under mosl crop 
canoplesι 

EXPEI主IMENT ST A TION 

OPERATIONS 

The principal activities carríed out al 
CIAT durin辜 1975 by personnel from th臨
unit were as follows: 

• The needs of CIA吉、s research 
programs (preparation and mainlenance 
ofthe experimental a何as)an益 the Training 
and Conferences Program's crop produc
tion courses were attended to. 

• New plots to he used for cxperiments‘ 
amounting 10 about 16 hectares, were 
Icveled and leached 

An ín何nsÎve. one~month weed controI 
short course was heJd in mid-1975, wíth 
financ瑚草 from the U,5. A草ency for 
International Developmcnt (AID), the 
O時囂。n St滋te International Plant Protec
tion Center (lPPC) and CIAT. Thirty-one 
a車間nomists frorn 12 Latin Ameri偽n
cour話H臼 were selecte社 to partlclpate 
Those chosen had weed controJ research 
responsibiJities but Jì既成ed experience.τhe 
objective was to provide participants with 
as much practical experience as possihle 
and to bríng them up to date with the late8t 
princïples and recommendations in weed 
control 

Weed eontrol short <0閻明

iM 

• 
• Problems rela!ing to the maintenance 

of the station were taken care of as 
n僻的sary

from 
Were 
and 

G“ 35 

• Three agricultural en墨lneers

Central A血討ica and Venezuela 
trame卓 in plannín臣， developing 
operating an experimental station 

Particípants were divided into six teams 
to facílítate fiel吐 exercises and short削term
research projects and al80 10 stÎmulate 
10控rgroup competition. The course was a 
success from every poim of view. Par~ 
tìcîpants încrease這 their te5t scores 31 
perce肘 from the initíal to the final exam 
and rate社 the course highly in ne滋rlyevery
cate息。r，益uring a fínal evaluation. In 



• A sho口封ammg course on prepann車
an這 levelíng of land under water was given 
to three officials from the Instituto 
Nacíonal de Colonización y Reforma 
A且rana de COIOI玄lbia (I NCORA) and one 
from the CARE míssion in Co!omb組‘

• A total of 432 hecta間長 being 
cultivated by CIA T's research pro車rams
were irrigated 

• A total of 597 hectares were prepared 
for experimenta! plantin訟 train間草
courses and commercial production 

. 1,840 meters of irrig戚îon canals wete 
designed and bui缸; these were líned with a 
mixture of soil an是 cement (8: 1); tota! area 
!i即挂 was 車，紛爭 m' 、 Inad吐160n， 41 concrete 
訂ansitions and 9 boxes 、Nere incorporated 

into the conerete portion of CIA Ts 
lfng前的n system. 

• Maintenance was done on 37 
ki!ometers of roads ‘ 35 kilometers of 
吐rama在e canals and 3會 kilometers of 
irri草ation canals 

• s且 kìlometers of fence were removed 
and 31 “lometers maintaine益

• Maize, sorghum, beans and cassava 
were grown commercíally in areas not 
bein車 uti!ized by trainin草 and research 
actJvities. 

• A continuous rice production 
program was be車間 plantin車 ap
proxim蜘ly 4 ha I week in cooperation 
with the T raining and Conferences ar叫
Rice Production Systems pro鑫rams，

PlJBLICA T10N' 

JOIINSO月j L. Experiment stat時n development train的g， Call , CO\(l間b眩， C1AT. 19ì5. 32p 

Paper preserlted 缸 Bellag的 Agricultural Education Confereoce可 2祖LThd這ockefeller FOt:.ndation , 

Bel1ag悶， ltaly. 1975 

.. TbJ$ list íncJudes only journal art帥es pubìished outside CIA 15 ser制
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FINANCE 

To the Board of Trustees of 

Centro Internacional de Agricultura 
忱。pical (CIAT) 

神州州四削峙。"。“ CALI. CCH.. OMI,UA 

April 17 , 1976 

1n our opinioI龜， the accompanyin車 balance sheet and the re句
lated st前組ent of revenue and expenditures and unexpen為d fun曲 pre
sent falr1y the financla1 position of Cent玄。 Internaciona1 de 
Agricu1位主玄.. Tropical (CIAT) at Decembe掌 31 , 1975 sn是 the resu1ts of 
1t8 operations for the year , 1n conformlty wiεh genera11y sccepted 
accounting princlp1es applied on a hasis consistent with 意hat i:Jf t:he 
prece是1n車 year. OUr examinatlon of these statements ‘"88 ma垂e in ac
cordance 習ith genera11y accepte是 audit:1n車 stan是ards and accordlngly 
included such tests of the accountin囂 records a處挂 such other audltin草
procedures as we considered necessary in the circumstance8~ 

OUr exami08tion 8180 encompassed tbe schedules of 8081y.1. 
of grants and related expe純是1tures ， earne這 income~ comparison of ap
proved ln是d單et and actual expe~di;~r~s and dates of receipt of grants 
for the yea玄 ended Dec間:ber 31 , 互會75 ， which are presented as 個pp1e
租給前ary information J a咐 in our opiniön , these schedules preser暐
fairly the infor羽ation shown therein . 

p~ w叫_J.
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C蕾NTRO INTERNAαONAL DE AGRICULTURA TROPICAL (岱AT)

BALANCE SHEET 

(Expt'E'磁oedin 曲。給軸ndsotU.S. do泣國建公 Note 2) 

ABSETS (NOTE 3) 

CURRENT ASSETS 
C翩翩

A目:ounts r制:'eivable

Donors (Note 的
Employ間建
。由.，.

知牌位峙諮輯 (No牌 1)

P輔，paid 敏xp甜甜g

Total current asaet.s: 

FIXED ABSEτ'S(衍。扭 1)

E‘:(Ulpmen色
V曲，icl喵

Veh泄輔但有01軒em酬ts) 祖釘甜甜

Futnîsh做研 and office: equíp閥•• 泌

Buïldin醉
Oth肘

Tota1 fi笨eda鱗鱗t，

To姐i 甜甜"

L1AB1LITI濃密 AND FVND BALANCES 

CVBRENT L1ABILITlE溜:

8輔.k ove.rdraft 
Accounts payabl~ 
Payahle to donors 
Otl蟬時

可rotal eurrent liabllit.i輔

GRANTS RECEIVED 1道 ADVAl毒CE

FUND BALANCES, 
Inve絲ed ìn fixeð 儡輯"

Une%~甜甜如詞曲 (deficit)

cofi> -
Unrf輔甜eted

Work恤g fund gr臨t

Capi在al gn>恥"
Special proj軒切一

Ponors 
Other 

Total fund b紛anc輔

Total !蛤bilitiea llt站

起nd bal關甜8

Dèeemb軒 81

遷975 去974 1973 1972 
一

九接且一 位3 139 272 

愁。7 531 497 499 
66 8每 89 73 

…位1 日…忽見 一J且已一...J[!
984 1 ，3軍4. 855 859 

2話。 199 100 54 

g 

的~_.___2，1~i__.~空空… _1~~的

1,721 1,346 802τ58 
593 568 305 314 
330 
930 901 378 369 

是，4-95 後，429 3,950 2.359 
…….~… 立些主一一一…經主…一一一豆豆
8，至15 7 ,347 6 ,360 3.864 

必堡包._~~i?Jl..=旦失之二J是立

14 317 137 才

758 章，86 351 181 
25 25 

385 127 100 
一一一一一一

772 988 640 313 
…一一一一一一一

8n115 7 ,347 6 ,360 3,864 

303 32 37) { 12) 
600 100 100 
185 628 175 891 

340 301 144 35 
59) 4 雀。 2的

1 ,369 1 ,061 342 889 

且法壘i4 …一且是巒以一~.~旦旦旦…←是汪里生

10,506 9.~!~ ?曾發59 忌，066

Thf!- notes on pag臨ι的 and Q-41 誼會個 Ïntegral part Qf 綾le fin帥cial 翩扭ments
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CENTRO INTERNACI0NAL DE AGRICULTURA TRO興CAL (CIAT) 

SUPPLEMENTARY INFOI建揖ATION

ANALYSI8 OF GRAl過TS AND RELATED EXPENDlTURES 

FOR THE YEAR ENDED DECE加盟，ER 31 ， 19雪5

(Expreued 融 thou揖nds of U.S. dullar時

里2對追認

To祖i

funds F核潛d
..剖Jable a割蛤切

叮叮臨tticted CQr動﹒

τ'he Fo吋 FQundlltion 625 
The Rockefel1er Fo話nd草tion 600 
Uníted S tAtes Agency for 
Int肘national Developrnent 1,230 

I肘eramerican D研峰lop甜甜nt
BaJηk 1.645 

Uni鞠d Nation國 E詰vironmeni
P<og時m 70 

World ROCK Pho且'phate In革titut奪 10 
B益lance from previous yèar 32 
Income appIi吋 in year 設主

Tot叫 um師trÎcþ吋 Cor，控 也主83

R四tricted Core 
τ會主.w 延 KeHogg Foundation 290 
Canadian intern眠ional D研曹lop-
制entA伊n吋 800 

To臨1 restricted Core L星空。

Working fund grants: 
Government of 珈e Netherl韓戰品 17學

OOV間unent of Sw1tzerl直nd 豆豆§

GoverruJ糖nt of the F甜"，.1
Repu.blic of G肘many 210 

Bal晶nce from prevlo岫抖前

To t.a l wor蚵ng fund grunts 600 

Lib臨時

T祖1ni，弩臨d
Total 臨d informat峙>ß Admìn Ï$' 

“獨e"，晶 conf語，."'，." 聞聞漪E!a tration 

SCHEDULE 1 

。100tlibra峙，
ad臨iniat臨鏈。"

甜d 伊揖... 1 
Opel'lltl時站 ?時純af..峙

。.......J個tal "，時概也b une墓，輔世咄

去設投l空是盟主5重型經 b至些豆豆一

L笠立一一旦旦 351 478 63 

180 23 

進16 倍。

416 260 

64 

87 

88 

120 

779 303 

32 55 61 

152 

207 

61 

61 

600 
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