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CIAT is a non-profit organization devoted to the agricultural and 
economic development of the lowland tropics. The Government of Co­
lombia provides support as host country for CIAT and furnishes a 522-
hectare farm near Cali for CIAT's headquarters. Collaborative work wi你
the In.tituto Colombiano Agropecuario (ICA) is carried out mainly at 
its Experimental Centers at Turipaná and Carimagua. CIAT is financed by 
a number of donors represented in the ConsυItative Group for Interna­
tional Agricultural Research. In 1973, these donors were the United 5tates 
Agency for International Development (U5AI0 ), the Rockefeller Founda­
tion , the Ford Foundation , the Canadian International Development Agency 
(CIDA) , the W. K. Kellogg Foundati側， the International Bank for Recons­
truction and Oevelopment (IBRD) through the International Development 
Agency (IDA ), and the governments of the Netheriands , 5witzerland, and 
the Federal Republic of Germany. In add忱的n ， special project funds are 
supplied by various of the aforem.entioned entities plus the In'ternational 
Development Research Centre (IORC) of Canada and the Interamerican De­
velopment Bank (IOB). Information and conclusions reported herein 
do not necessarily reflect the position of any of the aforementioned 
ag阻ncies ， foundations, Or governments. 
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Forewo叫

Dedication of the new physical facilities of the Centro ln'ternacional 
de Agricultura Tropical on October 12, 1973, served to climax some 
five years of intensive planning, designing , development , and construction 

During this same period, CIAT acquired most of its senior staff and 
several hundred local support employees. Cooperative programs with the 
Instit叫。 Colombiano Agropecuario (ICA) had been under way in some 
commodities since 1968; crop and animal studies were begun on the 
CIAT farm in 1969; nearly 200 persons had been trained from some 20 
countri肘， more than 1,000 persons had participated in six major inter­
national conferences and symposia, and staff members had conferred 
with agricultur'al , educa'tional aDd policy leaders in most of the tropical 
countries of Latin America and the Caribbean. 

Consequently, with its programs already well under way, most of its 
staff employed , increasing financial support from governments and 
agencies represented in the Consultative Gr。υp for International Agricul- . 
tural Research, an.d growing interest among donors and countries for ‘ 
sp缸ial outreach projec峙， the dedication represented a milestone in CIAT's 
progress, a recognition of accomplishrr唱咐， thanks to those who made it 
p。時ible， a preview of. future challenges and opportunities, and a commit­
ment to continued action . 

州。re than 1,200 persons, in addition to the employees, participated 
in one or more of the five separate events undertaken incident tò the 
inauguration of the new faCi lities. These events were 



Employees' Day, marking the lirst υse 01 the new kitchen and dining 
laci 1 i ties ; 

Neighb。悶， Day with some 300 members 01 the scientilic and technical 
staffs 01 more lhan 30 institυtions in the Cauca Valley attending ; 

Founders' Day, in which some 60 persons were recognized for their 
I/ is ion , dedication and cooperation in making CIAT possib峙，

Dedication Day, with some 700 persons hearing major addresses by 
Misael Pastran. Borre悶， President 01 the Republ呵。1 Colombia; Francisc。
de 50la，巴。.rd Chairman ; John H. Knowles, President 01 the Rockefeller 
Found.tion; and U. J. Grant, Director General 01 CIAT, and the Inaugural 
5ymposium , in which six internationally known leaders analyzed the 
po'tenti.1 01 the lowland tropics before an audience 01 some 200 leaders in 
agricultural 訓，d economic developmen t. 

5taff and management continued efforts to sharpen the locus and 
to accelerate progress in the six commodity programs: beef, swine, cassava , 
lield beans, m.ize and rice. This process was facilitated by active partici­
pation 01 the Board of Trustees and committees 01 the Board , as well 
as through inlormal discussions with present and prospective donors , rep: 
resentalives 01 the countries of the lowland tropics, and, in the case 01 
beel, a formal review team which spent six weeks studying not only CIAT 
beef programs but also visi'ted several 01 the major beel-producing areas 
,1 tr。伊cal America 

Another program development was the deci訓。n to change th., locus 01 
the agricultural systems program to concentrate more on small farms 
in the lowland tropics 

The lollowing paragraphs represent a lew highlights 01 accomplishments ,nd ac'tivities in CIAT's major programs dυring 1973. 

8oef. The 恤el team concentrated on identilying ways to provide ade­
quate year-round leed supplies, establ時hing means of controlling diseases 
,nd parasites, and developing and demonstrating economical systems 01 
production . The goal is to stimulate the beel cattle indυstry in the develop­
ment of the lowland tropics 01 Latin America with approximat.elý 150 
million head 01 cattle, plus extensive grassland area5 , many 01 which am 
understocked and have limited immediate or long-te"，、 pdtential lor cυ1 -
tivat吋 crops

At Carimagua, an area representative of extensive la't0501 regions, th.e 
, pmductlV1tyd rn。lasses grass {Me1tnis minueIfhm}pasture has been 

lour to five times that of native pasture in the rainy se.50n . This ad­
vantage dis.ppe.rs, however, during the dry season, with weigh't los..s 
that often cancel a large portion 01 the gains. Inter-seeding 01 the high 
protein lorage legume Slylosanlhes guy.n開.1. in grass pastures along 
with protein- supplementation are being s'tudied os • means 01 curbing 
weight losses and their effects on lertility. 

Although malnutrition is the main lactor associated with low calving 
rates, br;eding diseases are often important, and other diseases frequently 
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These 11. m.n pr...nled 耐. lnaugunl 呵mpollum on "The Pot.nU.ls of 耐. Lowl.nd 1roplcl " in 
∞nnectlon with t抽血dlutlon of CIAT. IA“峙 right : P.ulo de 1 . Alvim, Dlr.ctor; Cau。恥$Oarch
Cent." Itabuna , a_",:., Brazil; Lewls M. Roberts, Rockef.:Jer Foundation (mod﹒...。叫 Galo PI﹒間，
50軒"﹒叮Gen.r訓， OAS; Ra叫 P，ebisch ， Advlser 10 U.N. S缸呵..吋Gener訓a.叫﹒附 n Vi.I , Executivø 
Olroctor, Western Hemi叩her. R呵rion， Int.rn.tlon.1 Planned Parenth曲d F甜.ntion; .nd Armand。

SQmpcr, Sub-Director Gen.r訓， FAO, and Ch.irman. CIAT 8間rd ofτrust間﹒

h “ ImU. c.f Ih. bronz. plaqu. that wal unvell“.，口AT'I Inaugural 個時冊onlel 0" 。肘。扭，間，
呵呵， by 耐. Pr'lldent of Colomb切， 叫‘..1 P.llr.n. Bor呵呵
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aggravate the problem. Surveys in the Eastern Plains 01 Colombia have 
identilied signilicant incidence 01 infectious rhinotracheit悶， leptospirosis 
and brucellosis, but other breeding diseases have not been lound 

In collaboration with Texas A&M University, signilican't advances have 
been made in the epidemiology, immunization, antigen sources, diagnostic 
methods, chemical control and treatment 01 two hemoprotozoan diseases , 
anaplasmosis .nd babesiosis. Promising resu'ts have been obtained through 
partial immun自由的n 01 cattle through vaccinations against some 01 tM 
mast serious blood parasites 

In lile cycle beel production systems under study, near optimum inputs 
01 a variety 01 m.nagement improvement are being compared with pre­
vailing practices .nd conditions. Mineral supplem!ntation ha, markedly 
increa'sed conception and growth ra'tes 01 cattle grazing on both native 
and molasses grass pastures 

Results 01 a study 01 cattle larms in the Eastern Plains indicate that 
these operations are typicalJy smal l. On an average, a larm markets lewer 
than 12 head per year. Onlý 8 per cent 01 the cattle larms market 50 t。
60 head annually. 

International activities 01 the staff during the year included advisory 
and consultative work in Boliv悶， Brazil , Colombia, Ecuador, Perú , Vene. 
zuela, and the Caribbean. 

Swine. The network 01 institutions collaborating with 'the swine pro­
gram was increased in 1973 by initiating programs with the Universidad 
de Bolivia .nd the Universidad de Costa Rica , both activities being undeo 
the supervi訕。n of scient悶ts who recently completed postgradua'te in­
ternships at CIAT. Similar programs already were under way in Ecuador 
and Colombia 

As 80 to 90 per cent 01 the total expense 01 producing pork in Latin 
America is associated with leed cos峙， the program continυ-ed to seek 
ways to utilize feedstuffs readily available in the 'tropics. These include 
cassava , maize, plantain, bananas, yams , and by-products of agricultural 
industries. In addition , special emphasis is placed on linding on'the-Iarm 
sources of protein. Tests this past year were made with cowpeas，打eld
beans, cottonseeds and the forage legumes, D軸modium and Stylosanthes. 

With 80 怕的 per cent 01 all swine produced in Latin America being 
grown on small farms , work continues on the small hrm swine project 
at Cacaota l. Swine producers quickly adopted new practices in housing, 
management .nd parasite control , but acceptance 01 improved leeding 
systems, princip.lly a protein-vitamin-mineral supplement, has been slow 
Reasons for this áre associated with lack 01 education, limited capital 
and 岫ck 01 commercial availability and high cost 01 the supplement 

Animal health specialists, con'tinuing their study 01 20 collaborating 
swine farms in the Caυca Valley, have identilied pig di.rrhea , abortions , 
abscesses and arthritis as the most prevalent problems. 

C....v.. Yields of more than 50 ton/ ha per year were achieved in 
unreplicated yield trials, and more than 46 ton/ ha on I.rger sc.le repli-
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cated plots. While the varieties wi'th this yie1d potential do not have high 
disease and insect resis'tance，叩urces of resistance to most of the major 
diseases and pests have been found . 

• 
With development of breeding techniques , controlled crosses were made 

to combine useful characters. At the same time, the germplasm bank of 
some 2,100 entries was being evaluated for usefuJ varieties and parents 
for future crosses. 

Preliminary data from physiological studies suggest that a high.yielding 
variety will be associated wi'th a short plant , one that has littie stem and a 
high harvest index combined with the ability to retain a large leaf area 
index from six months up to harvest 

The rapid field method of propagation devised at CIAT will allow fast 
increase of promising varieties. This system also produces planting material 
free of the cassava bacterial blight 

A survey has shown that (a) weed control is one of the major labor. 
using operations in cassava production , (b) thrips are a major problem 
in cassava growing in Colombia, and (c) the majority of farmers grow 
cassava as a monocultur"e, not as a mixed crop 

Simple on-farm methods of storage are being developed , and cassava 
roots have been kept for up 10 eight weeks with little decline in quality 

The basic drying characteristics of cassava have been defined , and the 
design of practical equipment to facilitate the process on the farm is 
under way 

Of the some 3,000 documents collected, more than 1,500 have been 
fully processed. Abs'tracts are being distributed world wide 

Field Beans. CIAT's program in field beans was launched in February 
with an international seminar which explored the potentials of field beans 
and other food legumes in Latin America. Participants helped to identify 
production problems needing research as well as the individuals and 
institutions most qualified to conduct these studies. Theγplaced major 
emphasis on finding practical means to form an informal cooperating 
network to the end that work on priority problems be accelerated 
efficiently 

By yea r's end, more than 9,000 bean varieties had been collected at 
CIAT and were being systema'tically screened for plants showing desirable 
characteristics (resistance to diseases and insects, superior pedormance 
。n poor 50il5, and 9∞d yields). I nasmuch as many of the beans produced 
in Latin America are grown in association with maize, Ithe research in­
c1 udes such cultivation situations. 

Other asp配ts of 'the bean program receiving high priority attention 
were efficiency of nitrogen fixation by root nOdufe bacteria, and the 
production and distribution of diseas....free seed to national programs 

Maize. This program cooperates with and supports national research 
and production programs in the Andean zone- Colombia , Venezuela , Ecua-

5 



dor , Perú and 601 iv嚕。 As such , it 揖rves as a link in an international 
network of nat1onal , regional and interna'tional centersυnder the general 
coordination 01 CIMMYT 

州的 promising yields were lound in trials 01 present commercial 
maize hybrids .nd the experiment.1 m.teri.ls Irom PCCMA and CIMMYT 
In sever.1 tri.ls , .n introduced hybrid or selection produced more th.n 
!cc.lly developed double cross checks, indic.ting • potenti.1 lor lurther 
advðnces in the Cauca Valley environmen t. 

Resu1ts 01 studies 01 minimum till.ge systems indic.ted there w.s n。
significa附 difference .mong the lour tre.tments tested , .nd thus the 
most simple or lowest cost tre.tment would be most desir.ble. This 
experiment , naw in its fourth continuous crop of maize after a S'，ingl.~ 
I.nd prep.r.tion two years .go, demonstr.tes • tremendous poten\ial lor 
s.ving i to 3 weeks in time -and .bout 25 per cent 01 production costs 
lor I.nd prep.r.tion 

Selection lor enh.nced protein qu.!ity through use 01 the op.que-2 
gene h.s concen'tr.ted on h.rd endosperm types lor direct hum.n con. 
sυmption . A yellow h.rd endosperm line introduced Irom C!MMYT w.s 
selected during thr自 cycles lor shorter pl.nt height , prolilic.cy, .nd 
resistance to loca! diseases and insects. This variety has been distributed 
to progr.ms in the zone 

Region-wide .ctivities included tes'ting 01 germpl.sm , unilorm region.1 
trials , a meeting of maize research workers in Boliv峙， • pl.nt protection 
workshop at CIAT, a newsletter, and support of trai~ing activities at 
CIAT and elsewhere 

Rice. Large percentages 01 'the rice are.s 01 Mexico, Cub., Cost. Ric. 
ùnd other ëentr.1 Am.ric.n countries, Colombi., Venezuel., Ecu.dor .nd 
Perú .re pl.nted with CICA 4, IR22, !R8 .nd select閃閃 Iro卅 materials
provided by CIAT .nd IRRI. Yield incre.ses h.ve been excellent; in Co. 
lombi. , lor inst.nce, the new technology h.s incre.sed yields by .bout . 
2.2 ton j h. to more th.n 5 tonj h. over 'the entire irrig.ted ..rea since 1966 

As expected, the rice bl.st dise.se is beginning to depress yie_lds of_ the 
new varieties. The problem will increase with cont.inued plan~_ings . Con­
sequently, resistance to blast 1s being urgently sough't in new lines un&!r 
study 

Soi!s studies empha剖zed work on upl.nd rice, p.rticul. r1y under the 
e的reme 叫 1 .c凶 iy conditions 01 high s.vanna 叫 Is. Results 叫cate
the problems c.n be solv吋 eitherthrough Hming to incre.se pH or 
throυgh v.riet.1 toler.nce. V.rieties differ m.rkedly in toler.nce to .cid 
soi I factors 

Results of field studies in .re.s th.t .re .Itern.tely dry in the dry 
season but flood in the wet season indic.te th.t n.turally flood甜甜 Is
and their surrounding areas have a great poten'tial for rð~nfed rice as 
long .s the w.ter level does not rise .bove 50 cm , the I.nd is prep.red 
durlng tne dry season , the rice is seeded at the onset of the rainy seas。們，
and vãrietíes .are used that are either 'tall or have f,loating rice character­
istics 
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Small Farm, Systems. .Experiences up to and including 1973 led CIAT, 
late in the year, to recast its agricultural systems program more sp配ifj.
cally as a small far'm system focus. As such , the program is concerned 
with small family farms as integ rated systems; the whole farm uni't will 
be studied 

With a planning session in October, 1973, including some 40 participants 
from the CIAT staff, Universidad del Valle, ICA, and interested interna­
tiona: agencies and foundations , CIAT formulated i'ts objectives and initial 
plan of action for this new approach. The underlying concern of the 
participants was to establish a research team to focus on the understanding 
of existing small farming systems in order that 'the relevance and impact 
。f new technology on farm family welfa r'e could be planned and predicted 

The s'taff, consisting initially of an agronomist , systems engineer and 
economist , had developed by γear's end programs of cooperative activities 
with development activilies and projects in Colombia and Guatemala as 
well as within CIAT. 

Tr.inln9 and Communitation. The widening international scope of CIAT 
involvement was di rectly reflected in numbers of trainees , participation in 
conferences and symposia and distribution of informational materials. Durw 
ing the year, 159 persons from 24 countries were enrolled in training, 
more than 150 persons from 20 countries in five continents registered for 
the seminar on field beans, and information materials were being cir .. 
culated widely. 

Administrative Developm棚U

Increased program activities ,Ied to growth in financial needs , these 
being met in 1973 with three new donors joining the F。叫， Rockefeller, 
and W , K. Kellogg Foundati。肘， the United 5tates Agency for International 
Development, the Canadian International Development Agency and the 
Governmen't of the Netherlands. The new donors were the governments of 
Switzerland and the Federal Republic of Germany, plus the International 
Bank for Reconstruction and Development through the International De­
velopment Agency. 

Funds for special project s and outreach activities came from the Inter­
national Development Research Centre of Canada , the In'teramerican De­
velopment Bank, and the W. K. Kellogg Foundation. In addition , the 
Rockefeller Foundation provided funds to enable CIAT to assign two staff 
members in residence in Gυatema，la as part of the c∞perative program 
between CIAT and the Instit u'to de Ciencia y Tecnología Agríc叫“ (ICTA ). 
Dr. Robert Waugh serves as assistan't director to ICTA, while Dr. Eugenio 
Martínez is technical director 

ICTA presently is concerned with production and productivity of sev­
eral commodities, including field beans, rice, m甜甜， sorghum, wheat and 
，:eg~able .cr_opS:, Se lected professionals from ICTA will receive training .t 
CIAT, and CIAT is helping ICTA establish assistance ties with other -in­
ternatíonal centers and activi'ties 

Mr. Francisco de 501a , a member of the original CIAT Board of Trust自S
and chairman fo( the past five years，∞mpleted 'two consecutive terms 
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• in 1973. The Bo.rd. m.nagement. staff and employees 01 CIAT. in a 
variety 01 ways. expressed their appr缸iation lor the enthusiasm. dedicati酬，
and ,Ieadership which marked the years 01 his affiliation with CIAT. 

At the October meeting. the Board ins talled Dr . Arm.ndo Samper as 
Chairman. Mr. Julián Rodrfgυez Adame as Vice Chairman and one newly 
elected member. Mr. Luis Crouch 01 the Dominican Republic 

Th" major staff change during the year was the departure in Augus't 
01 Dr. A. Colin McClung. deputy d irector general. to accept a pos ition in 
the New York offices 01 the Rockeleller Foundation. The Board 01 Trustees. 
in October. named Dr. Eduardo Alvarez-Luna. director 01 Plant Sciences. 
CIAT. to the post 01 deputy director general 

Other appointments to the senior scientific and administrative 5taff 
were: Dr. Edυardo Aycardi. animal health; Mr. David Franklin. small 
farm systems and biometrics; Dr. Kazuo Kawano , cassava breeding; Dr. 
Grant Scobie. agricυ It ural economics; Dr. Julio César Toro, cassava a9ron­
。m杭州r. Andrew Urquhart. comptroller. and Dr. Alberto Vald缸. agricultur­
al 缸。nomics， plus Dr. Waugh and Dr. Martfnez to their respective assign. 
menh in ICTA, Guatemala 

Special appointments as visiting scientists were made to Mr . Gu id。
De lgadillo, agronomist in the beel program; Mr. Da le Fisher, swine man­
agement ; and Dr. Roger Sanstead, bean agronomy. The Peace Corps 
assigned Mr. Timo'thy Lawler to CIAT as a 1υII -t i me instructor in English 
ilnd communication . 

Others leaving the staff at the termination 01 their speci.1 .ppointments 
were Dr. Donald Bushman, ruminant nutritioni肘 Dr 舟lbert Clawson, 
visiting scientist in swine; Mr. Robert Etheredge. architectural consultant ; 
Dr. Andries Jonkers , virologist in animal health ; and Dr . Amador Villacorta. 
entomologist 

During the year, Dr. Donald Corrier, hemoparasitologist, and Mr. David 
Hop阱， hemoparasitologist , joined the Texas A&M University project group . 

• 
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C 叭叭叭， op叫 un
der the assumption that the beel 
cattle industry will continue to 

have a key r。他們 the development 01 
the lowland 'tropics 01 Latin America 
There is a large res。υrce base, including 
approximately 150,000,000 head 01 cat. 
tle, plus extensive grass'land areas , many 
。1 which are under stocked and which 
have limited immediate or long-term 
potential lor cultivated crops . 1 n addi­
tion , productivity 01 many 01 these 
grasslands could be greatly increased 
through establishment 01 improved pas­
tures. 

Despite the potential , there a r'e se. 
rious biological and socio-economic 
ccnstraints to increasing beel produc­
tion. Low lertility and slow growth r的es
are the principal 月晶。ns lor low pro­
ductivity. Socio-economic constraints, 
such as deficiencies in infrastructure 
and regional development programs, 
。ften are serious barriers to pυ t't ing 
production technology to work 

The CIAT Beel Production Systems 
Program locuses on assembling produc­
tion systems and training key produc­
tion personnel as part 01 a strategy lor 
developing the lowland tropics and in­
creasing beel production . Research and 
training programs are under way a't 
CIAT in Palmi月， the ICA Carimagua 
station in the Uanos Orientales, and the 
ICA Turipaná station loca'ted on the 
north coas t. 

Research objectives are : 1) to iden­
tily ways 01 providing adequate leed 
supplies; 2) to e<tablish means 01 con. 
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t r"O lling disease and parasitism; and 3) 
to deve!op and demonstrate economical 
systems 01 production 

Dietary deliciencies 01 protein , energy 
and minerals not only are the principal 
臼uses 01 low reprodυctive performance 
and slow growth , but increase suscep­
tibility to disease and parasitism. A.s life 
cycle produc'tion systems on pasture 
predominate, CIAT places major em­
phasis on providing a nutritionally ade­
quate pastυre lorage throughout the 
year, with sυpplerr祖ntation as necessary 
to correct deficier、cies 01 the grazed lor. 
age. 

In Carimaguð , which is representa­
tive 01 extensive latosol soil regions , the 
productivity 01 molasses grass (Melinls 
minutlflora) pasture has been lour t。
live times that 01 native pastυres during 
the rainy season. However, this advan­
tage disappears during the dry season , 
with weight 1。目前 that olten e r'ase a 
lair portion 01 the weight gains 
achieved in the previous rainy seascn 
Interseeding 01 the high protein lorage 
legume 5tylosanthes guyanensls in grass 
p8stures 810ng with protein supplemen. 
tðtion are being tested ðS means of 
curbing these weight losses and their 
effects on lertility. Mineral supplemen­
tation h8S markedly incre8sed concep­
tion and growth rates 01 cattle gr'azing 
both native and molasses grass pastures. 

In anim.1 health CIAT is placing em­
phasis on breeding dise8ses, hemopro­
tozoan diseases and involvement of wild. 
lile in the epidemiology 01 diseases al­
lecting cattle and man 



Although malnu'trition is the main 
cause of low calving rates , bre8ding 
diseases are often primary causes , and. 
。ther diseases lurther aggrava'te the 
problem. CIAT surveys conducted in the 
Ll anos have encountered significant In­
lections 01 IBR (inlectious bovine rhi­
notraccheitis l, ,Ieptospirosis and brucel­
l。肘， but other br眉ding diseases have 
not been lound 

In collaboration with Texas A&M Uni­
versi旬， significant advances have been 
made 1n the epidemiology, immuniza­
tion , antigen sources , diagnos'tic meth­
cds, chemical control and treatment 
of tWQ hemoprotozoan diseases , ana­
plasmosis and babesiosis 

Another locus 01 the Beel Production 
Systems Program is economics, with the 
。bjective 01 determining the implica­
tions 01 technical changes in beel pro­
dυction at the micro and macro levels 
This includes studies relating to the 
economics 01 beel production systems 
in savanna regions, a survey of the 
phosphate lertilizer market, and a pilot 
benchmark study 01 the Co!ombian live­
s'tock sector. Benchmark studies hope 
lully will be extended to other Latin 
American countries 

CIAT conducts various training pro­
grams lor production specialis峙. Seven­
teen trainees completed the second live­
stock production specialist training 
course, and the third course was initi­
ated in Sep'tember with eighteen trainees. 
Nine trainees received in司service train-

ing in specilic disciplinary areas. Tw。
graduate stυdents were engaged in doc­
'toral research and two CIAT research 
lellows entered graduate sch∞1. Special 
training was provided lor thirty-three 
trainees. 

To complement Colombia-based work, 
CIAT's beel program outreach activities 
have included visits to Latin America 
and other areas to identily train輯s ，
es'tablish prolessional and institutional 
contacts and to collaborate in re盟arch
and training projects 

FEED SUPPLY 

Inadeqυate nutrient intake is the 
principal reason for low reproductive 
perlormance and growth rate 01 b",,1 
animals and increases their susceptibil­
ity to disease. Major emphasis is piaced 
。n providing a nutri'tionally adequate 
pasture lorage throughout the year, with 
supplementation as necessary. 

Paslure planl inlroc/uction 

Some 600 accessions 01 tropical lor­
age sp缸ie話 are being svaluated' in. 
cluding 180 Slylosanlh的 species and 
ecotypes collected Irom lowland trop­
ical areas 01 Colombia and Venezuela 
Spaced plan'ts 01 the new Slylosanlhes 
accessions were screened in replicated 
nursery plots. Forage dry matter, seed 
yields and number 01 crown branches 
per plant showed a wide range 01 vari­
ation among the accessions (Tables 1, 
2 and 3) 

Tab1e 1. D可 matter yield of S. guyane酷is 甜甜甜ons

CIAT Low yicld CIAT Medium pylaienlt d l CIAτ High yield 
N。 ( 1.0叩 ~/[)Jant ) No (1 α)() .1 No (2 血)() g/plant) 
』曲 277 25 1,037 132 2,014 
101 235 18 • 1,181 138 2 ，曲9

63 457 136 1,483 的3 2，0!訓。

74 579 J44 1,516 135 2,656 
41 756 50 1,657 130 2,745 

105 777 81 1,678 
68 820 

• Lð Li bertad 
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Sty l由anlhes guyanensis pl.nts Inocul.ted whh .nthncnose (CollelOlrichum 91唱。sp前ioides) . Left 
SUlceptibl. C訓。mbi.n ....ri.ty i c.nt.r: d..d plants 01 IRI 1022 i 訓ght: hlghly r.lllt.nt ...a“..y 
Irom th. Llanos Orlentales 01 Colombla 

Selection for improved agronomic better agronomic characteristics and 
traits, dry matter yield, disease resis- anthracnose (Colletotrlchum glo關spor.
tance and s~ed yield indicated that sev- ioides) resistance than La Libertad used 
er.1 lines of S. guyanensis possess in preliminary studies. 

T8bJe 2. N~ber 01 crown branches per plant ln S. guyanensls ac祖祖ions

CIAT Low CIAT Medium CIAT nHcihgeh s 
。No. • (如 branchesfplant) No. (現)..180 branches/plant) No. (1個 branches/plant)

126 68 J33 % 74 189 
1個 71 的I-A 98 130 198 
JOI 77 138 106 25 205 
64 78 到 117 191 212 
43 74 135 120 105 2到

18 • 87 136 125 
曲 且5 • 144 129 

81 141 
J32 1到

41 l曲

30 174 

• La Libertad 
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Table 3. Seed yield or S. guyanensis accessions (Yield of dehulled seed) 

CIAT (L5ogw /pyliaenld t) CIAT 
No. No 

43 。 7 64 

61 1. 0 63 

103 1.5 68 

67 2.4 130 

92 2.4 50 

191 

107 

74 

152-A 

La Liberlad 

01 18 varieties 01 Slyl倒閉lhes guya­
nensis planted in small plot experi­
ments at Carimagua, three accessions 
。ut yielded 'the control , La libertad 
Also they were more resistant 。
anthracnose (Table 4). 

In plant house tes'ts at CIAT the lour 
cultivars 01 stylo, which are avaHable 
。n the internat悶悶 I markeC were sus­
ceptible to anthracnose in this declining 
。rder: IRI 1022, Endeavour, Scholield 
and Cook. Anthracnose resistant plants 
wete isolated Irom S. guyanensis, S. 
h.mala, S. humilis and S. sub目ricea.

Tablc 4. Es個M扭hment yield or Stylosõmthes 
guyanensis varleties at Carimagua 
υuly to December, 1軒的

C1 AT YIeikd g(/ghra een) 
No 

5日 4.630 

16 "的

21 2.830 
18 會 1.520 
46 1 ，2叩

44 5叩

• La Libertad 

Medium lycin eld CIAT Higgh /pylaien ld (5-15 g/p10nt) No (1 5 g/p1an t) 

5.1 18 會 18 .8 

6.3 30 19.3 

6.9 151-A 21.9 

7.3 70 22.6 

9.1 152 24.5 

9.7 144 28 .9 

10.9 

11.8 

13.5 

Results indica'副te that rapid progress 
can be made in dev鴨elop叭'"、9 an、 thra缸C口no旭。se
resistant s叫tylo cωu叫)川1川l
large number 01 e缸C∞。叫type目s 01 t仙hi悶s n。叮r­
ma剖11句y s扭el件f札-p。叫|川linat峙ed ， indigenous tropical 
lorage legume 

Seed as well as lorage yields 01 sev­
eral Desmodium spp. are reduced bγ 
insect attack. A Colombian selection 01 
D回modium sp. , probably a natural hy­
brid 01 D. i肘。rtum and D. urtcinatum, 
displayed strong resistance to leal-eating 
insects 

The lorage plant potential 01 Indigo­
fera hirsuta recently introduced Irom 
the Llanos 01 Venezυela is being inves­
tigated. This legume has desirable lor­
age attributes such as rapid seedling 
establishment and early vigor. In the 
year 01 establishment it out yielded sev­
en varieties of stylo but recovery was 
slow alter cutting (Table 5). It is a 
heavy seed producer and the pods d。
not shatter 

Siratro, the commercial cultivor 01 
Macroptilium atropurpureum, is severe­
Iy affected by rhizoctonia (R_ sol.ni) and 
bean rust (Uromyc揖 phaseoli) in high 
rainlall ateas. This limits its use in the 
humid tropics. An indigen。υs ecotype 
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Table 5. EstabUshment yfeld 01 帥ylo varletlcs and Indogofe阻 hir!iuta

CIAT Variety, origjn 
No。

7個 lndigofera hirsu叫. Vcnezuela 

21 Santander, Colombia 

18 La Libertad , Colombia 

到 Castilla Nueva, Colombia 

144 lRl 1022, B~azil 

16 CPl 卦，別扭.Costa Rica 

41 David 217, Panama 

45 Pance 2. Colombia 

Irom the Caribbean coast was 1。υnd
highly resistant to both diseases. Seed 
production was initiated of this acces­
sion plus several other varieties from 
Colombia and Venezuela. 

Yield, dry Crudc protcin 
kg/ha H 

16 ,125 13.0 

9,108 13 .6 

8,834 12 .9 

8,636 14 .7 

8,416 12 .5 

7,578 13.8 

7,226 14 .5 

6,459 13 .5 

5011 microblology 

51raln 目lection and lestlng 

Strain isolation and testing were con. 
tinued with 254 strains 01 Rhizobia 

Influenc. of inocul.tion growth of Slylosanlhes guyanensis var. L. Libert.d , .t Carlm呵咽 Exp~r.
iment 5tl,lon. P:.nh ln th. c.n'.r wtlre not inocul.t甜 others 啊r. Inoculilted wlth dlffer.nl 
Rhl:zobium str.ins (Ph肘。 P. H. Graham) 
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Table 6. Strain sele叫OD trlals for pasturele酬，臨~.，"~972 .間73

Plant species How Strains 
tes ted tested 

M. sativa var. Depuit Pots 3 

P. atropurpureus Tubes 68 

D. rmcinatum Tubes 30 

S. guyanensis Field 
trial , 

Lconard 116 
nr昂，

Tubes 

C. pub刮目"5 Leonard 
lars. 位

Tubes 

T. repens Field 
trial. 15 
Tubcs , 

Lconard 
j <1 I.5 

being ex.mined lor nodul.tion .nd ni­
trogen fixing .bility. Str.ins selected 
from initial screenings were subsequent­
Iy included in lield ev.luation (phot。
page 14) with promisiog cultures lor 
the major pasture species being se­
lected as shown in.-Table 6. • 

Several donor agencies and interna­
tional bodies asked the microbiology 
group to develop germplasm capability 
lor tropical pasture rhizobia . As a cori. 
sequence, strain isolation, testing and 
di訓 ribution will be accel.erated in 1974 

During strain testing a number of 
varietal strain interactions become evi­
dent , especially in Styloslnth揖 and Tri­
folium species. Differences in the re­
sponse of white and subterranean clover 
to three inoculant strains are shown 
in photograph on page 16. 

Dry weight /plant 
(grams 

Avcragc Selected Strr: ins sc!ected 
stra且 ns by CIAT 

1.07 2.63 44 

0 個 0 日5 79. 111. 181. 
1鉤，油2. 230. 246. 
165. 2曲 . 270 

0.02 0.03 239033 ， 2位. 301 

79. 11 t.到8.
315. 278. 292 

峙. 193. 2詣，
0.75 1.73 225. 227. 243. 325 

61. 62. 67. 70 

Organic c.rrier media for inoculants 

During 1972 inoculants produced at 
CIAT were prepared in Sibundoy peat, 
in bagazo, or in mixtu'res of the two 
h揖 CAT ~nnual R-.port. 1972). Whil. 
exce l!ent sυrvival was obtained.. up t。
four weeks at 2:80C, ‘ lurther stυdies 
ShOW2d rapid ,Ioss of viabiiity in inocu. 
lants exposed 'to 37'C. ßeoausc' 01 this. 
additional peat deposi'ts were investi­
gated and tested, and one. Irom the 
Rio Negro district 01 Antioquia. was 
selected as most suitable for inoculant 
usage. With this material , Rhizobium 
survival is excellent for up to 13 weeks 
at 28'C storage temperatυre (Figure 1) 
At 37'C survival 01 .11 sfrains was better 
than in Sibundoy peat with the str.ins 
CIAT 79 and CIAT 44 (Ior Stylo..nthes 
and MI吋恥go， respectively) surviving 
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Str.in effe叫咱們ess dl帥rences ln Subt.rnnean .nd Whlt﹒啪"問 8S In'luenced by 曲. Inoc叫闕，
~tr.in used ( 帥、。to: P. H. Graham) 

legumes to improve nodulation were 

detailed in CIAT 1972 Annual Report 

These studies were extended into four 

areas in 1973. 

better than 封。es the c10ver organism 
CIAT 61. This is evident in Figure 2 

Pelleting of leguminous 輯ed

Initial s'tudies on pelleting of pasture 
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Figure 1. Survival of R. trifolii strain 
CIAT 61 in three inoculant carriers at 280 C 
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6 kg of seed did not influence survival 
(Figure 4) . 

seed pelleti ng studies were repeated 
under fie ld conditions. With 5tyl個朋­
thes guy.nen.i. (La Libertad) inocula­
tion and rock phosphate pellet ing aga in 
gave best nodulat ion responses and d ry 
matter yields (Figure 5). Simple seed 
inoculation improved plant grow'th more 
than the use of lime-pelleted seed . Ex­
periments are in progress to determine 
whether Rhizobium mu 1t iplication in 
the rhizosphere is the Ii miting factor 
in lime-pelleted seed 
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Because inoculant strains in soil cðn 
encounter highly acid conditions, andl 
。r compet it ion from nalive strains, stud­
ies were undertaken on some of the 
characteristics of nodu la't ion in four 
5tylOl.n的e. cu ltivars . Table 7 shows 
the time to first nodu le formation when 
the four cultivars were tested agai nst 
six promising inoculant strains. Strain 

30 

Gum .r.bic 
Cellofn 

Glutu曲"

Methyl 帥"叫。"

Figure 3. SurvÎval of Rhizobium tr ifol ii 
CIAT 61 with CaC03 -covered seed, using 
different “ sticker" substances 
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Gum arabic and methyl ethyl cellu-
105e are the most common "stickers" 
used in pellet ing leguminous seeds . Un­
fortunate ly, these substances are erther 
not ava ilable in many Latin‘ American 
countries, or else are expensive and of 
variable quality. Locally available stick­
ers were examined for their ability t。
support Rhizoblum survival on the s揖d.
The results are shown in Figure 3, with 
Glutocoll (hydroxyme'thγI-cellulose) 
being an apparently su i'table and inex­
pensive alternative to gum arabic 

Investigation of rock phosphate de­
posits from the Huila and Boyacá re­
gions in Colombia showed that these 
could be υsed in pelleting tropical pas­
ture legumes. 

Ti lM Idey訓

。---0 100 gr.m/6 ki抽 of Mo es Mo03

......---4 Control . n。 仇命。

﹒___.100gr.m/k iloofM。國 (NH4)6Mo7024

~'--4 1(抽 grem/6 kilo Mo ..岫2Mo04

Figure 4. Influence 01 form 01 molybde 
nun、 u時d on survival of Rhizobium in mo 
Iybdenum耐eated s開曲。1 Stylosanthes gu. 
yanensls. 

17 

團2。'。、 。
As the extreme acidity enc。υntered

in many areas of 1he lowland tropics 
could inf luence Mo availability, the ef­
fect of incorporating vari。υ$ molyb­
denum salts into the pelleting material 
was investigated. While both sodium 
and ammonium molybdate proved det­
rimental 怕的扭曲lum survival on Stylo­
..nthes guy.nen“ seed, molybdic oxide 
applied a1 a rate of 50.100 gramsl 



cultivar slow to nodulate with soil or­
ganisms, but nodulating rapidly with 
a particular inoculant strain , would be 
desirable. La Li bertad perhaps comes 
closest to this ideal 

、、、、.----------. 
--一--一一一 -于一一一

Phosphale requiremenls in Iropi開』
soils 

Phosphate appears the major limiting 
nutrient in most tropical soils, with 
many soils P delicie肘I and others Cð­
pable 01 lixing appreciable quantities 
。1 applied P lertilizer. This is obvious 
Irom the results in Figure 1, Food Le­
gumes section 01 this report (page 153) 
As phosphate sources having readily 
avaible phosphorous (eg. superphos­
phate) are extremely expensive in La'卜
in America, studies have been initiated 
。n the vesicular-arbuscular fυngus Endo-
9One, and on its ability to inlluence 
ph05phorous availability. In preliminary 
studies a't Carimag帥 spore counts 
from soil were consistently low. Spor'es 
recovered by wet sieving plant root 5yS­
tems have been used as inoculants in 
glasshouse experiments with P-limited 
soils, growth 川creases being obtained 
with both siratro (Micropticulum olro­
purpure:um) and cassava 
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Figure 5. Response 01 Stylosanthes guγa­
nensis var. La Libertad to inoculation, pel. 
leting and lime amendment at Carimagua. 

CIAT 56 nodulated all cul'tivars rapidly , 
and if used as an inoculant strain , 
c。υId perhap5 out-compete the native 
50il population. From the plant side a 

T帥lc 7. ~me to flrst nodule lormatlon in four varletles 01 Stylosanthcs as in f1uenced by 
lnoculant strain . 

Varicty 
、

Slrain n、ean話Hamala Subscrìcca David 217 La Lìbcrtad Strain 

16 .1 13 .6 14 .2 18 .4 18.3 79 

18 .2 14 .8 12 .4 23 .5 22 .2 278 

17 .4 17 .3 14 .7 18.3 19.6 28 

17 .4 13.2 18.2 17 .5 21.0 315 

14 .2 

16.2 

16.0 

16.3 

12 .9 

15 .0 

13 .5 

17 .6 

14 .5 

15 .0 

56 

297 

15.2 14 .73 I~.I 18 .4 

Mean of 15 replication$l 

F (strains 19.78 xxx 

Varicly mean 
. 

F (var:eties) 42.80 :-i.xx 

F ( s tra叫 X vðrieties) =: 1.14 , n.s 
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Response 叫“r.tro (Micropt i::utum ðtropurpu­
，.υm) 10 in軒ut.tion wilh straln of Endogen. 
(.PhoIO: P. H. Grahltm) 

Serology 

Cultures of Colletotrichum sp. iso­
lated from anthracnose lesions in Stylo-

。

• 
' t 

Serotogical re.ctions of CollelOlrichum 尬。lal.. From 
Slytosllnthes , showlng non identlty 叫 1101.，. 48 
(Photo : P. H. Grllham) 

santhes species have been typed se-
rological 旬 . At least one antigen was 
common to all the isol刮目 tested ， but 
additional and distinguishing antigens 
were found among the six strains test­
ed . The strain 48 of Colle個trichum ，
most virulent of the anthracnose s'trains 
so far tested , was readily identifiable 
by its serological reactions. 

Forage plant Improvement and breeding 

Nine th。υsand F. hybrid derivatives 
01 the cross Centrosema brasl\lanum x 
C. vlrglnianum were evaluated as spaced 
plants . High yielding lines, not aHected 
by segregation, were selected withε 
view to their commercial production 
5elected F,s of the hybrid out yielded 
indigenous varieties 01 C_ pubescens 
from Ecυador and Colombia (Table 8) 
The high potential 01 the hybrid as a 
lorage cultivar for low latitudes in 
tropical America was demonstrated 

5elf and cross ler'tility determina­
tions were conducted in Brachiaria 
ruz.iziensis. This species proved to be 

Table 8. Dry matter ylelds of centrosema 
hybrids 

Fz Hybrid lines Dry matter pyliaenldt /plant, lg o 
(means of 20 plants per plot) 

17-45 122.9 

8-16 116.3 

10-32 1的 3

17-33 101.6 

17-8 

17-7 91.7 11 
17-87 83 主

10-37 81.2 

I7-J8 76 .3 

Control 1 C. pllb目cens
(Colombia) 的 5

Cont rol n C. pubescens 
(Ecuador) 55 .0 

Means ∞nnC!Ct~ by 11 single line are nOI different 
IIt the 1 per ::ent level of significance 
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軒... 呵，剖t plots 0' c.訓，“ema hybrlds (F:)) .t Palmln 

highly cross lertilized, and it was 
successlully hybridized with Brachiaria 
decumbens. 

S個d production 

Field scale seed production 01 S. 
guyanensi. (La Libertad) and Paspalυm 
plicatulum was carried ou t. 5間d in­
crease of several species and ecotγpes 
01 Stylo..nth詞， De.modium and 1 ndigo­
fer. hirsuta is in progress 

A total 01 813 kg , equivalent 'to 116 
kgj ha 01 recleaned seed 01 native P..­
p.lum plicatulum, was harvested at 
CIAT , The seed 01 this grass has a rather 
short period 01 dormancy and seed 
stored for six months gave high ger­
mination . Germina'tion of fresh seed 
was substantially incre.sed by acid 
scarification. 
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Pasture 自tabli.hment and maintenance 

A number 01 greenhouse and lield 
trials were conducted or initiated in 
an integrated program to develop el­
ficient , low-cost means of establishing 
and maintaining tropical pasture spe­
cies on allic soils. Research focυses on 
'the determination of macro-and micro­
nutrient and lime requirements for 
establishmen't and maintenance of 
legumes and grasses and on seedbed 
preparat ion and seeding methods 

Mlcronutrientl 

A greenhouse trial was conducted 
with La Li bertad stylo grown in soil 
Irom the surf.ce horizon 01 an oxisol 
at Carimagua in which nutrient levels 
01 Ca + Mg, P, K and S were varied 
in • 5an Crist6bal (central composite) 
design , Calcium and magnesium were 
treated as one variable, maintaining a 
Ca:Mg ratio 01 10 : 1 
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Figurc 6. Effect 01 pho.phoru. on dry 
matter production and forage content of ni. 
Irogen and phosphorus 01 Stylosanthes gu. 
'{anensis var. La Libertad grown in a Carin田­
~a oxisol. Resul尬。f first cutting. 

In the lirst cu't , the only signilicant 
differences were those resulting from 
increasing P levels. There was an ap­
parent response to the lirst level 01 
Ca + Mg; (150 Kg CaCO. equivalent) 
The response to P is shown in Figure 6 
along with P and N content 01 the lor­
age. Forage levels 01 P remain low while 
dry matter production increases mark~ 
edly with increasing P levels to 45 kg 
P/ha. I't appears that grazing animals 
could be mυch more efficiently sup­
plemented orally with P than through 
the lorage il this response pattern is 

Dry M8tter 
"'闕，

P.r帥ntogo

.! !L..K. 
5 

4 

2.0 

3.0 

3 

2 K '16 
酬地 。.1 ...1 1.0 

。 15 30 
p. kg/h. 

F igure 7. Effect of phosphorus 00 dry 
matter production and forage content of 
nitrogen and phosphorus of Stylosa r、 thes gu­
yanen剖s var. La Libertad. Results 01 second 
叫tting. including al$o P。扭扭ium content 

o 46 

valid lo"r líe1rl conditions. The results 
。I the second cutt ing are shown in Fig­
ure 7. Forage content of potassium is 
included to indicate 'the dilution effect 
。n K content , which drops below levels 
commonly considered critical lor 5tyl0-

.anth.. h叫叫Ii..

The same Ca + Mg x P x K x S exper­
iment was initiated in the lield at Ca­
rimagua with Styl帥.nth揖 guy.nen.l.
(La Libertad), Centro..m. pubeocon., 
D剖modium intortum , C.lopogonlum 
muconoid.., Hyperrh酬11. ruf., M叫;nl.
minutlfl。間， P..palum plicatulum and 
Brachi.rla decumbens. In the one har­
ves't to date, responses to P and Ca + Mg 
are similar 怕的。詞。bserved in the 
greenhouse 'tria l. In addition, there is an 
apparent response to sulphur 

A trial has just been initiated to study 
rates 01 P and methods 01 applica­
tion , with the objective 01 improving 
lertiliz.r efficiency and reducing weed 
competition. Band placement sh。υId
reduce we.d problems at Carimagua 
where P applications have greatly stimu­
lated weed competition in newly seeded 
pastures. The response 01 weeds '0 P 
which was broadcast is shown in Fig. 
ure 8 

Green w.ight 
g/m 2 

500 

。 15 抽 45 

p . kg/ha 
F igure 8. Response of weeds to phospho 

rus in a pasture trial at Carimagua. Weed 
weights were taken 8t time of first harvest 
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Figurc 9. Effect of lime 00 dry matter 
production o' four legumcs grown in a Ca 
rimagua oxisol. Fírst cutting 

Figure 11. Effect of lime on dry matter 
production 01 four legumes in a Ca川Y祖gua
叩i l. Average of tWQ and three cuts. 前 indi.
cated . 

Micronutrients 

sults 01 the lirst cut lor 'the lour leg­
umes. Maximum yield was achieved for 
all lour at 150 kg lime/ ha , The shape 
01 th., curves is most unusual , probably 
reflecting vari。υs lunctions 01 lime , The 
first response is likely a nutrient re­
sponss to Ca and/ or Mg , The effects 01 
lime treatments on the Mn and Zn 
content 01 the lorage are shown in Fig. 
ure 10. The effect 01 150 kg equivalent 
。1 CaCO, on Zn and Mn is large. The 
depression in yield at 1,000 and in some 
cases 2,000 kg/ ha is similar to results 
。btained on the same soil with cassava 
in 1972. The high yields at 4,000 kg/ ha 
are difficult to explain . 

A greenhouse trial similar to th-a mac­
rcnutrient trial was conducted with 
Ca + Mg, B, Cu and Mo as variables 
There were no significant nor apparent 
differences among treatments . 

A series of greenhouse experiments 
was conducted to determine optimum 
levels 01 lime lor lour legumes and 
three grasses. Figure 9 shows the r.e-

Lime 

Figure 11 的。ws the effect 01 lime 
。n dry ma'tter y時 Id 01 the lour legumes 
averaged lor the lirst three cuttings. 
The negative effects 01 the 1,000 and 
2,000 kgj ha lime applications were not 
。bserved in the second cutting. As in 
the first cutting, maximum , or nearly 
maximum yields , were achieved with 
150 kgj ha 

E
a
a
、

E
N

Response curves fo r' grasses are quite 
different Irom th。時 observed lor leg 
umes lor the lirst cu'tting but quite sim­
ilar lor the subsequent cuttings (Fig­
ures 12and 13) 

4000 

Caco3 間uiv.lent Ikg/h.I 

Fig. 10. Effect 01 lime on 10悶扭曲mpo.
5it;on of four legumes grown in an oxisol 
from Carimagua. First cutting. 
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﹒筒，缸hiaria m叫，ca

6 Hyperrhenia rufa 

Figure 12. Effect 01 lime on dry matter 
production 01 three grasses grown in a Cari 
magua oxisol. First cutting 

It appears that lime is required pri­
marily as a source of Ca and/ or Mg 
for the tropical forages included in these 
trials with a very acid, highly alumin­
um-saturated oxisol. Many trials re­
ported in the literature use one ton of 
lime as a first incremen t. It may be 
th剖 the most beneficial range of lime 
applic剖ions has often been completely 
by-passed. In practice, sufficient cal­
cium as nutrien't may well be applied 
in the form of phosphate fertilizer. In 

豆 10

B 

量 S

ðo 
150 1000 2000 4∞o 

all trials involving low levels of lime 
or calcium , a non calciurl、 source of P 
has been used 

The effect of liming on the chemical 
comp的忱的n of four legu l1)es and three 
grasses is shown in Table 9. It is ciear 
that 'the effect is less pronounced with 
the grasses than with the . legumes in­
cluded in 'these trials 

S眉dbed preparation and methods of 
揖eding

Most seeding has followed disking tw。
。r three times with an offset di時. This 
essentially destroys the native grasses 
and leaves a loose, rough seed bed 10-
15 cm deep. The traditional way of 
seeding the very small seeded grasses 
such as molasses grass and yaragua 
(H. ruf.) is to wait until several hard 
rains have fallen and then broadcas't 
the seed by shaking it from loosely 
woven jute bags. If rains are frequent 
enough , stands are usually satisfactory 
However, if there is a brief dry period 
just after the seed germinates , stands 
are usually p。肘 excepting in wheel 
tracks , indicating the ne叫 for firming 
the seedbed at planting to assure capil­
lary flow of soil water from below t。
the seed at the surface 

A packer, using old tires, was built 
in 1972. Seedings have generally been 
successful when this packer has been 
U時d. It als。他vors germination of many 
weeds which are especially bad if P has 
been applied. Band seeding plus band 
application of fertilizer and firming of 
the seed rQW with a press wheel , leav. 
ing the rest of the surface loose and 

臼co冤叫山nlent. k g/ha rough will likely maximize pasture ger-
mination and survival and minimize 

。 M訓inis minutiflora 
。 Hyperrhenia rufa 

• Brachiar地 mtMica weed c。mpetiti。n Trials are presently 
under way to te5t a number of seeding 
methods 

Figure 13. E行ect 01 lime on dry matter 
producti訓、。f three grasses in a Carimagua 
妞i l. Average of two and three cuts. as indi­
cated. 

A trial was initiated early in 1973 
to test the feasibility of spontaneous 
seeding using natwral agents. for seed 
dispersal (wind, water, bird) from nar-
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Table 9. The eU軒t of llme appli且.tlons 00 rora‘:e nutrlent content 01 four tropical le. 
rumes and three tropi~個1 rrasses. rrown in an 0甜甜1 from CarlmaJU8. Colom. 
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seeding will take place in lote 1973 ond 
early 1974 and population counts will 
be made with the beginning 01 the 1974 
wet season in Apri l. 

row-óeeded s'trips with relatively wide 
intervening strips. Variables include 
land prep'aration and lertilizotion 01 
the non seeded stI ips, ond species 
(5tyloSlnth.. humllll , Hyperrheni. ruf. 
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WEED CONTROL 

Pas'ture weed control research con­
tinued to seek solutions for the m。同
時ri。υs problem species, including the 
υndesirable grassy weed P..p.lum 
f..ciculatum (bullgrass) and several 
hard-to-kill brushy species 

Biological studies of bullgrass showed 
that its stolons can germinate from 
a depth of 10 cm below the surf.ce 
bυt not from 15 or 20 cm in clay, s.ndy 
cI .y or s.ndy lo.m soils (Table 10) 
州。re shoots were produced and con­
sequently 'there was gre.ter aerial pro­
duction in the cI .y o r s.ndy clay soil 
th.n in the s.ndy lo.m, indicating • 
preference fo( he.vier so il types . 

Inflorescences were collected from 
vårious locations, and seed counts re-

ve.led th.t each one produces an aver­
age of 1,500 seeds. This, together with 
the high number of stolons produced, 
gives bullgrass an extremely high re­
productive potenti.1 

Bullgrass can be controlled wi th 
either d.lapon Or glyphos.te (Figυres 14 
and 15) in both the dry and r.iny sea­
sons . The maximum effect of d.1叩。n
w.s obtained 90 days after in the rainy 
season. Control was more persistent 
in the dry than in the rainy season 

Glyphosate at two kg! ha in 'the dry 
season and one kg! ha in the rainy sea­
son gave excellent bullgrass control 60 
days after application. As was observed 
for dalapon , the duration of control 
from glyphosate w.s .Iso greater in 
the dry th.n in the rainy season. Thus, 
a desir.ble pasture grass should be 

Tab!e 10 . Effect 01 depth 01 8tolon placement. and 8011 type on days to emerrence, shoot 
number I and fresh weJ，bt 帥 days after plantlnr 

Sh∞t: 
Soil Iype Deplh of pl目前ing (cm) Days to emergence. Number.. Fr. wt" . (g) 

Sandy loam 7 18 45 

Sandy loam 5 12 11 J6 

Sandy loam 10 \0 6 11 

Sandy loam 15 

Sandy loam 2日

Srmdy clay 7 48 \07 

Sandy cJay 5 7 21 86 
Sandy c\ay 10 19 6 21 
Sandy c1ay 15 

Sandy c1ay 20 

Clay 10 33 88 
Clav 5 9 11 的

Clav 10 21 6 26 
Clav 15 

C 1 aν 20 

. LSD ( .05) for days 10 emergence = 6 
.. LS[J (.05) for sh∞t number = 5 

由 樹 * LSD ( .05) for sh∞t fresh weight = 24 
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spectively, in comparison to mechanical 
preparation without herbicides 

To determine il dalapon residues 
could affect the establishment 01 pas. 
ture species after controlling bullgrass 
or other grassy weeds , high rates were 
applied and Pará grass and Hyparrhenia 
rufa were to be planted 0 , 10, 20, and 
30 days later. Pará was seeded vegeta­
tively while Hyparrhenla was estab­
lished with seeds. The 20- and 30- day 
plantings were not necessary since no 
injury was observed in the Pará or 
Hyparrhenia planted immediately or 10 
days after applying υP to 40 kgj ha 
dalapon . 
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Figure 14.Comparison of the effectiveness 
。f dalapon to control bullgrass in the dry 
and rainy 甜甜ons

planted 40 to 60 days af'ter applications 
made during the rainy season or at the 
initiation of the rainy season if her­
bicides were applied in the dry season. 

4 

2 

o 

' o • no con1rol 
" I 10" total control 

Figure 15. Comparison of the effective­
ness of glyphosate to control bullgrass in the 
dry and rainy seasons 

4 2 

Glyph。自te. kg/ha 
0.5 

Large den、。nstration plots were Ireed 
01 bullgrass either by the use 01 her. 
bicides alone or in combination with 
用echar、 ical 50il preparation. Pará grass 
(8rachiaria m叫ica) was vegetatively 
established by sprigging stem cuttings 
at 25 x 25 cm spaci ng 40 days after 
applying 10 kgj ha dalapon in a split 
application or 1.5 kgj ha glyphosa'te 

Dalapon and glyphosate reduced the 
bU lIgrass stand 83 and 96 per cent , re. 
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The high soil 't.mperature and mois­
ture of the region evidently result in a 
rapid degradation of dalap叫n in the 
50il , and there seems to be no residue 
ptoblem which would affect pasture 
establishment 

Control measures for three problem­
atic brush weeds were investigated 
"Bálsam。久 "Cerecillo" (species which 
have ndt been identified since they have 
never been found with f1owers) and 
"Martín Moren。“ (Tetracer. sp.) abound 
。n many ranches. Six brush herbicides 
were tested in various r'ates and com­
bina'tions as foliar sprays. Control rat­
ings were taken at 30-day intervals 
lor live months alter appl ication 
e.álsamo 1.5 m tall was completelγdefo­
liated within 15 days by all 'treatments. 
抖。wever ， regrowth was occurring at 
30 days. Tordon 101 in one per cent 
solution (picloram + 2,4-0 amine) 
gave complete kill as did Tordon 225 
(picloram + 2, 4, 5-T) at the same rate. 
Combination 01 2,4-0 with 2,4,5-T 
。r di臼mba WðS not effective 

Maγtin Moreno was also deloliated 
by all treatments 30 days after appli­
cation “ A tWQ per cent sotution of 
2人5-T and a 'three-way combination 01 
picloram + 2,4-0 + 2,4,5-T killed one 
third 01 the treated shrubs. Cut stump 
treatm r.-nts are d刊ficυIt to do with this 
species as 1t produces a high number 
。1 trailing , weak stems, and higher rates 
。r repeated applications may be neces­
sary 

Cerecillo has a waxy leaf and was 
the most resistant 01 all species tested 
Only Tordon 225 in a two per cent 
solution gave complete kill 

The brush species 8actris minor 
(Iata) and Chom.1;. spino.. (fruta de 
pavo) are resistant to loli ar herbicide 
application and cannot be easily con­
trolled by mechanical means . Various 
herbicides were applied as cut stump 
treatments mixed in diesel fue l. 

Lata was effectively killed by treating 
15 to 20 cm 01 the cut stump with die-

sel luel alone. Fruta de pavo was killed 
when one per cent (v/ v) 2,4-0 + 
2,4, 5-T + 2,4-0P was mixed with diesel 
fuel and by lour per cent 2,4,5-T; 
picloram + 2,4,5-T (Tordon 472); or 
2,4-0 + 2,4,5-T in diesel luel 

The establishment 01 grass-Iegume 
mixtures in pastures often requires land 
preparation which allows weeds 'to ger­
minate and compete with legume and 
grass 揖edlings. T。而nd effect ive and 
selective herbicides to use during leg­
υme establishme圳， several prodυcts 
were applied after legumes had been 
seeded. 

Li nuron , chloramben , diuron , alachlor, 
and ONBP were applied at a single rate. 
Results indicate that single products 
are insufficient 'to Qive acceptahle con­
trol and selectivity. Li nuron and diuron 
at one kg/ ha were toxic while giving 
lair weed contro l. The use 01 mixtures 
and further herbicide screening is in­
dicatéd 

Herhariums of the common pasture 
weeds were started in both Cali and 
Montería. At present 56 species have 
been collected and moun'ted and more 
are being collected. They will be used 
to teach weed identilic訓。n to train自S
and to identily specimens sent in by 
ranchers, veterinarians , extensionists, 
and others. 

A weed identification manual was 
completed and is now in press at ICA 
l't s 117 black and white pictures and 
descriptive texts will aid in the lield 
identification of the common weed spe. 
cies in tropical pastures. 

Pastures and Forages utilization 

Ouring 1973, work continued in the 
three e∞logical ar"eas, allic soil areas , 
degraded alluvial soils and alluvial val­
leys 01 high lertility 

CIAT he.dquorters 01 Palmira 

The 'two grazing trials established in 
1971 to measure the beel production 
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potential 01 Pangola grass (Digitaria 
decumbens( and Pará grass (Brachiaria 
mutic.) under nitrogen fertilizatíon 
were continυed . 

, '00 
S 
言，曲。

In the Pangola grass trial , treatments ~ 
include lour levels 01 nitrogen (urea) 三 9∞
fertilization , each wi'th three 肘。ckill~ 已
rates . The animals are rotationally = 800 
grazed in six paddocks on a 30-day 垂
total rotation cycle . Fi日ure 16 and Ta- i 

已 700ble 11 present the results obtained in 茜
1972.1973 . 且

圓圓。

4.17 5.00 5.83 6.67 7.50 8.33 

672 kg N 

Beel production per hectare appears 
10 increase up to 500 kg 01 Nj ha with 
no lurther increase at the highest level 
。1 nitrogen . As expected, the effect 01 
stocking rate at every level of N was 
quadratic 

Stocking "'8, .teen/h. 
Figure 16. Beef production 0" irrigated 

Pangola grass fertilized with nitrogen (P剖m卜
r. 1972 -19731. 

Table 11. Avera,e daily weight gain ot steers rrazlng Pan,ola gn.q , CIAT 19'祖. 19甘

Lcvel of 
ß1 trogcn Slocking ratc , sleersj ha 
Kgj ha/year 4.17 5 曲 5.83 6.67 7.50 8.33 

gj day 

t6S 526 483 346 

332 517 456 365 
5岫 398 445 372 

672 425 395 348 
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Table 12, 'Incr甜甜 In annual "叫，ht ga恤 per k, 01 addiüonal nitrocen 呻plled to Pancola 
grass . 

Level of 
mtrogen St配king rate, steersjha 
kg/ha/year 4.17 5 ∞ 5.83 6.67 ßo 8.33 

kg of gain/kg N applied 

168 3.0 3.5 2.4 

332 1. 8 1.9 1. 7 

500 1. 0 1. 5 1.4 

672 1.0 1.1 1.1 

• Base cf comparÎson 時間n-ferti 1ized Pangola carrying Iwo sleers wilh average body weighl ga:n 
。f 450 g!dðy (330 kg!ha/year) 

Table 12 presents the calculated util­
ization efficiency lactors lor the pro­
duction 01 出el per kg 01 N app!ied/ year 
and with irrigation. ' A weight gain 
01 330 kg/ ha / year was estimated to be 
the productivity 01 unlertilized unirri­
gated Pangola grass, equivalent to tw。
steers gaining 450 g/ day. Efficiency 
laC'tors are estimated taking unlertilized 
unirrigated Pangola as the base 01 com­
parison. At the lowest level 01 N, utili­
zation efficiency is excellent , but de­
creases as the level 01 N increases. The 
same trends are shown in the economic 
analysis 01 the data 

For the period 01 1971 to 1973 (Irom 
establishment 'to the end 01 1973 ), the 
marginal internal rate of return in­
creases at th. lowest level 01 N, as the 
stocking rate goes Irom 4.17 to 5 
steers/ ha, reaching a maximum 01 16 
per cen t. The best treatment combina­
tion was 168 kg N/ year at a stockino 
rate 01 5 steers/ ha. An equal internal 
rate 01 return was obtained lor 332 kg 
N and 5 steers/ ha , but the total cap• 
tal flow is higher in the latter case, 
making it less attractive lor the prodυc­
er (Table 13). Marginal rate 01 return 
is delined as that discount rate which 

Table 13. Rate 01 retum to the appllcatlon 01 fertllizer nJtrocen lor beel production on 
irrtcated Pancola rra盟﹒ CIAT 1971, 1972 and 凹73

level of 
n1 trogen Stocking ra妞， s'teers! ha 
kg/ha/year 4. 17 5ω 5.S3 6.67 7 到 8.33 

Percentages 

1岫 12 16 11 

332 16 11 8 

5開 5 9 6 

672 5 8 7 

• Marginal internal rate of relurn , defined as thðl discount rllle whkh equalízes the presenl va lue 
of changes in benefils with Ihe prese叫 value of changes in cost and inv，叫menls， relalive to Ihe 
traditíonal system (Pðngo~a w ilt、。ut ferl ;lizers) ; ín olher words, Ihe rale of relurn 10 Ihal 
incremenl in e lCpenditures , in consequence of using fertilizers and irrigation. It was assumed tha t 
there 幅悶悶訓dual effect of Ihe nitr呵en. Estimalion of cost IInd benef ， lsυsing November 1973 
prices. All calculations made cn constant real prices. Ihat 惱. adiusted for inflat:on. The時 resul ~s

Indicate thal the most pr。“ lable 叮stem consisls ofυsi ng 168 kg/ N/ ha with a sto~king ra le of 
5 steers/ha 
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Table 14. Production 01 unselected commereial Zebu.type steers and crossbred Zebu. 
Charolais 到eers grazing Par曙ola CJ'8ss * 

(1972-1前3)

Lcvel of Daily weigh t gain 、有{eight gainjhajyear of Acdrvoasnsbtargee ds 
mtrogen (g) kg) over commercial 
kg/ ha/ye.r Commercial Crossbred Commercial Crossbred Zebus ( % ) 

168 3間 570 692 1,030 46 
332 379 638 793 1,352 70 

500 375 507 910 1,237 36 

672 367 473 998 1 ，2師 29 

• AII animals were of 叩p<o划mately the same initilll weight., bυt commerc;訓 Zebu type were abcut 
one yeilr older 

equalizes the present value 01 change 
in benefits with the present value 01 
changes in cost and investments, relativ.e 
to the traditional system (Pangola with­
。υt lertilizer) , It was assumed that 
there was no residual effect 01 the N 
applied , November, 1973 prices were 
used on estimating costs and benefits 

Table 14 compares weight gains 
。btained with unselected commer­
cial Zebu-type animals and crossbred 
Charola i s-Cebu 刮目rs and a projection of 
average productivity per hectare if ani. 
mals 01 only one or the other type 
were used , The advan'tage 01 crossbreds 
悶。bvious and corresponds well with 

Th. UH d 伊。d quallty younQ 1I“ k is on. of Ihe m恥t Important compon.ntl of an . Int.nsive 
h宜，.ning 呵11. 1'11. Th. IwO .nlm.11 on Ih. r地hl h.nd slde .r. comm.rd.1 z.bu-type .t..呵， on. .,..r 

。由"“ equ.1 welQht , Ibn Ih﹒棚。 Ch.rol.is x Z.bu croll甘甜1 on the 1.“ h.nd 討自

30 



results 01 1972 which indicated a 30 3 . 
per cent improverr、ent with crossbreds 

Rd tation cycle 01 30 days, 5 days 
。1 grazing and 25 01 rcs t 

This suggests a genetic advantage bυ 
is an effect obscured by a lack 01 spe- " 
cilic pedigree and other background 
information. Cr'ossbreds were younger 

Nitrogen fertilization at the rate 
。1 ar。υnd 168 kgj haj year , split 
into 12 applications, one after every 
grazmg and came, in part, from different herds 

than the commercial Zebus 

1 nternal 月'tes of return were calcu-

5 . Crossbred cattle, Zebu with native 
。 r European breed 

lated lor the 168 kg 01 N with live, 6 
steersj ha treatment, using commercial 

AII necessary measures of animal 
health prophylaxis 

and crossbred animals. The results in­
dicate that returns 01 12 and 31 per 
cent can be expected with commercial 
and crossbred cattle, when the pur­
chasing and seUing price 01 both types 
。1 cattle are the same. Actually, in most 
tropical Latin American countries, cross­
bred animals are at present not readily 
available and demand a premium p叫 ce
An explora'tory analysis indicates that 
the p\l rchasing price 01 crossbred leeder 
cattle -c。υId be as mυch as 23 per cent 
higher than commercial Zebu-tγpe anl ­
mals lor equal prolit 

The partial components of an inten­
sive fatten ing system under grazing in 
tropical alluvial so il areas 01 high ler­
tility could then be desc d bed as 1。ι
lows 

1. Irrigated Pango la grass pas'tures 

2. Si x or more paddocks lor rota­
t ional grazing 

Results 01 the Pará grass grazing 'trial 
lor 1972-1973 are presented in Table 
15 . Pastures were not irrigated. Weight 
gain per kg 01 N applied was not as 
good as in Pangola, probably in part 
rellecting the lack 01 irrigation water 

Turipan6 

A gr"1.ing tr ial was established at 
Turipaná to measure the productivity 
of Pará grass compared to a mixture 
01 Pará and tropical .Iegumes, including 
kudzu (Pueraria phaseoloides) which 
predominàtes, plus C.nlro5ema plumie. 
rii , ClitorÎa 個rnatea and Desnlodi叫n
intortum. Experimental grazing was 
s tarted in December, 1973 

A ser ies 01 4-5 ha demonstration p l。峙
。 Hyparrhenia rufa, Centrosema 
pubHcens, Macroptilium atropurpureum 
and Glycine wìghtii were estabii shed in 

Table 15. Beef production on nitrogen fertiUzed Pará grass. Palmira, 1912.1明3

Nil l'ogcn Stocking . 
daAHgavycin r、vz(mesgzic但)hl 

A\'c ragc Kg weight 
Jcvel ra tc ghacin c per ncr pkpg l of 
kgjhajyeal stccrj ho torc N anc lÎedu 

kg/year 

2∞ 4 393 596 1.7 

400 5 354 6前 1.0 

600 6 34ó 777 0.9 

" Sfocking rðle WðS incrcûsed from 4, 5 and 6 Sfeers 10 5 , 6.1 and 7.1 steers in September 1973 

** Bð盟。f compari目n " υ n fert i l ized Pará grass carryi ng one and one . hð:f 刮目rs ga : n i呵 450
g/d,y (250 kg/闕，，)
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看, 

Uncontrolled burnlng Is • hn.r6酬" .nd w.at.f“1 m.thocl of m.n.glng 
How軒...， wlth p.....nt 恥，"1 of technol旬y .nd Înf，.str四"呵. lt Is 'M 開Iy m.n.,.rn.nt tool 1V.II.bI. 
to get frfth .nd mor. nutritloul for.ge (Ph肘。 O. Palðdin軒)

the ro lJ ing grazing areas 01 degraded 
alluvial soils near Turipaná . The objec­
tives are to demonstrate methods of 
establishment and production poten'tial 
of grass.legume mixtures to students in 
the Livestock Production Specialist 
Trainir、9 Prograrr、 and to producers 01 
the ar.3a , and secondly, to obtain lield 
prodυction data . 

Carimag岫

In the 'I rial established to measure 
the beel prodυction potential 01 the 
na'tive savanna in Carim呵ua and the 
effect 01 stacking ra'te ( . 5, .35 and .2 
steers/ ha J., results obtained in 1971-
1972 indicated that lour paddock rota­
tjonal grazing had no advan'tage over 
continuous grazing. The trial was mod­
ilied to include the same three 刮目king
rates, but comparing two burning 
schemes : 1) once-a-year burning of the 
total area at the end of the rainy sea­
son , and 2) cnce-a-year sequential burn­
ing , by which the savanna is divided 
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into eigh't plots, separated by lireguards, 
and burned one plot at a time throυgh­
。ut the year. The lirst plot 01 the 
"seq崎ntial burning" was burned in No­
vember at the same time as the "total­
area burning," the remaining seven plots 
were burned in December, January, Feb­
ruary, March , May, July and Septem­
ber. Figure 17 shows weight changes in 
this trial 

It is interesting to observe the weight 
gain in the earlγdry season period 
(November to January) in the burned 
savanna (1972-1973) as compared to 
weight .loss in the unburned savanna 
( 1971-1972). In the latter part 01 't he 
dry season (Janυarγ 怕 March) a lJ ani­
mals in all treatments in both years lost 
weight , some 01 them at rates higher 
than 400 gj day. In the lollowing rainy 
season (March to November ), animals 
regained lost weight wi'th average weight 
gains 01 400 to 500 gj day. Over the 
whole year, weight gains per animal 
were satisfactory in all tre剖ments.
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Figurc 17. Changes in body weight of steers grazing the tropical savannah in Carimagua 

Table 16 ∞mpares sequential-burn- ing rate with no benefit at the highest 
ing with the total area-burning treat- rate. The 29 per cent benefit at the 
men t. A beneficial effect was found in lowest stocking rate may prove to be 
favor of sequen'tial burning, but this economically importan't if the burning 
effect decreased with increasing stock- can be repeated year after year without 

Þ TabJe 16 . Product1v1ty ot the na“開揖vanna a1 臼rtmagua wlth two systems ot bun曲Ig

b 

(November 1972 . November 1973) 

Stc訓cking Average yearly weight gain Advantabgue rn。mfg sequential 
rate per 血imal，仕的

Animals/ha One burning. Sequential Kg/ animal Percentage 
burning .. 

.0 .20 92 119 27 29 

。 35 94 110 16 17 

0.50 74 78 4 5 

• AII the area w閏 burned in N的ember 19n 

• • The I!Ireð W I!IS divided by 伽呵岫rds into eight plOls with one 酬。t burned at e甸、 t d:fferent 
limes throughout the year, b旬inning November 1972 and ending September 1973 

33 



800 oIday 口= O.制國= 0.88 .= .0 祖叭..，帥，

700 
PK 

曲。

500 P PK P 

H P • PK 400 • 。
咽。

置。。

句。。

1 . 73/111 . 73 
o XI. 71/111.72 111. 72/XI. 72 X 自 .72/1.73 111. 73/XI .73 

.10。

。 200 , 

-訕。
o • nil , 

.400 
P • 75 kg P20 5 

.500 
PK . 75 kg P20 5 + 40 kg K • P 

。
.600 PK 

Figure 18. Changes in body weight of steers grazing Melinis minutiflora pastures in the 
trop阻al savannah at Carimagua 

rec.:υcing productivity 01 the savanna. 
It remains to be seen il this is possible 
In Eastern and Southern African savan­
nas , burning can only be done everγ 
Ihr閣。r four years 

Burning in Africa is used in a some­
what differenl context than in Latin 
America. In Africð , fire is used to con­
Irol bush and woody growlh , repre­
senling Ihe climax vegelation 01 Ihese 
savannas. However, in some tropical 
Latin America savannas, tough , poor 
quality grass is olten Ihe s'lable climax 
vegelation, and where bush and woody 
growth is nol only suppressed by lire 
but also by low lerlilily 01 Ihe soil 
Burning, in this case, is used to provide 
more nutritious and pala'table regrowth 
。1 the grasses. 

Figure 18 presents a summary 01 Ihe 
daily per heclare weight gain oblained 
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in the Molasses grass (Melinis minutÎ\.. 
刊。ra) trial Irom 1971 10 1973. Again 
in this grass, animals gained weight in 
the period 01 November to January and 
lost weight Irom January '10 March 
Weight gains during the rainy ~riod 
were good (March 10 November) in all 
treatments. Table 17 shows Ihe weight 
gains obtained ~r hectare and ~r ani­
mal in Ihe period 1972-73. Per hectare 
gains in the medium stocking rate 
t reatmen'ts were supedor to the lower 
stocking rates and far superior to the 
per hectare gain in native savanna (20 
10 30 kg/ ha/ year). 

The Molasses grass Irial was initially 
established wi'th Ihree 刮目king rates ; 
i. e, 0 .44 , 0.88 and 1.32 st間內/ha lor 
Ihe rainy season and 0.44, 0.38 and 
0 . 38 lor Ihe dry season . The highes't 
stocking rate had to be spared bOlh in 
1972 and 1973 lor va ryi ng periods 01 



Table l7Beef production on Molasses grass aNt ocvaermimbear gu1a 9甘
(November 1們2 • November 1973) 

Fertilizer Stocking Number of Averageawneiimghat l Weight gainj 
application rate grazmg gam per 
at planting s teersjha days kg j period hectare/year 

1971 

Low 0.44 365 113 49 

No 0 .88 171 73 
fertilizer Medium 個

。 38 194 53 

Low 0. 44 365 118 52 

Phosphorus 0.88 171 93 

Medium 114 
。 38 194 87 

Low 0.44 365 開 43 

Phosphorus 0 .88 171 71 
+ Medium 95 

Potassium 
。 38 I蚵 86 

Mixture 叫“'P個d gU'HS .nd I呵vm" wlll pro叫“山. troplul ...,.nnu tIM nK.SÞry pr吋uction
.nd 叫咐伽. v.lu. nMd.d, to brlng In 間.1 ch.ngn In production. Thl. cloø﹒叩 pictur. t.k.n .t 
C.，lm呵。.曲CWS • Melinis minutiflor﹒/S'yl。祖nthes guyanensis p回tur. whlch 1. un也r gr.zI呵 (Phot。
。 Paladines )
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Table 18 . Intake and diJe剖Iblllly .1 dry 閣ason Melinis minut1f1ora wlth and without a 
a suppl個lent of Styl。祖n曲目 guyanensls

Treatment 

DM offered. 
M. mint4teinfIsoss ra 
S. guyan 

DM consumed. 

MsT。.atgaumlyzanpagdenafstaos m 

Dry matter digestibility (抽)

Intake of digeslible dry ma.tter. 

• In g/kg \i時叫ght 呵/d.y

tíme t。酬。id complete destruction 01 
the oasture; therefore, dat. has not 
恤酬 included in this report. Differ­
ences between fert ilize l" treatments were 
not statistically significant while stock. 
ing rate effects were highly significant 

Dige.tibility and Intake .tudl.. 

Nutriti鴨 value of dry ...I0Il M'ωa._ 
grass 

州。lasses gr.ss 1M.linl. mln叫iflor﹒}
has been introduced into the Llanos 
Orientales as .n improved grass. CIAT 
stud ies demonstrate that on a yearly 
basis Molasses grass gives better perfor­
mance than natfve pasture. However, the 
advantage 01 Molasses gr.ss is only ap­
parent in the rainy 韓伯。n . In the dry 
歸自。n， cattle on Mol8SseS grass often 
suffer severe weight losses of 400 t。
500 9 per day 

A trial with cr.ted sheep measured 
the intake and digestibility of dry season 
Molasses grass alone, Molasses grass 
supplemented with 5tylOlanthea guya­
『酬，郎 and 5tylo..nth.. guyanen咖
alone. The tre.tments and results are 
summarized in Table 18. Differences 
betw輯n the three treatments were large 
and in 81.1 c.ses signific.nt I P <0.01 ). 

36 

2 3 

1∞ 個

m 1∞ 

38 .4 34 .1 
18 .5 63 .3 

38 .4 52.6 63 .3 

40 .7 48.7 65 .3 

15 .6 25.6 41.4 

The poor quality of dry season Molas. 
ses grass is indicated by a low intake 
of this materia l. In treatment 1 only 38 
per cent of the offered Molasses grass 
was consumed and 43 per cent in treat­
rnent 2. Leaf in the offered hay was 41 
per cent but no leaf W8s encountered 
in the refused forage . Thus, the animals 
ate .11 the le.ves .nd no stems of M. 
minutiflore. The digestibili ty of this so­
lected part of Molasses gr.ss w.s only 
40 per cent, .nd intake of digestible 
dry matter w.s only 60 per cent of the 
estimated requirement for body main­
tenance. Animals in treatment 2 con. 
sun睡d more th.n 90 per cent of the 
。ffered Stylo, giving • higher tot.1 dry 
matter (DM) consumpt叩n ， higher di­
gestibility of the consumed DM and an 
intake of digestible DM which is esti­
mated to be sufficient for mainten.nce 
。f body weight. Animals receiving only 
Stylo h.d by far the highest intake o~ 
DM, digestibili'ty of DM .nd intake of 
digestible DM 

F帽dlng val岫 of Stylosanthes 
guyanensls 

Enough 5tyl“ anthea guyanensis (La 
Libert.d) became available for more 
detailed tri81s with sheep. Three d if­
ferent cuts were tested 



Harvested 

5 months after planling 
8 months after planting 
3 months after cutting (regrowth) 
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Forages were led .t lour levels, in 
。rder to me.sure the digestibilty 01 
'the tot.1 lor.ge but .Iso to determine 
how much sheep c.n improve their diet 
by selective consumption. Levels 011閣d.
ing .s well as the results are shown 
in Figure 19. 

I ntake 01 DM lor the three months 
regrowth .nd the live months lirst 
growth reached a m.ximum at • leed­
ing level 01 .pproximately 100 9 DM/ kg 
w7v . However, digestibi 1i ty increased 
even at higher .Ievels 01 leeding and s。
did int.ke 01 digestible DM. I n the eight 
months.old lirs't arowth a linear re. 
sponse in int.ke 01 DM up to a leeding 
level 01 140 9 was obt.ined. Again th時
w.s accomp.nied by • signilicant in­
cre.se in digestibili'ty 01 DM .nd intake 
01 diges'tible DM. 
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• 3 mon1hs ,egrowth 
.. 5 mon1hs fint 9rOW曲
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Figure 19. Intake of Dry Matter (1 0M) 
Ory Matter Oigestibility (OMO) and Intake 
of Oige到ible 0吋 Matter (1 00M) of three 
cuts of Stylosar、 thes guyanensis var. la li­
bcr個d as affected by levol of feeding. 

The strong increase in digestibility 
01 consumed DM may be attributed t。
a strong selection lor the leaves and 
inllorescence (Figure 20). When small 
amounts 01 leed were offered, the 
animals ate equal ar:n。υnts 01 le.1 .nd 
stem .s present in the offered lor.ge 
However, with increasing levels of 
leeding, stem consumption decre.sed 
while 'le.1 consump~ion sh.rply in­
creased. Even after m.ximum total leed 
int.ke was reached, le.ves lurther 
replaced stems in the consumed diet, 
thus lurther increasing digestibility 

The same process 01 repl.cing stems 
with le.ves w.s als。的und in the live 
months first growth. The results Irom 
experiments with the eight months lirst 
growth indicate clearly th.t inllores. 
cences .Iso .re well e.ten by sheep and 
are highly prelerred over stems. 

Results show that StylosantltK guya. 
闇刑1. is well accepted by sheep and 
has a high nutritive v.lue. Also impor-

'。

閻
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St ... 
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L...I of feedlng. g OMlkg w.75 

Figure 20. Seloction 恤棚een loaf and 
stam of Stylosanthes guyanensis 呵r. La Li. 
ber個d. Three months regrowth. 
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tant is the strong indication that even 
at advanced stages 01 maturi'ty this spe­
cies can provide a highly nutritive diet 
when selection is possible 

The strong selection for leaves indi­
cates that the percentage 01 leaves may 
be an important factor in determining 
the nu'tritive valυe 01 the pasture spe­
cies. Initial data show a great variability 
between varieties of Stylosanthes in 
leafiness; e.g., seven varieties had from 
30 to 52 per cent leaves at the same 
time after planting. La Libertad ranked 
third in this group with 45 per cent 
leaves. The varieties Pance CVz and 
David 17 both had 52 per cent leaves 
and therefore are of particular interest 

Intensive 叮.Iem. of finishing cattle 
in confinement 

An experiment is under way to deter. 
mine the beef production potential of 
Elephant or Napier grass. 1 rrigation is 
provided as necessary; 800 kg Nj ha is 
applied annually. Elephant grass is 
chopped and fed ad Iib alone; fed ad 
Iib with 500 9 of cottonseed mealj he lÎdj 
day; led .d lib 圳的 500 9 01 cottons揖d
meal and two kg 01 molassesj headj day 
Average daily gains are 440, 540 and 
770 g, respectively. Carrying capacity 
approximates 14-16 animals j ha. Cur­
rent beef production is approximately 
2500-3000 kgj ha j yr and is expected 
to increase 

ANIMAL HEALTH 

Principal emphasis was placed on 
breeding diseases, wildlile studies, he­
moparasitic diseases, and ecto and endo­
parasites. New activities in the year 
were Library Documentation and the 
planning of an economics input 

Breeding dl...se. 

AII the lindings in 1973 related t。
1he L1anos Orientales where work was 
centered on the ICAjCIAT station at 
Carimagua and the Villavicencio slaugh­
ter hou揖 The team working on the 
slaughter house floor included repre­
sentatives from CIAT, the Instituto Co­
lombiano Agropecuario (ICA) , the Uni­
versidad Nacional and the Caja Agraria 
At the end of the year, staff was allo­
cated 10 the Costa Atlántica to carry 
out parallel observations in a contrast­
ing ecological area of the lowland 'trop­
ICS 

Villavicencio slaughter house receives 
a high proportion 01 female cattle as 
。pposed to the Bogotá center receiving 
Llanos cattle where males predominate 
Table 19 consolidates the inlormation 
。btained from Villavicenc咱們 1972 and 
1973. The genital tracts of a total 01 
981 cattle were examined. Eighty-one 
per cent of these were lemale (795) 
and of . this number 61 per cent were 
pregnant (484). Nonpregnant animals 
were classjfied as juveni 峙， in active 

TaNe 19 . 1'he 10值1 number 01 個“悟到aughtered in Vil1avicencio slauchter house durlng 
lour perlods 01 examination givtng ages 01 pregnan巳:y grouped In 3O-day 
perlods plus tho甜 01 lull tenn 

Ages of pregnancy (days) plus those a1 fuU lerm 

。 .30 扭曲 1。如 10 120 10 1到 101帥 10 210 to 2相 to 270 Full Not 
Icrπ1 recorded 

23 61 

Total malcs 
Tofal fcmalcs 

38 

64 甜 53 45 

186 
795 

43 37 

Open remalcs 
Prcgnant rcmalcs 

34 34 22 

311 
4個



breeding life, or old. Old animals at 
the end of . their breeding life were the 
exception . 

The pregnancy rate is of obvious sig­
nificance in 'the study of breeding dis­
eases. A common story is that farmers 
send their female s'tock to the better 
grazing in the piedmont belore slaugh­
ter and sell them at advanced pregnancy 
in order to obtain a higher price based 
。n weigh t. The even distribution of 
oges of pregnoncy (see Table 19) does 
not conlirm this. Perhaps farmers find 
a necessity to sell breeding lemal.s in 
。rder to repay loans or perhaps they 
are merely taking advantage 01 high 
prices for beef. Wha'tever economic 
pressures are causing this phenomenon , 
it represents an important loss 01 br目d­
ing females from the national herd 

Information was collected on liv~ dis­
eases known to be important causes 
of abort ion in o't her areas and circum­
stances in the world (brucellosis, 
trichomohiasis, vibriosis, leptospirosis 
and the infectious bovine rhinotracheitis 
j pustular vaginitis syndrome) and on 
。ne condi t ion wh。自 significance is 111-
defined (granular vaginitis) 

Brucel10sis 

An interesting phenomenon has been 
。bserved in the ICAj CIAT herd systems 
experiment at Carimagua. At the start 
of the experiment in earlγ1972 all 
heilers were checked lor brucellosis 
using the tube agglutination test. Any 
animals showing any titer, irrespective 
01 the interpretation , were culled. By 
July, 1973, however , 107 01 the 320 
selected animals were showing titers 
Three of these were positive, confirmed 
。n a second examination , and the ani­
mals were culled. Figυres currently 
available from the ICA Nationa; 
8rucellosis Program give 0.9 per cent 
positive sera from the Meta section 
01 the Llanos (3045 animals were 
lested) . Brucella tesling carried out o r. 
catt.le on 39 farms included in the ICAj 

Fondo Ganaderoj CIAT su凹ey in 1973 
gave 20 positive 。υt of 2469 tested (4.1 
per cent) but 7 01 the positive animals 
were on a single farm . Enclosure and 
inter、 sive management withollt culling 
positive animals can be expected to 
increase the incidence of infecti凹 ， but 
the results al Carimagua have occurred 
even after vigorous culling and an ex­
planation for the positive titers needs 
to be found 

Trichomoniasis and Vibriosis 

The 18 bulls used in the ICAj CIAT 
herd sys'tems experiment were checked 
five times for trichomoniasis and 
vibriosis with negative resul t. The search 
for these two infections was discontin­
υed as part of the slaughter house 
studies due to the low probability of 
detection in this source of material 

Leptosplrosis 

Leptospirosis is probably endem ic in 
domestic and wild animals in the Co­
lombian Llanos , but the presence or 
absence 01 sero'types pathogenic to cat. 
tle is unrecorded. The regional refer­
ence labora'tory for leptospirosis is 
housed in the Pan American Zoonosis 
<:;enter. One hundred and lifty-eight 
serum samples were submitted to the 
reference laboratory derived Irom tw。
herds , 50 and 80 km , respectively, 
northeast 01 Puerto Gaitár、 000 hun­
dred and lifteen samples gave positive 
reactions representing 11 serotypes. The 
three most prevalent were h.rd抖， wolfii 
and sejroe. These are important cattle 
pathogens and there is obvi凹s need 
to del ine the situation . The Director 
01 th是 Zoonos i s Center has agreed to a 
collaborative study, and a project has 
been submitted to him to inclυde sera 
from the CIAT wildlife studies . 

Infectious Bovine Rhinotracheitis/ 
Pustul.r Vaginitis (IBR j IPV) 

The three similar viruse;.. isolated 
from the vaginal or cervical mucosa of 
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cattle and reported in 1972 were iden­
tified as IBR virus on serum neutral­
ization and histopathology. A lourth vi­
rus isolation made in 1973 was simi­
larly identilied. These were isolated 
Irom a total 01 285 cattle in the Villa­
vicencio slaughter house showing any 
lesion suspicious of pustular vaginitis. 
The inlected cattle were traced back 
to their ranches of origin where serum 
samples were taken against further 
epidemiological investigati。肘，

The揖 lour isolations are the lirst 
to be made Irom the Colombian Lla­
nos. In addition , in 1973, ICA ident• 
fied the virus in relation to an abor­
tion syndrome in a dairy herd in the 
Sabana de Bogotá . The scattered dis­
tr'ibution of the infected premises sug­
gests th的 the virus is common and 
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widespread (see map 01 Colombia). 
With prevailing extensive grazing sys­
tems 'the inlection may not be 01 pres­
ent importance, but it c。υId represent 
an important hazard υnder more inten­
sive management. A serological survey 
is required. 

Granul.r vIginitis 

Despite 'the high prevalence 01 the 
condition and the Irequently obvious 
clinical signs, opinions on its etiology 
and importance show a diversity 01 
。pinion. The cattle in the herd systems 
experiment at Carimagua have given an 
excellent opportunity lor clinical and 
epidemiological observation. 

The cartle have been examined lor 
this condition at intervals 01 2-4 months 
through 1972 and 1973. In individual 



animals the clinical appearance varies 
widely Irom ob~rvation to observation 
but overall on a group basis there is 
a seasonal variation in incidence and 
intensity. The numbers 01 aHected ani­
mals are greatest in July-Augus't (280; 
320) and least in February-March be­
lore the start 01 the rainy season (200; 
31 7). 

At present, there is no apparent cor­
relation between this condition and 
lertility, but the animals 'that are not 
pregnant show the lesions 01 greatest 
intensity. 

Examinations for g r'anular vaginitis 
were aJso routinely carried out in Vi­
Ilavicencio slaugter house. These repre­
sent a wide range 01 age 01 lemale 
animals as opposed to the Carimagua 
group 01 first call heilers. A lower pro­
p。叫。n 01 animals was lound in total 
to be aHected (186;795) 

Wildlife studies 

The studies at Carimagua continued 
to investigate the actual and potential 
role 01 wildlile in the epidemiology 01 
diseases 01 both man and cattle. There 
is need to understand the ecology 01 
undeveloped areas prelerably belore 
the invasion of man and his domestic 
animals . 州的t 01 the anin可 al collections 
were made in the gallery lorests, and 
the main contact between cattle and 
wild animals is on the adjoining pas­
tures. 

Collaboration W 'lS maintained wi'th 
the International Center lor Medical 
Research and Training (ICMRT) and 
with the Biology and Microbiology De­
partments 01 the Universidad del Valle. 
Table 20 gives a check list and distri­
bution .01 the mammals captured be­
tween September, 1972 and December, 
1973. No numbers are given lor bats 
as many were caught as part 01 bat 
control measures on the st帥的n. In 
addition , 53 reptiles were caught (Iguana 
iguana, 3; Ameiva 帥nelva ， 3; and 

• 
Tupin.mbis sp., 47), and binocular sit­
tings were made 01 89 bird species 

The following are notes on parasi­
tisms，∞nditions or inlections 01 signil. 
1日nce to man and his domestic ani­
mals . Table 21 lists those detected in 
the period September 2, 1972 to Decem­
ber 20, 1973. 

Trypanosomiasis 

Specimens and cultures are rou~ 
tinely sent to the ICMRT where a grad. 
uate s'tudent is making serological stud. 
ies of animal 同時間。1月 lor human 
trypanosomiasis . A total 01 26 、 rypano.
soma isolations have been made. From 
these, the pathogenic Trypan帥。ma cru­
zi and non-pathogenic T. rangeli have 
been identilied on the basis 01 their 
behavior on inoculation into the hemo­
Iymph 01 Rhodnius prolixus and intra­
cerebrally into suckling mice. The re­
sults indicate tha't the Carimagua area 
is endemic for these two trypanosomes 
infective to man . 

Echinococcus 

Six inlections have been lound in the 
28 Cuniculus paca captured. The natu. 
ral h。泣。I the adult worm is thought 
to be wild carnivores. Studies are being 
carried 。υt to determine whether this 
particular species is one which is im­
portant to man 

Capillaria hepatica ‘ 

Two cases have been found in Didel­
phis .marsupialis. The eggs 01 this para­
sitic nematode are deposited in the liver 
causing a gross inflammation. Human 
cases have been suspected in Pue l' t。
Asís, Putumayo (communication from 
ICMRT). 

Venezuelan Equi陶 Encephalomyelitis
(VEE) 

Carimagua is or has been an endemic 
area lor VEE. Pro叫dmys sp., C曲us
apella and Ameiva amelv. were seroloq. 
ically pos itive. 
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Table 20 α，.缸ck list 。叫fm冒n
t恤hepe吋。叫d S叩妞mb恤er 2丸. 1凹9肘?唸2 - &.!ccmber 曲. 1的3_ Nomenclature atter Morris 
( 191路》﹒

Number 
Ofanimals 
captured 

到
7
1

叫

Common name 

Common opossum 
Rat-tailed opossurn 
Thick-tailed opossurn 
Murine opossum 

Species 

Didelpl1is marsupialis 
Metach;rus nudicaudatus 
Lutreolina crassicaudata 
Marm叫“ murma

Mammalian 
order 

Marsupials 

Proooscis bat 
White-lined bat 
Bulldog bat 
Spear-nosed bat 
Spear-nosed bat 
Spear-nosed bat 
Spear-nosed bat 
Long-tongued bat 
Yellow叫lOuldered bat 
Short-tailed bat 
Short-tailed bat 
Tent-making bal 
American fruit-eating bat 
American fruit-eating bat 
~merican fruit-eating bal 
Common bat 
Common bat 
Bíg brown bat 
Hairy tailed bat 
Velve ty free吋ailed bat 
Mas tiff bat 
Mastiff bat 
Dog-faced bat 

Rhynconycl eris naso 
Saccopteryx bilineala 
Noctilio labialis 
Phyllostomlls haSlaws 
Phyllostomus discolor 
Phyllostomus el011gatus 
M帥的t1 crenulatum 
GlossopJraga soricina 
SlurnÎra lilium 
Carollia perspicillata 
Rhinophyl1a pumilio 
Uroderma bilobatllm 
Artibeus lituratus 
Arlibeus cinereus 
Artibeus jamaicerlsis 
Myotis nigricans 
Myotis sp 
Eptesiclls brasiliensis 
LAsiurus borealis 
Molossus major 
Eumops allripendullls 
Eumops bonariensis 
Molossops planiroslris 

Bats 

7 
2 
2Z151 

Brown capuchia 
Douroucouli 

Long-tailed tamandua 
Kappler's armadillo 
Nine-banded armadillo 
Armad îllo"'"* 
G抽油t armadiJJo 

Cebus apella 
Ao/us trivirgatus 

Tamandua longicaudata 
Dasypus kapleri 
Dasypus "0νemcinctus 
Dasypus sabanicola 
Priodontes gigantcus 

Sylvilagua Iloridianus 

Primates 

Edentates 

4 

682 12 

2
4
I
m
n
9
括
2

2 

Eastern cotlontail 

Capybara 
Paca 

Agouti 
Cavie 
Tree p。問upine

Tree sQuirrel 
Spiny rat 
Watcr rat 
Bri“Iy mousc 
Cane rat 
CoUon rat 

Hydrochoerus 
hydrocllOeris 
Clmiculus paca 
(syn. AgoUli paca) 
Dasyproc/ø fuliginosa 
Cavia porcel1us 
Coendou sp 
Sciurus igniventris 
Proechimys sp. 
Nectomys squamipes 
Neacomys spinosllS 
Zygodonlomys br，εvicauda 
Sigmodο" alslo叫
(syn. Sigmodotl sigmomys) 
Oryzomys concolor 
Oryzomys delicatlls 

Lagomorphs 

Rodents 

23 
3 

Rice rat 
Rice rat 

• Morris, D. (1965) The Mammal.. H吋der and SIωghlon ， London 
• '" Spec:cs 001 lisled by Morris 
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Mammalian Number 
。rder Species Common name captured 

Carnivores 

F{閹“hC帥UUd血削苟割M闕，，"f叫，az阿w叫"MaFdm間-Zdb M 叫叫m 

Crab-eating fox 3 
Ocelot 1 
Jnguarondi 1 

KBuinskhay jotu ailed olingo 2 
1 

Ungulates Odocoileus virginiantls White- tailed deer 2 

Table 21. Some parasiUtms. con副tions or infections of wildllte detec祖d in Carimagua from 
Sep但mber 2, 19'72 to De曲mber 閉， 1們2

Parasitism 

Hemoparasites 

Ectoparasites 

Endoparasites 

Viruses 

Bacteria 
Neopl揖ms

Condition or inf，叫íon
一-
Trypa/1Qsoma spp 

Trypanosoma rangel戶，
Trypanosoma cruzi ll:- 會
Microfilaria 

Hemogregarina sp 
P:roplasma spp 

Plasmodia spp 

Amblyomma auricularium 

Amblyomma longiroslre 
Amblyomma goaeii 
Amblyomma maculatlml* 
I xodes luciae 
Ecl1inococcus sp.**會
Capi11aria hepc.lica*u 
Venezuelan Equine 
EncephalomyelitÎs**會

Brtlcella ....會帶

Basal cell lumor 

• Of significance 10 dom軒lic animals 
刊。f significance 10 man 

*. . Of signif;cance 10 出th man and domeslic animals 

Animal species 

Proechimys sp. 
Cuniculus paca 
Hydrochoerus hydrochoeris 
Didelphis marsupialis 
Cebus apel1a 
P%s flavus 
Odocoileus virginianus 
Tamandua longicaudala 
Molossus ma;or 
Myo/is sp 
MYOlis nigricans 
Carol!ia perspicillata 
Phyllostomus hastatus 
Sturn;ra l i1ium 
Glossophaga soricina 
Didelphis marsupia1is 
DideJph‘ s marsllpialis 
Cebus apella 
Aotus trivirgatus 
Myolis sp. 
Myotis nigricans 
Tupinambis sp 
Felis pc: rdalis 
Molossus ma;or 
Myotis nigricans 
Lasiurus borealis 
I guana iguana 
Ameiva ameiva 
Myotis sp 
Myotis nigricans 
Slurnira lilium 
Sigmodol1 alsloni 
Dasypus sabanicola 
Coelldotl sp 
Ccendou sp 
Cerdocyon thotls 
Didelphis mc: rsupialis 
Cunictllus paca 
Didelphis marsupialis 

Proechimys sp 
Ceblls apella 
Ameiνa amelva 
Hydrochoerus hydrochoeris 
POIOS flavus 
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Brucellosis 

Not all sera have yet been checked 
for Brucell的is . The first 80 animals 
collected of various species contained 
no reac'tors, but a single capybara (Hy­
droch開rus hydrochoeris) separately and 
randomly tested was found positive. 
This latter result may be of significance 
relative to the positive cattle in the herd 
systems experiment 

L酬的pirosis

Vigorous attempts were made t。悶。­
late leptospira with no sυccess. Further 
attempts will be made relative to re­
sul'ts from serological testing 

Bo..1 cell tumor 

A basal cell tumor in man is com­
monly called a rodent ulcer. The discov­
ery of this kind of tumor on th宇 leg
。f a Potos flovus is probably only of 
academic interest. 

Hemoporasitic disea..s (T exas A&M 
Group) 

In contrast to the primarily epide­
miological work in the other areas of 
the Animal Health program, the prin口，
pal activi'ty was the initiation and run­
ning of further long term field experi­
ments in hemoparasitic diseases control 
These were carried out in collaboration 
with ICA at Turipaná on the Costa 
Atlántica. The first field experiment was 
described in the 1972 Annual Repor t. 
Calves from a 冗lean" a rea for Anopl.s­
ma marginale, 8abe到. orgentina and 
B. bigemina were introduced into the 
severe endemic challenge found at Tu­
ripaná. The groups compared were: 
premunitìon plus anthelmintics; chemo­
prophylaxis (imidocarb dipropionate) 
plus anthelmintics; anthelmintics alone, 
and control animals. 60th premunition 
and chemoprophylaxis gave important 
degrees of protection. Following the ex­
perience gained from the logistics of this 
experiment , 'three further field experi­
ments were designed and started , the 
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total sequence now being designated 
Montería 1, 11 , 111 , and IV 

Montería 11 was sta r'ted in September, 
1972 and is scheduled for completion 
in April , 1974. Comparison is being 
made of chemoprophylaxis (imidocarb 
dipropionate l. chemotherapy (imidocarb 
dipropionate) and premυnization for 
the control of hemoparasites in sυscep­
tible Normando calves introduced from 
a "clean" area (Sabana de Bogotá). The 
premunization was carried out before 
dispatch. The parameters being mea­
sured are: temperature, weight gain , 
haerr>atocrit reading , complement fixa­
tion , parasitemia, tick counts and fecal 
parasite egg counts 

Because of some death losses during 
transportation by truck from 60gotá t。
Turipan晶， a dec峙 ion was made to com­
plement Montería 11 with Montería 111 
comparing only premunization, chemo­
prophylaxis and a control group of calves 
In this instance, sυsceptible Holstein 
calves were chosen , premunization was 
carried out in a tick proof barn at CIAT 
Palmira , and the calves were trans­
ported by air to Turipaná. The parame­
ters being measured are the same as 
for Montería 11. The experiment started 
in December, 1972 and is scheduled for 
completion in April , 1974. Preliminary 
r'esults from Montería 11 and 111 indi­
cate that, based on weight gains, imido­
carb dipropionate chemoprophylaxis is 
at least as effective as premunization in 
the control of hemopa r'asitic diseases 
in susceptible calves introduced into the 
Turipaná location . 

Montería IV was designed to de'ter­
mine whether .any advantage could be 
gained from immunizing calves born in 
the endemic Turipaná area. Comparison 
is being made of chemotherapy (imido­
carb dipropionate) and two methods 
of "premunition" with both indigenous 
Romosinuano and Costeño con Cuernos 
calves. The same parameters are being 
measured as in Monterla 11 and 11 1. The 
experiment, starled in February, 1973, 
is scheduled to end in April , 1975 



州。ntería IV is revealing much infor. 
mation on the epidemiology of hemo. 
parasites ln th is area. Prepara1tory t。
the experiment, 51 calves were being 
routinely examined . Most of these were 
later incorporated into the expe r'imental 
groups leaving 12 controls and 3 ad­
ditional calves for extended studies on 
natural infections. Complementary epi­
demiological s'tudies are being carried 
。ut on four ranches in the Montería­
Turipaná-Sincelejo area. These ranches 
are four of those collab。向ting with the 
livestock Production Specialist Training 
Program. Cows are being checked for 
comp lement fi xing antibodies before 
and after partυrltlon ， and complement 
lixing antibodies and para剖 temias ðre 
being checked routinely in the calves 
Irom birth. 

The CIAT 1972 Annual Report com. 
mented on the apparent.ly high per­
centage 01 cattle in the ICAj CIAT. herd 
systems experiment at Carimagua which 
were probably sυsceptible to both ana­
plasmosis and babesiosis. The presence 
。1 complement lixing antibodies was 
again checked. The number 01 positive 
titers to B.b個i. bigemina continued t。
decline, but the number 01 positive ti. 
ters to Anaplaoma marglnale showed 
a slight increase. B. Ir伊ntÎna titers 
were not examined. An interpretation 
can be made that no transmission of 
babesiosis appeafs to be occurring 
within the area of the experiment , but 
there is some indication of the trans­
mission of anaplasmosis 

Other activi'ties wi thin the hemopa r'­
asite group were, flr5t , an experiment 
t。∞mpare the cross immunity to dil­
lerent strains of An叩100m. morgínale 
in splenectomized Hol stein calves; sec~ 
。nd ， the identification of an organism 
resembling 5pirochaeta theileri in the 
cattle under experimentation at Turipa­
n品， and third , assistance to the ICMRT 
group at the Universidad del Valle in 
completing epidemiological studies on 
T內帥nosoma evansi found in a vampire 
bat colony (o.omodus rotundus) near 
Cal i. 

The hemoparasite program now needs 
to identily and characterize epidemio-
109ical si tuation s where control mea­
sures for hemopar"asitic diseases may 
be requi red. The protection 01 suscep­
tible breeding animals moving into en­
demic areas and the control of the 
disease within areas of heavy challenge 
are the more obvious situations. Oppor. 
tunity exists to examine two others 
The first is the Colombian Llanos where 
there is same indication of an uneven 
distribution 01 pathogens relative to 'the 
distribution 01 ticks. If confirmed, this 
would constitute a danger to a poten­
tially expanding and intensilying indυs. 
try. The second si tuation exis'ts in the 
s。υthern b。υndarγ 。f the distribution 
01 Bo。μ司iluo ticks in Brazil where all 
calves do not receive natural challenge 
lollowed by immunity, and field pre­
mun自由的n of calves is routinely carried 
。υt annually by veterinary practitioners 

Ectoparasites 

The natural hi storv 01 the tick 
Boophiluo micropluo under Llanos condi­
tions is being studied at Carimagua 
This is an essential pr.zrequisite t。
forming advice on the best strategy 01 
contro l. A laboratory colony has als。
been established at CIAT, Palmira 

Three consignments 01 B. microplus 
were sent to the Wellcome Research 
Laboratories, England, 'to test resi stance 
to acaricides. These contained a single 
sample Irom CIAT, Palmira, one sample 
Irom Turipaná Irom 'the cattle under 
hemoparasite experimentation , and tw。
samples from Carimagua. Resistance 
was checked to Toxaphene, Oelnav and 
Ethion . A degr騁。f resistance to T。闊"
phene was lound in one sample Irom 
Carimagua 

Observations are being made 01 
'the incidence 01 0側n.tobia hominis 
(nuche) in the herd systems experiment 
at Carimagua. There appear to be specilic 
foci within the total grazing area as if 
the parasite is of recent introduction 
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and a slow colonization process is tak­
ing place 

Endoparasites 

Helminths collected Irom autopsies 
both 01 canle and wildlile at Carima­
gua are being stored against the ap­
pointment 01 a helminthologist in 1974 

Regular lecal examinations lor hel­
minth eggs are carried out by an ICA 
helminthologist on the cattle in the Ca­
rimagua hefd sγstems experimen't. Only 
。ne treatment w川h anthelmintics has 
been found necessary since the exper­
iment stafted. 

Other di關a甜s diagno揖d

Monitoring ()f diseases at Palmira 
and Carimagua revealed three condi .... 
tions of particular interest. Paratubercu­
losis (Johnes disease) was diagnosed 
in a single Zebu animal at Palmira. Re. 
ports Irom this breed are rare. Cerebral 
sarcosporidiosis was diagnosed in an 
other Zebu animal at Palmira which 
died suddenly. This may be the lirst 
description of sarcocystis infection not 
。nly in skeletal and heart muscle bu't 
also the b問in. At Carimagua , bovine 
parainlluenza - P 1-3 (shipping lever 
syndrome) was diagnosed in a Zebu 
calf 

Library Documentation 

The program has taken advantage of 
the CIAT library documentation system 
using the key.word list produced by 
the Commonwealth Bureau of Animal 
Heal'th and a mechanized interior punch 
card system for retrieva l. The only cur­
rent literature stored at present is that 
relating to areas of work covered by 
the CIAT Animal Health program 

ECONOMICS 

The objective of the Economics Pro­
gram ìs t。∞Ilaborate in identifying 
the implication of technical change in 
beef production both at the micro-and 
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macroeconomic levels. This information 
will be useful to CIAT and also t。
national agencies in planning and de­
s1gning economic policies. Research re­
slllts sh。υId help to identify technical­
economic restrictions as well as adjust­
ments in research programs and policy 

Three research projects and 'the orga­
nization of an in'ternational workshop 
were emphasized in 1973 

Economics of Beef Production Systems 
in savanna regions. 

Using a farm management approach , 
we are examining the effects on pro­
duction and financial s'tatus of the cat­
tle farm resulting from changing the sys­
tem based on extensive grazing on 
savanna , traditional in the Colombian 
Ll an的， to a more in'tensive system. This 
includes the introduction of improved 
specie~ ， particulary legumes. Effects of 
this technical change on capital and la­
bor requirements , farm income profita­
bility, debt repayment capacity and 
liquidity P的 ition of the farm 'through 
time, output and expenditures -all in a 
dynamic long-term contex- receive 
special emphasis. The effect of chang­
ing the size of the farm (acreage and 
cattle stock) and of alternative input 
and output prices is explicitly considered 
in the analysis 

A simi lar study is proposed fOf both 
the Venezuelan Llanos and the Camp。
Cerrado region j n Brazil 

A technical note prepared by CIAT 
economists suggests that the calving rate 
commonly accepted as prevailing in the 
Llanos area irr、 plies .t ha't the cattle stock 
has been declining- through time. This 
con廿adicts local statistics and casual 
。bservations. It is concluded that the 
calving rate today is probably above 
50-55 per cent , instead of 42 per cent; 
and the mortality fate during the first 
year is probably less than 15 per cent 

As an integral part of this project , a 
farm management analysis of specific 



improved practices in the Llanos and in 
。ther areas is under way. For example, 
in 1973 the effect 01 nitrogen lertiliza­
tion 01 grasses (under irrigation) in 
Palmira was examined; the results are 
shown in the pastures and lorages uti­
lization section 

Surv.y of Ih. pholphal. f.rlili.... marke‘ 
A survev was undertaken in Colombia 

to anticipate difficulties in the supply 
。1 phosphate lertilizers and to evaluate 
the leasibility 01 a pasture establish­
ment strategy th~t requires the appli­
cation 01 sma ll amounts of fertilizer 
per hectare, but on large areas. Similar 
studies have been proposed lor other 
countries 

With . respect to domest ic consump­
tion , supplies and prices, 'results sug­
gest that 

The consumption 01 phosphate has 
increased at an average annual rate of 
6 .5 per cent belween 1963-73, which is 
really not high，的 compared to Brazil 
and Ch ile 

州的t 01 the phosphates are offered 
in the lorm 01 mixed lertilizers (NPK ), 
which is not the most appropriate com­
bination lor the allic soils prevailing in 
the LI酬。s Orientales 

Colombia now imports roughly 85 
per cent 01 its total domestic consump­
tion 01 phosphates. 

The average export price (FOB) 01 
sυperphosphates has risen Irom USS 40 
to USS 90 per ton between 1971 and 
early 1973. 1I is urgent tha't studies be 
initiated on the long run projection 01 
export prices 

Generally speaking, internal prices 
in Co!ombia have been approximately 
equivalent to world prices lor the small 
proportion sold as phosphorous lertil. 
izers alone. Mixed fertilizers and basic 
slag, subj缸t to price controls, have 
been priced below 'the international 
orice per unit of P20 c; 

The Colombian Governmer前， through 
the Caja Agraria which markets approx­
ima'tely one third 01 the total consump. 
tion 01 lertilizers, can indirectly control 
the lertilizer market 

Per unit 01 P20" the price 01 basic 
slag is approximately equivalent to one 
third 01 the price 01 superphosphate 
O間 aspect that requires lurther study 
is the convenience of pro r.loting con­
sumption based on mixing phosphorus 
and sulphur, as an alternative to su­
perphosphate, recognizing howev.er th剖
the latter has the lastest effec t. 

Proven phosphate reserves in Colom­
bia lor industrial exploitation would be 
consumed in approximately 12 years , 
il phosphate were applied on one hall 
01 the total acreage in the Llanos reg的凡
using 20 kilos 01 P205/ ha/ year , and 
。n the assumption that no more than 
60 per cent 01 the total supp lies were 
consumed in that region 

At similar usage levels , latosol soils 
in Lat ín America would consume ap. 
proximately 3.5 mill ion tons 01 P，O石
annually, which is a h可h figure , relative 
to total current production 

Benchmark 'Iudy of Ihe liveslock 
øctor 

A study is in progress to identily crit. 
ical technical and socio-ecor、。mlc as­
pects inllυencing the livestock sector 
in Colombia. Based on available statis. 
tics and on other studies , the lollowing 
are included: 

- Evolution 01 cattle population by 
age and sex, classilied by reg阻ns . Spe­
cial emphasis is given Ito the measure­
ment 01 the calving and mortality rates. 

一- S。υrces 01 change in cattle pro­
duction between 1950-1970 and evolu. 
tion of domestic consumption and beef 
exports . 

- Description 01 public policy and 
legislation concerning the cattle indus­
try. 
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一 Land tenure, income distribution 
and economics 01 the small ranch . 

- Design 01 a model to project the 
evolution 01 the stock, output and 
slauahter 

A sirγlilar stυdy is proposed lor other 
Latin American coun'tries , in collabora 
tion with national agencies. 

Developm軒11 of • collaboralive research 
program. 

A workshop was organized to be ileld 
in Cali in Janυary， 1974 to: a) review 
existing research , both completed and 
in progress ; b) identily substantive areas 
lor priority work ; and c) identily per­
sonnel and in stitυtions capable 01 par­
ticipating in a collaborative research 
effort 

In addition to continued work on the 
aforementioned projects, research has 
been initiated in the area 01 the econom­
ics 01 animal health , with special 
emphasis t。如。t-and-mouth disease 

PRODUCTloN SYSTEMS 

AII CIAT beel ca~tle research projects 
are aimed toward contributing technol 
。gy lor the development 01 complete 
beel cattle production systems in the 
tropics. An integrated mυItidi于iplinary
team of ag r"onomi s't s，前、imal husband­
rym-en , veterinarians, economists and 
training specialists is engaged in devel­
。ping production techniques and sys­
tems that will be broadly applicable 
throughout the lowland tropics in what­
ever size and type 01 beel cattle enter­
prise. Production systems research c。件
centrates on the development 01 lile 
cycle beel cattle production systems and 
lamily larm systems where beel cattle 
ar'e a principal component of the farm 
enterprise 

Food crop produclion 

Cultivars 01 numerous lood crop spe­
cies have 恤en screened for 'tolerance 
to soil acidity and general adaptation 
to the humid , hot 'tropical environment 
as ~epresented at Carimagua 
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A number 01 species Lre generally 
well adap'ted to the environment, while 
。thers which are not normally con­
sidered to be tolerant to acia scils are 
surprisingly variable genetically, provid司
ing adapted cultivars lor immediate 
use and sources 01 germplasm lor 
crop improvement and breeding pro~ 
grams . Examples 01 the latter are giver. 
in lhe sections on rice beÐns and corn 
in this publication 

Food crop production trials and a 
prototype 1∞d production unit 01 two 
ha have. demonstrated the leasibility 01 
supplyinq most il not all 01 the lood 
needed lor a balanced lamily diet in 
。xisol areas where lack of infrastructure 
makes prohibitive the use 01 sufficient 
lime to completely neutralize soil acidity 

The role 01 lime i, more as a lertiliz­
er than as a soil amendment; i.e. , a 
source of ca \c ium and magnesium as 
nutrients. In fact , some crops which 
have evolved in the tropical allic soil 
environment are extremely sensitive t。
。ver liming. Two tons/ ha 01 lime se­
verely depressed yields 01 many cassava 
cultivars in a 1972-1973 screening 01 
1 吉8 entries, and 剖 x ton/ ha applications 
depressed yields 01 almost all 01 the 
cultivars. It has been observed that 
liming 01 cashew trees is very detri­
mental at rates as low as one ton/ha 
But there is almost always a response 
to small (nutrient level) applica't ions 
(Figure 13). Cassava responded to a 
500 kg/ha application 01 lime in Cari­
magua (Figure 10). The same response 
could have probably been obtained with 
an even smaller applic剖ion ， ðS in the 
case 01 the lorage legumes . Calcium 
時quirements 01 many cultivars may be 
satislied by the calcium contained in 
phosph。閃閃 lertilizers; e.g ., simple su­
perphosphate contains about 20 per cent 
Ca; triple superphosphate about 15 per 
cent and basic slag (Colombian) Irom 
18-24 per cent Ca. 

Crops tolerant to soil acidity also are 
likely to be more efticient at recovering 
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Table 22. Food crops suJlable for a1Ue øolls WI跑回Jnlmam 單me ~呵.w.圓圓個‘(Ume
ffiI凶nm目前 firures are for acld soll tolen咽‘ eulUva四}

Crop Lime requirement Planting season 

Up)and rice** 1 1ι1 /2 T 

Cassava 1/4-1/2 T 

Plantain (topocho) 1/2-2 T. 
Cowp曲s (vegetable)** 1/2-1 T 

臼叩開s (grain)** 1/2-1 T 

Peanuls 1/2-2 T 

Com (vegetable)** 1-2 T 

Com ,(grain)** 1-2 T 

Black beans會會 2 T 

Sesame 2 T* 

Sorghum 1-2 T 

Fruits and tree CI"OpS 

Mango 1/4-1/2 T* 

Cashew 1 1ι1月 P

Citrus 1/4-1 /2 T* 

Pineapple 11ι1/2 T* 

* Tenlative 
** see comm呵 ily chaplers for furlher informalion 

applied as well as native pl.nt nutrients 
than susceptible crops even when the 
latter .re grown on limed soils. Tolerant 
crops can develop wider and deeper 
root systems and thus exploit a larger 
volume of soil for needed nutrients and 
moisture. It is almost impossible t。
lime the subsoil effectively; as a result , 
susceptible crop roots are often limited 
to the plow layer even after liming. 

April-May 

April-November 

April-November 

April-Septemb叮

August-September 

July-August 

April-September 

July-August 

August-September 

Ju1y-August 

August-September 

April-July. 

April-July* 

April-July* 

April-July會

Table 22 lists some food crops suit­
able for allic soils, along with lime 
requirements for the more_ tolerant cul~ 
tivars and indicated time of planting. AII 
indications are based on experience at 
Carimagυa on an oxisol wi'h the char­
acteristics shown in Table 23. The rain­
fall distribution is shown in Figure 21. 
Mean annual temperature is estimated 
at 27 0 C; elevation is 150-175 meters 

Table 23. Charactemtfcs or an onsol from CarimaJU8, Uano8 orl聞組I間. Colomb旭

pH 4.3 p .c. - meq/I曲 g 4.5 
o . M. % (0-20 cm) 5 Al+++ meq/1個 g 3.5 
P ppm (BRAY 11) 3 Ca++ m問/1個 g 。 5
Texture Clay loam Mg++ 血閏八∞ g 0.3 

K meq/1∞ g 。 ω

* P. C. Permðnent charge 
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Figure 21. Precipitation and tempe削ure
in Carim呵ua from June 1972 抽Septem­
恤r 1973_ 

above SCñ l!:!ve l. The sta'tion is located 
at 40鉤， North and 71 030' We.t 

Crops lor grain , including legumes, 
。 il seeds and cereals, should be planted 
late enough in the rainy season lor ma­
turity and harvest at thc beginning 01 
the dry season 

Farm structures 

Carimagua windmill 

Improving the Carimagua windmill 
design , a modilication 01 a wind mo­
chine (based on the Savonius r。怕r)
developed by 'the Brace Research Insti­
tute 01 McGill University in Canada , hos 
received limited atlention. Included pho­
tographs show the mill and its power 
train as presently built bya Coli manu­
lacturer. The tower was designed by 
the manufacturer. 
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Experience with earlier models in­
stalied 的 Carimagua indicate a number 
。f problem areas , such as 
i , Lack of dimensional stability, rigid­

ity and dυrability 01 wooden cross 
members, leading to excessive vi. 
bration and wear of roto r' bearir、g
and power transmission train 可

2 , Excessive pumping Irequency lor 
windmill type piston pump, result­
ing in lailure 01 lower check ,alve 

3 , Need lor automatic braking device 
to protect windmill Irom excessive 
wind speeds 

A prototype has been built usinq a 
v-belt twisting 900 Irom a small pulley 
(3 竹") on the lower end 01 the rotor 
shalt to a large ( 10") pulley on a short 
shalt to which an 8" diameter eccentric 
is attached . The e::c~ntric is centered 
。ver the well pipe and connects to the 
sucker rod with an articulated connect­
ing rod , The upper end 01 the sucker 
rod passes through a guide to eliminate 

C.rlm..，.哨，吋mlll mounted on 5.S meler 9011. 
v.nfzed 訓..1 tower. Rese阱。 ir 1" for呵rround 1I 
h冊1ed u51ng 5011 from w.1I excn.tlon 



Ecc.ntrlc 1. m﹒ωnltd on '" 
JKksIMft 叫.h 10 1/ 2" pul1ey. 
Rotor .M“ 1. 帥，“叫愉 3 1惜"
，叫1..，. V 1>01. 1. 5/ . " (剖 . 9'"
1.呵

V.belt 1. uHd 10 Inn.mlt 
pow.r fr。冊 rotor 10 軒"肘rlc ，
wlth 帥I'M to on. .".吋 V咽u，.

“。" 們..tlc 卸的1"11 .，..叫“
•• gul由. for 叩間r .nd of 
.uck.r rod 
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lateral movemen t. It is hoped that this 
sys'tem will reduce vibration greatly 
If successful , it will reduce the pump­
ing frequency by a factor of thr時 and
allow a much longer stroke. 

The potential advantages 01 the wind­
mill are low cost , design simplicity; 
ready availability of parts, simple con­
struction and installation , and low-cost 
maintenance. The disadvan'tages ðre its 
relatively low elliciency in converting 
potential energy into usable energy 
and lack of standardized, tested , com­
mercial models 

H".d syslems projecl 01 Corimogua 

Li le cycle beel cattle production sys­
tems are under study in Carimagua 
Near optimum inputs 01 a variety of 
management improvements are being 
compared with prevailing practices and 
conditions. These inpυts will be eval­
uated singly and in combinations in 
an attempt to find a method to greatly 
Încrease reproductive ra'te at a feasible 
cos t. Variables under investigation in­
clude: Molasses grass vs native pasture; 
complete mineral supplementation 啦
salt; crossbreeding with San Martiner。
YS continual backcrossing to Zebu; mo-

lasses-urea supplemcntation during the 
drγseason; and c己 rly vs normal wean­
,"g. 

Complete data are 'taken on produc­
tion , physiological ond disease porom­
eters, including those necessary for 民F
nomic analysis 

Complete mineral suppl .. 宵...n18110n

Large growth responses were ob­
tained by complete minerol sup­
plementation but only in the rainy 
season. 1 n the dry 且ason there was 
no dillerence between the sυpplemen'ted 
and nonsupplemented herds 

The more dramatic ellects were ap­
paren't in breeding performance (Table 
24). Averoge conception in four months 
for the herds receiving complete min­
eral supplementation was 70 per cent 
whereas it was 24 per cent lor the 
herds not receiving minerals. A con­
trol herd which received the same 
'treatment as the "salt only" herds had 
o conception rate of about 63 per cent 
almost equal that in the mineralized 
solt herds. The reason is no't clear, but 
this latter herd hod access to twice 
the orea 01 native savanna (12.5 ha/ 

Table 24. Prelimlnary results lrom ICA/CIAT herd systems project in 1972 _ 1們3
(as of December 11, 1間的

' 1 1 Heifcr Prclilnancv in % 
Treatments Hcrd weight (kg) (0叭， 73) 

Contro) . 307 63 

Nativc savanna-sa1t 2 289 31 ) 24 
Native savanna-salt 3 270 17 

Nativc savanna-mincra's 4 334 68 ) 70 
Native savanna-minera!s 5 332 71 
.恥﹒‘帽... 
Nat Ï\'e savanna-Molasses grass-
minerals 6 325 58 
Native savanna.-Molasscs grass )的

Minerals 7 326 63 

Molasses grass-minerals 8 328 78 
)80 Molasses grass-minerals 9 335 81 

• NlI tive sðvðnnð without improved mðnagement practices of ce ttle 
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恤.d 吋...m. h.lf.r. on n8.1鴨 ...ann. and ..11 , belongi呵，。枷. C.rim呵ua ICA-CIAT resench proJect. 
pr..,.ncy I n 咐. ' h.lf.rs w.. 剖開『 咱們'的﹒r four 削。nth. brMdlng. Av'r. w.lght in 0.個m* 1973 
w.. 219 kg ( Ph帥。 H . H. Stonaker >

H.rd 叫“.m. half.r. r.IMCI 0" m叫'1，" gnss and mlner.I., belonglng 旬 Ih. C.rim呵咽 lCA.c IAT
'....rch pr.'Kt. Pr呵nancy In th... h.U.,. w.. 78 "., c.n.. Aver嘲叫ghl In 0.帽mber 1973 w圈
321 kg (Photo : H. H. Slonllker) 
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Figyre 22.Seasonal variations in aV8ilable 
nutrition as møasured by weight changes in 
heifers at Carimagua, calculated bimonthly 
from base zero 11972 - 1973). 

heifer) os did the experimen'tol herds 
Thus, there moy be 0 response to 
having had access to greater areas of 
sovanna thon were provided for the 
。ther herds 

The response from providing min. 
erals to virgin heifers cannot necessarily 
be expected to opply to the nursing 
cow , lor the stress of milk production 
may uncover nutritional deficien刮目
。仙er than minerals. 

Natjve pastur. vs. 州。I.ss.s grass 

In the first yeor , the lorge interac­
tions between type of pasture and sea­
目ns indicate that Molasses grass pas­
tures would be best used by the cow 
herd in the roiny se050n. 5upplemen­
\otion with urea-mol05se5 hopefully 
might be on economical 501叫ion t。
avert the tosses encountered on Molas­
ses grass in the dry season 

Nυtrition available during different 
seasons at Carimagυa i5 reflected in 
weight change5 a5 5hown in Figure 22. 

S叩plen祖nl.1 feedlng of Ihe breedlng 
herd 

Marginal nutrition provided by na­
tive pasture throughout much of the year 
Îs inadequate for the nursing cow. P。今
日ble method5 01 ameliorating thi5 5itu-
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ation are . 1) thr。υgh U5e of lower 
wetter areas dυring the dry 5ea50n, 
2) provi5ion for tropical forage legume 
ba5ed pa5ture5 which often provide a 
more nu'tritious forage than grasses, and 
3) 5upplementation 

To thi5 end, a 5hort.term nutri­
tional flu5hing 01 heifers wa5 conducted; 
56 heifers received molasses-urea sup­
plement three times weekly, 56 other5 
received c。口。n5eed meal 5υpplement 
Preliminary analY5is indicated Ii rtle in­
fluence on pregnancy rate. The slight 
re5pon5e i5 probably explained by the 
lact that 5υpplemen'tation occurred large­
Iy during the beginning of the rainy 
season when pastures were growing 
rapidly. A150, it i5 to be noted that a 
p05itive re5pon5e migh't have been ob­
tained in nursing COWS which are .under 
greater production and nutrition stress 

In fo l\owup of thi5 and other work , 
provision has been made to determine 
the effect5 01 urea-mOl05Se5 5upplemen­
tation during the dry 盟ason (Decem­
ber-April) on rebreeding and weight 
loss. Previous experience at Carimagua 
ha5 indicated 'that body weight 1055 on 
molasses grass pasture is particularly 
great at thi5 time. Urea 5upplementa­
tion may be a relat:vely low cost means 
for averting thi5 problem 50 that the 
great advantage of mOla55e5 gra5s in 
the rainy sea50n may be fully exploi'ted . 

Reproduclion-Physlology 

ICA personnel hove monitored the 
reproductive status of the herd5. Bulls 
in υse were tested for satisfactory Se­
men quality. Heifer5 were palpated .t 
interv.15 of about 5ix months to cha r't 
the 5tatu5 of ovarian development 

Breeding perf肘mance 01 Zebu and 
5an Martinero bulls Wa5 observed daily 
for four months , u5ing chin ball har­
nesses. This was a useful mechar、 15m
lor early indicating the large differ­
ence5 in pregnancy 5ub5equently con­
firrr、ed by palp剖叩n. A150 , it was useful 
to check whether all bulls were actually 
serving the COWs. 
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Survey on 0....11 U.noo .Ittle f.rmo 

Llanos cattle farms are typically smal l. 
On an average , a farm markets lewer 
than 12 head per year. This would pro. 
vide a gross cash annual income per fam­
ily equivalent to about two. laborers, as­
suming little or no out-of-pocket cost 
lor the cattle enterprise. Only 8 per cent 
01 the cattle larms would have 50 to 60 
cattle to market annually, a gross prod­
uct equivahint to the annυal earnings 
01 one Colombian Government proles­
sional at the doctoral leve l. 

In collaboratión with 'the Fondo Ga­
nadero del Meta and ICA, a survey was 
conducted 01 39 larms where cattle 
were leased to these larmers by the 
mentioned Fondo. Some 01 'the prelin、­
inary findings indicate that estimated 
calving rate 01 53 個 55 pe, cent was 
somewt旭't higher than generally re­
ported (40 per cent) . It was not ap­
preciably higher in the Piedmont area 
than in the Ll anos area, between Puert。
L6pez and Puerto Gai'tån , even though 
pastυres are distinctly different in spe­
cies and carrying capacity. The distinct 
nature of the farms from the two areas 
is indicated in Table 25. 

Preliminary inlorm訓的n indicates a 
surprising similarity in cow produc­
tivity of 't he two areas. Distintive br自d_

ing seasons occur ' for the cattle even 
th。υgh bulls are not separated Irom 
the cows. Perhaps the most important 
lai lure in the production cyde is asso­
ciated with the inability 01 the CQws t。
rebreed while nursing calves. This nar­
rows the locus on lertility and rebreed. 
ing in herd systems research at Cari­
magua 

At present , there is little wealth being 
produced Irom .this vast area either lor 
the country or lor the inhabitants. Such 
fact provides an enorm。υs chalienge in 
increasing productivity and rellects on 
production potential 

TRAINING 

Four research interns completed in­
tensive 'training in pastures and forages 
The main emphasis was in seed produc­
tion . A filth post-graduate intern re­
ceived 'training in beef cattle production 
Another postgraduate intern received 
traíning in pas'ture weed control while 
participating in the Livestock Prodυc­
tion Specialist Training Program 

Two special trainees Irom the Uni­
versity 01 Wageningen , Netherlands, tw。
Irom U.S.A. , one Irom France and one 
from Colombia received training in trop­
ical beel cattle prodυction 

Table 25. Data ob1aine!l on rarms IÎn whJch Fondo-ICA-CIAT coUaborated (1研討

lIems studied Piedmont Meta 

Contracts 劫 19 
Years 囚cupaensicdye 9.8 years 8.7 years 
Owners in residence 16 10 
Hectares 456 1.816 
Cattle (Fondo) 98 95 
Heifers and CQWS palpated 呻9 787 

43% ~ ~m open) (91% opcn) 
Nursinll 3V I (13%pregnant) 379, U OHpregnant} 

Dry 57% ~峙54軸9aoppreengn)ant ) ((4591 輛 opcn)639b HPE Cgnant) 

T。talpl reeSgUnEya3nctey d 36% 35軸

Annual estimated calving rate 巨幅 52% 

Modal brceding scason: Late February-May No\'cmber-January 
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Thr曲 students received postgraduate 
training in soil microbiology. Two of 
these (from Ecuador and Guatemal.) 
will be the first from their respective 
countries to s間cialize in soil microbiol­
。gy . A fourth student, from Ghana, 
will shortly complete the research work 
necessary for the doctoral degr自.

La'te in 1973, two re揖arch scholars 
from the .nimal health section entered 
the graduate school at the Universid.d 
Nacional in Bogotá. 

One research fellow completed his 
doctoral research in pastur'es and for­
ages early in the year and now ha5 the 
doctoral degr田 from Cornell University. 
A second research fellow , from Ger­
many, beg.n his doctoral research pro­
gram in September, also in pastures 
and forages 

Animal health specialists established 
a collection of teaching materia l. Study 
扭扭。f the histopathology of 22 dis­
eases found in Latin America have been 
prepared and will eventually become 
available for issυe to teaching institu­
lions. The p.lhology section also has 
ne.r completion a book in Spanish on 
histotechniques which may fill a need 
in Latin American I.boratories. The col. 
。r 'transparency collection now num­
bers 50me 2,000 photogr.phs. 

Li."個tock Production Specilllst 
Tr.ining Program 

The second Livestock Production Spe­
口alist Training Progrom wos divided 
into five phoses os follows : 

1 ) An orientation-precourse examina­
tion period which served 10 estoblish 
o generol ocodemic level to which in. 
structors could direct their lectures 

2) A two-month period of theoreti. 
cal classes and laboratory exercises in 
preporotion for the ranch phose. These 
closses were tought by the CIAT stoff 
when the subject m~tter reloted to their 
field of work. Only in coses where 
subject matter wos outside the reolm of 
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CIAT stoff members were instructors 
from other institutions used 

The totol number of course hours 
spent during the second phase was 328 
hours , with opproximately 30 per cent 
of 'the time devoted to field practices. 

Just before going to the North Coast, 
the students spent one w開k in Bugo, 
in the Deportomento del Volle, ottend­
ing a specialized farm machinery course 
in cooperotion with SENA， 會 Mossey
Ferguson, and FAO 

3) The third phase (ronch phose) hod 
o durotion of eigh't months during 
which time the 5tυdents lived on co­
。peroting commerciol ronches on the 
North Coast of Colombia (Deportarnen­
to de C6rdobo) with assignment of 'the 
following duties to perform : 

0) A generol de5cription of the ronch 

b) An evoluation of the ronch and 
preporation of a proposal for improving 
productivity (To be approved by train­
ing staff .nd ranch owner) 

c) To attend semimonthly round 
table discussions and seminars at the 
ICA-CIAT Turipaná research station near 
Montería 

d) To organize and carry out a Field 
Day at the - end of the eight months 
with neighboring ranchers and other 
interested people of the area invited 

The eight c∞perating ranches varied 
in size from 200 抽 3，000 hectares. Sev. 
en of the ranches were located outside 
。f the Sinú Valley since livestock oper. 
ations in the valley are mainly fatten. 
ing operations and not cow.calf ope向﹒
tions and consequen'tly are more desir­
able for training purposes. In five of 
these ranches , two students were as­
signed to each ranch (one veterinarian 
and one .gronomist) . This assignment 
proved to be successful .s the two pro-

• SENA : Servicio Nllcional de Aprendiz﹒阱. ð CO'" 

lombian vQCð lional tr aini們月~ instilulÎon 
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fessions were complementary, and each 
learned many practices from the other's 
profession 

The Fie1d Days were a1so successfu1 
as they provided the opportunity for the 
students to prepare visual aids and pre­
sent the resu1ts of their work on the 
ranch to others, plus it forced them t。
review their experiences on the ranch 
and summarize their activities. 

4) Course evaluation phase. Each 
student spent approximate1y one month 
at CIAT presenting a written rep。忱。f
his activities on the coast and partici­
pating in round-table discussions (by 
sυbject matter) with the CIAT staff 
members. A one-w間k trip was taken 
'to Los Llanos Orientales of Colombia 
to visit a different ecological area where 
beef catt1e production is a1so 'the main 
farm enterprise 

5) Home country phase. After receiv­
ing their certificates, the students re. 
turned t。可heir respective countries t。
gather information and prepare a 
report which wou1d be usefu1 to them 
in developing ways to use their training 
A copy of this report is forwarded t。
CIAT and will assist s'aff members in 
p1anning appropriate activities for sup­
porting training within the home insti­
tution an t:J country of each trainee 

The ranch reports prepared by the 
trainees living on each ranch have been 
reproduced, and copies were sen't to all 
of 'he trainees for future reference. 
A1so, a set of pertinent slides (which 
were taken during the year of training) 
have been sent to each trainee to be 
used as a teaching aid. Copies of all 
given lectures were afso pr"ovided t。
each trainee as wel1 as other printed 
reference material from various insti­
tutions in 'the Arr可ericas

At the beginning of September, the 
third Llyestock Production 、 Specialist
Training ' Program was started with 18 
trainees from the following countries: 
Bolivia (3) , Colorr巾ia (3 ), ' Dominican 

Repub1ic (3) , Ecuador (2 ), E1 Salvador 
( 1 ), Paraguay (3) and Perú (3) 

The third 1ivestock production cour5O 

is pa'tterned after the second; however , 
the theoretical portion was expanded 
15 days to allow more time for fie1d 
training and research experience while 
still at CIAT headqua r'ters. 

Dυring Apri1 and May, 11 senior-year 
students from the Universidad Naciona1 
Schoo1 of Veterinary Med時間也 Bog。惜，
received two months of in-fie1d training 
from the CIAT 1ivestock prodυction 
training s'taff. These students 1ived on 
the same ranches used for the produc­
tion specia1ist course dυring this time 
In August and September, 16 mOre se­
nior-year student~ from the Universidad 
Nacional received similar training for 
the same period of time. This additional 
training amounted to 54 man-months 
。f training in addition to the Livestock 
Prodυction Specia1ist Training Program 

OUTREACH 

Outreach activities have included vis­
its to Latin America and other areas 
to identify train時s ， e.tablish pro­
fessional and institutional contacts ' and 
to collaborate in research and training 
projects . 

CIAT c。叫tinues to participate in the 
collaborative pastures and forages in­
troduction and eva1uation project in' 
cluding pastures and forages programs 
from Bolivia , Brazil , Colomhia ,' Ecυador， 
Perú , Venezuela , IICA and CIAT 

The beef cattle team acts in an advi­
叩門 capacity to the 1 NIAP Beef Cattle 
Program; the Forage Legume Program 
of the University of 'the West Indies in 
the Caribbean; certain aspects of the 
IVITA program in Pucallpa, Perú ; pas­
tures and forages program of the Boliv­
ian Minis'try of Agriculture in Santa 
Crυz; and to other agencies as assis. 
tance is requested 

The soil microbiology groυp has 50nt 
inoculan'ts for legumes to Colombia , 
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Belize, Costa Rica , Ecuador, Perú and Bo­
livia. Also, this group continues t。
publish a listing 01 current research 
articles and of training courses and 
seminars which is now distributed t。
46 Latin American scientists 

Collaborative research and training 
projects are carried out with the Institυto 
Colombiano Agropecuario (ICA) , Texas 
A&M University/U5AID in hemoparasite 
diseases and Wageningen University, in 
tropical anin、al husbandry 

Papers were presented at meetings of 
the American 50ciety 01 Animal 5ci-
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ence; Latin American Associ剖 ion 01 
Animal Production; American 50ciety 
。1 Agronomy; Third Colloquium on 
50ils , Colombian 50il 5cience 50cie句，
Pan American Veterinary Congress; Pe. 
ruviaJ1 50ciety 01 Forage 5pecialists and 
Researchers; !n'ternational Symposium 
。n Animal Production in the Tropics 
at Ibad.n, Nigeria 

Visiting scientists have come to CIAT 
Irom Texas A&M (veterinary medicine ), 
Wageningen (tropical animal husband­
ry ), Bolivian Ministry 01 Agriculture 
(pastures and lorages) and INIA in 
Chile ' (.nimal husbandry). 
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亂 、"T ields above 50 ton/ ha per year , have been achieved in unreplica­
.ιted yield trials and more th~n 46 

ton/ha on larger scale replica'ted plots. 
The varieties capable of these levels d。
not have high disease and insect r'esis­
tance; however, sources of resistance t。
most 01 the major diseases and pest. 
have 恤en found 

Breeding techniques have to a large 
extent been worked 。叫， and controlled 
crosses are being made 50 as t。∞m­
bine useful charac'ters. At the same time , 
the germ plasm bank is being evaluated 
for useful varieties and parents for 
future crosses 

The devised rapid field method of 
propagation will allow prompt increase 
of promising varieties. This system als。
produces planting material free of the 
cassava bacterial blight which is spread 
from area to area by infected cuttings 

In economics, a survey has shown 'that 
weed control is one of the major labor­
using operations in cassava production 
Weed control trials have shown that at 
higher plant ' popula'tions, less intense 
weed control may be needed or when 
weed control is intense, lower densi'ties 
can be planted 

The economics sυrveyal峙的。ws that , 
as anticipated, thrips are a major prob­
lem in cassava growing in Colombia 
and that the majority 01 f.rmers grow 
cassava as a n、。noculture， not as a rr、 ixed
crop 

Simple on.farm methods of storage 
are being developed , and CðSSðvð root5 
have been kept lor up to eight weeks 
with little decline in quality 
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The basic drying characteristics of 
cassava have bpen defined, and design 
of practical equipmenl to facilitate the 
process on the farm is under way.' 

The cassava documentation ce l'l ter has 
now collected about 3,000 d。“Jrnents
and more than 1,500 have been fully 
processed. Abstracts are being distribut­
ed world wide. 

Joint projects were set up with several 
universities and other ins'titutes to study 
sυch items as protein enrichment using 
microbial fermentation (University of 
G峙Iph) ， world cassava market pr的­
pects (University of Guelph). chemo. 
taxonomy of cassava (McGill Univer. 
sity). and tissue culture (National 
Research Council , Saskat∞n). These 
joint projectsυtilize specialized skills 
present at these loc8tions, that CIAT does 
not possess. 

The program had trainees from Africa 
and South America 

PLANT PHYSIOLOGY 

Growth cycle of the pllnt 

CMC 84 was planted at 1 x 1 m and 
left to grow as if it were a commercial 
crop. Harvests were taken at intervals 
to describe the growth pattern of the 
crop. Total r∞:t yield increased rapidly 
from 3 months to about 12 months and 
then increased at a slower rate. Thick 
root nυmber was rath.r vari.ble but 
remained between seven through nine 
thick roots per plant from 3 months 
to 20 months. Hence, the plant does not 
apparently produce more thick roots 
with time, but increases the size of those 
present (Figure 1 ). 
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The efficiency 01 dry root yield pro­
duction in terms 01 time (i. e., root dry 
matter prodυction per day) was ex­
trernely closely correlated with the meon 
leal area index during the growth period 
(Figure 3). This suggests thot in this p.r­
ticυ 10f variety the major lactor limiting 
root yield was a lack 01 sufficient leal 
area index. 

CIAT's 1972 Annual Report details 
spocing trials 01 the varieties CMC 84, 
Llanera , and CMC 39 up to seven months 
after plan'ting. Since then , a final harvest 
after eleven months was made. After 
seven months , there was a pronounced 
。ptimum plant density in all varieties . 
By 11 months after plantir嗯， the op­
timυm was less pron。υnced and plant 
popυl剖ion was higher than at seven 
months , CMC 84, a medium-height type 
with lew branches, had a higher op­
timυm plant population (about 10,000 
plont ha-1) than Llanera - a medium­
height, v嗨er吋y b伽ra制nc吋he叫d typ• and CMC 
39 -a t岫all type- whi閃ch had an optiι -
mum popul旭a刮tion、。1 abou叫t 5,000 pl旭an川ts
(Figure 4) . CMC 39 lod句ged severely a.t 
higher plant populati昀。ns ， and 
doubt悟edly con川:吋tribu叫t恃edt怕。 the extremely 
r.pid yield drop 

Leal ar.開 increased up to six months 
after planting (Figure 2). The small drop 
in leal area index ot 4 '/, months was 
due to sudden deloliation by a hailstorm 
After six months , leol areo index (LAI) 
declined rapidly and during the last 
nine months 01 growth wos between 0 .6 
and 1.2_ This is lar below the ceiling 
LAI 01 cassava. 

Pllnt populltion studies 

Total dry matter produc'tion incre.sed 
rapidly Irom three to eight months while 
LAI was large (Figure 2) and less slowly 
alterwards. Harvest index increased up 
to about eight months ond then re­
mained constant (Figure 1); hence , in­
creases In r∞t dry matter yield were 
similaf to th。峙 in total dry m.tter 
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Figure 4. Fre曲 root yield of three vari­
.ti臨別 different plant popω'Itions. 

Total dry matter production varied, 
but that 01 CMC 84 and Llanera in­
creased with increasing plant populat ion 
(Figure 5 ), and then reached a plateau . 
CMC 39 had an optimυm plan't po;oula. 
tion lor dry matter 阱。duction 01 about 
6,000 plants ha". 

Harvest index declined as plant popu. 
lation íncreased. The decrease was most 
marked in' CMC 39; it onJy occurred in 
CMC 84 above a plant population 01 
about 15,000 plants per hectare (Figure 
6). The results Irom Llanera were some­
what variable but showed the same 
trend . 

萬

妞
，
是
ε

。
」F LI.ner.C.) 

CMC84 10' 
CMC 揖 I~)

'。
3 6 12 24 

Th飢Jsand. of pI.nts per "輯..，﹒

Fiuure 5. Tota自 dry matter yield 叫酬，個
varieti帥。f cassava afler 11 months 8t differ. 
ent plant populations. 

62 

~ 5 

3 6 12 24 

1 1 monttts .ft., pI.ntinv 
蚓、 .....-...... 

<EE S 岫50 

2 5 甜. CMC 油
6 LI.n.... 

'。

3 e 12 24 

Thousen酬。f pl.n尬... hOChl呻

Figure 6. Root dry matter yield and 
ha何自t index of th向e diffarent varieties at 
different plant populations 11 months af妞，
planting. 

In terms 01 dry matter yield 01 ro。峙，
CMC 39 had an optimum plant popuJa­
tion 01 about 6,000 plants per hectare 
which g.ve a yield 01 11 ton/ ha. The 
decline above this level was associated 
w叫 h ':>oth a drop in totaJ dry maHer 
production and a decline in harvest in. 
dex. Llanera showed a Jess pronounced 
。ptimum with dry m.tter yields 01 about 
13 ton/ h." Irom 4,000 plants per hec­
tðre to 20,000 plants/ ha-'. Above this 
plant population , dry matter production 
was constant but harvest index de­
creased quite rapidJy (Figures 5 and 6) . 
CMC 84 gave its highest yield 01 dry 
roots (12 ton/ ha") ot pl.nt popula. 
tions between 6 and 15 thousand plants . 
Above 15,000 pl.nts per hectare, ha" 
harvest index declined rapidly de­
creasing root dry matter yield . 



Days after planting 
t=lgurc 9. Changes in to個I dry matter of 

M Colombia 113, M Colombia 22 and the 
mean of 16 other var陪"的，

tion. Harvests were taken a't four. six. 
別ght， ten and twelve months Irom 20 
plots (Llanera was repeated three 
times). The two highest yielding varie. 
ties , M Colombia 113 (66 tonj haj year) 
and M Colombia 22 (32 tonj haj year l. 
were compared with the mean results 
。1 the other 16 varieties 

M Colombia 22 produced a high early 
yield (26 tonj ha) after six months while 
M Colombia 113 (12 \1, ton j ha) was 
。nly slightly be'tter than the mean 01 
q 恰 tonjha (Figure 7). However, Irom 
6 through 12 months , M Colombia 22 
showed a small yield increa臼 (6.4 怕nj
ha) while M Colomb'a 113 increased by 
53.2 tonjha in comparison wi'th the 
mean 01 12.5 ton j ha lor the other 16 
varieties 

The dry matter yield showed a some. 
what similar trend (Figure 8) to that 01 
Iresh roots reaching a level 01 21' . 6 
tonj ha 01 dry matter in the ca峙。f
M Colombia 113 in one yeðr 

M Colombia 22 produced no morc 
total dry ma'tter than the mean 01 the 
。ther varieti.es at any stðge (Fi9ure 9) 
Hence, it produced a high yield because 
。1 a higher harvest index (57 per cent) 
訕。pposed to 36 per cent lor the mean 
From Figure 9 it can be seen that there 
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Figure 8. Changes in root d吋 matter with 
11m. of M Cclombia 113 and M Colombia 22 
compared with the mean of 16 other varieties 

As plant population . increased, root 
number increased in a s imilar manner 
for all varie'ties, while weight per root 
decreased. Thυs ， if a particular root size 
is required , plant density can be manip­
ulated to give the required size . 

Forty-Iour varieties were planted in 
unreplicated plots at 0.7 x 0 . 7 m using 
two-node cuttings lor rapid multiplica-

F igure 7. Root fresh w.ight of M Colom. 
b抽 113， M Colombia 22 and m.an of 16 
other varieties. 
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planting 

is a 1∞se relation between yield and 
harvest index. The high yield 01 M Co­
lombia 113 is due 'to a combination 01 
a high harvest index with a high total 
dry matter production (Figure 10) . Up 
to six months , both dry matter yield and 
leal area index lor M Colombia 113 
and the mean were similar (Figure 11 ) 
However, in the other v書 tieties ， after 
six months , there WðS ð large amoun't 
01 leal lall , whereas M Colombia 113 
had very good leal retention (Figure 11 ) 

It appears that to ob'tain a high yield. 
ing type we need a short variety, one 
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Oevs e“... pa.nting 
Figure 11. Leaf area index of M Colom. 

bia 113 and 22 compared with 枷e mean 01 
sixteen varieties. 
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that has little stem and hence a high 
harvest index combined with the ability 
to retain a large leal area index Irom 
six mon'ths up to harves t. 

To reduce the time devoted to sel缸­
tion, it would be useful to be able t。
select for high yielding types early in 
their growth cycle. Unfortunately, the 
relationship between dry root yield at 
6 and 12 months is very low. 

L旬hl inlerc叩叫。n le.f '.ngle and 叮。p
growlh r.le 

The interception of total radiation .t 
midday was measured in a I.n-design 
trial with 10υr varieties 01 varying leaf 
angle. There were large differences in 
the slope 01 log light against leaf area 
index (i.e. , the extinction coefficier前)
(Figure 12), and these differences were 
related to the leaf angle also meosured 
ot middoy (Figure 13). 

Two vorieties with differen't le.f hobits , 
M Colombio 1148 , with long thin droopy 
leav肘， and M Colombio 12 , with shorter 
more horizontal leaves, were planted at 
1 x 1 m spacing . Leaf area index WðS 

modilied by leal clipping. The differ­
ences in crop growth rote (CGR) as a 
lunction 01 leol oreo index were smoll 
( Figυre 14) . However, in both varie'ties, 
even at LAI 01 lour, the CGR was appor­
ently increasing with increasing LAI , 
suggesting once ogain thot LAI was a 
major loctor limiting growth 

Leof fall 

The leaves 01 cossova lend to drop 
after six months reducing the leal oreo 
index ond hence, the prodυction 01 dry 
matter. The effects 01 vorious treotments 
。n the time to leol lall were studied 
間 的 to better understand 'the process. 
The removol 01 the plant opex in­
creosed the tim. to leol .bscission 01 
the controls Irom 38 to 55 days. Remov­
al 01 the opex in other species Irequent­
lγdelays senescence. Covering leayes 
with silver paper to prevent reception 
。1 ligh't hastened leol lall. Similarly, 
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rHYmving the laminae 。r a part 。f them the entry 。f m。re l 』ght t。 the remam­
increased rate of leaf lal l. However, ing leav~s had no eff~ci ~~ ~~te .~ii.~~.f 
clipping ùll the upper leaves to allow ùbscission (Table 1) . 
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When different areas of leal were left 
uncovered , the time to leaf abscission 
increased with increasing area uncovered 
(Figure .15).Application 011 ,000 ppm of 
IBA in lanolin to the petiole had very 
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Figure 14. Cropgrowth 開祖 (CGR) .nd le.1 
.rea i"de. (LÄI r 01 • very droopy leafed 
1ype (M C叫。mbi. 1148) .nd • h。巾。"個l
1..1 1ype (M C叫。mb抽 12).
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Table 1. Days 個 lea! !.U 扭曲e varlely M Colombla 認

Mcan Plants with 
apex 

Plants with 
apex removed 

Treatments 

46 .5 

45 .0 

38 

32 

55 

58 

Control 

All Jeaves removed except five 
Five leaves covered with silver paper 8.5 8 9 

17 18 
Five leaves clipped leaving ve叮

1ittle lamina 17.5 

7.0 7 7 Five leav自c1ipped leaving only petioles 

have been because 01 poor absorption , 
and wha't effect there was increased 
time to abscission. 

Ii ttle effect on the rate 01 le~1 abscission 
( Figυre 15). However, this may well 

Thc rapid leol obscission occurring at 
about six months in many varie'ties may 
be associoted with the rapid transloca­
tion 01 minerals to the roots Irom the 
leaves during root bulking. Ring barking 
the base 01 the plants to prevent trans­
location 'to the roots did not have any 
effect on rate 01 leol abscission (Figure 
15>. suggesting that leal lall is not di­
rectly caused by a sudden translocation 
01 minerals Irom the leaves to the 
roots. 
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Twelve cassava clones . were planted 
at CIAT (1 ,000 m) and .t three other 
locations near CIAT but at .pproxi­
m.tely 1,500, 2,000 and 2,300 me'ters 
alti'tude. Temperature was measured at 
6 . .m. and 1 p.m. to obtain an estimated 
maximum and minimum temper"ature at 
each site. In CIAT, the mean tempera­
ture was ab。叫 260C and lell to 160C at 
the highest location 
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The number 01 days to emergence 01 
sh∞ts Irom the stakes increased with 
decreasing temperature (Figure 16>. bυt 
the linal level 01 emergence showed 
little effect 01 temperature except in 
M Colombia 22 and Llanera. Growing 
slower at lower temperatυres ， the plants 
were shorter and had 0 lower rate 01 
le.1 prodυction. 
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Figure 16. Germin肘ion of C8ssaV8 at four 
different altitud回.

The final yield of roots after nine 
months showed a marked decline wi'th 
de:reasing temperature. With mean tem­
perature below 20'C, the value of cassavo 
os 0 crop must be limited (Figure 17). 

' 

MVe咽zuel.195

M Venezuela 328 
M Venezuela 202 
ME叫“軒"。
ua冊"

M Ecuador 143 
M Ecuador 151 
MM缸i∞ 25

M México 54 
M Mé刮目 58

CMC84 
MC叫。n'l bia 22 

2 4 6 8 1012141618 
Distance from li掛ts Iml 

島、甜甜 ...181 indicate flow﹒悶 pres.nt. 10吋ãr 01 VI" 
rieti個 is for cl.ri呵。nly. 岫枷e 訂叫d. thero was n。
。bvious panern 10 the flowering respon揖l

Figure 18. Flowering response 01 twelV8 
varieties as affected by the distanc8 from 
lights giving a 15 hour/day exposure (plan甘
were nine months old) 
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sava yield. Mean of 12 varieties. c,.J 

The same tw~lve clone~ were grown 
under 0. 15-hour dây at CIAT to observe 
ger祖rol effects of long days on cassovo 
Cas_sava fjower initials are produced in 
thè ' oxils of bronches on the main s\emι 
These flower initiols frequently obort 
very eorl\( in , their gtowth. Time t。
flower initiotiôh (meosu'red by number 
of nodes to the first ond second branch­
es) wos not offected by the Îon~ doys. 
However , the number ,,?f fruits formed 
wos morkedly offected by phdtoperiod, 
some varieties producing more and 
。thers less frυits on long doys (Fig. 18). 
Hence, in a breeding progrom , chong阻S
。f doy length moy be useful to increase 
fruiting in certain varieties; however, 
it does not chonge time to florol ini­
tiation. 

Post work in 'the greenhouse hod indi­
coted thot cossavo produced less root 
yield on long doys. This wos confirmed 
in the field by our results (Figure 19) 
The decreose in yield wos not -due to 0 
decrease in ro叫 number， but rother to 0 
decrease in their size. Varieties to be 
grown in the more extreme Jatitudes of 
the tropics should ,be 'tested for photo­

- . . period ~r-e.sponse 一

67 



Sink source relatlons in c....v. 

Treatments were applied to cassava 
Irom three months after planting t。
assess the relative importance of source 
and sink (Table 2). The yield 01 root 
qry matter decreased markedly as the 
number 01 roots was reduced (Table 
3). This was pa r'tly due not only to a 
decrease in total dry matter production 
but als。怕 a marked decrease in harvest 
index. Apparently, the cassava plant 
does not readily 10m、 new rcots with 
the capacity to thicken after 'the lirst 
three months 01 growth as the small 
number 01 roots (two per plan t') in the 
"all roots cut" treatment shows. Also, 
the apparent lack 01 eHeet 01 the other 
treatments on linal thick root number 
suggests that this number is lixed early 
and that , il there are not sufficient 
large ro。峙， yield will decline 

18 

。

6 8 10 12 14 
Diltlln曲 from “ghu(m)

Figure 19. The 011，甜甜。1 long days on 
harvest i ndex. 峙an 01 12 varieties' (ninc 
months 8f妞r plan1ing). 
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Both the shading 'treatment and the 

leal clipping treatments decr'e.sed yield 
showing th.t n叫。nly is sink im­
port.nt but .Iso the source. The rela­
tively small yield decrease as a resυIt 
。1 leal clipping is probably due to less 
leal 1.11 in this treatmen't. This suggests 
that the main problem in incre.sing 
leaf are. index in cassav. may not be 
。ne 01 le.1 production but rather 01 
leal retention 

Table 2. Treatm由118 u輯d w1lh CMC 8t 

Control 

One half of thickened roots cut at three 
months 

2 

One half of thíckened rools cut at three 
months 8nd the other half at 3 ~ months 

3 

Apex repeatedly cut from three months 
until final harvest 

4 

When plants were shaded , the top 
weight was not decreased , but the har­
ves't index decre.sed. This agrees well 
with the data from the sp.cing study 

S. Half of lea\'es removcd fI'om three months 
onwards 

Plant shaded 10 50 per cent natural light 
from three monlhs 10 harvest. 

6 

Thick root Dry weight Weight Leaf fall 
n叫mberI of tops per d門 (per plantf 
PI叫他!planl) rool (ø) 間ek)

9.4 1,420 
6.6 1 ，0咽

2.0 7曲

8.4 900 

8.1 950 
9.1 1,350 

Yield of Har可lIest
dry roots index 
{抽n/ha)

14.0 
8.6 
1.6 

10.6 
11 .9 

8.4 

Table 3. Yleld 帥mponents of 曲曲 source lrial w1lb CMC 8t 

8l2853 1121 
152 
129 
63 

125 
150 
96 

峭
的

M
H
R
H
m
m

Control 
!-1 roots cut 
AII r∞ts cut 
Apex cut 
時 leavcs cut 
50 per ccnt shade 

123456 
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Fi騏Jle 21. Rolationship between ,oot yiold 
(dry~ mattø,l and cyanide content 01 di何啊，
8nt clones. Data from tw。揖parate trials 

tested the lowes't in leaf cyanide (380 
ppm) was third .Iowest in root cyanide 
(23 ppm ), and the second lowest in 
leaf cyanide (410 ppm) was lowest in 
root cyanide (10 ppm) . 
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competìrion 
dry matter 

showing that with more 
there is a less favorable 
distribution 

1 t is frequently suggested that sweet 
low cyanide types yield less 'than the 
bitter types. The results from two tri..ls 
are presented in Figure 21 and show 
that apparently there .re varieties that 
have both high yields and low cyanide 
conten't. 

Yield Irl.1 

Nine varieties were planted in a 
replicated yield tria l. Results are pre­
sented in Table 4. As was mentioned in 

Cyanido conlent 
11.1.; 

During the year 1973, the germ plásrñ 
bank was screened for zero cyanide 
levels. No zero types were found. T。
screen for low cyanide levels, it is much 
easier to test the leaf content than the 
root content of seedlings; however , the 
relationship be'tween leaf cyanide con­
tent and root cyanide content is rather 
loose, suggesting that this method may 
allow a large number of escapes (Figure 
20). Nevertheless, from the 61 clones 

Table 4. R開ults 01 varlety trial atter one yeDr 

Cyanide 
content (ppm) 

Per cent 
dry matter 

Dry yield 
但也坐l

19.1 

Yield 
('0半ha)

46 .4 

Varie句

62 岫 sM Colombia 22 

194 

69 

70 

35 .1 

34 .4 

34.2 

14 .3 

12 .1 

9.9 

40 .8 

35 .0 

28 .8 

CMC 84 

LIanera 

L1anel這 rOJa

M Colombia 6S 62 岫 011 .6 訝。

96 36 .3 

32.5 

9.6 

8.0 

25.8 

24 .6 

M Colornbia 645 

Extranjera 

M Colomba 463 
76 

110 

82 

69 

39.0 

37.9 

9.1 

5.0 

23 .3 

16 .5 “ M Panama 
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Table 5. Forace producUon of variety M Panama 31 

Planting First harvest 
distance (即 days)

(cm) 30 x 刻的 x 帥

Dr(y 10 forage 5.8 3.1 
n/ha) 

Protein 1.3 。 7
(ton/ha) 

Per cent 
Protein 22 22 

Dry matter 0 個5 0.035 
ton/day_l fha.1 

CIAT's 1972 Annu.1 Rep。叫， M Colombi. 
22 appears to be a promising v.riety, 
with . many useful characteristics. This 
variety is .easy to harvest, has a hi9.h 
dry m.rter content .nd • low cy.nide 
leve l. Th" dry yield of more than 19 
tonj ha in a year shows that cassava is 
an efficient producer of c.rbohydr.tes 

Forage production 

Cassava tops are used in some coun­
tries as food (e.g., Z.ire and Brazil) and 
in Brazil, as animal nourishment , A pre. 
liminary tri.1 to investig.te the potential 
productivi'ty of cassava tops was pl.nted 
at two sp.cings 0.3 x 0 . 3 and 0.6 x 
0.6 m u剖ng the v.riety M Pan.m. 31 . 
Tho whole top portion was collected for 
each harves t. Samples were taken in 
some plots after 90 and .gain 173 d.ys 
after pl.nting, when regrowth h.d oc­
curred. Another set of plo'ts were har­
vested at 120 d.ys. 

Yield data are presented in Table 5 
The yields of protein are high , p.rtic­
ularly at 0.3 x 0.3 m with two h.r­
vests. 1 t is apparent that by del.ying 
the firs't harvest there is no increase in 
protein yield because of a clecrease in 
protein leve l. Closer spacings consis­
tently g.ve the highest yields of dry 
matter and protein 

Cassava m.y have a potenti.1 as a 
forage production crop, but more stud. 
ies are required to d剖ermine the nu. 
'tritive value 
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Second harvest OHnlm y harvest 
(163 days) days) 

30x 刻的 x 60 30 x 30 曲叉的

6.0 5.1 8.2 6.6 

1.2 。 9 1.3 1.3 

m 18 16 19 
。曲。 0 個B 0 個9 0.055 

PROPAGATION* 

Gr'個n shoot cuttings 

A system for 'the r.pid propag.tion of 
cassava using green shoots as cutting 
has been developed. Experiments per­
formed under automatic intermittent 
mist showed th.t 8-cm gr目n sh∞ts 
produced from horizont.lly pl.nted m.­
ture stem cuttings rooted easily (Photo 
p.ge 71 ). Although υnder these humid 
conditions • high proportion of the nod­
.1 buds developed into shodts, .pical 
dominance prevented the growth of 
many of these into shoots large enough 
to use for cuttings. Experiments showed 
thilt the best w.y of overcoming this 
problem was to use short sections of 
stem , each with two nodes. In this way, 
the greatest efficiency in terms of green 
shoots per nodal bud was obt.ined 

Shoot regrow帥，

The green shoots were removed with 
a razor blade sterilized in 3 per cent 
hypochlorite leaving • stump 1 cm long 
From this stump, regrow'th occurred 
producing further green sh∞ts. This 
pr酷的s of cut .nd regrow'th could 
be repeated until the re甜rves of the stem 
were exhausted. Investigations using 
two-node stem cuttings showed 'th.t suf-

會 These studies .re part of a PhD thes;s 10 be 
sυbmitted 10 the University of the Wesl Indies, 
Trinidad and Toba醉， by D. w. Wholey , 8 CI盯
research fellσw 
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Cuttlng befor. .nd .ft.r rootl ng 開曲r mlst 

licient major nutrients (N, P, and K) mist (Table 6) . The temperature wos 
occur in the stem tissue to support green higher, bυt 450 C at midday d id not 
sh∞t produetion ot a constant rate 01 damage the plants. Faster shoot produc­
。ne shoot per node every three weeks . tion occurred in the propagation Irame 
After sixteen weeks, an efficiency 01 (Table 7) . 
more than lou r' green shoots pþr node 
was .ttained. R曲ting green shoot cuttlngs 

Prop.g.tl叩開vironment Under mist，悶。ts appear Irom the 
bosal end 01 green shoot cuttings 10-12 

Mist propogation lacilities are expensive days after pfanting. Alter seven days, 
to install and require a relioble supply thé root development is sufficient ' to 
01 electricity and water. The quality 01 aHow transler into soil.lilled peat pots 
the water is important as high salt con- (See.photo page 73) . Ten days later the 
centrations kill cuttings. A propogation rooted cυttings can be transplanted int。
Irame was developed incorporating 0 the lield. 
polyethylene rool over a b呵， walled in , 
with hollow water .fil.led concrete blocks Green shoot cuttings root easily in the 
(See photo page 72). The humidity with- . propagation Irame. Sterilized sond or 
in the Irame was simi ,lar to th.tunder soil with good aggregate structure which 
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Table 6. .A comparison of air temperawre and retatlve humidlty under mlst and in a 
propacatlon Irame 

Air temp OC Relativc humidity (軸)

Max Min Max Min HoursR /dHay e 

with 
80% 

Mist 32.3 20.2 峙。 42 .5 14 .0 

PrForpaamgae tion 
rame 45 .1 22.8 99.0 39.5 15 .5 

Table 7. E"ect 01 environment and slze 01 cutting on shoot production atter 40 days 
(varie句 Llanera)

Cutting sizc 
1 nodc 
2 nodc 
Iιcm long 
2O-cm long 

Mean 

L S D (P = 0.05) 

會 的∞Is per n∞e 

72 

Intermittent mist 

。 9'
0.7 
0.5 
0.5 

0.6 

Propagation frame Mean of environment 
1. 1 l.l 
1.4 1.1 
0.9 0.7 
090.7 

1.1 0.9 

Between cuttings ::::: 0.22 
Betwcen environment ::::: 0 . 15 

溫颱

Th. UI$lV. pr，叩ag.Uon Iyll.nr btiln.‘IMd at CIAT 
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Sh帥，“叫呵呵呵y 10 be pl.nted In Ih. fi.ld 

allows sufficient aeration provides ade­
quate rooting media. I t is easier 。
plant directly in'to sand-filled peat pots ; 
the cuttings root rapidly and the roots 
perforate the peat pots after 15 days 
These can then be transferred directly 
to 'the field 

Field e每個bli.hment of 冊。ted cuttings 

Experience has shown that if the cut­
tings have adequate moisture during the 
two weeks after planting in the field , 
more than 90 per cen't survive. This 
system is used at CIAT. for the rapid 
propagation of cultivars from the germ 
pl品m bank to provide planting mate­
ria l. 1 t is not recommended to use 的。ot
cuttings directly for yield , but rather for 
production of planting materia l. 

Propagation r.t8 

A produc'tion rate of two green shoots 
per node of stem planted is easily ob­
tainable. From one mature plant cut int。
150 tw。吶。de cuttings, 18,000 commer­
cial-size stem cuttings can be produced 
wi'thin one year (Figure 22) 

Storage of .tem 帥ttings

A comparison of storage me'thods for 
field planting material showed that long 
cuttings wrapped in sacking and stored 
in a palm-thatched shel'ter maintained 
viability better than unprotected cυt­
tings or short cuttings (Table 8). The 
death of cuttings was associated with 
dessication and invasion by fung i. Figure 
23 shows that up to 10 per cent mois­
ture loss can be t。他rated without re­
ducing germination , but furth~r mois­
ture .10$5 reduces cu'tting viability. 

Table 8. Gen:niJ祖tlOD (y.) of 15-cm stem cuttings atter six weeks' storaK'c (varÎety 
Llanera) 

Weeks in storage 

Storage trenlrncnt 2 3 4 5 6 

Stored as 儡.çm pieces 
In open air 83 63 63 58 33 45 
OIn pen air wrapped 95 98 83 78 53 曲

n shelter 98 75 83 65 到 40 
Shelter wrapped 85 93 70 間 65 岫

Stored ns 呵呵cm pieces 

OIInn pen 。shpeealntier r air 
93 53 18 13 3 o 

wrapped 間 75 43 38 15 13 
95 75 45 38 33 15 

Shelter wrapped 98 岫 曲 的 33 40 
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抖。JMgation 510曲

../ 

Shoot PrOduc1叩開

M叫tiplication r.te (A x B x C)= (150 x 4 x 抽l)s18.0個

• Two shoots per node fdat8 from current e提 periment)

150 

Two . node l1em 

cuttin lJl (AI 

Four 5hoots 帥r cutting (間，

30 Commerci.1 Si Z8 s1em cunings 何?

Figu間 22 . Oiagram 01 CIA T's propagation system 01 cassava using stem cuttÎngs. 
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Figure 23. Rela訓。nstmp1 between molMure 
10自 8~d 9!t~mination of 15 cm stem cuttings 
in variety Llanera 

Dessication 01 the cutting begins Irom 
the apex , moving down until all the 
cutting is dead 

After . two weeks, shoots appear Irom 
the apical end 01 the cuttings. When 
long cu'ttings are stored, shoots often 
appear also Irom the basal end. These 
shoots grow, exhausting the carbohy­
drate reserves of the cutting ðS wel.1 as 
transpiring water. Experiments using a 
commercial sprout depressant (CIPC) 
show that dipping cuttings lor live min. 
utes in a 1,000 ppm aqueous solution 

suppressed sh∞t elongation over a 
lour.week period. The cuttings were 
maintained in polyethylene bags to pre­
vent the loss 01 effect due to volatili­
zation. 

Field production of commerclal plant. 
ing material 

Experiments using systematic spacing 
designs show 'that the production 01 
commercial planting material lalls Irom 
97 cuttings 01 15.cm per plant at 2.38 
thousand plants/ ha to 10 cuttings per 
plant at 55.9 thousand plants/ha (va­
riety Llanera). An investigation 01 the 
eHeet 01 plant age on production and 
viability 01 stem cuttings showed that 
the number 01 cuttings per plant in­
creases up to 1 0 ~也 months 01 age 
(variety Llanera). 

For lield production 01 planting ma­
terial Irom a small quantity 01 cu t"tin阱，
plants sh。υId be widely spaced and 
allowed to grow lor one year belore 
they are cut lor planting materia l. 1I 
maximum production is no! es阻nti訓，
the plants may be cut for planting ma. 
terial after six montl呃， growth. Alter 
this age, all the leal!ess portion 01 the 
stems are similar i;1 germination ability, 
with the exception 01 the basal cutting 
Irom 12-month-old plants which shows 
reduced germination (Table 9). 

Table 9. Number 01 cuttlngs and thelr vlabUity Irom pIan值。t d1fferent ap (varlety 
L Ianera) 

Ag(e m。ofntphlsa) nt Number ot Gennination 
cutupnlagns t per (制)

12 詣， 97+ 

10% 25 押

9 19 1∞ 

7Y.o 16 " 6 16 97 
4\冶 7 88 

• Meen of five replicðles + Mean of four repl icates 
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VARIETAL IMPROVEMENT 

Cassava breeding work began lormally 
early this year. The objectives 01 the 
breeding program are: 1) to select va. 
rieties wi'th a high starch yield per unit. 
time, low HCN content, disease and in. 
sect resistance, easy harvesting, and a 
wide adaptability; 2) to supply genetic 
material lor other cassava brèeding pro. 
grams; and 3) to design efficient breed. 
ing methods for cassava 

Germplllm collection 

Early in CIAT's history, ab。 υt 2,700 
clones of cultivated cðssava were collect­
ed from Colombia , Venezuela , Ecuador, 
M缸ico， Panamá , Puerto Rico, Brazil , 
and Perú (Table 10). The majority 01 
the Perivian collection was eliminated 
because of the presence 01 the Brazilian 
mosaic virus , A significant nυmber of 

Table 10 . Enlrl目。f eulU祖祖:d cassava col. 
lection in CIAT coUecUon 

Country of 
。rigin

Colombia 
Venezuela 
Ecuador 
Mexiω 
Panama 
Puerto Rico 
Brazil 
Perû 

Total 

No. of clones No. of c10nes 
colIectcd maintained at 

prescnt 

1ι830 1.580 
241 241 
196 195 
67 63 

118 19 
的 16
9 9 

175 2 

2,696 2,129 

Colombian , Panamian and Puer峙的can
collections were lost because of sal"t spots 
in the field and an outbreak of bacterial 
blight (CBB) during the maintenance 
period. The total number of entries now 
is 2,129. The number of Brazilian col 

. Iect閃閃閃 small in contrast to the ample 

In CIAT's germplasm 曲lIectlon 愉.，.. .re .. 暉，.1 旬開s 0' C."IVI pl.nt. wlth .normo“同0" but 
thelr practlcll ..-on酬 Ic nlul 1. 刷ch ln quøtlon 1. yl.ld per plln. decr .. 酬神呵 r.pld1y whn 
planled clo&﹒恤gethl'"
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Table 11 . Llst of characteristl個 r曲。n1ed 旭 cennplasm evaluation 

Growing 
period (m。別的

Agronomic characteristics obsc l'vcd 

。吋Gcrmination ， vegetative vigor, f10wering 
+6 Thrips, shootfly, flowering 

6 Root yield , top weight , harvest index. heig圳 . No. of total and commercial 
roots , root specific gravity 

6-10 Branching habit , leaf 刮目， le(l f retention , spider mite, flowering 
10 Root yield, top weight, harves t index, heig仙， No. of total and commerciaI 

roots , root specific gravity, ease of harvest, root Iength , I'oot stalk length , 
HCN and N conlent , root perishability 

supply 01 ma'terial that was expected t。
be obtained Irom Brazil because 01 the 
vast genetic variability that occurs in this 
country. This deficiency exists because 01 
plant quarantine regulations; however, 
a ∞ntinuous effort is made to introduce 
more genetic variation f叮m Brazil in 
the lorm 01 true seeds 

Germplasni evaluation 

Ten propagules 01 every germ plasm 
entry were planted at CIAT with a 1.4 m 
distance between entries and 1 m among 
propagules (7 ,000 plan'ts per ha). Var­
ious agronomic data , including root 
yield and top weight at 6 and 10 
months after planting, are being collect­
ed (Table 11). A preliminary analysis 
was made on root yield , total plant 
weight, and harvest index at six months , 
with 630 entries. 
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Figure 24. Frequency distribution 01 630 
clon揖 in 悶。t y崎Id at six months after 
pI.n討ng
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Figure 25. Frequèncy distribution 01 630 
clones in ha阿est index at 6 months. after 
阱antíng

Great genetic variat ion-exists in regard 
to important characters (Figures 24, 25 
and 26). Ab。υt hall 01 the 'total entries 
。utyielded tw。已。n trol clones: Llanera , 
a local check . and M Colombia 泣. a 

。
Total fresh weight of pr.nt Ikg/pr.nd 

Figure 26. Frequency d自 stribution 01 630 
clon個 in ~otal plant weight .at six months 
甜ter planting 

77 



'制‘ 4 

.. ‘ 
• • 

、 . • • > 

2 • 2 
• • • • 
。

'。 1.5 2.0 
A珊，訓IOhe地ht of 呵'"曲nt clon個 Iml

Figure 27. EII<間電。f 怕ight 01 n.ighboring 
clones on yield 01 M Colombia 22 . 

promising cultivar. The majority of en­
tries were heavier in total plant weight 
than the two control clones . This may 
be partly because of intergenotypic 
competition . When the short-stature M 
Colombia 22 (average 106 cm) was 
bordered by ta l1 types , its yield was low 
(about 1.7 kg/ plant) bυt when sur~ 
rounded by short types , the yield was 
high (abcut 3.6 kg/ plant) (Figυre 27). 
Thus, the effect of intergeno'typic compe-
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tit ion is highly significant at six months 
.fter planting even with 1.4 m between 
rows. 

Ex阻rimental error per .e and the 
effects of intergenotypic competition 
combined resu1ted in considerable varia­
tion of the control c10nes in rootγield 
and tot.1 plant weight (Figures 24 and 
26) . Yet, experimental error and the 
competition effect were relatively small 
in harvest index (Figure 25) . This con­
firms !that harvest index is an excellent 
selection criterion for cassava breeding 

As expected , both total plant weight 
and harvest index contributed signifi­
cantly to the r∞t yield (Figures 28 and 
29) . The relationship between total plant 
weight and h.rvest index appeared to be 
fairly indep岐ndent (Figure 30). As har­
vest index is at least pa r'tly associated 
with dry matter production, a completely 
independent genetic recombination is 
un!ikely to occur between harvest index 
and total plant weight, especia l1 y when 
the selection for root yield reaches a 
high leve1. Nevertheless, the rather in­
dependent relationship between harvest 
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index and tdtal plant weight is 9∞d news 
for breeders. A combination 01 high har­
vest index with heavier plant weight 
should be the immediate selection tac­
tics. Physiology data reveal that varietal 
interactlon between yield at 6 and. 12 
months is significan t. This means t~at 
the best type at six months may not be 
the best ál 10 or 12 months and vice 
versa 

It is al50 shown that the optimum 
planting densi'ty is somewhere between 
5,000 and 10,000 plants per hectare 
depending upon genotypes and harvesting 
time. The effect 01 intergenotypic com­
petiton Îs significant at six month! and 
this is expected to be more 5ignilicant 
in later mon'ths 

Hybridization 

Three systems 01 pollination are used 
for hybrid seed production: 1) totally 
covered pollinalion; lemale Ilowers ar.o 
ccvered with a cotton bag belore ancl 
after artilicial pollination; 2) partly 
covered pollination; lemale Ilowors arc 

Plant breedlng technl~u~ .,.. uMd to obtaln covered with a cotton bag before polli­
;，叩開帽d ca"ava materl.l. nation but left open wi'thõut cover for 

6 to 10 days after the artilicial polli­
nation; and 3) open pollination 

Table 12 . Example of seed fertility in different crosses (totally cover但d po lJJnaUon 

No. of f10wers No. of seeds A verage seed 
Cross combination poIlinated obtained set per flOWt: l'咱

L1anera x L1anera 曲2 18 。。到
M Ven 128 x M Ven 128+ 146 。∞7
Extranjera x Extranjera 116 82 。 707
M Ven 179 x M Ven 179 28 32 1.143 

L1anera x M Col 988 45 。 0.000 
L1anera x M Col 508 73 8 0.110 
L1ancra x M CoI 1313 " 21 0.420 
LIanera x M Col 1147 125 65 0.520 

M Col 13日 x LIanera 39 7 。 180
M Col 1147 x L1anera 83 74 0 個2

M Vcn179x ExCtrocl IIilel rn 75 73 。 973
M Col1313x EMx 47 62 的 1 個5

M Co1 1147 x ""Extranjera 54 70 1.296 

+ Abbreviaticns used :n tabtes : Ven Venezuela ; Col ;::: Colombia 
• Each femllle fI恥、er has ð capa:::ity 10 produce up 10 three seeds 
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The adventage 01 method two over 
method one is that seed setting is much 
better when lemale flowers are not 
covered with a bag directly alter polli­
na'tion. The disadvantage is that it is 
im possible to be 100 per cent sure of 
parentage with this method because of 
the possibility 01 outside pollen contam­
ina'tion after the moment of artificial 
pollination 

曰:;;;ebr!江lUJZ?;ilIL。fallb莒 thfb::ifrlfT219:zczlZZlll
nated seeds and the rest from open-pol­

accust。med t。 the hybndizau。n meth。d， linatedones-Efficiency d selecti。n at 
ab。叫 8 ，000 F, secds 。υtd some 500the seedling stage and the effect d par­
cross c。rnbinatl。ns were pmduced USIng ents 。n the perhrmance 。f FIand 
rYBeth。d 。ne A preHminary analysls 。f f。llowtngp。Pulatl。ns are t。 be studled 

:zfZUU且rrJJJZ322月宮志去的。:stabll州ga m叫“。f pedigree 
types for making F, seedS. There is n。
genetic or physiological barrier to self­
pollination (Table 12) PLANT PATHOLOGY 

C'.SlVI bacteri.1 blight 

Studies of cassava bacterial blight 
(CBB) were directed towards the etiolo­
gy of its causal agents in Africa and 
America . Other stυdies On dissemina­
tion , survival , control and estimation of 
losses d崎 to the American strain of tne 
disease were also carried Qut. 

州。re recently, hybridizations were 
made with selected parents to produce 
more F, seeds per cross using method 
lwo. Some of the more frequently used 
parents are shown in Table 13 

Seedlings 

S開ds of some cultivars (e.g., Llanera) 
gcrminate in 'the field without any special 

Table 13. Characteristics ot r叩開sen個tlve cross pa間nts

Thrips 
resistancc 

Bacterial 
bliiht 

resistance 

Easy 
harvest 

Early 
harvest 

Tolal 
p]ant 

weight 

Harvesl 
index 

+ 
+ 

+ 
+ 

+++ +++ M Colombia 22 
M Méxi∞ 55 
M Colombia 914 

+++ + 
+ 

M Colombia 113 
M Venezuela 307 
M Mé刮目) 59 

+++ 
+ 

+ 
+ 
+ 

+ + 
+ + 
+ + 

M CoIombia 9 
M 臼.1ombi食 340
M CoIon由ia 348 
M Côlombia 1313 
M Colombia 1879 
M México 封

++ 
++ 
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M Colombia 647 
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Comparalive sludles of causal 
organisms of CBB* 

A baderial blight, recently reported 
in Alrica, considerably damages cassava 
in some areas. Disease symptoms are 
similar to th。目 found in America sug­
gesting that they are a result 01 the 
sarne causal agen t. A stυdy was υnder­
taken using seven American isolates 
(Brazil , Colombia and Venezuela) , seven 
African isolates (Nigeria , Zaire, Malawi , 
and Mauritius) , the type cultures 01 
Xanlhomona. maniholis (Arthand­
Berthet) 5tarr and the type culture 01 X 
casslvae Wieche and Dowson 

Cultural characteristics in 22 differ­
ent media revealed that all 叩lates
lormed similar colony types , except lor 
X. c...avae. Physiological s'tudies and the 
preliminary 揖rological results strongly 
suggest that CBB 悶。lates Irom Alrica 
and America belong to the same bacte­
riat species, except for X. cassavae 

Diss.mination 

When insecticides were applied t。
uninlected plots close to a source 01 
inl缸tion ， 'the rate of infection was 悶，
duced. On the other hand, the use 01 
attractants increased the infection by 
14 per cen t. This suggests that insects 
play a minor role in the dissemination 
01 CBB; the major dissemination (78 
per cen't) is by rain splash. Prelimiliary 
resuits suggest that the unidentified 
inse:::ts merely act as mechanical carriers 
。1 the pathogen 

Bacteri.I survival 

5tudies 01 CBB survival in plant 
debris showed lhat this bacterial spe­
cies could survive for more than seven 
mon'ths in necrosed stem pieces stored 
at 240C and 80-87 per cent 01 RH. N。
bacteri<>1 cells were isolated Irom in­
竺于 leaf tissues or petioles after 汽

• This work 時 part of the PhD thesis of Tunde 
Ikotun , to be presented at the Imperial College 
of Scien:::e and TI蚓、"01呵y， London 
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Te.ble 14. CBB in plowed soil. 四時 eflect 01 
lencth of tlme between plowJng: 
Bnd planting on CBB apperan曲

Time between 
pp(dlloaanwytslan) ng g and Per cent 。f dISeased plants 

Lot. l Lot. 2 Lot. 3 

。 30' 35 28 .5 

30 6.5 18.5 3.5 

60 6.5 6.5 。
90 。 。 。
• Mean of Ihree replicates, 20 plants per pl叫

and 70 days, respectively, under the 
same environmental condi'tions. A rela. 
tively high concentration 01 bacterial 
cells (3.5 x 10' cells/g) were lound in 
plant debris on the soil surface 01 in­
lected plan'tations , but a lower concen~ 
tration (1.9 x 10' cells / g) was lound 
in the lirst 5 cm 01 this soil layer. From 
deeper soil samples it was not possible 
to isolate any CBB bacterial cells 

In heavily inlected plantations the 
debris was burned and the land plowed 
Roots were incorporated in'to the s凹 1
by plowing, and volunteer plants elimi­
nated. Ninety days later no trace 01 
CBB was lound (Table 14) 

Conlrol 

Seed Cerlif1cation. Dissemination 01 
CBB Irom one area to another by the 
use of infec'ted cuttings was demonstrat~ 
ed previously (CIA T's Annual Report , 
1972). This method 01 spread is als。
largely responsible lor the disseminat的n
of the disease from one growing season 
to another 

A method 01 rooting shoot tips is de­
scribed in this publication whereby 
plants Iree from CBB can be produced 
(CIAT's Annual Report , 1972). The use 
of this method in addition to cultural 
prac'tices is proposed lor producing pa­
thogen-Iree loundation stock lor a plant. 



ing material certilication program. It is 
proposed that the method 01 producing 
CBB-free plants Irom shoot tips could 
provide the .basi. lor a cassava seed 
cert的cation program as oulined in Fig­
ure 31. CBB-Iree plants could be readily 
propagated Irom existing des i月ble va­
rieties, even from those varieties which 
are inlected with the disease 

Er.dication of CBB from infect吋
pl.ntltion.. CBB was eradicated Irom 
the CIAT farm by producing bacteria­
free planting stocks 01 cassava in ad­
dition to cultural prac'tices and sani­
tation . Based on this experience and 
general resul ts 01 investigations related 
to CBB ecological behavi。几 the 101J0w. 
ing suggestions are presented as guide. 
IlnES 

Shoo t tip Mtlfl9$ 

A 自

c 

D 

E 

1) 1I certilied CBB-Iree material is 
to be introdυced to a farrn , it is recam­
mended that a lJ plantations which may 
harbor CBB be eradicated, unless the 
dis'tonce between the suspect and the 
new planting is greater than one kilo. 
meter. Some varieties are tolerant but 
not immune to CBB. Although these 
tolerant varieties may not show charac­
teristic symptoms, they may harbor the 
disease and thereby constitute a hazard 

2) To prevent the spread 01 disease 
Irom inlected to non inlected planta­
tions , it is necessary to use non infecte~ 
tools and implements. Tools, boots and 
。ther potential carriers 01 the pathogen 
such as tractor wheels and implements 
should be surlace-sterilized using 5 
per cent commercial lormaldehyde 

3) Surlace litter from an inlected 
cassava plantation can be a source of 
CBB in the s。叫， potentia lJy capable 01 
transferring the inlection to new plant­
ings. Therel。時， avoid planting clean ma. 
terial immediately after CBB inlected 
cassava (Table 14). CBB is a poor com­
petitor with other microorganisms in 
the soil and can be eliminated by crop 
rotation or a fa lJow free 01 cassava lor 
six months. Destroy a lJ inlected cassava 
residues by burning 

4) It is recommended that large dis­
tances be maintained between clean and 
inlected plantations because 01 danger 
Irom infection through wind-bo'rne rain-
splash, irrigation or drainage water or ­
。ther meth。由. tnsects are 3150 agents 
lor the dissemination 01 CBB (by me-
chanical means) within shor1 distance. 

R揖istant varieties Ind 揖tim.tlon of 
dl..... 101.... The response 01 a further 
150 cassava cultivars to CBB has been 
determined using artificial inoculation 
with Colombian isolates. Disease indices 
ranged from susceptible to very suscep­
tible. 

A yield evaluation 01 three resistant , 
figure 31. Suggested scheme 10r eradicatjclO tWQ tolerant and four susceptible culti-

01 CBB vars was made under field conditions 
Cassava cυItivars were spray-inoculated 
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Table 15. l:'Jeld ot 帥me CBB 阻scep組ble and CBJl.reslstanl e甜甜va cultlvars alter arti­
f1clal spray位阿扭曲“。n with a baeterial 個5pensJon of 1.3 .x 1-個自Us/m1
Inoculatlon was made three mo國hs after pl甜甜可 and y1eld was evaluate珀
閻明n months atter inoculation 

Yield 
reduction 

(percentage) 

44 .94 

Yield of fresh roots j plant (kg) 

Inoculated 

Disease 
rating 

Cultivar 

Noninoculated 

2.61 4.74 S' Val1una 

42 .41 1.67 2 呵s Colombia 22 M 

57 個1.19 

2.87 

2.77 s M Colombia 1073 

34 . 17 4.36 s 25 Mex M 

27 到2.53 3 峙T Colombia 808 M 

22 .54 3.23 4.17 T L1anera 

10 .62 3.87 4.33 R Colombia 1184 M 

14.38 3.81 4.45 R 前7Colombia M 

7.56 3.79 4.10 

S susceptib峙; T :::: 抽lerant; R resislant 
LSD (1 % ), 4.7 

R Colombia 647 M 

• 
R s Resist.nt 
T-T。旬r.nt

s sSuscep咐1.

"個Ithy

Oi$l帥sed

口

國5 
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z
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徊
。E

￡
S
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with a bacteriòl sυspension 01 1.3 x 
10' ce lJ s/ ml three months after plant­
ing. (Table 15 and Figure 32). Yield 
after seven months in the resistant cul. 
tivars was reduced by 7.6 to 14.4 per 
cent; in the tolerant , Irom 22 .5 'to 27.3 
per cent; in the susceptible ones , fro r.n 
34.2 to 57.0 (Table 15 alld Figure 32). 
These results suggest th,t the use 01 
CBB-resistant cultiva r"s can be recom. 
mended lor heavily inlected areas where 
the disease is endemic and i'ts eradica­
tion would reqυire a massive and 
coordinated program 

' 

s 
Valluna 

T 
Llanera 

。
R 

M Colombia 647 

口，帽a輯用ting

Figure 32. Yield reduction by CBB in culti" 
vars of different $usceptibility 

Experiments carried out to evalua!e 
vield' (Iresh roots) 01 a CBB-susceptible 
cultivar ("Vò lJ una") Irom healthy and 
CBB-inlected planting material , showed 
that yield was 46 per cent reduced from 
47 to 25 tons/ ha by using inlected 
planting materia l. These results stress 
the necessity of using certifie廿 cassava
九目前，的r propagation and the poten­
tiôl losses lrom the disease when envi­
ronmental conditions favor disease dis­
semination within plantations. 
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Phyllosticta leaf-spot 

This disease is commonly found in 
the cooler cassava growing areas of 
Colombia , Brazil , Asia and Africa. During 
the rainy season and when the tempera­
ture is below 250C，的is disease may 
severely defoliate susceptible cultivars , 
finally resu.lting in die-back of the 
plants 

The disease is characterized by the 
presence of large brown leaf sp。峙，
usually with indefinite margins. These 
lesions are comm。叫y found at the tips 
or edges of the leaf lobes or along 'the 
midrib or main veins. The up問r surface 
。f the lesions initially shows concentric 
rings formed by brown pycnid祠. These 
rings are frequently absen't from older 
lesions as mature pycnidia are washed 
。ff by rain drops.1 n these cases, the 
uniformly brown lesions may resemble 
those caused by Ce呵。spora. On the 
lower sυrface few pycnidia are produced 
so that the lesions are uniformly brown 

Under conditions of high relative 
humidi'ty, the lesions may be covered 
with a greyish brown hyphal web. Also, 
。n the under side of the leaves, the 
veins and veinlets around the lesions 
become necrosed, thus forming black 
strings radiating out from the lesions 
These .Iesions grow, causing a leaf blight , 
and finally the whole leaf and peri。怡，
which become darkbrown, necrose. At 
this stage the leaves wil't and then drop , 
in some cases causing extensive defoli~ 
ation. In severe infections the fungus 
also attacks the young shoots causing a 
die-back . Diseased ~tems turn brown 
and are also frequently covered with 
pycnidia. 

Field observations suggest that the 
。Ider lower leaves may be more resis­
tant than younger upper leaves. However, 
young leaves, fully expanded mature 
leaves, and gr田n stem parts have all 
been observed with severe disease symp­
t。仰、 s.

Pycnidia production on different arti­
ficial media is r吋atively low or nil , but 

Tab1e 16 . EII輯t ol~ temperature on germina­
Uon ot pycn1帥pores 01 ~hyllostic3. 
sp. 

Tem{pOeCr} ature Germination. 
(%) 

15 38 .4 

20 95 .9 

E 97 .1 

26 91.7 

28 77 .4 

30 。
* Average of three replicalions with more thðn 300 

spores e.,h 

。n lima bean-agar mixture they formed 
profusely in a concentric rings pattern. 
These pycnidia are dark brown , globose, 
and borne singly or in small clusters 
Pycniospores are short and hyaline, one 
celled, ovoid to elongate in shape 

Pycniospore germination is related 
to temperature (Table 16). No germina­
tion of spores occurred at temperatures 
above 280C; the optimum temperature 
for germination was between 20.250C 
Similarly, artificial infection succeeded 
。nly when plants were inocula'ted and 
maintained during the first two days 
at temperatures below 220C. When 
plants were maintained at 260C or above 
no infection was ob'tained. The first 
symptoms appeared 10 days after inocu­
lation at 15 to 220C. Lesions were bigger 
when plants wcre maintained at.250C 
than when they were at 15 and 20oC. 

The concentration of pycniospores als。
S自ms to affect their germination (Table 
17), 'possibly because of the production 
。f self-inhibitory compounds. Th凹 is par:.. 
ticularly important for pathogenès悶，
since for better results inocul u'm con­
centration has to be adjusted before 
inoculation. Moreover, spore concentra­
t~on was correlated significatively with 
the number of lesions 阻 r lobe (Table 
18 ) 
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Table 17. Effect of e個扭ntraUon On rem血.. 
“。n of pycnJOSPOfl圖。t Phyllostfea 
.p. 

Concentration Gennination 
(spores I ml ) (特)

9 x 1()< 哺*

5 X 10-1 83 

2 X 10-1 91 

1 x 10< 97 

6 x 103 97 

3 x 1個 95 

1.5 x 1伊 93 

7 x 102 97 

" Average of five replications w: th more than 80 
spores eðch 

The highest number 01 lesions were 
。btained when the inoculum had 3 x 10" 
spores/ ml. 

In cooperation with the Plant Pathol. 
ogy Program 01 ICA, at the Palmira 
research station, screening for resistance 
is underway at Popayan (where nights 
are cool) . Forty.lour cultivars have been 
evaluated; two have shown acceptabie 
resistance to this disease. 

Table 18 . Correlatlon betwe間也e number 
。r 1閏10M per leat.lobe and tbe 
.po甜甜n個nt.ratlon in Phyllost1呵
.p. 

Concentration Number of lesions 
(spores/ ml) per lobe 

5 x 11)' 6* 

4 x 10' 13 
3 x 10' 14 

1.6 x 10' 13 

8 x 10' 11 

4 x J(P 6 

2 x 10' 。

* Aver筒，e of three replic.ticms w川、 seven lobes 
e8ch 
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The 剖開r﹒longatlon dI..... 
The superelongation disease of caSSðva 

was discovered causing epidemics in 
Colombia during 1972. AI廿lOugh as yet 
little is known about this disease , 
growers and extension officers in several 
areas 01 Colombia report that the prob­
lem has existed in certlin growing areas 
lor many years 

Symplon、.

The disease is characterized by exag­
gerated elongation 01 the internodes 01 
young stems and petiol肘， by distortion 
。r leal-cυ r.I 01 young leaves, and by can~ 
kers on inlected stems, petioles, and leal 
lamina . Inlected plants are considerably 
taller and appear weaker and thinner 
than heal'thy ones . The youngast part 01 
stems, petioles 01 young leaves and 
leal midribs are Irequently delormed . 
Young .Jeal lamina are Irequently sJightJy 
chlorotic and have numeroυ5 irregular 
whitish spots. They are rarely lully 
deveJoped or expanded and show typical 
leal.cu r.l symptoms. These distortions 
are associated with cankers . These are 
usually lens shaped and lorm along the 
veins and midribs 01 leaves, on young 
petioJes and s'tems. They vary in size, 
usually being larger on the petioles and 
stems where they may be more diffuse 
and , in appearance, can be confused with 
damage by thrips. During severe attacks , 
the leaves may become s。∞mpletely
delormed as to result in partial or tdt剖
necrosis 01 the leal lamina and prema­
ture .Jeal dr叩 (5揖 photo page 87) 

5ymptoms are most marked during 
the rainy se.son; ot the onset 01 dry 
seasons, infected plants resume normal 
growth During prolonged dry periods, 
inlected plants may look heolthy, but a 
r句ion 01 elongated internodes bearing 
cankers may still be observed. This 
elongated stem p。吋叩n may still bear 
delormed leaves, but these commonly 
drop prematurely. The disease reappears 
rapidly .ft.r r.ins begin 



SuperelOft1l.Uon dlse.se In C.SSIV. 

Experiments to estimate the effect 01 
this disease on linal root yields are 
under way; observations indicate that 
heavy inlections reduce yield severely. 

Cousal ogent 

A lungus, tentatively identilied as a 
lower Ascomycete (Commonwealth My­
cological Institute', private communica­
t ion) , is the causal agent 

Histological studies have shown that 
the fungus initially grows over the epi­
derm峙。f the host and , following pene­
tration , grows within the in'tercellular 
spaces of the epidermal and cortical 
tissues. No infect ion of vascular or med­
ullary tissues has been observed. Follow­
ing infection , mycelial aggregates are 
forméd in the cortex; these grow and 
push up the surrounding cells forming 
blister-like structures on the surface of 
infected stems, petioles, or .Ieaf veins 
These blisters grow and burst to form 
the lens-shaped cankers from which the 
fungus can be isolated. Most cells 
around such cankers have been observed 
to be abnormally .Iarge and to show 
considerable hypertrophy 

DissemÎnation 

Th~ disease' is disseminated from one 
growing season to another or from o ne 
growing area to another by planting 
canker-bearing stem cuttings. The pri. 
mary foci of infection ar.e also freqυent﹒ 
:y formed by rogue or vol untaer plants 
growing among plantations , or more 
frequentl y, growing from old plan't de­
bri s left around the edges of f ield after 
the previous cassava crop. From such 
primary foci the d isease spreads rapid ly 
during the rainy seaso n. Fo r' exarnple , 
in o ne growing area with a long humid 
season , the disease spread from an in. 
fected area of 1.5 hectares to 200 hec­
tares within six months. Similarly, in 
lnother area , the diseas.e spread from 
plots of a single infected var ie ty 
throughout pldts of 200 varieties and 
to ano'ther nearby experiment within six 
weeks. This rapid dissemination 時 be­
lieved to be by means of rain-or wind­
borne spores produced in the cankers of 
infected plants . 

Tests in humidity chambers confirm 
that high relative humidities are reqυired 
for infection . When plants grown in these 
chambers were sprayed with a spore 
sυspension ， symptoms developed in 6-10 
days. However, if infected plants are 
removed from the chambers and placed 
in a dry environment, they resume nor­
mal growth. 

Control 

Field observations of more than 200 
cultivars of M. esωlenta indicate 'that 
varietal resistance to this disease does 
exis t. Seven resistan't cultivars have been 
recentl y identified and screening for 
resistance under controlled conditions 
ISυnder way. Prelim inary studies with 
with chem ical sprays (Benomyl and 
Manganous ethylenebisdithiocarbàmate) 
show promising results . 

Phytophthora root rot 

Three Phyt叩hthora spp., P. erythro­
septlca, P. cryptogea and P. dr四hsleri ，
have been associated with r∞t-rots of 
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cassava. In all cases, the disease has 
been found associated with conditions 
。f excess soil mois!tu間I the most severe 
damage resulting aft.r swollen roots 
were attacked. The symptoms of the 
three types of rots are similar; diseaGed 
r∞t5 are discolored and rapidly disin­
tegrate in the 50i.1. When partially rot­
t.d , they exude a foul smeiling liqυid . 
The spread of infection 'hroughout the 
r∞ts results in wilt, some leaf drop and, 
in severe cases, the plants may die. 

A similar disease，的und in Colombia , 

results in more than 80 per cent loss of 
yield in certain plantations . This disease 
was found in wa't.ar-logged soils, fre­
quently alongside drainage ditche5 or in 
heavy soi.ls follow ing excessive rainfall 

Causal .genl 

Phytophthora drechsleri has been 
found to be the causal agent of this 
disease in Colombia. This fungus grows 
well on a wide variety of artificial media 
at temperatures between 19 and 32'C. 

Pathogenlcity studies 

5torage r∞ts from one-year-old plants 
were inoculated with a 10 mm myceiial/ 
agar disc. When inoculated in artificial 
wounds，悶。ts commenced rotting after 
72 hour5 , and medium-sized r∞ts (60 
x 250 mm , approx.) were completely 
destroyed after 12 to 15 days. Before 
breakdown occurred , the roots tυrned 
yellowj brown and exuded a pungen't liq­
uid.5υccessful inoculation of apparent­
Iy undamaged roots was achieved after 
incubation in a moist environment. The 
r∞.ts were inoculated by pl.cing .gar 
discs of mycelia on the root surf.ce 
and covering them with moist sterile 
soil 

Similar inoculations were a.lso made 
。n d.m.ged .nd .pp.rently und.m.ged 
swollen r∞ts still .tt.ched to growing 
pl.nts in the fie ld . Following inocul.tion 
the r∞ts were covered with m凹的 soil
In .11 c.ses , the in。ωlated roots were 
completely destroyed in 15 d'y5 
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Rooted shoot-tip cuttings of three 
cassava cultivars were inocu.lated by 
dipping the w.shed r∞ts in a sporan­
gi.ljzoospore suspensi凹. The cuttings 
were replanted in pots of sterile soil 
AII cultivars showed symptoms of wi.lt 
.nd leaf drop .fter five days . Death of 
these young plants ocurred after 15 t。
30 days , depending on the cultivar. This 
5UggeStS tha"t there may be varietal 
resistance. 

R。“-knol nematode 

A cass.va crop heavily infected with 
nem.todes was found in • g.rden where 
vegetables have been cultivated for more 
than three consecutive years . 州的。ugh
the aeri.1 pa r't of the cassava plants did 
not show ony visible sympioms , the 
root system of infected plants was 
p∞rly developed. Few swollen roots 
were present. The ones present showed 
knots or galls on the epidem、 is of the 
roots and consider.ble root prolifer­
ation . The many nonswollen r∞ts ols。
showed kn。峙。r g. lI s. 州。st of them 
were rotting (5ee lower photo poge 89) . 

By breoking these g. lIs, .dult fem.le 
nematodes were found . They were 
p".r sh.ped, white .nd I.rge enough 
to be seen with the neked eye, present­
ing characteristic fe.tures of 'the genus 
Meloid句yne_ By .rtifici.1 inocul.tion 
with clean eggs .nd fem.les , symptoms 
were reproduced in bean .nd tomat。
plants, two months .fter inocul.tion 
Seventy cultivars of cassava are present­
Iy being screened for resistance against 
M訓。idogyne

Roselllnl. rool-r，叫

This dise.se was found in the coffee 
zone of Colombi. which h.s wet soils 
.nd is high in org.nic m.tter. The dis­
ease fr呵呵ntly occurred when cassava 
w.s grown following • woody or forest 
crop. The dise.se, which is olso n.med 
"black rot ," ch.r.cteristically shows 
black discolor.tion and cankers on be­
low-gr。υnd portions of infected plants ; 



photograph on right column 01 this page, 
shows Rosellinia symptoms. Young plants 
were not foυnd inlected by this disease 
but when oldef diseased plants were 
detected, their root system was severely 
damaged. 

C.rcolpor. I..f lpotl 

Research on Cercospora disease was 
particularly concerned with the C. hen. 
ningsii, caυsal agent 01 the cassava 
brown spdtting, probably the most im. 
portant 01 the cassava leal dise&ses. AI­
though the 1υngus grows we l1 on several 
artjfjcïal media , sporulation is low or 
ni l. Howevef, sporulation 01 C. h.nning. 
15; was enhanced (2-3 x 10' sporesjml) 
by spreading spore suspensions on sterile 
susceptible cassava leaves placed on RoseIUn'. n陶t.rot In cusav. 

Ten m酬th. oldεu..祠，回t& inf.clecl by Meloid句yne .p., th. r恤t.knot nem.tod. 
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o HCN content Oiseasc rnting 
simple agor in Petri dishes , which were 
incubated for 10-12 days at 28-3σc 
before spore counting 
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A good infe:tion (more than 10 spolsj 
leaf) has ooen obtained by spray inoc­
ula'tion. 1 noculated pl.nts were kept 
under mist and symp'toms appeared 12-
15 days after inoculation. For disease 
evaluation inoculated cultivars were 
maintained in a moist chamber for 45 
days. Three spray inoculations were.per­
formed dυring this period and the final 
evaluation was taken 15 days after the 
last inoculation. Three resi$'tant and six 
tolerant cultivars were identified among 
the 40 cultivars tested 

.Oisea輯，刮目ng
1:; 18SS than 2 spots/le.f tr8sistant); 
2 -:= 2 - 5 啥。ts/leaf holeran訓，

3 = 6 - 10 spots/leaf tsusceptîble); 
4 = mor. than 10 spots/reaf (verv suscep的 ble)

Figure 33. HCN content and Cercospora 
hennìngsii reaction of 18 cassava cultivan. 

。c d e f 9 h i j k I "m n 0 p q r • 

The relationship between HCN con. 
tent ond C. h棚ningsii reaction showed 
that there WðS no correlation between 
thè resistance or the susceptibility of the 
cultivars tested and the HCN content 
(Figure 33) . 50me of the most suscep­
lible cultivars (M Col 9 , M Ecu 111) 
∞ntained as much HCN as the most 
resis'tant (M Col 84, M Col 465 and M 
Col 706) (Figure 33) 

Funglcide treatments on caslava 
唱個bllshment

Losses above 20 per cent from stem 
。 r root rot pathogens during cassava 
establishment have been recorded in 

Table 19 . Effect 01 fun到clde treatments 00 cassava 間組blishment (Experbnent No. 1) 

Replication Fungicide 

x 6 5 4 3 2 

19.3 19 2Q m 2Q 18 19" Demosan 65-

18 .8 

16 .5 

20 

16 

16 

20 

18 

18 

16 

t7 

15 

19 

16 

19 

18 

Arazan 

AgaJlol 

Brassicol 7S 16 .0 18 18 17 14 13 

14 .1 14 

90 

16 

• Dem剖開的= 1 -4.0ichlor刊. 5..d imelh。叮 ben，.冊，

Arasðn =:: γ"etrllme~hyl thiuram disulfide ; Agallol M帥。xy ethyl mercury 
chloride ; B間ssicol 月 = Pentachlor。削衍。ben甜冊，

Control = Dislilled water “ Number of germinated cutting of 20 per rep l:cate 

13 16 12 14 Control 



Table 21. Errect ot tunc直clde treatm回祖 on cas且祖圓tabllshm個t (Experlm阻t No. Z) 

Fungicide 
2 

Vita\'ax-thiram. 劫" 17 

Dernosan 的 19 18 

Tecto 曲 !3 15 

Brassicol 75 14 13 

Arasan 14 12 

Control 11 J2 

.. Vit." l!Ix-Thiram = OCMO-Tetramethyl th : ur﹒ mdi仙怖de;

DemOS l!l n 65 1.-4-Di::h:oro-2, 5-dimetho阿 benze冊，
Tecto 60 = Thiobend;缸。1.; 8rassicol 75 = PCN8; 

Repli臼tíon

3 

19 

17 

16 

12 

12 

s 

Arasan Tetramethylth ! ur﹒ mdisuJf i曲，∞ntrol Oistilled water 

•• Number of germinat吋 ωtting of 20 per rep l.cl!lte 

4 x 

19 18 .7 

18 17 .5 

12 14 .0 

13 13 .0 

13 12 .7 

10 12 .0 

Table n Cutting rigoedrsmoinf aetixopn o-tuCreMg C 祖) after-water treatment at ditterenl temperalures 
and pe 

Tcuytpue nog f Tem(p。eCr)ature Percentage of gerrnination after .time of exposure 
(min) 

10 20 30 40 m 曲 CK** 

old '65 o. o 。 。 。 。 1∞ 
n可ature 65 o 。 o 。 。 。 1∞ 
green 65 D 。 。 。 。 。 70 

。Id 60 。 。 。 。 o 。 1曲

mature 6日 o o 。 。 。 。 1∞ 
green 60 。 o 。 。 。 。 65 

。Id 58 。 。 。 。 。 。 1∞ 
mature 58 。 D o o 。 。 1∞ 
green 58 。 D 。 。 。 。 70 

。Id 56 10 。 。 。 o 。 l∞ 
mature 56 o 。 。 o o o 1∞ 
grecn 56 o D 。 。 。 。 70 

。Id 53 m 80 的 咱 m 10 1∞ 
mature 53 70 70 曲 10 o o I叩
ar間n 53 。 。 。 o 。 o 65 

。Id 50 I凹 l∞ 1∞ 別 到 50 1∞ 
mature 50 1個 80 切 的 咱 30 1∞ 
green 50 20 10 。 D 。 。 曲

old 47 1∞ l∞ l∞ 100 1曲 3∞ 1個
mature 47 1∞ I曲 1∞ 1個 1個 1∞ 1個
green 47 50 50 40 岫 30 到 曲

會 Average of two replications wi!h !en cutting$ eðch 

** Çontrol (CK); untrealed cutt;ngs 
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some cassava growi ng a reas of Co­
lombia. In order to minimize such 
losses, cuttings were treated with differ­
ent fungicides before planting in an 
infested so i.l where establishment losses 
were h心her 'than 25 per cent in a pre­
vious cassava crop. Cuttings were dipped 
m an aqu曲us fungicide solution for three 
minutes before p怕的ing. Two months 
after planting the number of germinated 
cuttings was recorded 

Demosan 65 and Vitavax-Thiram (1 : 1 
w/ w) treatments were highly effective 
Although Arasan was highly effective in 
the first experiment (Table 19) its per­
formance was poorer in the second one 
(Table 20) which suggests a lack of 
inoculum concentration dυring the first 
experimen t. There was no significant 
difference between Demosan 65 and 

Arasan treatmen!s, bu't these two prod­
ucts were significantJy superior to the 
other comp。υnds in experiment one (Ta­
ble 19) 

Experiment two (Table 20) showed 
th副 the difference be!ween Demosan 65 
and Vitavax.Thiram was not significant 
but they were significantly better than 
the other tre.tmen'ts. Among Tecto 60, 
Brassicol and Arasan there were n。
significant differences but all were su­
perior to the contro l. 

Effects of 'Physlcal therapeutic agents 
。n CISSIVI stem cuttings 

As commercial cassava is propagated 
vegetatively, pathogenic causal agents, 
such as bacteria , viruses , mycoplasma, 
fungi , nematodes and even insects , may 

Table2. Cutung angd empeirnioadtis on of tLEanem}after hot wMer tr國tment at d.1tferent tempera. 
tures and periods of exposur四

Tcuytpue nog f Tem(p叫e:r}atum Percentage of germination after time of exposure 
(min) 

10 m 到 40 50 的 CK.. 

。Id 65 O' 。 。 。 。 。 四

maturc 65 。 o 。 。 。 。 70 
81夸en 65 。 。 。 。 。 。 40 

old 曲 。 。 。 。 。 。 的

maturc 曲 。 。 。 。 。 。 的

green 曲 。 。 。 o 。 。 30 

。Id 58 。 。 。 。 o 。 ω 
mature 58 。 D 。 。 。 。 m 
green 58 。 o 。 。 o 。 35 

old 56 。 。 。 。 。 。 80 
mature 56 o 。 。 。 。 。 曲

green 56 。 。 。 。 。 。 相

old 53 60 40 m 10 。 。 m 
maturc 53 曲 40 20 10 o 。 即
green 53 40 。 。 。 。 。 45 

。Id 到 80 70 岫 m m 10 切mature 回 間 間 到 到 到 30 75 
green 50 到 m 。 。 。 。 45 

old 47 ω 切 ω 個 曲 岫 75 
mature 47 80 切 70 ω 到 70 的
green 47 45 到 50 40 30 30 50 

會 Average of two replications with tcn cJttings c!!lch 

~ . Conlrol (CK) : untreðted cultings 
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TablenEtuUrUeMs E anFd mpeddnoadtison of CMC M}after hot waser treatment at different tempem-
exposures 

Type of TEm(pECer) ature a Percentage of germination after time of exposure{min) 
cuttlng 

10 20 JO 咱 到 ω CK.. 

。ld 53 77 ' 73 53 到 岫 23 1ω 
mature 53 67 ω 43 33 33 13 1個

old 52 1個 97 87 63 到 23 1個

mature 52 97 93 83 7日 的 37 l∞ 

old 51 1個 四 83 67 53 岫 l∞ 
口lature 51 97 87 87 67 47 33 l∞ 

自 Average of three rcplicalions with ten clJ tting$ eðcn 

Control (CK ): unl realed cUllings 

be dissemina'ted by moving material 
from one area to another. This investi­
gation evaluated the effects of hot water, 
microwaves and ultraviolet light (u , v. ) 
。n germination of cassava cuttings 
Results related to each one of 'the treat­
ments were 

Hot water trea,tment 

Tables 21 , 22, 23 and 24 present 
results of \he hot water treatments , Tem­
peratures above 530C seriously reduced 
the germination of the cuttings of all 
varieties. Hot water treatment at 530C 
reduced the germination of Ll anera cut­
tings more than 't h.t of CMC-39 cuttings 
(T.bles 21 and 22) , It is thought th.t 
the best treatment with hot w.ter is 

52'C for 30 m inu'tes , since germinat的n
is still higher th.n 80 per cent in both 
cultiv.rs (CMC-84 and Llaner.) (Ta­
bles 23 .nd 24) , Treatments at temper­
atυres above 520C .Iso consider.bly re­
duced the size of the shoots of treated 
c叫tings ， but three months after tre.t­
ment the size of these shoots were .1-
mos't the s.me .s those of the controls 

Microwave treatment 

Germination of both Llanera .nd CMC-
39 was seriously reduced by expo.ure t。
more 廿lan 105 seconds of microwave. 
Seventy-five to ninety seconds of expo­
sure seem to be the best treatment peri­
。ds (Table 25) , 

Table MCtuUrMes ag angd erpmebd區。dSSzon4LIMera}after hotwater ‘reatment at dUterent 扭mpera
。f e:~osur四

Tcuytpte Inog f Tem(p℃er) atum Perccntage of germination after time of exposure 
(min) 

10 20 

。ld 53 83' 77 
mature 53 60 曲

。ld 52 問 83 
mature 52 ô7 83 

old 51 93 87 
malure 51 87 83 

會= Average of three replìc8tions with ten cuuings each 

•• Control (CK): untreðted cυuings 

30 40 50 曲

70 43 n 10 
47 n II 10 

80 73 到 33 
77 57 47 17 

83 57 40 33 
77 叫 47 20 

CK. . 

93 
ω 

97 
83 

93 
83 
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TaNe 詣 Cut組n， rerm虹叫lon atter microwave np咽ur四 for d1fte闊別 periods 01 tlmc 

T油le of Cultivar Llanera Cultivar CMC-39 
exposure 
(seconds) 

Type of cuuing and % of germination Typc of cu tting and % of germination 

old mature 。ld mature 

。 83' 87 1個 1叩

15 87 83 1∞ 1個

30 93 93 1曲 1凹

45 83 83 1曲 l∞ 

ω 87 87 1∞ 1∞ 

75 " 87 1∞ 97 
間 70 67 1ω 93 

105 3 。 33 10 

會 Avenge of three repliclltiorl$ with len cuttings ellch 

Ullraviolet lighl Ir8.lm.nl 

Germination was not affected byυv 
treatrnents even after six hours expo­
sure. No differences in ger'min剖ion bet­
ween Llanera and CMC-84 were observed 
(Tab!e 26) 

Sensi1ivity in vitro of SOme cassava 
palhogons 

CBB's hi司hest sensitivity to hot water 
was at 54'C/ 30 minu'tes. After forty-five 
seconds exposu re to n、 icrowaves CBB 
was disrupted. Ultraviolet light did not 

Table 26. Cuttíng germinaUon atter ultraviolet exposure for different perJods of Ume 

Time of Cultivar Llanera Cultivar CMC-84 
exposure Typc of cutting and % of germination Typc of cutting and % of germination 
(hours) 

old mature old mature 

。
間﹒ 90 1個 1個

間 100 100 I曲

2 間 叫 , , 1個 1個

3 I∞ 90 1∞ 1∞ 

4 間 80 1∞ 1個

5 r ' 間 間 1曲 I∞ 

6 間 90 1個 1曲

• Averllge of two repliclllions wilh ten cutl:ngs ellch 
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.l'able 'J:1. pre輯固曲。r Bot叮。diplod!a sp. In CMC個 cuttings arter treatments w1th hot 
water, ßÚcrowaves and ultraviolet light 

Cutting 
number 

Hot-water 
52'C/30 (min) 

Treatments and exposure pcriods 

mlcrowaves 
{帥 seconds)

U.v. 
(6 hours) 

+ 
+ 
+ 

+. 

A
υ
 

2
3
4
5

￠

7
8
9
1
 

CKU + + 

+++++++ 

• + positive 甜lation; 土 isolation from 開ly one of three 抽mples
n旬otive ísolation. These resuhs are means of three samples laken of 凹ch jnfected 

cutling 

.. Conlrol (CK): untreated cuttings. Isolátion from three 揖mples/c叫 ling

induce any inactivatory effect on CBB 
suspens的n in sterile distilled water , even 
after seven hours of treatment 

Bot吋。diplodia sp. andGlomerella sp 
were inactivated by 30 seconds 01 mi­
crowave exposure. Seven hours of ultra­
violet light did not indυce any effect 

Inhlbito句。r inactivato吋 .ff.肘. on 
the host parasite r.latlonships 

In all cases , CBB w.s isolated Irom 
a hot, water treated cutting. A bacterial 
popυlation closely simi lar to the untreat 
ed cutting was lound in mature and old 
stem portions after being treated at 65'C 
lor 60 min u tes . Simil.r句， 90 and 105 
seconds of microwave exposure or 6-7 
hours of u. v. exposure did not induce 
~ny inactivitory or inhibitory effects _o r} 
CB日高11

I n contra計 B。電內。diplodia sp., 
Glomerella sp. and the causal agent '01 
the superelogation disease were control­
led both by'52'C/ 30 minutes hot wa'ter 

treatment and 60 seconds of microwave 
exposure. Howev~r， u.v. exposure did not 
control any 01 the a.bove pathogens in­
lecting old cassava cuttings , Table 27 
shows the inhibitory effects on Bo. 
甘yodiplodia sp. by treatment with hdt 

' water (520C/ 30 minutes). microwaves 
(60 seconds) and u.v. (6 h。υrs)

The lollowing are the general conc.i u­
sions of the aforementioned investiga­
tions: 

1. Treatments using hot water or mi. 
crowave can sen。υsly reduce 'the germ• 
nation of cassava cuttings. Ultraviolet 
light for seven hours apparently does not 
induce any eHect on germination. 

2. Optimum hdt water treatment to 
cassava cuttings seems to be 52'C/ 30 
minu'tes; optimum microwave treat­
ment: 75 to 90 second exposure 

3. CBB, a vascular pathogen , was not 
controlled by hot water or microwave 
treatments. Its inactivatory or inhibitory 
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point, when associated with i'ts h。肘， IS 

higher than the optimum point of sensi­
tivity of cassava cuttings to these treat­
ments. This could be similar for o'ther 
vascular pathogens of the cassava plan t. 

4. Botryodiplodia sp., Glome間lIa sp. 
and the causal agent of the sυperelon-
9ation disease, common epidermal or 
cortical pathogens, were controlled by 
hot water' or microwave treatments. UI­
traviolet light exposure did not control 
these pathogens 

5. As green cuttings were sensi'tive 
to hot water and microwave applica­
tions , these treatments appear to be 
unsuitable for these type of cuttings. 

Other trea'tments to control cassava 
pathogens in vitro are at present under 
study 

ENTOMOLOGY 

Cassava is often reported to be a crop 
that is rather fr峙。f insects and disease 
problems. When the cultivation of cas-

sava becomes more inten剖ve i t becom.es 
apparent that a number of organisms 
have the potential to reduce substan­
tially both the yield and 'the quality 
。f planting materia l. There are indica­
tions that the cassava plant has been 
selected over the centuries for resistance 
to pests; e.g. , thrips . 

Thrips 

The thrips species and spider mites 
may well be 'the most important 個ssava
pests (see section on Economics). Thrips 
live in the growing points of the plant 
and because of 'their feeding habits de­
lorm expanding leaves 

Light inlestations produce yellow dots 
。n the leaves; heavier in>festations result 
In se軒rI昀。υ山s leaf del。叮rma刮ti昀。n吭1 ， absence of f 
paγt of 
t仙υa訓11句y， in death 01 the growing point 
The sidebuds which subsequently devel­
op are also killed and "witches broom" 
type symptoms appear. The internodes 
01 'the stems are shortened and covered 

TabJe 28. Resistance to thrips ot cassava clones 凹latcd to plant pubescence and cyanide 
conte且也

No leahfaleimt / Nothrzrnaapns a Cyanide 
Damage per terminal content of 

Clone rating underside) bud 5th leaf (ppm) 

M Colombia 1462 O' 12;例16 1.0 647 

M Colombia 379 11.368 J.7 734 

M Colombia 606 。 4.352 。。 6到

M Colombia 562 。 3.876 。。 630 

M Colombia 442 2 3.596 2.7 235 

M Colombia 913 3 220 。 0 974 

M Colombia 139 3 甜 0.0 8晶

M Colombia 802 2 的 0.7 %2 

M Colombia 1516 2 20 1.0 %2 

M Colombia 758 3 4 0.3 亂"

M CoIombia 559 4 。 。 3 1.怔)6

M CoJombia 1339 4 。 1.3 徊。

* Resistance ra t:ng : 0 imm開4旬; 5 = growing 間nt dead; 叫田間ve spr。叫 ing of side buds 
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On the expanded leaves, especially 01 
younger plants, C.liothrlps m甜ωI;nus
can be lound while C，。吋nothrips st酬。p­
terus is lound on leaves 01 older plants 
80th these species are black in color 

Chemicðl control 01 thrips is effective 
with Diostop but 'the use 01 thrip-resis­
tant varieties is the best approach 
towards contro l. Evaluation 01 the aerm­
plasm bank, carried aut. in 'two differ­
ent dry seasons showed. that 29, per 
cent 01 the c\ones did not have 
thrips damage , 31 per .cent with sli~ht 
leal delormat悶悶 . and the remainder 
had considerable leal delarmation pre­
senting witches-broam-like symptoms 
The rësistance seems to be associated 
with hairiness 01 ~he leaflets when still 
lolded. The hairy varie~ies have uP. t。
13.000 hairs per leallet on the uncler­
side (Table 28) , while the susceptible 
varietles have ncne cr few hairs. The 
resistance classification was based on 
the scale : 0 = no damages; up to 5 = 
witches-broom-like symptoms. 

Plants grown Irom sexual seed 01 the 
Ll a間ra variety were more susceptible 
than would be cxpected Irom the averaqe 
germplasm bank susceptibili1γIn the 
;;'ormplasm bank, 29 per cent 01 the 
ciones showed no thrips damage , while 
。1 238 Llanera seedlings, only 2.1 per 
cent showed no damage. Alter years 01 
cultivation , farmers may have eliminated 
the majority 01 th rips-susceptible c10nes 

Splder mites 

Several species 01 spider mttes attack 
cassava in 't he dry season , among them 
Mononychus tanajoa. 1 n March, at the 
end 01 the dry season , the germplasm 
bank was evaluated for resistance t。
mites. Although the inlestation was not 
unilorm and some 01 the apparently 
resistant lines are certainly escapes, out 
01 1,300 Colombian col\ections, no plants 
were lound without mite damage. About 

• 

。陌 third were c1 assilield as 1 (0 = no 
mite damage and 5 - serious deloliation 
dieback and sprouting). . Only one per 
cent 01 the c1ònes were classilied as 5 
Great differences in mi.te attack were 
not only apparent in mite damage \)ut 
also in 11Umbers 01 mites per plan t. The 
mites were counted per plant on 100 
c1ones, 3 discs 01 1.8 cm diameter 01 
each 01 3 leaves Irom the basal , middie 
and υpper part 01 the plant. The lowes't 
number 01 mites was lound on M Co­
lombia 813 (9 mites J. the highest on M 
Colombia 25 (1 ,476 mites) (Table 29). 
Also, on some clones, mites were mainly 
located on the basal leaves and on 
。ther plants on 'the top leaves. It is 
possible that different species are in­
volved.There was n。∞rrelation between 
mite damage niting and number 01 mites, 
probably because the first rains oc­
cυrred when the mite counts were 
macle. The correlation between mite 
damage and cyanide level 01 the plants 
was 0'.29 (Signil. P = 0.01) . This indi­
cates that pfants with higher cyanide 
,Ievels were' morc damaged 

Shoot flies 

The shoot Ilies that attack cassava can 
be divided into two grouos , In one 
group the species aUack the growing 
poin't causing mortality, lo l\owed by 
oermination of 。惘。r more sidebuds 
Amona these species are Silba 帥ndula
and Sl\b. sp. Other species attack below 
the ~rowing points. Sma l\ entrance holes 
can be found in sterns and , on opening 
these stems, the pith tissue is complete­
Iy clestroyed. A secondary inlestation 01 
p剖hogens cause the stem to turn black 
。r the le.ves to drop without any lurther 
。bvious damage symptoms. This pest is 
a Tephretidae Ily that is similar t。 一 a
Iruit-attacking sp缸ies ， Anastrepha 
", ickli, which attacks the cassava Iruits 

In an altempt to simulate the damage 
made by Silb. pendula, the growi吋
points 01 two varieties were c1 ipped at 3, 
4 and 5 or at 3,4,5,6,7 and 8 months 
aftef pl.nting to ob'tain 0, 50 or 100 per 
cent levels 01 damage . The results Irom 
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Table 29 . MJte counts and damage scores on clon回w1th a: lowe國 number of mi曲:
b: hlcb甜 number; c: 國岫 malnlyooba叫 leav目; d: MaIoIy 00 Iop 1曲ves
(March， l明3)

Dama~e 
Sc。閱 (0-5)'

Basal 
leaves 

Middle 
Jeaves 

Top 
Jeaves 

a: lowest number of mites 

3 
2 

9 
7 。3 。

。
813 
曲3

b: highest number of mites 

M Colombia 
M Colombia 

M Colombia 
M Colomb抽

2 
4 

233 

3∞ 
520 

378 072 114 

780 
7個

“
開
扭
曲

2 

111 
257 

680 
52 

1 

52 
E 

c; mites mainly on basal leaves 

M Colom bia 34 
M Colombia 61 
M Colombia 709 

324 753 
14 21 

176 
65 

峭
的
M

IZ 

d: mainJy on top leaves 

M CoJombia 39 
M Colombia 21 
MC冶lombia 38 

• 0 no damllge; 5 = mortality of growi呵 point IInd/or 叩r。山 ng of s 曲buds
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The plants of clones M Colombia 10 
and 65, at 4 months of aQe, due to shoot 
fly attack, were ab。υt 25 cm in height 
Current experiments with in.secticidal 
treatments of the cuttings will determine 
damage in terms of yield reduction and 
control of the sh∞t f.ly 

Fifty-five Colombian clones that were 
planted on May showed greatest shoot 
fly attack at 2 months of age. After this , 

。ne variety were eliminated because of 
soil salinity_ The yields under the vari。υs
treatments of M Mexico 23 tended t。
increose because of the clipping (Table 
30) , but were not significant (signif 
p - 0.10) . At 50 per cent of 'the termi­
nals cut, the yield increased when cut 
at the younger growth stages. But a 100 
per cent cut gave equal yield to the con­
troL When cut 011 through the growing 
cycle, the yields stayed 'the same. Ap~ 
parent旬， during the early growth (up t。
six months) clipping increases yield 
Howev~:， later on in the growth stage, 
the inflυence of clipping is greater. 

Table 甜 Root yield (In ton加叫 01 M MexJco 盟 .t 10 months of age, atter clipplnC of 
gro咽ng poin扭 at various degr四S， to lIi且uJa\e曲001 Oy damap 

1∞ 

32 . 1 

perc凹 taae of growing points cut 

到

38 .0 28.5 
。

Time of cl中ping (in 
months) after planting 

3, 4 and 5 

3, 4, 5, 6, 7 and 8 

4 

33 .4 

98 

33 .8 31.3 



Successive three-monthly plantings 01 
these clones will give inlormation on 
the most susceptib le plant stage，的。ot
Ily population Iluctuations and varietal 
月sis'tance. 01 these 55 clones, some 
appear to have resi s tance (eg. M Co­
lombia 642, 647, 1142, 1703, M Mexic。
5 and 35, and Llanera J. while others arc 
sυscep~ible (e.g., M Colombia 10, 65 , and 
1084, and M Panama 48) . 

12 

• , 

B f !:阿/4:
The cassava hornworm , Erinnys ello, 

的 is year oniy twice reached a popula­
ticn levei 'that made chemical control 
appear necessary. The co use 01 th., 
low population leve ls is not understood 
Reduced chemical opplications may have 
enhanced the egg parasiti sm bγTricho­
gramma， la阿al predation by Polist.. sp. 
and larval parasitism. Week ly counts 01 
the egg and larval population Iluctuations 
(in CIAT and ICA at Palmi月J. showed 

Cassava hornworm 

2 3 4 5 6 

Plant a98 (in mon的叫

Figurc 34. Relationship _ ~etween sh!>。“Iy
attaëk and branching of 90 clon間， planted 
May 1, 1973. 

7 

thc number 01 ottacked shoots continued 
to decrease and because of an inc reasing 
branch number , the percen'tage 01 at­
tacked branches decreased (Figure 34) ' 
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F_i~~re 35. R.~~ation~~.Îp between number of e995, number 01 larvae per plant and pe間ent.
age of e99 parasitism of the cassava hornworm 

99 



the degree of egg para5itism and num­
bers of larvae one or two weeks later 
were not related , indica'ting that the 
parasite does not govern the population 
level of the hornworm. There is a signif­
icant correlation between the number 
of eggs and the number of larvae, one 
and two weeks later (r = 0.82 and 0.58, 
respetively). In consequence, populaton 
。utbreaks of the hornworn cannot be 
predicted by 'the egg parasitism , nor 
are they regulated by it; only egg count5 
predict 'the larval population . Other 
factor5 such as predation by Poliste. and 
weather factors seem to be more per­
tlnent 

tha't egg parasitism was never below 53 
per cent (Figure 35). The number of eggs 
per plant varied from 0-36 and the 
number of larvae from 0.19 

The percentage of egg parasitism was 
not correlated with the number of eggs 
(r = 0.23 ), indicating that the Tricho­
gramma has sυfficient other h。的s t。
maintain i't5 populations when the horn­
warm is absen t. However, the number 
。f egg5 per plant and percentage of egg5 
parasitized one and two weeks later was 
correlated significantly, indicating that 
a relationship does exis't in the fluctua. 
tion of the two populations. However, 

Table 31. Foliar area consumed per larval instar and duration 01 the instar 01 larvae 
ted 00 C晶晶，va 1曲ves (in laboratory 凹nd.itions) located at the top. central or 
basal part 01 the plan& 

Foliar area consumed (a.vg. 30 larvae) in cm2 A 

Statistical 
significance 

ns 
ns 

sign. P< 0.01 
ns 
ns 

Basal 
leaves 

2.32 
7.11 

16 .16 
154 的

Cenlral 
leaves 

1 曲

5.10 
27 .72 

118 .10 
438.39 

5叩開

Top 
leaves 

1.63 
4.03 

10.62 
個岫

319.79 

425 .79 

Larval 
instar 

12345 

Total 

• 

Duralio叫 of instars (avg. 33 larvae) in days 

12345 

Statistical 
significance 

sign. P< 0.01 
ns 
ns 

sign. P< 0.01 
ns 

Basal 
leaves 

2.30 
l 個

1. 91 
3 個

1 ∞ 

10 .07 

Centra! 
l且ves

1.33 
1.86 
1. 75 
2 甜

3.87 

11.41 

Top 
Ieaves 

Larval 
mstar 

B 

Total 

c Percentage mortality recorded 剖開d of cach instar 

Basal 
lcaves 

7161} 
H
H
明
初
M
H
H

Cenlral 
leaves 

14 .7 
41.2 
47 .1 
52.9 
55 .9 

Top 
leavcs 

2.9 
5.9 
5.9 

11.8 
17 .6 

Larval 
instar 

12345 

100 
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Table 32. Intluence of cyanide level on larval and pupal development aød larval head 
capsule width (avg. 25 larvae, reared in the Iaboratory 00 leaves of t&.month 
old p祖n個}

I Duration of larval and pupal instars (days) 
Larval stage 1..eaf cyanide content 

1 
2 
3 
4 
5 
pupae 

11 . Head capsule width 

l 
z 
3 
4 
5 

III. Pupa.l weight" 

Low 

2. 19 8.. 
2.19 a 
2.66 a 
2 伺 a

9.52 a 
14 曲 a

33 .51 

。 79 a 
1.24 ab 
1.% a 
3 個 a

4.95 a 

2.40 a 

Medium 

2.92 b 
2 ∞ ab 
1.92 b 
4 ∞ b 
7.92 b 

13.44 ab 

32 .20 

0.81 b 
1.22 a 
1.93 a 
3 ∞ a 
4.13 b 

3.37 c 

High 

2.52 b 
1.87 b 
2. 13 ab 
3.52 b 
8.91 b 

12.91 b 

. 31.82 

。 79 ab 
1.24 b 
t 個 b
2 晶 b

4.43 b 

2.91 b 

• Numbers fo l1owed by Ihe SI!I me letter in eðch line are nol s:gnjfjcllntly dìfferent 
U Fie:d collected puplle weigh甜 3 叫 9 whi~h was not statisti :a l1y djfferent 扑om 3.37 

The economic importance 01 the dam­
age caused by hor'nworms is being 
studied . Larval leal consumption is com­
pared with area 01 artilicial deloliation 
and subsequent infJuence on yieJd. 

The hornworm larva when it pupa'tes 
consumes an average 01 425 .47 cm2 01 
area of cassava leaves of plants, ab。υt
10 months old, under laboratory con­
ditions (Table 31). Larvae on' lower 
leaves consurne more than th。呵。n
upper leaves. About 75 per cent 01 the 
total area consumed is eaten in the last 
instar. The larvaJ stage in this triaJ lasted 
12 days. The more basal leaves caused 
high larval mortality and none 01 the 
Jarvae reared on the basal leaves reached 
the pupal stage 

Cassava is often reported as a plant 
relapvely resistant to ' pests because 01 
its cyanide conten t. To test the in-

Iluence 01 cyanide 01 the leaves on lar­
val development , Jarvae were reared 
in the laboratory on mixtures 01 leaves 
。1 plants with high, medium or low 
content 01 cyanide. From each class 01 
cyanide content a mixture of four clones 
was used. When larvae were reared on 
leaves high in cyanide content, they de­
veJoped laslest and those on low 
cyanide slowest (Table 32) . AJthough 
the pupae weighed most when reared on 
leaves average in cyanide content, there 
were no clear indications that high or 
low . cyanide conten't greatly influenced 
the larval development 

Resistance to hornworm may be 
lound using oviposition preference. Jn 
cage studies the regression lor nυmbers 
01 eggs in Iree choice tests with Jeal 
width and plant height as variabJes 
were: 
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10 15 20 30 40 
Days after planting 

Figure 36. Germination of cuttings in­
fested 10 咱們。us degre臼 with sc訓es (grade 
o = no scale, grade 3 = covered wi甜甜刮目)

50 

10 20 30 岫

Days att. pIInting 
Figure 37. lnflucnce of scales and Însecti. 

cidal treatment 0" germination of cuttings. 

50 

x (plant hcight) 
x (Ieaf width) 

No. eggs = -22.59 + 2.84 (cm) 
No. eggs = + 18.25 + 0.71 (mm) 

Direct damage by the cassava scaie 
Aonidomytilus .Ib山 (Fam. Diaspididae) 
hos been observed in the lorm 01 di串
bock 01 branches. This grey-white mus­
sel-shaped scale, about 2-3 mm in 
length can also greatly reduce germi­
nation 01 stakes (Figure 36). Insecticidal 
treatm.ant of stakes completely covered 
with scaJes did not increase the ger­
mination (Figure 37). Apparently, the 

damage occurred belore planting. Only 
。ccasionally were scales found on th:J 

young shoots germinating from sca!e 
infested cuttings. Not 。叫y germination 
is reduced but also initial plant growth 
is retarded in cuttings infes'ted with 
5cale (Table 33) 

Stake dipping in insecticidal and 
acaricidal solutions should be used in 
any movement 01 planting material t。
prevent introduction of new pests. 50me 
insecticidal treatrnents delayed germi­
nation (parathion) others not (monitor 
and malathion). 

The hornworm in cage studîes pre­
lerred to ovip由sit on ta l.ler plan'ts , re­
gardless 01 leal width. The effect 01 
plant height in oviposition prelerence 
studies with plants, differing in cγanide 
level , has to be taken into account 

5c.le Insects 

• A second spec i肘， Sais揖tia miranda 
(Fam. Coccid輯) is Irequently found on 
young branches. However, its nymphs 
are heavily predated by Coccinellids 

Tahle 33 . Plant belght and number ot 1圓明s per plant, 40 days after planting cuttings 
intested to va討ous degr明s w1th the 阻ale A. albus (grade 0 =閥割刮目:
3 == oompleteJy covered) 

No. of leaves 
per plant , , 

Plant height grade Infestation 

32.6 a 
28 .2 ab 
19.2 b 
4.8 c 

aabc 4915 3235 332 
。

1
2
3
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Table 34. Vatiga man!hotae adult and nymphal populaliona per I個f on diffe間nt p旭叫
parts (averace 10 plan扭 and 10 leav個 per pIant part) May, 1肘2

NO. of insects per leaf Plant Part 

Adu1ts 

曲.7

Nymphs 

45 .3 Top 

Middle 4ð .6 207 .6 

!n some plantings, the cutworms and 
centipedes clipped 011 new.ly emerged 
shoots and ate the buds 01 the cυttings . 
A bait 01 3 liters 01 honey, 25 kg 01 
corn meal and 1 Ii ter 01 Dipterex 
(80%) applied around the cuttings, 
gives good control lor both pests. 

8.7 

Cent崢吋es

11 .0 

C叫worms .r吋

Basal 

and its adults parasitized . The adult is 
a shiny black round scale, about 3-4 
mm in diame'ter. 

WEED CONTROL * 

Weed control research continued t。
evalυate the competitive ellects 01 weeds 
in cassava and to develop sale herbicide 
recommendations for chemical weed 
contro l. 

. 岫mes of 5ubs tenc目 used as herbic ides ap間.r
wi th lower c﹒時 letlers . Names of commercial 
pr呵凹的 appear w岫 i n i t : al let ters in 臼阱，

lals. Edltor', not.. 

The lace bug is a potential cassava 
pest whose damage, expressed in yel­
lowing 01 leaves and leal drop, is sim­
ilar to that 01 spider mites. The biol. 
。gy 01 V. manihotae was studied. The 
live nymphal instars are passed in 4.2, 
2.2, 2.4, 3.5 and 5.5 days , respec­
tively, with a total 01 17.8 days. The 
e99 stage lasted 14.8 days on the av­
erage. The adυIts measure 3.2 mm on 
the average and 'they preler the top 
leaves (Table 34). Because 01 slow 
nymphal development, most 01 the nym. 
F'hs are lound on the central part. 01 
the plant 

V.tiga m.nihotae 

Table 35 . ENI間值。f dilferent weed compeUtlon periods on ca輯ava fresh root yieJds 
and the per四且個ce of yle祖國開盟"時dto.祖國va kept weed.free 咽th herbl. 
cides for CMC甜 and CMC缸， z帥 daya after pIanling 

CMC.84 CMC39 

站 。f

max. yd" 

倒
η
H
t
H
η剖
開
跑
到
扭
曲5
個

Fresh wt 
({tonj ha) ' 

19 .3 
15.3 
9.5 
2.8 

14 .7 
16 .8 
11.6 
6.0 

16 .9 
13 .2 
1.0 

20.1 

肘。f
max. yd. . 

U間
布
的A
泊
位
“
的
甘
甜
啊
H
η
7
∞

Fresh wt 
(tonj ha)' 

18 .0 
16 .0 
11.0 
7.0 

19 .5 
12 .9 
13 .3 
5.8 

16 .3 
15. 4 
1.4 

21.1 

Frequency of 
weedîngs 

時，刻，帥，120 ， UH.... 
刻，帥，120， UH 

帥'，120， UH 
120, UH 

15，狗，曲， 1劫
的測，的

時，鉤，
15 
鉤，曲

15,45 
Weedy check 
Chem. weed. 
fr田

Number of 
weedings 

.. .. • ++++ 432143212200 
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Competition studies 

Results of an experiment on the crit. 
ical period of competition (CIAT's 1972 
Annual Report) show that serious los5es 
。ccur when weeding operations are 
not performed at the right time (Ta­
ble 35). Maximum yields were always 
。btained in plots kept weed fr自 with
her l:i icides, and there was complete 
crop 1055 when no weedi n9 was done 

CMC-39 and CMC-84 , kept mechan­
ically weed free all Sea50n, produced 86 
and 96 per cent, respectively, of thc 
yield of chemicaJly weeded ca5sava 

35 

油

~25 
E20 
至 15
> 10 

5 

o 

20 
至直 15 

'。
5 
o 

CMC -84 variety 

2 4 6 8 10121416 

Dc剛何(1。間，印lants/hal

!-• • 

2 4 6 8 10121416 
Donsi1y 110。σs plants/h叫

.Chemi帽 I weed.free 0 WMded at 30 曲y5.

XWeeded 8t 30 and 曲。Weedy check 

Figure 38. Eff配t of cassava density and 
weeding system 00 fr自h root yields 8 and 
12 months aher planting in CMC - 84 
vancty 
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There was a significant yield reduction 
in the shorter variety (CMC-84) but 
not in the ta Jler one (CMC.39) result. 
ing from weeds that germinated after 
120 days. On" weeding was insu仟icient ，
but two well-timed weedings gave 
great yield increases Qver the con'tro15 

Weed competition during the first 
60 days reduced yields by more than 
50 per cen t. Keeping cassava weed 
fr間 during the first 60 days gave an 
average yield of 76 per cent of the 
maximum. This indicates that the crit­
ical period of competition is from 
planting time to between 60 ùnd 120 
days after planting 

The weeding tÎmes and frequencies 
did not affect the root moisture content 
The harvest index (ratio of roo't dry 
weight to total plant dry we咱ht) was 
lowest for cassava kept weed free w川h
herbicides for both varieties. Thus, in 
complete absenc~ of weed competition, 
there was a tendency 'toward propor­
tionately more aerial than root produc­
tion. This would be beneficial in areas 
where the .Ieaves are consumed or fed , 
。r where planting material is being 
produced. 

Two factors affecting the degree of 
w~ed competition in cassava are the 
crop densi'ty and the weed population 
It can be assumed that completely weed­
free cassava will be able to utilize all 
the available nutrients , light and water 
and that under these conditions, lower 
plant population5 may be able to yield 4 
as much or more 'than higher ones. 
When weeds are present , higher crop 
populations are expected to be more 
competitive than lower ones. The in. 
teraction of plant spacing and the weed 
control system 悶 being studied by using 
the systematic design. 

Plant popυla'tions range from 2,380 
怕的，850 plants/ ha ana the weed con­
trol treatments include one hand weed. 
ing at 30 days , two weedings at 30 
and 60 days , a chemically weed.free 
treatment (fluometuron plus ..Iachlor 
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Llanera varie.y 

2 4 6 8 10121416 
Oensity (1000'5 plants/ha' 

12 months old 

2 4 6 8 10 12 14 16 

O.n到ty (1000'5 plants/h叫

• Chemically weed . free 0 Weeded at 30 days 
x Weeded at 30 and 60 davs A WHdy ch.ck 

Figure 39. Effect of cassava density and 
weeding system on fresh raot yields 8 and 
12 months after planting Llanera variety 

pre-emergence and directed post-emer­
gence applica'tions of paraquat, as need 
ed l. a nd a weedy chec k 

The firs t trial was harvested 8 and 
12 month s after planting . Resuits are 
presented in Figυres 38 and 39 lo r 
CMC-84 and L1 anera , respectively. Eight 
months after planting, delinite interac­
tions exist in CMC-84. The maximum 
yield was reached wi'th 6,000 to 8,000 
plantsf ha and then decreased by 50 per 
cent at 15,850 plantsf ha lor the chemic­
ally weed-Iree treatment . In contrast, 
the yield 01 CMC-84 weeded at 30 or 
30 and 60 days reaches its ma ximum 

at the higher densities. Withou't weed 
control , eight months after planting 
yields were ni l. 

At twelve months after planting, 
yields increased little in the CMC-84 
kept chemically weed-Iree over that 
harvested 1。υr months earlier. Lower 
densities tended to give higher yields 
but 廿祖 differences are smal l. Cassava 
weeded at 30 or 30 and 60 days after 
planting produced more at higher than 
at lower populations, twelve months 
afte r planting. This means that cassava 
in the presence of some weeds has a 
higher optimum density lor yield than 
when grown in weed-free conditions. The 
cassava in the weedy check plot made 
a notable recovery at 12 months, es­
P配ially at high plant populations. Thus , 
part of the reason that cassava in 
many pa內s 01 the world is harvested 
12 or more months after planting may 
be associated with the early weed 
competition which delays root produc­
tion 

Yields 01 L1 anera at eight months 
(Figure 39) are somewhat variable, but 
the same general trends are observed 
Twelve months after harvest , the max­
imum yield was produced in the chem­
ically weeded cassava at low plant den­
si ties , showing again that in weed-free 
cassava, lower plant populations yield 
more than higher ones. Ll ane r'a weed­
ed once or twice reached maximum 
production between 7,000 and 10,000 
β!antsfha . When no weeding was per­
formed , no cassava was produced at 
either eight or twelve mon'ths after 
planting. The absence 01 recovery at 
twelve months , as was observed for 
CMC-84, indicates that L1anera is a less 
competitive variety 

Herbicide studi.. 

Reports about post-emergence her­
bicide applications in cassava are rare 
Neve r'theless , there is enough exper­
imen旭 I evidence to suppor't that such 
applications may provide good weed 
control until the cassava forms a 
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sh嚕地， 3) to spray the lower 25 per cent 
of the cassava, or 4) the lower 50 per 
cent of the plant 

The use of the shield or directing the 
spray to the base of the plant proved 
selec'tive for every prodυct. Application 
of 25 or 50 per cent to the lower part 
。f the plant caused slight initial injury 
but , 30 days after , the cassava plant 
had recovered completely indicating 
that these products are selec'tive when 
not allowed to come in contact with 
the growing shoots. 

closed canopy. Studies were undertaken 
to determine which herbicides can be 
safely applied in post-emergence, which 
is the best method to apply 'them and 
what effect the age of cassava has 
。n its resistance to post-emergence ap­
plications. 

The previous trials were in cassavð 
near.ly three months old. To determine 
if younger plants were more sensitive 
to pos't-emergence herbicides than older 
。nes， six products were applied either 
。ver the top or t。可he lower half of Ll a­
nera , 40, 65, or 90 days after planting 

Results show that diuron was the 
。nly completely safe product (Table 
36). Despite early visual injury, 'the 
Iresh weight root yield was not reduced 
Herbicidal rates of dalapon , paraquat 
and MSMA caused severe injury, and 
the cassava did not recover. Lower 
rates caused correspondingly .Iess dam­
age and the cassava generally recovered 
as rellected by the yield data . 

Over the 'top-applications caused 
severe injury for dalapon , MSMA, para­
quat and glyphosate during the first 
60 days after application (Figure 40) 
Diuron and 2,4,.0 were less injurious 

The method 01 application trial was 
done with a herbicidal rate 01 'the same 
products mentioned above in Llanera 
Rojas , 84 days old. Application was done 
with a standard back-pack sprayer 
litted with a 11∞d-jet nozzle and used: 
1) with an aluminum shield around 
the nozzle, 2) as a directed spray toward 
the base 01 the plant without the 

Table 36 . Eftect 01 n帽 po咽--eme1'len凹 herblcides on the InJuηratinr at 14，曲 and
60 days af&er applicatJon, and fresb yield ei，ht 圖個也a aI\er p\anÜDJ Llanera 
RoJaa 

Injury rating. 
Rate of 

applicatìon Herbicide 

• 

• 

Yield 
(tonjhD) 

10.9 
10 .1 
0.6 

10 .5 
12 .0 
9.4 

13 .9 
9.4 
0.9 

11.9 
5.7 
0 

11 .1 
13.9 
11.4 
12 .4 

曲

1.7 
5.7 

10 
0 
2.0 
5.2 
1.8 
4.0 
9.0 
3.3 
7.3 
9.3 
1.0 
1.7 
2.7 
0 

30 
61868515105513 

。

7
9
0
2
6
3
7
9
4
7
8
2
3
6
0

14 

IIOO3308058

5
0 

。

6
9
0
2
3
3
7
9
1
4
4
2
4
7
0

(kgJha) 

U
E
m
叫
“
封
封

5

24

8

24812 

1. Dalapon 
2. Dalapon 
3. Dalapon 
4. Glyphosate 
5. Glypho盟問
6. Glyphosate 
7. Paraquat 
8. Paraquat 
9. Paraquat 
10. MSMA 
11. MSMA 
12 . MSMA 
13 . Diuron 
14. Diuron 
15. Diuron 
16 . Control 

• 0 no injury ; 10 dealh of cassava 
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。Id c.sun planh 

and there was sligh'tly less injury in 90 
day old cassava only with 2,4-D, diuron 
and giyphosate 

However, the fresh root yield at 270 
days show that cassava has ù tremen­
dous capacity to recover from early 
injury (Table 37). Yields from the 
diuron -treated plants were only slightly 
less than that of non-treated cassava 
Dalapon , MSMA , and paraquat were 
highiy t的 ic at all three stages of growth 
when applied over th.e top. Glyphosate 
was selective when the cassava' 'was 90 
days old and completely non-selec'tive at 
the earlier stages 

In the more realis'tic situation , most 
herbicides were selective when applied 
。nly to the lower half of cassava. N。
interaction between age of the cassava 
and herbicide was observed for diuron , 

2,4-D or MSMA applied to the lower 
half (Figure 41 and Table 37). Paraqυat 
was toxic at 40 days but not at the later 
s'tages of application . Glyphosate was 
highly toxic at 40 and 65 days ; when 
applied in these stages, the cassava was 
dwarfed and the developm"nt of the 
growing points severely af!ected. Nev­
crtheiess, when applied 90 days after 
planting, it was selective 

Paraquat was toxic when applied t。
thc lower half of young cassavabut not 
to more ma'ture plants. As it is a non­
transiocated compound, injury was ob­
served only where it hit the plan t. 

The selectivity of 2，牛D amine when 
not applied to the growing points is 
noteworthy as cassava is norrγ， ally 
thought to be highly susce~!ible to the 
hormonal herbicides . The results show 
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ily, it, post-emergence selectivity was 
compared with other commercial com­
pounds 01 this group 

that this is not true lor the amine 
lormulation when applied to only part 
01 the plant. The over-the- top applica­
tion caυsed serious root delormation 
as well as yield reductions The most selective substituted urea 

herbicides were Iluometuron , nor帥，
DPX-6774 and the. most toxic were 
chlorbromuron, methobromuron, linu. 

Since diuron is only one 01 many 
herbicides 01 the subs'tituted urea lam-

Table 37 . Fresh 呵。t yields 刮目。 days ol Llanera as afl前阻d by method ol post-emer. 
gence application ol six herbictdes and age ol cassava 

Yields (.on / ha ) 

Age at application (days) 

65 

Methodof 
application -

Ra teof 
appJication 

(kg/ha) Herbicide 
呵

32 .2 
岫 5

29 .3 
35 .7 
3.6 

46 .5 
7.6 

35.6 
7.8 

44 .9 
32.9 
42 .6 
36.9 

28 .0 
37 .9 
13.6 
32 .3 
3.2 

52 .6 
12 .8 
33 .3 
7.6 

33 .0 
2.3 

18 .3 
36 .9 

的

1093796909679 
扭
m
m
m
M
9
"的
相
扭
扭
曲15

軒
昂

Total 
LH* 
Total 
LH 
Total 
LH 
Total 
LH 
Tota! 
LH 
Total 
LH 

555500 

110066440011 
1. Diuron 
2. Diuron 
3. 2.4-D arnine 
4. 2.4-D amine 
5. Dalapon 
6. Dalapon 
7. MSMA 
8. MSMA 
9. Paraquat 
10. Paraquat 
11. Glyphosate 
12 . Glyphosate 
13 . Control 

• LH Lower half of the plðnt treillted 
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The initial cause 01 lo,s 01 accept 
abilitv 01 harvested roots is internal 
discoloration. This is first evident as a 
line blue-black net 01 vascular streaks. 
This streaking increases in intensity and 
spreads to non vascular tissue where 
a more diffuse brown discolorat的n
accompanied by dry white lesions occur 

Primary deterioration ron and diuron. The controlling lactor 
seems to be the presence or absence 
。1 a halogen atom on the phenyl ring 
Those ureas which do not have a hal­
。gen on . the ring are much mcre selec­
tive than those which d。

Secondary deterioration 

Following ' discoloration , rotting , ler­
men'tation andj or softening 01 the ro。峙
。ccurs. Softening ccmmences in the cen­
tral core 01 the roots and gradually 
spreads outwards 

Llanera Rojas was signilican t.ly more 
susceptible than CMC-84 to all treat­
ments . As the leal area 01 Llanera Ro­
jas is less 'than that 01 CMC-84, less 
tota.1 product was applied per plant t。
Llanera Rojas and yet it was the more 
susceptible. The explanation for this 
must be in either differential rates 01 
penetration or transloca'tion 

Continued studies on the use 01 sur­
lace s.terilants have conlirmed that the明
may delay the onset of primary deterio­
ration (Table 38). As a result 01 'this , 50 
per cent commercial alcohol dip" have 
been investigated as an aid to the natural 
drying 01 cassava chips 

The importance 01 the role 01 mechan­
ical damage in the initiation of primary 
deterioration has been confirmed. Thus, 

PROCESSING 

Studies on the nature and occurrence 
of the rapid post-harvest deterioratioll 
of cassava root5 have continued and two 
phases of deterioration have been rec. 
。gnized.

Fresh root storage* 

會 Tropica l Pr呵ucts In叫ute/CIAT joint proj配t

Table 36. Effect 。叫r calch恤u且1ID hypochl岫。rlt峙e and com宜
c咀a岫8揖s揖a齣v鴨a roo叫t sIlc開e間s 

Dcterioration indcx (%) Treatment. 
4 (days) 

1曲

3 

100 

2 

1曲1∞ 

。

。Undipped control 
30 sec. dip in sterile distillcd 

、Nater 1∞ 

1個

1曲

60 
120. 

120. 

120. 

∞
∞
∞
聞
到

2

1∞ 

100 
75 
叩

0" 
0" 
0" 

∞
ω
∞
布
訝
。

1∞ 

1∞ 
到

12 
0" 
0" 
0" 

∞
∞
布
到
泣
。

1∞ 

••• ••• 
mEOOOO 

曲
布
m
m
E
O
O

。

o 
o 
o 
0" 
0" 
0" 

。

o
o
o
o
o

1.0% commercial alcohol 
5 . 0輛 commercial alcohol 
10.0峙 commercial alcohol 
20.0明 commercial alcohol 
咽。時 commercial alcohol 
的。明 commercial alcohol 

O.I~台 Ca hypochlorite 
。 5% Ca hypochloritc 
1.0% Ca hypochloritc 
2 . 0軸 Ca hypochlorite 
3.0幅 Ca hypochlori te 
5.0% Ca hypochloritc 

30 sec. dip in 
30 sec. dip in 
30 sec. dip in 
30 sec. dip in 
3日 sec. dip in 
30 sec. dip in 

到 sec . dip in 
30 sec . dip in 
30 sec. dip in 
30 sec. dip in 
30.配 dip in 
30 sec . dip in 

' 
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Table 39. Err",,1 01 .. 珊rfly 01 曲mage 00 fresb wefght 10晶 and detedoratlon 01 cassa、，.
roots stored at ambient cond.itlons 1\' in the laboratory 

Time ín 
storage (days) 

Deterioration index. o 
% 

Fresh weight l05s" 
% 

12471 

1 

SlightlyU. 
damaged 

2.9 
7.4 

12.4 
17.9 
22 .1 

5e時間ly....

damaged 

3.5 
10.1 
15.9 
21.5 
34 .2 

Slightly... Severely.... 
damaged damaged 

27272 
2657 

52575 13667 

• AmbÎenl condit ions lem閏月lurc 200C 工 40Ç
(t * 3xl0r∞.ts per sample 
時* Roots with no obvious grOS$ physical damage 
刊刊 R∞Is with obv:ous physical dilmage 

il is recommendcd 'Ihat produce intended 
lor storage should be harve.ted and 
handled with extreme care (Table 39) 
It is considered that those varieties with 
an obvious root stalk may be best .suited 
to storage as 'the roots can be severed 
Irom the plant with a minimum 01 
clamage. This character needs to be stud. 
ied in conjunction with such factors as 
root shope and distribution which al.o 
inlluence Ihe e3Se 01 horvesting and the 
degree 01 harvesting damage , The nom祖1
∞mmercial practice of packaging, trans 
pcrting, and marketing roots in laraa 
sacks containing between 80 and 100 
kilos results in severe damage. 

Con'tinuzd trials in ciamp storage ilnd 
storage in experim.ental concretc tubes 
have shown 'that , as with many other 

root crops, cassava roots can be cured , 
during which process, wounds are heoled 
The exact conditions under which curing 
。ccurs have not been determined but high 
relative humidity and a temperature in 
the range 01 鉤。 to 40"C appear .uitable 
Once cured , cassava roots can be stored 
(either in clamps or in the loboratory) 
lor up 'to two months without primary 
deterioration occurring . 

A preliminary trial on the use 01 
clamp storilge in different enviro.nm.ental 
regions 01 Colombio has revealed thal 
c! ãmps must be modilied to ,Iocol condi. 
tlons' so as to reduce internal clamp tem. 
perature as required. Temperatures 
in excess of 400C result in heavy losses 
(Tabie 40) , Also , during 'the rainy sea. 

Table 40 . Resu:ts of clamp storage at diftercnt temperatures 4 

Time in storage 
(months) 

123 

Undeteriorated rools* 
(Percentage) 

Temperature of storcd roots 

30-350C 

85.90 

70.75 

岫 60

4()OC and above 

5 

5 
日
a
o

~ Average oof five clamps wilhin eIIch temperature r<mge. Each cl lImp contained 500 rOOfs which 
weighed ðpproximately 300 kilos 

11 日



Table 41 . Comparison ot shelC Ute 01 rresh uncured roo臼仙) wlth that or roo個 lhat had 
been 四ued and ,stored iln a clamp ror elght w扭扭他}

Laboratory storage Deterioration Index* 
(W，田ks)Percentaa-e)

A B 

2 

3 

彷

M叫
明

n
u呵
呵
，

A
U

12 

.. 3 x 10 roots per sample 

son ,clamps need protection to prevent 
water penetration. Once the roots be­
come w剖， they rot r.pidly. In .11 臼ses ，
l。目前 th.t occur during clamp storage 
are the result 01 second.ry deterioration. 

Undeterior.ted roots , even after three 
months 01 ciamp storage, pass 10c.1 
freshness tests such as nature and firm. 
ness of 'the skin, flesh moisture, and 
I.tex exudation. However, lollowing 
clamp storage, certain quality changes in 
the roots have been observed. Stored, un­
cooked r∞ts taste considerably sweeter 
than Ireshly h.rvested roots 01 the same 
varie'ty. This sweetening is less noticeable 
in cooked samples and only with • lew 
individuals has there been a m.rginal 
loss 01 accept.bility. In • lew sampl間，
a slight.ly longer cooking period was 
required to 50ften the stored roots th.n 
was required lor Ireshly h.rvested 
roots. Roots which had soltened inter­
nally during prolonged stor.ge Ire. 
quently. regained an .cceptable texture 
.nd edi~le qu.lity during cooking 

1 t h.s also been observ.吋 'th.t after 
successlul curing the shell lile 01 the 
roots suhsequent to removal from stor­
age w.s con5iderably longer th.n th.t 
。1 freshly h.rvested roots kept under 
the s.me conditions (T.ble 41). This 
r.ises the possibili'ty th.t under some 
circumstances it may be advantageous t。
remove r.oots from clamps after tw。
weeks, when curing is comple惘I and 
store them in • simple building in 
boxes r.ther th.n le.ve them lor longer 
periods in the cI .mps 

Cassava drying* 

C.ss.va particles 01 v.rious 9間met­
rical lorms were dried under different 
measured ambient conditions and their 
rate of drying w.s determined. A com­
plex simulation model was designed and 
with this model 98 per cent of the 
variation in drying rates was accounted 
for by the set 01 constants for 'the drying 
system being used , variations in relative 
h'umidity, vùiations in wind speed, and 
variations in temperature. Figure 42 
的。ws the close correlation be'tween 
actual and simulated moisture contents 

The model simυlations have be..n υsed 
to describe the improvements that may 
be made in present drying methods by 
changing particle form and 5ize .nd 
drying system5υnder different condi­
lion5. The use of .ver.ge .mbient condi. 
tions 01 the effective drying hours 01 a 
d.y can be used to predict .verage drying 
rates with accuracy 

Because cassava particles are white 
and have high rellectivitγ ， they do not 
ab50rb incoming solar radiation 'efficient­
Iy. The root-drying rate is , therelore , 
a.lmos't completely independent 01 the 
direct effects 01 sol.r r.di.tion 

Cassav司 chips dry quickly when there 
ìs a rapid movement of warm dry air 
through t.he mass 01 chips. The energy 
required lor ev.poration is supplied bý 
the .vail.ble energy 01 the .ir . 't tiereloré, 

~ This work forms part of a doctoral dissertation 
presented by Go~且10 Roa at Michigan Slate 
University 
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I n most 01 the commonly used drying 
systems, cassava roots are placed direct­
Iy on a concrete pad. The wind speed 
at or near the ground surface is low, and 
air movement through the cassava 
would be expected to be low. Cassava 
partic!es in trays raised 30 cm above 'the 
ground level dried much more rapidly 
than those on the ground because 01 
increased air moveme l1 t (Figure 43) 
P~acing the cassava chips in vertical trays 
which "catch" more 01 the wind 川­
creased drying rate still lurther 

efforts to improve cassava drying sys­
tems , where air of ambient re ìativc 
humidity and tempera'ture is used , 
should concen'trate on increasing ðir 
movement throυgh the mass 01 chips 

4 To take advantage of such air move­
nent , the chips being dried need to per­
mit 創 r passage. Rectangular bars of cass­
ava havc better aerodynamical properties 
than conventional sliced chips. A com­
parison of their drying rates us ing simu­
laticn shows that they are superior if 
the bar's section is less than 1.2 x 1.2 
cm (Figure 44) and particularly，的 high
densities of partkJes-per-unit area. 
Jsing a simp le disc chipper lhat pro. 
duced irregular rectangular bars (disc 
bars) , drying rate was better than with 
the conventional chips. 
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Figure 43. Orying curves as a function 
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feτ : ;ve drying hours of a day are 
knuwn . The wa'ter vapor pressure deficit 
is obtained from Figure 45-a and hence, 
the layer density from Figure 45.b. These 
graphs ore applicable only to the vertical 
drierυsing disc bars; further curves Cðn 
be constructed for any system of drying . 
Using layer densities calculated with 
thesc curves , chips would take about 
three days to reach a moisture content 
close to the equilibrium moisture value 
fixed by weather conditions (Figure 46). 
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Air relative humidity -
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To store cassava without deterioration , 
it must be dried to 14 per cent moisture 
content, wet basis. Using ði r' at ambient 
temperature and moisture conditi。肘，
cassava can only be dried to its equilib­
num 防、。istυre content. When relative 
humidity does not go below about 75 
par cent it is necessáry to use suppl e­
mental heat to dry cassava to a safe 
storage leve l. 

Ca.ssava is normally grown for periods 
of 10 to 24 months; hence, harvesting 
。n the exact date planned is not vital. 
Thus, cðssava can be harvested in the 
dry season l or when conditions arc 
suitable for drying. 
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The construction of vertical trays t。
hold cassava .would be costly and. they 
would be difficult to fil l. The use of 
horizontal 'trays , or inclined wire mesh 
trays, appears to be quite feasible and 
should give much more rapid drying 
than present meth。缸，
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Figure 45. Maximum density permissible 
under different wcather conditions for u時
with vertical drier using d時c bars. Timc 
" hrs 

The most rapid simple drying sys'tem 
so far obtained has a chip form with 
small section and high porosity (e.g. , 
。 8 x 0.8 x 1.0 to 5 .0 cm bars) placcd in 
vertical trays. The rate of drying with 
this system is more than double that of 
the conven'tional sy5tem 

24 16 20 12 8 4 

' 

5 

"扭扭曲 50 個 70 間 90 1個

Air r.lative humldity 1，*0前，翎啥叫

Figure 46. Equilibrium moistu伺 con祖nt
c:u rv白。f cassava. 

Cassava must 105e at least 50 per cent 
of its initial water content in the first 
day s。的 not spoi l. The maximum 
permissib!e density which will allow 
cassava to reach 50 per cent moisture 
content , wet bas時 in the first day, 
can be calcula'ted for different drying 
conditions if the average temperature, 
humidity, and wind speed for the ef-
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The construction of a cheap chipper 
that produces chips of the required 
geometrics needs to be fu r'ther studied . 
There is little doubt that more rapid 
drying can be achieved by using a 
square rectangular bar of about 0 .8 x 
0 .8 x (0.8 to 5) cm. 

BIOMETRICS 

More effective experimental designs 
and analysis techniques are being devel. 
。ped to make efficient use of the rela. 
tively scarCe planting material and land 
because, cassava being a large plant, 
時quires relatively large experimental 
plots. 

Another related issue has been the 
concern for statisticall precision in the 
research efforts. Cassàva has exhibited 5 
large inter plant vari.bility and this 辜
characteristic has been taken to imply:: 7 
the need for large experimental pldts. • 
These large pl。峙I in tu巾， tend to reduce ~ 
the number of replications . As the vege- • 
tative cycle for cassava t is I。呵， there is ? 

high risk that costly long.term experi­
ments may to be non conclusive 

A variety trial experiment arranged in 
a randomized complete block design , 
with four replication in plots of 1 日 x
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Figure 47. Coefficient of variation as atfec­
個d by snmplc sizc in different varieties 
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Figure 48. Relative yield 01 border plants 
。f Llanera at different plant populations 

一
7.8 m at a population density of 17 x 10' 
plants per ' hèctare, was harvested and 
data collected on each individual plant. 
The varieties included were Llanera , 
Extranjera, M Colombia 65, M Panama 
64, CMC-84, M Colombia 22, M Colom' 
bia 645, Llanera Rojas, M Colombia 463 . -

For each variety, random samples of 
(5, 10, 15, . .. , 100) were taken t。
simulate plots of the respective sizes 
The coefficient of variat ion was com­
puted for each of these simulated , plot 
sizes. With these data, a quadratic func. 
tion was fitted expressing yield as a func. 
tion of pldt size. Figure 47 presents the 
composite of these cu川自. There is n。



appreciable decline in the coefficient 01 
varia'tion as a lunction 01 plot size. This 
suggests that more effective designs 
would requi月 a large number 01 small 
plots. Using the same data , mean square 
errors were computed for randomjzed 
complete block designs , using plot sizes 
01 (5, 10, 15 , . .., 35) . While these 
results are in conclusive (for scme vari­
eti肘， mean square error decreases as a 
lunction 01 plot size and lor others it 
increases ), there appears 'to be an ín­
flection point located somewhere be. 
tween 20 and 25 plants per plot lor most 
01 the varieties tes'ted. This suggests that 
a preliminary recommendation would be 
to uso square plots 01 25 plants each . 

This practice was tested by calculating 
the required number 01 replicates to 
detect a live ton per hectare difference in 
production , given the rnean square error 
calculated lor the square plots 01 25 
plants . The results indicate that at least 
live replicationswould be required to de. 
tect differences 01 live tons per hectare. 
Th~ preliminary recommend~tion is, 
therel。間， that cassava field exp-eriments 
using randomized complete blocks con­
sist 01 at least six replicates 01 25 
experimental plants laid ou't in square 
plots . 

The plot size relerred to is the area 
to be harvested. In Figure 48 it can be 
seen that the harvested area should be 
surrounded by at least two border rows 
。n all sides, so that real yield values are 
approached 

ECONOMICS 

Estimat吋 labor u揖 in cassava 
production 

Data on labor use was collected Irom 
300 producers in 19 Departments 01 
Colombia. Obtaining reliable inlormation 
。n production costs and input use was 
emphasized. Only the major lindings , 
with respect to labor use, are reported 
here. 

About 30 per cent 01 the sample 
larms used machinery to prepare land 
No other activities were mechanized 
Considering 'the impact 01 mechanized 
land preparation on labor use and cost 01 
production , the sample larms were di­
vided into two groups according t。
whether land preparation was mecha. 
nized or no t. 

Table 42 shows the estimated labor 
use by production activity. Total annual 

Table 42. Est1mated labor use in t.be production ol cassava ln Colombia by activ1ty 

Activity Mechaoical land Manual land 
preparation preparatlon 

pMear nhdaa/yys r 
9倍

pMear nh-daa/yys r H 

Land preparation 25 .0 22 .6 

PI缸lting 9.1 10.4 10 .8 9.8 

Replanting 。 3 。 3 0.6 。 6
WeediDg 46.8 53 .4 43 .2 39 .0 

Application of 
fertilizers 。 5 。 6 。 3 。 3

Aplnps ltcation 。f
nsecticides 。 3 。 3 0.7 。 6

Harvesting and 
packing 30.7 35 .0 

30 .0 27 .1 
Total 87.7 1∞ o 110 .6 1∞ o 
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Table 43. Labor use per hecr.are and per ton or 回祖ava produ四川:l ~n COlombia, B叫011
and Jamai目

Countries and areas 

Colombia. 

Man-days 
per ha/yr 

Mechanized land preparation 87.7 

Manual land preparation 110.6 

Colombia.. 

Coff，田 zoncs

Northeast Brazil... 

Alagoas 

Maranhao 

Sergipe 

Average 

Jamaica. ... 

M扭曲ville

Santa Cruz 

會 Dlltll estimated in this stu吋

105.0 

96.0 

69 .0 

165.4 

110.0 

191.5 

186.0 

Yield Man-days 
(tonfha) per ton 

12.6 7.0 

11.5 9.6 

10 .7 9.0 

10 .0 6.9 

13 .9 11.9 

11.5 9.6 

15 .9 12 .0 

6.3 29.5 

h Source: Fondo de Desllrrollo y Diversifica=ion自由 Zonlls Cllfeler自 Cultl呵， γEmpr.ns 由

Suslltución para Zonu C.fet.ru M.rgin.l.s. 1968, p. 35 

(10.. Source: f..slbillty 0' Manl軒軒叫“lIon In N軒"、..sl Brazll. University of Ge。可 ill ， 1971 , p. 45 

**，~ * Source: Rllnkine, Uoyd B. and Marlene H輯 Young. A Pr.llmln.吋 Vl.w of Cassave Pr叫““。"
in Jemalc. 。闊的。nal Seri軒 No. 6. Oepertment of Agricultural Economi臼， Universily of West 
Indìes, Tr帥;d呵， December, 1971 

labor use per hec'tare was estimated at 
87.7 man-days under mechanized land 
prepa向tion and 110.6 man-days where 
the land was prepared manually. W目d­
ing was the major labor-using activity 
Manual land preparation and harvesting 
were other important labor activities 

To assess the general applicability of 
the results reported in Table 42, com­
parisons are made with results from 
similar s'tudies in other regions. Total 
labor use per hectare in cassava produc 
tion in the coffe zoneS of Colombia waS 
estimated to be similar to that estimated 
fõr producers preparing land manually 
(Table 43) 
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Estimates from Northeast Brazil show 
a considerable variation among regions 
However, the average labor requirements 
are simi.lar 'to those estimated for Co­
lombia. Labor req叫rements in the pro­
duction of cassava in Jamaica were es­
timated to be considerably larger than 
those estimated for Colombia and Brazil 

The labor needed to produce a ton 
of cassava was estimated to be 7 man­
days if machines were used f。尸 land
preparation and 9.6 'man-days if the land 
was prepared manually . Labor needs 
間r 'ton 01 cassava produced appear t。
be similar for Colombia and Northeast 
Brazil, while they are somewhat .Iarger 
for Jamaica (Table 43) 
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Table 44 . Prelimina門 data on cassava disease frequency (FJrst vislt: farms were included) 

Discase Per cent of 
farms affected 

Cercospora hc t1 rlingsii 岫 0

Cercospora caribae 37 .5 

Cercospora sp. 21.7 

Phyllosticta sp 14 .2 

Erysiphe sp 8.1 

SuperelongatÌon 5.8 

CBB 4.2 、

Others 3.3 

No discases were re∞rded 29.2 

Desc: ription of the caSS8va production Icgical characteristics of the production 
process in Colombia process inoluding an estimation 01 the 

quantity and quality 01 the production 
The overall objective 01 this project factorsυsed and their cost; b) to de­

is to make information available to scribe the varieties presently grown ; 
support decision making on the alloca- c) to describe the biological lactors limit-

ing yields such as plant diseases , insect 
tion of resources in research , extension , damage, etc.; d) to estimate to'tal and 
production and public policy with re- net returns to the producers; and e) t。
spect 10 cassava. The more specific ob- develop and test a methodological frame­
jectives are: a) to describe the technιwork aimed at studying the factors lim-

Table 45 . Prell血inary data on insect damage in cassava (Fi四t vislt: 120 farms were 個.
cluded 

Insect Per cent of 
farms affected 

Scirlotrips manilwte 79.2 
Hiperdiplosia brassilie t1sis 49.2 
Bemisia sp. 4日 8

Atta sp. 26.7 
Silba pelldula 26 .7 
Empoasca sp. 21.7 

Anastrepha sp. 16.7 
Erinnys ello 14.2 
Diabrotica sp 7.5 
Aleurothrixus sp. 5.8 
Others 5.8 
No insect damage re∞rded 5.0 
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iting cassava yield in other regions and 
how these lactors may be changed . 

The study is based on 'the collection 
01 primary data Irom personal visits t。
approximately 300 cassava producers 
located in live regi。肘。1 Colombia. Each 
farm is being visited three times during 
the growing season by a team 01 pre. 
viously trained agronomists and econ­
。mists. The data will be obtained partly 
Irom field observations and sample ga'th­
ering and partly from interviews with 
the produce .. 

At year's end, data from the lirst visits 
to 120 cassava producers were being 

118 

analyzed. Tables 44 and 45 show pre. 
liminary results with respect to disease 
and insect frequency. These preliminary 
results refer to cðssava crops less th.n 
four months old, hence disease and in­
sect frequencies during the comple'te 
growing cycle may differ con別derably
from the preliminary data presented 
here. For example, CBB does not usυally 
present itself severely in the first months 
after planting. Attempts are presently 
being made to estimate the impact of 
the various disease and insect attacks on 
yields in order to provide information 
。n expected relative pay offs from dis­
ease and insect resistant cassava vari­
eties. 
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A ppmxim恥Iy 85 per c扭e叫昀
swine are grown 、 as a secondary 
。叮r back y開ar吋de側n叫t恃er巾pns扭e on small 

。r subsistence larms. Al'though there are 
more than 100 million head 01 pigs in 
Latin America, the yield 01 pork from 
these animals is only 10 to 15 per cent 01 
that produced from efficip. nt , comrner­
cial swine farms. Swine diseases are 
responsible for significant economic 
losses, but the greatest . initial impact 
。n t f>e quantity 01 pork produced will 
be realized through improved feeding , 
nutrition and management 

NUTRITION 

tent , leeding me'thod and physical lorm 
of cassava on the performance and 
health 01 growing and linishing pigs 
Two varieti剖， Llanera and CMC-84 , 

were used. Llanera contains a low level 
。1 HCN (Iess than 50 mgj kg) and 
CMC-84 a medium level 01 HCN (be­
tween 150 to 250 mgj kg). 

When led Iree-choice along with a 
protein supplement , daily consumption 
。1 Iresh sweet cassava was 3.00 kg 
as compared to only 986 9 when bit­
ter cassava (CMC-84) was led (Table 
1 ). Pigs consuming sweet cassava (Lla­
nera) als。∞nsυmed an average 01 814 

, Althoush prqg句話 t。 evaluate tmpi-- g pf pmtetn supplemewt As the fon­
~1 'Je叫“\"fj~ 淘~d ' t~'. devetpp nu'iriiion-: - sUJ11ptiQh 01 bitter cassava was low, 
ally sound lile-cycle leeding systems these !， !g~ 之。mpensated by consuming 
10; swine based 0;' these lecd; has b-2en more (1 ,212 g) 01 protein supplement 
made, the high cost 01 many 01 th.3Se Low consumption 01 bitter cassava and 
feed ingredie~ts and govern'm.~nt con- the over con~ump'tion of protein sup­
troi 01 livestock prices have limited p的f- plement resu Jted in a diet excessive in 
it margins. protein (Figure 1) and also tha't was 

not econornical As 80 to 90 per cent of the total "....~ "'........"......."......., 
cost 01 producing pork in Latin America 
is associated with feed c。肘， empha­
sis has continued on tho utilization of 
available leedstuffs which arc diverse 
and 01 greatly varied quality. Available 
feadstuffs arc first evaluated nutrition­
ally and il satislactory, incorporated 
În'to an overall fe2ding system 

Cassava 
As 'the cassava root is an abundant 

source of energy in the lowland tropics , 
evaluations have continued in o r'der t。
develop leeding systems that make max­
imum use 01 this leedstuff 

Mixing 01 the protein supplement 
with 'the bitter cassava to prevent over­
consumption of protein did n叫 increase
cassava consυmption or pig perlor­
mance. ln fact , because of the r~duc­
tion of protein supplement consumption 
Irom 1,212 to 223 g, the pigs lost ap­
proximately 79 9 01 body weight per 
day. When this sys'tem was used with 
sweet cassava , neither daily feed con­
sumption nor pig perforn祖nce was im­
proved over that obtÐined when both 
cassava and protein supplement were 
led Iree-choice 

Experiments have determined th~ Cassava meal was also prepared from 
cffect 01 hydrocyanic acid (HCN) con- these two varieties and led in bal-
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Table 1. Comparison of consump tlÏon and performan峙。f finlshl呵 pip fed elther 8weet 
。r bitter fresb c甜甜va

Experimental diets 

Parameters Sweet Sweet Bitter Bitter 
cassava + cassava + cassava + cassava + 
PIOt ds.ulp ab Prot. sup. Prot.Iszbu. p Prot. sup. 

4 Cont. Ad. Cont 

Avg. daily gai且， kg 661 

Daily cons. ca~sava ， kg 2.~神

814 Daily cons. prot. sup., kg 

Total feed cons. , kg. 1. 977 

Prote帥， 峙 14 .1 

Feed/gain 2.99 

會 Expressed to contain 10 per cent moisture 

anced diets to growing swine. Figure 2 
demonstrates the average daily consump­
tion 01 leed by pigs led die'ts b.sed on 
either sweet or bitter cassava meal 
Pigs fed bitter c.ssava meal consumed 
less leed during the first week, and this 
reduced consumption to a lesser degree 
continued throughout the four-week 
tria l. The lower level of consumption 01 
this diet resulted in a reduction in av­
erage daily gain from 618 9 for sweet 
cassava to only 558 9 per day for those 
pigs fed bitter cassava (Table 2) 

This reduction in gain and feed con­
sumption was accompanied by an im­
provement in efficiency of feed conver­
sion . This sυggests that the bitter cas­
sava meal reduces the palatability 01 
the diet. But once it is consumed , it has 
li 忱 le if any detrimental effect on met­
abolic processes except th。目 related
to detoxification of residu.1 HCN or 
HCN produced from beta-glucosides 
present in the cassäva meal 

Another study measured the effect 
of the method of drying bitter cassava 
。n rat performance and plasma and uri­
nary thiocyanate levels. Fresh bitter 
cassava (CMC-84) was ground and dried 
either in the sun or in a forced-air 
。ven at 60 and 86'C. This dried mate. 
rial was reground and included in equal 
quantities as the major energy s。υrce

心 170 557 -.079 
3.402 9晶 929 

816 1.212 223 

2 ∞7 1.595 到4

13 .3 23 .5 13 .3 
2.61 2 師 Neg 

(80%) in diets for growing rats. Rat 
performance was excellent when any one 
of the three drying methods was em­
ployed. Although growth rate, feed con­
sumpti。爪 feed efficiency and protein 
efficiency ratio (PER) were similar for 
all three tre.tment groups receiving 
cassava meal , the rats fed the meal 
dried in a forced-air oven a't 60'C tend­
ed to perform better 

Other groups of rats maintained in 
metabolism cages and fed eqυal qu.n. 
tities of the same diets demonstrated 
that plasma level of thiocyanate is asso­
ciated with die'tary level of cyanide. 
This metabolism study also prov地ed
sυbstan'tial evidence to indicate that 
the beta-glucosides ,( linamarin and 
lotaustralin ), even after the beta-glucc• 
sidases have been destrO'led by heating 
to 860C, are metabolized in the body and 
when present 刮目 increase thiocyanate 
production and excre'tion . When bitter 
cassava is dried at a temperature (6σC) 
below that required to d的troy the be­
ta.glucosidases (720C) , there is a great­
er production and excretion of the cya­
nide detoxification product, thiocyanàte 

A series of experiments evaluated 
chemically and biologically the nitrogen 
fraction of the cassava roòt and s'tudied 
。ther factors affecting nitrogen utiliza­
tion. 
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Figure 2. Consumption curve of diets ba 
sed 00 sweet or bitter cassava meal 'for 
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and measured the effect 01 supplemen­
tal methionine on improving the value 
。1 cassava protein. The biological data 
demonstrated that the nitrogen Iraction 
01 the cassava root is approxim.tely 
50 per cent utilizable by the growing 
rat and that methionine supplementa­
tion to cassava meal-based diets signil­
icantly improved rat perlormance. 

w_. 

Although differences in tolerance t。
dietary cyanide were observed among 
ra'ts, it was demonstrated that 3,200 
ppm or higher levels 01 cyanide added 
to the diets as potassium cyanide was 

26.0 
:e 25.0 
咀 24.0

~ 23.0 
il 22.0 

i m 
~ 20.0 
u 19.0 
E 

i 18.0 -~ 17.0 
E 呵。
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‘ Table 2. Eltect 01 IIweet and bilter c甜甜va
m曲1.. 恤e major 曲rbohydrate in 
diets for fl'owin, sw1ne 

2 3 4 
w .. 峙 ，

Figure 1. Consumption curve 01 diets ba­
揖d on sweet or bitter eassava for finishíng 
plgs 

BiUer . 
39.3 
54 .9 

.558 
1.354 
2.43 

Cassava meal 

Sweet 

39.8 
57 .1 

618 
1. 767 
2 師

Initial weiaht. k, 
Final weieht, ka 
Avg. daily gain, ka 
Avg. daily Ceed , kll 
Feed/aain 

Parameters 

Chemical an.lysis indicated that ap­
pr的imatelγ60 per cent 01 the tot.1 
nitrogen of the cassðva roo't is amin。
acid nitrogen and that hydrocyanic acid 
and nitrates-nitrites make υp less than 
。ne per cent 01 the nitrogen Iract ion 
(Figure 3) 

.. E'stimaled 10 曲nta ln 150 10 200 mg HCN 同r

kg of fresh c'SSlva 
Subseqυent stυdies estimated the val. 

ue 01 cassava protein lor rat growth 
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Figure 3. Nitrogen fraction 01 cassava 
m。站。f the variety lIanera with 0.496 total 
nitrogen (air dry basis) 
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mance (Table 3). Each increase in level 
。f dietary cyanide resulted in a cor­
responding Iinear increase in urinary 
thiocyana'te excretion, but the same cor­
relation was not observed in plasma 
thiocyanate 

Two additional growth and metabo­
lism trials with rats studied the effect 
of supplemental methionine on the pro­
tein quality of the diet based on cas­
sava meal and on the detoxification of 
dietary cyanide. The experimen'taI data 
。btained (Table 4) demonstrated that 
each increase in dietary cyanide from 
o to 2,400 ppm depressed growth and 
increased the amount of feed required 
per gram of gain and that dietary cya­
nide, from either cassava me.1 or cy.­
nide added to the basal diet, induced 
high levels of urinary thiocyanate ex­
cretion; however, as shown bef。舟，
plasma thiocyanate concentration did 
not follow the same pattern . Supple­
mental meth ionine improved rat perfor. 
mance at all levels of added cy.nide 
and when fed increased the urinary 
excretion of thiocyanate 

Thiocyana'te , the main detoxification 
agent of cyanide or hydrocyanic acid, 
has been suggested as the antithyroid 
agent that causes goiter in areas 01 high 

Table 3. Efrect 01 cyanide 00 mortaUty 目ld pe吋o;omance 01 rats 

hUeixrocicnryeaatrnlyoa-n t Plasma--Level of added Number of rats Feed thiocyanate thiocyanate 
{as ckyCanNadL e ppm Total wt. consumed cxcretion concentration 

lnitial Final 2am , g g mg/8 doy. mg!1∞ ml 

。 5 5 27.9 127.2 。 33 1.49 

480 5 5 24 .4 1開 5 3.07 2.37 

9曲 5 4 18.5 92.3 5.88 3. 18 

1600 5 4 14.6 87.6 8.65 2.33 

24∞ 5 5 11.5 84 .4 6.98 2.59 

32∞ 5 2 2.6 72.9 11 .81 2 .η 

咱∞ 4 1 4.1 81.6 14 . 且，

缸削 4 _9.1 61.5 18.47' 

• M..n of two rllts p.r trlllltment unless otherwi目 indicllted
. .. On. rllt per trelltment 
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Table " . Interact10n or methlon1ne and cyanlde supplemen t.ation to cassava meat dl剖，
In rats 

Dietary variables 

Parametcr 0.2% Methioninè 制也 Methioninc

CN -ppm. 。 1200 24叩 。 12∞ 24叩

Tolal weight gain. g 111.7 103 .3 76 , 1 91.5 73 .4 鈞。

F∞d consumed , g 抽2 ， 8 到帥 9 276 , 5 348 , 7 285 , 5 236 , 1 

Feed conversion 3 , 3 3 , 4 3.7 3 , 8 3 , 9 4, 2 

TOlal urine CNS -: mi,. 甜 1 87.5 116 , 0 的 7 62 , 3 63 , S 

Plasma CNS ,:" m8/1∞ ml 2.05 3.24 2, 72 2, 34 2, 45 2, 81 

• CN - represenls cyanide and CNS - represents Ihiocyanate 

cassava consumption . The effect of sup­
plemental methionine and iodine on 
sweet and bitter cassava meal-based 
diets and the nutri'tional implications 
that high levels of dietary glucoside 
may have in the absence of dietary 
methionine or iodine were studied 1n 
rats and pigs . Growth curves of rats 
fed sweet cassava in 'the presence 
and absence of methionine and 
iodine were similar (Figure 4). Sup­
plemental methionine to either bit­
ter or sweet cassava improved gains in 
the presence or absence of supplemen­
tal iodine. lodine had no effect during 
the 56-day study even when bitter cas­
sava was fed. Urinary thiocyanate ex­
cretion of rats fed bitter cassava meal­
based diets was approximately five times 
greater 'than that of rats fed sweet 
cassava meal-based diets 

In pigs, low palatability of the diets 
based on bitter cassava meal resulted 
in low daily feed consumption and in 
body weight losses in all treatments 
The presence of high levels of cyan。唱en­
ic gJucosides and their conversion 
through detoxification to thiocyanate as 
measured by the high plasma and uri­
nary levels of thiocyanate was als。∞n­
firmed , Supplemental methionine signif­
icantly improved both feed consump­
tion and body weight gains in the pres­
ence or absence .of iodine , The results 
with pigs suggest a methionine-iodine 
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interaction on plasma thiocyanate con­
centration (Table 5); however, these 
results are contrary to the results ob-
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Figure 4. The effect of 5upplemental 
methionine and iodine to sweet cassava IlIa 
nera) meal.casein based diets on body growth 
10 rats 



Table 5. Elfect of supplemental methlonine and iodlne to bitter cassava (CM.C 祖)m個1.
soybean meal based dlet on thc parameters studled ln growing plp n,b 

Dietary variables 

Met %c 0.2 。
Parameter Iodine d + ~ 

Total weight gain, kg 8.92 11 . 18 6.25 5.88 

Total feed consumed, kg 16 .16 19.49 11.90 12 .41 

UrinmaEyg/ kthg iEMfC田yadnate excretion 
(mg/ kg feed consumed) 66.58 70 .63 36 .85 51.4 

Plasma t「1h曲iocrynaInDaltae i concentration 
(mg/IOO ml plasma) 3.43 4.53 7.37 4.93 

Hcmoglobin, g/1∞ ml bl<回d 9.1 10 .1 8.7 8.9 

a. Each v.lue represenls Ihe mean of Ihree pigs per trealment, during ð 28-di叫 experlm制tðl perι吋
b. Pigs fed b:tter cassava (CMC.8 .4) meal.soybean based diels + '20 % sucrose and '20 % waler 

added at feeding Ilme 
c. DL-mathionine 
d. Add:lion of iodized salt (+) or s吋山m chloride (一) to the mineral prem:x 

tained with rats and must be con­
lirmed. 

Yams 

Yams (Di。目。reo sp. ) are a basic 
lood lor many millions 01 people in the 
tropics. As yams are available in some 
areas for lives10ck feed, studies are 
evaluating yams as both a carbohydrate 
and protein source 

On. test studied the effect 01 drying 
and processing methods on the nutri­
tional value 01 two varieties (Criollo 
and Espino) 01 D. .1.10 on the perfor. 
mance 01 growing rats. Results (Table 
6) demonstrate that some lactor in crude 
yams reduces the utilization. In gen-. 
eral , rats led crυde yams consumed 
more leed than when cooked yams were 
led, but this increased consυmption 

Table 6. Nutrítive valu t'. 01 yams (Dioscorea sp.) for growing rats 1 

Var. Criollo Var. Espino 

Parameter Raw Raw Cooked Raw Raw Cookcd 
sun oven oven sun .oven oven 

dried dricd dried dried dricd dried 

Total feed consumed , g 365 .76 374.98 2岫 46 253.30 338.22 252 曲

Tolal gain , g 46.14 61.26l1.:! 49 . 6211b 39 .02b 相 84b 曲 78'

Fced conversion 8.22d 6.15bc 4.92ab 6 揖叫 8ω，1 4. 18a 
PER 1.28 1.63 2.05 1 咱 1.20 2.40 
Cnslroìnlestinal distension 3 + ++ + 'i- + 

1. :.iv.e ralS ~er t_~ealment; 21 days experimental peri呵
2Values wlfh dlffe「ent superscnptsareSTatistically ddfe'ent at o o5level 。t pr。babiiity
3. 1++) 閻明re distensi酬( +) dislension 10 ð lesser d旬，曲一) 問rmlll
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Abdomln.1 dllte間10. “und by fødlng hlgh Ievell 0' y.m m..1 (γ) •• comp.，.ted 峙，.t fed norm.1 
corn (C) dlet 

supported slower gains and less effi­
cient utilization of feed and protein 

Consumption 01 crude yams also re­
sυI 'ted in gastrointestinal distension 
Rats led crude yams developed a large 
.bdomen as contrasted to the normal 
body structure 01 the rats led diets based 
on normal ∞rn (Upper photograph) 
The distension was an engorgement 
。 the entire gastrointestinal 'tract 
with undigested leed. This phenome­
non was not observed in rats fed c∞ked 
yams. Cooked Espino yams supported 
satisfactory performan阻 performance
01 rats led c∞ked Criollo yams was 
less lavorable. 

A second study compared the protein 
value 01 two varieties (15088 and 
15209) Irom Pue r'to Rico. The variety 
15088, with 7.81 per cent crude pro­
tein, was fed as the on!y source of 
energy and protein and in diets sup­
plemented with soybean meal at levels t。
provide 10.0 and 13.0 per cent protein 
diets. These treatments were compared 
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to diets based 。而 common corn and 
soybean meal and containing the same 
levels 01 crude pro'tein. AII control diets 
contained the same balance of amino 
acids with the protein level varied by 
dilution with cassava starch 

At all levels 01 protein , the yam 
meal I soybean meal combination sup­
ported groW'th equal or superior to that 
01 rats led the corn-soybean meal con­
trol (Table 7). However, efficiency 01 
utilization 01 both leed and protein was 
superior for the control diets. This re­
duced efficiency was the result 01 a 
signilicantly greater leed . intake by rats 
led the diets containir、9 yam mea l. Se­
vere abdominal distension occurred in 
all rats led diets con'taining crude yam 
mea l. 

A third trial measυred the effect 01 
cooking on diet digestibility and com­
pared performance and diet digestibili­
ty 01 rats led either D. alata or D. e目ul­
enta. The starch partides 01 the latter 
species are mυch smaller than those 01 
D. alata. 

4 
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rable 7 , Nutritive value of two yam (Dlo且珀r回剖a個) varlell回{血。甜 and 1520的In d1ets 
for rrowing rats 1 

Feed Gastre>-
Diet • consumedl Total Feed intestinal 

animal , g gain , g conversion PER distension ~ 

Raw yam with peel , Var. 15088.7 . 2軸 pro!. 395 .20a' 38 岫 10 .39. 1. 36 ++ 

Common corn + soybean meal, 7,2% pro t. 208.39bc 31. 14d 6 .99:JC 2.08 

sR。aywbeyaan m mweaul h IpOeeOl9.6 Var 15088+ pro t. 438.52. 69.15' 6 , 40<d 1.58 + + 

Common corn + soybean meal . 
181 。有 c叩開'Ú prot 34 叩d 5.42d 1. 87 

sRoayw beyan am mwea ith HpeOelH , Var.15088+ 
1, 13 .0% pro! 421 個a 76.02a \.J 5 , 59d 1. 43 + + 

Common corn + soybean meal , 
13 ， 0輛 prot 254.77b 83 , 24" 3.08c 2.52 

Raw yam wi1h IpOeDeM l Var.152個 +
soybean meal , 10.0% prot. 4個 953 52.491' 7 , 87b 1.30 ++ 

Cooked yam withou t, peel Var. 15209 + 
soybean meal . 10.0柚 pr肘， 196 , 290 28 , 82d 6 , 83bc 1.46 

1. Six rats 阻r trelllment; 21 由ys experimental period. Yam from Poerto Ric。
2. (++): se....ere dlstension ; (-) : norm.l 
3. Values in same column with different superscripts are stat istically diffcrent at 0 .05 level of 

probability 

The results in rable 8 demonstrate 
that cooking reduces the effect of the 
fa c'tor present in raw yams and im­
proves the digestibility of the yam by 
approximately 10 per cent, irrespective 
of the size of the starch molecule pres­
ent in the yam , D. e.culenla which 
has smaller starch molecul軒 was ap­
proximately 10 per cent more digest卜
ble than the 0 , .1.1.. Cooking also elim-

inated the distension observed when 
raw yams weré fed 

Maiz8 

Studies continued to evaluate the nυ­
tritive quality of vitreous endosperm 
(VE-21) maize and 't。∞mpare it t。
that of the soft opaque-2 (H'208) 
maize. Additional experiment with rats 

Table 8. NutrfHve value and dry.matter d.i&'estibility of two yam species tor ~owlng rals 1 

Parameter 
Dioscorea alata Dioscorea esculerlla 

CODtrol Raw Cooked Raw 

Total feed consumed , g 276 .52 272 , 70 234.36 163.56 

Total gain , g 師 56 39.44 39 制 6 師

Feed conversion 4.17 6 , 95 5 , 94 36 , 01 

PER 2.36 1.42 1.68 。 38

Gastrointestinal distension!:: + ~ + ﹒ 

D.M. digestibili旬，何 70 ,6 79 , 9 77 , 8 

Fi .... e rals per treatment; 21 days exper;mental peri吋
2. (+ + ): se....ere distensi酬( + ) : distension to a lesser dcgre隙一寸 normal 
{會) Severe diarrhea 

Cooked 

257 岫

49 制

5 , 21 

1.92 

閱 7
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T.able 9. Performance ot rats ted diets based on wholc kemcls or cndo5p::rms of opaquc-2 
(H晶)8) or 前t冊。US opaque-2 (VE.Zl) maizes . 

Diets 

Whole kernels 

Opaque.2 (H.208 ) 

Vitr曲us opaque (VE-21) 

Endosperms 

Opaque.2 (H.~日8)

Vitreous opaquc (VE-21) 

自 Total body Feed/gain 
gain. g rati。

94.6 

64 .3 

39 .5 

25.9 

4.38 

5.21 

7 師

10 .39 

PER 

2.67 

2. 25 

1.78 

1. 4日

.. Each value i5 the mean of eight ra ts , obtained during a 28-day ex阻rim開tal pericd. Overall 
average in itial body weighl: 48.3 9 

conlirmed previous results (CIAT An­
nual Report , 1972). indicating that vit­
reous whole kernels as well as their 
separated endosperms are nutritionally 
inlerior to opaque-2 kernels and endo­
sperms, respectively (Tab!e 9). How­
ever. studies with 口 rowing pigs showed 
Ihat vitreous kernels were only slightly 
inlerior to opaque-2 kernels , support­
inq a 10 per cent less body gain bu't 
with similar leed conversion than the 
。paque-2 group during a 63-day exper­
imental period (Table 10). Vitre。υs
kernels are signilicantly superior to 
common maize both for growing rats 
and pigs. 

A comparison 01 opaque-2 and vit. 
reous kernels in combination with soy­
bean meal to provide approximately 12 
per cen't crude protein-diets s howed 
that there is practically no difference 
in the nutritive quality 01 the tw。
maizes under these conditions (Table 
11 ). 

Chemical analyses 01 the endosperms 
suggeS't that Iysine may be the most 
limiting amir旭 acid responsible lor the 
sli9ht1y lower nutritive value 01 vitr目us
endosperm maize as compared to the 
。paque-2 (H-208) maize (Table 12) 
Preliminary observations in rats sup-

Ta.ble 10. Compara t1ve nutritive value of Colomblan common, opaque.z (H品)8) and 叫弘
rcous opaque (VE-Zl) maizes to the growlnr plgs 的 4

Control 9.6崎 Crude Protein 

Common Vitrcous 
Parametcr 16% CP 9.6崎 CP malze QpaQuc-2 opaquc 

Numbcr of pigs/group 7" 7" 7" 8 8 

Total body wt. aain , kg 39. 0< 32 制 10.5' 30 . 3~ 27.3e 

Feed efficiency 2.67' 3.55d 5.81e 3.52(\ 3.51" 

ð. Experimen叫 period : 63 days. Overall ;nitial average I:x到dy w呵hl: 18 .7 .:!::. 0.4 kg 

b. One animal from each group wa5 el:minated durlng the first week of the cxperimental period 
due 10 feet and leg problems not related 10 tr.alm.n! 

C, d. e, f. Means with the samc superscript are nol significantly different (P < O.05) 
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Table 11. Performance ot growlng plgs ted. Colomb1an opaque-2 (H.甜8) and Vi.treous 
opaque• 2 ma扭曲. 8t two protein levels a 

Experimental diets 

9 . 6抽 Crude prot 12% Crude prot 

Pa間meter Opaque-2 Vitreous OpSaqBuM e 2 Vit reous 

Number pigsjgroup 

Avg. initial body wt., kg 

Avg. final bod}' 、.v t.， kg 

Avg. daily gain , kg 

F臼djgain

ð. Experimenlðl period : 40 d8yS 
b. SBM : soybeðn meal 

port this suggestion. Despite these nu­
tritive differences , the propagation 01 
Ihe vitreous endosperm variety (VE-21) 
seems to be promising to improve hu­
man and swinc nutrition in tropical 
areas, as it will reduce the supplemen­
tal protein requirements , arid it will be 
less susceptible to weevil damage than 
the opaque-2 maize 

COWp..'s 

The cowpea (Vign. sinensis) is adap't­
ed and produces well in the lowland 
tropics , It is ea'ten by humans and to 
a lesser extent 'the damaged and bro­
ken peas are fed to swine , Studies 01 
processing methods 10 1' destroying the 
antidigestive factors it contains and 
its value as a supplemental source for 

opaque + 5BMb +opaSqBuM e 

6 5 6 6 

19 ,6 19 .7 19 .5 19 ,8 

37.0 35.5 的 6 45 ,0 

0.435 。 395 。的3 0.630 

3 日 3.98 2.69 2.81 

a variety 01 lood products are 01 
prime importance 

Previous studies have shown that boil­
ing the cowpeas lor 15 minutes de­
stroys the antidigestive factors , Results 
from gsrmination have varied.. A re­
cent study clearly indicates that neith.r 
scaking in water, soaking in a 0 . 9 per 
con't NaCI solution or autoclaving im­
proved the quality over that 01 the raw 
cowpeas , The study clearly conlirrr、ed
that boiling is still the prelerred meth­
。d 01 processing , 

Although cooked cowpeas alone are 
an adequate source 01 protein , 01 great­
er importance is their combining abil­
ity with dther leeds in the diet. A se­
ries of stυdies measured the ability 01 

Table 12. Lysine and tryptophan contents of endospenns of Colomblan common, opaque.2 
(H-2曲) aud vitre恤. opaque (VE.21) maizo間

Protein l抽 Tryptophan in n % Lysine Înfl 

Maize H sarnple P'可tein sample protem 

Endosperm 

Comrnon 9.69 0.06 。 63 。 21 2.17 

Opaque-2 7.75 0.10 1.29 。 34 4.39 

Vitreous opaque 8.19 0 個 1.04 。 30 3.67 

品 Expresed 自 percentage of sample or prolein 
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Table 13 . Nutrlüve evaluatlon ot cooked cowpeas (Vigna sinensis) ln sweet and bitter cas 
時，va meal.b甜甜晶E岫 ln rats (\ 

Protein 
Averagc Feed/ efficiency 

Dietary variables gam , g ~ain ratto 

Casein + Cassava starch 98.3 3.71 2.68 

Sweet cassava meal b 

+ Cowpca 35 .1 7.17 1. 41 

+ Cowpea + 0.2揖 Met 79 .6 4.28 2.27 

Bitter cassava meal b 

+ Cowpea 46 .7 6.31 1.60 

+ Cowpea. + 0 . 2軸 Met 101.7 3.91 2.54 

a. Twenty.eight day feeding trial ; eight rats per group ; overall average init:al body w叫ht: 47.8 9 
h. Sweet and bitter cassava meals were prepared from varicties Lla閃閃 (CMC 9) and CMC 84 , 

respectively 

acid in the protein 01 both cassava and the amino acids in cowpeas to comple­
ment those present in other foods 

A diet based on either sweet or bi't­
ter cassava and cowpeas does not effec­
tively promote growth, eHiciency 01 
leed or protein utilization . The data 
lurther show that rat perlormance is 
more than doubled when 0.2 per cent 
methionine is added 'to the diets based 
。n cassava and cowp.as (Table 13) 
Methionine is the first limiting amin。

cowpeas 

The data lound in Table 14 compl• 
ment earlier studies to measu r'e the nu­
tritional adequacy of maize-cowpea 
âiets and demonstrate that the amin。
acids 01 cowpea comp!ement the a­
mino acids 01 opaque-2 maize differently 
than they do those 01 common maize 

A diet based on common maize and 
cooked cowpeas supported a level 01 

Table 14. N叫riUve evaluation ot cooked cowpeas (Vlgna sinensls) in common and 
opaque.2 maize.based diets in rats a 

Dietary variablcs 

Casein + cassava starch 

Common maize (CM) + soybean meal 

Common maizc (CM) + cowpca 

CM + cowpea + 0.1 % Tryptophan (Trp ) 

CM + cowpca + 0 . 2間 Methionine (Me t) 

CM + cowpea + 0.1% Trp + 0 . 2軸 Met

Opaque.2 (0-2) ~∞wpea 

0.2 + cowpea + 0 . 1制 Trp

0.2 + cowpca + 0.2% Met 

\).2 + cowpea + 0.1% Trp + 0.2% Mct 

mpg­a'-552l605036 em-3454188875 va-9776778899 Ames-
nq nno heu 

o

口

a

rhr paFE 

f e / dn EB Oa rzge 

3.76 

4 .45 

4.23 

4.47 

4 個

3.96 

3.79 

3.84 

3.47 

3.88 

2.75 

2.26 

2.37 

2.25 

2.48 

2.53 

2.65 

2.63 

2.89 

2.62 

4 

ð. Twenty嚕ight daγf甜ding tri訓 sìx rats per gr。嚕; overall average in川 ial body weight : 36.9 9 
h叩開le :c diets 10 contrain 10% crude prσtein 
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Table 15. EHect ot methionJnc 8upp~ementation to cowpeas (Vigr祖~"inensis) and rlce or 
50可.hum based diets for growing rats 

Protein 
Dietary variables Average Feed/ efficiency 

gam, g gam ratlo 

Rìce 76.73bc1 4.88b 2.07b 

Rice + cowpea 117.191\ 3.55b 2 . 35刊

Rice + cowp臼+ 0.2明 Met 123.89且 3.9911 2,40a 

Sorghum 9.96<1 26 .63" 。捕。

Sorghum + cowpea 66.84c 5.76b 1.46d 

Sorghum + cowpea + 0.2% Mct 81.64b 5.15b 1.630 

Value5 in 5ame column with different superscripts are 5t齡的t:ca' ly different at 0 .05 level of 
probability 

performance 01 growing rats equal t。
that obtained with common maize and 
soybean mea l. Neither supplemen'tal 
tryptcphan or methionine or a combi­
nation of these two amino acids im­
proved growth , but tended to improve 
efficiency 01 leed and protein utiliza­
ticn. These data indicate that some 
。ther amino acid or amino acids, prob­
ably Iysine, is more limiting than trypto­
phan and methionine in this diet 

The combination 01 cowpeas and 
。paque-2 maize is more adequate nutri­
tionally than cowpeas and common 
maize. Results demonstrate 'that methio­
nine is the first limi'ting amino acid in 
this diet and that supplemental trypto­
pha n has no effec t. The cowpea opaque-2 
maize diet supplemented with 0.2 per 
cent methionine supported performance 

equal to tha't produced by the diet con­
taining milk protein (casein). As opaque-
2 maize contains a level 01 Iysine 
much higher than that 01 common maize, 
these resul'ts support the suggestion 
that Iysine is the lirst limiting amino 
acid in the common maiz.e-cowpea die t. 

The combining ability 01 cowpeas 
with rice and sorghum and the effect 
。f supplemental methionine is shown 
in Tab!e 15. As would be expacted when 
sorghum is led as the only source 01 
protein to growing rats , performance is 
pocr. The addi'tion 01 cowpeas to pro­
duce a 12 per cent diet stimulated a 
more ' than sixlold improvemen t. Sup­
plemental methionine also signilicantly 
improved this diet; however, comple­
mentary studies (Table 16) indicate 
that neither tryptophan nor methio-

Table 16 , Etfect ot metlùonine and tryp岫phan supplementation to cowpeas (Vigz祖
sinensis) and sorghum.based d!ets -tor growiñg rats 

Dietary variables Averagc 
gain , g 

Sorghum +∞wpea 85 .37 
Sorghum +∞wpea + Trp 81. 25 
Sorghum + cowpea + Met 87 .64 
Sor官hum + cowpea + Met + Trp 84 .98 

Feedj 
gam 

4.54 

4.74 

4.72 

4 到

Protein 
efficiency 

ratio 

1. 85 • 
1. 76 

1. 77 

1.83 
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nÎne alone or in combination improved 
rat performance when a diet based on 
sorghum and cowpeas was fed 

Cowpeas combine well with rice 
which alone has a value equal to a com­
bination of sorghum and cowpeas. Add­
ing cowpeas to the basal rice diet 
improved performance by more than 
5日 per cent. Supplemented methionine 
had no beneficial effect. 

This series of studies clearly indicates 
the need to identify high yielding cow­
pea varieties that contain higher levels 
of methionine and , to a lesser degree , 
higher levels of Iysine 

Beans 

The cereal grains, commonly used as 
the principal ingredient in swine and 
human diets, sυpport only limited 
growth because of their low level of 
protein and poor balance of amino 
acids. Small amounts of legume protein 
added to cereal grains improve the 
amount of utilizable protein in the diet 

Black beans (Phaseolus vulgaris l.) 
are produced in many regions of Latin 
America and are a major ingredient in 
human diets. Small quantities of 'these 
beans, broken during harvest or with 
weevil damage, are available on small 

farms to feed swine. The nutritional val­
ue of cooked beans is low when they 
serve as the only source of protein. 
The same is true for sorghum grain 
The combination of these two feed 
sources improved performance four-t。
eight fold (Table 17). But this combina­
tion supports rat growth at a level equal 
to only 40 per cent 01 that produced by 
combination 01 sorghum and soybean 
mea l. The addition 01 m剖hionine im­
proved growth over the unsupplemented 
diet by approximately 50 per cent 
Added tryp'tophan produced no improve­
ment even in the presence of methio­
nine. Combinations of methionine and 
tryptophan with either threonine , iso­
leucine or Iysine did not further im­
prove rat p.rlormance; the addition 01 
all live amino acids signilicantly im­
proved the performance 01 rats fed the 
sorghum-bean diet (Table 18) 

Cottonseed 

Unprocessed seeds are available in 
some areas where processing plants 
have not been constructed. These seeds 
are sometimes wasted for lack of means 
to convert them into uselul leedstuffs 
Such has been the case with cottonseed 
Methods of on-the-farm processing ade­
qua'te to convert cottonseed into a use­
lu 1 protei n sυpplement were studied. 

Table 17 . Etrect of tryptophan and methionine supplementaUon to b!ack beans (Phaseolus 
vulgaris L.) and sorghum.based diets for rrowing rats a 

Protein 
Dietary variables Average Feed/ cfficiency 

gam , g gam ratio 

Black beans 5.2 19 .3Þ O.47h 

Black bea l1s + sorghum 47 .9 6.44 1.34 

+ 0.05% Tryptophan (Trp) 51.9 6.12 1.38 

+ 0.2% Methionine (Met ) 75.5 4.83 1.73 

'+ Trp, Met 71.5 5 個 1. 66 

Soyb曲n meal + sorghum 126.4 3.67 2.28 

o. Experimentol period: 28 d"ays. Each va lue represents the mean of six rats 阻r group, unless 
otherwi時 ind i::: ated. Diets were calculat呵 isoproteic I。∞nla : n 12% crude protein 

b. Average value of only four rats that ga ined weight during Ihe experimental 阻們吋
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Table 18. Ettect 01' amino acid 個pplementaUon to 50rl典um and black b個咽 (Pha峙。l唱
vulgaris L.) based diets for growing ra個 a

Protein 
Dietary variables Average Feedl efficiency 

gam, g • gam raUo 

Sorghum (8.6% CP) 13.1 16 .42 。 52

+ Black beans + 0 仿制 Trp + 0.2 Met 

(12 . 0輛 CP) 53 .4 5.76 1.47 

4- 0 . 10肘 Threonine (Thr) 58.7 5.43 1.56 

..J.. 0.10% Isoleucine (lIe) 50 .1 5.82 1.51 

+ 0.30% Lysine (Lys) 47.2 6.23 1.35 

.ιThr. Ile. Lys 83.9 3.88 2.16 

Sorghum + Soybean meal (12.0% CP) 95 .6 3.92 2.14 

• 
a. E!l ch vðlue represents Ihe m帥n of six r!l ls per group. Exper iment.I period: 28 days 

Pigs led diets in which cottonseed 
replaced :;ne-third, two-'thirds, or al: 
01 the protein supplied by soybean meal 
gained poorly; and mortality was a prob­
lem at the higher levels of cottonseed 
(Table 19) ι The result. occurred with 
'the presence of 300, 60Q and 900 ppm , 
respectively, of added ferrous sul!ate 
which has been shown to complex gos­
sypol , a toxin in co'ttonseed and t。
render it Înactive for pigs. 

Two additional experiments using 
rats deterrγ， ined the value o! calcium 
hydroxide and ferrous sulfate mixed drX 
and in solution with the unextrac'ted 
cottonseed meats in reducing gossypol 
toxicity. When calcium hydroxide was 
mixed dry with the cottonseed meats, 
the rats lost weight and mortali'ty rate 
was high. Per!ormance was greatly im­
proved when either calcium hydroxide 
。r !errous sul!ate was added to the c叫﹒

Table 19. Effect of substituting unextracled ([ull rat) c叫岫nsee!l tor soybean meal ln 
diets ror growing pigs n 

Treatments 

Control Co ttonseed as a % of the SBM 

Parameter corn-soy 33 甜 1∞ • Kilograms 

Starting weight 18 .3 18.5 18 .4 18 .4 

Final weight 32 .3 26.9 22 .8 18 .2 

Average daily gain 。 714 0.344 。 117 -0個3

Average daily feed 2.21 1. 09 。 63 0.43 

Feedjgain 3 個 3.17 5.36 negative 

NO. deaths 。 。 2 4 

a. Six leen pigs slarted per Irealment (eight pens of two pigs eacn) four 阻ns re<:eiv吋∞ttonse吋
raw and four. pens r配制ved ∞ttonseed tnat was c∞ked for 24 hours (8 hrs et 60~C !lnd 
16 hrs at 80oC). There W !l S no 呵nιf i::!lnt difference betw揖n the r!lw and c∞ked C.S. treat­
menls so Ihe data were combined as presented 
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∞nseed meats in water solution. There 
wa5 no apparent benefit in perf。抖
mance of the rats as a resul't of adding 
calcium hydroxidc in comblnation with 
ferrou5 5ulfate. Rat5 fed diet5 _contain­
ing cottonseed meats treated with f.3 r­
rou5 5ulfate 50lution (800 ppm of air 
dry diet) gained fa5ter and requir.ed 
le55 feed per unit of gain than th05e 
fed cottonse:ed meats treated with Ð 

calcium hydroxide 501叫的n

Other 5tudie5 showed that rats fed 
a cOrn-ba5ed diet 5upplemented with 
dehulled cotton5eed kemel5 which had 
been boiled in ferrous 5ulfate 50lution 
for 30 minutes gained as rapidly and 
requ ired no more feed per unit of gain 
than those fed a corn-soybean meal 
diet. Boiling cottonseed kernels in the 
absence 01 ferrous sulfate greatly im­
proved its nutritive value. But boiling 
for one hour did no't improve the c。卜
tonseed as much as mixing it with a 
ferrous suifate solution ( 1 rC) fol­
lowed by oven drying at 70'C. 

In an additional experimant , sun 
drying of either cottonsecd meats or 

whole cot'tonseed (pretreated in a fer­
rous sυIfate solution) was equal t。
。ven drying in promoting rat growth 
Similar results (Tabie 20) werc ob­
tained when these principles were ap­
plied to cottonseed meats used in pig 
diets; pig5 fed diets containin月 co't ton­
s<ed treated with a ferrous sulfate solu­
tion foJlowed by either sun or oven dry­
ing performed as well as those fed the 
corn-s。γbean m.eal control diet 

Forage legumes 

Forage legumes are being evaluat.gd as 
a possible s。υrce 01 supplemental pro­
tein lor swine. Initially, Oesmodium 
and Stylosanthes in monogastric die.ts 
are being studied. 

Two trials with rats have measured 
the value of Oesmodium as a replace­
lγlent for soybean protein and as a sup­
plement to opaque-2 maize. Each in 
crease in level of dried Oesmodlum meal 
up to 30 per cent protein substitution 
resulted in a linear depression in ra't 
gain; increasing the substitution to 45 
and 60 per cent did not have any addi-

Table 20. Full fat cottoDseed meats as a proteln and energy source for rrow吐ng fjn垣h1ng
swine l\,b,e 

Paramcter 

Avg starting 、，veight

Avg daily gain 

A vg daily feed 

Feed/gain 

Avg final weight 

Control 
Corn 
5MB 

23 .4 

0 曲3

1.96 

2 師

71.3 

Treatments 

Couonseed meals b 

+H,O +FeSOI S叫ution

Oven dricd Ovcn dried Sun dried 
7伊C 70'C 

(kg) 

22 .4 23 .7 23 .6 

0.547 。 699 0.661 

1.64 2.01 2 叩

2 押 2.88 3.02 

曲 8 72 .6 69.9 

a. Four p恥gs individually fed per Irealmen t. len-week tri .!l l 

b. AII diels were 時If-free choice in meal form 

:::. The coltonseed m曲Is conta;ned 32 per cenl protein , 34 per ce叫 fal and 94.3 per cent 
dry matler 
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Table ~'l . Evaluation or tropical legume rorages as prote:in sourc曲曲r animaJ. nutritiOD. 
Etfect or subs“tution or soybean meal pro悟in by Desmodium protefn In 
growing rats .a,b 

Dietary varîables Avcrage 
galn ,g 

% Proteîn combination 

Soybean Desmodiu P1l 

meaL meal 

1日。 。 117 .6 

85 15 102 .8 

70 30 93 .4 

55 45 94 .0 

40 的 93 .9 

Feedj 
gam 

3.37 

3.55 

3.83 

3.93 

4.15 

Protein 
effìciency 

ratio 

2 ∞ 

1 如

1.75 

1.70 

1.62 

峙 dry-
mattcI' di 
gestibilitye 

90 .9 

83 日

76.7 

7i.7 

66 .6 

a . O;el$ were 臼Iculated 10 be 目ρroteic 10 contðin 15% crude prole:n; 目ybeðn ðnd Dnmod1 um 
meðl conlai ned 50 and 17.75 % crude protein , respectively 

b. Experimenlal period: 28 dðyS. EðCh va!ue represents the meðn of nine rðls per group, except for 
d可 ma l!er digestJ bilì ty 

c. Vðlues for dry-matter digestibil ity are m~~ms of three rðts per group 

tional detrimental effect on gain (Ta­
ble 21). Feed Igain, protein efficiency 
ratio and dry ma 'tter digestibility were 
all linearly depressed as the level 01 
Desmodium increased În the diets. Thi s 
sugg.sts that at the lirst three incre­
ments 01 Oesmodium (0, 15 and 30 per 
cent substitution ), the line.r depres­
sion in performance results from a de­
pression in pro tein quality , and at the 
higher levels the digestible energy was 
the most critical fa c tor 

This èoncept is conlirmed by the da­
ta rrom the second study which mea­
sured the effect 01 .dding incre.sing 
levels 01 Oesmodium to a basal opaque-2 
maize diet and comparing the resul'ts 
to simiJar diets where soybean was 
used to supply the same level 01 
additional protein as 0﹒甜甜ium (T.­
ble 22) . The lirst two increments in 
level 01 Oesmodium to the opaque-2 
maiz.~ diet improved rat gain and leed 
efficien cy; however, the highest incre 

Table 22 . EvaluaUon of tropi咽1 legume forages as protein SOurces ror an1mal nutritton. 
Comparison or the pr。但in quallty of soybean and Desmodium meals in 
opaque-2 maize bas~ dlets ror grow1ng rats a 

Dietaelzy rl Protein 
Dietary variables pI'ot Average Fecd j efficiency 

揖 8a1O, g garn ratio 

Opaque-2 basal diet 9.20 67.2 4 曲 2.23 

ι2 + Ðesmodium meal 10.75 79.8 4.54 2.05 

0-2 + Ðesmodiwn meal 12.30 78.2 4. 84 1. 69 

C-2 + Desmodium meal 13 .85 師 9 5.54 1.32 

ι-2 + Soybean meal 1日 75 101. 6 3.67 2.54 

ι2 + Soybean meal 12 .30 117 .6 3.29 2.47 

。... 2 + Soybean meal 13 .85 124.8 3.26 2.22 

s ElIch vllolue repr.esents the mea f'l of s:x ra t5 per group. E耳per i mef'l t a l period: 28 dðyS 
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ment in Dc5modium level depressed 
both growth rate and efficiency 01 leed 
conversion as well as the pro'tein effi­
ciency ratio. This effect at the high lev­
el 01 substitution is considered to be 
an effect 01 reduced diqestible energy 
intake, resulting from the low digesti­
bility 01 the Desm吋ium. S。γbean meal 
was supe rio r to the Desmodium a't all 
levels ' 01 supplementation 

Studies tested the value 01 Iresh-cut 
Stylosantl可es guyanensis as a supple­
ment to growing pig diets based on 
either opaque-2 maize and this maize 
supplemented wi 'th soybean meal to pro­
vide a 13 per cent protein diet (Table 
23). Pigs led Stylosanthes consumed less 
concentrate than pigs led only the con­
centrate. Growing pigs will consume ap­
proximately 600 9 01 Iresh-cut Stylo­
santhes per day. Stylosanthes did not im­
prove either growth or leed efficiency 
when used to supplement opaque-2 maize 
diets; in lact, it produced a slight but 
non-significant depression in gain and 

leed conversion efficiency. Stylosanth.. 
did not improve pig performánce when 
the 13 per cent diet was led 

SMALL AND/ OR SUBSISTENCE FARMS 

Eighty to 85 per cent 01 all swine 
produced in tropical Latin America and , 
in general , in other developing c。υn­
tries 01 Asia arc grown on small larms 
Many, il not m。此I are family subsis­
tence larms. The total production 01 
pork from this , the major portion 01 
the swine population , is low, represent­
ing less than 10-15 per cen t 01 that 
produced 干rom efficient sw ine opera­
tíons 

The swine program is now engaged 
in a sma ll farm project in one commu­
nity (Cacaotal) on 'the North Coast 01 
Colombia to gain knowledge 01 exist­
ing production systems and levels 01 
production and to devel。戶， through re­
search and practice. systems that will 
improve swine production and increase 
lam ily larm income 

Tab:e 23 . U“Jization of rresh Stylosanthes guyanensis as protein supplement of opaque.2 
and of opaque.2 plus soybean meal bas國1 由ets ror p-owinr pigs n 

Treatments 

Parameter Op-2 soozydbe +ylOospafn+O+pS Z+Soybean an S ly!osanlhes + Stylosantlres 

Protein content basal diets, % 9.75 13 .05 9.75 13 .05 

Days on experimcnt 64 52 曲 51 

Avg initial wt , kg 20 .17 20.30 20.25 20 .46 

Avg final wt , kg 到個 49 .54 50 個 49.92 

Total gain wt , kg 29 .87 29 .24 29 制 29 .46 

Avg daily gain, kg 467 兒6 4日 579 

Avg dai1y fecd consumption 

Concentrate , kg l 曲 1.62 1.50 1. 56 

Forage (dry matter) , kg 144 148 

Crude prot. forage , kg 027 。28

Ff'ed conversion concentrate 3.52 2 師 3.30 2.68 
Ff"ed conversion concentrate and stylo 3.62 2.95 

ð. Each v﹒ υe represents the mean of slx p igs 閏r groυp 
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Initia! data clearly demonstrate that 
th'e existing systems of swine produ:­
tion in the community contribute little 
to total av副labl-e meal supplies or t。
increased farm income 

Pigs are 廿aditionally grown under 
a completely extensive system. They are 
allowed to roam freely in the lields and 
around Ihe village. The sows, predomi­
nately 01 a native breed, "Zungo Pela­
do," are bred by any boar 'that happens 
to be present at the time of estrus. 

Given this initial germplasm, sys­
tem 01 management and nutritional reg­
imen , the sows which weigh an av­
erage 01' 67 kg at parturition prodυce 
an average 01 8 pigs per litter that 
weigh 0.88 kg al birth. of those born , 
。nly 2 10 6 live to be weaned atan 
average body weight 01 only 4 .9 kg. 
Each sow loses appr。訓mately 17 to 20 
kg 01 body weighl during the lactation 
period. After weaning, the pigs do not 
reach 20 kg body weight until 6 to 8 
months 01 age and are normally mar­
keted at 50 to 70 kg at 16-18 mon'ths 
。1 age 

Studies carried out o t:1 farms using 
traditional systems of mimagement and 
leeding show that these pigs gain only 
3 .9 kg in an 8-week period and re­
quire 9.4 kg 01 common corn to produce 
a kilogram 01 gain. At present pric-es 
(corn '$3 .20/ kg* and pigs at $14/ kg ), 
the larmer leeds $30.08 01 corn to 
produce S 14 01 markelable pig il death 
losses do not occur. Drugs and labor 
cost are not included 

Under traditional systems of man­
agement , at leasl live 10 eight different 
species of internal parasites are com­
monly encountered. These reduce both 
animal health and vigor. -Brucellosis 
was also shown to be endemic, but 
available d.t. sυggested th.t it was not 
responsible for significant reproduc­
tive losses 

Primary among 'the reasons fo r' the 
con'tinued existence of swine on these 

o AII prices given in Col. pesos 

subsister、ce larms is the lact that the 
pigs are traditional larm animals and 
serve ðS a ready scurce of cash to meet 
f.mily emergencies. It is a readily accept­
ab!e sourc.g of co lJateral for agricu叫Itur­
a剖1 1。閒an、旭s丸， and in m叩y cases the pig 
functions as a marketing t怕。。叫1 for farm 
products 
。01 quality, dis討tan、ce I怕。 market or mar­
ket value. Th.a latter factor Încreases 
in impor鬥tanc白'e in li旬1J ht 01 preliminary 
data Irom Cacaotal which indicate th.t 
20 to 30 per cent 01 the corn is no't 
marketable bec.use 01 lield and we3vil 
dam.ge, 20 10 30 per cent 01 the c.s­
sava roots are too small to be mar­
keted lor human consump'tion , and 25 
per cent 01 grain legumes produced un­
der the new program are cracked or 
damaged during h軒vest and manual 
thrashing 

Efficiency 01 crop production is not 
much better than Iha't described lor 
swine. Three crops: ∞mmon corn , cas­
sava and yams, are traditionally grown in 
association on the same land. The corn is 
planted lirsl and serves as a support 
lor the development 01 the yam vine 
which is planted about one month 
later. Cassava is seeded in any ar.ea 
between these pl.nts not covered by 
loliage. Yields per hect.re-year are ex­
Iremely low. The lood and income from 
one to lour hectares per family (seeded 
under this system) supporls Ihe lamily 
of 7 to 16 people during the year 

The approach to improved swine pro­
::i uction and increased farm income for 
the overall benelit and well-being 01 
the human population on these small 
larms has been mul'tidisciplinary. Not 
。nly has it included studìes, research 
and demonstra'tions to increase pork 
production from the existing swine po­
pulation , but has als。川CI uded work 10-
cused on both increasing crop yields and 
nutrition.1 quality through improved 
cultυral practices and 'the introduction 
of improved varieties and species 

The initi.1 goal 01 the project was 
to increase the efficiency of swine pro-
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duction in the village. Progress has 
been made towards 阱is goa l. Through 
。n-the-farm demonstrations and com­
plementary studies at the ICA Tυripaná 
Station, i't has been demonstrated that 
a program of sound management , dis­
ease and parasite control , simple but 
adequate h。υsing and proper nutrition 
will signilicantly improve the efficien­
cy 01 production. Under sma ll farm 
conditions and υ t'i lizing local1y avail­
able native pigs, the application 01 avail­
able technology adapted to local con­
dìtions has increased birth weights Irom 
0.88 kg to 1.2 kg,increased weaning 
weights Irom 4.9 to 9 .7 kg, has in­
creased grow"th rate Irom 70 9 01 gain 
per day to 465 9 and feed efficiency 
Irom 9.41 kg 01 leed per kilogram 01 
ga in ot only 3.85 kg 

Longer term tests have shown that 
under station condi'tions, the native pig 
"Zu ngo Pelado" , w刊 gain an averagE 
。1 542 9 per day on 3 .85 kg of feed 
and obtain a market weigh't 01 100 kg 
in 7 months. 

Housing, management and parasite 
control were quickly adopted by the 
swine producers of the village. Because 
。1 a lack 01 understanding 01 nυtritional 
principles, limited capital and commer 
cia l unavailability 01 the protein-vlt a­
min-m ineral supplement , adoption 01 
the improved leeding systems has bee l1 

mυch slower. Initial attempts were 
made to make 咐is supplement available 
through national organiza'tions and in­
stitutions. In the early stages 01 deve'­
。pment ， these attempts were not pos­
sible; therel。間， sυpplements prepared 
by CIAT werc made available to the 
larmers . Recently , through the collabo­
rat ion 01 the swine program 01 ICA, 
the supplement has been mode ovoil­
able 'thr。υgh CECORA, 0 division 01 
INCORA, the land relorm orgonizotion 
。1 the notionol Governmen t. At the pres­
ent time, farmers can purchase the 
leed in bog lots to supplement their 
locally avail 9. ble energv sources. 

13日

It was decided that the development 
01 swine production in the village and 
the nutrit叩nal status 01 the human pop­
ulation would be signilicantly improved 
il a larger portion 01 a ba1anced 
diet could be produced on the larm 
OpaquE• 2 maize was in'troduced but was 
not widely accepted because 01 its soft 
endosperm. More recently, a vitr，開us
endosperm high-Iysi ne (opaque) maize 
variety hos been introduced 卅岫 the
village in collabcration with the CIAT 
M刮起 Progrom . Yields 01 this new vo­
riety are promising, and since it is an 
。pen-pollinated variety, it is expected 
to be widely accepted 

As both the swine and human popu­
lations were receiving litt le die"tary pro­
tein , and grain legumes were not includ­
ed in the traditional cropping system , 
with the collaboration 01 the Crop Pro­
duction Specialist Training Program, 42 
vari~ties and species were seeded in 
the village to test the growth and yield 
po'tential 01 each and to demonstrat.a 
cu !tural practices. Only the cowpeas , 
pl恨。n peas and the mungo bean pro­
duced seed, with the cowpeo produc­
tion the most promising. From th is 
early sta r't l in two seasons the area 
seeded to cowpeas increased from zero 
to approximately 15 hectares. This area 
is signilicant as approximately 100 t。
120 hectares represents the entire crop 
area lor the village 

Swine H..lth 

The great majority of swine disease 
information was obtained from the col­
lobor.ting pig larms in the Cauca Val­
ley. These were increased Irom 16 怕
20 representing an approximate total 
01 .14 ,500 swine 

Thc specific diseases or conditions 
diagnosed or s自n on the colloborative 
group of 20 farms were arronged in 
the order 01 numbers of larms offected 
(Toble 24) 

By invitation 01 ICA , diagnoses 01 
hepatosis dietetica and ba!anti副部í s
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Table 24 . Farm 曲cidencc 01 di揖甜曲。bserved
on 20 co)!aborating larms 

Disease No. 0占 farms
affected 

Piglet diaπh回 14

Abortions Brucclla 7 
Leptospira 
Undiagnosed 4 12 

Abscesses 9 
Arthritis 8 

Piglet pneumonia 7 

F∞t and Moulh 6 

Mastitis 5 

Otitis 3 

Non specific dermatitis 3 

Traos巾nissible ga到ro.enteritis 3 

Skin necrosis 

Helminthiasis 

Metritis 

Exudative epiderm泌的

Heat stress 

2 

2 

were made on larms without including 
yields 01 the other 20 larms. 

In September a change 01 emphasis 
was made in the Cauca program. In­
stead 01 routine and Irequenl visits t。
farms to determine the spectrum of 
diseases present , less frequent visits 
were made and specific problems on 
specific farms were selected for exami­
nation in depth. The lirst project was t。
examine the economic impact of foot­
and-mouth disease on two swine herds. 
Th is als。阱。vided the lirst mecting 
point between the economics and ani­
mal health groups within CIAT. The 
second proj缸t involved balantidiasis as 
a cause 01 piglet diarrhea. Future proj­
ects are anticipated to focus fu r'ther 
。n piglet diarrhea and the causes 01 
abortion 

F。“...nd.M。叫h diseose 
Thc owners of commercial piggeries 

in the Cauca Valley lear 1。由卜and'mouth

diseose more than any other. Not onlγ 
is thc syndrome normally lar more se­
vere than in cartle but also there is 
no effective vaccine for use in this spe­
cJes 

The lirst herd was inlected with vf­
rus type A 27 (typed by 'the ICA Foot­
and-Mouth relerence laboratory) and 
started with a total 01 1,093 animals 
Deaths Irom all causes in 4 months 
from the start 01 the outbreak num­
bered 307, and 105 letuses were aborted 
From the previous history 01 the larm , 
expected mortality Irom all causes 
would have been approximately 0.3 per 
cent lor the same period and conlined to 
suck!ings. At no 'time had any vaccina­
tion program been carried out 

The second herd was inlected with 
virus type 0 and started with a total 
。1 561 animals . Deaths from all causes 
in 2 months Irom 'the start 01 th~ 
。utbreak numbered 13 , and 37 letuses 

‘ wEre aborted. Simi!arly to the lirst herd , 
the previous history 01 the larm ind i­
cated an expected mortality 01 0.2 per 
cent in the same period 01 time. This 
herd had been vaccinated three times 
訕。ne month intervals, the third vacci­
nation being carried out after the first 
clinical cases had been seen . The vac­
cine incorporated both 0 and A strains 

Tran軒nissible Gostro-Enteritis (TGE) 

This important swine disease wùs not 
known to exist in Colombia before an 
。utbreak occurred in the Cauca Valley 
irwolving collaborating herds in Janu­
ary , 1973. A report was received of an 
epidemic of diarrhea on one farm , close­
Iy lollowed by reports 01 a simi!ar 
condition on two others, 

By the lifth day after the initial re­
port the situation h~d become acute, 
and extra resources were allocated to 
seek a diagnosis. On the lollowing day 
a diagnosis 01 TGE was made based on 
symptomology, epidemiology and his'to­
pathology. At this time a strong rel.-
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tionship appeared to exist between the 
outbreak and an importation of pigs 
received by air at the Cali airpor t. The 
Director 01 Veterinary Sciences 01 ICA 
was informed immediatelγby tele­
phone and he a!erted the persons re­
sponsible within the ICA organization 
CIAT lacilities were put at the disposal 
01 'the national aυ的。rity. By agreement, 
material was 5ent to the Labora'tori。
de Investigaciones Médicas Veterinarias 
(ICA) in Bogotá and to USDA Exotic 
Diseases Laboratory at Plum Island , The 
diagnosis was confirmed by virus i50-
lation in Bogotá and serologically by 
Plum Island 

Subsequent investigations by ICA 
were assisted by pre-and post-episode 
serum samples Irom the CIAT Serum 
Bank. Clear confirma'tion was obtained 
that the disease had been introduced 
by the imported animals. Although the 
impact 01 the disease on aHected larms 
was devastating , the majority 01 wean­
er and suckling pigs being lost, n。
evidence existed by the end 01 the year 
that any spread to other localities had 
。ccurred

leptospirosis 

Leptospirosis is potentially an impor­
tant cause of abortion in pigs . The con­
dition was diagnosed on 。問∞Ilabo­
rating larm lollowing a wave 01 abor­
tions. Leptospira pomona, pomona se­
rogroup was isola'ted from two abort­
ed letuses. The Pan American Z∞nosls 
Center confirmed the identity of one 
culture and found strong positìve 
reactions to the pomona subgroup in 
all eight sera samples submitted. Weak 
positive reactions to the icterohemor­
rhagiae serotype were found in three 

BruceUosis 

Brucellosis has been a cause of abor­
tion 01 some coll的。rating farms and 
BruceUa suis has been isolated Irom 
aborted fetuses on three occasions. An 
offer was made 'to institute a control 
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program with the elimina'tion 01 reac­
tors to serological tests. Three farms 
already have instituted control pro­
grams based on the elimination of reac­
tors . To the end 01 the year 2,375 se­
rum samples were tested and positive 
titres lound in 420 (17.68 % ) 

Absces蝠s and Arthritis 

-Cυtaneous ab,scesses are commonly 
seen in swine herds in the Cauca Val­
ley. Most often they appear associated 
with arthritis on the same farms 

In one imported herd abscesses were 
not only rampantly lound cutaneously 
but also in deep-seilted situat怕的 Six 
valuable breeding ani m.als were slaugh­
tered in extremis. Autopsy revealed deep­
seated abscesses associated in three with 
the spinal cord , Concurrent abortions 
and 5till births may also have been re­
lated to the syndrome , 

Investigation in the same herd showed 
that Staphylococcus aureus, Strepto­
"“" 呵uisimllls and S甘叩tococcus
阱。伊的“ (Group A and E) cou Id com­
monly be isolated Irom the abscesses , 
but the same organisms could also be 
isolated Irom the nostrils and genital 
tracts 01 apparently heal'thy gilts. This 
appeared to indicate a carrier state. A 
bacterin was prepared using isolations 
from clinical cases and ten adult 
pregnant animals were inoculated. The 
eHectiveness 01 the bacterin is being 
evaluated. In addition , sensitivi'ty tests 
to antibiotics were carried out and the 
most effective one was chosen for use 

Hog cholera 

No hog cholera ha5 been seen on 
any. collaborating larm during the pe­
riod of observation , AII practiced vacci­
nation. However, 21 pigs 。υt 01 87 died 
on a pig larm in the Cauca Valley 
which was not 。惘。f 的。se normallv 
collaborating with CIAT. 01 those that 
died, 16 were lour months old and 
five were adults. Necropsies were car­
ried out by an ICA veterinarian wh。
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submitted specimens to CIAT lor his­
tological examination. Deep-sea'ted ul­
cers involving mUCOSð and submucosa 
were lound in the large intestines. The 
changes in the blood vessels below the 
u!::erated regions were characteristic of 
those described lor hog cholera 

Skin necrosis (Pityriasis rosea) 
This condition was closely lollowed 

川。ne herd , but a simila r if not iden­
tical condition has been reported in 
several swine herds in the Cauca Val­
ley. 

Only weanling pigs 01 approximately 
three months 01 age were affected (331 
59). Lesions were charact.erized by ery­
thematous papules occurring anywhere 
。n the body surf.ce .nd which by the 
second or third day had depressed ne司
crotic scaly centers. Some of the lesions 
coalesced lorming well-dev.loped nod­
ules. No other symptoms were noted 
No bacteria w~re iso!ated from skin 
biopsies and histology showed • skin 
reac'tion similar to that describ.d lor 
Pityriasis rosea in man and swine. The 
cond川。n lasted seven to eight days 
after corticosteroid treatment and all 
pigs were clea n by the third week 

Heat stress 

Dramatic cases have been seen in 
imported pigs with unpigmented skin 
which have been handled or moved in 
hot weather: Thi s represents an impor­
tant hazard in the introduction of ex­
。tic animals 

Exudative epidermitis (Greasy pig 
di揖a輯)

This acute generalized dermatitis of 
young pigs was seen in imported ani. 
m.ls in 'the Cauca Valley. Death appe.rs 
to result from 1055 of skin function. 
Three anim.ls died suddenly in two lit­
ters and several other piglets appøared 
clinic.lly sick. Biopsy samples have 
been stored lor lurther studies on the 
etiology 01 the condition. A similar con有

dition was also seen in "zungo" pigs 
at Cacaotal where the pus'tular lorm 
appeared to predomina~... 叫訂 the scaly 
lorm. No deaths were reported. As lar 
as can be traced , these 可 re the lirst 
reports Irom Colombia 

Hepa.osis dietetica 

An outbreak was seen in a sw1ne 
herd in the Cauca Valley. Massive liver, 
heart ,:md skele'tal muscle necro~is is 
said to be associated with delicier、cy
of se leniur啊 ， su lphur containing am ino 
acids and vitamin E. The diet was ad­
(usted and the problem ceased. Th閃
閃 the lirst written report 01 the con­
dition in Colombia 

Balantidiasi. 

With the invitation 01 ICA a visit w.s 
m.de to a larm not normally in the 
co!laborating gr。υp where there was an 
。utbreak 01 pröluse diarrhea and d,by­
dration. Twen ty-seven pigs were aHected 
ranging in age from three to four 
months. Four animals died and seven 
more were killec or sold by the owner 
。1 the larm. Histological ex.min.tion 
s i10wed tha't the disease was caused by 
the normally nonpathogenic Balantid­
ium colL A study is being made 01 the 
epidemiologv and pathogenesis 01 the 
condition 

Other conditions diagnosed include : 
.) Colilorm enteritis in baby pigs (Cau­
ca Valley); b) Atrophic rhinitis (C. 
caotal); c) Atresia .ni in a Yorkshire 
baby pig (Caυca Valley); d) Periportal 
liver cirrhosis probably due to Ascaris 
migra~ion (Carim.gua); and e) Acute 
conjunctivitls caused by a 5廿呻切關ccus
Group A (C.caot. 1 ) 

Economics 

Farm management analysis was ap­
plied to examine the relative prolit­
ability 01 alternative leed supplies , 
which were thought to be in .bun­
d.nt supply, under the prevai1ing con-
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di'tions 01 commercial prodυcers in the 
Cauca Valley (Colombia). Special at­
tention Wð5 given to CaSsaVð , as a pO­
ten'tial substitute lor maiz.. , at the 
growing and I.ttening stages . 

Based on experimental dat. obt.ined 
Irom ICA (Palmira ), it w.s concluded 
that Iresh c.ssav. could substitute lor 
maize only il the unit price 01 the lorm­
er Is equivalent to one half or 1855 
。1 the unit price 01 maize. Compared 
to maize, dry cassav. should be pre­
lerr吋， as lon9 as its unit price Is equal 
to or below the unit price of maize 
Present price rati的 (cass.vajmaize)
in Colombia favor the use of cassava 
instead of maize. 

Using a linear programming (LP) 
approach , leas't-cost diets were esti­
mated lor swine Irom 5 to 100 kilograms 
。1 liveweight and als。他r the lactation 
.nd brc~ding periods 

Resuits suggest that costs 01 produ c­
tion could be lowered by more in'tensive 
use 01 the by-products Irom local in­
dustries. Specifically, this is the c.se 
with rice meal , cottonseed meal , sesame 
meal , sugar, etc. Also, minor reductions 
in the price 01 cassava (1-5%) makc 
it profitable to introduce dry c.ssava 
into the diet 

With the LP model already in oper.­
tion now .'1 CIAT, it is possible to col­
laborate with national research centers 
and other public agencies in Latin Amer­
ic. in the .n.lysis 01 the effects 01 
orice variations and of alternative feed 
sources on thc composition and c。肘
。f rations for swine 

As an illustration, see T.ble 25 , The 
composi'tion 01 the I...st-cost diets lor 
swine presented here are based on the 
requirements and on the nutritional con­
tent 01 products currently .vailable in 
the C.uca V.lley, using relative prices 
prevaWng durin'g the second hall 01 
1973. The average cost 01 these diets 
is approximately 10 per cent below the 
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c。的。1 rations 01 cquivalent nutritional 
value offered today in the Cauc. V.I­
ley. The composition 01 the least-cost 
r'ations proved to be sensitive to rela­
tive price variations 

Training 

Three production-research interns and 
。ne research scholar completed training 
in 1973. AII lour 01 these young scien­
tists have re'turned to their respective 
;nstitut;ons. One intern from BoJivja 
and one research scholar from Còsta 
Ri呵， who has now received the mas­
ter's degree Irom the University 01 Flor­
ida, have returned 'to th~ir parent in­
stitutions as professors of swine pro­
duction and as direc'tors of new swine 
progr.ms which they .re now devel­
。ping in coll.boration with CIAT and 
with special project lunds provided by 
!DRC. One Colombian intern has retur­
ned to the Instituto Politécnico in Me' 
dellfn to continue .s prolessor 01 swine 
production in that institution. The third 
production-research intern has been 
named .s leader 01 the ICA swir也 pro­
gram at the Turipaná station in M。件
tería 

F;ve production-research interns from 
Perú, Bolivia and Ecuador were select­
ed to receive training at CIAT. They 
began their training during 'the year 
Four ar~ working in swine production 
and one is being trained in animal pa­
thology with emphasis on swine dis­
eases 

One research schol.r Irom INIAP , 
Ecuador, began studies for a master's 
degr，甜 at the ICA Graduatc School. A 
rese.rch lellow Irom Germany and with 
support from his Government began 
work at CIAT to collect d.ta lor • doc­
toral thesis. Hls thesis will evaiuate 
the n.tive breed , "Zυngo Pelado," and 
compare the production .nd physiolog­
ic.1 par.meters 01 this breed with 1h.t 
01 one 01 the i mproved breeds 
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Table 25. Comp的拙。n of least戶 cost rations for swine (in percentages) . 
Liveweight (k..ilos) 

• 
Feeds 

Baby pigs 

Swine Catcgory 

Growing Finishin~ Gestation Boar Lactat. 

5- 10 1ι-20 2弘一35 3~ 曲-1曲 1曲-1曲 11。一l曲 i40-200 

% 

' 

J\1a:zc, yellow 
Maize , opaque 
Sorghum 
Ri臼

Maize bran 
JHce br~n and polishings 
Wheat flour 
('assava , fresh 
Cassava-, dry 
Ranana , fresh 
Banana , dry 
Yam , fresh 
Yam. dry 
Su~ar ﹒ 
Molasses 
Soybean meal 
Cottonseed me,d 
Sesame meal 
Meat mcal 
Blood meal 
Bonc meal 
n、'ster shell 
Fish meal 
Dicalcium phosphale 
Calcium carbonate 
Sa1t 
Lysinc 
Methionine 
Methionine + C}'sline 
Vitamin premix 

A verage cos L 
(pesos ($) per kilo) 

明 % 。台 軸 。包 H % 

2.2 

23 .1 28 .7 

42 .7 46.0 

888 444 8
9
88 

4244 
I 

4.2 792 DOO 

2 nu 

o 3 日 3

29.0 29 .2 

35.3 35.3 49 .2 
14 .4 19 .1 25.8 

9.5 5.4 13 .6 

4.8 4.R 4.8 
4.8 4.8 4.8 
0.9 

152 100 3552 0000 14512 00000 

17 .0 17 .0 7.2 

0
0
3

泉
。

"
3

794442 411 603RR9 299440 41 603889 299440 41 

5 o 

h35 noo 635 noo 

0.2 0 2 0 2 

3.89 3.40 2.94 2.8 2.7 2.8 2.8 2.8 

Fo( commerctal prodυce($ in the Cðuca Valley (Colombia) , under price rat ~ons preva il:ng du 
r:n9 July-December, 1973 

CIAT is providing partial support lor 
a research scholar in swine nutrition 
now studying at the University 01 
Guelph , On'tario , Canada. This scholar 
who h.s an .ssis't.ntship .t Guelph will 
rcturn to CIAT to conduct research for 
his master's thesis 

A total 01 20 ho.u rs 01 lectures were 
given to the trainees ín the Livestock 
Prcduction course. In addition several 
papers were prepared for the course 
which included ." phases 01 swine pro­
cluc'tion 

Outreach 

The network 01 institutions coll.bo­
rating .with the swine program was in­
cre.sed in 1973 by the ~initi.tion 01 
collabor.tive progr.ms in Bolivi. .nd 
Cost. Ric.. These progr.ms, which will 
月ceive support from special project 
lunds, .re being developed at the Ùni­
versidad de Bolivia and the Universidad 
de Costa Ric. .nd will be under the direc­
t!on of scientists previously trained at 
CIAT 
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The new program of the Universidad 
de Bolivia "Gabriel René Moreno" in 
Santa Cruz, Bolivia, is being developed 
。n 15 ha at the new υniversity station 
located 19 km from Santa Cruz. The 
new swine center will pr。圳de facili­
ties for a 40-50 sow herd and will be 
us吋 for teaching university s'tudents , 
for demonstrating established production 
techniques and for seeking solutions t。
problems that limit local swine pro­
duction 

The collaborative program in Costa 
Rica will be developed with special proj­
ect funds a't a new Universidad de Cos­
ta- Rica Regional Cente r' being devel-

' 
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。ped near the town of Turrialba and 
odjacent to the IICA Station. AII ani­
mal production students at the Univer­
sidad de Costa Rica will receive one year 
trainin9 at this new center. The cen­
ler will also be used for research and 
demonstration and as a training center 
for extending production information 
to the small farmers and swine prodυb 
ers of the reg叩n

Other collaborative programs were 
continued in other areas of La'tin Amer­
ica. Initial contacts wer.e al50 made 
for developing collaboration in Perú 
and Guatemala 

4 
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F。。dleg叫州州eans ， spe- 3 
cifically, are an important com­
ponent 01 the human diet in 

Latin America and throughout the 
tropics. These protein sources are par-

To increase yield potentia l 'through 
deveJopment of genetic resistance 。
pathogens and insccts with the in-
tegration of this genetic material 
into 'a total control package. 

ticularly imp。卅ant in the diets 01 middle 4 
and low income groups where an1mal 
protein may be limited or not available. 
The crop is grown by subsistence lar­
mers through much 01 the highlands and 
medium elevations in the zone and for 

To s 
dil仟lerent leveis 01 technology and 
demγn、。nstr問at恤e t昀hos扭e wh川ich、 can effec. 
tive叫Iy increase ec∞。nomic γ 3必划e叫Ids 01 f 
ex圳1悶sting and im阱m吶、pr昀。v閥ed va rieties of 
f盯ieldbeans

many provides the principa l SQurce of r::. 

quality protein for direct consumption ,J 

。n the larr啊 ，

To identi句， then to reduce or e!i mi­
na悟， the limiting physical and so-
cio-economic factors which influ­
ence the producti凹 ， marketing , and 
consumption of beans 

The Bean Production Systems Pro­
Qrarn, initiated as an integrated 'tearr、
effort in 1973, expanded its orientation 
and scope of activities. The main objec­
tive Is to increase the product自vity， pro­
duction and consumption of beans in 
Latin America , to improve the diets of 
low income people, a"nd to enhance the 
welfare of subsistence farmers . Com­
mercial beans ðre emphasized as wel! 
as associated cropping systemsυseO 
bv the small larmer, where there will 
bé an expected application of most 悶，
sults t。亡。mmercial-sized operati ons ûs 
well 

A series of specifk objectives guides 
the resea r"ch 

1 . To improve the yie ld potential of 
existing germplasm through collec~ 
tion , evalu副ion ， recombination and 
testing of promising germplasm , par­
ticularly in the lowland tropics 

2 . 10 increase the range of adaptation 
。f new varieties to variations in s印 l
type, moistu時， temperature and 
photoperiod. 
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6. To support national programs and 
。 ther Înstitutions concerned with 
bean research, development and pro­
motion ， 的rough training and team 
。rganization and ori.entation 

7. To promo'te exchange of germplasm 
and ideas through annual mee tings 
。f researchers, special topic work­
shops, uniform r.egional trials , news­
le'tters, and visits to programs in the 
reglon 

8. To improve the protei n quality and 
nutritional va;ue of beans for their 
usc in direct human consu mption 

The program is divided into s-=:ven 
working groups: agronomy , bre3ding , 
economl白， en'tomology , microbiology , 
pathology and physiology 

PLANT IMPROVEMENT 

Major emphasis has been to bring 
together existing collections 01 Phas.olus 
vulgaris and to evaluate this mate. 
rial under different environmental con-
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diti。肘. The total 'number 01 bean ac­
cessions ncw existing in the germplasm 
bank at CIAT is 9,413. Terminology is 
being standardized and a computer lor­
mat and program prepared which will 
al!ow publishing the lirs't dato summary 
in 1974 

Oata Irom the initial lield observa­
tions will be used to choose groups 01 
parents to start the br.ecding and devel­
。pment 01 genetic populations. In the 
process of population improveme肘，
cuts'tanding biotypes will be identilied 
ùnd included as sources of disease re~ 
sistance, insect resistance, photosyn­
thetic efficiency, Rhizobium interactions 
ond officiency, as well as other specilic 
lactors. 
Germpl自m ev.luation 

Four environments were chosen for 
initial germplasm evaluation: Palmira , 
Turipaná and La Selva (Colombia), and 
Boliche (Ecuador) 

Locations 
P.lmira, Colombi. (CIAT Research 
Sta'tion) 

Latitude, 03'32' north; altitude, 1,000 
m; annual mean temperature, 23 . 9'C; 
total annual rainlall , 1,000 mm; annual 
mean relo'tive humidity, 71 %; annual 
mean sunshine, 49 %. 

A total 01 6,290 accessions 01 P. 
vulgari. were studied on the CIAT larm , 
including 808 new accessions. Climatic 
conditions in Palmira lavor rap:d pr09-
r.ss as three plantings can be made 
each yeor. Planting dates in March and 
July use natural rainlall , while the No­
vember pianting is irrigated 

州。re than 20 morphological charac­
teristics 01 the plant ond other lield 
。bservations were recorded. On the ba. 
sis 01 such yield comp咽nents as pods 
per plant, seeds per pod and seed size, 
o total 01 238 selections were made lor 
"γield r-o'tential"; 220 were individual 
plant selections and 18 were mass se­
lections. Two 01 these individual selec­
tions are shown in the photos on 
page 148. 

Turipaná, Monterr., Colombia (ICA 
Research Station) 

Latitυde， 08'87' north; altitude, 13 
m; annual . mean temperature, 280C; 
total annual rainlall , 1,200 mm; annual 
mean relative humidity, 80% 

In this location , 1,390 I:.ean collec­
tions were studied under rainfall con­
ditions; this number included the selec 
tions previously made in Turipaná and 
Palrr、Ira

The Turipaná station environment is 
the one used at presont to study the 
effect 01 high temperatures on Iruitinq 
There wcre 56 selections made lor yield 
potential , 44 individual and 12 mass 
se!ections. The 56 selections were bloom­
ing and Irui'ting within a 42-day pe. 
riod where the average of maximum 
tempe問tures was 340C; the rainf刮I dur­
ing the complete growing period was 
516 mm. These 揖lections will be stud­
ied in other areas to identily heat­
tolerant lines 01 beans 

L. Selva-RJon旬ro， C。他mbi. (ICA 
Research Station) 

Latitude, 06020' north; altitude, 2,200 
m; annual mean temperature, 16.1 0C; 
total annual rainlall , 1,400 mm; annual 
mean relative humidity , 75% . 

This location represen'ts the high 01-
titude environment where bean cultiva­
tion is a!most always associated with 
maize. Studies included 200 ∞Ibctions 
01 c1 imbing beans 

Bolicl槽， Guayaqu iJ, Ecu.dor (INIAP 
Research Station) 

Latitude, 02'20' south; altitude, 17 
m; annual mean temperature, 25. 40C; 
抽油I annual rainlall, 690 mm; annual 
mean relative humidity, 84%; annual 
mean sunshine, 30%. 

A distinctive characteristic of this 
environment is the reduced solar radia 
tion through the year. A total 01 990 
bean coJlections, including selections 
Irom Palmira and Turipaná, were stud-
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iec in Boliche and ten characteristics 
recorded. A total 01 58 selections were 
made lor yield potential, including 37 
individual 揖lections and the rest mass 
selections. Seven mass selecti。肘。f
climbing beans wi'th grain characteris­
tics 01 1。也al acceptance (Iight red, 
white and ligh't brown) were included 
in a preliminary yield trial along with 
two native varieties 01 the Boliche re­
glon 
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Two Indivldu.1 pl.帥"【:~tlons wlth speclflc mor­
phol呵Ic.1 ch.r.ct.rlctlc. 

Principal 仙..rvations

Genetic variability 

The evalυation 01 bean collections 
conducted to date has shown the exis­
tence 01 high genetic variability in 
Phaseolul yulgaril, not only with respect 
to yield potenti.l , bυt also in such lac­
tors as days to blooming, days to ma­
turity, growing habit, size 01 the plant, 



at Turipaná it appea時d to be com. 
pletely indeterminate. A similar situation 
occurred with the v8riety Jamapa Irom 
Guatemala, an indeterminate non-climb­
ing bean in Palmi悶， but an indeter. 
minate climbing bean in Tυripaná 

height t。
and grain 

branching, stem thickness, 
the lirst node, root sys'tem 
cha racteristics 

Leaf area. The conditions 01 Boliche 
in Ecuador m的t lavored leaf area de­
velopmen t. Plants with large leaves were 
。bserved in the majority 01 the 990 
bean collections tested. Also apparent 
was an exaggerated elongation 01 inte卜
nod肘， a result presumably 01 increased 
activity 01 growih auxins under the low 
solar radiation at this site. 

Environmental effects 

Adaplalion. The most noteworthy 
envlronr咽ental effects came Irom 200 
collections in La Selva. The material 
showed a general non-adaptation at 'this 
Qigh altitude location, probably because 
fhe entries originally came Irom low­
land areas. 

Expression of yleld pOllnll.1. Con­
sidering the individυal sel配tions lor 

Growlng h.bil. Th悶 character ís in­
fluenced signilicantly by the environ­
men t. The commercial variety ICA. 
Huasano had a semi-indetermina'te short 
gυide growing habit in Palmira , while 

Ta.ble 1. Mean values tor yleld componenta and productloD ot 扭曲吋du甜甜甜Uons for yield 
po阻nUal in bean9 01 five grow1n, babits ln two' 1。個山間. Pa1mlra圓d TurI，臨時
1973 

Days 
g。

harvest 

Weightl 
。f dry 

grain (g) 
g

這

f3aE 
』
油
m

L
m
m叫

ir 

Palmira 

5 

,
fd 肌m

o
m
-

No. 
of 

seIections Growing habils 

Determinate (1 A) 87.2 45 . 3 24 .6 32.0 (33) 

85.1 40. 6 22 .3 36 .3 (29) 
Semi-indeter祖m3te

short guide (1 B) 

86.3 45 . 4 24 .6 38.1 ( 8) 
Semi-indeterminate 

medium guide (II C) 

間 557 . 4 32 .9 51.0 (19) 
Indeterminate 

non-cJ imbing (III E) 

Indeterminate 
climbing (IV F) 97.0 92.4 49 .3 83 .3 ( 3) • 

Turipaná 

79.0 34.3 23 .0 38.5 (2) DetermÎnate (1 A) 

Semi-indeterminate 
short guide (1 B) 

倒 251. 4 21.5 55.0 ( 4) 
Semi-indetenninate 

medium guide (11 C) 

呵。73.0 49 .0 78.1 (10) 
Indcterminate 

non-climbing (111 E) 

88.9 
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98.6 52 .7 98.1 (J4) 
Indeterminate 

cI irnbing (IV F) 



yield potential that were made in Palmira 
and Tυripaná， the relationship 01 yi~ld 
lactors and live plant growing h.bits 
is shown in Table 1. Biotypes with in­
determinate growing habi.t appear t。
have higher yield potential than thosc 
with either semi-incleterminate or d~­
tcrminate growing habits. The highest 

. potential is evident in the biotypes wi.th 
a climbing habit planted with maize 
(growing habit IV F) 

When the yield lactors under rain­
lall conditions are compared between 
these two locations, it is apparent that 
the average val u<>s were higher in Tu­
ripaná than in Palmira, except in the 
caSe 01 growing habit 1 A. Turipaná has , 
in general , less lavorable growing con­
d itions lor common beans than tho 
Paimira location. Thc higher values may 
be because 01 the differ"nt distances 
betwEen planting beds (0.90 m in Pal­
mira , 1.50 m in Turipaná) with less 
competition lor light and nutrients at 
Turipaná. The higher temperature in the 
coastal station may have been the stim­
ulus lor increased growth and pro­
duction. In Turipaná , beans with 
growing habits 1 A and I B which have 
less vegstative growth were severely al­
lected by the web biight disease Thana­
thephorus cυ-cumer尬， reducing the num~ 
ber 01 selections 01 this type to a min­
Imu佇1

Formation of genetic populations in 
beans 

After evaluating ond seleoting best 
genotypes with wide adaptation , the 
program will start the lormation 01 
the lirst genetic populations by means 
01 a multiple crossing method (5ee phot。
page 151). The genotypes to integrate 
into each compound variety must have 
similar growing habits and plant sizes 
As much variability as possible in grain 
color and other characters 01 'the seed 
will be maintained, since . there is an 
extensive range of preferences in Latin 
America (See photo on page 152). 
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。ther breeding proJ缸"

Germpl.sm bank 

The common bean germplasm bank 
ot CIAT inclυdes 9,413 accessions. The 
systematization 01 morphologic charac­
teristics of each accession tested from 
thc germplasm bank is being developed 
in collaboration with the Instituto Co­
lombiano Agropecuario (ICA). The ob­
jective is to establish an operational 
system in the computer .that will allow 
handiing a large number 01 different 
bean characteristics at one time 

Natural crossing in common beans 

To determine the percentage 01 nat­
ural cross pollination in Palmira, tw。
groups of contr i1sting varieties were 
used which varied in 0 seedling char­
acteristic "hypocotyi color." Varieties 
were planted at three row distances. 
The F, plants will be analyzed in the 
next growing cycle 

Proteln quality of common beans 

The inheritance 01 total crude oro­
tein and methionine by analyz川g' hy­
brid generations 01 lou'r common-beán 
selections is being studied as part 01 a 
\hesis research projec t. The làboratory 
analyses have been completed lor 。巾
。1 the original crosses where the pro­
genitors have 28.9 per ccnt and 20.9 
per cent total protein, and 0.656 9 and 
0.945 9 methionine per 100 grams 01 
protein. The first estimate of protein 
heritability is high in the F, gsneration 
01 a breeding program. Furth-er regr臼­
s:cn studies for protein and methionine 
will ~~ done by testing the F" and F, 
progenies. The research will also explorc 
the biological value 01 the protein 

Studles of drought toleranc. 
Through the screening 01 the bean 

germplasm in several locations, 457 
co!lections have been ldentified which 
have root systems wi'th a tap root ten­
dency. This material will be studied 
more in detail to evaluate morphologic 
efficiency and possible genetic or phys­
iologic components lor drouth 'tolerance. 
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Co",umtr p同f.r.nces for common be.帥. Phaseolus vu'gar:s. in L.lln American countries 

Tap rooted plants will also be used 
in nodulation and nitrogen lixation 
studies (see page 178 , Food Legumes 
section in this rep。前) . 

AGRONOMY 

The C!AT team is interes'ted in de­
termining for existing varieties the max­
imum potential, and al50 the econom­
ically optimum yields , which are pos­
sible through proper spacing, lertility 
and pest contro l. This will help to guide 
physiology and breεding work to over­
come the existing yield plateau. Opti­
mum combinations of populations of 
maize and beans , and eventually other 
crops as well , must be determined t。
be able to increase production with 
these systems. 

The problems 01 acidity and inlertil 
ity encountered in soils of the Colom 
bian Llanos , coupled wi'th the long-term 
agricultural potential of the zone, jus­
tify initial studies of agronomic prac­
tices for a maximυm bean productivity 
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lor those soils. While cowpeas and 
peanuts seem particularly adapted to 
the zone, trials have shown that black­
seeded bean lines will also grow and 
produce well in 'the region 

Pr~lKipal research locations 

Five ecological zc nes wíth distinct 
soil and climatic conditions were select­
ed during 'the lirst year as principal 
research locations. Characteristics of 
the locations are described in Table 2. 

Production of b個ns in monoculture 

Studi缸。f NPK and minor elements 

Two experiments at CIAT evaluated ef­
fects of NPK and micr個lements on the 
production of two commercial bean Vð­

rieties, a red bean (Calima) and a black 
bean I,ÇA-Tui . Increases obtained with 
applications of nitrogen and phospho­
rus were not significan t. Of the micro­
elements studied, B deficiency seems 
the major factor limiting production . 
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Table 2. .Charac扭曲“目。r 811揖 wbere CIAT has COOpe咽tlve b揖血呵呵nom.y e:耳聞nmen個

characleristics . Soil CIimate 

Bean 
production 

P O.M pH Prccip. 
Annual) 
(mm) 

Temp 
(M間n
(咒; )

Altitudc Location 

Important 
Some importance 
Very important 
Future potential 

HLLL MHHM 
' .8 
5.5.5 
5-5 .5 
4-5.5 

翩
翩
岫
蝴

"
的
詞
時
訂

翩
翩
翩m

Colombin 

Palmira 
Popayán 
Rionegr。
Carimagua 

Potentially ‘mportant 
M M 6-6 .5 690 25 17 

Ecuador 
Bolichc 

mined by relating B level5 in the leave5 
with productivity 

Responses to boron application were 
dramatic (5ee phOt05 on page 154). !n 
50me plOt5 not lertilized with boron 
'there was a 抽出 1 crop lailure. 

Boron deliciency at CIAT al50 alfects 
maize，呵呵hum and soybeans. In an 
experiment carried ou't in one of the 
B delicient plOt5 in CIAT with the maize 
hybrid ICA H-208 , boron applica. 
tion5 01 2 kgj ha produced increa5e5 
01 1,300 kgj ha 01 m刮目前 compared
to the contro l. The residual effect 01 
the treatments of this experiment was 
mea5ured with the bean variety ICA­
Gual l. Figure 2 5hoW5 the re5ult5 ob­
tained ; part 01 the B applied to maize 
remained in the ground and wa5 U5ed 
by the bean crop. The critical level 01 
B in the bean leave5 (Calima variety) 
can be e5timated Irom Figure 3. Boron 
content5 01 le55 than 20 ppm in the 
leaves indicate an acute deliciency 01 
the elernent, while B con'tent5 above 
45 ppm indicate normal growth and 
yield5. 

州。5t 01 the experiment5 related t。
the boron deficiency problem are still 
to be harvested, bυt the lollowing pre­
liminary recommendations can be made 
lor 50il5 5imilar to th。峙。1 the CIAT 
farn、:

Boron level . 1 kgj ha 
Application time: at time 01 planting 

L = Low 

Figure 1 ShOW5 the contra5t between 
some fertilizer treatments, and indicates 
the 5ignilicance 01 boron deliciency. 

' 
M Medium • H = High 

With this problem identifi呵， research 
concentrated on boron fertilization. Ex­
periments 、 were carried out with B lev­
els , sources, times of application , meth­
。d 01 application , loliar lertilization , 
interaction with minor elements, and 
sensitivity of some varieties to th_e de­
liciency. Also, the critical level 01 thi5 
element in 'he bean plant was deter-
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$120 (Colombian pesos) or $5 
dollars ') 

No significant responses W03re or.­
served fo r applications of other mino r 
elements 

(US 

L::::二
2.0 

Mung beans (Ph扭曲lus mungo ), cow­
pea (Vlgna sesquipedalis) and pigeon 
pea (CaJanus cajas) were more tol­
erant to boron deficiency than 16 va. 
rieties of common beans (Phaseol肘
vulgaris) and 5 varieties of soybean 
(50\,1 max). Mung bean seems to be 
resistant to boron defic iency 

The interaction of plant density and 
fertilize rs on bean production was exam­
ined in two experiments. The diffcr­
ent plant populations were obtai ned 
by changing 'the number of rows per 
ridge and the distance between plants 
within the row, while maintaining the 
distance between ridges constant at 
90 cm 

51udies of planl densily 
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Figure 2. The effect of application of 
boron on the yield of ICA H-208 maize 8nd 
its residual effect 00 the yield 01 bean varie 
ty ICA-Guali 
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Figure 4 shows 'that production 叭，
creased when the number of rows per 
ridge was increased to three and th.~ 

piant distance decreased 10 5 cm. Con­
sidering the cosl of seed, the most 

Application method : banded a few 
cm to the side and below the seed 

The approximate cos t of 1 kgj ha is 
2.5 
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• 
economical plant density would be tw。
rows per ridge and 10 cm between 
plants 

ln ano'ther experiment without ridges , 
there were no significant differences in 
yie.ld among row spacings 01 60-60.60 
cm (166 ,000 plants/ ha ), row spacings 
。1 30-45-30 (266,000 plants/ ha) and 
15-45-15 (332 ,000 plants/ ha) in the 
varieties ICA-T山， ICA.Gualí , and Calima 

Studies on the effect of water 
management on production 

1 n many important bean growing 
areas in Latin America, a lack 01 wa­
ter is often limiting th.. production. 
Under these conditions, water may be 
uti !ized more eff比 iently ， t:lrough prac­
tkes that reduce evaporation and store 
。r keep water in the soi l. In this way, 
an additional short cycle crop like beans 
may be leasible at the end 01 the rainy 
season 

In cooperation with INIAP, an exper­
iment at Boliche, Ecuador, studied 
the effect 01 ground cover on the rate 
。1 water evaporation and bean yield. 
Ground cover included maize resiαues ， 
rice straw, castor bean leaves, sesame 
crop residues and plantain leaves. Pre­
liminary observations indicate that 

1) the use 01 ground cover decreases 
weed competition; and 2) the m。“
promising materials for ground cove~ 
are maize stυbble， rice straw and 
plantain leaves 

Production of beans in lntercropping 
systems 

There is a great lack 01 knowledge 
about the traditional larming practice 
01 intercropping used by low resource 
farmers in the bean production areas 
。f La'tin America. The agronomists ini­
tiated studies to answer the most ele­
mentary questions related to these t問­
ditional sγstems 

If two crops (ln 1M grown In th. ume fl.ld norm.lly uøcl for on. cr呵， IMr. Is a substantl.1 sning 
叫呻ac.，“me and Inputs 
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Alternatlve n祖thods 10 Intercrop 
maize and bean. 

This experimem W~S prðnted in Boli­
che, Palmira, Popayán and Rionegro. The 
。bjec!ive of the experiment was to grow 
two crops in the sarne space 'that w。υId
normally be occupied by one crop (pha­
to on page 156). Upper photo on page 
157 shows a trial in which lour rows 01 
beans were planted in the Iree space 
between 'the corn rows. Light compet­
ition appeared to be the main limiting 
lactor 

Tho application 01 these principles 01 
intercropping can be available to large 
and small larmors. One 01 the difficul. 
ties caused by thcse systems , mechð­
nized seeding, does not seem importan t. 
Lower photo on page 157 shows mechan. 
ized seeding of maize amidst beans 
planted in double rows. Beans are har­
vested manuðlly 

Maize and beans competition studies 

In the system 01 intercropping, maize 
and beans ~compete lor light, water, and 

nutrients , but they also complement 
each other, as physical support. Phot" 
graph on this page shows a maizej bean 
intercropping system in Popayán using a 
regional climbing bean variety, compared 
to beans planted in monoculture using 
stake supports. Photo on page 159 shows 
on experiment 01 different p ianting dates 
。f corn relative to those of beans 

Population 到udies for the mix吋
叮st8m ， maize and beans 

Several experimems are evaluating 
the effects 01 piðnt density and lert !l­
ization on intercropped mð ize and b臼no
in Popayán and Rionegro, using the 10. 
cal c1 imbing bean varieties Carg3mtmto 
and Sangretor。

Weed control studies for multiple 
croppm9 

An experiment at CIAT 'tested the 
effectiveness of several herbicide treat­
ments in intercropped maize and beans . 
The crops were planted simultaneously 
and the herbicides were applied belore 

Compe-“妞n 0' • mlxed m.lu-be.n cr叩
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C'opε。mpetitlon in intercropplng 5ylt8ms depend on the pl.nting date of on﹒肘。p in rel肘 icn 10 
the oll,.r 

emergence . The most ou'tstanding treat. 
ments in the study were the mix'ture 
。1 linuron and Alaclor or Alaclor and 
Linuron by themselves when applied at 
high rates. 

Tolerance to soil acidity 

A co l\ection 01 50 varieties 01 black 
beans , 2 soybeans (Glycine max) and 
20 cowpeas (Vigna sesquipeclalis) were 
screened lor tolerance to soil acidity 
on an oxisol at Carimagu~. The co l\ec­
tÎon was seeded at four lime levels of 
0 , 0.5 , 2 and 凸 ton/ha. Wi'thout lime 
the soil has a pH 01 about 4.3 and 3.0 
me/l00 9 01 exchangeable AI , while 
the high lime application 01 6 抽n/ha
increased the pH to about 5.4 and de­
creased the exchangeable A 1 conten't t。
ab。叫 0.4 me/ l00 9 (see page 211 Rice 
section in th旭 report). Fi日ur.e 5 shows 
the average response of the species 't。
lime applicat悶悶 . It is c1ear that a l\ 
spec時s responded to liming, but the 
black beans and soybeans responded up 

to 6 tonj ha, while the cowpeas respond­
ed signilicantly only to the lirst incre­
ment 01 0.5 ton/ ha . Because 01 the 
high level 01 production ancl thc gen­
era j tolerance 'to acid 50il , the cowpeas 
show the most potential lor these very 
acid , infertile soils 

月 2.0 卡 ð_一。------。
~ 1.sl/. =哺B凹t叫.

} i主:. 11 o_ Soybean叫. (但2剖

吾 -a tazc。wp棚 (201
長. ._， ~---亡2

~05~---

o 0.5 2 e 
Lime appll曲tion hon/hal 

Figure 5. Effect 叫“me applications 0" 
grain yield of threc bean species grown in 
Carimagua. Numbers in parentheses indicate 
number 01 collec訓。ns test9d 
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To determine the effect 01 liming on 
the nutri'tive value 01 these species, 
samples 01 the grain 01 6 black beans, 
2 soybeans and 4 cowpeas, harvested 
at each lime level , were analyzed lor 
N, P, K, Ca , Mg, Zn and Cu , Li ming had 
。nly a clearly positive effect on the Ca­
content 01 the grain , hardly any effect 
on the N, Mg and Cu contents, • slightly 
negative effect on the P and K conten'ts , 
ond a strongly negative effect on the 
Zn conten t. The latter may be 01 great 
signilicance considering the apparent 
importance 01 Zn in the metabolism 01 
vitomin A. I't is cleor that soybeons ore 
not only much higher in protein , but 
olso significontly higher in 011 minerols 
analyzed, in comparison with black 
beons and cowpeas . The black beons had 
a slightly higher minerol content (except 
Zn) than the cowpeas , 

Another coll配tion 01 100 non-block 
beons, 125 block beons and 的 cowpeas
were screened ot Corimagua ot 0 , 5 and 
2 ton/ ha lime levels. The same . collec­
tion was seeded with maize as support 
lor the climbing varieties. 

The lollowing average yields were 
。btained lor the three types 01 beans 
and peas 

Grain yield (g/6 m剖er row ) 

0.5 10吶/ha 2 lon/ha 
Jime lime 
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Cowpeas were most tolerant t。叩il
acidity, while the black beans were more 
tolerant than the non-black beans. 

PHY510LOGY 

The physiology effort is ini't ially di­
rected toward understanding the plon t's 
growth ond dry matter portitionir旬， and 
then toward increased economic yield 
This will probably be lound in 0 plant 
type which provides a greater num­
ber 01 Iruiting nodes, pods per node 
and seeds per pod in a variety which 
con 的and up under this load. A cooper-
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at ive effort organized with Cornell , 
Michigan 5tate, and Hokkaido univer­
sities will lead to research in crop 
physiology to establish plant type guide­
lines lor the breeder 

In evaluat悶悶。1 the germplasm col­
lections at CIAT, special emphasis is 
placed on yield poten'tial and the m。←
phologic characteristics which appear t。
∞ntribute to beans in monoculture, as 
well as in association with maize. The 
apparent adaptive superior ity in the 
tropics 01 black-seeded beans over 
。ther types is a characteristic which 
will give a better yield potential 'to other 
acceptable types. Adaptation 01 beans 
10 zones which differ in photoperiod 
and ambient temperature is being stud. 
ied in the field in the tropics . 

Other activj'ties are complementary 
to the primary effort on determining 
.n optimum plant type and selecting 
lor that potentia l. One growth analysis 
trial and another on interplant compe­
tition were carried out during 1973 
Growth and yields 01 P. vulgar1s vari­
eties were reduced by common bean me-
50!C virus , and the trials must be re­
peated using clean 時ed and protect ive 
insecticides and lungicides 

Simpllfled Growth Analysis over 
Locations 

A series 01 trials which include a 
simplilied description 01 linal dry mat­
ter distrihution in beans is being or9a­
nized with national programs in 'the re司
gion and will be initiated in 1974. 

In pract ice, these analyses include a 
limited number 01 additional measure­
ments in the normal yield 'l rials con. 
ducted by all improvement programs. 
In principle, it is an attempt to deline 
with grea'ter precision the contrihution 
01 plant type to eventual economic 
yield. The main advantage 01 simplilied 
growth analysis is that it measures the 
two component physiological processes 
that are all inclusive and closest to li­
nal yield expression. These two processes 
are net accumulation 01 photosynthate, 
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and the partitioning 01 this photosyn- 1. 
thate between the economically im­
portan't seed and other plant organs. 
These processes are measured using the ? 

Increased branching and excessive 
stem moisture which made plants 
brittle and easily broken. 

Reduced leal abscission when pods 
were completely dry in some vari. 
e'ties 

total plant dry weight accumulated in ‘ 
each plot 01 the yield trial , and Irom 
the harvest index or the per cent 01 total 
plant dry weight that is economic yield, 
。1 seed . 

1 n addition to the total plan't dry 
weight collected in all trials with co­
。perators ， some locations with an inter. 
ested physiologist, breeder or a9rono­
mist will collect add itional data: pods 
per hectare, seeds per pod, av-erage 
wcight per seed , perc-entage 01 light 
interception during Ilowering, dates and 
duration 01 Ilowering, weather data , 
and black and white photos 01 each 
genotype tested. This series 01 trials 
will soon provide guidelines to regional 
physiology efforts which are associated 
with breeding programs locused on 
searching 。此 ideal plant types and se­
lecti。門 lor these types 

Photoperiod Insensitivity 

The lirst testing lor photoperiod sen­
sitivity in beans included 14 varieties 
01 Pha揖叫“ vulgaris， and the soybean 
variety ICA-Mandarfn as a sensitive 
check. The same fjeld installation de­
scribed in the chapter on maize research 
(page 197) was used , with beans plant­
ed in rows perpendicular to the line 
01 300 W incandescent bulbs used as 
light saurce. The criterion for Însens;­
tivity was unilorm Ilowering and Iruit­
ing along the length 01 the row Irom 
light source out to 30 m. Two varieties, 
ICA-Bunsi and 73 Vul 6 (Irom the CIAT 
germplasm bank) , were insensi'tive in 
this cycle. 

! n addition to this comparison of the 
extremes in the raw I week ly data were 
taken at 5 m interva ls a10ng the row on 
plant height , number 01 leaves, flowers 
and pods , length 01 lirst internodes and 
number of br"anches . The increased in­
tensity 01 ligh't used to extend the dav, 
i.e. , observations near the light source, 
showed the lollowing effects in beans 

3 . Increased leal size and total leal 
area 

4. Change in growth habit in some va­
rieties Irom bush type to semi­
climbing. 

5. Flowering delayed Or inhib ited al­
together , with a critica l intensity 
lor this reaction at about 15-20 m 
Irom the lights 

6. 1 ncreased number 01 empty p。如
per plan t. 

Trials wlth Cowpeas 

In collaboration with 'the CIAT swine 
p~cgram ， 15 varieties 01 cowpeas Irom 
ICA were tested lor yield and. nutrition­
al va!ue. Six 01 these prodυced more 
than 2 ton; ha in a replicated tri al , 
while two produced 7 ton; ha. Nutritio­
nal t.st resul'ts are reported in the sec­
tion on swine 

Th e exceptiona ll y high yield levels 01 
these two top varieties were obtained 
;n fcu r' consecutive harvests , over a total 
period 01 11 0 days 

PHYTOPATHOLOGY 

Among the many diseases which al­
lect beans in the tropics , the m。刮目­
rious in r~~ucing crop production were 
designated by pãtholog;'sts who attend­
ed the w。你的。p in March as common 
bacterial blight (Xanth。間。nas pha盟。li ), 
叫的 (.Ur.omy~~. phaseoli var: typica) 
web bligh't (Thanàtephorus cucu";~r，s )., 
anthracnose (CoUetotrichum lindemu­
thianum), the complex of root rots 
(Py的ium .sp., Sclerotium sp., Sclerotinia 
sp ., Fusarium spp., and Rhizo肘。nia sp. ), 
common mosaic vir肘， and golden mosa­
ic complex whose caυsal agents is un 
known and is .t ransmitted by- the white­
fly B.misia tabaci. 
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Research was initiated on estimating 
crop losses , principal epiphytotic fac­
t。內， search for resistant varie'ties , chem­
ical control , and in some cases etie­
logic studies. As more than 50 per cent 
of these limiting diseases are 'trans­
mitted through the seed，叩開tensive
program was launched to clean patho­
gens from all seed in the collections of 
the germplasm bank, as well as the 
principal local commercial varieties in 
Latin America. A quarantine program 
for Ph.seolus sp. and other legumes was 
continued in collaboration wi'th ICA 

B.cterl.1 Diseases 

The bacteria l species Xanthomonas 
phaseolr and X.nthomon lÌs pha目。Ii
var. fusc.no have been isolated from 
various sites in Colombia, Perú , Guate­
mala , Brazil , EI 5alvador and Costa 
Rica. The principal activity includes 
screening lines and varieties. fr9m _Mi~h­
igan 5tãte University and CIAT for 
resistance to this pathogen. The screen­
ing revealed 5 tolerant and 46 m叫­
erately 'tolerant varieties among the 
283 tested. Most tolerant were GN 1 
5e!. 27, Jules, Tara, 5-562P, and 60S-3 
Climat(c conditions were adverse for 
cood disease development in the field , 
訓though two artificial inoculations were 
made 主 t 35 and 45 days after plant­
mc 

In the same manner, a number of 
!ines were tested in the second season. 
These included 209 lines from M.5.U. , 
and 61 ind ividual selections and 77 
lines from the breeding program at 
CIAT. Condi叭。ns for disease develop­
ment were favorable, and the most 
to!erant varieties were 1024舟， 916-1 , 

91 8-2, and 451-1. 

Funguo Di個.se‘

Rust 

The fungus causing 'this di sease con­
sists of many physiologic races , and a 
seafch for ve r'tical or specific resis. 
tance is not the best solution. For this 
reason, the program seeks partial , or 
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horizontal resistance by testing a large 
number of resistant lines and varieties 
in several locations in Latin America. 
Under 'test in Colombia are 22 collec­
tions from Puerto Rico, 93 from Cen­
tral America and 60 promising collec­
tions from CIAT. Th. most resistant 
are Puerto Rico 5, 17 and 18, and 
CIAT 73V-3214, 3229, 3231 , 3243, 3249, 
3268, 3275, 3285, 3287 and 3683, t。
races present in the fields 川 CIAT

Root Rots 

There are varioüs fungi (Pythium sp. , 
Rhizoctonia sp., Fusarium spp.) which 
attack small bean plants from the mo­
men't of emergence, and sometimes 
even before they break the soil surface. 
Another fungus present in the soil 
Sclerotium rolfoli attacks beans in the 
early stages of development. At CIAT, a 
special lot was designa'ted for testing for 
resistance to this complex of organisms 
The soil is of heavy texture, with poor 
drainage , where beans are planted con­
tinuously and inoculum of various or­
ganisms grown on sterilized wheat is 
applied. In the first test , materials in­
cluded PI 109859, PI 165435, and PI 
226895 registered as resistant 。
Rhlz缸妞ni. ool.ni; PI 203958 and R-275 
with resistance to Fus.r~um 甜lani v 
ph.seo晶， and the Colombian varieties 
ICA-Gualí, ICA-Tui , ICA州Jasano and 
ICA.Duva. The collection PI 165435 
showed good resistance to the root rot 
complex, while the commercial vari:-­
eties were highly susceptib峙 ，

Anthr﹒口1018

This disease is not of much impor­
tance in the lowland tropi白， a i't hough 
it limits production in crops g~own 
。ver 1,500 meters elevation. Prelimi­
nary studies with bean crops in several 
locá't ions in Colombia indicate that there 
are races different from those pr酬的山Iy
reported and even more virulen t. 

Vlrus Diseases 

The program is working w i't h com­
mon mosaic virus , and with the golden 
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mosaic complex, classified as a viral 
disease, bυt whose 臼usal agent is still 
unknown 

Bean common mosai c: virus 

AII commercially-cultivated varieties 
in Latin America and the Caribbean are 
sυsceptible to this virus, whose major 
importance is because of ease in seed 
transmission and efficient dissemina­
tion in the lield by several aphid spe. 
cies . 

Seed transmi'ssion 

Plants which were apparen'ly sick 
and others which were apparently 
healthy we r'e selected in semi-commer­
cial crops 01 ICA.Guarr. 01 1,000 seed 
tested Irom each 1帥， the apparently 
healthy plants showed 6% virus trans­
mission , while the sick plants showed 
51 % virus. In addition, it was deter­
mined tha't removal 01 the seed coat 
increased the percentage by 8 個 10%

Seed tr..tment with micrc• waves 

A test was .carried out to inactivate 
the virus by t,eatment with hea' Irom 
micro-waves generated in a small oven 
during times 01 0, 15, 30, 60, 120, and 
240 揖conds . Percentage 01 seed germi­
na'tion was drastically reduced , whiie 
the virus was not inactivated , except in 
the most drastic treatments of micro­
waves 

Losses from common bean mosaic 
virus 

Experim<>ntal plo.ts severely inlested 
with virus were compared to , nearby 
plots apparently Iree 01 virus in the 
bean variety ICA.Gua lí. Results in dicate 
a yield reduction 01 25 per cent. A trial 
is . undeway which will assess the im­
portance 01 age 01 'the bean plant vs 
time of infection , to de'termine when 
the most critical time is lor attacks by 
the virus 

Strain determination 

U0ng the differential strains suggested 
by Zaumeyer, it has been determined 

that tropica i str'ains of virus are more 
viru lent than those Irom tempe月1e
zones . These include isolates from 
Perú , Colombia, Costa Rica , Venezuela 
and Guatemala 

Identlfication of c軒nmon bean 
moslic virus 

The electron microscope has allowed 
identilication 01 the virus Irom inlected 
plant tissue in s:tu, without the danger 
。r necessity 01 'ransportin~ live plant 
materia l. This technique has led t。
CBMV identification in material "Iixed" 
in Brazil , Colombia , Guatemala and 
Perú . The virus is identilied by spi月1
inclusions in the cells, as shown in 
photo on page 164 

Resistance to common bean mosaic 
virus 

Varieties .Irom the germplasm bank 
were tested against several 悶。lated
strains 01 the CBM virus to search lor 
sources of resistance. Jnitial tests indi­
cate Slood resistance in the variet ies 
Michelite , 5anil缸， and T opcross 

Golden mosaic 

This complex 01 diseases 'ransmitted 
by the whi 'te Ily Bemi'sia tabaci is one 
01 the principal lactors limiting trop­
ical bean production in EI 5alvad。人 Gua­
temala, Jamaica and Brazi l. The patho­
gen complex may be a composite 01 
several strains of one organism , or may 
be severa l different pathogens lrom the 
same group. To date there has been 
no possit ive iæntification nor clas~ 
sil ica'tion 01 the causal agent of any of 
the diseases tran smitted by white fly in 
beans or any other crop 

Electron 叫cr曲"鬧到udies

In collaboration with the Agronomic 
Institute 01 Campinas and the Univer­
sity of Brasilia in Brazil, and Hokkaid。
U~iversity in Japan , a study was initiat. 
ed on golden mosaic in beans and other 
host species. To date, none 01 the nu­
mer。υs ultrasecti。肘。bserved have re-
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vealed particles similar to virus , nor 
any inclusions typical of mycoplasma 
。r ricketsia. These observations do n。可
entirely rule out a virυs as the possi­
ble causal agent, but they do suggest 
prudence in classifying 咐is disease as 
。ne of vi r'al origin. 

R揖i.t.nc. to gold側 mosaic

This disease has as princ'i pal host 
plants beans (Phueolus yulgari.) and 
C叫。pogonium sp. The University of Cos­
ta Rica h~s tested more 'th.n 4,000 va­
rieties, CENTA in EI S.lvador 800 vari­
eties, an同 ICTA in Guaternala (wi的
CIAT collaboration) 1,236, va~ieties ， and 
there has been no acceptable resistance 
found. Few varieties eveA show toler­
anCe to the disease. Although the white 
fly vector causes n。別gnificant direct 
damage to the plant, even at high insect 
populations, it is an efficient vector for 
transmitting the disease 

Mottled mo..lc 

This disease Qccurs in beans in CQun­
tries with an .bundance of altemate 
host species such as Sida, Rhinc。“﹒，
Euphcrbia and M.Iva. Importance varies 
with the location, and resistant varieties 
have been found. The disease is es間口al.
Iy important in soybeans. Attempts t。
transmi't this disease mechar、 ically using 
a phosphate buffer O.OlM and pH 7 
。r DIECA have been unsuccessfu l. 

Sw.lling mo.aic 

A disease with symptoms similar t。
2,4-D damage on the leaves has been 
。bserved in EI S.lv.dor. The isol.te is 
easily transmitted mechanically and will 
be identified and characterized in the 
near future in collaboration with CENTA 
and the University of EI Salvadof. 

Rugo.. mo..lc 

The virus which C8uses rugose mo­
saic in beans is tr.nsmi'tted by three 
崢ecies of Dlabro叫“ Studies i n the 
University of Costa Ric. have provided 

identification and characterization of 
the virus. In cooperation with this group 
and with the Agronomic Institute of 
Campinas It has been possible to iden­
tify the virus In .itu with the electron 
microsc。間， which will facilitate its 
identification in other countries. This vi­
rus fOfms crystals in the cell , as shown 
in photo on page 166. 

Abnorm.I leaf formation 

An unusual and abnormal leaf con­
dition which is similar to symptoms 
caused by virus or herbicides has been 
。bserved' occasionally at CIAT and at 
ICA-Palmira. After many observations, 
it has been concluded thot this damoge 
is due to a microscopic white spider 
mite which is now being identified 

Di...... C.usec/ by N.matodes 

In collabor.tion with ICA, plots h.ve 
been infested with Mel叫“gynel啊。gnll.
var. .crlt., the causal agent of root 
knot condition. As soon as the popula­
tion increases in these plots to a satis­
factory level , material from the germ­
plasm' bank will be tested for resis­
tance to 'the nem.tode. 

Productlon of seed Free from P.thogen. 

Fifty per cent of the important dis­
e.ses of beans are transmitted by the 
seed, among these common mosaic, 
onthracnosis , \angulor leof sp剖， web 
blight, boc'teriol blights, etc. Locol com­
mercial varieties in Latin America, as 
well as the majority of the collections 
in the germplosm bonk are infected 
wi'th one or more of these organisms. 
This severely limits physiologic or agro­
nomic studies, seed exchange, ond 間，
ternational nurseries. In addition seed­
borne dis曲揖 is a criticol limiting foc­
tor for yield experiments on the farm , 
as this is a primary source of inoculum 
Seed cleoning unde~ carefully control. 
led conditions of present commerciol 
varieties and collections from the germ­
plasm bank is 0 priority project 
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Seed cleaning 

This project began as sc泊n as green­
house lacilities were available. To date, 
120 selections Irom the CIAT b r"eeding 
program and 43 varieties and collec­
tions Irom Perú , Colombia, Gua'temala 
and the U.5. have been cleaned. These 
varieties include th。時 with current 
commercial importance and thos<! 
which have genes for resistance to one 
。r more pathogens 

Incr8... of clean SMd 

01 these 163 varieties, 46 have been 
increased at CIAT. Everyellort has been 
made to eliminate any doubtlul plants, 
and to control or eliminate any possible 
contamination with Irequent applico­
tions of insecticides, fungicides and bac­
ioricides. This loundation seed will be 
turned over to the countries 01 origin 
to initiate serious and productive na­
tional programs 01 seed ce r'tilication 

Id曲I zon8S for prodωclion of clean 08“ 
Zones have been sought and ex­

plored where conditions are ideal lor 
seed production . With a 35 to 40 perëent 
relative humidity and only 230 mm 01 
rainlall , the Idaho area (U5A) is excep­
tio.nal and has been dedicated almost 
exclusively to production of certilied 
seed. In Latin America it will ndt be 
p。但ible to locate zones with exactly 
these characteristics, but there are re"­
gions which combine much better con­
ditions than are currently used lor seed 
production. For examp峙I ma j or prog. 
res~ could be made in producing clea-n 
sE:ed if the seed production areas were 
far from commercial produ~tion are.as , 
instead 01 side by side. 

01 the many si tes visited, several 
have been selected lor trials 

Colómb悟， a zone north 01 Valledupar 
in the Depa r'tment 01 Cesar where 
r~lative humidity is 60-70% and rain­
Is lI 40 mm (in collaboration with 
ICA). 

Perú, a z。問 in the Department 01 ICA, 
near Pisco, with a relative humidity 
01 80-90% and absolutely no rainfall 
(in collaboration with the Experi­
ment 5tation in La Molina) 

Guatemala, the valley 01 5an Jer6nim。
in the 5tate 01 Baja Verapaz, with • 
relative humidity 01 70-80% and 
about 500 mm rainlall (in collobo­
ration wi'th ICTA) . The national re­
search organization has pυrchased an 
experiment station precisely lor this 
purpose. 

Brazil, the valley 01 5an Francisco where 
relative humidity is 60-70% ond 
rainlall 400 mm (in collaboration 
with 'the Agronomic ' Institute 01 
Campinas or the University 01 Bra­
silia ). 

Eplphytotic Studies 

YI叫“ as related to plant dens1ty and 
disease incid棚"

One 01 the practices which could 
substanti.lly increase yields is an in­
crease in plant density; a change in cul­
tural practices which creates -microcli­
matic conditions in the tropics which 
favor development 01 some diseases: 
rust, bacterial blight, web blight, etc 
Trials we r"e planted using the ;'parallel 
row" dasign 01 Bleasdale~ in which dis­
tances between rows varied Irom 18 t。
95 cm and distances between plants 
Irom 4 to 20 cm. This corresponds to 
plant popυla' t i ons Irom 60 ，000 。
1,500,000 per hectare (see photo on 
page 168) 。

Varieties ICA-Gualí, ICA-Tui , ICA­
Duva and Jamapa were planted in one 
piot protected by lungicides and one 
with no protection. There was not a 
h岫 incidence of diseases. 0υring the 
evaluation at harvest , an equal number 
。1 plants were harvested per row. Th. 
response 01 each variety 'to population 
density was dilleren t. ln spite 01 the low 
level 01 inlection 01 rυst and bacterial 
blight, there were consistently higher 
yields in the protected plots, espedally 
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Parallel row design for bean pepulat詢問 from 60.。曲 to 1 .500 曲。 vs. dlsellse incidence 

'-I t high densit ies in 廿10se varieties most 
sensitive to diseases , ICA-Gualí and 
ICA.Duva (red.seed types) . 81ack seeded 
varieties (ICA-Tui and Jamapa) were 
more resistar甘， yet still showed an in­
creased yield in protected plots. 

Artificial defoUation to estimate 
disease losses 

Per cent defoliation VS. time of 
defolia“。"

Artificial leal removal w川、 SCI$sors
reduced leal area by 10, 2口， 40 ， 60 and 
80 per cent 01 'the total by clipping each 
leaf, and these tr . .eatments were compar­
ed to an absolute check. Leal cυts in 
several directions were applied at 15, 
30, 45 and 60 days Irom emergence, cor­
responding to the lollowing growth 
stages in Palmira: three first trifoliate 
leaves, initiation 01 Ilowering, pod fill. 
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ing, and initiation 01 physiologi日 1 ma­
turity. The varie'ty ICA-Gualí was cho­
sen because of its determinate growth 
habit and large leaves which facilitat­
ed deloliation treatm.nts. In Table 3, 
it is apparent that the critical stages 
are initiation 01 Ilowering and the pod­
lilling period , where yield reductions 
。1 29 .4 and 39.5 per cent, respectively, 
were observed with 80 per cent delo. 
liation. When treated at 15 days 01 age , 
the plan't recovered notablγ ， and losses 
were reduced to 15.7 per cen t. At 60 
days , treatment had essentially no effect 

Artificial defoliatlon .t two levels 

Some foliar diseases are lound pr• 
marily in the lower part of the plant 
where higher humidity lavors the patho­
gen. Partial defoliation was effected leal 
by leal with removal 01 30 and 60 per 
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' Table 3. Bean yields (均月叫 01 ICA.Guali 
!n r個ponse 10 part祖1 defollation 
at dHlerent plant aC閣， CIAT 1明3A

Plant Per cent Yield Yield reduction 
age defoliation k2/ ha per cent 

的 days 10 17助 5.9
20 1583 16.8 
40 1652 13.2 
GO 1561 17.9 
80 曲5 15 .7 
Check 1902 

30 days 10 1728 14 .4 
2日 1735 14.1 
4日 1自治 17.3 
60 1623 19.6 
80 1424 29.4 
Ch隨ck 2018 

45 days 1日 1822
20 1786 
40 1478 
的 1463
80 1152 
Check 伺5

10 1830 
20 2076 
40 1942 
甜 1579

80 2050 
Check 2051 

10 .8 
+ 1. 2 

5.3 
13 .0 
0.1 

4.4 
6.3 

22 .5 
23.3 
39 .5 

60 days 

cent of the folioge either high or low. 
These treotments were opplied to the 
variety ICA-Guolí ot 20, 40, and 60 doys 
from emergence 

Striking effects of removing the 
upper leaf area , ond no effect with 
lower le.ves, are shown in Table 4. At 
20 days , 0 defoliotion of 60 per cent 
coused 0 22.8 per cent yield reduction , 
while the same treatment ot 40 days 
reduced yields by 29 .4 per cen t. Portial 
defoliation at 60 days caused no loss 
in yield 

Evaluatlon of Fungicid.s 

To maintain current information on 
the efficiency of new protedive ond 
systemic chemicol prodυC峙， a small 
trial with fungicides and bactericides 
was planted to 'test control of rust and 
common bacteriol bligh t. First results 
were not sotisfactory because of low 
infection and variobility among the four 
replications , indicating a need for pre­
cise experimental designs in this type 
。f experin可ent

TaÞle 4. Seed yield (kgfb叫 and y1eld r甜ucUon in ICA品ualí r回ultling Irom partial defo. 
UaUon at thr田 plant 呵四. CIAT 1肘3A

Plant 
age 

Defol ia I ion 
level 

• Reduction 
per cent 

20 days Upper part 

Lower part 

• 
40 days Upper part 

lower part 

6日 days Upper part 

lower part 

Defoliation 
per cent 叫

州
一
峭
的

m
m
附
間
岫
岫
翩
翩
翩
翩
間
瞞
蝴
附
間
帥

，

也
街
區
，
-

4.8 
7.2 

30 
曲

Check 

7.2 
22 .8 

到

曲

Check 

1.9 
3.6 

刻

的

Check 

22 .9 
29 .4 

30 
'的

Chec k. 

1.0 
2.1 

30 
曲

Check 

30 
曲

Check 

+ 0.8 
+ 1.3 

' 
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Dilease ev.lualion In Germplasm 8ank local importance, eg. in Central Ameri-
planling. ca. Aphids and 01曲rotica also trans­

mit 附lportant virus diseases. 
Palmira (CIAT) 

An evaluation was made in 3,792 
coliectioos of bsans for resistance t。
common bacterial bllght and to pow­
derv mildew. There were 58 collections 
resi"stant to Xanlhomona. (blight) and 
156 resistant to Erysiph. (mildew) 

La Se lva • Rionegro (ICA) 

In 200 collections, the only serious 
epiphytotic was Alternari. sp. , to which 
11 varieties showed resistance. 

Turip.ná - Monlería (ICA) 

An epiphytotic condition 01 web 
blight (Th.nalephorus cucumeris) 自­
curred in the 1,427 col!ecti。肘， and 20 
were resistant to 't he disease . This sta. 
tion is ideal lor disease screening 01 
materials under tropical h剖， humid 
conditions. 

Las Monjas • Gu.lemal. (ICTA) 

1n the past season there was a tre. 
mendous epiphytotic 01 golden mosaic . 
No collection Irom CIAT, Puerto Rico, 
Guátemala , or PCCMCA (unilorm nur. 
sery) showed resistanc.. 01 these 1,500 
collections, there were 50 with some 
tolerance, and the best varieties were 
Turrialba 1 and Porrillo 70. 

ENTOMOLOGY 

01 the 208 insect species reported to 
at'tack beans in Latin America, only a 
lew are commercially importan t. In 
probable order, these are Empoa... 
kr閻明附1 ， spidermites, Chrysomelids 
(Oi.brolica sp., C.r.lOm. sp., etc. ), 
1ealeating caterpil1ars (Estlgmen. ac開h
Hedyl呻1. indlc.I., Trich叩IUlia ni, 
etc. ), cutworms (main1y Spodopl.r. 
frugiperda, F.lli. sp . ) and the tingid 
G.rg.phi. sanchni. The white Ily as 
vector 01 virus diseases and the bean 
pod w揖vil Apion 11“m.ni • re 01 great 
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Empo..c. kr.....rl 

To determine the most important 
bean pests and how their popυl前100S
I1υctuated ， beans were pl.nted every 15 
days and sampled lor insect pests 
every 10 days through one year. Oi.col 
Callm. and ICA-Tui were pl.nted on 
alternate d.tes, together with 13 other 
commercial varieties. Four pυb由cent
cultivars were included 

By lar 甘、e most important pest on 
the CIAT larm appeared to be Empo..ca 
kr.emeri. Oamage appeared as yellow. 
ing and curling 01 the leal m.rgins , 
stunted growth , early dessication and 
in extreme cases no yield. The commer­
cial varieties Calima .nâ Gualí (red 
beans) appeared to be sυsceptible and 
ICA.Tui and Jamapa (black beans) tol­
erant to lealhopper attack. The popu­
lation development on Calim. and Tui 
is given in Figυre 6. The population 
is highes't on Calima , 30 to 40 days 
after planting, but then decreases lrom 
damage to plant tissues . On the tol­
eran'! variety ICA.Tui, maximum popu­
lation level is reached 50-60 days after 
planting, and is twice as high as the 
maximum reached on Calima . On younq 
plants, the population 01 lealhoppers is 
higher on Calirr祖 Atthough Calima is 
prelerred , the susceptibility 01 the. va. 
riety makes this a less desirable host 
in later stages 01 development 

The population 01 lealhoppers on 
40.day-old plants 01 iCA-Tui and Calima 
varied similarly with a higher inci­
dence Irom the beginning 01 May until 
the last hall 01 July, which is the end 
。1 the wet season (Figure 7) 

The yield 01 beans varied greatly with 
planting date. Without insecticidal pro. 
tection maximum yields were obtained 
Irom plantings between February 11 
and May 11. Theref，。時， farmers have 
。nly one month to plant the beans in 
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ci.lly .t the optimum pl.nting time 
Under insecticid.1 protecti凹I Calima 
。utyielded ICA-Tui in • tri.1 pl.nted in 
Apri l. App.rently the resist.nce 01 ICA. 
Tui is sufficiently strong for the wet 
se.son under • low Empoasca popula­
tion , but is not sufficient for protec. 
tion during the dry season. High 
Empoasca populations go 'together with 
low bean yields .nd wit h the dry season 
(Figure 7) . The economic import.nce 
。f Empoasca and the relation between 
insect popυlation .nd yield is cle.r 
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Maximum yield was obtained from 
M.rch 13 planting when the Empoasca 
population during the e.riy growth 
st.ges of the beans w.s low. In the 
May 11 planting the leafhopper popula­
tion was high in th is period .nd yields 
were low. The early growing stago 
appears to be the most cruci.1 time tc 
protect against Empo.sca (Figure 8) 

a 
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開.nt .ge in d.ys .ft.r planting 
IAverage for 20 pl.ntin9S叫

Ca lim. and 1001 Tui) 

Figure 6. Population levels of Empoasca 
kraemeri on bean variet!es ICA一Tui èlnd 
Galima 

Ths type of resistance of ICA-Tui is 
being investigated . Besides the higher 
population level s tolerated by ICA-Tui , 
there may .Iso be a non-preference for 
。v巾。sition ， as shown in nymphal counts 
。n Tu i .nd Calima (Table 5 l. 

thc lirst ha lf of the year .nd s'till ach ieve 
m.ximum yields. ICA-Tu i, to lerant 
to Em闊的間， outyielded C.lima , espe-
至.
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Table 5. Number of nymphs per 10 leaves 
。r varietles Tui and CaHma, p旭叫­
ed Odober 1明2

Plant age (days) 

Varictics 37 46 口
-
6
J

AHvrt 

7.4 

5.0 

21.8 

11.0 

C<l lima 

Tui 

In a search for higher levels of re­
刮stance than found in ICA-Tui , 1,638 
s.elections were rated for Empoasca dam­
age , of which 472 were selected for 
replanting. Many of these selections may 
be escapes. The varieties Jamapa , ICA­
Huas3no and 12e 1-947 (from Venezue­
la) are resistant to Empoasca, with 
Huasano and 12e 1-947 more resistant 
than Tui. The four pubescent varieties 
were susceptible to E俏'poasca.

Variation in planting density from 
16,000 to 4,000,000 plon'ts per hectare 
did influence Empoasco popuiotions per 
plant 

Spidermites 

Spidermites attacked the beans in 
the dry periods of February and June, 
especially older plants. Two varieties, 
Eskaseher and Blue Lake, were intro­
duced because of their reported resis­
tance to spidermites. From about 1,500 
lines tested during the June outbreak, 
177 lines were selectcd for resistance 
and further 'testing. 

Another species of mite Polyph呵。­
lor目nernus (= Tarsonemus) latus, 
(Fam. Tarsonemidae) observed on beans 
turn the underside of the upper leaves 
a purplish-brown , and these leaves are 
narrow with curled margins. It is also a 
pest of cotton , cas'tor bean , papaya, 
etc 

Chrysom.lids 

The Chrysomelid population , mainly 
Diabrotica b.Ite.ta and C.r.tom. sp ., 
fluctuated over the year without dis­
tinct popυlotion peoks. The population 
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was heaviest on 30-50 day old plants 
As the population on young plants re­
mained about constant until one month 
after planting (Figure 9). most dam­
age occurs directly after germination 
No pod damage was observed 

Insecticide trials 

As a short term solutìon to insect 
control , various insecticides were test­
ed in wet and dry season trials. The 
wet season trial was planted in March . 
Three applications of insecticides were 
made: one ot planting (cutworm con­
trol) and two at monthly intervols . No 
cutworm damage was observed, and 
Empoasca was the most important În­
sect pes t. Highest yields were obtoined 
following treatments with Di。肘。p ，
Lebaycid and Methilparath ion. However , 
t he leafhopper p咽pulations were not the 
!owest for these treatments. The lowest 
population was obtained following 
fυradan treatments, but seed yield was 
comparatively low. Foliar applications 
resulted in higher yields than the 
systemic insectiddes applied in the soi l. 

The second trial was planted in the 
dry season. Four applications were 
made: one at planting time, one at 14 
days for the foliar insecticide, and 30 
and 60 days after planting for both 
foliar and systemic soil applied insec­
ticides. 

In this second trial , Tamaron，凹的top ，
Lebaycid , Fundal and Azodrin treat . . 
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ments gave the highes't bean yields. 
There was a negative correlation be­
tween bean yield and Empoasca popu­
lat:o l1s, except for the product Fundal 
Systemic insecticides applied in the soil 
gave 'Iower bean yields ' th.n those fo­
li.r .pplied. Applic.tions of Tam.ron 
.nd Azodrin ret.的ed the h.rvest d.te 
by .bolit two weeks. Future tri.ls will 
emphasize times and rat~s of ap­
plic.tion of Diostop, Leb.ycid, Bidrin 
and Sevin , .11 of which .re less toxic 
foliar insecticides than Tamaron and 
A目前in. Also the systemic soil applied 
insecticides will be further evaluated 

Forms of Fur.dan applicltions 

Systemic soil .pplied insecticides .re 
considered • rel.t ively s.le form of in­
sect contro l. As be.n yields .fter soil 
.pplied inseèticides were below those 
。f loli.r .pplied insecticides, studies 
were carried out to improve the effj. 
ciency of Furadan , an insecticide ccm­
mercially .v.il.ble. Applications 01 30 
kg/ h. .t pl.nting .nd 30 d.ys there­
.fter were m.de by bro.dc.sting and 
incorporation of the insecticide in the 
soil , or by .pplying a band along the 
pl.nts, then covered by soi l. Band ap­
plicalions resulted in incre.sed yields, 
but results were not signific.ntly differ­
ent because of plot variabili'ty and sa­
linity. 

Furadan coated seed is the easiest 
form of chemical insect contro l. Seed 
of Calima was coated with Furadan 
wettable powder (75% ) at 800 9 a.i. / ha 
A control and a treatmen't of 30 kg per 
ha (3%) applied in the soil at planting 
time were included. Seed co.ting with 
Furadan resuited in poor germina'tion 
Cutworm control by this systemic soil 
insecticide appeared ineffective. Because 
of low germin.tion no yield dat. were 
t.ken . 

Furadan, a carbamate insecticide, de­
composes more r.pidly in alk.line soils 
than in acid soils, therefore more fre­
quent applications are needed under 
high pH condi'tions. To incre.se the 

effect of Fυradan ， triple super-phos­
phate w.s .pplied .t 15 kg P,O" per 
ha . Furadan w.s applied as b.nd .ppli­
cation or coated on 'the bean seed. Th~ 
phosphate did not increas.e bean yields , 
either with or without Furadan nor did 
it increase the effectivity of the in secti­
cide. Furad.n .pplied as • seed co.ting 
resulted in the highest yield per pl.n~ 
This was al50 because of r~duced 
ccmpetition , a result of the low ger­
mination. The yields per hectare we re 
extremely low because of soil condi­
tions. The experiment is continuing 
with sulfur app!ications, which in pot 
experimen'ts substantially reduc0d the 
soi l pH 

Varietal resistance and Ch.mical control 

Resistance to Empolsca kraemeri in 
ICA-Tui is not high enough ~o eliminate 
the USe 01 insecticides in the dry sea­
son. With two applications of 25 kg 
Furadan 3 per cent per hectare (.t 
planting time .nd 30 days later) the 
fof l'owing yields were obt.in'3d with 
Tu i, Jamapa and Cal ima 

VarielY 

Tui 

Jamapa 

Calima 

Yield (gr per 10 m rQw 
under treatment) 

Control 
Two aFpuprlaicdat tions 

。f Furadan 

715 1549 • 307 956 

72 819 

With two applications of Furadan , 
Calima yielded as much .s Tui withou't 
in s-:ecticide pro'tection. However, th ~ 
yield of Tui w.s .Imost doubled υnder 
this protection. The Empolsca population 
(Figure 10 ), bo th for Tui and Cali­
ma , were higher under Fυradan prι 
tection than under the con'trol , because 
。f increased plant vigor. The popula­
tion on Tui without insecticidal pro­
'tection was ab。υt double th.t on 
Calima with treatmen t. 

In view of Tui 's higher Empolsca re­
sistance i1' was thought th.t the 
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with a protective cover. Eggs are laid 
rapidly after emergence up till nine 
'days , with an average 01 about 46/le呵
male (Figure 11 ) 

Control is sought by screening lor 
resistance , chemical and non-chemical 
methods. To develop a screening meth­
。d lor resistance, live lemales and live 
males were placed on 25 or 50 seeds 
01 Tυand Calima in live replications 
However, eqυal numbers 01 eggs and 
adults . emerged, indicatin口 that live 
ma!es and fjve females per 25 seeds per 
replicate were sufficient, although the 
percentage 01 eg口s that develoced int。
adults was only 29 per cent (Table 6) 

70 

ICA-Tui - ICA-Calima 
Figure 10.Empoasca populations (per 10 

plants) ìn two bean varietíes 

Irequency 01 Furadan application (3% 
granular , 25 kg/ ha) could be lower on 
Tui than on Calima. Therel。時I Furadar、
was applied at planting and repeated 
at 20 or 40 day intervals on Tυand 
Calima. Although 'the Empoasca popu­
lation was related to the Irequency 01 
insecticide applications, the yields were 
not. Plants produced so much loliage 
that lod9in9 impared accurate inter­
pretation , especiallγlor Tυi. Also appli­
cations every 40 days in the rainy sea­
son apparently were sufficient lor 
Calima 

Oays .ft., plan制ng

4 

01 46 varieties tested the number 01 
eggs per replicate varied Irom 63.6 t。
25 1.2, with a mean 01 143.0, in Calima 
(125 .4 e9gs) and Tui (149.8 e99s). 
There was a significant negative corre­
lation (r = -0.62) between numbers 

Stored 8ean 1 nsects 

The most important pest 01 stored 
beans is Zabrotes subfasciatus. Adults 
lay eggs on the seeds and cover thes~ 

Tablc G. Number 01 eggs and subsequent adults on 詣。r 曲 seeds 01 T叫。rCaUr咽. inlested 
with five female and rive ma!e Zabrotes sub!asciatus (avg. 01 five replication叫

軸 of eggs 
resulting 
io adults 

A vg. No. emerged 
adlllt 間r
replication 

Avg. No. eggs 
pcr rep l. and 

pcr fem 
Pcr rcp Variety 

29 .1 12 .4 42 .6 25 Calim<l 

28 .8 11 .2 38.9 50 

• 

29 .0 
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10 .6 

14 .4 

36 .5 

46 .2 

25 

50 
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' Tahle 7. Stra1n etfecUven唱81r\a1a In Ph曲曲l閏
vulgaris, 1昕2-1盯3

Dry weight/ Nod lÙe weight 
pl目前 plant 

Best 10 sLrains 
Worst 10 strains' 

(g) 
1.76 
0.91 

-U99 
m
m
曲

' 

。1 e向gs and perceritage 01 egg5 which 
resulted in adult emergence. 

5mall 日mples 01 beans can be pre­
served by 5torage at below OoC temper­
atυre5. 5eed 01 Calima stored at .150C 
lor 0, 1, 3 and 10 days germinated at 
87, 96, 89 and 99 per cent , respectivelv. 
The inlluence 01 the seed storage condi­
tions (temp. ab。凶 50C) i5 curren t.ly 
being tested on adults , eg9s, larvae and 
pupae 01 Z.brc>les. The adult longevity 
is increased by a lew days' storage at 
50C, but with 15 days' storage mortal­
ity is equal compared with days in 
the coldr∞m. Z.brol揖叫bf..ci.lus i s 
also used as a bioa55aγfor detecting 
insecticidal residues in beans 

M1CROBIOLOGY 

l N。dulation and nitr。gen flxau。n by 
egume5 i5 dependent on either natural 
。r introduced inoculum and the nitro­
gen 5tatu5 01 the 50i l. Initial w。你的
CIAT has concentrated on collection and 
evaluation 01 a range 01 Rhizobium 

240 
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P切nt dry W8Þght (8) 
Figure 12. R呵，但sion of pl.nt dry weight 

with nodule w削ght in Ph坐且I us '!!!凶aris.

strains across varieties of beans, for 
potential use as inocu lants. 50il , ciimat­
ic and other lactors which ollect nod­
ulation in beans have been evaluatcd , 
的 well as nodule pattern in dillerent 
types 01 root systems in P. vulgaris. 

Slr.in Isolation .nd Testing 

Initial testing of 110 rhizobial iso­
lates Irom P. vulgaris was completed in 
1973. Leonard jars containing pe rJ ite 
were used with the variety ICA-Tui as 
host plant. 5train dillerences in plant 
and nodule dry weight are shown in 
Table 7. As expected, there was a 
strong positive correlation between n。ι
υle dry weigh't and plant dry weight 
( Figυre 12) . Twenty-live 01 'the more 
effective strains were reteste -d using, 
additional varieties, including Gualí, 
Cargamanto and Duva . Further diller­
ences in st rain effectiven2ss wero noted 
(Table 8) , as well as marked strain by 
varie'ty interactions (Table 9). 5train 
specificity will have to be con.idered 
in luture varietal selections. To. date , 
10 .train. have been .elected as elli­
cÎen't with a range of cultivars, and are 
being te.ted under field conditions in 
Popayán and Medellín 

Thirty-one rhizobial strains from 
Glycine max have al.o been screened 
for .ymbiotic ellectiveness, and .tra:n 
by variety interactions are evident 
(Tablc 10) 

Fact。問 affecting Nodulation of 
Pha.eolu. vulgari. 

So iJ acidity 

M~ny tropical soils contain virtually 
no rhizobia able 'to nodulate Pha詞。IUI
vulgaris, and thu. plant. depend on in­
。culation for nodule lormation. In acid 
.oil., .uch a. tho.e 01 the Eastern Ll a­
no. , inoculated rhizobia die rapidly as 
shown in Figure 13. To minimize "this 
ellect, peat-inoculant cultures and lime­
pelleted .eeds mu.t be u.ed. The meth­
。d. proven for plant. such as c10ver 
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Table 8. Ditterenee ln plant dry weight 
(cram吋 as a result of inoculation 
with a曲。rted Rhi且Ibium strains in 
Ph閏eolus vulgaris var. GuaU 

139 2.29 

145 2. 19 

148 2 屆

134 1.97 

95 = 1.96 

114 1.96 

129 1. 95 

113 1. 91 

122 1 伺

143 1.88 

125 1. 88 

252 1.83 

257 1. 83 

251 1.78 

123 1. 78 

3到 1.73 

161 1.69 

147 1 制

160 1. 59 

255 1.54 

115 1. 51 

119 = 1.35 

T 1.38 

Tre i!l tments joined by the Sðme bar are not sign汗
icantly different at the .01 % level 

Table 9. Respon揖。r two variet1es 
vulgar扭扭扭曲ulatlon

01 F 

(Ranking based 00 dry weight data) 

Strain Var. Gualí 

139 

145 2 

148 3 

134 4 

95 5 

114 6 

129 7 

113 8 

122 9 

143 1日

1曲 11 

255 12 

Var 
Cargamanto 

12 

5 

6 

9 

7 

4 

10 

8 

11 

3 

2 

and lucerne (Beef Proq月m) ， have als。
been satisfactory for bean nodulation 
There Is increasing evidence, however , 
。f varietal and strain tolerance to these 
acid conditions . An example Is shown 
in Figure 14. Because of the obvious 
importance of these differences , this 
aspect of the program will be strength­
ened further in 1974 

Temperature 

Studies in temperature-controlled 
growth beds during 1973 have shown 
an optimum temperature for nodula­
tion in most varieties between 28 and 

Table 10 . Inßuence 01 soybean varicty and Rhizobium strain on 1'Iry matter production 
(gramsjplant) ln soyb個n*

Var'Îet \' No inoculant 

Mandarin 11.9 19 .93 

Pclikan 11.7 18 .03 

Americana 16 .89 18 曲

Li li 9 個 16 .49 

Strain sub-totals 49 .53 73 .25 

Average of 20 plants 

176 

Strain 

3 4 

17 .72 20 .32 

21.3 18.69 

18.96 20 .26 

18. 97 25.81 

76.96 85 個

51 

15 .31 

12.99 

14.31 

27 .02 

69.63 

9 口

16 . 11 

22.06 

20 曲

的 m

74 .55 

Variety 

Sub- totals 

101.29 

1個 78

109.90 

113.03 

4 

4 
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Figure 13. Influence of 50il condition on 
叫阿iv.1 of ß. p.!:!坐旦旦封閉in 57 in Carim. 
911. 呵i l.

3Z'C. Because soiJ tempera'tures in the 
Cauca VaJJey commonJy exceed this Jev­
eJ , a preliminary experiment evaJuated 
whether increasing inocuJa'tion JeveJs 
mighi be 01 vaJue. The results demon­
strate a need lor high quality inocuJants 
and/ or increased inocuJation leve l. The 
ability 01 the strain CIAT 57 to lorm 
fower but Jarger noduJes (AnnuaJ Re­
p。叫， 1972) was again evident here. 

2 '。

FungJclde .nd J n揖ctJcide infiuenc. 
1 here is considerable evidence t。

suggest 'that most soil applied insecti-

揖
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Figure 14. Influence of lime amendment, 

間riety 8nd inoculation on nodule number 
pør plant in Carimagua 50il 
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Figure 15. Surviv.1 of R. pha峙。li CIAT57 
When applied to 甜甜s stored various pe吋。d.
incont揖t with pesticid目; Rhizobium ∞un1J 
made 3 houn after in臨叫到ion 01 trea幢d
a揖d

cides, herbicides and lungicides do not 
inhibit noduJation in Ph..揖Jus vulgarJs. 
However, there are two areas where 
pesticide application harms nodulation . 

1. Much 01 the bean and soybear、
seed sown in Colombia is pretreeted 
with insecticide and lungicide belore 
planting. Malathion and Arasan are the 
m的t common pes't icides used in this 
process, and each can limit the survival 
。1 inoculated root-nodule bacteria, as 
shown in Figure 15. 

2. Systemic insecticides or tungi司

cides, lor exampJe Furadan ∞uld accu­
muJate in pJant tissues to the point 
where nodule development was inhibit­
ed. This aspec't is being investigated in 
collaboration with the entomoJogist , 
preJiminary resuJts indicating no de­
pressive effect on noduJation 

Nutrltion Studie. with PhaseoJus 
vuJgaris 

FieJd noduJation studies begun at 
Popayán in 1973 were pJagued with nu­
tritionaJ probJems alecting both pJant 
growth and nitrogen lixation. Foliat 
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。nly 3 1.8 nodules . per plant, the red­
seeded cultivars avera申d 69.7 nodules 
per plan t. Also while nodules 01 the 
red-séeded cultivars were distributed 
predominantly on the secondary and 
tertiary roots those 01 the black-seeded 
varieties were mcre of tap root origin. 
Red-seeded cultivars produced most 
nodule tissue/plant , independent 01 
strain used 

The relative efficiency 01 tap root VI. 
secondary root nodules will beinvesti­
gated in 1974, but it is already clear 
that nodule architecture will need to be 
considered in the bean breeding pro­
gram. 

Tissue Culture of Phaseolus vulgeris 

Callus cultures have been developed 
。1 a range 01 bean cultivars and will 
be available lor virus and physio­
I09ical studies (see photo on this page). 

ECONOMICS 

analyslsd plants recelV1ng almost tw。 The year was dedicated t。∞Ilection
t。nsd mck ph。sphate per hectare and summaryd existing data 。n bean 
showed only 0.18 per cent P. 

Unlertilized planls were also lim­
ited in zinc, copper, boron and mag 
nesium. To resolve these problems in 
soils high in organic matter, studies 
have begun OW the effect 01 s。υrce ，
quanti'ty and placemenl 01 phospho­
rus and copper on growlh , nodulalion 
and nitrogen fixation in beans. Figure 
16 shows plant growlh and nodule 
development wilh superphosphate and 
rock phosphate applications. The need 
lor available lorms 01 phosphale is evi­
denl , lurlher emphasizing the need lor 
studies with endomycorrhizal lungus as 
suggested on page 18 (Beel sect ion ) 

Stud悟s on the charac:lerlsUcs of 
nodulation In Phas目lus vulgaris 

Studies were conlinued in 1973 on 
the diHerences in nodulation among 
P. vulgari. cultivars (see Annual Re­
port, 1972). Most evident is Ihe differ. 
ence in nodule number per plan't . 
Where the black-seeded varieties (Tui , 
Une 32 and Huasan6) lested averaged 
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production , productivity, foreign trade , 

and consumption in the tropics by re­
gi凹 c。υntry， and continent, to gain 
perspective on the current si't uation in 
beans and establish a statistical base. 

The role of the economics group 
within the program has been defined, 
and interaction with other groups in 
the program has been initiated. An 
economic model has been outlined for 

Tatle 11. PrinclpaJ countrles producln, dry beans in Latln America; annual productlon 
In to閹 durin~ flve periods 

Counlry 1955-58 1描7.701951.54 1959-62 196:\晶

Guatemala 
Tons 
喘

25 ,.133 
1.23 

話立刻

1 的

Honduras 
Tons 
間

18,250 

0、"
26.000 

1.1 2 

Nicaragua 
Tons 
峙

況，團圓
1.50 

誨，5個
1.14 

M缸ICO

Tons 
抽

307,000 
15 ∞ 

4曲立刻

17.26 

Brazil 
Tons 
H 

1 ,.188,500 1.5∞，250 
67.仿 制的

Colombia 
Tons 
，台

51 ,750 
2.51 

62，7到
2.70 

Perú 
Tons 
軸

泣，750
110 

25,000 
1.07 

Sub.lolal 
Tons 
H 

1,844 ,583 2，但始 αm
89.67 89 個

Other countries 
Tons 
H 

213,917 252,916 
10.33 10.94 

Total 
Tons 
輛

2,058,500 2,318,916 
l叩開 I田ω

2月凹，667 3，457.5∞ 
1個由 1∞∞ 4,0>6,5“ 

1個 ω ‘

Source: Derived from FAO Year Book 

' 

31 ，2到
1.14 

41 ，由用
1.18 

65，S∞ 
1.62 

>4,750 
1.27 

48，由周

1.38 
S5,OOO 

1.36 

mw 
且.7到

1 ∞ 
42.5∞ 

1.05 

576，由珀
21.17 

857,250 
24.79 

1,059 ,750 
26 站

1 ，前3，路。 2，岫2.750
61.白的n

2，4曲，2曲，
59.61 

峙，7到
1.71 

刊，250
1.16 

45,000 
1.11 

39，7到
1.46 

51，別回
1.47 

66.7到

1.65 

2，424.似JO 3， 1 可5.αm
89.09 91.21 

3,740 .750 
92.65 

295，的7 :\02 ，5曲
10.91 8.79 

295，7到

7.35 
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the Colombian bean sector that will 
predict the eftect 01 changes (eg 
agricu l'tural technology) on: ( 1) de­
mand for labor and other inputs, (2) 
producer incor，n肘， (3) producer and 
consumer nutrition , and (司) distribu­
tion 01 benelits from new technol。但y.
This model is expected to identily the 
limiting lactbrs in 'this sector, and draw 
attention to those variables lor which 
additional inlormation is required. 

Collection of a..lc o.t. 
A literature review is under way 

which will identily and assemble all 
relevant references on economic studies 
。n beans in Latin America. Basic statis­
'tics such as annual production , area 
sown, yields, consumption and prices 
are being tabulated for each country 
As an example, Table 11 shows the pro­
duction in the principal bean-producing 
countries in Latin Arnerica from 1951 
怕 1970. Seven c。υntries produce 的
per cent 01 all the beans in L.tin Amer. 
Ica; and Brazil and Mexico .Ione produce 
more than 80 per cent 01 the 10ta l. AII 
c。υntries except Colombia increased 
bean production during this time, some 
up to a threefold increase. 

a.ln yields per h缸tar.

One of the causes 01 relatively slow 
increases in production is yield per 
hectare. Table 12 lists average yields 

from 1951 to 1970 in principal pro­
ducing c。υntries ， and illustrates li t't le 
increase in yields over aboul 500 
kg/ h. in m。訕。f the major producing 
countries. Since Brazil and Mexico are 
the main producers, any increase in 
their productivity results in a consider­
able total increase. 

Bean pric.. In Lltin Am.ricI 

The market in beans is dynamic, and 
the current price at any moment is in­
Iluenced by a great diversity 01 vari. 
ables which aftec't both consumers and 
producers. In 1969, prices to the pro­
ducer varied from USS 120/ ton in Bra­
zil to USS 341 / lon in Colombia , with 
an average price 01 USS 133 for South 
America. This price in Coiombia was 
extrerr、ely high , relative 'to other coun­
tries . Within Colombia, wholesaler 
prices in 1972 varied Irom (Co l. Pesos) 
S 9.62/ lb for Guarzo, to (Co l. Pesos) 
S 16.01 / lb for Sangretoro, a preferred 
variety 

Import. .nd '''ports in L.Un Am.ric. 

A potentially important influence on 
economic aspects , is the international 
marke t. Data are being compiled for 
lhe past 15 years on annual imports 
into and exports from each country, t。
establish which countries have an im­
portant segment of the bean sector 
involved in loreign trade. 

Table 12 . Bean yiclds (kgjha) in pf\incipal producinr countries in LaUn America 

Counlry 1951.54 1955-58 1959.62 1%3峭 1%7.70 

Guatemala 747 師。 597 620 625 

Honduras 3呵 430 440 512 457 

Nicaragua 8冊(?) "。
5冊 722 705 

Mé:dco 3∞ 327 4冊 422 535 

Brazil 520 甜2 曲5 655 645 

Colombia 547 492 到5 555 貨"。
Perú 915 875 972 920 1.020 

Source: Del'甘ed from FAQ Ycar B∞k 
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Principally due to ecological fact。內，
infrastructure, level of technology and 
availability of inputs, there is a variation 
among countries in use of inputs and 
total production COSt5. In one case, the 
Cauca Valley of Colombia (1972) re­
ported yields of 1900 kgj ha with a pro­
duction cost of U5$ 0 _ 11 per kilo and 
50 days hand labor (mechanized cul­
ture) . In comparison, the dry Pacific 
coast of Costa 早 ica (1972) produced 
500 kgj ha at a cost of US$ 口 .21 and 25 
days hand labor (also mechanized) . 
These data are important in determin­
ing which levels of technology are most 
economical and which regions are most 
favorable for bean production . Other 
indicators which are being sυmmarized 
include : 

1. Phy"ical f..tors - productionj day 
。f I.bor, productionj unit iand area , 
production/υnit capital invested . 

2. E曲nomic f.ctors - gross ahd net 
income, costj benefit relations, pro­
ductivity of capital , productivity 
and profitj unit labor 

Bean consu阿甲tion

A complete report is being prepared 
。n the importance of beans in worid 
nu廿ítion ， with emphasis in Latin Amer':' 
ica and in pre-school children . Results 
from this stυdy indicate a great dispar­
ity between prices of protein from dry 
beans (US$ O. 67j kg) and beef (U5$ 
19 . 14j kg) in 50uth America. The d if­
ference is greater in some countries, 
as in Brazii for beans (U5$ O. 60j kg) 
vs. beef (U5$ 26 .04jkg) . Differences 
in protein qualily (amino acid distri­
bution) between these sources redυce 
the price differential, bllt there is a 
potential for partial substitution if con­
s.umer preferences can be modified 

The percentage of total protein con司
sumption which comes from beans var­
ies among c。υntries in Latin America, 

from a high in Brazil of 23 per cent 10 
a iow in Perú of 5. per cent and in Co­
lombia of 2 per cent. There is an une­
qual distriblltion of food within coun­
tries and specifically within families 
in the protein consumed by adults 
versus children , and also among re­
gions and among families. The in­
come elasticity of demand for beans in 
Brazil is ze閃， while in Coiombia the 
coefficient is a positive 0 .55; w快h price 
as a constant, an increase in income 
will not result in increased CQnsυmp­
tion in Brazil , while the same change 
in income in Colombia will increase 
consumption slightly. When bean con­
sump'tion in Colombia was compared 
among families at different income lev­
els, there was a non-significant increase 
from 27 to 36 gramsj day in the range 
of the groups stυdied . 1 n the same 
stυdy in Cali , however, an increase in 
availability and reduction in price did 
increase bean consumption În lower 
Income groups 

Mod.1 of B輔n Production, M.rke“ng 
.nd Conlun甲tion

The central focus of the economics 
group is to develop a reali帥 ic model 
which describes the bean sector of Lat­
in American countries . The objective is 
to estima'te the impact of a t缸hnolog­
ical change on prodυcer and consumer 
income, producer and consumer nutr i­
tion , and Ihe use of labor in farms pro­
ducing beans. For example, there is cur­
rently no adeqυa'te respon揖怕 such a 
question as , "If bean yields are increased 
by 50 per cen't, will this improve the 
income and nutrition of farm farnilies?" . 
The principal focus which the program is 
seeking is whether a given change in 
technology will directly benefit the pro­
ducer, especially the subsistence farm­
前， and improve consumers' diets. Jn 
Figure 17, a preliminary scheme is pre­
sented which rela'tes the key variables 
。f interes t. It is necessary t-o consider 
the farm an integral and real unit , and 
also consider Ihe effects on this unit of 
any technologicai change 
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Figure 17. An economic model of bean production and con組mption
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Table 13 . Example 叫曲e etfec峙。， teehnolopea1 cbance 00 nut吋Uon. 扭曲me and em. 
ployment at tbe ，:回nIly 1的剖，血。nocuJtu間 bear詛

Yield (kg/ha) 

NutrÎlÎon: 
Protein !ams/ day/person) 
Calories (cal/dayjperson) 

Family income (Colombian pesos/year) 

Employment (man days/year) 

To indicate the potential results 01 
this type 01 model , some calculations 
were made, based on the lollowing prin­
cipal assumptlons 

1. The larm is the experimentalυnil 

2. Price levels are constant lor inputs 
and outputs. 

3. The cropping system is monocul­
ture beans. 

4. The only change introdυced is a 
higher yielding . bean variety . 

The hypothetical results Irom the 
model are given in Table 13 , which 
shows the implications 01 the change in 
yields. The increased yield 01 320 kg/ ha , 
w。υId reqυire a 40 per cent increase 
in lab。人 but would produce a 34 per 
cent íncrease in protein available per 
capita , a 9 per cen't increase ín calories, 
and a 269 per cent increase in lamily 
Income. 

EJ..tlcity of Supply of 8e.ns .nd Other 
Tradltlon.1 Crops 

Crops included in this 、 study are 
beans, n、 ai.ze， sugar cane, barley, potato, 
banana, wheat, cassava，∞ff.自 and cot­
ton. These croQs were selected due t。
their competition for resources sυch 
os labor, land , capital , etc. with th~ 
bean crop. The objective is to deter­
"'.ine the effects 01 changes in price. 
01 these compe'titive crops on supply 

Present New 
tec(Thnz) 。logy tE(hTn2d) ogy C{TharnTgBe ) 

見。 到祖 3劫

47 .62 63 .63 13.01 
2054 2244 1伺

9，開5 36,829 誨，854

3甜 546 1晶

。1 beans. The study is necessary in or­
der to understand the impact 01 tech­
nological change on nutrition, income, 
and employment at the larm leve l. 1I 
is essential to predict variations in pro­
duction level 01 all crops on the prices 
which 1he farmer will receive. This 
study will reveal how the change in 
supp,ly of the several crops will modily 
prices of beans. Variations in prices and 
yields have olso been included to reflect 
risks facing the farmer. Data have been 
collected for Colombia, and are cur­
rently being processed. 

TRAINING 

The emphasis on 1raining in the bean 
program is reflected in the number 01 
trainees considered in 1973. Four re. 
search interns from Ecuador, Guate­
mala and USA, and one research lel­
low from England received training 
in bean breeding. Three research interns 
worked in weed control , with part 01 
the time dedica'ted to training in beans 
Additional train自s included one from 
Ecuador in plant pothology, one from 
Guatemala in soil microbiology, and 
。ne from Colombia in agricultural eco­
nomics. A research lellow from Justus 
Liebig University in Germany initiated 
training and research in field beans as 
!"art of his Ph.D. thesis requirerr糟nt.
The trainees in the Cr'op and 'Seed Pro­
duction Specialis'ts Courses 刮目 received
training in bean production 
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INTERNATIONAL ACTIVITIES 

The real results and benefits of CIAT's 
research and development are expressed 
through advances made by national re­
search teams and their contributions t。
farmers in their respective countries. 
Thus, the international focus of 'he 
program and importance of the collabo­
ration with other agencies is evident. 
The following specific activities are de­
signed to give maximum contact of the 
CfAT program with others in Latin Amer­
ica, and these provide the basis for 
。ur potential effectiveness and impact 

1 , Pr句rom org.nllolion and 制﹒1-
uatlon have been requested by several 
national programs, and this is a high 
priority among the other activities , 

This is particularly important when a 
new program is being organized and 
priorities ertablished , 

2 , Tr.ining is central to internation­
al collaboration, and considerable time 
and energy is dedicated to the young 
scientists who spend from three months 
10 one year in the CIAT program , These 
researchers are the future of their re­
spective national programs, and a close 
working relationship with them will 
strengthen CIAT's capability to efficient­
Iy exchange germplasm and ideas, and 
10 conduct cooperative projects , During 
the first year of adivities, 10 young 
scientists have been trained in Bean 
Production Systems , At least 15 trainees 
are ex阻cted in 1974 , 

3. AnnuII work.hops for field re­
search p曲ple have been proven valu­
able as an activity which promotes 
both individual and group interaction 
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5. The publlcalion of .n informll 
new.loller with details on available pub. 
lications, meetings, personnel current­
Iy working in national programs, and 
research abstracts is an effective way 
to maintain communication among re­
searchers between the annual work­
shops . 

6 , The 伊rmplo.m bank in CIAT will 
be catalogued, and an up-tO-:date de­
scription of seed availability and agron­
。mic data provided each year. Within 
ab。υt one year, a catalog of im­
proved selections and advanced gen­
era'tions of crosses wiH sυpplement 
the one on original collections . Seed of 
either 恤an collections or improved 
lines will be available to national uni­
versities, and other interested groups 

7 . An .b.lrocllng ..rvrco i n both 
English and Spanish will be provided 
to bean research workers and libraries 
in the zone , This will supplement the 
bibliographical service already available 
from Turrialba , 

8 , Inlornolion.1 Iro".1 of the CIAT 
ccre team , organized into working 
groups in eðrly 1973, has included the 
major bean programs in Latin America 
and the Caribbean zone, and established 
working collaboration with many of 
them. These initial contacts included 
74 visits to some 15 countri肘， and 
some projecti。肘。n collaborative work 
in 10 addi“。nal countries. 
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The Maize pmgram c心tes
with na'tional research programs 
in the Andean zone (Venezuela, 

Colombi. , Ecuad肘， Perú and Bolivia) t。
resolve the most serious factors con­
tinuing to limit yfelds. These lactors 
include excessive height, low plant pOR­
ulations in the lield, losses to prevalent 
insect pests (especially 句“。pte間 frugi'
perd. and Oi.I.... ..cch.r.n.)... spe­
cific soil and management problems, 
narrow adaptation 01 commercial hy­
brids , and non-availability 01 improved 
seed and other inputs in much 01 the 
zone. 

The development 01 realistic produc­
tion "packages" or systems lor the 
small larmer is particularly crucial lor 
improved nutrition of h時 lamily
Maize is only one component of 
a farming system which usually includes 
lield beans and other crops in mix. 
ture. This implies a complexity 01 ques­
tions to answer belore defining the 
eventual farming system Or systems for 
azo冊， including appropriate crop mix­
tures , dates of planting, fertilization 
and w揖d control prac't眩目， as well as 
the complex dietary mix when these 
crops are harvested and consumed on 
the larm. 

The Maize Program is one link in an 
international network of national, re­
gional and international centers under 
the general coordin.tion 01 CIMMYT (In­
tern.tional Center lor Maize .nd Wheat 
Improvemen't) in Me削co. As the An­
dean zane representative in this net­
work, CIAT works with national .gen­
cies to test new introductions from 
CiMMYT, and org.nizes regional ac'tiv. 
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ities such as annual meetin恨， special 
t。伊cw。你的。阱， unilorm trials, publi­
cation 01 a newsletter, and distribution 
01 new germplasm through progeny se于
lections. γ 

AGRONOMY 

Research in agronomy emphasized 
cultural practices, solutions to specilic 
soils problems, and international trials 
01 germplasm. This work w.s concen­
trated on the CIAT Palmira larm , al­
th。υgh several trials planted in mix­
tures' wi'th beans were located in other 
stations. These .re described under the 
Bean Production Systems section 01 the 
report 

I nternational trials 

During the year 1973, nine trials were 
harvested in the lirst season (1972B) 
and lour in the second season (1973A). 
Results are summarized in Table 1, 
where the average yield lor the trials is 
presented along w川、 the yield 01 the 
best entry. These trials included CIMMYT 
interna'tional unilorm tests (IMAN , 
IOMT), CIMMYT progeny trials (CPBB, 
CFSB ), PCCMCA trials Irom Central 
America (BA, ME , OP ), and the CIAT 
regional uniform trials (ENZAS and 
ENZAT). 

The lowest yields in these trials were 
。bserved in the opaque-2 tests (IOMT 
and PCCMCA-OP) , and in one tri.1 more 
adapted to highland reglons (ENZAS) , 
but grown in CIAT to test range 01 
adaptation in these varieties. Most prom. 
ising yields were lound in trials 01 pres­
ent commercial m.ize hybrids and the 
experimental materi.ls Irom PCCMCA 
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Table 1. Resu1ts ot 扭扭rnational tr1a凶 planted at CIAT, 19甘:B and 19'13A 

Trial Name Number Number A(kvgg /hy的ield Best entry Yield Source of 
va rieties reps (kgj ha) ( kg/ ha) best entry 

CIÆT 19728 

72B-U IMAN (CIMMYT) 到 z 1,428 Pioneer X.324 5,168 Pioneer (Jamaica) 

72B-87 BA (PCCMCA) 31 4 3,292 Pionecr X.304A 4,612 Pioncer (Jamaica) 

72B-88 ME (PCCMCA) 30 4 3,918 DeKalb Exp-4 6,223 DeKalb 

72B-89 ENZAT (CIAT) 37 4 2,870 HFM-7 5 ，2到 Venezuela 

72B揖 ENZAS (CIAT) 15 4 自.359 ICA H-207 4,779 Colombia 

72B-93 IOMT (CIMMYT) 30 3 2.563 ICA H-207 4 ，7個 Colombia 

72B-99 OP (PCCMCA) 10 4 2，的1 CIMMYT 0 , Comp 3,529 CIMMYT (Mexi∞) 

72B-1I3 CPBB (CIMMYT) 49 4 3屆4 E10 P.B. x Tux.P.B 5,472 CIMMYT (Mexico) 

72B-1I4 CFSB (CIMMYT) 的 4 2,207 C.Carib. x E10 81 3 ，02~ CIMMYτ(Mexico) 

CIÆT 1971Æ 

73A-34 IOMT (CIMMYT) 30 4 287 ICA H-255 1,555 Colombia 

73A.35 OP (PCCMCA) 10 4 1,136 ICA H-255 2 ，相5 Colombia 

73A必 ME (PCCMCA) 30 4 3，話4 DeKalb Exp. 4 5,556 OeKalb 

73A.37 CPBB 49 4 2,650 Tuxp. Comp. x Eto 4,278 CIMMYT (Mexico) 

-
∞U
W
 



Fi.Id .1 CIAT 1" which .,the worldεcmposlt﹒ 11桐I from 柚. varl.bl. s.ource populaUonl from CIM叫YT
.r. being pl.nted 

and CIMMYT. In severa,1 trials , an 
introduced hybrid or selection pro­
duced more than locally developed dou­
ble cross checks , indicating a potential 
lor lurther advances in the Cauca Val­
ley envìronmen t. Those specific mate­
rials which perform well in the Andean 
zone will be studied in detail , and 'the 
lines lor open pedigree hybrids ob­
tained for recombination in the elite 
populations under development in CIAT 
for use in the zone. 

Soil fertility ﹒ micr個lements

Soil fertility and grain quality 

A trial was planted in late 1972 t。
evaluate the effects 01 zinc and boron 
with NPK in an apparently delicient 
soil on the CIAT larm. The opaque-2 
double cross hybrid H-208 was planted 
。n raised beds and thinned to 36,000 
plants/ ha. There were no signilican't 
differences in this trial among the treat­
ments in grain yield , nor in levels 01 
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major elements in the grain. The indi­
cators 01 protein quality, N and tryp­
tophane, also showed no differences. 

I n 'the second season 01 a long-tem、
study 01 the effects 01 gypsum on - maize 
and other rQW crops, an evaluation 
WðS made of Ca content in the Qrain. 
In treatments Irom 0 to 40 t。的。f
gypsum per hectare, there were no dif­
ferences in content of Ca in the grain 
The highest absolu'te value was f。υnd
in the untreated check, with .0097 
per cent Ca. In another trial , grain 
samples Irom unlertilized plots were 
compared to samples Irom plots tre副­
ed with N, P20" K20 , Zn , B and Fe 
Alth。υgh N conten't was slightly higher 
in the lertilized plots , there was no sig­
nificant difference in grain content of 
N, P, K, Mg, Zn , or tryptophane. These 
results suggest that there is Ii ttle or n。
effect 01 le r'tilizer treatments on grain 
quality in maize grown on the soils in 
CIAT. 
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".nl. In 恤. rlght pJot 輛... fe..tlllød 叫耐 NPK .nd 5 ‘酬. of gyp叫m 晶。w;呵. m.rked .d....nt. 
e珊r the pl.nt. In Ih.I.ft plol whlch . r.ulv，吋。nly gypsum 

M.ize resp啊118 to boron .nd zinc 

To evaluate lurther the effects 01 mi­
croelements on maize yield , a facto­
rial design with lour levels 01 B (口， 2，
4 and 6 kg/ ha) and three levels o{ Zn 

Bo閃開啊licl.ncy .ppe.rs on m.lu I.av.. •• 
10ngltudln.1 whit. .trlpe. n..r th. b... 

(0, 10, and 20 kg/ ha) were υsed with 
the opaque-2 hybrid ICA H-208. The 
optimum levels 01 appl ica tion appear 
to be 10 kg Zn/ ha and 2 kg B/ ha . There 
is no large beneli't in applying both 
elements in higher d的缸 . The residual 
effects 01 these soil treatments were 
tested wi'th the bean variety ICA-Gua ll, 
and the results are included in the Bean 
Program section of this report 

Plants Irom an additional greenhouse 
trial with six levels 01 B (0, 1, 2, 3, 
5, 10 kg/ ha) and 1。υr maize genotypes 
(H-207, H-208, H-255, and Tu xpeño) 
were analyzed lor loliar content 01 B 
This level varied in a straight line rela­
tionship Irom about 5 ppm with no B 
appl ied, to 45-55 ppm with 10 kg/ ha 
01 B. Deliciency symptoms disappeared 
with opplications 01 3 kg B/ ha , and a 
slight toxicity was indicated by a burn. 
ing on the margins 01 the leaves at 10 
kg/ ha. Deliciency symp'toms appeared 
when the maize reached 30 cm 01 heig仙，
with Tuxpeño the most sensitive and 
H-255 the least sensitive among the lour 
strains tested 
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Agronomic practices 

Planting 吋到﹒ms

A comparison among three planting 
systems -single beds, double beds , and 
Ilat plant ing without beds 一-showed a 
definite advantage lor the sys'tems with 
prepared rows and raised ridges. Yields 
in single beds (4 ,174 kgj ha) and dou. 
句le-row beds (4,093) kgj ha) were sig­
趴licantly higher than the II.t planting 
(2,696 kgj h.). E.se 01 unilorm irriga­
tion during dry periods and rapid sur­
face drainage after excessive rains are 
probably the major .dvant.ges 01 this 
bedding practice 

190 

Relidua management 

A minimum till.ge scheme in CIAT 
comp.res the effeets 01 lour residue 
management treatments in maize Qver 
several seasons to test the long-term 
impact on yields and soil characteris­
tics. The tre.'tments include: 1) burn­
ing residue , 2) cutting st.lks in pl.ce, 
3) bending 'two rows 01 stalks and com­
bining these into one windrow between 
the two rows (Ie.ving .Iternate mid司
dles open ), and 4) complete removal 
。1 the stover. Yield resu lts Irom the 
two seasons harvested to date are 
shown in T.ble 2. There w.s no signil-
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Table 2. Y扭lds Jn residue manacement 8r世
冒血過且包血üIIa..， Irlal In D祖Ize

Yield (kg/ha) 

Treatment 1973A 1973B Avcrage 

Buming residue 4,018 4,275 4.1 46 

Cutting in placc 3,917 4JJ6 4,126 

Combining two rows 3,710 4,352 4,031 

Complete removaI 4,025 4,071 4，但8

Average yield 3,918 4,258 4.曲8

a90 in 'the Cauca Valley. The savings 
in time. (2-3 weeks) and preparation 
costs (about 25 per cent 01 total pro­
duc'tion cost) make this alternative a 
valuable possibility lor either the corγ， ­
mercial or small-scale larmer. 

Minimum till.ge 

A comparison 01 traditional land prep­
aration with systems whïch minimize 
land tHlage prior to planting has shown 
no conclusive differences between treat­
ments in the lirst seasons 01 'the tes l. 

icant difference among the lour treat- Treatments include: 1) traditional 'till-
ments in either season , and thus the age - one disking, one plowing, one 
simplest or cheapest treatment would disking , bed lorrγ旭tion and planting, 
be the most indicated lor a cropping 2) one disking lollowed by bed lorming, 
system. This lield , now in its lourth 3) ridging or bed lorming only, and 
continuous crop 01 maize after a sin- 4) direct planting on beds Irom previous 
gle land preparation two years ago , dem- season. Yields in the trial averaged just 
。nstrates a tremendous potential lor over 3 tonj ha , with no differences 
cont inuos cropping and minimum till- among the lour tillage 'treatments . 

YJeld trl.ls .... planted by h.耐叫Ih Jab planta呵， • 1001 whlch 時m﹒曲mm.rcl.1 f.rmars now u .. 
for 1... repl.ntlng In sklps In the ,...Ci 
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Selectlng luperlor mal.rl.ls .t h.r鴨"

pιANT IMPROVEMENT 

R“UC吋 pl.nt he1llht .nd wl曲，
.d.pt.tion 

Excessive plant height in tropical 
maize hybrids and varieties make ihese 
materials extremely sυsceptible to lodg 
ing, especially in areas wi'th high rain­
lall and strong winds. These t'-II types 
aiso store a disproportionate frac"tÌon 
01 their total dry matler production in 
vegetative organs such as leaves and 
stalk, lurther redυcing grain yield po­
tentia l. Additional advantages of shòrt­
er plant types include the potential lor 
higher plant populations and increased 
lertilizer use, without the complication 
01 greater s'timulation 01 ve90tative 
growth 

Wider adaptation 01 commercial hy­
brids or varieties is critical in a (，甸的n
where large and climatically unilorm 
maize zo~es ðre scarce, and there are 
many mLcrooHmates typical of inter­
Andean valleys and coastol plains which 
vary in temperature, soil type, solar 
energy, and moisture available lor the 

The breeding program has cont inued crol': The complexities 01. producing 
t。∞ncentrate on three p叫 ncipal ob- q~ality s輯d pr配lude the development 
jectives : reducing plant h'eight: widen- ' 01 a ~.pecilic h~brid ,?r synthet.ic lor 
ing the zone 01 - adaptation - 01 source each clirr、atic niche, ond essentially dic­
põpulations for producing commercial ~ate that commercial materials must 
maize varieues 。r hybrids , and impr。vabe adapted t。 as wlde a z。ne as p。ssl­
ing protein quality . ble . The critical needs 01 th ,:, small larm­

er in terms of improved germplasm 
with increased yield potential (and im­
proved prdtein quality) will probably 
never be met with specilic hybrids 
which are narrowly adapted to the fer­
tile commercially larmed valleys 

In cooperat ive trials with ICA司
Colombia in two locations (La Selva and 
Turipaná) and INIAP-Ecuador in tw。
locations (Boliche and Pichilingue), 
maize selections have been tested Qver 
the past two years and put together 
into composite populations . These ba­
sic populations and progeny have had 
a limited dis'tribution among nat ional 
and commercial breeding programs in 
the zone. Improvement 01 protein qual­
ity has concentra'ted on hard endo­
sperm selections, throυgh seleclion and 
increase 01 a CIMMYT populotion and 
development 01 brachytic materials to 
comb ine the short plant characteris'tic 
with opaque-2 quality、 and 、 an acept­
able endosperm type 
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The breeding system used to redυce 
plant height and increase ran90 01 adap­
tation , described in detail in CIAT 
1972 Annual Report , consists 01 genera­
tion 01 lull-sib progeny in the Palmi月
location lollowed by testing in several 
additional locat悶悶。 Final progeny selec­
tions lor the next cycle .re based on 
results from several locations, not on 
the Palmira data olone. Basic germ­
p lasm lor the program was obtained 
from CIMMYT in Mexico, with some 

4 
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Severe locfo!no ln Ancle.n Zone m刮目 1. d岫 to exces.Iv. pl.nt holght .ncl “.Ik borlr d.m -ve 

Sacks th.t cont.ln selec.ted ears from short m.lze types. Thls materl.1 wlll be ev叫且Jated for ear rot 
rosistance and the composite nmp!e plant.d In ﹒仙ture cycle 01 recombln“自。 n and lurther selection .. 
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Table 3. Prog回:ty trlals for wide adaptation In four location. 1972A, showing trial average 
yield (支) .nd b醋 pro個可 yle1d (MP) 扭扭阻月回

Boliche Turipaná Palmira La Selva 

Trial MateriaJ . X MP X MP X MP X MP 

E-72-21 br, B\ 3.4 4.3 2.8 6.8 5.6 9.0 2.0 4.8 

E-72-22 br, 81 3.2 4.8 3.4 5.6 6.\ 8.6 2.9 6.4 

E-72-23 br! BI 2.6 4.2 4.2 5.6 5.7 8. 6 1.4 4.6 

E-72-24 br, BI 3.3 4.9 3.8 5.8 5.6 9.9 3.0 5.5 

E-72-站 br, BI 2.6 4.7 2.9 5.8 6.0 8.9 1.4 4.7 

巳72-26 br~Am 3.4 6.0 3.1 5.2 5.5 9.9 2.0 4.5 

E-72-27 PB B\ 3.9 5.\ 3.8 6.2 5.7 8.6 I.S 4.6 

E-72-28 PB BI 3.3 5.2 4.1 6.5 5.6 8.\ 3.4 8.2 

-br2 refers 10 brðchytic.2 populalions, Bl 10 "Blanco" or white maize, Am 10 "Amarillo" Or y叫 low
maize, and PB 10 "Planta Bðja" or short plant 

additional materials incorporated from 
the Andean zone, Cen'tral America , and 
Asia 

Principal locations for these tests in­
clude: 

m

甘

m
u
m

3
m

旭

m
O

M

<

3

m
M

叫
到
叩

l
)

。

}
叫
旭
吋
呵

，

H
b

。

J

U恥
e
叫
州
阻
隔
M
h
e

m
w
n
b
內
心M
U
U

月

1

時
恤
臼
仙
G

叫
E

山
h
叫U

J
w
h
m
n…沉
悶
叫
啊

岫
岫
」
叩
開
明
M
w
m
m
h
凶
w

a

司
l
b

出

1

，

t
{

V
叫

α

十
壯
雌
山

1

“

{
W
M

凶
刊

m
G
m
w
w

d
M
H叫
A
M
h
m枷
L
M

M

R
M
C
A
C
C
M

惘
，

c

c
q
1
C
F
N
C

仇
叫

4

'
。
，

t

l

。
“
圳

7

,24.

8a17mv2 
叮
啊
川
恥
帆
山
川
州
州

叫

M
U
K
B
a

。

k
k

叫
，

n
w
m
T
M
I
M
M
n
B剖
p
w

的
制
叫
酬
的

In 1972A, yield data were obtained 
from Boliche, Turipaná, Palmira and La 
Selva, and the trial summaries appear 
in Table 3. Best yields were obtained 
in Palmi間， where cultural conditions 

and supplemental irrigation were closer 
to optimum, in addition to the fa­
vorable temperature regim.e. Yields in 
the two coastal stations were lower, 
and the highland station had the low­
est average yields because of the trop­
ical source of most materials. Some 
progeny excelled in each tria! in each 
location, indicating a genetic yield po­
tentia'l for this range of climates within 
the source mater划

Based on yield, resistance to lodging, 
absence of ear rot and relativ.3 resis­
tance to Diatraea sp_, crosses were s.elect­
ed which had two favorable parent 
progeny, and these planted in CIAT in 
1972B. The average yields and best prog­
eny in the trials are summarized in 
Tablc 4. Crosses between the best 

4 

Table 4. Braehytjc and short plant yields (tonsjh叫 in CIAT, 1972B 

Material 

Grain yield (tonsjha) 

Brachytic (white) 

Brachytic (yellow) 

Short plant (white) 

Short plan‘ (yellow) 

No. of trials Ra :1 ge in trîal mcans Best progeny 

13 4.1 5.3 8.5 

9 4.9 5.4 9.3 

‘ 
9 2.7 4.7 7.9 

2 .5 .3 5.6 8.1 
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among the progeny tested were select­
ed lor wide testing , and trials were 
planted in 1973 in Palmira (CIATl, Tu­
ripaná (1CA) , and Pichilingue (INIAP) 
Yields 01 'the progeny were slight1y 
lower than in the pr'evious cycle, prob­
ably because 01 1ess lavorable grow­
ing conditions 

During the past year , seed 01 progeny 
were sent on request to several na'tion­
al programs and commercial compa­
nies. Composites 01 open.poliinated ears 
Irom highest yielding progeny rows have 
been formed , mixed , and used in semÎ­
commercial plantings on the CIAT 
farm . Yields similar to commercial dou­
ble cross hybrids have been observed, 
with an advantage lor harvesting the 
brachytic popu1ation dυe to less lodg. 
ing. The principal limitations in these 
populations are susceptibility to Spodop­
ter. sp. and lack 01 prolificacy; both 
characteristics are inc!uded as selection 
criteria in the current cycles . 

Protein qu叫1ty 1mpro鴨"酬，

Se1ection lor enhanced qUàlity 
th r'ough use 01 the opaque-2 gene has 
concentrated on hard endosperm types 
for direct human consumption. Basic 
breeding material came from selections 
within the commercial opaque-2 hy­
brids, 1CA H-208 (yellow) and ICA 
H-255 (white). After selection 01 lines 
lo r' two cycles, with concurrent trypto­
phane analyses in each cycle, the most 
promisi ng materials were intercrossed 
and the lu11-sib progeny were increased 
in 19736.. This population will be 
mixed in 1974A for increase and distri­
bution as a sourcc material to pro­
grams in the zone. A broader based 
popu1ation will result Irom the current 
cyclc of increase and selection in crosses 
。1 the above opaque-2 maize ，吧 ith
an introduction Irom C1MMYT, 'the 
I!int endosperm opaque variety (Ver. 
181 x An t. Gpo. 2) x Ven . 1. This popula­
tion will also be increased in 1974 lor 
testing and distribution 

A conversion of the most promising 
brachytic progeny to a high quality pro­
tein type was initia'ted in 19726 , by 
crossing these with the (Ver. 181 x 
Ant. Gpo. 2) x Ven. 1 opaque-2 variety 
Two sell- and sib- pollination cycles 
havc given doubJe mutant selections 
with both the opaque-2 quality in a 
Ilint endosperm and the plant type ad­
vantage 01 'th. brachytic. Recombination 
。1 the best selections in 1974A wi l1 
provide another uselul source popula­
tion lor the zone 

The CIMMYT y~ loIow hard endosporm 
variety mentioned above was sele~ted 
during three cycles lor shorter plant 
height, prolificacy, and resÎstance t。
locol dise.se and insect problems. This 
variety has been distribu'ted to prc• 
grams in the zone, and has been tested 
most extensively in Colombia. Yields 
from one of these trials in a farmer 's 
lield ore shown in Table 5. The tw。
versions of this variety, one an interme­
diate endosperm type and the other a 
hard selection , produced more than 
lhc opaque-2 soft endosperm hybrids, 
but less than the normal double cross 
hybrids tested. One disadvantage 01 this 
new variety is an excessive plant height 
and susceptibility to lodging 

A thesis project in collaboration with 
Purdu-~ Universi'ty is exploring the pos­
sibility 01 new quality mutants in lour 
Colcmbian races, thc worJd composite, 
and six commercial variet ies . Modifier 
genes lor endosprm type arc bi ng 
sought Irom eight races: Amagaceño, 
Comun , Clavo, Chococcño, Pira, Pira 
Naranja, Pollo, and Puya. The bulk 01 
l ield crossing is done at CIAT, while 
ana ~yses of s-amples and genetic_ de!er­
minátions are carricd out at Purdue 
The cooperative work on protein qual. 
ity with both CIMMYT and Purdue 
keeps the ClAT research team up t。
date On latest advances in this ðrea 

Scre酬lIng 0" .cr甘 loils

A screening program has been car­
ried out in the eastern p1ains 01 Colom-
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Table 5. Yleld 01 commerclal hybrlds and esperlm開tal opaque..2 varlety wltb hard endo 
旬er圈. two IÚtroren h'i到血扭扭. TuluA. 1肘3

Genolype Description 

H-302 YeIlow doubJe cross 
(nonnal) 

A.Dobl<-ó YelIow double cross 
(normal) 

H-話3 Whilc double cross 
(normal) 

H.208 Ycllow double cross 
(opaque) 

H-255 White double cross 
(opaque) 

VE-21 in t CIMMYTnvtearnmeety d (opaque intermed) 

V巳21 hard CIMMYT variety 
(opaque hard) 

bia . The acid soils in this zone repre­
sent hundreds of thousands of hectares 
in Brazil and Venezuela , as well as 
those in CoJombia. Initial screening of 
maize with four lime trea'tment levels 
(0, 0 . 5, 2 and 6 ton/ ha) showed little 
。r no production at the lowest level , 
and near-norma l growth at the highes t. 
These extremes were eliminated in suc­
ceeding tests , with the 0 . 5 'ton/ ha level 
used to indicate tolerance to low lime 
and phospho rus and high aluminum lev­
els, and the 2 ton/ ha level to show 
ganetic potential at about the highest 
econom ically feasible trea'tment for this 
zone. 

The step-wise selection procedure is 
based on open-pollination , partial selec­
tion pressure on the male pollinato悶，
and a minimum input of profess ional 
time because of the distance of the Ca­
rimagua experiment s tat ion. Two hun­
dred lines , varieties , hybrids , or single 
ear select ions are planted each season 
under 'the two lime levels in the intro­
d uction phase, with no r.aplication 
(Phase 1). These include new in廿。duc­
t ions from outside and progeny from 
the CIAT or other breeding programs, 
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Yield (kgjha) 

1∞ kg. N 2∞ kg. N 

4,857 5,852 

7,575 6,571 

7 ，恆沁 6,428 

5.285 2,938 

5,071 3,928 

4,857 5 ，因抽

5,571 4,642 

。r single ears selected from the pre­
vio us cycle in Carimagua . Fifty of the 
best among these introductions are 
planted in 'the following season in four­
row plots, two replications, at the 2 
ton/ ha lime level (Pha揖 11). From 咐. s
replicated yield trial , the five best entries 
are selected for semi-commercial 'est­
ing (1 / 10 ha) on the station at 2 
ton/ ha lime level (Phase 111). The best 
whi'te and best yellow variety from this 
semi-commercial test are distributed 
in the zone as experimental material s 
for on-farm testing of yield potential 
under real ranch conditions (Phase IV) 

SeJection criteria in each phase in­
c:ude vigor and plant growth potential 
。n these soils, resis'tance to cutworm 
(Spodoptara sp.) and stalk borer 
(Olllr..1 spp. ). res istance to foliar 
and ear diseases, and final yield 

Thase four selection steps are carried 
。ut concurrently in each season , tw。
cycles per year , with germplasm mov­
ing through the four steps as quickly 
as possible. 0υring the second season 
of 1973, for example, the varieties se­
lected from Phase 1 to plant in Phase 11 

4 
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ranged in yield from 3.3 to 6.0 ton / ha, 
based on the single row plots (2.8 
m") . The best yellow and white vari. 
eties selected in Phase 11 for planting 
in Phase 111 produced about 3.7 tons/ ha 
(plot size 28 m'). The best yellow 
variety in Phase 111 during the second 
semester produced 3.2 tons/ha, in a 
semi-commercial field ,of 500 m". 

PHYSIOLOGY 

Two of the factors which most se­
verely limit adaptation of specific maize 
genotypes are phdtoperiod and temper. 
ature. When broader adaptation is 
achieved in maize, or mechanisms are 
available to select for insensitivity, it 
will be possible ' to exchange and inter­
cross germplasm over a much wider 
range of latitudes and al'titudes. Tropi­
cal maize improvement programs can 
thus take 'advantage of highly selected 
and productive combinations from the 
temperate zone, while programs in the 
higher latitudes can have available the 
variabllity present in tropical collec­
lions 

In collaboration with ICA, two trials 
were planted in 1973 to confi rrT、 pre­
vious information collected in Colom­
bia on photoperiod and temperature 
sensitivity in maize (see CIAT Annual 
Repor峙， 1971 and 1972) 

Using the growth stages published by 
Bonnett and Leng, and interpreted and 
utilized in CIAT photoperiod research 
since its ìnception , the two trials were 
。bserved through their growth cycle 
Table 6 presents data on growth stage of 
five genotypes on two specific dates , 
36 and 56 days after crop germination 
On both da'tes , there is a significant 
difference between the growth stages at 
2 m and 15 m from the light source 
This confirms the previous observations 
。f a critical intensity for the major 
ph仗。periodic response , with a light in­
tensity 'threshold of 4 to 5 foot candles 
There is an additional threshold reac­
tion between 15 m and 30 m , the less 
pron6unced but consistent delay in dif­
ferentiation and flowering which occurs 
in most tropical genotypes at interme­
diate intensi'ties between 1 to 2 foot 
candles and 4 to 5 foot candles 

In comparing the 'two locations, 
there was generally more rapid develop. 
ment, and flowering occurred earlier, 
in the lowland Turipaná station . The 
4'C temperature difference caused ear­
lier differentiation, as shown by data 
at 2 m and 36 days be'tween the tw。
locations, and on earlier flowering as 
shown by 30 m data at 56 days, in Tu­
ripaná. However, 'the absolute sensitiv­
ity in terms of growth stage between 

rthe distances, 2 m V5 15 m, and 15 m 

Table 6. Growth stage (1 to 創控) and sensltivUy of five matze genotypes at dHferent 剖，
tances from lfght 抽ur間， Turipaná (T) and Palmlra (P) 

36 days 

2m 15 m 30 m 2m 

Genotype T P T F T P T P 

H.f54 4 2 9 6 10 10 11 9 
H.207 5 3 9 10 11 10 10 12 
Eto Blanco 5 2 8 3 11 7 11 8 
Minita CVSME 6 4 10 10 11 11 12 9 
Zap. Chico 13 13 17 13 20 17 F F 

1 - 20: Growth Stages (Bonnetl and Leng, Francis .t .1) 
20T: Tassel Visible 
F: Flowering or past rlowering 

56 days 

15 m 30m 

T . P T P Sensitivily 

20T 15 F 18 Sensitive 

20T 17 F 18 Sensitive 
19 13 F 17 Sensitive 

20T 17 F 18 Sensitive 
F F F F Insensitive 
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Artificial IIghll .r. u..d In two 冊"﹒間h loutlon. In Colombla 10 utend natur.1 d.yl.ngth for 
photoperi吋叭udl...

vs 30 I啊 I was practicaliy identical in 
the two locations in spite 01 廿、e tem­
perature differences , 

The effects 01 photoperiod and tem­
perature on leaf number and plant 
height in two locations indicate no dil­
ference in growth rate among the threa 
distances Irom the light source (Iight 
intensities used to extend the day l. and 
this confirms previous observations 
that there is no effect 01 photoperiod 
。n growth rate, whether measured by 
leal number or by plant heigh t. 

The period Irom fiowering to physio­
logical ma'turity in maize is the most 
important in terms of photosynthate 
product:on for direct translocation t。

198 

the developing ear. The lengthening 01 
this period has been suggested as a 
means of increasing yield potentia l. The 
effects of photoperiod on 'the total 
growth cycle in two \Iocations are shown 
in Table 7. There is a definite delay in 
differentiation, flowering, and maturity 
under lon9 days in each location in three 
sensitive varieties exposed to ligh t. N。
significant difference was observed in 
the one insensitive variety tested , 
Zapaldte Chico from Mexico. Alth。υgh
the differences between long and short 
days were most apparent in the growth 
phase leading to differentiation in Tυri­
pana, there was a delinite delay in both 
flowering and physiological maturity 
due 'to the long days. This is in direct 
contrast to reports which attribute all 
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Table 7. Days trom germinaUon to ditterenUatlon, to nowerlr暉. and 10 physlologl曲1
maturity under 10111 曲.ys (17 hou間) and DOrmal days (12 5 houn) in h閥 local.
110凹. 1軒"

Turipand (40 meters elevation , 280 C mean annual temperature) 

Long days Short d.ays 

B C D A B C 

Differencc 

D 

0728 322 

8218 233 

c 
2681 1 

42Il 
11 

4546 

2116 111 

B 
4601 111 

2991 1 

A 

103 
107 
107 
83 

個
隘
的
的

D Genotype 

ICA H-207 
ICA H-302 
Eto Amari1Jo 
Zap. Chico 

Palmira (1000 m. clevati帥， 240 C mean annual tempcrature) 

ICA H_207 38 峭 52 136 26 34 48 
lCA H--302 38 46 日 138 29 35 42 
Eto Amarillo 39 51 48 138 30 甜 37
Zap. Chico 19 妞兒的 18 30 37 

8872 4444 5484 3332 
劫
E
n
n

133 
134 
129 
91 

的
M
K品
的

9920 3343 
M
刑
犯
悶
悶

A 

Flowering to physlol呵ica l malurity 
Germination 10 physiological maturity 

C: 
D 

Germination to diHerentialion 
O:Herenliation 10 flowering 

A 
B 

sp. . and trol both Spodoptera 
Dlatraea spp 

Biological Control : liberation of 
parasites for large area control of 
Di.tr_ spp . 

4. 

effects of delayed maturity under ,Iong 
days to the delay in growing point di札
ferentiation . As this data contradicts 
previous informa'tion , it should be con­
firmed in another cycle. 

One approach to reduce insect a t1ack 
and minimize crop 呼。ss is the develop­
ment and use of varieties with as high 
as 仰自ible a degree of resistance. A 
group of 400 progeny of fυII-sib white 
brachytics and 132 half-sib families of 
brachytics were evalualed. in the breed. 
ing nur時ry during selection and gen. 
eration of the next cycle of progeny. 
Of 'these , 34 progeny were selected 
which had relative resistance， 、and five 
additional materials from the Antigua 
group were added. CI.ssification in the 
field was based on percentage of' plants 
with Spod叩個ra sp. larvae present 

Varietal resistance 
ENTOMOLOGY 

Insect damage, particulary that 
caused by Spod叩扭ra frugiperda and 
Diatraea SPP" severely limits maize pro­
dυction in the Andean zone. The em司
phasis in entomology on control of these 
two serious pests has concentrated in 
four areas : 

Varietal Resistance: scrèening of 
germplasm for resistance 。
Spodoptera sp. and Diatraea spp 

of the 39 genotypes, 16 were discard­
ed, and in the selected entries tw。怕
four plants with least apparent dam. 
age were selec'ted per row to effect sib 
pollination. The most resistant mate­
rials among the Antigua Gpo. 2 x Re­
pública Domi r. icana arid brachytic prog. 

Chemical Control: direct control 
of Spodoplera sp. and residual ef­
fect on Diatr揖a spp. has centered 
。n testing granular insecticides 
which are applied to the whorl , and 
which have a minimum effect on 
beoeficial predators 

2 . 
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Microbiological Control: trials with 
B.cillus thuringiensis t。∞ntrol
Sp吋。pter. sp., and the nematode 
Neopl軒tana c.rp個.p.... to con-

3 



enies showed 11-15 per cent affected 
piants, while the most susceptible h.d 
32 per cent damage. Se loction 01 prog­
eny in the breeding program at har­
vest time always includes a rapid vi. 
叫al evaluation 01 damage by stalk 
borer (Di.traea spp.) , when stalks .re 
cut longitudina l'iy to assess their resis­
tance. 

Chemical and microbiological control 

The attack and dam.ge by whorl 
worm (句“叩愉a frugiperda) is most 
severe dυring the lirst 30 days 01 the 
vegetative cycle. This is the most cri卜
ical period lor con'tro l. A number 01 
the products tested also had • residual 
effect in con'trdlling Di.traea spp. Re­
sult s Irom three trials presented in 
Table 8 show the highest yield with 

each 01 three maize genotypes to result 
Irom treatment with Furadar、 (R) 3 
I'er cent. There is no correlation 01 
yield data wi'th control 01 Spod叩tera
sp. by granular products , since the 
treatments with best who~1 worm con­
trol were not necessarily highest yield­
ing. Table 8 also shows the impor­
tance 01 residual effects 01 the products 
ap口lied on incidence 01 Di.tr... spp., 
and there was a direct association of 
higher yield with lower observed dam­
age Irom stalk borer. These studies 
were conducted as part of a thesis pro­
gram 01 two students Irom the Nat的n­
al' University, Agronomy Faculty in Pal­
rnlra 

Another serious problem in the com­
plex 01 soil insec'ts on the CIAT larm 
is n sm..1I centipede which destroys the 

Table 3. Chemical and microblological conlrol ot Spodoptera sp. and resldual ellect 00 
Dlatr甜a spp. In tbree ma1ze genotypes 

Spocdoonpt tEUerl a Damage to 
Diatraea Yield 

Genotype Product Dose I {悅) {柚} (kg/ ha) 

ICA H_253 Furadan (lTR) 3% 750 71 45 

43143，，，，O7個6羽87I63 9 3 1 cHyOtCr-o2劍la訓n。e2% 500 " 49 
2抽 4個 " 61 

Cebirann3g輛1< “m 
94 曲

B. thuri l1R. iensis 7 ，5∞2 28 65 
Chcck 69 2,667 

ICA H- 207 Furadar1(R2軸) 3軸 750 65 n 5.7個

CTyhti E可lane 500 97 45 5.3個
odan 3輛 750 93 40 55，2x曲m 

Ccbiran 3% “"。
91 59 

DNEepmteammxdo 抖。 600 89 57 44a則sth"D。20()..到阱 16 56 
Cutvel 2.5 5個 91 70 4,600 
CDh

』peeclk 32崎 16 倒到2 到 51 4的，4個
曲

61 

Brachytic Comp‘ Furadzn3(H R)3H 7到 M 30 

4434.9.，缸1E個
tm 
，
M

。
B 

Thiodan 750 48 33 
CCyebtrwoalan neZH 500 97 岫

3% “)() 的 51 

DDNiBepprnetelarme3xdZ。H 
3輛 600 71 49 3，8∞ 

2旺16L，E因MEEPB 
34 m l3,xum m 15 58 

Cutvel 2.5 500 62 73 "ZSS∞ 
曲

Check 55 

1Dosein grams activ-ingred-ntnRdizra hectar-
2 Ebclllus thurl呵ien

“
number indk:at

剖

inlernalional units of 間tency 阻r mg 
3 N“抽plect.n. urpoc﹒牌..: num恤r of nernal吋剖開r plant 
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embryo, especially wi.th minimum till­
age practices. T，。∞ntrol this problem 
and other soil larvae, a Iri a.1 was plant. 
ed with seed protected by Furadan 75 
per cent with a surfactant Triton AE. 
Seed is soaked in 'the solution 01 insec­
ticide and sticker. P!ots with the highest 
plant population were those treated 
with 500 grams active ingredient. 

A trial in both 1惜 Id and Ilaboratory 
examined the poten'tials 01. Spodop柚ra
sp. control by the nematode Neoaplect酬a
carpocapsae. 1 n the laboratory test~ 
the nematode showed greatest ef­
fectiveness at 48 and 72 hours after 
treatment with the highest ,dosage 

(untreated). There were no signilicant 
differences among treatments at 30 
days 

Bi'ologi個 1 control 

Approximately 10,000 flies of the spe­
cies Paratharisia clarlpalpls were liber. 
ated during the first six months this 
year , increasing parasitism in the lield 
from 3 per cent to 7 per cent. I n addi­
tion , a parasite of Paratherlsla sp. was 
found in the field , and identified by 
Dr. B.D. Burks (USA) as Slgn叩hora
dip悟r叩haga Giraυ I't 

AGRICUL TURAL ECONOMICS 

(4,000 nematodes per larva). Under The work related to the economics 
fie!d conditi。肘， there was a marked ﹒ 。f maize during 1973 was limited to an 
reductl。n ln smd。ptera frugiperdamp analysis d data c。llected fmm a num­
ulate。ns wlth an applicati。n 。f4，OOD berof small farms The pυrp。峙。f the 
~ematodes. 'p~r plant, ~specially when study was expressed' i~- éIAf-1972' À'~: 
there was htgh relative humldMVE Appli-nual Rep。rt Table 1Orep。rts a few 
cations were made with ' a b~ck~pack selected 'data on sample~h~~~~te~istics 
sp叫er at a pre叫re 。f?opsi， dlrec卜 and input υse. The analysis is not yet 
ed into 'the who;1. In TaÞle ~， the pop- compl.ited. 
ulation 01 Spodopter. sp. larvae are 
shown for treatment at three different 
plant ages. The differences between the 
chemical treatment (check) and the 
bes't nematode treatment (highest con­
centration) were not significant, but the 
control by nematodes was apparent 
when compared to the absolute check 

As shown in Table 10, yields were 
found to be low, about 700 kgj ha on 
the average. The use of purchased in­
puts was ,Iikewise found to be low. Im­
proved seed was used on only 4.3 per 
cent of the larms. Although 39 per cent 
。1 the larms used fertilizers for the 

Table 9. fopulation or Spodop扭ra frugiperda foUowlng ‘realm個I wllh 血ree nematode 
(Neopl前山田間rpocap祖e) concentratlons, .t 曲r揖 plant ares 

Plant age at lime of trealment 

Treatment 8 days 15 days 

(Nematodesjplant) Initial 1 Final 2 Initial 1 Final 2 

4.000 10.3 4.3 16.0 
2 做珀 9.6 5.0 16.0 

1 ∞。 9.6 7.3 15 .3 

Absolute Check 10.0 9.3 15.6 

Chemical Check 3 10.3 4.0 14 .3 

Larva population çounls 24 hours befo間 treatment
'2 LarvlI p<羽pulllti開叩開ts 96 hωrs .h.,. treatment 
3 Diplerex 80 , 1.5 kg/ha comme間ial producl 

7.2 

8.0 

10.3 

14.3 

4.6 

30 days 

Initial 1 Fina1 2 

22 .0 15 .0 

22.3 16 .3 

23 .0 21.0 

23.6 24 .3 

23.3 6.3 
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TabJe 1。一 S&mple cbaracteristfcs and lnput use by aJtUude and cropplng system: preli 
lnary 面臨 from 372 farms 

A1titude (klll) o . 1.0 

Croppìng systcm 1 A B 

Numbcr of farms intervÎcwed 74 48 

Averagc size of farms (ha) 5.0 3.3 

Average size of maize acr(ehaag} e 

Average yieJds (kg/ha) 

InpUl use (師。l f anners) 

Improved seed 

Fcrtili zers for maize 

Fertilizers for other crops 

Insecticides for maize 、

Inseclicìdes for othcr crops 

Herbìcides 

Tech. Assistance 

Irrigation 

Credit 

Mech. land preparation 

A Refers 10 m仰自ropping

B Refers 10 intercropping 
n.ð. not ðVð ilable 

1.1 0.8 

823 594 

8.1 2.1 

9 .4 27.1 

12 .2 31.2 

25 .7 前 7

2.7 8.J 

。。 2.1 

4.0 6.2 

13 .5 0 .0 

1.3 31.2 

18.9 58 .3 

maize crop, the quantitie s us~d were 
smal l. Technical ass istance and credit 
had reachad only a few of the samplc 
farmers. The data are presen't ly being 
analyzed 'to estimate the reasons fo : 
the low input use 

Helmintholporium was the disease 
most frequently found on the farms 
visited, followed by Phyllacora and 
rust . The insect most often reported 
was Spodopter., followed by Dlatr揖..
Attempts are presently being made t。
estimate the yield depressing effect 01 
the diseases and insects reported in or­
der to help establish research priorities 
related to disease and insect resislant 
va rieties in maize. 

TRAINING 

1.1 . 2.5 2.6.3 .0 Total 

A B A B 

96 47 31 76 372 

3.1 9.2 13 .9 1.6 4.8 

。 8 。 7 1.0 。 4 0.8 

726 515 480 776 7個

6.2 4.2 。。 1.3 4.3 

34 .4 57.4 51.6 64 .5 39.0 

10 .4 6 .4 。。 3.9 10 .8 

9.4 17.0 29 .0 5.1 35.8 

6.3 8.5 。。 。。 4.3 

。。 。。 。。 1.3 。 6
2.1 6.4 3.2 2.6 3.8 

1.0 2.1 。。 n.a. Il .a 

2.1 。。 3.2 2.6 5.6 

10 .4 2.1 25.8 35.5 23.7 

ratory experiments in the maize pro­
gram during 1973 , Six Colombian agron­
。mists finished training in production 
and research , and three con'tinue as 
membzrs of the maize team , presently 
in charge 01 physiology, agronσmy and 
。utreach-nu't rition . Two aditional spe­
cialists from Ecuador and Nepal were 
trained in protein quality w。時， inciud­
ing both lield and labora'tory proce. 
dures , and selecting the new hard en~ 
dosperm types which are importan't 
lor lowland zones一

The Crop and Seèd Production Spe­
cialist Training Courses provided train~ 
ing in maize to 26 train目s with an 
equivalent 01 2.0 man-years , The maize 
team presented various topi臼 in the 
two courses 

A total of ei~ht trainees receivad in. Several students Irom the Faculty 01 
struction and carried on lield and laOO- Agronomy in Palmira worked in 'the 
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program during vacation to gain prac­
tical experìence in maize production 
and research. Two final year agronomy 
students completed a thesis project in 
maize entomology, and cne is now w。舟，
ing as a research assistan t. 

Early in 1973, an unique trainin口
course was sponsored by C! AT and 
INIAP in Ecuador, where eight rec.ont 
agronomy graduates were given a com­
plete season of practical experience and 
specific informa'tion on maize produc­
IÍon. This experience prepared the agron­
。m l sts for practical extension work 
in an expanded maìze production scheme 
for the zone. Two members 01 CIAT's 
junior staff in 'the Maize and Crop 
Production Training Program were 
commissioned in residence at Pichi. 
lingue lor periods 01 two and a haH 
mo-nths each. They shared responsibil­
ity lor day-to-day planning and super­
vision of the practìcal work On the ex­
periment s'tation as weil as in trials 
plonted with farmers in the immediate 
Pichilingue-Quevedo area. Five other 
members 01 the CIAT staff also par­
ticipated with conference-discussion 

, sections on specilic topics. INIAP re­
scarch scientists and crop specialists 
also carried much 01 'the responsibility 
for ins't ructíon 

This course proved to be an excel­
lent opportunitγto demonstrate CIAT's 
in-the-lield approaches to training. These 
approaches are now being adopted 
by INIAP's own training program in 
Ecuad。比 and w r.l l be used by CIAT t。
。rganize simílar courses in other coun­
tries by invitation. 

INíERNATIONAL ACTIVI Tl ES 

AII activities of the Maize Program 
are directed toward the Andean zone, 
and are focused on the same problems 
which are 01 general ∞ncern to the sev­
eral national programs in the. region 
CIAT priorities are based on the prob­
lems which limit prodυc'tion in the 
zone, and the program is designed t。

• 

collaborate with national programs to 
resolve these problems. Specific activi­
ties which have been carried out in 
the past year' include . 

Selection, generation .nd test,ng of 
阱rmpllsm

Progeny 01 short-plant and brachytic 
maize Irom CiMMYT, as well as an 
opaque-2 quality hard endosperm yel­
low variety, have been selected in Pal­
mira, increased, and sent to national 
programs and commercial compa~ies 
Severa l new germplasm sources will be 
available as populations or varieties in 
the next year 

Unlform reglonol Irials 

The first cycie of regional trials 01 
commercial hybrids and varieties from 
the Andean zone, lor the tropics 
(ENZAT) and lor the sierra (ENZAS) , 
has been planted in 1972 and 1973. Some 
resu l'ts have arrived in CIAT, and the 
entire 時ries 01 trials will be analyzed 
as soon as the results are complete 

Annual meetlng In Cochabamba 

The annual meeting 01 maize research 
workers was held in Cochabamba, 60-
livia, in March . Some 30 specialists 
Irom 10 countries attended the working 
sessions, and most significant were 'the 
cooperative work plans 01 three com­
mittees : plant improvement , plant pro­
tection , and agronomyj soilsjphysiolo­
gy. The next meeting is scheduled lor 
Maracay, Venezuela , in August , 1974. 

Speci.I lopic workshop in planl 
pr叫缸110"

A workshop in pJant protection and 
integra'tion of rese~rch teams was held 
in CIAT in Februáry, with about 15 
prolessionals in erf! omology, 'pathology, 
and breeding. L8ooratory and lield 
practice stress吋 the importance of a 
team working together to select maize 
and solve production problems. CIMMYT 
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specialists in plant protection assisted 
in the organization and implementation 
。1 the workshop. 

Tralnlng 

Six Colombian agronomists , and tw。
prolessionals Irom Ecuador and Nepal , 
were trained in production and special 
research areðS during 1973. In addi­
tion , a speciðl course already described 
was carried ou't for extension agrono­
mists in Pichilingue, Ecuad前，

Newsl.tt.. 

The regional newsle'tter " EI Maicero" 
was published and distributed through-
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。υt Latin America lour times in the 
year, with research results Irom CIAT, 
news and reports Irom national pro­
grams, announcemènts 01 meetings and 
publicati。肘， and a list of names and 
addresses of maize researchers in the 
reglon. 

Inl..n.lIon.1 l.av.1 

Visits 'to countries in the zone have 
given CIAT personnel the opportunity 
to ,Iearn from the experiences of nation­
al programs in the zone, and to share 
this knowledge where needed lor pro­
gram planning and setting priorities. 



Rice 
productlon systems 

、



T~怕e叫。9叫r叭 ìst刮t a缸叫c叫凶tl
l川tìe自s 怕。war吋d increasing farm 
y叭，.叫Ids 01 lowl旭and r們ice in the 

American tropi陌c臼s. Research results ob­
t惘am可ed ， combined with con'tributions 
from the !nternational Rice Research 
Institute (IRRI), have been accepted 
readily by national progr'ams. Strong 
national efforts in farm demonstration 
and seed di的 ribution of new varieties 
have stimulated a dramatic adoption 01 
the new technology in several countries 

Large percentages 01 the ri,e areas 01 
Mexico, Cuba , Coste Rica and other 
Central American c。υntries ， Colomb悶，
Venezuela, Ecuador and Peru are planted 
with CICA 4, !R22, IR8 and selections 
Irom materials provided by CIAT and 
IRR I. Yield increases in the areas 01 
adoption are excellen t. In Colombia the 
new technoiogy has resulted in a yield 
advance Irom 3.0 to 'about 5.2 'tonsjha 
。ver the entire irrigated area since 1966 

The blast discasc, as cxpected, is be­
ginn ing to depress larm γie!ds 01 tho 
new varieties in Colombia and els~­
where. This problem will increase with 
continued plantings , emphasizing the 
urgent need lor blast resistance in th, 
new varie'ties. 

AGRONOMY 

Efforts and resources 01 the agrono­
mists concentrated on multiplication of 
seed of prom!sing genetic lin~s 

S揖dm‘.Itiplic剖ion

Six promising lines were grown in 
areas ranging in size from 0.4 to 1.8 
hectares to evaluate yield and milling 
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quality under sim ula ted commercial 
conditions. These increased basic 自ed
stocks are used to supply national seed 
multiplication programs. 

Three lines were rejected because 
01 susceptibiiity to Pyr;1:ularia 。吋Z目
and undesirable plant characteristics, 
while three were. harvested and pro­
cessed lor distr ibution 01 pure s時d .

The selection P723.6.3-1 , resistant t。
blast, showed extraordinary milling 
quality and grain appearance in a com­
mercial test 01 two tons . Its lield yield 
was acceptable. P738-137-4.1 has ex­
cellent yielding ability and a milling 
quality and grain appearance superior t。
CICA 4. The third line, IR5司 164.2-2 ， has 
~ood lield resistance to blast but suffcrs 
Irom "whi'te belly." 

One ton 01 each 01 these first tw。
lines was given to ICA lor the pro­
duction 01 loundation seed and 100 
kilos 01 P723.6-3-1 went to Guayana , 
where blast severely attacks local va­
rieties. Smaller quantities of pure seed 
w-s re shipped 'to Brazil , Honduras, Gua­
temala. Costa Rica and Panama 

Nitrogen sourc﹒‘。n upland ric. 
This experiment was plðnted at the 

ICA Turipaná Research Center in an 
area severely inlested with nutsedge 
(CyperUI rOlundω l. CICA 4 was treated 
at 15 days after planting wi'th a mix. 
ture 01 ninc liters / ha 01 Stam F-34 and 
。ne literj ha 01 2,4,5.T to control the 
nutsedge. 

There was a 9∞d response to nitrogen, 
and yields were increased Irom 1,723 
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A test tube mJII d..，訓。p.d for .n.lysis of cooking 
.nd milling quallty of 刻可1. pl8nt 揖1""ω。"‘

、

k9/ ha in the check p10t to an average 
。1 3 ,104 kg/ ha and 3 ,803 kg/ ha , re­
sp<!ctive1y, lo r 50 and 100 kg nitrogen 
applicùtions. Thc common urea and 
suifate of ùmmonia w/~re εqua l or su~ 
perior to tho sullur-coated urea lorm u­
lation s , Phosphorus gave no additiona1 
increase in yield. 

Up1and rice v,ariety test 

This experimen't , p1anted at Turipan品，
had to be l reated w i'th the mixture 01 
5tam F-34 and 2,4,5-T to contro1 
nutsedge. The varieties used and the 
resul峙 。btai n-.cI are shown in ïùb1e 1 

Aithough yie1ds were reduced by the 
de1ayed 可 harvest and la te 目前。n weoo 
growth in 't hree 1incs, a11 01 the 1ines, 
with one exception , produced Irom 5日
!o 100 per cent higher yie1ds than thc 
traditional tall va rieties 

Iron deficiency on alkaline soils 

50i1s on the CIAT larm are alka1ine, 
the pH varying Irom 7 , 5 to more than 

A p'個nisin" bl.sl ruistent IIn8 of rice 'n • seed multlpllution “. Id 
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Table 1. Ylelds or varieU個 and l1nes under upland condJ“ons 

Variety or pedigrce No A verage yield 

Traditional varieties 

Bluebonnet 50 
Miramono 

kg jha 
1,759 
1.660 

New dwarf varictics 
CICA 4 
IR5-64-2-2 
IR9JO.2 x IR8屆432
IR9JO.日 x IR579-1曲
IR9JO.2 x IR曲2-1-1的 5
IR442-2-58-1-1-2 

3,453 
2,925 
1.4明-

2"662 0 

2,479 0 

2,936 

會 V ields wcrc 11“ecrxl by over' ripe harvcst "ng IInd tale season weed grcwlh 

8 .0. With conventional methods 01 land 
preparation and seeding, iron deficiency 
symp'toms are common and at times" 5。
sèvere that the plants die within a lew 
weeks after "emergence 

Different sources and methods 01 
applying iron as a means of correcting 
this condition were composed 

!ron deliciency symptoms appeared a 
lew days after emergence. No tre.tment 
producèd normal vigorous seedlings 
although trea'tments of five tons of sul­
phur ãnd 200 kgj ha of ferrous sulfate 
;Nere slightly better than other treat­
ments. 

In the foliar application plots, ferrous 
sulfate at 3 per cent concen'tration and 
rayplex were slightly better than oth.er 
treatments. Treatments had to be re­
peated. at w目kly interv帥， and even 
with 'these, normal plants were not 
produced 

Fl∞ding of the soil for a three-week 
period before planting appears to be a 
better way t。∞rrec' t iron defjciency 
With this practice, no iron deficiency 
symptçms were noted in areas in which 
rice plants had died from an earlier 
planting in whið1 the soil was preparcd 
in the conventional manner 

Red ri個 and varietal mixtures 

Rice fields planted for years 圳th seed 
containing mi的ures of other varieties 
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and red rice do not produce satisfactory 
yields or rice with good cooking and 
milling quality. Recommended fertiliza­
tion and weed control practices do not 
reduce the mixtures or improve the qua l­
ity. Conventional methods 01 cultivation 
tcí kill germinating plants are costly and 
may require several years to eliminate 
the seed from the fields , 

Thc effect of flooding and a combina­
tion of flooding with cultural practices 
。n red rice control were s'tudied in a 
greenhouse pot experiment. Red rice was 
seeded at a rate of 600 kgj ha and mixed 
in the soil to a 15 cm depth , Results 
are shown in Figure 1 

Results indicate that floodin口 for a 
thrce.to-four week period cfficiently 
reduces the red rice seed in the soil 
As some seeds germinateυnder water , 
it wiil not completely eliminate 'the prob­
lem unless deep flooding is used. Somc 
01 the seed germinated under water 
from a five cm depth. Seeds that did 
ndt emerge through the water during 
the two-to- three week floodcd period 
rotted 

BREEDING 

Crossðs 

A total of 102 間w crOsses was made 
in 1973. Thirty-five of these involved 



11: Flu甜甜，軒 germln酬。n(choc:k)

2= Floodod 圓ven dey. - d叫.... 

3..間。oded 14 deys - drair、“
4. Flooded 21 days - dr.ined 
5. Floodod 扭曲ys - dr.ined 
6- Flu甜甜 for germination harrowed to 

kill red ri帽，時flu甜甜 for additional 
germina啪n， re-harrow甜 and flu甜甜
agein 
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117.2% 
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Trutmen包

Figure 1 俏，目前。f germinated 時d rice 
seeds following various cultural treatmenU. 

the hybridization of seven superior Bra­
zilian upland varieties with improved 
dwad plant types. The hybrids 01 these 
crosses are being crossed with a semi­
dwad se!ection Irom IR442 that has 
some drought tolerance. The seed Irom 
several hundred short-statυred F1 seg­
regates of the new thr開-way crosses 
will be sent 'to the Instituto Agronomic。
in Campinas , Brazil for Fz eva~uation 

' 

The remainder of the new crosses 
were single, threE• way and multiple 
crosses for bl:ast resistance usinQ 
Monclaya and dwaded selections 01 
Tetep and Colombia 1 as donors. Large 
numbers 01 F1 seeds were produced lor 
each three-way and multiple cross. The 
resistant F1 segregates were identified 
and retained for continuing crosses or 
lor lield evaluation 01 the F,. The cross­
ing program has progressed to the pcint 
where all F2 material carrying resistance 
is dwad in stature, eliminating the need 
to remove the undesirable tall F, segre­
gates in the lield 

Fz nurseries 

More than 1,460 large F, lamilies and 
populations carrying blast resistance 
were planted. A new procedure was 
adopted to lacilita'te identilication 01 
resistant F2 segregates in the lield where 
the blast disease does not occυr . F:! 
s.eed is sown in blast disease nurseries 
exposed to massive natural infection 
Susceptible lomi 1 ies are discarded in 'the 
seedling stage. Segregating lamilies are 
evalυated plant by plant, discarding 
susceptible plants. The resistant plants 
Irom segregating and resistant lamilies 
are transplanted in the lield assuring 
th的 all field material carries resistance 
The F2 lamilies are .Iso r.ted lor 5句ato­
d剖 resistance，∞。king quality, a.nd 
milled grain .ppe.rance to guide lield 
selection 

F:;-, nurseries 

About 12,000 pedigree rows were 
directly seeded in the lield in five stag­
gered plantings Irom February to Sep­
tcmber. Most of these involve crosses 
pl.nned lor lhe tr.nsler 01 blast resis­
tance to s.tislactory plant and grain 
types. Blast reaction , cooking quality, 
endosperm appearance, and 5句..吋揖
resistance are evaluated in all genera­
tions. 

None of the many crosses made in past 
years with Colombia 1 .s the source 01 
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Fifteen advanced promising lines were 
tcsted in lour locations in Colombia in 
1972. Six or these were retained tor 
broad evaluation in 1973 and 29 large 
rcgional trials were ccnducted by ~CA 
Four tria!s were located on experiment 
st的 ions and 25 on farms. Four wer~ 
upland trials and six were conducted on 
inlertile Ll anos soils. Three 01 the six 
lines were disc.rded . Yields 01 the 't hree 
remaining lines Iluctuated Irom 6 to 8 
tons in favored areas to 2 怕 4 tons/ ha 
in the upland and Ll anos trials. Yield 
data averaged lor the 29 trials are pre­
sen'ted i n T able 2. 

Regional Irl.l. stable blas't resistance has been out­
standing because 01 叩parent unfavor­
able linkage 01 resistance with unsatislac­
tory plant and grain types. One cross, 
P881 = IR22 x (IR930 x Colombia 1) 
gave a few promising FI:i selections that 
perform.d well in preliminary yield 
trials. Seventy-live panicles 01 each 01 
five resistant P881 selections were trans­
plan'ted into large plots to purily and 
multiply seed lor wider evaluation 

The selection Irom P723 is blast resis­
tant , yie!ded well in upland trials , and 
has good grain characteristics. The IR5 
selection has adequate lield blast resis­
tance but suffers Irom "white belly." 
The P738 selection is potentially blast 
susceptible but combines 9。咽d grain 
quali'ty with excellent yield 

Relatively small three-way cross pop 
ulations combining resistance to the 
" hoja blanca" virus Irom ICA 10 with 
improved plant type are in the F,. AI­
though the new varieties grown com­
mercially are genetically susceptible to 
hoja blanca, 'they remain unalfected by 
the virus because of their excellent 
resistance to the insect vector , Sogatod.' 
。ryzicolo_ As it is not known il the 
insect resistance will continue indefi 
nitely to protect varieties against the 
virus , the program seeks to transler both 
resistances into common dwarf back­
grounds. 

The three selections were multiplied 
。n the CIAT larm during the linal series 
01 regional trials. Sulficient br.明ders '
seed went to ICA to plant 10 ha 
。I each lor production 01 loundation 
seed . A final large multiplication was 
planted on the CIAT larm in late 1973 
One or m。呵。I these selections will 
likely be named as a new variety in early 
1974 upon comple'tion of continuing 
yield trials 

Yield Iriol. 

A small number 01 blast susceptible 
new selections were yieid-tested during 
the year. Several 01 these have excellent 
γield and grain 'types and are earlier 
ma'turing than CICA 4 indicating im­
proved low temperature tolerance. The 
better ones were sent to Argentina and 
southern Brazil to evalυate performance 
in temperate climates. 

t神le 2. Averace yieJd in ton/ha at 14 per cent cr叫n molsture of 血ree promising new ri自
甜甜t10M and four check varletJ.es in 甜甜盾。nal tria扭， 1研2

Yield Pedigree 

mmmmmmmmmm 5551543 
P723-6-3-1 
P738. I37.4-1 
I R5。牛2-2

Cross 01' variety 

IR930-2xIR822432 
IR:間的3xIR5神 1曲

Peta x Tangkai Rotan 
CICA 4 
IR8 
I R22 
Bluebonnet 50 
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SOILS 

Main emphasis was placed on upland 
rice productìon , with a limited amount 
01 work continuing on Ilooded rice. 

Upland rlce 

The extreme soil acidity 01 the high 
savanna 50il5, such ðS in the Ll anos 
Orientai間 is one 01 the major factors 
limiting upland rice production. The 
problem can b. so!ved either through 
liming the soil to increase 'the pH , o' 
thr ough varietal resistance. 

Liming 

A liming experiment in pots showed 
that 6 ton/ ha 01 CaCO, + MgC03 (Ca/ 
Mg = 10) raised the pH to 5.4 and 
nearly el~minated all exchangeable alu­
minym (Figure 2) . Using basic slag (60% 
CaCO寫 equivalent) as a lime source, the 
pH increased and the AI-Ievel decreased 
more than with comparable levels 01 
lime. Ca!cium chloride, a neutral Ca 
s?urce, had no effec't on pH but slightly 
decreased the AI-Ieve l. The latter sõurc;, 
decreased yields while the Ca CO" and 
basic slag increased yields significantly, 
except at 1 ton / ha . 

。=c"CI+ MgCI 
pr l 叫“c st~g 
~ r _ A.=CaC03 + MgC03 

5. 5 ←‘主『、

5.0 • 「\、

、111::::t~ 
。 0.5 1 2 6 

" 
C.C03 - Equiv.lent hon/h.l 

Figure 2. The effect of applications of 
Ihree ca and Mg sources on the pH and 
exchangeable AI.content 01 Carimag岫咽il.
used in a pot experiment 

A.COL 1 
。 -IR5

Y.IR8 
..8860 

32 .
是
S
E
E
-
-、P
E
E
O

。
00.4 4 • 16 

Llme IppUcedon ton/hl 

Figu時 3. The effect of lime app/ica. 
tions on the 宙間的 yl副ds of four ri個開rie.
ti缸 grown under upland conditions in Ca. 
""祖gua

Two dwarl varieties, IR5 and IR8, re­
sponded to 8 ton/ ha 01 lime (Figure 3) 
in the lime x P experiment in Carfm.gua 
The tall varieties, Colombia 1 and Blυ年
bonne't 50 (BB 50) 的。wed a marked 
response to the lirst incremen't 01 0.4 
ton/ ha lime, but no positive response 
to higher lime ap闕ications. The negat附
response to lime of these varieties was 
mainly becaυse 01 IOOging and bird 
damage. Although there was a marked 
visual response to P applications in the 
early stages 01 growth , 'there was no 
positive response with respect to grain 
yield, apparently because 01 increased 
neck blast in I R8 and I R5 and more 
lodging and bird damage in Coiombia 
1 and BB 50 at the higher P levels 

Varietal reslst.nce to soil .cldity 

Rice varieties differ markedly in toler. 
ance to acid soil lactors. Tó identily 
aluminum tolerant varieties, nearly 
1,000 lines Irom IRRI and CIAT were 
~creened 剖 Carimagua at lime levels of 
0.5 and 6 ton/ ha, while nearly 400 01 
the varieties also wefe screenecl at 0 
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Th. ntio 0' r曲‘ 1-耐 .t 30 ppm .Iuminum 1..訓
。...由.t .t 3 陣m ﹒lumlnum In 時IUlion (r.f.rr.d 
軒 r.l.ti.. r.恤t length or RR叫， Is used as an 
Indicatlon of • .arl.ty's to~.ranc﹒ to high 1...ls 
。f aluminum ln the so“ 

and 2 ton/ ha. At about six weeks 01 age , 
they were evaluated for resistance to 
soil acidi'ty and blast. One replication 
was harvested at maturity 
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As lield screenings con5υme time, and 
linal results are aHected by 50il varia. 
tions and differential resistance to blast 
and bird damage , a rapid greenhouse 
screening test for AI-tolerance was 
developed. Rice 5eedling5 are grown in 
nutrient 50lutions a't two AI-level5 01 
3 and 30 ppm. At three weeks of age. 
root lengths are measured t and the rati。
01 root length at 30 ppm AI over that 
at 3 ppm AI is υ5ed to indicate AI-toler. 
ance. This ratio is called rela't ive root 
length (RRL). A correlation analysi5 01 
RRL values of 240 varietie5 with their 
respective grain yields , . obtained in- a 
lield screening in 1972, resulted in a 
correlation coefficient of 0.64. As grain 
yields were aHected by many fact。悶
。ther than 50il acidity, the correlation 
。1 field re5ul!s and the greenhou5e te5t 
seem good. The rice varieties commonly 
used in Colombia can be arranged in 
the following order of decreasing AI­
tolerance: Colombia 1 ，州。nola惘， Blue­
bonnet 50, IR5, IR22, IR8 and CICA 4 
C1AT's new lines in multiplication ar'e 
similar in tolerance to IR8 

Fertilization of upland rice 

The Llan05 soil are extremeiy infertile, 
with low value5 for P, K, cà and Mg 
The organic matter conten't is rather 
.1igh , but m05t crops re5pond to nitro­
.en. An incomplete factorial trial 01 
NxPxK in Carimagua showed a marked 
visual response to N and P in the early 
:)rowth stages. However, grain yields 
were negatively aHected by N applica­
tions , mainly because of increased bird 
damage in Bluebonnet 50 and increased 
blast damage in IR5; they were po5i­
tively aHected by P and K applications, 
e5pecially in IR5 

1 R5 , planted in two pot experiment5 
with Carimagua 50il , re5ponded to P and 
K under both upland and lowland con­
ditions in the ab5ence 01 bla5t and 
birds (Figures 4 and 5). Under flooded 
conditions, it re5ponded to 400 kg P20 . 
and 600 kg K20/ha, while under upland 
conditions there was a significan't posi-
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Comp.ri lOn of pl.nts of ume nri.ly of ric. g阿wn in two w.t.r ‘ultur". 。咽 wl帥，帥"
.Ium lnωm '..,.1 (I.ft) .nd other wlth 30 ppm .lumlnum 1..，叫( right ). Hot. depr帥MCI ,rowth .t ",''''' .krm lnu'm 四ncentntlon

' R"ponM ., v.r l.ly IR5 10 four 1..,.1. of phosphoru. .押lIull.酬~ In C.rlm.gu. 1011 und.r fIOOdrMI 
condhlon. . Numbers Indlut. .ppllu“。n 1.....1. .單附凶.. PIOS kg/ h. 
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Figure 6. The effect of lime and minor 
elements on the groin yield 01 Colombia 1, 
grown under upland conditi。附附 Carima
gua Ui me response averaged over 811 mìnor 
.1.叮lÐnt treatments; minor ele"、8nt response 
averaged over all lime treatments) 

e 
Lime 

UpI.nd 

50 100 200 
P - Appli圖針。n kg P205/ll. 

Figure 4. The eff.ct 01 P.applications 
。n grain yield 01 IR6, grown under upland 
and 10叫and conditíons in a pot 8xperiment 
with Carimagua 甜H

4個
。
。

A similar experiment conduc'ted in 
pots compared six sources 01 P at the 
level 01 200 kg P,O,/ ha and with 0 or 
2 'ton lime/ ha and resulted in marked 
responses to all P s。υrces . There were 
no signilicant yield diHerences between 
lime levels. The rath.r soluble rock 
phosphate Irom North Carolina gave 
the highest yields, lollowed by basic 
slag, TSP, and rock phosphates Irom 
cen'tral Florida, Huila, and Boyacá. 

and 
r1 ce 

tive response only to 50 kg P,O, 
100 kg K,O/ ha. Yields lor' upland 
were generally low 

Experimental results to date indicate 
that ther'e is no signilicant diHerence in 
agronomic effectiveness between TSP 
and basic slag, while Huila rock phos­
phate is only slightly less effective lor 
upland rice under thes. acid soil con­
ditions. 

Colombia 1 responded positively t。
P at 100 kg p,O./ ha in a lield experi­
ment comparing si x sources of P at lev­
els 01 25 , 50, 100 ancl 200 kg p,O. . 
BB 50 did not show a significant re­
sponse. Thp.r'e was no signilican't differ­
ence in yield 01 Colombia 1 among 
applications 01 triple superphosphate 
(TSP), basic slag, and rock phosphates 
Irom north F.lorida and Huila , Colom­
bia 

4 

A lield exper川、ent at Carimagua stud. 
ied the interaction of lime and micro­
nu'trients . Figure 6 shows the response 
。1 Colombia 1 to limir嗯I indicating a 
marked responce to 0.5 ton lime, a 
small additional yield increase with 2 
個n lime, and no additional response 
to 6 ton/ ha. 01 the minor elements, 
the application 01 copper resulted in 
the largest yield increases, lollowed by 
Mn (Figυre 6). The Cu applications in­
creased yields at all lime levels, while 
Mri applica'tions increased yields at all 
but the 6-ton .Iime level 
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K - Application ku K20/h. 
Figure 5. The effect-of K-applications 

on grain yield 01 1 R5 , grown under upland 
and lowland conditions in a pot ~xperiment 
with Carimagua soil 
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App“曲tion of Si02 Iton/ha) 
Figure 7.. The effectof Si02 applica 

tìons 00 the grain yield of IR8 gro-wn-under 
lowland conditions in a pot experiment with 
Carimagua ':ioil (average of four sources 
。.f Si) 

Contrary to expectation, Mo decreased 
yields with 0 lime, but g.ve incre.sed 
yields .t the higher lime levels. The 
.pplication of .11 minor elements com­
bined decre.sed yields .t 0 lime, bυt 
resulted in successive yield increases 
。ver the check with each increment 
of lime .dded. This indic.'tes th.t minor 
element applications become more im­
portant as lime levels are increased . 

Lowland ric. 
As silicon 悔vels in rice plants grown 

in the U.nos were found to be quite 
low, • pot l'xperiment studied Si fertil­
ization in flooded rice, using I R8 as a 
tes l. Four silicon sources - TVA sl.g, 
Colombi.n sl.g, rice hulls .nd burned 
rice hulls - were .pplied .t three levels 
of Si02 • Figure 7 shows the .verage 
response. Yields increased significantly 
up to 3 ton Si02/ ha. There was n。
significant difference in grain yield 
.mong Colombi.n slag (33% Si02 ), rice 
hulls (18 % Si02 ), and burned rice hulls 
(41% 5i02 ) while TVA slag (42% 
Si02 ) was slightlγinferior 

Upl.ndand lowl.nd rice 

M.ny pa門s of the U.nos , especially 
north of the Meta River, are dry during 

the dry season , but flood during the wet 
season. A pot experimen' with soil from 
such an area indicated the soil's great 
potential for fl∞ded rice because of the 
low level of Fe. Because of natural flood­
ing, there is no need .for irrigation 
eqυipment ， diking .nd puddling. The 
lack of water control may result in 
excessively deep flooding , and there is 
a need to time land prep.ration , weed 
con'trol , .nd fertilization rather precisely 

3at the 。nset 。f the rainy seas。n bef。re
the soi 1 ge,ts too wet to support 
machinery 

The effect of water depth on five v.­
rieties, seeded at three dates, was stυd司
ied .t C.rim.gua in one such naturally 
flooded .rea. Varieties were grown in 
long pl。峙。f 3 m x 400 m, .Iong a 
gentle slope of about 0.5 per cent. During 
the dry se.son 'the whole field was dry-, 
while in the wet se.son the lowest 140 m 
were under water, with a water depth 
。f about 70 cm at the lowest point. At 
\he highest point the water table was at 
2.8 m during the dry season .nd at 
1 .3 m during the wet se.son 

The _ first seeding was m.de shortly 
after the onset of the rains on April 25; 
the second seeding at the time íhe low­
est part inundated on June 4, and the 
third seeding at the time the maximum 
water level had been reached on Julv 
19. The five varieties, T-442-2-5B (floa卜
ing rice ), CICA 4, IR5, Monolaya, and 
Bluebonnet 50, were seeded in long 
parallel strips down the slope so that 
each variety was subjected to the 
same water regime, which changed con­
tinuously with time .nd with location on 
the slope. At h.rYest, samples of 5 m2 

blocks were taken at 20 m intervals 
along the slope 

Yields decreased as seeding was de­
l呵呵， even under purely upl.nd condi­
ti。肘。 The effect w.s most .pronounced, 
~.owever， in areas that became deep 
fl∞ded before seeding or when the rice 
was still young. Under these conditions, 
even the floating rice barely survived in 
the deep-floodOd areas. iR5 behaved 
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much as a floating rice, increasing in 
height with increasing water depths t。
120 cm under deep-Ilooded conditions 
Alth。υgh the Iloating r1ce was severely 
aHected by blast, it produced the highest 
。ver all yields, lollowed by Bluebonnet 
50，州。nolaya ， IR5 and CICA 4. Under 
deep water conditions, 1 R5 did as well 
as Bluebonnet 50; the Iloating rice was 
superior 10 both 

Under I1。呵呵 conditi。肘， 'the opti­
mum water depth was between 20 and 
50 cm , while under υpland conditions 
maximum yields were obtained with a 
water table at about 1 m below the sur­
lace. The low yiek:ls at the upper end 01 
the slope probably result Irom increased 
soil acidity under more aerobic condi­
tlons. 

Results conlirm that the naturaliy 
I1∞ded soils and their sυrrounding 
areas have a great potential lor rainled 
rice as long .s the water level does not 
rise a出崎 50 cm, the lond is prepored 
during the dry seas咽， the rice is s自ded
ot the onset 01 the roiny sc.son, and 
varieties are used that are either 'tall 01 
have floating rice characteristics 

TRAINING 

The rlce program gives particular 
attention to providing lor the needs 01 
trained personnel in the rice programs 
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。1 Latin American countries. The dem.nd 
for training in rice production was 
s'trong in prodυction. of 15 train間丸
eight were trained in rice production; 
these included two Irom Brazil , tw。
Irom Hondυras， one from Paraguay, one 
Irom Guatemala, and tw。如。m France 
(special trainees). Two research interns 
from Brazil were trained in varietal im­
provement; one .Iso Irom Brazil and 
。ne from Perú in weed control; and one 
Irom Ecuador in rice entomology. Tw。
special trainees from Jamaica carne t。
CIAT to learn about Ilooded rice cul'ti­
vation techniques. The 15 professionals 
trained represented an equivalent 4.2 
man-years. In addition , the crops and 
S體ds c。υr揖s provided lor 4.7 man­
years of training in rice for 26 trainees 

Training consisted in assisting in the 
research work programs 01 the CIAT 
senior staff members or conducting 
research proy.配ts under their sυpervi­
sion. They m.de trips to other rice 
growing areas to see and to learn t。
identily problems. They also participat­
ed in technical conferences condυcted 
by the national ' rice program 01 Colom­
bia. Upon termination they we時 lur­
nished copies o f' rice production training 
materials, relereQce books and color 
slides illustr.'ting ihe principal rice p'rob­
lems which occur in their home coun­
tries. 
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SMALL FARMS SYSTEMS PROGRAM 

Activities 

Program activities centered on sharp司
ening the locus and developing a spe­
cific outline 01 activities lor 1974 
During the latter hall 01 1973, the pro­
gram was staffed by a systems engineer 
and an ecoriomist , bo't h serving on a 
hall-time basis 

SeveraJ visits were made to the Lla­
nos and North Coast areas 01 Colombia 
for discussions with larmers. In addi­
tion , the program has maintained a 
continuous interest in 'the rural devel ~ 
。pment projects being conducted by 
ICA in Colombia , and visits were made 
to several project ar"eas. In February a 
basic document entitled The Agricultur­
al Systems Program: A Course 01 Ac­
tion was produced, and lormed the basis 
lor internal review 01 the program to­
gether with review by se!ected interna­
tional agencies 

The program has maintained close 
inter-institu'tional ties throughout the 
year. This has been reflected in a visit 
to the In'ternational Institute lor Trop­
ical Agriculture in Nigeria, where one 
member 01 the~ team had the opportu­
nity t。悟arn 01 the work being under­
taken in their farming systems program. 
That program appears to be centered on 
the development 01 a specilic technology 
to Î!"'1prove a prevalent farming system 
in that area. It should perphaps be em. 
phasized that ~heir approach differs 
Irom that being adop時d in CIAT, where 
concern is more with the overall prob-

lem 01 understanding a variety 01 larm. 
ing systems with a view to achieving 
modifications in them. 

In addition , the pr'ogram was repre­
sented a't the annual conference of the 
Latin American Association for Rural 
Development (ALADER) in M的ico. 1n 
conjunction with 'this visit , theprogram 
was invited to send a participant observ. 
er to the review sessions on Plan Pυebla 

In October, a lour day planning ses­
sion was held with approximately 40 
participants Irom CIAT's s'taff, Univer. 
sidad del Valle, ICA, and international 
agencies and 1。υndations. While a diver. 
sity 01 views were expressed, the under­
Iying concern 01 all participants was 
with the establishment 01 a te.m within 
CIAT to locus on the unders'tar、ding ' 01 
existing larming systems in order that 
the impact 01 new technology on larm 
lamily wellare be unders't∞d. The real 
incomes and nutritional levels 01 the 
p目ple dependent on larming !r tropical 
Latin America must be lh~' últfmate goal 
01 p吋州的 P叫間內心in CIAT 

The over. 1I product 01 the activities 
during 1973 was the preparation 01 a 
program document , to deline the phil臼
。phy， approach and near term acti.viti缸
。1 the program. The highligh'ts , 01 th悶
document are presented below. ! 

BACKGROUND AND PHILOSOPHY 

The lundamental ch.racteristic 01 Lat. 
in American agriculture at this momen't 
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is the simultaneous existence 01 a small , 
highly commercialized larming sector 
。n one hand , and a numerically large 
sector 01 small lamily larm units which 
。perate at a 間a r' subsis'tence level on 
the other 

The commercialized farming sector 
is typically located in the more lavor­
able ecological regions, and is principally 
oriented toward the production 01 ex­
port crops (e.g., coffee, cotton , sugar, 
bananas) andj or to high value crops 
(including large commercial extens悶悶
。1 leed grains and rice) . These relatively 
large, capital inle吋sive holdings have 
had access to new agricultural methods , 
technical assistance, credit, agro-chem司
icals, markets and transpo r'tation 

The situation has come about as a 
result 01 public policies; partly because 
01 their export orienta'tion (together 
with greater political inlluence) large 
commercial farming enterprises have 
benelited Irom lavorable governmental 
policies with respect to research , ex­
tension , and product and input prices . 
These policies were motivated by the 
need lor expanded lood prodυction and 
export earnings, both of which were 
to be generated by concentration on 
the commercial farm sector 

There exist a large number 01 small 
farms whose productivity has chan伊d
little, il at all . That the levels 01 incorne, 
nutrition, health, housing and schooling 
lag lar behind the commercial larm 
sector and much 01 lhe urban pop叫a­
tion has been amply documented , This 
soctor is principally (although not ex­
clusively) concentrated in the less fa­
.vorable ecological areas , with limited 
access to transportation , storage, input 
supplies and credit 

The small larmer has had few il any 
profitable opportunities. He responds t。
tha set of rewards and penalties he 
perceives. He has evolved farming sys­
tems that are often near optimal for 
the economic , political and ecological 
environment in which he operates, Qiven 
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the alternatives he can perceive. This 
essential ra'tionality of the small farmer 
implies that successful agricultural de­
velopment requires new production al­
ternatives that are adapted to his en­
v圳Ir昀。nmen川t ， t昀ha't increase hi咕s inc∞。m內e咒, 
that recognize 
decis剖ion、 pr叩。blems丸， and t叭ha剖t fall within 
the avaiiabi刊Ii刊ty of input sυpplies and 
stable markets 

National goalo of 國panded fc時d pro­
duction and employment opportuníties 
are not .incompatible wlth effort. to 
promote growth Imong sm.11 f.rn鴨rs，
In fact , small farms are an important 
s。υrce of food production in many coun­
tries. In Guatemala, which is exemplary 
01 many countries, 84 per cent of the 
farmers own farms of less than seven 
ha that occupy 17 per cent of the land 
in use , yet produce ciost! 'to 60 per cent 
。f the basic grains 

1 n the Hght of the above consider­
otions it has been proposed that CIAT's 
Agricultural Systems Program sh。υId be 
called the Small Flrm Syotemo Program , 

Alread~ in CIAT, there is a strong 
integrated commodity focus, in which 
rntegrated teams work together for 
~chi?ving go!, ls rela'ted to Commodity 
Production Systems , The evolυtion of 
the Small Farm Systems Program is 0 
natural consequence of the need to aga in 
integrate the efforts of the individu.1 
Commodity Prodυction Systems Pro­
grams in 'the context of the whole farm 
unit 

The Small Farm Systems Program is 
a basic research activity of CIAT which 
is charged with understanding the great 
diversity of agriculture in tropical Latin 
America. Becaυse CIAT is concerned with 
the improyement 01 agriculture and 
rural life, the Sm.1I F.rm 5yst開IS Pro­
gram 10 concernec\ with flmlly farms 
as in桐grltad sy﹒個ms_ Because of the 
diversity and complexity 01 smaH scale 
farming in Latin America, it is possible 
for the commodity focus t。峙。late the 
researcher from the small farmer. The 
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progrom is concerned with small sc..le 
larming in 011 its complexity ond is 10-
cused on the lorm lomily. Its primory 
gool 妞 to d研elop • proc帽1 for the 
id酬tlficatlon Ind In.lylil of 叫“1呵
f.rm Iylt耐削 10 .1 to f.clllt.te the uti­
lI..tlon of 旬rlcultur.1 technology in the 
dev叫。pment of rural ....1. 

An essentiol element 01 the systems 
appro.ch is the recognition that 0 lamily 
lorm system is reolly 0 system within 
a làrger agricultυrol sector. The locol 
system is one in which the lorm lamily 
ond others living on the lorm ossemble 
individuol enterprises into 0 produc~ 
tion, consumption , and a marketing sys­
tem , in which biologicol and physicol 
lactors interoc't with sociol , political ond 
economic systems. The explicit recogni­
tion 01 the importance 01 these inter­
octions is 0 key port 01 'the methodolog­
icol opproach towords the development 
01 0 pr但ess lor identilicotion, onolysis 
ond locilitotion 01 technologicol chonge 
01 small lorms 

An intrinsic leoture 01 the systems 
opprooch is thot it requires th.t the lor­
mer's objectives be mode explici t. For 
the lorm lomily these objetives prob­
ably include income, nutrition, cash flow, 
security, health , and education . There is 
no cleor rior explicit understanding 01 
lhese objectives os ye t. In addition , 
public-policy goals ore Irequently not 
made explici t. Much reseorch effort can 
be misdirected unless there is a clear 
specilicotion 01 the problem so that ob­
jectlv.. are not conluséd with the .ctiv­
Iti輔 th.t c.n be undert.ken to ochieve 
those objectives 

A scheme for the development 01 this 
process is .s lollows : 

1. An.Iylil of f.mily f.nn systems 

In this phase, 0 number 01 proto­
typicol systems in tropicol L副in Amer­
ica wi il be studied by the Sm.n F.rm 
Systems Program. These systems will be 
described in relotion to how the lorm 
famHy transforms its resources of time, 

lond, energy, sp缸ies ， information, etc., 
into crops and real income 

2. Synthesll of pr叫“ypicII f.rmir可
.ylt.ms 

The insights derived Irom the onolysi s 
phose will be tested bo'th on 0 compc• 
nent bosis ond • systems bosis. These 
insights will be υselul in creoting phys­
叫al and on.lytic訓 models 01 protc> 
~ypic.1 larming systems and their com. 
ponents to predict the impact 01 new 
technology. 

3. 凶剖gn of Improved agricultural 
.ylteml technolo哩W

The analysis and synlhesis pha盟s
should produce the r問uisite information 
to specily the technology which is le.­
sible lor introduction into small larms 
in order to better achieve larm family 
and notionol lood production goals. The 
knowledge ga ined in the earlier phoses 
would permit the biologicol scientists 
on the team to select and specily the 
culturol practices, the species mixes , the 
levels 01 inputs, etc. to be tested for 
potential introduction to the lamily farm 

4. V.lldatlon of th﹒ pr缸"‘

The process will be valid.ted by 
demostrating that: a} larm lamilies in 
selected areas 01 study achieve their 
。bjectives through the use 01 the tecnol­
。gy selected by the process, and b} n.. 
tion.1 agencies adopt the proces. as 
a tool to help them ochieve their 9Oal. 

5. Implement.tion 

Implementation 01 the process is the 
r。他。1 the notionol agencies. CIAT wiN 
colloborote with them in the de糟Iop­
ment 01 new technology, ond in tra.i ning 
lor the opplicat ion 01 the entire pr血eSs .

6. Ev.lu.tlon 

CIAT will develop methodology lor 
ev.luating the impact 01 new technology 
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and will also serve as a locus lor the 
documentation and analysis of the ex­
periences of the various countries ;n the 
application of the pr目ess

The pr目前s will provide guidelines 
lor identilying limiting lactors and se­
lecting research alternatives. It will pro. 
vide a framework for assessing the prob­
able adoption of research resυIts and 
the impact 01 lood availability and in. 
comes as a result 01 that adoption. It 
will suggest alternative ways 01 achiev. 
ing explicitly stated objectives 

In the exécution of Ihese phases the 
program will provide analy'tical support 
and inlorm剖間n 10 ils two principal 
c1 ients and co lJ aborat。內 CIAT com­
modity leams and national agricullural 
development agencies. When the process 
is developed il will be usefυ1 as a plan­
ning and evaluation tool for these c1 i. 
ents and for international agricul'tural 
development agencies. The ultimate c1 i. 
ents are , of course, farm families and 
the consumers 01 Latin America that 
benelil from the implementation 01 the 
process by national agencies 

F Îgure 1. A schem剖悶，呵呵甜ntation of the 5mall farm system 
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酬。"盯RICS
The Biometrics Unit was organized in 

July 1973. Ouring its first months of 
。peration it has concentrated i'ts func­
tions in providing in-service training t。
tm. units data processing staff. Under 
this mode of operations it has provided 
consultation and ana'lysis services to the 
commcdi'ty production systems pro­
grams, data processing services for the 
administration and begun a collaborative 
program with the Information Systems 
Oivision of the Instituto Colombian。
Agropecuario. 

a..n Production Sy.t.ms Progr.m 

The principal collaborative activity of 
the Biometrics Unit with the Bean Pro­
gram is tm. continuing effort to create 
an information system for CIAT's 
Ph.....lu. yulgari. germplasm collection 
Thi~ ， effort, which h in' its early stages 
and is being viewed .s • basis for collab­
。r.tion wi'th the various national and 
regional grain legume programs, will 
focus on prodυcing • computer-based 
information system for use by 廿可e var­
ious collaborating programs.' The need 
for such a system arises from the fact 
that these germplasm collectíons are 
large and that there is much ongoing 
research thr。υgh。υLatin America 
where the same materials are beinαused. 
The specific objectives of the system 
are: 1) 抽 provide for the timely re­
triev.1 of the existing Information on 
the characteristics of the collected ma­
terial; 2) to record the results of trial 

with a standardized nomenclature and 
。bservation criteria; 3) to select mate­
ri.1 satisfying multiple criteria (e. g. , 
yield, pl.nt type, grain color, root type, 
etc.) simultaneously; and 4) to provide 
the basis for the taxonomic classifi. 
cation of the ma'terials. 

The Unit has also collaborated in the 
training of the program's staff on ex­
periment.1 design and analysis methods 
and in providing consultation on r令
se.rch designs for the breeding, pathol­
。gy ， and physiology efforts 

Beef Producllon Syst.ms Progr.m 

Biometrics personneJ have visited the 
Carimagua research station with a view 
towards establishing a i;>asis for sup 
port to the H耐d System. Proj輯t ， A da­
ta processing system is being designed 
for this study which will genera'te I.rge 
volumes of data over the course of tlÍe 
next few years . Data analysis services 
have been provided to the animal hea lth , 
nutrition .nd husbandry components of 
this research projec t. Prepar-ations are 
being made to establish the special 
computer programs required to analyze 
this large integrated set of data 

The economics component of the beef 
progr.m has been supported through the 
preparation of small computer pro­
grams to test certain hypotheses on 
technic.1 coefficients and cattle pop. 
ulations in the Colombian Llanos一
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The Unit has begun methodological 
research to adapt a certain class 01 
research designs and analyses lor ex­
periments lor the pastures and lorages 
component 01 the beel program. This 
type 01 experiment is characterized by 
ccst and management constrain峙. severe 
biological constraints on the structure 
01 treatments lor the multilactorial 
experiment and the desirability 01 esti­
mating lunctional relationships lor use 
in economic analyses. The class 01 de­
signs 'to be adapted are respon時 surface
designs based on incomplete lactorial 
experiments. The designs currently in 
the literature (and which have been 
tried on CIA T) have proven to be inad.­
quate. Working with the program staff 
it is expected that satislactory designs 
will be developed. 

C....va Prod肌tion Systems Program 

The Cassava Production Systems Pro­
gram has been the principal client and 
collaborator lor the Biometrics Uni t. 
Included in these efforts have been 'the 
work to optimize the use of experime~4 
tal resources , work to obtain more effi­
cient research designs and lield plot 
techniques and the work on the design 
and analysis 01 a longitudinal survey 
to achieve an "Agro-economic descrip­
tion 01 the Cassava Production Pro­
cesses in Colomhia . " Prelirninary re­
su l'ts Irom these efforts are presented 
in th.e Cassava Program's section of this 
report 

Biometrics al50 provided research 
design consultations and data analγSIS 
services to the various components of 
the Cassava Program 

M.ize Production Systems Program 

Consultation and analyses were pro­
vided in tes'ting the effectiveness and re­
liability 01 a scheme lor the simple and 
rapid evaluation 01 protein quality in 
malZe gratns 

St.tion Oper.tions 

The Unit provided consultation and 
engineering compυtëltions in adj \Jsting 
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multivariable nonlínear functions for 
an empirical study of tractor tire de­
signs lor operations in mud 

Swine Production Systems Program 

The Unit provided data ana!yses sup­
port to the program's experimental work 
and compυter support lor the opti­
mization of least casts balanced rations 
for swine using .linear programing 
m<'thods 

C.pit.1 Budget An.lysis 

At the request 01 the Director General , 
the Unit collaborated with 'the admin­
istration and the comptroller's office in 
establishing a computer-based accou川，
ing system lor the capital expenditures 
related to the cons'truction and equipp­
ing 01 CIAT's lacilities 

Tr.ining 

Training has been the principal lunc­
tion of the Biometrics Uni t. Since per­
sonneJ trained in statistics and ccm­
putinq are scarce in Colombia (as 
elsewhere in 'the Latin American trop­
ics ), the unït has provided in-service 
training to its slaff. The Unit has als。
provided over 60 hours 01 lormal lecture 
lime to: a) the center's associated and 
assistant economists on the desiqn and 
execution 01 sample surveys; b) the 
associate9 and assis'tant personnel of 
the commodity orograms in the desiqn 
and analysis of experimen峙 c.) the 
crop and seed production specialists 
tr剖 ning programs on the design .nd 
analysis of experimen峙 ; and d) to the 
livestock production specialists tr'aining 
program on methods lor m.king deci­
sioos from research results. 

Collabora“。n with th. Institut。
Colomblano Agropeωario: 
Inform.tion Systems Division 

The collaboration with the Systems 
Division of the Institute 時 a principal 
loundation lor CIAT's biometrics and 
data analysis services . The Institute has 
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provided CIAT with the consultation e) M.thematical modeling, 
時間眩目。f its staff, and CIAT has als。
p向vided consultation .nd data process- f) Inlormat ion system , 
ing 時間ices to the Institute particularly 
with regard to the analysis of base line g) Multivaria'te analyses, 
data for the Institu峙'5 rural develop-
ment projects. h) Train ing in all 01 the above. 

The collaborative efforts are based on 
sharing of 'scarce resou r'ces such as 
professional personn剖，∞mputer pro­
grams, systems lor data analysis and 
computer time. A hiqh'light 01 these 
efforts was the establishment 01 the Uni­
ve丹ity 01 North Carolina "Statistical 
Analysis System" at the computer cen. 

While the biometrics personnel "t­
tempt to provide these SerV ÎC-3S on 
whatev~r basis any CIAT scientist or 
trainee should request them , the se(. 
vices are more effective when the bio­
metrics staff participates wíth the scien4 

tists in all phases of planning the re­
search. These include but are not limited 

ters of the Na'tional Administrative De- 。
partment lor Sta'tistics (DANE) and 
。1 the Universidad Nacional de Colom­
bia . This system has already been 
υsed to perform many of the analyses 
reported herein 

It is expected that the collabor的lon
will continue to generate resources 
which should help both institutions 
。btain more timely and complete results 
from their research and operations. 

。，ganiz.“。n and Functions of the 
Blometrics Unlt 

The Unit is organized as a central 5er­
vice unit responsible for providing can個
sultation and data analysis services 。
.11 of C1AT's research and training activ­
Î.t1e5 . These services ar'e pr.ovided O.UJ 

。1 the Unit 's own budgeted funds at n。
C05t to the research or trainln9 'pro­
qrams. In thc developmënt of the Unit, 
it is expected that capability will be 
developed 0" improved in the lollowing 
areas : 

.) Design and analysis of sample sur. 
veys , 

b) Experimental designs and analyses , 

c) Epidemiology (animal and crop dis. 
eases ), 

d) Production functions and response 
surface designs , 

a) The specification of the scientific 
q峙stions to be answered in the 
context of the overall objectives 0; 
the proposed r'esearch , 

b) Specilication of the domain of im­
pact or desired generalizability of 
the research , 

c) Experimental or survey design and 
field meth。缸，

d) Data collection and recording meth. 
。ds ，

e) Data analysis plan , 

1) Interpretation 01 resυIts 

The sciéntists and 'l rainees whoïnvite 
the participation 01 the biome't rics staff 
in a!1 01 these phases of their resellrch 
receive priority service from the units 

The Unit is equipped with a Monroe 
1860 "desk top" computer for s'!atis­
tiC5 computations required by most 
crop experiments. Large experimonts, 
animal experiments, economic analyses , 
surveys and the like require the use of 
large sca!e computers; through the 
ICA collaborative arrangement the Unit 
tI!ilizes either an 16M 370 Model 145 or 
an 16M 360 州。del 44 ∞mputer in 
60gotá. 

223 



WEED CO前ROL

In cooperation with the Crop Pro­
duction Specialist Training Program , 
the use 01 p的temergence herbicides 
in dry beans and the preemergence usa 
01 trilluralin plus atrazine in sorghum 
were investiga'ted 

A postemergence application 01 ben. 
tazon (1 kg/ ha in the 5 to 6-leal 
stage) increased the yield 01 dry beans 
52 per cent (903 kg/ ha) above lhat 01 
the control plot. A preemergence treat­
ment with linuron plus Iluorodilen 
(0.5 + 2 kg/ ha) produced the highest 
y時Id (967 kg/ ha) and 2,4-DB was ex­
tremely toxic .t 0.75 kg/ ha in both the 
2 to 3 and 5 to 6-leal stage. Bentazon 
controlled only broadleal weeds and 
may become the lirst highly selective 
postemergence herbicide lor beans avail­
ablo to larmers . 

The most widely used preemergence 
herbicide in corn and sorghυm is 
atrazine, and its repeated application may 
result in resiclue accumulations to toxic 
levels for rotation crops 5uch as s。γ­
beans, rice and dry beans. One 50lution 
is to use lower atrazine rates in com­
bination with .less residual compounds 
A persistent grass weed, Rotlboelli. 
exaltata, is resistant to atrazine and sus­
ceptible to trilluralin , a product which 
is not selec'tive to CQrn or sorghum when 
soil incorporated as recommended. The 
use of trifluralin and atrazine in a prc­
emergence mixture was 討udied to deter­
mine its selectivity and effectivity in 
sorghum. 
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Field 廿ials have shown the combi­
nation to be completely selective with 
0.8 + 0.72 kg/ha a'trazine and 廿 illu­
ralin , respectively, giving good weed 
con'tro l. Screenhouse trials have shown 
that rainlall immediately after plant­
ing up to 25 mm is selective in me­
dium to heavy textured soils. However, 
in light textured soils, sorghum was 
injured when 25 mm 01 rain lell soon 
after application. Rottboellia was con­
trolled by preemergence trilluralin ap­
plication in screenhou時 conditions

Rainlall soon after the applica'tion 
01 postemergence herbicides olten re. 
duces their effectiveness. The effect 01 
time alter applying glyphosate when 
rain lell and its ability to con廿。 1 weeds 
was studied. Pa申alum fasciculatum 
(bullgrass) was used as the lesl planl 
After spraying 1 or 2 kg/ ha glyphosate, 
25 mm 01 simulaled rain lell imme­
dialely or 0.5, 1, 2, 4, and 8 hours lat­
er. The rate 01 glyphosate penetration 
appears to be related to its concentra­
tíon, i.e., at higher rates there is more 
rapid penetration. Thus, il rainlall ap­
pears certain and glyphosa'te must be 
applied , the rate should be increased 

In another experiment , the residυal 
lile 01 atrazine, an excellent herbicide 
widely used in corn and sorghurγ1 ， is 
being monitored. After two conseculive 
applicati。肘， 0 .45 ppm atrazine were de­
tected in the 0 to 7.5 cm soil zone 
This was sufficient to injure oats se­
rI。υs仰. No residues were lound below 



7.5 cm. When atrazine was applied in 
combination with alachlor at the rate 
of 1 kgj ha lor two seasons. 0.2 ppm 
had accumulated. This caused slight in­
jury to the oats. Thus , the use 01 atrazine 
in combination with other herbicides 
greatly reduces the carryover of res­
idues 

In many postemergence herbicide ap­
plications, a small am。υnt of a sur­
factant to increase penetratian and ac­
tivity by altering the physical charac­
teristics of 'the spray solution is recom. 
mended . However,. little is known about 
how environmental conditions affect 
their behavior. Also there are manγprod. 
ucts commercially available but no 
comparative informat ion exists to indi. 
cate which one is the best under vary­
ing tropical conditions. Thus, as a 
masters ' thesis , a Colombian student in. 
vestigated the inlluence of temperature 

and humidity on the effectiveness 01 dil­
lerent surfactants in controlled environ­
ment chambers . Environments 01 high 
temperature-high hum id ity, high tem­
peratu間-Iow humidity and low tempera­
ture. low hυmid ity were selected because 
they exis t in the Andean zone 01 50uth 
America 

In general, the action of the live sur­
lactants decreased in the following or­
der: high temperature - high humidity, 
high temperature - low humidi'ty, low 
temperature - high humidity. There are 
marked differences lor each surfactant 
between the three environments 

Th surfactants in themselves were 
somew)1at phytotoxic in concentrations 
。f 0 .5 and 1.0 per cent (vj v basis) 
The rate of 0.5 per cent was equally 
ðS effective as higher concentratio"ns in 
all environments and, therefore, the use 
。f higher rates is not justilied 
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AGRICULTURAL ENGINEERING and 
STATION OPERATION PROGRAMS 

This report summarizes the major 
。bjectives and achievemen'ls of the 
Agricultural Engineering, Experiment 
Station Development, and Station Oper­
ations Programs for the period Sep­
tember 1968 to December 1973 

Experlmentll field layout, Development 
and Operations 

Aerial photographs and plans based 
。n aerial pho'tographs were made in 
1968 (Figure 1). Bench marks ware es­
個blished on a 300 by 300 meter grid 
and plane table mapping gave topog月­
phy accurate to 25 cm _ contou.r inter­
vals. These plans served as a basis t。
lay out the roads , drains and locate 
wells and irrigation systems . 

Experimental field layout and devel­
。pment as of September 1973 is shown 
in Figure 2. Accomplishmen'ts to date in~ 
clude the following: 520 hectares cleared 
。f scattered trees and brush; 36 
hectares cultivated without being lev­
eled; 264 hectares lexe1ed for irrigation 
and leached of exces5 salts, 34 hectares 
deveioped and fenced for grazing trials; 
100 hectares in commercial pastures; 
36 hectares in buildings and grounds 
around 'the bui Idings; 4.5 hectares of 
Tifgreen lawn and shrubs established; 
50 -hectares in roads , draÎns , fences , 
canals and field boundaries; 35 kilome­
ters all weather gravel roads construct. 
ed. 43 kilometers of drains excavated; 
35.5 kilometers of fence erected; 22.5 
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kilometers of earthlined irrigation canals 
made; 6 kilometers of irrigation canals 
lined w川、∞ncrete; 36,000 cubic me­
ters of reservoirs cons'tructed to retilin 
reserve irrigation water; 2,000 concrete 
pipes installed for roads , crossing drains 
ond canals; and 25,000 plants of "Fi­
que" Furcr... cabuya planted along 
drains, fences , and railroads to aid 
in weed control and to serve as bar~ 
ners. 

Organizational and staffing accom­
plishments have inc!uded a trac'tor pool , 
a unit work contract system and labor 
p∞ 1 ， and selection , training and sυp~r~ 
vision of personnel to manage and oper~ 
ate the station. As of 'the end of 1973 , 
the entire opera'tion was managed and 
staffed by Colombians. 

During 1973 a total of 400 hectares 
of land was prepared, planted, irrigated 
and harvested by the various research 
programs. Extra land and oquipment 
time was used by Station Operations t。
develop the s'tation , control . weeds , ob­
tain experience and cost data on com­
mercial production and to earn income 

During 1972 and 1973, the field oper­
ations produced 470 tons of rice on 
approximately 80 hectares. This project 
leveled the fields for irrigation , leached 
。ut excess 5a1t , provided training for 
rice and crop production trainees, and 
gave experience and da'ta necessary t。
develop a method of Con“nuous Rice 

' 
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Production complete with necessary 
modified eqυipmen t. This method has 
been described in a how-'to-do-it bulletin 
to be published in 1974 

During 1972 and 1973, assistance was 
given upon request to INIAP in Ecuador 
in the development and operations activ­
ities on the Boliche, Portoviejo, and 
Pichilingue Experiment Stations . The 
directors of these stations have visited 
CIAT's center and also ICA's Turipaná 
station. The development of the ro呵，
drain , and irriga'tion systems of Boliche; 
the drainage and irrigation pump; and 
the flood protection levees ‘ have been 
the topics of major interes t. 

A concentrated effort was made in 
19>73 to assist in the development alld 
。perations of the ICA-Turipan晶 Re­
search Center. Trac'tors and equipment 
have been purchased for the ICA-CIAT 
prog月m. Two former CIAT agricultural 
engineering trainees are working on the 
station. The continuous rice production 
system has been already implemented 
and 67 hectares of land leveled , irrigated 
and planted. 

A proposal for the development of the 
entire 1,400 hectares of 'the station has 
been made by the ICA Regional Director 
and supported by the ICA Director Gen­
era l. Loans from the Caja Agraria have 
been used for station developmen t. The 
harvest from rice 陪 Ids was sold and 
used to repay part of the loan 

Physical plant I呵。叫， Development and 
Operations 

In la'te 1968 and 1969 the basic de­
cisions were made on the physical plant 
An archi'tectural firm , consultinq en­
gineers , and contract。悶， were selected 
and made responsible directly to the 
Director General for the major build­
ings and their interior services. The 
agricultural engineer and physical plant 
sυperintender、 t t∞k over the responsi­
bility for services not directly contract­
ed or those in which CIAT was best 
equipped to carry out. 
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Air d吋Ing of nu... In v.rllc.1 wlr. mesh tr呵，

Major accomplishments directly con­
tributing to the development and opera­
tion of CIAT included 'the following: 
Establishing of maintenance shops, mod­
ifying old farm buildings to serve as 
offices and laboratories, development 
and operation of a motor pool with 
more than 100 vehicles, supervising the 
drilling of five major and ten small 
wells, supervising erection of 2,000 
KVA high tension electric mains , paving 
of main entrance and service areas, in­
stallation of ligh'ting system on grounds, 
design and construction of three large 
cold storage rooms , erection of four 
grain storage bins, installation and oper­
ation of a rice mill , construction and 
。peration of a sewage treatment plant , 
and modifìca't ion and repair of new 
construction after completion of the gen­
eral contract 

Related activities included installation 
of the telephone and radio systems , or­
ganiza'tion and supervision of security 
and janitorial services , construction of 
prototype equipment for re臼arch proj­
ec峙， and rep剖 r and modification of 
research equipment and installations 
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Tr.ining Program 

A training program has been carr ied 
。ut according to the needs 01 CIAT. A 
major effort has been to select and 
tr. in personnel vital to CIAT's develop­
men't and operations. These are listed 
as employees and not trainees but the 
training effort was 5t; 1I necessary for 
CIAT' s operat ions 

There is a shortage 01 persons qual­
if ied in experiment station development 
and operatìons. The work CQvers a 
broad range 01 activities. No short lor­
mal training is available 'to develop 
qualilied personnel even though there 
isa. real need . CIAT has atlempted t。
lill this need in several ways. 

At the initiation 01 CIAT's oroaram 
in 1969, one agronomist was trained 
as an intern by working on all stat ion 
development activit ies 10r more than 
。ne. year. He was later joined by a sec. 
。~~ ag!on,9mist and both were support­
ed by CIAT to complete mas'ter's d;,grees 
in agr icultural engin自ring ， with their 
research ahd thesi s work- on projects 
relat~ to drainageand machine~y. Since 
~omp!eting their' degrees in 1973, they 
have been empl。但d in the developmen't 

and operations 01 the ICA-Turipanå Sta. 
tion , in 1973. 

Si x recently graduated agricυItural 
engineers received intern 'training for 
six months in 1971. One was employed 
by ICA in experiment station operations 
and one was employed by INCORA t。
work in an irrigation and drainage 
project. Two were employed by univer­
sitìes and one by a technical school. 

During 1973 sho r't periods 01 obser. 
vation were provided to three direct。悶
。f 廿陣 INIAP Experiment Stations in 
Ecuador . They are now searching lor 
young Ecuadorian graduates to employ 
and to send lor training so that they 
will have trained assistants 

Agricultural engineering students 01 
the Universidad del Valle and the Facul­
tad de Agronomía de la Universidod Na­
cionol have been employed as temporary 
workers while on vacation. They are firsit 
assigned to work as irrigation labore悶，
tractor driver assistants , mechanic help­
ers, topography crew members, etc 
They keep a record and make a report 
。n their work which is accepted as part 
01 their degree training and 時間目前
an experience reference 
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TRAlNING and COMMUNICATION 

Completion and dedication 01 the new 
physical lacilities provided opportunity 
for closer integra'tion 01 thz behavioral 
sc:ence-oriented approaches to training 
and communication with the multidis­
ciplinary a口 ricuitural and development 
programs of the organization 

Alth。υgh trainees had been housed in 
the new training quarters from Sep. 
tember 1, the conference housing facil­
ities were used for the first time during 
Dedication Week; and the new simul­
taneous interpretation and other con­
f.úence equipment had first use an 
Dedication Day 

Thc Information Services s'taff not 
ooly planned and produced a number 
。1 publications appropriate to thz 
events, but worked closely with the 
tWQ major locai newspapers , each of 
whicn published special sections on 
CIAT lor circulation on Dedication Day 
The occasion was marked also by ex­
tensive television , film and radio covér­
age, with the Uni 'ted 5tates Information 
Agzncy producing a lilm 01 the event 
for circulation and use on television 
around th~ worid. 

Growth in the commodity programs 
was reflected in increases in the num 
ber 01 trainoes enrolled during thz year , 
159, and active p!anning for a series 
of international seminars and symposiû 
carly in 1974 

Funds tor the core and special activ­
ities in tra川 ing and communication 
came Irom 'the W.K. Kellog日 F。υndation ，
this being supplemented bγadditional 
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lunds Irom 't he core program plus sup­
port from the Interamerican Develop­
ment Bank lor thz production special­
ist training programs and the regional 
seminar on beans. To iJ n increasing 
extent, n iJ tiona) agencies provided direct 
support for a numb~r of traine~s ， the 
most notabie being 'the Government of 
Ecuad肘's complete lunding 01 a special 
trainlng program on secd produ::tion 
and czrtification 

Of particula r' significance was the 
。pportunity to cxpand the research and 
cvaluûticn activities to inc!ude û com­
prehensive study 01 lho C! AT training 
program with particular emphasis on 
the training of postgraduatc interns 
Results 01 thc study, being made avail­
abl.e in carly 1974, will proviöz useful 
guidelines for improving the cntirc 
training process from selection to utili日­
tlon 

CIAT accepted th~ lirst 01 what may 
b~come a series of undergraduate fourth 
year Dutch students in rural sociology 
who wili do their lield work in rural 
areas in cooperation with CIAT. This 
arrangement wì仙 Wageningen Univer­
sity is similar to that which has exist­
ed lor the past Ihree years in which 
studen'ts in ðnimal scicncc come t。
CIAT for 6 to 9 months 

Also encouraging has bzen the growth 
in interest among doctoral candidates 
and their degree-granting institutions for 
the candidates to spend from one 10 
two years a't CIAT, engaged in their 
thesis rcsearch. . 

a 
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TRAINING IN ANIMAL SCIENCE 

Specific trainirig activities- in beef 
and swine are reported in their re­
spective sections (seepages 55 and 142, 
respectively). 

TRAINING IN PLANT SCIENCES 

Commodity programs in the plant 
sciences continued to moye toward their 
established objectives in training and 
research. Numbers of trainees from 
countries outside Colombia increased 
substantially in pace with the interna­
tional contacts established by the 揖nlQr
staff. Seventy per cent of the research 
interns and production specialists came 
from other c。υntries.

Two additional training assistants 
received short-term appointments 。
the training staff: Mr. Néstor Tafur, 
agronomist , as a field instructor for 
the Crop Production Specialist Train­
ing Program (CPSTP) at Turipaná; and 
Mr. Guillermo Va lJejo, seed specialist, as 
field instructor for the seeds course 
(SPCSTC) at CIAT 

Specific training activities related t。
the commodities are described in the 
respective commodity sections. ln surn­
mary, the number of man-years of train­
ing provided in each of the commodities 
during the year were: Cassava 9.3 , Rice 
8.9, Field Beans 8.0 and Maize 4 .7 

Early in 1973, CIAT assisted INIAP, 
in Ecuador I to organize and conduct a 
five-month CQurSe in corn production 
for eight agronomists, with the base of 
。perations in Pichilingue, but using 
farms in the surrounding area 

Crop production speci.li.t training 
progr.m. 

In previous years this program con­
centra'ted its efforts on the organization 
and conducting of a 12-month courSè 
(CPSTP) on production of crops, pri­
marily beans, soybeans, rice, corn , 
sorghum and cðssava. Two such courses 
had been completed and a 'third one was 

started on March 1, 1973. This year , 
in addition , a new kind of production 
training was initiated on September 1, 
in the form of a Seed Production and 
Certification Training Course (SPCSTC ), 
limited primarily to the s.me crops .s 
covered in the CPSTP 

Crop production speci.list training 
course (CPSTC) 

The process of interviewing and ad­
mitting candidates initiated in the pre­
vious year was completed in January, 
1973 with the admission of 20 partici­
pants from five countries: Co\ombia 
(3 ), Dominican Republic (8 ), Ecuador 
(7), EI Salvador (1) , and Mexico (1). 

Recruiting action concentrated on 
two c。υntries ， the Dominican Republic 
and Ecuador, where there was evidence 
of genuine interes't to adopt the CPSTP 
model for f叫ure _ ~n~country programs 
to muitiply this effort 

The CPSTP seeks and tests innovations 
and methodology of training through 
an . .pproach that emphasizes the acqui­
sition of up- t。寸的e knowledge and skills 
with emphasis on learning by doing 
11 uses • combination of field act川ties
in the real life of agricultural commer­
cial production .nd classroom confer­
ence-d iscussion sessions led by specia­
lists in various commodities and disci­
plin.ry fields. Presently, emphasis is 
being placed on the applic.tion of tech­
nology, economics and communication 
to sm.ll-and medium-sc.le farm situa­
tions 

An initial 6-month phase of instruc­
tional field and classroom experiences 
。n the CIAT farm , under f.irly con­
trollable management conditions, pre­
ceded • second 6-month ph.se in 
which the tr.inee acquired fu r't her 
knowledge .nd exper'tise right on farm­
ers' fields of sm. lI- and medium-sized 
。per.tions on the North Co.st of Co­
lombi.. 

The distribution of time during the 
first six months was 60 per cent to field 
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。peralions and 40 per cent 10 conler­
ence-discussion sessions on subject mat. 
ler 01 crop technology, lield experi­
mentation, agricultural economics-farm 
management and communication. Fifty­
eight specialis'ts Irom CIAT, ICA and 
。可her institutions provided 346 hours 
。f instructional inputs in these confer­
ence-discussions. The 20 participants 
were divided into live groups , and each 
group was assigned a 10-hectare "small 
larm" within Ihe CIAT grounds. Each 
group operated its larm with produc­
tion of fields of beans, rice, corn , 50r­
ghum and soybeans. Separate lields 
were assigned for cassava and vege­
tables. 

The economic aspects of crop ma~­
agement were stressed toget.her w i'th 
the utilization 01 technology through。υt
the prodυction cycle 01 the crops and 
a costj benelit analysis was made al the 
end tò sel the stage lor critically eval­
uating the crop management decision­
making process, in the production .sys­
tem o( the small larms 

Toward the end 01 this lirst 6-mqnth 
phase, the group carried out .ð commu­
nication exercise in a rural develop­
menl project in the Cauca Valley and 
la'ter visiÚ~d a second similar proj~ct 
in the Río Negro .rea oi Antioquia . 

A major change in the c。υrse thís 
year constituted -the 'transler, in ,Sep­
tember. 01 its second 6.month phase 
to the area near Monterla, on the North 
Coasl 01 Colombia. The Turipaná re­
search cen'ter of ICA serves as a res卜
dence and operational headquarters 
The emphasis on lield activities was 
increased to 72 per cent of the time 
Fridaγand Saturday mornings were 
devoted t。∞nferenc←discussion and 
planhing sessions on the lield prob-
lems encountered in 'technical , socio­
economic and cultural issues. 

Moreover, the most important aspect 
。1 this second phase is that train­
ing takes place right in the larmer's 
real-life ecologic, socio.economic and 
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cultural environment that constitutes 
the “ agricultural production systems ." 
Each trainee ch。目前作。m 5 up 10 20 
farmers on individual or c∞pera'tive 
larms to work with and 10 learn Irom 
the farmers' experiences 

Although this course deals mostly 
with production t缸hnology through a 
communication approach , the pragmatic 
aspects of scientific experimentation 
constitute an important part of the ac­
tivities , Trainees conducted replicated 
experiments on their assigned C1AT 
plo'ts 01 land and later on the larmers' 
lields on the North Coas't with the ob­
jective 01 being trained in “ validation 
。1 technology" to insure that the tech­
nology offered for adoption can increase 
productivity lor the larmer 

Seed production .nd 咽rtlficatlon

tralnlng course (SPCSTC) 

In response to a request Irom INIAP, 
Ecuador, this 6-month instructional ex­
periment was started in September, 
1973. Six tr.inees participated, all Irom 
Ecuador. The same training approaches , 
as in the CPSTP, were used with heavy 
emphasis on providing opportunities for 
the acqυisition 01 new knowledge and 
skills in some 9 hectares 01 seed 
production pl。峙， entirely managed by 
the trainees under supervision of the 
instructors, as well as on commercial 
seed larms in the Cauca Valley 

The cooperation 01 the Seed Certili­
cation Program 01 the Colombian Agri­
cultural Institute (ICA) was obtained lor 
substanti.1 instructiona.1 inputs. In addi­
tion , four important priva'te firms pro­
ducing, processing and distributing seed 
in the ar'ea gave assistance and allowed 
1.9" periods 01 practice on their lields and 
plants . Twenty-eight specialists in vari­
。us disciplines participated in lecture­
discussion sessions (occupying one­
lourth 01 the course time) and field 
exerclses 
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COMMUNICAT1ON RESEARCH 
AND TRAINING 

The activities of this 50clal sciences 
unit were dedicated to training , eval­
uation research and consultation . 
Courses for production specialists or­
ganized by CIAT and the corn pro­
duction c。υrse organized by INIAP in 
Pichilingue, Ecuad。人 were supported 
Training programs and seminars were 
evaluated. Research was continued on 
the process 01 adoption and diffusion 
。f new ríce and carn varieties. Person­
nel participated in the consultation on 
the strategies lor change in ~he small 
farm areas in connec'tion with the 
Asociaci6n Latinoamericana de Desarro-
110 Rura l. 

Training 

With the purp。但。f giving an inte­
grated approach to 'the teaching 01 so­
clal sciences in the postgradυate cour­
ses lor prodυction specialists, part 01 
the lime of a research associate and of 
a research assistant was dedicated t。
reviewing the m~thodology and program­
ming 01 the c。υrses and~ 'to the produc­
tion - 01 teaching materiaJs on the de­
cision-making process, the concepts of 
information , communication , sociology, 
economics and administration. This 
effort provides trainees with a Irame 
。1 relerence on 'the role 01 technology 
in agricultural development 

The understanding 01 the agricultural 
realities also involves an υnderstanding 
。1 rural population. For this reason , a 
substantial part of the social sciences 
support was carried out during the 
months in which the hainees worked 
directly with larmers . 

The preparation 01 . the tra inees lor 
direct work with the larmers 01 the 
North Coast 01 Colombia was comDIe­
mented with exercises carried out in 
the Proyecto de Desarrollo Rural del 
Norte del Cauca and in the Proyect。
de Desarrollo Rural del Oriente Antio­
queño . The trainees exchanged inlor-

mat凹n and experiences with the three 
gr。υps that integrate these projects 
the I.rmers, the technicians and the 
representatives of the institutions in. 
volved in agricultural development 

In 1973, the crop production specia­
lists had 120 class sessions in social 
sClenc間 The trainees received written 
ma'terial on about 80 subjects 

Evalullion 

The Unit evaluates seminars and train. 
ing at CIAT. As lar as the seminars are 
concerned, the activities to measure 
achievement have been directed 剖 the
degree of communication and cooper­
ation exi s'ting among the participants in 
those events . The Unit tried to 1) con­
centrate the a t'tention of the participants 
。n the objectives; 2) to learn opinions 
about the restrictive factors , priorities, 
problems .nd solutions related to the 
main subjects of the se.rn inar in ques. 
tion; 3) 'to identily specilic ways 01 
inter-ins'titutional and inter"national co­
。peration through which the efforts in 
agricultural and Iivestock development 
can be ∞。吋inated and supported; and 
4) to determine the lail,úe and the 
success in the organization of seminars 
and courses in order to improve future 
even'ts 

Re揖arch on Tr副ning

CIAT monitors and studies the prog­
ress of its various training programs 
in several ways. 州。st are casual and 
lairly limited in scope. In 1973 a larger 
study 01 tra ining was undertaken - at 
CIA 1's invitation by a person lunded 
by the Foreign Area Fellowship Program 

The study concentrated on thr曲 main
populations: trainees at or near the 
end 01 their peri.od 01 study at CIAT, 
的。se who had been back in their home 
countries for a year or more and thus 
with a view tempered by 倒penence，
and the senior staff who had directly 
supervised the majority 01 the trainees 
Both the production specialist groups 
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and the rêsearch j production interns 
wera considered. Major focus was given 
to the researchjproduction interns in 
the overall study as they are the largest 
group and represent the widest variety 
。f training experiences 

AII trainees faWng within thes. 
definitions were taken as the study pop­
ulation and data was obtained on 74 
per cen t. In addition 'to findings on 
questi。肘。n specific items, indices of 
utilization and satisfaction and a com­
bination o f. the two , were constructed 
from a series of qυestions. Some of the 
major findings include the following: 

R...ruitment. The major problem 
iden'tified in recruitment 'was the lack 
。f and vagueness of pre.interview infor­
mation for potentiaJ candìdates and ins­
titutions 

S.lection. There was a notable shift in 
the importance 01 the sending institu­
tions in selecting more recen't trainees 
(those just departing) and those select. 
ed earlier (the lormer trainees). Where­
as 27 per cent 01 th.e lormer interns 
thought their institutions had had a 
prìmary role in 'their selection , this rose 
to 43 per cent among the departing 
interns. Similarly, 24 per cent 01 the 
early trainees thought that their institu­
tions had no involvement in the process 
bu't this dropped to less than 2 per cent 
among thosc departing 

Training. The participants in CIAT's 
training program indicated they would 
preler m。悶。rientation on their arriva! 
at CIAT, especia"y to the programs and 
。bjectives of the institution as a whole 
and to its personnel and physical plant 
Many would like to 5甜 more direct 
involv.an、ent with the smalier farmers. 
more study 01 their methodologies and 
possible improverr市nts at that lev剖，
tmd grea'ter opportunity for trainee par. 
ticipation in such work. The use of some 
junior staff in training roles seems t。
have been 出nelicial lor both the 
trainees and the staff members and 
well recogived by the trainees 
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The trainees were generally satisfied 
with the I..ngth and level 01 training 
They most commonly indicated the lack 
。1 a specilic training plan as the greatest 
。bstacle to getting the most 。叫。1 it , 
的lIowed by lack 01 adequate personal 
reJationship with the supervisor. 

PrecticaJ experience was by far the 
dominan't ch刮目 among all trainees as 
the most valuable aspect 01 the train. 
ing period. A year in the lield seems 
to generate an increasing appreciation 
。1 the practical experience at CIAT as 
the most valuable part 01 the training 
period; i.e., while only 24 per cent 01 
the departìng trainees cited this as most 
valuable (still the biggest single cate 
gory); 38 per cent 01 those in the lield 
for a year or more put it at this Jevel 
The rating for experience in research 
dropped Irom 14 to 6 per cent (which 
may suggest that many trained in re­
search are now in ex'tension , production 
。r admìnistrative roles) 

Post-C IAT activlties. The types 01 
institutions in which former trainees 
are now occupied incJ ude . Government 
agricultural institutions, 67 per cent; 
agro.business , 11 per cent; bank or 
credit ins'titutions, 6 pcr cent; and uni­
versity or college, 17 per cent. 

At least one lifth 01 the trainees in­
dicated their posi'tions are highly res­
ponsib!e and involve the supuvision of 
many people. About hall list research 
as one of their primary activities fol­
low-ad by administra'tion , extension and 
training 

The trainees gave a high evaluation 
。1 the opportunity while at CIAT t。
meet other workers in the region. Nine. 
ty-three per cent indicate they have 
since had some con'tact with such new 
acquaintances and 74 per cent of thesoe 
were to some extent professional in 
nature. 

Utili:.:ation. In estimating the degree 
to which they bel ieve they are opplying 
their training in 'their work , 59 per cent 
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indicated extensively, 27 per cent _sai.d 
modcrateiy, 10 pe昕r c扭en叫t t叭h珀叫。趴ωught Ii tt1e e 
was appiic臼.b圳Ic and 4 per cent none 
Those giving 1 i川tt叫Je or nor仟、暐'3 included 
somγn、e dis目s.剖ti悶slied with the t廿r.剖10川】ling and 
others i n ac' 
is superf刊luous

Nin:ty-two per cent le1t they had 
mu!tiplied the ellect 01 their training 
to a moderate or la rge extent 

CONFERENCES AND SYMPOSIA 

Conferenc'9s and Symposia became 
ë:! ctively involved in the prepara~ions 
lor Dedic.tion Day Activities centered 
around making ready the new lacilities , 
consisting of six conference rooms wi'th 
cap.cities ranging Irom 20 to 150 par­
ticipants, .n amphitheatre with lixed 
seating lor 192 lor special .Iectures and 
exhibit~ ， and !arge registration , admin­
istrative, exhibi't and coffee-break areas 

By the tíme of inauguraticn , the new 
lacilities wer3 almost completely lur­
nished and equipped with a six-channel 
simultaneous interpretation systern , a 
recording studio and audi()-visual equip­
ment 

Beforc these ins't'allations were ope­
rat ional , however , a !arge intern ational 
s-eminar was carried out at the Inter 
Continenta.1 Hote l. On February 26 
thr凸ugh March 1, participants me't lor 
a seminar on "Thc Potentials lor Fie1d 
Beans and Other Food Legumes in Latin 
America and the Caribbear、

From an adm inistrative point of vicw , 
this 自minar was probably the most 
successfυI of somc 10 internatìonai 
events held to da'te . 1 t was rounded 011 
by an efficient eval uation of o~jectives 
and accomplishm.er巾， a professional 
editing and publishing 01 proceedings, 
ond a summing up of conclusions and 
recommendations which was followed 
up by a post-s.aminar meeting of a spe­
cial committee 怕 identily the course 
of action 

October 12 also marked an impo r'tant 
turning point lor Conlerences and Sym­
posia. The new lacilities that were 
dedicated on that day immediate1y set 
a new perspective on the program's 
activities . It was then in 'the position 
to broaden its national ðnd internation­
a1 scope to the extent that it cou1d 
make them avai1ab1e lor international 
seminars and symp的ia. More impor­
tant , it opened the lie1d lor C1A1's 
program 1eaders to p1an .head lor lu­
ture opportunities 'to bring together 
scien'tists , policy makers, administra­
tors and other peop1e who .re active 
in their respectiv~ commodities，他r the 
active interaction , exchange of experi­
ences and diffusion 01 decisions , tha't 
make up such an important part 01 
C1A 1's mission 

In early December a national Seminar 
。n Food and Nutrition , sponsored by 
UN1CEF , was he1d at CIAT with m。同
than 150 p.rticipants 

Thc 1argc interest shown in the con­
hren ç.e faciiities , both w i'thin and out­
sidc C1AT, has 1ed to the estab1ishm~nt 
。1 a po1icy by which they wi11 be .s­
signed, lirstly, to the supporting 01 
C1A1's programs and objetives and , so­
cond\y, to use by organizations with 
similar aims; namely the agricultural , 
socia1 and economic deve10pment 01 
countries. 

1NFORMAT10N SERV1CES 

Information Services activities in­
cre.sed in 1973 as a resul't 01 the expan­
sion 01 CIA1's research and training 
programs. This unit a1so served the 
expanded activities in conferences and 
symposia and other operational units 
。1 C1AT. 

The estab1ished pub1ication series 
are: technica1 bu1 1etins, inlormation 
bυ11eti肘， relerence bu l1etins , the semi­
nar series, 'the news1etter " Noti-C1AT" 
and the annua1 report. Most 01 these 
series appear in Spanish and Eng1ish. A 
weekly internaJ information medla, "Ci-
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tas del CIAT", has circulated among 
CIAT's employees lor more than tw。
years 

The preparation 01 charts, graphs 
and other visυal ðid ma'terials increased 
notably in 1973. The production 01 
printed material also showed a marked 
increase in the year , both 01 internal 
documents and 01 CIAT's series 01 pub­
lications . 

The Photography Unit processed near­
Iy 8000rde悶 some 01 these individual 
。rders represented the production 01 
50 or more slides or enlargements. A 
classilied negative and ph。可。 contact
collection ha's been started. Also, a 
classilied collection 01 color slides is 
being made 
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AII 1 nlormation Services personnel 
were d目ply involved in CIAT's inaugu­
ration activities. There was an extraor­
dinary demand for editorial , artistic 
and printed work in prepar.tion lor 
the inauguration. In connection wi'th 
this event, several press releases were 
prepared and distributed and , on Inau­
guration Day there was adequa'te hand­
ling 01 local press , radio and television 
representatives 

Information Services cooperated wlth 
two Colombian television networks in 
the produc'tion 01 two documentary 
lilms , one about CIAT itsell and the 
。ther about all CIAT-ICA research pro­
grams. The latter lilm will be linished 
early in 1974 

• • 
4 

4 



Table 1. CIAτTroinets appointed 祖d/帥 completed t rainin.c. Janua叮 1， 1973 to December 鈍. 1明3

By Category oC Train1ng, Country, and FJeld 

Months Training Stat山山
Completed in 1973 December 1973 

(C = CompWedl 

F
LV
F
IMP

iuP

IM
PUF

LUF
IMF

IUFUP

IMp

-MFUFLVPUF

LVF

LVPUFLFUFUF

LVFUFLVFUFMF

UPUP--

FL 

MH

H

HH

H
H 

l276255222654455I222132595825 

Program/ Subject 

Cassava/ Ag. Economics 
Beef/ Past. &: Forages 
Beans/ Plant Pathology 
-Soils Microbiology 
Maize 
刮目

一18曲的
Maize 
Cassavao 
一/Soil s Microb岫logy
Maize/ Production Systems 
一/8曲ns
B甜f/Pas t. &: Forages 
Sw!oe 
一βoils Microbiology 
Swine 
Cassava/ Plant Pa曲olOiY
一IWeed Con trol 
-/W目d Control 
一/Beans
Swine 
Rice 
Rice 
M刮目

Cassava/ Aa: . Economics 
Ricc 
Cassava-/ Plant 
Maize 
B揖f/Pas t. & Forages 

Pathology 

C，駕mtry

Colombia 
Co'ombia, 

Ecuador 
Guatemala 
Colombia. 
Hocduras 
Ecuador 
Colombia 
Colombia 
Italy 
Colombia 
Honduras 
Colombia 
Bolivia 
Mexico 
Colombia 
Colombia 
Colombia 
Btazil 
Guatemala 
Colornhia 
Braz il 
Paraguay 
Ecuador 
Colombia 
Honduras 
Co!ombia 
Colombia 
Mexico 

Name 

Postgraduate 'nterns 

Arias , Diego 
Argel , Pedro l osê 
Armij曲， Fernand，。
Aguilera , Roland。
Betancourt, Luz Helena 
Badía, Annand。
Buestán , Héctor 
Castro, Edaar 
Calderón, Humberto 
Cavallo, Renato 
Ca益。恤， Gon且10
Daccarett, Isa Vfc lOr 
Escobar, María Delia 
Florez, Zacarías 
Fuentes , Margarita 
Guerrero, Marco Fidcl 
Herrc間， Carlos A. 
HUftado, Joaqu(n 
Lovato, Luis Albert。
Leiva , Oscar René 
Mejia, Luis Omar 
Miran曲， Beatriz 
Mayeregger, José 
More間， Juan Francisc。
Mo1ina , Hugo 
OrlCaa , José César 
Oliveros, Bealriz 
Posada , Luis Fernando 
Pércz, Jorge 

M
ω
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MO l1 tlts Traini l1g Srattls as 
Comple:ed;11 1973 December 1973 

(C = Completed) 
Pro:;.n :m / S lI b ject CO~/Il try Name 

c
c
c
c
c
c
c
c

一

一

12 
2H 
4時

3 
10 
JO Vz 
6時

3 
3 
3 
4 
3 

6 
3 
6 
3 
3 
9 
6 
6 
m 
5 

Cassavaj ProductÎon Systcms 
Rice 
M刮目/Production Systems 
一jWeed Ccntrol 
一/Entomology
一βocial Sciences 
Cassav~ jAR. Economics 
Maize/ Production Systems 
Ricc 
Swinc/Production 
s、.....incj Production
Rice 
Swine 
Cassava/ Ag. Economics 
Beans/ Ag. Economics 
BeefjAnimal Pathology 
Beans 
Swinc 
一jWeed Control 
Swinc 
一jStation Opcrations 
Beef /Pas t. & Forages 
Rice 
一/50ils M時robiology

Systems 
Systcms 

Perú 
Braz i1 
Colombia 
Ecuador 
Ecuador 
Colomb岫
Colombia 
Colombi <l 

Guatemala 
Bo!ivìa 
Perú 
Brazil 
Guatemala 
Colombia 
Colomb岫
Bolivia 
U5A 
Ecuador 
Per白
F.cuador 
Colombia 
Ecuador 
Brazil 
Ecuador 

Poslgradtlate Inten1s 

Rosas , Juan Carlos 
Schcrer, Clovis 
Sandoval. Antonio J 
Veloz, Alfredo E 
Vera , Vinicio 
Vidarte, José 19nacio 
Varón , Uldarico 
Zuluaga, Guillcrmo 
Alburez, C訂'的

Castedo. Antonio 
Camacho, Carlos Al bcrto 
Dos Santos , Daniel C 
De Le6n , Rony 
Escobar, Rodrigo 
Gutiérr血， Uricl 
G::lßclla , Héctor 
Kuencman , Eric 
Moscoso, Patricio 
Mcs陷， Rubén 
Oliva , Francisco 
Ote間. Carlos Eduardo 
Quintero, Bolívar 
Tcixcira , Gcr~ldo 
Zambrano, Oswaldo 

c
c
c
c

一
一

12 
5 站

3 
3l-7 

12 
4 
3 
7 

12 
12 
12 

一/Entomology
- Swine 
-/ Ag. Engineering 
一lAg. Engineering 
一jAa. Economics 
Rice/Plant Pathology 
Swine/Nutritîon 
一/Ag. Econornics 
B田fjAnimal Palhology 
-Weed Conl rol 
一lAg. Economics 

Colombia 
Costa Rica 
Colombia 
Colombia 
Colombi,l 
Colombia 
Ecuador 
Colombia 
Colombi <l 

Perú 
Colombia 

Researclt S c1IO:ars 

Agudelo, Fernando 
Caldcrón , Fernando 
Lasso , Héctor 
Urrea , Augusto 
^Ivare-l. Camilo 
Castaño, Jairo 
Celleri，、Nalter
Garc悶， Adriano 
Guzmán , Víctor Hugo 
Lucena, Juan Manuel 
Rivas, Libardo 
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九t/onths í'raining Status as 
Completed in 1973 December 1973 

(C ~ Completed) 
ProgramjSubjec! COLlI1 trv Name 

3222 

II 

BeefjAnimal Health 
SwinejNutrilion 
一IHorticultu間
一IAg. Economics 

Colombia 
Colombia 
Colombia 
Colombia 

c
c
c

一
一
一
一
一
一

A 
7 

17. 
5 

10 
7 

iO 
1 時

12 
3 
時

12 

Beefj Pas t. & Forages 
一1Ag. Engìneering 
一lCommunication

I So i1s Microbiology 
一jWeed Contro) 
Cassavaj Bactenosis 
Beans 
Swine 
Ricej Physio'ogy 
Beefj Pas t. & Foralles 
Beansj Production Systems 
Cassavòl 

Australîa 
Colombia 
United Kingdom 
Ghana 
Ecuador 
Nigeria 
United Kingdom 
Germany 
Germany 
Germany 
Germany 
Unilcd Kingdom 

尸
i
v
F
a
u
n
a
u
p
u
p
l
v

戶a
u
p
u
p
-
v
p
u
p
u
p
-
v
p
u
r
-
w
p
u
p
-
u
p
u
p
-
v

4恬

4 ~位
4時

3 
4時

4地

4Vl 
4 !Æ 
4Yz 
4吋

4的

4Yz 
4 !Æ 
4吋

7Y.í: 
4 ，生

LPSTP企

LPSTP 
LPSTP 
LPSTP 

,LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 

、 LPSTP
LPSTP 
LPSTP 
LPSTP 

Dominican Rep 
Colombia 
Colombia 
Bolivia 
Colombia 
Dominican Rcp 
Colombia 
Paraguay 
Honduras 
Mexico 
Colombia 
Colombia 
Ecuad01' 
Paraguay 
Colombia 
Ecuador 
Mexico 

• Uvest血k Production Specielist Training Pr呵，.m

Research Scholars 

Rueda , Can、 ilo
Santos, Jorgc 
VilIegas, Guslavo 
Zuluaga, Her了lando

Research Fellows 

Ferguson , John 
Ro袋" Gonzalo 
Fitzsimons, John 
Danso , Seth 
Gabela, Francisco 
Ikotun, Babatunde 
Kel1 y, Jamcs 
Kleeman , Gunter 
Leihner, Dietrich 
Schultze.Kraft, Rainer 
Stolberg, Alexander 
Wholey. Douglas 

Production Specialists 

Alvarez, José A 
Campos , José Yezid 
Camacho. Antonio Josê 
Cu已l1ar， Adalberto 
Echeverry, Huberman 
Gil , Juan 
Guzmán , Silvio 
MorcJ , Juan Andrés 
Narvá間， Ramón 
Olvera. Eduardo 
Pácz, Pedro Alirio 
Parr;;l-, AlbcrlO 
RO:Iquillo, Scvcro 
Rodríguez, Anlcnio 
Sicrra , Rcyes M~nueJ 
SantiJJán. Raúl 
Villarreal , Ricardo 

M
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MAD 

Completed in 1973 December 1973 
Mont1ls Training Status as 

(C = Compleled) 
Progfom! Su b jec r Cow1t ry Name 

c 

c
c
c
c

一
一
一
一
一
一
一
一
一
一
一
一
一
一
一
一

333333333339333 

55558899999999999899 

LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 
LPSTP 

CPSTP會

CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 
CPSTP 

Colombia 
Perú 
Dominican Rep 
Paraguay 
Pcrú 
Salvador 
Ecuador 
Bo1ivia 
Dominican Rep. 
Dominican Rep 
Paraguay 
Colombia 
Bolivia 
Colombia 
Paraguay 

Dominican Rep 
Dominican Rep 
Mexico 
Dominican Rep 
Ecuador 
Ecuador 
Dominican Rep 
Colornbia 
EI Salvador 
Dominican Rep 
Dominican Rcp 
Dominican Rep 
Colombia 
Dominican Rep 
Ecuador 
Colombia 
Ecuador 
Ecuador 
Ecuador 
Ecuador 

Production Specialists 

Acebcdo, Fernando 
Alva, Alejandro 
A吋as， Ramón 
Bogado, Benigno Andrés 
Bardales , Enrique 
Bergan間， Maximiliano 
Carrión , Freddy 
Cort凹， Miguel 
Montán , Ti rso 
Ravc1o, Guillcrmo 
Riveros , Antonio 
Salazar, Jairo 
Velasco , Francisco 
VilIea:as , Carlos 
Villalba, Juan Francisco 

Florencio, Carlos D 
Guzmán , Juan Antonio 
L6pez, Elías 
Rodríguez , Nelson 
Alvarado , Aquiles 
Carcelén , Raúl 
Bello. CÐ r10s Nelson 
C;: s tt刃， Luis Jorge 
Cea, Jaime 
Cami~o. Anlonio 
Díaz, Rarael 
Dc León , Rodolfo 
Herrc悶， Fernando 
Jiménez, Ramón Anloniú 
Livingslon , Jorae 
Pércz , Germán 
Ruiz. Arturo 
Venegas, Fausto 
Valverde. Félix 
Veintemilla , Manucl 

。 Crop Pr呵uction Speciðlist Trðining Pr呵"m
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Mo川的 Trainiltg Status as 
Completed il1 1973 December 1973 

丘三笠竺巫坐坐
333

333 

Progranl / Subject 

Seed Produc訕。n
s自d Production 
Seed Production 
Seed Production 
Seed. Production 
seed Production 

Country 

Alvara曲， Juan Robert。
Balarezo, Sergio 
Medrar咽. Néstor 
Puga , Wilson 
Qωmi ， Freddy 
Sarmiento, Walter lván 

Ecuador 
Ecuador 
Ecuador 
Ecuador 
Ecuador 
Ecuador 

No.me 

c
c
c
c

c
c
c
c
c
c
c
c
c
c
c
c
c
-
cc

一

H

H

HHHHHHH 

32271213l3253225 
B自f/Production
-Station Operations 
一lWeed CoDlrol 
- / Electronics 
Beef/ Past. & Forales 
Ri屆
BeefjAnimal Health 
Beef/ Production Systems 
B目f/Past. & Foraa:es 
B自f/Past . & Foraa:es 
一/Station Uperations 
B揖f/Animal Breedinll 
Rice 
一/Library Scìence 
Maize 
一IEl配tronic Mìcroscopy 
一IStation Operations 
Ag. Production Systems 
一fAg. Economics 
一tSoc ial Science 
Beef/ Past. ð.! f oragcs 

Colombia 
Ecuador 
Vcnezuela 
CoIombia 
Netherlands 
Fran目
USA 
France 
Netherlands 
Canada 
Ecuador 
USA 
France 
Colombia 
Nepal 
Colombia 
Ecuador 
Netherlands 
Colombia 
USA 
Neth~rlauds 

Specia[ Trainees 

Amador, 19naci。
Bermúdez, Fa口mdo
Carvallo, Gustavo 
Camacho, Daniel 
Faber, Luitzen 
Fran口1I0n， Philippe 
G。間， Tom 
Hen缸.d缸， Philippe 
Jansen , Hendri k: Ja.n 
Lazier, John Robert 
Matamoros, Jora:e Eduardo 
01且n， fimothy 
Pochard , Francois 
Ri曲， Nora 
Shakya, Purna 
Tascón, Anaela 
Valverde, Francbc。
Coppes , Adolph 
Marlln缸， Jaime 
Morris , Roberto t: 
R曲leveld， Alex.ander 

MA-



T見ble 2. CJAT Trainees appointed andjor comple悟d training 
Janu'il叮 1 ， 1973 to December 缸， 1973 

Total 

4

的
3
m
I
Z
6

叩

2
7
1
2
2
2
4
n
m
6
3
1
1
1
2
5
1
5
1
2
2
l
2
1
1
1
1
1

By Field 01 Specializalion and Calegory 01 Training 

Productiorr Researcl1 Research Special 
ln-Service Specialisl Fellow Scholar 

2 

3 

211II1 

4 

2 

41211 

2 

2 

206 32 

4634144824lIII-

4 

Cassava/Ag. Economics 
Rice 
M刮目jProduclion Sys tems 
Beans/ Plant Pathology 

Beefj Pas t. & Forages 
Soils Microbiology 
Beans 
Swinc 
Cassavaj Planl Pathology 
Weed Control 
CassavajProduct ion Systems 
Entomology 
Social Scíencc 
BeefjAnimal Pathology 
Station Opera tions 
L叭!cs t但k Production 
Crop Production 
Seed Production 
Ag. Engineering 
Communication 
Cassavaj Bacleriosis 
RicejPhysiology 
Cassava 
Maize 
BeansjAg. Economics 
Ag. Econornics 
Rice jPlant Pathology 
SwinejNutrition 
Beef/Anirnal Hea1th 
Horticulture 
Beefj Production 
Electronics Maintenance 
BeefjAnirnal Breeding 
Electronic Microscopy 
Library Science 
Ag. Production Systems 

159 21 15 12 58 53 TQTALS 

4 Table 3. Trainees processed by CIAT classitied by lieJd of speclall圖“開
January 1, 1973 個December 缸， 1973 

Total 

Agriclll- CO I1l INUU 

Itlral ;cati.οn 
E，.，gi t1 eer~ Svcial 

illg Scie l1ce 

Field 01 Specializaliolt 

叫
叫
峙
口

2,
3t 

VMbm Ama--
Tra ;,.r(! (! Calegory 

3825l 55112 

Otller 
Fields 

123 
5 

A l1imal Plant 
Scie l1ces Scie l1ces 

36745 32 32358 11 
ln-Service 
Production Speciali<6 IS 
Research Fellows 
R臼earch Scholars 
Spccial 3 

4 

• 
159 

242 

3 3 7 \0 75 61 



Trainees processed by .'CIAT cl間s1f1ed by country ot orJ斟n
January 1, 1研3 個 E悟cember 31, 1973 

Table 4 

Total Training Category Cou n. try 

304416556641131143214311-9 5315 

1 

ln.Service Productior. Research Research 
Specialist Fellow Scholar Sp缸ial

5
3

一
一
一
一，
一
一
一
-
3
一
一
一
一
一
一
一
一1
4
3
1
1

12 
I 

1 

1 

一

一
一
一
一1
3
1
1
4

一
一
一
一

的
“
一
1
-
3
3
-
5
2

一
一
一
一
一
一

-
u
2

n9431325131 
Colombìa 
Ecuador 
Guatemala 
Honduras 
Italy 
Bolivia 
Mexico 
B問世I

Paraguay 
PeTÚ 
USA 
Costa:‘ Rica 
Austr告lia
United Kingdom 
Ghana 
Nigeria 
Germany 
Dominican Republic 
Salvador 
Venezuela 
Netherlands 
France 
Canada 
Nepal 

21 15 12 58 53 TOTAL 

Table 5. Trainees in trainlng during 19呃， completcd traini啤岫 19'73， and contlnuinc in 
1974 

Tolal 

53 

Co叫間帥n8
i n. 1974 

16 

Completed 
in 1973 

37 

Classilicaliol1 

In-Service Interns 

Production Specialists 到36 22 

15 11 4 Rcsearch Scho)ars 

12 9 3 Research Fellow5 h 
Special 

TOTAL 

21 

159 

243 

2 

74 

19 

85 
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LlBRARY and DOCUMENTATION SERVICES 

In its three ye.rs 01 operation , the 
CIAT Li brary has accumυlated an 'p­
proxim.te 'tot.1 01 23 ,000 volumes. The 
journal collection .t present st.nds .t 
1,100 titles received regularly. AII t~ese 
public.tions lollow the .reas 01 CIAT's 
specific in'terests 

The CIAT Libr.ry performs the regu­
I.r lunctions 01 • specialized libr.ry 
but , in .ddition , it oper.tes • Docu­
men'tation Center initially specializing 
。n c.ss.v. but gr.du.lly covering other 
lields. It .Iso provicles • current .w.re. 
ness service of journal tables of con. 
tents 

00ωmentation Center 

For • tr.dition.1 libr.ry, the "unit 01 
inlorm.tion" is usu.lly the book .nd 
thus the identilic.'tion .nd descriptive 
c.t.loguing .re restricted to the book 
tit 峙， .uthor, .nd • gener.1 subject m.t. 
ter classific剖 ion. A Documentation 
Center, on the o'ther h.nd , goes int。
.n.lyzing the content 01 public.tions 
with the purpose 01 producing • surro. 
g.te 01 the documen't (usu.11γ ， some 
lorm 01 .n .bstr.ct) together with .n 
appropriate mechanism for retrieving 
information a't a more specif閃 level 01 
description . Th咕咕 υsu.lly .ccom­
plished through the use 01 key.words or 
descriptors. At CIAT, • C.ss.v. Inlor­
mation Center is operated alon9 these 
lines. 01 the estim剖ed 4,000 documents 
ex is ting in the world On this crop, ap-
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proxim.tely 3,500 have been identilied 
and purch.sed by CIAT .nd 。先r 3,000. 
are alre.dγat the Li br.ry. The Center 
produces abstract c.rds on these docυ­
ments and an interior-punched card sys­
tem is used lor retriev. 1. At present, 
.pproximately 1,500 cass.va documents 
h.ve been lully processed. Abstr.ct 
cards are periodic.lly distributed t。
about 100 cassava scientists in 'the 
world who 'then can purchase xero­
copies 01 the origin.1 documents .t cost 
Retrospective searches are al50 pro­
vided on request. This service is partly 
fin.nced under • speci.1 project .rrange. 
ment with the Intern.tional Develop­
ment Rese.rch Cen'ter, IDRC, 01 C.na­
d. , limited to c.ssava. Through special 
agreements with some CIAT scientis峙，
however, this service is being expanded 
to other areas , such .s Animal He.lth 
.nd the Bean Progr.m. The expertise 
01 scientists themselves, therel。時 IS
υtilized by the CIAT Libr.ry lor key­
wording documents .nd some .ddition­
.1 cleric.1 help to support dther rou­
tine activities involved is also given by 
individu.1 CIAT progr.ms. A p.per de­
scribing this service more thoro':lg~ly 
w.s presented by the Director 01 the 
Li br.ry .t the Third Internðtional Sym­
posium on Tropic.1 Root CIOpS which 
took place in Ib.dan, Nigeri., on De­
cember 2-9, 1973. In this paper .n 
announcemen't was made of the pcssi­
bility of subscribing to this service at 
a nominal annual cos t. 

司
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Content pages 

Frequently, scientists allocate only a 
minor portion of their time to library 
consultation. From the behavioral stand­
poin't this is not surprising since the 
so called "information expl的ion" makes 
literature searching a tedious and frus. 
trating experience for a scientis t. In­
formation specialis峙， therefore，的。uld
take charge of this task and r'elease 
the scientis!'s time by filling in the 
bulk of his informat的n needs 

On the basis of personal selection 
。f those jourr祖 Is a scien'tist would reg­
ularly review, the CIAT Library and 
Documentation Services provide copies 
。f journal contents tables so articles 
can be selected from them individually . 
Scientists mark On these copies those 
articles they would like to read and 
xer。∞pies are forwarded by the Li­
brary to them on a monthly basis. There抖
fore, this service bυilds a collection of 
reprints in each scientist's office which 
can be used regularly by him , his staff, 
and students 

During 1973, approximately 150 
scientists from CIAT, the ICA Experi­
ment Center at Palmira, and the ICA 
Veterinary Science Laborato r'ies in 80-
gotá and Turipaná (LlMV and Ll VET) 
received this service regularlγAs a re­
sult, these scientists purchased Qver 
5,000 articles during 1973 for a total 
。f 52 ,973 pages of technical Hterature 
The Library, on the other hand, distrib. 
uted 19,172 copies of contents pages, 
thus giving a total 01 72,145 paoes 
xerocopied in 1973 within this service 

As a byproduct 01 this service bib­
liographies 01 those a r't icles selected 
by a CIAT commodity 'team are pub­
lished monthly for wider distribution in 
the world . These commodity bibliog月­
phies are called the CIAT Library Letter 
and, at present, four are being pυb. 
lished: Beans, Beel, Swine, and Maize 

Further developments in documentation 

Although 'the CIAT Library and Doc. 
umentation Services have had initially 
as their primary 90al that of serving 
CIAT scientists and students, the inter­
nationaliza'tion of these activities has 
followed almost as a necessary conse­
quence . The volume 01 inlormat咱n pro­
dυced in the world at present is such 
that it would be practically impossible 
for any information center alone to 
provide a totally comprehensive ∞ver­
age. Consequently, there is a tendency 
to have informal networks among in­
formation centers on the b~sis of recip­
rocal interchange 01 川formation and 
servlces . 

Recently, however, there have been 
several attempts t。他rmalize 't hese s。
called 叮nvisible coll甸的" so as to avoid 
duplication of efforts and expand the 
coverage of .líterature to those areas 
presently being neglected precisely be­
cause of lack of a formal organization 
。1 networks . One such attempt is the 
AGRIS project , sponsored by FAO, in 
which Cl AÌ' participates as a Level 2 
center 

AGRIS is organized into a central 
coordinating body 1配ated in Rome and 
two inter-connected networks of Level 
1 and Level 2 cen'ters. Level 1 centers 
artempt to collect and broadly classily 
all the literature produced in the world 
in agricutture, in order to make it av制 1-
able to Level 2 centers which will d。
the in-depth analysis by specialty and 
adopt a system 01 retrieval compatible 
to ;'11 other centers. Therefore, Level 
1 centers are organized on a geograph­
ical basis, while Level 2 centers are 
chosen in terms 01 their capacity t。
analyze the literature by discipline or 
commodity 

In addition to participating in this 
type 01 in.ternational projects, docu­
mentation activities at CIAT are grow. 
ing through I帥d﹒ 1 projectl. A proposal 
has been presented to the Ford F。υn.
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dation lor the establishment at CIAT 
。1 an Agricultural Economics and Rυ­
ral Development Inlormation Center 
(CEDEAL) similar to the Cassava In­
lormation Center described above. Peno­
ing approval 01 this proposal , CEDEAL 
will start its operation early in 1974 

Public.tion. 

In add山。n to the CIAT Llbr.ry Let­
ter described .bove, the lollowing se­
ries are being issued : 

The CIAT Library 鈍rl﹒1. C.t訓。gue.
An annu.1 publication describing the 
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contents 01 CIAT's journal collection 
This publication is the b.sis lor the 
Contents Pages Service .nd lor any cop­
ying service th.t the Library may offer. 

The Bibliographic 5.ri... A com­
ence and awareness 'tool for scientists 
as well as a valuable selection criterion 
lor other speci.lized libr.ries especially 
in L的in America. 

The New Acqui.itions Li.t. A refer­
prehensive C.ssava Bibliogr.phy con­
t.ining .11 c.ssava abstracts in the Cas­
sava Inlormation Center will be pub­
lished in 1974 within this series 

4 
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FINANCE 

Cα 

To the Board of Trustees of 

Centro Internacional de Agricultura 
Tropica1 (CIAT) 

APARTA曲 AE IIEO 18 0 • C叫 . ，。心岫A

Apr i1 1, 1974 

1n our opinion , the aecompanylng balance sheet and the re­
lated statement of revenue and expendltures and unexpended funds pres­
目前 fair1y thefinancia1 position of Centro Internaciona1 de Agricu1-
tura Troplca1 (CIAT) at Dec間tber 況， 1973 and the resu1ts of its op前，
atlons for the year, 1n conformity wltb general1y accepted accounting 
principles app1ied on a basis consistent with that of the preceding 
year. Our exa且inatlon of these statements was made 1n accordance with 
genera11y accepted 晶晶iting standards and according1y inc1uded such 
teats of - the accounting records 自ld 8uch other 風且ditlng procedure8 a8 
we cODsidered necessary 1n the clrcumstances. 

Our examinatlo~ 8180 encompa8sed the 8chedules of analyaia 
。f grants and related expenditures , earned lncome and c。呵ariøon of ap­
proved budget and actua1 expenditurea for the year ended Dec自由er 31 , 
19?3~ whlc~ are presented as 8upp~ementary inf~rmationJ and, 1n our 
。pinion ， these 8chedules pres凹t~ fair1y the information ahown therein. 

We stated in our opinions on the financial stat個ents for 
the .~ears ended December 31 ， ~1970 ~nd 1971 that tota1 Core program ex­
~end!~~rea were uoderstatedby U5$88 , 275 and overatated by U5詞兒， 783
in 1970 and 1971 reapectively~ 

已 L入[4…可已

r 
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT, 
BALANCE SHEET 

(Expre唱ed in thousands of U.8. dolIars . Note 2) 

December 31 
1973 1972 1明1 197。

ASSETS (NOTE 3' 

CURRENT ASSETS: 
cash l甜 272 450 959 

Accounts 闊別eivable
E地nors (Note 4) 497 4閥 471 “6 
EOm血pemloyees 69 73 扭 16 

174 287 334 瞄

740 859 834 548 

Invenlories (Note 1) l曲 54 7 

Prepajd expenses l四 17 

Total current a揖els 1 ，叫到9 1,202 1,291 1 ，5σ7 

FIXED ASSETS (Nole 1) 

RoRvep曲ehve曲oirdalvmteiusnhg g 問efuqun凶ipdpmmbeenanlt at nces (N。teS}
42 64 51 “ 335 313 2由 224 
祖2 3盟 255 171 

lcles 車站 314 257 249 

BMRuImciled2lilisnmhgis 田ng.間S 8nd oflice equipment 
378 3個 236 1‘s 

3，9l站回 2，認9 1,276 474 
116 68 45 

ln trans此 曲3

Total !ixed assets 6，3曲 3 ,864 2 ，4曲 1，站2

Total 晶set~. 7,459 5，曲S 3月詛 2,859 

LIABILITIES AND FUND BALANCES 
CURRENT LIABILITIES: 

Bank Qverdratt 137 7 

OAFcatchy。aeubrsnle ts topadyoanbolm e 
351 181 423 74 

25 25 25 25 
127 2個

Total current liabi1iUes 640 313 448 的

GRANTS RE也EIVED IN ADVANCE 117 

4 FUND BALANCES: 
lnvested 恤 llx酬1 assets 6 ，3個 3，臨4 2,438 1,352 

Unexpended funds (deCicit) 
Core -

Unreslrlcted ( 37) ( 12) 77 ( 68) 

SpwCDe叩oconiraikotlan inl pg rg吋mfueanctdts sg-rant 

1曲

175 891 7閏 1,477 

144 35 自

。ther ( 40) 25) 

342 889 個3 1 ，4個

Total fund balances 6,702 4,753 3，油1 2 ，7曲

Total liab1liti扭曲d 7 ,459 5 ，0曲 2月詞 2,859 
fund balances 

248 a 



CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT) 

STATEMENT OF REVENUE AND EXPENDlTURES AND UNEXPENDED FUNDS 

(Expressed 扭曲。u且nds of U.5. dollars . Note 2) 

Year ended 
December 31 

1973 1972 1971 1970 
Revenue: 

Core: 

opUenmretMstrg iczterad nts 一 2,672 2，扭扭 2,144 自4

Restricted 7叩 433 352 1屆

vvor,iktainlg i auld Erant 1曲

Capital grants 1,779 1,614 312 942 

Total Core 5,341 4,333 2,608 2,031 

SEPa自mUedl pinm∞jemcte s 
4個 98 191 145 
168 98 8 34 

Total revenue 5,913 4,529 3，即? 2,210 

EXcR。rnedplsrtaorgersa: ms 

Direct 甜甜arch 一
Beel G61 417 
Swine 2σz 177 
Cassava 330 甜9

Beans 262 114 (1) (1) 
Rice 135 2‘。
Malze 121 1前

Smal1 !ann systems 36 110 

1,747 1,517 1,338 754 
Training and communication 518 371 3曲 143 

Tolal direct 間search 2,2';5 1 ，8曲 1 ，由8 甜7

SuLpipborart ryo， pde。rcautrin。ennstati。nE1d
1nformation services 139 77 88 但

Other services 521 347 117 
General adrninistration 3岫 314 2曲 238 

Tolal .!>upport operations 1 ，做到。 ?祖 435 300 

General operating costs 365 265 285 237 

Total core programs 3,630 2，曲1 2,358 1,434 

Special projects 305 1曲 128 1‘ s 
Purchases of fixed assels 2,493 1,426 1 ，個8 7間
Retumed to donors 1個

Total expenditures 6,431 4,483 3,572 2,394 

ExceSfi ot revenue over expenditures: 
Unrestricted funds ( 89) 146 ( 417) 
wor3iktainlg t fund grant 1曲

Capital grants ( 717) 188 ( 774) m 
Speclal projects 個 ( 53) 63 

( 518) 46 ( 565) ( 184) 

Unexpended funds at pberiEoir nn3 ingof year 間g 843 1,408 1,592 
Grnntsre但ivable for pnor years 

written o!f {四)

Un(esxepe ebnadlead r funds at end of year 
(see bBlance sh曲的 342 8曲 843 1,406 

(1) Cornparat1ve figures {or 1971 and 1肘。
are not available. 
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT>
NOTES TO FINANCIAL STATEMENTS 

DECEMBER 31, 1肘3

NOTE 1 

The following slgn1!icant accounting po i1cles and practices 01 C1AT are set forth to !a. 
c!l1tate 也e W1de自tar世ing of data presentec!- 1n the financJal stalemenls: 

InventoriE諮-

Inven岫刮目 are slaleè at the Iower o( cosl of market value, CQst 'tteing determined 00 
an average basis. 

Depreciation 一

In con!ormlty wlth generally ac曲pted accounttng principles applicable to nonprofit or­
E割草j血仇。血， CIAT does oot re∞ rd depreciation of it5 properly and equipment 

NOTE 2: 

All foreign exchange transactions are controlled by the Colombian Government and, 
accor也ngly， 副1 foreign exchange received io Colombia must be sold through offìcial chan 
nels 叮祖 fol1owing exchange rates were used to translate Colombian pesos (P) to U.S 
dol19.rs ($); 

Peso balanι'es included io current 
品扭扭 and current Iiabilities 

Peso income and peso disbursements 
for (ixed assets and expen.ses 

NOTE 3: 

P/$l 
24 .79 

23.63 

Approximate year-end 
exchange rale 

Averagc monthly rate 
of exchange appllc­
able to sales of c!ol 
lars 

CIAT operates under an agreement 5igned with the ColomÞian Government. the mo~t 
lmportant stipulations o[ which are as f01l0W5: 

1τ'he agreement 15 [or ten ycars from October 1967 but m叫 be extended i[ 50 des1red 
by the parties U祖間10

2 

3 

4 

5 

6 

CIAT 路。[ a permanent nature and tcrmination o[ the agreement woulè not imply 
cessation of CIAT's exi~tence 

If CIAT cea5es to exlst. “。f its asset5 wi1l be transferred to a Colombian edu間，
tiOI祖1 or other institution considered appropriate by the parties to the agreement 

CIAT is exempt from a11 taxes 

CIAT 1s perrnlt岫d to import, free o! customs duties and 0肋er taxes, all the equlp 
ment and n祖祖rtal required for it5 programs 

The govemment provldes land for CIAT's purposes under a rental contract for ten 
years, at a nominal rent. This contra.c.t may be extended by mutual agreement 

NOTE 4: 

Accounts receivable from donors as 8t December 缸， 1明3 comprised the fo l1owing 

Agency for Interna t10nal Development - Balance 
o! 1973 grant which was received in 1明4

The Rocke!eller Foundation: 
Allocations for purchases and expenses 
Other 

Intera.rilerican Development Bank - balance of 
l研3 且holarship expenses 

Others 
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226 

79 
45 
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NQTE 5: 

Tbe缸∞unt denom1nated revolving funè: 1n used to record CIAT's liv間tock operatioru.'. 
The movement on the !und for the year ended December 缸. 1肘3w臨臨 foUows:

lnvento叮。f lives峙ck - December 缸. 1昕2
Purchases during the year 
Sales during the yea.r 
lnventory of l1vestock - December 缸 . 1前3

缸闡

“ m 
59 

'2 
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CENTRO INTERNACIONAL DE AGRICUL'τURA TROPICAL (CIAT) 
SUPPLEMENTARY INFORMATION 

ANALYSIS OF GRANTS AND RELATED EXPENDITURES 
FOR THE YEAR ENDED DECEMBER 31, 1973 

(Expressed in thousands o! U.5. dollars) 

Expend i.tu l"cs 

3 

% of support 
8nd general 
。perat1ng Unexpended 

Total to direct balance 
Fixed 
asscts 

Dlr可ect Suppon General 
Grants research operations opcratmg 

Unrestricted Core (1) Z.840 

Restricted Core 
已:anadian International 
De、 elopment Agency 5帥

The W.K. Kellogg Foundat1on, 
Battle Creek 2個

Total restricted Core 790 

Working !und grant ω。 rel
IntemationaI Development 

Association, Washington, D.C. 

1,772 782 28G 2,840 60 

312 138 曲
曲
一
開

珊
珊
-
m…

181 

493 

80 

218 

l叩 1似】

Capital grants: 
The Rockefeller Foundation, 

New York 1.779 

Speclal projects 
Interamerican Development 

B8I1k , Washtngton, D.C. 161 
The R血kefel1er Found!ltion, 

New York 84 
The W.K. Kellogg Foundation, 

Battle Creek 77 
InternaUonal Development 

Research Centre, Ottawa 30 
Others 52 

Total sp自ial projects 404 

Total grants and exper咀itures 5.913 

(1) Incluc!es earned income of $ 1曲，αlO

. 

2,496 2，也!)(ì (717) 

147 147 

50 

14 

50 34 

52 

( 8) 
7 

99 

(518) 

25 25 

扭

45 

305 

6,431 

甜
甜
一
帥-m

舟
，
“

1,000 365 2,496 
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT) 

SUPPLEMENTARY INFORMATJON 

EARNED INCOME FOR THE YEAR ENDED DECEMBER 31. I~'η 

(Expre自ed in 出ousands 01 U. S. dollars) 

Sources of 開með 出∞me

Interest on deposits 
Sale o! !arm produce 
Use o! CIAT facUities 

Applied to core programs 

' 

時
M
W
Z

l個
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Prog目ms

Research 
Beef 
Swlne 
C晶晶va

Beans 
Rice 
Maize 
Small fann sys區位祖
Training and communication 

Support operations 
General operating costs 
Other 

Total 

Capital 

Fixed ~扭扭

Total 

Analys曲。r varl甜甜S

Budget surpluses: 
t:neXl揖nded bal國3間
Grants not received 

To個I

Deticit5 : 
COyered by -

Additional grants 
Incre缸:ed eamed income 
Une耳JeJld割草 bal8O<總. at 

beginning ot year 

To個1

‘、

CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT) 
SUPPLEMENTARY INFORMATION 

COMPARISON OF APPROVED BUDGET AND ACTUAL EXPENDITURES 
F苟R THE YEAR ENDED DECEMBER 缸， 1個3

(Expres揖d ln ~'B.nds 0' U.5. doI1ars) 
CO l"e un間剖ricted C。目 restricted

Approved Approved 
budget Actual budcet Actual 

6品 661 
3 2 
6 10 

2個 前2

140 135 
121 121 
72 36 
油5 228 

做11 1 ，做沁
322 甜S

2,677 2，8曲

1帥

2叩
1制

3扭

2咽 Z沁

T曲 ?回

Speeial projects 

Approved 
budget Actual 

40 32 

Capltal 

Approved 
budget Actl且E

2且個

2,394 

2 ，4揖

宮，“給

355 223 

65 
揖

1個

78 

473 

50 

油5

102 

102 

.. 

甜
甜
一
曲

一




